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volume flux—— . . * : s _»I
epllic s T N ,,i;i_'_" Frmmmm—— neutral bouyancy level
fractionated GSD

4 L@fall and sedimentation
down wind GSD relat|on5h|p », ¥advected by down wind

—
\ . .
. | horizontal distance from;he vent

sedlment GSD

2R TR OERADEBEE

FF hERBRERFER
WiZEle HhEKRRE T AR P

AWl H - AMKFE KFEE
BRHFE AMKFE KFHEE

A

2015412821 H[A] 15:40-16:05 KIWIREDFAFIIR - ZRBERTQ@RRANFEF AT



[FCHIC | FHAIRFLFET KEHRY

fallout

Normal grading Reverse gradiy

EAOBEAE-ZEAE | (o |#wEsE0zt

o
O

E = HY75 B R

2015412821 H[A] 15:40-16:05 KIWIREDFAFIIR - ZRBERTQ@RRANFEF AT



[T -¥E O ANDZERILE

IRTRET-HERITOER | 2RTET-HRITOER \

> $RE1RTT > A2kt
ash cloud
A .- GSD
height
duration
[ unit area ‘
W N T » umbrella ash cloud
b= - | -
2 o
@ e )
E )  BAAAAAAAAAAAALAA R
N v k=) fractionation
" 2
3
deposit 5 advection fall
> |
§' A deposit \ 4 sedimentation
- e
distance from the vent
HHRPGSD - TRE IO

2015412821 H[A] 15:40-16:05 KIWIREDFAFIIR - ZRBERTQ@RRANFEF AT



[FCHIZ | TV=—KBERIZHTFEREBEDEL

HIRMDOEE

- BEABTRENEHEHMELD
e.g.) Pyle (1989)
Fierstein and Nathenson (1992)

copyrighted material

copyrighted material

Pyle (1989) Fierstein and Nathenson (1992)
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| wHESH \
| Kaminski and Jaupart (1998) \

- BN HOEEHYMORMES
CHL&E vs. BIFED)

copyrighted material

Kaminski and Jaupart (1998)

| Koyaguchi (1994) \

- EHERMERESASRNEST | HPMER

2\ 3/2 2
fow) = L_(k© v 2exp _xe : .
0 r(3/2)\ 4n A1tV copyrighted material

fo (v) initial probability distribution function of settling velocity
which satisfies the exponential thinning behaviour

k decay constant of the exponential thinning behaviour Koyaguchi (1994)
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(Lynn et al., 1996)
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|This presentation I

« size variation, unsteady source GSD—2 Xt T HBEETIILOBEFRREH

vV BREMUIGSD-#IRYOHES HORE
v ERYIBEORH

column margin umbrella cloud
- >t >
vertical distance from the vent (height) (Dfractionation
source GSDf ash cloud G5D : . ash cloud thickness
volume flux—— * : s -
eplic o T L CLETpEmmmm—— neutral bouyancy level

el
fractionated GSD

4 L@fall and sedimentation

downwind — > | GSD relat|on5h|p - ¥advected by down wind
— s
—>
A — \@ | horizontal distance from the vent
vent sedlment GSD >
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| Definitions | X Lagrangian approach g
l Variables I A umbrella ash cloud
RadIUS Of gra|n -a E’ fractionation
Helght -Z advection fall
. : eDOosi ; 4 sedimentation
Tlme t A — distance from the vent >
Distance from the vent ‘7

- Grain-size distribution (GSD) function |

N(a,r,t)[N/(L?-L)] (unit area)

fla,r,)[N/(L3-L)] (unit volume)

| Hypotheses |

N(a,r, )[N/(L*-D)]  flar, [N/ L)]
*  Negligible particle interaction (unit area) (unit volume)

Constant terminal fall velocity (TFV) during fall process
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Application | Pinatubo 1991 eruption

I5H [

KO H ¥ HA RN

K12 )T N(a,0.)  Xget

ME Hy 3R Q 1010 [m3/sec.]

