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Abstract: In recent years, in situ U-Pb dating of garnet is a newly developed isotopic dating method about the low-U minerals, yet
it has been scarcely applied in the ore deposits and especially in the nonmetal deposits. Based on detailed petrographic
observations, two generation of garnets have been distinguished from the Gaojiashan Wo( - Cu) deposit in Southeast Hubel

Province, namely the first generational garnet (Grtl) with dark-brown color and the second generational garnet (Grt2) with light-
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brown color. Electron probe composition analysis (EMPA) shows that both of them belong to andradite to grossularite solid

solution series, in which Grtl is relatively rich in Fe (Adrg,Gross to Adry,Gro,), while Grt2 is relatively rich in Al
(Adrs, sGrogs, 10 Adry,Grosss). LA-ICP-MS U-Pb dating on Grtl and Grt2 yield Tera-Wasserburg lower intercept **Ph/**U
age of 142.5+2.0 Ma (20, MSWD=1.30, n = 38) and 136.0+14.0 Ma (26, MSWD=0.42, n = 17), which is consistent
with the weighted mean **Pb/**U ages (139.8+1.5 Ma; 26, MSWD=0.10, n = 22) of zircon in the quartz monzodiorite at

Gaoyishan within the error range, indicating a close genetic relationship between them. The Grtl with high U concentration

and low common Pb content are the major factors for the success of U-Pb isotopic dating.

Key words: garnet; U-Pb dating; wollastonite skarn; ore-forming age; Gaoyishan; Southeast Hubei Province; geochemistry.

0 5l&

WRAAMTIRE T EREEZENT KL Z —,
AR E A A VBR R B PR B A R ) B
KR IR AR B (FA) ™ R 3 2ok T (&
— S FUbK SC R, 2012) . X T8 KA B R T 40
D7 R ST, H AT A R I HGE GRS A
A M)A 1 U-Pb i 4FE & = B/ MIN A ArAr g 4
FEFR T Re-Os K 14517 Sm-Nd 45 I 28 4R % 55 | 3 6
[7) 457 3% A1 % X TR AT DR B R 0 4 7 ) A LA
B AAE M E X (L et al., 2010a; Xie et al.,
2011b; Deng ez al., 2015; 5Kk i 45 , 2015 ; Zhang et
al., 2017). SR , 76— LEH RIS G, oy T 5k = A G
R AR Y 8% BOAETE 22 W /R & iy B 4 (4%
W AF, 20065 Lu et al., 2017) , 25 LR @ 4R A
Fef AN R 5 PR 2 % R 2 5 32 A FH 9 T8 AR 1%

ORMTAZHRRADIHMBERNT ZNT Y Z
— R RAT IR HEENMET Y —, G
T AR fih 22 A2 BTV FH A4 S 46 1 TR] (Meinert
et al., 2005) . f1 K141 BA B 19 U-Pb [A] A7 R {k
B PR BE (=850 °C) , [ i J2 ¥ 7E /Y U-Pb [A] i
Z M 4E X 4 (Mezger et al., 1989; Deng et al.,
2017) . 8K, A AR B B A R AR S A B
MU EGRMESHEEP &R, AFESUTY
RN, & ey B A I E A s A
(DeWolf ez al., 1996; Lima ez al., 2012) , K 1 %
B 7 A JEAL U-Pb JE 4F K 3 DL R 52 3]
ARV RIL W RET IR, — 2z g i)
& Fe 45 2540 18 A nl LUK 1S B &7 /9 U-Pb [F 7 &
AR, K B S FAE Y R A T IR By B R AR R TR Y
Ja 7~ (Deng et al., 2017; Li et al., 2018; Wafforn
et al., 2018; Zhang et al., 2018).

SRR B AR DX R VL R R A 2 B R
A 1 T L 4y, TR 2 b [ S R e A
Bea 2 & BYIKM R4 X (FF 2% 5%, 1992;

Xie et al., 2011b; 5K tH % 55 , 2018) . X N 7 A il &%
Ly | X% 68 W R Bk A6 W A R RS R A R A () BT
PR AR R B BE 2 — i R A B AR TR, Bkl R
TR Ak AR LS R B R R R CHRD BT R DL BB R
VA e AR LR AT 5 LA T — R R R R e A
IRAE (B 1) B A, 76 50 43 g i IX, 3 4F ok b & 30
— SR & @R, WWEF Sn oK TR (BY AR ) B
PR 5 K AL RE K A (— 4D 575K | A s A
RER A (—HDF RS (1), T X NX 4
JB W R A0 IR B M ST RR AR R TR S, B 3
5B EHE LB KAV IR Z B KR,
I A3 B = A0 56 19 BF 58 A 4R GE

