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FeojolEt 4TS Zashs 15t 2719 ekl ATl AR QTS B 5 A FUT FHA ROl
FEgo| B0l &) 7153 oAl 79 AAFES 25 E35H= 24 H5 Richardton®} LL6 St. Séverino] T
3 AR A 9 v EEAS 355t H5 Richardton®t LL6 St. Séverino]| 4] 7HapAto] E
(Kamacite), EJLto]E(Taenite), H| ESFe]Lfo] E(Tetrataenite), 35 E|EHgH-7-2 4] (Cr-Fe-Ti-bearing Oxide), E
Zo|zto| E(Troilite) g E5F A5t 7utAlo| EQL ERo|gto|E= A|H|| 2A|51A WL FAME FE
o] AASute}t Bxsin] AR 243 7RsAdo] gtk Bkt I 2EEhe-E4L tiF 7ol e
O ASHE R A EH A} A3t obd WA A3tE 71 & 7Hesitt Hiubo| B A It AP 9 F A Rk
BEslER Y YAATE 7128 Aol gick. v s Eetel o] B ek yiio] EoREe) He
2 £AJ5to] ZEBo| 29| oY ABHE AWt lol 714 Al

FR04: 2=l E, HEH U] E, 7HpAto| E, ER0|2O]E, Hifo]E

Hanul Kim and Yongjae Yu, 2014, Distribution of potential magnetic minerals in chondrites. Journal of the
Geological Society of Korea. v. 50, no. 3, p. 365-372

ABSTRACT: Magnetic investigation of Chondrites provides a first-order constraint on the formation and evolution
of planets and asteroids in the Solar System. A suite of scanning electron microscopy, energy dispersive analysis,
and electron-probe microprobe analyses were employed on H5 Richardton and LL6 St. Séverin. We identified
Cr-Fe-Ti-bearing oxide, kamacite, taenite, tetrataenite, and troilite as candidates for the stable remanent
magnetization carriers. Massive kamacite and troilite were present along the boundaries of silicates (mostly
olivine), unlikely to carry the stable primary remanent magnetization. Cr-Fe-Ti-bearing oxide occurs as the
outermost altered region of kamacite, possibly responsible for the overprinted magnetization. Taenite exists along
the boundaries between olivine and plagioclase, inadequate to be considered as a stable remanent magnetization
carrier. Tetrataenite is ideally suited for recording ancient planetary magnetic field as it is encapsuled within olivine
grains which is extremely effective in preventing alteration on later metamorphic or shock events.

Key words: Chondrite, Tetrataenite, Kamacite, Troilite, Taenite

(Hanul Kim and Yongjae Yu, Department of Geological Sciences, Chungnam National University, Daejeon
305-764, Republic of Korea)

LMEZ

F| 2o A2 A AA A o= XS 2D}
= HEAL] T 278t it Aol B
Aol AT Aot 53] AFE Edshe B
A9 7] AgE A= QA 851 HsiAle =
GA Ante]l 2H | WekE 714w nF
a7t ek olF Al A& s HEA W

2E W 1 S B S A=) 3
So] aE, ol T ujgolt 5wt SAr
2 oleh. ol2iat vikel WA/ A4 AL A
SeakE, o5 WA/ 914e) Wske e el
7190 ofzlgo] ¢ olch, A2, WA B
A A7) by oo Qe At BAse)
Acasta BOIFEEAR o2k 409 A o] B4
$tH4031+3 Ma, Bowring and Williams, 1999).
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vl 317]9] kol ZatEl A4Sl 71 oo
2 (detrital) @] zircon T2 442 | Aof AJA
=]91cH4404+8 Ma, Wilde, 2001). H2 A4 2
710 2A e vt1upElch(magma ocean)7t ¥z
=] X)2}9] A3} 1}7gof| A 118HE zircon ] Xh
A2 4397H6uTk @ o= HuEIth(Valley
et al,, 2014). A= oA ] A4 Achel 450l6 38
ok 9 H(Bouvier and Wadhwa, 2010)2 7|£2 2
ti=F =9 o] 13t 7] 7155 g4 FH= d
A7 BAAEHA] 27t A7E H o] Aol A
o Zeiu ChIAYAE 2t o ol4ke] Aol
WAEo] $AET glon, o5 $4L A78
s S A4 2719 Al Shepel B

