KEEEREFEELS  F18EE AEMIS8F 3 A
REPORT OF HYDROGRAPHIC RESEARCHES No. 18, March, 1983

ME S ERR,SKDEAFERITKILD
HWREREECHTEE

R FEA ™ BUFPEE T -/ NEP SR e - TR KRB

GEOMAGNETIC ANOMALIES AND MAGNETIC STRUCTURES OF
QUATERNARY VOLCANOES IN JAPAN
DERIVED FROM AEROMAGNETIC SURVEY RESLTS

Yoshio Ueda’® Takashi Tozaki* Ken-ei Onodera;
Toshiro Kaneko and Shoichi Oshima

Received 1982 November 22
Abstract

An airborne magnetic surveys of total-force over Quaternary volcanoes, SAKURA-ZIMA;
Mt. USU; O-SIMA; MIYAKE-ZIMA; KOZU-SIMA had been conducted by the Hydrographic
Department of the Maritime Safety Agency, Japan (J.H.D.), as part of the Japan-U.S. Science
Cooperative Program and the Upper Mantle Project in the 1960s.

During the 11th Magnetic Survey of Japan for epoch 1980.0 performed by J.H.D, aero-
magnetic surveys of total-force and that of vector components on Mt.HUZI were also carried out
in Sept. 1979 and in Mar. 1980 respectively. Making use of these survey data, magnetic anomaly
maps on these volcanoes were compiled and some of them were analysed numerically by the
Talwani’s method to investigate their magnetic structure.

From a series of discussions in relation to the above procedures, the following conclusions

were obtained.

(1) Although the wvolcanoes, analysed here, seem to have uniform magnetizations in the
present direction in the first order approximation, detailed analyses indicate that many of the
volcanoes have non-uniform magnetic structures reflecting the history of thier activities, the
differences of chemical and mineral compositions, and inner thermal structures.

In the case of SAKURA-ZIMA, there seems to be an extent of basic rock below her
floor which suggests the volcanic activity prior to SAKURA-ZIMA formation.

Mt. USU and O-SIMA have a magnetic structure related to the caldera formation, and
as for Mt. HUZI, we may suppose a lineated magnetic structure, whose direction coincides

with the arrangement of the parasitic cones.

(2) The correlation between the intensities of magnetizations, which are obtained by model
analyses, and the weight percent of SiOj; was made apparent, though Mt HUZI  disagrees
with this trend to a certain degree. This disagreement may suggest the existence of low

magnetization in her inner part.
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(3) The magnetic anomaly fields and the magnetic structures of active volcanoes support
the usual thought that hydro-thermal process is the main factor which controls the inner thermal
structure of volcanoes.

In addition to this, we may suppose that underground water beneath the volcano plays
an important role for the cooling process of an active volcano.

Key words: Geomagnetism of volcano, Mt. HUZI, KOZU-SIMA, MIYAKE-ZIMA, NII-ZIMA,

0O-SIMA, SAKURA-ZIMA, Mt. USU.
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Table 1 Summary of Air-borne magnetic surveys
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Volcanoes Component date height —craft Positioning Project
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& Total 14-16, Jul, 930m Heli Terrain cooperative science
Mt. USU force 1964 1460m  -copter picture
SAKURA Nov, 24
Z7IMA do. Dec. 1, 1964 1820 do. do. do.
0-SIMA do. Sept, 1964 910 do. do. Upper Mantle Project
N ARE do. Oct, 1967 1370 do. do. do.
NII-ZIMA
& do. QOct, 1967 610 do. do. do.
KOZU-SIMA
Mt. HUJI do. Sept, 1979 5690 YS-11  VLF Omega As a part of the 11th
magnetic survey of Japan
Carried out by M.S.A.
Mt. HUJI  Three-components  Mar, 1980 5920 do. do. do.
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Figure 1 Geomagnetic anomaly map of total-force over SAKURA-ZIMA, at altitude
1820m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 50 nT. Solid line means positive value and

dotted line negative one.
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Figure 2a Geomagnetic anomaly map of total force over TOYA caldera and Mt. USU
at altitude 980m. Reference field is IGRF 1965 corrected by secular change
around Japan. Contour interval is 100 nT. Solid line means positive value
and dotted line negative one.
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Figure 2b Geomagnetic anomaly map of total-force over TOYA caldera and Mt.