AR S R R L RE R A (— D) BT R B R A B B
(445 18 F A RN e K DN KA 1 B A AT LA-ICP-
MS U-Pb [l i 2 & 4 LM s R 00, BESE 60
PR i 50 R b A8 1 Ak B O CRRAE L BFOE T AR Ll R A
(— 5 R R H 5 R B9 B 38 T A8 14 U-
Pb & 45 (1) AT 5 3 X, IR AT SR 2R e b X R
1A 5 2 BT 1 4 AL B 22 A E 40 RS R

1 b JH 5 R M 5

KL N A 2k 2 & B A A T i
Pedb & 22 0 — KO i Ay A AR b AR e m i, mE
M LB 2% — 5 JH W7 2458 S, J0 i DL B — 7 g
LR IR IR W R R AL B 1 AR AR A SRR L
Fig PR — B B R T e R T L 7 A —
KE - 4E X (Mao et al., 2011; Xie et al., 2011b).
SRR T M XA VL T i T A Y g P B,
b B R Z IR A B R TR AR, X ML JZE A AR
REPHARSARE O EAERTELELE TM
WL AR AR Tz s Horh, =& RORIE Ak
1% b 5 A S D DUE R X R A R e
4 WA il A (B 22 %2 5 ,1992).

TESP AR 1 b X, R 5 1 B — P R PR 4R A S



858 HiERFL#  hitp://www.earth-science.net

545 %

114°45’

B o B !
0

@ 0 osv
@ 0 oy
O 0 ouy

D o oww

® 0 osuv
Q0 onny
M A -
Q © e oway
[ SRR
B e emmaT
@ © ouxrar

115°00'E
T =

30°20'N

30°10°

30°00°

0 10km [ = : _ ) [ = i
- [EE25 SR NREE 32
[ ]=me S 555 -mums% - R Tk e N 253,

1 SRARR LI A A K2 G IR R A
Fig.1 The distribution of magmatic rocks and polymetallic deposits in Southeast Hubei Province
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Fig.2 Geological map of the Gaoyishan Wo (-Cu) skarn deposit
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Fig.4 Alteration and mineral paragenesis of the Gaoyishan Wo (-Cu) deposit
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Fig.5 Typical alteration and mineral assemblages in the Gaoyishan Wo (-Cu) deposit

a1 R B B A Bk A AR T A AR T AT A3 R S — IR A A T A (Gt ) B IR AR A R T A0 (Gre2) (TR AR A ) sb 7 R
B P AR A IS O T IRHR) s o 0 R A Y B AR RLE WA, 3B A 32 B DRI Bl 2 A A AR b (B DG IR ) 5 d.
15 % 25 B B 11 35 W A1 5 A RAR 53 A1 8 I B v O g A SR A 15 BT CIE 22 i o S B ) 5 e 3B A T A8 B B 1 ¢ i A1 32 AR G2 A 68 A7 1R 1 A1
(FFRA IR R ) 5 £ 18 Al b 28 B Be i 28 5 A1 SR Gre2 A1 48 741 B AT, SR AT 9% — B AL 9 9 BE ik 7 38 32X CR i O 2 U R ) 5 g B A il 22 B
By g A AR AT (R D U ) 5 b SR AR i A8 B B A9 3B I A1 8 S0 R AR BT 21 A (LE S D' S U ) 5 1 CRBEUE P ) 4158 — B Ak B
By Y A7 FIATDESZ AR AT A7, ST WL A e 2 5 A0 2 AR CERLAR ' S R ) 5 . A 98 — B AL W B ) BRE A ™ S22 R IR AN R DU AR 45 5 AR IR
A — AT A — BREARY R AR A0 0] 53 B A TR A R A1 (Grel) RGL B i A A B 1 A1 (Grt2) (FA A B ) sk 1 98 — B fb
Wy BEOY BEG 0 — W0 — BB AN IR S ARBE AR R A LSRR ) s 1om. A8 7 A1 (Gre2) Jay 8 6 A 2 A5 A1 AR il 22 |, SR 5 Bk 2 44
S, W YA 5 A0 AR Grt2 118 70 R 7 (1 oy B8 D't S IR e, m O SRDOE IR ). Wol il IR A7 5 DL #E A7 5 Cal. J5 il A1 5 Ep. 275 1 5
Qtz. A9 Act. AR AT s Hm. SR 4860 Tr. B [N 7 5 Srp. MESUAT s Ap. B KA1 ; Chl 808 A1 ; Bn. BER 0™ s Dg. i 8™ 5 Py. 32k 5 Cep. A1

