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On the use of magnetic properties for understanding

the spreading of oceanic lithosphere, Antarctic margin
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A

of 29 5xwhd ?l Pangeaw= 7 HZo| A7 EAIE xdF
(supercontinent)o|t}. ¢F 2¢] 3 vhd K g A|Z1¥ Pangea?] £ o] @ W Fo] 74 XA
T4 = 9 Ax el st A7 A FAHA gty #H ATE Fd 2UF
s AloF(Pangea) o] Wk tol] 289 2= 9} (Gondwanaland) K9] At AoA] AR
G2 g F 9 g 97 F=(Fissure) A3AF & Do AL AA 5 s

M. A7e] Wg 2 sl

AlFaoZ2HE 3 cm HASE EAES FEStY AFHAY 194 £F AA AF
sith, 3 ARG &t AAaFAE(F AR EL, Natural remanent magnetization) S A}
B (151, Magnetometer) S o] &3te] At} | GE A& 720U HARTA 3}
(ZhME5 891410, Viscous remanent magnetization) £& 2x}&-F-2}8H( KL, Secondary
remanent magnetization) & A As}7] Y3, FAHBoE ELEHE HA 1294 o)Ay Ax17E
oA dAE wFi 4P FISY Az dAE il Fole T aATeA
aAH g FRAGE d&EHer FAIT. &£ niAT) o) HAS (AR RAL,
Anhysteretic remanent magnetization)?] ©|"Ag Ao 2 FHet Ao WA vl
ataL, HiAbzlelEaigtel Aol ixgol AR FAACR IR G A7|o]HA)
(iR b, Magnetic hysteresis measurements) S Z43}al, o] & nlgro g2 24 &9
25 9 Ay BEo WA ANEE FHIT JUYPHHES =
Aoz e A8 F2 Ass Avkad Mo Afse 34 dArdR AFAv L
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Summary

I. Title

On the use of magnetic properties for understanding

the spreading of oceanic lithosphere, Antarctic margin

II. Research Purpose

Assembly and break—up of continents provide first—order constraint on the tectonic
evolution of Earth. In particular, Antarctica provides a unique opportunity on the evolution of
tectonic Earth as it recorded the least amount of latitudinal and longitudinal motions since
the Pangea break—up. It is therefore necessary to highlight magnetic properties of major
rock—forming minerals as an important tectonic indicator on the development and decay of

mid—ocean ridge system.

Ill. Experiments

One—inch cube specimens were retrieved from the sedimentary cores. All the
samples were alternating—field (AF) demagnetized in 12 steps to 90 mT using a Molspin AF
demagnetizer. Hysteresis loops were measured from twenty—four chips of mid—ocean ridge
basalts (MORBs) on an alternating gradient force magnetometer. Values of saturation
magnetization (M), saturation remanence (M), and coercive force (B.) were determined from
hysteresis loops. Hysteresis parameters were determined after appropriate paramagnetic
slope—correction. Optimum demagnetization step to calculate a mean remanence direction was
defined as that producing the minimum dispersion in direction. Sample storage,
demagnetization, and spinner magnetometer measurements were performed in a magnetically

shielded space with a nominal ambient field of < 200 nT.



IV. Results

We used two sedimentary cores in this study. The first core (RC15—GC44) is 596
cm long, retrieved from 70.8325S and 174.7324E at water depth of 2392 m. The other
core (RC15—GC46) core is 666 cm long, retrieved from 70.6019S and 172.8930E at water
depth of 2434 m. A suite of magnetic testing was carried out including demagnetization
experiments, magnetic hysteresis observation, thermomagnetic analysis, scanning electron
microscopy, and electron probe micro analysis. Remanent magnetization was carried by

two different magnetic phases.

