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Abstract: [Objective] A large area of granitoids had been developed in the huanggangliang tin-iron mining and its surrounding area in
the southern Great Hinggan Range. Thus, the study on its diagenetic age, petrogenetic type and source of diagenetic and ore-forming
materials provides important insights to the mechanism of Early Cretaceous collision orogeny in this area and its relationship with
mineralization. [Methods] Samples were collected from the Huanggangliang tin—iron mining area and its surrounding areas in the
southern Great Hinggan Range for petrography, zircon U—Pb geochronology, rock geochemistry, and Rb—Sr, Sm—Nd, Pb isotope
studies. [Results] The crystallization ages of these samples range from 141.9 Ma to 139.1 Ma, which was formed during the Early

Cretaceous and was about 3 Ma earlier than the mineralization age. The rocks are belong to high potassium calcium alkaline A—type
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granites with characteristics of high silicon, low aluminum, low magnesium, high potassium and low sodium. The ratios of (*’Sr/**Sr),
and "“Nd/"**Nd are 0.70031~0.70543 and 0.512572~0.512636, respectively, the value of &, (£) is 0.07~ 1.18, and the Nd isotope model
age Tp,,, ranges from 926 Ma to 838 Ma. [Conclusions] The diagenetic materials of the Huanggangliang skarn tin—iron deposit were
separated from the depleted mantle in Neoproterozoic, and experienced crustal contamination during ascending emplacement process.
The southern Great Hinggan Range area experienced high—angle subduction of the Paleo—Pacific Ocean plate after post—collisional
extension of the Mongol—Okhotsk Ocean closure.

Key words: Sr—Nd—Pb isotopes; granite; post-collisional extension environment; zircon U—Pb dating; Huanggangliang area; the Great
Hinggan Range

Highlights: A comparative study was conducted on the diagenesis and mineralization of typical polymetallic deposits formed in the
Early Cretaceous of the southern Great Hinggan Range, as well as Pb isotopes.It is suggested that the age of the intermediate-acid

intrusive rocks from Huanggangliang skarn-type tin-iron deposit is about 3 Ma earlier than the metallogenic age, which represents the

metasomatic mineralization period between intermediate-acidic intrusive rocks and carbonate rocks.
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Sketch geotectonic unit map of NE China (a) and geological map of southern Great Hinggan Range (b)
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W HMERVIRIESE A | BERBTRN A | SUs K
IR B WE A R 32, IR A 2 IS . L
g TR IR S M K L. A2 T T D e
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Fig. 2 Geological map (a) and cross sections (b, ¢) of the Huanggangliang Fe-Sn deposit
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Fig. 3 Hand specimen (a) and microphotographs (b~f) of syenogranites in Huanggangliang area
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A 3~5nA, WEE AN 25um, Bkt M257(U=840x
107°, Nasdala et al., 2008) il TEM (4E#%°4 417 Ma,
Black et al., 2003) 435 H T85A U & & FAE IR
1E o AR 3 AN AHRE SBT3 1 AR RS A
TEM. AL HE R Squid #1 Isoplot £/ (Ludwig,
2003) ., HARESZIAPPo SRR E A, £ AR
SR H?Pb/PU AR R, BT [R17 2R A FNAR 8 4 5]
H 1o FXFRZER 1o 4aX 1R 2,

Rb—Sr. Sm—Nd [F4v 2 M AE A Tk b 50 oo i
W58 BE o3 A DA 58 v 58 B . MER AR 0.1~
0.2 g By AL E TARE 2 A AERE D, AR B
I FIR &1 (HF+HNO,+HCIO,) 5% 24 ho TRRES
SERVEMIG, 26T, A 6 mol/L [EREREE N AL
7T H 0.5 mol/L BYEL RIS Wi, B30 03 B, 15
WA P ES T35k (90.5cmx15cm, AG50Wx8(H+)
100~200 H), F 1.75 mol/L L FRIE W AN 2.5
mol/L AL PR WK PE SR ST R A AT R, H 4
mol/L [HERRIE WO TER L0 K, 781, R IEA 5
Mro [Az Z %% 1] ISOPROBE-T $H, B fFi i,

AL 2 bR R AR I . Rb—St it & 7 1
0Sr/*Sr=0.1194 2 1F, brif Il i 25 5 NBS987
0.710250+7, Sm—Nd Jii &= 48 FH **Nd/**Nd=
0.7219 K IE, FrufEM £ 25 58 IMC B Nd/'**Nd=
0.512109+3,
Pb [RI{37 ZE MR 76 A2 Tl A6 5% H 5 B 5% 58 49 #7
MHAAFFE PO e i, HERRFREL 0.1~0.2 g Fy KA
TR % A IEFERE(PFA) T, AR &R (HF+
HNO,+HCIO, ) % fi# 24 h, FFFESh 58 2R G, 751,
A 6 mol/L MR MR M &AW ZE 1T H 1 mL
0.5 mol/L HBr % fi#t, B5.00 0 5, 1IN A B & 138
FE(250 pl AG1 x 8 100200 H), i 0.5 mol/L HBr
WBEZL R, F 1 mL 6 mol/L i) HC1 fi# b4 T2 g
WO e AR, ZE T o A 2R R
ISOPROBE-T #\HL 25 Ui 11, FH e M ik S A ot A
TEBRA I, AdRAHE 2 7 X & Po A & LUAE,
NBS 981 KK IE45 5 20%Pb/2°°Pb=2.164940+15,
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Table 1 U-Th—Pb data of zircons obtained from the syenogranites in Huanggangliang area
o o 06rr® P 207" o W06pp. 23671 207 206
Mei  EWEP/% U/10° Th/107° 233[};/ ﬁuljoripb/ 23}:}/ 16/% 23}5)3/ 16/% 20:;:! 16/% ;/Zi ippﬂ:/MI: ; ;;/;: AEFEE %
DS223-1
1.1 0.61 223 90 0.42 4.29 0.02221 1.9 0.1538 6.0 0.0502 5.7 0312 141.6+2.6 205+130 31
2.1 1.45 268 98 0.38 5.16 0.02208 2.0 0.149 13 0.0490 13  0.150 140.8+2.7 147+300 5
3.1 1.12 286 131 0.47 5.46 0.02199 19 0.156 12 0.0514 12 0.162 140.2+2.7 2594270 46
4.1 2.28 130 55 0.44 2.49 0.02185 2.4 0.157 20 0.052 20 0.121 139.3+3.4 2954450 53
5.1 1.70 306 121 0.41 5.81 0.02176 1.9 0.144 12 0.0481 12  0.156 138.8+2.6 103+280 —34
6.1 2.65 213 83 0.40 4.09 0.02180 2.0 0.146 14 0.0485 14  0.138 139.0+2.7 1254330 -11
7.1 0.42 1206 401  0.34 23.1 0.02222 1.6 0.1476 3.5 0.0482 3.1 0463 141.6+2.3 108+73 —31
8.1 0.61 667 192 0.30 12.4 0.02143 1.7 0.1436 5.7 0.0486 54 0.299 136.7+2.3 1284130 -6
9.1 1.91 258 112 045 4.97 0.02199 2.0 0.150 18 0.0495 18 0.111 140.2+2.7 171+410 18
10.1 5.40 79 27 0.35 1.40 0.01964 3.4 0.146 36 0.054 36 0.095 125.3+4.2 3664810 66
11.1 2.85 180 69 0.40 2.94 0.0185 55 0.126 21 0.049 21 0256 117.9+6.4 169+480 30
12.1 0.77 243 138 0.59 4.50 0.02134 2.1 0.151 10 0.0513 9.9 0209 136.1+2.8 256+230 47
13.1 3.36 158 75 0.49 3.07 0.02183 23 0.154 21 0.051 21 0.110 139.2+3.2 2474480 44
14.1 1.47 256 123 049 5.00 0.02241 19 0.153 13 0.0496 13  0.151 142.9+2.7 179+£300 20
15.1 1.76 237 95 0.41 4.49 0.02171 2.0 0.148 14 0.0495 14 0.138 138.5+2.7 1714340 19
DS229-1
1.1 1.09 463 161 0.36 9.17 0.02278 1.9 0.142 11 0.0451 11 0.167 1452427 —524270 381
2.1 1.59 447 172 0.40 8.66 0.02220 2.0 0.141 17 0.0461 17 0.118 141.5+2.8 14410 —26820
3.1 0.86 569 192 035 11.2 0.02268 1.8 0.151 9.6 0.0484 9.4 0.193 144.6+2.6 117+220 —24
4.1 1.40 424 130 0.32 8.17 0.02213 1.8 0.153 7.3 0.0501 7.1 0.243 141.1£2.5 198+160 29
5.1 4.74 115 16 0.14 2.38 0.02295 2.8 0.161 31 0.051 31 0.090 146.2+4.1 231£720 37
6.1 2.12 245 88 0.37 4.65 0.02161 2.0 0.170 14 0.0571 13  0.149 137.8+2.8 496+300 72
7.1 0.54 1633 397 0.25 31.9 0.02261 1.7 0.1534 3.6 0.0492 32 0463 144.1£2.4 157£75 8
8.1 4.81 131 50 0.39 2.64 0.02228 2.8 0.154 31 0.050 30 0.091 142.0+3.9 203£710 30
9.1 1.26 262 106  0.42 5.20 0.02279 2.0 0.171 14 0.0543 14 0.143 145.3+2.9 3834320 62
10.1 7.20 67 24 0.38 1.35 0.02175 3.4 0.160 41 0.053 41 0.082 138.744.7 344+930 60
11.1 2.02 286 100 0.36 5.50 0.02191 19 0.152 13 0.0503 13  0.146 139.7+2.7 2074310 32
12.1 0.88 576 174 0.31 10.9 0.02176 1.8 0.1565 6.0 0.0522 5.7 0.293 138.8+2.4 292+130 52
13.1 2.63 245 96 0.41 4.85 0.02245 2.0 0.165 15 0.0533 15 0.135 143.1£2.9 342+340 58
14.1 1.59 192 74 0.40 3.70 0.02205 2.1  0.162 15 0.0534 15 0.135 140.6+2.9 3464340 59
15.1 1.07 370 103 0.29 7.11 0.02210 1.8 0.146 84 0.0478 82 0216 140.9+2.5 90+190 —56
DS231-5
1.1 1.27 206 97 0.49 3.82 0.02131 2.0 0.156 13 0.0532 13  0.155 135.9+2.7 3364280 60
2.1 2.41 437 193 046 8.33 0.02162 1.8 0.150 13 0.0503 13  0.142 137.9+2.5 210+£290 34
3.1 1.37 431 148  0.36 8.27 0.02202 1.8 0.148 9.5 0.0488 93 0.187 140.4+2.5 1394220 -1
4.1 1.21 360 165 0.47 6.58 0.02104 1.8 0.140 7.8 0.0484 7.6 0.228 134.2+24 118+180 —14
5.1 0.60 350 172 0.51 6.66 0.02205 1.7 0.1506 4.8 0.0495 45 0360 140.6+2.4 174+110 19
6.1 0.57 495 156  0.33 8.71 0.02036 1.7 0.1453 4.7 0.0518 4.4 0362 130.0+2.2 2754100 53
7.1 0.21 1890 632 0.35 36.3 0.02230 1.6 0.1509 2.4 0.0491 1.9 0.647 142.2+22 151+44 6
8.1 0.38 1541 722 048 303 0.02278 1.6 0.1581 2.6 0.0503 2.1 0.605 145.2+2.3 210+49 31
9.1 0.40 854 281 0.34 16.5 0.02236 1.6 0.1545 4.1 0.0501 3.7 0403 142.6+2.3 199+87 28
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21
o I IV - —— - oo 23T 2070 208
W EEPY/% U/10° Th/10°° BZS/ ﬁujﬁpb/ 23}:5/ 16/% 2;:3/ 16/% 20::;,,/ 16/% iﬁ;ﬁz @Z:/ML; ;;;/;: A FE %
10.1 0.40 513 205 041 941 002126 1.7 01479 55 00505 52 0314 135.6+2.3 217120 38
11.1 1.46 227 82 037 423 002133 2.1 0.147 17 00498 17 0.122 136.0+2.8 187+400 27
12.1 047 1107 354 033  21.0 002201 1.6 0.1469 42 00484 3.9 0390 140.3:23 120491 -17
13.1 031 1642 486 031 316  0.02231 1.6 0.1505 3.5 00489 3.1 0465 142323 14372 1
14.1 1.18 256 82 033 482 002166 1.9 0.153 12 00513 12 0159 138.1£2.6 254270 46
15.1 1.03 516 211 042 980  0.02187 19 0.151 7.9 00499 7.7 0244 139.5:2.7 190+180 27
DS231-6
1.1 0.92 354 116 034 673 002195 19 0152 69 00503 67 0279 139.9+2.7 207+150 32
2.1 5.92 778 361 048 152 0.02144 1.8 0.160 10 0.0543 10 0.168 136.8+2.4 382+230 64
3.1 0.41 937 337 037 182  0.02251 1.6 0.1489 42 0.0480 3.9 0384 143.5:2.3 99+ 92 —45
4.1 0.17 1795 648 037 350 002263 1.6 0.1506 2.7 0.0483 2.1 0.596 1443323 113£50 -28
5.1 0.35 524 202 040 975  0.02159 1.7 0.1486 53 0.0499 50 0321 137.7£2.3 192+120 28
6.1 0.84 381 171 046 724  0.02196 1.7 0.145 82 00480 8.1 0210 140.0+2.4 101190 -39
7.1 231 1693 908 055 317 002130 1.7 0152 14 00516 13 0.123 1359+22 268+310 49
8.1 - 837 251 031 158 0.02194 1.6 0.1531 2.6 0.0506 2.0 0.637 139.9+23 224+46 37
9.1 0.36 573 186 034 107  0.02158 1.7 0.1441 56 00484 54 0302 137.7£23 119£130 -15
10.1 0.19 811 438 056 152 0.02184 1.7 0.1521 33 0.0505 29 0496 139.3+2.3 218+67 36
11.1 1.54 740 274 038 142 002192 1.7 0.1447 63 00479 6.1 0267 139.8423 93140 -50
12.1 1.25 621 137 023  11.0  0.02035 1.7 0.1417 59 0.0505 5.6 0291 129.8+2.2 219+130 41
13.1 0.00 617 291 049 113 0.02127 1.7 01502 3.1 00512 27 0538 1357+23 251%61 46
14.1 0.67 574 218 039 108  0.02166 1.8 0.145 7.8 00484 7.6 0224 1382+2.4 119+180 -16
15.1 1.52 317 178 058 608 002198 1.9 0.161 11 00532 11 0176 140.1£2.6 337240 58
DS234-1
1.1 0.82 272 125 047 526  0.02234 19 0163 9.8 00530 9.6 0.197 142427 328+220 57
2.1 0.13 1129 309 028 213  0.02189 1.7 0.1594 2.5 00528 1.9 0.672 139.6+23 321+42 57
3.1 - 656 442 070 123 002184 1.8 0.1643 29 00545 23 0.621 139.3£2.5 394+ 50 65
4.1 0.17 346 118 035 650  0.02181 2.0 0.165 64 00550 6.1 0310 139.1£2.7 411+140 66
5.1 0.24 8903 12035 1.40 193 0.02514 1.8 0.1688 2.1 0.0487 1.1 0.858 160.042.8 134+25 -19
6.1 0.02 726 359 051 133 0.02123 1.9 0.1603 4.0 0.0547 3.5 0481 1354+2.6 402+78 66
7.1 0.15 3585 2252 0.65 728 002359 1.7 0.1651 22 00508 14 0777 150.3+2.5 230431 35
8.1 0.01 2278 562 025  43.0  0.02194 1.7 0.1512 22 005 14 0776 139.9+24 194+32 28
9.1 0.19 2625 715 028 503  0.02226 1.7 0.1494 2.4 0.0487 1.7 0706 141.9+24 13340 -7
10.1 032 2294 578 026 440 002225 1.7 0.1475 28 0.0481 23 0.606 141.8+2.4 104+53 -36
111 0.49 266 140 054 503 002190 2.0 0.173 6.6 00574 63 0302 139.6£2.7 508140 73
12.1 023 2546 646 026 497  0.02267 1.7 0.1527 2.4 00488 1.6 0724 144.5:25 14038 -3
13.1 023 1527 640 043 298  0.02263 1.8 0.1516 3.3 0.048 2.8 0530 144325 128466 -13
14.1 0.18 2249 487 022 434 002243 1.7 0.1537 22 0.0497 14 0765 143.0:24 181+34 21
15.1 0.18 2865 708 026 559  0.02267 1.7 0.1540 2.6 0.0493 1.9 0.671 144.5:24 160+44 10