& 23t gl

u] o] $5o] EAISE B4, 244, A
ThoFst gAJof| Al RAIA] Z _J'*é%— Zof 2

= 270) WA B0 RE HPAL e
ST £HE 244 Ze] afel Aerhart
st A2 B B
PSS9 Bt4jolch. Hlob Az 9%
E24& E33+E Ca-Al-rich Inclusions AJZFSe
2 A o] (silicate clumps)7F -SR-EH ™ o)A
23 (planetesimals) &2, w]N|AdPAdo] FPA
(planetary embroy) 2.2, Z84o] P (planetary
bodies) 2 Zstal IolH 493 B 25
of sl E2lE 1A wHHo| WA A=E HiSlst
o AF-EE o] ol & AF= Yhd T A EoA
S5 qhlo] SAlolth mebA Ay 27] ATE
SIS APA 479 B39 035 o1
W A HepAle] AR g el Ik 240 2
SEEEERNEELUEREREEEE R
wtel B3k FAA| ¢ ZTeto| E(Chondrite), £
S A AR A 27] Ee FASE o
AloFEEgto] E(Primitive Achondrite), 312 213
HjgA 27] o] wigt o} 2= 2to] E (Achondrite)
2 37 39|& "Hch(Hutchison, 2004; Krot et al.,

\

b ox
o ot

=

2004).

datuie] 49 BHEe 24 AR uot 4
B 24 5o AT Amet Fofolw Bsk
24| Thet AFATI A= A7k SrLee,

S.G. et al., 2004; Choi, 2008, 2009; Choi et al., 2009;
Han and Choi, 2009; Lee, S.R. et al., 2009). =3t =

9] A7|Te] w82 wof atelR 21| Takat
So| FEA o g4 Yot ATE SAsH= Al
7F 22 1093t F718kaL Qe —’FﬂﬂolE}(Mm et al.,
2004, 2013; Yu and Gee, 2005; Min and Reiners,
2007; Yu et al., 2009, 2011).

SF71HAM 5 Y Y4 (short-lived  radioactive
isotope) 2410l 2J5PH YA B AHS 7Iee=
oh2F 30009Hd ool 23/ 2] £317t X ETHLee
and Halladay, 1996). S g+l ARgH F Fo
ZEgolE 42 di=F 30007Hd 9] #3717 5,
23} 57100 sligste= 23 A& 3 10009hd A5
o AHE L4 EZ B E Qt}(Lee and Halladay,
1996). qteF 23} 5719 A7 on] LY H 8§
A9 S HAFohd, P4A A2 A=
Agste] Ao GXRABE gSstgl et A
ZHEoh v 2, 40] EXRFARE 5514 &
3 73, WA 23 FollA S5 E Y HS
FAHA] Xtk 2 PR 213t A=
£ A|A|sh= A E AlS5HA ot

234 2 ;q:,r&l HAA 7k A= AR oz
A7t S AR oA AHdREe] FAPEER
X]-?—;I_Q(Magnetlte, Fes0s), 224 (Hematite, Fe:O3),
EJEHE Yg(Titanomagnetitego, Fe24TiosOs), TFE]
2384 ((Cr, Fe, Ti)Fe;O4), A2 4 (Pyrrhotite,
FeO0)50] A4ET. Teiu 89 Bo] $A%
49 oA AU §ET 3-3 skl
F2 A HEHRochette et al., 2009). &4 of A5}
=802 L wEY Aol AEEE Hol
$-A| gt 7FakALo] E(Kamacite, Fe.05Nis-10), o]
Aol A A== Aol AIgt eiuto] E(Taenite,
disordered Fe-Ni, Fe7.50Niso.03), %8 @A efjof| A A}
YHo] A AU = F214 v g o|F= Hl =t
L}o] E(Tetrataenite, ordered Fe-Ni, Fess5Nisg.s7)
7} &A gtk Clarke and Scott, 1980). oA &
ZHel= A-3 SRS AMEER dER A o

Ao AF4- 4 (Pyrrhotite, FesSg) E 3'21-94 H|-89|
=2 EZo|Zo]E(Troilite, FeS)Z & H|A}A]
-"]'EO]E}‘(ROChette etal., 2001). Y B3} 22X of A

= FEEEFFE A (Cr-Fe-Ti oxide)o] AHALE
£ O|F7|= FtH(Weiss et al., 2002; Yu and Gee,
2005).

