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Grain Size Characteristics and Infiltration Rates of Deposits Associated with
the 1990-95 Eruption of Unzen Volcano, Japan

Yasuo MivaBucHr*, Akira Sumizu* and Keiji TAKESHITA®*

Abstract

Unzen volcano in western Kyushu, southwestern Japan, began a series of eruptions
in November 1990. Repeated pyroclastic flows and debris flows distributed a vast
quantity of sediment that devastated much of the area surrounding Unzen voleano.
Distribution, grain size characteristics and infiltration rates of deposits associated
with the eruption were examined in order to assess potential geomorphic and
sedimentologic impacts. Pyroclastic flow deposits generated by dome collapse, which
are confined to valleys, are poorly sorted. Pyroclastic surge deposits, which are
distributed more widely than pyroclastic flow deposits, consist mainly of well-sorted
sand. Ash-fall deposits are very fine grained and well sorted. Infiltration rates in
pyroclastic flow deposits were lower than rates in ash-fall deposits. The rates in
pyroclastic surge deposits were highest according to the well-sorted sandy texture.
Hillslopes covered with fine ash-fall deposits were the source areas of many debris
flows owing to low infiltration rates at the early stage of these eruptions. However,
on forested slopes infiltration rates of ash-fall deposits have increased as a result of
bioturbation and intermixing of litter fall.

Key words: Pyroclastic Flow, Pyroclastic Surge, Ash Fall, Grain Size Characteristic,
Infiltration Rate.
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i

N 4 B TER AR R O KEN AR 2T TR {, LEOB LABLEROFRE A
~NRTFT 2 &) C ot 4 EUEICRAEEKEHIE 1995 FI2A > T F— L OEEHHE
AIlEd, FOEBIIELIREE 2 ), FES ACREHREESSHINBIIEL 7.

AR — LA O & KRR 2 L > TEMEBERIOMFIERE (EfL L. K
EHEREY 22 B KINFB AR L2 IR BV T, B aBmBEEr RET s, 2L
7RI, BEAERICERICEENETT A, BERICIRERENSERT 5 L,
Mount St. Helens (Swanson et al., 1983; Collins and Dunne, 1986) &I (LA,
1984) THESNTVS., EEEHICBVTD, BAGEHOPORE T KILKRERIC L 58
BT AERE X (G IED, 1995), BRIC & A TAFEAUESE L ORI R Rt
P EIRE o 728, AUTEBAEL IR BIZONT, FEOBRERED EEBR
HHIELLREINTWS (FEHIEA, 1996; HBEEIZA, 1996). LA L2AhH, B R
CHA D EHEEE RN S WS, R E L TR ERIEES AR S, KEO KR
Wk ZOESIMTETHOREIL 2 EHRMEERICb o THRTAbDLEEIOHNL.

7 TEES N, EMEBRELAS L OEDIRIC BT A5 BOMBELEFMTSIL
RE, KL OSTE L R T A REE ER L 2. KR T, BIREFORE
HRIE L AV R AT B R R TR ORIEH B L CRBRICOVWTIRET 5.

2. 1990 — 95 BN HBEMDOH TR

1991465 F 70 6 4 4L F 12 B S AGEBNIC & o T, BEFILEICRES N — 20l
ZFOREEE LB HEIC L o T 9,400 FILLE O KIERATEE L7z, O KA (pyroclastic
flow deposit) |, FIADTENFEM L KWK b v 7 ZATHB S, block-and-ash flow
deposit (Wright et al., 1980; Fisher and Heiken, 1982) AR E NS, F KRS
o TIH KR — 3 (pyroclastic surge) AS%ET 2 & & bil, EZEAFEVEN o7 ash
cloud 2 & o THEIHEIZET KK E b 726 L7z,

S00% 1995 48 9 A 18 HICKBY 47 v 7 MRNEHIC X o TIRE S NZHER 2 T3 453D
1 DEMEEAMHE LT, AR OSRRENZEL 2 (Fig. 1), 4 HEOBIERY O
FES % 50 B KRR, B BOAHE O A AR (MZ), RESERHE DS (AK),
EOBLASE (08) RHRINFERME (NK) 200 LTwnsb. ORI, £ 20
mZbERAENE SR, POTORMELKE CHELTHY, KENFIRLEIE TR
El: 40 ~ 150 m F2E T, fEEHE 20° DT CTH 5. JRRTHERE L, SHA 7m0 TEE
HERRE IS BAT LT\ B A%, B OBRARHKTH S 720, Fig. 1IE—HHLTRLTY
3. SEOBEEREC L > THE S BEAHEE F— ABE TR > THY (Photo 1A),
EWICIEE 50 m MLEOEEMLFAEL TV A, EHEMRYOMEFHE 30 ~ 35" THD, K
PR\ R T A D BERITH B, KRS & U R O E (REIEE) (1,
1995 46 5 A 12 HE:SET 18 1,851 F m® LEiE s Twab (FNE A, 1996).

