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Abstract: The Baizhangzi gold deposit in western Liaoning is among the largest gold deposits within the Jidong—Liaoxi metallogenic
belt, where Mesozoic magmatism has led to the formation of granitic rock mass closely associated with gold ore. On the basis of field
investigation, we have identified that the Baizhangzi granite consists of biotite monzogranite, biotite—bearing monzogranite,
monzogranite and granitic porphyry dykes, and studied petrology, petrogeochemistry, chronology and Hf isotopic characteristics. The
zircon U—Pb ages of granitic porphyry dykes were determined to be 231.0 = 1.3 Ma and 231.7 £+ 2.7 Ma, indicating formation in the

Late Triassic. The major elements of Baizhangzi granitic rock mass exhibit characteristics of a high—K calc—alkaline series, displaying
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quasi—aluminum to weakly peraluminous granite composition; while the trace elements show enrichment in Rb, Th, U, K, Hf and
depletion in Nb, Ba, P, Ti without obvious Eu and Ce anomalies. Additionally, there is relative enrichment in light rare earth elements
and depletion in heavy rare earth elements placing it within the Post~COLG on tectonic setting discrimination diagrams. The Harker
diagram and rare element covariant relationship indicate fractional crystallization of biotite, potassium feldspar, apatite, ilmenite and
spar from biotite monzogranite to granitic porphyry dykes. The zircon Hf isotope analysis of the granitic porphyry dykes reveals g,(¢)
values ranging from —9.02 to —5.62 (average —7.43), with two—stage Hf model ages (7},,) ranging from 1592 Ma to 1810 Ma (average
1710 Ma), suggesting derivation of the magma through partial melting of Late Paleoproterozoic crust. The zircon rare elements in the
granitic porphyry dykes show a AFMQ range from —1.23 to 4.65. The enrichment of alkali, high oxygen fugacity(fO,), and medium

degree of evolution in granite porphyry dykes are favorable conditions for gold mineralization, indicating a strong potential for

mineralization.

Key words: granite porphyry; dykes; zircon U—Pb dating; Hf isotope; western Liaoning; Baizhangzi; gold deposit
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Fig. 1 Tectonic map (a), geological sketch map (b) of Baizhangzi area and sketch map of the orebody(c)
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Table1 Major elements of granitic rock mass from the Baizhangzi gold deposit %
TR BAR T RAERS AR TR ZRAERA

JCE 20BZ 20BZ 20BZ 21BZ 21BZ 20BZ 20BZ 21BZ 20BZ 20BZ 20BZ 20BZ 20BZ 20BZ 21BZ 21BZ
14 53 129 160 172 126 30 178 141 92 13 90 43 49 173 175

SiO, 76.93 69.02 7045 7455 7443 66.08 6843 68.03 65.69 64.01 65449 68.25 65.05 68.41 67.83 68.71
AlLO, 1233 10.75 14.61 1252 13.57 1535 1539 1451 15.92 15.29 15.58 15.35 15.52 1477 14776 153
TiO, 0.05 0.06 0.19 0.07 0.11 038 029 028 035 0.36 0.35 0.29 035 027 029 029
CaO 0.59 376 143 123 0.59 1.545 1.07 1.75 1.9 2.36 1.76 1.43 1.9 143 154 1.21
MgO 023 194 060 022 0.26 .15 075 0.64 0.85 1.21 0.98 0.62 072 0.65 0.62 045
K,O0 424 420 416 392 454 5.03 4.8 49 5.14 5.89 4.98 5.06 626 519 5.04 514
Na,O 435 333 501 449 421 449 495 432 457 3.85 4.73 4.62 398 443 465 494
MnO 0.02 0.08 0.05 0.04 0.01 0.06 0.04 0.06 0.04 0.11 0.05 0.06 0.05 0.05 0.06 0.02
P,0O, <0.01 <0.01 0.08 0.03 0.05 024 0.14 0.11 026 0.3 0.23 0.18 024 014 0.13 0.14
TFe,0, 038 126 127 072 0.82 313 212 175 2.5 2.46 2.62 1.65 251 211 1.57  2.18
Pedk i 0.78 534 1874 140 0.84 239 157 275 207 3.65 2.79 2.18 2.61 203 268 1.56
it 9991 99.74 99.73 99.19 9943 99.85 99.55 99.10 99.29 99.49 99.52 99.69 99.19 99.48 99.17 99.94
A/CNK 0.96 0.64 0.95 0.9 1.05 098 1.01 093 096 0.90 0.95 0.98 093 095 093 096
A/NK 1.05 1.07 1.15 1.08 1.15 .20 1.15 117 1.22 1.20 1.18 1.17 .17 1.14 113 1.12
c 217 211 3.03 223 242 393 374 340 416 4.51 4.20 3.71 476 3.64 378 3.95
K,0+Na,0 867 797 937 860 8.88 952 975 922 971 9.74 9.71 9.68 10.24  9.62  9.69 10.08
K,0/Na,O 098 126 0.83 087 1.08 .12 097 113 1.12 1.53 1.05 1.10 1.57 117 1.08 1.04

TE: TFe,0, 44k & fit; A/JCNK = molar[ALO,/ (CaO +K,0+ Na,0)]; A/NK = molar[Al,0,/ (K,0+ Na,0) ]; 6 = (K,0+ Na,0)%(Si0,-43)
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A1 2 SR 50 55 41 (Hoskin et al., 2003) .

FEdh 20BZ14 1 16 A 85000 55 T 7E 55 A 19 Pb/
BYU AERS Ky 228.8 ~ 233.9 Ma, HARR IACE{E Hy
231.0 £ 1.3 Ma(MSWD = 0.26) (| 4-b) .

FEGH 20BZ129 11 15 AN R o507 78 85 41 1)
206ph/238U AR K 216.5 ~ 237.8 Ma, FHARRA A 14
{84 231.7 2.7 Ma(MSWD = 0.81) (|&] 4-d).,

44 $5A Lu—Hf BAIE4HE

TERS A U-Pb 2 1A L, E8F 20 it 7
HF [R5 ARG (£ 5) o BRI a4 Lo/ HE
HI/NT 0.002, FBIESA TR BUG BA BARA U
B HE TR R (RMEIG, 2007b) o FE
20BZ14 ESA HE [ R 45 R s, Lo/ HE
{8} 0.000793 ~ 0.001338, IHAERNM & () EN
—9.02 ~—6.00(F{E~7.44), B BIFEZAEIRE (Typ,) N
1619.97 ~ 1809.94 Ma(3¥{H 1709.91 Ma) . F i
20BZ129 M5 A HE R ZR AT 45 R 8o Lu/
THE {8} 0.000369~0.001219, iHE15FN 1 & (1) H
H—8.98 ~—5.62(HI{H—7.43), MBI AR (Typ,)
3 1591.91 ~ 1808.31 Ma(#4{f 1710.08 Ma) , 2 {4#¢
an BIER A Lu—Hf [0 2R B BOB AR s 4 m KT
BUA A

5 ¥ 8

5.1 =RkE9F A ATBR

BAR-ILVE R mir 2 S hAERRASH
KB aA, Qg B EE AL i (B 5855, 2001) L 40
WAL R (B TE4E, 20015 3870 F45,2009) . B A
XA B0 R B KK 7 (236+1.6 Ma, Z51¢
f,2020; 234+1.6 Ma. 235+1.9 Ma, 73/, 2020) ., —
K AL A (23343 Ma, fE4R, 2017;233+1.9 Ma, ZE1E
£, 2020) AYAFEIR I SE R AL R H B L T =&
HE 5).

