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Abstract: Dacite lava flow process was observed at Fugen-dake, Unzen volcano, using
theodolite through the 1991 eruption. The lava effusion started on May 20, and the first
observation on May 23 revealed that the lava was issued from a narrow vent and spread
horizontally at the average velocity of about 2.1m/hour. The thickness of the flowing
down lava was usually 70-80m on about 24° inclined slope around July. The velocity of
the lava flow at the flow front was 1.5-3.3m/hour at the upper part and 0.2-0.5m/hour
near the base. So the flow front was overhanged and collapsed to make a pyroclastic
flow, down the slope. The inclination of the stable angle of the collapsed pyroclastic
materials was constantly 36° in late July. The effusion rate of the lava was equal to the
collapsed volume which was estimated as 3X10°m®/day, and the flow front was not
apparently advanced on the slope.

Viscosity of the 1991 lava is calculated as 2.8-4.2X10*Pa-s when Newtonian flow
model is adopted. A little smaller viscosity(1.4-3.1X10*Pa-s is obtained for Bingham
flow model which is supported by the existence of a 10-20m thick plug at the top of the
flowing down lava. As a Bingham flow, 9.5X10*—1.9X10%Pa yield strength is calculated.
These values are within the range of the values reported for felsic lavas in previous
studies. Average thickness, effusion rate, average velocity and viscosity of the 1792 lava
flow, which is the latest lava before 1991, are calculated as 33m, larger than 5.2 X 10°m?/
day, 52m/day, 0.19-1.2X10*°Pa-s respectively, based on the topography and archives.
Compared with the 1792 lava flow, the 1991 lava is twice to three times in average
thickness, less than 609 in effusion rate and probably larger in viscosity. Viscosity of the
1991 lava reaches about ten times of the least value calculated for the 1792 lava.
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Fig. 1 Locality map.

1), 2) and 4) are the outline of the observed lava at May 23, late July, and early

December, respectively.

SOL:Second overlook, KEA:antenna tower of Kyushu Electric Co., IWD:Iwadoko-yama.
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The summit lava showing crease structure.

Photo taken from the helicopter of the Ground Self-Defense Force, on Jul_y 21, 1991.
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Photo taken from the helicopter of the Ground Self-Defense Force on Dec. 7, 1991.
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1991.
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Fig. 7 Outline of lava blocks, seen from the Second overlook (SOL).
a) 1000, July 20, 1991 b) 1035, July 24, 1991.
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Fig. 8 Trace of each lava block target, seen from the Second overlook (SOL).
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Fig. 9 Horizontal movement of the lava block targets seen from the Second overlook (SOL).
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Fig. 10 Movement vector on the outline of the lava and the horizontal movement velocity seen
from the antenna tower of the Kyushu Electric Co. (KEA).
a) 1420-1617, July 23,1991 b)1455-1626, Aug. 1, 1991.
Horizontal angle means the angle from the temporary base point, Horizontal length and
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Fig. 12 Movement vector on the outline of the front of the lava seen from Iwadoko-yama (IWD).

The height was calculated from the observed angle and the distance from the observa-
tion point. The cross means the temporary base position.

7. EEOMEREONEE

TR 5 8AHEC T TOBEDIRIE I »wiEE
F—2A0uUBEWEER (coulee) EWIREDDT, [h
BRI FERRE T - 7 (E2). Zh 2R %5
T 2RO E TNV HTIIDTEZ 5, SHERR
D—EZEIRITRNT,

T S W HARTIEDIAY Newton FAEDEE OR5MH:R
B 7 (Pa-s)iX

e gesinac h? o)

7= 2V

TROOND, 72720 o BREOERE ), 1 I3EE0
B & (m), vsi3EEOKRE GR)BE (m/sec), p I3¥EE
DEE (kg/m?), g XESINIEE (9.8m/sec?) TH 3,

h=T0m, a=25, p=2300kg/m*& L, vl DWTiX
F13KTIE2m/h £ DA UBOEED 5 3m/h 28
B TORBH DT, v;=2m/h(=5.6X10"*m/sec)
Ev=3m/h(=8.3X10"*m/sec) D 2 Y 2EZ B &,
FEMEAREL 7 13 vo=2m/h DRFIZ4.2X 10Pacs, v,=3
m/h TH2.8X10Pa-s &% 5,

Y ¥ 5 ARELT ClES (7 277<) 133k Newton B
723, FE Newton Fifk L L COWEET S Bingham
FRE LT GEBITE 3 k3 FR9% { OFfFEE I
X oTanTws (B2 1FBlake, 1990). Binghamii
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Fig. 14 Horizontal movement of the upper front of
the flow front observed on July 25.
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Fig. 15 Pyroclastic flow, generated by the collapse of the flow front of the lava.
Photo taken from Iwadoko-yama (IWD) 1241, July 28, 1991.

