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HTFH TR REEEHBEERAIR S, EFE
RAEN—MEAEHTEH, HHMREEITHAER
—SE B AT B, B REE ZEb i N FAER T
Z AMIBRAMEREHT.REE £ KR
B VS BEZE NS BATAEST T T ERAK
S HEEAAE XY E BRI AT E RO
1 F1 R B (Green et al. , 1985; Liu et al. , 1992;
Klein et al. ,1997; Tiepolo et al. ,1998) . {H iz 4K
1B, AT 0- — Wi ik Z 6] i REE 53 B A7 4 1
HMZREGEER, BRBERFEEF NN, BBT D
F i REE X HEZ R AEEENES . MES
Wik R o REE 44 9182 % P % Y1 48 3% (Terakado
et al. ,1988; Wood,1990a; Lottermoser,1992; Haas
et al. ,1995) . HH IR HF ERAKKBEYT K. KA
“HABEHER EESEXN T HTHRN, K
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ERE . FHHEAEMT CKATRNERTE. 25
B, N5 R.EBOR . ESREST 4, 5%
ERREHETFTAMENBET R EHFBRA
HWERBERNBER . HAASEENY —RERN
200~300C,MEF BRPFHRAMNERREERE A
100~200°C (X # i % ,1985) R MEHN F B AT
o TRAES, CAER, BRHX.

2 HMRRESHH

AR BT FT R RCABE AR OT R A IR
BHTHE.HS .7 BNy BRAaREAX s
WEZRREV X, T RPN TRAERREET M
RKETR . TEANERFEREL

FRAMB L TR RAAREEEEF&
JE i (ICP-MS) J7 8, lf i £ Finnigan MAT /A ]
Element #Y & 4> ¥ 5 B F B X & #17, B ALEE Xt
REE 83 FBR 5 0. 7 X 1072 ~n X 107'2; 4 4 B4R

x1
Table 1

BIFEXTRZE /D FL10%, B K EH/NTF5%; AR
EEMAFES RICER Qi F2000) MR othETHE
BB n Kb R FE S LR ETER.

3 HR5ihe

BE LR BARBE ST BENH LT RAR
R#FE1, K REE /BB X WA 1.3 REE pyBRBL R
A #EL R A Herrman (1970) B $38 .

3.1 REE E ST

EABHEET KD  ABREN RO REER
B4 LREE #ixt & £ .HREE A%} 5 # .REE 4 ¢
& mA MK EIE, M EEEEERTKTHY
R (ERE,1995) EXHB LTS, KRB ¥ F
A MR LT E 2 B B R E T 3 5E A @
A% EAHERIAN LREE M3 7 # .MREE
1 HREE i E£ (KD . M i XN TEER N
MM L (ED .,

BYLURTEPAEAFTBENBLITRANR (X107

REE compositions (X 107¢) of hydrothermal calcites from the Xikuangshan antimony deposit

