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The first low-altitude airborne magnetic survey was performed over the summit area of
Tarumae Volcano, southwestern Hokkaido, Japan. An unmanned autonomous helicopter was used
as the platform for the magnetic survey. Obtained total field anomaly is inverted into a matrix of
magnetized prisms, each of which has a uniform magnetization parallel to the present geomagnetic
field. Magnetization in the summit atrio ranges from 3 to 8 A/m with an average of 5.3 A/m.
The summit lava dome and its vicinity show relatively high magnetization, while the eastern
to southwestern part of the atrio is less magnetized. Such variability may be attributed to the
difference in magnetization between blocky lava and pyroclastic deposits, as well as to chemical
demagnetization due to persistent fumarolic activity at several vents. From the viewpoint of an
aeromagnetic survey, high positioning repeatability is one of the most advantageous features of
such an unmanned autonomous helicopter. Optimized operation of the system would enable us to
detect temporal changes associated with volcanic activity in the future.
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KILE T —RITFENEEE G T 25720, KIMEDOFELCITHREEPEL D, T OKET I,
KILME ) O A OHERERREL,  ERSOIE SR E T K Db 0§ ke EITER T L R ok
TEE ML TS, Z8hd L <3 ETHIE SR EF 235628 T, 250
TR O RGEECEERT 2HET 2 2N TE D, Haold, BEICILIND
PR DMEDH Y, BEE600C iR TRFEOHALIHELTLES. ZOMEEZFIHT
L, #iEb U <IFEPICRITLIHGORMZE DS, HTFOME - mEAZHEET 252 & b5
REGEMRH D (Bl ZIE, i EERIOB] & LT Tanaka, 1993; Kanda et al., 2010, ZE-FjAIE DT
/% Nakatsuka et al., 2009; Hashimoto et al., 2011 Z23® 1T HA15).

WG BHE SN A TIRERLOFHRZ, HBREESHCHMBRSHE LT TERTLI L
T, KUNEBOBIICONWTEY I<KEBT LI LRTE D, Eie, RITEAPIZZ S LIHIE
DTENIE, BAEBFOERICHTIRBLELEXBL20EODFERERDLITHAH. HEiCE
T DRERINE T, HIEHY - FIIRREIFIPKRE WD, ~) a7 —EZ2 T2 6 RO
BRREATENIE, ZIRMICHNRT — 2 ZRE T2 Z LB THD.

WA, HERITORRIREREEREAANY 2 77 —2FH L o KLBRloE R EZREE oD
BV, WRHEHETZTLE LI/ V—TIcX Y, FEKE, e, FEIRES CHBREN
DT TV (B2 1%, Kaneko et al, 2011; &7 - fh, 2011). HEFATHOEEANY 27
2 —Z Db DIE, JERDI O BIERINE THEENMH SN TWDI1Eh, BIEITEICRW TS, KEF
AR O FERR KL T O ICRRFAESE 2 B & L TIREERRE R ICEF S Tna, 722, kil
DUHFRIC BT DHRATIEL, BN EPHSMICREWZ &b d Y, ERofl 2R\ TiZe A
ERVOPBIRTH S, UHHMTOARL—y a3 VEfiE2H ESETELZ L, KIUMBB X
OSBRI OMHIC L > THR TH D Z &b, WA ITALWERI R & F T, AN 27X —
IC XD KINTORITERZFEML 7. FATERIE, ManloTEknREZOfiIEZxg5E LT
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Thoty, s ORh, BEHEEGEHC X 2 MRF ORERIGRROE), ZEHRERREDFEE S
i (R, 2011). ARETIE, 05 bZEPHKHEDORERIC OV TR 2.

II. #ENUIZE TS EITHE

ETLE, B HINVT T OMICMET D% VT 7 KILTH Y, £ 9,000 FrliciEE 2 5th L
el &N TWA, Fig 1ICHRTILOAME & BRI 283, (HRIZFEITIEIRAINE K O Ky T
B SN TWA D, [UTEEICEDS S EEN 1km Ok OFIE, #EIL - B2 SRS XY IC
I OGN WHE AR L THE Y, ZOHREIZE, 1909 FOM K TEMR S NWIZEE F— A0
BHD (- HJIL 2010). ZOBKOEK, BITEE TOK 100 4, EaTLIEAREN R~ 7~
KERLZ LTV,