& H Y= E p(a) 1000 [kg/m?]
EfE S E Hy 2 x 10* [m]
RAEEDES L 10° [m]

g SIERES u 0 [m/sec.]

M AR 6 P ] Ts 3 x 60 x 60 [sec.]
AEHEN &G

KOEHEHAGSD—E
EESE—E

Mg H R —7E
ETRE—E

I

umbrella ash cloud

I\&L,() Q mp .IL

fractionation

advection

A deposit \ 4 sedimentation
AT
distance from the vent

a. < a < a

a. = 107° [m]
ap, = 1071 [m]
References

« Koyaguchi and Tokuno (1993)
« Koyaguchi and Ohno (2001a)
« Koyaguchi and Ohno (2001b)
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| Terminal Fall Velocity (TFV) I | Volume of a particle I

]]]TII_I_Iﬂ'mTII_I_I'I'ﬂm]_I_I'I'mﬂI_I_Iml_I_IﬂTrmI__[
‘IOZ - -
10:- Spherical particle —
10° — —
E107 —
e @
J 2 ]
9 5
é 107 r%] o —
E S
10-2 g _— —
T>)'|0-15 — —
107
1074 1 Illu.“l 1 II"I-“] 1 Illllul 1 Illlull L1l ]0—19“"] 1 |||||||l 1 |||||||I 1 |||||||I 1 |||||||I 1 |||||||I o |
106 10° 104 103 107 107 10°% 107 10 103 1072 107
particle radius [m] particle radius [m]
,
9d*(pp — pg) 4
181 for Re <6 V* = —ma3
21%/3

~ (1.37 X 10%) X a for 6 < Re < 500 @sea level

vi(a) =14d

492(Pp - Pg)
225p4u

[3-1gd(pp —pg)
\

1,
5 l ~ (3.07 X 10?) x a®> for 500 < Re
g
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| Source GSD I

Powerlaw distribution 10% |-

Normalized source GSDs

| IIIIIII| 1 IIIIIIII I IIIIIIII I IIIIIIII I T TTTTIn

N(a,0,t) = B x a? xn (t*)

0<st<rty)

p: constant

’I 020

q: powerlaw exponent

N (t*): rectangular function (XERZEE%R) 100

the number of particles [no. / (m2-m)]

- coarse particle rich -

References - q=-4 %
« Kaminski and Jaupart (1998) - q=-45
« Girault et al. (2014) - q=-5

100 [ 11 IIIII| L1 11l flne parthle TlCh | Ilm
100 10° 10+ 107 10 107
particle radius [m]

Kpyroclastic fall deposit: —4.9 < g < —4.0

a. < a<ag
ap = 10_2 [m] 7= N,
a, = 107° [m] O~ [ NyV*da/L
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| Sediment GSD I

i it
TE W R
— 2
fo(ar) N(a,0) v (a) LI
a,r)=———exp| — r—
sed I p Q vt(a) 0
i
_ 'y .umbrella ash cloud
o fractionation
e
advection fall
P deposit fsedimen}im
distance from the vent
r

the number of particles [no./ (m3-m)]

Normalized sediment GSDs

IILLILIL

1 030

LI IIIIIII

- |BEBEELLISGSDOERMEAET

102
10]0
100
— r=0km
107 - === r=50km
r=100km
10—20
—— q:—
100 —— q=-45
— q:—S
10_40 L IIIIIIII ] IIIIIII| | IIIIIIII ] IIIIIII“E L1 111l
106 10° 104 103 107 107
particle radius [m]
f~ — fsed
¢4 = [ N,V*da/L
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Temporal variations of accumulation rate

Jo(1, )
Omax.(r,t)

