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Result on Kelud

 We clarified the sequence of the 2014
Plinian event at Kelud based on eruptive
deposits, and estimated some key
physical parameters controlling eruption
dynamics.

* The plinian phase was preceded by

partial disruption of lava dome and

generation of energetic pyroclastic

density currents directed to NNE.

Distribution of pyroclastic density current deposits.

. Hazard map by (Mulyana et al., 2004).
¢ Lava dome Was Completely dISFU pted Shaded area: potentially affected by pyroclastic flows,

during the ClimaCtiC phase lava flows, eruption lahar and rain lahars.

Lava dome acted as a plug,
and significantly affected
the eruption processes.
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Isopach map of fallout tephra and volume estimation

Contours (0.1, 1, 4, 15 cm) are made oy,
based on geological survey and
hearing (Mar and Nov 2014).
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Pyroclastic Density Current (blast) before fallout
in NE of crater
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Fallout and pumice-rich pyroclastic flow deposits

Deposits on the western slope Valley-filling pumiceous pyroclastic density

of Kelud volcano current with flow lobes in W of Kelud.
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Chronology of the 2014 Kelud eruption

Geological and witness observations

Stage 1

# Crater camera and # Plinian column rose up # Valley-filled pumice-rich
seismometers were >20 km (~11:15 pm), pyroclastic density currents
destroyed at 10:40-45 pm. and began to spread generated by column-

# Pyroclastic density umbrella could. collapse.

currents directed to NNE, # Lava dome completely # The eruption ended
blowing off lava dome and destroyed. around ~1:00 am (?).

down numerous trees.

Observation from broadband seismometers (GEOFON) (Takeo A. et al., 2014)

# Generation of acoustic # 2 hours event with acoustic waves from 11:02 pm.
wave at 10:46 pm. # Rayleigh wave generation from 11:15 pm.



Event tree at Kelud

Precursory Initial St ~ With/without Scale Hazard Example
magma
Afall & PDC  » Lahar
VEI 5< Afall & dome » Lahar
Afall » Lahar T 1586
Afall & PDC  » Lahar . 1826,1901,1919,
"""" 1952,1966,1990
VEI 4 Afall & dome » Lahar ’ ’ *
Sector Magma < 2014
collapse eruption Afall » Lahar
<.01
Afall & PDC  » Lahar 1848
Magma VEI 3< Afall & dome » Lahar 1000,1311,1334,
______________________ 1385,1395,1411,
ascent Afall » Lahar 1145114621481,
>99\ No Afall & PDC > Lahar - 1548
Collapse VEI 2< Afall & dome »Llahar .. ™ 1864
Afall » Lahar
“ 1920, 2007
Phreatic < Magma eruption
eruption End =======mmmm=ee- Afall » Lahar 1976
' Lesson from the 2014 eruption: The presence or |
Failed . absence of lava dome before eruption controls the
15/11/10 ! 13
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Event tree of Sinabung

The basic model was shown in 2011.

Changes in EQ types and

rate with rapid deformation Explosive
eruption
Magma 0.1
Lo ' eruption
Finding of magmatic . 509 Lava dome/
particles in ash See lava flow
koa e T/
. Magma
i : > eruption
Deformation of mountain Not >0.9 | Phreatic 1o P
Increase of EQ numbers /| S€¢" eruption
collapse
0.9? Y End
>>0.9 5
Magma intrusion
EQ swarm and <01 —
regional
def, . Sector
eformaton Collapse

Pyroclastic flow
(column collapse)

End

Pyroclastic flow

(dome collapse)

End

. Every eruptive phenomenon is

. accompanies by cinder/ash fall and

lahar.
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Lava complex extending on SE slope
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Pleiades image (March 14,
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Still active
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Eruption sequence
1. Intrusion of lava at the summit

2. Lava dome/flow growth with frequent
partial collapse (PDCs).

3. Lava flow growth in gentle slope

4. Endogenous growth (swelling of lava
in the upper part) with partial collapse
(PDCs).

5. Dome growth to the south with partial
collapse to generate largest PDCs,
though low discharge rate.
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March 2014 Jun 2014
Measurement of 2
lava complex at . h T
Sinabung .