FEMG B, 26 T - T, Kol RIEL7E 3 0 1~ 100x200 um Z[A], S5ARGIHR ST, BRs
1: 1 Z[E(E 4), DS229-1 FESES ErRIAR R, 206 JOMHSE MBS ArRFE o 30008 4 mT D 7 VR ok 285
80x120~120x280 um Z[i], DS223-1, DS231-5, (& 4), $8/RJ5 T AESZ B 3 P AR Al el

DS231-6. DS234-1 ¥ fh R AR E/N, Z7E 50x150~ DS223-1 FEfhi#hiA Th &R 27x10 °~
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401x10°%, U &2k 79x10°~1206x10°°, Th/U {5 K
0.30~0.59, F11BR-E Pb f7, 13 N5 B92"Pb/2 U Al
200pb/B8U FAE I ST T U-Pb 5 AIZE [ ol HL BT,
H200Pb/23U 4RI T 136.1~142.9 Ma Z[A], 4%
TNACE 416 M 139.6+1.5 Ma(n=13, MSWD=0.55)
( 5-a),

DS229-1 FEEhES A1 Th &k 16x107°~397x10°,
U &N 67x10°~1633x10°°, Th/U N 0.14~
0.42, FnBREE Pb J5, 15 IS PH/ASU FP%Pb/~*U
AR R S0 T U-Pb i AL L s [ i, H2°Pb/
B3U AR T 137.8~146.2 Ma Z|A], AR AT 34
{HH 141.9£1.4 Ma(n=15, MSWD=0.82) (|&] 5-b)

DS231-5 #EfhES A Th & &k 82x107°~722x107°,
U & 206x10°~1890x107%, Th/U ik 0.31~
0.51, HIEEE Pb J5, 13 LS AYPb/ASU AP U
AR R 575 F U-Pb i AL L sl LT, H2°°Pb/
BSU SRR T 134.2~142.6 Ma Z |1], AR INACE- 14
{8} 139.1+1.7 Ma(n=13, MSWD=1.4) (& 5—¢) .,

DS231-6 FEShEEAT Th &8 116x10°~908x10°°,
U i 317x107°~1796x10°°, Th/U {84 0.23~0.58,
BRI Pb S, 13 NS A92Pb/ 7 U FIP°Pb/2 U
B SVE T U-Pb A1 ol HFfhT, H2Pb/ U

DS229-1

1452Ma 141.5Ma 1446Ma 141.1 Ma 146.2Ma 137.8 Ma 144.1 Ma

DS231-5

1359 Ma 137.9 Ma

DS231-6

Gope

140.4Ma 1342Ma 140.6Ma 130.0Ma 1422 Ma 1452Ma 142.6Ma 135.6Ma 136.0Ma 140.3Ma 1423 Ma 138.1 Ma 139.5Ma

Ofstecoolba

AR T 135.7~144.3 Ma Z[H], AR INBCSE1E
139.2+1.5 Ma(n=14, MSWD=1.2) (& 5-d) .

DS234-1 HEfhdt A Th &7l 118x107°~2252%10°°,
U &H# M 266x10 °~3586x10°°, Th/U {64 0.22~
0.70, FNBRE-E Pb J&, 13 N5 APb/°U AIP°Pb/~ U
BAEHE R 575 T U-Pb i FNZk o H BT, H2°Pb/
BSUAERA AT 139.1~144.5 Ma Z |A], AR INAE
{H°M 141.7+£1.4 Ma(n=12, MSWD=0.72) (&l 5—¢).,

A A R B B R Pl 450 R =
Th/U {HAFE, B AR UCREER 5 MFIER AL R i B
ABEI A, T BT
42 FEMEMBLTE

PSR IER AL R AR S HEAT T A R a . o
G TR, IR ES R (% 2)F, 5 (ki A
A RARBLA 5 A LR AL 2E AR AR o A H A 3
) Si0, # i, K 73.35%~75.16%, F- 74.27%; H E
IR (ALO, &N 13.13%~14.14%) | 4545
(CaO 8N 0.61%~1.56%); K5 (MgO & & H
0.08%~0.19% ) FHFAIE ; B8 % it ¢ 55 (Na,O+K,0 ik
H 8.01%~8.55%), HIJ&E# . L 41(K,0/Na,0
1.29~1.99); & & HBAL(TFeO N 1.56%~3.22%), H
1 Fe,0, &8N 0.93%~2.38%, FeO &N

142.0Ma 1453 Ma 138.7Ma 139.7Ma 1388 Ma 143.1 Ma 140.6 Ma 140.9 Ma

X YK

1399 Ma 136.8 Ma 143.5Ma 1443 Ma 137.7Ma 140.0Ma 1359 Ma 1399Ma 137.7Ma 1393 Ma 1398Ma 1298Ma 1357Ma 138.2Ma 140.1 Ma

DS234-1

AAB¢edqsBecha@sn..

142.4Ma 139.6 Ma 1393Ma 139.1 Ma 160.0 Ma 1354 Ma 150.3 Ma 1399Ma 1419 Ma 141.8 Ma 139.6Ma 1445Ma 1443 Ma 143.0Ma 144.5Ma
B4 B b BRI IR R AL A B B A6 (CL) UGN Ao

Fig.4 CL images and test positions of zircons obtained from the syenogranites in Huanggangliang area
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Fig. 5 U-Pb concordia diagrams of zircons obtained from the syenogranites in Huanggangliang area
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R2 ENRMRERENETIERENFBLITRSE

Table 2 Major, trace elements and rare earth elements compositions of the syenogranites in Huanggangliang area

IvE DS223-1 DS231-5 DS231-6 DS229-1 DS234-1 Kili-24%
Sio, 73.41 74.34 75.11 73.35 75.16 72.73
TiO, 0.20 0.17 0.08 0.22 0.09 0.26
AlLO, 13.89 13.15 13.13 13.93 14.14 14.04
Fe,0, 2.17 1.88 0.93 238 1.22 0.90
FeO 1.03 1.53 0.72 0.65 0.76 0.89
MnO 0.05 0.04 0.04 0.05 0.04 0.04
MgO 0.19 0.18 0.09 0.19 0.08 0.46
CaO 0.70 1.11 1.56 0.61 0.88 1.32
Na,O 3.25 3.73 2.82 3.04 3.08 3.86
K,0 5.08 4.82 5.62 522 4.93 4.09
P,0, 0.05 0.04 0.02 0.05 0.03 0.07
ek 0.90 0.45 0.52 0.89 0.25 -
B 100.9 101.4 100.6 100.5 100.67 -
TFeO 2.98 3.22 1.56 2.79 1.86 1.70
Na,0+K,0 8.33 8.55 8.44 8.26 8.01 7.95
K,0/Na,0 1.56 1.29 1.99 1.72 1.60 1.06
A/CNK 1.14 0.98 0.97 1.18 1.18 -
A/NK 1.28 1.16 1.22 131 1.36 -
DI 90.1 90.1 90.5 90.5 90.72 -
043 2.28 2.34 2.22 224 2.00 -
AR 2.61 3.19 2.25 2.44 2.39 -
M 1.55 1.79 1.89 1.50 1.49 -

t 792 760 756 815 741 -
Hf 10.30 7.04 7.28 7.16 3.92 4.70
Ta 2.25 3.72 223 2.20 1.50 0.92
Th 15.90 4511 49.93 13.82 17.32 12.80
U 251 19.73 16.54 3.52 7.11 2.13
Ba 343.44 151.91 108.45 386.59 260.82 461
Cr 291 6.47 5.35 5.60 2.07 4
Ga 23.23 24.17 22.84 24.25 19.11 18
Pb 90.48 14.34 8.36 30.23 18.79 19
Nb 17.93 20.85 3.94 18.91 8.44 11
Rb 347.92 527.66 537.74 237.14 282.65 125
Sr 59.49 54.09 53.72 78.71 117.81 179
Zr 193.83 163.62 168.21 241.19 99.75 141
Y 64.37 56.28 4579 27.70 27.90 19

10000*Ga/Al 3.16 3.47 3.29 3.29 2.55 242
Nb/Ta 7.97 5.61 1.77 8.59 5.64 11.95
Zr/Hf 18.83 23.24 23.11 33.69 25.44 30.0

La 45.66 56.64 49.87 19.91 21.31 26
Ce 93.67 113.10 103.80 92.61 42.23 52
Pr 11.78 12.38 11.97 5.35 5.10 5.76
Nd 4322 4231 41.44 20.34 18.31 21.2
Sm 8.64 8.62 8.78 5.38 425 3.9
Fu 0.83 0.90 0.82 0.99 0.74 0.72
Gd 7.41 7.68 7.66 4.85 3.60 4.50
Tb 1.24 1.30 1.29 0.86 0.62 0.55
Dy 6.89 7.37 6.92 4.87 332 3.70
Ho 1.12 1.24 1.16 0.85 0.57 0.74
Er 3.00 3.61 3.12 2.36 1.65 2.18
Tm 0.32 0.44 0.37 0.30 0.22 0.38
Yb 225 3.16 242 2.05 1.53 2.20
Lu 0.24 0.36 0.28 0.25 0.18 0.33
SREE 226.27 259.10 239.91 160.97 103.61 124.16

LREE/HREE 9.07 9.30 9.33 8.82 7.87 7.52
Eu /Eu* 0.32 0.34 0.31 0.59 0.58 0.17

4:: A/ICNK=(AL,0,)/[(Ca0)+(Na,0)+(K,0)], DIGRES P 53 AP+ IERAHN K G+HEA+HER AN E ). M=(Nat+K+2Ca)/(AlxSi)(FH
BT HR); 1(°C)=12900/{In[496 000/w(Zr)]+0.85M+2.95}-273.5, #Watson et al.(1983), F 1 ICE & BN R %, W FIFG 170 S R 107
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Fig. 6 Q—A-P diagram(a) and SiO,—K,O diagram(b) of the syenogranites in Huanggangliang area
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Fig. 7 Primitive mantle-normalized trace elements patterns (a) and chondrite-normalized REE patterns (b) of the

syenogranites in Huanggangliang area
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mmtH AR .
43 #£%& Rb-Sr.Sm—Nd.Pb E{iiE

B b SR X IE KA R Sr—Nd [R) 2 2 AT
AR 3. AR IS 4 U-Pb AR5
Sr. Nd [AIf5; Z WA HUAE S AR S E (YSr/*°Sr); FH
MONA/MUND AT 0.70031~0.70543
0.512572~0.512636 Z[f], £,,(0) H—1.29~-0.04,
ena(?) N 0.07~ 118 fyng H—0.43~-0.32, Nd [Flfi &
BEAES Ty M 926~838 Ma, 2**Pb/™Pb. 2’Pb/*Pb,
200pp/2%Ph {H 4351 h 38.381~39.942 . 15.541~15.609,
18.565~19.979,,

