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go] EQIE AA] Erlo] A2 YApEe] s EEen] AN 9]y 54 GES Al AT 12 WS Selstgon, o
£ 378 M43} Aagiofol Fh AT B AolA] B89 ARt A A7 A Sl B 2540k GC03-C2 3]
HA o], 2o ZRERE 24T A MS G 71E SHH 58 A2 MS g 95 FAS R > 093942 & A4
A= AAGT). G5 ThE ofrtolH 310] AlRe] AT A5, 24 249 QLA Fuste] MSY A WES s}
TSR o] FEG A2 AT o] FTUL AL 0] St olele AFIN 7|E obtoln A 2ol BEES kol
1, MHAE A7) FA 715 WA SR 5 G Rk AB

ZQ0{: CiX8, MS2E T2ER, 3|, st |at

ABSTRACT: This study proposes a procedural framework and a new experimental protocol for magnetic susceptibility (MS) measurement
using dried samples and validates its methodological effectiveness for marine sediment cores. First, we aimed to verify whether mass-specific
MS () from dried samples can reliably represent the stratigraphic trends of volume-specific MS (k) from original wet cores, and then tested
whether our "vial-wrap-contact" method to utilize MS2E point sensor while improving time efficiency of lab procedures can ensure high
analytical consistency with standard MS2B measurement results. To determine the optimal sample mass accounting for the technical
characteristics of the point sensor, a mass-loading experiment (0.1-1.4 g) was conducted. This confirmed that 0.5 g is the optimal mass under
the current experimental conditions that ensures both uniform sample distribution and the measurement sensitivity for y, suggesting that
optimization for specific environments must precede application. The samples used in this study were sediments from the Scotia Sea, Antarctica,
GC03-C2 core, for which prior research results exist. The dry MS values obtained from the current study reproduced the overall stratigraphic
trends of the original wet core MS scan data (R> > 0.9394). To apply this protocol for other sediment cores, we recommend maintaining
consistent analytical conditions throughout the selected core, aiming for the reconstruction of relative MS variations among the samples.
This procedural framework provides a reliable alternative approach for rapidly and precisely obtaining high-resolution magnetostratigraphic
records from archive samples, especially useful in research environments where acquiring new fresh sediment cores is challenging.

Key words: magnetic susceptibility, MS2E protocol, Southern Ocean, environmental magnetism
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sfjoF E|lAE F o] 9] thx}&(Magnetic Susceptibility, MS)
SRS HAE W A FEY s=ok 24, 293 A
7] H3LE A&5HA getdt 4= e A A #2, IXF
7] 2 317]% Aol A -5 B-&H 1 Yok 53], &
A7 B FUBEE dElFe AXAE 92 AHEEH
I glom, T g AFARe] MS gho] Watao|d
7155 A 7|50 e wj¢- & A5k Ao g
(Weber et al., 2012). ®J3}=20]9] HZ| 7|21} =& A3t
AE Hol= MS WS &8s, mgtA 9 Aoyt
BtA ZAF a3k reservoir effect)2 Q3] A = o| o7
<+ 3= Y EEEY Aud Ad Aol 7ssiRH, o]
At £H o7 Fo] MS 7|50] 7|& AFS0lA HHH e
2 &85 o] gti(Pugh et al., 2009; Weber ef al., 2012,
Xiao et al., 2016; Kim et al., 2018).

A7) BEEE AN golat Az &3} ofrfeln
BPg 98] o Zebrl AeE BeE olrk. 7ol
BB 2A] FIF40) Fo] AltE| T, ol A 37

ZJEfol A2l 243 MS (Fresh MS)E S7%o 2 A3t

= ZJE o] THoA
SE EZF S E0] o|FR L AEH HlolEHE A
AL &8 5 A dot 2384 B AL, B V&
SA9 dlolgollA Bt £2 =R S0 BastALY
o2 o 29| A%o] WRstAL & AL, opplo|B=E
R A g2 HE dff EZgoA9 MS HE FAIE 4
24 A BT 5= Q=R "k o] dF ol
Az AN E2E & MS E4-2 EHEY AUzt 374
EAE opofetaa) sk BHOR o|FojA YT} Kim et
al. (2018)2 AxH ¥ FHE ARE <16, 16-63, >63
um Al & 7O 2 o] 2470 Q& A7t A MSE
SA34) ol o9 MS W5 AT o Zlo] 3t
H EHE AR 284 B4 zlol& LHdof T AlA
s, Bk FUst MS &7 A4 Ax A&7 Fa5}
A 2 4= 9188 AJAFEIEE E3 Shin ef al. (2020)2 &
=R 295 AX oAt A RE AMESte] A= v thAkE
()= SATCEZN EHES] 71Y 2 24 7)2fof g A
= 4343} v} 9o} E3F Song er al. (2018)2 AUk &}
24 9 3H Ao iE FFE EsH] Sl
50°Co|A AzE B4 A 55 &85t A 8] thAE&(x)
= AREEH L Qlok. 2y o] 23t Az A RS E8e A
42 AR BATY B4 Folt MS HE 8¢ 3
Aol 5 AR, A% A|RY MS F37ho] 55 2o

9] 7155 gntt S35 A@st=Al, vzt Zojo MS
2 A 5= leA ol tiaiA = AAA
2 oYtk &, o] EAf A A= A
MS glo]E|7} ol7fo] B Bt A && o
oA S4% 7151 drE ¥ 2 5 A=Al o
3t A=o] F Q35}c}. 0|2} B 5l Blumentritt and Lascu
(2015)= 24~ E|ZZof| A H-& FZojol A Z72t loop sen-
sor MS, point sensor MS, 18|31 AZX A|&2o|A =43
MSE 7t 2% Ao HAT Aol e w7 98l vl
ek v ok

