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Abstract: The red soil formed by carbonate weathering has preserved the historical evidence of karst development and evolution, and it
is also an important object of soil research in karst area. In this paper, the two typical carbonate profiles in Shilin area of Yunnan were
selected to study the migration characteristics and distribution of the major elements, trace elements, and rare earth elements in the
weathering crusts, and further explore the genesis of the weathering crust. The results show that: (1) using the migration
characteristics of Ti as the reference element, the major elements of the two sections show similar migration patterns in the process
of soil formation, and most of them are characterized by leaching. The trace elements are slightly different and the degree of

leaching is different. (2) UCC normalized spider graphs show that Ca and Sr in the weathered crust are depleted with respect to the
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bedrock; Fe, Ti and other elements are slightly enriched in comparison to UCC, Mg, Ca, Na, K, P, and other elements show a large
decrease. (3) The REE distribution patterns of the weathering crust and bedrock are similar, but the REE of the weathering crust is
relatively rich, the difference between light rare earth elements is large while the difference between heavy earth elements is smaller,
and the ratio of light and heavy rare earth elements in the SJC profile is larger than that of the QST profile; After normalization of rare
earth element chondrites, Eu in the SJC section shows a negative anomaly. Ce negative anomalies are observed in the upper and lower
part of the section. The QST profile shows negative Ce anomalies and negative Eu qnomalies. (4) The change in elemental content and
the correlation of Al-Ti, Al-Fe and Zr-Hf with elemental elements show that the overlying red soil is a result of weathering of the

underlying bedrock. The results of this study show that the elemental geochemical characteristics of the two profiles have good

inheritance of the bedrock and the weathering layer is the in-situ weathering product of the bedrock.
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&1 SJC, QSTHE#HLITESH
Table 1  The REE parameters of the SJC and QST profiles
SJC-1 SJC2 SJC3 SJC4 SJC-5 SJC-6 SJC-7 SJC-8 SJC9  SJC-10 SJC-11 SJC-0 BRKIRA

