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Abstract:This paper is the result of the mineral exploration engineering.

[Objective] The Baiyun gold deposit, located in the eastern margin of the North China Craton, is one of the typical gold deposits in
the Qingchengzi ore concentration area of Fengcheng City, Liaoning Province. By clarifying the formation age, genesis and tectonic
background of the mafic dikes in the mining area, it is beneficial to deepen the understanding of the regional tectonic evolution
process and the genesis of the deposit. [Methods] Based on the field geological characteristics of the deposit, the lamprophyres
closely related to mineralization, have been studied in terms of petrography, chronology and geochemistry in this paper. [Results]
LA—ICP—MS zircon U—Pb data reveals that the lamprophyre formed at (126.81+0.65) Ma, indicating that it developed in the Early
Cretaceous. Petrogeochemical characteristics show that the lamprophyres belong to alkali series and potassium hypostatic rocks,
which are rich in magnesium (MgO=3.63%—4.07% , Mg'=54— 60), potassium (K,O/Na,O=1.26—3.47) and alkali (K,O+Na,O=
4.41%—5.23%). The lamprophyres are enriched in large ion lithophile elements (Rb, Th, U) and light rare earth elements, but
depleted in high field strength elements (Nb, Ta, Ti) and heavy rare earth elements, and exhibit typical arc magmatic features
associated with subduction. Isotopic geochemical characteristics demonstrate that the lamprophyres have a high concentration of
radioactive Pb isotopes. The initial "*Hf/'""’Hf value of zircon is 0.282117—0.282471, with negative eu(¢) values (—20.80——7.81),
suggesting that the magma source is the enriched lithospheric mantle influenced by subducted melt/fluid metasomatism. [Conclusions]
Integrated with the regional tectonic setting, the bottom of the lithospheric mantle was eroded by the heat of the asthenosphere
mantle during the Cretaceous period due to the extensional environment caused by the subduction and rollback of the Paleo—Pacific
plate, which resulted in partial melting and the formation of the Early Cretaceous mafic magma. The lamprophyres with arc
characteristics in the Baiyun mining area may have formed along the Tanlu fault zone and its secondary faults. Therefore, the Early

Cretaceous mafic magmatism in this region represents a response to the lithosphere thinning in the eastern North China Craton.

Key words: Baiyun gold deposit; lamprophyre; geochronology and geochemistry; petrogenesis; mineral exploration engineering;
Qingchengzi ore concentration area; Liaoning Province

Highlights: The source, genesis and tectonic implications of the lamprophyre related to mineralization were discussed; The
chronology framework of Early Cretaceous basic magmatism in the Qingchengzi ore concentration area was improved; A new basis
for studying the geodynamic background of regional diagenesis and mineralization and the genesis of the Baiyun gold deposit is
provided.
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Fig.1 Simplified geotectonic map of eastern Liaoning Province (a), simplified geological map of Qingchengzi ore—concentrated
area, showing the location of the Baiyun gold deposit (b)
(Fig.1a is modified from Luo and Li, 2002; Fig.1b is modified from Liaoning Nonferrous Geology Bureau 103 Team, 2019)

1— Dashiqiao Formation; 2— Gaixian Formation; 3— Quaternary; 4— Paleoproterozoic granite; 5S— Triassic granite; 6— Gabbro; 7— Lamprophyre;

8—Diorite; 9— Granite porphyry; 10— Quartz porphyry; 11—Pegmatite; 12—Gold orebody; 13—Fault; 14— Syncline/inverted syncline; 15— Anticline/
inverted anticline; 16—Au(—Ag) deposits; 17—Pb—Zn deposits
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Fig.2 Photographs of the lamprophyre crosscutting the orebodies in the elevation of 320 m in the Erdaogou mining section (a), hand

specimen (b), and photomicrographs (c) showing some key geological features of the lamprophyre in the Baiyun gold deposit
Hbl-Hornblende; P1-Plagioclase; Px—Pyroxene; The red pentacle represents the sampling point
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Fig.3 Cathodoluminescence images of zircons of the lamprophyre in the Baiyun gold deposit, with their U-Pb age data and
corresponding Hf isotope analysis spots
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Table 1 Zircon LA-ICP—MS U—Pb dating results of the lamprophyre in the Baiyun gold deposit

