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Abstract: To illuminate the distribution and evolution characters of Rare Earth Element (REE) during granite
weathering process under different climate conditions, this work examined eight profiles located in the main
distribution area of granite from mid-temperate zone to tropic zone in Eastern China. Results show that the
total concentrations (10°) of REE (ZREE) of the weathered products were generally higher than those of the
bed rocks in all places, and heavy REE (HREE) enriched relative to the light REE (LREE) while negative Eu
anomaly were found more or less in all samples. During granite weathering process, REE have redistributed
in the weathering crust due to REE migrating and leaching. Within the weathering profiles, REE leached form
the upper layers and usually accumulated at the semi-weathering layers which resulted from variations of
internal factors, such as pH and clay mineral content. In a few cases, the enrichment of REE at the upper
layers in some weathering profiles such as SD-DG and HN-3, was mainly due to some external factors, such
as climate condition and geology background. By the standard of parent rocks, HREE enrichment and
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differentiation between LREE and HREE were easily found in the granite weathering profiles which are
strongly influenced by oceanic climate, such as QHD-1 and HN-2. Within the most granite weathering
profiles in the current study, Ce showed the positive anomaly at the upper layers but complementary negative

anomaly at the lower layers.

Keywords: granite weathering profile; rare-earth element; differentiation; climate
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Fig. 1. Distribution of granite and study sample points
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Table 1. Geographic information of the study area

DR RAC AEBR W E/mm ARSI C Wkt 3 [ e Sy
NI
750~820 2~1 \ ) ig: ]
WS LAk FP Y R R R R EF R A
HREAL 550~630 2.6 R
WAL R 700 11.2 IRV Y M 2 RS A IR T 2B R a+
IR S A i 820 128 R N = R R /] Ll by BT RRTRAS AR T
ﬁé}k}’g 1600 24 T 2 Tz N ARk a+
W= 1500 26

1.2 HRHER

AR AL /N 22 fP A7 3t DAL T o B AR B B -
AU R it R AR B RA- /N Y 2 M B AR
R A AT A AL P B NS S B AT ERIT AT
DA TR I A SEX 2R AICRIX, AR B ERARBID
FERPUREY S, PORNTInRE A R, X%
iy NNE BT (KA, 8T bl SRl
WFFE X AL TR AR AR o e (TR A7 B A S
PR L RG2S 130 km Ak HE IR AR
s BRI 2 AR A AT LR A IR
ERiAEEa

Z R G E 2%, Rk E, TEA
FRER I . BRI PRI = R R R .
L 2R 52 3t DA 385 78 65 1 AR PP AR DX 11 P 23

JEZRUTE WA, RSB, PRSI
B, ARABEEN i R R o ARSI RAR (A 1
KETRBRE M = KAk a2 L.

T By 0T TR PR AR R L B RE-IR T
AR AN R A R = S 5 IO 52 RF- A d ok
VR4 by s 4 K R 3 ) 2 AR e ol o PR
THIA - =0 KB AN AR 25 B, 35 28 e i B30

s [25] )
2 FEACREES
2.1 SRAFAAE BRI

FT AT AL TERE S N B 5 NG AE, K
SR LA 5 em A1 10 cm A [AJEE, B, 0~5cm K
FE—AFES, 5~10 cm RE—AFES . RENIFEN



128 |

L

2016 1F

B FAT IR Ay B AAE e], BT 5 3 H B
WEEE 2 200 H #5H o HARIRAFE AL ik an F

N T IAEG T, AR RN LR
SRR CRIETEREHZ) « ERUZFIER
)2 FLAIRE 2 o0 TR 1) & 5 A WL R B AL 2
DA K ARAR 1) R AR B A vR () 32 . SERUE A
RS R B R & S AN AR 2 . )
N RACFEFEAA,  URLRORE,  Fh A s SR AR A A
B, FEALREE T RESFREM Z AT . BARIREE S &
TGS/

211 R

M H KL (NMG-3-1, K 1 OS5 ffn)
(49°53.028' N, 124°14.923'E) : fi THZFHIBKX
KLz W B EATE PG AL 10 km AL IE . BE5 MR
KA, W ERE R %8, DA RRA . ik
WE (0~60 cm) HARKZ, FHEEKEG, AH
Ok, WERZE (60~110 cm) AT, BEHAL;
F )AL (110~300 cm) JEESEE 2 m, K.
KEEERERT 3m, HERAEFREN 36 4.