LE 0 20 40 60 80 100 120 140 160 180 200 220
La 40 61.6 61.7 43.8 483 52 61 100 109 123 325 5.78 0.31
Ce 68.3 105 106 83.2 94.6 97.9 116 209 204 165 58.7 1.93 0.808
Pr 8.57 13.6 13.4 9.35 10.2 10.8 13.4 223 24.6 27.8 7.73 1.24 0.122
Nd 32 50.8 49.4 34.5 37.5 39.7 50.2 86 96.9 110 30.6 5.09 0.6
Sm 6.29 9.92 9.33 6.54 6.86 7.22 9.82 17.3 19.6 23 6.46 0.975 0.195
Eu 1.26 1.97 1.84 1.32 1.37 1.42 2.02 3.55 4.05 4.69 1.41 0.207 0.0735
Gd 5.57 8.79 8.41 6.12 6.46 6.65 9 15.8 17.8 20.5 5.99 1.02 0.259
Th 1.04 1.59 1.57 1.13 1.21 1.23 1.68 2.86 3.22 3.82 1.15 0.176 0.0474
Dy 5.56 8.74 8.65 6.32 6.88 6.89 9.18 15.4 17.1 20.7 6.49 0.941 0.322
Ho 121 1.94 1.92 1.41 1.54 153 2.03 3.34 3.66 4.45 1.4 0.221 0.0718
Er 3.45 5.38 5.43 3.99 4.41 435 5.57 8.99 10.1 123 3.88 0.537 0.21
Tm 0.555  0.844 0877 0631 0711 0722  0.865 1.36 15 1.84 0583  0.063 0.0324
Yh 3.29 5.02 5.33 3.98 4.36 438 5.17 8.15 8.76 10.7 3.44 0.316 0.209
Lu 0524 0799 0833 0615 0.69 0.693  0.812 1.26 1.32 1.67 0538  0.042 0.322
S REE 177.619 275993 274.69 202906 225.091 235485 286.747 49531 521.61 529.47 160.871 18.538
S LREE 156.42 24289 241.67 17871 198.83  209.04 25244 438.15 458.15 45349 1374 15222
> HREE 21.199  33.103  33.02 24196 26261 26445 34307 57.16 6346 7598 23471  3.316
LREE% 88.06  88.01 8798  88.08 8833 8877  88.04 8846 87.83 8565 8541 8211
HREE% 1194 1199 1202 1192 1167 1123 1196 1154 1217 1435 1459  17.89
> LREE/YHREE 7.38 7.34 7.32 7.39 7.57 7.90 7.36 7.67 7.22 5.97 5.85 4.59
(La/Sm)N 4.00 3.91 4.16 421 443 453 3.91 3.64 3.50 3.36 3.16 3.73
(Gd/YB)N 1.37 1.41 1.27 1.24 1.20 1.23 1.40 1.56 1.64 1.55 1.41 2.60
(La/YB)N 8.20 8.27 7.80 7.42 7.47 8.00 7.95 8.27 8.39 7.75 6.37 12.33
3Ce 0.89 0.87 0.89 0.99 1.03 0.99 0.98 1.07 0.95 0.68 0.89 0.17
3Fu 0.65 0.65 0.64 0.64 0.63 0.63 0.66 0.66 0.66 0.66 0.69 0.63
Fa QST-1 QST-2 QST-3 QST-4 QST-5 QST-6 OST-7 QST-0 BB A
- 0 10 20 40 60 80 120 160
La 78.50 96.80 96.50 99.50 47.60 35.00 51.30 2.70 0.31
Ce 97.60 120.00 99.60 133.00 74.30 49.20 44.40 0.78 0.81
Pr 19.00 22.60 23.80 25.70 13.30 9.95 14.10 0.65 0.12
Nd 73.00 87.20 92.70 102.00 52.60 39.50 56.30 3.10 0.60
Sm 14.80 17.30 19.00 21.40 11.30 8.54 12.90 0.65 0.20
Eu 2.86 3.46 3.79 4.30 2.23 1.69 2.58 0.18 0.07
Gd 11.50 14.10 15.20 17.20 8.77 6.59 9.69 0.96 0.26
Th 2.04 2.44 2.65 3.00 1.56 1.13 1.73 0.19 0.05
Dy 10.20 11.90 12.90 14.50 7.50 5.45 8.14 1.16 0.32
Ho 2.01 242 2.59 293 1.53 1.10 1.60 0.27 0.07
Er 5.68 6.70 7.25 8.03 4.17 2.97 431 0.65 0.21
Tm 0.90 1.05 1.14 1.24 0.66 0.47 0.67 0.08 0.03
Yh 5.56 6.44 6.74 7.60 4.03 2.82 4.04 0.42 0.21
Lu 0.86 1.04 1.07 1.22 0.64 0.46 0.63 0.06 0.32
> REE 32451 393.45 384.93 441.62 230.19 164.87 212.39 11.83
S LREE 285.76 347.36 335.39 385.90 201.33 143.88 181.58 8.06
Y HREE 38.75 46.09 49.54 55.72 28.86 20.99 30.81 3.78
LREE% 88.06 88.29 87.13 87.38 87.46 87.27 85.49 68.08
HREE% 11.94 11.71 12.87 12.62 12.54 12.73 14.51 31.92
S LREE/Y HREE 7.37 7.54 6.77 6.93 6.98 6.86 5.89 2.13
(La/Sm)y 3.34 3.52 3.19 2.92 2.65 2.58 2.50 2.63
(Gd/Yb)y 1.67 1.77 1.82 1.83 1.76 1.89 1.94 1.85
(La/Yb)y 9.52 10.13 9.65 8.83 7.96 8.37 8.56 434
3Ce 0.61 0.62 0.50 0.63 0.71 0.63 0.40 0.14
SEu 0.67 0.68 0.68 0.69 0.68 0.69 0.71 0.70

A, BUeT S AT, Ce 977 #1Z W K 3 e
(CEARI, 1990) , P& TH HEA (18 Ce (HIIARAK, X

AR TR I A PR & EAAL, #EliCe 3.1 ERTEFMMETLEFHE
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2000)
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pH Al Eh X} 4 He4 A7 3 v 2 i B 2 % (Mandal,
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W (Nesbitt, 1979; Nesbitt and Markovies, 1997) .
11 SR HAT AR AH DG 1 76 3 4 Zr—Hf Fl Nb-Ta
AT UE B P A 50 1 AT LA A B B A (Gong
et al., 2010) , BVJ& T PR fk iR £k 4 T A6r JRUAk i) 45
o —BOAK Eu 55 R MRS ARR TR, FEYR
A HEA B SR, HAEMMIREAM R Bu Y
SRR, A HLT A A IR A5 R B I A Eu ARG
Eu 17 5 5 38 5 7E R A FREE 32 A ML A s e 4k 7K
MR (Toulkeridis et al., 1998), MELA ]+ 2
B H AR ALY, REE 20 73 F5AE B —E 1)
k&l (#5), MIEY REE A X Eu S8 (5
A 158 B 7 4 ) T EL AT AR ARL A U R 2Bl T A
B (Laveuf and Cornu, 2009) . XS8R A 4 Ry
Wiz b X B R R WA JZ P I Al P21
- FNAER T R R A TR A A 2

