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Abstract: X-ray diffraction (XRD), major and rare earth elements (REEs) geochemical characteristics of samples in a weathe-
ring profile from Guangxi were studied in order to reveal the geochemical behaviors of REEs during weathering. The profile can
be divided into four layers from surface downwards: the humic layer (A,) . the sub-clay layer(A,) ., the net-veined weathered
layer (B,), and the completely weathered layer (B,). Clay minerals and chemical indexes of alteration (CIA) rapidly decrease
from top to bottom. Samples from A,, A, and B, are enriched in Ce. Nd and heavy REE relative to their parent rocks. All sam-
ples are depleted in ion-exchangeable heavy REE and are relatively enriched in Y. lIon-exchangeable light and heavy REEs are
enriched in the completely weathered layer. The ion-exchangeable REEs in the weathered granite are sourced mainly from labile
REE-bearing minerals, such as allanite and titanate. The enrichment of heavy REE in samples from A;, A, and B, may have
been caused by the residual zircon and xenotime, or the formation of supergene mineral, such as churchite-Y. The degree of
weathering of granite leads to the change of the fractional degree of ion-exchangeable light and heavy REE.

Key words: weathering profile; rare earth element; ion-exchangeable REE; weathering degree; granite; geochemistry.

EETE b s 90 35 PEBHIE Bt BT 5 A BBk 55 3% % 100 %8 4 (No. K 1506) 5 # [ iy J5 4 4 J5 b 5 K38 25 391 H (No.DD20160056) .
EHE B 2 (1984 —) , &, Pl 1, FZN B F IR B AL 187 PR 8™ B8 AF 58 . ORCID: 0000-0001-8122-7052.

E-mail: zhaozhi_sun@163.com
* BIEE : £ &4, E-mail: wangdenghong@vip.sina.com

SIABR 2, TBLL A, %, 2017.) PO 5 18 ) A KL 52 h R 1 0 R ARAE S iREE 87 IR 8™ WL HER B 2% ,42(10) . 1697 —1706.



1698

HERBL%¥  http://www.earth-science.net

42 %

Fzoth 4604 =4 BN E A KRELT
AL 3 72 v B o0 K i BR AR 22 17 N B BF 98 (Nes-
bitt,1979;Duddy,1980; Topp et al.,1984;Banfield
and Eggleton,1989;Price et al., 1991).20 42 70
AEARA) B TR LRS- GREE) B IR 19 & 2 #F 1
ATTxE RARFE Hr R 1 90 B MU BRAL 247 0 B IR AR
(W T 25, 1981 %2 ¥ 52, 19885 H A% %5, 1989; Wu
et al.,1990; =¥ F45,1993; Bao and Zhao, 2008;
Ishihara ez al., 2008 ; Wik % 2¢,2012 ; Sanematsu et
al., 2013, 2015; F & 20 %, 2013, 2017; [ 5 %,
2015;Bern et al.,2017) , i £ JC 3 1 W A7 IR S B 5%
PR Z — B TR R PR TR E
BE B TR HAMAAE. A AR 0% ~
95 % o /D ERAYFR £ ICF LAESF AR LV R B AS R A
BIOH ST AR (B R A0 A an oy A SR R
Yz Ak s A R SL A S LA K S R 2 B A A
T B AR 0T R RS TR S WA
T XA 5K -, AT NaCl, (NH, ), SO, %5 o fi# i
Vo VAR B R L 2 BT W B AL £ R B R ) T
(A% ,1989; T F My AR E K ,2013;5 Tian et al.,
2013). B F A B + 00 2 A # BR AL 2% R AE T LB
TR U TG E R R B AL R R T 2 T
ARIG LA KA FE S F 383 A AR + 0 3 AR N 14
B (BN M ERE1982)  F £ oc R kb

AT

RIS A 5 G R AR L R E AR
e i Y B A M A S A B A
i M e R S B A AR R AR Sz 2
HABARZS R £ & B I B R AR A AT
PERER 22 5 CT Fa M AXB I R, 20133 FAR L1455, 2013).
UEAER Bl ICP-MS M H AR ) PRt & e f ™3z lig
B FACH AR LB IC L N F A8 La, B F
A Ce B T340 Eu f3 80] LA B i3t 1 ok
i AR5, 20140 R T fif AR 5T h s 7 32 e Al s+
TCE W ML ER AL A RFAE A SO T V8 B8 1 A — b KUk
FEFI I HEAT T A L 3 i M £ 00 3R Bk 1k 2E 4y
fERIIE5E.
1 MB35
AR SO AL B 5 O F 7 78 e b, 2 R I —
T KILAE B 50 0 A o A R K 64 km, FE
2~8km A 4, b A 1 60° & A, EE WA K
238 km* fZFA TR R W R M7 R %D T
FOUUBUE T R R T R G R DR A
IR B AE =& A B A R B, 42 %5 Rb-Sr BRI 2k
AR 283 Ma, J@ & 4 A K sh = (5l A AT A
P Sck) (B D).

