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Abstract The Bilihe large-scale porphyry gold deposit locates in the Early Paleozoic accretionary orogenic belt of the northern
margin of North China Craton. The lithology in Bilihe goldfield was the set of volcanic rocks which include andesite, dacite and
rthyolite. The andesite belongs to sub-alkaline, high-K calc-alkaline series, with higher content of MgO (2.05% ~10.29% ), low
FeO"/MgO ratio and the content of TiO, (0.21% ~0.85% ) and with high content of Cr (44 x107° ~473 x107°), Ni (19.3 x10°°
~249.4 x107%) , depleted Nb, Ta, Ti, P, absence or minor of Eu/Eu® anomalies, which collectively indicated the andesite with the
characteristics of volcanic rocks of typical Andean-type active continental margin. The weighted average *Ph/**U ages of andesite and
andesitic tuff were 281 +£4. 3Ma and 281 + 12Ma ( the Early Permian) , by LA-ICP-MS zircon U-Pb dating respectively, and consistent
with the crystallization age (279Ma) of granodiorite porphyry that related to gold mineralization and ore-forming age (272Ma) , which
indicated that diagenesis-metallogenesis of mining area was associated with collisional orogeny between the North China plate and the
Siberian plate in the Late Paleozoic, and suggesting that it had the great potential to find Late Paleozoic epithermal-porphyry type gold
(copper) deposits in northern margin of the North China Craton. U-Pb ages of the ancient inherited zircons presents in the volcanic
rocks and intrusive rocks associated with mineralization were 1. 8Ga, 2. 0Ga and 2. 4Ga, implying that the mining area was presence of
ancient basement of the North China Craton, and as a major factor in generating gold mineralization.

Key words Zircon LA-ICP-MS U-Pb dating; Element geochemical characteristics; Andesite; Active continental margin; Bilihe
gold deposit
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Fig.3 Cathodoluminescence ( CL) images of representative analyzed zircons from sample 09WJ-GTHF-111
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| @ 4 JLEHERAL ARFAE

= VT 4 PR32 1112 B G AT T 44 77 MR fh2
o0 2 SVBR B TE 2 IR 702 4007, WS 7 0852 111
TR B T 3 e 4 Pk S,
. 1400 B2 SO, FrEE 53. 1% ~62. 12% , V-4 56.71% ;
02} = AT 3. 67% ~6.65% P4 5.19% ,— it Na,0 > K,0;
L LB AR 4.8% ~7.36% , Fe,0, > FeO; Mg & &t 5 75
0.1} 600 (2.05% ~10.29% ) ,FeO"/MgO HAHZ/NTF 1:Ti0, &t 4

Pb/TUAE IS

= 28112 Ma fi£(0.21% ~0.85% ) o ‘ALK B IEH & 51-Si0, i 11

N=8.MSWD =52

0./ : . . . FZET], A4 Rittmann $8%1 1. 88 ~2. 56, Wright 75 i #2454k,
TPy 161,13 ~2.69, ZZIIHAE TAS B AN X i1 s &
1 HLIRZE LA e 5, T B v w6 (& 6a) , o4

®) = EPES L K LA R 51 (HKCA) (& 6b) o
320 U ITTE S 123.6 x107° ~129.3 x 10 7%, 454k,
‘ I JEEE/N, Hid LREE (8 95.5 x 10 ™% La/Sm [L{H 6. 7, /318
PR, HREE P 11.2 x107°°, (Gd/Yb) y [KfE 2.0, 4%
SN S, B o i 2 — B R 4, i 4 A5 i, LREE/
HREE [ {4 8.6,(Ce/Yb) y BEKRT 1, %Mt E&EM; (La/
T [ { l Yb)y Hoff 10. 5 A £ IE RSB G (E Ta) . TG

0.4r

20pp/Y

300

Eu 5% (Ew/Eu” 2} 0.81 ~1.38) il Ce 5% ( Ce/Ce ™ 24 0. 86
0 I ~0.97)