A E Z2Eol| B EX 7Hse A

!
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F82) o], HEEolE, ol
SBEREG AN, ER0lTo|ES LR Fg5
259 ZERt|ES oz Ayaee) B
Wehg AlwRgpT). B Qo] ALGTE L4 Ho
Richardton (4550+2.6 Ma: Amelin et al., 2005)=}
LL6 St. Séverin (4554.9+0.2 Ma: Bouvier et al., 2007)
o|tt. H5 Richardton2 EePJA| o)A 2= 5
2w go] o) 8 /mh vl o] 2 gho] WIS
of 21k 417} 9141 9] ARl FA} T on A4
H Sr 59 ¥4H]E YeRATH(Evensen et al., 1979).
HhH LL6 St. Séverine Pb-Pb Ao A7 (4543+19
Ma, Manhes et al., 1978; 4559115 Ma, Chen and
Wasserber, 1981; 4553.6+0.7 Ma, Gopel et al., 1994;
4554.9+0.2 Ma, Bouvier et al., 2007), Sm-Nd 2}
A7 (45504330 Ma, Jacobsen and Wasserburg, 1981),
Rb-Sr Ao (4510+150 Ma, Dalrymple, 1991),
Re-Os At A7 (4680+150 Ma, Chen et al., 1998),
and Ar-Ar At} ¥13(4430+40 Ma, Dalrymple, 1991)
% vk om o] A%H fU &4
o= H ZEejol=o] uls) Aoz A48 Wt
= tHMin et al., 2013). T 24]o]|= thokst A3lgt
23} gjeEo] TEAIAT ASH: 2] ol
(H5 Richardton) ¢} H| EatelLte] E(LL6 St. Séverin)
7} AR 0. 2 B EATHYu ef al., 2009, 2011).
T AT F 240 EAlek ABYS 715
go| REE TSI B3] 7120 £HL
3 iAoz AdFEY EA47F EelE Wev|H
TR A o] LAIEE &4 YAE Ak ARE-
Blig

o
it

e |m

2.

rHl

E2l0|E NS

0K
gl
HH

=9

ok
0

TR ol RS A= 234 9 A1F
2Y/d o) el 23} AL o Ej A B 2711
o] 1 (100 Myrs) o]l =gt c}(Klein et al., 2009;
Albaréde, 2010). o] & &84 9 X|7+4 3P4 A
o} 42 Tere o= Fap] SlshA 17k ekt
A7 AFARTE] T AT B FAOZ
A7 8t Fofol| A =3 =] o ghrh(Weiss et al., 2008;
Gattacceca et al., 2011; Tarduno et al., 2012). 3]
3 AP FAL Hd Edo] PHA FAHF
2 o]Fste] 54 S A5k ol5°] WAlsh=
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HH

Hofl &Jsl| &5 A7t -FrAI=H Ao A&E ATk,
sy R A7 WA AAH O RS9 4
I217)17%H(dipole field)& FAJst 4= Qlth. o] Y]
2 P49 YA AAFEA G ueAs
(thermoremanent magnetization)2] Fe|=2 F<&
HBS T B AV §2E o 949 =
ool 715 5A Heh. ojn) 5T LAmee]
FATH AN £HE Aom Stk 4
ZH(demagnetization) AE B4 02 1A IEH
Zpsto] EAJo] ;FHE 4= QITh(Weiss et al., 2010). AF
ST ATEHL o83 249 B 719 BA 7}

= aad L 7 A el dhe 49
ol ARE Ao 2 AAStHWeiss et al., 2008).
dutz o2 2A|7| 9o FAA B=A7 12 vH
©] 250 km ©]3}2] ordinary chondrite 2] ZLA||of|A] A}
HE7) ol2i 9}, ubitol ela AA4Es) A
At =23 /dA 9] 7 §HF 0] 100 km o]4fo]H 1A
7199] A A1l B4 7HssttHWeiss
et al., 2010).

A Al W EA 7Fse AEES A
etxAde G719 & R FAREAERA
(Scanning Electron Microscope)& AR5t AL
G A (back-scattered imaging) &g 3} v QAL
EX(Energy Dispersive Analysis)S Axo=2
AASHATE o]F AHE Al ES tde = nAER
AJEE X (Electron Probing Microscopic Analysis)
& ARAeR Sasst 39 ATl AHgE F
AFAARFE || -& FEI Quanta 600 Environmental
SEM} JEOL JXA-8600 SEMo] 11, u] ekl g as
A]7]%= Cameca Camebax Microbeam Electron
Microprobeo]|t}.

