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Objectives of G1-1 Volcano Monitoring

Develop observation system for prediction
and real-time estimation of discharge rate of

volcanic products.

GNSS receivers, 3-components short period
seismometers and a tiltmeter were installed at

each volcano.

Ground deformation detected by
GNSS will be used for evaluation of

volcanic activity.



GNSS observation in three volcanoes
>inabung since 2011,2009,2010
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GNSS Data analysis

*Hourly solutions for a real time monitoring
- Automatic quick static analysis to get
baseline length using a GNSS software,
Leica Spider

For a better evaluation of volcanic activity

*Post processing to get precise daily coordinates
-Precise point positioning(PPP) using GIPSY-OASIS
Il Ver.6.1.2 (JPL, NASA)




GNSS stations in Sinabung since Feb. 2011

Eruptions in August 2010 after 1200 years dormancy.
High seismicity and gas emission since Sep. 2010.

SNBG -

2 n 5 km 2454 m Image © 2011 GeoEye ©201 ‘G()()SIC

E®MSH: 2010/9/11 % | 2006 3°09'45.24" N 98°25'24.36" E & 1196 m WE 1143 km

3 stations around the summit( 3-5 km apart)
6-10 km away from the base station.




Temporal change of slope distance, Sinabung
(2011.03-2011.10)
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Evaluation of activity of Sinabung as of Nov. 2011

-No significant deformation was detected although
many volcanic earthquakes occurred and
volcanic gas emission continued.

It is possible that magma supp !y s
magma chamber is almost ec ‘
consumption rate of magmat
(e.g. 300 ton/day SO, emissi :
1~2*10°m3 /year magma co
depth in Aso volcano, Japan) vy

Magma supply on go
To be monitored car

2~300tons/d SO, flux

Photo of 2011.02.27



Resume of Phreatic
eruption
Sep. 2013

Eruption on Sep. 17, 2013




Magma migration process
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Baseline length from SNBG
=12 ~ June 2015

Lava appeared
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Time series of baseline length from SNBG(Fix)

Time period : 2011/01/01 - 2015/10/31 Lava appeared

Displacement w.r.t. SNBG
June 2012 ~ June 2015
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Station elevation
Jan 2011 ~ June 2015

Lava appeared
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Displacement w.r.t. SNBG
Nov. 2013 ~ June 2015

98.40 98.45 Yolcano : Sinabung
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L399 Spatial variation
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Deformation source location
assuming single Mogi source
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Spatial variation
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Petrological constraint:
Depth > 6km

Laval volume ~1x10%m3



Deformation source location
assuming single Mogi source
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Spatial variation
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Component : Hor.
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Deformation source location
assuming single Mogi source

98.40 98.45 Yolcano : Sinabung
= | | . . .
Spatial wvariation
F3.22  Begzin : 2013/11/01 - 2013/11/10
End : 2015/06/20 - 2015/06/30
L3291 Component : Hor.
Reference station : SNBG
-3.20
h\ {R:0.055 -3.19
-3.18
I NL:0.044
l{ \ L3 17 (Displacement [m] OBS )
5 16 — (1.020
* . PRTAN [m] Reference station : SNBG y
GRKI:--- 4 N
& SNBE]-&M Displacement [m] CAL
N 0.020
5.0Ckm] -3.13
. — . [m] Reference station : SNBG
— L]

-0.0
5.0 Petrological constraint:

at 12km BSL: 1x10%m3 0o Depth>6km

Za

50 Laval volume ~1x108m3
B [km]



Results of GNSS observation

* Merapi:
Inflation of deep magma reservoir just after 2010 eruption
~2*10°m3 of magma accumulated Potential for small eruptions

* Sinabung:

Inflation accompanied with deep VT Eq. activity
and increase in inflation rate prior to magmatic
eruptions and emergence of Lava dome.

At Lava flow stage: discharge rate ~ GPS baseline
length.

Source: 5km ESE from the summit
depth 6712 km
Deflation 20~100x10°m?3
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GNSS Observation
started at other three
Volcanoes in 2015
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GNSS observation: 6 volcanoes covered

Sinabung

l@ Medan

For a better evaluation of volcanic activity
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GPS stations in Merapl(smce Dec. 2010)
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3 stations around the volcanoe(2-5km apart)
27-32 km away from the base station.




Detection of

inflation of Merapi volcano
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Deformation source location

~ A small shallow
« —Mmagma pocket o

_é  (Ratdomopurbo @
- et al.2000)
= s
= ‘Depth:3-3.5km BSL

, L Inflation rate: ~ 10°m3/year

= magma production rate 1890-1992
i (Siswowidjoyo, et al. 1995 )
o A R R AR S B

-6 ~ -2 o 2 4 6
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Cross-section of the seismicity in Merapi volcano in 1991



Occurrence of small eruptions;
~2*¥10°m3 of magma accumulated ...
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Magma supply system in Merapi
(b) '

Pyroclastic flow

Shallow magma
pocket

November 3-5, 2010
Deep magma
X X

o5 x reservoir

Deep magma
reservoir

/’?—\ Deeper magma

Deeper large reservoir?

magma reservoir

Inflation of deep magma reservoir suggests an existence
another deeper magma reservoir.
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Magma migration process

Deep magma intrusion to shallow
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Geophysical monitoring (Sinabung)

Migration in deep
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Displacement w.r.t. SNBG
Nov. 2013 ~ June 2015

98.40 98.45 Yolcano : Sinabung
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L 3.99 Spatial variation

Begin : 2013/11/01 - 2013/11/10
End : 2015/06/20 - 2015/06/30

Component : Hor.
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