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WATANAEE, S. and HaTrori, H. (1980) Magnetic properties and densities of rocks near Mi-
yazaki city for evaluation of regional magnetic and gravitational anomalies in south-
eastern Kyushu. Bull. Geol. Surv. Japan, vol. 31(3), p. 105-136.

Abstract: Several magnetic anomalies in the coastal area of Miyazaki Prefecture and the sea
floor off the coast in southeastern Kyushu have been disclosed by the airborne magnetic survey.
The prominent anomalous bodies designated as M, T, H, OA and OB were assessed to have the
following features, combined with gravimetric data (WATANABE, 1976 and this paper; see
Fig. 4).

Elongation Length (km) Width (km) Depth (km) K Density
M N70°E 20-25 10-15 4.5-6 1,000 3.0-3.1
T N80°E 10-13 5- 6 1.6 400
H N40°E ca.15 1.4 0 60
OA-OA’ N70°E 3040 ca. 20 5 >200
OB N70°E 5 900

The M, T and OA bodies delineate a trend of ENE-WSW which is in good harmony
with the well-known general trend of geologic structure in the Outer Zone of Southwest Japan.

To account for original rock facies of anomalous bodies, measurements of magnetic
susceptibility and collecting samples were made.in the field, and some experiments were
undertaken in laboratory to obtain data on density, natural remanent magnetism (NRM) and
magnetic susceptibility. These data are classified and tabulated according to geologic units
and rock facies (Tables 2, 3, 4, annexed tables 1, 2).

In addition, thermo-magnetic analyses of minerals were carried out on some specific
rock samples which possess heterogeneity in magnetic properties (Annexed figure 1, 2, 3).

All the sedimentary rocks fall in the range having the smallest value of magnetic
susceptibility in this area, but increase in density down to the lower stratigraphic sequence. As
to igneous rocks, the highest values were recorded on the basaltic rocks intercalated in sedi-
mentary rocks of the Morozuka Belt (Shimanto Group) both in magnetic susceptibility and
density. Moderate values of magnetic susceptibility are known in some'younger pyroclastic
rocks probably supplied from the Aira volcano and the Kirishima volcano, but these rocks are
very porous, though partly welded, and naturally show very low values in density.

Upon cross examinations of the observed data with previously assessed features of
anomalous bodies, the trend delineated by M, T, OA-OA’ and AS might be formed by plate-
or planar-shaped bodies composed of mafic rocks similar to the examined basalts. There lacks
any decisive exposed rocks to be correlated with the observed anomalous body of OB, but a
situation about this is considered to be the same as above.

In the southern off-shore area, an attempt was made to synthesize several available
data obtained by other shipborne magnetic survey, submarine topographic survey, and acoustic
survey. A N-S direction is conspicuous, as exemplified with the presence of faults, graben
structure of acoustic basement and topographic lineaments. The N-S direction must be caused
by tectonic controls in younger geologic ages, contrary to the ENE-WSW direction, as the
former dissects the latter. Tectonic controls in forming the N-S direction probably has nothing
to do with the tectonic events of igneous activities upon such environments that a basin appears
and sediments accumulate and deform.

Lastly, it is worthy to note that orientations of NRM in granodiorite and rhyolitic welded
tuff (Osuzu-yama acid rocks) vary extremely within a hand specimen, and apparently can be
ascribed to the nature of included pyrrhotite.
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A general view of the apparatus for magnetic susceptibility measurement.
A disc with a wire was placed on an outcrop in case of field survey.
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Geologic units and location numbers of the present magnetic study in and around Miyazaki,

arranged in the stratigraphic sequence.
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unit name A B F C E | K
Osuzu-yama Aira pyrocla-| Kirishima
rock name Shimanto G. | Nichinan G.| Miyazaki G. Granodiorite | acid rocks stic rocks volcano
23 17 19 57 24 420 379
sandstone 10 - 54 10 - 23 10 - 36 55 - 58 8 - 50 406 - 436 190 - 550
14 13 20 3 14 3 4
shale & 40 33 23 Aira pumice
siltstone I8 - &7 26~ 42 10 - 45 fall
14 6 4
© 398
1210 317 - 500
basalt 320 — 2800 5
4
G L
hornfels E—
Gravel bed Talus (?)
meta .
. graphite 3 288
morphic . _
phytlite 30 - 31| |11 =370
rocks
2 4
s
green Beach sand
rock 115 - 120
2 285
220 - 347
. 10
siliceous 3
phyllite

2R MBI 3 HBBAEHEOBRE-BX (PUE, 4H, NEER)
Summary of measured magnetic susceptibility (e.m.u./cm?®) of rock specimens. Classification is
made based on geologic units and rock facies (average, range, number of measured spot).
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An outcrop showing three geologic units of the Aira pyroclastic rocks (I),
gravel beds (J?) and loam (K). [MZ-9]
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An outcrop of the loam with two layers of black humic soil. [MZ-9]
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Magnetic susceptibility measurements of trimmed rock specimen.
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A2 YT —RE AR 0N E

A view of spinner magnetometer.
Left hand: sensor. Right hand: signal analyser.
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| BE6 MR RERORE S Y —

Specimen-holder for magnetic measurements of trimmed rock specimen.

S.Name MZ-1- Shiro WATANABE
! Date 1975-11- Wed
‘ x10°, 1E-4
Range 500 , 1 Off set
+ X - + Y - + Z - IN | 254 -0
IN QU QU 605 -2
I |-0014 +0018 IN| # +
IN QU Qu *l
2 +0016 +0009 INY o +0
QU IN QU " +2
3 |-0013 +0010 A A
QU IN ui 7| *l
4 +0.012 -0015 IN v +2~0
IN Qu | QU ~ +2~0
5 +0014 -00I4 |IN| » .| *I
Qu IN Qu ” +1
6 -0020 -QQ0lO | IN | « +1
Qu| + |
Mean
X =-0013
Y = +0.017
Z = +0.0l1
Declination = 232°
Inclination = 27°
Total Intensity = OI9 X 107® e.m.u/cm3
B2W BHMAAORSANORRELERAALCIBA 72y MEERTF—Fv— 1
A data-sheet in which results of 6 component analysis and their off-set value
of repeated zero-point adjustments are shown.
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BERAMOEE O - BERUES - EHRYE (BB - kE 12

RERERWT, WE, B&HUERMEEE, MR,
VT A TEOBRKERIKASE S X CORA THEREI 5
Rty MEEOBECHENTIRZE-BRL TS LA
RED, Liehd - THBEROF/ERAE I EERE T
&, TOFEEFHLTLELX LRV,

BABEZTbR P BRD 5 b EATHE (MZ-
27C) RIBBLFRREETT. BETHEOREX B
BTHDHDT, ZOWRERITIBE L L TREKICE.
BETHATCEEN AHBEERIC OV TERETESN
5.