USU at altitude 1460m.
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Figure 3 Geomagnetic anomaly map of total-force over O-SIMA island at altitude
910m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 100 nT.Solid line means positive value and

dotted line negative one.
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Figure 4 Geomagnetic anomaly map of total-force over MIYAKE-ZIMA island at
altitude 1370m. Reference field is IGRF 1965 corrected by secular change
around Japan. Contour interval is 100 nT. Solid line means positive value

and dotted line negative.one.
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Figure 5 Geomagnetic anomaly map of total-force over NII-ZIMA island at altitude
610m. Reference field is IGRF 1965 corrected by secular change around
Japan. Contour interval is 50 nT. Solid line means positive value and

dotted line negative one.
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Figure 6 Geomagnetic anomaly map of total-force over KOZU-SIMA island at altitude
610m. Reference field is IGRF 1965 correted by secular change around

Japan. Contour interval is 50 nT. Solid line means positive value and
dotted line negative one.
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Figure 7a’ Geomagnetic anomaly map of total-force over Mt. HUZI at altitude 5690m.

Reference field is MGST 6/80. Contour interval is 100 nT. Solid line
means positive value and dotted line negative one.
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Figure 7(b, ¢, d) Geomagnetic anomaly maps of vector components over

Mt. HUZI at altitude 5920m. Solid line means positive

value and dotted line negative one. Unit in 100 nT.
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Figure 8 Conception diagram for magnetic anomaly analysis

A ! Observed anomaly field by volcano which has a non-
uniform magnetization, could be expressed by the summation
of two bodies as shown in right hand.

B : Calculated anomaly field by uniform magnetization model.

C : Residual field of A-B could be assumed to be the field
originated from the body magnetized in reverse direction.
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ONMEEZLNE, —H, TOLILIMEEE—HHEL T3 EZ2 TENITLE, Z0LEHBLNIRE
SHER (BPREE» LHEREREEE5 2 L0, B8ROW-BIZHET 2) (3, ERBISEFE OIS
P ERRINLZ e h 2 (F8RANEMN), ZN L, KINEARICHEORABI»D 56D,
SOL I uHLH TERESTRD S ZDEH) CEE FHETE S,

R T, H—FWET L TEHSHEBTE LRI DWW, b fE Tt S 1L 2 Ik —H s N
WHRES 2 BRENCIRET 200, KUKYEEOTTFTLZHEL, BATT I L 5B L — 55T 722,
(2) BBOMTIEE
FATICH W RBONBET LRSS A 4S9 a (R, X, BITHRELE2HRICT EHl.

Table 2 Results of calculation on SAKURA ZIMA

Model description Magnetization vector
Model Base & Top Flight level Decli Incli SDa Intensity SDa  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1 —100 1000 1820 present direction 3.3 39 02 192
2 -100 1000 do. —37.6 64.7 15 4.6 0.2 3.76
3 -100 1000 do. present direction 1.6 4.3 0.1 3.85
reverse cone 2.6 11.8 0.5

Notes: @ Standard deviation of magnetization vector (Franchteau et al., 1970)
1 A/m= 102%emu/cc 1 nT=105Gauss
: Present direction; decli = —5.6°, incli= 47.2°

