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Abstract: The Shizhushan wollastonite deposit in Jiangxi Province is the world’s largest reserve of wollastonite
deposits and is located in the Pingle Depression of the eastern Qinhang metallogenic belt. In order to clarify the
nature of ore-forming fluids and further prospecting potential in the area, this paper divides the garnet of the deposit
into early (Grt I ) and late (GrtIl ) generations according to the interpenetration relationship and optical character-
istics between minerals. On the basis of detailed field work, this paper systematically studied the garnet in Shizhus-

han deposit by using electron probe analysis (EMPA) and LA-ICP-MS in-situ microanalysis technology. The results
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show that the garnets in Shizhushan wollastonite deposit belong to the grossularite to andradite solid solution series.
The early generation garnet (Grt I ) has higher Fe content and developed oscillatory zoning, while the late genera-
tion garnet (GrtII ) has complex zoning. Grt I and GrtIl are depleted in large ion lithophile elements (LILE) such
as K, Rb, Ba, Sr, etc., while high field strength elements (HFSE) such as Nb, Ta, Zr are relatively high, and
U content is proportional to >, REE. The ¥ REE of Grt Il is low (12.92%10°~21.12x10°°), with a flat REE dis-
tribution pattern, slightly enriched in LREE (Ce, Pr, Nd, Sm), and weak Eu anomaly. The X REE of Grt I is
higher (13.78x10°~73.52x10°°), and it is more enriched in LREE (Ce, Pr, Nd, Sm) than GrtII. The distri-
bution pattern of rare earth elements is “right-inclined type”, and the negative Fu anomaly is obvious. Grt I is
formed in an acid system with relatively open, high water-rock ratio and high oxygen fugacity. GrtIl was formed in
a relatively closed intermediate-acid system with low water-rock ratio and high oxygen fugacity, while Grt Il is
formed in a relatively closed intermediate acid system with low water rock ratio and high oxygen fugacity. In addi-
tion, the composition and trace element characteristics of garnet are compared with those of contact metasomatic
metal deposits of different minerals in domestic and abroad. The results show that the deposit has the potential to
form Cu, Fe and Mo ore bodies.

Key words: Qinhang metallogenic belt; the wollastonite deposits; garnet; major and trace elements; metallogenic

potential
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a—geotectonic position of Qinhang metallogenic belt ( modified after Mao Jingwen ez al. ,

('modified after Song Honglin ez al. ,

2011) ; b—geological sketch of Pingle Depression belt

2003) ; c—regional geological sketch of Shizhushan wollastonite deposit ( modified after No. 224 Geological

Team, Jiangxi Coalfield Geology Bureau, 2018)
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Fig. 2 Geological sketch of Shizhushan wollastonite deposit, western Jiangxi Province
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Fig. 3 The A—A’ east-west profile of the Shizhushan wollastonite deposit, western Jiangxi Province (according to Liu Shaohua
et al. , 2021)
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Fig. 4 Typical borehole histogram and sampling location of Shizhushan wollastonite deposit
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Table 1 Mineral generating sequence of skarn orebody in Shizhushan Deposit, western Jiangxi Province
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Fig. 5 Ore mineralization characteristics of the Shizhushan wollastonite deposit
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a——contact metasomatic wollastonite ore and light green garet ; b—wollastonite and diopside mineral assemblages ; c—pyrite in skarn is distributed in

quartz veins, and some pyrite crystals are better ; d—chalcopyrite particles in skarn ; e—skarn bornite and chalcopyrite symbiosis ; f—molybdenite

is distributed in flakes in quartz veins; Sk—skarn; Wo—wollastonite ; Di—diopside ; Py—pyrite; Cp—chalcopyrite ; Bn—bornite ; Mot—molybdenite
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Fig. 6 Field photos of garnet and metallization in Shizhushan wollastonite deposit
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a—dark green garnet in skarn; b—light green and light brown garnet aggregates in the contact zone between marble and skarn; c—malachite-bearing

skarn; d—malachite mineralization; e—skarn containing pyritization and bornite mineralization; {—pyritization and bornite mineralization ;