AP FEM ) 2 14 48 5 B BRRE i B8 85 A
U—Pb 4E# 4351 & 231.0+1.3 Ma F1231.7 + 2.7 Ma,
ATARERAE X BEA PRI RS, SR AR KX
o M T ARAE R A AR B B, FTREIE L T =
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K2 ERFRERREEHENTE L TRO TR

Table 2 Trace elements and REE of granitic rock mass from the Baizhangzi gold deposit 10°°
. TERTES BN TRIERE SRR RKIERA TRAER A
L 20BZ14 21BZ160 20BZ126 20BZ141 20BZ13 20BZ92 20BZ49 21BZ173 21BZ175
La 14.5 18.8 84.4 84.8 84.3 68.4 67.4 73.4 77.8
Ce 243 334 153 154 150 130 125 137 141
Pr 2.05 3.05 15.1 16.4 16.2 14.0 13.0 14.0 14.7
Nd 5.79 9.36 51.1 54.7 57.3 47.7 42.8 44.2 459
Sm 0.81 1.39 7.58 8.38 7.61 7.55 6.71 6.66 6.83
Eu 0.29 0.38 1.76 2.10 1.80 2.00 1.35 1.35 1.48
Gd 0.87 1.00 433 4.80 4.38 4.38 3.62 3.59 3.88
Tb 0.10 0.15 0.54 0.59 0.55 0.51 0.48 0.47 0.47
Dy 0.52 0.75 2.43 2.68 2.41 2.44 2.26 2.15 2.18
Ho 0.10 0.15 0.41 0.46 0.41 0.42 0.4 0.37 0.39
Er 0.36 0.43 1.14 1.21 1.15 1.08 1.11 1.07 1.05
Tm 0.093 0.075 0.17 0.17 0.16 0.17 0.16 0.16 0.15
Yb 0.70 0.58 1.05 1.11 1.06 1.02 1.03 1.03 1.01
Lu 0.10 0.099 0.17 0.17 0.16 0.17 0.17 0.17 0.17
ZREE 50.58 69.56 3232 331.6 327.5 279.8 265.5 285.6 297.0
LREE/HREE 16.83 20.53 30.56 28.63 30.86 26.46 27.76 30.70 30.94
SEu 1.04 0.95 0.86 0.93 0.87 0.98 0.76 0.76 0.80
3Ce 0.96 0.98 0.97 0.95 0.93 0.97 0.97 0.98 0.95
(La/Yb)y 14.97 23.30 57.66 54.80 57.05 48.10 46.94 51.12 55.25
Li 0.64 0.68 7.94 9.86 5.90 0.90 5.60 3.77 6.64
Be 6.59 5.51 3.88 4.72 4.30 5.01 5.03 5.09 5.60
Sc 1.31 0.74 35 3.68 3.59 433 245 243 231
Cr 5.41 5.49 10.9 15.6 10.2 11.6 7.15 10 8.82
Co 0.35 3.37 5.94 178 7.08 7.29 4.14 185 131
Ni 1.17 3.73 8.66 7.83 8.24 8.14 4.27 332 5.62
Ga 13.8 16.8 18.7 20.1 20.1 19 18.8 19.2 19.6
Rb 105 106 141 134 127 174 135 134 134
Sr 105 162 793 855 801 801 610 479 420
Zr 72.1 57.3 368 336 363 357 308 307 325
Nb 14.5 14.2 19.3 16.2 19.1 18.6 20.5 25 25.5
Cs 1.38 1.23 2.51 2.20 1.25 2.36 1.45 1.19 1.79
Ba 248 243 1580 1694 1311 1771 1221 1019 1789
Hf 4.07 3.51 8.51 8.17 8.4 8.69 7.47 7.81 8.5
Ta 1.07 1.46 1.00 0.93 1.01 0.95 1.17 1.99 1.76
Tl 0.53 0.60 0.84 0.68 0.7 0.98 0.73 0.73 0.66
Pb 22.2 46.2 28.2 30.5 16.5 25.7 30.4 15.7 20.3
Th 24.0 314 34.7 36.5 37.5 31.5 43.4 55.7 48.6
U 13.3 9.15 7.99 7.85 7.16 9.03 7.03 11.7 7.15

B ] — U R ARG S I (Zhang et al., 43 1AL S BIH A BB R S . BT AR AAAL T AL ]

2012; M, 2014; 2464, 2020) . o AT R AR OC TR, Bk b B S i (Si0,>
52 TERBERE 60%) . FA(K,0>4.9%) ., k8 (MgO<1%) . 1k

I H O, ARGEAE B A TE B R A R BE(P,0,<<0.2%) HYFFAE, HIEPAMERR—a5 i #is
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Fig. 3 Primitive mantle-normalized trace element spider diagrams (a) and chondrite-normalized REE patterns (b) of
granite porphyry dykes from the Baizhangzi gold deposit
®3 WMBFENBEAER LA-ICP-MS $:7 U-Th-Pb UiR4ER
Table 3 Zircon U-Th—Pb isotopic data obtained by LA-ICP—MS of granite porphyry dykes from Baizhangzi
FE/107 [l 2K L fE ERES

LRSS Th/U - TEFIRE
Pb Th U 207pb/206Pb 1 o 207Pb/233U 1 o ZOGPb/BSU 1 o) 207Pb/235U 1 o ZOGPb/238U l ol

20BZ14
01 2145 55514 41344 134 0.0479  0.0022 0.2686 0.0068 0.0364  0.0004 2416 55 2302 25  95%
02 2630 649.17 50473 1.29 0.0485  0.0017  0.2588 0.0067 0.0370  0.0004 233.7 54 2339 24  99%
03 11.14 27861 21295 131 0.0531 0.0015  0.2669 0.0074  0.0364  0.0004 240.2 59 2306 26 95%
04 17.74 36138 359.99 1.00 0.0526  0.0016  0.2655 0.0082  0.0366  0.0004 239.1 6.6 2319 25 96%
05 14.87 33275 29259 1.14 0.0467  0.0021  0.2510  0.0070  0.0364  0.0004 2274 57 2307 26 98%
06 16.62 37398 34886 1.07 0.0476  0.0022 0.2644 0.0085 0.0363  0.0004 2382 69  230.1 24 96%
07 45.01 93199 91824 1.01 0.0555  0.0013  0.2777  0.0053  0.0363  0.0004 2488 42 2300 23 92%
08 38.00 81032 82833 0098 0.0481  0.0025 0.2756  0.0077  0.0367  0.0006 2472 6.1 232.1 39  93%
09 2197 47408 438.04 1.08 0.0557  0.0016 0.2792  0.0073  0.0365  0.0004 250.0 58 2313 26 92%
10 42.12 847.88 860.04 0.99 0.0539  0.0013  0.2692  0.0068  0.0363  0.0005 2420 55 2300 29 94%
11 2793 556.62 597.56 0.93 0.0526  0.0012  0.2643  0.0064  0.0366  0.0005 238.1 5.1 2319 32 9%
12 18.63 38853 37225 1.04 0.0538  0.0020 0.2819 0.0073  0.0365  0.0004 252.1 58 2314 25 91%
13 5352 1161.67 1076.05 1.08 0.0551 0.0012  0.2754  0.0070  0.0361  0.0005 2470 56 2288 29 92%
14 2048 49822 396.15 1.26 0.0519  0.0016  0.2589  0.0074  0.0363  0.0003 2338 6.0 2299 22 98%
15 17.82 40583 34399 1.18 0.0534  0.0018  0.2711  0.0093  0.0369  0.0005 2436 74 2333 28  95%
16 2326 489.43 462.66 1.06 0.0520  0.0022  0.2794  0.0079  0.0365  0.0004 2502 63 2312 26 92%
20BZ129
01  31.77 74149 70620 1.05 0.0546  0.0015  0.2675 0.0081 0.0355  0.0005 240.7 6.5 225.1 34 93%
02 1631 43755 317.69 138 0.0513  0.0015  0.2526  0.0071  0.0358  0.0004 228.7 57 2270 23  99%
03  41.16 952.65 947.18 1.01 0.0533  0.0013  0.2503  0.0063  0.0342  0.0006 226.8 5.1 2165 40 95%
04 34.64 74183 76450 0.97 0.0529  0.0013  0.2662  0.0069  0.0365  0.0005 239.7 55 2313 33 96%
05 2333 45456 49579 092 0.0498  0.0014 0.2526 0.0071  0.0368  0.0005 228.7 58 2332 3.0 98%
06 24.60 649.23 469.07 138 0.0508  0.0012  0.2597 0.0061 0.0371  0.0004 234.5 49 2351 2.7 99%
07 2416 513.69 508.16 1.01 0.0536  0.0013  0.2674  0.0069  0.0361  0.0004 240.6 55 2283 24 94%
08 1240 23445 25591 092 0.0497  0.0016  0.2523  0.0075  0.0370  0.0005 2284 6.1 2343 29 9%
09 2352 589.10 469.77 1.25 0.0535  0.0019 0.2654 0.0094  0.0360  0.0004 2390 76 2278 25 95%
10 3557 67576  752.44 0.90 0.0489  0.0010 0.2506  0.0052  0.0372  0.0004 227.0 42 2356 27 96%
11 21.73 476.78 430.05 1.11 0.0498  0.0013  0.2580  0.0069  0.0376  0.0003 233.1 56 2378 21 98%
12 1643 383.71 32921 1.17 0.0481  0.0016  0.2407  0.0078  0.0364  0.0004 219.0 6.4 2305 24 94%
13 29.75 64443 609.19 1.06 0.0513  0.0013  0.2641  0.0069 0.0373  0.0004 238.0 55  236.1 28 9%
14 4896 974.04 1030.80 0.94 0.0512  0.0010 0.2642  0.0056  0.0375  0.0006 238.1 45 2376 3.7 9%
15 30.70 75222 60135 1.25 0.0532  0.0012 0.2682  0.0057 0.0367  0.0004 2413 46 2321 24 96%
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£, B 1AL A FIRFIE (BE SR, 2017; 7305, 2020) . (P,0,>0.2%) FYFFEAN[F] (Whalen et al., 1987) . A