KA — DHERRYE KRR A LTH Y, KEDFHEL 2o o RRCE, f
FOEMEEI B HEELTWA (Photo 1B). BEIX 1 m UT L# <, MMEATOMWPIAII L
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Fig. 1. Distribution of deposits associated with the 1990-95 eruption of Unzen volcano
based on interpretation of aerial photographs taken on 18 September 1995. Solid
cireles with number show field sites. AK: Akamatsudani Valley; IW: Mount Iwatoko;
MY: Mount Mayuyama; MZ: Mizunashi River Valley; NK: Nakao River fan; OS:
Oshigadani Valley; TR: Taruki Height. Contour interval is 200 m.

AEBALLTWR WA, 2O 3 S ROBARDPAONL. ZHEENL D LED
BARZHET 5 Z EHTEET, ramlU\)Jr‘m\%%—Vm%ﬁiﬁb?ﬂ’ﬁ]%#ﬁf—w‘é_U) T&5.

N B & OV — D HERS D AR 100 & 5124 M2 1, ash cloud (2 & A 8P RBEE, X

A 2 &2 J:é’f*T/H‘HﬂﬂZf"’@MJrM& E i T“fJ‘o u\é

7z, SEO—EDOMENIER I & o TEBREHILELBIIEREORET KILKAHER L
5. ZO:KILKE DERIER I, *““{E%:EPLX L-BHi2ELRICIE R TELHT, ')\63#
MORTHERPLEBMICKE CERELZTI TR I e HmESN TS ([#IZH, 1996).

KRR L Z O BMHE CIRE CoH ) —BEIPRO LN, L (RGN TIX

I 100 m, 5 50 m BREOBASHFREL TV, 7Y —BEICL S HE, TAREL
TSN, ORI T il R L(%@L VB F, EREIA
ﬁm%EM%Eém,%ﬁ®¢%m,éb&%?kMF#%% Bl (MY) OEiics
THHE L DTRBHFEE L. T ORTHRIEIGE T, 1993 -’c}ii TlZ#9 500 77 m* @
i@ﬁiaﬁﬁkiofmmLt&%ﬁénTm%<mg,m%»
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Buried soil (S)

Photo 1. (A) View of the Akamatsudani Valley, southeastern slope of Unzen voleano.
(B) Pyroclastic surge deposits spreading more widely than pyroclastic flow deposits
which are confined to valley. OS: Oshigadani Valley; TR: Taruki Height. Photograph
by Akira Shimizu. (C) Ash-fall deposits mantling a forested hillslope at locality 3,
9.6 km NNE of lava dome. Scale in centimeters. (D) Pyroclastic surge deposit
section showing five units at locality 6, 2.2 km ENE of lava dome. b, ¢, e: sandy
pyroclastic-surge deposits; a, d: silty ash-fall deposits. (E) Pyroclastic and debris
flow deposits of the 1990-95 eruption, overlying older Unzen deposits, near locality
9, 3.0 km ESE of lava dome. (F) Distal ends of pyroclastic flow lobes near locality
10 in the Akamatsudani Valley. Photograph taken in 11 December 1992.

3. EEHRBULAOIRR & HETERY O EIR

W AGEBIBINE A S 5 FEK D 1996 £ 1 A 16 H~ 18 HIZ2T T, 4 DG B ) HERE
MEBECTE D 105 FroMs (Fig. 1) T, #¥EWOBFLREIE, EREFLBRELL. &b
HICBWTEAROTESY s, SEOEAHERY % TS a, b, ¢ -~ ERFL (Fig. 2),
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Fig. 2. Stratigraphic sections of the 1990-95 eruption deposits. See Fig. 1 for location
of sites. Arrows with alphabet indicate sample positions for grain size analysis.

ZROBMETEIEL .

