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ABSTRACT: Eolian particles are difficult to distinguish from soil particles originating from chemical weathering
of local bedrocks. In this study, we conducted mineralogical and geochemical analyses on high mountain soils
developed on quartzite because of little contribution of quartzite to fine fractions of soils. Quartzite was disintegrated
into sand and coarse silt particles without a neoformation of soil minerals. X-ray diffraction analyses showed that
silt fractions of soils contained a large quantity of clay minerals (44%) together with plagioclase and feldspar, which
could not be formed by quartzite weathering. Thus, clay-silt particles in soils were deposited via eolian process.
The major clay minerals in the quartzite soils are hydroxy-Al interlayered vermiculite (HIV), whereas those in
the Gobi desert soils, the major source of the mineral dust, are illite-smectite series clay minerals. In acidic
mountainous soil environments, interlayer K was leached from illite layers of eolian clay minerals to form
vermiculite, followed by intercalation of hydroxy-Al ions into vermiculite. The ratios of Si/Ti, Al/Ti, and Fe/Ti
of quartzite soils were similar to those of Gobi desert silts. The ratios of Na/Ti, Ca/Ti, Mg/Ti, and K/Ti decreased
in comparison to those of Gobi silts, attributed to the chemical weathering of mineral dust after deposition. The
rare-earth element compositions of quartzite soils are very similar to those of Gobi soils. The results suggest the
significant deposition of clay-silt particles originating from long-range transported mineral dust on Korean soils.
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£ B3 53] o0, AAE Hoj=d F=9 1
T FEUAE AL Stk FEHAE AEE
© g2 E= Y=o AA g, 719A e 77t
=55 HAEC| wt A 7| €RS} TR S
FERol Szt HHE FEUA} 2
300 m FA9 F4EAFS Fd¢rh(Kukla and
An, 1989; An et al., 1991).

9 FEUA TEX Q] aH|AREe A 2,000 km
ol "olA = o= FEIAAT thgo
FEUAZL HH A= GA A 5 S A
=9 BAe dlife o ok 53] AT HAE
ol AL stk sfiQtat 59 g7 HetA|of
FEUA] BFEo] & HEFHSIS Aolth ol &
oA &5 Y Est= HEZ HHF = et &
3, A5}e}, FA4 d-Eol 3H v Aek(Yi, 2000;
Shin et al., 2004, 2005; Yu et al., 2008; Kim et al.,
2011; Yoon et al., 2011; Jeong et al., 2013; Kwak
and Jeong, 2017). o]t AEZE2 ¢F2 H¢-1m
o|Yf, 7L 32 4 mo] o]Et} Jeong et al. (2013)
< I o FHAE gEsh= 24 HEF FHF
3 OHes o2 FEAT, WEFE, AT, o
T, A HA| 2], S EARY AN EAE AA
ohT, 1 ATE 22 YR F4 2 (oess)-
I EH(paleosol) i} Bl st TE 1 A, 917, A,
AekA Aolol = BFSI B IR 2o 2
X, e W A7k B4, B9l B0 4
HeAhe WrielT, BETA ] Feld H1o 2 8
H3teict. ol HAFol 330 FHHAZ Y=
19 2 (loess) o FBRA, FskRA, U= Sof
A Zol7} ok, ol &3t ghikE Bol M| 5}
aha] Fopg 7| X 20 42 o] 5ol HE
Q% 742 A E 9,

ol s 2} iAol thRE o]t st
o] F& DA AE), PR 22 Y2 4K
Eool] AT FEUAL ok A7l X F
ot uA| FEYAES 2 GoBE B9 35t
A 9 £24 E40 & 9IS vk 53] HEF
2o 4tehE2 A o] 3 RSO E &
ate] 2k o] W {77 SE T A3 A-gghr
B AEFESS EFY FAdolu AbAEHd
of] Y= w| X th(Brady, 2007). £}l F-U == 2
T A7) LAEEY S, 2, Sl SAE B

o 1|

—

S5 @A HAH o] UthMcBride, 1994). ©]
o Zo] FEHUR| O FEQ S ERFEY
A Fadoe E6taL, HEFES HIRT =
Eope] T Y A S|uIeke] FREo|

