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Abstract: Located in the southern section of the CAOB (Central Asian Orogenic Belt), the Bianjiadayuan Pb—Zn—Ag polymetallic
deposit belongs to the Sn—Cu—Zn—Pb metallogenic belt of Da Hinggan Mountains. In this study, a series of analyses, such as LA—
ICP—MS zircon U—Pb isotopic dating, major element and trace elements testing and electron microprobe analysis of albite, were
performed for the granite porphyry and augite diorite. The results show that the age of granite porphyry and pyroxene diorite are ca.
138 Ma and ca.137 Ma respectively, indicating that the intrusive rocks are products of the magmatic activities in the Early
Cretaceous. The pyroxene diorite belongs to high K calc—alkaline series and calc—alkaline series with SiO. (50.99%—52.89%), CaO
(7.4%7—17.51%), MgO (3.64%—4.68%), and alkali (Na,O+K,0) 4.91%—5.36%. Granitic porphyry with miarolitic structure and
microscopic identification shows that feldspar is all alkaline feldspar. Non—mineralized granite porphyry is characterized by high
Si0; (50.99%—52.89%), alkali (Na,O+K,0=4.83%—9.42%), A/CNK (1.13—2.40), LREE enrichment, strong negative Eu anomalies
(0Eu=0.12—0.32), enrichment of LILE such as Rb, Th, U and K, depletion of HFSE such as Ta, Nb, P and Ti and transition elements
such as Sr and Ba. According to the electron microprobe analyses, the An values of the albite in granite porphyry are by far lower
than 10 (0.03—4.64). These features are similar to the features of typical highly evolved A, post—orogenic alkali feldspar granite
pluton, suggesting that the magma was derived from the lithospheric mantle and formed in the tensional setting. Combined with the
geological characteristics and previous research results, the authors hold hat the metallogenic geological body of the Bianjiadayuan

area is the granite porphyry pluton, and there is still a great potential for mineralization in the deep part of western mining area.

Key words: lead—zinc—silver deposit; U—Pb dating of zircon; Yanshanian period; mineral exploration engineering; Bianjiadayuan;
linxi; Inner Mongolia
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Fig.1 Geologic map of the Great Hinggan Range (GHR) in northeast China (a) and igneous rocks in the southern section of Greater Khingan Range
showing the locations and timing of major ore deposits (b)

(modified from Liu et al.,2016b and project results)
a:(D—Xinlin—xiguitu suture; (2)-Heihe—Hegenshan suture; (3—Mudanjiang—Hulin suture; @—Xilamulun suture; (5—Delbkan suture; (6)—Nengjiang
suture; (7)—Central fault of Songliao Basin; @)—Jiamusi—Linan suture;(9—Dunhan—Mishan suture; (0—Chifeng-Kaiyuan suture; EB: Erguna Block;
XAB: Xing'an Block; SHB: Songliao— Xilinhaote Block; JB: Jiamusi Block; NCC: North China Craton;.b:1— Ordovician; 2— Carboniferous;

3—Permian; 4—Triassic; S—Jurassic—Cretaceous; 6—Deep fault; 7—Ore deposit
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Fig.2 Simplified geological map of the Bianjiadayuan (a) and long exploration line profile in Bianjiadayuan deposit (b) (modified
from CNNC No.243)

a:1—Quaternary; 2—Middle Permian Zhesi Formation; 3—Breccia tube; 4—Pyroxene diorite; 5—Granite porphyry; 6—Biotite monzonitic granite; 7—

Quartz vein; 8— Quartz diorite vein; 9— Carbonate vein; 10— Fault location and number; 11— Section line; 12— Exploration line and number;

13— Sn ore body; 14— Cu ore body; 15—Pb ore body; 16—Pb/Zn/Ag symbiotic ore body. b:1—Quaternary; 2— Sandy slate; 3— Granite porphyry;
4— Breccia tube; 5— Pyroxene diorite; 6— Cu ore body; 7— Sn ore body; 8— Mo ore body; 9— Pb/Zn/Ag symbiotic ore body
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Fig. 3 Characteristics of fault and fracture zone in core and surface of Bianjiadayuan deposit
a—The fault between porphyritic granite and pyroxene diorite in ZKB20—17; b—The fault between porphyritic granite and siltstone of the Zhesi Formation
in ZKB20-17; c—Tectonic breccia in the pyroxene diorite near the fault; d—Reverse fault between porphyritic granite and silty slate in trench
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Fig. 4 Petrographic characteristics of porphyritic granite and cryptoexplosive breccia in Bianjiadayuan deposit
a—Porphyritic granite with miarolitic structure miarolitic structure; b—Characteristics of K—feldspar and quartz phenocrysts in porphyritic granites; c—
Equigranular granite; d—Characteristics of albite; e-Cryptoexplosion breccia; f— Microscopic characteristics of siltstone, granite breccia and
agglutinate in cryptoexplosive breccia