collapsed
pyroctastic
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Fig. 16 Schematic section of the flow front of the lava at late July 1991.
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Table 1 Calculated viscosities for the 1991 and 1792 lavas of Fugen-dake and calculation parame-

ters.

h

h Vs a o vy
Lava @ @ @ ) <k;m3) a9 (Pa)
1991 lava (as Newtonian flow) 70 2 25 2300 4.2X1010
70 3 25 2300 2.8X100
1991 lava (as Bingham flow) 70 10 2 25 2300 3.1X10Y 95X%10¢
70 10 3 25 2300 2.1X101° 95X104
70 20 2 25 2300 2.1X101% 19X10°
70 20 3 25 2300 1.4X1010 1.9X10°
1792 lava (first period, as Newtonian flow) 45 10 22 2300 3.1X10°
45 16 22 2300 1.9X10°
1792 lava (second period, as Newtonian flow) 50 1.5 10 2300 1.2X10°
1792 lava (third period, as Newtonian flow) 60 1.9 9 2300 1.2X101°

OB I TNO_FERCHEE—E OE5 (plug) 2R
END IR TH D, FBEETHN L D1, F13K
TRIBEEDEE10m 2> 5 20m OREEE IIZIZ—E K
Rz 5%, 20845 % plug £% % T Bingham itfEDE T
MEBHTEHTHS, FiEELZTETT %, BSICHATIE
DIAV> Bingham FAARDRERENT

g Lrgsina- I’ .<1—@2)Z

2Vs h 2)

Thb, 72720 byl plug DES (m)TH D, flid (DX
DS ERICTH S,

hE10mB & 20me L, i/ 7 A—% i
Newton HAEDHE £ [ U (vs=2m/h % & UF3m/h,
h=70m, a=25", p=2300kg/m?) 2§ % &, Bingham
ik E Uiz & & DEEORERNE, plug DEZX %210m
1z U7zERI i ve=2m/h T3.1X10'"Pa-s, v,.=3m/h T
2.1X10"Pa-s 72D, plug DEZ %20m & L7zRACIZ
v,=2m/h T2.1X10°Pa-s, vs=3m/h T1.4X10'°
Pa-s £72%, %7z, EEOBHATRE o (Pa)id

(3

TEz2 5N, h=10m OBEII.5X10*Pa, £,=20m D
BENZ1.9X10°Pa 755, AEFRENE Newton Mtk &
L7z35& & DRRNE {72525 RIFD1010Pacs 4 —
S —DIETH 5.

oy=p°g°sina°’,

HIZ IRz X 5 ICEERE A OB DS PR R
HEOYNHEORIEFIIEEMRAE IR S & d7zn,
BEEREEE I DO T ORI & BREE ORIEF 28
2RITRT

INETHE I N TV S HEREIT Murase ef al.
(1985) DV F# R X D ERRTOHIE ZER £ 10%Pa-s
5101Pa-s DEFHTH VD, HIETOIHERBR (1—4X
10°Pa+s) i3 Z DIEDHIZ A> T35,

FIFR D UT-RERERE OREFITIZ & A E2510°Pa
DA —F—TH %, Murase et al. (1985) IXERFREHNE
BWwRE KFT 5 2 L& L, St.Helens k1111981
FEVE (S10,=63wt%) 12 DWW TR0 CT2X 105Pa D
REEFEEEEE TS, TEE19EEED Si0&iX
65wt% (1ZEA, 1991), BHIREIX790°C (hEIED,
1991) kB I NTB Y, FIETOFE TR LNIER
(1—2X105Pa)id, & & BU={E2RR L IRELE T D
St.Helens KLU DEEDEIBMEIZIE Y d D225 T
5.

8. WENEX, &E, HRMEDER

Newton FlE e {RE L&, (DR»S
_( 2n°vy, }
h= (p'g'sina)

WENND, —F, BEOBHERPE L35k
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Table 2 Measured and calculated values of viscosity and yield strength for felsic lavas.

