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Abstract: High susceptibility bands of about a few meters were shown at contact zones between ilmenite-
series granite and andesite of Miocene volcanic conduits in northern part of Ehime Prefecture, southwest Japan.
A profile of susceptibilities across the Senohana volcanic conduit in Nakajima, Matsuyama City clearly shows
high susceptibility bands. Thirty-nine andesite and contacted granite samples were obtained from 11 sites of
the Miocene volcanic conduits. Susceptibility, natural remnant magnetization and density were measured of 42
samples. Thermomagnetic and hysteresis measurements were carried out 15 samples of them. Natural remanent
magnetization and susceptibility of marginal parts of volcanic conduits tend to be stronger than those of the inner
part. Hysteresis parameters suggest that magnetites of marginal parts are smaller than those of inner parts. The
granite in contact with andesites exceptionally had high susceptibility and natural remnant magnetization, although
ilmenite-series granite had quite low susceptibility and natural remanent magnetization. A lot of fine magnetites
were recognized in the granite in contact with andesite by microscope observation. They seem to be formed from
biotites in the granite by contact metamorphism with intrusion of volcanic conduits.
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Table 1 Natural remanent magnetizations (NRM), MDF, initial susceptibilities and density of 42 samples are shown.
Site | Sample | Rock | Pan | SEN MEL SSRGS | Ay Shed
Ea Eal andesite inner 6.28E-03 15 5.67 2.79 5
Ea2 andesite margin 7.59E-03 >50 28.40 2.81 5
Ks Kg01 granite contact 2.20E-03 29.10 2.66 2
Kg02 granite contact 2.69E-02 15 45.80 2.67 4
Ka01l andesite contact 2.12E-04 20 2.27 2.81 2
Ka02 andesite contact 1.20E-03 1.41 2.86 9
Ka03 andesite contact 1.54E-04 471 2.82 11
Nal Nalgl granite outer 1.68E-07 35 0.20 2.69 1
Nalal andesite margin 7.67E-04 25 9.78 2.82 11
Na2 Na2al andesite contact 6.82E-04 20 12.80 2.77 7
Na2gl granite contact 2.79E-04 25 1.24 2.73 2
Na2a2 andesite inner 6.48E-04 35 0.62 2.71 7
Na2a3 andesite contact 2.35E-03 30 13.30 2.51 3
Na2g3 granite margin 1.09E-06 >50 0.12 2.66 3
Na2a4 andesite margin 2.59E-04 15 6.02 2.74 3
Na2a5 andesite center 1.06E-04 15 4.59 2.72 13
Na2g5 granite outer 1.62E-05 25 0.18 2.67 1
Na4 Nadal andesite margin 3.43E-03 35 18.40 2.80 1
Nada2 andesite margin 3.10E-03 15.00 2.80 2
Na5s Na5g3 granite outer 1.75E-06 45 0.16 2.69 2
NaSal andesite contact 2.49E-04 15 7.87 2.98 5
NaSgl granite contact 3.62E-03 17.05 2.40 2
NaSg4 granite outer 4.56E-07 30 0.19 2.65 1
NaSagl |andesite contact 1.42E-04 10 1.79 2.56 1
NaSag2 |granite contact 1.67E-03 15 21.80 2.48 1
Kn Knlla |andesite margin 1.09E-03 25.80 2.81 2
Knllb |andesite margin 1.37E-03 >50 24.80 2.70 2
Knllc andesite margin 9.82E-04 26.70 2.71 2
Knl2a |andesite margin 1.76E-03 24.80 2.73 2
Knl2b |andesite margin 1.76E-03 26.10 2.77 2
Knl2c¢ andesite margin 9.94E-04 27.70 291 1
Knl3a andesite center 3.88E-04 29.20 2.50 2
GK GK11 andesite margin 1.01E-03 11 7.35 2.79 2
GK12 andesite margin 4.31E-04 11 5.64 2.74 2
TK TK1 andesite center 2.29E-05 26 4.77 2.66 9
TK2 andesite margin 3.58E-03 10 33.27 - 12
Ts Tsl andesite margin 2.28E-03 10 6.71 - 8
Ts2 andesite margin 5. 88E-04 20 14.66 - 8
Go1 Gol-1 andesite center 3.25E-05 30 4.825 2.67 9
Gol-2 andesite margin 7.85E-05 44 9.734 2.63 9
Go2-1 andesite margin 1.05E-03 35 4.89 2.68 4
Go2 Go2-2 andesite margin 1.88E-03 19 33.60 2.68 5
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Fig. 6  Alternating field demagnetization data of contacted granite (Na2gll) from Site Na2 (Senohana in Nakajima). The sample was
not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An
orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.
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Alternating field demagnetization data of an andesite (Na2al4) in contact with granites from Site Na2 (Senohana in Nakajima). The
sample was not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere.
(b) An orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.
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Fig. 8  Alternating field demagnetization data of an andesite from the central part of a conduit (Na2a52) on Site Na2 (Senohana in
Nakajima). The sample was not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the
lower hemisphere. (b) An orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted
with solid circles and vertical (North down) projection is plotted with open circles.
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Fig. 9  Decay curves of the normalized NRM intensity against
the demagnetization field. Solid circles indicate data
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squares indicate NRM intensity of granite in contact with
an andesite (Na5ag2).
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Fig.10  Alternating field demagnetization data of a contacted andesite (NaSagl) from Site Na5 (Kuwana in Nakajima). The sample was
not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An

orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.
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Fig. 11 Alternating field demagnetization data of contacted granite (Na5Sag2) from Site Na5 (Kuwana in Nakajima). The sample was
not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An

orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.
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Fig. 12

Decay curves of the normalized NRM intensity against
the demagnetization field. Solid circles indicate
normalized NRM intensity of an andesite obtained from
a central part of a volcanic conduit (Eal4); open squares
indicate normalized NRM intensity of an andesite
obtained from a marginal part of a volcanic conduit
(Ea24).
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Fig. 13 Alternating field demagnetization data of an andesite obtained from a central part of a volcanic conduit (Eal4) from Site Ea (Eryo-
san). The sample was not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower
hemisphere. (b) An orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with
solid circles and vertical (North down) projection is plotted with open circles.
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Alternating field demagnetization data of an andesite obtained from a marginal part of a volcanic conduit (Ea24) from Site Ea
(Eryo-san). The sample was not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the
lower hemisphere. (b) An orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted
with solid circles and vertical (North down) projection is plotted with open circles.
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Decay curves of the normalized NRM intensity against
the demagnetization field. Solid circles indicate
normalized NRM intensity of an andesite in contact with
granite (Ka01l); solid squares indicate normalized NRM
intensity of granite in contact with andesite (Kg01).
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Fig. 16 Alternating field demagnetization data of granite in contact with an andesite (Kg01) from Site Ks (Kashima). The sample was
not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An
orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.

t

Ka01
0
Up, W Ka01
1 330 30 1104 —
0.8 F i
r 8 10
0.6 60 *
0.4 F 610° |
0.2 f L
410° |
o 0 90 [
210° |
s 01 N (An?/kg)
240 120 | .
2107 oot o S— — S— S—

210 150 -210° 0 210° 410° 6 10° 8 10° 1 10™
180 Down, E (Am?/kg)
BT RFMREAS R, Y4 b Ks (L) OIERA & L T2 RIA (Kall). (a) SRIEHEN (@IERANIE), (b) ¥4 & —
~JU R Eic AP (@), Zi: el (O), L.
Fig. 17 Alternating field demagnetization data of an andesite in contact with a granite (Ka01l) from Site Ks (Kashima). The sample was
not orientated. (a) Data are plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An

orthogonal projection of data plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and
vertical (North down) projection is plotted with open circles.
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Fig.18  Decay curves of the normalized NRM intensity against BREBTCMET S ZLI2kD, yHIETE 2135

OF andeaitos from Site K (Reminanbay opon marke  WEEABHNCA S, T OKISEF 2 ) — ik b ST

indicate data of andesites from Site GK (Miyukiji-yama). w3, 71;9(181%4: D & FIFIRGAL A3/ X 00, B*H 1

Both sites locate on marginal parts of volcanic conduits.
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Fig. 19 Thermal demagnetization data of an andesite (Knllb) from Site Kn (Kaminanba). The sample was not orientated. (a) Data are
plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An orthogonal projection of data
plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and vertical (North down) projection is
plotted with open circles.
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Thermal demagnetization data of an andesite (GK11) from Site GK (Miyukiji-yama). The sample was not orientated. (a) Data are
plotted on an equal area projection. Solid circles are projections onto the lower hemisphere. (b) An orthogonal projection of data
plotted with North on the horizontal axis. Horizontal projection is plotted with solid circles and vertical (North down) projection is
plotted with open circles.