5 W ®

51 FiREX
oY R A BB R R B I T & Rk

WA FIDUR L), IF B R AR, A 5
WX AL B A TR 26 £ (E K IHEE, 2007) . {HITAE
KXZA PR AT AF05 R A3 S AL 5 5 AR5 A 5
WoR, BCE 5B DCR B . RS (2010a)
WX S HERERT B HETT Re—Os [Al R, 4K
FREE IR AR IS 135.3+0.85 Ma; 278 5545 (2012) 3@ +F
W AR Re—Os [AIN 2 ik, 155] 134.9+£5.2
Ma B4R Li et al. (2022) MWK AT A T4
MG AP A AT T U-Pb AR, FRAS4ER 751
9 136.03+1.22 Ma il 137.10+3.65 Ma; B HF4H 45
(2016)%F 2 FMEEEH HE4T T Re—Os [Alf =M, 15
3| 141.2+4.3 Ma 1 264.8+3.9 Ma I {2 S 4E 1, TA
R B AR TR T B O W U RN e 1 4
PRSI 2 WA R o 25 L, v v
By R A 32 i AR Y BR 2 S 24 136 Ma (1) . 1 2

R3 BERPEHEXIEKHERS Rb—Sr.Sm—Nd.Pb FEZEE

Table3 Rb—Sr, Sm—Nd and Pb isotopic compositions of the syenogranites in Huanggangliang area

B DS223-1 DS229-1 DS231-5 DS231-6 DS234-1
Rb/10° 382 232 593 561 286
Sr/10°6 56.4 89.5 51.8 471 102

Rb/Sr 19.6 7.4917 33.0899 34.4911 8.0822
Sr/*8r 0.742105 0.719977 0.765734 0.773669 0.719964
iR 0.000014 0.000013 0.000013 0.000014 0.000014
('St/*Sr), 0.70321 0.70487 0.70031 0.70543 0.70369

&s,(0) -16 7.6 -57.2 15.5 -9.1
Sm/10°° 103 4.54 8.57 9.35 452
N&/10° 51.8 20.6 463 46 212

478 m/Nd 0.1202 0.1331 0.112 0.1228 0.129
$Nd/*Nd 0.512572 0.51261 0.512591 0.512629 0.512636
R 0.000007 0.000008 0.000008 0.000007 0.000007
("*Nd/"Nd), 0.512462 0.512486 0.512489 0.512517 0.512516

£xa(0) -1.29 -0.55 -0.92 -0.18 -0.04

exg(0) 0.07 0.6 0.59 1.13 1.18
Ssmna -0.39 -0.32 -0.43 -0.38 ~0.34
Tou/Ma 945 1024 841 877 928
Tpun/Ma 926 885 885 840 838

208ph,24phy 38.426 38.381 38.984 39.942 38.905

W 0.003 0.005 0.005 0.005 0.009

207ph2%ph 15.543 15.541 15.608 15.609 15.609
L 0.001 0.002 0.002 0.002 0.003
205ph,2%4ph 18.683 18.565 19.91 19.979 19.789
L 0.002 0.002 0.002 0.003 0.003
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o T80, BE AR XA S AR SR LR AL < 5
AT T #5417 U-Pb, H =Bk K—Ar MAREBFSE, SRA5 AL
AW A 142~136.8 Ma(Ishiyama et al., 2001; i 4z
1825 2010b; BE4E, 2012; Li et al., 2022), B X 4
MY E RN SRR 137.7+1.2 MaGROIE
45 2015) . HILEAGE, 29 140 Ma ‘A3 A 5 R 2%
TR VE R B ] C R %)

AR YK SHRIMP 547 U—Pb J7 4k % 8 5 2 1l
XRS5 M IEK AR K5 AT 7 AR, 4E I
141.9~139.1 Ma, 5 §if AMF5% 45 SR 75 152 22 5 Fl ) —
B, AT RISV R B A AR A, i
ARSI AE B T A I IR 2 3 Ma (8] 8—a, b)), #Eil
B R R A TR IR LI 29l 3 Ma. 58
B R R RSB, R 1 B A e 1 S o 2
YRR 4 BT RN 4% (142~138 Ma) (Liu et al.,
2017; Wang et al., 2018; Hong et al., 2021 )% 4£ 51
AR (143.9~139 Ma) (Wang et al., 2018; Hong et
al.,2021; Liu et al., 2021; Niu et al., 2022; J& i 4,
2022) #5245 2 Ma( %] 8—a, b; 3 4), KLBLT 2 Ma "
I 2~3 Ma WA 5 0 s ) 22 1T e A TR R PE R
AN SR ER A A il S A N, SR AR
PRI LI AR AT s R e 1 A IR 25 B R A TP
BB DT A s TR], BRSSP
AT TS B . TR X AR 1L | JE AR IR
I DRE NS SN Ay NN e & Y R
IR, AR A 550 43 A, L RSn™ B[R] 5 B Bt ] ) 15

6

WA 141~135 Ma, — & 7EJE B ) Ay &
(El 8—a, c; % 4) . I, TERISLIS T B IX, R
WAy R R IR S S SRR R B A A A P
] 5 28 | FRARLAA 2 [1) 23 A R M5 2% 428, 2 ISR L™ IR
B G — iR b o o B A 1 15 55, T Re TR
FOHb TSR, QAT | LA SN R B T AN )28
ORI f A
52 BARKEZRE

[-S—A Rl R 4202 H i AL KA 2
FE(RAEICE, 2007), H)E A BRIER A TES L I
5 1AL, S BUAE X R pniE AR —3L, 7S 20
VAR JCT 4 36 P58 T ANV B UE W) R R, Je
W) 2 T 46 54 2 28 1 5 A SR U X (Chappell et
al., 1974; Loiselle et al., 1979) . ##M Chappell et
al.(1974) % 1 BUAN S BUAE b A 2SO AR, H
K3 MR AR KA B T RAE B A 2 AR A DU
FEA RSB S BRI A5, JF LA Na,O Frat
(3.2%) . A/CNK B (1.1) }2 CIPW FrifEw P1h 27 &
WA AR E 1 (1% ) R R e B S BUAE b A Bk
INHARAOR AR BT E, TR R 25 A ok F R
Uy b 03 A IO A R P i 4, RIS D R e i VR U
R, SR, TEA TG ECE R YRS T, Loiselle et
al.(1979) 2 T LLEA B . JCKRIE i F3E 1 1
B A MLRURRAE A A A6 I #3, iXJAE B i o
HA K CaO 1 ALO, &, & TFeO/(TFeO+MgO)
. K,0 &Ml K,0/Na,O {8, 7 ¥ i/ # K A & &

i — a 8 S 2pit] b
5y AN
< 4
o — =
T =
o A
|
AT — 0 | I
129 131 133 135 137 139 141 143 145 147 149
E¥E/Ma
g —
e [ ¢
e i T HE - %ﬁ .
-3 i I 2 .ESZE—
BUE NI A
& [n%s)
1 1 1 1 1 1 1
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Fig. 8 Age distribution of typical ore deposits and the granitic intrusions associated with the

mineralization of southern Great Hinggan Range
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Table 4 Age data of typical ore deposits and the granitic intrusions associated with the mineralization of
southern Great Hinggan Range
WRAR  ORE HUERE P H5 U= WaR2S AFHR BORLK IR
e HG-4-1;HG-2-28 ~ HG-2-31 #4HT Re—Os 1353 + 0.85Ma  JARESE, 2010a
WA 07HGL-04 ¥4 Re—Os 1412 + 43Ma  ZHIHAE, 2016
WA 07HGL-05 ¥4 Re—Os 1349 + 52Ma  B1EH, 2012
B ik — FHC A K-Ar 137 + 3Ma  Ishiyama et al., 2001
Hifl1337.5 my K& HGL-93 AF47U-Pb LA-ICP-MS 136.03 + 1.22Ma  Lietal, 2022
bl p——— L1250 mBy i HGL-220 BAU-Pb 137.10 + 3.65Ma  Lietal, 2022
By—BR—FE0 IR £5$L1200 miE <A HGL-243 Hi417U-Pb LA-ICP-MS 13845 + 0.45Ma  Lietal, 2022
DX YIRLAL B — Mz BEK-Ar 142 + 3Ma  Ishiyama et al., 2001
W IRAE B2 WL1 FEAU-Pb LA-ICP-MS  139.96 + 0.87 Ma #5455, 2012
T XA AL R HG-1-7 BifiU-Pb LA-ICP-MS  136.7 + 1.1 Ma  Ji#*E43%, 20100
WX AL B B HG-3-5 HAU-Pb LA-ICP-MS  136.8 + 0.57Ma JilfRAE4E, 20100
HhEFERIER S 14RS-7 B U-Pb LA-ICP-MS  137.7 + 1.2 Ma RS, 2015
El HL13 WEEHD Re—Os 142 £ 1 Ma Liu et al., 2017
A HBGO1 ~ HBGOS W4T Re—Os 138 + 3 Ma Wang et al., 2018
A 17HBG-1 WEEH Re—Os 138.27 + 0.81 Ma Hongetal., 2021
A 17HBG-2 #4EHT Re—Os 138.82 + 0.80 Ma Hongetal., 2021
e Grt A A1H47U-Pb LA-ICP-MS 139.10 + 540 Ma Hongetal., 2021
A GrtB LifA7U-Pb LA-ICP-MS 140.70 + 1.89 Ma Hong et al., 2021
Ve BIXAER# HBG-9 H47U-Pb LA-ICP-MS 14349 + 0.76 Ma Hongetal., 2021
T —— WX BB HBG-10 H547U-Pb LA-ICP-MS  141.10 = 1.40 Ma Hongetal., 2021
. WX AR AL R HBG-1 B£1U-Pb LA-ICP-MS  140.97 + 0.73 Ma Hongetal., 2021
W IXAE B HBG-13 H547U-Pb LA-ICP-MS  140.85 + 0.75 Ma Hongetal., 2021
WX BB ZK2507-17-2 FiA1U-Pb LA-ICP-MS 1409 + 0.8 Ma  Niuetal., 2022
591920 miE R 7 ZK0605 #i41U—-Pb LA-ICP-MS 139 + 2 Ma Wang et al., 2018
INFEZKAE RS XHS-02 A U-Pb LA-ICP-MS 1439 + 1.1 Ma JalfiSE, 2022
NFEIA R KBS XHS #5 A U-Pb LA-ICP-MS 140 + 2 Ma Liu etal., 2021
Ly 22 B AR 2 WLB #547U~Pb LA-ICP-MS 142 + 2 Ma Liu et al., 2021
RS e Ak WLCLT FE47U-Pb LA-ICP-MS 139 + 2 Ma Liu etal., 2021
e 175134; 178135, HEHT Re—Os 1349 = 3.4Ma  Zhai etal., 2020
178J-41
e 1551-10; 1581-16; HEHkH Re-Os 1350 + 0.6Ma  Zhaietal., 2020
1781-26; 1581114
v S1-30-1 ~4: 81-35- INEEH Rb-Sr 1327 + 39Ma  SoE%, 2014
1~3;8J-68-1~3
AHIERBES NS-17 HifAiU-Pb LA-ICP-MS 1314 + 05Ma BT, 2022
RRF I gm0 KIERAERE SJ-52 EETU-Pb LA-ICP-MS 13371 + 0.64 Ma 5l 2014
H-HRTIR BifL1021 miE R BEA DS233-8 B H7U-Pb SHRIMP 1334 + 1.2Ma  JHUEMSE, 2017a
BERAG RN 148155 # A/ U-Pb LA-ICP-MS 130 £ 6 Ma Liu et al., 2016
X AL A 17S1-87 HifiU-Pb LA-ICP-MS 1352 + 1.4Ma  Zhaietal., 2020
DX AR A B 2 178J-53 HifiU-Pb LA-ICP-MS 1344 + 1.0Ma  Zhaietal., 2020
WX AR B 2 178J-59 HifiU-Pb LA-ICP-MS 1344 + 1.0Ma  Zhaietal., 2020
FHALANRLE R AE A ZK1237-4 H547U-Pb LA-ICP-MS  140.72 = 0.44 Ma Daietal., 2022
ALK AE R 2 ZK101-1 Hi47U-Pb LA-ICP-MS 1427 + 0.82Ma  Daietal., 2022
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W IRAFR W IRIEH HUIERSES 5 WAy AEi BORBR I
v DL A BRI FE R Ar-Ar 140.6 + 22Ma  SKTVKAE, 2021
e DX3 BAHU-Pb 1368 + 74Ma  BRAIESF, 2018
e DX1 BAHU-Pb 1347 + 6.6Ma  PRAIESE, 2018
[we) DL2 MEAU-Pb LA-ICP-MS 136 + 2.3 Ma MR TESE, 2021
— . N ﬁr:E D8-2 MEAU-Pb LA-ICP-MS 1351 = 22Ma  FRAIES, 2021
P Fay £ el DX8 MJEAU-Pb LA-ICP-MS 1347 =+ 28Ma  PRAIES, 2021
e D13 HbEAr-Ar 1400 = 1.1 Ma  PRAIES, 2021
TR E TAUBERIE A DW1-2 ¥ A U-Pb LA-ICP-MS 135 £ 1 Ma MRS 1E4E, 2018
B‘K%F@éﬁi*umﬁ# DW3-9 ¥ A U-Pb LA-ICP-MS 136 £ 1Ma  Chenetal., 2021b
TRFE T URIAE 2 DW3-3 # A U-Pb LA-ICP-MS 134 £ 1Ma  Chenetal., 2021b
TREE T HRAE R 2 7YZ 4*HRb-Sr 139.3 + 2.9 Ma B, 2001
A WLST09-7 WEEHH Re—Os 135 £ 11 Ma Liu et al., 2016
WAL AR AY1 B4 U-Pb 138 + 6 Ma Wang et al., 2017
RIS AY2 B4 U-Pb 135 + 6 Ma Wang et al., 2017
ALK W22 B 47U-Pb 136.0 = 6.1 Ma  XUTiil4E, 2018
AERLIHT T e RIS BDI-1 #:41U-Pb LA-ICP-MS 140 + 2 Ma XS4, 2018
By AR IR
s e R = RKAERK A WH-01 #:47U-Pb LA-ICP-MS 140 + 3 Ma Liuetal., 2016
JERICEMSMEER S BR2011-10  #547U-Pb LA-ICP-MS 139 + 2Ma Liuetal., 2016
HifL1550 mf7 BEBEA ZK809-1 #: 6 U-Pb LA-ICP-MS 138 = 2 Ma Liuetal,, 2016
EFL500 mA BB WLI BfIU-Pb LA-ICP-MS 1357 + 09Ma  FERE, 2016
W X AE A WLSTO1 BAIU-Pb LA-ICP-MS 1395 + 12Ma  #LHTASE, 2016
A BJ-07 ~BJ-11 WA Re—Os 140.7 £ 1.7Ma  Zhaietal,, 2017
WA — HrtEAr-Ar 1379 + 41Ma  Zhaietal, 2017
X BB RKAERE BIN2 BifiU-Pb LA-ICP-MS 1432 + 1.2Ma Wangetal, 2016
W X IERAE R DS211-1 BSAU-Pb LA-ICP-MS 14031 + 034 Ma [, 2017b
SIE SN T HiFL884 m AT B BJ-58 BAU-Pb LA-ICP-MS 1402 + 12Ma  EFJE5,2014b
AR IR WX AE R INKA BJY-YT A U-Pb LA-ICP-MS 1432 + 1.5Ma  BUBEBESE, 2013
TERBEE BJP1-C22 BSAIU-Pb LA-ICP-MS 1382 + 0.8Ma )R, 2020
HEAINA A BJPI1-C31 BSAIU-Pb LA-ICP-MS 1374 = 0.7Ma 555, 2020
1 22 WUHLRLAE B A HLO02 Bi41U-Pb LA-ICP-MS 1380 + 1.4Ma  Xuetal, 2022
Ly 2 WURDRIAE i 5 HL04 Bi41U-Pb LA-ICP-MS  137.1 + 0.6Ma  Xuetal,, 2022