SHH, Wet A9} Dry Al MS Z+& ]2 o, A=
U 234 viAtA B2 (diamagnetic substance) 24 MS
2Rz} 314 a3(dilution effect)E -GS H=Z(Rosenbaum,
2005), H-& A2 MS 712 Y o2 Ax AlmEh &
A vebdth A2 Wet Al=27} Dry Al&9] H|3] MS &
S B LR oF -4.95% A= W o] By
ItiMissouri State University and Ozarks Environmental
and Water Resources Institute, 2020). ©habA] Wet A= &}
Dry A|52] MS 52 A&l 2 Z(Amplitude) SHo| A
= zJo]7} 2HAE 4= Q) © W(Blumentritt and Lascu, 2015),
&5 AR hRFE(k, Volume-specific MS)& =435t 4
Y AFol A= & Aol 93t 4 aaE HAsHAE ghol
oF 1.7ufoll A 2ulf F7Fe o= QItkar A4 Iek(Shin er al.,
2020).

ol2|gt E2|% 2] Zpol= oln| AREH| H& AH 2
Ado] E7Fs87 oprtol B A 25 E83le= A7AE
oA, A=H HolErt Y M= 58 7152 Lt
U A= A EE 4= Aol tie 2229 B4
AL A7)etck o]e} THS}e] Blumentritt and Lascu
(2015)= 5= EAEoA G5 ATHAE eIt vt 3l
Auk, g2z o] Aol sk HAE ARE ez
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o2 v 9 H3s Al EET 53] 7 SR Qs
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A& ()& Sk Aol 49 &l SHolA M
AN tieto] Hu, 2t AF BHAA T/, AR 4
el T HH Y F 21E =&317] A3 AR 7to]
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AXE 1Y EIHE A0 [IXI8 A% ZHS ot Al Het

& si0]9] TOIE MSE 7|3 vlo|H2 shel, B2 7%
A(MS2B) W 2 AN A5k EIIE WA(MS2E)
o Az N2y g A5 B wshint.

2. = &

2.1. 932 N2 L M2

211 A= &6 L HH

2 Aol AMEE EAE A&+ E= Scotia Sea X4,
Elephant Island EAPHO|A A £8 Fo] GCO3-C2
(60°34'S, 55°55'W, =41 3,750 m, & Zo] 834 cm; 19
1)9] o]AF A|&E(discrete samples)©]tHKim et al., 2018).
| Foj+= 2003/20049 = =X A LA(KOPRI) E=
AT =2 TWKARP) &3l 717 5 R/V Yuzhmorgeologiya
52 23 S5 QthKim et al., 2018). GC03-C2 Foj
7|1& AtollA 7] A47] 12715 WIS Atdshs ol A
SEIP O, AREE FEFdiatom) AL EgHt 02t
7 AT ZEA) B4 52 919 oln] A2E AHE By
UTH(Bak et al., 2014). & AFo|A AGH Al B SiE 2
ol¢] % 387 WA, 72 oF 30 om 7HE(Zo] sfekiio]

45°8 TOTW 60°W 50°8
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M oF 10 em 702 AzE RARE H3sio] Ao
u] tiAHg E4o] o] soiAirt.

2.1.2. N2 X U 55 B

2 Ao AR BE AEE on] dxE AHE B
Hojgtom, MS §4 o] 40°C 2EofA] F|4 12A]7F o]
& F72 Az HAHE £A40A Az S 771
Eolut gt AlAC 22 3ekA AA T 2} FA A
£5= 7572 WA o]th(Song et al,, 2018). E3] MS &
Ao M= T4 kA AN diamagnetic effects)E A
A3} (Rosenbaum, 2005), EZE29] EFZACZ QI3
FuEth A o JgsHA AT 5 e B RS
B2, A5 v] AL ()2 AFE3H] HeliMe Az 3ol
P=Z o]t Blumentritt and Lascu, 2015). & ¢3Loj| A B
VEE BE A AE A gk 2 ) gizke(y, 10
m’/kg B¢ 7|E 02 AEE QI

2.1.3. WHEX HZS st IEZ HIOIE
2 Aol A Agtete Az Alm SR Y A& 74
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Fig. 1. Map of the study area, showing the location of the studied sediment cores GC03-C2 (yellow circles).
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AZ37] Y3t i Zw(reference) 22 Y& &H5& Fof
AE ZRAE tixks HolEE &-835}3itt o]
S 7|88 S| A+A(KOPRI) || A Bartington MS2E
28 4718 AMgste] £8E o A XH(split half core
sections)o]] 3l 1 cm 7+Z2 o2 AT AHES Y35}
o] AojFHTHKim ef al, 2018). o213t 1 cme] &3 744
2 AA Y A FY 9 AA| Fo| dolE 1T of
FAA WFY Fee Hadste] 22K ¢ Q= SRS
ddolH, & AtolA AT AR SRS A
&322 ¥ 7|52 Aest= o o A= 5= = 7]
o] "} s Hlo|B= CGS 992 HuEglon, &
el A SE F] v dize(x) Y S 7t