e ey R A R o S B O N DN S NN [ B

€
e —

V4

BI1 BIFSE DX AR I o 1A ot 5 17 1

Fig.1 Simplified geological map of the studied granite in Guangxi Province
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Fig.2 Photo of the studied weathering profile in Guangxi Province (a) and map showing the distribution of samples (b)
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Table 1 XRD analysis of the representative weathered granite samples
R/ TG ZP)
B iz RE if A WOBH A E R R BB h .
(m) P B K IS fi# = 78 B B i F b e A
" A v el v I " U W = el el
DZ-38 R = 3 84.1 159  / / / / / / / / / / / /
DZ-3Z  MZURIAAL)Z 6 50.5 21.1 284 / / / / / / / / / / /
DZ-4X WAL Z 11 32.4 195 48.1  / / / / / / / / / /
F2 RRMEERPKLIT Y XRD HITER
Table 2 XRD analysis of the representative clay samples
B R ke N Uk LUK AR S ——
(m) e PRRE SFRZE FRHA &ka A
DZ-3S WK )2 3 / / / 2 98 / /
DZ-3Z 1o 2R XA J= 6 / / / 8 92 / /
DZ-4X £ WAL Z 11 / / / 4 96 / /
®3 RMUEHRNFETETULER(%)
Table 3 Major element compositions of the weathered granite samples (%)

5 E4i BWE(m) SiO: ALO; CaO Fe;O; FeO K;O MgO MnO Na;O P.0Os; TiO, CO; H,O" LOI CIA
DZ-1df Ay 0.5 73.21 14.56 0.02 0.71 2,37 0.13 0.10 0.02 <C0.01 0.02 0.23 0.35 6.13 8.41 98.9
DZ-1S Ay 78.32 13.00 0.02 2.03 1.08 0.15 0.09 0.03 <<0.01 0.01 0.21 0.10 5.20 5.22  98.6
DZ-2S As 74.01 17.32 0.02 0.74 0.90 0.34 0.13 0.03 <<0.01 0.01 0.28 0.10 6.74 6.45 97.8
DZ-3S A; 3.0 74.24 16.33 0.02 1.35 1.08 0.31 0.11 0.03 <<0.01 0.01 0.26 0.10 6.52 6.22 97.9
DZ-4S As 70.44 18.45 0.02 2.08 0.90 0.38 0.14 0.05 <<0.01 0.01 0.32 0.10 7.48 7.07 97.7
DZ-5S Ay 69.70 18.12 0.02 2.44 1.04 0.25 0.14 0.03 <<0.01 0.01 0.29 0.12 7.38 7.12  98.4
DZ-17 As 73.95 16.54 0.02 1.15 1.37 0.29 0.11 0.03 <<0.01 0.01 0.27 .10 6.66 6.58 98.0
DZ-27 By 77.68 14.31 0.02 0.29 1.62 0.30 0.11 0.10 <C0.01 0.01 0.20 0.10 5.76 5.58 97.7
DZ-37 By 6.0 72.79 16.22 0.03 1.30 1.76 1.68  0.13 0.07 <<0.01 0.01 0.29 0.09 5.82 5.90 89.8
DZ-47 By 73.60 16.28 0.02 1.04 1.69 0.63 0.16 0.23 <<0.01 0.01 0.27 0.09 6.36 6.02  95.9
DZ-57 As 73.80 15.96 0.02 2.45 0.68 0.21 0.10 0.04 <<0.01 0.01 0.28 12 6.58 6.30 98.5
DZ-1X As 76.45 14.18 0.02 2.01 0.61 0.41 0.15 0.03 <C0.01 0.01 0.23 .10 5.94 5.60 96.9
DZ-2X By 75.49 16.43 0.02 0.37 0.61 0.44  0.13 0.02 <<0.01 0.01 0.29 0.10 6.38 6.34 97.1
DZ-3X B 75.30 13.78 0.03 1.30 0.90 4.99 0.11 0.05 0.06 0.01 0.25 0.10 3.42 3.32  71.3
DZ-4X B 11.0 73.08 14.51 0.03 1.70 1.01 5.08 0.09 0.10 0.06 0.01 0.27 0.10 3.70 3.57 72.0
DZ-5X B 74.87 14.07 0.02 2.04 0.40 4.13 0.12 0.16  0.01 0.01 0.23 0.12 3.94 3.87 75.8
DZ-6X Ay 70.75 17.11 0.02 3.61 0.72 0.33 0.11 0.07 <<0.01 0.02 0.28 0.15 7.14 7.18 97.9
165 A 30.0 73.52 12.53 1.26 0.57 2.71 4.81 0.36 0.05 2.95 0.06  0.33 0.55
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Table 4 Rare earth element compositions of the weathered granite samples (10~ °)

