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Proximal Deposits of the Usu 2000 Eruption

Shinji TAKARADA*, Hideo HosHIZUMI**, Isoji MIYAGI***, Yuichi NISHIMURAX*¥*¥
Yasuo MIYABUCHI™*** Daisuke MIURA¥***** and Yoshihisa KAWANABE**

Events of the March 31, 2000 phreatomagmatic eruption at Usu Volcano can be subdivided into two stages:
(1) large-scale black plume stage having 6 major events from 13 : 07 to 15 : 28, and (2) relatively small-scale, black
plume and jet-type plume stage having 5 major events from 15 : 28 to 17 : 07. The total thickness of the March 31
deposit are 100 cm at a site 90 m north from the vent, 9 cm at 550 m NNE from the vent, and 2.5 cm at 1,030 m
NE from the vent. The March 31 deposit at the proximal site (90 m north) comprises 1070 mm thick 20 layers,
consisting of sandy coarse 11 layers and sandy to silty matrix-supported 9 layers. The 20 layers at the proximal
site can be correlated with each eruption event observed from 13 : 07 to 17 : 25 on March 31. In the proximal
deposit, essential white pumice ratio is high in the early stage (4296), then the ratio decreases toward the final stage
(up to 21%). Essential pumice fragments are white and subrounded, and contain many 0.05-0.2 mm vesicles. The
pumice is relatively poorly vesiculated. Grain-size distributions of all layers in the proximal deposit show bimodal
distributions, with peaks at —0.5¢ to 1¢ and 6.5¢ to 7.5¢. Poorly-sorted muddy layers are observed in post April
1 deposits. These layers formed during repeated phreatic explosions associated with abundant mud-clast
spattering. The proximal area data show that the discharged mass of the March 31 deposit was 2.2 X 10% kg in total
and 1.1 X 10% kg in the proximal area to 8 mm isopach.
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Fig. 1. Video images of the March 31, 2000 eruption, taken from Sairo observation point, 8.5 km north from the
eruption vents (N-1, N-2, and N-3 craters). Time is shown at the lower right of each image. See text for
details. '

38 - fth, 2000; M - fth, 2000; FH « BAEAHHIE 7
JV—7, 2000). 3 B 31 BOBEKTIE, <7 </KEIER
PEKLUBLAEEOHE LTHE Y, SEH 100 m~
3,500 m DHEENEE VIR LIS LA - o (Fig. 1; Table
1; 1, 2000; JasEHEL, 2000). C OEKTIE KR
+— UOREMEFINTWS (Fig. 1H; Table 1; &
B+ fth, 2001; KFF  fth, 2002; FH - i, 2002b). MELE
i3 15 B 40 SYLE F THEHEIFADEIC & - TEICILERAEIC
mEni (Fig. 2; £H « fih, 2001b). T DEKICEL - T,

L O AEIC N-1, N-2, N-3 ® 3 5O KO0FRK
Xtz (Fig. 3). < OREKIC X 3BHYNC 3AEYED
ZFh Tk (FE - fh, 2001 HE « =3, 2002; H
= o fth, 2000). 3 B 31 HOBEKITHEEEKLL 2000 FEE X
DR THERRFEOBAKTH -7, B4 1HIKE, Al
B0 ERE 230 SRMETEEHRoKOMER SN (R
B, 2001). F7, 4 H1 HOBI A1 3RERGIBERER
DOERBILALTERE T b < 7/ < /KRTUBRIC L 2HEADEE
¥ o7 4 ALEANCE, <7 e KEIBRCOKEIIER
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Table 1. Minute-by-minute summary of the March 31, 2000 eruption events. Column heights and wind directions
are shown in the columns. Layer numbers at proximal deposit S 1, are shown in the right column,
corresponding to the timed eruption chronology. Column height data from 13 : 07 to 14 : 45 is after JMA.

13:07-13:10 weak white-gray (partly black) plumes <1000 m SW-WsSW 1a
13:10-13:15 strong black plumes <1500 m SW-WSwW 1b
13:15-13:18 weak white-gray (partly black) plumes <1500 m SW-WsSw 1c
g ‘ 13:18-13:25 strong black plumes <3000 m SW-WSW 1d
g 13:25-13:28 weak white-gray and black plumes <2000 m SW-Wsw le
g 13:28-13:40 strong many black large plumes 1000 - 3500 m SW-Wsw 1f
-z 13:40-13:42 weak small plumes <1500 m SW-Wsw
-ﬁ; 13:42-14:15 strong many black large plumes 1000 - 3500 m SW-WSW ig
Pl pyroclastic surge toward north at 13:52-13:53
% 14:15-14:18 weak small plumes 500 - 1500 m SW-Wsw
'1'6 14:18-14:32 many large strong black plumes 500 ~ 3000 m SW-WSw th
a proclastic surge toward north at 14:30
G‘J 14:32-14:35 weak small plumes <1000 m SW-WsSw 1
§ 1 14:35-1451 large strong black plumes 1000 - 3000 m SW-WSwW 1)
| 1451-1457 | noplume SW-WSW
14:57-15:18 weak white-gray plumes 100 - 1000 m SW-WSwW 1k
15:18-15:28 gray plumes (start weak raining) 100 - 1000 m SW-WSW 1k
15:28-15:32 black plumes with minor jet-type plumes 200 - 1000 m SW-WSwW 1l
15:32-15:33 weak small plumes SW-wsw
15:33-15:39 white-gray plume 300 - 1000 m SW-Wsw im
15:40-1555 black-gray plumes with jet-type plumes 500 - 1500 m no wind n
1555-16:07 weak small plumes NE-ENE 1o

source area Is covered by low cloud due to reblowing
of eruption plume (wind direction change)

