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ABSTRACT : Meteorites are extraterrestrial solid rock fragments that fell from the outer space. Investi-
gating mineral magnetic properties of the Meteorites is essential in understanding the evolution of
planets and asteroids in the Solar System. In particular, magnetic characterization of magnetic mineral
can provide constraints on the progress of differentiation in ancient planetary bodies. In the present
study, ratio of thermoremanent magnetization (TRM) over saturation isothermal remanent magnetization
(SIRM) was applied to diagnose the magnetic minerals in meteorites and igneous rocks. Distinctive
classification of TRM/SIRM suggests that kamacite, tetrataenite, magnetite, and (Cr,Ti)-rich iron oxide
are responsible for the magnetization of H5 Richardton, LL6 St. Severin, ALH84001, and DaG476,
respectively. The TRM/SIRM ratio could be an efficient tool in identifying magnetic minerals especially
when rocks or meteorites contain unstable material under heating.

Key words : Meteorite, magnetic minerals, magnetic properties, thermoremanent magnetization, saturation
isothermal remanent magnetization
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Table 1. &4 9 24 &A= AABES] EA
$EY A8 X312 3H(kA/m) FY2E(C)

A aFe 1715 765

24 A Fes04 480 580

F’] E’l’%ﬂi@l F€2,4Ti0‘604 125 150

KRR Fe;0; =25 630

AFd A Fe;Sg =80 320
AEg s (Cr, Fe, Ti)Fe,O4 na. =250
F}upAtol E FeosNis na. ~700
H]EE"]'H]L]'O]E Ordered Fes()_75Ni25_50 n.a. =550
HUolE Disordered Fesp.7sNizs.so n.a. =550

n.a.: not available.

T 4445672+ 0.2 Ma) (Amelin et al., 2002) A
ol et 59 (PA Y FHE AT 27] A
T 7180 AAMA BAEA Xd) AR &4
ot P 2GAE AFele 28 o Heo &4
o] Hixe] i, o]F UF MILGEFS A
o7t d78oE 8ET St

AL ANAM AFE FdE 1A =HE 4
Y A (asteroid)e] s} HHANA FEo 3] £
9 A ok @A7EA ATl A A" of
F2o] 412 2okl Adid ol wA 484 (plane-
tesimal)oll Al 228 F A W FHE w3
stthrt, Ao T o]EY Axo] "ozl &
T Aoltt. metAd A 27] AFE et
BSA W AT P ZsE FHEEHE dAl
BdAY] JRE s e 49 E/sst
2 FAo] WrEA Zasity 4L £31e] {579
wel 315 A B2 FE2ko] E(chondrite), 3}
7b AYHJAA T B FA 27 BES FAsE 9
Alo}Z = 2ko] E(primitive achondrite), 32 23]
B A 27] AEo] Wd ofZ = e}o] E(achondrite)
2 F-E-Fth(Hutchison, 2004; Krot ef al., 2004).
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cite, FeosNis), H| EZ}H|L}o] E(tetrataenite, ordered
Feso.75Nizs.s0), BILFO] E(taenite, disordered Feso.7sNizs-so)
Al F5F7F Atk(Clarke and Scott, 1980). ¢43} &
A 25 4.3 35ES 3/ Hlgo| 88% olst
QA ZAgelnt A4 & AYUH, 244 EAlsts /2
o] B&o] 100%S troilite’s A4S HA8HA de
ChRochette et al., 2001). ¥A T} Ao ER)sh=
O AEFELS 247 o8 Fe-25(Curie point)
9} ¥ 3} A}8}(saturation magnetization)®] & Ho
THHE 1), FE2ES A4FE0] AstE st
= 25 & AA ). E3} A8} (saturation magnetiza-
tion)gt AHF=0] 5T F e Asg59] FH
O TYXE B3}

FEdgo nEs A 23R E3A 2% F
. T E38}1-24 0 2= H5 Richardton¥}
LL6 St. Severine AM83}%Th HS5 Richardtone
19199 64€ 2190 w= FHolA g Hehe
Mo o FHUAHOE SA% dAdjrt 459
54 9hd o] th4550 £ 2.6 Ma: Amelin et al., 2005).
LL6 St. Severin 1966\ 69 27% o HF Zix
A 35T, LA Aozt 459 53 49 9
Ak 3 0] th(4554.9 + 0.2 Ma: Bouvier et al., 2007).
Ao A 2T FY E3e42 25U Ak
£, Mars) 719 2.2, OrthopyroxeniteZ %17 ALH-
84001 (4.04+0.1 Ga: Borg ef al., 1999)7 & 5ok
Z (basaltic)®] DaG476 (474+11 Ma: Borg et dl.,
2003) AH&-3HTH

