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Abstract: This paper is intended to show the relationship between susceptibilities and degrees of serpentinization
of serpentinized peridotite. The susceptibility, magnetization and bulk density of 79 serpentinized peridotites were
measured. Moreover, rock magnetic analyses, i.e., acquisition of IRM, thermal demagnetization of composite IRM,
thermomagnetic analysis, and low-temperature magnetometry, were applied to selected samples obtained from
the Iwanai-dake ultramafic rock body in Hokkaido, Japan. Samples with similar peridotite contents were chosen
to detect the serpentinization effects clearly. Results show that the magnetic carrier is mainly magnetite. Linear
trends fell between 0.1 % and 0.4 % of the predicted volume of magnetite when observed susceptibilities were
plotted against densities. The study results show that, if the magnetic carrier is magnetite, the relationship between
susceptibility and density reveals the variation of serpentinization reactions. A significant spread of the data is
apparent, but it remaines along each linear line of reactions. The volume of magnetite produced by serpentinization
of other ultramafic rock bodies is presumed to be similar in samples for which the magnetic carrier is magnetite.
The different susceptibility is inferred to result from the volume of water reaction when these rock bodies come
from the same peridotite series. The results suggest that comparable amounts of reacting water affect the ultramafic
bodies. The water reaction was found to be an important approach to solving many tectonic problems. Therefore,
we recommend that serpentinite, which has the same basic reaction should be used to elucidate tectonic problems.
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Fig. 2 (a) Densities are plotted against degrees of serpentinization. Samples were obtained from Site Iw92.

(b) Susceptibilities are plotted against densities of all samples.
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Fig.3  Alternating field demagnetization data of serpentinized
peridotite (Ir25) from Site Ir89. The sample was not
orientated. 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.

Up, ¥ Ir54-ThD

0.00015 — — ——
—a—Ei
—o—Zl

00001

510

NEA® kg )

-5 10 |-

-0.0601 -5 0 1 510 1.0001 0.00015
Down, E (/i)

i

-0.0001

AKX BOSRASROF A £ — UL FX. Ei: AKPEHE
(@), zi:ghmwmiksg (O), LA F. 4 b 189
M 5155 NzlehCsE ikt 64 Ofl. BN G D
FE R TR,

Fig.4  Thermal demagnetization data of serpentinized
peridotite (Ir54) from Site Ir89. The sample was not
orientated. 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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B1E T9RBORE, MLE BRIk, MDF. MDF (X VDS (the vector difference sum; Tauxe, 1998) & 0 H#f7E L 7=.

Table 1 Bulk densities, initial susceptibilities, natural remanent magnetizations (NRMs) and median destructive fields (MDFs) of 79
samples are shown. The data for decay curve of NRM intensity are the vector difference sum (VDS; Tauxe, 1998).

Site Sample density (g/cm®) susceptibility  (SI) NRM(Am?/kg) MDF (mT)
Iw92 Iw3 2.79 6.44E-03 1.03E-04 3.7
Iw92 Tw4 2.87 1.55E-02 1.54E-04 2.3
Iw92 Iw5 2.82 5.35E-03 6.36E-05 3.7
Iw92 Iw6 2.77 5.22E-03 3.60E-05 12.7
Iw92 Iw7 2.75 9.79E-03 6.13E-05 4.1
Iw92 Iw8 291 2.92E-03 2.09E-05 29.2
Iw92 Iw9 3.03 3.91E-03 3.61E-05 11.9
Iw92 Iw9b 3.06 2.13E-03 4.25E-05 4.3
Iw92 Iwl0 2.96 2.45E-03 4.64E-05 3.7
Iw92 Iw10b 2.64 3.05E-03 1.66E-05 39.6
Iw92 Iwll 2.66 4.93E-03 7.87E-05 3.0
Iw92 Iwl2 2.84 2.44E-03 1.01E-05 33.7
Iw92 Iwl3 2.71 7.45E-03 3.47E-05 3.6
Iw92 Iwl4 2.86 2.77E-03 7.45E-06 4.2
Iw92 Iwl5 2.65 4.39E-02 1.44E-03 14.9
Iw92 Iwlé6 291 8.64E-03 1.62E-04 6.5
Iw92 Iwl7 2.67 9.46E-03 6.37E-05 10.3
1r89 1r17 2.72 2.49E-03 9.12E-05 211
1r89 1r18 2.58 3.30E-03 9.09E-05 18.1
1r89 1r19 2.98 4.55E-03 1.12E-04 19.2
1r89 1r20 2.79 1.93E-03 8.72E-05 17.3
1r89 121 2.86 4.70E-03 8.36E-05 17.7
1r89 122 2.94 2.36E-03 2.70E-05 15.6
1r89 123 2.96 4.03E-03 8.35E-05 13.7
1r89 1r24 2.85 1.09E-02 2.21E-04 17.9
1r89 125 2.79 8.71E-03 2.13E-04 12.5
1r89 1r26 2.77 6.84E-03 1.49E-04 13.1
1r89 1r27 2.70 3.22E-03 8.01E-05 13.7
1r89 128 2.77 4.66E-03 1.07E-04 143
1r89 1r29 2.89 2.73E-03 3.02E-05 16.8
1r89 1r30 2.79 3.84E-03 3.12E-05 17.8
1r89 Ir31 2.70 5.02E-03 4.77E-05 6.9
1r89 132 2.82 3.79E-03 2.29E-05 13.6
1r89 1r33 2.99 4.98E-03 7.04E-05 13.4
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1k (E)
Table 1 (Continued)

