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Abstract The Huangshaping polymetallic deposit is the largest lead-zinc mine in Hunan Province. There are various kinds of
magmatic rocks distributing in this mining area, associated with W-Sn-Cu-Pb-Zn-Ag polymetallic mineralization. It’ s also a
reprensitative deposit in southern Hunan with porphyry-skarn-vein Cu-Pb-Zn-Ag and W-Sn polymetallic superimposed mineralization.
To clarify the geochronological framework and source characteristics of Huangshaping granitoids, and to address the temporal
relationship between magmatism and mineralization, three types of granite including dacite porphyry, monzogranite porphyry and quartz
porphyry, and the enclaves hosted in the quartz porphyry in Huangshaping were collected for zircon U-Pb dating and Hf isotope
analysis. The results show that the zircon U-Pb ages of the dacite-porphyry, monzogranite porphyry and quartz porphyry are 158.5 +
0.9Ma, 155.2 +£0.4Ma and 160. 8 = 1. O0Ma, respectively. The zircon U-Pb age of the enclave hosted in the quartz porphyry is 220. 4
+1.2Ma. The inherited zircons cores that yield Paleoproterozoic and Neoproterozoic ages were found in the monzogranite porphyry.
Igneous zircons of Middle-Late Jurassic have low and similar gy, () values of —7.6 ~ —3.2 and Mesoproterozoic (1.7 ~1.4Ga)
depleted-mantle model ages, which is interpreted to reflect derivation from old crust source. Those old zircons yield positive gy, (1)
values of 0.5 ~6.5 and negative of —1.5 ~ —0.07, suggesting involvement of the depleted mantle source in the magma generation.
The zircon U-Pb dating and Hf isotope analysis of different kinds of granitoids in ore district imply that they had a cognate origin related
to partial melting of ancient continental crust. These data also provide important evidence for temporal-spatial connections of
emplacement of the granitiods and W-Sn-Cu-Pb-Zn-Ag polymetallic mineralization in the Huangshaping mining area. In addition, U-Pb
ages of the inherited zircon cores indicate that this area has undergone a complex magmatic history, which maybe the crucial reason of
the formation of Cu-Pb-Zn-W-Mo-Fe polymetallic deposit.
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Fig. 1 Sketch map of nonferrous metal deposits in southern Hunan Province (modified after Peng et al. , 2006)
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Fig.2  Geological sketch map of the Huangshaping polymetallic deposit ( modified after Lei et al. , 2010)
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Fig.3 Photos and photomicrographs for the granites and enclaves from the Huashaping deposit

(a) -quartz porphyry; (b)-monzogranite porphyry; (c)-the enclaves hosted in the quartz porphyry; (d)-quartz porphyry ( HSP-7, crossed light) ;

(e) -altered plagioclase in monzogranite porphyry ( HSP-2, crossed light) ; (f)-graphic texture partly appeared in the monzogranite porphyry ( HSP-2,

crossed light) ; (g)-monzogranite porphyry ( HSP-2, crossed light) ; ('h)-contact boundary of quartz porphyry and the enclaves ( HSP-12, crossed

light) ; (i) -the texture of the quartz porphyry enclaves ( HSP-12, crossed light)
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Fig.4 Diagram showing classification and naming of rocks
for parts of porphyry samples in Huangshaping area ( base
map after Le Maitre, 1989)
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Fig.5 CL images of representative zircons from the Huangshaping granites
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Fig.6  U-Pb concordia diagrams of zircons from Huangshaping granites