NI AL 5 (XXAL-YC-1-1, K1 @%5
B (48°16'2"N, 129°6'37"E) : fv T-EEBIT4
AN AR AR B A A2 15 km R . B
AT K 2 o ST T2 AR R SR 4 o bk )25 (0~60 em)
TRER A B2, Bt m FE b AR, A b % .
JERUZ (60~250 cm) H HHERAREHIE K, T2
THG IR XA . - XALJZ (250~600 cm) T
HIKAAH B RFEEEERT 6 m, HERAE 44 PR

KA1 KAk5E (CBS-1, CBS-2, K1 @5 ik
f7)  (43°15'52"N, 128°21'18"E) : fii I 7 hh44 4E
T EAEE TG B 6 X ZA T K 2 WA . BEz5 Al
WIEsA . AT AN LTI ER, M,
Z NWEARFIZHE, CBS-1 i T H bk 2 (0~40 cm)
WERZ, N EZRTHEMNERTHA, I HRG
BN, JERUZ (40~160 cm) 2 XA E (160~250
cm) MEANAE, SR Bk A HRS, A S
FROZWASK, I DV L. CBS-2 il i itk
%)z (0~50 cm) TR i A JEf )= (50~150 cm)
WORLASKL, PR E K. EX)ZE (150~270
cm) FEEARER, TTLUE Bl AT R R, KRR
P BRI o 2 IR R EEZ) 3 m, 43 R ARFE
i 29 ANAIT 28 A

212 LWARALZE

ZEB RS (QHD-1, 1 @5 £l
(39°54'17.34"N, 119°31'41.88"E) : KAf i ik

eI E DN S K ITE 2 G S oSy N v i
iz, HIHCALERASE, 73 )ZR80am0, R
DURIRRHEA N 32 W E (0~60 cm) REH KiE
MR &, T3S 20 HROR - v B2 (60~140 cm)
PRV, R 2R KD o L2 (140~360
cm) M EZ R RO th 40 AR . Kb SE SRR T
3m, JREEFE 42 1S

45 KL 58 (SD-DG, K 1 @5 fifn)
(36°00'46"N, 118°0524"E) : I KAk
KA. 0~50 cm kiR, TSR, R
(50~130 cm) 53X 4k )2 (130~300 cm) 43 )24
WIS FITHSRAE L) 3 m, HOREREN 24 4.

213 B84

WA SR AR E KB FE (HN-2, B 3.1 H6)5 4
f7)  (19°07'14.78"N, 18°37'51.96"E) : {7 T
BIRARER AR BRI 416 500 m. AR
DRGSR AL, AR Sk
AR AR IR . R )2 (0~190 cm) K2
0~30 cm A 9 Sy, 50~70 em AbKG 1
T, 70 cm LAR HBURE LT (BRI SR (B A JERZ
(190~420 cm) it fe L0 (A ki i . 20tk
2 (420~700 cm) ChAREE (A, ST A SR,
L 7T m, HERAEFRES 414

WA (HN-3, K 1H®5 58A0) « {7
F =T AL, GO8 [EIE Akl Bk i LA PG PR 2 HL Ak
KA. X FEABREsR A, Ay A (14 i
o A TR A SEA, FLR I RORLAE L
AR, BN AT )2 (0~150
cm) NI EIER L, MRAAKIE. NTIEE
TR G UERR R AT AL, e B R T 5k 13
o, VERE (150~260 cm) AikEifh. XA
(260~415 cm) Ky ik (A, (H7E 4 m b B W5 )2,
IR N AR . AT L) 4 m, 3L
RAEEFE i 46 1S

2.2 FEE T

FEM B RSEIe = 5, B e AT 462 fa B )
VY552 —ARFEAE S, F B ST R Bt B & i A/ T
0.074 mm. HX 5g i 10 HM -4E, H 20 mL 252
TKIRH . WiHE. &5, H DENVER INSTRU-
MENT UB-7 &30 pH THllA L pH. HU&E R 10
H R, HAKRAMERSEG 7. RS EH
Malvern2000 Fi7 5 43 A AR HORE P 4 il AE S