ERTRH A GBS AN A, R
King et al.(1997)I\°h, A BIL AT REE 2K 0 T
kﬁ%fﬂ?ﬁ%ﬂ@?ﬁi {HEEFIN R A BT B A 5
REREA K e A TR, AT RESR F e i ek
iﬁ '?mﬁﬁa Mea W BIR G, £F & HOE T € v
Fir 388 P (R 4G 1 PR IR B REAIE, 3X AT REL R A RUAE
G RBLEGTR AR 5 LAY T R RIS S I K
ARAHFF R . FSR Whalen et al.(1987) (&
LI Ga/AL{HH A BIERA S 1AL, S ALK A2
TSR] 53 1 )5 S8 VT RERS A AR %, (B H T4 R 280
FARINTT i Ga/AL{ERBUN A BUAE R A B i Al
FHIE

XHESE(2015) AR 4 A FUAE b 5 2 1 R i 438 s
Tt P X 5 (Whalen et al., 1987), LK ARE A & Hi75
BRI IS (™ W) A5 453 Ba JCRAFAE, DA 5 2B IX
KIN-RAZEEZ A 1 ﬁ'lizﬁ%;‘éo A SCHEA AN AU
R OB A AR R A B R bR vfE S T AL

S FUAE B A AN —FL, i Ga/Al {ERR B A BIE K 7
bR, AR 4> A BRI 5 TR KA 3
Yo ML X OE R AL K A TR s B A B A A, DA
HAE Si0,(73.35%~75.16%) il (Na,0+K,0)
(8.01%~8.55%) . fik Ca0(0.61%~1.56%) FIik MgO
(0.08%~0.19% ) ) F= 1L JC R FEAF X 1] T B AU 1 Y45
BRI AE B s DI ALO,(13.13%~14.14%) . FP2E45
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MAIFE R A/CNK(0.97~1.18) . ¥ A& B A
X 5F S #U4E < (Chappell et al., 1974 ); H. B A &
TFeO/(TFeO+MgO){H (14.96~22.12) . K,0/Na,O &
(1.29~1.99), 10000*Ga/Al {4 (2.55~3.47) FIik
Ca0(0.61%~1.56%) . Sr(53.72x10°~117.81x10°°) &
B, 55 A BAE R A IS ER L 22 FR1F, 7€ Whalen
et al.(1987) H | Bl fif L4 i T A BUAE R 5 X 35
(E 9-a~c). 53%b, EXBEIERK ALK A Y/Nb HAF
1.46~11.62 Z[f], /£ Y/Nb—Rb/Nb F1 Nb—Y—Ce ¥ 5]
Bl BT Ay BB R AR X (K 9-d, e) o AT
THR AR/, TFeO/ (TFeO+MgO) fH
0.94~0.96 . & K,O. #E5R T, A9 o0 S fe e vh 45, £F
HARRE Y A BIAE ) 5 JEHHIE, 7E ALO,—TFeO/
(TFeO+MgO ) FI 51|l fife L 4% 5 Tl 7 A UL 24
DX 35k (] 9—1), I 7R 7 25 U5 X ARk LA il 05 P8 ¢ v
Y30 JFOIR A ER 5% (Frost et al., 1997; Dall’ Agnol et al.,
2007)

T, B B PR 1 1 S SR T AR B 5 28, BRSO g
i B P 09 HE 4R AL i) # 28 (Lofgren et al., 1991),
A BUAE A AR & B AR AR () A 28, LRSS
NS A Ry . R DEURE R T A B
< AETER H 75 T s et IR 485 o S ] g
(Han et al., 1997; Mushkin et al., 2003), {H A #I{E X
AR KL 5 Eu, Ba, St o R, HAK o Ridfip
TR DX RHC A 3 B 45 OT AR B, IS O AT R
H e P8 IR L O SR ) (Wyllie, 1977; RARTT
45,2007) o R, A BUAE RS IR Y BT BE R IR
T Hb 5B BB U A1 (5B 444 il (Collins et al., 1982;
Clemens et al., 1986), SR [ 18 5 5 3% A 1A Hi7e )
JE AR A (Dickin, 1994; Harris et al., 1999) .

AIANZ IR, KL B XAR AN 2 &
A0 U5 2 A AT B b e R A R e Rk ) 7 g (XA
%%, 2007; Wang et al., 2016; 5k KAESE, 2019; 2545 %
&, 2020; XIJ55F, 20215 JE A4, 2022), (BX] 5 5

53 ERMBERIE R (9 B W TR TR AEAE A, A7 SR R F 5 Bt
SEIG A A S TR, A R R B UTRUA S MY A A Al (AR 248, 2010¢) |« B T ot
N 1000 000 2231
xDS223-1 a x DS223-1 x - .
oDS231-5 ©DS231-5 ©DS231-5
ADS231-6 ADS231-6 ADS231-6
1 FoDs229-1 0DS229-1 0DS229-1
£ | oDS234-1 A 100 | ODS234-1 A 1000 | O DS234-1 A
o) S .
Z 2 :
=5 S =
@] D a =
s 3 = 5 N o
£ 10 100 0
T LS, M
LS, M LS M
5 1 10
1 10 1 10 1 10
10000xGa/Al 10000xGa/Al 10000xGa/Al
00 a3 xDS223-1 N 1.0 AT
X - - W JE "
© DS231-5 d ©DS231-5 grmEASEN S f
A DS231-6 A A ng; é cls
0D5229-1 0D8229- S 09} ) o A 0 A2
50 | ODS234-1 0DS234-1 Cé,) Bt ;’(a‘?WC?AAiH kS
2 5 \\i \\.
% o 08 PRI 1SS
~ Ay g : T
.. 3
RN 2 XDS223-1"
£ 0.7 loDS231-5"
A ADS231-6
mo 9 - 0DS229-1
0DS234-1
A 0.6 [EDS23 ey
Y Ce 10 12 14 16 18 20
ALO,/%

B 5 B IX IE K AE B e BRI ZEH R 1] (a, b, ¢ KR FIYE Whalen et al., 1987; d, e KK Eby, 1992;

f EJEEIHE Dall” Agnol et al., 2007)

Fig. 9 A-type granite of discrimination diagrams of the syenogranites in Huanggangliang area
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W5 B SR (Zhou et al, 2012) . 7 AE HISE (4 E 44
HAERAL R 32 2 oy & M 72 ) T A TR U GEXOVE AT,
2015) %00 o B R X IE K AE 5 75 & 4 Rb., Th,
U. K% RKEF¥AILK(LILE), 5l Nb, Ta, P,
Ti %5558 0K (HFSE ), Hih 5 Ti, P G & AY4F
TE55 00 ity 5 2% M R Ak 2 R AR AL, 3R B S 2R X
s B A REEY S 5 (Wilson, 1989); SEu B
9 0.31~ 0.59, HORE—PERRAE RO T 25 28 9 ook
JEPTRE R E AR AN . 2*Pb/*"*Pb. **"Pb/***PD .,
200pp/2%Ph {H 435 H 38.381~39.942 15.541~15.609,
18.565~19.979, 7 Pb [mlfv; Z ki A= IA] 1 HLBH & 1)
etk oA e s, ELA w1 1Ly V8 fh 4 i b g i £k
L2 (K 10-a), Bnset@iR G IRFE. (St/™Sr), F
SNA/N (B2 T 0.70031~0.70543 F10.512572~
0.512636 Z[A], £44(0) {H N—1.29~-0.04, e\, (¢) N
0.07~1.18, FW A1y Nd [F7 & 5 ERR M A 4 —
i (CHUR) AR, PHCEPE A IR A 2, HAE

W 370 /N ARG T 75 40 b 0 R AR RS (T, 926
Ma~838 Ma), HEBR 149 BHRIE T CHUR FEM 7]
figo 7E (VSr/*°Sr)—~('*Nd/'“Nd), Elf# L, 8 TS
LA DX (& 10-b), HEM B 4 5T 1 A VR T 77 46
A H A2 B b A Yy B TR G o FE A T 7 5
HuE Y BB B N A BB AR Ty, o0 1024~841
Ma, B B ERAR RS Ty, M 926~838 Ma, A BA
YT R e RN 7 g . A, R

16.0

x DS223-1 a
©DS231-5
A DS231-6
0DS229-1

15.8

—_

d

(=)}
T

......... b7
< AR
<= JEMIEI
< iR T

207Pb/204Pb

—

hd

~
T

152 F

15 17

206Pb/204Pb

21

(I43Nd/l44Nd)‘

By IR A Po R R AR COPb/ "Pb., *"Pb/*Pb.
206pp/204Ph 4351k 38.071~38.388., 15.511~15.607 .,
18.252~18.345) 5L %A Pb [ R4 M —3, N
M7 5 8 TR B B4 ORF i 8 PR (S0 45, 20125 %]
BAFE,2013), RUIZH A HERIE T[] — U-Pb R4,
RPF— A 3R IR X . 550 IR 50 X S AM R A A
165 A I B 25 R, I A 5 L P o R el
T Bt g 53 5, FAE TR A7 R v 32 B
VIR

HAS— 3R AU, KSR B IX, 4 i
IR L TEAS IR, HERIITFE . AR T ILE L2 4
JEW IR Sr—Nd-Pb [Fl{v RFFIES & < B2k IKE
AT (FPR1E5, 2014; Jiang et al., 2017; Wang et
al., 2018; X Fili%F, 2018; Zhao et al., 2020; Dai et
al., 2022), 454G HAHUT BRI SC 2R . ALY 25 [R] 53 A
FILH T S50, X 26 2 4 JR 0 IR T R HL A AH [R] 9 A
B ) SR R, IFIE T[] — By b o 75 557 i ] —
HTAERE o
54 AT HRES

A6 A AR I 28 0 T el A o
(200~160 Ma) . F A4 K 4T (£9 140 Ma) FIE A
] A AR P R 7 (247 120 M) = K R
B 15 55 E R B IX, = R 45051
LT 180~160 Ma FYHIETERRT IR . 29 140 Ma (1)
B2 4 BT IRMY 120 Ma (A TR (5304,

0.5135

T g xDS223-1 b
e s oDS231-5
R R ADS231-6
0.5130 | . L 0DS229-1
SR L ICH 0DS234-1
O KT
o | g% IR
05125 F O TMeati - o R
AT
0.5120 + R
& 3
0.5115 . . . . .
0.700  0.704 0708  0.712  0.716 0.720
(¥7Sr/*Sr),

El 10 Pb [N Z A (o, JEEIHE Zartman et al., 1981) A1 (¥St/*Sr),-("*Nd/"“*Nd), Elf# (b, JEKIHE Zindler et al., 1986)
(a BTSRRI A 5 PR IRSREIIESE, 2004; Zhou et al., 2012; TR RH A 14 PHRERIBEMIIEAT, 2012; XA AE, 2013; MR L1 AHRES,
#Iit Jiang et al., 2017; Zhao et al., 20205341 5 5 FFHE kLI Wang et al., 2018; SEAEIAI 14 FRREa I A IR AEAE, 2014; ZERITAE 8 A b 4 0] Sl
45,2018, b. T RAE R # 6 MFREELTE Zhou et al., 2012; FRoR LA, 2022; (/K 24 FRE A Jiang et al,, 2017; Zhao et al., 2020; {4 5 14
RESLHE Wang et al., 2018; SR F LI 12 AFRESHE Dai et al., 2022)
Fig. 10 Pb isotopic compositions diagram(a) and (*’Sr/**Sr).-('*Nd/'**Nd), diagram(b)
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2005) . BB IRIY F R AR 200 136 Ma,
WX AN A ARSI A 141.9~139.1 Ma, X b & 53¢
(2005 $EH IR 4L R BE 140 Ma M 248
DR SR SRR 3 AT R G 4T 1 20 g 23 e, BRI
A Pl A T R e R a0 L (FUR B S0 EF(2005)
AR, 140 Ma S0 VEFH 225 1 AU Feng iR IR AL 1L
A O, A SCA R Z I E R 5 A BLE X
BRZBY), PERTE R-R, FHUE TG A BIGE
B X (E 11-a), 7 Rb—(Y+Nb) Ef# (K 11-b) 4%
ST R AL B . KOLIRAE b 2 R Y AE B A 28
B X, BFIE RN, A BUAE AR R T R R AL
AR, BRI S RIS | B sh KRN Z ., v
WNHERS ., KGR SFE 2R i PREE, Horf A BUAE
w B A SR ZRA LR BRI 2E R, 28 AL
Tl 44 B Al R P A4 25 SR A 5 AR S e
A, BIE A I RS L A, BUE T 37, W T
it ol 48 i 5 BT JAE L B I 0 A0 S I R
IR L5 R BR45% (Eby, 1992) .