AR YR A AR AL A6 B A R Y B 7T AL
(A/CNK: 0.64~1.05) . fik# (P,05 0.1%~0.3% ) [ 45
fiE. #£ A/CNK-A/NK (K] 2—b) v, B 5 3575
A 1-S ey e, FErs eI A (1 6) h, i HA 1 AU
1A v Ak a3 (Pichavant et al., 1992), 5 S &IfE
KA Al E ALCA/CNK > 1.1) H HA & & i o

N

B4 B4 i R 0K TFeO/MgO A T 0.62~
435200, 5 A BER A B RS E(>10) RHE
B AN, R oeE 54 Nb. Ba, P. Ti 55 5%
SRICER, AT A B K 4 = 0T 3R YRR
(Watson et al., 1983), Whalen et al.(1987) X%} K&
A BUIAE AT TS 4, N 10° xGa/Al {H—

®4 M TFERBEREORINMETRES TR

Table 4 Analysis results of zircon REE and trace elements of granite porphyry dykes from Baizhangzi 10°
ME La Ce Pr - Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu logfo, AFMQ ANNO
20BZ14
01  0.199 86.65 0.327 5489 8451 3380 34.8 9.074 88.54 29.64 120.8 2422 2143 432 -1670 -1.23 -1.79
02  0.190 9598 0423 6.055 8805 3.696 374 1036 103.2 34.02 138.6 2747 2419 484 -1627 —0.76 -1.32
03  0.047 40.23 0.138 2.407 3.386 1.541 14.48 3.880 3821 125 51.11 10.08 91.19 18.03 -16.19 0.17 -0.41
04 2.065 82.01 0.728 5.894 7.495 2.629 2851 7917 80.15 2832 1179 23.8 219.5 4451 -15.37 0.95 0.40
05 0.184 6294 0.255 3238 4998 1971 20.6 5.699 54.74 1859 7458 14.85 1348 27.28 -—14.11 1.16 0.57
06 299 7482 1255 11.15 13.14 4.883 4549 1191 116 38.18 157.8 31.06 278.5 5448 -—13.83 1.16 0.61
07 2399 1133 1419 8318 9.546 2994 369 9912 97.74 3325 1384 27.89 2549 4926 -13.68 1.29 0.74
08 046 96.65 0.769 8.88 13.28 4.695 55.59 14.89 150.1 4949 203.1 40.92 362.7 70.73 —13.66 1.80 1.24
09 6382 96.54 1.731 10.62 7914 2.664 2925 7.808 7479 2538 105.8 21.08 1894 37.15 -13.62 1.83 1.29
10 6.759 1055 1929 11.06 7.704 2.673 30.56 8.459 86.81 29.99 1284 2591 230.1 45.73 -13.53 1.90 1.34
11 0.059 102.7 0.254 4.073 8366 2.892 3523 10.09 104.1 37.41 156 32.02 285.1 58.68 —13.45 2.19 1.63
12 0356 79.51 0.404 4.677 6595 2546 28.01 7.293 764 26.02 1063 21.58 1952 393 -13.13 2.30 1.74
13 9.015 200.7 3.473 21.70 17.85 5920 6796 1793 182.7 62.85 2669 5339 483.6 9511 -13.02 231 1.74
14 9.171 96.58 2.642 14.51 8472 2875 29.01 7.276 7154 2357 94.64 18.84 1688 3242 -12.97 2.33 1.77
15 0.027 7299 0.289 4.729 8.029 3.036 30.12 8.210 82.63 2745 1119 21.88 1994 39.58 -12.67 2.70 2.15
16 1335 1193 3457 1595 94 3.531 3391 9429 97.13 33.85 1415 2839 2613 5261 -12.27 3.24 2.66
20BZ129

01 229 112 1977 1139 8899 3.518 37.16 1026 103.4 35.62 150.0 30.83 274.0 54.15 -15.03 -1.09 —-1.55
02 0.194 46.75 1.281 1447 1491 3.838 39.88 8913 73.15 21.83 86.21 16.81 152.1 29.07 -14.99 0.50 —-0.06
03 3442 121.6 2235 1244 10.85 3.321 40.09 10.72 110.7 38.13 162.5 3227 296.1 57.86 -14.17 0.98 0.45
04 9.566 138.8 4.694 2333 1245 3.799 4099 1099 1159 39.56 168.5 3431 3135 60.86 -—13.56 1.06 0.49
05 4314 98.62 1.905 1245 8474 3.109 31.85 8968 91.69 31.64 1329 2744 2489 4999 -13.13 1.41 0.85
06  0.620 9396 0.445 5.171 8.052 3.066 3292 8.643 85.05 28.01 113.1 22.79 200.2 3993 -13.09 1.77 1.25
07 2301 9797 2389 1226 9.487 3390 33.56 9.117 89.37 30.32 126.1 25.75 2323 4575 -12.66 1.94 1.38
08  0.040 39.04 0307 3931 4779 1352 1530 3.417 3242 9995 4252 8912 8280 1690 -12.65 2.36 1.83
09 1.129 90.85 0.703 6.863 6.769 2.871 2932 7.666 77.45 24.74 100.0 19.93 180.7 35.65 -—12.18 241 1.85
10 0.120 104 0277 3389 7.421 2471 3339 9.749 98.05 3337 1425 28.89 262.8 51.56 —12.08 2.63 2.10
11 2458 9430 0.821 7.094 8.020 2.567 3039 8.067 79.84 2592 108.6 21.39 190.0 37.87 -11.88 2.75 2.20
12 0.034 7190 0.277 4.633 6.747 2.961 30.40 8319 80.01 27.89 1174 2348 212.8 4331 -11.85 2.76 2.25
13 0.641 1042 0.517 6.336 8.711 3.478 3791 1049 106.2 3641 1523 30.82 2794 5550 -11.56 3.01 2.46
14 4.094 1173 1.574 9.175 9.277 2913 3832 10.05 103.8 3553 151.2 30.65 283.6 5457 -10.96 3.35 2.79
15 0262 1163 0412 5363 8.844 3.138 37.39 10.16 101.4 34.18 1403 27.76 2509 4928 -10.10 4.65 4.09
01 229 112 1977 11.39 8899 3.518 37.16 1026 1034 35.62 150.0 30.83 274.0 54.15 -15.03 -1.09 —-1.55

TE: logfo, A2 X S BE ; AFMQA XTI I B T 260 %ok St 5 MO A7 - R ™+ 02 iR SO 8 114 2 {8 ANINOATX R T 4 R iR s

5 A RS G IR L B 22 (8 T U7 AL et al., 2019
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Fig.4 Zircon chondrite-normalized REE patterns diagram (a, ¢) and U-Pb concordia diagram (b, d) of granite porphyry dykes
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x5 MM FRRBEEKIEA Hf BIRSTER
Table 5 Zircon Lu—Hf isotopic data of granite porphyry dykes from the Baizhangzi gold deposit