Wedby daeptsont, 0ot o, B IR ETSE K, R, Ba, Sr 25K B T3 41 70 2 676
» MSWD = 5.2, probability =0.000 FIEE La Ce, B IEZ U Th HE Zr, Ok 70 2 500G H b
FruEfbE g o B LB B R IE S5 (B 7b) , & & LR b
727 & (Taylor and Mclennan,1985) &, {H [t I #i 72 oo K £ &
(Taylor and Mclennan,1985) B I%; = it E#i - 02, Nb Ta,
Ti P WA, SRR T T, SEHTTR
Sc . Ti,V,Cr Mn Fe Co,Ni ,Cu.Zn & & b Hi5em, (BT
THLFE SR

BIS5  EE Sk X 21l 09WI-GTHE-111 # i LA-
ICPMS U-Pb & F1 ] (a) FIBLARES 4315 (b)

Fig.5 LA-ICP-MS zircon U-Pb concordia diagram (a) and
histograms (b) of weighted average ages of andesite sample

09WJ-GTHF-111 from Bilihe goldfield
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Fig.6 TAS (a) and Si0,-K,0 (b) diagrams of andesite in the Bilihe goldfield
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Table 3 Major element compositions (wt% ) of the andesites in Bilihe goldfield

5 FEi S BTG TR Si0, TiO, AlL,O; FeO Fe,03 MnO MgO CaO Na,O K,O0 P05 H,0 Hyk &3t
1 09WJ-T-006* Zilig(fEfk) 70.8 0.75 15.3 1.69 3.34 0.02 3.29 1.25 0.53 0.25 0.16 1.5
2 09WJ-T-003 #EAZILA 549 0.85 14.4 1.68 4.64 0.12 6.69 7.84 1.9 1.77 0.18 4.4
3 09WJ-GTHF-113  “Z|l1%E 53.1 0.83 14.7 1.95 517 0.1 4.24 6.88 2.87 1.1 0.21 8.1
4 09WJ-1-007 IE 60.8 0.63 14.9 2.13 2.67 0.11 2.05 4.21 4.8 1.76 0.12 5.1
5 S8 A 53.7 0.21 13.8 1.37 5.99 0.14 10.29 7.25 2.14 1.77 0.25 3.17 3.58 100.55
6 S9 ZRZIAE 56.92 0.29 15.45 1.24 3.8 0.12 595 6.36 2.22 3.26 0.39 0.31 3.54 102.34
7 S14 ZRZIA 5315 0.34 14.73 1.45 529 0.14 8.52 6.47 2.36 2.22 0.44 2.45 4.54 99.55
8 S15 HimZ A 57.06 0.34 15.78 2.94 3.3 0.06 7.20 2.68 4.81 1.34 0.45 3.84 4.03 100.99
9 S16 M2 58.88 0.31 15.95 2.6 2.56 0.08 4.50 5.35 3.60 2.88 0.39 2.10 2.92 100.02
10 S10 PhARZE LA 61.90 0.24 13.99 0.85 2.64 0.09 7.23 5.13 2.8 2.94 0.66 1.29 1.93 100.48
11 S12 YT 68.12 0.18 15.74 3.57 2.07 0.04 2.57 0.89 0.41 3.54 0.24 1.78 2.74 100.11

TE P95 14 ARSI R AL - (Tntertek ) b3 AL BTn BOR M4 FRA A AR R UL - AL SR 2L 5 - XRF, XR8OL, 46t BR 0. 01% ; ¥ 45 5-
11 YRRy, 1993, Jtrh [N RIRREE GE M BA B 8 25+ — SCBASE B 2 35 + 09 WI- 11006 A it i 52 LB 2N A LAREAL O F2 kAR

R4 BENHETRRUEHRLTRAR( x107°) RIFESH

Table 4 Rare earth element compositions ( x 10 ™°) of the andesites and its characteristic parameters in Bilihe goldfield