R W i B b DX, T by S Y G 38 3L V78 K
S ) T R 55— R S A e B A AR A, H
FRT 2 DX e s L AL TS A o A A
He ) WO R Bl O v/ ] (25 Je 55, 2014b; Wang et
al., 2016; LM%, 2018; 2545 %45, 2020; XI55 4%,
2021; FM 4, 2022) . 52 —SPE RS 1ER .

(B8 k5, 20145 BXHESE, 2015; 265, 20165 1
HAE, 2020; 2 SCEF, 20215 T RAE, 2022) | 2458
1 Ly 3 LS CRIY T SN PE P AR S ) Al P AR IS
R4 FH (R AEICEE, 1999; HRHF 445, 2001; Fan et al.,
2003; FRERAE, 2004; ZRARSE, 2017) SEWE . T AT
BN, YN I e A R A S
=&, HEAT A VG RS W AR A R i A S (M
%%, 2004; Cao et al., 2013; Wang et al., 2015, 2018),
PRI DRSS 25 G R TR, R 42206 g B DX R 1 4 (&Y
140 Ma) #z PN At J& R 58 52 1y S ¥ A 5V 2 il 7
BN

5t -SRI AR T — S R 1
AEAELAACAL VY J7 [ PEAR A AR R . 7 e 2R 7 [l
R G R ) ] A b A R R T ) 9 LS )
FAIL ZE b AV ML X, PG [a] AR LA B ) 27 2 A
(Lietal., 2017; 4 3C R 25, 2019); VTAFRMRIEAE R 2% %
WAL B R S 124 168 Ma [ 2 B K AL K 2l
FHEIL Hb DX 17 AU 1) g 104 9 7 ) 2 4 s I B S R RS
S, DN S T — S YR S v I A H— M R 2 58 4 ]
B OBE A, 2005; VF3CRAF, 2019) o 5 Rl g
I B IR A e — e e A= A S e 3 e L L
FHE5HE 24 20 Ma(fIG ST, 2010), A] W58t —5RE
RS Vo Rl R AR I 5 24 140 Ma 5 3 AR I
] b B3 o (RS2 IS R 42208 il X G AL 7R ) 1)

2500 10000
a b
x DS223-1
o DS229-1
2000 | A DS231-5 1000
o DS231-6 L
0 DS234-1 Syn-COLG
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& = 100k
O
1000 ~
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o DS231-6
0 DS234-1
0 1 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 1 10 100 1000 10000
R, (Y+Nb)/10°6
Bl 11 P IERAE R A R—R, Ff# (a, JEKE Batchelor et al., 1985) 1 (Y+Nb)—Rb [Elf# (b, JEKIHE Pearce et al., 1984)

(R,=[4Si-11(Na + K)-2(Fe + Ti)]; R,~(Al + 2Mg + 6Ca))

Fig. 11 R,—R, diagram (a) and (Y+Nb)—Rb diagram (b) of the syenogranites in Huanggangliang area
1—Hui o3 (RHRAE R ) 2— BRI SRR 2 (B REREFT) A£G s 3— bRl 5 MR A s 4—Weii LI AE R A
SR I A BUAER Y 6—TRIRETE S BB # 7 YIS A BUAER s ORG—IE P LR s
Syn-COLG—IRIRHEAL 4 ; VAG—K ILIRAE R 2 WPG—HRINAE R &



110 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

TR BT 2L LA S 5 JR A I 1) Tevk e 5 58 — %R
WAL AL TP A 7 10 06 R (A HE 4245, 2022), A
WA 2 TR AT Al e AR AR bV F
X NEENR o AR X i AT P AR ke L i o
I [] 2R 3K 8 — B, EX AL PE AR oh 5 ] F1 140~130
Ma (R e A I8 R (2R S0 KL 45, 2019; 7511
PHAE, 20205 XA KA, 2022; HEZLAE, 2022) T
MR R, W R PEMRIAE 145~135 Ma LLZY
NW50° ] K. A Bili 5 £f1 B4 #h (Engebretson et al.,
1985), Z5 G IR RAE IR L /NS 2290 AR dihr
HrFE A5 X AGE Y 142~130 Ma 1 846 i 5 25090 i
RO RARAE, 20195 224524, 2020; X954, 2021;
AR, 2022), MK 220 B B b X AR L A
27T 58 SRR U S I A A A A R AR A R
S R IR R E S N

6 4 it

(1) R %28 T BEHE 1) G2 Ml X IE K AE I A 47 i
7 141.9~139.1 Ma, i X N5 B A DG 9% 58 %
AL B R AR R 139.241.5 Ma, 3R 4RI R 3
Ma, T 8 < P20 R A BB R IR PR MR A S
BRI AR A A R

(2) 8 5 b DX IE R A < = F A R A, Al
TE B A2, S S TR X R R K EL e mal L 58 v 1 38 i
ARSIREE, U BT T8 et AN =7 T i 43 55, 7
ETHER AR 2 B s TR G

(3) K405 R B X AE L A 26 7 T 58—
R YR S T G AR P A5 e R A P ARy R v A A
HEFHZ N,

B AP B R A F IR B FIRA P
F AR SR AR S e XA A2 P T e 35 F A
By, BRaftFAE R AR BGETTBAEL,

References

Batchelor R A, Bowden P. 1985. Petrogenetic interpretation of granitoid
rock series using multication parameters [J]. Chemical Geology, 48(1):
43-55.

Black L P, Kamo S L, Allen C M, et al. 2003. TEMORA 1: A new zircon
standard for Phanerozoic U-Pb geochronology [J]. Chemical Geology,
200(1/2): 155—-170.

Cai J H, Yan G H, Xiao C D, et al. 2004. Nd, Sr, Pb isotopic
characteristics of the Mesozoic intrusive rocks in Taihang—Da Hinggan

Mountains tectonomagmatic belt and their source region[J]. Acta

Petrologica Sinica, 20(5): 1225-1242 (in Chinese with English
abstract).

Cao HH, Xu W L, Pei F P, et al. 2013. Zircon U-Pb geochronology and
petrogenesis of the Late Paleozoic—Early Mesozoic intrusive rocks in
the eastern segment of the northern margin of the North China
Block[J]. Lithos, 170/171: 191-207.

Chappell B W, White A J R. 1974. Two contrasting granite types[J].
Pacific Geology, 8: 173—174.

Chappell B W, White A J R. 1992. I- and S—type granites in the Lachlan
Fold Belt[J]. Transactions of the Royal Society of Edinburgh: Earth
Sciences, 83(1/2): 1-26.

Che Y W, Liu J F, Zhao S, et al. 2021. Early Early—Cretaceous
post—collisional tectonic setting of the southern segment of the Great
Xing’an Range: Evidence from the Lanjiayingzi gabbro—diorite in
Linxi areal[J]. Geological Bulletin of China, 40(1): 152-163 (in
Chinese with English abstract).

Chen G Z, Wu G, Li T G, et al. 2018. LA—ICP—MS zircon and cassiterite
U-Pb ages of Daolundaba copper—tungstentin deposit in Inner
Mongolia and their geological significance[J]. Mineral Deposits,
37(2): 225-245 (in Chinese with English abstract).

Chen G Z, Wu G, Li T G, et al. 2021a. Mineralization of the Daolundaba
Cu—W-—Sn deposit in the southern Great Xing’an Range: Constraints
from zircon and monazite U-Pb and sericite “’Ar—"Ar ages[J]. Acta
Petrologica Sinica, 37(3): 865—885 (in Chinese with English abstract).

Chen G Z, Wu G, Li T G, et al. 2021b. Mineralization of the Daolundaba
Cu—Sn—W-Ag deposit in the southern Great Xing’an Range, China:
Constraints from geochronology, geochemistry, and Hf isotope[J]. Ore
Geology Reviews, 133: 104117.

Clemens J D, Holloway J R, White A J R. 1986. Origin of an A—type
granite: Experimental constraints[J]. American Mineralogist, 71(3/4):
317-324.

Collins W J, Beams S D, White A J R, et al. 1982. Nature and origin of
A~type granites with particular reference to Southeastern Australia[J].
Contributions to Mineralogy and Petrology, 80(2): 189-200.

Dai M, Yan G S, Li Y S, et al. 2022. The origin of microgranular
enclaves in the Early Cretaceous Shuangjianzishan granites in southern
Great Hinggan Range, NE China[J]. Geological Journal, 57(7):
2631-2655.

Dall’Agnol R, Carvalho de Oliveira D. 2007. Oxidized, magnetite—series,
rapakivi—type granites of Carajas, Brazil: Implications for classification
and petrogenesis of A—type granites [J]. Lithos, 93: 215-233.

Deng J F, Zhao G C, Su S G, et al. 2005. Structure overlap and tectonic
setting of Yanshan orogenic belt in Yanshan Era[J]. Geotectonica et
Metallogenia 29(2): 157—-165 (in Chinese with English abstract).

Dickin A P. 1994. Nd isotope chemistry of Tertiary igneous rocks from
Arran, Scotland: Implications for magma evolution and crustal
structure [J]. Geological Magazine, 131(3): 329-333.

Duan X X, Zeng Q D, Yang Y H, et al. 2015. Triassic magmatism and
Mo mineralization in northeast China: geochronological and isotopic
constraints from the Laojiagou porphyry Mo deposit[J]. International
Geology Review, 57(1): 55-75.


https://doi.org/10.1016/S0009-2541(03)00165-7
https://doi.org/10.18654/1000-0569/2021.03.14
https://doi.org/10.18654/1000-0569/2021.03.14
https://doi.org/10.1007/BF00374895
https://doi.org/10.1016/j.lithos.2006.03.065
https://doi.org/10.1017/S0016756800011092
https://doi.org/10.1080/00206814.2014.989546
https://doi.org/10.1080/00206814.2014.989546

Faa g1

TR T A58 TR 22 g B o A% i X P 2 P TE R AR b o B B M 3 JE 7 111

Eby G N. 1992. Chemical subdivision of the A—type granitoids:
Petrogenetic and tectonic implications [J]. Geology, 20(7): 641-644.
Engebretson D C, Cox A, Gordon R G. 1985. Relative motions between
oceanic and continental plates in the Pacific basin[J]. Special Paper of

the Geological Society of America, 206(9): 1-60.

Fan W M, Guo F, Wang Y J, et al. 2003. Late Mesozoic calc—alkaline
volcanism of post—orogenic extension in the northern Da Hinggan
Mountains, northeastern Chinal[J]. Journal of Volcanology and
Geothermal Research, 121: 115-135.

Feng Y Z, Yang J H, Sun J F, et al. 2020. Material records for Mesozoic
destruction of the North China Craton by subduction of the
Paleo—Pacific slab[J]. Science China Earth Sciences, 63: 690~700 (in
Chinese with English abstract).

Frost C D, Frost B R. 1997. Reduced rapakivi—type granites: the tholeiite
connection[J]. Geology, 25(7): 647-650.

Gu Y C, Chen R Y, Jia B, et al. 2017a. Zircon U-Pb dating and
geochemistry of the granite porphyry from the Shuangjianzishan silver
polymetallic deposit in Inner Mongolia and tectonic implications[J].
Geology and Exploration, 53(3): 495-507 (in Chinese with English
abstract).

Gu Y C, Chen R Y, Jia B, et al. 2017b. Zircon U-Pb dating and
geochemistry of the syenogranite from the Bianjiadayuan Pb—Zn—Ag
deposit of Inner Mongolia and its tectonic implications[J]. Geology in
China, 44(1): 101-117 (in Chinese with English abstract).

Guo Z J, Zhou Z H, Li G T, et al. 2012. SHRIMP U—Pb zircon dating and
petrogeochemistral characteristics of the intermediate—acid intrusive
rocks in the Aoergai copper deposit of Inner Mongolia[J]. Geology in
China, 39(6): 1487-1500 (in Chinese with English abstract).

Han B F, Wang S G, Jahn B, et al. 1997. Depleted—mantle source for the
Ulungur River A-type granites from North Xinjiang, China:
Geochemistry and Nd—Sr isotopic evidence, and implications for
Phanerozoic crustal growth[J]. Chemical Geology, 138(3/4): 135—159.

Harris C, Marsh J S, Milner S C. 1999. Petrology of the alkaline core of
the Messum igneous complex, Nambibia: Evidence for the
progressively decreasing effect of crustal contamination[J]. Journal of
Petrology, 40(9): 1377-1397.

Hong J X, Zhang H Y, Zhai D G, et al. 2021. The geochronology of the
Haobugao skarn Zn—Pb deposit (NE China) using garnet LA-ICP-MS
U-Pb dating[J]. Ore Geology Reviews, 139: 1-23.

Hou Z Q. 2010. Metallogensis of continental collision[J]. Acta
Geologica Sinica, 84(1): 30—58 (in Chinese with English abstract).

Ishiyama D, Mizuta T, Ishikawa Y, et al. 2001. Geochemical
characteristics of igneous rocks and tin—copper mineralization[R].
Project Final Report of Chinese Research Center for Mineral Resources
Exploration, 4: 115-138.

Jiang H Y, Zhao Z D, Zhu X Y, et al. 2020. Characteristics and
metallogenic significance of granite porphyry and pyroxene diorite in
the Bianjiadayuan Pb—Zn—Ag polymetallic deposit, Inner Mongolia[J].
Geology in China, 47(2): 450—471 (in Chinese with English abstract).

Jiang S H, Chen C L, Bagas L, et al. 2017. Two mineralization events in

the Baiyinnuoer Zn—Pb deposit in Inner Mongolia, China: Evidence

from field observations, S—Pb isotopic compositions and U—Pb zircon
ages[J]. Journal of Asian Earth Sciences, 144: 339-367.