2 B Lo rik

AR B 5 00 B 4R B e R LR K A (— i)
WK TS B R B4R A7 3 = KIS RE G (16GY'S
01 ) %8B &5, % BE & b i B A HE AT R O D 4y 1B
Jo, FERCH R PRk a8 B8 58 4F R E A AR R
14 5 A0 JOURE S AT B, SR 5 RS A AT I O LR

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

6 W8 K IR % Ot (CL) BB A . 38 3o % 1, 16 #%
PR T M L0 24 5% HJC A AR 0 4 B HEAT B A U-
Pb [A] {37 28 W 4F F1 i3 i o0 2 40 B . AR B A CL R
AHAE T N H 5 A6 DU B AR A B2 =] 1 FE 8 1 19 3
KT HE B (FE-SEM) 52 i .

FF B EF B 50 M (EMPA) #1 U-Pb [F] 37
ERUKESNE & I ISR A e SR =SB JE PN

http://www.cnki.net



862 i BR B 27

http://www.earth-science.net

45 %

FhrA L HEVBOLH AR AR
B AR 27 B3 43 B S R LR 2 g ) M b 3K Ak 2
WF 58 BT 0 ) 2 55 ™ 2% 8 nd 209 % 19 JEOL JXA-
8230M I H F ¥R B 58 BBy . HL T B AT BT A B9
RN 15 kV, LR A 20 nA L, R BE B A2 1~2 um.
PRk R 26 B SPIA Rl B0 Wb, £ 2R« &4k
N A (T VB K A (Ca) B A1 (AD 7 8 A
(Si) W8 w (Fe) . % 7% ¥ A1 (Mn) Fl8E 58 0 A
(Mg). Ui J0 2 R AE W A 1T 35 5 19 I & i [a] 43
A 10 s F 5 s, A BE #R 48k ZAF A8 GE Bk iE AT
M AE . 38 2 % E A B T A H R R A o BT
B, 8B — A X B Fe 19 Grtl & 18 F A A
(16GYS-10) #k 47 J5 7 U-Pb & 4F K 3 & o0 & il
W T 7RG OB RN T R AT ST (BSE)
TG SR - B35 BT W R E
JC 2455 16 7 B E AT DU 43 A

B MM T A LA-ICP-MS U-Pb [A] 7 2 ]
AR R JC R A T AE T I R 2 BE ) AR A
VBT 5 T TR S oE A A AR R
T A A B R % (Agilent 7700x) F1HE 4 -4
G R R 55 (GeolasPro) BEAL , 300G #8  ArF 4>
TGRS B A AR T A 00O R DR B AR 4y
W% E A 32 wm F1 60 pm, FOCRE R B E N 5T/
em”, F plUS 2R R 5 Hz. 525 w0 ok He £E 4 21 b )
Ji R R, Ar N B B A RUA R T A AR T
K bR HE S 47 91500(1 062 Ma) A 4 K IE . 44
WA bR e WS20 1 oy Wi 45 40 1 A DU 4F 1 J A
WK A 22 B, WS20 |19 *°Pb/*¥U IR - 34 4F i K
1160 = 9 Ma(MSWD = 0.1,n = 10), S #E7E
1% 22 3 Bl N — # (~1 160 Ma; Yang er al., 2018).
JC K & 2 R bR AR EE NIST610 1E Jy &b s Xt ] 38
FE i BEAT BEIE . R S AT SR AR 18 s Y 2S 1, Bl
J5 HEAT A5 s B RE i ol R ik o8 B #EAT 27 s 1Y
B e SRR T 2k B SR Bl R 58 B 10 A4S
DU 85 A8 A 3K, I — YR AR A NIST610 . 91500
M WS20. BAK Y 53 7 26 3R W] 2 WL Fu e al. (2015)
FLi et al. (2018). X 43 H %k 95 29 26 b 8 (42 5 X
FEMMZ AES MR RAREEBRIEMTER
& BB ) & JH ICPMSDataCal 10.1 # 4 (Liu et
al., 2010) 5¢ B . BS A F0 A A 7 AR R R R
Isoplot 4.0 844 . AT AMEITR &8 RH
Z A bs LN bR EE AT AR OE

3 44

3.1 AWBFREFRIESS

e AR LR R A (— ) BT R T I A AR A
T IREE B3 43 B 45 R0 UL B 2R 1. A R A
J& TS B A — A AR AR A AR RS EAR A
=M A FE R TR AR R AR Cu
PR3 R Y (L 6).