Wi AFf/Ma oYL/ HE 26 "SLw/"THE 26 SHE/THE 26 exd0) eyl Tow/Ma  Tpyp/Ma
20BZ14
01 230.2 0.022090  0.000089  0.000845  0.000004  0.282432  0.000028 —12.5 7.5 1154 1713
02 230.6 0.025620  0.000310  0.000997  0.000011  0.282449  0.000024 —11.9  —6.9 1135 1677
03 231.9 0.021620  0.000320  0.000793  0.000013  0.282473  0.000024 -11.0  —6.0 1095 1620
04 230.7 0.026510  0.000270  0.001015  0.000012  0.282435  0.000030 —12.4  —7.4 1155 1708
05 230.1 0.022322  0.000074  0.000861  0.000003  0.282389  0.000029 -140  —9.0 1215 1810
06 232.1 0.027310  0.000340  0.001036  0.000012  0.282429  0.000020 —12.6 7.6 1164 1721
07 231.9 0.033810  0.000210  0.001338  0.000007  0.282444  0.000029 —12.1  -7.1 1152 1690
08 230.0 0.039160  0.000610  0.001316  0.000024  0.282475  0.000021 —11.0  —6.1 1108 1622
09 228.8 0.027960  0.000760  0.000981  0.000018  0.282396  0.000028  —13.8  —8.8 1209 1796
10 231.4 0.027950  0.000310  0.001081  0.000011  0.282420  0.000029 -129  -7.9 1178 1742
20BZ129

01 225.1 0.024100  0.000510  0.000858  0.000011  0.282407  0.000019  —13.4 8.5 1189 1773
02 227 0.009420  0.000150  0.000369  0.000005  0.282485  0.000025 -10.6 5.6 1067 1592
03 235.1 0.025810  0.000440  0.000968  0.000014  0.282453  0.000041 —11.7  —6.7 1128 1665
04 231.3 0.027390  0.000670  0.000996  0.000017  0.282390  0.000020 —140  —9.0 1218 1808
05 233.2 0.027760  0.000380  0.001068  0.000012  0.282417  0.000025 -13.0  —8.0 1182 1747
06 228.3 0.032910  0.000290  0.001219  0.000005  0.282409  0.000025 —133  —8.4 1198 1770
07 235.6 0.029180  0.000330  0.001099  0.000010  0.282429  0.000025 —12.6 7.5 1166 1719
08 230.5 0.024970  0.000240  0.000947  0.000008  0.282446  0.000029 —12.0  —7.0 1138 1683
09 237.6 0.028920  0.000760  0.001091  0.000028  0.282430  0.000027 —12.6  —7.4 1164 1716
10 232.1 0.024680  0.000340  0.000936  0.000013  0.282470  0.000033  —11.1  —6.1 1104 1628

T

o : TERBEE (A30)

I

|FERIBEE (A30)

I

I

T
I
I
I
I
I
I
I
I
I
I S | BB KACRA (5708, 2020)
I
I
I
I
I
|
2

© | —RAERA (B, 2020)
|
|
S VBB R K AE R (J7 I8, 2020)
|
—_— Vo 2o vp KA R A (R4, 2020)
|
. . |
225 230 235 240
Y /Ma
5 AR T2 DM AR R BT R ARAE R
Fig. 5 Ages of the granitic intrusions associated with the Baizhangzi gold deposit
etal., 2001), fE 5 Bt il K 7 W HCCR AR TERL T AE R BUA R JT R DM K R I, Ba,

WIS & K (A5 PR 4R, 2015) 6 Sr, Rb Il Eu JUE Z [ A28 AL 6 RAUEW] T4 K A7



1768 Moy 18 4R GEOLOGICAL BULLETIN OF CHINA 2024 4
0.4 2.0 5
L ° o MER KK A b
o AR KALK S
03l O “RAEKA sk
' @ O fEBEE ’
S 2 £ o
302 o e, 1.0 A
= = ° 5
S
& o
0.1} 0.5t o
. o B o
0'2 %9 T '
c d
A %o &
51 o ¥ o
14}
g o £ o
22 ‘ =)
e ks < 5 oo
oo 121
1 -
B
o a
0 1(2) 012
e ot S#
0.10 ,
0.3} A »?«ﬂ
T
) 0.08 5 ooo /%\% >
8 2 Q%
2 0.06 o @ 302¢ \ c‘,@
= L N = ~ €7
0.04 o o o o
0.1} o
0.02 0 e =
m]
o [a]
0.00 : : ; : 0.0 : o e
60 65 70 75 80 85 60 65 70 75 80 85
Si0,/% Si0,/%

K6 LT AL b BUA VR v [T A
Fig. 6 Harker diagrams of granite from the Baizhangzi gold deposit

B4 4 (K 7-a, b, e, £); Zr—Ti, O KN+ /R
FETE R o bk | BRERE™ FIAR A A 43 B 46 i (B 7—¢),
La—(La/Yb), EIfift4E 75 ] REAF 74 15 A 5ok s A 1y
g 7-d) . LRIESER, A AE R B
Jok 2 AL AL & BT R i R A B B K
A BT WA S ) 53 B A e T 18 e A
P HERR B85 AR BT A R T A A .
53 MEWR

5T XA FAedb b e db %, v A= AR 1 7 S
TR BT A, Bk Bl X, B B SR A
R, ARt b DX Ab T PN R 3 LB B . 7 U AT ]
LM ) T A B 5T IR 22 O I K TR AR
FH, B B 2R 38 85 2 R — IR A X1 B A R AR A 5

(B CAE, 2005) . BHTEAE(2004) A KRG 3=
Bl A8 B R 25 3 T, T A N B A SRR R R
Hii b, PRI K (R 25 SRR T R AR AE E R I FS L AR
B2 1. 5 Rl A8 A S5 R R Al s L R h, R
B} A1 Je P i — i il 4R 2 A ) B P AR 85 3k s s () 71 7
1S (Liégeois et al., 1998) . 7EFLAR—iL Pi—ii7,
K B i BN S AT B 2, R T X3k ) — R
a3 PR, B e A e 5 P A R I Al R A 1 i il
BT (DY, 2003) . X EAiF L AR 1E
B A R B T 5 R A BT v, a4 T IR AE B
(PRl %, 2021) . FRLLEAAR (B 5855, 2004) | 401
1A (B R OC5, 2005) 45

AR FTLE R BoR, TR TG R Y-Nb i



FBHEEI0W ZRLLRRAF: I VORIRL T4 16 5 BT R MR A 2R e S LR 72 1769
10000 100
a b
9
1000 Hb 10+
5 Pl & Kfs&Pl
2 ° :
0T oz kg il Cpx
AR KGNS
o :ﬁﬁﬁﬁ Kfs Bi Opx
O ¢ = B A4 ik Bi
10 . - 0.1 . .
10 100 1000 10000 1 10 100 1000
Sr/10°¢ Sr/107¢
0.6 100
¢ d
Pl
g Zr
_04f g .
BN ° Tit
iy § 10f A
= . 2 P
0.2+ b
Mgt&Tit Mon
O Allan
m]
0.0 . . 1 .
1 10 100 1000 10 100 1000
Zr/107° La/10°¢
1 1 g
e f ]
O
Kfs _ ©  p
Bi A
& % Kf: .
S 01t 2 0.1b s
= 0% 4
Pl
Hb
Hb Bi
0.01 . 0.01 .
0.1 1 10 100 1000 10000
Eu/10°¢ Ba/10°°

K7 AR AE R Ba O R P O 7 P O B R e 4, 2021)
Fig. 7 Element covariant relationship of granite from the Baizhangzi gold deposit
Bi—B = PI—RHS A Kfs—HK A Hb—F N A5 Cox—HRHE A Opx—RHU i HEA s Met—HRERRH; Tit—H A1
Mon— i £1; Allan—#%5 115 Ap— WK AT

T AR H S0 P e (1] 8—a) v, A it s 3509 A [l 4 4
i+ (Syn-COLG) 8l K AL R A (VAG) X3, 7
AT E Rb—(Y+Nb) # 5 H1 51 & i v (1] 8-
b)), FEE S IITE A K ILIRAE R A (VAG) 85 hif 4 4L
i (Post-COLD) X 38, TitF5E X A EP S 3 Dk
WHVERLC &6, AAFTE S IS (Zhang et al.,
2009; MFHAE, 2019), [l AT 3= HE 0 R HE R A = B0 S B
PE T RIIE A MR T R 8 R 1 & SR B T 2R AT