o 16:08-16:15 white-gray plumes 500 - 1000 m NE-ENE 1o
8
'ﬁ: 16:16-16:17 weak small plumes NE-ENE
g 16:18-16:22 weak white-gray plumes 300 - 1000 m NE-ENE 10
..g. 16:22 tempral stop (no plume) NE-ENE
o 16:23-16:27 black jet-type plumes and gray plumes black jet plume <500 m NE-ENE 1p
g gray plume <1500 m
—
-gf 16:28-16:44 | no plume NE-ENE
§E 16:44-16:48 small weak white plumes from N2 crater 100 -500 m NE-ENE 1q
l ‘I— (start weak snowing)
bl
Q 16:49-16:52 Inclined (<30°) black jet plumes from N3 crater black jet plume 100-300m NE-ENE ir
" and white-gray plumes white-gray plume <1000 m
16:52-54 white plume 500 - 1000 m NE-ENE
16:54 no plume
1654-17:07 many black jet-type plumes and gray plumes from N2 black jet plume 100 - 500 m NE-ENE ir
(some Inclined jet plumes) gray plume <1000 m
17:07- white plumes <1000 m NE-ENE 1s
17:25- no observation due to bad weather 1t
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Fig. 2.

Ash-fall distribution from the March 31, 2000 eruption (after Takarada et al., 2001b). A broad outer line

indicates detectable limit of the ash-fall deposit. Contours within the broad line indicate isopleths (g/m?). Base
is 1:200,000-scale topographic maps “Muroran”, “Iwanai”, “Sapporo”, and “Tomakomai” published by the

GSI.
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LtFEE A &R T, 60 LI LoFrkOMEks iz (F
#f - KABRIPIHE 7 v — 77, 2000; FEEE - fth, 2000; F
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Fig. 3.

Proximal vent-area map. Columnar section sites (S1, S2, and S3) and some survey sites are shown with

closed circles. Numbers beside the closed circles indicate total thickness (cm) of the March 31 deposit. N—1,
N-2, and N-3 are composite craters formed by the March 31, 2000 eruption. N-A, N-B, N-C, K-A, and K-
B are long-lived active craters (continued more than one month). Base is a 1:5,000-scale Mt. Usu 2000
eruption topographic map, published by the GSI (C-1-No. 284; XI-PF31).

BERE C4FF) OoFALEE, RiHitftao+ 1 oY
& (Fig. 2) THEFAEZEMRL i +1 o BEEIR
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F o7 (Fig. ). 13875955 17825 PtEE TOMEK
DHEFE % Table 1 1IT/RT.

2000 3 A 31 HOMEKIE, KE<HTFBE, (1) 13
IF 7 73 ~15 B§ 28 0 D HERHI R O A & W R EEE R
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DYz oy MADBEMEEZ S TRV EEDS LR L
FRAF =V BT ENTES. HEMEEOAZL
EOEES LR LA Ny FIARELATT6EBS D,
—EBY =y MR BEEEE LS HETFHE W EES L7
LicA Xy bPRIREL DT TSEBD - 7.

22 KBREREHEXF—V
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F-YIDoWTE EH S (Table 1), 1387 55~13 8 10

SofEiE, N-1kO» o[\ E~KEE (—HER) OmE
ENP - HEERLA EEL Eiaolick - T,
N65°E O AEIZiR & Nfz (Fig. 1A). 138 10 53~15 4y
DffE, BEEOEENS LH L/ (Fig. 1B). 138518 95~
50 OMIEHENSB VDS ZREOEENS ER L
(Fig. 1C). D& ZDIBEDSE 1349 3,000m IZEL 72
(REITE#MATRE). 138525 57~28 ORI, 1
EOBWA—FNE O, QEOEENY - O E EFL
7z (Fig. 1D). 13 28 53~40 H ORI, HURAEE
MWREELERTBE It &80, EEAANC
FEEMT L O WEER S B SN (Fig. 1E).
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529 ~53 3k A EICHIEREZES L HIcw - D &
BEd 5 kKW — VIRoOIKBABORAB R S, O
RN DEX(EH 100~300m IEETH > 7. THOT A
EHEOZE R, —EOEKTIHRAD 3,500m 1ZE L
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LT HWRE THETE 12, 1485185y ~32 5y D
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Fig. 4. Columnar sections at S1 (90 m north from
the eruption craters N-1, N-2, and N-3), S2
(550 m NNE from the eruption craters), and S3
(1,030 m NE from the eruption craters). Small
numbers at the right of the columnar sections
represent layer numbers.

4, KA FEHERY
41 WEMS
2000 E 6 ALIB%, IKESUBFRIC X » THEN KRS EH

WIREINS 5 >TE Tz, D, 6 AL, HEE
YK TSI B A > THERITO T EAF[EELE
5ot COBETIAELFEREAO#O N-B KO, &kt
BLKOBD K-A kKO, K-B:XKOT, xBuHLL
IKFESIERMH T » TV (Fig. 3).

Fig. 4 IcfAEM IS OHIRK%ERT. S1iE, 3 A

31 HOKOTH B N-1, N-2, N-3 KODILF 90 m D
Higiicd % (Fig. 3). COHER, SHIAETEEED
IKEZIERABOEL TV N-A KO (N-33 K0, F
H o« fth, 2002a) DT SALEICH B E Y b7 L — 5 DL
DEICEHLTWVWS., IITHE, BE#H100cm 3 A
31 BB R S0 5 (Fig. 5).

S2 i3, N-1, N-2, N-3 ‘kK[ODJtibE 550 m OHL I

H 5 (Fig. 3). OIS IHENE CEE %672 N-B
kOodutd S EHILEIC 110 m OESICH S, 2T
i3, EX 9cm @ 3 A 31 HEBYMBEHL TVWE. £0
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Table 2. Characteristics of the 2000 eruption deposit at S1, S2, and S3. MP=maximum pumice size, ML = maxi-

mum lithic size, M=matrix supported, C=clast supported, R=rounded, SR =subrounded, SA =subangular.
Matrix color is after the Rock-Color Chert (Munsell color) by GSA.

