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the Russian Steppe: climatic dependence of pedogenic magnetite formation,
Paleogeography, Paleoclimatology, Palececology, 201, 321-341; Maher, B.A., MengYu,
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Tsukamoto, S., Torii, M., Mishima, T. 1999, Asian summer monsoon instability
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2. ol &4 W7

D Astes A=

it
i

A} 3}-& (magnetic susceptibility)= 2 o] A4S 714 F A= ARES
= =84 Aoty BA2 oAV A sfolA AstE o] AAHE
A7) ArAIH A 5E FA @ olg A eF Aol o5 &
A3 E F %23 (induced magnetization, Ji)&F ol el 9 5-A47)
A AAT IR AAFE #BA @E ELER EAs=d oy e AHE 3
28k (remanent magnetization, Jr)olel vl B AT EAHLS AsAHE
oF wWheRivl opuE QR wWe] mE B fmAsle] W An
Z Jed 4 gon, o)yd wWasE x%i Ao AVEAHS e

(magnetic susceptibility, k) o]&} 3t}

4
riﬁ H

Ji= &9 B9 A7 EAE gholal, k= w9 F-od gt oz 53
A}sk-&(volume susceptibility)e] 2F sttt} Jigt He ©@9]7F A/mol2= SIth
A= k= G 7 glrh,

B3 A8k (volume susceptibility)S S43lvt Bd 229 A Ask&

Ak 248 Asg gl Aolsl AT 2 olft AABAGNA AAF

13) =AAQ-Q¢3, 1999, LA X718}, o2,

_‘|0_



E49] A4 5L A FAY AAE 29wEed ok 7] 2
Extole] ol vebuE AR, #lg A, 9, A 9 AL
A, wxd oz 67K 2yl A (ferromagnetic) S AAE 9] A F o]

2% e Wgow wWdse] go AREY AV RAE} FH FEAES

stnE e Zhom & 4o A& e v Aoer FH A ITEF
o] st ¥ @ A A (ferrimagnetic)2 YA 3 A AA e F7H4 A AS
7hA o] Adujdo] wi Wt ol A& W, o] 24

(Magnetite) ¥ ul 3] v} o] E (Maghemite) 5 ©| %3k} LA
(antiferromagnetism)<- -3 22 %9 A& ks JHAYH L2 A4
of wel A& ghol TS Neel&ld oo A= A 7| ZHlE H-gko]
Aol W= md s, Askgo] Fadty whAdAge] E4S ste

AAF WE7FAA (canted antiferromagnetic)< |74 Q1 v A 3= 27
A7 mAEZE vhoikgko w vl d W x] eFal of3F FARR WEkow AstE 2t
=vh. 224 (Hematite)® 3 24 (Goethite)o]  ©]o  #F3tch,  AFAA
(paramagnetic)S Ax}9o] #7] RHEV A5 A
Wakol A|stA vl H o] flen® AdkE 0ot ofo] F-A7] S Tt

o A2 e AEE e Ztevh WA (diamagnetic)e 9 547
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3E 2. A4 FEol wE =2 FF9 AF #A3kE 4 (Dearing, 1999)
Mass specific
. . magnetic
Mineral/Material Formula Tron(%) o
susceptibility
(10°mkg™" )

Ferromagnetic

metals

Iron aFe 100 276000

Co 204000

;?E;It Ni 63850

Ferrimagnetic

Magnetite FesO4 72 513-1116

(0.012-0.069 m) 500-1000
596+77

(0.09-2000 ¢m) 440-716

(1-250 m) 390-580
410,440

Maghemite yFexOs 70 286-371
169-290

Titanomagnetite Fes04-FeaTi04 281-315

Titanohaematite FexOs-FeTi03 50,53

Pyrrhotite FerSs

Greigite FesSy

(Canted)