. g hEiEoc R AR S L S RERE AR
EREAR L (RE AR, 2007; SKHESE, 2008; F R4,
2014) . FIrA, AL 16 R B A 1 S0 SR U
PR —3, BT BT A AR e 5 P A1 AR S Al Bl 18 0
I AR R
54 BRIEX

FRLFAE B B AR ) T R HA S 7.9%~
10.24%) . 58 (11.39%~15.92%) . K8 (0.23%~



1770 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

1000
a OMRB KIS
AG BRI TRKIERE
O ZRAER .
OiEksEs Kk  --
100 ¢
WPG
=
3
z ?%
oo
10|
VAG +
Syn-COLG
1 L Loaaaaaal L L Laaaal Laaaa
1 10 100 1000

Y/10°¢

10000 ¢

oy O M A B AL
AGMA KNS
O KIEHH
O 1 < 3 7 ik
1000 ¢ Syn-COLG
WPG
s
= 100}
el £
~ £
: Post-COLG
; VAG ORG
1 1 1 aaaaal 1 11 111 1 L1l 1 114 gyl
1 10 100 1000 10000

(Y+Nb)/10°

P8 ARL T 48 b B IV 1 PR A7) 31 PR gk (415 Pearce et al., 1984 &)
Fig. 8 Tectonic setting discrimination diagrams of granite porphyry dykes from the Baizhangzi gold deposit
VAG—K ILRAE R #5; WPG—AHR N TR X s ORG—V ¢ H 1 215 Syn-COLG—IRI R i) s Post-COLG— /5 MR 7L i 7

1.94%) . ik TFe,0,(0.38%~3.13%) ({45 5, 15 7858
BARAE (2 A7 BH 4%, 20165 Dong et al., 2020) , =TT
RERMEEREFEATER. sHEHHRITEN
FEAEAL TS 7~ FE 0T 68 Sk b A'e Bl PR (R 30 45, 2009) .
Cr(3.74x107°~15.6x107°) , Ni(1.17x107°~8.66x107°)
Sc(0.74x107°~4.33x107°) F L IK T b I8 XI5 ke
RS (250x107°, 90x10 °~670%107°, 15x10 °~
28x107%), R A Ik A H52 I X (Rudnick et al.,
2014), /& Sr/Y {8 (28.6~32.9) 5 (La/Y), fH (14.9~
64.59) WIHE 7R T Hhoe A 1 4 o (B A BH A, 2016) .

BE A Lu—Hf [ 2K R HA R & 00 3 R
B, FLIRIT 2R A AN 23 B B 40 il 8 o3 15 445
A4k, P ES AT Y () TEARTE T 25 3R X Y B 53
FHIE(RARICAE, 2007a, by OIS, 2021) . (BT
FA N eylt) IEHEF KRR H 77 T 1 5 5 i
i r T 3 A ) AR AR S ) I R A H L, £ D)
AR AR (Slama et al., 2008) . A<
3C 2 PR B KRR S S A HE [R) 067 25 5 AR
B AL AFAE, WY 20 FES A 0K 7 Lo/ TTHE S
4 0.000369~0.001338, 4 AL AN K, FBHHL A H IR
X R — RSN ey () YR TUE, N
—9.02~—5.62(FH—7.43), M [ B Hf #4E 1
Tyipy M 1591.9~1809.9 Ma(*F-¥ 1710 Ma), 7£ ¢-
ei(t) B CEL 9) v, T A FE G s ABRRLR A 5 1.8
Ga “F-¥hbre b Ze Z 0], FWA SRR X il oo i AR
WS A i b 7 400 S 34 O B

HIEASTHARLF A6 B A I 98 R, A 2R TR X
R LS E (RE SR, 2017 KRG, 20195 T3 %,
2020) . R UESE R, FALFAE R BEA T IR 5 A
B A AR LA — B0, R B RBE T e, A e IR
FEHIIIA, S Hb7e P B ot e iU
55 BHEX

Blevin(2004) $2 i 71T A 3K IR R Ge
WS, R AR R | B 4R CAn i)
AR AR

FRAE Maitre(1976) S5 TR AL (OX) I
2, AT LUK TFe,0,. SiO,. K,0 & Na,O & &t
. Fe,O, fil FeO 1Y% &, 1fi Fe,0,/FeO {H1AT LLH
ety A WL U B AR R BT . TR R, B

0 20BZ14
20r _ A 20BZ129

10+

o ol mmBE
< P
& i W
-10} %
)
‘/yv
S\)
720 L )&
=30

0 500 1000 1500 2000 2500 3000 3500
t/Ma

K9 ML TAERIBERIKE AT ey(0) 5 U—Pb 4R & &t
Fig. 9 Zircon t-gy(f) diagram of granite porphyry dykes from
the Baizhangzi gold deposit



4355 10

ZRLL TR A AL VU RAAL BB A6 5 ST AR ER 2R i B HO R 35 1771

B K AE KA Y Fe,0,/FeO {4 0.92~0.98, & B 7
B K AE KB Fe,04/FeO {4 0.95~0.97, —KA4E
<75 1Y Fe,0,/FeO fH M 0.96~1.01, 1 B Bk Y
Fe,0,/FeO {H 4 0.83~0.95, ¥ )& T Ri 40 & %
(>0.8), 1Ml Cu, Mo 1 Au B Rl # 5 #EER ™ R 31 1)
W 55/ % (Ishihara, 1977; FHER, 2002; Blevin,
2004) . [FIB}, Geo-fo, A4 I Al &S A Il T
KA A FOREE (5 45 Lietal,, 2019), P18 ATHIfE
B B Bk 1Y logfo, H—16.7~—10.1(¥J{H —13.36),
AFMQ H—1.23~ 4.65(3J{H 1.74), ANNO H-1.79~
4.09(FHfH 1.18) . MEF BB KA A _KAE
B I AFMQ 3051 —6.32~1.30, —4.93~3.67 (X &
T, K& FHHR) , I AR AL B B R B, R
WEA P, EE A To-logfo, FIfE(E 10)H,
2 PR AL i B KR S B RN R o 9 T
NNO £z I, 7EME BN S T2 LAG R i 8 2L
fETE R, A A G, AR T Au TR E
£ (Blevin, 2004) .

FeTRL 46 5 ST A B AR 1 B2 K34 & i, K,O+
Na,O FHAT 7.9%~10.08% = [A], 78 £ e Z Kk
hRE S 2 TN B KA R A B R &R
G X IR (B 2—¢), A R T B9 B2 1) & 4 (Blevin,
2004) .

Rb/Sr Fl K/Rb {8 w1 R P4 5 9% A7 52 1Y)
28, Blevin (2004 ) 1 iz X 8 KA 243 B A6 1 4 2
1) K/Rb {E B 57 4 4L =5 5 25 1) 23 by A1 v A 2 i

O 20BZ14
A 20BZ129
-30
500 700 900 1100 1300

T./°C
K10 MR T A RBEEIKE A Tr-logfo, Ffi
Fig. 10 Zircon Ty-logfo, diagram of granite porphyry dykes
from the Baizhangzi gold deposit

MH—EZRA" AR5 NNO— H SRER-4R B0 FMQ—EkAti 1 -1
B + 0 IW— SR Bk-J7 ki

(>400) ., FEEEILFERE (200~400) Fl i i L FE &
(<200), 15 Cu Al Au B ARAHSC AL XA K/Rb H
—B KT 200(Blevin, 2004) . ASIRBFFT AR 7 FF
KIS, SRR RKIERA ZRKIER A LN
BE# 19 Rb/Sr {H 4154 0.15~0.18, 0.15~0.22,
0.22~0.32. 0.65~0.99, K/Rb 435I}y 296.14~318.42.,
281~325.52, 312.23~319.14, 307.94~336.43, FHW1E
4 JBT 5 AR S AL 5 B kRS A Ak T AR AR B, A7
FITFH -8 RAE R ILAh, 85 A ZoHf E AT 2L
FHR VM AL 5 55 10 A AR B2, A6 d B2 Ik i 5 A
Zr/Hf{H R 45.6~54.5, J& T H 5550 # ALK A (25~55)
(Breiter et al., 2014) .

g5 FRTIR, Mk A < e A 5 48 B 5 Tk
FUA R, 15 R K rh AR AL R FE AR AR, AR T
G AT AR B BE SR S 5 AR B o A TR U5 Ak
() E5c 28 =), A v 1 At B 5 s HL EL A 580 1) B ™
Wi,

6 4%

(1) AL PEAARL 48 i BA AR AT Rl o3 B =B
KA TRAN KNS . KRS A
BEA K, S S | RS9 R BT 1 AL
o WMIEITRBFRIM B AXE S Rb, Th, U, K.
Hf JCZ, X 7 # Ba, Ta. Nb. P, Ti JCZE W4HE;
Wi R R B/ cREE. ER TR T
81, JCHA 5 Eu., Ce S FIAFAIE

(2) kst 46 5 BEA ik LA—ICP-MS %547 U-Pb
AEWS N 231 Ma, g =S R RE R =8 .