King P L, White A J R, Chappell B W, et al. 1997. Characterization and
origin of aluminous A—type granites from the Lachlan Fold Belt,
Southeastern Australia[J]. Journal of Petrelogy, 38: 371-391.

Kravchinsky V A, Cogne J P, Harbert W P, et al. 2002. Evolution of the
Mongol—-Okhotsk Ocean as constrained by new palacomagnetic data
from the Mongol-Okhotsk suture zone, Siberia[J]. Geophysical
Journal International, 148: 34—57.

LiJ F, Wang K'Y, Quan H Y, et al. 2016. Discussion on the magmatic
evolution sequence and metallogenic geodynamical setting background
Hongling Pb—Zn deposit in the southern Da Xing’an Mountains[J].
Acta Petrologica Sinica, 32(5): 1529—1542 (in Chinese with English
abstract).

Li M X. 2020. Geochemical characteristics and petrogenesis of Early
Cretaceous monzonitic granite in the Mandu area, southern Da Hinggan
Mountains [J]. Geological Bulletin of China, 39(2/3): 224-233 (in
Chinese with English abstract).

Li Y S, Liu Z F, Shao Y J, et al. 2022. Genesis of the Huanggangliang
Fe—Sn polymetallic deposit in the southern Da Hinggan Range, NE
China: Constraints from geochronology and cassiterite trace element
geochemistry[J]. Ore Geology Reviews, 151: 105226.

LiY, Xu W L, Wang F, et al. 2017. Triassic volcanism along the eastern
margin of the Xing'an Massif, NE China: Constraints on the
spatial-temporal extent of the Mongol-Okhotsk tectonic regime[J].
Gondwana Research, 48: 205-223.

Lin Q, Ge W C, Wu F Y, et al. 2004. Geochemistry of Mesozoic granites
in Da Hinggan Ling ranges[J]. Acta Petrologica Sinica, 20(3):
403—412 (in Chinese with English abstract).

Liu C H, Bagas L, Wang F X. 2016. Isotopic analysis of the super—large
Shuangjianzishan Pb—Zn—Ag deposit in Inner Mongolia, China:
Constraints on magmatism, metallogenesis, and tectonic setting[J].
Ore Geology Reviews, 75: 252-267.

Liu F, Wang X, Hai L F, et al. 2021. Zircon U—Pb ages, Hf isotope and
extensional tectonics of monzogranite in the Hansumu area of southern
Great Khingan[J]. Geology in China, 48(5): 1609-1622 (in Chinese
with English abstract).

Liu J M, Zhang R, Zhang Q Z. 2004. The regional metallogency of Da
Hinggan Ling, China[J]. Earth Science Frontiers, 11(1): 269-277 (in
Chinese with English abstract).

Liu J L, Ji L, Ni J L, et al. 2022. Dynamics of the Early Cretaceous
lithospheric thinning and destruction of the North China craton as the
consequence of Paleo—Pacific type active continental margin[J]. Acta
Geologica Sinica, 96(10): 3360-3380 (in Chinese with English
abstract).

Liu L J, Zhou T F, Fu B, et al. 2021. Petrogenesis of Early Cretaceous
granitic rocks from the Haobugao area, southern Great Xing’an Range,
northeast China: Geochronology, geochemistry and Sr—Nd-Hf-O
isotope constraints[J]. Lithos, 406/407: 106501.

Liu Y F Jiang S H, Bagas L. 2016. The genesis of metal zonation in the
Weilasituo and Bairendaba Ag—Zn—Pb—Cu—(Sn—W) deposits in the


https://doi.org/10.1130/0091-7613(1992)020<0641:CSOTAT>2.3.CO;2
https://doi.org/10.1016/S0377-0273(02)00415-8
https://doi.org/10.1016/S0377-0273(02)00415-8
https://doi.org/10.1007/s11430-019-9564-4
https://doi.org/10.1130/0091-7613(1997)025<0647:RRTGTT>2.3.CO;2
https://doi.org/10.1016/S0009-2541(97)00003-X
https://doi.org/10.1093/petroj/40.9.1377
https://doi.org/10.1093/petroj/40.9.1377
https://doi.org/10.1016/j.jseaes.2016.12.042
https://doi.org/10.1093/petroj/38.3.371
https://doi.org/10.1046/j.1365-246x.2002.01557.x
https://doi.org/10.1046/j.1365-246x.2002.01557.x
https://doi.org/10.1016/j.oregeorev.2022.105226
https://doi.org/10.1016/j.gr.2017.05.002
https://doi.org/10.1016/j.oregeorev.2015.12.019

112 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

shallow part of a porphyry Sn—W-Rb system, Inner Mongolia,
China[J]. Ore Geology Reviews, 75(2): 150—173.

LiuRL, WuG, Li TG, et al. 2018. LA-ICP—MS cassiterite and zircon
U-Pb ages of the weilasituo tin—polymetallic deposit in the southern
Great Xing’an Range and their geological significance[J]. Earth
Science Frontiers, 25(5): 183-201 (in Chinese with English abstract).

Liu W, Pan X F, Xie L W, et al. 2007. Sources of material for the Linxi
granitoids, the southern segment of the Da Hinggan Mts.: When and
how continental crust grew?[J]. Acta Petrologica Sinica, 26 (3):
667—679 (in Chinese with English abstract).

Liu Y, Jiang S H, Leon B, et al. 2017. Isotopic(C—O—S) geochemistry and
Re—Os geochronology of the Haobugao Zn—Fe deposit in Inner
Mongolia, NE China[J]. Ore Geology Reviews, 82: 130—147.

Liu Z, Lt X B, Mei W. 2013. Sulfur-Lead—Oxygen isotope compositions
of the Huanggang skarn Fe—Sn deposit, Inner Mongolia: Implications
for the sources of ore—forming materials [J]. Journal of Mineralogy and
Petrology, 33(3): 30—37 (in Chinese with English abstract).

Lofgren G E, Beard J S, 1991. Dehydration melting and water—saturated
melting of basaltic and andesitic greenstones and amphibolites at 1.3
and 6.9 kb[J]. Journal of Petrology, 32(2): 365—401.

Loiselle M C, Wones D S. 1979. Characteristics and origin of anorogenic
granites [J]. Geological Society of American, Abstracts with Programs,
11: 468.

Ludwig K R. 2003. Isoplot 3.0—A geochronological toolkit for
Micro—soft Excel[M]. Bekeley Geochronology Center, Special
Publication, 4: 1-70.

Mao J W, Xie G Q, Zhang Z H, et al. 2005. Mesozoic large—scale
metallogenic pulses in North China and corresponding geodynamic
settings[J]. Acta Petrologica Sinica, 21(1): 169—188 (in Chinese with
English abstract).

Mao Q. 2001.

tin—mineralization in Huanggang tin—mineralization belt, Inner

Petrogenesis of  granitoids associated  with
Mongolia, China[D]. Doctor Thesis of Institute of Geology and
Geophysics, Chinese Academy of Sciences: 1-74 (in Chinese with
English abstract).

Mei W, Li X B, Cao X F, et al. 2015. Ore genesis and hydrothermal
evolution of the Huanggang skarn iron—tin polymetallic deposit,
southern Great Xing'an Range: Evidence from fluidminclusions and
isotope analyses [J]. Ore Geology Reviews, 64: 239-252.

Mei W, L X B, Wang X D, et al. 2020. Alteration, mineralization and
genesis of Huanggang skarn iron—tin polymetallic deposit, Southern
Great Xing’an Range[J]. Earth Science, 45(12): 4428-4445 (in
Chinese with English abstract).

Mushkin A, Navon O, Halicz L, et al. 2003. The petrogenesis of A—type
magmas from the Amram Massif, Southern Israel[J]. Journal of
Petrology, 44(5): 815—832.

Nasdala L, Hofmeister W, Norberg N, et al. 2008. Zircon M257: A
homogeneous natural reference material for the ion microprobe U-Pb
analysis of zircon [J]. Geostandards and Geoanalytical Research, 32(3):
247-265.

Niu X D, Shu Q H, Xing K, et al. 2022. Evaluating Sn mineralzation

potential at the Haobugao skarn Zn—Pb deposit (NE China) using
whole—rock and zircon geochemistry[J]. Journal of Geochemical
Exploration, 234: 106938.

Pearce J A, Harris N B W, Tindle A G. 1984. Trace element
discrimination diagrams for the tectonic interpretation of granitic
rocks[J]. Journal of Petrology, 25: 956—983.

Peccerillo R, Taylor S R. 1976. Geochemistry of Eocene calc—alkaline
volcanic rocks from the Kastamonu area, northern Turkey[J].
Contributions to Mineralogy and Petrology, 50: 63—81.

Ruan B X, Lii X B, Liu S T, et al. 2013. Genesis of Bianjiadayuan
Pb—Zn—Ag deposit in Inner Mongolia: Constraints from U—Pb dating
of zircon and multi—isotope geochemistry[J]. Mineral Deposits, 32(3):
501514 (in Chinese with English abstract).

Shao J A, Liu F T, Chen H, et al. 2001. Relation ship between Mesozoic
magmatism and subduction in Da Hinggan—Yanshan area[J]. Acta
Geologica Sinica, 75(1): 56—63 (in Chinese with English abstract).

Shi CY, Yan M C, Chi Q H. 2007. Abundances of chemical elements of
granitoids in different geotectonic units of China and their
characteristics[J]. Acta Geologica Sinica, 81(1): 48—59 (in Chinese
with English abstract).

Streckeisen A L, Le Maitre R W. 1979. A chemical approximation to the
modal QAPF classification of the igneous rocks[J]. Neues Jahrbuch
fur Mineralogie, Abhandlungen, 136: 169-206.

Su R K, Xue HM, Cao G Y. 2022. Huanggangliang volcanic—extrusive
uplift in the southern Da Hinggan Mountains: Discussion on genetic
relation between different lithofacies[J]. Acta Petrologica et
Mineralogica, 41(4): 727-745 (in Chinese with English abstract).

Sun DY, Wu F Y, Zhang Y B, et al. 2004. The final closing time of the
west Lamulun River—Changchun—Yanji plate suture zone—Evidence
from the Dayushan granitic pluton, Jilin Province[J]. Journal of Jilin
University (Earth Science Edition), 34(2): 174—181 (in Chinese with
English abstract).

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes. In:
Saunders A D, Norry M J(eds.)[J]. Magmatism in Oceanic Basins.
Geological Society Special Publication, 42: 313—345.

Tomurtogoo O, Windley B F, Krnoer A, et al. 2005. Zircon age and
occurrence of the Adaatsag ophiolite and Muron shear zone, central
Mongolia: constraints on the evolution of the Mongol—-Okhotsk ocean,
suture and orogen[J]. Journal of the Geological Society 162: 125-34.

Wang C M, Zhang S T, Deng J, et al. 2007. The exhalative genesis of the
stratabound skarn in the Huanggangliang Sn—Fe polymetallic deposit
of Inner MongolialJ]. Acta Petrologica et Mineralogica, 26(5):
409—417 (in Chinese with English abstract).

Wang C G, Sun F Y, Sun G S, et al. 2016. Geochronology, geochemical
and isotopic constraints on petrogenesis of intrusive complex
associated with Bianjiadayuan polymetallic deposit on the southern
margin of the Greater Khingan, China[J]. Arabian Journal of
Geosciences, 9: 334,

Wang D, Zhao G C, Su S G, et al. 2020. Spatial-temporal distribution of

late Mesozoic intrusive rocks in south Daxing'anling mountains and the


https://doi.org/10.1016/j.oregeorev.2016.11.024
https://doi.org/10.1016/j.oregeorev.2014.07.015
https://doi.org/10.1093/petrology/44.5.815
https://doi.org/10.1093/petrology/44.5.815
https://doi.org/10.1111/j.1751-908X.2008.00914.x
https://doi.org/10.1016/j.gexplo.2021.106938
https://doi.org/10.1016/j.gexplo.2021.106938
https://doi.org/10.1093/petrology/25.4.956
https://doi.org/10.1144/GSL.SP.1989.042.01.19
https://doi.org/10.1144/GSL.SP.1989.042.01.19

Faa g1

TR T A58 TR 22 g B o A% i X P 2 P TE R AR b o B B M 3 JE 7 113

characteristic contrast of rocks in the mid ridge and the east slope[J].
Geoscience, 34(3): 466—482 (in Chinese with English abstract).

Wang F X, Bagas L, Jiang S H, et al. 2017. Geological, geochemical, and
geochronological characteristics of Weilasituo Sn—polymetal deposit,
Inner Mongolia, China[J]. Ore Geology Reviews, 80: 1206—1229.

Wang L J, Wang J B, Wang Y W et al. 2002. REE geochemistry of the
Huangguangliang skarn Fe—Sn deposit, Inner Mongolia[J]. Acta
Petrologica Sinica, 18(4): 575-584 (in Chinese with English abstract).

Wang X, Ren X G, Wang Y, et al. 2018. Zircon U-Pb ages and
geochemical characteristics of the quartz monzonite diorite rocks from
Hanmiao area in the southern segment of the Da Hinggan
Mountains[J]. Geological Bulletin of China, 37(9): 1662—1670 (in
Chinese with English abstract).

Wang X L, Liu J J, Zhai D G, et al. 2014a. A study of isotope
geochemistry and sources of ore—forming materials of the
Bianjiadayuan silver polymetallic deposit in Linxi, Inner Mongolia[J].
Geology in China, 41(4): 1288-1303 (in Chinese with English
abstract).

Wang X L, Liu J J, Zhai D G, et al. 2014b. U-Pb Dating, geochemistry
and tectonic implications of Bianjiadayuan quartz porphyry, Inner
Mongolia, China[J]. Bulletin of Mineralogy, Petrology and
Geochemistry, 33 (5): 654-665 (in Chinese with English abstract).

Wang X D, Xu D M, Lii X B, et al. 2018. Orgin of the Haobugao skarn
Fe—Zn polymetallic deposit, Southern Great Xing’an Range, NE
China: Geochronological, geochemical, and Sr—Nd—Pb isotopic
constraints [J]. Ore Geology Reviews, 94: 58—72.