Loc. 1 1%, W& F—2 04t 2.5 km OFEE 500 m (AT 5 / F (Chamaecyparis
obtusa) EMMTH 5. AL 33° , HIGLILETRPMBOFHTHSH. BRGEOWw~
N MNEOFMREIED EIZKEBEO DL FEBETAIUKA 5 em DESTHREL T,
NIZEEL BB L AR T RILKRORE L% 2 5N 5%, HEZBIEERO NV, &
B, Eide / FEHEEIIEDL TV, ‘ .

Loc. 2 1 Loe. 1 @&/ FHICHEHET AR TH Y, HRHE 25° CIEILTER & DIF1E
FELHETH L. BREOW~ VNV FPEOTIED FIZ 3 em OFE S TRBMH DV b ~ i)
FEOMTKIESHEE L TWD, FEICIEAZF (Miscanthus sinensis) REARZL E7)°
AL T,

Loc. 3 {& F—4dtdbs# 2.6 km OFEE 500 m @& T AL/ FATHTH S, ST
FALE & CES 32° , FITFHABKREEL WA, b/ FHIEEE 14 m, MEEE 12
~ 18 em, IMRPEE 1450 &K /ha BETH 72, BREOW~ )V MEHED LIZKEED
IV NEBRTXKLUKA S em DESTHE LT (Photo 1C). FEMICE e / F%3E, F
Ao bbE3NES 1 cm BEQCLEMEEIBo Tz, b, EEBz#MKT S A,
BB L THELER, ROMA litter 77900 g/m®, 7fif L 72 litter #7850 g/m® ##7E
LTWAZ EDNbhoi.

Loc. 4 IZEARESHBEERDOES 520 m 12dH 5 KR OMNE ST THHIE L2/ FHTH
5. WHEWEABROON, TRL) IV~ (a), PV ME b)), BE (¢), b
Ho(Q) OEICsTSN, £BEIE9 em THDH (Fig. 2). a, b, d BIXEIZT IV ML
TOMBIEN S 20, KIS BT AR EEZEN A, THICH LT ¢ BIZEILH
ERTF2 5 72 B Kt — VY LR SN, SOMEDBARIZIEEA SR TV RN
DD, FEICHBLTWAZ EABATICIVEO LR o7, BHFEHEIZLEE, 20
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A IR AR IR ORI L HER A N2, RIS HOB AN ALNS I LD, BIAR
RERSED L) BBAEE) KR —UHEELALLOLEZOND. HERAIIBNT,
ﬁ%ﬁ@ﬁ%ﬁ%ﬁ%&tfﬁ@,%@Wﬁﬁ%gtfwt.

Loc. 5 13 TEARSHOES 560 m LB T 2 ET KBTS 27, AEBATEAZ XD
B OBETET LTV, BAHEDIZ6BILL4Y , BIRED b, f BrWo 2 ERL
F bR — VAR, IREBEO a, ¢, d, e BATY L b ~llfp5 THER S 4L 5 BETKILIK
LEXHENE, ZOTHICEMAFORLE () »HEEL TV, JOHATIE, RAHER
WG A 6 53 L7 A A S OBEATHO 5N, Tt BB L BRI BLTS, &
Z 3 %EF (Ligustrum japonicum), 7 B ¥ (Symplocos lucida), ¥ 7 (Machilus
thunbergii) TXHIFEBELTOAHLALNE I L2s, MAERBERKEIRFTHo.

Loc. 6 13 F— A8 2.2 km, EARGHMIEHOER 580 m ICMEL, §XTHILK
EREIET A —EHEICEIR L TB Y, %) OMEAE o kB —YaNEB L b oL
E2 505, EIHERYIEIAER TELZES 20 em THoTB Y, 5 EEDH LN (Photo
1D). HAEH S 2 HEIRED b, e BEBED ¢ B — IHEY T, v b ~HpH
DIREBEEET S a, d BABRTXUKTH L. ZOMEOFHEIZIEIER 30 ~ 50 em D
JUAHY 2 m ORIETHRELTWAD, WFRO) Vb2 YIMELTEY, VRIS
HMOBERBEYHSBA LTV, F AR — V12 & 2 EARPCHIERD S EHZFEH L T2
WRiRbFEDH N,

Loc. 7 3B LB O KRN T, Z0ESI340m 25 b0LEZLNL, 272
£ LB & B T KR ASER A IS A S, SR O AR HERE & T RHER) &
OWBELRESEH L. BE F—L2 0% LZERE m (CRSEERSEEL TV,
KL TR 2 0 B IR B A BT AW~ A ADT b)) v 7 ATH 7. Z DK
ﬁ%ﬁﬂﬁm,AU:f&—u;éﬁ%%%ﬁﬁbﬂttw%%of,%%%Kﬁ$m%®
ZFALFRDO LN,

Loc. 8 I HRIHABEMOERILOES 710 m A TH A, BHBIIEKILAT ZFIZL > TH
BLEBIARNEASNDS, AAFL EEATEYH DAY FEHRL T, HefEis > T+t
WO FICBE 15em CHEoTHB), BHOEVICLY 4BCRFSNLD, LOBLT IV
HOBETKIUKTH 7.

