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Subsurface structure analysis of gravity and magnetic anomalies
in northern Hokkaido using Poisson's equation

Takanori KAJIWARA and Toru MoGI
Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University
(Received January 11, 2008)

The Poisson's equation expresses a linear relationship between the gravity and magnetic
potentials arising from a body with uniform density and magnetization contrast. The
equation was extended to multi body case by repeatedly applying it within a small uniform
body called the moving window. The moving-window Poisson's (MWP) analysis technique
was proposed by Chandler et al. (1981) to apply to general complex structures. The correla-
tion coefficient between the total magnetic intensity anomaly reduced to the pole and vertical
derivative of the gravity anomaly, and the magnetization-to-density ratio were obtained by
the MWP analysis. We investigated the profiles of these parameters for synthetic multi den-
sity and magnetic intensity structures and clarified how structure boundaries are delineated.
The MWP was applied to the dataset of gravity anomalies and magnetic intensity anomalies
collected in Northern Hokkaido. As the result, the MWP analysis put some constraints on
density and magnetization structures modeled by a conventional analytical method such as
the Talwani method.

I. LIS

Poisson DBIRIIE, BEART > v IV EENRT v )V EORREERT. ZOBKRAIL,
HEHBIOHMBEART v IIVOEBRLEL THWSNTHD (eg., Baranov, 1957), F/z,
RO F M ERD D FEEL THHEHLNTER (e.g., Bott et al., 1966, Mendoca, 2004).
—7%, Garland (1951) 1, Poisson ®FABRXZFIH L2 E I RAE B I OMLARE 2HAa0E
RSN 2R L, HEREE, Btz H DM LRI DONTIE, TOHFEEL TWAHE
SRTRICBIRIR <, Yith (B, BLERE) OEANROENE I LaRmliz. EIA7, 0



92 UEUZEE S-S % NI

b3
G

FETH REIC BN TYENE —TRITIUIE SRV ENIRHED S LTI L TS,
Chandler et al. (1981) ¥, TN ZEEROEMSHEICH L THiEMA T 2 729 IZ moving-
window Poisson's analysis technique (PI'F MWP %) Z#ZE L7~z L,nL, ZTHETMWP
EORATRE SR S TGS & OBIRICDOWTIE, TOEMED - EEREmITHd E M INTT
mnolz. T I TARMEKTIE, MWP EZE W &, HEAREE - RMEEEET VI
AL, ZNCXDMNTHRER EMEIRe T DB RS L OMIC ED X D IRBIRNH 2 2 WS Lz,
F7z, dbBEIERHIBIC BT S ENRET Y BIUOMKARE T —F I L TMWPEICE S
fRIT 21TV, BED X ORMLRERE 510 OHEE 237z,
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ZZT, riZBRE ST ORLETOREE, (3RO LITH S, —7, Wk dv O
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N5,

v, = Godv @
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Wziz, (1, 2 kD,
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VTG o el 3)

E72%. 3) RBWKIRT > vIVEHNRT > v )L ORALH A E & DFRERIRA TS
D, Poisson BRI EMFINT NS, Ll —#iCid, U, 0V,/00 I 3EHENIET 5 T &K
RETHZD, BHITHEINREROBEBRIUICHEESMALZINIVEANTHS. £2T 3)

REESTHIT 5 &,
_17
Z = G Y 4)

Lie%. ZIZT, ZIRPRICBIDWRAREOMES AL, 9,13 P RICBITLENEEDOY
WAL L T DA MANDEBTH S, TIT, ROtz a, RfsZd &L, EHRED
MHEAECZ g, a HAOKFAEZ g £95E (4) Hid,

Z = iL(gz sind+g, cos d) (5)
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WREESMEHT). H—THIUL, T OHEE S NI /0 & EBITHIE S N KR
WHMEF KT D, WRBEESMPRZRDEDOENRE J/o DiEZEELZEE, J/o DEN
JEI M & IREE L W R R, B ERIGERD S 2 EHEE SN, J/o OMENFEDHIE O & 7
25 ERSEE, YHEORZRDEERNFEL TS EHESINS.