1r89 1r34 2.81 2.43E-03 2.32E-05 9.5

1r89 1r35 2.63 4.48E-03 4.65E-05 5.0

1r89 1136 2.76 4.00E-03 1.83E-05 9.5

1r89 1r37 2.72 5.20E-03 3.43E-05 12.5
1r89 1r38 2.71 5.26E-03 3.39E-05 12.0
1r89 1r39 2.74 7.41E-03 6.99E-05 9.0

1r89 1r40 291 7.17E-03 6.36E-05 9.1

1r89 Ir41 2.71 4.86E-03 9.22E-05 16.7
1r89 1r42 2.63 4.02E-03 1.04E-04 18.4
1r89 1r43 2.71 3.42E-03 2.11E-05 12.0
1r89 Ir44 2.78 3.62E-03 5.36E-05 12.7
1r89 1r45 2.61 3.78E-03 4.18E-05 12.9
1r89 Ir46 2.60 2.94E-03 4.46E-05 15.6
1r89 1r47 2.67 4.23E-03 2.70E-05 8.3

1r89 1r49 2.73 7.33E-03 1.96E-04 19.1
1r89 1r50 2.67 6.01E-03 3.66E-05 8.9

1r89 Ir51 2.66 3.99E-03 8.94E-05 24.5
1r89 1r52 2.58 3.08E-03 9.21E-05 18.1
1r89 1153 2.60 2.94E-03 2.50E-05 21.4
1r89 1r54 2.57 3.89E-03 9.40E-05 272
1r89 1r55 2.58 3.92E-03 9.03E-05 17.8
1r89 Ir56 2.59 3.50E-03 4.54E-05 20.9
1r89 1r57 2.57 4.44E-03 4.96E-05 29.7
1r89 1r58 2.58 3.71E-03 1.30E-05 17.9
1r89 1r59 2.64 4.87E-03 1.64E-05 12.7
1r89 Ir61 2.58 3.96E-03 4.91E-05 17.6
1r89 Ir62 2.79 4.39E-03 3.17E-05 13.7
1r89 1r63 2.84 3.64E-03 2.76E-05 13.9
1r89 Ir64 2.81 4.14E-03 2.33E-05 18.0
1r89 Ir65 2.81 6.54E-03 5.54E-05 4.2

1r89 1:07 2.86 6.69E-03 8.91E-05 9.4

1r89 Fn5 2.76 6.85E-03 2.62E-05 9.5

1r89 Sh2 2.86 6.98E-03 3.35E-05 13.4
2MAHN-3 | M67.0 2.65 3.80E-03 3.95E-05 26.6
2MAHN-3 | M90.5 2.67 6.74E-03 8.02E-05 222
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Fl1k (i)
Table 1 (Continued)