A5 BE St Ao g ubE et ujEd
A 2971 g4 9 FEXAS Bk Av|F
< Bl 249 8 FAREES 74 (Olivine) &
2 o] RojA glow, AR AJHO A= F4(Pyroxene)
I} AP (Plagioclase) o] FHH FE-2 S0 4
ik, Take67) Al e <) e B A
= A 75+20%, 34 <5%, AR 15£5%, A4
7Fs & <5%o]t}. &xEA 9l Ordinary chondrites
= st 9140] o] fAe BE S ROl
Ak, 4 Aol AE 24 R A ool
ol weksict. ol Bl A7oN Ao A}
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AFEY] EA7E E1E A=A 52 dEuE
oA YRS st ARESHRT] wizolt. $
A8 F2 AMFE] (Orthopyroxene) o] ThALS] A
(Clinopyroxene)©] 7+& #2E|L; Boju]|2 1% vl
Tholck. AP o] AE-2 Albite(AlbitessAnorthites)
ol Andesine(AlbitegyAnorthites)ol] ©]24, &
H Aol A= HeAF NaxO 3HHEe] 2415 72t
317] 9J8f = 1o AlbiteZ EAISFAT

249 A} Hojof putEl= S5 Il
o Zj o] W FE-2 249 BATA F4E
AxFFAFSHprimary  magnetization)2} 33t
E7}AFSHoverprinted remagnetization) S AJ4
k. o] A SH s F&ol2e] Auix =
| W B Aol A HlnE] & AHFE] FHE
(2™ 1). W2bA 0.2 mmE A3)she 7Hukito| EZF
TAERES 2703 S5 wet AstA gk o
A A= tE ARl Es S5dREE U
EMJl& giRl2-(Magnetic Susceptibility)& &0]&=
g 7] 8kR]qt TR}z ] (Multidomain) o) g5
o] A5 Remanent Magnetization)ofl= 7 2]
71954 ZReH 2 1) =3 AT wEdt 7t
Afo|EQ] FHES wiEhA S&3AIEES 3F
E]eb3h3-4 4 (Cr-Fe-Ti Oxide) 7} T2 TH(2H 1).

Fig. 1. Back-scattered images of H5 Richardton
showing Cr-Fe-Ti oxide (CFTO), Kamacite (Km),
Olivine (Ol), and Troilite (Tr). CFTO distributes
near the edges of kamacite, possibly indicating a
shock-induced alteration origin.

TS AR o] AiE o= weksHA Tt RES w
2+ 0.05 mm W&} ERo|o|EZ} BEHTH Y
1). AFEETEA ] 7] AsiM= FEt
£ a8, e, Akavh Bastch teb Febigel=
7o) FR7} SANA G JFoz ABEH
AN o= WA I B E e (2 1). A
A o] £rom ZAISH: Fubatol e Aap]
oA=L A 77 |ER Bajo] Brlelv, 35
F4ATOIA ZeA ko] Rk Fatitol=
zalgel A81E Ll $7+ A7t wasi

Ao o] & WEd 94 44 A9
TAEZES vt 7R Ale]= ERo|gtolETL
SAISHA FEITHIE 2, 3, 4). AFFA ) IS
Aot Foe| Holo, 3Hd=2Z(igneous texture)
2l barred olivine =& (chondrule) ZZ]o] Iz
HrH(a 2). BEekIE ) B-Ud B4 =2
Zho|EQ] AL, AL720A 2] condensation,
SEE AN UEE R8s 24448, @A
gl g Ha%, FAULE &N o AZEA
Ex 883 2L 5ol ddf 7Hssith ERo
ol EL} 7iupAlo| ES] B2 = A o] AR}
LAstER, ERO|TO|EL; FHIARIETL 249
A5 Aol A TR 23421 FA o) 7| Hrk=

Fig. 2. Back-scattered images of LL6 St. Séverin
showing Na-rich plagioclase (Ab), Kamacite (Km),
Olivine (Ol), Orthopyroxene (Opx), Taenite (Ta),
and Troilite (Tr). Kamacite and trolite were identified
along the silicate (mostly olivine) boundaries.
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40] meHloIA Rl 1) whye 13449l 34
WAT gl 712 o148 4= 3.