3.2.2 BEMK

a) RIBFE
BEBKOMEITIT A € —REEHSM-1DTY ((Spin-
ner Magnetometer, PAR #t, Princeton, U.S.A.) 2 H
Wi, BigEREO 5 B, EHAREHC oW TRRERR
DWE L HAERD, EHMRHC > W TRERERR D
BMEDOHERDI.

2 EF—REAEORERE X WhY S Rock Genera-
tor TH5. T RbOLEFEREEEMSEMRP cEEE
', BETHRMBEFERBL, ZORIBL ALHE 2 H
Y, BREHKOME LBILOFMERD S b O THREE
LEREETRUHEABR VP25 (BRES).

BHER Y, WIERBAREWEETE7200 28~ Aav
vaf e, BERKICX YRS KBS ERET 2
F—Faf b, BEEV VI e FRE—FIC
XV fThh, FOHEEIRs™ ThHB.

ER AT R IR 2 b ORHER ZHIF - REL
% ORIE AR Rk 2BRERATER L 5. K
WCHE S BB TR IR D T > Reference Signal ¥
Fro/TND.

BERABEZEESCABhEFLVE —CALEDL,
HMHEICEA L C 3 - E¥ o 6 BOEEEZITY, HRE
BMRoX, YROZRGERD S, ZOEEFIRICH -
TeF =2 v — b ORESE 2FICRT

WRRRAECRBVWTOHLRTho 2L 51, AR
HEBREAMEL THWO T, Fiic oW ToRERED
28, PRLTEROMBETNUEREER L OE
Briote.

b) HiERAE

AT CTHRBHREAETS L E, kD3O
DEZEERICEE LR TRARLRY. TAbL, O
HRB R OB AV F —DiEY, OQFBIANVF —HA~D
WY o35k RO, @A —RAEOSMBE T b
3.

OFRTERB R RV & — D5

ZERFORPLREOWIIROTES - HEFERLEICLBE
ROBHBITRERODEOEERIAEL Y REL
0.7TREITE L. %2 TR EF N0 BRBE, Bk
RERURB AV E—FK, TAa—VTASK IS
L, 792xF 78y vEHY, BREERGHVE
—KEERZMIENE L5, BEROBHII
0.2 (5 — 7% ©130.02) PITFichk o7z

WED XS CEBHAOH VRS, —E#coHiE%
CEARHERL, EMEOBRER BN LE.

QORE RN F—P~DEY 2IF Fik

RSB SV A —NICE 2 CEET B AT 58
ZiL, KEEN (RAICHEY) ot 5° BE, hEs (R
AloHEY) tx1° BELAFONL.

@A v —RESTE D S fRRE

B0 B LR OEREROME MZ-1-1 (BEEHR
E0.3) Off, Z 0RBOEERSIC OV TORIERR
BE2HIGREN TS, ZOERTFTOFNMERNL b A—
FTCRbENB D, FTFMHTIEL 1 digit DFRZE 2R
b5, ZOEEZRAOERFCHEST D LZ OEHEDCET
+1/8, +hbbAECEICBENEEICHAYTS. &
RSN 8-LOBEORE (MZ-304) i3+ 5°
BECRY, BERISRES—BAREL 20T, Zoi
ERSHLRBIT B

B REEOBEHICY - TIRRBHRESE T I, HRE
KOBREE - FEAETERENBH B DT, WEHED
REFFNRT2-3 2 HOREHBERNTI7T20 R E
HBHZOWTHHE L. Z0RE, BEMKOBE -
FREDEERRELERD bhisd ok

BEMKOPEHR IR, BEOMEL L VIAR
2IRENRTWS, RBREYHZOBUERT, RE
CRWTERRERLDEKRIC*HIZ 213 Th 5.

¢) BEUMIAONEHES

BERSERER0. 1 B3I B2 8 Y, BWREROE
EE D —HPl ERE V. BRIk 3ELTHEOSE
LRUEmTHS. ThbL, KEPRATERE, ¥
5 2 TEROWERERIE, RIS BRI,
WREREBOIEICIE 2o T3, BEMSHREL SER
LHBERSMICELDEDORESRTH S (Bx OHEE
EdfE 2 ITRmENn3).

2 FCKkAE TREHE
3.

. KREE

ZRE (MZ-28, 29) 13 BEHKRIRE1323-913 L 2 UiE
BREWDS, 1 o0EARBATCOFROFTMITZEL
TW5, BREOCEIIERKE WEE TN B3R

HWRCEHORH & ik ~
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WEREFTAE ENHE B35

unit name A B F C E I
Osuzu-yama | Aira pyrocla-
rock name Shimanto G. Nichinan G. | Miyazaki G. Granodiorite | acid rocks stic rocks
1.5 0.4 0.5 50 17 668
sandstone 0.2-92 0.2-0.6 0.2 -0.8 23 - 8l 0.4 — 84 610 - 755
19 W 3 3] 17 3
shale & 0.3 4.
siltstone 0.1-04 3.1 -52
6 3
381
basalt 23 - 913
3
28
hornfels 3.9-72
3
mere graphite 132
i a
morphic . 89 - 197
rocks phyllite
3
green 5.1
rock 2.0 - 4.0
3
0.5
siliceous 0.2 -0.6
phyllite 3

HI3% BERISBREONEREEORE -EX (FHE #H, WEER
Summary of measured intensity of N.R.M. (e.m.u./cm?®) of rock specimens. Classification is the
same as that in Table 2 (average, range, number of measured rock specimen).

HY, ThoOBRIHOSFBPAEE LD L Ebh
5.

