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Fig. 1 Geological map of Jiama deposit (after Lin Bin et al. , 2019)
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1—Quaternary sediments; 2—andstone, slate and hornfels of the Linbuzong Formation in Lower Cretaceous; 3—limestone and marble of the

Duodigou Formation in Upper Jurassic; 4—skarn marble; 5—skarn; 6—skarn orebody; 7—granite porphyry dikes; 8—granodiorite porphyry

dikes; 9—quartz-diorite porphyry dikes; 10—slip faul; 11—range of ore block; 12—drill hole and its serial number; 13—No. 8 exploration line
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Fig. 2 No. 8 exploration line geological section in the Jiama deposit
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Fig. 3 Typical alteration and mineralization in northern Zegulang
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Bio—Biotite; Chl-—chlorite; Ccp—chalcopyrite; Mol-—molybdenite; Mt—magnetite; Py—pyrite; Q—quartz; Ser—sericite
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Fig. 4 Surface exposure of granite porphyry, hand specimen (a) and micrograph (b)

in northern Zegulang of Jiama mining area
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Yongsheng et al. , 2010a), £5%4FR#E 91500 ) U-
Th-Pb [a] i & Lt {6 #ff 77 {4 4% Wiedenbeck et al.
(1995) . S A FE A U-Ph 45 i 35 A 2 il F4F 5%
A E i B ¥ R ] Isoplot/Ex_ver3 (Ludwig,
2003) 58 J o R 43 B BR A 19 12 2 Ak P A0 458 XA i A
2 AT PR A R U IR AR TR & i &
U-Th-Pb [R5 L {5 A1 4R 8% 31 50 % A 8/ 1CP-
MS-Data Cal (Liu Yongsheng et al., 2009; Liu
Yongsheng et al. , 2010a) 58 i, 40 191X 2% B 4E
S5 R B B Ab B 5 ¥ A Liu Yongsheng et al.
(20093 2010a; 2010b), 8 {4 A #F il FE R T
FOREE A A R 25 R 2 T KR A AR A T R A
b N O O 3R I a7 Y e A 4 b B I 3 P 5
Ao Hor, FEOTR A A X A PO
SCCXRE) S8 B MRS A T 506 5 W b Rl it 0 3R
Mt 8 B 5 46 8 1 TR B (X (TICP-MS) S8 K
MR TRHRT 10X10 "B iR ZE/NTF 5%, T HE &
H/NF 10X10 /L, iR 22 /N F 10%.
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A, e Th & &k 259X 10 ° ~1290 X
107, U (& 80 413X 10 °~2010X10°, Th/U
M R 0.6 ~0.9, KW AN JE T HKEA
(Belousova et al. , 2002), 22 WA s 4 U-Pb il
WA 3 (& DRV Ph/* U HAH A 0. 00227
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Fig. 5 CL photography (a) and U-Pb concordia diagram (b) of zircons from granite porphyry
K1 HHWESEA LAICP-MS U-Ph B =ERNEE R
Table 1 LA-ICP-MS U-Pb zircons age data of granite porphyry
W Th Ul o 207 Pl /206 P, 207 P /25 U 206l /238 207 Ph/255 U(Ma) | 2% Ph/2% U(Ma)
(X107%) WA 26 A 26 A 26 e 26 R(ED 26
004ZG01. D | 259.0 | 436.0 0.6 0.03800 | 0.01200 | 0.01350 | 0.00430 | 0.00265 | 0.00019 13.5 4.3 17.1 1.2
006Z2G03.D | 911.0 1323 0.7 0.04710 | 0.00610 | 0. 01500 | 0. 00190 | 0.00236 | 0.00010 15.1 1.9 15. 2 0.6
0072G04. D | 946. 0 1225 0.8 0.04190 | 0.00780 | 0.01430 | 0. 00260 | 0.00249 | 0.00010 14. 4 2.6 16.0 0.7
011ZG07.D | 835.0 1219 0.7 0.04230 | 0.00670 | 0.01320 | 0. 00200 | 0.00227 | 0.00008 13.7 2.2 14. 6 0.5
012ZG08.D | 774.0 933.0 0.8 0.04400 | 0.01100 | 0.01330 | 0. 00310 | 0.00230 | 0.00013 13.4 3.1 14. 8 0.8
01372G09. D | 447.0 733.0 0.6 0. 04300 | 0.00880 | 0. 01500 | 0. 00310 | 0.00254 | 0.00014 15.1 3.1 16. 4 0.9
01472G10. D | 1290 2010 0.6 0.04770 | 0.00540 | 0. 01600 | 0. 00170 | 0.00247 | 0. 00009 16. 1 1.7 15.9 0.6
015ZG11.D | 853.0 1083 0.8 0.04970 | 0.00820 | 0.01650 | 0. 00260 | 0.00244 | 0.00009 16. 6 2.6 15.7 0.6
016ZG12. D | 514.0 753.0 0.7 0.04100 | 0.01000 | 0.01350 | 0. 00310 | 0.00250 | 0.00015 13.6 3.1 16. 1 0.9
020ZG13.D | 382.0 | 681.0 0.6 0. 05600 | 0.01100 | 0.01960 | 0.00370 | 0.00255 | 0.00013 19. 6 3.7 16. 4 0.8
0217Z2G14.D | 556.0 | 925.0 0.6 0.04620 | 0.00810 | 0.01520 | 0. 00260 | 0.00248 | 0.00014 15.3 2.6 16.0 0.9
02272G15.D | 720.0 | 900.0 0.8 0.05200 | 0.00970 | 0.01820 | 0. 00300 | 0.00258 | 0.00015 18.3 3.0 16. 6 1.0
02372G16.D | 1046 1195 0.9 0. 04170 | 0. 00580 | 0.01430 | 0. 00200 | 0.00244 | 0.00010 14. 4 2.0 15.7 0.7
02472G17.D | 769. 0 1057 0.7 0. 05060 | 0.00820 | 0.01750 | 0.00280 | 0.00257 | 0.00013 17.5 2.7 16. 5 0.8
02572G18.D | 193.7 | 413.0 0.5 0.03400 | 0.01500 | 0.01310 | 0. 00520 | 0.00257 | 0.00019 14. 4 5.7 16. 6 1.2
0272G19. D | 506.0 648. 0 0.8 0.04730 | 0.00990 | 0.01580 | 0. 00300 | 0.00247 | 0.00013 15.8 3.0 15.9 0.9
02872G20.D| 1008 1084 0.9 0. 05540 | 0.00890 | 0.01770 | 0. 00280 | 0.00238 | 0.00010 17. 8 2.8 15. 3 0.7
02972G21.D | 721.0 1003 0.7 0. 04920 | 0. 00860 | 0.01670 | 0. 00310 | 0.00246 | 0.00009 16. 8 3.0 15.8 0.6
030ZG22.D | 504.0 | 804.0 0.6 0.03900 | 0.01100 | 0.01200 | 0.00330 | 0.00235 | 0.00012 12.1 3.3 15.1 0.8
031Z2G23.D | 394.0 537.0 0.7 0.04300 | 0.01200 | 0.01510 | 0. 00390 | 0.00262 | 0.00018 15.1 3.9 16.9 1.1
0322G24.D | 1153 1477 0.8 0.04610 | 0.00780 | 0.01420 | 0. 00240 | 0.00227 | 0.00009 14. 3 2.4 14. 6 0.6
03372G25.D | 341.0 | 548.2 0.6 0. 05500 | 0.01200 | 0.01960 | 0. 00410 | 0.00251 | 0.00017 19.6 4.0 16. 2 1.1