5L

4L
ot R?=0.9986
x | R’=0.9968
ool

tr = SJC

L ® QST
0+
1 1 1 1 1 1 1

1 1
-20 0 20 40 60 80 100 120 140 160

Zal(x 107
20k [ ]
R’ =0.9907
150
=
< Lof
F&":
0.5 R*=0.9869
= SJC
0.0L e QST
1 1 1 1 1 1
0 5 10 15 20 25 30

Nb/(x 10°9)
BTl Ze-Hf, Nb-Ta FIAHCHE
Fig. 11 The biplots showing the correlation of Zr-Hf, Nb-Ta

4 4iie

il 3 Xt 7 R A AR B B R A AR I TR STC
QST | U TTR AYAR ARG 17T 3 BURHIE

M, EEESE .

(1) PATi AZ TR HE SRR . W
TR %) 32 50 A A A A B A AR L RS LA
FIERI MWL, METEKA LS, S4EHK
RKFEFEA—, Na, Mg, Ca, Mn, Cr. Co., tFe%§
PR TR 4 Rb, CsPAJ Li. ALK
WA HA - SHH TR EEREAR—; K
S ORI AR A R i — 3Pk

(2) M UCC prfEfb Wtk BT 10, A,
TR CaF Se B 5 4585 AHXFUCC, Fe. Ti
HENRKEMESE, Mg, Ca, Na, K, PEILRER
T RS T URRE

(3) W LR S EAEER, L
R, B TR M A SRR E R 10
RN S8, SICHIE . EM T IocR A
KT QST HITH 5 BRAKL PG A A o A AR 2B A A i
REE 8 325 & 45 5 P Y Ce Fl Eu R 7 3,
SIC: CeTE EFFAIT BRI M T4, hlIEA N
B, EullB MR QST: CefiR®, Eull
ETAVIE

(4) JLENFZ (8] KAk 56 2 L fi 1t &R
B AR Ul B A AR B SIC . QST 1)1 iy KUk 2 J2:
R ERER A AR R

22 3 ik (References):

PR, B, 2003. ISR ER A F LT A B BT S 3T,
HUFRME, 38(1): 128-136

EA, L, BASS, A5 2016, A A KALHIE RS 43 . Je AT
B Bt [ 47 % AR AE — LB 6 397 3 0 Sy (0] 2B S 2B, (5):
1409-1420.

HEE 5. 2000. HHEAE M. dbat: U EgRE 1k 209-212.

HE 42, 2009. Z5 7 A ARG TR L b RS B RN - R A RRAE 1 B 5D B
R N

e de, EHEAR. 2011, B 28 KPR 85 I 97 2% 2 S P
fR/R[] HBETT, 57(1): 109-117

XSS, Mg, 2k, 452013, MR 5 XA il KU 20 B —— LA
ARG KEE, (2): 156-160.

XS, W, ZEJKE. 1984, JURMBERILAIM). dERT: Bl At
1-548.

AP, RSEE, TRIE, A5 1996. WRERER A K IL5E M AR a4 1
FHWFFEL ). SEHIHLRT, 13(2): 139-145

AR50, ARSL A, 2004, SRR R 2T AR R SE A UL SE D). o S
7, 23(1): 56 - 62

AL, mAS, KA, 4E 2014, BOL A & AT KL It R ER (bR A
TR P EE . (4): 396-404.

ZEHATN. 2004, SN BRBR R 5 41 (WAL FE i 1 & 4 5 43 5 I WL AF 5%



232 [T

Bt o 4

24 % 2

[D]. dtmt: FERFEE A b GhERAbFarse i)
PVES, FARAS, ZEZEIE. 2002, BRIREL A KL g # v REE B3 &
%&Ceﬁiﬂ’?b\ﬂﬁi’rﬂfﬂt%mﬂ MbERAEE, (2): 119-128.
FAEAS, PVEXS, AR, 2 2002, & H SRR A KALSE K
2 S bR RAIEL) ]ﬁf%ﬁ&, 22(1): 19-29.

TP, B LA 2007, B b = A kg oc i Kot R
HERALAFEFAELT]. BT IB 1T, (6): 830-838.