EoEHNTTIL, TFL2IIMEBSEIEH—HHEL TW D EE 2P T, 7N VIR 2HRED
BB (BB=5.4"w, RA=44.5") CEELALSE, T 2HHmHmL RN LSaTh s,

EFNQ DERIC L D L BMEOEMF IR AENEE M L HANKRECERL THE, ok ) LI
Vacquier and Uyeda (1967) O&RIZL A LNE, —F, MBHEEOBRYMILAFH F-H8IZIE Tanaka (1978)
1Dk B e, KEBENFNFBRE LR EONRESE HRIC—BL, 20MEL2~5A/ mThd, THZ L
A b, BTN NERTBEBOEHEFHATERT 20 INEP T —ZHHL T b eH L HiLd, 22
T, ZOBRKIZOWTHHT2RHOEF NI OBESHREERLZ (HIRb), i 2 b REN
MAREIL, KUARORE X L LI, IHFILEREZ S5 REROENER S ), BESAKICEBRED
BENFFPINTVBELRBRTEL, ZOENREWEHATILHNE IR c CABTRTTT L EMAmML 72,
COEFNIEE O mTIL, L2502 HMERY BV LT, W{OhORITHEN D B WEH
Fr L GEUTERLNREALLOTHS, ZOTTUEHOLBISREHEIRETAZIE, XZDLE
DBRESHEEZHE IR ICTT,

IORE, BMEBORETIEMASERE AT 5 2 & CHEDNERES HIICEHL 22T A TRE SN E
M TE, GELEBREIC AL L(ETLIERTAINNE), ET L IDREFHRICIESETALNL
BHEOBERMNIL, FRCKR- THEBLHEBMEZ AOBEBRIRALNLIZFOREN b 72, FCEE
REROMAREOBEBILAERENLHI ENTO LT, BBUROBRREY L) EHICL -
LOTHD, ZOBOBRENFEKE, WHHEEFSBBEOLHEEL K- Thdl2hEEL L5,
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130'35° N L N 130%0’ 13051 130’
317 31’ 3 31

310" 3t
130 1308’ 313" 310
© 130" 1304

9a ! Dotted lines are contour lines of topographic model, 9b: Residual field calculated on topographic model

unit in meter above sea level. Track lines used (model 1 in table 2). Contour interval is 100 nT.
in calculation are indicated by solid lines. Solid lines mean positive value and broken lines
negative.
13023 . | | 130% 13057 1304’
3t 314 317 3t

ats’ 313 31507 310
1303 ! T T 1300 130 130
9c : Revised model , unit in meter above sea level. 9d . Residual field calculated on revised model(model
Dotted line indicate the reverse cone below the 3 in table 2), Contour interval is 100 nT.

floor of SAKURA-ZIMA.

Figure 9 Geomagnetic model analysis on SAKURA-ZIMA



52 Y. UEDA, T. TOZAKI, K. ONODERA, T. KANEKO, S. OSHIMA

nl

100}
Resi
B y - Amdunl
0 = =t
-100-
m
2000 \ Flaight lovel
8 A
1000[-
o Sea level
r e RS
-400

Southern rim of
J=4.3 A/m AIRA’ Caidera

Figure 10 Geomagnetic structure of SAKURA-ZIMA.
Cross-section A-B is correspond to those
in figure 9. Dotted line is residual on
topographic model(model 1 in table 2) and
solid line revised model (model 3 in table
2).

FUEE, SHEOBH»HHEEL KB L, ZOBRBELUEOMAEENME TH 5, ZOR» HIZBAEOR
BOTIL—HOMBKAEELH ), MELENERIZEN. - T, Z2OWD % B8 EEE- 7~/ ML
BHED O HEE I NG, ZONNEIERANLT JIBERO—FE LEZ LR TV A KRIETREAOMMEE L
—BL T ZnEhtoMELEEEI NS,