VT ATHMOBRERE (MZ-10) 3388, HFmeb
B—RBHRE D> TBY, ZOHHMITBTEDOHIRE:
5 URANS W, RA45°) L—EHLTw5,

RIS (MZ-22) (SREOBRBIS/NES W3, H
BHHABPE LB LTW S, MERAW 6 HOES
PradBhE, B0 X 5 CEER TR T268L—FKLTw
5L, KR TOEREIEERSHEBOBRIRD bhi
W, Ef, Zhbi20em MEFEECIZH » b E &
3 cm OREAFCHIHL, 2255 6 20 MEHR
BEEsHLTna0 T, fbTIEELRZ10 cn fL0FE
BN THRAMARESETZZLBH b P icio
7o, ZOBIREICE T B RS, BRER
KT L Y pyrrhotite TH B Z LANMBA L. (R 2).

BB B O FACE S RIS (SRRE, WREE
L IBAE L. BREEIX0. 4-84 L K & 2 ZE{LIE T,
HHH I —BEANO A2 Y, 20-30 cm OB
BOWTHEMRKE V., Z OFSEREEK S IEAYT

5 2B TR TR » o B— 2 B8R0, BFALER
EDIETR72 X 5 1T pyrrhotite D/MERPZBUR L TB
Y, BMESEHOSHREITBED L Y Th 5B, HRES AN
VI ATEHOEREEK AL TREL BT B0,
REMESR DO AT A E T 21 H Y Thz £, pyrrhotite
ERUEAPAGEMIEES T3 L EonHERR
R3S 200 LAz,

Zh b DBEADEEBIPRET RT3 08B0 E
FARB 2, REREEEROEEOHINC 3 ¥ AKE
LicnbBHEEZITo/. £ORE, E L#RGH L
LICEEOBLBR® b Tz.

TERBIRRE & 3V iZ RS LB AR O T RS EEIK
BOBERRMED bAMEK OBKEE BT LT ) R
AR TARRENERSNE Y. EABm TR
> TWRWE, b LEHHHBKENEEE2TOBE I,
RFEHEESE 0 U CERPREER IR TEST
LEBBUAOTELEBHR LT il b,

EREE

BEEEIX0. 2-197 DELEER b > T 5. BEEE KA
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BEEREAMNOER OB - BERUBS - EAHERE (EDHAE - RE ()

L BARETHE (MZ-27 A) 130.2-0.6 LK<, B
DELFERETH B, BETHE (MZ-270) 1389-197
TH Y, HHBOBNMEDET LR L oL, BEE
Bl L ERCRWERZTT. FEORENER T
HoleDh, HBVIIEENZHEOBILREBICERR D
BOPEMBIN, BRESFDE Vv TR DIt
WA (FR3). BEEHBOBREF2 Y —K 0
REE (334°C) 2 bAH T, FELRBEMESLYX pyrrhotite
Y L7z, FETh I RBRSROREY & & HETE
OHEBBRECDH-720 T, BEATHEDCHRLEE’E
BREETAZLEFBELARWY. Ll, OISR
7% pyrrhotite TH Y, Thick - TREND B E &4
b, THEDHRS NICBRIRE L oMLY 25
- TRIERES b LR,

TREZ RS LT 5B ETHE (MZ-27D) OfE2.0-
4. 0FEENHELZEETS L, DEVRDEWVET S
5. ZORVEBOBRFEETIRETHSD.

WREE

BREE1Z0. 1-9. 20 B (LIE T H Y R OE/LIRIC I~

TREW.

WEOFTHS L, BERBHNL U HEBEOKRERRR
BREE130.2-0.8CH v, WH+EROMEDED. 2-9.2k
VIRETHB.

EREFRICOWTIE, 1By L3 E
DRFEARBEERICBWT AT Y X OBIRE 2L 0
ENER DO LY DB ERBE, AEERODEOWR
FRDATY Xk, BiROREREELEE AN THHE
FHEEOWADAT Y FITHRTRENL S TH 5.

3.2.3 BEREREE

BREBEEIRERALOSE L EE» DHEB L.
HERREOABEEE <A 7 v 2 —% 22 10.0l mm
OEMNECHELE»LEHL, ERZIEFRRB T
0.0l g & Cit-7z. FEE30.01 g/em® DAL E cEHL,
RN OCHERRBICE 4R LD (B0
BERIBEBEOEL LVATKEO A F2ICF L
7).

FEEOTIREBERDO LV MEDL 6Th b ZRED
3.06lz KA TN,

unit name A B c E 1
Osuzu-~yama Aira pyrocla-
rock name Shimanto G. | Nichinan G. | Miyazaki G. Granodiorite | acid rocks stic rocks
2.63 2.55 2.53 2.68 2.63 2.02
sandstone 256 - 269 | 239-265| 2.48 -2.55 2.68 2.59-2.67 2.02
19 I 3 6 17 3
hale & 2.59 1.69
shate 2.46 - 2.7 - 1.67 —1.70
siltstone
7 2
2.93
basalt 2.88 - 3.06
6
2.73
hornfels |2.73 - 2.74
3
meta— graphite 2.70
[ 2.70
morphic | poitite
rocks 3
green 2,98
2,97 - 2.99
rock
3
siliceous 2.7
phyllite 2.70 - 2.72
3

FA4Rk BRUESEONEHEORE-EHR (ViuE, €H, MEER

Summary of measured density (g/cm?) of rock specimens exposed in room condition. Classifica-

tion is the same as that in Table 2 (average, range, number of measured rock specimen).
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BEREFAR B E H 35

WRES

BEOBEME 2. 56-2.69 (F152.63), HE
JBEE2. 39-2.65 (E12.55), R OVEIGBELL. 48-2. 55 (F
#2.53) D X5 KEWHEERODEIE K-> T
3.

EEOBETNEGTHERICR - TA2 L, BIKARE
(MZ-13 B) R0 8, WEDFH2.63% bK<
2.59CH 5.

KINER

BROMBIC X AEITKRE {, I XA THOERE
JRE (MZ-10) 02.022 5 ZkE (MZ-28) 03.060 &
SR ->TW3B, LrL, TRENOERED R TIIEK
EEDEAUIEIX0. 282 T/h & .

RS MZ-22) X6 EOREREDO W F i b
2.68LFCEE LY, BERSIEEETHS.

B UEBEEREOEE, 1TEOESHEIX2.63TH %
», BEUETIR - THB L2.62-2.67, FHfE 2.65
TH Y, MFEMEE OERILMAE (MZ-31, 32) ©
132.59-2.61, ¥2.60% R, WHIRCHETOE M’ 4
Hivs.