T J=IA La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y Sc REE LREE/HREE
DZ-1df Ay 5.71 62.7 1.09 5.80 0.98 0.17 0.98 0.27 2.26 0.60 2.21 0.34 2.33 0.35 16.3 7.84 102 3.0
DZ-1S Ay 4.56 129 0.77 6.83 0.67 0.16 0.88 0.24 2.11 0.56 2.08 0.33 2.35 0.37 15.2 9.46 166 5.9
DZ-2S Ay 7.34 86.9 1.33 8.39 1.10 0.24 0.94 0.21 1.73 0.46 1.89 0.32 2.35 0.37 13.4 6.57 127 4.9
DZ-3S A 5.55 109 0.97 7.03 0.87 0.22 0.81 0.22 1.80 0.48 1.88 0.31 2.32 0.36 13.6 6.16 145 5.7
DZ-4S Ay 6.60 174 1.30 10.8 1.18 0.24 1.25 0.32 2.71 0.73 2.92 0.48 3.58 0.55 20.4 9.76 227 5.9
DZ-5S Ay 7.27 191 1.28 12.1 0.99 0.19 1.08 0.32 2.69 0.71 2.62 0.42 2.94 0.44 20.1 8.88 244 6.8
DZ-1Z Ay 5.27 114 0.93 6.86 0.74 0.17 0.70 0.19 1.57 0.43 1.70 0.29 2.08 0.32 11.9 7.63 147 6.7
DZ-2Z By 9.53 285 2.21 22.5 1.87 0.25 1.36 0.35 2.83 0.67 2.46 0.42 3.12 0.48 17.0 5.82 350 11.2
DZ-3Z By 28.4 116 9.56 42.8 5.54 0.59 2.25 0.42 3.01 0.70 2.69 0.39 2.80 0.43 18.2 6.24 234 6.6
DZ-47Z By 13.0 426 3.90 36.7 3.24 0.46 2.11 0.51 3.68 0.90 3.34 0.54 3.93 0.61 24.5 9.42 523 12.0
DZ-57 Ay 10.0 142 1.67 11.3 1.14 0.24 1.14 0.25 2.10 0.55 2.12 0.35 2.42 0.36 16.1 6.95 192 6.6
DZ-1X Az 10.8 151 2.14 12,9 1.92 0.26 2.10 0.53 4.31 1.08 3.74 0.59 3.91 0.59 31.2 8.39 227 3.7
DZ-2X By 37.5 33.7 10.2 40.4 5.98 0.59 3.16 0.68 5.24 1.26 4.41 0.65 4.40 0.66 34.4 5.02 183 2.3
DZ-3X B, 101 24.8 25.8 102 28.5 3.93 30.0 4.61 26.3 5.08 15.2 1.95 12.5 1.83 136 5.59 520 1.2
DZ-4X B 126 147 31.2 124 31.7 4.24 31.9 4.99 28.3 5.33 15.6 2.00 12.6 1.83 147 5.29 715 1.9
DZ-5X B 98.3 143 24.4 100 25.2 3.35 23.4 3.58 20.2 3.83 11.7 1.49 9.73 1.42 102 4.84 572 2.2
DZ-6X Ay 12.4 226 2.99 21.8 2.30 0.29 1.76 0.36 2.63 0.61 2.27 0.36 2.53 0.39 16.7 9.18 294 9.6
LCJY A 56.1 93.1 13.2 41.7 12.1 1.1 83 1.5 7.8 1.8 6.4 0.7 6.2 0.6 48.7 299.4 3.0
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Table 5 Ton-exchangeable rare earth element compositions of the weathered granite samples (10~ %)