= A7t Aui & oJth(Um ef al., 1992; Jang, 1998).
FAE AA] Bk YAE-2 s el ol o3 d]
<4 2 A E o] A 715 sk X2 HE 59
A 787 WSl 7| E3tcH(Chamley, 1989). &2
n]FE5H A5l oJ5tH FEAAYAES tiA|
2 3717} 20 um olsfolvi, YA AAE o 2He 3
0] A= AgAo| =& (Jeong, 2008, 2018; Jeong
et al.,, 2011, 2014; Jeong and Nousiainen, 2014;
Park and Jeong, 2016), E8E ¢, EF9] 55t
8 24 S4o G2 12 Folch. BTk gk
T 7|9kt 9 SRl AR E AEY HEFE
QA HHd, FEHA Y T8 YRS ol 2ugsat
Bago] 2 deEfo|E-auElo|ERS HEFET
(Jeong and Kim, 1993; Jeong and Lee, 1998; Jeong
2000, 2018; Lee and Kim, 2000; Jeong and Achterberg,
2014; Jeong and Nousiainen, 2014; Jeong et al., 2014;
Park and Jeong, 2016).
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A A2 SAEE ARA G2 A
Aol YA 2 Sttt AL s Fd2Y
AT AARFetoTh EoF A& A2 A-2 1,000 m
ol 7htE AR F Y E& Y TAloIU T4
2 Y AFdolt (2™ 1a-1b). A AA7F 1+
o2 Hof glojAl, 7% o€ o 7Nkl A -3
T B¢ AZAA el i ARAFHAHE 4
2 5 gtk Alge FEE 35S 2o, skt
2SN A AHFSHATHZE 1e-1d). EF A=A H
A A =FolA Ao AR AR I
Ab b w2 o] wj o) &gt HEjrt F e
o] HPZEE W (T1H 22, 20), AT A2 ®
FrE7HHEEA ¢kl G YA ALolof ALET}
SAE] UTH(2H 2b, 2d). FAtolA EF A=
273(GS1, GS2), FUAE 18(GSR), ZAr)| A EQk
A= 27(JS1, ]S2), FHA=(SR) & F 6719 A=

Aetety Sdn 24 71| 89

£ AFSHAHE 1). F=HA T8 7]9AY F=
8] Aptofl A 8719) R BE4F A R(GL-G8)E A
FHstod A ZABHATHE 1). S5 AR A
2 Y 2ARE o2 A E S 2 E AR
o] HFIAtdIL 7 Alo] BAE FAsk= Y &
7] ® A B RE T4 E o] Jlek(Traynor and
Sladen, 1995; Badarch et al., 2002).

2 dFolA =2 F4 A2 HE F7] o]sY
YRSl ER, Y3 63 um U E(nylon) AE 0]
ato] 5402 AAstar, 50C oA Axste] XA
34 (X-ray diffraction, XRD)E4 3} 351242 ¢
3 A28 Fulskich o AREe] Yk AE 2
7| ofstz AE YAE ZFeAT By =G A
Ea} Pr| 2 Ft} XRDE B2 3 g9] A2
£ oeh& 7 £881 10 um 0|3} Y2 McCrone
Micronizing Millef|A] mtafata 50C ol Azxs}
%t 100 meshA|of FHHAIZ] AEAIRE SHAYE
© 2 Zt(holder)o] %73kl Rigaku Ultima IV

Fig. 1. Location of sample sites from the mountain ridges of quartzite. (a) Geumsusan quartzite. (b) Jangsan quartzite.
(¢) Occurrence of soil on Geumsusan quartzite (GS2). (d) Occurrence of soil on Jangsan quartzite (JS2).
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Table 1. Samples from quartzite mountains and Gobi desert.

