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Abstract  We repeated aeromagnetic surveys over Tarumae volcano (northern Japan) three times
using an unmanned helicopter in cooperation with the Hokkaido Regional Development Bureau. The autonomous
flight proved a performance of positioning control within an accuracy of approximately 10 m. This was a great
advantage in detecting volcano-magnetic changes from a direct comparison procedure. Comparing the total field
maps in 2011 and 2013, we obtained a systematic pattern of temporal changes which suggested the cooling
re-magnetization beneath the summit crater. The result was confirmed to be meaningful since the spatial pattern
was also consistent with the ground-based repeat measurements. Meanwhile, partial inconsistency was recognized
in the spatial distribution and in amplitude of magnetic changes between the aeromagnetic and ground-based
results. It may have arisen from insufficient spatial coverage of the ground-based measurements and/or from the
simplistic approximation of the ground-based result into a single equivalent magnetic dipole. Our study, following
the similar application at Kirishima volcano by Koyama et al. (2013), has validated applicability of aeromagnetic

repeat measurements by means of an unmanned helicopter to active volcanoes.
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Fig.1 Topography around the survey area. Locations of landmarks, reference station, and base stations (after

Hashimoto et al., 2012)
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Fig.2 (Left) Total magnetic field anomaly map around Tarumae volcano. Redrawn from the gridded data produced

by Geospatial Information Authority. http://vidb.gsi.go.jp/sokuchi/geomag/menu_03/aeromag_data.html. The blue

rectangle corresponds to the target area of this study (right panel).
Fig.3 (Right) Magnetic total field along the flight paths in the 2011 survey.
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Fig.4 Magnetic total field changes between Oct. 2012 and Oct. 2013 (Hokkaido Univ. and Sapporo District
Meteorological Observatory, 2013). The star symbol indicates the location of an equivalent dipole (depth c.a. 500

m).
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Fig.5 Magnetic total field changes at sites 04 and 09 (Hokkaido Univ. and Sapporo District Meteorological
Observatory, 2013). Site locations are shown in Fig.4. Arrows at the bottom indicate the timings of aeromagnetic

surveys of this study
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Fig.6 (From left to right) Actual flight paths in 2011, 2012, 2013 and their superposition.
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Fig.7 (Left) Histogram of the deviation in the flight paths between the two surveys (2011 and 2013).
Fig.8 (right) Histogram of the gradient in the geomagnetic field along the flight paths.
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Fig.9 (Left) Differential geomagnetic total intensity between the datasets in 2011 and 2013. The radii of the circles
are proportional to the amplitude of magnetic changes. Red and blue circles indicate increase and decrease in the
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filed, respectively. Only the measurement positions with small deviation (less than 5 m) between the two surveys
are plotted.

Fig.10 (Right) Modeled magnetic changes in the air for the two years which was estimated from the repeat
surveys on the ground. A magnetic dipole with a moment of 1107 Am?/y was assumed at a depth of 500 m
beneath the summit lava dome. Then the magnetic field along the actual flight paths in 2011 was calculated and

contoured.

5. BUIROMIEE L UGER

AANY 272 —ZUBIAO T T v N7+ —L e LTHRAEORWV AT ATIEH L8, EEO
HEHZBEU TENPRER > TELHELH S, £7, HHERHEOR L WKRESEN D 2 D%k
IHIR I C B DAY a7 ¥ —ORERERICIE, RERENNERIND 720, EOA4L—%
DETHY, BURTIIMESE B SO EEICEGET 2 2 &ixT&E Ry, £, BIEOBEATENTES
DI, FEE 1,000 mATHZO 7 4= RIZRONTE Y, EARCHAZORSEEMHOFIK G/ S < e
INHOMBEAE, BEABKOERE CIIMIRT 5 Z 138 LS, IO THE oL ErE s m
FTHUE, R - REMNZRIERNATREL 705 2 L CMRIETE D AMREMR H 5. 7ok, BURO AT AT
1, HEHUR D O EERGET X AIERES R TR 3 km Lo T Y, MEARHZ LIE UIEEM S5 A
BHIANER OREE L 2 D REMN H 5. ZOEIZOWT S EIFBREORKHITRE WA, FELLR LR D
Ml B W CTHRERNC SRR 28 E L TR < 2 LT, Mm@ EZRRTE5THAD.