RS S Asw == La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
1 AL s 09WI-TT-006  20.4 40.7 4.7 19.5 3.8 0.9 2.8 0. 32 0.7 25 0.4 1.8 0.3 21.3

6

2 Elip 09WJ-GTHF-113 24.7 45.5 5.5 20.4 35 1.5 30 06 24 06 1.8 03 12 03 18.0

3 MAZIE  09WJ-1-003 23.8 41.0 50 20.3 3.7 1.2 33 06 28 07 20 03 15 0.3 19.0

4 2 09WJ-1-007 25.0 43.6 47 185 3.1 1.1 28 05 24 07 21 03 17 0.3 188
J¥5 YREE LREE HREE LR/HR Gd-Y LR/Gd-Y 8Eu 6Ce La/Sm La/Yb Ce/Yb Eu/Sm Sm/Nd (La/Yb)y (Ce/Yb)y (Sm/Eu)y

1 123.6 90 12.3  7.32 33.6 2.68 0.810.97 5.37 11.33 22.61 0.24 0.19 7. 64 5.85 1.59

2 1255 95 1.5 826 30.5 3.11 1.03 0.8 6.43 15.87 27.33 0.32 0.18 10. 69 7.07 1.16

3 129.3 101 10.2 9.91 28.2 3.59 1.38 0.9 7.06 20.58 37.92 0.43 0.17 13.88 9.81 0.88

4 125.6 96 10.8 8.8 29.6 3.24 1.12 0.91 806 14.71 25.65 0.35 0.17 9.92 6. 64 1. 06

T - AR PR R NS5 A FRA FIAE 302 5104 s A5 3 - MSTO/MS s {15« Agilent 7500a

RS ENMTRRUEMEBILEEAR( x107°)

Table 5 Trace element compositions ( x 10 °) of the andesites in Bilihe goldfield

FE CAAARK FER K(wi%) Rb Sr Ba U Th Nb Ta Zr Hf Ga
% 09WJ-GTHF-113  1.00  45.6 287 133 1.28  5.15 9 0.3 142 3.7 19

2 MEEZIE 09WJ-1-003 .66  51.1 448 568 2.25 6. 82 7 0.1 165 4.2 19
3 Tl 09W]J- 1T -007 .62 65.9 236 492 1.85  9.23 6 0.1 159 4.2 17
4 ML uc 2.8 112 350 550 2.8 10.7 25 2.2 190 5.8 17
5 T LC 0.28 5.3 230 150 0.28 1.06 6 0.6 70 2.1 18
e AEARR B Y Se  Ti(wi%) V Cr Mn Fe(wi%)  Co Ni Cu Zn
1 ZzIli% 09WJ-GTHF-113 18 20 0.4 150 473 764 5.80 28 151 8 38

2 MAZIAE 09W]-11-003 19 21 0.5 144 459 958 5.26 35 249 53 86
3 Tl 09W]J- I -007 19 13 0.2 126 44 861 3.80 14 19 25 26
4 b EHL A uc 22 11 0.3 60 35 600 3.5 10 20 25 71
5 FEHL LC 19 36 0.6 285 235 1670 8.24 35 135 90 83

T 2 I RAE BT R AR e 55 A B R AL 5t 4328 W) 43 #7535 125 - Ba, Co, Cu, Ga, Mn, Ni, Rb, Sc, Sr, V, Zn, U ] MS50/1CP-MS i, {{ #% 74 5
Agilent 7500a, HA T2 ] MS70/MS, (L #3515 Agilent 7500a. | #BHhFE IR #5152 TC 2 & 5 4% Taylor and Mclennan ( 1985)
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Fig.7 The chondrite-normalized rare earth element patterns plot (a, normalized values after Sun and McDonough, 1989) and

primitive mantle-normalized multi-element plot (b, normalized values after Sun, 1982 ; Saunders et al. , 1984 )
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