(3) MR 46 < BE 2 k-5 46 5 o AR B A A ()
(A 3 PRI RN 2R X, Y98 1 rh s A e 5 75 41
I A il 48 B S5 Rl A i PR R, R R R IX
Sty To AR KB M SE ) B A A R B 52
TEAHK

(4) 18 B B BKAE R 25 3 45 o S W e 28 72 1),
R o R E S b AR AR B R, AR T4
B, B Y T

i vERAXRF (LR RAIERSH >
FREREL LTS RFNFHE S EHL
JR14E LA-ICP-MS 4 & U-Pb £ Fid 2+ 4T 7
KA ZH, FRHREZRBTEZFTHERENL, £
— Rt



1772 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

References

Blevin P L. 2004. Redox and compositional parameters for interpreting
the granitoid metallogeny of Eastern Australia: implications for
good-rich ore systems[J]. Resource Geology, 54: 241-252.

Breiter K, Lamarao C N, Kras Borges R M. 2014. Chemical
characteristics of zircon from A-—type granites and comparison to
zircon of S—type granites[J]. Lithos, 192/195: 208-225.

Chen X Y. 2021. Geological and Geochemical Characteristics and
Geological Significance of Jinchangyu Intermediate—acid Dikes in East
Hebei[D]. Master Thesis of Hebei GEO University (in Chinese with
English abstract).

Cheng S B, FuJ M, Xu, D M, et al. 2009. Geochemical Characteristics
and Petrogenensis of Xuehuading Granitic Batholith and its Enclaves,
South ChinalJ]. Geotectonica et Metallogenia, 33(4): 588—597 (in
Chinese with English abstract).

Deng J F, Su S G, Zhao H L, et al. 2003. Deep Processes of Mesozoic
YanShanian Lithosphere Thinning in North China[J]. Earth Science
Frontiers, 10(3): 4150 (in Chinese with English abstract).

Dong P S, Dong G C, Sun Z R, et al. 2018. Zircon U-Pb chronology, Hf
isotopic compositions, geochemistry characteristics and geological
significance of Shouw angfen complex in Yanshan region[J]. Earth
Science Frontiers, 25(6): 264—276 (in Chinese with English abstract).

Dong P, Dong G, Santosh M, et al. 2020. Early cretaceous igneous
activities in the north flank of the North China Craton: The
Shouwangfen complex example[J]. International Geology Review,
62(6): 714-739.

Dong P, Dong G, Santosh M, et al. 2022. Eocene magmatism in the
western Tengchong Block: Implications for crust—mantle interaction
associated with the slab rollback of the Neo—Tethys Ocean[J].
Gondwana Research, 106: 259-280.

Du D H, Yang Z M, Liu Y F, et al. 2015. Geology, alteration and
mineralization of the Tinggong porphyry Cu deposit in southern
Tibet[J]. Acta Petrologica et Mineralogica, 34(4): 447-474 (in
Chinese with English abstract).

Frost B R, Barnes C G, Collins W J, et al. 2001. A geochemical
classification for granitic rocks[J]. Journal of Petrology, 42(11):
2033-2048.

Geng J Z, Li H K, Zhang J, et al. 2011. Zircon Hf isotope analysis by
means of LA-MC—-ICP-MS [J]. Geological Bulletin of China, 30(10):
34-39. (in Chinese with English abstract).

Geng S F. 2019. Baizhangzi gold deposit metallogenic geological features
and metallogenic prediction in lingyuan city of Liaoning province,
China[D]. Master Thesis of Jilin University (in Chinese with English
abstract).

Guo S F, Tang Z L, Luo Z H, et al. 2009. Zircon SHRIMP U-Pb dating
and geological significance from granite bodies in Tangzhangzi and
Niuxinshan, eastern Hebei Province, China[J]. Geological Bulletin of
China, 28(10): 1458—1464 (in Chinese with English abstract).

Han B F. 2007. Diverse post—collisional granitoids and their tectonic

setting discrimination[J]. Earth Science Frontiers, 14(3): 64-72 (in

Chinese with English abstract).

He W, Ye H S, Cao J. 2018. The study of zircon U-Pb ages and Hf
isotopes of the intrusions of the Tangzhangzi Au ( Mo) poly—metallic
deposit and the geological implications[J]. Acta Petrologica Sinica,
34(9): 27032715 (in Chinese with English abstract).

Hoskin P W O, Schaltegger U. 2003. The Composition of Zircon and
Igneous and Metamorphic Petrogenesis[J]. Reviews in Mineralogy
and Geochemistry, 53(1): 27-62.

Ishihara S 1. 1977. The Magnetite—series and Ilmenite—series Granitic
Rocks[J]. Mining Geology, 27: 293-305.

Lentz D R, Fowler A D. 1992. A Dynamic Model for Graphic
Quartz—Feldspar Intergrowths in Granitic Pegmatites in the
Southwestern Grenville Province[J]. The Canadian Mineralogist,
30(3): 571-585.

Li H W. 2020. Genesis and deep prospecting of altered granite type
orebody in Baizhangzi gold deposit, Liaoning province[D]. Master
Thesis of China University of Geosciences (Beijing) (in Chinese with
English abstract).

LiJF, Ful M, Ma C Q, et al. 2021. Zircon U-Pb ages, geochemical
characteristics and geological significance of Jinjiling pluton in
Nanling[J]. Earth Science, 46(4): 1231-1247 (in Chinese with English
abstract).

Li W, Cheng Y, Yang Z. 2019. Geo - fO,: Integrated software for
analysis of magmatic oxygen fugacity[J]. Geochemistry, Geophysics,
Geosystems, 20(5): 2542-2555.

Liégeois J P. 1998. Preface—Some words on the post—collisional
magmatism[J]. Lithos, 45: XV-XVIIL

Luo Z K, Li J J, Guan K, et a. 2004. SHRIMP zircon U Pb age of the
granite at Baizhangzi gold field in Lingyuan, Liaoning Province[J].
Geological Survey and Research, 27(2): 82—85 (in Chinese with
English abstract).

Luo Z K, Miao L C, Guan K, et al. 2003. SHRIMP U—Pb zircon dating of
the Dushan granitic batholith and related granite—porphyry dyke,
eastern Hebei Province, China, and their geological significance[J].
Geochimica, 32(2): 70—77 (in Chinese with English abstract).

Luo ZK, Qiu Y S, Guan K, et al. 2001. SHRIMP U-Pb dating on zircon
from Yu’erya and Niuxinshan granite intrusions in eastern Hebei
Province[J]. Bulletin of Mineralogy, Petrology and Geochemistry,
20(4): 278-285 (in Chinese with English abstract).

Maitre R W L. 1976. Some problems of the projection of chemical data
into mineralogical classification[J]. Contributions to Mineralogy and
Petrology, 56(2): 181-189.

Maniar P D, Piccoli P M. 1989. Tectonic discrimination of granitoids[J].
Geological Society of America Bulletin, 101(5): 635—643.

Mao J W, Zhang Z H, Yu J J, et al. 2003. Mesozoic tectonic setting of
large scale ore—forming in east China and adjacent areas: revealed by
precise ages of metallic deposits[J]. Science in China (series D), 33(4):
289-299 (in Chinese with English abstract).