EHNI, T2EoT, BIRE, 251990, # e HiBER LM, JLat: Blef
AL 1-495

M W 2007, b E R TGS A T
N K.

FEAE G, 1992, v [ VY R B 4 5 S L S ARG A T 14 (D). 56 Y 28
5%, (4): 352-361

LIS 1996. & [F VG 1 4 1 A 1L A P18 b
23-25.

JifE4, TS, XFEWL 2005, A KL (BRERER A K Ik7E) TERibER
4%“&ﬁﬁﬂyﬂﬁf , (2):31-38.

SRR, B, B, AE 2014, BS5H s AU T o 0 3 A
ERAGZEFFIED]. b3k 535, (5): 611-619.

Brimhall G H and Dietrich W E. 1987. Constitutive mass balance relations

FAE S5 2 1 (BT 5ED)

M) R HARR,

between chemical composition, volume, density, porosity, and strain in
metasomatic hydrochemical systems: Results on weathering and
pedogenesis [J]. Geochimica et Cosmochimica Acta, 51: 567-587.

Braun J J, Ngoupayou J R N, Viers J, et al. 2005. Present weathering rates in
a humid tropical watershed: Nsimi, South Cameroon [J]. Geochimica et
Cosmochimica Acta, 69(2): 357-387.

Cantrell K J and Byrne R H. 1987. Rare earth element complexation by
carbonate and oxalate ions [J]. Geochimica et Cosmochimica
Acta, 51 (3): 597-605.

Dupre B, Viers J, Dandurand J L, et al. 1999. Major and trace elements
associated with colloids in organic-rich river waters: ultrafiltration of
natural and spiked solutions [J]. Chemicial Geology, 160(1-2): 63-80.

Gong Q, Zhang G, Zhang ], et al. 2010. Behavior of REE fractionation during
weathering of dolomite regolith profile in Southwest China [J]. Acta
Geologica Sinica, (6): 1439-1447.

Ji H B, Wang S J, Ouyang Z Y, et al. 2004a. Geochemistry of red residua

underlying dolomites in karst terrains of Yunnan—-Guizhou Plateau: I.
The formation of the Pingba profile [J]. Chemicial Geology, 203: 1-27.

Ji H B, Wang S J, Ouyang Z Y, et al. 2004b. Geochemistry of red residua
underlying dolomites in karst terrains of Yunnan-Guizhou Plateau: II.
The mobility of rare earth elements during weathering [J]. Chemicial
Geology, 203: 29-50.

Laveuf C and Cornu S. 2009. A review on the potentiality of rare earth
elements to trace pedogenetic processes [J]. Geoderma, 154(1): 1-12
Mandal A K. 1981. Transformation of iron and manganese in waterlogged

rice soil [J]. Soil, 22(2): 97-121.

Nesbitt H W. 1979. Mobility and fractionation of rare earth elements during
weathering of a granodiorite [J]. Nature, 279: 206-210.

Nesbitt H W and Markovies G. 1997. Weathering of granodioritic crust,
long-term storage of elements in weathering profiles, and petrogenesis of
siliciclastic sediments [J]. Geochimica et Cosmochimica Acta, 61(8) :
1653-1670.

Oliva P, Viers J, Dupre B, et al. 1999. The effect of organic matter on
chemical weathering: study of a small tropical watershed: nsimi-zoetele
site, Cameroon [J]. Geochimica et Cosmochimica Acta, 63(23-24):
4013-4035.

Schwarz T. 1997. Lateritic bauxite in central Germany and implications for
Miocene palaeoclimate  [J].
Palaeoecology, 129(1-2): 37-50.

Toulkeridis T, Podwojewski P and Clauer N. 1998. Tracing the source of

Palaeogeography  Palaeochimatology

gypsum in New Caledonian soils by REE contents and S-Sr isotopic
compositions [J]. Chemical Geology, 145 (s1-2): 61-71.

Taylor S R and Mclennan S M. 1985. The Continental Crust: Its Composition
and Evolution [M]. Cambridge: Blackwell: 289-311.

Viers J, Dupre B, Braun J J, et al. 2000. Major and trace element
abundances, and strontium isotopes in the Nyong basin rivers
(Cameroon):  Constraints on chemical weathering processes and
elements transport mechanisms in humid tropical environments [J].
Chemical Geology, 169(1-2): 211-241.

Young G M and Nesbitt H W. 1998. Processes controlling the distribution of
Ti and Al in weathering profiles, siliciclastic sediments and

sedimentary rocks [J]. Journal of Sedimentary Research, 68(3): 448-455.