Grt—garnet; Csl—chrysocolla; Bn—bornite; Py—pyrite; Mb—marble; Sk—skarn
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a—Grt [ garnet has obvious oscillatory zoning and develops chloritization (+); b—Grt Il garnet encloses calcite, with parallel boundaries (+) ;

c¢c—Grt Il veins intrude into Git I (=) ; d—GrtIl garnet is symbiotic with fine fibrous wollastonite crystals (+); e—Grt [ garnet coexists with

coarser needle-like wollaslonite crystals (+) ; f—pyrite and bornite(+) ; Grt [ —garnet in the inner skarn belt; Grt [l —garnet in the outer skarn

belt; Wo—wollastonite; Chl—chlorite; Cal—calcite; Bn—Dbornite; Py—pyrite

(REANY = N A AT R LR R I - P =
ZK3902-H5 . ZK3902-H10 , ZK3902-H12 ¥ A B & 1k
BOEM NG Rai, N EE LT Gt 1, R AL
Fe € BRI K, PR IR T, S AR SE Ak, B A A OB
fif R TEICA i, R LB R,

L PR BT 3 1 JC 2R 40 A 787U R A9 K 2 ek
B SHEOR 22 B L F IR EF S0 00 % 58 i, HL RS
RISy JEOL-JXA-8230, FL &A1 4 WAL, Feldhf
A RUE ST 2 20 nm BORRAR, HLFHRET
TAESAE Sy . L 15 KV, IS LI 20 nA | RBE
B 10 wm, Jr A0S 5O B 51T T ZAF K IE
AbER I ERR SPT ARFELT T . Na( NaAlSi,0y) |
Mg(MgCaSi,0,) . Al(NaAlSi,Oy) . Si( NaAlSi,0,) .
K(KAISi,0;), Ca ( MgCaSi,O; ). Fe ( FeCr,0, ) .
Cr(FeCr,0,) \Ti ( TiO, ) ,Mn ( CaMnSi,O, ) , f1 1T
A1 A i TCFR AT R At 2 B e o ) A e AR IR 55
A B2 EE O 0k — R A AT B AR Y

v

(LA-ICPMS) 5¢ i, #0031 ~F & K H Resolution
SE #Y 193 nm TR 28 S OG0 1l #F A R 48 (Applied
Spectra, E[H ) , FIIEAUR FH Agilent 7900 %Y o BT &
S TR B S AL ((Agilent, 35 ), 7E KB H 12
50 pm RS 10 Hz BERZE 4 J/em® BIHOLE
A MrRES . BUE AL BR F Tolite #2J5, NIST 610
VERREIEARAE ,BCR-2G . BIR-1G 1E R WaiiFRAEE | 38 %
FAE 20 s BIRES 1,35 ~40 s M55 IX 0] 4T 5K
AL, P Si VE R NAR TR MR TR & i, NARER
FH T BREH B 31

