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Abstract: The Renju quartz diorites in Guangdong Province are Yanshanian calc-alkaline felsic magmatic rock
with REE contents of 332 to 338 pg/g. Titanite accounts for 3.29% of the bedrock mineral content, and has an
average REE content of 10309 pg/g, contributing to 52.7% of REE content. Thus, the weathering characters of
titanite play a vital role in REE mineralization in the regolith-hosted REE deposits. Based on lithofacies observation,

the mineral weathering sequence during the weathering of Renju quartz diorites is as follows: parasite—
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(titanite—apatite)/(biotite/amphibole—plagioclase)—K-feldspar—magnetite—quartz—zircon. As the weathering
resistance of titanite and apatite is comparable to that of biotite and plagioclase, titanite and apatite are dissolved
in the semi-weathered to completely weathered horizon, where the leaching REEs are adsorbed on clay minerals.
This makes titanite and apatite the main source of ion-exchangeable REEs in the weathering crust. REEs are
mainly enriched in the upper part of the completely weathered horizon at a depth of 5 to 15 m, with a content of
504 to 813 pg/g. Because REEs in the bedrock are mainly enriched in titanite, the LREE enrichment characteristic
in the weathering crust is mostly inherited from the fractionation pattern of titanite. In light of the above findings,
in tropical and subtropical regimes, the weathering sequence of primary minerals and the weathering resistance of
main REE-bearing accessory minerals are key factors constraining the REE mineralization in regolith-hosted REE

deposits.
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Fig.1 Simplified geologic map of the Renju REE deposit showing the location of the profile

AHIF AL il NN L A NI Sk A
PVC WAEHMMREE I RS TRAE, R X
A TR R R (AT o e o 2 A R A = o O
E3 2R 2., £LEEL 5 m, BREAagkiE A,
FEHF LT WG IR, WA ALK A MR
(Kl 2a), 2XALZEL 40 m, (245 FEBFITHE: B3
B AIIKAG, FEAFETY . AEMKA
R, BEEERS, T, AU 2b); T
EREAFL Kk, FEMRB LY. AEMK A
R, FhHERAR(E 2¢). HRULZEZ) 15 m, RiEsk
o, RGN AL, FEAS 6, e
PIZEAE, B R 0 A SRR A B e S B A
(F 2d). PRILEZ FRYSEA RIKEkE, A Ptss
BHEA(62.3%) . AT AT(4.12%) . A546.51%) . Bt
(9.13%) A1 TN £ (14.2%) . BT 64618 41(3.29%)
KA . FRRESET . RGNS %5 (B 2e)

2 ik

ABIEFERE AL A1 T N e S XA e e i 3
12 o AT 73 Brilia g 7 b RS e ) H ek £l 2

W SE . BESLAY 3 | Bl e R A HriR 7 R 47
F Bk A R E SN E N . ERITR T
FHEESRIIAE 900 C FKIBE 90 min, DIBRZHEM Y
AHLT . SRIGFREL 0.5 ¢ B IRIRES, TRA 4.00 g
Li,B,0; T 1200 C Rl AIR . FRITRED
WA X 56615 53 BT (XRF), 4301k B i
1%, i Te 2 HT I AR 35 7E 105 CF T4 3 h,
SRIGTE 550 C B2k 3h, IEBRA LT, SRIGFRIK
0.04 g F£ 5 HNOs+HF+HCIO, FITR AV il 2 B 1
fiff, SECH A VR Ao Pl JRAES 15 55 B S 43 BT (ICP-MS)
M, SZ56{#8 A Thermo Icap Qc HLEHH A %5 T
FTREAN, TR 2E N T 3%,

AT YN EES i TESCAN Intergrated
Mineral Analyzer (TIMA)5E ¥ S5 B Ry 25 kV,
A9 nA, TAEME N 15 mm, HIREMT YT
S (BSE) 5 5if B2 FH Ak P78 AR H s AR 7 I,
BT (EDS)f5 5 (i Mn ARBERSE o 38 v 4 P i 25
#ExC, [RIAT3RE BSE BRI EDS i, #4500 X 5
A 1000, 2R K/ANHA 3 um, GEEALKN 9 um,
JRAL 1 P B 58 BSE A )27 5 i T