H#,0Ce 2 0.51~0. 84, H J5 b b i Ar HE AL 1 & T
F IR & CE 7h) ] A5 1L A8 B BE A X 4 Rb,
Ba.Th . U.K % K& ¥ ALK M 7H Nb.Ta.P,
Ti FHGRITE .

4 $HE
1.1 BENRBREARE
BTG o B LD 5 X2 0K 28 136 2 AR i PR A

B A E BT BT T R 2 R A BB
Bt KON Ho s AR IR o B SV G R s L 4E

B B 1 Ao I AR X fie i . Oy 16, 7~15.5 Mas K
A B N K B 4 (16,0 Ma) #1276 B BE 4
(15. 6~14. 8 Ma) , f b [N < Bt 2 52 o7 Ji G (15, 7 ~
14.2 Ma) (Qin Zhipeng et al., 2011; Zheng
Wenbao et al., 2016; Meng Yuanku et al. ,
2018) . I BL, 1k K BE A R AL 14. 8 Ma,
B e 4 1 ST 0 | 2R KUEE AF AL 1 AE B BE
RO AL B2 16. 3 Ma, 16. 0 Ma, 15. 3 Ma il
14. 8 Ma(Qin Zhipeng et al. , 2011), Z K 3K 15 W
AL B AR b BEE BB U-Pb 4E I8 ./ T 14. 6

