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Rock magnetism and paleomagnetism of a lava dome of Tomuro Volcano, Ishikawa Prefecture, Japan
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Abstract

We have investigated rock magnetic properties and remanent mag-
netization directions of samples collected from a lava dome of Tomuro
Volcano, an andesitic mid-Pleistocene volcano located on the Japan
Sea side of central Honshu. Detailed thermal demagnetization exper-
iments and rock magnetic investigations including analyses of isother-
mal remanent magnetization and anhysteretic remanent magnetization
specify the mineralogy, concentration, and grain size of magnetic min-
erals in andesite samples. Magnetite and hematite are identified as
magnetic carriers. However, each mineral concentration differs
between bluish andesite (so-called Ao-Tomuroishi) and reddish one
(Aka-Tomuroishi) ; the latter contains more hematite and less mag-
netite than the former. Magnetic granulometry shows that magnetite
in reddish andesite is finer than that in bluish one. At the Mt. Tomuro
andesite dome, bluish andesite constitutes the majority of the dome
whereas reddish andesite occurs as highly oxidized parts at the dome
surface. Based on these observations, we conclude that in reddish
andesite, high-temperature oxidation of magnetite grains caused their
partial change to hematite and, as a result, reduced their effective
grain sizes. Inconsistent site-mean directions were determined at
three sites, although they all have northerly directions of normal polar-
ity. This inconsistency would be explained by assuming deformation of
lava at the dome surface below blocking temperatures of magnetite
and hematite.

Key words: lava dome, paleomagnetism, rock magnetism, Tomuro Volcano,
Ishikawa Prefecture
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Fig.1. (1) Relief map of the Tomuro Volcano area showing locations of sampling sites (T1, T2, and T3). Contour interval
is approximately 10 m. Lavas are delineated after Sakayori et al. (2004) (TML, Tomuroyama lava; KGL, Kigoyama lava; TNL,
Tanoshimajyo-ato lava; OL, other lavas). The map is made with a three-dimensional landscape navigator software “Kashmir
3D ver. 7.73". (2) Topographic map of the study area, based on 1:25,000 topographic maps “Fukumitsu” and “Kanazawa”
by the Geographical Survey Institute of Japan.
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Fig.2. Zijderveld diagrams showing representative stepwise demagnetization results. (Upper) Single-component magnetization.
(Lower) Two-component magnetization. PAFD, progressive alternating field demagnetization; PThD, progressive thermal demagne-
tization. Solid (open) circles indicate vector endpoints projected onto the horizontal (north-south vertical) plane.
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Table 1. Paleomagnetic data.

FEKIEE B —ADE AR & IS

Component H Component L

Site Sample J D I MAD  Range D I  MAD  Range

(Rock) (@) @) ) (@] © )

T1 1A 3.35 343.2 42.1 0.9 30mT-ORG 352.1 46.0 1.0 5-30mT
(Bluish 2A 2.18 346.7 47.2 1.4 30mT-ORG 0.2 52.8 2.6 5-30mT
andesite) 3A 3.29 354.1 46.7 22 5mT-ORG

3B 2.10 351.8 48.7 0.6 400°C-ORG 23 47.4 2.8 RT-400C
4A 2.28 353.0 48.3 1.3 5mT-ORG
5A 1.93 350.5 48.4 1.1 5mT-ORG
6A 3.07 1.4 50.1 1.5 0mT-ORG
TA 2.94 353.6 483 2.7 7.5mT-ORG
7B 2.57 351.0 48.7 1.1 RT-ORG
8A 2.23 0.6 50.5 1.4 SmT-ORG
Mean 352.4 48.0 (ags= =10) 358.1 488 (ags=7.8, N=3)

T2 1A 6.32 353.6 24.0 22 600°C-0RG 335.7 49.2 1.6 400-580°C
(Reddish 2B 7.25 354.4 222 1.0 580°C-ORG 334.4 40.9 2.1 400-580°C
andesite) 3A 6.92 3534 20.9 0.7 580°C-ORG 335.0 42.1 0.7 RT-540°C

6A 8.11 355.5 23.5 0.5 600°C-ORG 3345 47.8 0.7 400-580°C

7B 8.07 354.7 24.0 0.5 600°C-ORG 3333 45.7 4.1 RT-580°C

8A 6.97 352.2 25.1 0. 600°C-ORG 334.7 47.2 1.6 400 580°C
Mean 354.0 233 (ags=1.5, N=6) 334.6 455 (a¢5=2.8, N=6)