Geochimica || Vol. 51 | No. 6 | pp. 684-695 || Nov., 2022



%6 HA =

2% EHLIAT YAXILEHER B3R 2R

687

SCIZE Phenom XL 4L T W55 (SEM)FI JEOL
JXA-8230 HIHLFHRET(EPMA)FRAE, MR 41N

Om
10m
20 m
30m
40 m
50m

60 m

70 m

80 m

(a) FRELARBMOMR LR, ARKOREN (b) BEFLOAR
AR A BRI E LS RIEF 2545 (o) XMLz T 2B
KSR (d) FRALR R TR, 5k B R A5 A R B2 A
(e) HAEMFNRKAER KA, A3, BIEAM NI

B2 CRVARRLFIETEERERNKLERK
Fig.2 Schematic of the weathering profile of the Renju
deposit and photographs of the corresponding
weathering layers
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(CIA=AL0;/(Al,05+Ca0+Na,0+K,0)x100;  Nesbitt
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BN . Si0, M 57.30%3E /N2 74.40%,
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I 3.37%., 2.94%. 3.27%. 6.38% % #ilk(kE
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Table 1 Major element contents (%) of the bulk samples in the Renju weathering profile

AAL)Z xR o B RALR e
5 RJ-1 RJ-2 RJ-3 RJ-4 RIJ-5 RI-6 RJ-7 RIJ-8 RJ-9 RJ-10 RJ-11 RJ-12 RJ-13
VR (m) 0.1 1.7 4.5 6.4 15.0 25.3 30.0 39.4 45.0 49.5 58.6 69.0 78.3
SiO, 63.90 74.40 74.30 55.60 52.00 44.00 50.40 51.70 59.90 53.50 74.90 55.70 57.30
TiO, 0.86 1.19 0.38 0.88 1.42 2.45 2.09 0.98 0.75 1.18 0.48 1.45 1.32
AlLO3 18.80 11.80 15.20 22.70 22.10 21.90 17.20 20.30 16.70 19.30 11.30 17.00 16.00
TFe,03 7.40 6.27 3.25 8.95 12.3 15.4 11.4 9.46 6.90 8.64 3.93 7.88 7.22
MnO 0.06 0.04 0.10 0.13 0.38 0.37 b.d.l. 0.02 0.13 0.16 0.10 0.18 0.16
MgO 0.21 0.19 0.16 0.75 0.83 2.28 4.11 4.20 2.37 3.72 2.01 3.70 3.27
CaO 0.03 0.01 0.05 0.01 0.01 0.94 5.03 2.27 1.60 4.42 2.84 6.65 6.38
Na,O 0.04 0.04 0.06 0.15 0.10 0.19 0.96 1.43 1.66 3.33 2.17 3.21 2.94
K,O 0.79 0.45 0.46 3.70 2.59 1.67 2.11 3.80 5.85 3.67 1.72 3.13 3.37
P,0s 0.03 0.06 0.06 0.04 0.11 0.06 0.10 0.08 0.08 0.14 0.10 0.46 0.43
LOI 7.65 5.32 5.89 6.96 8.47 10.9 5.77 5.57 3.93 1.95 0.43 1.00 1.89
Total 99.8 99.8 99.9 99.9 100 100 99.2 99.8 99.9 100 99.9 100 100
CIA 95.6 95.9 96.4 85.5 89.1 88.7 67.9 73.0 64.8 62.8 62.6 56.6 55.8

1 TFe 05 f& L Fe O3 JE R TR EE i Fe® Ml Feo it bod.l. MR TH IR, CIA. LA 45 %0, CIA=AL05/(Al,05+Ca0+Na,0+K,0)x100,

Geochimica I Vol. 51 I No. 6 I pp. 684—695 INov., 2022



688 Wik s

2022 £

IR AN AR SRR 332~338 pg/g, &
FAERGIE B4 A A ME (229 pg/g; S L4, 2005;
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ARG 2; K 3). FERGET, WK FEEE
FeRLZE L, #i 8 504~813 pg/g, =Tk
W F FR A2 500 pg/g(Bao and Zhao, 2008)., % 1 )2 Fl
2 X AR 2 B F + 0 % (CREE<300 pg/g) ik T3 7
i s O 2 W N A A P A W i T )
La/Yb MWNEEA Y 26.6 J/NEIR T)Z20 8.55, B
BRI AR 2).

32 HYRAFERKB LIRS
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T AT AP RAT SE U (] 4b) o 762 KL 2R3, B K
A7 FTA BT OR A A T, AR A LR KU K
ARHR A7 R LA AE B 0 XA BB MR p e AR iR
R Y, AR A o O, B AR
HH S 5 R T Y A2 BR G (] 4e), TRREJR TR T2
PRJZE P ER . TR XA ZE B3S, RHCA LA, e
T S LR H A B A T XA SR A 7R B 22 /N
Be(&] 4d) AEFR LJZ T, BEPEUT XA 2L B i R
T AYRES(E] 4e); A TR B T R AR T
S TFAR AR B A R AR BT A KU
B, HSRGRAFA IR AR X SE 47 (18] 46).

