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45% ) FKAT(25% ~30% ) S HoAb gl o™ 1. Horp
AR IR 2 B - IR R Ag— o 0.4 ~
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ARKAE, A - 2k BIRAERGIE , R T
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Table 1  Analytical data of major elements of pegmatite samples from Chuan-ziyuan deposit by XRF
- B A SR (%) AR E SR (%) A A (%)
PJ-CZY-6-3 PJ-CZY-6-6 |PJ-CZY-5-5 P]-6-2-1 PJ-9-4-2 P]J-9-4-4 PJ-9-5-2
Si0, 73.3 71.87 73.1 75 77.3 73.4 73.2
Al, O, 16.4 16.23 16.5 15.5 13.4 14.7 14.4
Fe, 04 0.21 0.12 0.1 0.07 0.34 0.45 0.14
FeO 0.45 0.34 0.31 0.34 0.47 0.45 0.38
CaO 0.19 0.18 0.18 0.16 0.39 0.89 0.24
MgO 0.08 0.06 0.08 0.07 0.09 0.23 0.09
K,0 3.05 5.22 2.59 0.99 0.98 2.62 9.13
Na, O 4.38 4.93 5.58 7.41 6.29 5.67 1.69
TiO, 0.01 0.01 0.01 0.01 0.01 0.02 0.01
MnO 0.24 0.24 0.1 0.12 0.17 0.16 0.05
P, 05 0.08 0.09 0.07 0.04 0.14 0.1 0.15
H,0* 0.34 0.26 0.25 0.24 0.26 0.4 0.14
CO, 0.26 0.26 0.39 0.09 0.26 0.43 0.34
Total 98.99 99. 81 99.2 100 100 99.5 100
Na, O + K, 0 7.43 10. 15 8.17 8.4 7.27 8.29 10.8
S48 %0(DI) 91.13 94.9 92.6 96.4 95.3 93.6 95.3
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Table 2 Analytical data of trace elements and rare metal elements of pegmatite samples from Chuan-ziyuan deposit by ICP-MS

. PR b WA AR A
B Ea A (#rfitx10°°) (frfitx10°°) (Frfitx10°°)
WA LR . . .
PJ-CZY-6-3 PJ-CZY-6-6|PJ-CZY-5-5 PJ-6-2-1 PJ-9-4-2  PJ-9-4-4 | PJ-9-5-2
SREEs 3.5 2.9 14.36 2.88 10.96 78.52 4.27
LREEs 2.85 2.33 13.73 1.8 8.43 73.93 3.15
HREEs 0.65 0.57 0.63 1.08 2.53 4.59 1.12
LREEs/HREEs 4.4 4.1 21.8 1.7 3.3 16.1 2.8
(La/Yb) y 7.7 8.3 24.4 2.2 3.5 27.6 3.9
8Eu 1.1 1.0 0.8 0.8 0.6 0.9 0.8
K/Rb 31.6 34.4 23.9 40.5 60.7 70. 8 259.6
Rb/Sr 65.6 86.8 70.2 17.2 9.6 7.8 14.1
Zr/Hf 15.4 10.2 7.9 10.6 16.7 14.4 22.6
Li 1211 189 1036 106 61.5 66.4 26
Be 134 98.9 131 109 435 20.9 4.35
Rb 800 1259 899 203 134 307 292
Nb 15.5 26.8 101 58.7 11.9 17.3 2.32
Ta 3.28 11.4 66. 8 22.2 4.19 5.08 0. 66

SRR N EMITE (Fe Mg [ Ca) J8/0, MPEITCR
(AL Na) i, ST BBFTELE RAp 2 1r 5
FEEL DI(91. 13 ~96. 4) &, RWIE K KA T SRR
A ER . BN A e AN A e
KA df e 1 32 B 0 R AFAE DO, H A B A
SHEE AL O, (16, 23% ~ 16. 4% ) Fi & K, O
(3.05% ~5.22% ) AL ; 81K A 5 db 5 & Na, O
(5.58% ~7.41% ) %% K,0(0.98% ~2.62% ),
Na, O B F = v] g 5 804 A A0 A ARG s B A s b
A K,0(9.13% ) %% Na,0(1.69% ) ,K, 0 f 5
SR T i 4RI 5 B A s AE A G
3.2 fREICERHIE