EREE

HEACREERE LT 5THE (MZ-27 A, C) A
2.70-2.72, & w7z A (MZ-23) 22.73-2.74L %
BB NS ERBEWNTEWERRT. fuf, YRER
B LT 2B ETHE (MZ-27D) 132.97-2.99w, 3
ERROZEE (MZ-28, 29) ¢2.88-3.06)% v Z{LIEA
INEL, POEEEREL 2o T3,

FHIBOSBEREBECOEPOE LD B L, HFEE
FEHWHERRO L DR EEENE L, —0nHEER
ZRITHEBONELBBERMERLTVS., 20T
LFEVWHER A ORERE LRJERLTEE 2 5
W, BERELRDLLELITHETEID LERSH
5. ZORME BREBEE) CEWEBbhsto
2, THWEOHTRE A L T 5EE 2. 74k
His.

BE# UM AR OB EREIRE DBE&Th, FEvk
Wi oEE (BSUMAIT) KEBmENEL OIS
BE @ERILME) OFEX Y AEY. ERKRE AR
BRLZRBCOVWTEENRE L, AHMEOHEBEED
LERBHSCHEREH I ) VEEXEL, BF+ERL
FRIEETH 5.

R, AR TEEORWEARER, ZTRARVZRA

ERELTORETHE LW Z kg,

4 HMSEREKROHEELERYED
FRE Lo

T T, MRRUVEAREOEI»OELNICRE
BIROFEM (3T, 1976) L AEIOERRF ORI -
BEOEMEL 2 RS TERLEDLZ LITT 5.

WIOWERL &, WF-BE, IEERERVERRE
BEOURAFRITHRERSTOR LK<, EAERESR
Biiohk b &bie—HL EEY. LdioT, Thb
DOHEAFIIHAEE P bHE S W B HEORE &
HEBRT A BRI RV EELONS.

BEIFEH B CIMEARE L EOBENRE L 3G
LTW30T, EFARIEATIOBEL Y LEERER
UEEECHD LWEShTWS, LEi-T, BERE
FOMTich 3 BESEIAMR L S5+ 5 £ 3
BREOWRAEY V VAR, PoRBECED
POBRENTVWERTTHS.

PAF, BRIk LW L b T Hx 0RFEEEZO>N
TEZTHSB.

41 EROHS - BEHEELOXE

LHRREEORER, BIRFEICED bhic 3 hFH0
BREF O VW TORS,

41.1 HEf—ERL H

FIMTHORENSUIEE IRIEL v <, R
EOEFCERROBREBEPHEE S LTS,

BIRE FVIC X AR DR OFEEIE O T
w3,

B0 N40° E

E£x  (b) %15 km

& (a) #1.4 km

HE 0 km (MiZRMEf+4T)
HREER (r) 60

ZDEFEBEFIIEFR - KB (1956) R OVEIR EHUE R
(1971 iz T i, BE LB A REEROE) KA I
YT 5,

R r=00IHREEAEROM L L TEED TEN
FeBLTRY, BeyUEiEaE (MZ-24, 25, 31, 32)
DR IE 8 -50 & g L THRIC R & A2 i3k .

BIEER T cREEh Ty, LirL, B
IR O TRECE BB DS I ER ML © O RERAE,
FERENT OFHRRUEBUSAREOHERR» &
B TREERZ bbbl TRY, BEOBWESE
RIELTVERENRL DB, E 7B BEE B SRR
ik, o THRAKELERICH, &, W, kg0
SR D Y CORERBEOMEBELEE-HT 22 & h
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MEANOEE OB - BEROBR - ENRE (GEIHRE - R )

¢}

50km

IR MAMC BT IWIREEEO MR, #L (1976) o #
CBRABIVCEEEEALEZLO
Distribution of magnetically anomalous rock bodies in South Kyushu. Reproduced from
Watanasg (1976). To each of anomalous bodies is attached symbol and depth (km) of top

surface.
B, COSARICEHEY BHOCRARE TH AL b BREE () 400
5. COREBKIECENRE LERHL TV 50 TR
412 EIBTEEH20 ko T T REPOBEETH 5.

FIRMF I T TRENDURBFLIRB L4 ©, A T OREEICSHT B KA T RS LB e
EFNVEREL TCOFTP OROFEEDFE B L T WEHFOV v 75 7 RIERRRE ©H 5.

5. RO P BB IEE SR 10-50, TERIRE
BIoHH N80°E 67Ch D, WIFRLEERKEEEL THEHEHE 400 X
g (b) 10-13 km Y H3E LHHE.

& (a) 5-6km PR OEPE T Bem LR ARE 2. 62-2.67, TEk BY

EEE  (h) 1.6 km WER2.68Th5s. ZhbEENONGTE R O W H
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WEREFT AR B3k B35

2.96-2.69L [~ % L, BESIUERMEEE LIRS b
WEIVBEETDHD LTV LR,
REARTICE ST 550 30RO BEOEIEN 5
Z o Emiz REE W

4.1.3 FETEES EEME M

FEIMP M TRENIHEEELRELIL LT
Y, AREEFNVICE BB ROES R % o g 10-15
mgal DES LROHBEERB LTV S.

ETOHH N70°E
Ex  (b) 20-25 km
g (a) 10-15 km
EEE  (h) 4.5-6 km
HRER (k) 1,000
EE (o) 3.0-3.1

Z OMBEDORBEIEER X EEMED YT 2 (BEA
W KLBEY), MZ-9a-e) 7 OEMEKE (MZ-
10), RO L0 2ZFHXUCER T 2 v — A8
(MZ-91-1) BT ohs. n—ArELLTADERKSR
DOFHERAUEE 500 Th 3. T A TFHOBREEKED
WHRERIIENENE3CH 55, BEMKIRECS (R
fANG6°E, RAYI°N) 2EBEBLTRY VAVARETT 5
L, BT OEMERMEE 1,000 48822 0, BHLOHR
ELEWS ETHE—BT B, L LEED A S TERE
252.02TH -, HEEEHEEES.0-3. 1 Ichk_TE
LLEL, EARomFHEROHEES Ic>WTH
Te EWIEL. 53-2. 67 X 1 bRV .

b LBESEEORER e — LBV T ADNWTRAMPT
b5 LIETHE, BEOTE CHRFBE RV, ENR
BXARCED 3T bS5, Lirl, ERCRENET I
ETH5.