WA A JE A BN e R E R R,
H b aany 3.29%k 3; 1K 5a). FEXALRR Y
SEHN, B A R R (B 6). FERE ORI
400~500 pm FYMBIEAR A1 ST AT W0RL ], FF1EAE
A RIORL AT LR SR BB KA TEHL(E 62) MLAEHT
W1, A XA TR T T A 2 T I X AR SR

*2 CERGIEEENKLITEDE (ML)

Table 2 Rare earth element concentrations (pg/g) of the bulk samples in the Renju weathering profile

WAL= xLE AR PR &=
S RJ-1 RJ-2 RIJ-3 RJ-4 RI-5 RI-6 RIJ-7 RJ-8 RIJ-9 RJ-10 RIJ-11 RJ-12 RJ-13
R EE (m) 0.10 1.70 4.50 6.40 15.0 253 30.0 39.4 45.0 49.5 58.6 69.0 78.3
Sc 16.9 10.5 7.63 28.9 24.8 5.73 30.7 23.7 19.6 25.6 9.54 17.1 14.2
La 23.5 31.0 134 162 94.7 13.7 34.2 58.8 51.9 355 29.1 63.8 64.5
Ce 130 167 289 269 118 11.9 71.9 106 103 79.0 56.3 128 133
Pr 4.73 6.44 28.0 38.5 233 1.84 8.66 13.2 11.7 10.5 6.86 15.9 16.3
Nd 16.4 24.0 97.0 149 82.9 7.62 36.6 51.5 44.4 45.2 25.1 58.0 59.9
Sm 2.93 4.38 14.8 253 17.9 2.46 7.46 8.86 8.50 10.3 5.59 10.5 10.3
Eu 0.52 0.46 1.14 4.57 4.05 0.27 2.52 1.86 1.69 2.90 1.04 2.61 2.57
Gd 3.35 4.61 11.9 20.9 17.3 3.36 8.09 7.80 8.03 10.5 5.12 8.27 8.31
Tb 0.46 0.57 1.42 3.16 2.87 0.89 1.22 1.08 1.25 1.79 0.81 1.08 1.05
Dy 3.12 3.07 7.39 17.8 17.8 6.91 7.58 5.54 7.46 10.7 4.91 5.86 5.65
Ho 0.72 0.59 1.35 3.37 3.52 1.62 1.63 1.02 1.51 2.24 1.03 1.14 1.10
Er 2.21 1.79 3.23 9.08 9.16 5.47 4.49 2.37 4.10 6.19 2.77 2.88 2.64
Tm 0.37 0.27 0.48 1.32 1.35 1.04 0.64 0.33 0.59 0.95 0.43 0.41 0.39
Yb 2.74 2.01 3.15 8.36 8.75 7.54 4.01 1.94 3.73 6.36 2.83 2.66 2.42
Lu 0.44 0.33 0.48 1.28 1.28 1.25 0.61 0.29 0.57 0.95 0.43 0.40 0.36
Y 20.0 15.1 31.6 99.3 101 60.7 50.1 28.1 40.4 66.1 29.2 30.7 29.1
>REE 211 261 625 813 504 127 248 288 297 300 171 333 338
La/Yb 8.55 15.4 42.5 19.3 10.8 1.82 8.53 30.3 13.9 5.59 10.3 24.0 26.6
SEu 0.57 0.35 0.29 0.68 0.79 0.32 1.11 0.76 0.70 0.95 0.67 0.96 0.95
3Ce 2.57 2.46 0.98 0.71 0.52 0.50 0.87 0.79 0.87 0.85 0.83 0.84 0.85

1 §Ce=Cen/(LanxPry)"%, SEu=Eun/(SmyxGdy)"?, N 75 C1 BRA: 5 77 b7 e 4L (McDonough and Sun, 1995).
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Fig.3 Average chondrite-normalized REE patterns for
different weathering horizons and titanite from
the Renju weathering profile
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Fig.4 SEM-backscattered electron (SEM-BSE) images of rock-forming minerals and REE-bearing accessory minerals

in the Renju weathering profile
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Table 3 Contents and REE proportions of primary
minerals in Renju quartz diorite
Y )5 k(%) i 2 15 1 (%)
FHCAT 62.3 25.6
fAINA 14.2 2.95
Btk 9.13 7.48
FaE 6.51 0.04
A 4.12 0.26
EHTY 96.3 36.3
Wi 3.29 52.7
WK 0.22 10.8
B 0.06 0.15
[ElE 7] 3.57 63.7
HAbw™ ¥ 0.13 —
JE¥ill 100 100