T T 3R S I b DB s o AL R BT (1] e ) SR
PO R S A b e AR A e T
TCER R R I W, Bt C &R Rb K W & 4,
1M =75 IC 3R Ba Sr Ti SEH5m F1 5 4, X LERHIE 5
SHTHRLIT IR 2 M IX 5 4 A S s Al ] R 3
SE T R Ba i Sr G R T BUEN S AHG
AEE S o AR A DG, T 75 eI 5 Rk 45
SrERA . B le BRI K AaMHMEMETER
Ta Nb F1 Zr B 5 F&A%, K B @ FF &5, Ze/Hf i1 K/Rb
IR T A8 A . X bl o0 3R A8 ARk S
AR E B AR AL B kR TR A SRR
ML, 2B B AHKICER Ta Nb Al Ze 58 E0 5 1, 1 K
sRALE IR AR .

M 1d Fik 2 & AR S A B B E E K
(SREEs = 2. 88 x 10™° ~78. 52 x 10™°), LREEs/
HREEs {f4 1.7 ~16. 1 287 + 508 W1, 6Eu

(0.6 ~1.1) R K555 R IXERHIE 5 7R 214 A K
PR RIS, e W 9 A Ao 7 bt i i T
PEEAL, i LOCR IR ET R . (HRARK A S
fis ocR W W (B 1d) , R Lo R 2L 58
KA G, B A s AR 5 BRb/Sr bE 2 F# AR AR
&, FF B0 o0 2 BAGE VE & 8 s 4R
3.3 WA CERHE

M2 FIE 1b Ha] LUE AR 2R R4 i v
WAITTE SRR, B i afhass
Li(189 x 10 ~ 1211 x 10 ®*) 1 Rb (800 x 10 ¢ ~
1259 x 10 ) HERCIR B KA1 A = BRI K A s T oA
B Nb(58.7 x107°° ~101 x 10 %) 1 Ta(22.2 x
107° ~66.8 x 10°°) , & G AE A B K A1 i i B 48
Be (435 x10°°) , 4 4K 7 4 i o A 4 e B 4 A
e A TR BAK, SBkH Li A1 Rb e T8
WA A A s 52, Nb Ta Fil Be [ T A i
ahEE MmASEITRERKASAM ST &
Bt 2 It =
3.4 fBAEIS IR

HE AR A i i A 4R e R R s
Rkt BREHEE " T EREE S
ISR A A E R ELE A N P SRR S A
SBABASKEEY Wy TR —EBEBME
o TEEm R A B kM S A a8 4%
GG A R TTOE  a E , BIR TR,
AREEH FECT Na Li 5 K g5 8™ fi T4
RAIAETEREAR T 25 KA i B s AR s 4y 1
PO S, [RIE T Li Rb 47 fk
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Fig. 1

Major elements (a), rare metal elements diagram (b), primitivemantle (PM) normalized spidergrams (¢) and chondrite-

normalized REE patterns (d) for representative samples from Chuan-ziyuan area (the chondrite and primitive mantle values

after Sun and McDonough,1989""7")

B PR AR i B SR AL B B A AE e
R ATV R PIAR D S B R W
£ Nb Ta SR ™ o FR BRI REAE R W
AR DX it o B0 A S AU i, I ELAS
A B B0 S A TR = A U R B Ak Y e
Ko WETRELRIRRCIRIE e BB - kA
Hi s RS SR AL AT A i E 2T N Ta A
Be 1k, 45 & 22 B0 ARLAN K A 6 A e e e B
K.

MR SER RS TR (2 M 1) B
s PR A B E S VR B, R A SR
FESE IR A AR B A A e B B, - fE 21k .

il a B A R R, =
AW ARAFCER, 0 Li AR 0405 S8 A 1

— 362 —

HARSE, Nb Ta H Be #1655 0K A1 15 it e 5 DI AR
KA A f a5 X SBRRE A] L
TELEALAFR ML IX SR A 2B L diha bR

4 4k

TR AT XRF ICP — MS I3 A 5 AR A2 5
XA s SRR s IR S TR
T F A ORI A TR MRS, 45 R R WITE
EIRTAS T PR A SR IEA R HER LA 25 T
EAE . O s PR A SR A KR A
TRIEE R T Li F1 Rb R4 A b v s B
8 Atk R, Nb (Ta 1 Be fERAK AT di e
HE A B R A S A T R p AT e R & L
R