;I;;f;j:mag R 70 1.19-1.69
0.58-0.78
0.49-0.65
0.27,0.31,0.6, <0.63

) aFeOOH 63 0.35,0.38,0.7, <1.26

Goethite

_‘|3_




Diamagnetic
Calcite
Alkali-feldspar
Plastic

Quartz

Organic matter
Water

Halite

Kaolinite

CaCOs
Ca,Na,K Al silicate

Si0,
H-0

NaCl
Al45i4010(0OH)s

-0.0048
-0.005
-0.005
-0.0058
-0.009
-0.009
-0.009
-0.019

_‘|4_




1>/ Bde 4718 4ol we A48 Aelsh Wl =A e
A3 <2y 1>oA OEEe g3 e A& g3 A4S
A5g gel Aol d AZNA A4 W Bho] THHIUL « A3

gol WA wgAth: A Fu Audom A dYde Fomm

&3 | FEdEd A8V 2 5 des HoErh
Farrimacnatic minerals
Burmad asils
Tepsails e —
infermodiate igmoous rocks
Canted antifarromagretic minorals
Acid ignecus rocks
Coarse mu.:l:nnrph o rocks
Paramagnetic mimsrals
Wadium | Fine m-ll‘;mprnhlg rocks
E!‘ﬂimﬂﬂllr:fﬂﬁk! s
Eiamagnetic minnraks
Al
0.8 =001 10,081 w01 [X] 8 00 1060
Magnretic susceptibility Xir (10" m” kg™

a1l FAEAN FEEY FRE A& # (Dearing, 1999)

Aee 2T VM4 fav AR, BB 74, A4 2 2]
ojfth. A& & AAMFESY HEE ¢V fsAM= AZY Asts e ol
dal = ARFEY FRY Aste #oE dFojof gk FEe 7 AA
Bo w4d 404 4823 el vho] & (Maghemite), £ et e}

o] E(Titanomagnetite), E]E}x=v} 138 v}o] E(Titanomaghemite)$} #L &<
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g AbSERA] vhFsty Zhzbe] FEo AR wE AstEo] gkl
=3

AAe] my AVE B AE 110mol el AEA AAELS vpAA
(multi domain, MD)ol&}ar EdtY. o5 duUAd oz w@xF(single
domain, SD)E.t} @& Tuelg M5 3ly] wFo|vt 0.2mM ) 2L AAE
& By 7t Aghy ] wjio] @A (single domain)®-S & A3l 0.27110um
Akl 9] IAFE L oA (multi domain)E A Y wWF A7) 7F ZA R @)
T(single domain)®] A4S H2ltl o] 58 pseudo-single domain(PSD)o]
o gk 2 0.03mE T 2 2R HAE L dxpol ANl 5 A A S
wely, Ashks AepAwt dAoiA o] A5 ¢ wEA fFE5H
il EekAsitt. oy g AEL B A FAsty o ARk diAES Tt
Ak o3 AAS ZAAA (superparamagnetic, SP) 3 %olz H# )
0.03mx.v} 22 A7]e] AdA H= Q1A o yrEojxl AHAY AL
AA A7|et =Wl A diAsol A Fo Wstes AYshet Ewol
r}.

<zg 2> B g (MD), PSD, <FA3F @A (stable single
domain, SSD)& X&3t= Z2A =27](0.0976000m) o A= xirel W37 A
1o 596x10 ' m3mke o] A4 S AT 2F A Fol 0.03mAr Tt 2
w, =w¢le] SPolv xykS ©l A3 100010 Pmks 'E g Aolrh
ZRAAMEP) ZAES AR b8 Fagos SAHE o AAFESES] v E
Hkg-o 92 Ast&o] FAHEI T4 9 EE(frequency dependence)dl ¢
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AstEe S Al ol &dtE AFAVEY Ame wE AAE AstE
(low-field susceptibility)3} 3127]% #}3+& (high-field susceptibility) =
ey, dutdom Astgolet oW A A AR v AU Ak
AN FAHstE ARV AsteE o v S,

Fik 9] A38l&(frequency dependent susceptibility)< A 39}
F3k=po A1 (0.46kHz, 4.6kHz) 217 SA4E Ast&S Tl doA= 3ol
T o)E Asted EofA Asistd AAES AA AAE dAEA
vEAe] Addow dEYE 28R AYAAA vdEe] A48
A7l e AREE. Fuae oE ASES ol&dte Fug &R
(frequency dependence, %)& T-3F= &2 v&3 2

oK

P

de(%) = (;f X

EF AEE AFIF047H) oF 537470 ¢ S Fakel A A4sts
#H

& 54 H, A4 Asks #Fo AolE T 2vH ALAFEY e F
Ag 4 e, Ax7] 7 A3F&(low-field susceptibility) e =Ad wfji=
PG dxp- AAHSSD)S] AA G TR AL (SP) A A E o] kg
HA 7lodstr] Wil o 2 AsE #Fe v vhd axo) it 24s)k