HoT, HETHLATVWIERENEBED 0 —LBR
VI RATE, ZOREOMKERERHAT S L3k
AL, _

4.1.4 BERICRBIT PUKEEAEOELD

EREE BT 2B - ENREEE M, T) O
e BEOHEE 22 TERIL, ThZhoRERR
EUOZzoMETERAHS b o SEOE, LER
B SERE (B2, 3, 4RiRT) »hI0FHEE
CIEWAREREL T, EHEMEOZREDHTH
5.

TR B A I i3 T B CHERE S T i BEE DN EE
5., 205 bEROHEEE b2 b0 1k ZWN-HRR
HOPIETIHAPSEESEHL L TaAb TS, K
X > TN B EIFTE 2 b B 1T T O KIgi
FTHHECZEL, 202 bE IKIRENS X5 ¥

km DL EZOUB ERERRDS. L LESRZ LI,
Z OEBICITEFRREER KA T v, ZPRKE
EOTb I EHRILH b ERFITIC 220 T FTICEE
THERRAEECE, BEREERWTHLORE LR
hipv, ZRERPED T/hE L, ZHRRKEECRR
He&hdholctErzbhd, RBEREEMENRT 0
BomG+E#HRCEEREORSE - JeEoER I
ZREMISERZZ LITIE LA LRV,

IO L5 ICHBER ECHR S TWRWRRENLE
BOEBBH» bEBCW 2 HEBOTIRIEL, L
PLRKEEPOHWESRD X ) REE (DR LLIE
BkmpPll, BX10kmPlE) LLTHELI B THS
5. 1oOTHEME L L TRECRALHEERL PEX
BRERBECE ISR HEHPIFEE LRV L
WHZ LTHB, moFEECLOVWTIIE S TERT
3.

4.2 BEOWMSER

BIFTE 5 b B AT 20 COREERIC SR T AR
REAROBREIATETHRIEECEITERIT L 3
L, B3™icHBbNB L 5z NE-SWizvy L ENE-WSW
FHT, 4HEOREEERIPFEDOLNG. 22 TRER
132°10" XY SHREFOUHEREZED TERT I b
LREFTKBEERERR (1975) ofs EBEHN, H4XME
FIR L7z

4.2.1 HREBCRT AMEEEOSTH

FHAK, %5KKVE 6 Kz, BEREAM»bEEMH
P COBEEROMKFER TH Y, Z 0P CrrEiEmk
BRRBESL TR,

T OHUR I, FEERBRRER O SR ERR T I1ZIEENE-
WSW HHEIIZWITFLTWS. = OEMERIRBER c B
RMREEVERIHE, ERE OIS I EK
(ENE-WSWHT) 78 SSE oFIciEV L, TicAR
Fobhd NNWoFikmoBRERTI Ltk

FIRCBWTHRIZERENTWAUKEREEERDIZ
T, A, 5 5KKROE 6 MH oo ol Uick
K[EFAKOAN, OB, ASRUA 2z T, %K
AL CELDRDOBE TR TH S,

P EORBKEEOREEM, +72%bbKERE b REE
T e CoMERicik, NW-SE Sz Bt T3
BROMKREER (FhFhoIiRIEL200y 1B, 1§30
km ) BEHOLND. ZORELT, ¥BEEERF
AKISEREIEER (1975, p. 132) ik [ OEREE T 2D
TBIRE » WEES CRRBHARERAML s L
BE 2 HOETHBEKPIRIC X 2 KEED b o THE
WELoBEEE XAV O EBDbRS] LIBT3,
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BERUNOEE OB - BMERUHS, - EHEE (BURE - R )

AR HAEEBHMBRISBAN. BERETAKBBUER (1975
Map showing shipborne total magnetic force in Hyuga-nada. Isogam contour interval 100
gammas. Reproduced from Surveying Division, Hydrographic Department of Japan (1975).
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Map showing airborne total magnetic force in and around Miyazaki. Isogam contour interval
25 gammas.
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BERAMOEE O/lE - MEROHRSR - ENRE (BB - RS )

4 S .\'\"\,/CV e

s

SIKOKU

l(‘)O 290 3?0 km

H60 TR ARAROBBRLR AN (KT, 1975), RIEMEFHO BE A EE

Shipborne magnetic map off the coast of southwestern Japan. Reproduced from Osuma and
Konpo (1975). An anomaly to the east of Cape Ashizuri is to be noted.

AT, THEBANEORR - EANREIOATHE
BEFEZERELTWSDT, ZOREEOMKEET o
WTIEfEN 2 W Z L IET 5.

4.2.2 Hm#cR) sMIEREE

AMBOMKEE O 2 bR (1976) X VHRitsh
7z OA ¥ OB lzon T hichkR, thoBEEEiC -
WTHEHEIZSRS.

1) WEeEESI 40 km OA-OA’

#E 3t OA TRENDEEAK.

MR A O Bk E Y BRICER T 2R %E
BEELTWD LARESH, ROLSECHET S hTWw
3.

AEOBUOHE N70°E
wE (b 5km Pl E

TOBREEMIETRF T OA-OA” L 1oicEL E
> TR OEREHICTHEE LTV 5,

ARV TL6050 y OB AERICER LT H 3
¥, 32°10'N, 131°50’E o #liE 0 5 32°22'N, 132°20° E
OIS E T OERIMERIE NW FRIcEY L o B
RERLTWS, EMEMIFHBR (SREERE ENE-W
SWHH, NNWHER XD EEAE) &kETse, &
NTBRE RS,

—J546000 y DEREFIERIT Z OHIRIZIB W T, SE
FICEY HLOBIRE LTS, 2 idEEmIRRE AR
KR IVERE 25, BEE#EE OA-OA” 2L T—

EOL DL RIGE, AR BEROIAI, ERER
Bl R LTHEETS. 20X 5 RBROMEER
DEEHTIIE, BIERRALBTEET VL) bAZET L
OFBREVBEYTHENb, BREEEOBRETNVEE
FELCHET L.

FRE F AV CHEENT L ICERER OA-OA’ 0#HHE
BUTOBEY TH 5.

FEO 5 N70°E

BEX (b 30-40 km

& () # 20 km

BE (b 5 km Pl E (HEET)
R () >200

Z O EHRRERRER OBE O ER LHEKREE
BETORAEREE BV ooREETHY, P
BOEE & AV IE00-50DERHZ LR THS 5 -

2) EWSUFFS5H 50 km OB-OB’

57 ®h OB GiRah OB ~ LR TWBERESE &
ThY, BREEORIERLSY TH 5.