S

ahnjod - 5719

mm-2/3°, Al4=712 0.03°, AGA7E 2%, 2APE9)
3-65°(20)°] 3t} FE=HFEA2 Siroquant 2.0

Sample Type Longitude Latitude
GS1 Soil N36°58'43.44" E128°15'34.55"
GS2 Soil N37°59'06.85" E128°1523.58"
GSR Quartzite N36°58'43.44" E128°15'34.55”
JS1 Soil N37°07'32.49” E128°52'30.91”
JS2 Soil N37°07'34.66" E128°52'32.46"
JSR Quartzite N37°07'32.49” E128°52'30.91”
Gl Gobi soil N44°26'46.20" E107°08'21.72"
G2 Gobi soil N42°38'16.75” E107°18'45.96”
G3 Gobi soil N42°28'43 44" E106°02"20.82"
G4 Gobi soil N42°31'21.33” E103°51'15.57"
G5 Gobi soil N43°10'52.04” E104°00'38.56"
G6 Gobi soil N43°26'55.40" E101°15'28.02”
G7 Gobi soil N44°02'09.93" E101°3026.83"
G8 Gobi soil N44°25'27.10” E101°33'49.81”

scope image of Geumsusan quartzite showing recrystallized quartz (Q) with aligned muscovite (Mu) grains. (d)
Muscovite infillings in the interstices of detrital quartz grains in Jangsan quartzite.
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Fig. 3. X-ray diffraction patterns of clay-silt fractions of mountain soils developed on Geumsusan (GS) and Jangsan
(JS) quartzite. Oriented mounts. EG: ethylene glycol vapor treatment. HIV: hydroxy-Al interlayered vermiculite.
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A& et} o]= 14 A Alo] F|EEA] (hydroxy)-Al
o] F7tll A9 A4 (hydroxy-Al interlayered ver-
miculite, HIV) -2 X|A]glt}(Banhisel and Bertsch,
1989). 7A B2 1 E FEI =149 FHH 3
X2 500C 7HEA] P& 9| 31- Ao AltR] L, 1]
oFet {4 3 - o] ZRgit.

ofdd=g|F A2 aujAt HES XRD €l
A YetolE9] 10A 3| A, Aueto]E9] 174 3
A, HUA9 14A 3)d Aol BE AJRoA B
=, deto|Eet AuEo|EL FHA Zo| |
I, A= G4 vjFgko] o, AHElo|E
1AM = W37 AsttHIE 4). YetolEet
2HEO| EE TR EFFA RS o|F = AL
2 Z &8A =dl(Reynolds, 1980; Moore and
Reynolds, 1997), B2 £35-9 7ol dzto]

=3 - gt - FI|Y

E W sueolE F3HE3 Fo] Rl oY
A2 E XRD g4 Yzto| EQ} Ao E Q]
2643 534 B0)4 YetolE-AujEo]E Egt
2ol 71%lsks Wi Fye 937 EAFCHE
1), Tl Afat A BrIeh BB ] EabdAlw]
78 BAoAE deto|E-AdElo]E E472] 23H30]
&3] &AJ%to] &R1= it (Jeong and Achterberg,
2014; Jeong and Nousiainen, 2014). 300C 7}gA]
2ueto| 9] 17A 3@ Alo] Alekx]| 11, dato|E 9]
10A @Ae] Zsten, JuAof 14A F@Ae]
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Fig. 4. X-ray diffraction patterns of clay-silt fractions of Gobi desert soils. Oriented mounts. EG: ethylene glycol

vapor treatment.
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Table 2. Mineral compositions in quartzite samples and clay-silt fractions of soils on quartzite (wt%).

Quartzite Soils on quartzite
Sample

GSR* JSR** GS1 GS2 JS1 JS2
Quartz 94.2 90.4 42.5 46.8 42.1 41.9
Plagioclase 0.0 0.0 4.8 2.9 4.8 5.6
K-feldspar 0.0 0.0 3.0 1.8 6.3 4.4
Muscovite 5.8 9.6 Ak - - -
HIV-I-Mix*** 0.0 0.0 41.9 42.9 40.3 41.6
Kaolinite 0.0 0.0 3.8 1.4 3.0 22
Chlorite 0.0 0.0 2.3 2.1 2.2 2.9
Amphibole 0.0 0.0 0.7 0.7 0.5 0.6
Goethite 0.0 0.0 0.8 1.2 0.6 0.6
SUM 100.0 100.0 99.8 99.8 99.8 99.8
Total clay minerals 5.8 9.6 48.0 46.4 45.5 46.7