M medium yellowish brown (10YR 5/4) medium sorted, oxidized, desiccation cracks on the surface
2f 20 - 2 M SR dark gray (N3) mainly very coarse sand to very fine sand-size grain
2e 30 - 2 M SR moderate brown (5YR 4/4) contain <1mm-size reworked white pumices
2d 180 - 10 M SR dark yellowish brown (10YR 4/2) < mm-size small vesicules, poorly sorted, pebble to mud-size grain
2¢ 90 - 30 M SR, SA medium yellowish b (10YR 5/4) pebble to si!(—s‘ze grain, contain <30 mm-size wood fragments and small amount
of <3 mm-size reworked white pumices
_ 4 " poorly sorted, granule to mud-size matrix, muddy matrix component, contain
2b 250 o M SR medium dark gray (N4) small amount of reworked white pumices
2a 150 . 100 M R, SA br 5y 3/2 poorly sorted, pebble to mud-size matrix, contain 30 cm-size ballistic rock, many
SRS grayish brown (5Y 3/2) 1-10 cm-size andesite and basalt lithics
1t 65-75 7 15 c SR, SA greenish black (5GY 2/1) upper 1 cm level is finer and matrix supported, normal grading, contain white
pumices
medium dark gray (N4, upper), i
1 $5-70 4 2 M level
s SR olive gray (5Y 3/2, lower) lower 25 mm level is coaser than the upper part
1 55-90 12 60 c SR mediumn dark gray (N4) basalt and andesite lithics, some altered lithics, 2-30 cm-size ballistic rocks, bomb
sag structure
1q 60 S 5 M SR brownish gray (SYR 4/1) mainly coarse sand to midium silt-size grain
$1 1p 55 6 20 C,. (M) SR medium dark gray (N4) contain white pumices and a 90 mm-size ballistic rock
i 10 60 6 12 M SR medium yellowish brown (10YR 5/4) mainly coarse sand to coarse silt-size grain
in 20-35 7 10 C SR, SA medium dark gray (N4) contain altered lithics
im 25-35 S [} M SR alive gray (5Y 4/1) mainly medium sand-size grain, contain altered lithics
11 25-35 15 7 C SR, (SA) medium gray (NS) contain many white pumices
1k 15 4 4 M SR light olive gray (5Y 6/1) mainly coarse sand to silt-size grain
1j 75-90 25 a5 c SR, (SA) light olive gray (5Y 6/1) o"::acilr:,zany white pumices, mainly granule to silt-size grain, contain 45 mm-size
1i 45 6 20 M SR light olive gray (5Y 5/2) mainty smaller than medium sand-size grain
1h 75-85 6 40 C, (M) SR, SA light olive gray (5Y 5/2) contain silt clots
1g 70-100 7 9 M SR medium dark gray (N4) mainly very coarse sand to ccarse slit-size grain
1 60-70 3 5 M SR light olive gray (5Y 6/1) mainty very coarse sand to slit-size grain
1e 35 1 1 M SR medium dark gray (N4) - medium gray (NS) 2 mm-thick thin layer in the middle (light olive gray, 5Y 6/1)
1d 30 5 9 M SR, SA olive gray (5Y 4/1) contain many sand-size white pumices
1c 15 2 2 M SR olive black (5Y 5/2) lithic and crystal rich, contain many sand size white pumice fragments
1b 25 5 3 M SR oltve black (5Y 5/2) lithic and crystal rich, contain many sand size white pumice fragments
1a 15 2 1 M SR olive gray (5Y 4/1) lithic and crystal rich, contain many sand size white pumice fragments
mainly sandy, medium-sorted, coarse sand to coarse silt-size matrix, altered lithics
3 30 - 15 M R, SR olive gray (5Y 4/1) - moderate yellow brown (10YR 5/4) |  and crystal fragments, contain lapilli-size fragments, desiccation cracks on the
surface
s2 2 450 N 50 M R, SR, (SA) dark gray (N3) - medium dark gray (N4) m :oor)ys-::'r(ed matrix, many subrounded altered fragments, contain < 1
mm-size gypsum
70 light ol - Y a/1 contain abundant (30-50 %) subrounded white pumices, altered tertiary lithic
w 60 3 10 M SR, SA ight olive gray (5Y 6/1) - olive gray (5Y 4/1) fragments and basalt-andesite somma lava fragments
1L 20 2 2 M SA medium gray (N5) mainty very coarse sand to coarse silt-size grain
50 2 M llowish mainly very coarse sand to fine sand-size grain, mostly agg condition,
3 SR yellowish gray (5Y7/2) altered lithic fragments
3-20 mm thick thin layers, mainly very coarse sand to coarse silt-size grain,
2C 55 - - M SR dark gray (N3) containing altered lithics and crystal fragments, no pumice fragments, contain two
: _ 3 mm-thick, medium yeliowish brown (10YR 5/4)-colored layers
4 _ poorly-sorted muddy deposit, mainly consits of lapilli to mud-size grain, aitered
s2 28 22 60 M SR medium dark gray (N4) tertiary lithic fragments and somma lava fragments, 0.5 mm-size gypsum
2A 45 . _ M SR, SA medium dark gray (N4) mainly medium sand to cparse silt-size grain, aitered tertiary lithics and crystal
fragments, no white pumice fragments, small amount um
mainly very coarse sand to coarse silt-size grain, contain very coarse sand to
1 25 2 4 M SR dark greenish gray (5GY 4/1) coarse sand-size, poorly vesiculated, white pumice fragments, contain somma lava
{ fragments and altered terrialy lithic fragments

Efricid, N-BKORBEHO KO SREENIc EEZ
SNZEEKDOBVIREOKESIEREEY BRSNS
(Fig. 6).

S3 i, N-1, N-2, N-3 ‘KODJLE 1,030 m OHiLIC
% (Fig. 3). L@fm,.nziﬂéﬁE’GlﬁﬁﬁbfﬁgtﬂLf:i:é%ia:
BT 3. 22T, E& 25cm @ 3 H 31 HHEREYH
Hoh 3 (Fig 7).