55— W AT A (Grtl) i Si0, . CaO Al MnO
& & W ok 35.61%~37.12% . 32.97%~33.87%
A10.18%~0.37% , ALO; Al FeO' (4= 4k ) & & 43 il
K 1.74%~6.90% F1 21.58%~28.81% , MgO #
TiO, & & B AL (<< 0.1%) . B FHE 40 3 53 %
W, Grtl JB8 T 8 8k M oA — 8 oA
( Adre,.Gross s~Adre.Gro,) , & A /L BB WA
(0.08%6~0.43% ) Fl % # # A (0.50%~0.97%)
(MR 1). 5 Gril M E 28 = A 7 A4 (Grti2) 19

SiO, (37.54%~37.93%) . CaO (34.08%~
36.19%) MnO  (0.28%~0.49% ) ALO;

(11.57%~11.93% ) 1 Ti0,(0.22%~0.61% ) i &
HEAH X & T FeO' & & (11.82%~14.76% ) 4
XFREAR . BT R E R TR R B, G2 JR T R
A — 55 808 18 A (Adry Grog s ~Adry .Grosgs) , &
AR BE B A (0.08%~0.30% ) Fl4f B A A
(0.66%~1.19% ) (K 1).

Al+Py+Sp+Uv(%)

0 20 40 60 80 100
Gro(%) Ad(%)

FL6 e kA (— ) KA =0 5 S8R i
Fig.6 Triangular classification diagram of garnet in the Gaoy-
ishan Wo (-Cu) deposit
JiE 4 Meinert ez al.(2005). Gro. #5531 41 ; Adr. 854k £1 ; Alm. £k
BARE A s Py BESRAR A1 s Spe. BRER I A1 s Uv. 55518 A1



s 3 BN A T4 U-Ph s 428 4 255 R o 0 3

863

32 #AU-PhERERMETEANK

FE 16GYS-01 MR A 9 —KINK A, ER
AR 2 hREEN, 2 A kA
AR ZE ), B4R 50~150 um, K 58 L (5 £ 7E 2~4 2
[E] .CL EME 7, K 2 50k A 0k 5 AT 3 B 19 72 35
WAty FRAE & F 308 1 25 KBS A (B 7a) . R IR S B
T 22 A4 EE A s, H Th & Ol 106X 10 °~300 X

1075, U & K 133X 10 °~307X10 °, Th/U 14
TE0.77~1.27 Z 8], 4 R Z 4 A 0.8~1.0 Z[H] , 5%
WodE A — B CHE 3 2).22 4> 55 % 8 A It s
B °Ph/**U 4F i 7 138.5+3.2~141.6 3.7 Ma &
B, Jm A F ¥ AR i Sk 139.8+1.5 Ma (20,
MSWD = 0.10,7n = 22) (&l 7a).

(a)16GYS-01 Zr

(b)16GYS-01 Zr

0.024
10°
0.023
10
=
0.022 *
= A
: S
s o
F &
" 0,021 g
| =10
) 1307 2
mECEEES | e |||||“|I||I||| ||||I|
0.020F  =139.8+1.5Ma | il | || |||| ” 10*
MSWD=0.10,2=22 | g
[Ul.,=192X10 ¥ -C*"I 134
0.019 I [ErL— ' 107 . s ) . h \ s ; i . i '
0.06 0.10 0.14 0.18 0.22 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
WA
U A\\(c)lnGYS-IOAGrti (d)16GYS-10A Grtl
\
g . 10°
\ TWF & 8
0.3 N =142.5+2.0Ma
# LY MSWD =1.30, n =38
\\ I
=
= [U],,=21X%10" 210t
= b
" I
]
s
{1)8 o
" . " N " N A 10 L L L L L L L L L L L L s s
28 32 36 40 44 48 52 56 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
251 %ph
0.5 - 10
(e)16GYS-10B Grt2 (H16GYS-10B Grt2
\l
\
.5 T-W 22 s )
0.4F =136.0+14.0 Ma 10°
MSWD=0.42,n=17
s
203 [U],,=7.6X10" = 10!
£ ¥
) %
0.2+ ,'%‘ N~ 10
=
N =
~%]
0.1F S 107 |
=000 7 % W —o= O —
2 o ;] =)
& & .= L= X
00 i i b L Iu.
20 30 40 50 60 70 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