H200(K2a) o FERGBEAS FARAIK A @, IBEIRES  BEAR 2 ~ 5 mm, 2 FIE MR &, % B, 5t 2y
) HORAGE , SRS LT (K 4a) . BETEER  920%, WERE & R A B A BE A AR,
N AE R BEE R R BER FEONIR A MO, A9 2~8 mm, AIE RN T, SR 30%, 5K Al WL

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



5 AT A TARARFIE (a) BOVEAT N B HHAE (b)

Fig. 5 Characteristics of specimen (a) and photomicrograph of pyroxene diorite (b)
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Fig. 6 Cathodoluminescence (CL) image and measured positions of representative zircons from the porphyritic granite (a) and
pyroxene diorite (b) in Bianjiadayuan deposit
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H1Qinghu MWt EHRE, LIAREENIST610 M4 M . Si #é&%Eﬁ# GBWO07101-07114 1 544 %4 17 %
J bR BB A PR T R & &, NIST612 M flm AR o0 R B R R A
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Fig. 8 U-Pb concordia diagrams of zircon from porphyritic granite (a) and pyroxene diorite (b) in the Bianjiadayuan deposit
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Fig. 9 SiO,—alkali classification diagram (a, after Irvine and Baragar, 1971; Middlemost, 1994) and Si0,—K,O diagram (b,after
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Table 1 U-Pb dating results of zircons from porphyritic granite and pyroxene diorite in Bianjiadayuan deposit

F1 DRKRERHRBEESBERRNKAESER U-Pb ST HRE

. FE/10° [FI7 2 LA ¢ /Ma

Th Pb/Pb 1o Pb/PU 1o *Pb/*U le *Pb/""Pb 1o *"Pb/*U 1o *Pb/U lo
€ B H
BJP1-C22-01 192 412 047 0.0488 0.002 0.145 0.005 0.0215 0.0003 139 55 137 4 137 2
BJP1-C22-02 233 482 048 0.0499 0.002 0.150 0.005 0.0217 0.0003 191 55 142 4 139 2
BJP1-C22-03 205 410 0.50 0.0487 0.002 0.145 0.005 0.0215 0.0003 134 53 137 4 137 2
BJP1-C22-04 146 301 048 0.0488 0.002 0.145 0.006 0.0216 0.0003 140 75 138 5 138 2
BJP1-C22-05 108 294 0.37 0.0488 0.002 0.145 0.006 0.0215 0.0003 136 76 137 6 137 2
BJP1-C22-06 151 330 0.46 0.0488 0.002 0.146 0.006 0.0217 0.0003 136 64 138 5 138 2
BJP1-C22-07 107 271 039 0.0483 0.002 0.144 0.006 0.0216 0.0003 113 69 136 5 138 2
BJP1-C22-08 416 653 0.64 0.0494 0.002 0.148 0.005 0.0218 0.0003 168 50 140 4 139 2
BJP1-C22-09 268 508 0.53 0.0494 0.002 0.149 0.005 0.0219 0.0003 168 55 141 4 140 2
BJP1-C22-10 140 310 0.45 0.0487 0.002 0.145 0.006 0.0216 0.0003 131 71 137 5 138 2
BJP1-C22-11 169 350 0.48 0.0486 0.002 0.145 0.005 0.0216 0.0003 127 62 137 5 138 2
BJP1-C22-12 229 458 0.50 0.0488 0.001 0.146 0.004 0.0216 0.0003 139 45 138 4 138 2
BJP1-C22-13 164 352 047 0.0487 0.002 0.145 0.005 0.0216 0.0003 131 61 138 5 138 2