5 S

51 FERE

AT INRE AW R P48 T T R4 e i
SRR 2, WA R T A R TS AR AR A - SRR
AEEERRYI(E 8) . MFRMAM T4 Gul, Sio,



529

X

VG AT LR JAT A PRATAR A0 L S it

2
L

SR

%4

$90 T80 10T S80 650 890 LSO I€0 TEO LrO SO TCO 80 TEO ISO €0 SSO 80 IS0 950 TEO 650 TLO 990 80 950 090 LSO SO °ds
€0 810 90 IT0 0 LEO 690 T 690 80 €T €T 680 $LO LSO ¥SO €9°€ 09T 00°€ I8°€ 08T 8€E€ TEE TEE L0 WT €0 €T §L0 Ud
€T LS€ 69°€ 8IF 8IE SOV I€T LI0 €1 6€T - 81 8T 1€T Ol 9T - - - - - - 610 - 88T 0T T 980 €T WV
1€6 0.6 Or'Ol 9S¥ LOF OT€ ¥ST €001 0T€ 6.8 8291 01T Oy’ €19 9% LI'8 960 LyT OP€ €0 6.0 ILS 00F 6I°S €0 60€ I1€T 621 10T 01
10°L8 09°S8 9€'¥8 88°68 TI'I6 99°16 9L'€6 €L°L8 90°%6 €L°L8 00°T8 86°SL Sr'€6 LT06 80°€6 PI'88 S8°'46 8y '¥6 90°€6 SE'S6 ¥8'S6 €€°06 6916 €806 9L'96 06°€6 tF M6 88°S6 €9°S6 Puy
00€ T6T 16T 16T €T 16T 8T TE 00€ 8T €€ 8T S6T L6T 00€ S6°T 00€ 00€ 8T 66T L6T 66T ¥6T 9T 00€ 8T L6T 66T 8T ©
100 100 100 100 100 1000 20 ¥00 W0 W0 #0'0 €0 €0 WO W0 W0 10 80 60 IO 600 00 00 00 W0 00 €00 #00 WO 5N
W00 €0 €00 €0 WO WO WO 100 WO 100 100 100 W0 WO WO WO TWO 100 WO WO WO WO WO WO WO 100 WO WO WO UK
800 110 II°0 €70 O0I'0 TI0 £L00 100 SO0 LOO = SO0 80 LOO €0 00 - - - - - - 100 - 900 00 SO0 €00 900 .
081 SLT TLT #8717 98T /8T €T 6L°T €T 081 691 <SST 16T S8T 06T 081 86T S6'T T6T 66T 96T (8T 8T 8T 00T T6'T €61 L6T 96T 4
- - - 100 100 - - 100 - - - - wo - 100 - - - - - - - - - - - - - )
20 620 TEO 0T0 LI'O LI'O €1°0 #€0 <TI0 $TO LEO 640 TI1°0 020 €0 +€0 100 90 OI'0 100 £00 €°0 LI'0O SI'0 L0000 <TI0 II°0 800 600 1V
- - - - 100 - - 100 - 100 - 100 W0 W0 100 100 - - - - - - - - - - - - - 1,
68T €T €T €T €T €T 16T T WT 06T WT T 16T 06T T €T S6T ¥6T ¥67T €T €T ¥6T €T ¥6T 06T €T €T WI WT IS
Y9°L6 TI'66 TE'86 98°86 90786 6v'66 I1°L6 0S'96 8I°L6 T6'L6 81°L6 LT'L6 SS'L6 GC'L6 SS'L6 €0'86 €7'S6 LE'96 LI'L6 16°S6 T6°96 SS'96 8I°L6 00°L6 LS'L6 €S°L6 SI'86 8T'L6 SI'86 I8
- - - - - - - - - - - - > 7 - - - - - - - - - - - - - - - 0N
100 00 - - €00 S0 100 - - 100 W0 - < - 100 100 - - - - - - 1000 100 100 100 100 - 100 o%N
€E°EE 60'EE ILTE 89°TE ILTE 98°TE 6L°TE ICEE OI'EE PTEE 68°EE LY'EE €9°TC 06°TE 9TEE 00°€E 0STE +6°TE PO'EE 6STE 6L°TE T6TE L9TE 98°TE OI'EE 80°€E 60'EE SO'EE €I°EE 0¥
800 SO0 600 SO0 II°0 600 LIO O£0 LIO ¥I'0 90 80 <C0 810 ¥LO €10 680 +90 v.0 €0 80 €0 180 T80 80 00 €0 0O 610 OW
820 9€°0 PO LED 9T0 0£0 STO FIO €0 0TO 110 0I0 STO TC0O TO LT0 $TO0 910 TCO $C0 €0 920 €0 620 STO 00 90 0 0 OUW
6L°9C ¥6°9C 9¥'9T TE'8T L6°LT 06'8C ¥T8T L'ST 10°8T $8°9C ¥I¥T 10°€C 61°8C 1€°LT 1T 6L°9T 8F'LT Ov'LT TC'LT SL'LT 9L'LT SP9T 08°9C SS9T 60°6T 16°LT tE'8T 0T8T $8°8T 0°d
900 $0°0 90 010 80 100 ¥00 910 - 100 100 SO0 L£O 100 80 SO - WO 100 100 W0 - €00 - - 100 - €00 100 fo%)
89°CT 00°¢ €€ S0OT TLT VLT 9T IPT €T SST LE 8F Ol 00T IET €T 010 $90 L60 FIO SLO SET OLT €T L9°0 STT SI'T €80 060 fofy
00 €00 - - 10 0 - 00 - 610 100 610 80 90 LIO LIO - WO WO - 100 - - - - - 100 - - Toy
LE'VE LS'SE PE'SE O0E°SE 86°FE S'SE 9EVE I9E 9rVE TLPE 16°VE 6I'SE TSHE Iv¥E SLPE LI'SE $THE SSHE 96°VE PTLVE 69°VE PLYE S8VE Y6 VE 9TPE 8LVE LO'SE 19°FE 6LVE OIS
9 S ¥ € 4 I o1 6 8 L 9 S 14 € (4 [ 8 L 9 S ¥ € 4 I S 4 € (4 [=S 4
49 jIES) o +o [
TTH-T06EM7Z TH-T06ENZ TH-T091)Z TH-C061MZ S&H
JOLYSIP UBYSNYZIYS Ul S}PUIET JO SJUIIUOD SJUIWD[A Jofeur Jo S)nsal [eonifeuy 7 dqel