71E 58 MS 7128 23018 XY EFE EAF
¢l HE S Alseeh FAFeE, MS 3h2 ®7]():
Marine Isotope Stage 2, MIS 2) 5L =tlr} S2A)
(MIS 1) 52 A FAH= 5313 ¥is dES HofE
tHKim et al., 2018). ¥ A7¢] 34 2o Az A
NS olg7 A% ] W0 Z4 Pl 7IE 48
520 27) dlolelel] YA ¥E 2Awrend) S HBH LT
HES=A] Aoz dFshe Aot vl gl =
lolElE 57 ©91(10° CGS vs. 10° m'/kg) X A2 3o
(Wet k vs. Dry €] Zo]2 ols) Arh& AZA 22
Afol7} EA). Teiut 2 A7e] BHE o2jgt Azt
9] z}ol(Amplitude discrepancy)Rth=, AZRE A RA
SAE « @l 71& BE 7I5Y FAE dF glo] AR
T U2 AR R YFotat okl 2nHow &2
AtolMeE FY Aol x Ttk T YHY = v uFe
22X, Y& 5& 3ol 7|5 T A= A7 54 HolH 9
A 7Hsd R SA124 WE A9 AEAS BrlsHA

:

2.2. M= 2E X Xat &

2 A7y 2 S A ] Sdl, AA A=
A& S0 oA dpistol i diake S AdS &
Yot i A2 2 AollA kg MS2E ZIE
AlA 7]9Ee] o h-g1- &) T2 F(A] ARk 2.3.2.
F A2)S ARt S E Tk

1) HF A=Y A4 7]& o] MS Hlo|E WA A4
FEY ol AF R wot 4159 WIS vZsH
ZZE 42 Q)= A A A (772 cm, 802 cm, 812 cm)Q] AR
A &S AAsiath A8 AP 71& 55 MS @2
7}7}+293.2, 236.4, 228.9 10° CGS©|t}.

2) A A3k ABE ZF Aol A BE LR 0.1 ¢
5E 1.4 g7HA] 0.1 g ZHA 02 F 1494 9] A7 H3}of| w)
£ MS 7+ mho| -1 ZREZS ARGt S5t
Aot ol Ao HUE=E FHsl7] ol 0.1 gFE 1.4

goll o2 RE ek whAlo) A AR A 9AE £0.01
o= ARt ol AlgEo] 7 A 1701 g)
o2} 10% 93} 518 WS HA AF Welel Jee)
4 g3t Aoz, W Aol T MM 1A S Aol
R qlo] 22l57] fRtolth B dAA xE3 W &
4 B2 g At

3) A% E3]: Bartington MS2E AlA Q] & 71| Z]o]
(AZA} 712 50% % Zlol 1 mm, 10% 5 Z0e] 3.5 mny
Blumentritt and Lascu, 2015¢] @28 2F 2 mm) EAAL
A& Ak F7tol| W2 AT 7] @4do] WAR 2 A
2 o] 23t '7|3}eHA &K geometric effect)'o]] 23t 012
Ao, & Fo| B4 A MS ¥E A9 AlF= =
< E4S 98 B ARHY dBAdE A 5 A
= 0] A AL =&t sk

2.3. iXIE £3 ZHI % Z=ES
A =42 Bartington InstrumentsAte] MS2 &3

A|2"3) = £52 0] M4, 2 MS2B Dual Frequency Sensor
2 MS2E Core Logging SensorE ARRE3}o] W3y gict,
HE S A A 2R A2 & Tl =51
AFR 0.5 g& BE AT festo] dEH o=z 7
FHoH, ARE 0.5 g& 7IE22 £10% HY HelA
Fskai

2.3.1. MS2B (EZ FH W] &8)

MS2B AlM= B9, 44, B3 e dixke S40
F2 AMgEE 2579 A4 AH|o|thMissouri State
University and Ozarks Environmental and Water Resources
Institute, 2020). & QLo A= MS2E 7]4ke] gty =2
EZo| AEshe 2 AF=E Bk S8l sLd A
% A2 ek MS2B] S4ZES 715 Hele| = asie.

D) AR EH 2 34 dz2d BHE A= 05 g2 WS
TFE 1.8 cm x 1.8 cm x 1.7 cm (2F5.5 em’) Q] Ze}AE] FH
(sample box)°]| YE2| =2 FHsHA A& & SHR:. o=
AA TR HAIel] e B2 HK10 gt ZHL A2
S ARk Aol sttt olul, 7F9] AlR(0.5 g)7F
AA EolA A3t 71818+ =7 (measurement geome-
)& §AT 4 Q=S FH vhetEe] g FASH =
Z3lo] A& Fo] Atolof wE A= gL 283
H Lol A= Bartington MS2B All4 &) AFuHLF) L=
£ ALgstol A vl thAHE()S ST 92 S35}sct,

2) 39 9 g B 2} AR 24 Aol Aol ok
Ax =X g2 AE(Air) Q) 39 =4 (Blank Measurement)
= Y5k, o] S S AR SN AR
o}, a3k, Zahaw] 71 87 2] 9 7)o (diamagnetic
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contribution)E EA35}7] ¢Jal(Missouri State University
and Ozarks Environmental and Water Resources Institute,
2020), A|27F Q= B FEYMS g2 5 H S & B
W 2= 2F A= ol A

3) A A5k =45 MS 52 Bartington MS2B Al A]
9] 2 A=K Calibration mass, 10 g)& 7|1Z 02 o] 2=k
H] x 2 A3H=] It Missouri State University and Ozarks
Environmental and Water Resources Institute, 2020). &
% Ao B2 BAE B o) el Bao wat
=49 MS g2 Aokt

Calibration mass
x = Xmeasured X —
Sample mass

(¢37] A Calibration mass = 10 g, Sample mass = 0.5 g
(£10%2] 23))

= \=9 UiXkz
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sensor

Scdiment

Fig. 2. Photographs of the alternative "vial-wrap-contact" pro-
tocol for MS2E measurement. (a) Measurement config-
uration with the inverted vial, covered by a thin plastic film,
in direct contact with the MS2E sensor tip, (b) Simplified sche-
matic illustrating the overall procedure showing even sedi-
ment spreading via a thin plastic film to ensure optimal contact
with the MS2E sensor.