B O D BT B ORISR S, WOSEER
KD HNLTWD.

Wi g o Em 5 T N70°E
RE (h) 5km A |

ZOWBIRE4ME A5 L, RN EDE RT3
40'N, 132°20'E {2 ©54 km { bU\EX, 22 T®
Mz Tna,
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33°N +

+

Ashizuri C.

< Aoshima

A
”,

o

///j/;,//

3I°N + _’_

131°E 132°E 133°E

BIR BERBICERWRRAELOEBELN I 7EehT TOMAREEEAIAR.
K OA-OA’, OB-OB’' g2 h Zh | 22 V0 BEEKTH BN, BEM
KEOHEL AL EDEELIELTRRLE
Map showing important anomalous bodies in magnetic properties observed around the coastal
regions of Miyazaki and Ashizuri and further down towards the Nankai trough.
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3) ZofoREAEE
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DTHEIXEWS, # 7K kic OC, BU, AS R*AD
BEEEEOBHEOTGRETR L .

ERFHIFH 5140 km DREEHE OC iHRHEER (8 5
H) #T OB T L TWTIERE, HMRL LICHET
EhWR, BRKEROBRLEED LA THEEMEDE
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5.

ERITR T30 km O RESA BU 127 OFEHREEIE
3Pz BU L LTHEDATWT, H4MELbETH
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FHMIX ENE-WSW e Bk ahd (57X). BU ofF

BB o0& (7 HP OK) iz 2@EOERE
ERH Y, MEEREEL XS~ &4 FOBAF AN
ERmEROCNICWEED 2 FROHERT—K T 5L
w5 (FR3E, 1967). 2D 2 >DBAKFMD O HD 1o
BU R L SIE—BT 5 2 & ITHIREN.
RBIRETE O AS RUHGFO A LTk KR
HEAN, FEOHOBENTFTRNOT, ThFho#
BROBEDOTGREH L DDEE LY. LALE T
FLwickdic, HMRHFME ENE-WSW L g & h
3%,

4.3 EEHCRIIBMIEREEROELYD

CHETRBSTHEEMEEZ b OREAKIVTRLB
BEPIAKAT3H>OHIRES, T74bsb, OH~BU,®

3) 1975 EHE S Wiz HE—KSHHREFHMSRER X - T Ol
IRER S iz (Horikawa and NAka1, 1977 a, b).
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M~T~OA-OA’~AS~A, KT, ® OB-OB'BFE 5 B ERZITARERER (1975) X2 AREoRE
N5, ZOFMIIERE AR RGSEER G0 HMERN GE8H) »LAROKEARARNS.

fle—HLTNn5, 1) /&#E200 m ﬂ%ﬁ@@m?ﬁﬂ’}‘l‘l; PHERE & b TR
2530 km [ SEEN
5. ENT, EEMERMET OEEN B30 fm BT .
e Tm 200 m %> 1500m % CREENAEER O T %
5.1 BEME 3) 1500m3»5 2000m % CidfERizZ L, 32°N,

133°E

H8R HMEEEMER. #LRZTAEBIER (1975)
Ocean bottom topography of Hyuga-nada. Reproduced from Surveying
Division, Hydrographic Department of Japan (1975).
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BN BMEBEEMEHSEN. BEALTKEHMNER (1975). HHA

FIHEE O G & Bk TR L.
Map showing geologic structure of the bottom of Hyuga-nada. Reproduced from Surveying
Division, Hydrographic Department of Japan (1975).
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HI0K BREBEOWEEMENEN. ¥#EARTAEBAER (1975)

Geologic cross-section of Hyuga-nada. Location of cross-section is shown in Fig. 9. Reproduced
from Surveying Division, Hydrographic Department of Japan (1975).
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LT®Y, Z2hbidkikic ENE-WSW HEizoUs. L
2 LS R TEER OVRE AR B b TR S ik
KSEREAROEEHEMR, +obbEE T kn JEo
ELLFLL—F LW,

33°N -+
a A
E ]
32°N +
A i
7
207,
l'/ ,’,
/',/
A Iy
1
L]
1
3°N -
131°E

5.3 BEWE

Araiicisy 2B EN B GBOM) N-S &k W
NE-SW {0 & 0232 D KREGEED, ThEhOHH
CIXHIRE R R Y A H DB,

FE L ERIRERESRE Y L0 B AyEaAe & K
FROHAR132° 40" A o0 P E RE 5 IR IC 38\ T %, NE-
SW FHOMBREE L, ZOFEMTZOEERE T
TETHENTNS.

IR BEAMcBT 3, RABREEE - EENE - TROEREE - BE - ¥

KEEEOFRR. A-A" 3 E 12K R TEREE O LE
A synthesized map showing magnetically anomalous bodies, ocean-bottom topography, acoustic
basements, faults, and lineation pattern of magnetic anomalies in ocean floor.
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|

SSE

Hyuga basin

Nankai trough
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sea bottom

4.

BI2F FEAMP LEWE ST TP T TOBERRXEEN
Schematic profile structure of south Kyushu and further down towards the Nankai trough.
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HOEERET S L, HdRe Nacara (1961)
@ pyrrhotite (FeS ; ) kB Z 3 b2 5,

Temperature dependance of the staturated magneti-
zation of rhyolite welded tuff (Osuzu-yama acidic
rocks, MZ-24C). Hex = 11,000 Oe. Vertical axis is
arbitrary. After the subtraction of paramagnetism,

the specific curvature is the same of pyrrhotite
(FeS 4 10)-
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[E i K. Hex = 11,000 Oe. Bithgh #7i3 NacaTa
(1961) @ pyrrhotite (FeS 4 15) TH B Z L 28 b
3.

Temperature dependance of the saturated magneti-
zation of hornblende-biotite granodiorite (west of
Osuzu-yama, MZ-22). Hex = 11,000 Oe. Vertical
axis is arbitrary. The magnetic mineral contained is
supposed to be pyrrhotite (FeS, ;,) by its specific
curvature.