Volcano Lava Si02 wt% Viscosity (Pa's)
Trident 1953 lava rhyodacite  6.9X10°
Usu Showa shinzan 70 108 —1010
St.Helens 1981 dome 63 1014(800—1000TC)
10% (1200°C)
102 (1500°C)
Primavera dome field 74—178
Maroa dome field rhyolite
Coso dome field T4—T7
St.Helens  June 1980 dome 62.5
Oct. 1980 dome 61
Katmai Novarupta dome 76.9
Barcena 1952 dome 61
Santorini  Liatsikas dome 63.4
Unzen 1991 lava (as Newtonian flow) 65 (2.8—4.2)X1010
Fugen-dake (as Bingham flow) (14—2.1)X10'0
1972 lava (upper part, as Newtonian flow) 67 1.9-3.1)X10°
(middle and lower part, as Newtonian flow) 1.2X1010
EmheWey 5) EIT % b LA ORI CE RO LONEE DF
" Bc b iz 5T EEE LS, 722L, WRIBEOES
oL W SEEDIR, viI3EEDTERETH 5., CHARTBEBIREWEEORNTH 201, BEOREEZE
Newton FEDSS FBLIG)RERMUISS 77y LD LTWED
2, T, T TREBLIRE DM ER T 72 O
g bOLEL S,

ThBHDOT, BRI

3E
) ©
rizb,

FITHi3 WRE OREFA—TF77 kw7 ay b LTz
bOTHB, QR DOWTIXL0°Pass, 1019Pass, 10
Pa-s O3E D OEEERIC DWW ay L, %77,
p=2300kg/m? a=25"TH5. (6)FRZDWTIFHFED
IE%190m WEEL, 2X10°m3/day, 3X10°m?/day,
4X105m®/day D3EY OEHFIZDWTFay b Lz,

7, RS —E T LT 2 BE 2 E L5, B
LTRDMERICIR > T2 LT B5ETh 2. BT 5,
RS —E DS, FEISERT 2 LIEAIIEL R,
BEI/INS {3 2 L 3bh 2, BTEREEER, RO
HASEE - 72 1991455 20H 40 & OEHEME R TIE, 7
A~y MBS /RE)PEEORE ZEIRSNT,
VR DREDIER IC K & s RERBONTIEDL S & 5
RV EP -T2 b D EEZ 6D, FEEREOZY I
IS ATARREE O D EENL R 35%BOR
BTh5.

Rz, EEAORMREDS—E CBHEILT 5 L &
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Yield strength (Pa)

Calculation method Reference

calculated from movement Friedman ef al. (1963)

Minakami et al. (1951)

labolatory experiments Murase et al. (1985)
2X10° (800°C)
1.5X10° (950°C)
less than the measurement precision(10%) (>1050°C)
(33+1.2)X10° calculated from shape Blake (1990)

(1.2+0.4)X10°

(3.6+1.2)X10°

1.3X10°
9.6X104

1.7X10°

1.7X104

(32—6.7)X10%

(0.95—1.9) X 10°

calculated from movement  Suto ef al. (this study)
SiO 2 wt% is quoted from

Kawanabe et al. (1991)

DYSEFREOEALEE 2 5, EITHOAFERITH>TE
63T 2IBETH S, BITH» 5, BHEIREAT 2 LVAS
DEE, HEHRIOEAT 2 2 LT3, 5552 (810
M) b7z TH 23H DIEETROMEN AR, $5b b L
EHSTHES L D EEISHA T &1L, 2 OBEIOA LENIC
BEHEIMEA U 2 L THHTE 200 LG,

. 190UERE & 1792 BB DS

1991458 DIEAEHBIERE, B 5 VidZ B,
EEEOEEEHOM L U THERET SN THzDid
1792 E GITEREE) ThoTz. L LS SFERAN
199155 & 17926RIRE DOTENDIRIIA S { B o
Tz,

AL (1974) 3% L I XEBORHRC L % &, 17924F
BEOREOBABIUTO LS Ths, HAXAL
(1971 k> CEHES IO AETH 5,

2H2TH 7 BES 2)BOTHOES (3721358

H) TR,

-----

3A21H UhbDiXs D RFROEDEE TREKBHIE, f? Ebm
H. ZoR, ﬁ%@@méﬁtﬁbtﬁabwb@
bi“éin%@f‘abz

3H25H—27HE ﬁ%ﬁ'@*ﬁbﬁﬁf‘%@ 51, ka.