154 Y 7D A7) ¥ 285 & — 4 — (Js,Jr,Je/ls,He,HerHer/He) & F 2 ) =& (Te). (A,in): fBRE L 32 L T
BRI, (Ac): fBhEfs L AL TO LI, (Ge): KIE &ML T3 1ERYE, (Am) KIS SHOZLE 5
"ol Zls .

Magnetic hysteresis parameters (Js,Jr,Jr/Js,Hc,Her,Her/He) and Curie temperature(Tc) of 15 samples are shown. (A,in): andesite

from inner part of a conduit, (A,c): andesite in contact with granite, (G,c): granite in contact with andesite, (A,m):andesite from
marginal part of a volcanic conduit.

sample Js (Am*/kg) | Jr(Am?/kg) Jr/Js Hc (mT) | Her (mT) Her/He | Tc (°C)
Na2a2(A,in) 0.1207 0.0148 0.1229 2.7729 11.1383 4.0168 X
Na2a3(A,c) 05114 0.0793 0.1550 9.3904 29.6602 3.1586 543
Na5gl(G,c) 0.7605 0.1491 0.1960 | 10.0324 13.0734 1.3031 443
Gol-2(A,m) 0.0559 0.0030 0.0529 5.7846 18.6960 3.2320 530
Go2-1(A,m) 0.1535 0.0234 0.1523 | 11.0860 23.7930 2.1462 487
Go2-2(A,m) 0.3618 0.0427 0.1180 | 11.1340 28.3900 2.5498 522
Knlla(A,m) 1.3040 0.1486 0.1140 9.1130 26.0400 2.8575 485
Knl12b(A,m) 1.2400 0.1370 0.1105 8.6640 26.7100 3.0829 410
Knl13a(A,m) 1.1180 0.0087 0.0078 7.5360 26.1800 3.4740 520
GKI11(A,m) 0.1882 0.0282 0.1500 | 11.6900 18.5800 1.5894 470
GKI12(A,m) 0.0016 0.0002 0.1060 | 11.6400 31.5200 2.7079 x
Kg01(G,c) 1.9051 0.1552 0.0815 4.9417 11.9520 2.4186 525
Ka01(A,c) 0.0648 0.0080 0.1234 9.0689 20.2180 2.2294 540
Eal(A,in) 0.2156 0.0162 0.0752 5.6893 21.8004 3.8318 550
Ea2(A,m) 0.6158 0.1049 0.1703 | 11.0266 36.9995 3.3555 460
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Fig. 21 Hysteresis parameters Jr (saturation remanent magneti-
zation) and Js (saturation magnetization) as a function
of Hcr (remanent coercivity) and Hc(coercivity) in
andesites(e) and granites(m). MD area boundary was
referred to Dunlop(2002).
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Fig. 22 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using a granite(Na5g1) in contact

with andesite from Site Na5 (Kuwana).
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Fig. 23 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using granite(Kg01) in contact
with andesite from Site Ks (Kashima).
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Fig. 24 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using an andesite(Na2a3) in
contact with granite from Site Na2 (Senohana).
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Fig. 25 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using an andesite (Ka01l) from
Site Ks (Kashima).
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Fig. 26 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using a andesite sample Eal
from central part of a volcanic conduit, Site Ea (Eryo-yama).
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Fig. 27 Examples of the hysteresis loop at room temperature (a) and the thermomagnetic (Js-T) curves (b) using a andesite sample Ea2

from marginal part of a volcanic conduit, Site Ea (Eryo-yama).
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5. Bugiihsi CE 27 X b) 2 5 FiAMN 5 i
GO F 1) — i 460CTH B, X 51z, Edigibdh
WMOIFIRIE, SEFTRTCEZLZDLRERIZALH (F4
v xR a4 ) LRt EZTTTEZ vy (F
BI)3ITANTA L) DRAEETHDIEZEALND.

5. IRMEREIEER

KIS E R LT B EEA R, EML T3 m
DFRNFEPHD AT H 28 ) 5V NRM % 52 Z & 25580
bNiz. 22T, ThoDRREMRERS 72012
LS O SR BEBIER 217 > 72,

+4 b Ks () TS N7z NRM D5 RS
(Kg0l) oFEMEREEz X, PIENICEEh S H
FERRNEBIC > THIRID < 27 3 & 4 b LIRA TR,
FEICER IR TWE Z BN (58 28 K,
29 X)), RARIZ, ¥4 b Na5 (hEZ4) TR
NERIEEHLTHED, NRM OO ERARTH
% Nabgl O HERE SEM B2 K D, fiisd THIKI D

i

H28X 44 b Ks (FEE) Ofties (Kg0l) DOIRICHEMEE
HE, B2 06mm. 70 Z=3)L, BOR{%EE -
7= SRR RF OO A TR P L34

Fig. 28 Photomicrograph of granite (Kg0l) from Site Ks
(Kashima). Crossed nicols. Long side: 0.6 mm.
White abbreviation B shows psuedomorphs of biotite
surrounded by quartz.
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Fig. 29 Photomicrograph of granite (Kg0l) from Site Ks

(Kashima). Reflected light. Long side: 1.0 mm. White
small grains: magnetite.