2.3.2. MS2E (M8 =3 W 28)

MS2E AlALE Qe Balw Fo)( spht cores) FHL 17 th S HoE w2 § vho|dS FRof, AlA EHT}
=R 27)517] Y8 AAE BH AAoLt, 2 d3to AZ(EHZ)7F T Afolof] FaL A9 WS = =S
A g AAE olgate] oju] AxH EHE Fefjo 7/ LA AH A MSE SAHHLH 2).

A RS AL BAT 5 Qs Tk 54 ZREg 2) 270 QESH Y w2} oPE AR o3l 3 8]
(alternative measurement protocol)-& = ¢35 h HHE =24 & W3S FE o2 AR 2 gioks

D&% WA Az HAE AR 05 g2 A7 25mel HAS AT 2R olf EZEHel MS2B WM tfu] 2
Zatae volotol TSt ol B ATOIH ASTMS2E A £ B2 502 BEE 4 9y thRolth olu), gFe
AlA ol E84 F4(A7 2.5 em, 4ol F 3.7 em)& 31 Y EE3te] FLS AF ARE AlA EH Hdigt
gfsto] e E Zolch vio|d MM AHFE 2.5 cm2  FUSHA| WA= IS B3 MS2E AlA 9] &2 717
FUsH QANYORA, AN A G Yol ARTE  PolR A AT 4 Gk I3tk ARG ofuAE
BBl FUSH MiAE S UES UASNAT ARE  neE 4 ok 5, ARS HASUR Belel A2
e 5, vlolere] Qo] e BehaE WSS A8 w, A A7 AN ERC 2R 4E Ho 24 2ol ¥

772 cm 802 cm 812 cm
;fE 500 i ;fE 500 :TE 500
£ i pe-102800 200071 £ y = -107.98x + 286.18] £ . Y
g‘aoo ‘ L] R = 0.9466 g’aoo R? = 0.9757 g 300 *g e
: . : : i, R? = 0.9462
%zoa 1i§!! %zoa ..d %mo +i
E- - f‘ g b Z" ts..4 ; .
800 |y = -475.27x + 535.31 S0 |y = -384.31x + 457.47 8 w0 |y =-250x + 37455
S R? = 0.9466 & R? = 0.8998 & R? = 0.9458

Sample mass (g)

Sample mass (g)

Sample mass (g)

Fig. 3. Precision assessment of the alternative MS2E protocol via mass loading experiments. Variations in x across a 0.1-1.4 g
range for samples from three core depths (772, 802, and 812 cm). Datasets are segmented at a 0.6 g threshold (low-mass: orange;
high-mass: blue). High R? values in both segments demonstrate the consistent precision of the proposed protocol, despite the
systematic  decrease caused by the MS2E geometric effect (~2 mm sensing depth). Error bars represent standard deviation (£10)

and are smaller than the symbol size where not visible.
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24 AUE0) oXE UE
Hoz gAY 4 k. wetd, 5 Fofo] o) A=
24 245U A T Zolo] T A MS BEAS

B3] 915 QPAA ZAZES FRsks 4B Bt

ollA Bloje] ek B71=

Q_ o)A} A]E(Dry discrete sample)oﬂ
S Il 715 HE
k]—‘g— °§“5]—7ﬂ Xﬁ?ﬂfﬂ'— ] E]—olo]-ﬂ Hall, B4 W el %
TS AFH o= Frlstn-

3.1. 14X Nz 58S

Az N 2o MSE 248} 03-C2319] 4] %]
(772, 802, 812 cm)2] A|RE tH o7 235 Ak
M3} A9 ARSI 1 AT, BE ZolojA AR WY
(9)°] S7heroll mat A= vl iRk (x) ko] dAIH o=
Hashs Aol THEHJHIH 3). ol F4 FA=
0.6 g= AR 7127|7} Wshs 2 Ao, ¥ 4
ZFT7H0.1-0.6 g) 9] 72 71&7] Aol =& A %1k
(0.7-1.4 g)Xc} oF 3uj oA 7lal2A &A=t 28t
T R REFollA R gh2-0.89 o] -2 Al S HAI3IC

JI»
|0
o
of
s

(a) Wet core point MS

Volume-specific MS

(b) Dry cube MS

Mass-specific MS

3.2. Dry MSQ| M| 24 AHS
3.2.1. £ WAE [HIEQ SMX HS [HHI
£ Aol BT E ) A AR 5 el
(MS2B FE ¥FA] MS2E E2IE HMNQL 7|& 58 Fo] &
U DhAH() 715& Qolol 2% cflatsict e
2l S8 715218 4a°ﬂ*1 7 U W71 =2 MS
Hey EEﬂﬂ(MIS 1)9] W2 MS gho] tiu] =)= F3igt 45t
T T Hes et d 4a). 24 23, A= RS
o]_Q:&]- =R g =2 ko] "l AA ] JE9] 2jo|d =
E781L 71E 58 7150l UEhd MS ¥ FAIE A2
22 [FARHA A@sh= Alo] BEEJTHLH 4b, 4c).