2MAHN-3 | M98.6 2.75 5.62E-03 7.54E-05 19.6
2MAHN-3 | M101.5 2.66 4.36E-03 4.78E-05 26.4
2MAHN-3 | M106.7 | 2.67 3.85E-03 1.28E-05 11.7
2MAHN-3 | M114.7 | 2.63 4.43E-03 6.86E-05 28.5
2MAHN-3 | M117.6 2.64 8.33E-03 3.97E-05 20.1
2MAHN-3 | M139.4 | 2.59 4.21E-03 4.49E-05 20.7
2MAHN-3 | M148.5 2.64 3.84E-03 1.04E-05 32.2
2MAHN-3 | M199.4 | 2.60 3.89E-03 2.76E-05 29.2
2MAHN-3 | M92 2.65 1.49E-03 1.20E-05 16.2
2MAHN-3 | M125 2.68 6.46E-02 3.54E-04 59

242 IRM OPREGT (FaANC B SWE®EE) & 3EIRM 7 2 F OFSR (k7w v+ v 75E).

Table 2 Field required to saturate IRM and the result of composite IRM test (max. blocking Temperature) are shown.

Site Sample Field required to | Max. unblocking Temp (°C)
saturate IRM (mT)

1r89 1r17 400 550
1r89 1r18 400 550
1r89 1r20 400 550
1r89 Ir21 300 550
1r89 1r22 200 550
1r89 123 350 550
1r89 125 140

1r89 1r29 350 550
1r89 1r33 220 550
1r89 135 375

1r89 1136 340 550
1r89 139 375 550
1r89 Ir40 375 550
1r89 Ir41 240

1r89 Ir42 300 550
1r89 Ir52 320

1r89 1r53 450 550
1r89 Ir54 450 550
1r89 1r59 280

1r89 1r63 360 550

— 387 —




WE AN 20094 F60%E HT7/8%

Irb4

0.025 —
i '/-/J——m-.—-b—e o
0.02 [

0.015 [ J;(
0.00 |

N
o
#

0 500 1000 1500 2000
applied field(mT)

Magnet, i zal ion(Amt/ke)

5 IRM D#EEFEER (154 D)

Fig.5  Progressive acquisition of IRM in specimen Ir54 from
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Fig. 6 Thermal demagnetization of three-component IRM
produced by magnetizing the sample in 1.5 T along its
Z-axis followed by 0.4 T along the Y-axis, and finally
0.12 T along the X-axis.

ZZTIEPSDHHIKICH 5.

PA L8 G N B 54 D 27 ) ¥ 2
L B AL itgR % Fig9, Figl0 I2ZhFAUunL 7z, K
kv 324 b ThhE, Bdg Ll i s 3
T THBHA, TO &S HIEMEhEIXIE A~ OB T
1Y eSS S A

AR Ir54 T, B b ahB I [A] U a0 2 B2 d Tl
Bh— I E 2D L2, 1HEOH A4 2L Tk
HIREE I i Clid e <, F 2 —HEIE 585 CTH -
7z, 2 [ H T, ME R & v AR AT 7 - /2.
2IMHOF 2 ) —HEIX 550CIZAD, THHLD K

Irb4-1st
3.00 rr\ BRI B LR B
DY 1) AU N S 0. S S SRR S
¥ oo2.00 [ W
o
= 1.50 } +
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Fig. 7 Examples of the thermomagnetic curves using sample
Ir54. The Curie temperature is shown by the intersecting
tangents method for estimating.

U7z 2GR ORI A g (w7 % 24 1)
Lyl (w724 L) ODRAETH 7L LTHIT
& 5. PO 720 MEHRERL 220 Ty HIZk -
TWBZlid, HROEATIRZI S HlIcALh 58
RTHDH. yMHEIpHOF ) —HEETCEITTIRT
CHEET A2 LA TESOT, 11EHOMEE ¥
HOEDTHB., 512, yHOF L) —HEIZAM
DEO LY EE. 2 [\ HOMEWhERT y MHIE$ T
BHICEILINTLE 570D T, ALHYZHiEiIc & -
7z, £EZoNG. MBI IZBWTAHDF 2 —
WMENY 284 FOMEELD I Z EICELT
2, A LBERAEZEZENEH, T bETrIicF& Y
MEFN TR S BETE A0,