T3 1A 3.54 342.4 31.1 1.2 RT-ORG
(Reddish 1B 395 344.2 30.2 1.6 450°C-ORG 335.6 355 1.9 200-350°C
andesite)  2A 5.07 345.6 29.3 1.3 5mT-ORG

2B 3.89 346.1 30.5 1.1 RT-ORG

3A 341 346.5 29.5 0.9 480°C-ORG
4A 4.11 343.0 28.7 0.9 100°C-ORG
5A 6.21 348.3 28.2 0.9 480°C-ORG
6A 6.68 345.8 32.7 0.9 480°C-ORG
7A 6.48 347.5 29.8 1.4 480°C-ORG
8A 6.60 347.1 26.6 0.3 540°C-ORG

Mean 345.7 29.7 (ags=1.4, N =10) 335.6 355 N=1)

Component H is high-temperature (high-T) or high-coercivity (high-C) component, and component L is low-T or low-C one.

J, intensity of natural remanent magnetization in 10

Am’ kg

l; D and I, declination and inclination, MAD, maximum

angular deviation (Kirschvink, 1980); Range, demagnetization range used to calculate direction by principal component

analysis (ORG, origin of vector component diagram; RT, room temperature); ays, radius of 95% confidence cone; N, number

of samples.
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Fig.3. Representative thermal demagnetization curves. Arrows
show approximate maximum unblocking temperatures.
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Fig.4. Lower-hemisphere equal-area projections showing (1-3) directions of magnetization components determined for individual
samples collected at lava dome sites and (4) site-mean directions. The geocentric axial dipole field direction is shown by crosses.
Ovals about mean directions indicate areas of 95% confidence with radius « s.
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Fig.5. Results of IRM component analysis. LAP, linear acquisition plot; GAP, gradient of acquisition plot; SAP, standardized acquisi-
tion plot. Open squares, data points; thin solid lines with numbers, coercivity components; thick grayish line, sum of the individual com-

ponents. Magnetic parameters are summarized in Table 2.

Table 2. Parameter values of IRM coercivity components.

Site Comp. SIRM Contr. log(Hyp) Hip DP
[Sample] Am’kg) (%) (mT)
TWRI[8] 1 112x10 ' 96 144 28 031
2 5.00x10° 4 200 100 091
TWR3[7] 1 160x10° 42 153 34 024
2 220x10° 58 270 501  1.00

SIRM, saturation isothermal remanent magnetization; Contr.,
contribution to total SIRM; Hj,, mean coercive force (at which half
of SIRM is reached); DP, dispersion parameter (one standard
deviation of logarithmic distribution). Analysis was made with
computer programs "IRM-CLG 1.0" (Kruiver et al., 2001) and
"IRMUNMIX for Excel" (Heslop et al., 2002).
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Fig.6. Banerjee plot (biplot of anhysteretic susceptibility % ar
and low-field susceptibility x ) . Grain-size estimates indicated
by broken lines (0.1 xm, 0.2 ¢#m, 1.0 ©m) follow King et al.
(1982) .
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Fig.7. X-ray diffraction patterns of bluish andesite and reddish
andesite samples. Hm, hematite; Mt, magnetite; P1, plagioclase;
Px, pyroxene.
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DRI A FDFIOE =T BEFNRNS A 5N D280, I
S5IINTY A1 hOE—rTH2 5.

E-

1. BREALHFFERDOHMELY

HE SO ERTEOICE TN DS 2 AR X R
EESRBE DFERN SHEET B, MR X FREHT 20 5,
HBREAOIRT YA Me, REEAEIITRYA FEAT
Y4 O GEEDZENDMND [Fig.7). FU Z EI3E
RN 5 <RI NS (Fig.d). IRHOEHEAEAIT
XTI IHA S BRMET S 580 ~ 600 CHHLD T 255, 7
FEAIED T IIMATARY A R ERTH 680 °CD T
Rz F£7z, T3 ORFEARENIK 650 CTD Tw IR
L7y (Fig.3), UL T ZENMNIELFH /AIFA KT
H55 CUF, NXYFA M. REEAHANTYA b
UL, AOBRIRRERITNWS 2L, KUIRF
EADNREBHIFCR BB FHR Th HEE R—L%K
BEICHMT 22 @) 1o HERGICHRTES., 35
12, PRI R ENTRSREE R EHICH A Y A hEEN
5T EERBT S (Fighs, Table 2). DT THEES N/
BHEIRRSY 1 & 213 Hie & EROiRN & ZNTNI T 35
A REARYA MTEWRWD, FRIEID 2 3 HFEAIC