BJP1-C22-14 145 336 043 0.0484 0.002 0.147 0.006 0.0220 0.0003 118 71 139 5 140 2
BJP1-C22-15 126 315 0.40 0.0492 0.002 0.147 0.006 0.0216 0.0003 157 75 139 6 138 2
BJP1-C22-16 137 386 0.35 0.0525 0.002 0.156 0.005 0.0216 0.0003 306 56 147 5 138 2
BJP1-C22-17 154 306 0.50 0.0484 0.002 0.146 0.005 0.0218 0.0003 120 64 138 5 139 2
BJP1-C22-18 441 694 0.64 0.0476 0.001 0.142 0.004 0.0216 0.0003 81 49 135 4 138 2
BJP1-C22-19 290 749 0.39 0.0511 0.001 0.154 0.004 0.0218 0.0003 246 39 145 4 139 2
BJP1-C22-20 185 431 043 0.0533 0.002 0.158 0.005 0.0215 0.0003 196 105 140 6 136 2
HE N
BJP1-C31-01 571 652 0.88 0.0477 0.002 0.142 0.005 0.0216 0.0003 82 56 135 4 138 2
BJP1-C31-02 1286 1966 0.65 0.0483 0.001 0.143 0.003 0.0215 0.0002 114 26 136 3 137 2
BJP1-C31-03 2063 1935 1.07 0.0492 0.001 0.146 0.003 0.0215 0.0002 158 27 138 3 137 2
BJP1-C31-04 812 1083 0.75 0.0483 0.001 0.143 0.004 0.0215 0.0003 114 38 136 3 137 2
REAT N
BJP1-C31-05 2388 3466 0.69 0.0506 0.001 0.150 0.003 0.0215 0.0002 221 21 142 2 137 2
BJP1-C31-06 1699 5212 0.33 0.0496 0.001 0.147 0.003 0.0215 0.0002 178 20 140 2 137 2
BJP1-C31-07 2362 3209 0.74 0.0492 0.001 0.146 0.002 0.0215 0.0002 156 20 138 2 137 2
BJP1-C31-08 1001 1282 0.78 0.0479 0.001 0.142 0.003 0.0215 0.0002 96 25 135 2 137 2
BJP1-C31-09 1598 1938 0.82 0.0493 0.001 0.146 0.003 0.0215 0.0002 161 24 139 2 137 2
BJP1-C31-10 1182 1136 1.04 0.0502 0.001 0.149 0.003 0.0216 0.0002 202 25 141 3 138 2
BJP1-C31-11 1789 2293 0.78 0.0488 0.001  0.145 0.003 0.0216 0.0002 138 24 138 2 138 2
BJP1-C31-12 1073 1592 0.67 0.0494 0.001 0.147 0.003 0.0216 0.0002 168 27 139 3 138 2
BJP1-C31-13 1458 3092 0.47 0.0488 0.001 0.145 0.003 0.0215 0.0002 139 21 137 2 137 2
BJP1-C31-14 1269 1914 0.66 0.0484 0.001 0.144 0.003 0.0216 0.0002 120 23 137 2 138 2
BJP1-C31-15 1752 2157 0.81 0.0487 0.001 0.145 0.003 0.0216 0.0002 131 24 138 2 138 2
BJP1-C31-16 1962 2396 0.82 0.0493 0.001 0.146 0.003 0.0215 0.0002 161 22 138 2 137 2
BJP1-C31-17 490 768 0.64 0.0482 0.001 0.143 0.003 0.0215 0.0003 110 32 136 3 137 2
BJP1-C31-18 521 723 0.72 0.0487 0.001 0.144 0.004 0.0215 0.0003 134 38 137 3 137 2
BJP1-C31-19 662 805 0.82 0.0491 0.001 0.146 0.004 0.0216 0.0003 154 35 138 3 138 2
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10°) EFER S FH, X 5B H L LR/ IR 1L
AR A REARRL . B A0S ThU He (B 7E 0.35~
0.64, KT 0.1, 7 H UM Th Z [H] B/R T RAF ) IE
AH &V (Hoskin and Schaltegger, 2003) (1% 7a) , LA I
FEAF AR R KB 48 B BE A 4% A Sk ML AR (1) 2 0 1l
A .