V. Application

Systematic rock magnetic investigation on crustal material from high/intermediate
latitudes is nearly unprecedented. Hence, it is highly optimistic that the present study
provides valuable information on the evolution of lithosphere at high/intermediate latitudes. In
particular, it is worthy of note that sediments near the Antarctic margin contain

titanomagnetite crystals of varying size and composition as remanent magnetization carriers.
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A7 2
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A F7F 7FA 3 QB 53 A7) A0 A A7) A (MR %Y, Geomagnetic field)& oF
34—359 d Aol tho]t} R (dynamo)e] FE|E YA FE o]F (Tarduno et al., 2010), Al&a|A 1
Aok el Azka Bol wel wskalsith ATAARE ek 90% 9] A=A (kR
%%, Dipole magnetic field) A& AA o2 1 =77} 10% o]+l B} 7] A (JFHE fi figg
%%, Non—dipole magnetic field) A2 A E o] 2t (McElhinny and Senanayake, 1982).
HAS27178 0 B4 tste] Ax A ] s e s AN AFH® A2
A AFE WFeZ AFAVZY Azt wE 97t 57, ZA7|AEe wgkd dis Aot
a3ttt

A el EAste v dAER 28 AT FF, 49 A AAHoA dEH
MEo] FE Qs &t A H(Hiflk, lithosphere)?] o]F, ©A, Aol ka1 Q). oA
o sjgste AW AT A ol E ALAHCR TR FojA= A=
B2 (Wikit i, plate tectonics)? @A A, 7k HZo ZA8YY e T & 29
5%t A Mol 2ulF Pangeao|t}d. Pangea:= thek o 29 3w @ AREH EE|7F A|FEo
A A e ol o2 gt} (Sager and Pringle, 1988; DeMets and Gordon, 1990; Schneider
and Kent, 1990; Van der Voo, 1990; Besse and Courtillot, 1991, 2002; Muller et al., 1993;
Prevot et al., 2000; Tarduno and Smirnov, 2001; Van der Voo and Torsvik, 2001; Kreemer et
al., 2003; DeMets et al., 2010). Pangea®] 2|7} A ZHT Bukto] sdstsE Zgka o}
(Laurasia) = fr3/o}A o} (Eurasia plate) 3} &-ofw|2]7}# (North America plate) #o 2 213}
saon, gk dgste 2=t (Gondwanaland)= H= Wi (Ml Antarctica
plate), Yol 2] 7} 2 (South America plate), o}3 €] 7}3 (Africa plate), 2159 (India plate), &
2Eg dejotdt (Australia plate) 02 3} sttt F=9to] A@A7HEH F4 5 ¢ A5k
At 29 53%E @ E<k Pangead] £ HANA Ax B HEAY ool /A ANG =
A5 e AdTE 242 AU JeolE BraL, nAE A7) v FIe) AF
Soz Qpsl quA daEe o,

B 7] (internal origin)¢] AFA}7])3 0] ZA)
Eg 2 ¢ 4 Jh(Tarduno et al., 2010). A+
o HARR QAR Yl ofAr e IS ik, o5 s A& g AR 7]
Qo] A FA 7 A(M Ik %Y, Earth Magnetlc Field)o] AAE T AAHE AFA7|4& 3144
(K8, Igneous Rocks)o] 13} At & A ¢ (HERiEk, Sedimentary Rocks)o] 112 %= 74
A A BE(PERY), Magnetic Minerals)oll 7158t} ol AAFES 73 AAEA A
29 T A 24 A2 A3 2l FHo 2A4H AR5E AT
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A G 71EH AA AFAVIEY] ARE AGE] o] str] A= vectord
sdate AFA7IEY BEgFG 277t BT AFAoR EAEoloF drh. welA] vector®E A
AHE A PANAL AFHo 7 BA57| YSHE ARNAE (g% ), Magnetic Field
Intensity), A A7) A7 (g% A, Magnetic Declination), & &}7] 8-zt (#ifig &k A, Magnetic
Inclination)o] B35 A Eojof gttt 53] 9z olA] AAH] AFA74E 7|53 L
- 2 E5ZEE yAStEE dukA e A8 AR ¥ At AFoE o g
kebd Hzbak 9= (EfEE, Paleo—latitude) = th&o] @A E Hol=H tan (57}) = 2
tan (iL9]%), tangent §9 5474 60% o]F9 oA e AR/ Fojdoz AA £8 o
A9 a7t wie- AA 7 Aok mEpA Bzbe] & a9z 4A e A9 ARGUR,
Sample) 9} #4714 9] WakS Aoz A obgt, RA AFA|E W3t B dFErt
<73

it

A AFgFo]l A 29 S5AY d FoF = EFH Ax & Ax wWate] #g
QAo ArAdrt FAAer Fod ALE 9 =EH(Mankinen and Cox, 1988;