£

. g
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HRO LNz, D EDiERN S, BRSO SRR EMATHIC

RTFRTA NEANTYA G EfEmanb.
HFRBEOERFEANINT YA M EATY A Mgkl

LTEENDD, BEBLOHNWFELEL TOZNS OEE

3lA G CTRRS, SFEAOHE, kS 2 O SIRM

BT 4% &/NE W (Table 2). %72 PThD T 600 Cf}

I THREERALIRE DY NRM D 1% FEENZNLL FICE THE

L7 (Figs. 2, 3). 25 UL7=EEI, HFREODOEREMED

KEMI T YA ROMESTHBD, AY A S OERRISH

OTNS<KFEEEMETELZEE2RT. BASAYY A b

OERBERORFEOITINTHY DRNDEAS S, i

F, FREEATIELLFICRRD LHIAY Y1 N OEBNE

HTERN, REEATOHEREAOEE LML, RERIE

DF90% MZFNLL LK 600 COMMETHIL LD

(Figs. 2, 3), WEBULOFESHWFIT/ 251 bEEA

5. L, REEAIEN—%)) SIRM OO0 2R

B 2 A%ES  (Table 2). ANY& 1 O/ SIRM 13~

THREA1 RDZENLD S 1 H/hS W (Peters and Dekkers,

2003). TOEORFEADARYA MEHEIIMYZ W E

SALD. T REEAD T2 TRIZ L OB S H 5l

ELROGNGEEI N, TS OAMIZEWIZEL > ThE

(Table 1, Fig.4). T35 DK TIL H o OHEWFIZIHS

NI A R TH5. LEN>T, REEATIIFERE#R

DHNWFELTATYY A M ERETEN,

2. BRBEILICKBATIA NDERET T RI A MEIF
YA XDEAL
HREAOERFEATIEIIT YA NORITH1 XhE

5 & 572, Banerjee plot 2 MW=k 791 X OMGEHERIL

(Fig.6), BREOXVRFEGDHNIT YA NOKIT

PA DN N EZR<RET S, T OME TIIYIRMEER

& ARM BHERIZHT HAT Y1 hOFHREZBEBL T

B, ANXYA SO LRII<T T 251 hOZFNIC

HETHREWIZ/NE < (Peters and Dekkers, 2003), 7z

ANYZA1 MIARMZH FE D #EEL /2y (Maher and

Thompson, 1999 ed., p.38). T D7z, KiFH1 XDER

ICIEH TERWEEZ 5 A DT EATY A FOPEBRKEN

EFEZIT< N,

IO LRI RYA NORFHA ZDENINIYY A FD
R E IR LIZDDTH B EEESIIHRTS. <7
FHA S ORI EHRBIIZE DAY Y A ML=
EMRT I A NOMBLDIRKTH 2 EAETIUS, A6
DEDENTHIRL RT3 A MR X DiENZ
T&E5., IO LT OANETTIUTLARIY T R5 1 hD
EERBEDT DT THS. FEEA (T2 & T3 Oilkh
OHBALRIIEFEG (T1ORRD KDbH/hEIho /-
(Fig.6). F£7z, REEAORBEII 1 O SIRMIZEF=E
LDZFND 10 %FETH S (Table 2). SIRM ISHIHHALR &[F]
HICZOEHRBZEETOINIA—YTHD AT,
Robinson, 1986). Z#15 OHIIIRFEGDOIT YA
BRI N2 0 DI &R L, B35S ORMNZY
ThHIEERBT 5.
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3. REBHEBROBEDER

3 MU CHRIE S N IREERAE A AT H sy, L psr3kiciE
T, IbX 0 DREME 20°~50°DIRfAEDHD (Fig.4).
K-Ar 4% (E7KIZA, 1988; #HEFIEA, 2004) 1 TF =LA
Brunhes Chron IZERI N2 L2/ RLTHD, EHEE
WOFERIZZE S ULERBIE AT 2.