RERIFIT X 5 H OSBRI 2B AE S Uiz 1967 ELIRIC DWW T H D &, 1978-1982 4E1Tid/h
HR & ZICES D EORIRR DV, BM/INEFRIWIEE Th o, 0%, REMICITHE
B2 L TRBEDSRAAL, HUBTEE L BRI Ao 72 (1l - i, 2004). LAL, 1996 4F4 51
FHOBUNMIEIEB ALCCIERICR > TS, EREZT 5 L 51T, 1999 4225 2000 412 2217
T, IUTEIK CRZEM: O AR S B & BUHRE 2 R 2 - MELIRI S 4, K IR EECHIR ok
A, BRIEHOERLFOREH L bR GLIRERXKSE, 1999; 2002; K[EGHFSEAT, 2008).
F7z, 20034E9 A 26 HO-+EEOERZ T, KERME2 S CREBMBIREINE S 7.
2009 T i, 1985 LISk & 72 2 kUM EN DS 3 MBI v Tnbd (FLIRE XK &S5, 2009).
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Fig. 1. (a) Location of Tarumae Volcano. (b) Intermediate-scale map around Shikotsu caldera. Magnetic reference
station is shown with a solid circle at right bottom. (c) Close-up map of the inset in panel b. Solid squares in-
dicate the base stations for helicopter control and monitoring. Horizontal and vertical ordinates are in the plane
rectangular coordinates (PRC) of the 12th system. The direction of PRC-X is approximately 0.5 degrees west-
ward from the geographical north in this area. Contour interval is 20 m.
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BUEENCOVTIE, 2009 035 2010 FFITHT T, JUTE R—AmHAR S A KBTI
T, HREKILCHBRESHEBEL TW51E0, BEKILEEOKERI 2009 445 2010 4T
P TIMER L2 Z LS Tnwd (eifE K%, 2011). 2011 455 AiCid, BERALEE
CH T R S 4, BIRON R & &L IR L. (KRETF, 2011). # By
WL EBEIREIC XL, ZoA4 Xy hORIE T, HRRBRAEEOERNEIISh TS (b
WHE RS - ALIRE XS %R A, 2011).

HARAE BN OWT A S L, [ITEETIE 1999~2000 £, 35 X OF 2006 4E 79> & 2009 4R65 12 i iR
MEZRLIED DO, LOEEMRO GPS JE TITL LA ILTEMFET 2282~ L TS (K
L7, 2011). THhHDI & Z2RAET 5L, 1990 FEA% LI, ATl TIHERTO~ 7/ ~nE
BEMIIED SRS D0, [LTEKARE F~OBORAEICOH K L 72D TRV A & HEH
N5,

wIT, HEILTINE TITbh TE ERABHEICOW TR S, AR - A (1956) 1%, 1t
HHERN DOV ODDOIEK N OW THIBER DR A DA 2 RIEL, IHAOBIMLZHEEL TW5. #
BILZ DWW TIE, [TH F—AEE0REIZ 6 ~ 8 A/m, F—2ZBR<IUHADEALIZ2 ~ 3 A/m &
HEE SN TWD, 2000 4Fi2iE, [E BB M2 2 F W e ZZ R KR 24T > TR D, AT
L& OB BN BHF LTS (Fig. 2). ZOBKEFER?OIX, #ATL— &R
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Fig. 2. Magnetic anomaly map around Tarumae Volcano measured at an altitude of 2,000 m ASL by Geospatial
Information Authority of Japan (previously Geographical Survey Institute). Drawn from the gridded data pro-
duced by GSI (http://vldb.gsi.go.jp/sokuchi/geomag/menu_03/aeromag data.html). White lines show the shoreline
of Lake Shikotsu and topographic contours with 200 m interval.
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FEAE — IR VEH 2 CRREEICE 2 KILFNCH o T @i KB H PRI T & 5. L,
FATEEEDMEE 2,000 m &0RE WD, DT —4 L, SREIEE L 2R R oK R T —
X B LT, MRl KIESR & Oxtih 2 @R T 5 OFE L V., FLIRE XSS E 1T, 1998 47
O AREMCH ETEBEDERIZ1T-> TR Y, 2000 FORTHEEEMIC, BUEREZ 23 2 IR
RS EABBRIS L TW D (FLIRE XSG/, 2002). 2010 4 & 2011 Ficid, JbifEE K7 S
FLRERRGH R L TRAORNICES R TR L, MEREL ET & L2To . Z0kk
&, e, 2011445 DO BEIILHEPOWEGE LT Y OFIRT ADBFHH LicA v McHE
T3 L EbLN WA REZ DTS (LiEE RS - fALIRE RS, 2011). SN0
FTIREIE N D WHEHIR O &L, IUTHASE N—AE FOWESK500m TH Y, 2L 2t
DEIE, BXZE1X100Am® LHEESNS.