*GSR: Geumsusan quartzite, **JSR: Jangsan quartzite, ***Total contents of hydroxy-Al interlayered vermiculite
(HIV), illite (I), and mixed layer clay minerals (Mix), ****Muscovite was included in HIV-I-Mix.
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Fig. 5. X-ray diffraction patterns of clay-silt fractions of mountain soils and quartzite samples. Random mounts.
HIV: hydroxy-Al interlayered vermiculite.
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Fig. 6. X-ray diffraction patterns of clay-silt fractions of Gobi desert soils. Random mounts. IS: illite-smectite mixed
layer clay minerals.
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Table 3. Mineral compositions in clay-silt fractions of Gobi desert soils (Wt%).

Gobi desert soils

Sample

Gl G2 G3 G4 G5 G6 G7 G8
Quartz 32.8 20.1 27.0 21.2 15.4 25.5 13.5 24.1
Plagioclase 229 12.7 18.9 153 13.2 20.5 8.7 19.7
K-feldspar 11.2 4.8 6.8 6.8 6.7 10.0 3.6 9.6
IS-I-smectite* 214 35 247 235 33.6 23.7 429 23.6
Kaolinite 1.4 4.7 2.5 2.9 4.2 2.4 6.5 1.9
Chlorite 5.2 7.4 8.7 6.7 7.5 5.5 7.3 7.9
Amphibole 2.7 1.2 23 2.0 1.4 2.0 1.4 3.7
Goethite 0.8 3.1 1.5 0.0 0.0 0.0 0.0 0.0
Hematite 1.0 0.5 1.1 0.7 0.2 0.5 0.4 1.1
Calcite 0.1 9.6 5.8 20.2 10.2 7.8 7.1 7.6
Dolomite 0.5 0.8 0.8 0.6 0.2 0.3 1.4 0.8
Gypsum 0.0 0.0 0.0 0.0 7.2 1.8 5.9 0.0
Halite 0.0 0.0 0.0 0.0 0.3 0.0 1.3 0.0
SUM 100.0 99.9 100.1 100.0 100.1 100.0 100.0 100.0
Total clay minerals 28.0 47.1 359 33.1 453 31.6 56.7 334

*Total contents of illite-smectite mixed-layered clay minerals, illite, and smectite.

33 FAMKIH0|ZEA A 76). FHES Al Sio]s, K gheke wgmo] ]

vt B AR A, Ll 100-300 pm
719 AlP= AREO] FESIL, HiFE AE o]
3t 2719 AAER A AHTH 7). AlEE
A YA HFE G7ReA 243 A golH, el
A YAEE ERAHTH 7a). ESW 4HY
SEM &40llA, A g3} w7t NHE E= &
& AE A7]e] YA elAE BRHE B 4 3tk
(23 7b). £ HFRoIAE Ame) 2719 ule.
QIAFS0] £% B2 7). EDS 24| of3}
W 7ok wlemel Eoh) AlYme wew o)
= St 02 FUskT, GHEK, Al Siz FAIE]
SIEHTH 7o), HRFo R E EYIAE HelH So
% sjejzyolL} nH|2a] Wap} ooz wmL
719] A ke

Bop AE lEe FEAo| ke, 4,
AP, KA, Qetol2/slem, i ao] £a 3
2ol, 71 9] ZHI4, AbSYE, Abshele B4, Zol
Ao E(zoisite) 7} A5 TP THIH 7c-7d). AE ¢
A Ajoliz A QIATEo) olele FulY WERE
2 2750} Yth(19 7d). W=UgHA ] EDS 23]
Eo| A ALSI 9|3 zolvl= A 9] 119 7PETH L

sto] 21, Fe, Mg thFet A== 3hirElo] qich
XRD £A¢]| &JslH F8 FEFEo] HIVo|Bg, 111
of 7I7k& ALSI W3 olu|= A4 F7to|| F|l==
AJAlO] AFQIE HIVE] 7] 1% A o2 Bl

At BQFY] A, MR dAf=o] A B
7] a1, R AE o]s} 27|19 YRR A
o] QUthL¥ 8a). EDS £4¢] oJstH HES] £
FES AY, AP, K4, detolE, =y Ao)al,
71 9] ZHd A, AlshE, AbstElRL, ZO|ALOIE, Al 4f
AHd, AolEo] A% T v|FO R FiE o] 3lof
A, S5 AR} FERAO] FARBHHE 8b-8d).
AE QA Abo|E SAss A EFEES Y &
A 54 A 2o FARHH 1 E 8e-8f).