723t B4 APE 98 24 ANEE 12 Ao
7Hsd B Ao Fe 2 FHdth o) 98,
Aol glom 1 7t 54 ¢ ¢ 15 em
Aol 4Y FeHS AT =3 FAA 2
2 A5 Y-S g AR T4 JAAE
ARt MG frejde] uitgdd % AEE 1A
AT AL AR 44T ol OE S0
A ARER o §3] &4 A A AEFEY
Pl AAAN IS st &8 TAY A E
(oxygen fugacity)o] ¥uF 7t A= Aolst
D2 AF9 & Ak BodlA AAE AHF=
= AQAANA AEE A, FE=ol fA Aksd
AH7] 4ot o] HA Y] st ANEE et
© A9 frE#S AF AEolA o]zog 12 3
5 A g st th(Taylor, 1979).
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AT s AA AEje] vianirt 1A
o2 WAHE AN A AFA
o8 HIFAHTRM)E g5t £34&49 &
AREE AT AT FARE Aoz gAY
A FHE EAetE o AT} WFo R gzt
FASLE g53it) v mEseA e g ¢4
Y2 (Chondrules)®] %7] W7 HA A A YA
FHE A7 BFo 2 diFASE 53
T35 2AFASKSIRM)E A+ I ASE A+
HA71749] 10,0000 5 A3Jsk= 1 T ol %
& FEAT| R e AE} 2N A 5T
ZFAstelty, 23RS E FEA
BPG BFoE Ng e AMF=S HUF v
A 533} 3Kisothermal saturation magneti-
zation)®] EEAES Yehln, ¥t oE A g9
A% ol wEd. APEY AAFE
el Ix-FAS} T2 ESFASY] v TRM
(B)/SIRM = tanh[VMy(Tp)Bo/kTp] = = &3 4
37 Louis Néeloll ]3] % 2] = ATHNéel, 1949).
3 AA MsE E3}A4 8} (saturation magnetization),
Ve A8 AR B3, Tee AE FE AR
28} 1122 & (magnetic blocking temperature), k<
Boltzmann ‘&<, B #WH ¢]7217]40t}. =gt
ojuf FoollA st 1 mT A% o] Fa
714 2730 TRM(BY/SIRME 1244847} ol t}.
a8y, AT G- AxAHE HAHAY 0.1
mT °lstollAe 12k AFP o= 7hestA ZAET
(I 1. $7kske 274714 Bell vl TRM
o] gk F7ket SIRMS B¥ o] B2, TRM/SIRM
£ 0.1 mT o]&te] 272713 @7goA Boll A
gdte E4& BT ™ 1). o] A% AE A4
FEO AFe AR dAsHA Bzl HPd F
HE ME FHEA ofYTth(Yu, 2010). HE A%
dqeojH oz oFA74 B7E AAH vAY 54
Hol&d, o]+ fddlx 22 Z3pAstR Qla) 10
uT B=o] FA7|ZAE HHd AL ZopdFA
slo] T=eal7] wjZo|th(Dunlop and Kletetschka,
2001). FPAAS A LHstE AEHLe A
T (multidomain) 2.2 AHA AA(self-demagnetization)
Ao I8 10 uT A= gk JRA7]1 4 A]
T Z3FALE 7Sk, ol ARG ©
2F7] 79 (single-domain) Al 2 @A o] Z3pdFA}
sto] Bag > 2 T A3 A7) it 2ol
7} FTh(Dunlop and Kletetschka, 2001).
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Fig. 1. Theoretical calculation of the TRM/SIRM
ratio as a function of an applied field (B).
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1749 AER 24 Jbssng THAQ 1277
AFoll= FAFst. Esle522FA8-E(SIRM)
35317 98l ASC ScientificAH2] Impluse Magne-
tizer (22:IM-10-30)8 AHE3tS AIRE AF 2]
ARG AR 73 1 TY YFA7| e =S
AdMe 733 dA7]1¥(Coercive Force)S T3}
of, 2.5 T ZEd FA7| R =Z3st ot
2179 Aoy 4o EAstEE ddEHE

HEHRJ]D AFE] tHs) TRMSIRM Bl E =4
StATh E3pAste] A7]o] wet Ao HY

& TRM/SIRM 4 ¥7d°] Yetd=d, 342 o8
g g ZA et v FAG ARE BAHH 2).
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2004, 2006).
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Fig. 2. A linear field dependence of TRM/SIRM for
iron, iron-nickel alloy, magnetite, (Cr,Ti)-rich iron
oxide, pyrrhotite, and hematite.
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Fig. 3. Identification of magnetic minerals in meteorites.
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2009), 7}utAtolEE 3ol Feewrt A3
A9 frAbettta BaiE o] loh(Garrick-Bethell and
Weiss, 2010). otdAE & @AM TRM/SIRM
vl 23 7ol E9f mAIgE Aol kA & st
= ARPcH1F 3). LL6 St. Severin® TRM/
SIRM H|E= H EgHH o ESl A9l FUsd], A4
St. Severindll $HH AFEL tetrataeniteE 3
= YK Yu ef al., 2011).
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