FUMEFDT IR LTS

(43



42 4%

530

° %/ Tl AT VLS NN i

$6°0 IL°0 190 €5°0
Y0 17’0 00 870
8°C ¥P'E EL'E 99T
0r'0 9v°0l LS9 19711
96 76 86 ¥8 6L'88 CTL V8

L8°0
9€°0
SCe
v 01
1ILv8

L0 €80 €0 80 €0 W0 ¢80 °ds
€0 90 O 810 110 0 L0 d
T M9¢ 0EY WS Wy vLe olvy WV
B9 II'L S8 W8 OI'L IS0l €10l 0D
W68 LS'L8 6C°98 Ly'S8 80'L8 YOVR €SV PUV

6T 16T €T S6°T
100 100 100 100
W00 W0 W0 W0
cr’'o or’o I11'o 80°0
S6°T €L°T 8T €Ll

0I'0 1€0 €0 1I€0
- - - 100
WT S6TCT €T T

6T
10°0
€0°0
010
L1
10°0
1€°0

wT

6T T 16T 06T 06T WT €T ®
100 20 100 100 - 100 100 W
00 €0 €00 €00 €00 €00 €0 UN
800 II'0 €0 LI'O #I0 110 €10 4>
P81 08T LLT 9L'T 6L°T €L'T #L'1T 4d

— — — — - - - I
o SO 80 0E0 90 10 TO IV
- - - - - w0 - u

[6C TT €T 06T WT WT 06T S

1766 S6°86 0L'66 SC'86

€00 W0 wo -

0I°¢e 96°CE TC'ee SI'ee
90°0 0I'0 80°0 TI'0
€0 1€0 LZ0 €0
L8°6C 65°9C 80°'8C LO'9C

0T ¥I'e LET 6l°¢
- W0 W0 110
SI'SE I87°6E 99°6E 6t 'St

0 66

9C'ee
60°0
8¢°0
§9°9C
[aN]
SIe
90°0
£¢ 'S¢

068 €C'8 tE'66 SO'001 L8'86 L6'86 &£V'66 [FIOL
- - 100 - - - - 0y
- 00 100 100 €00 SO0 W0 %N
Pee ¥9°7€ TTE vo'TE t9TE 86°CE ¥LeE  O®BD
600 910 90 SO0 €0 90 00 O
PE0 9€0 LEO 80 I¥F'O 90 9€0 OUYN
69°LC LELT SS°LT 91°8C 6L°LT OL'9T 61°LC 0O°d
- 00 - 100 00 W0 S0 £
WT 9T 68T 60E 89T wWeE STE o4V
- - - 00 W0 910 W0 o
€1°6E L0°SE ¥6°SE LE'SE #C'SE TWSE 9TSE YO8

81 L1 91 Sl

1 cl 11 01 6 8 L 5

o ek

TIH-C06EMZ f=xsl

7 d1qBL panunuo)
RS



554 1

SR I A WP LLURE AT R AR T A R IR S M 5 58 S 531

Alm+PyrtSpe

o O
L L L L 1

/ Grtll ‘;
& o -
1 1 1 1 1

Gro 10 30 50 70 90 And

K8 AT I AR AT R AT T4 o B3 20 00— # [R1 i
Fig. 8 Trigonometric diagram of end-member components of
garnet in Shizhushan wollastonite deposit
And—E5ERI A s Gro— 8580 ; Alm—EREBIR A s Py—BER R A5
Spe—Hh 1T
And—andradite; Gro—grossularite; Alm—almandine; Pyr—pyrope ;

Spe—spessartine

SRR TN 34. 37% ~ 35. 85% (SF-14 35.29%) |
CaO 7284k [El Ky 32. 22% ~33. 56% (“F-1 33.03%) ,
FeO ZEALTL RN 24. 329% ~29. 87% (-4 27.33%) ,
ALO, F ik, LN 1. 04% ~ 4. 67% (-1
2.67%) o KL, Grt 1 v 03 240 4 F 5 B 2R A
(77.89%~95.02% , -3 87.21%) , R W EBER KA
(0.4%~18.28% ,“ V-1 8. 09%) , B A /LA
(T34 3. 48% ) Fitk /D e B AR A (P19 0. 78%) (B
A CFS0.35%) .