ISz, N-1, N-2, N-3 K[TDJLHE 750 m O
BEABERUEIA ORI T, BE Scm @ 3 A 31 HHEREYIH
T LTV (Fig. 3; E£H ¢ fth, 2001b). F /-, N-1, N-
2, N-3 KODOJLHEK 2 km OfRREHRREOETILEE
09cm & 0.7cm @ 3 A 31 HEREYIME o iz (Fig. 3;
EH - fth, 2001b).

42 HEPOEH (S1i=)

SLHS T, A SES 60cm LIED Us-b X — 2

+ — OHEREY) (1663 &), B & 2cem & 3 cm OHIRIALL
[K% FEARE T 59— VHEFEY), B 20 cm O XXEUKIEG
Y (BKIUKHE Y 1 7, 18224F), HEX 10cm @
TEABHLTWE, 2o LA, AR 1.2 mm
DHBERAZETCEX 5cm & 3cm O 2 OMRES
BE, EX 2cm~5cm D2 KILKEN S5,
1977 EORETHERYIAS R oN 5. Th o offER LR &
KILIKE 1319778 A8 H 23040 ~8 H9H 1 8%
MTFAEE L fo Us-1977-111 GHrFEHE « fth, 1982) (xttk
Tx5%. ZoEMicE, EX3cm OoLENEHLTY
% (Fig. 4). 3 A 31 HO = 7 < /KERSIEFRIC X B HFEY
2, BEH lem~Tcm D20 OBE1 L5 (BRBORE
FG &L 5). %, THL SEIC layer la,
layer 1b, ..., layer 1t & L7z (Fig. 4; Fig. 5). 3 H31 H
HEREYE, HLERHIMRIRI S TP EED S50, HERIC X -
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Fig. 5.

TN OHIBHER L TV 5845 b A Shic (Fig. 5d).
3A 31 BRI T XTHBEAZEL &V S Ry
b5, Lhioa A 1HLUBERCHEYL, BE 2om~19
cm O LELHIHRL THRIKO B OHEREYI) 578 % (Fig. 5
a). ChooHiBicbPEOHBBRANEINTVS
M, TRTECHBINTEY, BtfEMTHE EEZ
ohs. IhnooMFRAELDO KO (Fiz N-A KD
TEHAlSh7, RBREABOERLKRE L3 54 7okE
SJUBHTERS O HEY TH ZElFEE A E V. 4 B 1
HLBEOHEREY) X, T 2 T T 5 layer 2a, layer
2b, ..., layer 2f, layer 3 & L7z, Layer 3 I3, & Lo
BRILDEA 2R B VIR KILIK > 515 5/ETH D, 2000
FEE L% O LERHIE KB IR0 0 B o HEREY T
3&LFZ2 o035 3H3188L04H 1 HUBOHREY
DRIEOFFHA Table 2 ITF L7z,

43 HEYORH (S2ihsR)

S2 i T3, IHMREDO FICEE 7em, 2ecm, 7em D
SHIETESFE L L BERARNEER 28T 1822F00X

The March 31, 2000 deposit at S1. (a) 1 m-thick March 31, 2000 deposit. Layer numbers are shown. A
coarse, poorly sorted layer at the top is a deposit formed after April 1, 2000. (b) A close-up of the upper part
of the March 31, 2000 deposit. (¢) A close-up of the lower part of the March 31, 2000 deposit. (d) A ballistic
block of Somma lava in the layer 1r. Deformation by impact in the lower layers is seen.

KRB LT 5. [EX 20cm O HIEABE
AT, 20T, 1977 EOB TREAEL KILIKEL R
LM%, BFEX 2cm, lem, 11 cm OFARE 2ecm @ 318
OHBEBEABNS O, BEICESX 2 cm Ok K LIKE%E
A TS (Fig. 6a). 15D FEAEPLHKIAILIK
@i, 197748 A 8 H 15 15 20 43 ~18 BRICFEAE L 72 Us-
1977-I1( FritH - fth, 1982), L8 H 8 H 23854043
~8 A 9 H 18555 A L #2 Us-1977-IIL i X LE T =
5, FDOEAICTRES 2cm O HESEH L TV (Fig.
4).

T T, 3 A 31 OHEREYIIZE X 2 om O HERTHEEL
DKILIKE (layer IL) &IEE 7 em O HLEAHEKL /S KL
JKI& (layer 1U) » 575 % (Fig. 6b). %D _EfLIC/EE 45
em @ 4 A 1 HUREOEIKDEWEE DK KUEFHER
¥ (layer 2; Fig. 6c) 3b 0, X EHICEE 3ecm 04~
75y JWFEL IREBOWEOHERY) (layer 3) b
5. layer 2 |3, Bl kO (Fi< N-B KO) TERAIX
iz, BHZBORLKRE EIF3 51 7OKETEHKT
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Fig. 6.

FER & Lo HEREWI < & B AlREME D S V. & 72, layer 3 13
HHERH) B 12 0 I 15 IEE A T 2O N-B K O»
S OHEREYI T d B alFEMESE V. BEORHE % Table 2
It &b,

4-4 HBEYOISH (S3 i)

SIHIE TR, & MLICEX 2.5 cm OFICHEIARIS~
R v k25725 3 H 31 OHEREY) (layer 1) SERHI L
TW53 (Fig. 7a). %@ _LALIZ/E & 4.5 cm OFicHhiid
~HRL Vv b S 18 BB HEREY) (layer 2A) 3H D,
ZOLRICEX215cm OFIZSEY 44 X~BH A4 XD
R & 18 2 LRIk O B B O /KR URFEHER)
(layer 2B; Fig. 7) »3db 5. L#ficid, BEX 0.3cm~2cm
DB DHE (layer 2C) 23H 0, HRLHICEX S5cm @
W RTID~FEIRD 2> 5 78 5 B0 R EIR D K W HEREY)

(a) Section at S2. The 1977-78 pumice and ash-fall deposits are seen at the bottom. The March 31, 2000
deposits (layer 1L and 1U), muddy poorly-sorted phreatic-explosion deposits formed after April 1, 2000 (layer
2), and sandy well-sorted ash-fall deposits (layer 3) are seen. The scale is 1 m long. (b) A close-up of layer 1L
(2 cm in thickness), layer 1U (7 cm), and layer 2. (c¢) A close-up of layer 2, which consists of poorly-sorted,
muddy materials and sub-rounded lithics. (d) A close-up of the upper layer 2 and the layer 3. The layer 3
consists of relatively well-sorted, brown-colored, sandy ash. Desiccation cracks are developed on the surface.