*Pb/**Pb *Pb/U Pb/U *Pb/U *Pb/~*U
Wxi Th/10° U/10° Th/U 20

EA [N EA[:N EA [N S/ Ma e/ Ma
BY014-01 72.7 474 0.15 0.0554 0.0046 0.1505 0.0122 0.0198 0.0004 142 10.8 126 2.4
BY014-02 220 1144 0.19 0.0482 0.0026 0.1347 0.0072 0.0202 0.0003 128 6.4 129 2.1
BY014-03 140 935 0.15 0.0501 0.0037 0.1394 0.0099 0.0202 0.0004 133 8.8 129 2.4
BY014-04 449 472 095 0.0489 0.0041 0.1366 0.0114 0.0202 0.0005 130 10.2 129 29
BY014-05 120 656  0.18 0.0565 0.0037 0.1543 0.0101 0.0198 0.0004 146 8.8 126 2.7
BY014-06 94.0 801  0.12 0.0486 0.0050 0.1345 0.0132 0.0201 0.0004 128 11.8 128 2.5
BY014-07 97.5 210 046 0.0515 0.0063 0.1401 0.0162 0.0199 0.0006 133 14.5 127 3.6
BY014-08 106 762 0.14 0.0533 0.0038 0.1424 0.0099 0.0193 0.0004 135 8.8 124 2.3
BY014-09 56.6 548  0.10 0.0542 0.0056 0.1497 0.0152 0.0200 0.0004 142 13.4 128 2.6
BY014-10 44.9 512 0.10 0.0536 0.0045 0.1468 0.0113 0.0201 0.0004 139 10.0 128 2.7
BYO014-11 115 889  0.13  0.0524 0.0032 0.1440 0.0084 0.0199 0.0004 137 7.5 127 2.3
BY014-12 135 821  0.16 0.0552 0.0044 0.1467 0.0119 0.0193 0.0003 139 10.5 123 22
BY014-13 112 312 036 0.0492 0.0058 0.1289 0.0137 0.0195 0.0006 123 12.4 124 39
BY014-14 278 1620 0.17  0.0484 0.0029 0.1343 0.0081 0.0201  0.0004 128 73 128 2.7
BY014-15 237 1293 0.18  0.0497 0.0031 0.1384 0.0091 0.0201  0.0004 132 8.2 128 2.6
BY014-16 144 841 0.17 0.0474 0.0035 0.1308 0.0095 0.0200 0.0004 125 8.5 128 2.8
BY014-17 766 1537 0.50  0.0477 0.0030 0.1321 0.0081 0.0200 0.0004 126 73 128 2.4
BY014-18 382 487  0.79  0.0496 0.0046 0.1358 0.0118 0.0200 0.0005 129 10.6 128 32
BY014-19 205 1164 0.18 0.0516 0.0036 0.1427 0.0098 0.0200 0.0005 135 8.7 128 29
BY014-20 637 510 125 0.0537 0.0046 0.1507 0.0130 0.0203 0.0004 143 11.5 130 2.7
BY014-21 334 545 0.61 0.0571 0.0047 0.1583 0.0132 0.0201 0.0005 149 11.6 128 3.1
BY014-22 126 1098 0.11  0.0496 0.0037 0.1376 0.0104 0.0201 0.0005 131 9.3 128 29
BY014-23 5393 8861 0.61 0.0511 0.0021 0.1396 0.0061 0.0197 0.0003 133 5.4 126 1.8
BY014-24 4272 9173 047 0.0473 0.0016 0.1297 0.0046 0.0198 0.0003 124 4.1 126 2.1
BY014-25 3954 7771 0.51 0.0500 0.0018 0.1380 0.0053 0.0200 0.0003 131 4.7 127 2.0
BY014-26 2483 5543 045 0.0498 0.0018 0.1385 0.0050 0.0201 0.0003 132 4.5 128 1.9
BY014-27 5349 6993 0.76 0.0502 0.0021 0.1374 0.0057 0.0197 0.0004 131 5.1 126 2.4
BY014-28 2815 6583 0.43 0.0493 0.0020 0.1337 0.0054 0.0195 0.0004 127 4.9 124 2.3
BY014-29 2632 5093 0.52 0.0480 0.0019 0.1299 0.0055 0.0196 0.0004 124 4.9 125 22
BY014-30 2063 4916 042 0.0547 0.0026 0.1486 0.0069 0.0196 0.0003 141 6.1 125 2.1
BY014-31 200 399 0.50 0.1327 0.0045 7.3951 0.2634 0.4024 0.0073 2160 319 2180 334
BY014-32 115 196 059 0.1392  0.0053 6.3871 0.2619 0.3310 0.0075 2031 36.0 1843  36.5

Si0,~(Na,0+K.0) [Elfifr (&l 5a) , i s A IS TR
B 29 XI5 7F Si0,—K,O [ (&1 5b) , FE i a5,
BT L AR, HiMA s XER AR
Fo: X TEBES .
43 BIAWETE