5 E A La Ce Pr Nd Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu Y Sc  REE
DZ-1df Ay 0.32  6.11 0.04 0.07 0.02 —0.01 0.01 0.00 0.02 0.00 0.01 0.00 0.01 0.00 0.14 0.46 7
DZ-1S Ay 0.34 14.34 0.04 0.10 0.01 0.00 0.03 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.09 0.30 15
DZ-2S Ay 1.53 17.27 0.24 0.78 0.16 0.02 0.13 0.02 0.09 0.02 0.05 0.01 0.03 0.01 0.52 0.43 21
DZ-3S Ay 0.83 22.27 0.12 0.34 0.07 0.01 0.10 0.01 0.05 0.01 0.03 0.00 0.01 0.00 0.34 0.39 24
DZ-4S Az 0.93 15.77 0.14 0.51 0.10 0.01 0.10 0.01 0.06 0.01 0.03 0.00 0.02 0.00 0.35 0.40 18
DZ-5S Ay 1.13 45.15 0.19 0.78 0.11 0.01 0.16 0.02 0.07 0.01 0.03 0.00 0.02 0.00 0.36 0.49 48
DZ-17 Ay 1.30 21.55 0.24 0.42 0.11 0.01 0.10 0.02 0.05 0.01 0.02 0.00 0.01 0.00 0.43 0.65 24
DZ-27 B, 1.51 11.02 0.35 1.13 0.17 0.02 0.16 0.02 0.11 0.02 0.07 0.01 0.03 0.01 0.71 0.42 15
DZ-3Z B 11.30 5.47 1.95 6.84 0.52 0.04 0.40 0.02 0.11 0.01 0.07 0.00 0.02 0.00 0.48 0.34 27
DZ-47 By 3.35 18.77 0.85 3.21 0.46 0.05 0.40 0.05 0.21 0.04 0.14 0.02 0.08 0.01 1.14 0.28 29
DZ-5Z A, 1.16 30.11 0.16 0.59 0.06 0.00 0.09 0.01 0.04 0.01 0.02 0.00 0.01 0.00 0.26 0.28 33
DZ-1X As 2.58 12.75 0.33 1.06 0.12 0.00 0.12  0.01 0.06 0.01 0.03 0.00 0.01 0.00 0.52 0.35 18
DZ-2X B, 13.89 7.27 3.46 12.75 1.51 0.11 1.02 0.07 0.40 0.07 0.26 0.02 0.11 0.02 1.98 0.19 43
DZ-3X B2 64.97 0.78 7.65 23.77 3.62 0.40 4.86 0.39 1.92 0.32 0.83 0.06 0.34 0.05 12.94 0.42 123
DZ-4X B: 25.65 0.62 2.37 7.16 0.98 0.10 1.44 0.11 0.55 0.10 0.23 0.02 0.10 0.02 4.25 0.26 44
DZ-5X B,  122.44 2.41 16.93 56.29 8.76 0.99 10.50 0.85 4.06 0.65 1.82 0.13 0.72 0.09 25.84 0.24 253
DZ-6X A 4,12 9.28 0.66 2.06 0.26 0.03 0.29 0.03 0.10 02 0.06 0.01 0.03 0.01 0.92 0.46 18

CSl-a Wi¥EAE 204.30 2.81 28.79 91.88 20.11 5.26 34.85 5.10 30.66
CS1-b WifEME 20260 2.83 28.11 90.46 19.56 5.04 34.18 4.99 29.76
CS2-a WEdEEE  30.80 15.27 7.43 25.22 4.76  0.73  2.63 0.30 1.64 32 0,97 0.12 0.77 0.11 7.87 0.06 91

CS2-b WiFsEE 33.07 16.30 8.00 27.66 5.14 0.79 2.76 0.32 1.81 35 1.07 0.13 0.84 0.12 855 0.07 98

FYl-a EEM  96.25 16.72 22.07 80.37 17.62 3.30 25.11 4.39 26.88 5.12 13.50 1.73 9.48 1.42 211.20 0.01 324
FY1-b EEM 97.74 17.02 22.33 83.02 17.82 3.31 25.62 4.44 27.21 5.21 13.58 1.74 8.91 1.42 214.60 0.01 329
FY2-a EHEME 393.10 43.27 86.38 302.20 62.41 9.57 60.41 8.73 53.24 10.83 31.21 4.01 25.04 3.65 514.80 0.04 1094
FY2-b EHEME 396.30 42.93 86.78 301.90 63.04 9.70 59.98 8.82 54.23 10.93 31.58 4.06 25.52 3.74 528.50 0.04 1099

54 18.51 2.10 11.37 2.09 368.80 0.01 464
38 17.46 1.99 10.67 1.96 360.80 0.01 456

S O oy &> O
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Fig.3 Photo of the representative weathered granite samples and evolution of minerals within the studied samples
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A1 JB5E L2 (DZ-1dD 5 Ay K £ 2 (DZ-2S,3S, 4 FE 5L R BRI ED 5 B M BUR AL |2 (DZ-2Z, 37, 4Z B 5 £ 8 ¥ (E) : B &2 WAL 2

(DZ-3X,4X, 5X i B 588 ¥ (8D

BB 5)  BEA MR e 4r th 2k 2 <4 i X7, Eu
TSR ET 2 CAD VTR 2 CAL) R E0IR R
B2 (B B BE i A AR RS 40 10 B X 535 A 3
%5, Hp Ce.Nd }t HREE B % 54 . % £ & &1y
I TR 55 F 58 J8 AR A T 40 o 2 A A i AR Y
“fifnX", HREE & & W%, Y MX & %, Eu R
N[ A2 B 1Y 67 S L Ce R IE % . 2 AL 2 (B,
B RE A AR R 4 A1 B S S AR R B T B 5 I AR AE

A B T3S A AR 1 B0 20 il 2 RN B2 A7 e 25 5.
Ce f1 HREE 57 7 5%

41 RUSBRFEFIHEABLITENS IS
RE&EAR
KA TSR W] L AE B s b S IR R A9



%10 4 B ZAF VR AR K A KL SE T TR AR 5 IREE R B HL 1703
10*
---6--- DZ-1S —=—— DZ-2S
R —-2—-DZ-3S ---e--- DZ-4S
10" -——%---DZ-58 = -——————- DZ-1df
—e— LC-JY
o 10°
D&E(
= 10'
fiy
~
oz
00k
10"
107 v v vy 10° L v 0 v
10*
10°
=10
& 10'
=
g
a3
o
10k
10"
1070 v v 1007 L v v
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
—s— DZ-1X —a— DZ-2X
L —&— DZ-3X —o— DZ-4X
10 —%— DZ-5X DZ-6X
N
E’E
= 10’
2
~
a3
H o AitAz
10" .
10°
10° 0 v v 0 10° L v v v vy