ST AT Gre I, Si0, &30 34. 24%
~35.19% (¥4 34. 69%) , CaO 7% & K 32. 5% ~
33.89% (F 14 33. 02%) , FeO & & M 23. 01% ~
29.09% ( V¥ 27. 19%) , ALLO, & & K 0. 10% ~
4.98% (“F-#4 1. 52%) , S5 A &N 75. 98% ~
95.88% (-4 91. 71%) , 8558 M3 A1 & 14 0. 03 ~
21.02% (¥ 4. 88%) , s A /L B A (F1
1.04%) Eh 55 M8 40 (24 0. 51%) BRI A (SR
1.71%) . WiZRE A 1A #0 e & 2k, [ AH E
F Gt I AR Grt TS EBAK, FAM, 7E Gt |
Gt T IR T AR AWM A T EET

Borbr, el s BRI (B 9) . 53R BoR, A
AR A WA BB B 3, K 22 BOURL L 53 72 AL AS B
(B 9¢,9d) , 50 5 UG BRAR A 3ty B3 20 43 350 4 0
PHYEE(E 9a,9b) o
5.2 WERE

AT IR A RAR A N & oo R
SITEE R I 3, SARFAEARRHE—2, A7l
Grt L 1 Grt I A F AR T IR F R ATTE K,
Rb . Ba ,Sr %, 1M Nb . Ta . Zr 5 55 33 o0 % M X & &
B, U &5 X REE iE, Gl AMFA K
(0~139%x107%) Zr(0. 8x10°~48.4x107°) . Ti(61x
10°~921.3x10°°) B & F Grt I A4 F£1 K(0~60
x107°) Zr(1.84x10°~33.13x10°) Ti(16.8x10°°
~324.6x107°) , HARLI K, AfaE (&l 10a) , X T
Fis FIOCEBRME, Grt T A0 Gt [T A48 10 0B 5K,
Grt I 19 ¥ REE #44% (12.92x10 °~21. 12x10°°) , B
BRI CEC AR R R Lo R, W
Ce Pr Nd Sm, 55 5 5% . Grt | # X REE B85
(13.78x10°°~73.52x10°°) , M4 Grt Il 3 & S 5240
ICE, W Ce Pr Nd Sm, #fi LR AL X BRI 24
Y 656 5 1 B &, RIS, Lay/Yby (0. 09 ~ 5. 8) %5
Grill (1.46~2.84) K (1K 10b)

6 11t

6.1 AWBFAEKMABRNYELESERYE
6.1.1 %RJE

W K& TR AR T A TEA R R LR 5 b2
AR A o0, AT 4 ke R 38 i ) ) 34k
225 F (Jamtveit and Hervig, 1994; Gaspar et al.
2008; Yang et al. , 2020; Jiang et al. , 2020) , EA
WFFERI] TEA XS AL 251N, A BT A P Y Fe
FELLFe’ R E IS =M A0 Y HEA AR
Aans (XY, [Si0, 15) B U S A (fe2e X
CayFe,[Si0, ]5) , WA, 7R 8L AT, 16 W] I W5
WEFT (f2E3K CaMg| Si, 04 1) 5 MTEIL AT U 3
BUY AS E A (fb2# K Cay AL [Si0, ],) R Fe™
(S Bk 85 A1 (fk2 X CaFe [ Si,04]) (R TF 7% %%,
2014; XIBEAESE, 2014; Xie et al. , 2015; &AM
2018; EIESF, 2019) o A 1T ILEE R ATH PR AY P
AR AR 8, i LA 3 LUE & Fe™ A5 8k
WANE, AW RETE &SSO, D IE & Fe™
M) S PN A R ITAAT L IR 1A A EZIE K
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Fig. 9  Composition variation of garnet ring in Shizhushan wollastonite deposit
a—Grt LI FHEREFIIR RAL 5 b—Grt T ORI E TR B4 M 51 05 o—Gnt T FREFINR A AL E ; d—Gr Il FORRIA BT R
o L Ay

a—the EPMA analytical position of Grt [ ; b—element content and end member composition of Grt I ; c—the EPMA analytical position of Grt Il ;

d—element content and end member composition of Grt Il

TR R AL RN . b, Gt I AT
KB E i 2% , 2 IR 5 PRl I REAE | B N S 4% 1) 4 B
o2 5 A W8 Ak (5 55 55, 20145 i g 45,
2019) , BV b BSR4 O i E TSR A, fE R
Grt | AR A A T SR B 45