e XN3-9 | XN3-10 [ XN3-11 | XN3-13 | XN3-15 | XS19W-13 | XS19W-7 | XS19W-8 | XSI9W-3 | XSI1-36
B Wae AEf B HE—Xf
=R A TRA+ERT TRA+ERY
B & By 85 By B%H
La 0. 037 0. 065 0. 049 0. 069 0.044 0. 310 0. 328 0. 380 0.130 0.262
Ce 0.184 0.252 0. 253 0. 413 0.199 0.586 1.42 1.94 0. 841 1.22
Pr 0.038 0.048 0. 04 0. 062 0. 042 0.144 0.276 0. 396 0.197 0. 219
Nd 0.299 0. 339 0.292 0.438 0.292 0.992 2. 04 2.69 1.47 1. 39
Sm 0. 801 0.956 0. 455 0. 737 0.792 0. 607 1. 34 1.82 0. 844 0.716
Eu 0.598 0.774 0. 390 0.498 0.577 0.212 0. 459 0.621 0. 336 0. 296
Gd 3.73 4. 94 2.08 2.78 4. 28 1.10 2. 69 3.59 1.55 1. 30
Tb 0.763 1.10 0. 445 0. 648 1.19 0.183 0.519 0.673 0. 308 0. 326
Dy 5.09 7.19 2. 88 4. 05 8.71 1.25 3.53 4. 89 1.98 2.23
Ho 0.959 1.30 0. 497 0.723 1.72 0. 286 0.692 0.959 0. 402 0.521
Er 2. 33 3.18 1. 34 1.96 5.04 0. 811 2.06 2.64 1.23 1.42
Tm 0.302 | 0.347 | 0.170 | 0.258 | 0.688 0.119 0. 261 0. 328 0.179 0.192
Yb 1. 80 2.15 1.01 1.41 4.13 0.755 1. 41 2.09 1.05 0. 929
Lu 0.184 0. 247 0.118 0.148 0.527 0.119 0.199 0.258 0.149 0. 115
Y 33.07 45. 07 19.59 24.30 50.18 8.92 22. 86 30. 46 13. 49 17. 39
IREEHY | 50.17 | 67.95 | 29.61 | 38.49 | 78.40 16.51 40,08 53.73 24.14 28.54
LREE 0. 56 0.70 0.63 0.98 0.58 2.03 4.06 5. 40 2. 64 3.10
MREE | 11.93 | 16.26 6.75 9.44 17. 26 3.74 9.23 12.55 5.42 5.39
HREE 4.62 5.92 2. 64 3.77 10. 38 1.82 3.93 5.32 2. 60 2. 66
0Eu 1. 02 1.02 1.19 1.08 0.389 0. 84 0.82 0.82 0.997 1.04
&Ce 0.91 0. 89 1.11 1.20 0. 87 0.57 0.91 0.92 0. 87 0.99
(La/Yb)n 0.01 0.02 0. 03 0.03 0.01 0.24 0.14 0.11 0.07 0.17
(La/Sm)n 0.03 0.04 0.07 0. 06 0.03 0.32 0.15 0.13 0.10 0.23
(Gd/Yb)n | 1.27 1.42 1.26 1.21 0. 64 0.95 1.17 1.05 0.91 0.87
La/Sm 0. 04 0.05 0.10 0.09 0.03 1.08 0. 47 0. 40 0.32 0.50
Yb/La 48.5 33.1 20.6 20. 4 93.8 2.5 4.3 5.5 8.0 3.5
Th/La 20. 6 16.9 9.1 9.4 27.0 0.6 1.6 1.8 2.4 1.2



http://www.cqvip.com

®1H

D000 http://iwww.cqvip.com|

TREF BV ILABFBGN REE S RERX R KHAE K 27

REGYV LSBT ETRE KPR BRETBA
Y% M & MREE #1 HREE A%} &% .LREE S #
FRIE , H & 89 REE $:E S B(R D M4 XA
FHEEBRKEY . AE2TH, B TR %A, 52
B @A La>Nd Bl BRIK, Sm Bi{K, HHK Eu—
LuBiB R TR AR B man Eulss
A Fl; B & 8 LREE . HREE 4 Bp X & A5 L,
MREE A EREAMEEHE . RER . BWFHPH TR
AR R E R B AR, B R W R A IR B AR
MR Y REE 4B & B8 A3 € & (Graf,
1984, 1988) B it 4B ® W W /@4 REE T X
HWXMERABESRTMEELARA X EEFNE
PIEBIF (PR %%,2001,2002a, 2002b) B 75 . 5%
FLURT R . GERATRAaENC.OSr RIfUEH
R SR R[] B WA e DA Ak R UL R G

SARBERE, BRTBRARNSEHEEND”
WAE—HS . Sm T REZRZHAR (Bl FAMLE
MRAEH(ZEREE%,2002), FHRB T BRA N
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Fig. 1 REE distribution patterns of early hydrothermal
calcites (a) and late calcites (b) from the Xikuangshan

antimony deposit

478m /1 NdfH 0. 941~8. 42, BH K F1, MIEXL T
B MO EAAE REE @B 18/EH By
Y REE XA TR HEER. TRE
R, BEREASERD LB X T EECERRIE.
Chesley % (1991) 7 #f 37 2 ¥ 76 B3 #F 9 South Crofty
Sy e, W EME K E A K REE 5 BEC 2R 7
ERL SRR RBE N ERBER T FE—
MAUMEAONE LREERXNT Y, SEARNRELE
TR MRESHY LY X, By EHNARERTHF
XU E LREE 7 94858 85 07 @A F a6 UL de
W ZT YA e R AR # LREE, AT S8
AT LREE “ES#H.ESY LET KTy 94
AR, IEA Rk, MR A MR A HKIRE,
3.2 REE #EEXHHLYHER