PLEZD, Garland (1951) 12K DIRE S 7 Poisson DRARIZFIAH L 2 G imiE TH 5.
ZOHEDOH R, MEDEEL TWHHEE, MEKROBIRICERR, Ut BE, BLiRk)
OEREZHWTELIETHD. LA, ZOHFIEHENTEHHICS W TN — T iud
BEIBNENIREDD EITHILL T, ThZEEBEOEMMHEICHL T, BHTH L
MTESED T RLUZAEN Chandler et al. (1981) 12K D moving-window Poisson's analysis
technique (LR, MWP ) &L THREI N,

(3) XML REME T, LENAEFMg EORRAICHSHRA D &,

n- (@)

DEDWITED. ZIT, AJIFRALREM, A ZEERFEETHS. WE, HRHBOREED
HsH e B2 A 95 L, (6) g,

n=a+ () (5) @

DESICHEMASNS. MWP IR () REFVTT.
M. MWP ETFoNSBERILDORH

MWP k13, s gz 2% 07 1) v B (Window EIER) 120, 07U v REIZE
DOHIFHIZE N2 EN)RE OME S M E (0g/0z) LML (T,) &2 L T Poisson
ORBRLZEEMAT S, Z0&E, () LE2ZNSOHMOBBREIFNEZEAZ L, TOEEIZ
(1/G) (AJ/Ao) 25 %, UIKIZA#G5X%. £/, 0g/0z & (T.) LD OHBERE S HIEIZ
BfpL/zEE 725, ZOEZ DO Window 12K LTI, KICEHE T 2 Window 235 L,
B HEEN R AT #E PR 2RIk U T Poisson OBRKXZEHL, N6 OHEOfiERkD D, 1
TN D Window IZDWT, LD K D R FERCMHBIREZ D 2 720121, €O H @il
ENZNC TR EENTVDIHEND S,

Fig. 113, %, BMLIRE & BT —HRERMEEITN LT MWP SE#T 2175 72/ R 2R T
EROMED LICENIC X 2ENRYE, WMKRRESM%ER LU, Window DOIFIC XKD #iFHIT R
25N ETRRE IR OMEIX 1, AJ/Acd @&l E7%. YK window EHEED K
EI LOMIMBERTRR S, £z, AKEHMOBERER S HBERKE ORMRIE, HEREOR
ZALE % Window DK E I O3 2T HIBMEE D BT 5 U@, KFEH MO R R
LIRFE KT B, DI EF, KRELMOMERRZHET SR &85,

Fig. 213, BE, BbiEE sk CELDOERI DR D HEHEEIZDOWNT, window size & 4km
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Fig. 1. MWP analysis results of the single rectangular anomaly structure for various window sizes. The
left figure shows the gravity and magnetic anomalies and the right figure shows MWP analysis for
the single rectangular structure. The color lines represent window sizes; Red: 4km, Blue: 8km,
Green: 12km, Light blue: 16km. The "Corr. Coef" shown in the right figure represents correlation
coefficient between total magnetic intensity anomaly reduced to the pole (7, in equation (7)) and
vertical derivative of the gravity anomaly (0g/0z). The " AJ/Ac " and the "intercept" represent slop
and "A " in equation (7) respectively.
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Fig. 2. MWP analysis results of single rectangular

anomaly structures for various base depths
and combined structures with different den-
sity or magnetization anomaly (Width of rec-
tangular structure: 4km, density anomaly;
100kg/m®, magnetization anomaly; 0.5A/m,
windows size is 4km. Symbols are same as
Fig. 1.). The color lines represent base depth
of rectangular structures; Red: 4km, Green:
6km, Blue: 8km. The blue-green line repre-
sents the result for single density and com-
bined different magnetization anomaly
structures; upper 4km: 0.5A/m, lower 4km:
1.0A/m. The pink line represents the result
for single magnetization and combined differ-
ent density anomaly structures; upper 4km:
100kg/m’, lower 4km: 200kg/m”®.
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Fig. 3. MWP analysis results for single density anomaly and combined different magnetization anomaly
structures. The left figure shows the gravity and magnetic anomalies due to the single density
anomaly and combined magnetization structure. The right figure shows the result of MWP analysis
for the combined structure (Symbols are same as Fig. 1.). The color lines represent window sizes;
Red: 4km, Blue: 8km, Green: 12km, Light blue: 16km.