R AR A 2 8, B T Z AR X A HoHe 48 i
B —4 6 A Ph/P U M A5 Ak I N 152.6 ~
157. OMa, BTG Hy 155. 2 +0. 4Ma, MSWD =2. 0( & 6) ,
SHT BT 4 26 5 E AE 84 (161.6 = 1. 1Ma, Bk ZE W] 4%,
2005;150. 1 0. 4Ma, 3L 5 2013 ) 238, Al f4 3 — K18 i B 4=
FITE AR o LA B A 0 AF I st B A UL 5 o0 A T — 4%
IR - (& 6) , #i [A0F RE0RT 4 o fdd, 5 HSP-
2. 15 35 F i F1 97 Pb/ ™ Pb 4E 5 24 2650 + 12Ma, & 31 K iy
A5 TS A I AR I Y s o T AR, AR HSP-2. 8 i HSP-2. 9
25 ™ Ph/ 2 Ph i FIAE IS Oy 2452Ma 2457 Ma, i ALF- 1) 4F
#k 2457 + 8Ma, MSWD = 0. 13; f5 HSP-2.5 I HSP-2. 14
27 ph/ 2 Ph JEFIAERS S 2374Ma 2376 Ma, INALE# h 2375 +
8Ma, MSWD =0. 031 ; /5 HSP-2. 13 (14> Pb/*® Pb 4F &k 2202
+ 19Ma; /5 HSP-2.7. HSP-2.11, HSP-2. 12, HSP-2. 16 [¥)
*7Ph/* P i FIAE % 1E 1824 ~ 1853Ma 2 [, il AL F- 34
1836 +20Ma, LA b FLAHEE A 4E M DA 1842Ma 42 4k 31| 2650Ma,
AR Ry A o Ao R v A i B 4 A B0 K T RO
R T AP A .

ALIARFE i (HSP-12, [&] 5) gl A ohs 22 52 R (0 A b sl
R, RIE SR, KRR IR0 i 3 i, Th/ U LU {75 0. 3

PLb AR o MR X 13 AN R8s s i, 75 0
PRI FIAERS , BRI 04T s T U JTh &5 7w A
AR AL, 7 A £ Ph/™ U 4R ik B b 43 A T 153.6 ~
157. 6Ma 2 [a], Jn AL #9 4E % g 155.9 = 1. 5Ma, MSWD =
3.1, Hifr 4 AN S Ph/ ™8 U AE IR TE B 219. 3 ~222. 1Ma,
NACERAES 7 220. 4 + 1. 2Ma, MSWD =0. 55, % [E 5| RA¢
B Ar kB P AT REVR A IS A B B A, DA KR
155. OMa BB 4E 1% 5 37 58 0 A JEBEa 1Y Ba 4R I
PR, AT REAC 2 A S B B AR %, T T A5 220. 4Ma (55 A
20 Ph/ P U IALF- 545 i 1T REAC R AL AR O TE AR I

4.2 SR HEEEK

BYPIT X AL K A 25 0 Lu-HE R0 R B4 R L3k 2,
XTELSE K U-Pb MAE (1Y) 17 B0 42 B 5 v A X i for. HE
R 2 43 #7458 W, 90 87° HE/'7 HE B E 8 — B, 43 A T
0.282463 ~0. 282588 = [i] , -2 {8 7 0. 282511, &, (1) (K
=7.6~=3.2, P¥EN -5.9, ZBBHEAFER (o) N
1411 ~ 1691Ma, 73 BEA 1 9 A B A W A5 10 1 7 HEY
TTHE 20 % B ¥ —, 5 0.282494 ~ 0.282585, - ¥ {H Ny
0.282553 e, (1) {HH -6.6 ~ =3.6, B} -4.6, "B
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Table 2 Zircon Lu-Hf isotopic compositions for the Huangshaping granites