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, 21(1): 169—188 (in Chinese with English


https://doi.org/10.1111/j.1751-3928.2004.tb00205.x
https://doi.org/10.1016/j.lithos.2014.02.004
https://doi.org/10.1080/00206814.2019.1631220
https://doi.org/10.1016/j.gr.2022.01.018
https://doi.org/10.1093/petrology/42.11.2033
https://doi.org/10.2113/0530027
https://doi.org/10.2113/0530027
https://doi.org/10.1016/S0024-4937(98)00065-6
https://doi.org/10.1007/BF00399603
https://doi.org/10.1007/BF00399603
https://doi.org/10.1130/0016-7606(1989)101<0635:TDOG>2.3.CO;2

FAa3EH 10 ZRLL TR A AL VU RAAL BB A6 5 ST AR ER 2R i B HO R 35 1773

abstract).

Miao L C, Qiu Y M, Fan W M. 2008. Mesozoic multi—phase magmatism
and gold mineralization in the Early Precambrian North China craton,
eastern Hebei Province, China: SHRIMP Zircon U-Pb Evidencel[J].
International Geology Review, 50(9): 826—847.

Middlemost E A K. 1994. Naming materials in the magma /igneous rock
system[J]. Earth—science reviews, 37(3/4): 215-224.

Miller C F, David W M. 1984. Extreme fractionation in felsic magma
chambers: a product of liquid—state diffusion or fractional
crystallization?[J]. Earth and Planetary Science Letters, 68(1):
151-158.

Miller C F, McDowell, Susanne M, et al. 2003. Hot and cold granites?
Implications of zircon saturation temperatures and preservation of
inheritance [J]. Geology, 31(6): 529.

Othmar M, Peter B K, Timothy L G. 2001. The role of H,O during
crystallisation of primitive arc magmas under uppermost mantle
conditions and genesis of igneous pyroxenites: An experimental
study[J]. Contributions to Mineralogy and Petrology, 141(6):
643—658.

Pearce J A, Harris N B W, Tindle A G. 1984. Trace Element
Discrimination Diagrams for the Tectonic In—terpretation of Granitic
Rocks[J]. Journal of Petrology, 25(4): 956—983.

Pichavant M, Montel J M, Richard L R. 1992. Apatite solubility in
peraluminous liquids: Experimental data and an extension of the
Harrison—Watson model[J]. Geochimica et Cosmochimica Acta,
56(10): 3855-3861.

Rickwood P C. 1989. Boundary lines within petrologic diagrams which
use oxides of major and minor elements [J]. Lithos, 22(4): 247-263.
Rudnick R L, Gao S. 2014. Composition of the continental crust[J].

Treatise on Geochemistry, 4: 1-51.

Slama J, Kosler J, Condon D J, et al. 2008. Plesovice zircon — A new
natural reference material for U-Pb and Hf isotopic microanalysis [J].
Chemical Geology, 249: 1-35.

Su L. 2020. The granite in the Baizhangzi, western Liaoning and the
significance of gold mineralization[D]. Master Thesis of China
University of Geosciences (Beijing) (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[J].
Geological Society, London, Special Publications, 42(1): 313-345.

Wang C, Wei Q R, Liu X N, et al. 2014. Post—collision related late
indosinian granites of Gangdise terrane: Evidences from zircom U—Pb
geochronology ~ and  petrogeochemistry[J].  Earth  Science—
Journal of China University of Geosciences, 39(9): 1277—1288 (in
Chinese with English abstract).

Wang X O. 2014. Geological characteristics and metallogenic model of
the Baizhangzi gold deposit in Lingyuan, Liaoning Province[J].
Geology and Resources, 23(4): 339-342 (in Chinese with English
abstract).

Wang, X W, Wang X D, 2002. Some diagnostic criteria for mineralized
granite[J]. Acta Petrologica et Mineralogica, 21(2): 119-130 (in
Chinese with English abstract).

Watson E B, Harrison T M. 1983. Zircon saturation revisited:
Temperature and composition effects in a variety of crustal magma
types[J]. Earth and Planetary Science Letters, 64: 295-304.

Wei Q, Xuan L, Ma L, et al. 2016. Prospecting New Progress and
Significance in Maojiadian-Baizhangzi Gold—concentrated Areal[J].
NON-Ferrous Mining and Metallurgy, 32(3): 4-8 (in Chinese with
English abstract).

Wei Y H. 1992. Stable Isotope Characteristics of Baizhangzi Gold
Deposit in Liaoning[J]. Journal of Shenyang Institute of Gold
Technology, 11(4): 2026 (in Chinese with English abstract).

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

WuF Y, Li X H, Yang J H, et al. 2007a. Discussions on the petrogenesis
of granites[J]. Acta Petrologica Sinica, 23(6): 1217—1238 (in Chinese
with English abstract).

Wu F Y, Li X H, Zheng Y F, et al. 2007b. Lu—Hf isotopic systematics
and their applications in petrology[J]. Acta Petrologica Sinica, 27(2):
185220 (in Chinese with English abstract).

Xiong L, 2017. The Relationship between E volution of the Mesozoic
Magmatic Rocks and Gold Metallogenesis in Eastern Hebei— western
Liaoning District[D]. Ph.D Thesis of China University of Geosciences
(Wuhan) (in Chinese with English abstract).

Xu X Y, Jiang N, Fan W B, et al. 2016. Petrogenesis and geological
implications for the Mesozoic granites in Qinglong area, eastern Hebei
Province[J]. Acta Petrologica Sinica, 32(1): 212-232 (in Chinese with
English abstract).

Xu X B, Wang L X, Ma C Q, et al. 2021. Petrogenesis and geological
implications of the Yangfengou intermediate felsic dykes in the Balong
area within the Eastern Kunlun orogen[J]. Bulletin of Mineralogy,
Petrology and Geochemistry, 40(3): 654—-674 (in Chinese with English
abstract).

Yan X, Chen B, Wang Z Q, et al. 2019. The petrogenesis of the two stage
A —type granites from the Niujuan silver deposit in the northern margin
of North China Craton and their tectonic implications[J]. Acta
Petrologica Sinica, 35(2): 558—588 (in Chinese with English abstract).

Yang A X, Sun D Y, Hou X G, et al. 2021. Geochemical characteristics
and geological significance of diorite of Yu'erya gold deposit area in
Eastern Hebei Province[J]. Journal of Jilin University (Earth Science
Edition), 51(2): 416—428 (in Chinese with English abstract).

Ye H. 2014. The Early Mesozoic magmatism and deformation in the east
segment of the northern margin of the North China Craton[D]. Ph.D
Thesis of China Academy of Geological Sciences (in Chinese with
English abstract).

Zhang D Y, Wang S Z, Cao C, et al. 2022. Mesozoic magmatism and
metallogenic significance in eastern Hebei gold belt: Evidence from
zircon mineralogy[J]. Geological Review, 68(4): 1361-1374 (in
Chinese with English abstract).

Zhang Q, Wang Y L, Jin W J, et al. 2008. Criteria for the recognition of
pre—, syn— and post—orogenic granitic rocks [J]. Geological Bulletin of
China, 27(1): 1-18 (in Chinese with English abstract).


https://doi.org/10.2747/0020-6814.50.9.826
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1016/0012-821X(84)90147-X
https://doi.org/10.1130/0091-7613(2003)031<0529:HACGIO>2.0.CO;2
https://doi.org/10.1007/s004100100266
https://doi.org/10.1093/petrology/25.4.956
https://doi.org/10.1016/0016-7037(92)90178-L
https://doi.org/10.1016/0024-4937(89)90028-5
https://doi.org/10.1016/j.chemgeo.2007.11.005
https://doi.org/10.1016/0012-821X(83)90211-X
https://doi.org/10.1007/BF00402202
https://doi.org/10.18654/1000-0569/2019.02.18
https://doi.org/10.18654/1000-0569/2019.02.18

1774 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2024 4

Zhang S H, Zhao Y, Song B, et al. 2009. Contrasting Late Carboniferous
and Late Permian--Middle Triassic intrusive suites from the northern
margin of the North China craton: Geochronology, petrogenesis, and
tectonic implications[J]. Geological Society of America Bulletin, 121:
181-200.

Zhang S H, Zhao Y, Ye H, et al. 2012. Early Mesozoic alkaline
complexes in the northern North China Craton: Implications for
cratonic lithospheric destruction[J]. Lithos, 155: 1-18.