#BY Y REE WA RER, -FHEATESHE
¥+ REE % & Y18 2 4 X (Mineyev, 1963), 5
— 77 T A) BB 3% A IR Ak 22 B & 1 1 49 (Morgan et al.
1980) JHE B BR B EZWEENBBR ST P2 H
REE W4 &% L # 7= 4£ T 1 5 (Exley,
1980; Fryer et al. , 1980; Terakado et al. , 1988),
AR EEREN AT YT REE 4 BERA
o 2k 0 B B v JE A BB (Lottermoser, 1992); 48
B AT R, T P18 REE Xt S B EBEZH
WAk REE 83 £ E 6, K REE Bl £
EZHAEKFPREEZ AR EHMHY
(Lottermoser, 1992; Wood, 1990a; Haas et al.,
1995),
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Fig. 2 REE distribution patterns of hydrothermal calcites

from the Xikuangshan antimony deposit
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REE &£ & ¥ W 8 & % A\ La—Lu & ¥ % In
(Dumonceau et al. , 1978; Cantrell et al. , 1987;
Wood, 1990b; Lee et al. , 1993; Haas et al. , 1995;
Zhong et al. , 1995).@ REE ¥ EE U B AEF
Ca®" ML At AT %4 /0, T LREE #0 La®" (6K AL
N HE T2 40,103 nm) b HREE #ii1 Lu®™ (63K
AL 7 B B F2E 2 00, 086 nm) A BB Ca®' (B
TAEZRO. L nm) BB L TRETBA—HiEF
MORRAR KT REEM L TENEFFIOY
o T W/ B (Wood, 1990b; Zhong et al. , 1995;
Rimstidt et al. , 1998) . B it , W b 3R BE, Wik
1 LREE #8*f HREE Ti 5 , & 5 M % & o UL 3E
¥, 05 FTHATHARRT, THAMNE LREE,
# HREE . H& 5 1L &— 1 HI5r Bk, BEF AR,
ST LB KR P, X REE £ 5B EH
Xtk 5 #8 A F B REE BB B iR/,

RER AR EEENT ¥+ REE AL
BEAER, — M EEE RN T EREL T B R
BAMEHBETFERZANXAEA. ZBEFRH
Onuma % (196 R M IIF A TRHMRET WEA MG
Jensen(L97D R HT BRI F T EXEERET W,
Guichard % (197 H YO FH N A THREY 9, it
TER¥BEAEMNER AT REE SR K E M,
Morgan % (1980)%F Onuma BE# X HiF4 EE LR
B YHHB AT T H—FHEER, BT EK
AF ERAOMBRT EFR/EY YW REE #4817
HEERRRALMUA T &, REITRELFEEX
B ILARW b A+ REE /S EEMHE 4ER.

BEIE A MPIR R, ARKIE R REE 41
B. % X ¥ 5 LREE B £ #® (Michard, 1989;
Klinkhammer et al. , 1994) , H i, X Fr=F R+
IR K, LB JAH REE Bor XN E3E T
FEWE A LREE &R, M A RSB A 78
%l (Morgan et al. , 1980) S IRATAT¥BEE &6 £ FE
(Wedpohl, 1995) 1 Jy . Xt A ¥ B ¥ B REE 3
fItndEfL . By TRATH R R X REE R3IH & T
F Z 18] #1537 B R 3 Drec I AEX KN, TR 20 % R
2%t /)N 5 B O, AT T K 33X o A ME AR B I D AR
REE 75 ¥ — W & Z 18] & “ 53 BC R " Dree 1
Onuma B # & H 454 B % (Onuma et al. , 1968;
Moller, 1988), & A15r HI#H T REE M AL R E”
FIH B F 2R (Vrepr+ ) A B F2E B F H (Yrees+-
Yeart YV AT B F AR (Yrees+ )3 - Yo+ VX EHE
(E3~5) 3L b, 40 5 F BRORL B A SR 46 b8

EEAMNEHETIREA, TS B L UM,
REE®*" #1 Ca?" B F 2 2 (6 IR it i) % H Shannon
(1976) BRI % 4% .
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Fig. 3 The crustal-normalized REE patterns vs the
REE ionic radius for the hydrothermal

calcites from the Xikuangshan deposit
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Fig. 4 The crustal-normalized REE patterns vs the
relative ionic radius for the hydrothermal

calcites from the Xikuangshan deposit
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Fig.5 The crustal-normalized REE patterns vs the
relative ionic volume for the hydrothermal