A" ‘
Laser distance meter was very
useful to catch the volume change ™
of the growing lava complex.
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Devastation by pyroclastic density currents
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Na20+K20

Chemical monitoring of eruption products

Sinabung

56

Si02

% ¢
[+ ]
g"+ %
- B .. N
@y & Ty
o, ©
=]
& 2° o
[+
° ®
B & 5 a
oo
[ J
® 2015lava
© 2014 lava
B O 2013 pumice N
e 2015 ash
o 2014 ash
o 2013 ash
e 2010 ash
+ 9-10th C lava
| | | |
58 60 62 64

66

Magma chemistry

(SiO, in weight)
59% pumice
58% lava
60% lava

Volcanic ash chemistry
low-Na 62-64% phreatic
low-Na 60% phr/phr-magma
61-63% magmatic (PDC)
64% magmatic (PDC)

Point: The change in magma
chemistry and the nature of
eruption can be also known by
volcanic ash which can be
collected easily and safely.
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Sinabung (2013-15+) vs. Unzen (1991-95)

Sinabung vs. Unzen

1. Exogenous/endogenous growth at the
discharge rate (1.5~2.0 m3/s).

2. The groundmass glass ranges from 75% to
80% with time.

Normalized Extrusion Volumes
1 ;
Anderson and Segall
(2011)

1

First eruption** 0. 66

Seeaimning o manma mewsion. Nishi et al. (1999)
u 500 days

l Lava dome extrusion**

oc 3 17, AL - L AL A, S >'~ Sinabun g
s 24 : & .| Deformation Volume of . ~—
% 0 B Ground Surface ] >
.. >Q
——— Paricutin (1943—1952)
0.33 ——— Soufriére of St. Vincent (1979) |7

O Lonquimay (1988—1990)
= Unzen (1990—1995)
- St. Helens (2004-2008)

1

0.33 0.66 26 1
t/ Ly

@




L/H (inverse friction rate)

Length/height (L/H) of major pyroclastic flows at Unzen
W.Fernadez (1999MS) JICA training course report
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Summary of Sinabung

* The present eruption is very close to the 9-10t Century eruption in terms
of lava dome/flow growth, the area of eruption, and magma chemistry.

* Magma discharge rate decreased with time, which is in harmony with the
decreasing deflation monitored with GPS.

* Pyroclastic density currents frequently occurred in the earliest stage and
the later-half, endogenous stage, when hybrid events increased.

density currents traveled in longer distances due to the elevated starting
point, compared with in the earliest stage.

* Chemical monitoring of volcanic ash is useful to catch the eruption style
and magma chemistry changes.

* Many similarity with the Unzen 1991-95 eruption.
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Summary of eruptions in two volcanoes

| Kelud2014 Kelud 2007-8

Eruption style Plinian event Lava dome Lava flow complex
Maema chemistr Basaltic andesite Basaltic andesite Andesite

& y (56% Si02) (56% Si02) (57-59% Si02)
Precursory phreatic 5
- Non Yes: Yes
Total erupted ~0.2 km? 0.027 km3* >0.12 km?

volume (DRE)
Discharge rate 2~4x10* m3/s ~5 m3/s** 6 to 0 m3/s

Magma ascent speed

prior-to-eruption ~2 km/d 0.1 km/d*** ~0.04 km/d

* According to M. Hendrasto. ** Assuming 2 months for dome growth.
*** Siebert et al. (2011).

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

-Magma ascent speeds prior to eruption and discharge rates are clearly different |
. between explosive and effusive eruptions. |
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Summary at Kelud and Sinabung
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Background based on Kozono et al. (2013)

Two eruptions were volcanic events
contrasting each other, that is, explosive
vs. less-explosive, short vs. long-lasting at
repeating vs. long-dormant volcanoes,
respectively.

We tried to do real-time estimation of
eruption volumes for both eruptions in
order to get the discharge rates, which is
important to link to the warning system.

Eruption scenarios for these volcanoes
were made. Historical eruption records
are important to forecast the future
eruption volume, eruption scenario and
disasters.
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End of my talk