WA A TR 1950, A -2 ATEARIR f
YDA RS A i BN SE R R R 50 ~200 pm,
CL EM& Bn Ha R fiE B 2 (&l 6b) , Th % 2 (398 %
10°~2388x10°) fl U 15 12 (532x10°~5212x10°) A5 4k,
U FIBR, Th/U G fH 0.33~1.07, [AlAE B B IE
FHICHE (I 7b) , S BT () 8 R s A (R TR 5,
2004), EABHEILE 1,

N F K BEAE I BE A Pb/ U 4E I 25 1k T 136~
140 Ma, AT 918 2 (138.2+0.8)Ma, ¥4 IN K A
S B AN 3 BN B AR 8 05 2 0 Pb/U AR R AR L T
137~138 Ma, Il BT {H 4y (137.4+0.7)Ma, 5 A
U-Pb i A (141 8) S /R AF I B s B S i R
B S = = T S o I R 1 - s A B I
BB vT U330 R BE i IR AL i BE2 F1RE A A
KA AR, R R A, 5XEUER S
KA 4 AT AH DG R B B A i B A — 35 (B
i =45 2012),

1000 § |i

100
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v TR
B Mineralized granite porphyry
TERRE
Granite porphyry

RN

11 Pyroxene diorite

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

6.2 EHAMIKLFEIRE
6.2.1 EELFEKFIE

X} K BEE T IX ZK20—-17 Ho i 4E 5
BEA (1) LA B i AR 8 s B (4 4F) L JE
AR REAT TN (2 1) 04T 32 38 K T R e iT
TR TR R R 2,

K Bt Hr i K B BE A SiOo, f m i, N
70.34%~74.49% , K0 75 4 4.39%~6.34% , CaO &
4 0.16%~1.04% , MgO 5 14 0.12%~0.67% , £
(Na,O+K.0) & 53 H 4.83%~9.42% , AR 258K
64 0.79~3.19; K.:O/Na.O KT 1, J8 T & 40 & Bl
13 FICR &1 274x107°~1243 %107, S/ 46 (< B
AR E FHRIE ; FeO'/MgO 4 2.24~9.83 ; A/CNK B
H1.13~2.40, J& Tk 88 B A6 i) 75, S =0 B0 5
PER G- LA 25 (F9b), FIe R BA ARGE
B R G R MRRIE IR, 2013). R KBEw 1k
ALK CaO \NaO KO 75 A L G fL A6 b B
ARG, B 2 35 %0 04 0.53~0.59 ; K,O/Na,O it K
T 1;F U R &5 2233%10°~4041x 10, A HLICH
fRAE b B A B i FeO'/MgO {H A 4.75~7.36,
A/CNK {5 4 2.75~2.89, &5 T I AL R B2 o

WA N K Si0, B i 50.99%~52.89% , 44k

1000 4

[b]

RbBaTh U K TaNbLaCe St NdP Zr HfSmTi Y YbLU

FI10 485G B FIRE A1 A G BB b AL B () B le e AR EAL 7 (b) (BREFL{EHE Sun and Mcdonough,

1989)

Fig. 10 Chondrite—normalized REE patterns (a) and primitive—mantle—normalized trace element patterns (b) of porphyritic granite
and pyroxene diorite (chondrite and primitive mantle normalized data from Sun and Mcdonough, 1989)
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Table 3 Electron microprobe analyses (%) of the albite in porphyritic granite of the Bianjiadayuan deposit

kS Si0, AlLO; CaO Na,0O K.O Total An Ab Or
BIP1-B2-1-1 67.74 19.77 0.18 10.64 0.53 99.03 0.88 9596  3.16
BIP1-B2-1-3 68.62 19.24 0.05 11.15 0.09 99.33 024 9925 051
BJP1-B2-4-2 68.28 20.83 0.21 9.54 1.05 100.23 1.09 9222 6.68
BJP1-B2-4-3 69.17 19.04 0.09 11.02 0.08 99.61 046  99.08 047
BJP1-B2-3-1 69.65 19.34 0.09 11.22 0.04 100.52 044 9930 0.6
BJP1-B2-3-3 68.82 19.93 0.92 10.37 0.13 100.25 464 9458 078
BJP1-B22-3-1 69.09 20.02 0.63 10.72 0.17 100.75 313 9589 0.98
BJP1-B22-3-2 68.24 19.32 0.41 10.39 0.24 98.90 208 9643 148
BJP1-B22-1-2 68.68 19.61 0.39 10.84 0.14 99.86 192 9727  0.80
BJP1-B22-1-3 69.28 18.72 0.11 10.63 0.15 100.34 0.55 9857  0.88
BJP1-B22-2-1 68.21 19.72 0.38 10.98 0.21 99.73 183 9695  1.23
BJP1-B22-2-3 68.31 19.20 0.02 11.69 0.02 99.48 0.08  99.83  0.10
BJP1-B22-1-1 68.67 19.18 0.02 11.42 0.03 99.42 0.08 9973  0.19
BJP1-B22-2-2 68.27 18.96 0.02 10.99 0.12 98.52 012 99.19  0.69
BJP1-B27-1-1 68.92 18.81 0.01 11.39 0.05 99.38 0.03  99.68 028
BJP1-B27-1-2 68.83 19.07 0.02 11.10 0.06 99.40 0.09  99.58  0.33
BJP1-B27-1-3 69.76 19.07 0.02 11.30 0.06 100.28 0.09 9954 037
BJP1-B27-2-1 68.53 19.45 0.17 11.21 0.09 99.49 0.80 9870  0.50
BJP1-B27-2-2 69.45 19.14 0.08 11.30 0.07 100.20 039 9921 039
BJP1-B27-2-3 69.43 19.32 0.15 11.20 0.16 100.44 0.74 9831  0.95
BJP1-B27-2-4 68.37 19.17 0.04 11.34 0.07 99.09 021  99.40 039
BJP1-B27-4-1 68.93 19.11 0.09 11.60 0.03 99.86 044 9938 0.8
BJP1-B27-4-2 69.99 19.19 0.01 11.39 0.09 100.82 0.07 9939  0.54
BJP1-B27-4-3 69.68 19.10 0.10 11.37 0.07 100.42 049  99.13 038
BJP1-B27-3-1 69.69 19.44 0.06 11.11 0.16 100.51 030 9878  0.92
BJP1-B27-3-2 65.83 21.17 0.57 8.98 1.57 98.54 3.03 8699  9.98
BJP1-B27-3-3 68.95 19.23 0.02 11.58 0.03 99.86 0.07 9975  0.18
BJP1-B27-3-4 68.34 21.66 0.01 9.25 1.43 100.97 0.08  90.69 9.3

