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Abstract: A geochemical technique based on rare earth element geochemistry was used to clarify the
source of the Asian dust (Yellow sand) in the Daejeon area. The Asian dusts were collected 4 times during
31th March- 2nd April and 25th May-27th May 2007. The Yellow sand shows PAAS (Post Archean
Australian Shale)-normalized REE pattern of the flattened LREE and slightly depleted HREE without Eu
anomaly, whereas the Daejeon soil has slightly enriched LREE and depleted HREE with negative Eu
anomaly. Our results show that REE patterns of the Asian dust are LREE-flattened similar to those of the
sediment from the south-eastern part of Ordos desert. This suggests that Asian dust in the Daejeon area
might be derived from the south-eastern part of Ordos desert.
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Fig. 1. Distribution of desert and loess area in China, modified from Chen er al. (2007).

Foll ez | AH7R] AR o] A X 3] Frslsl= @
A EE RYWHRE W3} gedog s Y 2y
9| ZAlgl GojB} ‘ofr|o} HIAJ(Asian dust)E L
#A AH(Yoshikazu et al, 1980; Braaten and Cahill,
1986; Fan et al, 1996; Zhang et al., 1998; Ro et
al., 2001; Kwon et al, 2002; Lee et al, 2007a;
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Table 1. Rare earth and trace element abundance of
aeorian dust (Yellow sand) and soil at Daejeon area.

Acorian Dust Soil

Sdt® Sd3” BS1 BS2 BS3

La 499 442 488 64.6  50.1
Ce 88.8 77.6 778 108  90.8
Pr 10.5 903 890 121 9.52
Nd 40.6 343 321 441 349
Sm 6.94 578 500 6.62 566
Eu 1.37 1.16  1.05 1.04 0091
Gd 5.82 482 396 502 452
Tb 0.76 061 043 051 052
Dy 3.96 3.11 197 206 239
Ho 0.77 060 032 033 042
Er 1.92 1.52 077 086 1.00
Tm 0.28 021 0.10 010 0.14
Yb 1.73 135 064 064 092
Lu 0.23 0.19 009 009 0.14
Sc 5.51 420 327 230 440
Y 26.6 214 114 108 134
Th 12.9 11.1 135 200 16.8
U 248 239 219 347 375
Ba 556 526 681 813 646
Rb 129 112 169 152 194
St 224 247 267 241 123
Zr 84.2 62.1 294 196 336
Nb 10.8 9.71 11.2 666 135
~REE 21358 18449 181.93 246.27 201.93
Eu/Eu*® 1.01 102 110 084 084
Ce/Ce*? 0.89 089 08 089 096

Lay/(Yb) 213 241 562 744 401

“Dust sample during 31th March-2nd April, 2007 (Asian dust
days)

®Dust sample during 25th May-27th Mayl, 2007 (Asian dust
days)

“Eu* is defined as the ratio of observed Eu abundance to that
which would fall on the Sm-Gd join in PAAS-normalized REE
Eattems.

)Ce* is defined as the ratio of observed Ce abundance to that
which would fall on the La-Pr join in PAAS-normalized REE
patterns.
9The ratio of between La and Yb values normalized by Post
Archean Australian Shale (PAAS, Taylor and McLennan,
1985)
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Fig. 2. PAAS (Taylor and McLennan, 1985) normalized REE patterns of aeolian dust and soil at Daejeon area.
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Fig. 3. PAAS (Taylor and McLennan, 1985) normalized REE patterns of Chinese desert area (5] £], 2004a, 2004b).

ZoX ANHE ANEe FAZoE AR SIEFHE
RECRFS AU @A Bl Aol ol
HoFr), giAe JEEel X3 EFAIEE2 Figure
3bet 7o) mAg Ceo] F(-)9] o] 7AW 735
Efc tAFoE HHs Y FIERE A AHd
P& HoAFEo) o9 tlEo] Eud| o]ide] Ao 3
HA] @+=t}. Figure 3c8) detik AMe) EFAMSELS
AIEF T LE5T S BAFN, FIERE VA
37 29" e EXLE HAFET T3 Eud &
()9 oS Zkx Ut d8]3 Figure 3de] ElEelu}
F AT EESAEES Yt AT Al diAA
o2 ARG, FIERY EET A LRk
Abetel Bla) Bt T HHI FHE etk LEXS AL
b EEAES] HERds EETA A 9 o
2 NE e e RAFE AE JlUske) F77)
Az g R 7 Hoz HHT 4 vk
Figure 2014 thAAY SAIAsH S22 BEn

9] Fl&, 28X XY EYY JEFIL EEE
7V MR OE AL, TAEE & J|dEZ] MR O
T UAFS ARXFFE Aolgt E 4 Ao 53] 4
AR D] EYAESY AY ThE IS BT =
AL FAPIZF ol AFHE tFAY 37159 WA=
Hole EYozHE X UL AANHETGZ B
Att. 2)ar SALHA ) Sk Figure 29 I EFR
By o} =9 Al FAAEZHE g Figure 3
JEFHUA EXTE v as] E9H, Figure 3904 &
A& Hie} o] A Fel| Hojxl HAA| 59 #
X5 3 vl FARH-

n)FadAe] 738 DG £ (2004a, 2004b)S) X}F
o)3lH AFEPEE of7He] zlol: SUA|TE AR FAIE
ANxe] Sce 0.5-10.3 ppm, ThS 1.9-13.1 ppm, Ba
350-700 ppm, Rb< 52.7-105 ppm, Nb 7.5-100 ppm,
Zre 68-173 ppme WYl Ev} ApHAA o] Y
A AR A= ARG EYGAERYE S

!