P 7w LR K (— B 87 PR A 38 N KA 5 7 fRY 25 70 B 70 LA-TCP-MS U-Ph 4F i 38 A 1] S A 42 50 28 Bk Bt

PR AL L 23 it £k

Fig.7 LA-ICP-MS U-Pb concordia diagrams and chondritenormalized REE patterns of zircon in the quartz diorites and garnet in

the skarns from the Gaoyishan Wo (-Cu) deposit

BRRLB A1 AR E LB 51 F Boynton ez al. (1984)

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



864 HERBL2%  http://www.earth-science.net

45 %

BEAh , A1 A N A I A i 1 o0 2 BRokE i
AR B o R 2 EA + wER, AR B
Ce IE 5%, X 5 ARSI B A 1 FRIE — B (&l T
Hoskin and Schaltegger, 2003). f1 9 — K [N K A 1Y
fis + M A B (SREE = 305.2X10 °~623.4X
10 %), LREE = 21.9X 10 °~49.0xX 10 °, HREE =
283.3X 10 °~592.7X 10 °, LREE/HREE It {4 7£
0.05~0.15 Z [i] (B £ 3).

33 ABTFAU-PbERREMETEAK

e ey LU AR KA C— ) 87 IR 1A 4R R o i
£ LA-ICP-MS U-Pb [F] i F 53 B 25 5 UL Fff 3 2. 4
i 16GYS-10 M E K A AR AW R4, & A W)
AT A, s —W Gril 48 T4 B & Fe, H
AR F A5, LR &0 Y 2 Kk (Kl 5b).
AR Gril 24341 T 384~ U-Ph Al i 45, L Th &
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23.7X10°° S {H My 21.1X 10 °; ¥ 58 Pb & &>
0~14.8X 10", SF- ¥ (N 5.3 10 (Bl % 2).38 4
Gl AW F AWK A RKAEFLADHT-W T K
J5Ph/#PU 4R % o 142.542.0 Ma (20, n = 38,
MSWD = 1.30) (& 7c). @ # th Grtl /1 18 74 # £
JCE BRORL A R AL C 43 i 26 5 10 35 ) LREE & 4
¥ AF , SREE 4 76.0X10 °~98.2X 10 %, LREE X
75.2X 10 °~95.0X 10 °,HREE 2 0.4 X 10 *~3.9 X
10 °,LREE/HREE HAB7E 21.8~226.4 Z [8] , 2 B 1
BRIE 5 H FRAE (OEu = 0.65~3.83) (A 7d, Fff £ 3).
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AY R UL Y AL B AR (& S5b) L AR Gre2 2843
T 174 U-Pb R & A&, H Th it 0~3.2X107°,
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14 T-W F 22 45 "Ph/*"U 4 % 4 136.0+14.0 Ma
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U-Pb E 4 By i 5 15 F 2Bk T b U &% B
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(ID-TIMS) , JF B A — 2L 58" ¥y 4 ) £1 ID-TIMS
U-Pb 4E 5 1) 41 18 (Gulson and Jones, 1992; Yuan
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W (Li et al., 2010a; Zhang et al., 2017). it 4F
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MS) 73 BT $ R 1Y 2 8 2, & A RE X Z A Ik U
W AR A R A B R A SE ) AT R A
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(Deng et al., 2017; Seman et al., 2017).
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WA SR T U & i B, BR 8 2 )5 2 U-Pb
W] {37 2% I 4F /Y 5 14 (Deng et al., 2017 ; Wafforn et
al., 2018; Zhang et al., 2018) . R W58 1 , 7E 5
R LA™ XA A AR A AN R AV A RE R A A
METYAER,CRERHE N E UM ER. I
Ah % B Grtl £ 1 A 47 U-Pb [A] f57 &
AP, LACICP-MS SRR EZ R AL RF S,
4% Si .U ¥La, “Ce  "'Pr. “Nd., *"Pb . " Th
LT R, B Grol (9 U o B ol e, X st
FIER R mmil Gril AW F AU EE kA
T mAs (8, Fff 3% 2).
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1994 ; Smith ez al., 2004) . & FHI LAY B T2 42 A
M B (LU Y+ 2[Fe®, AP Y =
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& LA P B M (http: //www.earth-science.net).
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