HIEEADTL T, HkGE LG ORMICENDS &
WEAT WTNHIYT YA MONEESENTF), Mk
EBHHLORR RIS ST E X <PTWz, ZHUL T OEE
78 TRM SRR ISR ECER 2 1T LA EZT TN &%
REY %,

FRITH L, FRFEAD T2 & T3 TIREHMSNTH Ko
(N Z A RAHHWTE) & Lksr (EIIRTRY A MEHN
F) OHANERD, HSRTHAMNRLZ> TV 5
IZENS DHAIE T1 OFAH BT RESL & ® Bz
> TWe, FRILNTIREEED s <Az ED
BEOHMZ L LZONIbh> Thign, Lirl, 20
A R—L3 A8 1.5 km, HFEK 1 km, EEHSOES
1359200 m & (FIEIEA, 2001; HEEFIED, 2004), E R—
LAELTHIZRENWDIT TR (A%, 1976). ZOM%
EETDE, BANEHREORENSTFI AL MDD T.
(680 °C) ETHHIT 2 DITHIRER LA KEZAET 107 LA 1
BAMT HIFEDEWHIH GEfitt &t LRI HED
<E100 PR ZHLEEIFEZIT W,

T2 & T3 THONIZERERAL ML OAR—H DK E LT,
TRM %P ZEIL DR THRE DA Z > 7= iRk
MENWEEESIZEZD, YT IY A MO R >
PHSH TR S TW=Z &1d, 25 OHlisis 580 ‘CLL T
ICEWHIL 2 RRICENRE Z 5722 L& RET 5, MiisiTH
BRGr DHNNRIS D Z 21, BRBIETAY Y1 MOYEHL
THREBA L2 A5 U TR DT L T e 2 & 2R d
5. T2 & T3 fHEEICHBT 2 ILERT OHEFNT 30° /1% TdH
5. ZOXOIBERIBTIE, AR AR THEIZIC, S
W EE U 7B E N E ) FCARE LD, K0ERTHY
R TH A DEENT D EZBWONE LI, £
THER T Oy Z BN TEEERIEZE LU THED 5
NTNBE XD James, 1966; Nishitani and Sasaki, 1988;
Sakamoto, 1992), R—ANEOEERENIES TR—L54
BTCRE) - MR EWS RS DD, ZDLDIT,
FEILTIEEE F—LANHOWE AL TRM BEEZICIEEAE
FNTHHT, 5 TREDEEIL TRM EE#RICER L2
S5LWTZ EAVRMINDD, 5 LEBENRAE R—LTYE
BIZRSNDZERONEDINERFT 2 ENSHREE S
BEAZHN5.

5 i

AWZETEE B, SRR T 2P EX RN
S ERIL, AAMRK RO ETTo 7. E
rafdama LA MIZFIRC Y %,

) HFEEA (@a R—LNOKRID) OERE#LZHED

TEBWIEIIII T 351 b ThH . REEA AR

FEKIIEE R — L DA AR St 543

—LAEEBH) THEEBMOTRF v 7 -3 %A
R THDM, N\IZA MOHYEEN, ENHHED R
bz EHTERN,

@) HFEOERFEATIERT XY A ORI Y1 XBR
%, BENLOMEITH D, FWMHETIIYT Y1 b
EHRDLERRD, BEOFI NN, T LzENIEA
RIA NOIRRIHE>TECZHDTH 5. REEATIE
FIEICEEND T I A ORI DEREELICE DA
YA MIERL, FRUTEORTRY A NOEHE LK
T XhEA U7z,

B FEILO 3 Mgl TIEM#EOFRE B RE S Nz
MmN, FNSIEHER TR > Twz, HERFEAOHE T
H, L Wipkr OB MOEIET 5L, HuD SRR 0 & ®
KL PUTW, UKL, REEANGRE R—AKE
BB 2 M TlE SN T H Bl & L RS> D 5 ALAs 7
0, OB TG AL EHRESEIZ>TWE, 250
FRERMN S, FEINOER TIE TRM EBERICIAE DL
AV Z o 7z RTREMEDE W,

El 32

R XRET T TR EER (SRR ICBHEEE
27z 7 FRECKR EHEERD) IR E A
HIETTH W W BIEFTLER @RKS) SR
PIIRICIMENT OB E THoR W2 W, ERELR (&
RKR%) EHEMER @RS I3z Tz
Z, BipKI3FEIKHERIC DN TS THRW 2720
2. MRHXR @RS LEARZE, KOREHEYD
PREFEALIC (KBRS METEVWZIA S MIKD, &K
amldRELSEINZ. UEOALITHESBGH L ET. A0
FRITVETERL 13 LA H B SR E R S i A e plb K
OSCRHERISEIIZE a4 (14740291) O—Z M L7z,
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