(2) FHRILOBMTHHE

BHRUNEEISOm & U0m DM ET — 21T 22T AEIERELPEIRICEF DL, 22T, 7011

Table 3 Results of calculation on USU

Model description Magnetization vector
Model Base & Top Flight level Decli Incli SDa® Intensity SDm® G-ratio
(m) (m) (°) (<) (¢} A/m A/m
1 0 700 980 —19 60.9 2.2 8.6 0.3 2.50
2 do. do. present direction 1.6 8.8 0.2 2.46
Caldera 200 700 do. present direction 12.7 31 0.7 2.83
3 Main cone 0 450 16 105 0.3
4 100 700 1460 present direction 2.5 8.7 0.4 2.70
5 0 700 do. present direction 2.2 7.2 0.3 3.60
6 0 700 do. -11.9 52.4 3.9 74 0.5 3.62
Caldera 200 700 present direction 20.4 3.2 1.1 3.77
7 Maincone 0 700 do. 2.9 8.3 0.4

Notes: @ Refer to Table 2 for explanation.
: Przsent direction; decil = —8.5°, incli =48.0°
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~3EEEIOMD, TTFNA~ETNTREEUOnCE TIRTERTH L, EEBOmOMET — 7213
ik B d, BEE460m OWET — ZITIF WA THOBEN L VB MBI NTw b EFL LN,
BB ETOMER (559 1, wH) T, FRUOWKEEMSIERI00m (i Th 2, FITE

14045 . 140sd 140 s 1404
a2 12y Ery a2

47| prevg 427 4Zn
14g’ T Ta0ai 1406 T 1407
11a : Dotted lines are contour lines of topo- 11b : Residual field calculated on topographic
graphic model, unit in meters above model(model 2 in table 3). Contour
sea level. Track lines used in calcu- interval is 100 nT. Solid lines mean
lation are indicated by solid lines. positive value and broken lines negative.
1o 1400 N 140'54’ 140'ss’ N 140's¢’
478 42's' 425

422" Py 42%" 4207
140’ i Ta0w 140°s8’ T 140w
11c : Revised model, unit in meter above sea 11d : Residual field calculated on revised
level. Dotted lines indicate the subsi- model(model 3 in table 3).
dence structure of caldera of explosion Contour interval is 200 nT.
type.

Figure 11 Geomagnetic model analysis on Mt. USU
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NTwd, 2Ol I ABRIEABEOMEE 2 ERTL20HET N2 (NEEIEBOm) D EE 5 HEH %k
L7211 Db), ZoR» L FHRLUOSRLERFITIZ200~300nT (R 2B DOBRERIFET L, RU, H
BN SIS O 212, 400~500n0T 123§ 2 BRI ENEEESHFETL I L b -7, BiElE#
DLV HANT ZHROMIERG & —BT 52 e 5BBILL - TELL LT IHEERMLL, #HHEE
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BUR clcRT Lo, FRUAMRLTEDL SR UGB L, KES - IEREZTTH LT 7D
200X Liz, ZoORGEIATE CE~NLHERIDOR & GHoEHc s FtcE s b Ths, o
EOUBEETF LM EIEIRTTAIRUTC, ETNL3DHENRESHRLEIRKdIZRL
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ANT 7RO FEEIL 3 ~ 4 A/ m, SMELOZ 1L 8 ~10A/ mEHEE S 1, FRL AR 2 8o %k
AR ZREAD 2R TELIBREL LRAMNT S, 2ok 122 b bBEHRIUOBLERIZIZES £ 200
miCR A NT 7 RDMERIEDFEL, 05 % 70T 7HERBOBED K HYH HEL T2 )
DTH A, BRI I FHRIINEAKEE T LOWE LKL 72, %8, Nishida et al. (1981) 13, HlDF
FETHBRIUNEERE 2 RKH TV 50, SROBREIFN LR -T2,
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Figure 12 Geomagnetic structure of Mt. USU

Cross-section A-C is illustrated in
figure 11. Dotted line is residual
on topographic model(model 1 in
table 3)and solid line revised model