34 FEtxN

TUA Y B AEQ FULBIRAF L 4719 A
E ANg BT FASITH(E 4). 7|91 9tat vl
SHH SiE A Qe HE W4 Fgo] EGFAEA
=t E3|, ALOs, Fe,05, ZFEATHLOI) 0] sz0kA] 4
3 9 T4tE FEo| EFAES o E A
o= AAIsk= Ao 2 Ho|u, 47 LOI= #7]1&89




% Q1 - |t - B7|

Raho] 71205 Aolch. Pl SiS A T2 o, o) 7] 5-10% HE T Hew RO
Axo Fego] I3 Houk Ko G vlna B = gz ] Aute] At sk Wbt 4

& v
B - ‘ ;

Fig. 7. Scanning electron microscope (SEM) back-scattered electron (BSE) images of Geumsusan soil thin section
(GS1) and energy dispersive X-ray spectra (EDS). (a) Low magnification image showing sandy quartz grains. (b)
BSE image of quartzite rock fragment in soil including muscovite grains of sand and coarse silt size. (¢c) BSE image
showing fine sand and coarse silt grains of muscovite. (d) High magnification image showing the matrix of clay
aggregates. (¢) EDS pattern of fine sand grain of muscovite in c. (f) EDS pattern of the matrix of clay aggregates
in d. Q: quartz, P: plagioclase, Kf: K-feldspar, Am: amphibole, Mu: muscovite, Ch: chlorite, Ti: Ti oxide.

M Spectrum 768

¥ sl

Fig. 8. SEM-BSE images of soil thin section (JS1) and EDS. (a) Low magnification showing sandy quartz grains.
(b) Image magnified from a, showing coarse silt grains of quartz, K-feldspar, plagioclase, muscovite, and amphibole.
(c) Image magnified from b, showing fine silt grains of quartz, plagioclase, K-feldspar, and Ti oxide enclosed in
clay matrix. (d) Image magnified from c, showing the matrix of clay aggregates. (e, f) EDS pattern of clay aggregates
in d. Q: quartz, P: plagioclase, Kf: K-feldspar, Am: amphibole, Mu: muscovite, Ch: chlorite, Ti: Ti oxide.
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Table 4. Compositions of major (wt%) and rare earth elements (ppm) in quartzite and silt fractions of soils.

Quartzite Soils on quartzite
Sample

GSR* JSR GS1 GS2 JS1 JS2
SiO, 94.06 93.18 54.67 53.25 59.15 53.65
ALLOs 2.53 4.11 17.56 15.86 15.2 16.08
Fe>Os3(T) 0.86 0.95 5.66 9.48 5.15 591
MnO 0.018 0.013 0.047 0.029 0.071 0.042
MgO 0.14 0.05 1.12 0.86 0.92 0.92
CaO 0.08 0.04 0.31 0.17 0.31 0.29

Na,O 0.05 0.04 0.56 0.32 0.61 0.6

KO 0.73 1.2 1.13 1.09 2.18 1.8
TiO, 0.074 0.091 1.016 0.979 0.875 0.811

P,0s <0.01 <0.01 0.11 0.09 0.16 0.1
LOI** 0.54 0.68 17.37 17.4 14.43 19.98
Total 99.09 100.3 99.54 99.53 99.06 100.2
Y 6.4 1.7 20.7 254 19.1 17.7
La 232 20.8 30.9 30.8 423 343
Ce 41.5 354 74.5 66.7 85.5 74.3
Pr 4.13 3.99 6.22 7.34 8.39 6.74
Nd 14.1 13.3 21.8 26.7 279 235
Sm 2.07 1.68 4.09 5.14 4.95 4.39
Eu 0.384 0.261 0.863 0.991 1.04 0.88
Gd 1.22 0.66 3.61 4.78 3.49 3.45
Tb 0.2 0.06 0.59 0.74 0.6 0.59
Dy 1.2 0.31 3.64 4.59 3.69 3.57
Ho 0.2 0.06 0.7 0.92 0.69 0.69
Er 0.56 0.17 2.06 2.71 2.06 2.03
Tm 0.083 0.027 0.315 0.42 0.308 0.302
Yb 0.61 0.19 2.17 2.85 223 1.95
Lu 0.104 0.032 0.345 0.438 0.346 0.313
SUM 96.0 78.6 172.5 180.5 202.6 174.7