E UKD MWP BTG R ThH 2. £z, ELOESH 8km DHEHEED T % 50
2 EOEE KGR EZIIBMERE BEf) OREICE S B A EEHEITT 5 MiTks R
BRlz. Mgk s, HREEEORIOERINED>TH, £, UEoRLIERHEEE T
PENTBEMAEEREDORAITBNTSH, MWPEIZE > TEHE SN S HBIRES AJ/Ao
DRENEE, HEANEEEESH FICHFEET ZHEGEFRUCMETH S, o T, TNEOED
BAEMEBIZ X VMEH T OMEDENIESTAKEHMOMESRE R 2 HET 2 ENTED, —
H, TINS5 OHEORERKIOIMIOZEE, SEAAICHT HHEDOENVICI D RS, MG
WL ETHEHNEIREL, JEVFEIPIC KRR, K, BR20%0MERH 25513, T0OE
LTI AR EE A SN D, £z, #ELTH AJ/Ao U/ OEICELAR SN 5.

RIZ, Wtk D ETS 2 FEIREE S KE S B U T 235812 MWP B @t 217> 724 1R %
R, Fig. 312, BEREIZ T 100kg/m®, BLHEEREIIFOOHD 0.5A/m, DK
28 1.0A/m & U7z#ss (ER) 1Tt LT MWP @i 217 728 (X)) &xwLiz. £7z,
Fig. 4 1213, Fig. 3 OHHE LEMOBLIRE DHRIRD 2 DOEKRDERD 45 EHENW TN S
HIZDOWNT, Window D KE I % 4km & U TN 21T o 72/ 1 S G R R O E /35 & DR R
LEERGDE ORLEZ, ZORICES L, WMEMERY CEERE EOLOEN 2 f5&7425%
KO EEZ D E, MWPIEMITICK > TRHEI NS AJ/Ao DD 2 5D ERD, ik
REDBEWNIHAS NSNS, £z, ERHEROBE OF 0 HEE AT I B0 2 MBI R E
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K0 1 hoNMEERS RU/MEN/NS W), F/=, HEEROLEN AJ/Ac DRU/MENE D
ROTWDEIITHASD, I5IC, MEREAOMBEZEICL THBEBRKOZLOX S THEDS
THO, WACHmEREMEEEEREMEEDOANS WEED S TH/IMEZTNS. F21X, Fig. 4
IZBWT, 19km 75 20km (0T TEAHBARBE O EAZEITEINL TW 54, 20km 2 5
21km XM TR ELNITHEML TSRO ITALNDE,. INsDZEadELDd L, M
BRI NNl TWAMEICBWT, AJ/Ac DiEZER2 Z EITX DERIERL TS n]fetk
BRBTDHIENTEDEEZOND. £k, HEOEMANELET ZHEIC, HEFRET
AJ/Ao DINE WD G THUMEZ LS Z &5, REFICBEShZES - REKEY T —¥
I8 LT MWP IEf#T 2170, KEL R ORGSR R O E Z WS 2356, MHERROEZEN
BENSEAED SOHMICEN BT LD ZM/NMEDIEN SHEET 2 2 ENTES,

V. dbiEEdtEfiti\ 0iEHA

JeymE AT RS, A A5 2 2R O PE IR U H AR T T3 < DU~ EDEL
HENTWBA, R OFRMOIL RILHE D TIRBHIME2RE, 1EEASHBENFEL TH
B TH S (EE - S5, 2005). £7z, OO BAREANZIEE RIS MmO ER 2R
DREN L TH 0 (WA, 2002), = 5ICEMRAMINERSE (B WEB 5
A8 SEED GPS BRIIC K DM ED /M (S - AJH, 2006) 225, VA=)V T L—h&
FHR=YI T L= EDOEFITEEINZEAETH THEHEEASLATNS,

Fig. 5 (cdb#ga bl ik o 8 1 B4 B K A AH L AR MK E RS, BEHRE



Poisson ORAFRF & H W 7z ki L s ic B 2 EH - BEKE W O HUT M S AT 97

i LTid, INABIEZEEBAEEIRO O NIV LI EREE 2670kg/m® & L& T —47 —
BT —5 20, BEEEECIDONWTE, HWEHRHERNICK S LRGP REARET -5 D5 b,
KAl (1974 4EE0AD, JER (2. B Huls (1978 FEIMD, FA—MEwE (1971 FE1HD,
FEN — AL (1970 EBLHD @ 4 HRDFT—Ft v bEMH L. RREET—ZIZDNT
i, UEOF—%ty MU T FOMEZTTS /2.