{model 3 in table 3).
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F13Xaiz, BITICHACCHFIEREOMBET VMBI M ETT, NBNHERE—BLTE4RIORL,
B—HHEE TN TROLERFAIL (T L), 60 RRET 2HEIB LN T B, 2 7 Kodama
and Uyeda (1978) OEEZSHICT2 L, FEREOEER LHERT 28 KE XL OFHEEIBENK
BAUDFN EIN—HENE L, 2ORBHIELPNLZLNEEILNS, F4ERETTA2IIFEREN»BE
DIERFE N FEN B — L T b L Z 2 LBEORRTH B, GHEIZZOTEFLL L E ) REL Y,
BIHb IR DL EOREFHRERLAY, TORLLERNEI LI EIEHLNE,

Table 4 Results of calculation on 0-SIMA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa Intensity SDm  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1 —300 600 910 61.5 72.3 4.6 8.8 0.7 212
2 —300 600 do. present direction 4.2 9.3 0.7 2.01
O-sima —300 600 29.6 58.6 3.7 9.2 0.6 3.18
3 Caldera 50 350 do. —18.7 514 3.7 281 1.8
Pre-O-sima —500 0 — 93 16.4 10.6 7.3 14
O-sima 2.8 9.6 0.5
4 Caldera do. do. present direction 2.7 299 1.4 2.59
Pre-O-sima 25.3 2.5 1.1

Notes: Refer to Table 2 for explanation.
: Present direction; decli = —5.6°, incli =47.2°

@ HATF RIS, 0000 T (2ET 2 ENRENFET S, @ AHATIHIAMIC 80T N
AT B, @ HHERD S RIESRIC 2217 200~400nT > & O EEHA LD > T B, @ R
HECL@ERMU & L BNBREHDGHT 5.
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 (1958) DBIEMWFEALBE L % b, HEOBRETEIA LT FEBOANT ZEEEZ, 3 {HE (B
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DM IR LRSS T 5 +15mgal I R RBEANRELZHET L0, HENZRULNLLLEL NI
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Pz #4658, OQOFEREALCELANLTIER (E&E380m) LRIcH ), TOKFETH
EX D) BENRE» SHEESNAFMEIIIT 2T 3 L8bN5,

BESHRICETAIULENZ L 241EL, FERBOBABETTLE L THEIM e bEZ 2, Hillic 54
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FRFNOBEIL, FldRa, bIZRLTH D,
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Figure 14(a,b) Geomagnetic structure of O-SIMA island
14a: Cross-section A-B and C-D are illustrated in figure 13.

Dotted line is residual on topographic model(model 2 in
table 4) and solid line on revised model(model 4 in table

4).
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ZENMALNTYE, X, Zofiilie 7~ {bBRIEITT 20 ORI NVBEFIC LB EELN TS (A
B, 1958). T Z L EBHIITHIIE, AINTIRTEHFENTEINIBHEEOREIZ >V}, #5%
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Table 5 Results of calculation on MIYAKE-ZIMA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa® Intensity SDm® G-ratio
(m) (m) (°) (°) (°) A/m  A/m
1 —300 800 1370 present direction 2.2 8.6 0.3 3.65
2 —300 800 do. —7.2 52.4 2.3 8.5 0.3 3.66

Notes: @ Refer to Table 2 for explanation.
: Present direction; decli= —5.6°, incli = 46.3°

FHECL, KEO0mETE EAFCEMLAGBIBRA), X, ZOLEOBTHEREE5 RIIRT.