+ B EMIER] T 7501~13097 pug/g((FHI{H 10309 pg/g)
1 27618~34874 ng/g(F-YIME 32301 pg/g). TEHL A,
B A IR &R 4R R+ (La/Yb<0.01), HAw ik
PR AR B SRR AR, UM A A La/Yb
7T 35 139; [R5 A (5Ce=1.41)F1 8 Z £} (5Ce=0.41)
R Ce R AL, HART YR Ce 7 AU,
RHAIESE Eu ) EZWAAEE, SRR Eu
1E 5 H (8Eu=9.59).

4 F i

4.1 (CERLEIE T 9 E KL IR

TEAZ TR AT TN v, W A A D A 25 T i
RO IRAE T 220 63.7%MF 1, FHCA AR =B
AT YT EA S 36.3%MF (& 5b). HIA

MIRFFR R B, TEHE R AL a S Bk L E S A A,
i+ 0K T EEWAF T A A8 7 A S W R )
Wi (Fu et al., 2019a, b; Li et al., 2019), fEHFEF. #E1L
A IS X s 2K, & R Y R AE B
JCEIBH A 73%~T6%. & A7 Y0 AR
gD, AUTTHR T 25 24%~28% 1 #i t.(Bao and Zhao,
2008), (HEMIAES KAk, Fr& s Lo R i B
TAM L Hitk, MU RS S
AT P 2 T A SR 25 A B R0 ™ PR v s ok
DR G, 2 AL B v, S M A i ) S A
F B pHAE . BE . BB IR E R wrEH
A (B FN3% B2, 2010; Fathollahzadeh et al., 2019).
SRMAERAFE BT 8 24 4 A0 1] 1) LA 2% A
o UL, ma IR A R E R R
P Ht XACRE 77 o 38 2 50 BT AS R 2 00 4 ) KU AR
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Fig.5 Contents (a) and REE proportions (b) of primary minerals in Renju quartz diorite
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Fig.6 SEM-backscattered electron (SEM-BSE) images of titanite weathering in the Renju weathering profile
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Fig.7 SEM-backscattered electron (SEM-BSE) (a) and EMPA-mapping images (b, ¢, d) of titanite in the lower
semi-weathered horizon
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4 CERARAKESTEESTMMER LT MNHELTEHEMK (ng/g)
Table 4 Rare earth element contents (ng/g) of the rock-forming minerals and REE-bearing accessory minerals in the
Renju quartz diorite