(layer 3; Fig. 7b) »3& 5. layer 2B (3, FA O KO# (£
ITK-AKO& K-B K[ TElllanr, BHREZROK
LIRE L3 5 1 7oKESUER CERS WY T
H B AJHEEASE. layer 3 (3, HLECHUB 7200 18 NBIE %
FFTwaEO K-A, K-B K[Oh 5 0HEYITH %
AHEME S . BIBOFH A Table 2 I0F &/,

45 AEERORH

3 A 31 HfEREYIC ik, ABEORERAMBEGEETATY
%. EATEMSSIC X ABEHE% Fig. 8a IInd. COHE
B, SIHISO® layer 1j ICEENTOWRBELTH B
(p=—2~—15). ABELHOATEELPPHEINTS
v, HEEZEMNE> > - HEAETHS. LWID2hD
0.3 mm~1mm DXL A S, R{EHIC 0.05~0.2 mm
YA XOKANEZHE SN S, LLEAIFRIEE K E]a]
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Fig. 7.

(a) A close-up of the lower part of section at S3. The March 31 deposit (layer 1, 2.5 cm in thickness),

sandy deposit (layer 2A, 4.5 cm), poorly-sorted muddy phreatic explosion deposit (layer 2B) are seen. (b) A
close-up of the upper part at S3. Layer 2A, layer 2B, laminated sandy to silty part (layer 2C), and aggregated

sandy brown-colored layer (layer 3) are seen.

Fig. 8.

(a) Subrounded essential white pumices in the March 31, 2000 deposit, collected from the layer 1j (¢ = —2

to —1.5) at S1. Many tiny vesicles (0.05-0.2 mm in diameter) and some larger vesicles (0.3—1 mm) are seen.
Degree of vesiculation is relatively low. (b) Accidental Toya pumice fragments, collected from the layer 1j
(¢=—1 to —0.5). Glossy well-sorted vesicles are seen. The contrast with juvenile of the 2000 eruption is

obvious.

Nd b, BADRKRART layer 1j OFICH - B 25
mm OEBATH - 7z,

3 H 31 BV Odic i3, KEEAOMIC &iRER AR
MERYEROBE AL LE HBLUT) gFhTns
(Fig. 8b). BEEOY v 7 iE, SIHAD layer 1j IR &
NTWHREL (9=—1~—0.5) Th 5. MHERAKFER
RO AL, KRMH 0, Ktas—HEIC X MY
TWAB I EMNEN, ZDY, W9V — <X ETHER
BOEAERALOYBNIREETH B, oL FEL
1A, SAENREOERBELE B LTV (E
= - fill, 2001).

SHA3IHOEEYIHho QBB AR, HALEEL» o,

1977 F£~78 FOMEKIC kK 2 EGOHHERY TR VDL
WA EREESERIC s TV (BlAE, EE - fil,
2001). LA L, CoORAdOMERE L2 E, 3H31H
OKOFEDITE, 1977 FE~T8FOEKIC L 2B LB
15cm BE LS L TS (Fig. 4 O SHAS). £
7z, A - fth (1982) I & 2 4B OBIKFE T — ¥ T
b, KORBZEREKE» SANTED, £ 10cm EED
BT AKLUKEEmRBELGB LD H LTV, L
DT, AEOBHEIRIC 1977 E~T8 FOEKIZL S
BOPEZRBICEEFNSA[REHE LB OERVE VR B,

NI | -El ectronic Library Service



Vol canol ogi cal Society of Japan

BIEK L 2000 FEE K O K LT EHEREY) 655

Time [
254+
o7-]
17:00 March 31 deposit at S1
481 R MPo  MLe
U T T N S|
o e
o
16:00 = ° .
o
o .
oe
oe
im o
e o
o
15:00,71 o .
o .
o .
o
14:00 o
b
oe
%0
a o
1/16 2 64mm 0 10 20 30 40 50 60
Matrix grain size (mm)
154 Bl coarse-grained layer
oo [ fine-grained layer
13:00 =

Fig. 9. Correlations between eruption events from
13:07 to 17 : 07 on March 31 and the 20 layers
at S1. Maximum pumice size (MP, open circles)
and maximum lithic size (ML, closed circles) in
each layer are shown at the right.

5. EH R

5-1 ARRE - EHO®RKE

SIloEBIcET N HERA LR ORKE% Fig.
9, Table 2 iZ7R9. layer la~Ilayer le ®AEEROKRA
Rig, FhFN 2mm, Smm, 2mm, 5Smm, | mm T&H
D, BAKOMBIIL U ABGOEREOEINLR >0
%. layer la~layer le DHER DHEKXEF, ThEh 1
mm, 3mm, 2mm, 9mm, lmm TH D, SH TLEKD
BESICIN U e B OBRARBROE/ABR o0 B, —Fh, &
D _EAIOHERFIERME DA X\ layer 1f, 1g, 1h, 15, Ir @
HEEOO®RARIE, €04 3mm, 7 mm, 6 mm, 25
mm, 12mm &7 ->TWa. 7z, layer If, 1g, 1h, 1j, Ir
DEFORERKRR, NN 5 mm, 9 mm, 40 mm, 45
mm, 60mm L7 > TWa, DI L, InoDEME
BHHREOREVWIEEL bt L2 RKBLTY
3.