COMRIZLLE, ZEEOEMAHBBENESEFMEEFII LI -BHLTBY (B RETIL2), B
HELGHEA3.6LEWERTT, 2ok ) LiERIE, Kodama and Uyeda (1979) L - T #HESINTH

N, ZEEOWERIIIIHATHEL T H e EILNE. REIOBETY, B b NERESHEIC
HLN D LT, IWHEHOSLRILE L U ICH300T DENEEIFAT S Z &, WIHE 282 #dtoFnic
Eo, 2L 2O AORENT KRS MHHFET 52 L FH&RDH LMD,

13924 L . 1395y 139'3¢ . . 1397ss"
g 34%’ 344 3478

34’ 34’0’ 34 00 340"
1392 ) i 1305 13970 i 1393y
15a ; Dotted lines are contour lines of topographic 15b : Residual field calculated on topographic
model, unit in meter above sea level. model(model 1 in table 5). Contour
Track lines used in calculation are indicated interval is 100 nT. Solid lines mean

by solid lines. positive value and dotted line negative.

Figure 15(a,b) Geomagnetic analysis on MIYAKE-ZIMA island
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BRI+ b ZoRRAEFEZ SN LD TEHD L) FEMAFAICHFL 2,

(5) BLLOMBREERIFER

BRI E = R0EERD FICBEREI ML 0T, TOREREZOWTETHAEN SV, 22T
BEHR A EE500m, 100m, Om, —100m? & 2ICOWCHNTEIT-7, ZOEBEIEE6REF L1 ~4Th
b, TR, GHEIEERE:0BE, S BLILOEEIIESI0nd, £0E ) L@ e s 2 a0 BE
FTE2ONRHEHEZLNE, RETIE, —IHEKEES100m & {KEL L,

FI a iZ WIS HCLZET VL MBS H2TT. ZBZ0RS L Lbh 2 L ) ICHBERKIRIZIIEE
WA EENTHBEDTEDFOET VM LERL, BHOBIEIHEOEAT TV ERWTIT- 72,

Table 6 Results of calculation on HUZI and ASITAKA

Model description Magnetization vector
Model Base & Top  Flight level Decli Incli SDa Intensity SDm  G-ratio
(m) (m) (°) (°) (¢) A/m A/m
1  Huzi 500 3700 5690 18.0 317 2.9 8.3 0.4 2.30
Asitaka 100 1500 51.7 —21.1 23.6 4.9 2.0
2 Huzi 100 3700 do. 13.7 34.2 3.0 7.3 0.4 2.38
Asitaka 100 1500 16.9 —16.5 16.6 7.3 2.1
3 Huzi 0 3700 do. 12.6 34.8 3.0 7.2 0.4 2.33
Asitaka 100 1500 12.0 —26.9 179 6.8 2.2
4  Huzi —100 3700 do. 11.6 35.2 31 7.0 0.4 2.29
Asitaka 100 1500 7.4 —28.1 171 7.3 2.2
5 Huzi 100 3700 do. present direction 24 6.5 0.3 1.97
Asitaka 100 1500 112.9 0.8 1.7

Notes: Refer to Table 2 for explahation.
: Present direction; decli = —6.1°, incli = 48.0°

BTN (FE6KR) b, BoNLELUOWHEMREITIA/mTEZREENERTHREIN LI L
A TH D, —F, HEEHMICEL U RAPBEEDHEREE D 2 1 & 10 CRViER s h -2, 8
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B & ERL 72 (16 0), TRy b3 E LI HA# 2 ILE - FEEONRGERIZ —1000T 12 B EES S
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16a : Dotted lines are contour lines of topographic model, 16b : Residual field calculated on topographic model
unit in meter above sea level. Track lines used in (model 5 in table 6). Contour interval is 100 rl.
calculation are indicated by solid lines. Solid lines mean positive value and dotted line
negative.

Figure 16 Geomagnetic analysis on Mt. HUZI
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Figure 17 Relation between magnetization intensities and weight persent
of SiOz
S,SAKURA-ZIMA ; U,Mt. USU ; 0,0-SIMA ; M,MIYAKE-ZIMA ;
H,Mt. HUZI ; N,NII-ZIMA ; K,KOZU-SIMA.
M agnetization intensities of NII-ZIMA and KOZU-SIMA are refered
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