3.2.2. Wet MSQ} Dry x Zt0] &2t 24

718 F2 715(YSHT 2 A7 A 5T AR A=
MS S3ZH(XFH) 719 A% AE A% 2a= 1
2 5a W 5be} Atk FH HFA(R = 0.9402)T tiebA ZQlE B
AJ(R*=0.9394) BE 7|2 7|23} 0.93 0]AFe] =2 AAA
F7F Hehdt o] 2 A2 Dry A|2E AREEole
E5lL 39 v Al o3t & Gi%l(amphtude) A}
o]& goj(Rosenbaum, 2005), MS HE S F == R4
FEY T W3l A7 2A HFEHA] IS FFH
o= Fgiit

(c) Dry new point MS

Average mass-specific MS

(x, 107 CGS) (x, 108 m3/kg) (X, 108 m3/kg)
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Fig. 4. Comparison of downcore magnetic susceptibility (MS) profiles for core GC03-C2. (a) Original wet split-core point MS
(x, 10 CGS). (b) Dry mass-specific MS (x, 10® m*/kg) measured by the standard MS2B cube method. (¢) Dry mass-specific
MS (%, 10" m*/kg) measured by the proposed MS2E "vial-wrap-contact" protocol. Note that all three records show highly consistent
downcore trends regardless of measurement units.
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3.2.3. 5 Dry MS S i 2t0] [t Ity
= 71 Az A= 2% WMS2B, Yok MS2E) 1t

9] Y& d3}A(Internal Consistency)S &215}7] 93l AF
3 AAEAE £A437 23, Dry v (MS2E, ZR1E W], X
Z)vs. Dry 7 (MS2B, S-E HFA], Y3)9] R2ZHE 0.9666 2
SAEUKHTE Sc). ol = F FFY AAolgt Aot 54
718FeHa] 25 AR Pol=E EstaL, & Aol A
gt gjeka 24 walo] B e Huje AuE Ak

& 85T 9 ee Hojart,

4. £ 9

4.1, 22 Hollfl [E MS MBI MS2E M0l XX

=F
A% Aok A 23, BE YoloA] AR AFo] 5
NP5E WY v thago] FAShe FHA FFo| BE
QATHZE 3). o] gt F/d2> MS2E AlA| Q] ulj-¢- -2 3F
2| Zlo]o| A v|ZH 7|5}8+2](geometric) AIHE A H ).
A ZAE AFe] T2 MS2E AllA= A& EHO 2 E
1 mm AzjoA $EE2] 50%E, 3.5 mm AZA 10%S
A= EA4L 7} thBartington Instruments Limited,
2023). MS2E A= E 2 0] A7) AlFo] F2 whe
32 2(Blumentritt and Lascu, 2015), Hfo|& Y| 2] A7 9]
Azpo] Z75te] MM SR 7R WSS Holuks B2
o Lold4g, 27be Aake 24 ABMS)e] HlFH L.
2 7|oJ5HA] oA Et. AiA o2 AT v tiRE2 A
29] % Wepo] Lol 4% AR\ R HAH L P
oA Hr}
e s f&ﬁlﬂlE E5taL, &
-4z ZREFLS AR AMEE

AR AU ol
S FF3FFOZH MS

(a) Dry cube (SI) -wet core (cgs)

350 350

Nz9 tiXt=

y = 1.6292x - 55.179
R? = 0.9402 °

y = 0.8684x - 7.1135
R? = 0.9394

8
8
W
8
8

I
&g
N
bl
38

B N
I ]
& 8
e N
& S
8 8

5
8

Volume-specific MS («, 10-6 CGS)
5

Volume-specific MS (x, 10-6 CGS)

a

°

0
250 0

°

50 100 150

Mass-specific MS (x, 10~°m3/kg)

200 50 100 150

(b) Dry point (SI)-wet core (cgs)

200

Average mass-specific MS (x, 10~°m3/kg)

Nl AT ojst st Tiot 683
ZAgke) WEAS ATHOE BAT 4 Uk Wer A
ARtk BE 1% ZololA A2 Fue] BE MS Ao

o] BEEHJAE, oj= AT Az dE = 3
o uzt BAYo] 7hs3ith. MS2E 57
= AlA 9] =7 A= 8 A= A Aol
Azof 71998HA] & 4= ok 2By £ Z2EE| wet
HE ZoloflA 5 A ANRE HLsHA A F
%, A A= T 54 Jﬂi}g EARCE AT 5
AUt} WA B T2EEFS B85t F0jo MS HEA
< A@staA} & o, FUT AFY AR E ARESHe A2
tloje o] Fd=et AEHS SEslr] f3t S8t AA|
| O]E]-(Gonzalez and Herrador, 2007).

st whg 7]&7] &4 b= ol2jt 2a
SR S % 0106 9] T4 7187
£ 37 o 022, 358 AF 10614991 B
1073.ck 26 )4} 2A) eheh 2 3). ol &
ey 7oA Al u]Ajg Watol K7L o §l
st WhghS ou|gttt. wEhA 0.1-0.6 g F7E 1wl

= J-7H(High Sensitivity Zone) 2 2 & 4= 9lom, H &

TollA BE NBFOE ARERE0.5 g= o] 731 if%%l

L.

lo i ¢
&('

it

}L Mo B4 mx ox
r}zém

e}
ok L rIo ﬁi

n}i d

tF. o] TN ARFE A AXAAA G A
$ Ao 970 w2 MS 4159 ghgo] A2 4 glonz,

202 Qe A o} Wgolt.

4.2. XX 22H0.5 g) MEHO| HIY HH

£ Aol s A0 MSE 14 S5 9
3 A& AAE &3 ‘vlo|od-H-Uzp T2EZS A
b, A & AFOR 0.5 g2 s o] A7

WA TEH B N O MS WES EEoR
2% 5 oul, AL P NRS RS BN Y

(c) Dry cube (SI)-Dry point (SI)

250

y = 0.5243x + 30.749

B 3 =
o o . R2 = 0.9666 o,
] £ ] .0.
o ° ° ;00
o) . 2 150
w
= )
° &£ 100 °
k]
&
ﬁ 50
8
=

0

250 300 350 0 50 100 150 200

Average mass-specific MS (X, 10~°m3/kg)

250 300 350

Fig. 5. Linear correlation plots for methodological validation. Correlations between reference wet core MS (Bak et al., 2014)
and dry-sample susceptibility (y) using (a) MS2B (cube mode) and (b) MS2E (contact mode). (c) Internal consistency between
MS2B and MS2E protocols. High correlation coefficients (R* = 0.93) in all plots confirm the preservation of primary paleoclimatic

trends in dried discrete samples.