Loc. 9 EFMRATHROES 260 m IXMEL, 4EOBIERHIZLLES 25 ~3 m O
Hedti I B b T 7- (Photo 1B). I OfFE QRIS KRB & O LB RHERY AN RAE
LTWabDrE: bNEA, BHATI L o COMEOHMBLERFEESHTE L7, 12
PR LR RIS A PATER b, TRBE L RasHERE L Tz, HERYIEEE 10 em
BEOHMEEE A A0~ ) v 7 ADED TWz,

Loc. 10 IR AHmEBOERS 320 m HENLE 1 ~ 1.5 m O KEGRMERY 7 — 7R
% (Photo 1F) D ETH Y, fHEICIZESE F— 205 M%E LIoaRm» S BHFE Ltz &
DO — TR HEREEDIZIFERE L EOTBY, EmMKIC L o TTREH L 2RIRNEIE
LAEED N Dol WMWY A ADTO< M) v 7 AETTERS, s~ T TR
ELTBY, HRKOEVWLDTHo7:.
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4. WY OKEMER &RBEEE

4.1. KIEEHERL

Bk L7z 107 FrOFREHSIZBWT, BEfRY LR TE0Y > 7)) v 7r e EL .
ZREHE Fig. 2 ISR LB G L TRHLIF Y, REBICKEST 21T 072, KEDH
1 ¢ (1/2mm) XYVEBEEICOWTESAZWEMHEL, X MAEIcE L TR~
WoN— B ORESMAUEEB AT = A — S 12X B EANDEETER L /2.

EBHEREY LB T OKEMAM % Table 1 & Fig. 3 2R L7z, BTFARIE, A
IV Loce. 5 % Loc. 6 ZWC, Y154 ¢ (1/16 mm) ~ 8 ¢ (1/256 mm) #°
46 ~ 66% % SO THM A SAEFRTH, $ts (>8¢) 6~ 13%TRELLLL, LK
FRD & (o ,= 1.7 ~2.3) M TH 5. Mgz CoFHYPRALT, A
APE (<4 ¢) ORFH48 ~ 69%FEE 4 5O A M TIE (IHFRB ) 1T, BT
KIKIZNE B L & 22 o TV B (Fig. 3 @ Loes. 1, 2, 8 and 8). K — JHEFE
&, BETARLRRPEELEL ) b2 Y il aESmzRLTwa (Fig. 3 @ Locs. 4, 5
and 6). ZOHEWIIED -1 ¢ (2 mm) ~ 4 § DEED B3 ~ 8% LKEWVAT, YL b
L2 ~T% AR, BT ALK L R IER ’iﬂik & (g 4= 1.8 ~ 2.6).

KWEGEHEREYE, B (< -1 ¢) 86 ~ 0% 2 &L THL, 4%$rf“0)}fuj:"’* b,
BRI 43 \%h’i’;{fﬁ‘%‘iﬁik Ewn (a¢=4) Rt < B, T AHERY (Loc. 9)
HITITE CALEEALRL 7R L, KR & AR EEFRO 5 e o 7z (Fig. 3 @ Loes.
7, 9 and 10).

4.2. EFRMOEE

HEREWY) R O ST RMIR LIS £ 2 TRTFOBE), &5 ICHEMIEORERICHEREICH
HLTwaEZERONL2O, BB W TERBHERY ORI 2 HlE L. WEd, £Ex 1
m X 1m OFHPFICKE Y, ZoOdEEEMEC 20 537, IWsCEmEEsr (L - 122, 1962)
TEREAIANICEEZRL T, £OE AR (mm) %A s o7z, F0 20 7 FrOMEME L L
T, ZTOMEDOME L L7z (Table 1).