30X YA b Na5 (hEF4) 2SR S h= ey
(Nabgl) D HERHRIGD SEM Mg, WK EDRIR
FERMN 7 3 24 T, WKEORIRSS Okt
i) lCEdAET 5.

Fig. 30 SEM image of the biotite psuedomorphs of granite
(Na5gl) from Site Na5 (Kuwana). Light gray grains of
magnetite scattered on the sheeted clay minerals.

273 a4 b ERAER LGS EREh TS T &
DHER S N7z (30 X). LIS OfER S IZE £
NBEERNIIZZ S LAZEERBRD Ok h -7z,
A0 72 SRR RE DS A IS & B 2B TRIEH R~
T3 A4 PR ENBEDEZE LW ETiEay (i
AAIHEA, 1987 ; /Ibk - I, 2005). Z2Z2T8, &

AP EALZBEOBMEEII X > T, fBREICEZ
NEHEEROAPEBE L2 EZ6N5. Lrd, &
KD A ML L TnwB Z &, BETEL
T84 FBMIRTHBZ EnS, TDXS ENIE
LB RIS 6 0 2 IR GBI T db - 7= & Pl
b, F7z, ZTho OIS »RD 5 hix
W7o, HEROGIE->THEC YT 244 b3
WHIT BB RE L NRM 2 EH L7222 & 5 »
27857,

6.% &

FARWLALERICE 3 2 SR G I, v 712 24
DK BAFECGHEMA YL, £ AE NRM & £z
72\ (Ishihara, 1977). Z DTG EHKIZ, RILAE~ Y
YHEALZBEICEWNT, KIEFHEHEL TS
¥em OFPHCHEENEL L2 HEIRD SNz B
4 F Na2 (FE#O&) TR ZRBEOWEE T 0
T AN, ZTOR#HAERL TS, SOEXNALE
/57001, fERELRINEDHERIZEHL T
ROV A TNRM L@ ROME %2> 72 4
FNa2 T, 707 74D, fERASRINES
P L TOBBDIE S ML Toa Wikt kb 8
NRM &SN & 2R L 7.

SIFHIZER L2294 MiE, Na5 (hEHE4) & Ks
(FEkS) T, RIlH L L T AIERSIZZ DY T
WNRM BRO6N7=ZETH 5. 41 b Nab(hE24)
BT 5 OIARM O BRERHERY (A8, 1960)
ThHY, JL4I13MDTNRM 2590, 44 b Ks (FEE)
T8, [ CHEEAER S 3R o RUR A E P
BT, RILEITHEM L T4 TiE NRM 239
THWZ &R L L2L, 202494 FTi,
B FEA L T 28RS I3 m ORI T A 2%
DAV NRM #F5D. Zho3fEMaicEEhsrBE
KRS OB AC X 2 B0 X 0 R oy g
L, NRM #{H5 v % & 4 b &R L §h — kg
KEh=2Lizks.

—7, ¥4 FEa (ARIL) THR6IhZ K5 %, &
HEE D KIESED #5505 (Ea2) &0 (Eal) TO
NRM DWW, 7 v MERs & @i L Cauf S hiz
R TR T A4 XAV OREMESE AR X h, B
WNRM 2B L2 &2k 5. zhizdL T, i
EBIETENESE I ORI T3 4 XK E L FEH L 72 NRM A
REETH->TeHEZ6N5 EIZ, (KRR BEE
IZHARTHEA TS, PLED XS AHHT, BIED
NRM A HUOEBIZ IR TH L g 5. X 5123 A
I Ea D8y, KILESEZE LD A TO 2B MR R
ENTHRIAEL TOE, ZO=0KIIEEEDZIET
JAAL DS — Rt ARG IO K& N~ 44 D XS & §h
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DIE S ANRM 8. LA LB & 32\ 7= 1Ed 513,
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RICTHRENEE 0 S HICHERED FRE T
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[ C < OB M ZE B oo /NS S e, oLy R 1t
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and Smith, 1991) % 7=,
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