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Elucidation of magmatic and hydrothermal systems of the highly eruptive Taal and
Mayon volcanoes

Nagao, Toshiyasu
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We conducted multidisciplinary research on Taal Volcano and Mayon Volcano in
the Philippines and carried out comprehensive observation and analysis in the fields of seismology,
electromagnetics, geodesy, and geochemistry, in particular, for Taal Volcano.

As a result, we found that there was a large hydrothermal reservoir or a magma reservoir in the
shallow part of Taal Volcano. In addition, from the observation of volcanic gas at multiple sites,
it was found that the chemical composition of the gas is changing in coordination.

In the Philippines, there is no expert of gravity survey which was performed in the 1990s.
Therefore, gravity measurement was carried out at Taal Volcano and a gravity reference point was

re-established. In electromagnetic observation, we succeeded in confirming the apparent resistivity
change associated with the swarm activity.



IAVCEI
Decade Volcano

IUGG
(EMSEV) 2005 (PHIVOLCS)
21(2009)
JICA SATREPS
3
SATREPS 2
S
2 GPS
(ASL)
ASL S
3
30 1
SATREPS GNSS
30
H20
1:
2: 100
3:
3
5-10 Hz

1 km

2018 1

JST

300

2015



[=
~

VTCT

(c)

apnyidwy

VTDK
T T T T T T 7717
Event 2
Time (s)

(b)

apnyduwy

o o ¥ © ©
R

(wny) uonene|3

VTDK VTCT

X
[a)]
T
>
Te)
N
—
—
o~
S
s
® N
=0
o~
L
Te)
N
©
o~
—
o
~
&N
o
7]
>
m
3
T
©
o >
13}
o~
—
o
N ¥
o 0
M
c >
)
m

Event 2

VTCT

H20

100

300

total-S/CO2 He/CHA4

H2S

SO2

SO2

H2S

total-S

H2S

2500

sayenbyiies jo saqunu Ajyruop

2000
1500

- 500

-O-fg-a

-3- fg-c

-&- fg-d

-X- fg-e

—EQ-TQ

——EQ-HF*20
____.___._____}/::

=

| PR
\ I D R
\

- 1/6/810¢
- ¢/8/810¢
- 2/L/810C
L ¢/9/810¢
- €/5/810¢
- ¢/v/810C
L €/€/810¢
I T€/T/810¢
- 1/1/810¢
I ¢/et/LT0T
L T/1T/LT0C
L z/ot/L10C
- 1/6/L10C
- 2¢/8/L10C
L €/L/L10C
- 2¢/9/L10C

- €/5/L102
- ¢/v/L10T

- €/€/L10C
 T/2/L10C
- T/T/L102
L ¢/21/910T
L T/11/910C
I 2/01/910C

175

O
T T T r . .
O 1 O 1 O un
N N g a8 R

150 A
125 A
100 A
75

(%) AV wiou} 'ASQ ‘ol3es 20J/S

2/6/910¢

T
o
S
in

-125

e301

<
4+
c
o
=

Total-S/CO2



2010

12
PV
4
3
2011 3

2.5km

NS Tilt (Microradians)

28

DAK

12km

MT
MV
PV
LW
Reduced region
He/CH: ratio (CHo)
Hydrothermal
Cap rock Volcanic Earthquake
X Oxidized region
X (No CHa)
He
pv:sooc X OO
——————————————— ~12km
SW He n Sealing zone
C0. Magma
2015
2010 4
DAK
Tilt Vectors at DAK
(15 April, 2010 to 28 March, 2011)
5 ®  Apr. 20-Jun.11, 2010
® Jun. 11-Jul. 13, 2010
O1e Aug. 4-Nov. 15, 2010
ug. 4-Nov. »
® Now18-Mar. 28, 2011 74 G
51
-104
-151
-20
_251]
April 20,2010 _ _
-301
June 11,2010
May 15,2010 _
-35
404
_45 LEE Sl A8 B2 e ol 20 i B2 S A2 20 EA EARS St A BESE Sl 2L LR BARE SILEE BN RAALAS LR EE BARE B2 B B REER LS AL B A RE REAR:
-70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20
EW Tilt (Microradians)
2010 4 20 6 11 DAK
6 11 7 13
5km
2.5km