B3W U AR N X BSOS - B S AR B TR BERE TS - T BRI S BRI AR

$34 %

ARUCHITTE N HER P27 1 B A2 A U5 1 XA ) 2K

T b 1 SR O AR A TR AT TR,
B o AL A 50 X A < s i o HUER A=A T T 5%
BHANTE , RN T — 22 TP RS ) ORI
PRI A5 T7 T 5% AR IS4 R B R At a0

5 BEHK

(1]

(2]

(3]

(4]

(5]

(6]

ARERIR , BT, E I AR Bl S SRk L
INKAE A TR AR A P2 e [T
Hi 5241 ,2011,85(3) :366 —378.

Zou H J,Ma C Q,Wang L X. A Magma Ascent Rate of
Epidote-bearing Granodioritic Magma in the Mufushan
Complex Batholith of NE Hunan Province: Evidence
from Petrography and Mineral Chemistry [ J ]. Acta
Geologica Sinica,2011,85(3) :366 —378.

W, HURAE E UK. IR A WA L S R R R
-5 B AL ] BT S5 R, 1996,32.(4) :19 - 25.

Xie W A, Shen Z J, Xie L L. Characteristics and
Metallogenic Pattern of Rare Metal , Rare-earth Metal and
Precious Metal Deposit [ J]. Geology and Prospecting,
1996,32(4) .19 -25.

AR R I AU EE. I 4 R A M LR
PRASFAELT . WIRE HBJ5T,2003,22 (1) :30 - 33.

Shen Z J,Xie L L, Quan Z Y. Characters of Main Rare
Metal and Re Deposits in Hunan Province [ J ]. Hunan
Geology,2003,22(1) ;30 - 33.
L5, BRI ST, ThOGA, A SRR A A TR B Sl
e X BRI M WE T [T ], 43 BT Bk 227 4,
1996,12(3) .189 - 193.

Luo L Q,Liang G L,Ma G Z, et al. X-ray Fluorescence
Analysis  Arranging  Geological ~ Samples  under
Automatically Categories [ J ]. Journal of Analytical
Science,1996,12(3) :189 - 193.
I, A, T4, S X SR POOE LN E R
AR ER AR A b EROTR )] A0, 2013,
32(2):249 -253.

Li Y C,Zhou W, Wang ], et al. Determination of Major
Elements in Silicate

Samples with High Content

Fluorescence
Spectrometry[ J]. Rock and Mineral Analysis,2013,32
(2):249 -253.

UK, L. B A A B TR (ICP - MS) 4%
ARAEHABEFE AR [T ] oA R4 ,2003,10(2)
367 -378.

Strontium and  Barium by = X-ray

Li B, Yang H X. Applications of Inductively Coupled
Plasma Mass Spectrometry in Earth Science[ J]. Earth
Science Frontiers,2003,10(2) :367 —378.

[7]

(8]

(9]

[10]

(11]

[12]

[13]

EHE, AR, A EM S U - B A
BT IR BT v () I 0 R Ml SR b 45 AR [T ]
AL ,2011,30(4) 1440 —445.

Wang ] Y, Wu B C,Li Z W, et al. Determination of
Elemental Content in Geological Samples by One-time
Acid Dissolution and Inductively Coupled Plasma-Mass
Spectrometry[ J ]. Rock and Mineral Analysis, 2011, 30
(4) :440 —445.

SRERBE A, 3, 55 B R R - $h IR TR
— FLJEOR 15 25 1 1 MR B vk 0 A b SRR P i 20
KL AI,2011,30(6) 737 - 744.

Zhang B K, Wen H L, Wang L, et al. Quantification of
Multi Elements in Geological Samples by Inductively
Coupled Plasma-Mass Spectromeiry with Pressurized
Decomposition-Hydrochloric Acid Extraction [ J ]. Rock
and Mineral Analysis,2011,30(6) ;737 —744.

I EsE , XL, P00 1, 2. RO 5 55 3 7 MR i
VRN S A R ot e B I 0 B I R AL BT Y B
BT A, 2009,28(5) :427-430.