*GS: Geumsusan, JS: Jangsan, **Loss on ignition

3] A1, 53] Cad ohgo] Frh(&5).

THA G B AEL Tiof thgh Y4H]E 51
S FA Y AEA - E(Jeong et al., 2013) 2
18] AbE A E O] 24318k d i vl wsliTh( L
H9). T AEZ EHE2 Zo|H=E Y4/Ti Y=k
HIE UEHHSL, FAY B 2 v AEE 3]
ol& 1SR gl Yepd Aotk HUX Y BEYF
A E 410 Si/TidlE Jeong et al. (2013)¢] T3]
A HEZ X33 v waj i H, GRS 51 F F
Z&H(Z o] <1 m)9] Si/Ti Heeh & AX|star gict

ESE o] A5+ U Mabher et al. (2009)2] THAMLY E
% AEQ Si/Tiv|ete & YX|skaL glck Al/Ti &
Fe/Ti% Si/Ti¢} FARRE A3 Hoh 22y +
HAY & o EHS AEQ K/Ti, Mg/Ti, Na/Ti,
Ca/Ti g2 L8] At B¢k H]sto] Rt

T A B AES] JERUA RS 170-200
ppm =], 79l ©¢He] 70-100 ppmo| H]
Slof SheFo| FTHIE 4). B& 1] AP ESO &
FYA TR 200-400 ppm FEO] HHE Bck
(3 5). Z=2Fo|E(chondrite) 3o 2 A15}3t S|E
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Table 5. Compositions of major (wt%) and rare earth elements (ppm) in clay-silt fractions of Mongolian Gobi desert soils.

Sample Gl G2 G3 G4 G5 G6 G7 G8
Si0; 60.77 50.59 55.90 47.20 44.75 55.49 43.37 54.04
AlLO3 12.78 14.34 13.39 11.63 12.45 12.58 14.87 12.43

Fe;03(T) 5.14 5.71 6.10 5.34 5.57 4.72 6.32 6.15
MnO 0.091 0.116 0.115 0.103 0.116 0.094 0.127 0.126
MgO 1.65 3.34 2.65 223 3.43 1.96 3.85 2.57
CaO 1.71 591 4.73 11.17 7.05 6.14 5.36 6.05
Na,O 2.18 1.38 1.99 1.57 2.36 2.12 2.99 1.95
KO 245 2.87 2.50 2.22 2.51 2.12 2.55 2.32
TiO, 0.957 0.708 0.939 0.863 0.638 0.819 0.654 1.153
P,0s 0.14 0.22 0.26 0.17 0.21 0.17 0.20 0.24
Total* 87.87 85.18 88.57 82.50 79.08 86.21 80.29 87.03

Y 36.1 28.4 38.2 37.9 25.5 342 28.7 49.0
La 393 35.6 46.3 434 29.1 38.6 36.7 74
Ce 79.4 74.2 95.8 86.7 61.4 78.9 77.1 154
Pr 9.23 8.55 11.1 10.8 7.1 9.46 8.92 17.8
Nd 34.7 31.7 413 41.2 26.6 344 323 63.8
Sm 6.5 6.37 8.07 8.37 5.45 7.04 6.77 11.9
Eu 1.32 1.36 1.54 1.54 1.16 1.41 1.42 1.78
Gd 5.63 5.34 6.79 7.09 4.68 6.19 5.81 9.9
Tb 0.99 0.9 1.11 1.13 0.77 1.02 0.92 1.49
Dy 5.98 53 6.64 6.6 4.57 5.81 5.17 8.65
Ho 1.23 1 1.32 1.31 0.89 1.19 1 1.66
Er 3.66 29 4.03 3.95 2.63 3.49 291 5.12
Tm 0.592 0.439 0.612 0.602 0.375 0.54 0.422 0.786
Yb 4.21 2.85 4.14 4.21 2.47 3.7 2.77 5.5
Lu 0.664 0.436 0.712 0.663 0.384 0.606 0.46 0.947
SUM 229.5 205.3 267.7 255.5 173.1 226.6 2114 406.3