. AEDHETEAERR

A, JLEERRRER O AT LY, WAL TIPS T &7 5 K5 ERE O 22 h RSB 2 E
BL, KHENOREEK TN AMERET D Z LN TE ., BKRRNEE, #5 Clzm
<, WHF TORITERO L LTEMBL 72 b DT, 201149 A 27 HICHRTILTEK 0RO |
ZETATole. 77y M7 — A LB, LBERBRITEOEA~NY 274 — (Tv
RMAX-Gl) ZfEA L7z, MEO2EIX36m, RAHBEHET 10ke, HAMGRLILS0 2 TH
5. BEROBEEEREICEIA SN —F —IC X2 BMBLETH S, £, FTATHOBERSRELD
RIEZ H AT 2 7201 b, BATIERD B9 3 km AL, #A L OESBE S AIRETHREBE L O
BRWHS 2R, EMRZRTI206ERD S, ARETIE, Fig LITRL X 51, #anldbst
ED6 G HMITE, MEICAET 2 IEERFEOBRIYUEMITICEH R 2R T, T LILTEER
OAMl, FERIOFEKZRIE L7z, ERORKEREITFHTOARMBTH Y, HMATLO X 5 1T
5 1,000 m 28 % A0, EKOBEIN NS WO ICHEE TR 2ERITHN SIS, RRE
TUE, BB A L THRBEZER T2 &V FIETRIG L 7z, BIE Y B ISR 2 REAF TR 55
MmoleZ EMBEVL, BEINh TWeREIESELES 1L300mBEETEITL2Z LB TEL.
Fig. 3 ICTATRRIE 27~ 9. HIJE L RATREOWE X (Fig. 4) 72600225 K51, IWTEAKAR F22
TOXHHIEEE, ##42 100~300m TH 5. HERITREORITEEILY 71 MEICIZIE—ETHY,
BELTNDZ Enbhd, FATHEIZTFHH 18km/h Tho7z. 7238, RIHOI A 26 HITH
FATERATD, HEOKETALICEY, IWEEA~OBRAITITY 2 ENTE R o7k,

AL R, EHUR D O GREBICHEIE 2R A L 281, ~Y a7 ¥ —ic#E
S iz GPS ZfEH O ERFHIALIC L W BEFRITRFRIETH D, 20k, MBEREOEV (i
SMIETIOmBEORELEZXONLD) HITHTESD, ORI, IEFHEMEE WS B0
ODIROTEETHY, ZHHEKPEDOKEICL T, KIUMEOKEE LR 2 ETHATS
%.
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Fig. 3. Flight trajectories with magnetic field strength shown with color.
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Fig. 4. Flight trajectories shown with topography along the line AB in Fig. 3.
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) a s 7 —OBERICEE SN TWD, Eiz, BEICERNTIMKBET ORBLET D720,
Fig. 5 ITR LT X 91T, BiEtot v 2P 6K 45 m DU A v —Th L THIEZTT- 72
7B, SRIOT—ZMHETE, WAL FOMBEOTIIL, SHHIEEICH L CREERBAN LS
ZTHIIEL T,

Fig. 5. Unmanned helicopter operating magnetic survey. Magnetic sensor is suspended
with the wire of 4.5 m long.

V. T—20EBOFE

BREGENT =2 LT, UTFTOFETHILEZTo /. BIGT—Z o0 TiL, £§, &
Hefg IR O BB 7> bR ET 27201, AL OSRERET —4% (Fig.6) L OHMAELZ LS.
L EIHE L 7 GPS AL T — # 1%, GPS FEZl - #EE - R - AR ThH 2 bhTnWb o, £,
T PERR P 2 P h B A EAE (12 5R) 1C&H L 7o, GPS RZlcERHHIE (15 %)) ZMEL, AR
BT 5D, AV FTNAVOT—F2X10Hz 7Y v I ThBN, KREOT—Z L TIE, 17ME
ZHIELTHEALEZ (BEoX i, £ o= 3 VB TIE, S6IF—2ZH[IWTWn5).
REACREIE A LV N— a VIR 24T 5 Tedic, IIERET VEERT 5. 22T, E LI
IRABR L TS EMBHIBIERD 10m A v ¥ 2 BUEEE T T V&2, e AR L BHEEOR
BUCEH L TR L, — WIS EiE B A EED X i & PRI o HFid—E L ev., R
BT, X HENZEALICR LT 0.586° PHICHE > TW 5., Z Off EITHIERIR A 1T b BT 5120,
BRBEEHREOR TEET .

R, MEREO AP GITFEL < BRNI L THED, FERITHITHLNIZI A 2T HIC
X, BREPEEL TWeZ L 2Mit L TR < (KRBT O[S BIRIFTICR T 5 H &3 K
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Fig. 6. Magnetic change at the reference point on September 27, 2011 (JST). Bars indicate the pe-
riod in which helicopter surveys were in operation.
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Fig. 7. Magnetic change (total force) at Akaigawa station which is run by Geospatial Information
Authority (September 20-30, 2011).
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H O OHIKISGRMICERZPT DN EROTND, FELx 7 A EIZOWTHBEE & ABIC (R~
A RIEREEAE) EFHEL, ABIC Z2i/MbT 2 A, OMAEDEERETT LV E L TRATS.
(5) ROEHRFENXZTHNRXTEL RO LS 1T D,

(ATA+21)AT = A"Ad,,, (6)

COERFERNEMBNT AT 2RO D720I1T, 2 THERMESF (SVD) HEEHAWT A O—#%
EATHI 2GR L TS, BLED, ABIETHWA VA=V a VOlETH 5.