MRS BeTRE (5 FRBESO®EH, MZ-
27C) o # g b i K. Hex = 8,250 Oe. 145 4
1% Nacara (1961) o pyrrhotite (FeS | ,) ¢d 5z
LB,

Temperature dependance of the saturated magneti-
zation of graphite phyllite (Morozuka Belt, Shi-
manto Zone, MZ-27C). Hex = 8,250 Oe. Vertical
axis is arbitrary. The magnetic mineral contained is
supposed to be pyrrhotite (FeS ; ,) by its specific
curvature.
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Data of all the measured magnetic susceptibility, together with rock name and geologic unit.
Suffixed alphabets denote different rock facies on an outcrop or nearby.

Sample Geologic Magnetic susceptibility GEMS

No. Rock name unit 107¢ e.m.u./cm? No.
MZ-1 medium-grained sandstone (F) R 13339
MZ- 2 coarse-grained sandstone (F) 30,31, 34, 35, 36, 36 R 13340
MZ-3 arkosic sandstone (B) 10,12,15,20 R 13341
MZ- 4 shale (B) 26,30, 30, 35, 35,42 R 13342
MZ-5 greywacke sandstone with lithic fragments (B) 12,12,20,21 R 13343
MZ- 6 gravel beds L?) 111,317, 355,370 R 13344
MZ-7 greywacke sandstone with lithic fragments B) R 13345

MZ- 8 greywacke sandstone with shale lamina 16, 18,19, 23, 23 R 13346
R 13347
R 13348
MZ-9 loam (Kirishima volcano) (K) 190,254, 522, 550 R 13349
pumic fall (Aira volcano) (1) 317,320,378,475,500 R 13350
MZ-10 dacitic welded tuff (Aira volcano) (I) 403,421,436 R 13351
MZ-11 siltstone (F) 10,16 R 13352
MZ-12A  fine-grained sandstone (A) 53,54 R 13353
-12B  shale (A) 63,67 R 13354
MZ-13A  shale (A) 40,40,41,46 R 13355
-13B  tuffaceous shale (A) 18,20 R 13356
MZ-14 medium-grained sandstone (A) 20,21,22,31 R 13357
MZ-15A  siltstone (F) R 13358
-15B  medium-grained sandstone (F) 10,14 R 13359
MZ-16A  gravel beds (G) 30,31
-16B  siltstone (F) 10 R 13360
MZ-17A  coarse-grained sandstone with lithic fragments (A) 10,11,11 R 13361
-17B  shale (A) 18,20,21 R 13362
MZ-18A  shale with plant fossils (A) 55,60,63 R 13363
-18B  shale (A) R 13364
-18C  fine-grained sandstone with shale lamina (A) 28 R 13365
MZ-19 medium-grained sandstone with lithic fragments (A) 20,20,21 R 13366
MZ-20A  rhyolite welded tuff (E) R 13367
-20B  hornfels (A) R 13368
MZ-21 medium-grained sandstone (A) R 13369
MZ-22 hornblende-biotite granodiorite (G)  55,58,58 R 13370
MZ-23 hornfels (A) R 13371
MZ-24A  rhyolite welded tuff (pyrrhotite bearing) (E) 25,28,35 R 13372
-24B  rhyolite welded tuff (pyrrhotite bearing) (E) 10,13,16,17,20 R 13373
-24C  rhyolite welded tuff (pyrrhotite bearing) (E) 48,50 R 13374
MZ-25 rhyolite welded tuff with lithic fragments (E) R 13375
MZ-27A red silicious phyllite (A) 10 R 13376
-27B  meta green rock (A) R 13377
-27C  graphite phyllite (A) R 13378
~27D  green phyllite (A) 115,120 R 13379
MZ-28 basalt (A) 320,520 R 13380
MZ-29 basaltic pillow breccia (A) 1200, 2800 R 13381
MZ-30 medium-grained sandstone (A) 10 R 13382
MZ-31 rhyolite tuff breccia with lithic fragments (E) 8,15,28,35 R 13383
MZ-32 rhyolite welded tuff (E) R 13384
MZ-33 siltstone (F) 15,20,25,25,45,45
MZ-34 siltstone (close to MZ-15) (F) 12,18,15,25,28,35
MZ-35 siltstone (F) 24,25,28, 30,30, 31,31,38
MZ-36 siltstone (F) 22,22,23,25
MZ-37 siltstone (¥) 16,16,17,18,18
MZ-38 siltstone (F) 20,20,23,23,26, 26
MZ-39 sandstone (F) 12-15
MZ-40 siltstone (F) 15,15
MZ-41 beach sand (L) 220,288,347
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Data of N.R.M. magnetic susceptibility and density (exposed in a room condition) measured
on trimmed specimens, and magnetic susceptibility measured on pulverized specimens.

HERETAHK B3 HE B3 B
H&2 REBHOREUR, ARHEUE (¢), BRAERBRERCHERANO BERHHE (1) WEME

Magnetic properties of rocks

S ) Density R y
ample No. emarks
P Inclination Declination (10‘“e.r{x1:u Jem?) (lo_ﬁiﬁ)a’ ) (g/cm®
MZ-1 -1 143 27 0.2 21 2.55
—* 148 24 0.3
—* 166 10 0.3
-2 145 10 0.8 2.57
—* 149 —32 0.6
-3 95 —-19 0.5 2.48
—* 123 —25 0.4
MZ-3 -1 0.3 2.39
-2 0.4 2.39
MZ-7 -1 209 45 0.3 34 2. 51
—* 247 30 0.3
-2 69 8 0.3 2.52
-3 49 24 0.2 2.51
MZ- 8A-1 0.4 26 2.62
-2 0.3 2.63
-3 0.4 2.62
MZ- 8C-1 0.6 42 2.65
-2 0.3 2. 64 crack
-3 0.4 2.62 crack
MZ-10 -1 10 48 755 433 2.02
-2 11 47 610 2. 02
-3 0 47 638 2.02
MZ-12A-1 70 83 0.3 28 2.67
-2 175 —34 0.3 2.67
-3 93 46 0.3 2.65
MZ-12B-1 0.2 2.48
-2 0.1 2.46 crack
MZ-13B-1 0.4 2.71
-2 0.3 2.68 crack
MZ-14 -1 0.2 2.57
-2 0.3 2.57
MZ-15A-1 9 35 5.2 20 1.67
—* 3 37 5.3
-2 335 41 4.1 1.70
-3 59 —14 3.1 crack
MZ-17A-1 136 —55 1.4 10 2. 66
—* 131 —56 1.4
-2 194 —43 0.9 2.67
-3 149 —44 0.8 2.63
MZ-18B-1 127 —26 0.2 33 2.61
-2 145 41 0.4 2.63
-3 — — — 2.58
MZ-18C-1 140 —40 1.0 30 2.68
-2 149 —39 1.1 2.69
-3 137 —31 0.9 2.68
MZ-19 -1 165 —50 1.1 19 2.65
-2 158 —41 0.8 2.65
-3 158 —42 0.9 2.64
MZ-21 -1 0.7 2. 58
-2 0.4 2. 56
MZ-22 -1 56 29 23 67 2.68