OUTM FEEFERMN S HE S &AL GRS80 FEFE RN\ DEEFEE (GISY 7 U =7 D GRASS %

FIHD.

@R —EE (5000 feet) DF—F NZF 32 572D EH#EF (GMT I~ > RO grdfft ZFIH).

@F—#t v bOFHEE (GMT I~ > K® grdmath ZFH).

@R T 1 IV y —DFik (INEE, 1987) 12K B MifgE A

Fig. 5 Ik s &, BEHEEIZ, BMAQEAITKRE), HMTEENEZRT. =, KE/IWO
~HOXRYEBMIHRENREHIETH D, —F, BKEFL, FiA R K 1 12
EERREN LS NDD, JLERO R BRI R A KB A s T 5. APl 2 s T,
EMERE S CTHOINENRE CIIEENRE LEENREHBOBERCHZVEOREHTH
%, F/, FRMMIEEENRE THhLMEREAEE THD, KN OISR E S RE T
HONEMEEE THIHHIHTH 5.

JbkE 45 BRI O BEFRICONWT, NS OBRESMIC MWP L2 H L /2R % Fig. 6 1T
RY. Window DIEIL 8km & L7z, ZOREEEZMEN &bk lL, MWP RIC K B85 & g 53
FEN—HT B ERKE, WEERDNESNRWERZRRANTRULZ., ROSBETH- &
28-36km D #iBHIZ, MHBREMNIZE ~ETH DD L, AJ/Ac DIEA 32km FHF TELL T
NWBHZENS, ARDOES HMDOREINELLL TWBE EHEIND., HEENE MWP EIC
Ko THE SN MEERS R UAVWEEE LTI, Q) ERTHIED R 2 ENEEL

High G, Low M

142" WA T — \ 3 i of
6 s
.

147 30° 142" 00 142" 30° 143 00°

Fig. 5. Gravity and magnetic anomaly map of Northern Hokkaido. "High G Low M": high gravity anom-
aly and low magnetic anomaly. "Low G High M": Low gravity anomaly and high magnetic anomaly.
The A-A' represent the line applying the MWP analysis in Fig. 6, and the Talwani method in Fig. 7.
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Fig. 6. Density and magnetization boundaries
inferred from the MWP analysis along 45°
N (A-A' line in Fig. 5. Window size: 8km.
Symbols are same as Fig. 1.). The Red arrows
represent structure boundaries recognized by
the MWP analysis and the geological map.
The Black allows represent structure bounda-
ries recognized by the MWP analysis alone.
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Fig. 7. Density and magnetization anomaly structures along 45° N (A-A' line shown in Fig. 5) based on

the Talwani method.
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Fig. 8. Density and magnetization anomaly structure along 45° N (A-A'line shown in Fig. 5) modified
by using the MWP analysis result based on the structure shown in Fig. 7.

KU 61km DALEICHBIT S AJ/Ac DIEIZIEE T2 &, AJ/Ac DIEIZZE DALEICTB N TERMNIC
ZLTHBD, TOMERETIIERL THLIEEENH 2 EEZ5NS. —F, 48km DLET
13 AT/ Ao DIENRESZELLTHD, TOMERFITIZLAEERL TORNERDNS.
DIk, MWPEIC K DHEBHEEICDWTIRARTE D, ZNET T, HEORRSEROM
BEEHETETH, BEOMRMEMERTME, MEHFPMOMEDKESIHFLZERNITRKD D LT
LW, ZIT, EEICMWP %Lz FHEERITICETT 5121E, £9, Talwani (1959,
1965) OHIKICK D EHRE, WMKAREITHIST 2M#EE2RD, ZOMHiEE MWP &0 5 T3l
SNDHWERROBKR, BEHMOEBREEZZEL TEET 2 HIENEZ 5N S, Talwani
FRICE DN BEMED X ORMEEEZ Fig. 7 1087, BKEF1Z IGRF2005 &L T
50761nT Z R L7z, F7z, I I TIIMEEMN2MEN M 2RIk 2. Thz I MWP
EOFEREHZEL, BIELIER%ZE Fig. 8 ITRY. MWP kO REzEabE 5 2 &2k, H
THEIZH S DNORRFEEZMTIMA S ZENTES.