EOSY
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagrams (b) of

North Zegulang granite porphyry (normalization values after Sun and McDonough, 1989)

~17.1 Ma Z [8], N AL EFE R0 15.7+0. 3
Ma. J& T o087 5 0 s i)™ 0. IR AR A i
AT S W YL BE S 3207 B g 50 A S A1 [ A B
HRIEA —Z B R T o i o R A RS S
7/

I B AE B B AE b B 1 3 2R AL 7 R AR
H SiO, & atied, Z KT 7400, BA m iR E .
[l o AL O, & B 2 KT 1300, A/CNK B
W KT 1, B G AR B RR A - Na, O Fl CaO & i
WA 8K, 2 /8 F 0.3%, K.O & e, KF
2%, HEmFRADFN S BIAL R A RAEF L.

KA A WA A T AN X B
ANTA) A I M ER AR 22 23 BT ARG A B BRE 0 e ek L9
BB K Na, O/K, O HAE . i B s Pk HE HO S
BIRE B o o AN () T oAl B — R AE B B B R N G
PEE N KB T RAE K %5 (Qin Zhipeng et al. .

2011; Zheng Wenbao et al. , 2016), S BIfE X & H
JE A F B AR OB B3R 58 A AR IR, HoA A hd
WEMHMARE EEAU LA Fa%5 T8RS
Y. DRI, T A8 KOE i T RUE IR S & B K
A1 Y5 B AR Z 1) 23 e HE S TR AR BE 1 0 B 45 &, BT LA
I BUAE 2 P.Os F1 SIO, & 6 23 52 B S 1) T2 A
5o T WA K A0 T 3o R OO A 1 0 i BB AR L T LA S
RUE B L FE = SIO: S FL P, O5 (1978 63 [l
SARK . M, 2 FhoB & ff an SiO,-Zr Bl Rb-Y
At 2 0 2 S B A sy 5. T U
b By fe i 3 Hom A s & B Bk R e R
ORI E =/ €T N N B 7l R 7 B e N L [ S SR T
KT 1,9+ A% SO, & &, 2 PO, I K&
I, 1 S B B K (] 8a) . H SiO,-Zr KL, 1y
SIS BRI AR T A (B 8b) L I L £5 4 K
Wik S RIAE R A .