Zhao H L, Deng J F, Di Y J, et al. 1997. The genesis and model of
Yuerya gold deposit[J]. Earth Science, 22(3): 53-56(in Chinese with
English abstract).

Zhao J H, Peng J T, Hu R Z, et al. 2005. Chronology, petrology,
geochemistry and tectonic environment of Banxi quartz porphyry
Dikes, Hunan Province[J]. Acta Geoscientica Sinica, 26(6): 525—534
(in Chinese with English abstract).

Zhao L. 2019. Geological characteristics and direction of altered granite
type gold deposit in Baizhangzi, Liaoning Province[D]. Master Thesis
of Jilin University (in Chinese with English abstract).

Mt o 32 222 STk

R 5 . 2021, BEAR G T I v R T Tk b T R T2 R AT R R
SCID]. A T R AE A28 S

FRIL, A1, TR1ERA, 2. 2009. MRS 25 1L T0AE bd A M AL b 5
BRI A RAAE R AR R S04 (0] KAl 3 5 2%, 33(4): 588-597.

SR [I]. HIZERTZ, 10(3): 41-50.

w A, B E R, IMVEESE, 452018, ML H X B T B AR R B A
U-Pb A2 | HE [RI 23 RMbER A2 RAE SO 5 78 SC[T]. by
%, 25(6): 264-276.

KA RE, BB, M=K, SR 2015, VURRT R BEAAR AT PRI | ik &
WACFHERFZE (D). A A0 P2E 24k, 34(4): 447-474.

T, 200, sk i, 45 2011, &% 41 HE A7 % 4 A9 LA-MC-
ICP-MS {l5E [J]. HiuJFiil iz, 30(10): 34-39.

kb, 2019, 1 748 B IS TTAARL T &0 R ™ Hb i3 RRAE 15 B ™ 191
DY, H MK AFRR A 2E 18 3

HF bz, BIRAE, 552009, FLARFERLT . A0 IR A A A
SHRIMP U-Pb 5& 4F S H i it 2 S [7]. b J5ii 3 42, 28(10): 1458—
1464.

AR, 2007. J5 i 18 5 5 2 00 20 R 1 R LA 1 R BT 0 500 Y & %
P I]. HiZERTZR, 14(3): 64-72.

BOC, W47, L 2018, AR B T4 () 2488 KRS e
A U-Pb 4k . HE [F 7 24 AE K b B i SC LI 5 A 2431, 34(9):
2703-2715.

ZRAEM. 2020, 10 THAAL T 20 X DL AR AE b 2 AL PR B R R R
T [D]. rp Il TR (b)) B2 3850

G, AHEE, SR, 25 2021, RIIA 4308 ERE A U-Pb 4EIE |
HBRAL AL e 3 SCLT] . HBRRLEE, 46(4): 1231-1247.

BHETE, R AL, LR, 45, 2004, 3T TR EMIA T &0 KA KA
SHRIMP %547 U-Pb 4Ei% [J]. s iH & 555¢, 27(2): 82-85.

BHETE, TR, SRR, 55, 2003, FLAREBLLAL b 5 55 B S A6 54 BEA K

SHRIMP %547 U-Pb 4R [J]. #bER{b=4, 32(2): 70-77.

WA TE, BASF, KB, £, 2001, 34 A H: R AR O 1 4 B A A
SHRIMP 4% 1 U=Pb & 4F J H 2 (I, 57 W5 A0 b Bk b 27 a4,
20(4): 278-285.

BRI, AT, A4, 2. 2003, A6 KA K AR R ICHUBE AL i)
Bk H1E 5 NER T RIS AR 25 % [T, rhERb#E (D 5
HiERFLF), 33(4): 289-299.

BRI, WHEET, SRR, 4. 2005, b EDL T TP AR PRI Y
IR B M ER BN 12645 5 [T]. A 2441, 21(1): 169-188.

I, 2020. 1L VG AR T 5 25 S HX 4 R 3 SC D] v [ i g K2
(dbm0) B Rre 3.

TR, BUR R, XN, 5. 2014, XU HTER SZ i 1S Rl AL B 2 B
U-Pb 402 JA A R A2 e e (7). 3R 2 — v ] b B K22
%, 39(9): 1277-1288.

FHERY. 2014, 15 T B AL T 4 R Hb BRFAE K iem B [T]. 1 i
5%, 23(4): 339-342.

TEMER, T-Bédh. 2002. 465280 1 LARIBIFR & ). A A 0 P24
i, 21(2): 119-130.

Bk, X, DA, 45 2016. BFIG-HIALF 205 b XA il e &
B fAET8, 32(3): 4-8.

A B 1992, 10 THIRL T 40 KRR E R 2 RRAE [J]. PR BH 25 4 2% B
247 11(4): 20-26.

RRTT, WAL, BHEIE, 5. 2007a. 165 A R DRSS Y 25T 1) (0]
FATFER, 23(6): 1217-1238.

SARTC, 2k, K K, 4. 2007b. Lu—Hf [Fl{i 21K R K H A0 250
. AR, 27(2): 185-220.

AESR. 2017, BEAR—IL P4l X AR ACA R AL 5 4 ™ X & (D). P
R @) TR 0e .

A PH, 2268, S 3CH, 45 2016, FEAR T e b X AR ARAE B A A A
PRUFIAb T 25 SCLT). S5 A2, 32(1): 216-236.

By, T3, DB, 25 2021, KR LAY B M X 2 28 T iR
P A RO R e e b B R LT B A R A 2 R, 40(3):
654—674.

FER, BR, Tk, 45, 2019. Mk e Rl db g A AR X Y A
654 5 1 R B oA 3t 7 S LT 524, 35(2): 558-588.

MBS, IMER, BN, 45 2021, BARIKE ST X N A Bt sk
2ERRAE S M 5 R SCLT]. 3 AROR 2 R (b BERBL 2 AR, 512):
416-428.

. 2014, ARdbIL AR B R T AR AR IS AR A AR IS (D). h
] b S 2 B 2 S

SRS, TR, Wb, 25 2022, BARSHHF A A A LA™
B R A A2 [T]. HUBSTE, 68(4): 1361-1374.

K, TIoC e, A MR, 4F. 2008, & LT & LA L5 26 XA 1R
SI00]. Hb TR, 27(1): 1-18.

XVEES, X548, PR, 25, 1997, Tl BB 400 PR AR IR B i A
(1], HuskEF2E, 22(3): 53-56.

B AELL, Bk, WG, 25, 2005, WIRE IR KA IAEACE  SA A2
Bk Ak B A i 35S (0], HuER2F1, 26(6): 525-534.

X2, 2019, 30 THIUBLF Il AETE b 2 AL 4 M SRR AE S 3007 Jr i [D].
Pt VN2 ke = VA0


https://doi.org/10.1016/j.lithos.2012.08.009
https://doi.org/10.3969/j.issn.1001-1552.2009.04.013
https://doi.org/10.3321/j.issn:1005-2321.2003.03.003
https://doi.org/10.3969/j.issn.1000-6524.2015.04.002
https://doi.org/10.3969/j.issn.1671-2552.2011.10.004
https://doi.org/10.3969/j.issn.1671-2552.2009.10.012
https://doi.org/10.3321/j.issn:1005-2321.2007.03.006
https://doi.org/10.3969/j.issn.1007-2802.2001.04.021
https://doi.org/10.3321/j.issn:1000-0569.2005.01.017
https://doi.org/10.3969/j.issn.1000-6524.2002.02.005
https://doi.org/10.3969/j.issn.1000-6524.2002.02.005
https://doi.org/10.3969/j.issn.1671-2552.2008.01.001
https://doi.org/10.3321/j.issn:1006-3021.2005.06.007

	1 地质背景
	2 岩脉分布与岩石学特征
	3 样品采集及测试方法
	4 测试结果
	4.1 主量元素特征
	4.2 微量及稀土元素特征
	4.3 锆石U−Pb年龄及稀土元素特征
	4.4 锆石Lu−Hf同位素特征

	5 讨　论
	5.1 岩脉的形成时限
	5.2 花岗岩成因
	5.3 构造环境
	5.4 岩浆源区
	5.5 成矿意义

	6 结　论
	参考文献