3.4 {EKEHLAE

AT Y)Y AT A =& =L F ) —HENHE T
X2E0ODHB, HA MBI/ N6 T
DWW TR AL HE 2 E  (MPMS-XL5; Quantum
Design) THBALOWEZIT-72. Thb 6209V
L OARIR AL I T, 1EIE RS RO & =il
5 10°K £ THH§ 3. 2 L TZ DT 20T DR
EOOMNTTERES. TOHKk, 300°K £ T2°K
EIATIE L LA SR 2E L2 R %
Fig.11 & Table 2(Z/n9. R LHERR 2 Ty L C ok
FHEOBE Z5ARS LT IFIF110—120°K T
T2 x4 (Verwey) HARDOENBZZ N6, T
Noi3~vr 3284 bTH5 (Ozdemir et al., 1993).
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B3K Fa2U-WE(Tc), EAFY Y A/8F A — & — (Her/He, Mt/Ms), 7 )b = 4 £ (Tv)

Table 3  Curie temperature (Tc), magnetic hysteresis parameters (Hcr/He and Mr/Ms), and Verwey transition (Tv).

Site Sample Tc(°C) Hce(mT) Her/He Mr/Ms Tv(K)
w92 Iw3 610 13.83 2.084 0.150

w92 Iw4 600 10.78 2.363 0.135

Iw92 Iws 615 13.25 2.535 0.104

w92 Iw6 585 14.57 1.926 0.152

w92 Iw7 600 10.78 1.922 0.135

w92 Iw8 580 15.95 2.446 0.142

Iw92 Iw9 580 13.46 2.525 0.094

w92 Iw9b 620 13.46 2.858 0.103

w92 Iw10 585 8.98 3.308 0.070

w92 Iw10b 605 14.60 2.773 0.089

w92 Iwll 610 8.53 3.346 0.067

w92 Iwl2 610 12.20 2.880 0.086

w92 Iw13 580 11.95 3.070 0.085

w92 Iwl4 610 12.16 3.476 0.082

w92 Iwl5 590 8.04 0.921 7.493

w92 Iwlé 580 9.85 2.357 0.100

w92 Iwl7 600 11.29 2.416 0.099

1r89 Ir21 560 12.57 1.993 0.123 119
1r89 1r23 570 13.33 2.315 0.136 120
1r89 125 560 12.53 1.563 0.134

1r89 1r33 580 12.62 2.546 0.112 112
1r89 1r36 580 11.72 2.637 0.082 124
1r89 1r39 570 17.49 1.862 0.149 118
1r89 1r52 590 16.34 2.778 0.099

1r89 Ir54 585 13.29 3.259 0.074 119

4.5% = JIl, 1986) DT, Zh» 6 Dikamid Fo90 O 7 — X

NS DEABKFERICED, HNEORSUGSIZE
WTEE LML EH S TO R8I~ 244 b T
HbH. LIzh-T, ThEDiE» 6156t
LB DBARIZ Toft et al. (1990) 12Kk > TREN T
BIERE b D RISA &3 5.

IeRea b O ROBRIE, FETH 20 A 5 AHDILY
HMEIZK > TEED-STL 5. BENEOREPEAR
13 Fo90 Hif DA S ARG ZEKEFRE LTS (I -

DWTOALITS. HAN L Fo90 DA 6 AKDIEHEE
DRI LL N & &% (Eckstrand, 1975) .

30(Mgo.9,Fe01)2Si04+41H0 =
15Mg3Si,05(OH) -+ 2FeOFe;05+9(Mgx, Fer x)(OH)z+ 2Hs

Toft et al. (1990) 1%, BMVEREMIZ~ 2 44 b
ETNL =% A MIHEBE I T L THEEO KIBA %
R L 7z, Fo90 DRIBEIE Table 4 1Z/RF. 2R 5IEK
BT KB T 2 AR ENDE V74244 OB
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Fig. 8  Hysteresis parameters Mr (saturation remanent
magnetization) and Ms (saturation magnetization)
as a function of Her (remanent coercivity) and Hc
(coercivity) in serpentinized peridotites. MD area
boundary is referred to Dunlop(2002).
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Fig. 9  Example of the hysteresis loop at room temperature
using sample Ir54.

W5, TR~ 1224 FTidE TI—H% A b
EERTAIDICHEINTLE )NS5 THS. Toft et
al. (1990) TiE, HIMEE Ky &~ 1244 b
O#E (F) OBIfR%E K=3.2%F & L TRL 7%

BAKAIZIZ, Table 4 DGR A DHE, $XTO
NALARBRISLIGEER IS Y 244 b
1342% &%, ZoEAEMS &L PRI SRR
0.1344 SIiC7% 5. Wekth, v 7244 L, TL—4%A
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Fig. 10  Examples of the thermomagnetic curves using sample
Ir54. Solid lines indicate the 1% cycle and broken lines
indicate the 2™ cycle.
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Fig. 11 ~ Normalized magnetization versus temperature in a
zero field during warming of isothermal remanent
magnetization acquired at 10°K at a rate of 2°K /min.