684 Rok2 -

oA A2 5 Y 2A0E BHEU
AR FAAIAM AHia o2 IRIFE 7t
THLE 3). mEkA] 5o Zojof wE MS 54
ARSRAE ZREE0 pAY IS AR
H2 Agos ueed 371 45
58 10| MS 7122 712 A2 Ao A

zx% ZAxto} v w kgt

ﬁﬂ 71E 241 5% 2ol MS 7|5 T Al o] A
(772, 802, 812 cm) %] H]Q1 1.28:1.03:1.007 =8 v
28] SAgE HIE ti=gt 23, 0.5 g AR RS 1
1.14:1.04:1.002.2 yel} 7|3 dlo|ElQ} v|mE FARSH
HE Zo wglr}h £3] 802/812 cm&] H]-&(1.04)2 AH] ]
W HBE(2%) oWl 71E Bl gh(1.03)& dEA 2
2 A &3} K Bartington Instruments Limited, 2023). 5t
™ 0.1 g} 2-& T L7 A= v]Lo] 1.49:1.29:1.00
2 Ueht, 58 A9 8E 24 R BEs) 22 g
o] 54 7hsAo] BA= Ut

A, 4 A SAE SR T dole] 7|E B4
&8 Fo] MS 7|E 719] XAE AEHAIE BE45tRTE 1
Ak 47 1470 3 & 470 EEAFol7|% 0.5 ¢
(R* = 0.9836) 772 AA A W9 5 249do] 2%
AR ehifel, 23 A28 AHBIEELE 7)) o

A WE FAE FACE fofsb AATS Bl

O]'ME]—~

AR, $2PFe 2= 0.4 g (R*=0.9997, Hl& 1.24:1.03:1.00)
o] 71 Holele] o e P Bt A UE 1
ol A 0.4 g m]gre] A|2E voloke FRL T MM B
#g FUSH 2] ol2ie), 27 715tk Fae 27

% i
4y
m ”r

1 ofl
et

o

rﬂ

Z AL Ar ol
;O
r[r

hﬂh

A= 2T 7ol FRAHUE wEhA 0.5 g2 AllA 9
Lo UAES SAFHAANE, AR =20 FUAT HE
AE SAo FEE Qe 7 AT A S
HEA 24 Ao s goE

4.3. I KIS0 M2 21X 220l Iy

2 AtollA =2 2A A1 0.5 g MS2E Al 9] £2
& FA(F7 2.5 cm)3}F 2 mme] L2 7HX] Zo](Blumentritt
and Lascu, 2015)¢]| &3} s=x]o|c}. gheF 2 A Lofl A
et ZREES OE FH Y AlA A8 B e
71719) A AA 2 T3} glofof| wha 'Rl E F7F o |
9ot 2o WE A Alm 7 2 HA A g 5
Atk A5 S0, Tt Zol= 2oy Al 9] A70] 2.5 cm
Hoh 242 M2 S4sh= 35, 54 Y A= FA= &
A = YA S 24 é"_%‘:t 0.5 gty WA A=
Aol

agez g

AT oty TREZS T2 AN

283t AL & A9, EAZJAMS SHof| A A7F HH3)
AR S st agd AllA ol A7t AA| A=K Critical mass)
< A AT davt Qo Egh, 2" A dvke o
o Fof B4 H I A L= A FA = ofof gt o]
St AE 279 IS AA Q] 2A B 7|0 &
A eAE Haslstar, AHge] ztolet IA|Glo] Zold
FE MS HE FAIE A=A A Ads] A 58
gk AA 20|t

4.4. 1% Nz SZHS SSHER T MS HS 4| THa!

2 AolA 53 Az A= A 8] tiAE(x) Tlo]
B 54 Wo TAglo] 7€ & Zol9 A= 7]
Z(x)9] gold FAE F wehrhH (23 4), R® > 0.9394
e 2 AUHAE HITHIE Sa, 5b). ol = A2 W &
4= A Al & Hkx}A 34 A3 Rosenbaum, 2005) 2
3l g AiF el JE 2oz LAYsE 2k, A4
FE s At 2 A W e 2 A glo] 4t
8 7 USS ATH o Y5eUh 53] ozt 2 1
o]g] FAJ-2 Scotia Sea E|ZFE2] X AEAIZ 87 (Kim
et al., 2018)1}= 2+ Y x|5h, 40°C —“% Az FAo] B
A9 7 AT E F&shR] YOHAE PFHQ HAS
7V A sk At X*Xial A s HHR tlf?_"—}

2 A1E Tl 45H AR A EG F& o] 1He =2
A 3 AzE qua“ S &4 ?JE THER
gste] ZF 17k MS 7|9 =g mpetskalzt JE Kim er
al. (2018, 2022), Shin et al. (2020) S} A2 7|1£2 4
9] yoll et =4 BdS gt Ax 8=
£ 5743 23, Cube 4|7} point W] BF 57 2019
point MS Zt3} =& AU BAE B ATHLH Sa, 5b). et
A Ax A 5Y g Bl & 54 A 25 A8 7t
T Ao HE) g 2 Aol A A|gket MS2E 7|
gho] io]d-gY-I2 Z2EFL FFZQ Cube WA
(MS2B)T} =& AL & ]umE(R2 = 0.9666; 1
5¢), 54 -‘1”401 Al&8tal ZHHs = S 7HT o]

oZ".,r

l

0

Sid

it

Bat A o] 48 01 270] ojele Bol}
Az A2 REE oploln ARE BT S A7
o §-851 A8 4 9 AR
4.5. M Ho| U s
£ ATl AFE PEEe) BAH EHE 23
S EEERECELER R NGRS EE

o] &+ Foi2l GCO3-C2 Foj & titez =&% Avzt
= oA d7te] R F dutslo] dHA7F 2R 4= 9l
53] tpefFet gt A FE FEFY HolE 2Edl=