& (high—field susceptibility)e =43 & oA @A+ YAHSSD)e] 74

15) =29 A ”z 1999, wquﬂ o= 7.
16) ghA1E-8 4, 2010, 9 A FFH SFHE GFHde HFTW] olF AlHEHF, 3
A g 8kg A 17(3) 31—47; Dearing, J, 1999,  Environmental  Magnetic

Susceptibility-Using the Bartington MSZ2 System.
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1999)

Low Xi(%) <20 244 A A fle A E(<10%).
: 2374 A9 0.005um Bk 2L 24
Medium -~ N
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High AG A BE JAE 2 AAAAD A
g 100 ~ 14.0 } 19 2 217t +4
X1a(%6) B} (>75%).
Very high > 140 =E ez ARE =4, o AEZolHA
X1a(%6) ' Uoedd AE

3) EdolAM e A=A 75k A4

T B2 ade] 2r|d dAa 7S g AHproxy)Z A1 Y AES 148
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Maher 5(1994)2 E=4AE Asted dA4 7|5 Wgeke] AAE AA s
A th. Maher 5(2003)2 EF @4 AA S HolFe A7 s EXA
A AF8l& (pedogenic susceptibility, Xpea) S A AISFA T EFAAY Z3h& 2
Ed BFY Hul AsteolA A 2o Asts W ge ov|dity. EEA
A A A Aw W Alele] e AdA(R=094)S BHels st

<aE > EYG AL AgEd Az AeEY #AE UEhdE agE
ot T Fl& oA A®et v kg X qe] A9 iejar
g Ajo} 2REe] Ao A B Asted A eI AIdAAE Ut

=

e HolFEt, olx Azl Aol FlEFE ERPAY A gho] =7
e ofudiy 3 Aske 7)o AdE =] Ata e V)5 A
3t ABBAATE Ak AFEe] o] sk,

18) Porter, S.C., Hallet, B., Wu, X. and An, Z., 2001, Dependence of near-surface magnetic
susceptibility on dust accumulation rate and precipitation on the Chinese Loess Plateau,
Quat. Res, 55, 271-283; Maher, B. A., Thompson, R. and Zhou, L. P., 1994, Spatial and
temporal reconstructions of changes in the Asian paleomonsoon: A new mineral
magnetic approach, Earth Planet. Sci. Lett., 125, 461-471.

19) Maher, B. A. and Thompson, R., 1995, Paleorainfall reconstructions from pedogenic
magnetic susceptibility variations in the Chinese loess and paleosols, Quat. Res., 44,
383-391.
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20) Heller, F., Liu, T., 1984, Magnetism of Chinese loess deposits, Journal of Geophysical
Research 77, 125-141; Kukla, G., Heller, F., Liu, X. M,, Xu, T. C, Liu, T. S, An, Z
A., 1988, Pleistocene climates in China dated by magnetic susceptibility, Geology 16,
811-814.
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E%S AstE 7R 84E BA, 7E, 5=
A 84t tEo oy E3AQl AAFE AAH Eo] AHHEY. WA ES
of A=Y falA= & BHEHR FRo)=A YAEC] = FZol olF

stan, e FHoz Qs el f71ke] FrsiAcl drh wF P
=]
=

e 7IAE F9 E49¢ EH A (magnetite) S E3HE Fe?'/Fe?' 2 A3l &
olty, th9] #etals Tl Aol HY EddA #EEE Ao St

7N M-S BEl B & AEe E47F )

o
of
i
o
o
o
10
i

20H "+ Fe*™ +2Fe(OH) ;— Fe 0, + 4H,0

EFPY 24 obdelA HAEY £9 g, 2MAA ABHE G
9w AR o8 g4E 5 oa, Bl AFEL LFEHA A

o] we} F713kv}2d). Maher®t Taylor(1988):= #1334 48 %3] 54

21) Krauskopf, K. B. 1979, Introduction to Geochemistry, McGraw-Hill Publishing
Company.