4H9H AR TAARERED 5891 . 1km,
4H208 BESmIETAAREE D 580 . 6km, £ DHEE

HCEEOSRTIE & A VEIk (FARESE
..... 5#70.5km).
UbDIEs KO TEENRHZEE L Th SIEE0OTE
BIFEALEET 2 ETIRS0ERY o TWn 3, Zeh
BE T, 1T92EEEC BRI OER D 2 ED2DD
BEOERERTHBREEINT, BEOEETHE
B EERD KO0 5 FH U Tz B— D ERIc R Z 5, &
Z T, BEEDEEROHE GHE) 1X3H 2180 6 il %
BEIA L T-EDEK D & DB Lo THERI NIz b D
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200

2x105 m3/day
3x10° m3/day
4x105 m3/day

150 -

100 -

Thickness of lava (m)

10'1 Pas

6 8 10

Surface velocity (m/h)

BT Ha0BEE L ES OBR

HFFISBEOMERB OV T@ORE 7Ty Uiz b D, AEGIREEOEE190mIZEE U C3EEOB I >

WTEORETTY bLZbOD.

Fig. 17 Relation between thickness and velocity of flowing-down lava.
Thin lines are drawn from eq.(4) with three different values of viscosity. Thick lines are
from eq.(6) with three values of effusion rate and fixed width of lava as 190m.

EEZ TUTOEREED S,

1792FEEA DFERBRRIIHIE & B H 5 REOIEHED
nRETH 5, B 18K, WX CHBE OIS D SHEE
U7z 179265 FRETO BRI 2y, AR IEF
AR R U7 3 Uity - ToiE & O, 250m & ki
P TR S R U7z, SEER R VIR B & e
X3, 17925 EDh— I I3 OB IR
OHFERCTED s b, ZORBOES 3ZhFh
DHISE R T E OREDE o IR0 _LE DR &
IZHRS L, Z0EEHOD 5> OEEOAHENME1ER 20
D LT, ISEPIERDIR T U 272 DIs thsilfasE
{7goTeZ bt k- T, BHEOHTENTEDDEEZ
shd, FTELUREOESNIEE S TRATI2,
HRRER 127, SE A T8 Th 5. £ 701 FOBE TR
FROSFRAE LTz 20 ) EERIIERD S LT,

1792 A OFE R, 1050m OIEARDESKT
VPRI TRDIZRER, 2.6X10'meE o7z, SFREEX

8.0X10°m? FHDOEXIFBm TH 3. T BIEHS
21°— 32° D&% EFHEHIS00m DERSHMFRS &k, ZFDIEYD
E&326m £72%, ZOBEAEDREHAIZARRORRCE
50HTH B4, FOHIE S, BEHO» SEEMHEE N
7DRFNED HEHIETH - b D s N5, L
Jed8oT 1 HY D OBHEIXS.2X10°m L D 1K &
Dol bDELIEEEND,

17920 B OREIRE L MR HEE T 2 1 BT2o T,
BEERORBES b P> T2 BT % b L i3> 0HM
EEZ %, BELZ3H21 5 3825—27HIhT TD4
2L 6HEMT, EEII1500m 2H F Lz, 1500m &
WS EIRIESDOLR2600m &, 3H25—27HICIREEE
I RAY R B AT B 0 5891100m Efic b o7 2 &
(i, 19745843%) > &5 HE U7, #2138 25—27H
25 4F9HIZH T TD133 W LISHRT, BEIHI500m
PEF L7, EEISIR4H 9 548 20H i T m11H
RO, YEEE500m 2T Uiz, 727 UBEBEORSE 130>
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1000m
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HISK 17925 #0A O FH R K U - BMTER
AEOHED SEH LI 1TNEREOEER 2 BR TR L.
Fig. 18 Topographic map and cross section of the 1792 lava.
Contour of the base of the 1792 lava was drawn as broken line.

DEEL, 20%%HZ 2EEPRIOTREE DR RNk
Ezo6N5,

FEARNC DT O, HAR1CIE250-375m/
day, HiE27CI1X33-38m/day, HHE3TIX45m/day & 7%
%, 1 5 3% TOEEROESEEIX52m/day TH
%, R OIERN, S Lin g % BB Cid32 s 5 12°
FCRALL, BT 227, B2 2 sl Tk 12°
PEERVLLYETEL, HYTIX10°, BHEICnT
© B TRERCIRS BB LY TH B, BRSO LS
BOBRARBE S BREMSOEEDES BRI ET 5, |
R CIE40m 5 50m, FHEETIIRI50m, THER Tk
50m2»570m TH 5,

EEROFER (1DFARA L TREEIZ D W TIED
KRB EHE LR EE IRIORT., 1Ty

10m/h & 16m/h DBEDWZDOWT, h%245m, « %22,
p 22300kg/m3& UCEE L7, KR v=10m/h
DEE1E3.1X10°Pass, v,=16m/h DEEIF1.9X10%
Pacs &£ 7%, #R92CHE, % %250m, v®1.5m/h, a %
10°, p %#2300kg/m*E UCEHE L 7=, HhMEMREIZ1.2X
101°Pa-s k7%, B3 TIE, k %60m, v%1.9m/h,
a B2, p £2300kg/mPE U TEE LT $HAEL
1.2X10"Pa-s 725,