T 10.53%~11.20%, KO 5 54 1.51%~1.7%, CaO
RN 7.47%~7.51%,MgO & 14 3.64%~4.68%, 4>
B (Na,O+K,0) & i 4 4.91%~5.36% , A2 4550k
2.90~3.02; K;O/Na,O {E/NF 1, 4 F i AP Es il 1 2 571
S ESHE RN AL (EI9b) .
6.2.2 # L E AR

Bl AL BE ARG L oc R SR, Y REE N
274.3x107°~430.7x10°°, LREE/HREE 4 6.31~11.79,
(La/Yb) 78 [l Jy 5.08~14.58, EL# Z1 1% Eu 1 5%
SEu >} 0.12~0.32, Al GE N WL A ik B 22 5 1 5 20y
RHE AT 23 25 25 A T B 25 05 il i % B8 A rh A2 7R
FHE A . M e R B o 28 2 A R L o5, 4%
i SN e a1 AN = S R R U 7
RN, SR ELAT A BUAE AT L OURRHIE. kA

B BEE 5 AR AR B AR B B AR L, W E TR Y
ERFEARRL, S 5R 2 Eu B 5 5 B9 A7 B A X
LREE/HREE }j 9.52~12.90, (La/Yb)x 71 [l & 9.33~
11.85, 52 H M T U ZR B FR R K T KB AL < 3
L TTRES R B B R R R ARG

HEAT N AT o0 R S A ALK, X REE
49 150.0x10°°~177.2x10°°, LREE/HREE 4 6.4.6.3,
(La/Yb)x>H 5.9.6.6, B5m ZU 42 M 0K 4018,
AN A OEu 4 0.84 .0.82, 59 A Eu ta % . IH4h
W ELA 55 0 1F Nd  Ta 55 BYREAS 6 o0 R B 53 ith
LR AR AL /A5 (T 10a) o
623 WELEFHIE

(e w8 G v SR TN U3
KBEAE R BES B RKEFHEAICERL. Th U K,
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B #5802 Ta Nb P Ti Al J% 7T % Sr.Ba
& Nb Hl Ta (1975 P46 75 A 9K AT R VR T M5 S
TR A AT B 4G A 4 S B Nb . Ta 984, Ba.,
Sr B 11 55 AT RE 5 AL b BEA T IR B K A 4
mhAH G . Nb/Tafl K 8.35~11.21, Zr/Hf {H M 17.26~
25.65, on IR HAA B 2 i o S AR B (K1 10b) o

WA NS E SRR F KA LR K. Rb.Sr, 77
e 75 JC K Th Ta Nd.Ce . Zr \Ti, SrfEgHLATH
143 BE R B, S IE 5% S A NS K&
A ARHS A FFIEARXT R (] 10b) .
6.3 EFERETEE

IR 000 (38 3) /s il R K B A6 i B v
HE A A Na,O 3514 8.98%~11.69% , F- 34 & i
10.92% , K.0 & 54 0.02%~1.57%, P45 & 0.25%,
CaO 14 0.01%~0.92% , #4151 0.31%, An {HA
F 0.03~4.64, F-H4{H 0.87, An {EiE /N T 10, Sy 5 &

B Na B KA
7 W

71 BE MRESHRERT £

NRRBERH R H BT L, 525
A B AR A B B A AR B B e DL T
PRI FEZRUR B 522 A A5 e 0 A
N A, RMNZR T B2 &R RS
FL P R S A AR 5 S AT G, RS BT FE(BLBT
J2 4, 2016) . 1A T (XIHT 4, 2017) 52 56 94 ([
L, 2002) . 36 1 35 W (JE 4 2 55, 2014; BRA IE 4,
2018)% , HAl M A A MG NK A KM E £ &8
W IR

HERBEH XA KBS SRR &m0
TAaIE (E 11a, Bl 4a) , 55 T 48 FHIE R AN
R A, B A An<d .64, N ERHS A, T 1EH

i
|
[
|
E
I
!
{
i

BT SR BEm R e b IR A
a—AERBEA TR GURD™ Y s b— B RBEA T A =D K c— BT IR 2 B w4k, T UL ARG ; d—AE R B S A T I
Fig. 11 Core characteristics photos in Bianjiadayuan deposit
a— Disseminated minerals in porphyritic granite; b—Fluorite and calcite veins in porphyritic granite; c—Greisenization and miarolitic structure; d—