]v (T', t) = f fsed (Cl, r, t)vt (a)V*(a)da 10°

Amin.(T,t)

volume

10°

T
O:
m2-sec.)]
I N Y N I I N Y I O Y B B

=
E 10w
3
—
(=
for 2
o S
@ =
~ o

ao BT O FEEN B - 1

e h!@!
Saas

AN AR » & E A _ —_
© aRFORFEED | "= 50km a=-43
B I p— f =100 km q=-5
Q Q > ozl vl vdud vl vl 3l 3l
) . 10 102 10° 10 10° 100 107 108
time from the eru ption time from the eruption [sec)]
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R | BEEZEibh,,. (1)

| EEo);uﬁq fine rich (2 ALISKLY) —BIFISHERR

103

dh(r,t Amax.(T,t)
c(l:“ ) =) = f fsed(a: r,t)v.(a)V*(a)da

Amin.(T,t)

dh(r,t 10
h(r,t)zj C(; )dt

Py
)
£ 100 =
Y — -
£ m .
v s | i
y £
J g 106 blue :q=-5
. ' umbrella ash cloud q=—45 m
1q = —4 :
_’E\'“""“"“"'faétionation 107 A R N T W O N TN SN M A N N
e 0 20 40 60 80 100
advection fall distance from the vent [km]
P deposit fSEdime”Ii’” A _ ffsedvtV*da
distance from the vent tot. = fNovtV*da

r
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Z8 | BERAVEDOLE E£TIL vs. 8l

| Distance vs. thickness I

slope: 0.012

10° =

slopg:

) << slope: 0.0089
4 \\“\\\ —
B slope: 0.014
sloge:
g 105 = Slope 0023
o =
Q B
g 105 blue | :q=-5
- greené :q =—4.5
: red 1q=-4
107 L1 1 i 1| I L1 1 I l
0 20 40 60

distance from the vent [

Pinatubo 1991 eruption

copyrighted material

q~—4.4 slope: 0.012

Koyaguchi (1994)
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column margin umbrella cloud
- - -
vertical distance from the vent (height) (Mfractionation
source GSDE ash cloud G5D ' o ash cloud thickness
volume flux ————s ' : _— —
I 1 S R T L rrn
o ;

neutral bouyancy level

el
fractionated GSD

"4 [@fall and sedimentation
w GSD relatlonshlp *advected by down wind
N
horizontal distance from the vent
A —> [ 4

vent sedlment GSD
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=% | sediment GSD vs. downwind velocity

Normalized sediment GSDs (r = 50 km)

1030 1 IIIIIIII I llllllll I IIIIIIII 1 lIIIIlII LI
, = 4
FER/RIZE
100 =
T E
N =
E 100
~ -
o =
= -
% 1005—
5 E :u= 0[m/sec.]
B o0 _
o 10105 -==-:u=10[m/sec.]
= = _
3 e : u = 20[m/sec.]
v 100
e -
- F —— a=-4
oof =45 S RIE
F —— g=-5
107405 ] |||||||| | ||||||I| 1 IIIIIIII 1 IIIIIIII L1 111l
10°¢ 10° 104 103 102

particle radius [m]

107

the number of particles [no. / (m3-m)]

Normalized sediment GSDs (r = 100 km)

1030

102

‘IO]O

100

'IO-]O

1 0720

1030

104

1 IIIIIIII I IIIIIIII [

BE /ML E

I IIIIIIII I lIIIIlII

q=-

IIIIIIII|IIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

(&3

10

10° 10+ 10

particle radius [m]
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| Distance vs. maximum particle size I

Maximum and minimum particle size

ﬂHO E 1 1 | 1 1 | 1 1 | 1 1 | 1 1 ?
r> =BT E E
ve(ao) - .
107 g
ay(r) = ay & .
07 E E
- - - - - 1073
l Distance vs. minimum partlcle Slize I = E T = o s,
_ Sk o TTTT3
uH ® —

r> ” (a ) l:d-‘SL\’C o ¥|]5§H§ETI \*ﬁﬁld :u= 0[m/sec.]
tA*0 % 10% a,n - -- dashed: & =10[m/sec] =
iiH, CIN(o I dotted: & = 20 [m/sec] 1
r= 10 |
ve(a) E
| | ] | ] ] ] | 1 | | | ] ] | | ] ] | ]

0 20 40 60 80 100

k D IEJ:b\B B%-F F*ﬁ jﬁ?é*ﬁ; distance from the vent [km]
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