Baraldo et al., 2003; Tauxe et al., 2004; Lawrence et al., 2009; Poblete et al., 2011). Y2
A F23A HstE B st B ols S AFAHLE AL F e aART|E
(i HifE %5, Paleomagnetism) €177} $ubEojof st} Fnt 4= giFde Z=oh)r}
A s TS o ARAQl olFo] FHAHLE - AUAW X]—'Jr-‘lf—i o AR ¢ ol
Be] A Bl £5 UF dEBel 43 AULA AAA g Yulzt ANHA
2 4eole,

1970%%‘61 AZE YR AR A o
A A dAE 2B Y8 U =¥
i ‘aho NENA/FR 7| A 9} BT c}m] ]

2 et vk obF HlE ZAZE oite] gk SHM A < UL% MX]UP uHLﬂ
HAE A3HoE ST AEE HJ2o &oAe Bol FFHAW Ayt @5 o
Wil FRIZAZE AdEol dgwae det fde st ok FEG BE W
IHAE ol &sta] 5L Fohfl= Wl B AR WS AE A Vol &
FERAAL, A7/ 71719 weR S5k AGeME FAE ThsE Aok ok o= vE)
2 HAQA 195 olAM FAE FH AstE @ Ve vEoR ARAOR FHo] st

Aol B Fe wEF AT Bad Pl
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1-2. A8 24 Ao BaA

Olivine Wadsleydite Ringwoodite

% 1. Spinel®] F+=x

Spinel®] #A3}EA 7E& T AQ A% dr= J2 AT P ARl A Zhgur
© A dFA el Spineld] 7|2 Fx& 32719 ﬁisa} 470 ¢] Fo]L(Cation)S X 3+stct
(29 1). o] 7k2d =77} dUAeg & FolEe A e 2l octahedral ¥ g-S 1 o]

, A7I7F AR AL FolES AMIA FEQ tetrahedral WiE S HQITH o|FA 7}
7] B8 Fol29 wld x3ol spinele] vFd o w EAFH(H 2). o|=9ls) 3}tz o
e FASARE Bl o® AT 27E AJold spinel FEo] A QA AR EEoHA H
g 5o gAY 7ol He whante] Aoy FE AR 2 AATFxTA st
T Wl ot spinel 2% AAE T B 4F 2A& 2Ase 94 A 2ol
S Byl e ATE}A 29 spinel 29 0|2 WAL g} wehA
spinel] &e]/3t3tAQ 54 A= AAF2SA A} @l Fo AFH AR &8 7}
okt

¢

k!

©

—_—

Spinel9] #3EA L 1= AL spinele] E8/318420 EA Ao o 7HF 7
o] Hl& Aoty AFollA Byt ofe} A FE 7199 spineld oz g 25X

GA o] A W A (planet) T A (satellite), 28]l B A Wl @
234 (aesteroid) o] 719 3 st A9 drielE Awdhe T8 4L v
2 19700 W &F¢Fa72 Apollo BAMAIA Bojzl A& oigh Y $A/FESHE B

of
el
r[r r1r

é Mo re
-
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S AAE7] ol A5 AE APt (e.g, Fuller, 1974). oj& 354 A7t
vl A&/dsh s el A7 Ads & JYS‘}E’— HEo] Ee2/3eAd 542 FA
AR4dts St AA Y ZA wEolth ofd3 ZEAQ A FYTS AY EE I
AS f8 AREE e dE Al TE2Ad ASEA A At O*““’i A =S o=
71Fo 2 A2 A =l Spinele] AZEA 9 FEHRELS spineld YA R AdA A 5o
e Ao 24S gAs 7P 71EAL dE, ¢de /34 A JEE AT
o2 gjHst=d 2 =0l Ay mebA Pangea £ olF WESUES Tete FH g
A4 % A/FA wE R AQ/ATETA st B RS AFH R AAE]
3 spinelol]l Bt 2tzt 54 A7l 7180 Hot

19 2. Silica Tetrahedron(#})# Silica Octahedron(§-) F%. 3 A: A A; AA: JFA.