FREORETAKILKIEZ 11 ~ 12 mm BEOHEEZR LAz, KB — JHERYIE, Loc. 5 T 134
mm &RBETKINKE FBEDOMTDH - 7:5%, Loe. 6 Tld 4.5 mm &l & Lok L T 12K
VB & 72 o 7. \_ﬂi Loc. 6 (238017 % 5B 0 gt — VO HERE Y 5 OB 38 8 20 50 B Y
FHhRELRoTVBIZDIZ, HHIICHENPEL, BBROZWEETHLZLERLTVD
FoKRHEREY IS 11 ~ 12 mm ST ALK EZIZR CAEE 2 0, MR I 15.4
mm LD EEBETH -7, Zhid, EWMEAAMKLE~ ) v 7 ATHBEEINT, 8L
WElloTwaEiIbhs,

4.3. REHE

fEMEEOFRRmMEE T FNTA2IBELEL 20, EHELSIIBVCTHESEERRE (17
T, 1982) #EML7Z. o, —BoEEXEkERE T HvwzboThh, Wi
fif 100 cm® OME % 5 cm BED /r‘c\b AL THEDKE 50 mm DKDEIET B BEH
ZEHHL, 1 9&H720) 0ig#ER (mm/min) Z3KH 72 (Table 1). %23, d@KEEERE O
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Fig. 3. Cumulative curves of grain size distribution for deposits and buried soils. See
Fig. 2 for sample positions.

HlTiE, BN TREIICKEZEESELLDIIKRERRENP P> TRAEI L, 61
BEETA LD 2 BEBRBEICER SN LILEO Y, HUKBIZETKRE ZRERED
SHISNB ZEDZ W (T, 1996a). L72h5-> T, SHERMIZBWTHE LN ERMEX
AxHE & LT 5.

BT AR DESE RSB EAL AT T, Loc. 2 TRRE WML o 7225, T 12 ~
35 mm/min FETH o 72, —F, B Loe. 8 Tl 6.8 mm/min & ALIFHE IZ LT 1/2
DTFOEWEE o7z, O TORTKIKIGZRCHMA Tldd 5205, s & hE L Tk
BRI A X VIO b o7z, ZHUTEEN 15 em L RE L, LAbHICHERL T
WAHZ ENFEREEEZ NS, F72 Loc. 4 TEIRBORANIEZEGEZIWEL, Table 1 12
FENS OFE (12.6 mm/min) %R L7275, HEOAHHER L2 (4.4 mm/min) &
Dd, AAFHPRALTHERIIEELHE (209 mm/min) OFHDEHWEE %o TWIZ.

K — DHEREWIL, 27, 47.7 mm/min b EVEE R L. AU, HEREWATED BRL
FrERICHERINDL Z L, Tf*ib%ﬁfjiﬁﬂ)-i’@ﬁiﬁf;ﬁd\éb\: LoREsh LI, T
VEEOHKSICZ LT, WELEWEN TN 25720125 OMBZREFET S <‘:fJ‘m
WEERICEb o TWA I EFEMT TV A

KIERHEREY 12 5.7, 14.3 mm/min D{FiE 'riéf’Lﬁ’i’T L [’¢T)\lLIIT\Ji ) ?MRV‘{E’C%O 7jecs
KGRI, RS IZT TR, YV NUTOMEYE b £EIC& 0 IEE ISR OE VW HER
WMTHEH, TNSOMPYE RN R EREE DR K 12 7% oLb\éc‘:#X,%ﬂé DL D%
L, EERICE o TEBET M) v 7 ATHEEN 2 EAEFHERY (Loe. 9) 1ZBWT
LIADHLNS,
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5. EE

M R T KRB OB ERe L, MoHEEM L VRV FEShA. LA LERIZE

KRG & 0 b EVIBBEER T 2 Ao/ (Table 1). HBHEIEA (1997) &, K

e edE & KR O 2o OWBHEICB VT, FRENERKOERMAEBN 21TV, W#H
@ﬁﬁ‘%ﬁmuﬂg, ETMHHEE, F—/7RBEDIIKREVIEEZRLTVS, EHIZ 1y B
I (1996) 13, BT AIURBE L BEROBERIERAEL, KITAMESRE L7 1991 A
5 93 I T TR T KILIR DR BHIZHEA TEIBAIIET L7245, 1994 F LD K3
BRI - TR BRAMERERLTWAZLZHELTWA. 11T (1996b) (&, 4
DAL IFIZAMETOBRBHEABROERELS, ZLOMATIHRERMENFEALTVD I
LATRLTWS, FREES (1996) 1, HHMETOKKBICEEESIFELTBY, #
B OREREATIETHL I EEFRELTVD, ZO LI, MR 2T ALK (EEX
B, STEAWET S LI o TRBIZIRT SE7270%, ZOBKILKOMEH D
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