22) Maher, B. A, Thompson, R. and Zhou, L. P., 1994, Spatial and temporal
reconstructions of changes in the Asian paleomonsoon: A new mineral magnetic
approach, Earth Planet. Sci. Lett., 125, 461-471; Han, J., Lu, H., Wu, N. and Guo, Z.,
1996, Magnetic susceptibility of modern soils in China and climate conditions, Stud.
Geophys. Geodet., 40, 262-275.

23) Maher, B. A., Alekseev, A. and Alekseeva, T. 2003, Magnetic mineralogy of soils
across the Russian Steppe: climatic dependence of pedogenic magnetite formation,
Paleogeography, Paleoclimatology, Paleoecology, 201, 321-341.

24) Maher, B. A. and Taylor, R. M., 1988, Formation of ultrafine-grained magnetite in
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E ol glojm mirt 2Es EdddA s AAA FE0] AdE F e
& stk aelal A HA S 9ol wel AskEe] Aolrt uhE
v O A HY=e dE Aol = shehg flQleojup HubE| g o}
dsol o3 2vlHAALFEe] A "ol e Hu®. SR A&

AEZY 2rg AE4e 4719 20y A4 Jeet 7o 9
SHA ttEun. A=Y AHAL AVE ARG A HFoR FF
3= Al FAA Al 1 (magnetotactic bacteria, AEMGVEMEE )] 8] =&
Ao A wEEojzith BAEVY AHAE wEo] Aw WA wu
7P FRE R ¢ At shue AEA Y FAgo] Ao R M
A e A= AESA FEAGAE 9% Aoja v E e thAA
ARl Al Bro A FES A= AESHozE oy FEANLLE
of 93k Aot} w3l dF FHAZ A, FAA AT (magnetotactic
bacteria)®= FE FRA7] ol FA 2R HA @A AHA e o] #

T}30),

soils, Nature, 336(6197), 368-370.

25) Thompson, R. and Morton, D. J., 1979, Magnetic susceptibility and particle-size
distribution in recent sediments of the Loch Lomond Drainage Basin, Scotland, Journal
of Sedimentary Petrology, 49(3), 801-811.

26) Maher, B. A. and Thompson, R., 1995, Paleorainfall reconstructions from pedogenic
magnetic susceptibility variations in the Chinese loess and paleosols, Quat. Res., 44,
383-391.

27) Maher and Thompson, 1995, op. cit, 383-391.

28) Maher, B. A. and Taylor, R., 1988, Formation of ultrafine-grained magnetite in soils,
Nature, 336(6197), 368-370.

29) Lowenstam, H. A. 1981, Minerals formed by organisms, Science 13, 211(4487),
1126-1131.

30) Stolz, J. F.,, Chang, S. R. and Kirschvink, J. L., 1986, Magnetotactic bacteria and
single-domain magnetite in hemipelagic sediments, Nature, 321, 849-851.
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FAA Ao o] e AEIY AFEAALS 4R A7) BREE
B FaE oAU, F2 AQESo R WA F1 AETHoR A
Sl ST AVER HE5S §47 B EE vEWNE BES U8,
FAA Agtel oI dAdHA AESEH FEANLLLE vavES
(magnetosomes)< v 3 A9 At FE29 7|dE @ddinss),

AHA L o] F wh1d|vlo] E(maghemite)?t 2 2 B (hematite) 0.2 Ah3l=
=

T AT, T AREGdA B e o] 55T Ad=H2 dAY o4
o FF glol wigrt ZE Ao EokellA Zopx = At dA T AA
B B e A¥A A dAE AdE AT aEge A

4 AAEdE AR BAEd ALY, vtadvtel B os A DS L=

T}35).
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31) Petersen, N., van Dobeneck, J. L., and Vali, H., 1986, Fossil bacterial magnetite in
deep-sea sediments from the South Atlantic Ocean, Nature 320, 611-615.

32) Lowenstam, 1981, op. cit, 1126-1131.

33) Petersen et al, 1986, op. cit, 611-615.

34) Schwermann, U. and Taylor, R. M., 1987, Iron oxides. In: Dixon, J.B., Weed,
S.B.(Eds.), Minerals in Soil Environments, 2*¢ ed. Soil Sci. Soc. Am.,Madison.