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y

5 WU TEAE S I BORE 510 A v AL AR 1 TE 23 it 26
Fig.5 Chondrite-normalized REE patterns of the weathered granite samples
ZEMN g A AR AT O A S SCHAAG s BORE B B4 51 H Taylor and McLennan(1985)

B L IR 52 5 B FRT AT 4G R0 A TR Eh AT
Yo A A SR B T AL KR s T T g
HAHF 1 /ORI (B B 0 4L 1981 RE T,
1988; Bao and Zhao, 2008; Ishihara et al., 2008;
Sanematsu et al.,2013,2015;Bern et al.,2017) . 4&
BN BERE AR ST 5T 89 Ak 52 1 AE B4 s FoAf 12
RO 299X 100 A A s A W AL B A LB
R AT A5 Ry T 0 i - A A R I 0 7
ZAF T AE R E AW 2 AL Herh i A e 0 AR S
AL ) Hir L 1 S B - S A o0 R A A R
TEB MY BRI R & S AT W R S A E]
DLt/ g Ac A A RO R E B R B K

AT BEAT LR — S A 1 By MU A R e OB R £
1 B 22 KA 2 P2 2 KAL)= AR R PR
RSN A A P T A X — KA A
— 7 T B A AT JEE 1) 38 0 2 A ) s 8 900 3% i
A L B T S AR A A R W R A5 53— D T KU R
JEE S8 R R A e S W N, D BT S A
T AR R AL T A N A XA 2 — R SR KA
JZ— WK = — I R KRR B PR R
A ) 5 M S (E R e A PR A
R T REA P B B ik 0B 3o iR Y XUAL i i
BT AR M - TC R B A 32 AR IR 1 K K I I g
BT S - IC R AW TGRS o 4 KAk



1704 HERBLY:  http://www.earth-science.net

A2 4

JZ (pH A T8t — ) b 3 78 e Ml ot
B WULIE I & 40T WL, AR T S M B
+ICE M M ER AL 217 O 2 WUAK5E A B OR 97 4 A
pH {8 L e KUAR AR BE A 24 3R i 7 4 5 AR AL XU Ak
FEA R R B T A A TR E A
FONEEA T G AL BRI R L R
et F s A i i o RS R —sh Bk
AR A 5 T v B A A R AR 0T I AR
FEA AL )Z , X 5 ) 78 76 11 XAR 72 5 1A AL G 2
45,2015) K & A B 5E 2 I XA 7E 381 LREE f
JEWORS W B . HREE Fifi # 2 /K 1) F 3 i, WAk 52
¥ E 4 LREE, F# & HREE £l 18 i 2 ok
1990; Condie et al.,1995; M %, 2014) {H 2 B X
fEAE FH B2 47 . LREE (93T % fiE )1 52 IR T % Fff
RE M B2 ) N iER B Wi e & KU R 4R L 1
BT % HE B PSS 40 AR AR A 00 K ARG 4 0 R B B XL
Ao BE 38 w22 4k, B2 7232 4 LREE/HREE
b AR 2 — 3h 25 AR R 1 B
42 RUEHBLITERSTHAE

W H KA TS AR 1 o 8 R R TR Y
FRAE B £ A R B KA TS i R 0 e
TR BEA KA TR R 8 (O 6 3 % 19815
KL E, 1986 ; Bao and Zhao, 2008).1H 5
Y WA R XU AR T B ) AR R X
B35, VTV 5 7 &6 20 W 0. 5 2 4 F £ 40 A1
o, B FAC AR R L A0 A 4 KAFAE, B4l 75 45 &%
AR Ry VAN 3 e s S G VA L K [ s QA
WA, 2012) AR SCHE ST I Ak 7 T, | Bl R 42
FRRR B o il 2 B LA M AR b & Kb 2 4
FHAR L A3 B4R T BEARRAE 1 9 SCHR KR 2 |
SRS 2 KB B )2 v A MR B G A IR s B
B4 Ce Nd Ml HREE. i 47 # i B - 3¢ # AH 5 4 Iic
Ay AL, 3 B s HREE B9 5 #i . Ce 7E 2 KL 2
Hl R G A AL E R TR B TS Y
AT E A UL Y M 5 K AR 3SH IX R RB S B TR
AR s A T 40 ) S —FAE 8 H AN Kk 52 Ce )
BHERNEAZMET Ce'' Hikpl 7HERM Ce' il
HERRAE T XAk 72 138, Bl KAk 52 B & Ce 77 4t
(Braun et al.,1990;Marsh,1991;Sanematsu et al.,
2013) JEFE 1 )2 AN £ 2 0 SOk KAk 2
2 AH Ce AH X E AR L 3 AE A M DX XU AL 72 H 2 2D
ULAY L B — WIS AE A PR T S S Kk
(H £ A0, 5 — 5 e XUk ) B A S
i 0 W, A HEBR 77 78 & HREE #4207 1 nJ