HIE=8=s 176 {177 HE 2sigma 76 L/ HE 76Yh/ 177 Hf AFHE (Ma) enr(t) tpyz (Ma)
HSP-1.3 0. 282507 0. 000018 0. 0020 0.0754 158.5 -6.098 1595
HSP-1. 4 0. 282588 0. 000016 0.0015 0. 0547 158.5 -3.192 1411
HSP-1.5 0. 282489 0. 000017 0.0016 0. 0596 158.5 -6.692 1633
HSP-1. 6 0. 282537 0. 000016 0.0010 0.0351 158.5 -4.928 1521
HSP-1.7 0. 282464 0. 000015 0.0014 0.0512 158.5 -7.579 1689
HSP-1.9 0. 282535 0. 000014 0.0010 0. 0408 158.5 -5.010 1526
HSP-1. 10 0.282474 0. 000017 0.0013 0. 0472 158.5 -7.189 1665
HSP-1. 11 0. 282507 0. 000017 0.0013 0. 0502 158.5 -7.158 1591
HSP-1. 12 0. 282499 0. 000014 0. 0007 0.0234 158.5 -6.262 1606
HSP-1. 13 0. 282463 0. 000016 0.0014 0. 0542 158.5 -3.192 1691
HSP-1. 14 0. 282520 0. 000019 0.0010 0. 0347 158.5 -7.601 1560
HSP-1. 15 0. 282542 0. 000016 0.0013 0. 0467 158.5 -5.534 1513
HSP-1. 16 0. 282475 0. 000016 0.0013 0. 0503 158.5 -4.797 1663
HSP-1. 17 0. 282546 0. 000011 0. 0009 0. 0292 158.5 -4.614 1501
HSP-1. 18 0. 282501 0. 000017 0. 0022 0.0978 158.5 -6.030 1610
HSP-1. 19 0. 282504 0. 000018 0.0015 0.0618 158.5 -6.334 1599
HSP-1. 20 0. 282530 0. 000018 0. 0023 0. 0920 158.5 -6.149 1546
HSP-2. 1 0.282531 0. 000015 0.0018 0.0741 155.2 -5.308 1543
HSP-2.2 0. 282480 0. 000022 0. 0034 0. 1605 155.2 -7.258 1666
HSP-2.3 0.282528 0. 000016 0. 0030 0.1236 155.2 -5.513 1555
HSP-2. 4 0. 282580 0. 000021 0. 0024 0.0921 155.2 -3.642 1437
HSP-2. 6 0. 282524 0. 000013 0.0010 0. 0365 155.2 -5.451 1552
HSP-2.7 0. 281639 0. 000020 0.0012 0. 0404 1824. 4 -0. 496 2525
HSP-2. 10 0. 282536 0. 000018 0.0011 0. 0366 155.2 -5.051 1526
HSP-2. 12 0.281628 0. 000014 0. 0009 0. 0354 1842.6 -0. 440 2522
HSP-2. 13 0.281618 0. 000032 0.0013 0.0392 2202.2 6. 549 2368
HSP-2. 14 0. 281352 0. 000029 0.0016 0. 0446 2375.6 0. 467 2876
HSP-2. 15 0.281271 0. 000017 0. 0007 0. 0229 2650. 3 5.235 2796
HSP-2. 16 0. 281605 0. 000014 0. 0009 0. 0337 1833. -1.521 2581
HSP-7. 1 0. 282541 0. 000018 0. 0038 0.1134 160. 8 -5.054 1530
HSP-7.2 0. 282567 0. 000012 0. 0033 0.1199 160. 8 -4.072 1468
HSP-7. 4 0. 282541 0. 000018 0. 0030 0. 1092 160. 8 -4.952 1524
HSP-7. 6 0. 282547 0. 000021 0.0035 0.1163 160. 8 -4.799 1514
HSP-7.7 0. 282585 0. 000022 0. 0049 0.1937 160. 8 -3.616 1439
HSP-7. 8 0. 282569 0. 000017 0.0035 0.1324 160. 8 -4.031 1465
HSP-7.9 0.282581 0. 000017 0. 0036 0. 1185 160. 8 -3.593 1437
HSP-7. 12 0. 282494 0. 000017 0. 0030 0.1170 160. 8 -6.635 1631
HSP-7. 13 0. 282549 0. 000017 0. 0032 0.1285 160. 8 -4.679 1506
HSP-12.2 0. 282494 0. 000016 0.0012 0.0416 155.9 -6.538 1621
HSP-12.5 0. 282547 0. 000016 0. 0025 0. 0822 155.9 -4.792 1510
HSP-12. 6 0. 282547 0. 000016 0. 0025 0. 0822 155.9 -4.792 1510
HSP-12.7 0.282519 0. 000021 0.0017 0. 0498 155.9 -5.683 1567
HSP-12. 8 0. 282493 0. 000018 0.0017 0. 0530 155.9 -6.634 1627
HSP-12. 10 0.282534 0. 000016 0.0011 0. 0391 220. 4 -3.738 1492
HSP-12. 12 0. 282526 0. 000016 0.0017 0. 0603 220. 4 -4.121 1517
HSP-12. 13 0. 282423 0. 000019 0.0018 0. 0556 220. 4 -7.773 1748
BEAEWS (1, ) B 1437 ~1631Ma, KGR BEA 6 4R ~ 3.6, - 5.4, BB (1, ) R 1437 ~