Wang Y N, Xu W L, Wang F, et al. 2018. New insights on the Early
Mesozoic evolution of multiple tectonic regimes in the northeastern
North China Craton from the detrital zircon provenance of sedimentary
strata[J]. Solid Earth, 9(6): 1375-1397.

Wang Z J, Cao H H, Pei F P, et al. 2015. Geochronology and
geochemistry of middle Permian—Middle Triassic intrusive rocks from
central—eastern Jilin Province, NE China: Constraints on the tectonic
evolution of the eastern segment of the Paleo—Asian Ocean[J]. Lithos,
238: 13-25.

Watson E B, Harrison T M. 1983. Zircon saturation revisited:
Temperature and composition effect in avariety of crustal magmas
types[J]. Earth and Planetary Science Letters, 64(2): 295-304.

Wei W, Chen J P, Huang X K, et al. 2017. Magmatic migmatization of
Haliheiba pluton: Petrographic study of dark inclusion, U-Pb
chronology and Hf isotope of zircon mineral in central and southern
section of the Da Hinggan Mountains area[J]. Mineral Exploration,
8(6): 948-956 (in Chinese with English abstract).

Whalen J B, Currie K L, Chappell B W. 1987. A-type granites:
Geochemical characteristics, discrimination and petrogenesis[J].
Contributions to Mineralogy and Petrology, 95(4): 407-419.

Wilson M. 1989. Igneous petrogenesis a global tectonic approach[M].
London: Chapman and Hall: 1-466.

WuFY, Li X H, Yang J H, et al. 2007. Discussion on the petrogenesis of
granites[J]. Acta Petrologica, 23(6): 1217-1238 (in Chinese with
English abstract).

Wu F Y, Sun D Y, Ge W C, et al. 2011. Geochronology of the
Phanerozoic granitoids in northeastern Chinal[J]. Journal of Asian
Earth Sciences, 41: 1-30.

WuFY, Sun DY, Jahn B, et al. 2004. A Jurassic garnet—bearing granitic
pluton from NE China showing tetrad REE patterns[J]. Journal of
Asian Earth Sciences, 23: 731-44.

WuFY, Sun DY, Lin Q. 1999. Petrogenesis of the Phanerozoic granites
and crustal growth in Northeast China[J]. Acta Petrologica Sinica,
15(2): 181—-189 (in Chinese with English abstract).

Wu G B. 2014. Research of silver mineralization in central-southern
segment of the Great Xing’an Range—A case study of the
Shuangjianzishan silver deposit, Inner Mongolia[D]. Doctor Thesis of
University of Chinese Academy of Sciences, 1-150 (in Chinese with
English abstract).

Whyllie P J. 1977. Effects of H,0O and CO, on magma generation in the
crust and mantle[J]. Journal of the Gelogical Society, 134(2): 215-234.

Xu C H, Sun F Y, Fan X Z, et al. 2022. The Early Cretaceous tectonic
evolution of the southern Great Xing’an Range, northeastern China:
New constraints from A2—type granite and monzodiorite[J]. Canadian
Journal of Earth Sciences, 59: 135—-155.

Xu W L, Sun C Y, Tang J, et al. 2019. Basement nature and tectonic
evolution of the Xing’an—Mongolian orogenic belt[J]. Earth Science,
44(5): 1620—1646 (in Chinese with English abstract).

Xu Z B, Shao Y J, Yang Z A, et al. 2017. LA-ICP—MS analysis of trace
elements in sphalerite from the Huanggangliang Fe—Sn deposit, Inner
Mongolia, and its implications[J]. Acta Petrologica et Mineralogica,
36(3): 360—370 (in Chinese with English abstract).

Yang Q D, Guo L, Wang T, et al. 2014. Geochronology, origin, sources
and tectonic settings of Late Mesozoic two—stage granites in the
Ganzhuermiao region, central and southern Da Hinggan Range, NE
China[J]. Acta Petrologica Sinica, 30(7): 1961-1981 (in Chinese with
English abstract).

Yang Y J, Yang X P, Jiang B, et al. 2022. Spatio—temporal distribution of
Mesozoic volcanic strata in the Great Xing’an Range: Response to the
subduction of the Mongol-Okhotsk Ocean and Paleo—Pacific
Ocean[J]. Earth Science Frontiers, 29(2): 115131 (in Chinese with
English abstract).

Yao M J, Liu J J, Zhai D G, et al. 2012. Sufur and lead isotopic
compositions of the polymetallic deposits in the southern
Daxing’anling: implication for metal sources[J]. Journal of Jilin
University(Earth Science Edition), 42(2): 362—373 (in Chinese with
English abstract).

Yao M J, Cao Y, Liu J J, et al. 2016. Isotope age of Re—Os in
molybdenite and genetic implication of Huanggangliang Fe—Sn deposit
in Inner Mongolia[J]. Mineral Exploration, 7(3): 399—403 (in Chinese
with English abstract).

You S X, Chen K, Zhang Y C, et al. 2022. Geochemical characteristics
and geological significance of magnetite in Huanggangliang iron
polymetallic deposit, Inner Mongolia[J]. Mineral Exploration, 13(4):
398-409 (in Chinese with English abstract).

Zartman R E, Doe B R. 1981. Plumbotectonics—the mode[J].


https://doi.org/10.1016/j.oregeorev.2016.09.021
https://doi.org/10.1016/j.oregeorev.2018.01.022
https://doi.org/10.5194/se-9-1375-2018
https://doi.org/10.1016/j.lithos.2015.09.019
https://doi.org/10.1016/0012-821X(83)90211-X
https://doi.org/10.1007/BF00402202
https://doi.org/10.1139/cjes-2021-0041
https://doi.org/10.1139/cjes-2021-0041

114 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

Tectonophysics, 75: 135—162.

Zeng Q D, Sun Y, Duan X X, et al. 2013. U-Pb and Re—Os
geochronology of the Haolibao porphyry Mo—Cu deposit, NE China:
Implications for a Late Permian tectonic setting[J]. Geological
Magazine, 150(6): 975-985.

Zhai D G, Liu J J, Cook N J, et al. 2019. Mineralogical, textural, sulfur
and lead isotope constraints on the origin of Ag—Pb—Zn mineralization
at Bianjiadayuan, Inner Mongolia, NE China[J]. Mineralium Deposita,
54: 47-66.

Zhai D G, Liu J J, Li J M, et al. 2016. Geochronological study of
Weilasituo porphyry type Sn deposit in Inner Monglolia and its
geological significance[J]. Mineral Deposits, 35(5): 1011-1022 (in
Chinese with English abstract).

Zhai D G, LiuJ J, Yang Y Q, et al. 2012. Petrogenetic and metallogentic
ages and tectonic setting of the Huanggangliang Fe—Sn deposit, Inner
Mongolia[J]. Acta Petrologica et Mineralogica, 31(4): 513523 (in
Chinese with English abstract).

Zhai D G, Liu J J, Zhang A L, et al. 2017. U-Pb Re—Os, and “’Ar/*Ar
geochronology of porphyry Sn+Cu+Mo and polymetallic (Ag—Pb—
Zn—Cu) vein mineralization at Bianjiadayuan, Inner Mongolia,
Northeast China: Implications for discrete mineralization events[J].
Economic Geology, 112(8): 2041-2059.

Zhai D G, LiuJ J, Zhang H'Y, et al. 2014. S—Pb isotopic geochemistry,
U-Pb and Re—Os geochronology of the Huanggangliang Fe—Sn
deposit, Inner Mongolia, NE China[J]. Ore Geology Reviews, 59:
109-122.

Zhai D G, Williams—Jones A E, Liu J J, et al. 2020. The genesis of the
giant Shuangjianzishan epithermal Ag—Pb—Zn deposit, Inner Mongolia,
northeastern China[J]. Economic Geology, 115(1): 101-128.

Zhang J H, Gao S, Ge W C, et al. 2010. Geochronology of the Mesozoic
volcanic rocks in the Great Xing’an Range, northeastern China:
Implications for subduction—induced delamination[J]. Chemical
Geology, 276: 144—-165.

Zhang P C, Peng B, Zhao J Z, et al. 2022. Petrogenesis of the
syenogranite in the Xiaowulangou area of southern Great Xing’an
Range: Constraints from zircon LA-ICP-MS U-Pb geochronology,
geochemistry and Hf isotopes[J]. Earth Science, 47(8): 28892901 (in
Chinese with English abstract).

Zhang T F, Guo S, Xin H T, et al. 2019. Petrogenesis and magmatic
evolution of highly fractionated granite and their constraints on
Sn—(Li—Rb—Nb—Ta) mineralization in the Weilasituo deposit, Inner
Mongolia, southern Great Xing’an Range, China[J]. Earth Science,
44(1): 248-267 (in Chinese with English abstract).

Zhang X B, Bao C J, Wu S S. 2021. Chronology of the Daolundaba
Cu—W polymetallic deposit, southern Great Xing’an Range: Evidence
from quartz fluid inclusion “Ar/*Ar age[J]. Journal of Xinjiang
University(Natural Science Edition in Chinese and English), 38(1):
83-90 (in Chinese with English abstract).

Zhao H, Li S, Wang T, et al. 2015. Age, petrogenesis and tectonic
implications of the

Early Cretaceous magmatism in the

Huanggangliang area, southern Da Hinggan Mountains [J]. Geological

Bulletin of China, 34(12): 2203-2218 (in Chinese with English
abstract).

Zhao J Q, Zhou Z H, Ouyang H G, et al. 2022. Zircon U-Pb age and
geochemistry of quartz syenite porphyry in Shuangjianzishan
Ag—Pb—Zn (Sn) deposit, Inner Mongolia, and their geological
implications [J]. Mineral Deposits, 41(2): 324-344 (in Chinese with
English abstract).

Zhao Q, Xiao R G, Zhang D H, et al. 2020. Petrogenesis and tectonic
setting of ore—associated intrusive rocks in the Baiyinnuoer Zn—Pb
deposit, southern Great Xing’an Range (NE China): Constraints from
zircon U-Pb dating, geochemistry, and Sr-Nd-Pb isotopes[J].
Minerals. 10(1): 1-18.

Zhou T, Sun Z J, Yu H N, et al. 2022. Zircon U-Pb geochronology, Hf
isotope and whole—rock geochemical characteristics of Xiaohanshan
pluton in Haobugao Pb—Zn deposit, Inner Mongolia[J]. Geoscience,
36(1): 282294 (in Chinese with English abstract).

Zhou Z H, Gao X, Ouyang H G, et al. 2019. Formation mechanism and
intrinsic genetic relationship between tin-tungstenlithium mineralization
and peripheral lead-zinc-silver-copper mineralization: Exemplified by
Weilasituo  tin-tungsten-lithium
Mongolia[J]. Mineral Deposits, 38(5): 1004-1022 (in Chinese with
English abstract).

Zhou Z H, Liu H W, Chang G X, et al. 2011. Mineralogical

polymetallic ~ deposit,  Inner

characteristics of skarns in the Huanggang Sn—Fe deposit of Inner
Mongolia and their metallogenic indicating significance[J]. Acta
Petrologica et Mineralogica, 30(1): 97-112 (in Chinese with English
abstract).

Zhou Z H, LG L S, Feng J R, et al. 2010a. Molybdenite Re—Os ages of
Huanggang skarn Sn—Fe deposit and their geological significance,
Inner Mongolia[J]. Acta Petrologica Sinica, 26(3): 667679 (in
Chinese with English abstract).

Zhou Z H, L{i L' S, Yang Y I, et al. 2010b. Petrogenesis of the Early
Cretaceous A—type granite in the Huanggang Sn—Fe deposit, Inner
Mongolia: Constraints from zircon U-Pb dating and geochemistry[J].
Acta Petrologica Sinica, 26(12): 3521-3537 (in Chinese with English
abstract).

Zhou Z H, Lii L' S, Yang Y J, et al. 2010c. LA-ICP-MS zircon U-Pb
chronology and Hf isotope composition of the Huanggang granite in
the southern Great Hinggan Range and their geological
significance[J]. Mineral Deposits, 29(Supplement): 559-560 (in
Chinese).

Zhou Z H, Mao J W, Lyckberg P. 2012. Geochronology and isotopic
geochemistry of the A—type granites from the Huanggang Sn—Fe
deposit, southern Great Hinggan Range, NE China: Implication for
their origin and tectonic setting[J]. Journal of Asian Earth Sciences,
49: 272-286.

Zhou Z H, Ouyang H G, Wu X L, et al. 2014. Geochronology and
geochemistry study of the biotite granite from the Daolundaba Cu—W
polymetallic deposit in the Inner Mogolia and its geological
significance[J]. Acta Petrologica Sinica, 30(1): 79-94 (in Chinese
with English abstract).


https://doi.org/10.1016/0040-1951(81)90213-4
https://doi.org/10.1017/S0016756813000186
https://doi.org/10.1017/S0016756813000186
https://doi.org/10.1007/s00126-018-0804-6
https://doi.org/10.5382/econgeo.2017.4540
https://doi.org/10.1016/j.oregeorev.2013.12.005
https://doi.org/10.5382/econgeo.4695
https://doi.org/10.1016/j.jseaes.2012.01.015

Faa g1

TR T A58 TR 22 g B o A% i X P 2 P TE R AR b o B B M 3 JE 7 115

Zhu X Y, Zhang Z H, Fu X, et al. 2016. Geological and geochemical
characteristics of the Weilasito Sn—Zn deposit, Inner Mongolia[J].
Geology in China, 43(1): 188-208 (in Chinese with English abstract).

Zindler A, Hart S. 1986. Chemical Geodynamics[J]. Annual Review of
Earth Planet Science, 14: 493-571.

Zorin Y A. 1999. Geodynamics of the western part of the
Mongolia—Okhotsk collisional belt, Trans—Baikal region (Russia) and
Mongolia[J]. Tectonophysics, 306: 33—56.