EASE R AR T A — BB A i, Al 45
A U JTER I & R A AR G A v SR 1
AL FE ( Shannon, 1976; Smith et al. , 2004; Gaspar
et al., 2008; X555, 2018; HBEIESE, 2019),
AU RAT IR U TR &5 X REE FEHEA
W1 A IEAR DGR, X R U JtE 5 REE —EifF A
AR T A, 52 BA AL R 5 6 (Smith e al.
2004) . T REE F# LIS T [F 08 Xz + =
TR L) X2 (2N Ca™ ) iE AA AT ILA T4 db
Mz R R B B A AR 2 TR 2, Rk, U
AT A 252 B R A A A A 2 R R 24

i Shannon (1976 ) 1 Smith %5 (2004 ) BYBFSE, U B
T U B TR X 7, NIt 25 5
PEALRE Tk, 1 U SCRERE P m S EE
SR P IR, Y I A AR IR B AR AR, U FE R
R 2L U B IR AR T U S EAA T
A1 A% (Zhai et al. , 2013 ; BXBMEFEE, 2018) , B
K, Gt | AT A U EEBAL, M fH U
T RGN, AR U S A L R AT 16
Grt | AR ATESS Ml B rh | 0% B e RIS 3g n

Zi b AT I KA IR A R A B BERGR Y AR
TR AL I RE A A BT 4G i R, PR AR R R
FERS AR AR A TE B, Bl A 558K A A Wby
W Fe™ B RRAIR , 5 ORI SFGR B RRAIG s TR A P B
IR RO AR B AR A S T A AR R R
B, A5 ERAR A S N, AR Gt [ AT
A, T2 i e AR 3k T4, 7 — A B e 1Y)
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B 10 AFILEIRAT RA R F AR TR kMR (a) FIRG I3 B B (b) (FREARIES] T Sun and
McDonough, 1989)

Fig. 10 Primitive mantle-normalized trace element spider diagram (a) and chondrite-normalized REE diagrams (b) of

garnets in Shizhushan wollastonite deposit (the standardized values according to Sun and McDonough, 1989)

SRR AT Gt T A T4
6.1.2 FREEME

EAWFEY, Eu ZEHGE P FE L Eu®™ M Eu™
WRAATE , TEAFT AR IE N T, #OR T Ea 1)
WS FEHR TR 52 FIEAS (Sverjensky,, 1984
Bau, 1991), iR &4 Al DLBG s ni 4k Eu DA
Eu’ T AR R A8 M, SR T TE 250°C LA B Eu® 25
FHEESHA 5 E ML, BB FRERYE Ca™
BT AT, A Eo® A5 AT
¥, FBUE Eu 59774510 Bu™ B 7R R T
Ca®™ BT 48, ME DL HEAT 28 0 [R5 B 4, R 3Uf Eu
S AN, TERRTE ST, REE YRS 32 CL°
2l (Bau, 1991),Cl Al 5 Eu™ JE Wif2 22 19 EuCl}
AW, DniHEsR Eu™ 7EFAA AR e M (145 Eu®
FXE LA TAR A AT Ak, 1 CL 3l HIASGE
5 REE™ B34 45 4 (Allen and Seyfried, 2005; Gaspar
et al. , 2008) , FEAM T AT —EREN Eu & &
TR Eu

AT R B S Gt T A8 7 A 52 B
TR FUE, AR T Eu 58, BIE
1) Grt I A+ A WRER LTRSS AR, Hfi
Eu 58855 (B 9b) o 5 R4 fih 228 Jon AU fek KA (1Y)
FU AR — IR N 200. 10 ~380. 00 °C (&% ETA
RFBAR) T R A AR AR & T W0 A A i 4
AR AR N E AR A S R T Ea® S8
FFHAL, AT Grt [ 5RZUAY TR Bu 52 678 A 11