I
2
I
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2 (o3%)

Magnetic properties of rocks

s e N Density R 5
ampile 0. emarxks
p Inclination  Declination (1o, K‘If w.jom?) (lo—ﬂléﬁﬂ?/cmﬂ) (g/cm?®)
MZ-22 -* 75 29 23
-2 358 27 45 2.68
—* 0 31 43
-3 132 —11 48 2.68
—* 128 -9 54
-4 78 - 3 25 2. 68
-5 216 57 81 2.68
-6 205 57 78 2.68
MZ-23 -1 331 5 72 40 2.73
-2 325 7 8.3 2.74
-3 168 —49 3.9 2.73
MZ-24A-1 81 —13 84 31 2.67
-2 43 —16 11 2.67
-3 32 2 6 2.67
MZ-24B-1 18 0 0.9 18 2.65
-2 252 1 0.9 2.65
-3 169 74 0.7 2. 66
MZ-24C-1 3.0 2.67
-2 7.0 2.67
MZ-25 -1 120 47 18 22 2.63
¥ 146 45 18
-2 53 85 51 2.63
—* 47 85 65
-3 134 . 16 36 2.62
—* 135 21 28
MZ-27A-1 166 —23 0.6 19 2.72
-2 157 2 0.2 2.71
-3 182 25 0.6 2.70
MZ-27C-1 89 133 2.70
-2 111 2.70
-3 197 2.70
MZ-27D-1 2.0 111 2.09
)} 3.2 2.99
-3 4.0 2.97
MZ-28 -1 301 5 28 1094 3. 06
-2 332 30 121 2.97
-3 252 41 23 2.89
MZ-29 -1 196 —63 508 2161 2.89
-2 195 —65 693 2.88
-3 208 —73 913 2.88
MZ-30 -1 38 43 9.2 27 2.62
—* 30 42 9.4
-2 349 41 6.5 2.59
-3 354 47 1.5 2.59
—* 350 53 1.8
MZ-31 -1 143 —22 31 27 2.60
-2 130 19 7.1 2.59
-3 53 7 0.4 2.59
MZ-32 -1 346 3 22 49 2.61
- 347 1 22
-2 116 11 12 2.60
=k 151 13 13
-3 175 —20 5.2 2.60
—* 185 —18 6.0
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Grid references to the sites of outcrops where measurements of magnetic susceptibility and
sampling were made.

No. L011(gEi§udc La(tli\?)lde Topolg:r5aof,>léiocomap Location name
MZ-1 131°29/26” 31°46/51” NH-52-1-10 Hyuga—Aoshima  ‘HIFH KT
MZ- 2 131°22/49” 31°48’ 8” ” B IR T LS
MZ- 3 131°22741” 31°48715” ” ”
MZ- 4 131°217/41” 31°467 4~ ” FE AT AR AL A RT = 2R 1Ll
MZ-5 131°21/47” 31°46715” ” B IR TR
MZ-6 131°19720” 31°47/10” ” B W R AT AR
MZ-17 131°197 77 31°47/10” ” ”
MZ-8 131°18717” 31°48717” ” E IF AR EFET B R
MZ-9 131°18734” 31°50/30” NH-52-1- 9 Miyazaki B IR AR BT BB
MZ-10 131°18/51” 31°51/20” ” B I AR B BT R B 3K
MZ-11 131°18’ 1”7 31°56/59” ” A R AR A ET R
MZ-12 131°14758” 31°55/55” N H-52-1-13 Nojiri SRR AN AT A 2 R
MZ-13 131°12/52” 31°55" 3” ” A6 7% R ER & AT
MZ-14 131°157 1”7 31°567 77 N H-52-1- 9 Miyazaki FEE R AR R ET AR 2 R IR
MZ-15 131°26/28” 31°58/38” ” B T AN AE
MZ-16 131°267 17 32° 17227 N I -52-6-12 Tsuma E I EME L RAT A R B
MZ-17 131°18720” 32°12720” N I -52-6-11 Osuzuyama TEER T N2
MZ-18 131°19/51” 32°11/34” ” HEER T AR R
MZ-19 131°217 1”7 32°10741” ” TR F A &
MZ-20 131°26729” 32°11/19” ” R AR ) BT
MZ-21 131°26/23" 32°11/23” ” ”
MZ-22 131°24'30” 32°127 5” ” U9 BB AR 35 T A R P U
MZ-23 131°24/34” 32°12710” ” " )
MZ-24 131°28725” 32°15747” ” RGN EITRE WA
MZ-25 131°29/37" 32°14/42” ” REMMETHE EHH
MZ-27 131°29740” 32°30725” N I -52-6- 9 Morotsuka REEE RN EREA
MZ-28 131°2233” 32°29729” N I -52-6-10 Mikado HEEBEENFT (B B)
MZ-29 131°24727” 32°27/15" ” TR R AR VE AT AR
MZ-30 131°42/14” 32°30722” N I -52-6- 5 Nobeoka FE A 7 AR K
MZ-31 131°43730” 32°29/45” N I -52-6- 6 Hyuga B ] 7 4
MZ-32 131°41/ 5" 32°28734” ” H [ Bl
MZ-33 131°26742” 31°57/47” NH-52-1- 9 Miyazaki BRTHFLE s
MZ-34 131°26/28” 31°58738” ” B I T 4 A 18
MZ-35 131°24/52” 32° 2/46” N I-52-6-12 Tsuma EIE AR R IT - H B R R
MZ-36 131°22720” 32° 2/28” ” HEHERT 4T
MZ-37 131°21/18” 32° 1741”7 ” T R b
MZ-38 131°25729” 32° 6728” ” T R T
MZ-39 131°28/36” 31°47/59” NH-52-1-10 Hyuga—Aoshima ‘BB TEENEE
MZ-40 131°28738” 31°47/59” ” ”
MZ 41 131°28727” 31°47/56” ” BRTE BITIRER

— 136 —