35) Maher, B. A. and Thompson, R., 1991, Mineral magnetic record of the Chinese loess
and paleosols, Geology, 19, 3-6.
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A7 FEAe gAA R ol ol &Y ojghue. iEy T F
el A B odATelA s AZIEATE of 6,000 7HA])E
g o 7|be thRaL 7] wiel 7| FWE FAlE vastr)e A st

Foel dAFoA FaEE 24 7% FHZ 7| (Holocene climatic
optimum)®3= 9 A A E (Hypsithermal)2 &2 4] FoF X FHU} 7]&0] 9F
273C Eoew AL FE 10015%AE BIH AVE FAHY At of
9,000yrBPE-¥ 2500yrBP= FA " F= 6,000yrBPE 7|Fo =z dH=
3,000 A= 2 g9, 53 COHMAP(1983)% 9,000yrBPE-¥ 6,000yrBP

F oAUt wgon B4 gol ERd A/9EE FAsYh

o 715 HA7IF T Ze A A sAlel YERYA @3 A el ot
M= e A7 vEEes gdsdn. <ad 4d et AXH, S5
& Aol M = 10,00078,000 9 HUAE, 55 TGS S5 TIA

36) Fang, X., Ono, Y. Fukusawa, H., Bao-Tian, P., Li, ], Dong-Hong, Guan., Oi, K,
Tsukamoto, S., Torii, M. and Mishima, T., 1999, Asian summer monsoon instability
during the past 60,000 years: magnetic susceptibility and pedogenic evidence from the
western Chinese Loess Plateau, Earth and Planetary Science Letters, 168, 219-232;
Maher, B. A. and Taylor, R., 1988, Formation of ultrafine-grained magnetite in soils,
Nature, 336(6197), 368-370; Maher, B. A. and Hu, M., 2006, A high-resolution record
of Holocene rainfall variations from the western Chinese Loess Plateau: antiphase
behaviour of the African/Indian and East Asian Summer monsoons, The Holocene,
16(3), 309-319; Maher, B. A., MengYu, H., Roberts, . M. and Wintle, A. G., 2003,
Holocene loess accumulation and soil development at the western edge of the Chinese
Loess Plateau: implications for magnetic proxies of paleorainfall, Quaternary Science
Review, 22, 445-451.

_26_



ol A& 7,00075,0006d o FHHAE,

& A= 3,000 HAAE e

thar B9k},
o 1R LECH
-
ad
y=f [}
J £
0o }_,_mf-’ ‘-.,!1
] .
o
1
\'u
[§ L ]
I'e 8785
A L 10-8 [ ]
H -
- "\ 10-8
e ey ™
.\1
"'L__“
A
s "'\L L11-10 %
1000 kom i .11.9 1™
- 10-8
5 INDIAN L&
MONSOON -
| sF J100°
a9 4 E2A4 T F3d 9SS v A8 B ASY AFIHA
X (&2 An et al, 2000

_27_



Zhou &(2004)2- 18,000 s<F F5& Uldoz 3 17|54z 5
& B E2A NFAAV E2A F71e Axgd AVIE s
of ATAAE FRHE AmW o] A% HAre A} Ana A

ol7F A& FlaArk <1y 5>2 Aol whE e AHproxy)d 42

2=9k Abeke] A vt eh(Midiwan) A9 F fr7] &2 F(%)& e
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B e Nt e] AlE e A vHe A g5A g Apo] A
Ao HFEI An T(200003 Zhou F(2004) AFAI}E] upg} of
6,000yrBP A]7]7}F @R 2dEEAE 7 FH A2 FAH AT T
vo kA9 el -9 10,000yrBPH-¥ 8,000yrBPol| 7|47 E Ho|m H3k
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AFA G AT g0l NAAT, o] AAAT AL EAT, A

F AT otk SRR AR H ARl mpge] o8] Al $ukH ol
W5 mow HAwel FAATL AAANTE HARA] Ml ws
Qge WAL 2ASR A5W, Ay, BF 4%, A8 PALLY BEE

of oaf Abre] md EAo] AA AT Ao Ry Fol TAHW AL
T ZWelE sl AHA HArh ol5o] oWl Y e kEH R B
FEE AFEe wow FH FAo RAAm wiyo] S 4AbE R4 F(black
humus sand)e] P H AU A A& = ESo] Fd )