%3 AR I S5 < PG R B0 DR U)ol B AL B AR K BE S U-Pb 4F % K BR AL 24 FRAIE 829
x2 UNHEIENHNETEHE
Table 2 Major and trace element data of granite porphyry sample
FE SiO; TiO, Al, O3 | TFe;O; MnO MgO CaO Na, O K,O P,0; LOI Total |A/CNK
7G-6 76. 46 0.48 14.13 0. 90 0.01 0.32 0.21 0.11 2.93 0. 20 3.05 98. 81 3.77
7G-7 77.29 0. 44 13. 65 1.14 0.01 0. 38 0.24 0.07 1.99 0.18 3.53 98.93 5.04
7G-8 77.55 0.50 13.74 1.08 0.01 0.27 0.21 0.11 2.83 0.21 2.81 99. 31 3.78
7G-9 75.66 0.43 15. 24 0. 65 0.01 0.11 0.17 0.13 3.32 0.15 2.82 98. 68 3.70
ZG-10 | 74.49 0.50 15.73 0.93 0.01 0.28 0.18 0.12 3.91 0.18 2.42 98.76 3.31
ZG-11 | 77.48 0.43 14.09 0. 95 0.01 0.12 0.17 0.11 2.98 0.16 2.84 99. 34 3.79
7ZG-12 | 76.16 0.42 13. 85 1. 29 0. 00 0. 30 0.16 0.11 4.02 0.09 2.64 99. 05 2.87
7ZG-13 | 77.16 0.42 13.61 0.97 0.01 0. 30 0.19 0.11 3.65 0.14 2.55 99.11 3.04
e A/NK Cu Zn Rb Sr Y Zr Nb Mo Ag Sn Cs Pb
72G-6 4. 20 17. 65 4.02 185.37 | 783.77 6. 14 124. 69 1.11 12. 85 0. 05 3.90 4. 31 11.03
7G-7 6. 00 19. 15 5.02 127.68 | 625.79 7.22 119. 42 1. 04 23.19 0. 05 3. 90 3.21 9.61
7G-8 4.23 21.03 7.06 174.45 | 857.39 5.60 112. 74 0. 89 30. 64 0.08 3.49 4. 55 13.48
7G-9 4. 00 23.00 3. 90 189.79 336. 38 8. 17 127.46 0.77 27.23 0.09 4.18 3.99 21.03
7G-10 3.55 14. 22 3.69 269.44 | 548.82 7.29 123.65 0.72 12. 36 0. 05 4. 05 7.68 11. 80
7G-11 4.13 20. 30 3.95 171.79 | 483.13 6.17 119. 95 0. 94 20.52 0.08 3.57 3.67 23.15
7G-12 3.05 13.52 11.28 214.76 | 255.16 5. 15 114. 85 1. 40 3.61 0. 04 3.82 4.63 9.79
7G-13 3.29 18. 41 7.67 198.13 | 372.49 5.86 120. 03 1.41 4.37 0. 06 3.94 4.35 9.18
= Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm
7ZG-6 | 380.15 12. 88 24,11 6.69 24.94 3.83 1. 10 3.25 0.41 1.55 0.27 0. 86 0.09
7G-7 350. 6 12.81 24. 84 6.11 22.85 3.57 1.16 3. 14 0. 40 1.54 0.27 0. 84 0.09
7G-8 426 11.04 21.69 6.73 25.50 3.96 1.28 3.41 0.43 1.63 0.27 0. 86 0.09
7ZG-9 | 389.62 8.70 18.31 6. 45 23.74 3.59 1.19 3.07 0. 38 1. 45 0. 26 0. 88 0. 10
ZG-10 | 348.72 8. 04 15. 85 6.41 24,48 3.85 1.12 3.24 0. 40 1.55 0.27 0.92 0.09
ZG-11 | 405.18 11.03 23.40 5.68 20.99 3.26 1. 10 2.74 0. 34 1.23 0.21 0.67 0.07
7ZG-12 | 556.44 10. 01 18. 86 3.74 13.61 2.11 0. 90 1. 85 0.23 0.91 0.16 0.53 0. 06
ZG-13 | 513.81 10. 74 20.78 3.38 12.74 2.17 0.97 1.92 0. 25 0.99 0.17 0. 56 0. 06
BE g Yb Lu Hf Ta Th U SREE | LREE | HREE LREE/") - Lax/ SEu 5Ce
HREE Yby

7G-6 0. 60 0.07 3.06 0. 10 12.55 1. 84 80. 66 73.55 7.11 10. 35 15.42 0.93 0.63
7G-7 0.58 0.07 3.16 0. 10 12. 35 1. 46 78.27 71. 35 6.92 10. 31 15.77 1.04 0. 69
7G-8 0.61 0.07 2.70 0.08 10. 83 2.23 77.58 70. 20 7.38 9.52 12.99 1.04 0. 60
7G-9 0.70 0.09 3.90 0.07 8. 85 0.90 68. 89 61.97 6.92 8. 96 8.93 1.07 0.57
7G-10 0. 65 0.08 3.47 0.07 8. 87 1. 40 66. 96 59.76 7.20 8.29 8. 84 0. 95 0.51
7G-11 0. 50 0. 06 3.42 0.09 10. 19 1.09 71.26 65. 46 5.81 11.27 15.98 1.09 0.72
7G-12 0.42 0.05 3. 80 0.13 10. 67 1.81 53.43 49. 23 4. 20 11.71 17. 31 1. 36 0.76
72G-13 0.43 0. 05 3.73 0.13 12. 06 1.95 55. 20 50.78 4.42 11. 50 17.97 1.42 0. 84

T B IC R AR (Vo) Bl Rl £OC R & AL (X1070),

Xt ¥ S ABUAE b A, FLUR A 28R DL O] B
B R E g Hom A O G OG0 B AL B B A
BE# s TR E A il 2k 5 0 A BE O X B
B T BUER L SR AT R A AR I A R
FHET YRR . FE, Eu 58 A B 5, 308 I8
XAZIRK AN SR, METED . HEE
££ Rb.Ba, Th ,U.K.Sr % K& FREA TR, M5 W
Nb.Ta.P.Ti & mgmon®. HH,Rb.Ba,Sr 3%
BETRHK AP A AR AR B B 5 5 d i
HAOBKAREAEVRARK AR, Nb.Ta, Ti
5 A5 BN 1 LA AE A R AE S TR IXORT R AE LR K
B sk . Th/U AN T 4. 9~9.8 Z ], F
iR 7.2, 5 s F4 0L (4. 2) . Ze/HI HfH