AE Al s A7 B 5% B T RE 2 o A A Nd w AR Y I A
I 1 22 Ah Wl IR A KA S T AJE R AR 4 K
R (R % HREE) . H7E 25 °C VBOR pH {E N
ATy WAL, B R IE R A AT DL iE i HREE Y &
(Oelkers and Poitrasson, 2002; Sanematsu et al.,
2013, 2015).
4.3 X iREE # KM EAKETEX

T g A RO [ PR (2013) 48 H L B T B £
IR A A7 W b 5 ] A8 4 1 R B S i A (AR S
FRY R A AR L S P 58 A A TR B A L AR S
FRBIF 5 25 SR R W KA 5 v 8 58 4 A s s 1 A
HIBC I3 5 4 A B A7 A R 22 S 8 7 W B B 7+
WIKIE—DNEATFR ARG &1 2R 2 W Bt
JEAE A B i (R 78 52, 1988) » BT 3o 7 Hh 2 i B 1
AR TR ITIR MM E LN RERZ. H
76 U B W 0 A 25 E T HUE L M SR i RE Y
WA AR B2 F0 KA 5 1 PR A7 IR 2 1Y I e A R T XAk
FEI) KB AR (H RS, 1989). Hk, BE 5 5 K
A B i 14 W B XU 52 P R A R AH A
8 e B R L B KA S A R B R AR R R
e T XA A AR AR R TC A 2R AL K
B A XA A B T ) R - W R R L [l i )
M BENTR AR U W0 B 5 A0 £ o0 &R 19 3%
B o3 o e B S ) T R 3R AR B Ty Bl
A KB KB AR MEVS A, — o B A2y
SR A LT R B4
5 &g

IR AR B KA T T A BT AR g3 o
B A )2 CAD IR 12 (AL (BCIR KUK JZ (B Al
2 AL JE (B,) AL 5 A XA i 72 b #1540 A A0 55
Gy WAL TG 109 Sy B8 - sc A oo R it 1 &
BV UEAE AL R T A B AR A ) BOA
Wik 7%, 28 4 AUAR 2 v g 200k 1Y R 04 A I B L AR
T KA AE FH o o XU 58 AN W7 ) ok i XA 22 7
TIOCR B W R E B A B A AL 1
T YRR B SR AR W R E AT BB AR AL -B,
R RAHER TR —E R B S XY
M 4 ) 1 B 0 XU R B R 5 e KUk e TP e 22
A L TR B AN EERN R R ER LTRSS
VR B XA i 3 ) 15 g A2 Ak KA A P
SE AR+ IT R B9 BC 23 R AE 32 Sy AR /O Fl L 09)
AL W) B XA R JBE 14 52 Wi



55010

B AT AR R A AR e T A TR IR S IREE & R L 1705

A R B AT RS SR
EFEMERSRIEEARAL B BILELFTHER
RENEZFEL RIS TAIG R A#FBRK
HFERT ZRRFLIZEBARERAANE —H A
BFRAWASG LT KRR ELFR T @IEL 6 F0 %k
T AENARAEET 201756 A7 H 7:31
58 KE MARBH L HAL BT AL T
FHTHR! ERRLRAE LA

Py

References

Bai,G.,Wu,C.Y.,Ding,X.S.,et al.,1989. The Forming Con-
dition and Distribution of lon-Adsorption Type Rare
Earth Element Deposit in Nanling Range. Institute of
Ore Deposit Geology.Beijing.1—95 (in Chinese).

Banfield,].F..Eggleton,R.A..1989. Apatite Replacement and
Rare Earth Mobilization, Fractionation, and Fixation
during Weathering. Clays and Clay Minerals, 37 (2):
113—127.

Bao.Z.W..Zhao.Z.H.,2008. Geochemistry of Mineralization
with Exchangeable REE in the Weathering Crusts of
Granitic Rocks in South China.Ore Geology Reviews ,
33:519—535.

Bern,C.R., Yesavage, T., Foley, N. K., 2017. Ion-Adsorption
REEs in Regolith of the Liberty Hill Pluton, South
Carolina, USA: An Effect of Hydrothermal Alteration.
Journal of Geochemical Exploration172:29—40.

Braun, J. J., Pagel, M., Muller, J. P., et al., 1990. Cerium
Anomalies in Lateritic Profiles. Geochimica et Cosmo-
chimica Acta ,54:781—795.

Chen,D.Q.,Wu,J.S.,1990.The Mineralization Mechanism of
lon-Adsorption REE Deposit. Journal of the Chinese
Rare Earth Society ,8(2):175—179 (in Chinese).

