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Abstract:  Objective Rare earth elements(REE)are one of the most important tracers in soil erosion study. Understanding the
content variation of REEs alongside particle size ranges is significant to accurately quantify soil erosion rates. = Method Based
on the REE contents in different particle size ranges(< 1, 1-10, 10-50, 50-250 and 250-1 000 pm)of soil/sediment samples

measured by Samonova et al.(2020), this study analyzed the effects of valley morphology, landforms, erosional and depositional
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areas on the contents and enrichment coefficient of REE in soil/sediment at the left bank of the Protva River in Russia. Landform
types including hillslope, gully slope/wall, valley bottom and alluvial fan, were separately selected from a “U” and a “V” shape
valley, respectively. These four landforms were further classified into erosional (i.e., hillslope and gully slope/wall) and
depositional areas (i.e., valley bottom and alluvial fan).  Result The results showed that: (1) The contents of light rare earth
elements (LREE), heavy rare earth elements (HREE) and total rare earth elements (XREE) were all decreased with the increase of
particle size ranges under the four landform types of “U” and “V” shape valleys. Under the condition of the same landform types,
the contents of LREE, HREE and XREE in fine particles (< 50 pm) of the “U” shaped valley were 14.6%-24.7%, 10.0%-33.5%
and 14.2%-21.1% lower than those of the “V” shaped valley, respectively. (2) Both LREE and HREE were enriched in fine
particles at all landform types for both “U” and “V” shape valleys. Particularly for the “V” shape valley, LREE and HREE were
significantly enriched in < 10 um particles. (3) Comparing the erosional and depositional areas, the enrichment degree of LREE
and HREE in the fine particles of the depositional areas in both “U” and “V” shape valleys was significantly (P < 0.05) higher
than that of the erosional area. ~ Conclusion Accordingly, REE were enriched in fine particles regardless of river valley shapes,
landforms, and erosional or depositional arecas. However, both valley shape and erosion-deposition processes had important

impacts on the REE content variation in different particle size ranges.

Key words: Erosional area; Depositional area; Landforms; Light rare earth elements; Heavy rare earth elements; Enrichment
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EE] 81.2%41, Hi Ay 550 3 A7 41 kL & B AR
44.9%~58.8% (& 7). XIEEANRMSA “U”

AR /Ui LREE. HREE FISREE &0
“V” T3 A AE T4 1 URL R G TR

“U” JE4Y “U” valley: [l <50 pm 50~1 000 um “V” JE4 “V” valley: BEE <50 um R 50~1 000 pm

©
= 80t
2
3
=)
Z 60}
e
8
o 40}
2
£
g
3 20t
w
WEIAT Hillslope Y ERE Gully slope/wall — J4JiE Valley bottom LB Diluvia fan

HiFRH Landforms

Bl7 “U” BRI VT OBAYEE . I RE | TR AR R (1% A Samonova SR 1 BRI )

Fig. 7 Soil particle fraction in soil/sediment samples collected from hillslope, gully slope/wall, valley bottom and diluvial fan of “U” and “V”

valley ( This figure was drawn based on data in Table 1 in the study of Samonova et al.*).)

32 FEHMRAMNAENREZEE REE E£5#8

ta: kA

“U” B VT ORAR X (3 ATA )
AT X (1 3B SR APt R B ) - 38 /TR Y LREE
F1 HREE 7 20 Ukr FURL s v () & SE 2 fb 22 R 3k
WIZ s ARG REE BRI 73 A A H 520 o A
g5 “U” JBAM VT R LHTIBY AL | bl
EEME D, 20k s TR P AS ] e YR 358 /05T
BWNRA . kS 4%, MM T3 REE 721
FCRR 32 5 10 X el A 2B R AR 0 A AR AR DS P 4R X
I EAE T E<125 um AY 0k, JCHUE<S0 um f19 55
KL fetiiz , 3305 Z BB REE ikl 2 {56
WAz P37, pesh, R XKL . A A

BRAL2ESEE ] S 20 REE 4k . TR RE 135m, ood
+3E pH, RO RN S E, MRS
REEP® 8 FEPiAUX, +Hedn Bk o) & 0ot 7+
HEF BRAKAIE AL, B3R T X REE BYWZREY, [k,
gk b AR R IR T . BALR . RUE S
TE LY AR BB s 17 % REE AR BFF27 401 gt
Ak, T Fe-Mn %ALY /& REE 470 2 1Y [ 4% B
FN4 O H A 5 REE 25 i A7 76 W 5 A0 15 A 56
KRB KR, “U” AN VT BRI
X AR Fe-Mn AL 1 & 1035 1 3 (P<0.05)
f AR X, WHLORL  Fe-Mn 5 i ¥4 B 3
(P<0.01) fEFARMX (£ 1), XWERHTRimA
UURUGT REE b A28 1k A5 0

£1 “U BA5 “VvV ERAEMRICIHERX FTREFHKIZED Fe-Mn EXMHESE T GZFRAKYE Samonova I3 th
= 21880

Table 1 The content variation of Fe-Mn oxides in different particle size ranges in the erosional and depositional areas of the “U” and “V”

valleys (This table was edited based on Table 2 in the study of Samonova et al.!

29] )

“U” EA “U” valley

“V7IESR “V7 valley

R YRR Y 7 HLASURL b 19 3% ARASURL 74 % HELSORE i B i
fren / (mgkg") / (mgkg™) / (mgkg™") / (mgkg")
24X Erosional area 1360 2261 1475
ULALX Depositional area 1498 2319 1131

TE - YU R AR VT L <50 wm, HLURL R AE VI Bl A 50~1 000 um, Note: The grain size range of the fine particle was <50 um,

and it was 50~1 000 um for the coarse particle.
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A T8 A AR AS [R]85 /NG 38 0 3 5
REAIR X TURLIX 360U b REE &M
EREM AL, RIMAIEA . M . R ih/it
X LREE Fl HREE AR AR 20 A1 A BH I 1 52
B L, /DU LREE., HREE 1 TREE
TRAANFAIEE . WA . =20 X AT IX
B R A A2 A A AR S LRI E 3 LREE #l HREE
YR E ARTEAER (<50 um), H & #E “V7
(R S NN [ 1T (O v = i S € = <1 W 1 Al
(<10 um), {H “UEA4IERT REE 1Y EREE
R, 3K 5B A8 X P AR o 2 114 5% e 1 - 35/
DU ME R R 22 5 5, vl L, AR DR R 448/
TR REE MR 431 52 0 h i3 . “UVTE
A VT BT 4080k T LREE #1 HREE (1)
HAEBESEE (P<0.05) mTRIX, “UTEATT
FHIX 40 Wik o LREE A1 HREE f4 5 5 2 808 0l X
A3 32.6%~ 147.7%H1 3.9%~150.2%; “V” LA
TURR X A0 J0RE H — 3 1) & 4 R BB R X 20 )
80.75%~438.2%H1 2.5%~290.7%. 1% 512 i AT
XKL 33 | A= O A i B S e REE B L 1845 |
W B 4= ARG . W] L, REE KiAR 20 A6 (52 R %5 &
A%, KNG REE 5K [F0RDR 428 25 A i HLEE
WF5E, MIEHGE H REE #iE6f 78 BE 1 4R i A e vb
e V5 AR 55 o
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