PR A A3 45 S 4 S A B0 3RO B/ HE HOE R 1666Mag J3 8k, ik CAR R 6 Bty R B A1 1 | [l % 70 B
0. 282480 ~ 0. 282580, - Jy 0. 282530, &, (¢) il = 7.2 A3, %006 " HE/ 7 HE B /1N (0. 281271 ~ 0. 281639) , -1
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{H4 0. 281519, & (0) (HIE A B M. 3 DMEWRTE 1833 ~
1843Ma (%% 44" HE/ HE AR B /N, f I AR % 31 3 i
ew (O MEN R - 1.5, -0.5, -0. 4,55 F 0, B B By HE L
XAEW BT 252 ~2.58Ca, 43 MHEHA
(2202Ma 2375Ma .2650Ma) (14" HE/' Hf H A& T8 /N, B 1F
B e () E (0.5 ~6.5) , EATHIE Y B HE 5520 AF #4351 Ry
2.67Ga 2. 88Ga F12. 80Ga,

5 Wie

51 FRENEERZREEREX

ARSCAFI VDI XA BB S R AE R B R %
BEA I E A LA-ICP-MS U-Pb 4E IR 45 R W], = L5 A F I
2T, AT 155 ~ 160Ma Z [l , 5 HT A ZRAF AL R BEE (161. 6
+1. 1Ma, WK ZEHI %5 ,2005;150. 1 0. 4Ma, 3L 52013 ) Flf 9%
B (152 +3.0Ma, &5 PE1E %, 2010;155.3 £ 0. 7Ma, L &,
2013) (AR R, 25 B B0 X AR i A 2530 0 8 A kL U &
R L BGAR B oA i 25, AT X XA [F] 28 T 78 54
Fa A AR IR TE R 20 BN A —F, JF B B BUE A
BT U-Ph 4RI 557 R N MESH Re-Os 4E1% (154. 8 1. 9Ma,
k72 B 45 20075 153. 8 + 4. 8Ma, Ih i #i 25, 20075 157.5 ~
159. 4Ma, H{FfE 4 ,2010) 7515 22 70 Fl A — 3, F5 7R 12 X A6
A IR AL S XN 24 JE I VE Y R AR T -k B
e, 55 E T B LA A (Ar-Ar 32 162.6 + 3. 3Ma, X1 X /%
& 1997 ;4547 U-Pb 3£ 152 +2Ma, Li et al. ,2004) B4 A
(5 A U-Pb 3 160 = 2Ma, 2 4 4] 55, 2005 ; {5 & B 4%,
2004a; BB Ar-Ar 3 157.5 0. 3Ma, & 5 30 %,2004) 3%
Bl (45 45 U-Pb 3 155. 4 ~ 158. 4Ma, 25 )i ji£ 25,2011 )
VL RORA S BOAAT Bl 445 SR 3 2 S SR AR B B SRR
B B IS FH AR RS A s e A
) B BT B PR — 30 (160 ~ 150Ma, ZE£T41 55,1996 5 T 57 3¢
452004 ,2007 ; Peng et al. , 2006; i #5245, 2008 ; Yuan et
al. , 2007, 2008, 2011 ; X1 B 3f 25, 2012 ; 72 I ik 25, 2012a,
b) |, g0 X o A AR K RIAE LA 1 1 R A i 43 (B
FEIC4E 2007, 2008 ;487 [R 45,2010 ; Mao et al. , 2011)