Porphyritic granite penetrating pyroxene diorite
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SR W (& 11e) , B & Ak ik 46
B BRI (LT A2 25, 2012); RN, A8 i BE 5 rh A
1 ) F 5 1 DL B ik AR L O
TREMF CLE R0 R (K 11b) #5257 1
TE SRR S TR 25 B, 38K Sn AV A 2 I
fEJT, M Sn Fl A SRIG AR R 2 88, A A T Sn &
£V X R B AR A B iy Ry rpoy , bR AR
R B B AR B N R S/ i AR
W4, A Cu.Mo.Sn.Zn .Pb Ag [ 437 HF1E ; 15 F5
TR B # AR MR A INERST, BT Cu,
Mo . Sn . Zn F¥) 435 FRAE , FEA LAV X A6 5 B R
Huly, [ AN AL B A Mo—Cu—Sn—Zn-Pb-Ag [
FRAIE , R IR IR B 5 R e B . 25 1
T, 38 58 K GE W™ AR g A DX P8 A A A
L BB

HZE KBS A AR S AL 5 BES U-Pb i il

Rb

. 12 A-type granite discrimination diagrams (A, I, S, M represent A—type, [-type, S—type, M—type granite respectively;
after Whalen et al., 1987)
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16

Bl 13 $h 5 KBEAE < 3E S Rb—Sr-Ba &l fig
Fig. 13 Rb—Sr—Ba discrimination diagram of porphyritic

granite in Bianjiadayuan deposit
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A% (138.2+0.8)Ma, 5 T8 e (£ 5B 5, 2014b)l
5 (140+1.2) Ma., Juil £ H (i £ & 5, 2017) 0 15
(140.3+0.3)Ma AHiT . AL BEF AR I 5 MEA TN A
AF S (137.4+0.7) Ma 7E 1R 22 V0 [ 2 N A — 35, 0
308 3 B A b R A R L R R (& 2b)  #EAT A
KA A B AL AR 5 R TG TN
VR R LR R 1 AR v (1] 2b) |, WS 46 B B
AT HEANK AL (F11d), R AN
K AT BT R EE S LT AL R B, I Hn™ B i) 22
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W T A NS AR L B B) . 8 4 55 55 (Zhai et al,
201745 5 B Ak 0 A Dk v (9 #E SR A Re—Os 4R 1%
WR R RKBEH 41 R (140.1+1.4)Ma, 5 il
AR , 2RI, R M SR R A B
7.2 TRBEEREYFRIE R E

NE KB e Tow LA AE i B TR DA
f BE L BRI A RRIE , KO RN 4.39% ~
6.34% , K;O/Na,0>1, Jtu H:4" 1k 1€ i B 75 K.0/Na,0
LRF 1,5 AR KA T o R 58 HAAEAH AR (oK

Nb

1000 Ii

B WPG

100

Nb/10-¢

| VAGH
Syn-COLG

ORG

1 R | L
1 10 100 1000
Y/10°¢

P14 oEu-La/Y FIj| &l (a) (A BIAE R Nb—Ce-Y 702 i (b) (LI 1g[CaO/(Na:0+K,0)]-SiO A4 1 FREE 1 K1 i () |
Y-Nb #3545 51 [ 7 () S €47 Brown, 1982; Pearce et al., 1984; Eby, 1992)
WPG—HRINAE 7 s VAG— K LLIIAE I A s ORG—VEH AL # s Syn—COLG—IRITHE AL 1 5
Fig. 14 0Eu—La/Y diagram (a), Nb—Ce—Y diagram of A—type granite (b), Ig[CaO/(Na,O+K,0)]-SiO, diagram (c), Y-Nd diagram of
granite in Bianjiadayuan deposit (d) (after Brown, 1982; Pearce et al., 1984; Eby, 1992)

WPG-Intraplate granites; VAG—Volcanic arc granites; OR—Ocean ridge granites; Syn—-COLG-Synchronous—collision granites

http://geochina.cgs.gov.cn H1E LT, 2020, 47(2)



466 i [

b, J 2020 4F

JHESE, 2012) H o B BRR LA AR AL I A R T
AR L A E LA 22, AR AU
Eu 5% (6Eu=0.03~0.1) . P54 07 B 2 5 3T
R (5] 0 R i ZER B AR KBS AR A O
K& F# £ ICE(Rb, Th.U.K) &%, Sr.P.Ti.Ba
ST R T, B A R < R T R o
AL ZS( Eby, 19905 5K HEAE, 2012); [A] I AF 5 5 7E A
RUAE i 00 P e B 4 iilde A A BUAE i) o 0 5] IXC
B(E12) MO R KBEAG R BEA A A BIAERA -