)] RHAT(12) FINA(10) BB F1YE(4)
(W50 | FHIH i Tl i T 5 Tl
La 101~220 128 7.09~26.7 16.2 81.1~141 110 0.72~0.85 0.80
Ce 57.1~128 92.3 11.2~54.6 41.3 79.9~130 120 1.37~1.81 1.41
Pr 1.40~8.54 4.81 1.66~8.62 5.52 23.6~62.7 39.7 0.15~0.22 0.15
Nd 6.52~18.3 13.0 8.27~73.9 25.8 43.8~93.6 64.2 0.49~0.61 0.55
Sm 0.33~1.94 1.24 1.95~11.2 5.67 4.74~16.6 10.7 0.05~1.11 0.08
Eu 4.26~14.7 9.86 0.46~2.02 1.67 4.61~13.5 8.79 0.01~0.04 0.02
Gd 3.72~15.9 10.5 1.80~10.1 5.18 85.9~146 124 0.03~0.10 0.08
Tb 0.03~0.37 0.18 0.22~1.43 0.70 0.97~2.23 1.96 0.00~0.01 0.01
Dy 0.84~2.66 1.33 1.23~7.61 4.07 0.78~2.18 1.61 0.03~0.12 0.07
Ho 0.01~0.23 0.07 0.23~1.32 0.82 0.79~2.42 1.15 0.01~0.03 0.02
Er 0.50~1.31 0.93 0.63~2.89 2.14 7.14~13 .4 9.95 0.01~0.07 0.05
Tm 0.06~0.27 0.16 0.07~0.49 0.30 0.64~2.20 1.21 0.01~0.02 0.01
Yb 0.35~2.54 0.92 0.58~2.62 2.03 2.55~7.31 4.20 0.02~0.09 0.06
Lu 0.03~0.15 0.08 0.10~0.42 0.33 1.62~3.55 2.54 0.01~0.02 0.01
Y 0.07~1.49 0.95 6.36~31.7 21.5 19.8~40.6 26.6 0.36~0.51 0.48
YREE 178~286 265 38.8~195 133 393~557 528 3.65~4.22 3.81
La/Yb 76.3~208 139 6.09~11.0 7.96 13.0~34.3 26.2 5.63~17.2 13.3
SEu 6.47~19.1 9.59 0.86~1.23 1.08 0.75~0.96 0.84 0.86~1.15 0.98
5Ce 0.74~0.96 0.84 0.98~1.00 0.99 0.26~0.67 0.41 0.87~0.98 0.92
7] I A (5) A (11) W KA1 (9) BEA1(6)
(M350 1 T3 YE P JE T 5 FEl P
La 5.40~18.2 10.1 910~1666 1406 7114~10317 8690 0.13~0.82 0.45
Ce 9.53~31.9 18.2 2579~4497 4033 10451~15930 13469 0.49~3.37 2.10
Pr 1.10~3.40 2.23 295~760 526 1055~1405 1228 0.01~0.44 0.25
Nd 4.31~9.72 6.48 1008~3950 2202 3983~4878 4597 0.58~2.46 1.95
Sm 0.42~0.87 0.68 269~673 404 541~701 663 2.72~4.05 3.35
Eu 0.02~0.26 0.15 33.5~124 81.4 171~217 198 0.03~0.22 0.15
Gd 0.29~0.91 0.63 147~494 299 482~620 556 26.7~31.3 29.0
Tb 0.01~0.15 0.08 26.1~65.2 38.8 55.3~77.0 65.1 14.2~16.8 14.0
Dy 0.12~0.97 0.52 102~332 200 287~384 342 195~239 203
Ho 0.03~0.22 0.12 19.3~57.6 35.5 58.8~77.3 69.7 72.0~94.0 75.5
Er 0.17~0.59 0.37 60.3~97.7 83.8 157~205 185 329~400 347
Tm 0.02~0.14 0.07 6.67~12.3 10.8 19.8~27.1 24.6 67.6~80.2 72.0
Yb 0.18~0.52 0.35 42.9~92.8 65.7 140~183 163 578~688 633
Lu 0.04~0.11 0.07 4.71~11.5 8.39 23.1~29.9 27.5 105~116 113
Y 0.13~0.49 0.26 735~1084 915 1695~2262 2022 124~167 151
YREE 24.4~64.1 40.3 7501~13097 10309 27618~34874 32301 1559~1731 1646
La/Yb 10.8~42.5 28.7 16.2~26.4 214 42.5~59.0 53.4 <0.01 <0.01
SEu 0.62~0.94 0.80 0.74~1.10 0.82 1.08~1.22 1.14 0.04~0.06 0.05
5Ce 0.78~0.93 0.87 1.02~1.09 1.06 0.92~0.94 0.93 1.32~2.03 1.41
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Fig.8 Average chondrite-normalized REE pattern for
rock-forming minerals and REE-bearing accessory
minerals in the Renju quartz diorite
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BR(E 40, Ht, WNEXAZ TR LE, 79K
FRITE P IE 25 B KA — 8K A Rk — A
B (B 9). /T AWFE R S 8- wht KAk RE
A 26 A A - UK R £ < ek R R < R IR
o <Fi L PPRER <M B A (GKZRSE, 2015; Sanematsu
et al., 2016). AU W IHTRALAE J1 Hh 55 B3R AK K
i R A<MRKA<BmB<HIRKA<H B RE<f
(Goldich, 1938; &5 MVTIRE, 2019), L, Bk
KA, A mRAREE T AR a0 SRk RS
BB — (WA — B KA ) CR /A INA R ) —
R A R — A A (B 9).
42 BARLKN CEHRLT RKEERT HFIT
A JE AR, WA & RS T 2
hi 3.29%, AT Ti B EERAAARAE, NS L
E, A B S Y 40.8% TiO,, RITHAF
FA T 1.34% M) TiO,, X IEMF5HEE T 1.32%~1.45%
1) TiO, HraE KEWIA . HIL, #9850 Hras R
SRR Y o WA T2 B RS 10309 pe/g, 4
BT Rk TE 4 52.7%00% L (& 5). TE XL R,
8 1 2 1 7 XU 2R B R T AN W38 0, e s o i
BB, WA 2R T4 AR T (& 6). AR+
JCER WAL B M BE R, M5 A0 BT 4 i 38 ) A% B
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Fig.9 Mineral weathering sequence in Renju weathering
profile