A4S E I AR O PR MRS G 5 Eu® B EuCl?
SEOW AT —ERERN Fu &80 G 1l
B Grt I 17 Bu SR TR IS 718 435 5 166 300 37 K 1 M 7
FEREAR, 7T B2 R
6.2 ABFARYRKRESH

JGE Y I Ho HAT R IR] )4 25 AT ~F- A ) B 28
F2AA4E (43904 10. 19 nm A1 10. 15 nm, Shannon,
1976) , ELATAH [F) 4 1 33K Ak 27 14 JoT FAT 2R, 61 22 i
Frad B Y/ Ho (B B FH 7 B o™ 4 Joi ok Y 45
A3 5 (4 1F 45, 2022) . Bau F1 Dulski(1995) i@
TR R B A8 I Y/ Ho—La/Ho KB K
oA . ARSCHATILE IR EEA RS LA T A
A Y/Ho  La/Ho {E 43 35 9 48 & (&1 11, 3R
4) . MEITRTLIE W, W R4 55M5 <41 Y/Ho
HA —E 220, BRI 10 3 B2 Y Ok A K2
B, N R A BRI 2 A <, MY
FZRHARE K, WA, Gt | A FA5 G 1l
A FANYIEA —E2Z5, ol 54MY KA H
R EEYE R HT RE S AMY R A, 5 RS
H—EY TS, 1 Gt T B4 I Y5 0] 58 fi 1)
Kh
6.3 ABRTRAXBRKELE

AR T 0 A K AR B e e R A AR A v i
I KHAKE W, YRS THBORET,
HACH e m i, @b Y2 & e At R T B
FEIRA, AT KBS T Y R T3
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0 PR, LA MR AT, 321007 s L et
AE (Bau, 1991; Gaspar et al., 2008; 2= i 5,
&> 2018; A AE, 2019) , — MR E, B e
— W TS R R §T RIS A R B
B T ATINEE IR AT RO A, Gt | KB
=) ° ‘o )
= @ e e . o N
3 - = IR, T B, LA T A K T
W ] “ VS e N NN
= Ak, BAA L 208 BT AR iR F L = K S LU AE
AP35 ( Jamtveit and Andersen, 1992; Smith et al. ,
- 2004; X HEL, 2004; 28805, 2018; ¢ B4,
A KHEE e WEER e Gt [HKTA e P )
EHE O WWEE O Gn IARTA 2019) 3t & 98 AL il Gt 1 A7 5 2R 1A AR 8,
i . . L REEWA R GIY , R T AR
N N N T
’ e Y KR AT T I O
=7 LU i / Ly 57 iy
B 1 EARIRE SRR Y HooLar Ho B s EMQBUE/E'J quyfam (P aB )
> =47 4 A 2] (G = 25
Fig. 11 Plots of Y/Ho vs La/Ho in Shizhushan wollastonite KAH RO AR T (Grt 1), 2 an R BB
deposit %, Eﬁlﬂ%%,ﬂ:%ﬁﬁ,Egﬁiﬁ;mjﬂﬁ%%'ﬁiﬁﬁ
x4 AMURBERKRET AHES Y/ Ho-La/Ho i 45 R
Table 4 Y/Ho—La/Ho test results of Shizhushan wollastonite deposit samples
FE [ETYLES Y/107° Ho/107° 1.4/107° Y/Ho La/Ho £
ZK2002-H5 KELA 1.82 0.03 0.92 60. 67 30. 67
7K403-bgl1 peLibey 3.01 0.05 1.45 60. 20 29.00
7K3501-HS8 peLibey 1.67 0.03 0.57 55.67 19. 00
ZK3902-H13 FH A 5.00 0.08 2.88 62.50 36. 00
7K2801-H2 RIS 4.24 0.08 4.33 53.00 54.13
ZK2801-H10 7R 39.06 1.31 24.87 29.82 18.98 FAeSE | 2022
ZK3501-H15 WY 166. 13 5.71 27.63 29.09 4.84
7K3501-H16 WY R4 103.25 3.46 26.79 29. 84 7.74
ZK2301-H11 WA R 3.97 0.08 4.43 49.63 55.38
7K2702-H8 S RE 12.73 0.27 5.14 47.15 19. 04
D402-B4 SR 4.00 0. 085 3.98 47.06 46. 82
J03-8-1" - RLRLAE 58.9 1.91 49.2 30. 84 25.76
MOS-1* - HURLAE 5 37.5 1.25 48.9 30. 00 39.12
M09-1* H-MLRLAE A 69.7 2.35 63.3 29. 66 26. 94
M05-2* HRURLAE 40. 4 1.4 32.6 28. 86 23.29 B EIEAE | 2011
Mi2-1* - HURLAE i 66. 2 2.19 39 30.23 17.81
Mi1-1* Bl A 39.3 1.36 57.7 28.90 42.43
J03-8-2" HRLAE 23.6 0.83 53.4 28.43 64. 34