HISCE 20T i 3 5K B A6 <) 5 2 B AT i
¥k ARE F AN A An (i T 5 S5 Eimib b 5
MRHE . BT Ze HETERS A 08 R AN AR, &
Bl A B A 25 A2 S BOR B A R T Y Zo/HE Ol
ANWTIR/IN T DA S e IR 2 A A R BT L (E > 55
RIEHE AL A, T 25~55 R AR A, <25
J& T 540 746 M 7 (Ballouard et al., 2016), % K
BEAE i BE Zo/HEE-IIME R 19.40, < 25, 465 BEA I
WAL AL b BE 7 5 2 & Rb, 1€ Rb—Sr-Ba = ff1 [€fiit
EP T Rb e (B 13) s R SCA i R K BEAE X
B R TA I m o ey ARG

A BUAE 5 A B P ERAT DA JLRI R« ok i
PRI PLEE Z B I M A IR 45 i o S AR B B
P B b 5% 5] 16 TR 4% (Bonin, 2007); 5¢ 8 1R & E FH
(Kerr and Fryer, 1993; Wong et al., 2009); H1 3Pk 45
i 2 G 1R TR 0 P8 B R A RO R AR
(Wang et al., 2010; Sun et al., 2011; Huang et al.,
2011); & F L CLAY T M7 AL AR BT H 120 a8 S R4
) 5 3 J5 /N 43 45 Bl (Collins et al., 1982 ; King et
al., 1997). HZEKBEAL - BES T EA 8 I A I 45
fn o3 55 M ST R G Y B, R R A 2R 45 i
I3 S I A R AR i 5 R BE RIS (1) [m] 5 R
P8 Rk 25 3 5 S A (Turner et al., 1992), 3 HiE
WO B FE A ) R YR E SRR A A
(Wang et al., 2010), fHAF 5T X P R 25— 1 2
Mz RBEHRKALR S JERNK S KA.
T R B SRR A K e (T, 2014), KR = R
10 Bl [P AR B R . W IR R R S K S e
TEERIR BB ARG A 2 KB K
EEE TR (Yang et al., 2006), {H31 K KBEAE i 5E
AR B R s A

K% 0 g Be A AR KL TE ena() TR

IR A Tow {8 22 B ATTIE BT 4 1) %) b I8 X (52 4
TCEE, 1999; kK THAE, 2000), J&] 415 e 45 (8 4k A 45,
2012) % K622 W 1l X K Ak Al B b Sl B 1 2
B A HE [ R B &0, AR AR et 2% enc(2)
SEROMIEMH , BA RN HEB VARG , vl iz X 48
I 2 T DX B SH YR AR A2 1Y) 5 5 LIS 0 R ) 430
fill e W R KBEAL < BEA #E 0Bu—(La/Yb) Bl I,k
i AR VA A S IRVE N (8] 14a) o Nb Ta & — % 1l
BRAL2EAT MBI TR, — A kAR, 5%
115 53~ 5 B T WY 4 76 M 58 B 48 N U5 43, PRt
Nb/Ta 1] LUFE 7R 5 3 T8 A 7 4 o0 i 2 5 R,
HFRBEAE B2 Nb/Ta{l ly 8.35~11.21, F-H4{E Ky
9.67, W1 & /IN T Bk B3 A7 15 4 i 0 1) Nb/Ta {H
17.5. B X AL B BEA P R IR LAFE IR Ry 32
Eby(1990 ,1992)F| it o E AE IR 1 S5 E 1L
Ji A8 3 PR TP S [RLRRAE R A BRI ) 75 X400 A
AN, A AR LIRS, A s 1L RS,
£ Nb-Y-Ce [, ih K BE AL B BEA 2T A A,
AIvE LA AR A (8 14b) . 7E 1g[Ca0/(Na,0+K,0)]-
Si0, [l Fll Y-Nb [ o4 5 K Be A6 b B A 4%
SR AN AL B XN (& 14c . d) , I
BN R A IR . D K BEAE R BE 7+ Ba/Nb
FEAE A 9.4~11.2, IX 51 F [RI IR S5 00 wp A/ FHAH G 1
B5RAE <7 (Ba/Nb>30) (P B 4245, 2015); St 4
20.8x10°°~61.3x10°°, /NF 100x10°°, Y 7% 5t 25.8%
10°~53.6x10°, KT 2x10°, BA B B 17 Eu T %,
J& T HURL Y R U U AE b (KRR, 2006) 455
S, 3 KB A6 i BEA B T3 1L He e hir
HVR A TR R BT R
7.3 ARENERTIEHR
ENPNIISUE SN ACRR T EZ N N EZ
LBV IR FERAFE R AR AR o
AR IR W R AR B A R ik T A
(Heinrich, 1986). i \¥31 K BE PU A" X AL b B
AT 24 N A B BEA (1 5 B 5%, 2014b), A KN Y Cu-
Sn 4 A fiv 44}y BEA Y (Zhai et al., 2017). 5 A Y 5
FIBET LT AR AR S o RT3 (O i PL4E,
1985), FFIE R £ IR AE T AARTIER , SMI A %
B ARG IR, BEA R REA KA K5
P IR A B A A0 KR Bk L R
BRI b A2 () RRAIE (BERS RS, 2009) 11 KB L
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WA R FEERIBOIR, B TREFR L X A S
B Y VRESEIRE R 5 R R R E YT IR
H A BEA T RE B A KRR . B A iR 28
RURF A = 0EA R, A& RIS i BE S 1
HE KRBT IR [F AL Z 5T Bos (E 5 e 45,
2014a): 5 R SRR TIRIA K, Pb F 2RI T
g, FFAET R G R IR A T A i 72 6 Pb; C—
O H-O [ R R , 5 R FIH B Bl i ik DL 2
KA TR ARSI, FT A RN
2R IR AT A U SR G B
B B4 507 (Liu et al., 2016a), 45 45 LA BFFE MR
EJAUR BT 0 b TG RIRE b 4B, X IR B 2
&R IR B T e (B 15) . h Z KBy
RMHEAT A AR 10 b AR OE 25 9 45 8 Cu—Sn ™
FABR A7 Sn—Cu—Pb—Zn ™ A1 e kY Cu—Zn 07 B
LW Pb—Zn—Ag ™, Sn FEIKAFET A1, SMIA
LRI A AL KRR B R AR K AN B
TE 7 I T I 300 PR AR 55 48 B B2 i A SEARAE
FH A8 85 45 4 T Ju 3 ER YR 1y rh by L i
A SH AR [R5 BT 1 A e A A
9 AR TR U L R TR AR
o TS R R B RCE AR T e S H.O L F
Cl.S 45 K41, F IAEAE T U2 2R 45 Sl R %
FEAR 2 oy S ] BRI R % B G BT Sn (3T
A, CLINAATEA B T4 5 Sn (Wi if i (Weidner
and Martin, 1987; Dingwell and Virgo, 1988), [A] i}