ENCONTA

J. Petrol Soc. Korea



qaxle] FAbeho}l WA M FERUA BEE TS E4.29x] 79 9% 2197 49

SECIEESEEE SR PRS- SRR E
o2 §AE YHEHL HAFS X 5 At o] E
g gape] ATsketa S4o) v Fuel Egn
e F39) Al E3A R 44K AAATE 2
o ¥ & vk afEE, 2% AR s
AAHA AEL A AL thk Favt AA T, A
AR AReSA AFATE 2007dE0 HAAY
of "oldl MANE Z Frhs FALAH =2 A}
o 3R ERANBELE AREUSS AR

Q0 o A=

mid FHol FHE et Bojes FAK 24
AE AF3}83 AF71HE ol &8st BrEaal sl
At 200735 3¥E, sEWo] Z}z el "HojR F
7154 AR E AFH3Y JEFHUAE F S, U, Th, Zr
T3 e vEdAde] w55 BA3G Y. dalrkA 9
AxA T oJstd, 2007A 5] ol FapzR 9] 3
EFYA X735 B4 o5& Al FEREY ®
ZAE 2 BETYY BA AE ) A X
T e HAFEAY. ol eyt Eolee ¥
A F ZAATF A Al HER 9 JFETYY
A AAHFEE AR, 7|Ee )y B4 & 714
&4 AF2E A5k Aty dET ey
Hoh 83t 428 27| 28l e a9 A9
o] XFA 88 A7t B4, FElvEte] "olR=
FAREE 7hed § o Ado AA dAxHe=R
A st vlws] 8 Hart vk oFE2# Sr, Nd, Pb
S 72 Pae 7= FYUAHE 25l vwE}
H 59 s 18 UM & Y& Ao

Ab AL

o] At A AAANA D7 7IEAIE (&
A EA A e Fs]E s 2 of-3-7171d, NEMA-
06-NH-08) ¥-1] o= 7 Oor o]o A=
gyt 22l =23 J&o s M43t xA
2 23RS & FAl L7z ddde] AR

gl A el ARF wpdd 2R =gy

HYGeL, oI, A, AAlE, AT, 2004a, A5t &
Hqeg duE FHHHEY ZAXY 54 T L%
2 H ek A 23280 A5 AFEBR]. 4022,
119-132.

Vol. 17, No. 1, 2008

HFe, ols, AR A, 3%, 2004b, 5= EE
gzl A S8 X9 ZFA8e A3l B4 xF
3}3]R]. 40/4, 383-393.

A%, &89, 2004 =AY SSHErt FFEEY
(ICP-MS) 213t UM FFEZ Z9] Lanthanides, Y,
Th, U 4. =R A2dA1Y =73, 8, 43-53.

A9, =4, 524, 2007, A&A A 437H2003
W~2006d) A4 B4 wel | 2 AxXEu)E B
A3, ARSEAAESE] 20079 A A2 HE]
& ITEsteusd a9y, 428-430.

by, 4, 3, e, BAE, AR, A8A,
2007, 3= 2 =0l A3keE BAte] EFEHE S,
et 13 AR AEE] 20079% F4 AAAEY = 35
skat3] .98, 412-414.

T8, 1990, $hilTo)| w3ET FAkY] SHd A 4
T, =718 A, 26/2, 111-12.

AHE, AT, §7F, 2004, FETHS XFHH 49l
4 Ee] AY3AH B4 AT, RARNLABEARY
20043% EAISk=ThE] Qof, 270-272.

A, 2735, AGs), ol1F=, 2003, TN LIdg &
AFE. =712 8EElA, 3972, 251-263.

HANH, 5, waY, a8F, 2002. 2001 B A
oM #AZHE FA 5 - 318 B4 g AT
s=7]23ek3] =], 38, 105-117.

Braaten, D.A. and Cahill,, T.A., 1986. Size and composition
of Asian dust transported to Hwaii. Atmospheric Environ-
ment. 20, 1105-1109.

Chen, J., Li, G, Yang, J., Rao, W,, Lu, H., Balsam, W,
Sun, Y, Ji, J., 2007, Nd and Sr isotopic characterisitcs of
Chinese deserts: Implications for the provenances of
Asian dust. 71, 3904-3914.

Dia, A., Gruau, G, Olivie-Lauquet, G, Riou, C., Molenat J.
and Curmi, P, 2000, The distribution of rare earth ele-
ments in groundwaters: Assessing the role of source-rock
composition, redox changes and colloidal particles.
Geochim. Cosmochim. Acta, 64, 4131-4151.