AT AT AEAT, Asl oAb, FEl FQIAR B o E
AFTo] AL E A F o 2R E 53] 10cr, A E 2.6cm U7 EEe o|HA o]
Haztd 8718 ol&sto AEFES AIAIT AF AEATOIAME 2ol
137cm, A& 5071E AFAFSAL A8 oalbAbToll A= Zleo] 108cm, A
Z 40709 #lo] 130cm A= 5070 AFSATE Fa AT B o EA}
T A= ZH7; 8lem, A& 30719k 70cm, A& 2570 & A FH 3HS T

)

AAT ATE 25N Addx @ A, AAF ATE A% FoE

—

ZA39. AEE& =A7]9 Bartington® dual frequency magnetic
susceptibility MS2B AlA ¢ MS3 H|HE o] &3lo] AT A3&3 A
b A gkg #he 33 WhE SAS A Hge Tl A Fue A A3t
€ (low frequency mass specific susceptibility, xin)E& SA3AFAHZH 6).
AFsae Asted g Asts e §d Fi5 o £ E(frequency
dependence, %)& AAtstAT. A FaF A A& Fag JEE 4

37) ® Z-EbAE, 2009, AF AFATS] FATIeh ATl #3 AT, FAF e A,
16(2), 111-122.
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A7 Ad2 HAFT At A AA HEF £o2 6km ol F A
A gt Abtolth o] A ] A= vl ARRICA 7] Ag v oA
WoEv e ARl A =2 A ] BT 5AFY ddFe

Pk Abroluhid), Al npgAv E 243 Ay Al
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38) ut4-&d-den], 2004, AT AE-€AAFY dEFHAd Hehd, FHA gAYt A,
10(4), 851-864.
39) ¥ 3, 2004, op. cit, 851-864.
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45)
46)

21&Z A 5, 2008, op. cit, 615-628.

uh A=, 2007, AR A9 -E2A4ATY OSL duSA Aot o 9w, dF43E
32, 14(2), 33-41; 9} A-9k21E, 2009, AF PEAFTFE A7 3147
ARADRA, 162), 111-122 AT 7, 2009, SRz 2 AFE AYAT
g o] FH7| F7] olF AW AP A, 16(1), 43-55; 9F 5, 2004, op. cit,
851-864.
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2o SHATE HolA HEZoz wdgglon] E %O o 240m
wol 9lrh. Munyikwa §(2005)% -ojsfjete] sjekabyte] ek ¥4 =
Abek OSL AdEA4 & AAsc. ATHAEe 5o 93d =3

o) Bpd mejzor T Qmd AL RS o 577kaol ¥

g
i
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O
o
A
o
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o)
ol
A
s
—
o)
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lo

-

Hi A7) 175.6(m0)

H
. 2 (Ze] 3.3m, 3.9m, 4.3m)e Hit AV)E 7247 176.8/m, 176.8

m, 176.9melt}. 59} 8- mfFo Y 4 Aok FAAAE A
& % et zuxd 5A4S Tl HYIol AL Gt nbge] o3
Had Ade ek Aseh Loix 9 AT FdA BAd A4S
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ABSTRACT

An Analysis on Holocene Paleoclimate Environments in
Korean Peninsula Reconstructed from Magnetic

Evidences

Ji eun, Choi
Department of Geography
Graduate School of

Sungshin University

This study intended to reconstruct paleoclimate changes of the Korea
peninsular during the Holocene by using the magnetic properties which
are mass specific susceptibility and frequency dependence. Study Areas
were Kimyoung sanddune in Jeju, Unyo sanddune in west coast, Anin
sanddune and Yeounpo sanddune in east coast. Samples from each
study areas showed the highest mass specific susceptibility and high
level of frequency dependence in the paleosol stages. This results
indicated that climate condition was warm and humid during the
formation period of paleosol stages. According to the comparative
analysis between this study’s record and chinese climate change
records, study vresults coincided with chinese climate trends and

Holocene climate optimum.
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12 | eo28 | 178 | LIOE | LUE P LIOE P LISE | LAOE | LIOE O LITE LR o 30
143 | e3oz | 17 | SO T BEOE 7O ) SO | BOOK | 82K | 790K | 549
144 | 6576 | 169 | GE | O Tl AR TR | T AE ) AR | AR o6
145 | o35 | 161 | (O | TATE L TROR LIRS AR T s8R g
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