AXE 1Y EIHE A0 [IXI8 A% ZHS ot Al Het 685

=94 A AP FAl=, 2 979 AyE 2HEd A
o #Fo= dutslshe o AR Alore s A8ttt
£ AFolA= 40°C 22004 12413F o3 23 A=
& T3l Be AR das 00 2H=S du=
A FAFLZHN =] AT v 34 aaE Ha
sfet o, el 9AE 2do] g MS gHY 1
A= IS Ao s ystAls etk B3 A4
A HE= AR S A e dEE 998
2 sk ° A7 o), AH FE =Y ST =
o7} Az JEHQ 7| mAle Y= L3 viAI
o= itk ok&? A= AR A9 249 S Hsh &
& 12A1F o9 skt S AAste] Azt ou, A=
AIZEe AgRbd A7 9 o) wWhE A e niAIRt =2
2] Hato] tigt FA Aol B X H2 2 ALY =
EEZS A8 U BA 2o 2 A8t

Iy 2 A7 542 HEA A7|E &9l of
d, opFto| B A28 B8l T Fof o] SA4 A
T FAIE AR A BH5] R 2AE 24 XS
Alshe ol Aok webs 2 W ES BE 870 A8
o B QA AR Al oL A= B0l S 225}
IS REEA] Adgsfor s, 53] that 22 7413
B2 80 wE dlolE = 7hs/dS L sfok gt

A, SP AA7FMS A2 5 A[ulish= 504 28 |
97} AFHE 4= k. 2:Aloksle 92 yo) WEo] 49l
#(pedogenic) 24714 ARKSP)2 B= sl o3 A
o == EH () 5 &, 54 2 52 =(Blumentritt
and Lascu, 2015))o] A& EA)7} 28 4= ot SP YA+
= Ut o 2 (.02 um "9k 27]E 7FA = (Blumentritt
and Lascu, 2015), 40°C @& Az 9 ZA7|7F RE 1140
A @#/sksba Qg Ade] ok 4714 BAo] wak 9ol
Sick. weba Wet Aeol] BEE MS WS S4o] Dry
AR wekEle ol M Ee] 24 A ERY)7}
oba 7h5 4 viAIE 4= gich

4, B5Ha AR Dol AL B2 Bt He
RN F7t Basih £ AFNA A GCO3-C2
AE2 MS 54 Adofl skehe] A 2(4): H.0,, HCL )&
AR ket T2 AL o] vl A WK(Song et
al., 2018), F71& &ge] wot AR A& MS 4 o A
27k £7H g EAE @M= FosioF gtk &3
HCI #|2) e} -2 733t A A2l= A F=9] @ ol 23wt
S8to] mlA] SP AAFE E8fskal MS gha FaAld 4=
th(Song et al., 2018). ©]& 3t FAFof| A= Wet MS7} HEE
Sh= YAl 4127} Dry HolE oA A & o Uk
oheh, IAESlRA(H,0,) #]2]= MS #sto] w|X|= g3l
5% m|gkel AL7} B E7|= 3}7]9(Song et al., 2018)

BHA o= QEHgE igte] E 7hsAdo] qlok wEkA A A
7t DA A2 E AN A, 3 A7 A4
Aol vl A= A=A Gl tiet 71 A5l 2
a5t

AAY, ZE|Z H3KPost-depositional alteration)7} EHk
gk oM, B3t 2HE o2 Qs A A (magnetite)
o] A EHAY thE o]z} A FE(4: greigite) 2 HAJE
4= lth(Rosenbaum, 2005). ©] 2|3t 0|3} FEE52 A A
of H]3f| }eta o2 EQHysto], Ale A F Hu 2 Hx
T oA Atstol] &gt 2 £4-E 7] HrhBlumentritt
and Lascu, 2015). o] 39 Fo] E& 25 9] Wet MS ZHa}
A= NEZ S4d Dry MS gk Afo]of] 34| 2|71 &
W F5Ho] £ODR, HAR U] A4 BB S of
S HHE A8 Tt AA 20| "t

Qe == LIt ool H Byt HH =g
Aoz, Az RS S43 g 23 TREZS 7
< B = 4o Fristen

2 AoJstHAE, A& Z29 #A4T 549 S
BAlol| Bk ARk dS Ejletglth 53] ZIE MS
O] At W5 Hl&Z AH] 22t H(2%) olHoNA BF
Ao g QAT o 2N ot TEEFO| AP AZ=E g
=gt

EA, AEA AbE ho|Y-3Y-U2F Z1E WA)(MS2E)
I} HE FH PA(MS2B) BF 7]1E 53 T A7 dlo]
E]2] MS W% FA1Z R* > 0.9394 2h= &8 5413 412

2 8l Adigte] xlol= EA5tE, EAE W A FE S
ZF Hstel 2 Adid B HEo] ol glo] REES
FH o2 gJF3ict.