© 8% A+ P ddx EFetal, FH 59 spineld] g zps)
54 dre AR st dA 195 Aol spinelg Yo R o]FojH A FEA
A7 A} vl =8 @delth ot neA% Acel prait A4 AR AH Aol
A AFHAY Alm AHH AAVE BV RagYel ddE ] WiEelth Ed 9=
Me B A8 5o U a5 o g Qd ofdue ©ie] . dEE de 60
1’4e] a9zl Al =3 F 112]27] (paleomagnetism) A= © 53] Holn, Jujuts: A e
BEgoute gjato 7 35 ¢tt (Mankinen and Cox, 1988; Baraldo et al., 2003; Tauxe et
al., 2004; Lawrence et al., 2009; Poblete et al., 2011). 1&g} o] AFE G F2retF o
A7) B Wt s Aelwt T4 FolaL, spineld] FA H Aol #3 A5G AF=
Al A

[
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A2 A =l TeE 38

G 2o waes Am ATIAE AR 24 & o9 uaY 45 98 e oA
A tEAA spinel X A7h AEHD 4Tk od dA A7E Fel A7Y 4719
(terrestrial igneous origin) Fe—Ti—spinel (Dunlop and Prevot, 1982), A-7+38 3}4 7] Mg—spinel
(O'Neill et al., 1992), A48 ¥ A 7]¥Y (terrestrial sedimentary origin) Mn—spinel (Hounslow,
1996), A3 314719 Cr—spinel (Yu et al., 2001), X738 34 7)Y Fe—spinel (Yu et al.,
2002), A+8 WA 7)Y (terrestrial metamorphic origin) Fe—spinel (Titus et al., 2002), 3} &
A2 (Martian meteorite) Cr—Fe—Ti spinel (Yu and Gee, 2005), w]&E3-&XUx)
(undifferentiated chondrite) Fe—Ni spinel (Yu et al., 2009)% o] #9 & Jt}.

A re] HAR @t ¢ EA)stE 34 7] Y (igneous origin) Fe—Ti—spinel &

tf 22 Al Aok (plutonic rocks) ¥ X 32k (volcanic rocks)oll ZA)8FH, spinel A4 9] 2 74 o]
A2l 100 um o]oz Ao FuA = nod 78 34479 Fe—Ti—spinelo] &3}

= AYge gRE gF YWRZ fracture’} AL, AATF2THoZ kA A TEE s g
A7 &o)dk Ao A] &8 BFAFET whE X718 314719 Cr—spinele A shakekol Al
g B = AL spinel 24 A7 o] 10 um o]stol® AR 7] 9] magmaoA 7]Q1E T A&
A 2] (Martian meteorite) spinel& A& spineld} 2 Cr, Fe, Ti7} 25 4o Ju}t. A2
£ spineld] A5 A& 2 4 A5 A o]t (magnetic anomalies)d} thH]A]7]H
= AE7F AR AEHA o, oA Bt AAaAt FAE A5 YR AN

Ao g mlugtd St AT 71#HY dF FES o o
T WHl 5% FF F& 1 olstelth. Spinel®] A3}EA +9

1S 93] zk3 Mo AgA BE7)|3e naty Scripps Institution of Oceanography,
Massachusetts Institute of Technology, University of Minnesota, 3= 22~2] Institut de Physique
du Globe de Paris, &3t Chinese Academy of Science®] 3] %A d/A+ &2 A+4 (Center of
Marine Geology and Geophysics), 7] Ubthe] University of Toronto, ‘:’E‘%«] Kochi Core Center
o 7xoltt. o] T AT 7|HE 5F oY AFEA ¥ 47 7IVE Este 94F 4
A49 2% o] 544 A7E 953 FEL Uk
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Specimen separation