T 30.2~41. 8 Z[H] P ¥{H K 35. 8. 5 e
SEHE AL (~37), Nb/Ta [L{EA T 10.3~11. 1
ZIE L e S A W (11 ~13) . i A bk
FEAE 0 7 Wy B AL B B AE 5 U8 H A H 52 DU RR
EARIE . ik — D E IR 2R, 7E Rb/Ba-Rb/Sr
FI b R i 2 V% ARG D A A TR O R
X 9a), [\ B, 78 (AL O; + TFeO 4 MgO +
Ti0,)-AL O,/ (TFeO+ MgO+ TiO, ) | 5 & tfr , ¥
s U, (R R Vi A D 0T 2 A 3 43 4l X sk (Il 9b) . i
DL D B AE 5 BEAE B BE A N 1% 02 5 R 1 BD 5T I FR
B AT A T

A TR T 2R el ) R A (L 10D kR
W AL AE R BEA FE S B X AE R BEA . K AE
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diagram of granite porphyry (after Sylvester,1998)

BB L CF 38D DN By o R i — R R 20 7 7 [] il
FECHE . ST REREVE A X AR SO S, Al
T2 TH 2% T 1) i Bl il 48 B HG I 1) Ak S 3R K4 2 [
ilf 42 420 3 AH 25 T 5 R 4 A OC Y ok B 24 A [
(Xiao Qinghui et al. , 2002; Tong Jinsong et al. ,
2003; Lin Bin et al. , 2016), Liegeoiset(1998) ##
H AR R i R T A SR 1 L DO i AR
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185 w434 T A OG0 W TR T — AR N BRI, it
PN EPN RS EIEN Ik SRS DN 0 S o
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(Zhao Zhenhua et al., 2007; Lin Bin et al.,
2016) . 7 i feg J5T b X = il 45 B BE 3R Bl B
P ARt % 4 F 5 BN RE Kl ) G ART o, B ) 24 Dy 65
~41 Ma(Hou Zengqgian, 2010) , [fij 2 & 5% X 5 53 45
JF AL B T AR 8 S 15. 7 Ma, A % 35 if 43 1 FH
J& 49.3~25. 3 Ma. J& T Ji5 filf 48 i i) B N (25 ~13
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Fig. 11  Geochronology of magmatism and mineralization in the Jiama deposit and peripheralareas (after Lin Bin et al. , 2019)
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Abstract

Thenewly discovered ore blocks in the Jiama mining area related to the No. II complex massif are
located in northern Zegulang that lies in the northeast of the Jiama mining area. Geological surveys and
drilling data reveal thatthe No. II complex massif includes many kinds of rocks such as granite porphyry,
granodiorite-porphyry, monzoniticgraniteporphyry, quartz diorite porphyrite etc. , with thick copper and
molybdenum ores. To obtainthe diagenetic time and petrogenesis of the No. [] complex massif, zircon LA-
ICP-MS U-Pb chronology and primary and trace geochemical analyses of the granite porphyry are carried
out in this paper. The result show that the zircon U-Pb age of granite porphyry is 15. 7+0. 3 Ma (n=22,
MSWD=3. 3) which is consistent with theemplacement age of the ore-bearing porphyry in the main ore
blocks. Meanwhile, thegranite porphyrythat is the product formed by melting of crust-derived sandy
sedimentary rocks in the post-collision environment, has the characteristics of high silicon, high
potassium, and high aluminum, and is obviously enriched in light rare earth and large ion lithophile
elements with inconspicuous Eu anomaly, abnormal weak and negative Ce, and high differentiation
indexes. In addition, as a newly discovered ore block, the No. II complex massif has the potential to be a
large-to-super-large-scale deposit and is considered as an important target area for the follow-up exploration
evaluation because of uncovering of surficial “limonite coverage” with large area, deep thick porphyry ore

bodies and hornstone ore bodies.

Key words: U-Pb age; geochemistry; mineralization potential; northern Zegulang; Jiama