SW

11

DAK



MT

C02
C02
28
29 PHIVOLCS
SfM-MVS Structure-from-Motion Multi-View Stereo
UAV(small
Unmanned Aerial Vehicle, ) StM-MVS

Taal

8
Morioka, H., H. Kumagai, and T. Maeda, Theoretical basis of the amplitude source
location method for volcano-seismic signals, J. Geophys. Res. Solid Earth, 122,
6538-6551, 2017. DOl 10.1186/s40645-017-0130-0.
Kumagai, H., J. Makario Londno, Y. Maeda, C. Mauricio Lopez Velez, and R. Lacson Jr,
Envelope widths of volcano- seismic events and seismic scattering characteristics
beneath volcanoes, J. Geophys. Res. Solid Earth, 123, 9764-9777, 2018.
doi:10.1029/2018JB015557
Zlotnicki, J., G. Vargemezis, M. J. S. Johnston, Y. Sasai, P. Reniva, P. Alanis,
Very-low-frequency resistivity, self-potential and ground temperature surveys on
Taal volcano (Philippines): Implications for future activity, J. Volcanol. Geotherm.
Res., 340, 180-197, 2017. http://dx.doi.org/10.1016/j.jvolgeores.2017.04.020
Zlotnicki, J., Y. Sasai, M. J. S. Johnston, F, Fauquet, E. Villacorte and J. M. Cordon
Jr_, The 2010 seismovolcanic crisis at Taal Volcano (Philippines), Earth, Planets
and Space, 70:159, 1-23, 2018, https://doi.org/10.1186/s40623-018-0925-2

18

, 2016
, 2016 05 22 -~2016 05 26 |, :

S , , 2017.

t ’ ( )
. 2018 , 2018.



¢y

@

Kumagai, H., J. M. Londono, Y. Maeda, Cristian M Lopez, Rudy Lacson, Characterization
of the envelope widths of volcano-seismic events and their use to investigate
scattering structures beneath volcanoces, AGU Fall Meeting 2018 ( ), 2018.
Niino, M. H. Kumagai, Temporal variations in seismic scattering characteristics in
a shallow S-wave attenuation region at Taal volcano, Philippines, AGU Fall Meeting
2018 ( ), 2018.

?, 2016 , s -

Sasai, Y., P.K.B. Alanis, T. Nagao, J. Zlotnicki, M.S_.S. Johnston, PHIVOLCS EM team,

Monitoring of Taal volcano, Philippines, by geomagnetic observations, EMSEV 2016 (
), 2016 08 25 ~ 2016 08 29 , Lanzhou, China.

Zlotnicki, J., Y. Sasai, M. Johnston, G. Vargemezis, PHIVOLCS EM (E. Villacorte, P.

Reniva, P. Alanis, Juan M. Gordon Jr) Team, Taal volcano in Philippines: What is the

future?, 1AVCEI2017 ( ), 2017.

- s , 2018.
) , , M. C. L. Barairo, P. Alanis, , ,
, 2017

, 2017.
Ohba, T., M. Yaguchi, M. Numanami, M. C. L. Barairo, P. Alanis, M. A. Bornas, S.
Kusumoto and T. Nagao, Time variation in the chemical and isotopic composition of
fumarolic gases at Taal volcano, Philippine, IAVCEI-CVL10 Workshop, 2019.

(OHBA, Takeshi)

8 60203915

(KUMAGAI, Hiroyuki)

8 10343758

(KUSUMOTO, Shigekazu)

( )
8 50338761

(SASAL, Yoichi)