6. &

FEEOIL, BAERITEAANY 27 % —% H\ T 3 [0 22 s & 4 AL E O L CFEHE L
7o, ARWFFRTIE, K2R CED DRFEZE AR T 57201, I LIZRIER 0T 24l LT
HfliELY L2 W) HiEERW. ZOFEE, 2B COMGEE 3 U CTHIBRO KA 23+ @
ZEDPREESNDGAICRY AR TH H. AR TIE, KEFRITOREE IR 10 m INTH Y, ZEh
TOMSGEE IR LnTIM LT CTH o722 &0 b, B ORFMZ LR BRI 10 nTRRE L& 2 b,
2011 F- & 2013 FFO R EHRE R A ik $ 5 Z & TR b o R ORERIZALASN L, B D SR 72
e A s L, ORZALRIZ 30 nT 22 Tz, o, ZONMmIE, M EoKERENLHE SN
TV K OJRE T OMEIRIIC X 28520 2 — v Effh—K L T\ e, b &b, A
JE TR AR ZE PRI EOR RITAE R b DO Ll L, AWFRICEY, BANY a7 X =12 X DK
B2 PRI EOAIENSERTIICB W T HEIES L. 2, Koyamaetal. (2013) 12 K 2 ZF Tk
ECORKE TR EICH 2 200 FEFTHSH. —J7, ZZHHIEOFE R & ERIE) D OHEEIZIL,
A 72 REE LSO R BAL B OE W HERO BTz, M ERIE OB S S AR 2 B S— LT
RN ER, M EHIEORE R A B —OBKIR - Tl L7722 &8, ZORESOFIKNTH 5 rIHEMEN
5D, B A CIIFHMIIRBE CH 5.

B  ARBFIEDOEEAANY a7 X —FHEITEE L 21 7= 720 7= A E B 38 R = B B R SRR IR KRR, 7R
5 ONTALIR B FE RIS L B £33, ARFEO—5I3 GRS E I K 5 THIE R OVK LM KT 20
DT DB E ] OXEE T E L-. F7-, 2013 FEFHE O —5BITAbEE )2 6 DA



WoeE AR Uk Lic. 8357 — 2 O A2 bMEDO—EIZIE, [E H#EEpe s &M 25 78 H) 8L LS D
RN T — 2 2MLE L. £/, 52 MNOBKREFEXOMERIZSH > T, E:I:ﬂﬂﬁ%ﬁﬁ:ﬂiﬁﬂw)
BTV v BT —F S ETWzEEE L.

235 3CHk

AR« H)IDGE4, MERTALHVE Y, JhNAAT BOE N PEE BN A AR FEpT U E R A & & o % —, Tpp,
2010.

TEARE « NMUER - PR - KIBHERE - AR - SR — - BIEFER, BANY 277 —2F [
U 78R oD 22 rP s S B, AL RS BRI B PSR R i, 75, 145-159, 2012,

EARE < /DNMUER - &M - KIBERE - IEFS - 5ATE « giksE—, BRRITEANY 275
— &R U 72T 1L o> 22 g A HT &, Conductivity Anomaly AIFZE4S 2013 4F5f S0, 81-87, 2013.

Hashimoto, T., T. Koyama, T. Kaneko, T. Ohminato, T. Yanagisawa, M. Yoshimoto and E. Suzuki, Aeromagnetic
survey using an unmanned autonomous helicopter over Tarumae Volcano, northern Japan, Explor. Geophys.,
http://dx.doi.org/10.1071/E612087 2013.

AEE R - ALIRAE XS R, 5 127 KR K TR S E R (£ 7) | 68, 2013.

Kaneko, T., T. Koyama, A. Yasuda, M. Takeo, T. Yanagisawa, K. Kajiwara and Y. Honda, Low-altitude remote
sensing of volcanoes using an unmanned autonomous helicopter: an example of aeromagnetic observation at
Izu-Oshima volcano, Japan, Int. J. Remote Sens., 32, 1491-1504, 2011.

BAMEZ - RBMERE - /MUK - B FE - ERERE - IBEREA - WNEZES - HFARET - 2l 8- K
%, B A VIS X0 R L7 K 0 LUV o JEa N, ki, 56, 171-173, 2011.

Koyama, T., T. Kaneko, T. Ohminato, T. Yanagisawa, A. Watanabe and M. Takeo, An aeromagnetic survey of
Shinmoe-dake volcano, Kirishima, Japan, after the 2011 eruption using an unmanned autonomous helicopter,
Earth Planets Space, doi:10.5047/eps.2013.03.005, 2013.

FLIRE XS, MEaTL - dbifgdE sy o 15, A ook (L Eh R 52 5, 22, 86pp, 2002.
gaARIE—, I LU DB LB — A~ U K 2 KB, B LS SCER, 62, 53-57, 2011.

-990-