Mt F 322 %5 STk

BEGINE, 18] [, 14 B, Z5. 2004, RATII—R L2 HE 3k 25 3 vh A
fRAZ A Nd. Sr. Pb [Alf3 ZFFE S FOR BT [T]. 65 4 %4,
20(5): 1225-1242.

TR, XA, RXRT, 45, 2021, K4LEWE R B L 1 et R 5 i A
1k AR B2 R TR N A AIEE (7], Ho i 4z,
40(1): 152-163.

FRANIE, B, ZRERNI, 45, 2021, K425 TR B (iR VR B3 0 PR A,
WVEH: Sk A Al s 47 U-Pb 28 o B A= Ar 4RI 2R [T].
AR, 37(3): 865-885.

B 28 1, BT, 2RI, 45 2018, N 52 48 3k LA 48 8 R
LA-ICP-MS #5474 A1 U—Pb 4k St 5 38 SC L] w7 R b R,
37(2): 225-245.

XA, B R, TR0 [, 25, 2005, L5 LT HE L IAA 3 B B Hok
HiF T S5 (0], Kb As 3 5 B+, 29(2): 157-165.

AV, AIERE, $has R, 2. 2020, FAEART AR SN i A
SehGE BRI Bk 1], EREE: ke, 50: 651-662.

iR AR, A S, B, 4. 2017a. ISE T SR F ISR £ &R A R AL b
BEA AR Bk AL R AR KO 3 7 [0, M5 B R, 5303):
495-507.

Jo T, WA X, UM, 4. 2017b. NSt il R KBEATRHER AT R TR B IE
RAE A A SRR BT (0], Hr EbJR, 44(1): 101-117.

SR, YRR, 2R, 5. 2012, IS EUR ST P—RIE R A
& SHRIMP #4547 U-Pb & 454 Atk Ak 2 Re e 5% (1], b [
J5i, 39(6): 1487-1500.

{EHETE. 2010, KEHREAE R 18 (7], HbFi2EHE, 84(1): 30-58.

PR, BGEFY, BT A, 5. 2020. S IR K BEHVER T R AL b BE
o RORE AN A R AE KO B 8 R 0. b bR, 47(2):
450-471.

ZGIE, 0T 55, KO, 5. 2016. KT BEAL I BYRET R A J
APE 5 Bl 1215 S BT (0], A2, 32(5): 1529-1542.

ZERE DL, 2020. K242 B B Al b X 1 B — K A b A R Tk 2
FEOE B [T]. b BTE AR, 39(2/3): 224-233.

PRIR, SO, RATIC, 4. 2004, K424 Fp AR AR B 45 2L s R 1k
2201, H AR, 20(3): 403—412.

XI5, T, M5, 55, 2021, KSR B EA AU K AL A #E
A U-Pb 4E W | HE [R]85 AF B R g i A (90, o e o,
48(5): 1609-1622.

XA, SR, TR PCUH. 2004, 242205 Hh X Y IX S8 FRAE (], Hh2E
A% (P EHUFORE, J650), 11 (1): 269-277.

XMBRK, 5, 4 e, 45 2022, W H WAL bl A B v 5 ik

INBh T2 et iy AT 1 A 0 3l Kt 2% (0], M 2441k, 96(10):
3360-3380.

XUER M, 507, 2RI, 5. 2018, K% B B4R & R 6T K
LA-ICP-MS 1 Fl 85 A U—Pb 4F % K H M 5T 55 SC [T, M= i 2%
(hEHL R 2, d630), 25 (5): 183-201.

XU, W /INIE, IRUSC, 45 2007, K622 04 R BOR P b X AE 5 2 1 T
e TR BRI U], AR, 23(2): 441-460.

X, BB, M. 2013, SN T R A BB 7 IR S—Pb—O [l
PR BT B W BOR IR AR 7R [I]. 0420 41, 33(3): 30-37.

BRI, WP, SKAEM, 2. 2005, H E DL A AR B ALET VE Y
IR B HIER S 2415 S (0], A0 244, 21(1): 169-188.

B4 2001, SRR SH T A ALK A A RS [D].
F RS B 1 R 45 Bk BERIE 5 P B -2 68 3 1-74.

MEf, BB, FHEAR, 45, 2020, KMLIETE B by A AUk 24
JET R AR AR S RN (7], HoBkRL2E, 45(12): 4428-4445.
BLPEmE, 2%, XIHAS, 4. 2013, NS i R KBEAVERR D" AR A A -
K H 85 A U-Po 4F % R 2 e W) A 3 09 il 29 (00, 07 IR Hb 5T, 32(3):

501-514.

BRBF 22, XUAR L, BRHE, 45, 2001, K240 e e g i A AR ARG s
P EFHSE R [T]. HUT#4), 75(1): 56-63.

Sk X, BRI, R iEAE. 2007, R E R R HOGAE R A S n R
JCRFHIELT]. 24, 81(1): 48-59.

TR, BEIRR, W RER. 2022, K 242004 BE# i 2 k1 —2 H Bt
ANRIEAZ A BRI R L], 5 A0 27243, 41(4): 727-745.

IMVEAT, RARIC, TR, 25, 2004, FURLAAS T AR TE 75 bk gt &
BB S P A st TRl ———8 [ 35 AR T LA i e R B [0 35 ok
AR (IRELE), 34(2): 174-181.

TR, Sk ARE, XPBZE, 45 2007. NSEH 8 IR Z &R RZIR S
RAMBRIUEELHE (], A a0 P F 2258, 26(5): 409-417.

Toil, B AR, I 0 L AR, 2020, K4ZEUA S BEM T A AR A E B 23 4%
A3 Ko FH5 AR A AR L L], BUCHLT, 34(3): 466-482.

FFIE, Eaily, TR, 55 2002, 55 KGR ARSI R +
TR HLERALZ: [T]. 540 2# 4, 18(4): 575-584.

T, AEBIA, TR, 55, 2018, RG2S R BTl X A7 9 RN
B U-Pb 4FI4 S R Ab22H5AE (1], HUSTE R, 37(9): 1662-1670.
FER, XRE, B, 5. 20140 NS KPR KBRZ &R
PRIFIE 2 MR b 2 R E K s W) JTOR U AR (7], rh M 5, 41(4):

1288-1303.

TEE I, XIRE, BEE, %, 2014b. WS F KD X A H B
U—Pb 4EAC2E | A7 hER AR R o 5% S (0], B A M ER
fb2FIE 7, 33(5): 654—665.

B, REE, #EATYIL, 5. 2017, K44I g BEng 7 SRHUA A A SR
AER: B EAACEAR | AR E A B RN R R R ], 5 7=
£, 8(6): 948-956.

RARIC, ZERRAE, HERE, 25 2007. 2654 IR SE B TR 0] 4
112747, 23(6): 1217-1238.

RARIC, IMEA, AR 1999, ZR Al X 5 A 17 48 5 25 A N 5 4 548
] A AR, 15(2): 181-189.

SR, 2014, K428 g BUR AL TE B ——LAR F LR £
EJET IR NEID]. thEBFRER 220083 1-150.

WSCR, PVRIH, FEAS, 25, 2019 24551 LA 93 a8 M5 b s v fb i



https://doi.org/10.1016/S0040-1951(99)00042-6
https://doi.org/10.3969/j.issn.1000-0569.2004.05.018
https://doi.org/10.3969/j.issn.1001-1552.2005.02.001
https://doi.org/10.3969/j.issn.1000-3657.2012.06.003
https://doi.org/10.3969/j.issn.1000-3657.2012.06.003
https://doi.org/10.12029/gc20200213
https://doi.org/10.3321/j.issn:1000-0569.2004.03.004
https://doi.org/10.12029/gc20210521
https://doi.org/10.3969/j.issn.0001-5717.2022.10.007
https://doi.org/10.3969/j.issn.1000-0569.2007.02.022
https://doi.org/10.3969/j.issn.1001-6872.2013.03.006
https://doi.org/10.3321/j.issn:1000-0569.2005.01.017
https://doi.org/10.3969/j.issn.0258-7106.2013.03.004
https://doi.org/10.3321/j.issn:0001-5717.2001.01.006
https://doi.org/10.3321/j.issn:0001-5717.2007.01.007
https://doi.org/10.3969/j.issn.1000-6524.2022.04.004
https://doi.org/10.3969/j.issn.1000-6524.2007.05.003
https://doi.org/10.3969/j.issn.1000-0569.2002.04.017
https://doi.org/10.3969/j.issn.1674-7801.2017.06.005
https://doi.org/10.3969/j.issn.1674-7801.2017.06.005
https://doi.org/10.3969/j.issn.1000-0569.2007.06.001
https://doi.org/10.3969/j.issn.1000-0569.2007.06.001
https://doi.org/10.3321/j.issn:1000-0569.1999.02.003

116 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

AT, HBERELE, 44(5): 1620-1646.

MMy, B, A %, 4. 2017, NSl B R R B IR IN R
LA-ICP-MS 7 i 7o 3 4l X H A8 n 2 (3], A a0 4%,
36(3): 360-370.

Warak, %, £, 5. 2014, KLU b g B H BRR iy i DX i rp AR 4L
PIHATE B AR L S L U8 B A 1 5 55 (30, A 241, 30(7):
1961-1981.

WRED, AR, VTR, 45, 2022, K422 A= AR UK L 5 HiZ 2 434
55k SRR TIIE | oy RPN ol /R Ry (7). M 22 R,
29(2): 115-131.

BMEIR, XIR %, AR, & 2012, KL T B2 48 i i w4
[FI 57 2% 2H B S b T A S (00 35 ROR 22 iz b Bk} 2% i, 42(2):
362-373.

BMGUE, W, XK, 452016, NS RSB R A A B
Re—Os 44 BH AR 2 X 1. 7= 14, 7(3): 399-403.

JUFFRE, MR, SKIIOR, 45, 2022, INSE i3 b k2 & B BT R b
BRALZEFRE B 532 SLLT]. P-4, 13(4): 398—409.

AR, XIRE, 2R W, 45, 2016, N 52 4EH i E B A T 0 TR
S IR e R SC L) W RHBR, 35(5): 1011-1022.

BIEE, MR, WkoR, 2. 2012, 520 35 b R T IR ALA . s
MRS  0]. A a0 Y FE, 31(4): 513-523.

R, 5, AR, 4E. 2022, ROGLEIGREBU/ING 220 IE K AR 5 2
[ 854 LA-ICP-MS U—Pb A0 shkfb4 K HE RIS a2 ()],
HuERR} 27, 47(8): 2889-2901.

TRRAR, TR0, 5 H, 45 2019, KRR BEAERITHT R A R AL A
A5 14 1 R 55 3 4k B2 X Sn—(Li-Rb—Nb—Ta) £ 43 J& B 75 F 14 31
27[1]. HiERBL2E, 44(1): 248-267.

SRR, AR, Sl 2021, R4 R BOE (SR I 2 4R T

PRAEARZABTST: 3R [ A DB Ar— Ar AR (IS (] FrRs
AR (HARBLEERR) (FPes0), 38(1): 83-90.

RN, ZEA, U, S5, 2015, 24220 T BEEE i Sl X IR 1 S (H 5590 1
FREH DR e Hodg i 7 S 0] MU AR, 34(12): 2203-2218.

RS, FIPRAE, RRBHAAR, 45, 2022, NSES WU ILARAY S (8) 07 R
AR RS U-Pb 4R8Y | kA2 KOH s Bt LI IR b o,
41(2): 324-344.

JEIM, PNEBZE, TREA, 45 2022, INGE I I mAVEED RN LA LR
2% . HE A28 Mt ERAL2AAAE (1], B HLI, 36(1): 282-294.

JATRAE, W0, BRPARIR, 5. 2019. SR 1055 41 FBUBKCR B R i
AR PR FE P DG R FIE ALl —— A 28 e BT By i 2 4
TR AR (1], 5 R, 38(5): 1004—1022.

JRPRAE, KA, FOAE, 25 2011, NS SRR IRY R ET W)
PR R N Fem B L T]. A AWk, 30(1): 97-112.

JAPRME, B, MR, 4. 2010a. N5 8K &7 A RV RO
T Re—Os AP0 ML HLJTT R L [I]. 5 A4z, 26(3): 667-679.

JARAE, BARE, Bk ZE, 4. 2010b. N 52 B i B ki X . 1 S i
A BRI 4 U-Pb AR A Bk 2 29 (] A A
247, 26(12): 3521-3537.

JAYRAE, B, Bk %, 4. 2010c. K222 05 B B 54 78 K A 1K
LA-ICP-MS #£1 U-Pb AEAR2H1 HE [R5 3 41 S b 7 ) [3].
T IRHLIBT, 29( Til): 559-560.

JERAE, WRPHATAR, BTN, 2. 2014. PSEA B A IAI A 2 4R 5 R
ZBEAE R AR | R AE AR S i S (D). A A,
30(1): 79-94.

BUBA, TRAERE, 10, 55 2016. ST ARIGAERIIFE AT £ 48 5
B b R AL 22 AE (] B BT, 43(1): 188-208.


https://doi.org/10.3969/j.issn.1000-6524.2017.03.006
https://doi.org/10.3969/j.issn.1674-7801.2016.03.003
https://doi.org/10.3969/j.issn.1000-6524.2012.04.004
https://doi.org/10.3321/j.issn.1000-2383.2022.8.dqkx202208017
https://doi.org/10.3969/j.issn.1671-2552.2015.12.007
https://doi.org/10.3969/j.issn.1000-6524.2011.01.009
https://doi.org/10.3969/j.issn.1000-3657.2016.01.014

	1 地质概况
	2 样品特征
	3 测试方法
	4 测试结果
	4.1 锆石U−Pb测年
	4.2 主量、微量和稀土元素
	4.3 全岩Rb−Sr、Sm−Nd、Pb同位素

	5 讨　论
	5.1 年龄意义
	5.2 岩石成因类型
	5.3 岩浆物质来源
	5.4 成岩成矿地质背景

	6 结　论
	参考文献