Mass determination

Magnetic
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measurements

3L &
R

Aldel ok
susceptibility) =4

o) 2}-& (Magnetic

Alternating—field

demagnetization

Alternating—field demagnetization2- A}-&
& A5 ARIAE 54

CREEEE

Viscosity index

7} -3k Natural remanent
magnetization(NRM) S vl m &t HA =

%7

Thermal i
AR AT SA4
treatment
Mineral
identification Hn|ABIS B3 JE A=

using microscopy
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3-2. Ay A9 2%

O Locations of sample core

RC15-GC44+= F¥ 70.8325% F7 174.7324=2] 44 2392v0|E oA | # 3 596 cm]
A|Z 0] ot} RC15-GC46% @9 70.6019% 57 172.8930% 9] 441 2434u] €] oA 23§ 666
cme] A|Fsiojo|tt.

172°0'0'E 173°0'0'E 174°00'E 175°0'0'E 176°0'0"E 177°0'0'E

Legend
ANAO05B_all_stations_20150
Gear
[exe
@cm
[XIprD
[XIDRD_E
XIDRD_S
[leve
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AHYD_E
/AHYD_S
LCA

LGC

+o0Bs_m
RCM_E
©RcM_S

éﬁescue

(STRM

(USTRR

o TMM_C

O TMM_E

O TMM_S
---gps_fugawi_20150224_L3

- E‘= Kilome

100 172900 173°00E  174°00E  175°00E  176°00°E
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O Alternating—field Demagnetization of Natural Remanent Magnetization

HFH A= AlFaaofdA HAES FEoto] & AH9 FHQ 1AA HAEFHA
A AdEt 4 Vs AARFANE ALAT ol geke] FHTTh FAl A%H A
A 7528} (viscous remanent magnetization) &&  2x@F A3} (secondary remanent
magnetization) & A Ast7] Y5t RE AHo| o dAE wHFAA A (stepwise
alternating—field demagnetization)g W F AL} 7]|E o] &35t Falst & 7} A 2AFA3 S

o)

o
=A%t w3 1z} ]Eﬂx}ﬁf oWt L HEgA o7 FHEle] B 270l &3} (anhysteretic
remanent magnetization) 2] o)A o] tj x}& o] "4 (anisotropy of magnetic susceptibility )3
¥

T BRE e AZ BATT. e, AY B GATA God, WA
VP gl AAANA AN G SR B B2 FolFE FAR

O Magnetic Hysteresis Analysis

WHFAeE HiR A o) aet APE SEI F, AR 2 AHAE o] &3l e
A gAY o4y Zx A7E Weld F2#7Fx3 85 A ¥ (acquisition of saturation
isothermal remanent magnetization)-2 3§sle], AAFE Q] £H S EALS FHIL 2AF
ANEAGAE o] &dt] HE A EEY A7]0]HEA (magnetic hysteresis) S =4 &to], 72
32 7|28+ A4 FE 9 =FH(mineral identification), Y x}=7](granulometry), A}7] L4 A
(magnetic stability) S¢] 5A1S 4.

O Mineral Identification

oA TAdAM ALY RE ABE FH3 o]5S ez ¢AntH (thin sections)
< A ¥, BA AP e o) &std A4 F Aoz AAF B TR/, 4AAL
71 @ Wl AeE et £ A A FE9 g, 7 A= FA8A 2 W
AXE TS 98t WA @n A (Scanning Electron Microscopy) ## % ®ad Aot} &

2z £

o f”lo

_0‘
==

OF-E
UQL'
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O Thermal Demagnetization of Natural Remanent Magnetization

HEARA FAAAEY AAZFASE A A (magnetometer) & ©]-§-3sto] 57 gt
Aol V5" FA™FAS} F& 2xRFAE AASY] Hste] EE AlH diste] WA
W oAz A8 (stepwise thermal demagnetization)S G4} 7]1E o] &3] 33 &, 7} oA
H ARAsE SA0Y. dAE dade FAAeRE FEEe AL 1297 oY 2% 7
o A e gt