YRR/ AR A BRI T TR AL T VD 5T M XA 1 BT
A TR DX AN [R] B B A S AR B e AR AR R BEA
T A5— 4k AR5 A7 1™ P/ > P 4E i 2650 + 12Ma, 154
Z XA ) f 2 B RS A AR, A A AR E X LB TR R PR R
N A AR RS A AR 1 RERE = S Rk =3 , 19925 1
Ibe 75,1996 5 15 A B 45, 2004b; F 20k % ,2010) , #578 % IX
AR AEAE R A Tl & b 52, 4R % Oy 2456Ma, 2375Ma
1836Ma {4k /K 85 A 5 X 38 _E O 0F 58 10 55 08 2625 245 1R
(2445Ma 1708 Ma , X 25 7R 55,2006 ) | JU &% 1L &2 =078 i< A 14
(1579Ma 2108 Ma, i dt B 55 ,2004b ) | 3ok i 34 75 JB = B —
KAERK # (1666Ma, FZHRAE,2010) DL EAlIE =35 A H
KA A (2440Ma , FRAENE FISRAR TN, 2012) Hr 3R FA 1l %
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B BT RETE B X A R on T AUR IR . AN, RS
A LA 220. AMa (AR IS 1 7 B DX TR R T RE & A B SC
W RRRAA T, X 55 XIS 2 i B S AR 1 A (AR A 1Y)
Fo LiL, UORIF ) Z 4155 AT AR I B S R T8 XN )
IR IE IR B, X AT B2 1% X Cu-Pb-Zn-W-Mo-Fe £ 4
JE A IR —

5.2 HARBEXRE

HGE I Sr [F) A 3 (FEEWI S5, 1995 ) Fila 7 # Bk 1k 27
FHIE (WK 4255, 2005 ) 73 BTAh , B VD PFA ORI T H5E ,
PATURRE Ay 32 10 3 58 W) S50 40 s e i 3 4F K O BIF IR K
L, A AL HE [ 037 38 70 A S 485 75 3 7 T8 A0 R B3 2
X ) 8 3 F B ( Vervoort and Patchett, 1996 ; Scherer et al. ,
2000 ; Griffin et al. ,2002; Zhang et al. , 2012) , f T, ¥ &
(2013) J@ i HE [/ ALK 50448, 500 1 A DG f1 3L B
FEORIE T H7E , -5 8 HE A G TE B RS TR G A2
A WY, 2SR A i ), X5 A R
Tk G g, A 3 EOR A ST DGR AR (BSOS,
2008,2011) , FfH., 28k 4255 (2012) FISL 52 (2013 ) 4R A5 X 4
[F]— AU 1 5 HE R R B (3R 3) AR 7ERC R 22501
T, FATHREHE T BV PP X A S5 K A8 K 5
B ERRCE A B [RALR AR, BRI A &AL K TS A
(e HE/THE H R 43 A 7E 0. 2825 BT, & (1) {HAE
=7.6 ~ =3.2 ZJu], “ R B AERS (1, ) WEIHZ M 1. 69 ~
1.41Ga, RUIX =F A A ATRE X ZRIFE THIST (B 7)), A
Jut I B R A R . o A BB ey (1)
CEIMER -4, 6) BAER BEA (CFIME N - 5. 4) R, (HX]
W IXAB A 28 A1 HE AR B SE T (K 8) s, A e Bt
AR B S B B (1 HE (R 2R 4 B, JF AR L
Bo HITH XARZERNIE R BUA A B A AIE N E A U-Pb
AR e TIE [R5 3R 20, 46 78 HEFT BB [m]— 6 KA ) 3 AL By
By o A H DX SR AR e e TR AE s 1 1 R
FHM( -11 ~ -9, FBETLE,2007) B, 7 X N 1E K T
A e () IR, P REFE 75 1% XA B Ak R v o /b b s
YRR A

A6 B T A0 Ak AR B A A I A AE Dy R R I B AT 4R
Mt T HE LR (Belousova et al. , 2002) , # VP EE K AE X 5
R AR R B A I AFTE R I LU A R TR S T e 5 R
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Table 3 Summary of the former Hf isotopic data for the Huangshaping granites
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