FROLI AN A (B RY oAl ) 2L T s sk
O OO (G Il S5 SRR R, AL
RBCHE V0 B i B, SRR L /N AT T4 W S
A0 Tr A E R A SRS LRSS S A
Pyl DCET A i 5 155 0 0 P 30 A0 B8 5 41 20 A R AE
B IR AT e A LR AE AL B e S BRI R e 1 iy
b AT G I B RS PRI, ol T P b 7 B A
FEARWYFOCH G E R G, ol T KA KB R

2 PR R A TF I, KA e E e, 3 i e AR
FRUBUELN S E R BRI LB Grt |
AT (B 12a) 5 BEE IR ] LS 5% P R
AR, FLH T 7E 0135 i s AR R i 2 A= A T 45
YER FEI T 38 24 B, 454 R Ha AR XTI 0 S #H
XA, KA LA R, 38485 28 h i3 e s AU o i
B S £S5 AR Gt T & 23w A i 141 (F
12b) .
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Fig. 12 Growth model of garnets from Shizhushan wollastonite deposit
a—r IR A T AR b R W R T A AR

a—growth pattern of garnet in early stage of rock mass emplacement; b—growth pattern diagram of garnet in late stage of rock mass emplacement
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AT AR A R A T8 Al 2 vk 3
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FELA K A 38 43 SBT3 4 3 LT A AL D DT TE 2
P 2|, L, A8 T A AR R 1 o 4%
BB, Ry R B AR E S By
{9 J5 Bl 22 - ( Somarin, 2004, 2010; I 57 45 %5,
2012; =54, 2014)

VEZ2 b TR 5 R B0 B 3 DN S 7 S (i) 2
R A A 4 SR T IR AT — 8 1A B A Lo e
fiE, Rty KA IR AT AR SRy
[EAATE — E W DG &R (B — N9 45 1990 AR SCRT 4%,
1990; Somarin, 2004, 2010; Tian et al. , 2019; Jiang
et al. , 2020) , Meinert( 1992) W 4E T t: FEAS [F] 2 7
WA R AT A R B, R T TR TR
FAMY R E IR AR A0 1 o B3 4043 A T (R
13) AL A A 523 T DU H AT
REIRAH IRAREF A SITE T Fe Cu XL, 5 Mo
I E SRR, A AT A WS AR W
WX, 1M Meinert 9534 RIS REAR LIS A AETE L W
WIS BYIEE , Jiang %5 (2020) S45 TRIABIA
ST T — BT 0 AR B 1 T 2 A W AL S ALY
HA——IgCe-1gU 5 lg (Ce+Hf) —1gU K fi#, I 45 i
lgCe—1gU A LAIX 7342 fi 22 48 #Y Cu Pb-Zn \W Fl W-Sn
IR, g ( Ce+Hf) —1gUn[ L)X 53 % i 22 A8 Cu | Cu-

Alm+Spe

Gro And

® Gril

K13 AR RS ISR R B A 07 R
AT A (IR BT Meinert, 1992)
Fig. 13 Comparison of garnet composition between Shizhushan
wollastonite deposit and different skarn deposits in the world

(modified after Meinert, 1992)

Mo Fe-Zn Pb-Zn F1 W K, $A T 1L R A+
AT (B 14) , 0T LU WA T A 7E 1gCe—1gU
Kl Fl 1g( Ce+HE) ~1gU I 1 RER/HIETE Cu 7K
Cu-Mo W JK \Fe-Zn W JRJL N , AP £ 75 7 W-Sn 4"
IRAE B 7E g ( Ce+HF) —1gU &l f# 1) = Z2 9% 7E Cu
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Fig. 14 Plots of 1gCe vs. lgU diagram and lg( Ce+Hf) vs. lgU in garnets of different skarn deposits ( after Jiang et al. , 2020)

WK Fe-Zn 7 KW FE N, 73 A D 8K TE Cu-Mo § K
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