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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 250-1000 pum)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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Fig. 2 Changes of LREE contents in different particle size ranges and bulk samples ( the mass of <I um particles from diluvial fan of “V”>

valleys was insufficient for testing. This figure was drawn based on data in Table 2 in the study of Samonova et al. ) **!

ANIPRIAE 1 rh 4 HREERY &
The content of HREE in soil with different particle sizes: —{@— Gd —Q— Tb —A—Dy —>—Ho —%—Er —O—Tm —F—Yb ——Lu
AFEH 4 HREER) ¥ ik The content of HREE in the whole sample: Gd — - - Dy— -Ho— - Er- - -Tm- - - -:Yb— - -Lu

a) Y1 Hillslope b) 1% /745E Gully slope/wall ¢) Il IEHE Valley bottom d) #1615 Diluvia fan L
8 : 10 “Ur A

“U” valley

DR O ®

“V” valley

HREE % # Contents of HREE/(mg-kg )

- 2
1~10  10~50 50~250 250~1 000 <1 1~10  10~50 50~250 250~1 000
|- ORI A2 E ] Soil particle size range/um

e ANFERIAETE B A4 ke HREE M. Tb (10 mg'kg '), Ho (10 mg'kg '), Tm (10 mgkg '), Lu (10 mg'kg' ). Note:
Units of HREE in different particle sizes and whole samples: Tb ( 10 mg-kg™ ), Ho ( 10 mg-kg™ )., Tm (10 mgkg' ), Lu (10 mgkg™") .

Bl 3 ANFERCRAR X 4FEh HREE S A8 fk (XF “VIEABBEEUE , AR5 1 2 E<1 pm B 08 A0E 12 B ki
Samonova 2530132 2 R ) B

Fig. 3 Changes of HREE contents in different particle size ranges and bulk samples ( the mass of <1 um particles from diluvial fan of “V”

valleys was insufficient for testing. This figure was drawn based on data in Table 2 in the study of Samonova et al. ) *°!
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Fig. 4 Changes of ZREE contents in different particle size ranges and bulk samples ( the mass of <1 um particles from diluvial fan of “V”

valleys was insufficient for testing. ZREE in this figure was calculated based on data in Table 2 in the study of Samonova et al. ) *°!
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Fig. 5 Enrichment of LREE in different soil particle size ranges in erosional( hillslope and gully slope )and depositional areas( valley bottom and

diluvial fan ) ( The enrichment factor of LREE in this figure was calculated based on data in Table 2 in the study of Samonova et al. ) **!
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Fig. 6 Enrichment of HREE in different soil particle size ranges in erosional ( hillslope and gully slope ) and depositional areas ( valley bottom

and diluvial fan ) ( The enrichment factor of HREE in this figure was calculated based on data in Table 2 in the study of Samonova et al. ) **!
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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

Bl 7 “U” BRI VT OBASYEE . IR TR A BRI (1% EHE Samonova 4530 1 BdESH) BY)

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
W2 s AT REE PRI 73 A A H 2R 5200 . 4
g “U” AR VT B BT ML |
DURREE R %, 200 s AT P AS [R] R U8 4 458/
DIRWNRG . ik e 24, MiF3 REE 7£{%
PR = S 19 X I & AR R AR o A AR BB R AR ih
X, A SE<125 pm BP0k, JEHE<50 pm
(RO SE ki, T3k 5 2 ZE K9 REE tLffi>
Az, weah, B w4

Vi sk Ak 2E 258 S 80 REE 351k . TR e S o,
A+ pH, BN SR G A, i T A
% REEP® 38 ZEUURLIX, 4 3940 WOk i & 452 ot T
- S A B AR I I, 38 T X REE (W BCY, [l
gk R AR R R IR T . BALR . RUE S
TE R A A4 B L s T %) REE AW BRF27 400 iy
Sh, BT Fe-Mn ALY & REE 2550 (19 B4 Fff 51
W21 HoAr i 5 REE & 50l #7776 I i IEAH 56 ¢
RSB ARz, “U” BAM V" EATURIX
YR Fe-Mn ALY & = 2% (P<0.05) &
T2 X, LR Fe-Mn % & A% W
(P<0.01) EFARMX (£ 1), XWEHTRimA
UURUGT REE b 4248 AL A5 o

&1 U A5 “V BEARMRAAREXAFEFHHIED Fe-Mn EUMHIEZELTN (ZFRIAKIE Samonova F3L 3R
2 &30

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.) !

“U” EA “U” valley

“V7IEAR “V7 valley

e YOI A HLWORE 5 1 YHAORL P Y 1 USR5
fArea / (mgkg") / (mgkg!) / (mgkg ") / (mgkg")
{21l X Erosional area 1360 2261 1475
ULALIX Depositional area 1498 2319 1131

T YUK AR AR VE L A <50 wm, HLURL AR AEVE /2 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.

http://pedologica.issas.ac.cn



754 + b1

e 61 %

4 % ik

A T8 A AR AS [R]85 /NG 38 0 3 5
AR DU IX I 4 30U b REE &M
EREM AL, RIMAIEA . M . R ih/it
BUAXT LREE A1 HREE MRLAR 2341 A BH S i 52 M) o
B L, /DU LREE., HREE 1 TREE
TRAARFIAIEA . WAL . =20/ X )k
WURORL A AR RS A 2 IR 45 . LREE #l HREE
YRR E ARTEAER D (<50 um), H & “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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