213

IR ME, S AN AR RS AR R R R R AL 24T 129

HF+HNO; VIR TE il J5 , W ot 28 LA e 3= &
AT LB 5 55 3 AR IR (ICP-MS) s, il
R P RALEENTESHEY RN AGV-2,
AMH-1. GBPG-1 HEATdls i i, AR B
<10%. T 43 BTl 7 o [ R Bt Bk fb 2= 5T
Pt

3 LELI A

XPZRABHIIX () 135 ANFEaL . Z8 S B 42
ANFESL S IHRSEYIFITH G 23 MRS R 510 84
AFEMATS R, LR LR R P IME bRk
ZEWNFR 2 fioR. A b, AT R ARIEESR UL, BT
A RAGFERE b T A s 3R B A AN IR R R T
T o AR RS A 15 3 THI ) REE S B AE AN R JE AL 1) 9
AT FHIARAH ] o AR A H D5 THURT 28 52 535 THI ¥ REE
M TEVERUZ RO KL 28w, I AR ZE B iR
FERER, KW R 2 B4R REE & & H 24
FEREER R o (AR SEBIHITHI F) REE S\ 1) ARk Jf:
AR WFE 5 REE REAEF T EAAK, (HAEH
TEMAS AT e s 4R

3.1 FHX ML L TTRITH
3.1.1 AL E RibL &

AL 4 AR (XXAL-YC-1-1. NMG-3-1.
CBS-1. CBS-2) [ REE “x4k iR RFHEAHALL, FIH
HPERZ 5 KA Z AR & 4R, AR KALZE T8
HR OIS (K 2a-d) . Hi NMG-3-1 (1) SREE
WS HILAFH A AR, RIWATEMEZT
R, E XXAL-YC-1-1 Mk, &8RN
YREE {HHEILARF B 2w =i, A 50 cm 4b REE &
HITH RN, 752 m LUK, FEA-T7) SREE
{& 53k 1060.64 mg/kg.

fE8% . EM Ly RRME L, CBS1 1)
LREE/HREE ffi}y 9.47~23.93 (*F-¥{E % 15.39) ,
TR (e CBS-2 (1) LREE/HREE
fH°4 9.14~18.88 N 13.43) , TEFHAL)E
(F) A MW /N s XXAL-YC-1-1 (] LREE/HREE 14 4
1.61~4.64, {EUERR)Z T HEAIE KL )Z BB oK,
KA 34018 3.82; NMG-3-1 (1] LREE/HREE {&
4 10.69~18.46 CF¥ME A 14.25) .

R 2 ARRFHHEYR - RENS A
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Table 3. Comparison of REE in typical profiles of each climate zones

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

AV-1 29.89 53.06 5.55 1832 28 044 220 037 18 037 113 017 118 018 1146

CBS-1 o-1 9.09 1431 151 4.73 078 010 062 011 056 011 034 005 036 0.6 3.49
RD%-1 35 -34 -36 -39 -42 -45 -40 -40 -45 -48 -47 -48 -49 -50 -46

AV-2 35.66 72.78 8.66 3395 592 133 460 065 371 076 223 034 240 038 2351

QHD-1 6-2 11.56 21.49 3.07 1252 18 045 108 015 092 019 056 010 071 0.2 5.95
RD%-2 22 -10 0 13 20 67 25 7 10 7 4 2 4 5 10

AV-3 7954 126,69 1220 3816 537 068 345 054 287 058 170 026 181 028 1711

SD-DG -3 15.37 24.32 2.40 7.56 104 015 066 010 049 010 027 004 027 005 3.19
RD%-3 74 57 41 27 8 -15 N -12 -15 -19 21 23 21 23 20

AV-4 37.82 7117 8.31 2930 565 074 444 08 509 113 350 057 38 061 3333

HN-3 o-4 5.47 19.07 1.89 7.63 161 026 127 023 131 029 08 014 08 014 8.68

RD%-4

-17

-12

-2

T AV IR NP T RN REE BT, AL mo/kg: o FRRARiEN % RD%R IR %~ BI{E AN i 2.



132 |

2 2016 1F

K5 ZRIbHs XAk 5 pH AL K]
Fig. 5. Variations of pH in North-east area profiles
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