V. & =

Talwani O iESFIC & O B EMGCRALEIE ZHEE T BRI, BB K OHUE Fa A 2R
EZZRL THERER RO L 2 ENZN. —RITIT, ENRFEZISHHTEOHEERYME S
MERAEEE X <HPTE2RMEBEREME S ITNETNN KLl LbdD, B, BR
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Z R RTINS AU KD 5N HHEOEEMENRE W, LA L, MWP BITIZE D T &G
LA E ORISR R DAL E S TRIRDHEE S U, Talwani O F{EIT K 2 1 & @A O BRIC E
TR 2 FR T2 9 & D 7afhEld, RKoeI<hrsLEAS5NS. Fig. 7T OME
oM 2 HAZ U 72 Talwani QI K 2 MG AT RIS, HERMGE R CR(EMES s —8 L
7273, Fig. 8 © MWP IEMRHTHE R 2 B X A o WG Mpp it RIS, RS E LR R
HEDOIRN—HL T, 2O En5, MWP EENTHRERIZ Talwani O F5iEIC K % G #E
HOMERMHEL TANTHLLEFAS.

Fig. 8 OREMITRIRICE D &, PlEIERZME &K O PRAITIE, (REE - (KRMLHRE OREH
W< OMLTHD, BRIZIETETHS. JHUIENL - FE =L OHFEETH 2 LEbNn 2.
—77, WEERA R & D REITIE, SEE - KRMLRE OGN L TS, Fig. 7 OME
SIS R DS T, BEAFEECIEENESHESINTHDLOITHL, #ALHRE
REMETIRENHHEIN TS, —MIC, BEEFEMHEER S bmEREHEEE
BITLD—HT2LENIDOTIERNWDT, MWEHMEEEL LGSR T, WS AHmOD
Wz 9 L DIIMEETH D, Linl, Fig. 8 @ MWP IEMATHE R & B £ A =G T, %
JERE RS C MU REREME ORI —EDORANGEA 5NDH DT, RS HADHEmA AHEE
72%. Fig. 8 12X 2 &, iz plins & O RM O &EE - AR REREIZEED 4.5km EHE
ESINTHY, FTETHD. PHEERE TIE, &HEE - SRMERE OGN L Tna.

WUNHEE O BBRS R (B, SEE, 2006) KB &, ALiEE LS TR iR S sl o oK
WigzEE LT, MEOIAEBELBIESMICHRIENSR SN S0, Fig. 8 OFERTIIM
INFE D FEEBE N R 2 I DS (58km A DALE) ITHWT, BB E S K UL
EREOBERNRSNS. £z, 38km (HTICIEKHEIEND D, KEHEMBRERSE Rk
1 7 )VBAFERERE, 2003) THZDOMENHEESN TS, Fig. 8 TIEZ D& TGS REE
WHN, FRICEER G TIIWE 2522 ORA & AT R EEN RSN 5.

VI. £ &8

PL I, Poisson DREFRINE W2 ALHEE ILIBHIRIC 31T B E ) - BEKEHE OH NS MR 4 H
IZDWTi 7z, Poisson DBIRRKIL, MERRT P vIVEENRT > v )L EDOBEKRATHD,
FBNBIUOWEH ST DT —F DB DBETNASWARBFIABENREZSNTE -, NS
WCHWBEE, RSERICB W TYERYE —TRIFIUIR S BN EVNIRED H EITHKRALL T
510, TOEEMMTHIERBNHETHS. T I TAMETIE, MEfEEzLIEL, Tohz
—Fkk & L TH DO MWP £ (Chandler et al., 1981) 7%, EIEROEH/ Mt FEEZHEE T 5 T &
LA DATREIEZ R L7z, T OSSR, MWP EARGEE R O ECTRIR 2 HEE T 5 720105
NMDZ EERLZ. T ORIZ window size ZHUNIENT 25N H S, IR T—4
ORHEMFE U TRIRL 2T LIRS BWTH S S, F/2, MWPEMITIC X 2 OHEE T
1, BEEORMLRERE R R DM ECIREHEE T D 2 LITTRETH 248, TN TEECW
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(LIRSS 2 E 'IITRO 2 2 EI3E LW, 200123, RN S H 5 Talwani O FiEEIC
o THIEMT 217, TOR THRERFCET 2R EMF L LT MWPIEORERZ MWD T]
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