52 HEMAROEIL

S1 gD layer 1d, layer 1h, layer 1j, layer 1s, layer 1t

D 0.5¢ T & DRIEFARR % Fig. 10 1Z/R9. KIS,
0.5mm (1¢) YL EDORFic >\ Tid, 350k 585K
KEMTET->7. F£72, 0.5mm LIFNORFIZoWT
13, BB EERIINEFRO v — - — BT R 7
#%E (Malvern Instruments #£ ¢ Mastersizer S) % {#H L
1z,

TRTOY YTV T—0.5¢p~1¢ Fit & 6.5¢~7.5¢ fF
FICE— 27860, ~NME—FARBKRESRERT. L
BIHIHRKLTS layer 1d TiE, KIS E— 2713 0.5¢~1¢ £f
FiH B, —7, layer 1h i —0.5¢~1¢ {TITIT, layer 1j
12 —0.5¢~0¢ (IR ©— 2 03 5. F 7z, KR
T — F (—3¢~3¢) DR TEEDORAKIZ D 5 EIEKRE
KHEENLTWA, 0T &R, BB TRONIIKLD
ISR ICEBIER S E S L, RO S 72 b O E
MEMLZZEESFLHAML TV S,

layer 1s O fHKIEISHHKLI /S £ — F (—3p~3¢) K FAF
DENGHE L, HRIEE— F Gp~14¢) DRI FEOE|S
MEW, T LT, layer 1t (3HKIEE — F (—3¢~
3¢p) DEIGHE L, KL E— F 3p~14¢) DEIEGHK
WSS B, TOT &I, HEAOMEIFIC K - T, HKL
o HRIER YO E— 7 OB PPEHT 5 DD,
NAE=FURSHEEELE S, BRoE- K&
e —- FORUMWEFHT LI LEZRLTWS. DT
L3, v/ 2 IKRERIBR OB T ORI A & =X L
HEAEE N ORL T OERME A T 5 5 X THRE.

53 FAEAEBROSFEREI(L

SIS DB OARAEABELHOERREOE/LE
Fig. 10 127" 9. BIAESHTEIT - 728D —19~—-0.5
¢ (1.4~2mm) O FIZ>2WT, KEAGBRAOESHE
ZEHAIL 2. CoORIFH A4 XA L EEE, v v
FEARKTORMAEZDbALHIITE, Lrdt+ani
AR TEEY A X TH -1/ TH 5. layer 14,
layer lh, layer 1j, layer 1s, layer 1t ICDWT, £ T
162 fi#, 220 &, 279 &, 250 M, 469 {HDK % EIKBAM
BETTHEL, #hsoboAREEHEEN (Fig. 8a) @
HARIL 2. ZTOFEE, layer 1d (3 42%, layer 1h (3
349, layer 1j (& 329, layer 1s {3 22%, layer 1t (3 21%
DARBHABHEAGEEZA TV, Lich->T, EKOYIH
IAEWMEOSHEENEC, REGRLIANEMEOSHE
MEL L BEREDH B T EDBHOITE - 7.

6. 3A31ADELE

FEH - fth (2001b) THE L 72 3 A 31 HOBEHY 0K
B3 12X108%kg TH-7. ZORFEL D TR KOEMF
OF—4 &L TSIHED 100 cm O FTRESHE
T\, Zokd, KOEFEOoL L OBET -5 %
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wt 9% 16
¢p=-1~-0.5 12 Tayer Tt
essential S1 1o
(90m from vent) 6
4
2
O T3 2101234 567891001127314
grain size (¢)
wt %16
14
12 layer 1s
10
8
6
4
2]
O T 101234 5678891011121314
20 cm grain size (¢)
wt9 16
14 1 | T
12] ayer
10
8
6
4
5]
OS2 012345678 891017121374
grain size (¢)
wt %16
14 layer 1h
12
10
f 8
e 61
d 4
c 2
O3@ 32101234 5678891011121314
grain size (¢)
1716 2 64mm

=162

layer 1d

-5-4-3-2-101 234567 891011121314
grain size (¢)

Fig. 10. Essential white-pumice contents of layers 1d, 1h, 1j, 1s, and 1t are shown in circles at the left. Particles in
l.4mm to 2mm (—1¢ to —0.5¢) size range were counted. Number of clasts counted are shown for each
circle (N). Pumice contents are high in the early stages (layer 1d=42%), then decrease toward the final
stages. Grain-size distributions of layer 1d, 1h, 1j, 1s, and It are shown in bar diagrams at the right. Wet
sieving was used for grains larger than 0.5 mm (1¢) and laser-light scattering under conditions of wet
dispersion was used for grains smaller than 0.5 mm. All layers show bimodal grain-size distributions.

Mz CHREtT 20BN H -1z, £ 7T, Fig. 31TRL
rREEF -y EA s LI KkOFEED 8 mm~1,024 mm
DEBEHEXEEK L. 3 vy —0BER, FEEE
1,000 kg/m® (P T DOERME L 800~1,400 kg/m>) & L
T, BIEEH -0 DERICHREL 7 (8 kg/m>~1,024
kg/m?). o LT, &3 vy —rHECHEEBENERS
rco oEEAMmEK T o v F L (Fig. 11). &7 —
FEVWLSOhOEBRTEMLT, &2 0EBROEH %
Mathematica T L, SEHOEHEELHE T L &
(Fig. 11). ‘KWEFEOED T N-1, N-2, N-3 kK[54
¥reoromEE c& L, KOMCIRERYINicE - T
WIEWEREL 72, FTEAEOFEMIZ, EH - b (2001
by Il L7z, 2R, KOEFED 8 mm (=8 kg/m?)