HAI2 & I DWW TIHIRIZE LV REDE S hue,
HERD & 5 1o B OEBOEE R R VENEE LS
, FTETHESNIERED20% D Lz LD
EEBSATVS LEZ 5N, BRI1ORMREIIE
EREEL T HHE2E L USOREREIC R TERIR
INSWEWZ D, EEOMEAR b 0T FELER
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E UTCIHREETRE 2 515, Murase ef al. (1985) 1%
St.Helens X [L19814F F—A 3525 D KM 25, B EE 2
1150°C2 5 90CCITAE T3 % DT, 106Pacs 51014
Pacs $ CABITHEMNS 2 2  28EL T 5, HETO
R R ER T 5 72 S IT1792E I E ORI ED
BEETTHHTE, HEIh: &S okt (B 0%
tHbVELRNI ETIRR,

PUEDREER 2 19914E0E L His 5, 19914 5D
FHE UTET, 9, ISR U TE FA—8F i To
BWERLV BT S, ZOBEEDOEIINT0m, 1H4Y D
EHEIIIX10°m* Th 5. WaDOEEEOERNITAT
oY, RENTREOBE,S, BE FEOMER24 L A=
b0 EHEEI NS, EEOVSHEIIHI24m/day T
BHoTeds, BRI LI L D1, T OHEE CHEEDHRE
U TN zbh 3 TR, 3 ERFROH I
5w, FEERENT, Newton Fifk & L72BAIC132. 8-
4.2X10"Pa+s, Binghamifiifks L7zBEICil. 4-
3.1X10"°Pa-s L E a5,

TR 1991 I 1 T2 AN T, BAPREE Y
OEHEIZGELT, BEOEHOES 2535k
5, 17925 EOREEEORRED 1w D OfEER S
ATEYD, F7:1792FEEC DWW TEHE S NIZRGIERE
WCREZENDH ZH, 1991REEORMIX 1792895
HBRL TERTIHTEEREWEEZ 65,

10 £ ¢ &

ERERET, 19914E53 208 0 o 2 BEA L7 7 A
FA MESOTEREESE, ¥4 KT MERAWTEHL
7.

EHEAESO5H 231, AR P 21
B TREBI R 5 Tz, ZOHOEE L, BE
o7ay 7 3EHEOO B s AFEAEHLES RS X
SWREILTBY, TOESEEIR2. Im/h ThHoTz,

Z DEEENIFERDRRTEIC & 5 KRR OFE4: 24D K
L oEREEH T L Cool, THTEE, S
RE&70-80m DYIN o122 -> T8 Y, ZOBE
HEF ET1.5-3.3m/h THE DT L, EERTIX
0.2-0.5m/h L3, BicA—N—1r 7 F 24ERI
Hotz, TOEITENE L FFEENZIZZL L, BELE
LTI, 00 ERRELE S oz, £ K54 M
12 X BEA%RII32A m3/day L RFEES N2, ZORIE
AR THEE SN 1HYS D OEHE EIZIZELY,

1991 S DREMEMRENT Newton AT T VICH T
1393 L2.8—4.2X10Pa-s LEFEI NS, BESIHES
D_ETHROEESSF5H 5 Bingham AR TH 2

plug DEENRE Z 5N, Bingham FFE 7 MICH T
b B L FEMAR ST 4—3.1X10%Pac-s, BEREE X
9.5X10°—1.9X10°Pa LI &N 3, ZNSDEEIN
T CIADOKUDERBBEEC DL THRE SN T 25
HEARECORERISE OFFPNIC A B, RERIRERIHRES, b3
HERDIBLIL 72 St. Helens KIL1981EHE DRERERE
WEWETH 5.

WEOEHERS X RO LoEE DE & REEIZ
52 2B O TEE LUER, THYTIRD S0
TORERMES Iz, BHE—E CEEORMIEIERT
B EEEREL, B s 5, IR E OB HERSEA
T 5 LEEREL, HL k5, 19914FEH DEHER 2K
$ ¥, 19914E9F % TOUE IR OHE DA = 125t
372, ZORNCREBRONTE DL 5 & 5 Rtk
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BRAE DI GBS © 1T926R0 R
WENDEERHEE T % &, BHZRIX5.2X10°m?/day A
b, BEOTHOE R 1E33m, BYOH THEIZ52m/
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1.2X101Pa-s LEHEE NS, 1792 E L BT 5 L,
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