Shi X L, Liu H Q,Sun Y T, et al. Comparison of Two
Different Sample Pretreatment Methods in Determination
of Zr, Nb, Hf, Ta in Rocks by Inductively Coupled
Plasma-Mass Spectrometry [ J ]. Rock and Mineral
Analysis,2009,28(5) :427 —430.
PR, B, AN CTT, % RUIEHR G S B A
TR E SRR PR EOC R S B R A [T ] A
i,2010,29(3) ;255 - 258.

Li G R,Wang Y P,Sun Y Y, et al. Determination of Cr,
Ga,In,Te and Tl in Geological Samples by Inductively
Coupled Plasma-Mass Spectrometry [ J ]. Rock and
Mineral Analysis,2010,29(3) .255 -258.
R, A TR S7 2. r R £ S M B
B A B it R R JC R B LT ] i,
2013,32(5) . 709 -714.

Gao H F, Wang C, Zhang L G, et al. Accurate
Determination of Trace Gallium in Geological Samples by
Inductively Coupled Plasma-Mass Spectrometry [ J ].
Rock and Mineral Analysis,2013,32(5) :709 —714.
I, I R S b R 8 B DR Ml SRR Ak S A
PILT]. AR 577 ,2003,61(2) :63 - 67.

Xiao C Y. Characteristics and Genesis of Hupei
Pegmatite Nb-Ta Deposit in Pingjiang, Hunan [ J ].
Geology and Mineral Resources of South China,2003,61
(2):63 -67.

JREAE , /B, 4% 1 A PR T B B Sk B AR
s it B PRV AT B0 Rl R A e HC R L R0
[ ARARBE TR 224 ( A AR BRI ,2012,35(4)
378 -387.

— 363 —



HOW
http; // www. ykes. ac. cn

et

2015 4

[14]

[15]

[16]

[17]

[18]

Zhou J T, Wang X Y, Li Z M, et al. Geological
Characteristics and Metallogenic Mechanism of the Toupi
Granitic Pegmatite Type Spodumene Deposit in
Guangchang County Jiangxi Province[ J]. Journal of East
China Institute of Techology ( Natural Sciences) 2012,
35(4).378 -387.

WU, 78, A AL, S B 8 BT /K 28 W] R ST 3
SERE KPR 567 ,2007,13(1)
14 -21.

Leng C B, Wang S X,Gou T Z, et al. A Review of the
Research on the Koktokay No. 3 Granitic Pegmatite
Dyke, Altai, Xinjiang [ J ].
Resources of South China,2007,13(1) .14 - 21.

TR RKE 5. 25 E Spruce Pine 55815 Bl /R 28 L IX 155
AT S E X FERESE [T ] RO 2741, 2010,
16(4) .426 —435.

Zhang Y ,Chen P R. Characteristics of Granitic Pegmatite

Geology and Mineral

with High-purity Quartz in Spruce Pine Region, USA and
Altay Region of Xinjiang, China[ J]. Geological Journal
of China Universities,2010,16(4) ;426 —435.

FURKE  BURIRE , 25 T8 A, 55 ARZR I 18 1 b e A 5
AT AL LT ] 3 B8 3, 2010,56 (1) <21 -
30.

Lu X X,Zhu C H,Gu D M, et al. The Main Geological
and Metallogenic Characteristics of Granitic Pegmatite in
FEastern Qinling Belt [ J ]. Geological Review, 2010, 56
(1):21 -30.

Sun S S, McDonough W F. Chemical and Isotopic
Systematics of Oceanic Basalts: Implications for Mantle
Composition and Processes [ M ]//Saunders A D, Norry
M J. Magmatism in the Ocean Basins. London:
Geological Society,1989:313 —345.

Zhu J C,Li R K,Li F C,et al. Topaz-albite Granites and
Rare-metal Mineralization in the Limu District, Guangxi
Province , Southeast China [ J ]. Mineralium Desposita,

2001,36(5) :393 —405.

— 364 —

[19]

(20]

[21]

[22]

[23]

(24]

Evensen J] M, London D. Experimental Silicate Mineral/

Melt Partition Coefficients for Beryllium, and the
Beryllium Cycle from Migmatite to Pegmatite [ J ].
Geochimica et Cosmochimica Acta,2002,66 (12) :2239
-2265.