Dayy-—NHOEHEDO G, 1.1X108kg &7 -
7. BACMAKBIKOREBEIALE T, RELEER
22X108kg £ ot ToEHIC, KIOAEOEHE
D, EHPOAREL CTRODEBEHELD b KEL
1 ABRIE, 1996 FX° 1998 FDILiEEET » F Ak LD
KDOBRIZb R ot (FH - fi, 1997, b; £H - fih,
1999). H#&ET Lo KOO 1.1 X 10° kg DfEIF, K
¥ - fth (2002) AR fo K O EHEREYI OEHE O HETE
R 1.2x108kg) LFEFEICEE K- 1.
CORBEHEN S, 3 31 HOXKEYEOEHES R
HbalinTzs HEYHD ¢6=—1~-05 DR T
OARBEYEOE| &L, EKOFMIL layer 1d T 42% T
HY, RETHDVL T layer 1t TE 21% THBZ &0
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4 Y T U T
3 1024
— ' 256
% 0 yeadiA | yw%m”
£ 1 Rt .
(@)] '
X vent area y=18840 013
- 11 : R2-0992 !
c y=-0851ac+ 67208 - : :
D R1 L yel47ehe 948
g 0 - . ' R2=099%;
=)
o -1 :
o) :
| . 1.4x10" kg | y=-20355¢+17.26
. I - 5 : R=099%9
-2 1 2.3x107 kg 2.2x107 kg ' /'3.7x10 kg . 0.008 kg/m?
3.4x107 kg . . 3.4x107 kg ./, 4.5x107 kg .
-3 - ; fl . - — - v .
4 5 6 7 8 9 10
Logio Area (m?)
Fig. 11. Relation between area (m?) and weight (kg/m?) of air-fall deposit for the March 31, 2000 eruption. Data

from proximal sites were added to those previously reported for distal sites (Takarada et al., 2001 b).
Regression lines were determined using the method of least squares. The regression lines were divided at 0.064,
0.256, 4.096, 8, 64, 256, and 512kg/m? values. The total weight was calculated by integration of the

approximation lines in each segment.

bip>TW3B (Fig. 10). §XTORITFH A XTI DE|
BTHBFIERB VY, SEOBHELEZES 5 & 11T
L TH 25~35% DSHABHEIC S 2 KEYHEOEGT
FHLEEBOAIENTES. Z0HA, 3 H 31 HICHE
HUEAEYHEORIR, 5X10 kg~8X10" kg FEE T
botcbEBZLOND.

7. # E

7-1 WMEHREESEEL O

HEg & BRSBTS, TERHIHEEEICIE KL
8 0RT < 7 < KESIRFOKATIER L, EIE S HERE
MREEDXLLWHRETH 7. D, ThETD
BT, HBAPEMEAE TOME LB LT
1w (B Z1E, Niida et al., 1980 ©FH, 1995 75&). &
D& S HEIEEE D S ED L D BHEREYINTER I N B D
AfEE L R 0E L BT, T EIENTEN
13, w7 KELSBROREA S = X Lp< 7w KES
1EEI & BRI 7 0 & 2 2 BE T 3L, BED
BEYOREEITOBICEELF— 5 45, Akl
2000 FFREK T E, FEM/SNEEMRECHk (Fig. 1; Table 1)
WCINA T, 7S SIS TOHEREY) DCHEL (Table 2)
MBS, £IT, S1HIED layer la~layer 1t iZD

WT, REOEHEEZIEZSHEMNTRES 5 Z & EiRlAH i
(Fig. 9; Table 1).

o KEEERIC L, 3,000~3,500 m (Z1ET B ERARD
kA -~y hrida@d -7 (Table 1). T 50, (1) 13
B 28 43 ~13 B5 40 4%, (2) 1385429 ~1485 15457, (3)
1485 18 5 ~14 8532 4y, (4) 148535 5 ~14 0551 5D
BEOKEVWEBREELFEOBEKI Ny TH-7. &
TR, INSDERKBOEKA N b & SLHE D
WHIAK TEWE TdH % layer 1f, layer 1g, layer 1h,
layer 1j it U7z (Fig. 9). —74, %RFOHEHIRE S
Wk A v RICiE, (1) 16823 53~16 B 27 43, (2) 16
B 49 5> ~16 5 52 4%, (3) 168554 3 ~ 17 747 ic i
ot Vxy MREGMEENS D (Table 1). layer 1p &
layer 1r IZ(ZEFBIC 9 cm & 30 em LU T OLERE) &
F L TEH Y (Table 2, Fig. 5d), ¥ = v MREEEEL]H
Th HalREENEV. L7zhi-> T, layer 1p 13, 16523
H~16 27 5D Y = v MRIEIEIC, 16 B
495 ~16H52 3 B LUV 161 54 p~17TF 7 3 DR D
e MRBEIOHH L. £ LT, BERD QRN
5 layer &, HEARBEORE WEBEMICHLEL, K
BRI 7 layer Z HLESHIBE D/ & VRS0 21X IESE 1
%3kt U 7= (Table 1, Fig. 9). layer 1t {2\ TId, layer

layer 1r {3,
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1q % layer 1s OHERGEE L X2 EE L T, 17825 5300
PRICERBTHAAREEL 5> THh SOEKA N> bkt
L.

S2 IS D layer 1L {4, layer 1U ICHA~NTHIK TH 3
T &5, S1 MK D BRI L layer 1a~Ilayer le (13
R 757 ~13 1528 53) 1Tt © & 2 0[REHEAS S WV (Fig.
4). S2 Hif5® Layer 1U (&, o] = A AR S4bE
HIANZELd 2 TD, HEBEOK S W EEEED
BoR U7 BERTE (13 B 28 43 ~15 B 55 53) @ S1 Hhei
DOHEFEYT (layer 1f~layer 1n) IZXHEHET X 3 A[HEME
W (Fig. 4).