(BERHEZR, 1997). 100% MERUSAL L 72540 OB L
2.67g/em’ & 7 5. Table 41Z/8 L 7= 7 FSHOMEHCAL
DODRIBARDS B, v 7324 bHWEKRINS 6 DODK
IBRE > T, MR LEICH L TR S h 2 %% 4
Fig.12(a), Mt % Fig.12(b) IZ/R T
FEFERNTGENE TR S R 20T, HllE S hiz
WALREBEE I LT Ty bFhud (Figl13), F&
AEDT — 20, EREELA 100% D & IR S
B384 FOEHED 0.1% 125 HEHE 0.4% 12
BAEBMOEIZ Ty b&E&hb, ZOZENL, AN
EDIEHCEL G, Table 4 DIEA D & EDBITH
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Hak XY FAA L OWKIELO KB, Toft et al. (1990) 12 & 5. Fo90, (Mggo,Fei)2Si04; Lz95, (Mggs,Fes)sSisOs(OH)s;

Mt, FeOFe30s; Br90, (Mggo,Fem)(OH)z.

Table 4 Reactions of serpentinized peridotite (Toft et al., 1990). Fo90, (Mgoo,Fe19)2Si04; Lz95, (Mgys,Fes);Si,Os(OH)4; Mt,

FeOFezog; Br90, (Mggo,Fem)(OH)z.

Final volume Volume  per
Reaction
/initial cent of
volume magnetite
A) 30F090+41H,0=15Lz+2Mt+9Br+2H, 1.6 4.2%
B) 30F090+43H,0=15Lz0s g0+ 1Mt+12Brgs s+ 1H, 1.64 2.06%
C) 30F090+44H,0=15Lz0, 50+0.5Mt+13.05Bry; 4,+0.5H, 1.65 1.02%
D) 30F090+44.60H,0=15Lz.00+0.2Mt+14.40Bro;+0.2H, 1.67 0.4%
E) 30F090+44.90H,0=15Lz9),5+0.05Mt+14.85Brs15+0.05H, 1.67 0.1%
F) 30F090+44.96H,0=15Lz.10+0.02Mt+14.94B ) 4,+0.02H, 1.67 0.04%
G) 30F090+45H,0=15Lz5000+15Brog.0 1.67 0.0%

(a)
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Fig. 12 Relation between serpentinization, susceptibility, and density based on reactions calculated by Toft et al. (1990). (a) density vs.

serpentinization; (b) susceptibility vs. serpentinization.
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Fig. 13 Observed susceptibilities of Iwanai-dake ultramafic
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indicate the calculated susceptibility from reactions D
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Fig. 14  Observed susceptibilities of Mitsuishi ultramafic rock
body are plotted against densities. Solid lines indicate
the calculated susceptibility from reactions A (4.2 %),
B (2.06 %), C(1.02 %) and D (0.4 %).

SLHEEEIND.

[ CAEIED A S ARG EFG & L 72IeRUE kA 2 D
b, EB5EFL L T#bEHS> TOhB8M»A~ S
324 M Th D56, WLROE IR LAEH O
BRIZRIG L 72 KO ROENERTIRT TH S, 22k
A, WEZEMICE, ANELEE EVWEELON
TV 5 = AIEHUE R TIE, B3 ORER A 5 g1k
EHESBHEHEMEI~Y I 4 4 P ThHAIEELLN
% (Morijiri and Nakagawa, 2005). [EERIZEEIZRL

THLEEL 7oy b LTAS (Figld) &, MHUE1L
£ 100% D& ZIZEK S DY 144 FOEGHEER
1.02% 1278 B EARE & 2.06% 12725 2 EARDOBIZK 5 7 —
CRAEARY

ENER ZAWREERD & 5 I1I2F & VM EREIZ A &
WRT, 1 DDOERIZEEHUSLE D S A28 I
RAEL, L2SBEREZT ChEn, Evwd &Fo
Z A5 7EmRIEE L v, OB ROH] S [k O MG
EIORERD D ICIZE A 0D, WS Ot
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