Fan, X-B., Okada, K., Niimura, N., Kai, K., Arao, K., Shi,
G-U., Qin, Y. and Mitsuta, Y., 1996. Mineral aprticles
collected in China and Japan durib g the same Asian
dust-storm event. Atmos. Environ. 30, 347-351.

Honda, M., Yabuki, S., Shimizu, H., 2004, Geochemical and
isotopic studies of aeolian sediment in China. Sedeimen-
tology, 51, 211-230. '

Johannesson, K.H., Lyons, W.B., Stetzenbach, K.J. and
Bryne, R.H., 1995, The solubility control of rare earth
elements in natural terrestrial waters and the significance
of PO43- and CO32- in limiting dissolved rare earth ele-
ment concentrations: A review of recent information.
Aqua. Geochem., 1, 157-173.

Johannesson, K.H., Stetzenbach, K.J., Hodge, V.F. and
Lyons, W.B., 1996, Rare earth element complexation
behaviour in circumneutral pH groundwaters: Assessing
the role of carbonate and phosphate ions. Earth Planet.



50 ol -

Sci. Lett., 139, 305-319.

Johannesson, K.H., Stetzenbach, K.J. and Hodge, V.F, 1997,
Rare earth elements as geochemical tracers of regional
groundwater mixing. Geochim. Cosmochim. Acta, 61,
3605-3618, 1997.

Kim, J., 2008, Transport routes and source regions of Asian
dust observed in Korea during the past 40 years (1965-
2004). Atmos. Environ. in press.

Kim, K-H., Kang C-H., Ma, C-J., Lee, J-H., Choi, K-C. and
Youn, Y-H., 2008. Airborne cadmium in spring season
between Asian dust and non-Asian dust periods in Korea.
Atmos. Environ. 42, 623-631.

Kwon, H-J., Cho, S-H., Chun, Y., Lagarde and Pershagen,
G, 2002. Effects of the Asian Dust Events on Daily Mor-
tality in Seoul, Korea. Environ. Res. 90, 1-5.

Lee, J-T., Son, J-Y.,, Cho, Y-S., 2007a. A comparison of
mortality related to urban air particles between periods
with Asian dust days and without Asian dust days in
Seoul, Korea,. 2000-2004. Environ. Res. 105, 409-413.

Lee, S-J., Park, H., Choi, S-D., Lee, J-M., Chang, Y-S.,
2007b. Assessment of variations in atmospheric PCDD/Fs
by Asian dust in Southeastern Korea. Atmos. Environ.
41, 5876-5886.

Lipin, B.R. and McKay, GA. 1989, Geochemistry and
Mineralogy of Rare Earth Elements. The Mineralogical
Society of America, 348 p.

Liu, C-Q., Masuda, A., Okada, A., Yabuki, S., Zhnag, J.
and Fan, Z-L., 1994, A geochemical study of loess and
desert sand in northemn China: Implications for continen-
tal crust weathering and composition. Chem. Geol., 106,
359-374.

Monecke, T., Dulski, P. and Kempe, U., 2007, Origin of
convex tetrads in rare earth element distribution patterns

of hydrothermally altered siliceous igneous rocks from
the Zinnwald Sn-W deposit, Zermany. Geochim. Cosmo-
chim. Acta, 71, 335-353.

Ro, C-U., Oh, K-Y., Kim, H., Chun, Y., Osan, J., de Hoog,
J. and Grieken, R.V.,, 2001. Chemical speciation of indi-
vidual atmospheric particles using low-Z electron probe
X-ray microanalysis: characterizing “Asian Dust” depos-
ited with rain water in Seoul, Korea. Atmos. Environ. 35,
4995-5005.

Sun, Y., Tada, R., Chen, J,, Toyoda, S., Tani, A., Isozaki, Y.,
Nagashima, K., Hasegawa, H. and Ji J., 2007, Distin-
guishing the sources of Asian dust based on electron spin
resonance signal intensity and crystallinity of quartz.
Atmos. Environ. 41, 8537-8548.

Taylor, S.R. and McLennan, S.M., 1985, The continental
crust: Its composition and evolution. Geoscience Texts,
Blackwell, Oxford, 312 p.

Yoshikazu, H., Shigeru, T. and Winchester, J.W., 1980.
Detection of an Asian dust storm event in Japan during
April 1980. Nuclear Instruments and methods in Physics
Research Section B: Beam Interactions with Materials
and Atoms, 3, 526-528.

Zdanowicz, C., Hall, G, Vavie, J., Amelin, Y., Percival, J.,
Girard, 1., Biscaye, P., Bory, A., 2006, Asian dustfall in
the St. Elias Mountains, Yukon, Canada. Geochim. Cos-
mochim. Acta, 70, 3493-3507.

Zhang, X.Y., Arimoto, R. and An, Z.S., 1998. Asian dust
linked to global change. J. Aero. Sci. 29, S.169.

2008 28 27 M=
200844 28 2020 AIAFZHA]
200814 38 109 XY

J. Petrol. Soc. Korea