Chi,R.A.,Tian,J.,Luo,X.P. et al.,2012. The Basic Research
on the Weathered Crust Elution-Deposited Rare Earth
Ores. Non ferrous Metals Science and Engineering , 3
(4):1—13 (in Chinese with English abstract).

Condie. K. C., Dengate, J., Cullers, R. L., 1995. Behavior of
Rare Earth Elements in a Paleoweathering Profile on
Granodiorite in the Front Range. Colorado, USA.
Geochimica et Cosmochimica Acta ,59(2) :279—294.

Ding.J.Y.,Deng,G.Q.,2013. Main Problems in the Current
Ionic Adsorption Rare Earth Exploration Specifications
and Their Amendment Proposals. Non ferrous Metals
Science and Engineering »4(4):96 — 102 (in Chinese
with English abstract).

Duddy, L. R., 1980. Redistribution and Fractionation of Rare-

Earth and Other Elements in a Weathering Profile.

Chemical Geology »30(4) :363— 381,

Fu.W., Huang, X.R.., Yang., M. L., et al., 2014. REE Geo-
chemistry in the Laterite Crusts Derived {from Ultra-
mafic Rocks: Comparative Study of Two Laterite Pro-
files under Different Climate Condition. Earth Science ,
39(6):716—732 (in Chinese with English abstract).

Ishihara, S., Hua, R. H., Hoshino, M., et al.. 2008. REE
Abundance and REE Minerals in Granitic Rocks in the
Nanling Range, Jiangxi Province, Southern China, and
Generation of the REE-Rich Weathered Crust Deposits.
Resource Geology ,58(4) :355—372.

Li, X. C., Li, S. Q., 1982. Determination of Leaching Rare
Earth Element, Light Rare Earth Element and High
Rare Earth Element in Ion-Adsorption REE Deposit by
Photometry. Jowrnal of Jiangxi Normal University
(Natural Science Edition),(1):1—6 (in Chinese).

Li,Z.L,Wu,C.L., Zhang, X.L. et al.,2015. Uncertainty Assess-
ment for IDW Ore Grade Estimates. Earth Science, 40
(11):1796—1801 (in Chinese with English abstract).

Marsh.J.S., 1991. REE Fractionation and Ce Anomalies in
Weathered Karoo Dolerite. Chemical Geology .90 (3 —
4):189—194.

Nesbitt, H. W., 1979. Mobility and Fractionation of Rare
Earth Elements during Weathering of a Granodiorite.
Nature ,279(5719) :206 —210.

Oelkers, E. H., Poitrasson, F., 2002. An Experimental Study
of the Dissolution Stoichiometry and Rates of a Natural
Monazite as a Function of Temperature from 50 to
230 C and pH from 1.5 to 10.Chemical Geology,191
(1—3):73—287.

Price, R. C., Gray, C. M., Wilson, R. E., et al., 1991. The
Effects of Weathering on Rare-Earth Element, Y and Ba
Abundance in Tertiary Basalts from Southeastern Aus-
tralia.Chemical Geology ,93(3—4):245—265.

Sanematsu, K., Kon, Y., Imai, A., 2015. Influence of Phos-
phate on Mobility and Adsorption of REEs during
Weathering of Granites in Thailand. Journal of Asian
Earth Sciences .111(1) :14—30.

Sanematsu, K., Kon, Y., Imai, A., et al., 2013. Geochemical
and Mineralogical Characteristics of Ion-Adsorption
Type REE Mineralization in Phuket, Thailand. Mineral-
ium Deposita ,48(4) :437—451.

Shi, Y.H.,Qiu, L., Tang,B.Y.,et al., 2014. Determination of
Total Ionic- Phase Rare Earth and Component in Ion-
Adsorption Rare Earth Ore by Inductively Coupled
Plasma Mass Spectrometry. Metallurgical Analysis s34
(9):14—19 (in Chinese with English abstract).

Song. Y. H., Shen. L. P., 1986. REE Geochemistry of the



1706 HERBLY:  http://www.earth-science.net 42 4

Weathered Crust of Acid Volcanic Rocks—An Experi-
mental Study.Geochimica, (3):225— 234 (in Chinese
with English abstract).

Taylor,S.R., McLennan, S. M., 1985. The Continental Crust:
Its Composition and Evolution. Blackwell, London,
57T—172.

Tian,]J., Tang,X.K.,Yin,J.Q. et al.,2013.Process Optimiza-
tion on Leaching of a Lean Weathered Crust Elution-
Deposited Rare Earth Ores. International Jowrnal of
Mineral Processing ,119:83—88.

Topp,S.E.,Salbu, B., Roaldset, E., et al.,1984. Vertical Dis-
tribution of Trace Elements in Laterite Soil ( Suri-
name).Chemical Geology ,47(1—2):159—174.