Butol St A THARATE) AT A
o BARE w2k A5k A2 2= 0.02 mm 3
9] 3718 HQItHaY 2, 3). ol 2&YAT}
AMAFE AtolollA B ol w|A o]=A] F3taL dis-
ordered Aol A ElLfolER AgstEls] wlme
2 oAk vhe BEeuo = e ] Uy
o] 2833 (Inclusion)?] Fe| =2 EAFcH2HY 3,
4). HIEE LU EQ] 739 A=A Rl A Eittol
Eof ujs) iz o2 MAE] WhEe BRI
ordered Fe-Ni Z#& AAs5l7| dEo|z} A=
o =3 HESE V| EY YA T]= A 0.01
mm ©|5l2 G452 (Kneller and Luborsky, 1963)
9] TA}7]4-Y(Single-domain) &2 A7
(Pseudo- single-domain)®]| sgsty F=ato]E
of QA E At Awst]o] 7V A,

3. B9l 3 M
HRo =] Xt g53etEe Hiuo| B9t

g2 Aol 289 HEZHYo|EE HuelE
off vl HH ez A3 YZr= o 700-830 K2

Fig. 3. Back-scattered images of LL6 St. Séverin
showing Na-rich plagioclase (Ab), Kamacite (Km),
Olivine (Ol), Orthopyroxene (Opx), Taenite (Ta),
Tetrataenite (Tt), and Troilite (Tr). Kamacite and
trolite were identified along the silicate (mostly
olivine) boundaries. Silicate armored tetrataenite
was observed within olivine.

Qe L7t GAFAEE S5 (Pauleve et
al., 1962; Clarke and Scott, 1980)3}12 600 K= &
ol Ao =Eerh(Neel et al., 1964). HE
gtelubo] Ex 150 mT o)Ak 3A7| 3 (magnetic
coercivity)& Ho|H, 500 mTE A3lst= o &
Z718 9] Aol 1y BT ER3tch(Brecher
et al., 1977; Sugiura, 1977; Nagata, 1979; Nagata
and Funaki, 1982). g|E&lejuto|EL] 77435}
+ 600-640 K 7ol A A= (Yu et al., 2011), =}
M Hgl 29l FEl2rE= 640 K (Wasilewski,
1988)0lc}. ElEatefibolss ArtaA WHo] 4
HEo] Ao} St We REoA {FEREE K
ol FEo|t}(Nagata and Funaki, 1982). €| E=t
o] E= A7FEA] B7HY o] st e R of
TR B3R -§5o] AojH ZETO|E AT &
k= 5ol FEolch

AgFEo] 4093 ol | A8} 71855 HAst
7] M= 7 7HA] 24& TEof gtk AR, E
Aoz nARAFEY YAZ7I7 SRS
ojuf AE YAA7| G H o s E ofof Ttk =2
AGBEEE S| 79 AR HAt
7 2A T fRE 2 FEAA 10°04 10° me]
dA=Z71o g =4, AB7|Fo] FHu

Fig. 4. Back-scattered images of H5 Richardton showing
Na-rich plagioclase (Ab), Kamacite (Km), Olivine
(Ol), Tetrataenite (Tt), and Troilite (Tr). Kamacite
and trolite were identified along the silicate (mostly
olivine) boundaries. Silicate armored tetrataenite
was observed within olivine.
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e ApSFEAd o] A Wil ZEFER EA 5}
£ HEZ= Yol Ee 7|15t A dtolt. o]
£ ZTgo|EQe] 1/3 ASEAY SR ofE} 9F4
o] A3t B4 ApEstETh A2 Ao
A= A2 4 (Magnetite, FesO4)0] AP oL ThAL
B Y 5o 2&FEZ ER)(Tarduno et al., 2006)
513, 314 9] 4 of| A= A A (Weiss ef al., 2000,
2002; Antretter ef al., 2003)0] 1} IEEJETF-E Y
(Yu and Gee, 2005)0] APE3]4 Yo E&PE2]
FEEESCEPE VST P EEEE
80| 93A]7] o]A MU dF(Rochette et
al,, 2001)04 Wei2) RS ApgBEEo] v
2715 AfolollH LEEIE ehel7he ALE AR
718 v,

F4E FAOLE, Bl HEe ol
Eof gt AHgFEHe Ate A7 A AAA
© 2 ujujsiy, 5 34 U AALEE Fe-Ni System
of gt 71 A7t aEeh &4o] TRk &
& 9 g 3 A7 E | W AT ok A
H| F2of gt A2l o] ST E T, 10
oA <tofl AAAQ A A7t 7He 3t ¢ =oF
olct.

Ab A}

o] =12 2013\ %E AR (n|A}zueHE) ] A
Uom FHAPAT AU Wob $H AP
(NRF-2013R1A2A1A01004418) Uit} o] 201 A
QHe 3 Al FW7 e, W8] WadA AL

o g =gUT,
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