O Thermomagnetic Curves

st S FASE Aolgh #FE 2SR JF HAY £ dve HYg A
(rock fabric)E & 7] Y8 Aol A =43t (Gattaccecca et al., 2003). tx}&9]
B SA4L 44 vol EAste A3E AN AY FEY wAS I 27 49§l
716, A AlmgE deR F3stt. ojd AP AIEHA FE AEE ARE 1L dAE
ZA7E ol &3td ZHAEE 75 AY FEY AVNFHLE (2%, Curie point)E
St ol EUE A4 #EY TFH 2 2% gl U A4 FEY ¥4 FEHE W
gt
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3—-3. A+Z4a3

O & UH A Eo| 7235 A5}

Specimen separation
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O N YE A Eo] 728l AFAste] W Wz F4

Specimen separation

AFFo2HEH HAES 25y
ASAAY TZAH AF
%% AW A 254 cm X 2.54 ¢cm X 2.54 cm
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O sNUE A Eo] 71238l AFAse] W Wl F3

Mass determination
& Images of instruments

used in the present study

Sediment core specimen (2.54 ¢cm X 2.54 cm X 2.54 cm)

ZLLLLLT
//I////I 1 Daisico

JR-6A

DUAL SPEED SPINNER MAGNETOMETER

Spinner magnetometer

Alternating—field demagnetizer
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O sNUE A Eo] 71238l AFAse] W Wl F3

AU & a + 2
RS15-GC44
p
0
o
[ ] [ ]
oe, °
‘E\zoo
L
s @° 4 o
AFE Q2] Zojo] e &
magnetic susceptibility Q 400 @ A
Wl 54 ® 48
® 44cC
600 . : : '
40 60 80
k (cgs)

3| A 5 A& o]
S15-GC44¢] Zolo W& thx}& W3l =4
k  Magnetic susceptibility
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O sNUE A Eo] 71238l AFAse] W Wl F3

AU & a + 2
RS15-GC46
p
0
o
[ ]
[ ]
‘E\zoo
L
S
AFE Q2] Zojo] e &
magnetic susceptibility Q 400 @ A
Wl 54 ® 48
® 44cC
600 : '
60 80

CEEEEREE
S15-GC46¢] Zolo] W& & W3l =4
ki Magnetic susceptibility

_23_




SPEEEIELE
Qolol e
A7154

O SFnAEe B9 ARANE AEoe BE 25
avu a 7 2 %
RS15-GC44
NRM (A/m)

0 5 10 15 20 25

0 ™ T T . T 0
® ”@
»

g S

N— ® . 3 L IS
E I o&c’. c ﬁﬂ j} e
Q b 1

a } '

E’
“ v | 8¥
400 -{ 400
k NRM
@ 4 ¢ ANRMI
@® B Bl ANRM2
® 44cC A NRM3
T S AR 600
0 20 40 60
k (cgs)

AAHHE s WA 3% NRM
k: Magnetic susceptibility
NRM: Natural remanent magnetization

(1: x3& 912, 2 x5 o2, 3t £49)
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RS15-GC46
NRM (A/m)
0 5 10 15 20 25
0'.'|.‘|‘| E‘?S;D\'\'\g'o
-,
{
200 |- :“ - 200
N— °
£ !~ -
Q
8 B .k4ec
400&' : :Zg - 400
%
600 ( - 600

HAHAE Amel A& 3% NRM
k: Magnetic susceptibility
NRM: Natural remanent magnetization

(1! x22 92, 20 x22 o2, 3 £29))
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O HFEAE AGAQ ZFAstE 758t $E @5
7 a4 = 4 3
RS15-GC44
’
NRM (A/m)
0 5 10 15 20 25
0 CT f & T —— 0
[ ] .‘
.
" ¥
LY
.x. ¢ ).‘ ®
A
%
200 1~ 4e ol 4 200
. ..?
<
\
: % %
N ® ) ° .
< I o&":o ° ‘?
3H0C]:QZ#% fﬂ(ﬂg] 15. jj g 5 .
2ol me g " v
A7 B4 v I“ . .
0%
400 ¢ 1 400
@ 4
@ 4B
® 44c
600 "' | | ( L 600
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