BN S NIRESGOAT — 2 12iE, HEKOEEGED PEEN TS, TOEHGE? D DRZESD
EHWERERET 2L TA U NN=Va v ilEXD2D0THED, A LOEMEL L SETT
X, BERESO—EHBRAT7Ey hELTER-oTLE S, EBEERST TV (IGRF) %%fio
TZDA 7y MEZRRBELHZ LD TEL, IGRFIZFLE D E T — L RET L THDD
T, KILHEKD X 5 IR R KR E BRWEFTTIE, ELWA 71y MEZ 5 2 RV ATRErE:
bbb, ZIT, RETIE, A7y MEEZDLTOEXTA oAV a VEEEKEL, bo
% ABIC 29/hE 725 b O Z st L 452 & & LTk,
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V. 8 I #H R

A U=V 3 VIRTORER, ABIC B3/ 722 DL, BRE EOBMEICHESEA 7Y b
E+350nT 2 52726 TH Y, HERILET VORAMEIZS53A/m ERE -T2, e dt
7ty MElcxtd 2 BRI O & ABIC & b %, Fig 9 1C7. {EAM - #H#E (1956) oHs
BESARATNEIC XX, EATLTE K — AFE OBMEIE 6 ~8A/m, N— A%< ILEDOREIE
F2~3A/m EHEINTNEZ LEEZDL L, SRIELNZE3A/m & VO MEIE, LTEK
FRB L OZOEBBOFHAL L THZERbDLNWZ DA S, ERICEN S W ms
5375 % Fig 10 12, WEBALEFVIC LY 52 5N 5RE5 i & Fig 11 TR, HEEFALT
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Fig. 9. Variations of residuals (blue) and ABIC (red) with respect to offset values
in magnetic field.
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Fig. 10. Observed magnetic field in this study. Contour Fig. 11. Calculated magnetic field obtained from a uni-
interval is 100 nT. Crosses indicate the data points. form (5.3 A/m) magnetization model. Format is the
Ordinates are in PRC. same as Fig. 10.
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VX, KEDPREESGSAAOBERITER I TS SO0, ILTEK RN ORI TR —E 23 K-
TWL Z bbb,

S Bz, Fig. 8 D RKMHNOFEIRICONW T A EMALEEA LA VAN —=T a3 VETIZED,
Fig. 12 DR DA %1570, T OREEHALT T VT X DB 04 (Fig. 13) &, Fig. 10 OB
A DT % Fig 14 1R LTz, FAEOREBTREITI£2nTINTH Y, KA TH £10nT
EThHs, biblOMKEEORES100nTRESLZLE2EXD L, RYERILTT IV
- T, BHISNHMKREFITZEFRINA TS LS 25, #HEINHEALSA (Fig 12)
EEANCAD &, IWEHR—L0ILIE, 3~6A/MBETHLZENDID. R—2EKEX
AN ORI, 3~8A/mBEEDIEEZ L > THML TRY, FICEIEMNICIE, MHExtiiciiit
DFFWEINRRD 5ND. et LT, F—2r2odb@Alowbt, F—2ZDhn k) b
L5 (5~8A/m) BbERLTWA, F/, F—AFHMO A KOAHTe, il - 76 LJED
T, FRIT/IE W2 ~4A/m ORMEIHEE Sz, 26 OfERIE, FEAM - A (1956) ©
HEELFFELRW. BELL, ks UTHREL 2K NROEZSIL, RN T v L
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Fig. 12. Modeled magnetization anomaly obtained from the inversion analysis. Topography is superposed
with white contours. Crosses indicate the data points. Ordinate units are in PRC.
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Fig. 13. Calculated magnetic field obtained from a non-
uniform magnetization model. Format is the same as
Fig.10.
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Fig. 15. Distribution of diagonal component of the mod-
el resolution matrix obtained from inversion analysis.
Crosses indicate the data points. Ordinate units are in
PRC.
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Fig. 14. Difference between modeled (Fig. 13) and ob-
served (Fig. 10) magnetic field. Contour interval is 0.5
nT. Ordinates are in PRC.
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Fig.16. A synthetic magnetic change due to magnetiz-
ing source beneath the summit lava dome at an al-
titude of 500 m asl. Magnetic values are calculated
on the same flight surface as the real one in 2011.
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