A, B Ao Aiks o Fo| BEAoA] AgH o
Y #/(Consistency)& FA|5H= A 0] oFFlo| B A2 E &
23 HE A B0 7MY Fa3 HA 2AYS AAReE
. A3 223} AgoA ERIE IR0, EIIE AL 7]
s15d B4 AR 9] AFo|u MS £4 WHAlo| uet &

&

=

ko)

S
H HRGS VA WS 2ol gick. b =
A9 A WSS AAY s BE 24 28] o
AT EE WS AL, T AT 2 WA
st} AN B dnsA §Astelok Bk 3
G AL A AFo] 0.5 gO2 EHHY] we



686 Rok2 - H2X] - 2ot

AT o= A WSO, e AN ThE
RS gk 55 A8e Dol Teka 4 glck. olfat
Qe AP 229 {AE 7)7] 1R BelH QAR A
AE BE AR FAS EGAPORN, BTH o
Ao Aolok Aglol A FE T sk w2 A
o MS ¥ 3412 943 glo] £3] BUsk 4 9l B,

2 AT A 2 ERES AN 4 ol
Su7} olele AT BHA optoln ARE BEstol
ge) S4B 22 BUsh) Sig st
derd 24 Axjeh Ae] & 4 Yk u1% B4 soi
T ojE haro.2 9 Aeks S ok, o) 3
3 AR 879 oplolH ARE BEF WY 2]
%4 715 g 9l dlo|d B Aol ARl AR 7
=S AT RO 7|hEnt.

ZA

o] AFL Y| &Y B FAATL "
= HAEE o83 A g7 WA =% 719k
THPE26090)"THA ¢} fh=At AT A ATFAA LAY
(RS-2026-25470149) 9] 2| dZ ot Y= 5 U -

il

REFERENCES

Bak, Y.-S., Yoo, K.-C. and Yoon, H.I., 2014, Late quaternary cli-
mate changes around the elephant islands, Antarctic Peninsula.
Geosciences Journal, 18, 495-501.

Bartington Instruments Limited, 2023, MS2/MS3 Magnetic
Susceptibility Measuring Equipment (DS0020/23). https://barting
tondownloads.com/wp-content/uploads/DS0020.pdf (June 11,
2026).

Blumentritt, D.J. and Lascu, 1., 2015, A comparison of magnetic
susceptibility measurement techniques and ferrimagnetic com-
ponent analysis from recent sediments in Lake Pepin (USA).
Geological Society, London, Special Publications, 414, 197-
207.

Gonzalez, A. G. and Herrador, M. A., 2007, A practical guide to
analytical method validation, including measurement uncertainty
and accuracy profiles. Trends in Analytical Chemistry, 26,
227-238.

Kim, S., Lee, M.K., Shin, J.Y., Yoo, K.-C., Lee, J.I., Kang, M.-1.,
Moon, H.S. and Prebble, J.G., 2022, Variation in magnetic sus-
ceptibility in the Bellingshausen Sea continental rise since the
last glacial period and implications for terrigenous material input
mechanisms. Palacogeography, Palacoclimatology, Palacoecology,
594, 110948.

Kim, S., Yoo, K.-C,, Lee, J.I., Lee, M.K., Kim, K., Yoon, H.I. and
Moon, H.S., 2018, Relationship between magnetic susceptibility
and sediment grain size since the last glacial period in the
Southern Ocean off the northern Antarctic Peninsula - Linkages
between the cryosphere and atmospheric circulation. Palacogeography,
Palaeoclimatology, Palaeoecology, 505, 359-370.

Missouri State University and Ozarks Environmental and Water
Resources Institute, 2020, Standard Operating Procedure for:
Magnetic Susceptibility (Magnetic Susceptibility R02). https://oewri.
missouristate.edu/ Files/SOP_Magnetic Susceptibility 2020.pdf
(June 11, 2026).

Pugh, R.S., McCave, [.N., Hillenbrand, C.-D. and Kuhn, G., 2009,
Circum-Antarctic age modelling of Quaternary marine cores
under the Antarctic Circumpolar Current: Ice-core dust-mag-
netic correlation. Earth and Planetary Science Letters, 284,
113-123.

Rosenbaum, J.G., 2005, Magnetic Properties of Sediments in
Cores BL96-1, -2, and -3 from Bear Lake, Utah and Idaho.
United States Geological Survey Open-File Report 2005-1203,
13 p.

Shin, J.Y., Kim, S., Zhao, X., Yoo, K.-C., Yu, Y., Lee, J.I., Lee, M.K.
and Yoon, H.I., 2020, Particle-size dependent magnetic proper-
ties of Scotia Sea sediments since the Last Glacial Maximum:
Glacial ice-sheet discharge controlling magnetic proxies.
Palacogeography, Palacoclimatology, Palacoecology, 557,
109906.

Song, Y., Li, Y., Wang, Q., Dong, H., Zhang, Z. and Orozbaev, R.,
2018, Effect of chemical pretreatments on magnetic suscepti-
bility of loess from Central Asia and the Chinese Loess Plateau.
Royal Society of Chemistry Advances, 8, 11087-11094.

Weber, M.E., Kuhn, G., Sprenk, D., Rolf, C., Ohlwein, C. and
Ricken, W., 2012, Dust transport from Patagonia to Antarctica
- Anew stratigraphic approach from the Scotia Sea and its im-
plications for the last glacial cycle. Quaternary Science
Reviews, 36, 177-188.

Xiao, W., Frederichs, T., Gersonde, R., Kuhn, G., Esper, O. and
Zhang, X., 2016, Constraining the dating of late Quaternary ma-
rine sediment records from the Scotia Sea (Southern Ocean).
Quaternary Geochronology, 31, 97-118.



	Proposal of an experimental method for rapid magnetic susceptibility measurement of dried marine sediment samples
	요약
	ABSTRACT
	1. 서론
	2. 재료 및 방법
	3. 결과
	4. 토의
	5. 결론
	REFERENCES