calcites from the Xikuangshan deposit

AL B, RGO REE fpELES Lik34h 2
RZEHERFHORPRE , RIAAXCBYRH
#14R . 7E Onuma BB . B 7 L AB T RAOFTEHR
i S S ARAE (B 3D, B 8 R [A] F Rimstide % (1998)
B EAT A L5 B8 (Zhong et al. , 1995) AR %l B
REE B R B HE St & (B 6) . X RESHT 1
WET SES, T WESR K HREE FREB~H
MEESHWBS . SRINMEFAEBRNERHEYE .5
@A+ REE Fr @R HR X R R LR (B
3~5), EHRUTANA . L FEESL + REE o4
F¥1E (Green et al. , 1985; Moller, 1988; Liu et al. ,
1992; Klein et al., 1997; Tiepolo et al., 1998;
Bottazzi et al. , 1999 M BITEAERNAGEHF K
HUFEZTESRERABEAE FER. B TFRMZ
BXRKES . ANAHFH REE 4B FERZT Y&
EEBMHE A HBEBRMNEBNE T EREMNT
MREE . HREE ) f %c B # (Klein et al. , 1997;
Tiepolo et al. , 1998; Bottazzi et al. , 1999) , A
#,0numa BB P MY L BRSARELERELS
BAUBWHEE FRERTEE. HENREERRH
WA BEANIEREHRE TR Jensen, 1973) M
E3~5 AR LA, F@AF REE BiEB ¥ A1
B OHBEMEERZS Ho™ . Dy* 3, 440. 091

+0. 001 nm, T SHEE K Ca*" K/N(0. 1 nmIFHZE K
K AEYFE-PMERENE(Tb~ED . BREE
M RBAEFHEARE . TREEHTHEA S
B BREMEMNE FEHERH0.091£0.001 nm, 5
HREE.MREE B F¥ 2 M, Bz BEANEE N8
i®, % MREE.HREE B 8 A F R e &4, X
BEREHBRB. 7RO+ REEE FREERK
FH B F2£ 42 50. 0914 0. 001 nm, Ifj 5 FAE ) Ca®*
(0.1 nm) RK/MRER K, XIS EEFHNER
3% (Nagasawa, 1966; Beattie, 1994; Blundy et al. ,
1994) MBI ST X, REE RFNH T EN T ERE”
Dree B REX N E A7 <0, B ENE FE B
MEFAREETB, NS ESELXERS
(Moller, 1988),

R % Morgan % (1980) ) #F 3¢ % B, H
Nagasawa (1966) R 18] 28 3801 5 #58E BY (simple elastic
lattice model)ﬁaﬁﬂﬂﬁﬁﬁ%KEE\EE%Eﬁ%
By %Py ¥+ REE i 4 B 17 M . Ghaderi %
Q9D LI, ZERM R B BRART K+ H
BY ) REE 4 E.HZYBERNIRARES FARH
RPMBB T BRA,HRTE 1gD vs (Yres+ Yo+ ) B
B GT LN T RAOHEE RAERED T,
MEEAHBUBY XML EHD FHBEN R

4.0

st

3or

Igk’a

25 F

20

1.5
038s 0.90 095 1.00 1.05 1.10

rREE3* ( X 10~ 1nm)

A6 WMt oREFRA-FEFHIMER
5% % B (3B Rimstidt %,1998)
Fig. 6 A graph of K's for REE cations in calcite
vs their effective ionic radius

(after Rimstidt et al. ,1998)
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B8 R A lgD = — 5678. 62 +134. 28x —
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REE Distribution Pattern for the Hydrothermal Calcites from the Xikuangshan
Antimony Deposit and Its Constraining Factors

PENG Jiantang, HU Ruizhong, QI Liang, ZHAO Junhong, FU Yazhou
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang , Guizhou, 550002

Abstract

The chondrite-normalized REE patterns for the syn-sulfide calcites from the Xikuangshan antimony deposit
are unique, being MREE- and HREE-enriched and LREE-depleted. Moreover, there are differences in the
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REE patterns between the early-stage and late-stage hydrothermal calcites. Compared with the late-stage
calcite, the LREE concentrations for the early-stage calcite are obviously lower, and the MREE and HREE
contents are relatively higher than the former. There is an abrupt increase between the LREE and MREE for
the early calcite, which may result from the coeval precipitation of some LREE-enriched minerals analogous to
monazite. The REE distribution behavior in the hydrothermal calcites is similar to that in some igneous minerals
such as hornblende. This distribution behavior is predominately constrained by crystallographic factors rather
than the stability of REE complex in hydrothermal solutions. The optimum ion radius of substitutional site for
the REEs in the hydrothermal calcites from the Xikuangshan deposit is about 0. 091 4 0. 001 nm obviously
smaller than the theoretical value of the ideal Ca** ion. This optimum site in the hydrothermal calcites is

determined by the crystal structure of calcites rather than by the Ca®" ion in calcites.

Key words; hydrothermal calcite; REE; constraining factor of element distribution; Xikuangshan

antimony deposit
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