Thomas R, Forster H, Rickers K, et al. Formation of
F-rich  Hydrous Melt

Hydrothermal Fluid during Differentiation of Highly

Extremely Fractions  and
Evolved Tin-granite Magmas: A Melt/Fluid-inclusion
Study [ J ]. Contributions to Mineralogy and Petrology,
2005,148(5) :582 -601.

FICRE, FRCF, B . Li - F B RS WS 7 B
HICRHERIL A bR S [T]. 45 47 2% 40,2000, 16 (2)
145 - 152.

Wang L. K, Wang H F, Huang Z L. Geochemical
Indicators of Trace Element in Li-F Granite Liquid
Segregation[ J ]. Acta Petrologica Sinica,2000,16(2) .
145 - 152.

WRig Bl 4=, R TS, 45, i X 43 B I A 16 1
R VERI LT ). i R 5127 41t , 2008 , 14 (4) : 459
—-473.

Chen J,Lu J J, Chen W F,et al. W-Sn-Nb-Ta-bearing
Granites in the Nanling Range and Their Relationship to
Metallogengesis [ J ]. Geological Journal of China
Universities ,2008 ,14(4) :459 —473.

Wk Il . A s 1 AR 1 o B R 07 PR 3t SR A
SREATT]. #h5m i ,2014,33(10) 1550 - 1561.
Chen G J. Geological Characteristics and Genesis of the
Nanping Granitic Pegmatite Type Ta-Nb Deposit, Fujian
Province [ J ]. Geological Bulletin of China, 2014, 33
(10) :1550 - 1561.

RN, B, R UK. W1 TE T | BE RIS B R A - S
IEFE[ 1], HBRIk22,1996,25(3) 1286 —295.

Zhao J S, Zhao B, Rao B. A Preliminary Experimental
Study on Mineralization of Nb, Ta, and W [ J].
Geochimica,1996,25(3) ;286 —295.



B3 SR AR T X BTSN - B S A B TR BERE TS - T BRI S BRI 5 34

Application of X-ray Fluorescence Spectrometry and Inductively Coupled
Plasma-Mass Spectrometry in the Geochemical Study of Rare Metal
Deposits in Chuan-ziyuan Area, Hunan Province

WEN Chun-hua', LUO Xiao—ya1 , LI Sheng-miao' , LI Jian-kang’

(1. Hunan Institute of Geological Survey, Changsha 410116, China;

2. Key Laboratory of Metallogeny and Mineral Assessment, Minisiry of Land and Resources, Institute of Mineral
Resources, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract; X-ray Fluorescence Spectrometry ( XRF) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
were used to obtain the geochemical data of podumene pegmatite, albite pegmatite and potash feldspar pegmatite in
the Chuan-ziyuan area. Podumene pegmatite contains high Al, O, (16.23% - 16.4% ) and K,0 (3.05% -
5.22% ) with high differentiation index (91. 13 —94.9). Podumene pegmatite is enriched in Rb and K but
depleted in Ba, Sr and Ti with SREEs of 2.9 x 10 ® =3.5 x 10 ™°. Albite pegmatite is characterized by high Na,O
(5.58% -7.41% ) and low K,0 (0.98% —-2.62% ). Compared to podumene pegmatite, the Rb/Sr ratios of
albite pegmatite decreased and REEs increased. Potash feldspar pegmatite contains high K,O0 (9.13% ) and low
Na,O (1.69% ), the Zr/Hf and K/Rb ratios increased compared to podumene pegmatite and albite pegmatite. The
geochemical characteristics of these rocks indicate that liquid immiscibility, albitization metasomatism and potash
feldspathization metasomatism resulted in Li and Rb mineralization in podumene pegmatite, Nb, Ta and Be
mineralization in albite pegmatite and potash feldspar pegmatite, respectively. These observations are geochemical
indicators for exploration of the rare metal deposits.

Key words: X-ray Fluorescence Spectrometry; Inductively Coupled Plasma-Mass Spectrometry ; rare metal deposit
of Chuan-ziyuan area; geochemical characteristics; spodumene pegmatite; albite pegmatite; potash feldspar

pegmatite
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