72 HESHLFEYVEOSHER

S1 S DRIREERAR S, MK DIRTHIC & - T, RS
LHRI DO E — 7 OB RIPPLEEFHTE DD, N4
E—INESHIIHE Lo &, HEGE— F LIRS
E— FOREWEE L TVW3 (Fig. 10). 2D &1, &
DHEDOREWIEKTIE, WAL E— FORFEHS1
i F CHEREL, MRS E— FORIFREB K DIEL ET
EidnhfclEERBLTWS, 4, XD/ hsw
MK TR, A E— FORFEMSIZEA L SIHIAEF
TEFEES, FICHKEE— FORTFHEMHERLC &
ZRELTWS.

IR LT, layer Is & layer 1t DE W (Fig. 10)
13, HKI7S € — FOR TR E I < B S N TH
WIS E— FORITEAER LI EBEZ B & bARETH
5. LaL, XOBREO/NIOWIEEICHEKT S layer 1s
BEDBEOREWIEEICHRKT B layer 1t (Table 1)
IZHANT, L DBERITHBENE» - o & iEEZICL
W, L7ch¥- T, layer Is & layer 1t DEW L, HHKI
- FORFHEL I S Il RS N TR /S £ — F
ORI FEEAZER L oI TE 2O TR S W AlgEER S
Y

F /o, MO HEBRYEEOR S W EEEEICHKT
layer 1h % layer 1j &, READ ¥ = » MROEEICHRK
9 % layer 1t (Table 1) ORIEHARK IS ELER X LT
5. IoZdEd, BHEORZVEAEESL V. v MKE
O MR OBREENRIL S0 T, AEOWHEA
HE=ZXLTREBEVDHLLNT EERL TV A E[REMEDS
[=AAY

—7, Y OAREYEOSERIL, ¢=—1~-05
DORIERARK T, BKOPICIE 42% TH - 12 b D5,
X OEREICI 21% FTRAOLTVSE, ok 515
MZEBECLFERE LT, BESHAE— FoXRE
BOAERENCHE: S WKL € — FICBBIT L o alRElE D
EZzohb. Lal, 3831 HOBKOFIHE %Ik
FEHARIC KR X B EVMED SV (Fig. 10) T &h

5, COREEHIIEZ IV, LT, oz
< 7= L FIKDIRSIREEDSE K DRI - TIREEIT
LTkl EERLTVWS, 2O, LT
EFATIELHATE S, (1) AP, HTFK
Bk bFEE»S ERLTER, +TICH BEEHPEX
nNTWr=7 =98 (EE - fth, 2001 OF 13X) 3, ¥
BENICHIT R ERIG L T 7 < /KESIBREBVEL,
BEOREOEEBEELS Lhi-> T/, (2) BB
&, BeA IRV I BIREIC LR ER, BRE
EREDEL IS f/2®HIT, Yz MROBEEN LB
EHICEote. ZOER, </~ MINKBENEED
RN Ls < 15, BEHEYIbORKEYEOE|EH R
LUt

7-3 WMEBOREHYE

HFEOERN DR T, FRBERHN 1 K5 S
HRBEAETHE T 5 2 L AT X % Hayakawa (1985) Dff
Bk (V=122TS; T=5E@EROEE, S=FEEHN
GO SHEE A, B/ NMUESEKIC L > Th o &
NIHERYIOF L TAIECHV STV S (Fl2iE, B
¥, 1995; BFF - {th, 1997). COfFEEEIbEbE Y
X, +MEPE, HFIHEEHRLE E O 2km® DI EOFRED
RELBEKICE > Th oS HEREYICHT LU TS
(Walker, 1980) %@ L TR S B HRED OB H
LRZBAIC b ED0TEY, /NMNEELEEKICE-TH
froIhHEEYICE L CERATERL EME0 (F
H - fth, 1997).

Z 17T, 331 HORIKGHmTRONIEFEHRRFD
%3 v —4%HW\WT, Hayakawa (1985) DOffi{EETE 1
ZhoMEEEA4EH L1z (Table 3). #HEYOEE 3
1,000 kg/m> & L7z (ZIfEIZ 800~1,400 kg/m?). EE
DOFER, 8g/m> D vy —Tld 45X107kg £ D, 256
kg/m? (=256 mm) O3 v ¥ —TlL 3.6 X10%kg & 75 -
fz. LEcH-T, av s —-DBUHICE->TIiE, 1EIF1
RS2 & 05532 &bk 3. Aoz v
¥ — Bg/m?) ZRVIELTD, PSEBEDIESH
ENHBIEICNE. AR TRUILHETIE 22X 108 kg
LVSERMESNTVWS, ZhicxtL T, Hayakawa
(1985) DEFETHHWA I v 9 -1tk - T, 1.6%E~
VSEBEDESDENH LT Ehbhb.

Hayakawa (1985) OfSEE TR, BE (T) L EEER
N BHEE (S) OEPEKOBE (V) iZhrhbosd
—ETH 5 (V/TS=12.2) LIRELTVE, L»L, <
Nold 2km® IEOBHBEOKREVWEKTESNIHE
(8.5~15.7) DEEM SEH L 2ETH D, T OfEHL/NE
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Table 3. Evaluation of the Hayakawa (1985) me-

thod, using 18 isopleths obtained from the
March 31, 2000 eruption. The value of average
density of the deposit that was used is 1000 kg/
m?>. Total mass for each isopleth was calculated
using the equation: V=12.2TS (V =volume, T=
thickness of the isopleth, S=area of the isopleth).

8 4.5x10’

16 6.5x107
32 9.5x10’
64 1.4x10°8
128 1.7x10°8
256 2.1x108
512 2.0x10°8
1024 1.7x108
2048 1.4x10°8
4096 1.3x10°8
8000 1.9x108
16000 2.3x10°8
32000 2.1x10°
64000 2.3x108
128000 2.8x108
256000 3.6x108
512000 3.2x10°
1024000 1.2x10°8
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