*Loss on ignition (LOI) was not measured due to low weights of clay-silt samples separated from bulk soil samples.

F23€ 77 100] Yeh e 7 A =

aB|Abe EoFo) BB R A wE v A U @EP
4. E 9
4.1 E|XNE9| 7|18

SEM 3, XRD 24, s}sh & Fateld et

2 R Ao o] QlaL, WLt ARk g
FE O] k. et A FE SollA R o] F
3PHsst FEoY, WeRs KA g 14k
FE FollA vl F3to] sttt (Jeong and Lee,

1998; Lee and Kim, 2000). SEM Tzto]| o|abH f
o MR = EFAER Bl oA F3t
=R QITHE 7). e S0l A Rt =
HAE 27| YA BAHAY, =2 BES A
SHAl = Y=t wEkA ZAA Y Bl oheF 3h-
= HIV, 1 EZLE, =4 S 4% o|2= JEF
S APA, K-AFA 2 A9t 3802 A
T fith EFAEES FAE 4 FA0lA A
=37 2ol ohE A F3kEo] T EE o
o} wehA 7|9ekol A fedt e W H2 AE A
719 APt HERE A QJetH, i EF A
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ok 201X, B "e| oprjot WE AR =R E &
Ae] o] &3 ARJNA -2 B a7} Qltk. FAF At
A 538 v} o], 431, WA, e g v
AxA S 7199 AEFEE o] 8 4 th(Jeong,
2008, 2018; Jeong et al., 2014; Park and Jeong, 2016).
Je ol 5L SE} S Ao oFsfe] hike =
Pl H5EIA] HHER, AAT o] 5 BRHUA )
A% o] x| Fac}. netd FEwx 71979}
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AE2 ANtH o s NYAA-eni FES0] A
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%02 ApHo) D ES} 2go] e olTHeong
and Kim, 1993; Jeong, 1997, 2000; Jeong and Lee,
1998; Lee and Kim, 2000). 1 9] E3}o 23t F9
RPFEL SEHEA, AN, A4-52H TG, N
Lo EZF AAdHtHJeong, 1998; Jeong and Kim,
2003; Jeong et al., 2006). AFg-4 3} S-2-1 o] H|5}
F3jo] Ao 23 KA mens B
Moz nyEslEAL 53] ool FRATHeong
and Lee, 1998; Lee and Kim, 2000). A%+& o 2 3t
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BEo 22 Ao Fo2 AN 11 TR 1
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Fig. 9. Atomic ratios of major elements to Ti content. Lines are depth variations of atom ratios in silty sediments
on Korean river and marine terraces. Circles are the ratios of clay-silts in quartzite soils (this study) and Gobi surface

silts (this study and Mabher et al., 2009).
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2, YA 331, AFEHA|(trioctahedral) F2F Q1|
gksted, A HIVE AEYAL Aleo| & S4sH=
Fu|Y HEJAZ AEE 1, o]ZHA|(dioctahedral)
TRFoITH Y 5). kA IWI=EY EF E49
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o] AT olF THEZ 7] 4UE A Algtth Jeong
etal. (2013)2 o] @A & 9 Hetx| A EH E|F
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2008, 2018; Jeong and Achterberg, 2014; Jeong and
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R HolE 59 FEE =] wiZolck K/Tj,
Mg/Ti, Na/Ti, Ca/Ti g2 18] Afat EQFo] 1|3}
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Fig. 10. Rare earth element concentrations of silty soils and quartzite normalized to chondritic values.
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Alo] A= om, A ERE APEA 9] F3t= v
23 Alo] 5|E2A-Al ol Gz A4 271
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