AW i R SOM OT R (B 7)o M W S A i ROk
MR Al th 2 R I I s et o ke ™
Wy 2R LR XA A R - T 40 B A kR vk, ok B
A bR B 2 BB AR B, La/Yb=5.59~
42.5(1 3) Pt, A 0 F e o e E TRk
TR RS . BRAS A Z A6, BEKCA B R
ik 32301 pglg, #HSA B A BRI INA T P& &
PN 62.3%. 9.13%. 14.2%, EATHBITTEk T
A 10.8%., 25.6%. 7.48%. 2.95%M9FE +, KX}
WAk 7 B LA A T — e I TR . G
WA AR -, RO B A A AR AR X B
WML, B E R KA E R ER +
MR (La/Yb<0.01), 1 FHBTRAILEE Iiem, fExL
JE AR EAT o I, Bl AL EE B3, 5 A
S —ERENRE, BT R La/Yb H
IS B3R 1 2 B BN A GE 2).

L EAENK A Y, &+ R Y645 b
A B FRRES AT . Rk RS A5 FRAT
WRAET- P RACIT, DIRHE A . BB BRI A Y
KACBY B R B A Ja AR 5 T o i A 1 R4
I3 R G WALE 9. S A R AT Xk
MaA R AT, MERARA ) WG Fes A . 7ERUL
R, 528 & 0 R ES A S X1k (Sanematsu
et al., 2016), M TFE&AH MR A AET YR
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T B EENRE 3), PSR Y bE
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A1 B K AT RAGIRE, A 0 T = BRI A WAL E &
S AR Ry R A R 0 1 AR RS T, AT S AT )
ORI RR LT R AR AR T T R 0 R B A A i
AR 4 1 2k 0 A A 7E XAk 2 R v R AR R 55
(1 9), X RAbL7E i o0 2 I & TTEk RN BRI,
A7 R I A B XA A BT LR Rk se e e R &
AEHRAERR ok U

TEAERHLIX, AFF R 18~21 C, 418
M A 1500~2000 mm, Sl _F 4k TSR A 102
- ph 2R G8 (EBLL4E, 2017; Li et al., 2017), 1)
T X RAFE R KT, TERUEE AT 60 m Y585 X
PR o AE XSS i A S5 R M Y PR A1
JEAED AW 10 G -0 WA, RS IR B R 1
W IR B8 B LA + AE 1 24 . [RIEE, TR T
WA FIRIE A SR L0 Y B oo RSt TR
Pk T R R B = £ (Yang et al., 2019; Borst et al.,
2020; Mukai et al., 2020). 1HfLER A LT EAE S
WALZE E38 5~15 m AWiE 4, WM+ A8k
813 pg/g. M+ W & £ M (La/Yb (HAT 5 42.5)(
JoE B W SR AR R

5 48 ®©

E A T U I I 1 A RN AR YR I — 3 ok R
BT, (CmARNK S TS ST W E R+
ATz T ERACER, TERUEE AT 60 m
PR, AR AR, 5 XA S AE AR T
SRS i — (MR A — B K A1)/ (R BRI A — 4
KA B A BT — A i, PR ok
FRHE AT XAk, AP0 XA b £ R i e
B R TR, AT RS WM TR e f.
I, BATTA L KA SE AR £ oo 3R E S R 4ok
o MW AT Y8 E R (3.29%), Pt D
10309 pglg, AT 4% 52.7%0% Lo R, XL
sef oo E M EZORIE, SRMALERRREE
Qe R BB, I EERE . R
L BE T Bk 1 & A s A, B RR Y
Nz E g, FEMNRARERLZLEHN La/Yb (E
SEIZHE N S BT A R RO o
- UiERV SRR N & 5 R € o =l w14 i
Y b, BRSO SRR 813 pg/g W1
JiE B W R AR IR

B b EAF RS N AT R AL & R
WEBRRESEEBRFINEAFh RS R TRETE
I HMEALEMNAKERFLTTREARFY, PH
R MFAET HF S RA FE 5 LR E AR
K Fe X S B FIHKAF2 LA-ICP-MS 03X 77 @ %
T T aeFAR B, FREAMFR MR TR
FRARAAGEFARAAALRET 25480
BB EN, E—IFAT RS RM.
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