Sn F 2 L) Sn—Cl 5, Sn—-F G WL AT . B it

FRG AW JSIE R STV E K X Nafk &
(Breiter et al., 2014) , 2L R BEA KA WK A
MK AT . &35 R 5 0T R A T A L
I AR PR B A i REBRAWT R AR, Y R R
Koy KA B ST W) B s e A R R 2 )R
TE 5 R ToU s e A B VE T, T2 AR B B 5 i
By RERTR TS 25 3R O H230 [145 | It ARG 1 5k
i BAE B B AR AR IR A TR aR AR [
Bk A TR AL B 2 TP B, S B0 0 PR
FRRCE AR B Co-Sn i 4, - AWl & A= Al . =
JAAE s TR X B A R, B e e TR K
Bl R A LS HEA D i T 2 i 3
SRR 2 v ) ZR M )R, 3K A ] RS R A kA
M A5 ) B B D IR R 2 — o Bl S RAREK Y
PR Z b BB BE T s L O B8 A0 R DTTE 2L
TRA PR Z 1 EGR B A, 523X Cu . Pb ., Zn  Ag
THGR U HS K5I R, AT X AR Z )5
W R PRS2 BT 24, B T N
BERDSE B TOIVE L KRB AL A ™ DX R AR
TE7KFJ710) b A —E o P (18 15a) .
NERBEVTH X DA TN A 5 E B
B BXE e 22 ] S W SR i G 2R, P 22 ) ) A T
JUE ERAIRAS, B FR B B AN b K B
S SR, 4550 DX R IR 48 58 17 10, 46 < B
5 M S R i, HEI AR SR S A TN
2 (A1 Br SA R R 3 v HERT AL 3 (161 15b) o B
bia 3] WG5S0 200 e DRIy SR %) B e, TR e AR TS

LLy 11y 557

X = 5L
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I, A8 b B A SR A DA R =2 ) 8 DX AT A A A
PNIL)IR IR

8 45 it

(DIARKBEN KR AR A B, A
1R AAEAC N B A (136~140 Ma), 5 X K RAR
By 22 & a0 AR — 0, 1T R L B[R] N B VA
N AR A [E]

(2) A A BR LA R R B, 3 KK BeAE b BE
FOREIT S AR AL R A R AR N 1S LS AE
b, JE TR A

(3)4€ b BT F Bk f B 2 1 RE A2 2 s W e
W R L RN A h e, HZ%H rhikr Y
FEAR R A WX P A B KR
I,

Bigt: RO B AN TR A AR R AR
RAFHEKET K IIEAR AN X H; &+
EFAF(MDREARERLES FRRE
SE 3 E A Tl b R A B AT R R S
o B R BB R IR AT A T TR A S8
FETHRARELEFA TR LFF; ERHTRH
& KA G A SR W o AL

P

O P A IXAZ Ll =P = KRR . 2014, PISET FHA X AT
R SUE SNV AAEZ AN 2RISR E S LN S
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