Wang.,D. H., Zhao, Z.. Yu, Y., et al., 2013. Progress, Prob-
lems and Research Orientation of Ion-Adsorpotion Type
Rare Rarth Resources. Rock and Mineral Analysis, 32
(5):796—802 (in Chinese with English abstract).

Wang, D. H., Zhao, Z., Yu, Y., et al., 2017. A Review of the
Achievements in the Survey and Study of lon-Absorption
Type REE Deposit in China. Acta Geoscientica Sinica » 38
(3):317—325 (in Chinese with English abstract).

Wu,C.Y..1988. The Study of Ion-Adsorbed Type of Rare
Earth Deposits in Weathering Crust from South Jiangxi
and North Guangdong Provinces (Dissertation).Chinese
Academy of Geological Sciences, Beijing, 1 — 132 (in
Chinese with English abstract).

Wu,C.Y., Huang, D. H., Guo, Z.X., 1990. REE Geochemistry in
the Weathered Crust of Granites, Longnan Area, Jiangxi
Province.Acta Geologica Sinica ,3(2) :193—210.

Wu,C. Y., Lu, H. L., Xu, L. M., et al., 1993. A Preliminary
Study on Modes of Occurrence of Rare Earth Elements
in the Tropical-Subtropical Weathering Crust of Nan-
ling Range.Mineral Deposits +12(4):297—307 (in Chi-
nese with English abstract).

Xiang.L..,Cai,C.F., He. X. Y. et al.,2015. The Ocean Redox
State Evolution and Its Controlling Factors during the
Cambrian Terreneuvian Epoch:Evidence from the Lijia-
tuo Section, South China. Earth Science ,40(7):1197 —
1214 (in Chinese with English abstract).

Yang.Y.Q..Hu.Z.S..Luo,Z.M.,1981.Geological Character-
istic of Mineralization of Rare Earth Deposit of the lon-
Absorption Type and Their Prospecting Direction. Bul-
letin of the Chinese Academy of Geological Sciences ,?2
(1):102—118 (in Chinese with English abstract).

Zhao, Z., Wang, D. H., Liu, X. X., et al., 2015. Geochemical

Features of Rare Earth Elements in Different Weathe-

ring Stage of the Guangxi Huashan Granite and Its In-
fluence Factors.Chinese Rare Earths ,36(3) :14—20 (in

Chinese with English abstract).

Bt FR 325 % SOk

FIAY, R, T 20,4 ,1989. B 14 i X 85+ B M + 0 IR B
BCA A A A3 A A b . MR A R T R R BF 5
fr,1—95.

AR08 R R, 1990. 25 - W B B 47 PR 19 L™ AL i o [
s 1224, 8(2): 175—179.

Wl 22, WA, BAIE 4, 2012, K4k 72 kAR R 7 B0 JE Rl
MRAECEBF®S THE,.3(40): 1—13.

TEEA XS PR 2013 BUAT S - W B B A A ) A B VS AE AE 1Y
FERBEBEITEL ACEBRY S5 TE, 4,
96—102.

146, BN R A E 1, %, 2014 B B A 41 + XUk 58 T REE
IR AL 5 A [6] S AR 72 B T 09 X B BR AR AL 39
(6): 716—732.

ZEJe AR 2R 19828 A P B W AR R A S R AR R
- g3 B O BB I L VTG O A B CH AR B RRD
(1): 1—6.

AT, Rop gL R AR 25,2015 IDW & & AL Al 1 45 R 1Y
ANH 2 PEPE A BR B 2%, 40(11) : 1796 —1801.

it A BTN L R L 4, 2014. B R A S B T R B ik
EB TR R T AR KRR AT
34(9): 14—19.

R I BE, 1986 R M K 1l 28 XUAK 52 s + T 2 19 4t
BRAL 2 SL R A 5T b 3R Ak 2=, (3) : 225—234.

FHELABE, T, 55,2013, 5 7 W% 28R 1 2% J5 4 5% i
R AEAE (8] B B A 5 BIF 5E J7 WL A T, 32 (5) .
796 —802.

THLO.BE. T4, 20173 E & 7 WM R 0 7= Rl
TF 58 F0 8 A PEAN B a0 J . 3K 2= 4k, 38(3) : 317—325.

V8T, 1988, 5 b b X R AR 56 B 1 % B L B A B R A
g8 A A A0 30 . b st . i B TR 2 e, 1— 132.

ST, S LA, 1993, B WA B — E B XU AL o
s T R AT X W05 DR 0 R M BT, 12 (4) .
297—307.

E 280, UL AL 2015 B R E R U H I FE R an 4l F
TH 3 7K ST M T T b B IR g B R b R B A, 40
(7): 1197—1214.

YT, W B R, 1981 B T WL M B AR LB R i
FRFAE K o T 1) o [ R A B B A, A R BT T
BT 4rHlL2(1): 102—118.

B B RH AL, 2015, P48 LA A TR KA B BE
i £ TC KRR B s e R R R 12 ,36(3) : 14—20.