FESH RS A T 116x10°~123%10°°, -1
9 119%10°°; #2 #i5 + 0 & (LREE) & 4t T 106 %
107 °~111 x 10", 4 4 109 x 107, & i o0 K
(HREE) &A1 T 10.5%x10~11.1x10°°, 34424 10.9%
10°, LREE/HREE B 4T 9.80~10.10, (La/Yb)y Lt

BT 12.67~14.61  FEARRI 520 1w 5 1M 1
FAXT T AR o JEAR AT Ce 5% Fl Bu f 523 .
FEERRL G A E L AR B s L (& 6a) , iTfT
FERH AR L 2L S A —E, RN+ 5
S MG b T WA T 2

B TG B (38 2) R R b b i AL i 1k
HIGR KM P L (K 6b) 1] LA KBRS PR A 25
TR W T RS g R AN R AR B
R, —SREFEAILERL. Th.U K .Pb.SrHliE
AR TER ) [ e B BH 40, R 7T ND
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deposit
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Fig.5 Diagrams of SiO,—(Na,0+K,0) (a) and SiO,—K,O (b) for the lamprophyres in the Baiyun gold deposit
(Fig.5a is after Le Bas et al., 1986, and the dividing line between basic and subbasic series is after Irvine and Baragar, 1971; Fig.5b is after Rock,
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Table 2 Major (%), rare earth and trace element (10
data of the lamprophyres in the Baiyun gold deposit

(10°)LESIRER

RIBZETEHENEEPORURATER
Table 3 Whole rock Pb isotope analysis results of the
lamprophyres in the Baiyun gold deposit

ﬁé% f“lﬁa znﬁpb /204Pb 20 zmpb /204Pb 20 ztvbe /204Pb 20

Ak JEREA JEPEE JEBEE JEREA JEBEA
HESES  BY014 BY015 BY236 BY237 BY238
Si0, 47.63 51,54 5001 5050 50.06
TiO, 072 060 059 060 059
AlLO; 18.10 1534 15.19 1515 15.14
TFe,0; 688 531 521 498  5.05
FeO 560 472 434 407 432
MnO 0.10 011 013 013  0.13
MgO 407 363 380 373 3.5
CaO 397 534 608 621  6.10
Na,0 099 230 224 227 225
K.O 343 290 292 296 293
P-0: 017 019 019 017  0.19
LOI 13.83 1274 13.62 1329 13.80
Total 99.22  99.97 99.97 99.97  99.98
Mg’ 54 58 59 60 60
La 279 262 279 269 269
Ce 498 478 487 463 467
Pr 580 558 581 548 561
Nd 226 226 228 217 221
Sm 395 395 415 401 416
Eu 139 155 158 147 155
Gd 3.62  3.65  3.68 35 3.53
Tb 057 056 060 056 057
Dy 282 293 292 2.7 2.79
Ho 055 052 054 053 053
Er 145 143 146 147 144
Tm 024 023 022 022 022
Yb 158 146 137 137 139
Lu 023 020 020 020 0.20
Y 156 16.1 157 151 15.2
Rb 143 96.1 101 98.8  99.2
Ba 439 279 349 361 350
Th 697 583 532 529 518
U 178 148 141 137 139
Nb 817 684 618 595  6.01
Ta 051 041 041 039 038
Sr 1623 1103 1246 1228 1244
P 884 1002 1029 922 997
Ti 4286 3578 3548 3566 3542
Hf 431 355 353 354 347
Zr 162 137 151 147 148
Cr 313 266 277 275 273
Co 264 177 230 237 236
Ni 924 624 682 622 652
\Y 110 981 937 925 101
Zn 886 797 797 770 733
Cu 304 261 295 277 296
Pb 119 109 132 164 146
REE 123 119 122 116 118
LREE 111 108 111 106 107
HREE 11.1 110 110 105 107
LREE/HREE 10.08 9.80 10.10 10.04 10.04
(La/Yb)y  12.67 12.87 1461 14.08 13.88

SEu .10 123 1.21 1.17 120

BY014 JEPf#A 18313  0.002 15562 0.001 38.810 0.004
BY015 JE5fA 18293 0.004 15582 0.003 38.752 0.008
BY236 2R 18.157  0.006 15568 0.004 38952 0.010

5 W B
51 BAKEA

5.1.1 ' £ HAZ I 15 ak

F 2 40 B A 1 MO (3.63%~4.04% ) & &
Mg {H (54~60) %5 & , 11 HAH 28 76 K Cr(266x 10~
313x10°°) .Co(17.7x10 °~26.4x10"°) Ni(62.2x10 °~
92.4x10°°) FIV(92.5%10°~110x10") & , s
A IR AR B A B SR R T e 1 i
3% (Cr=200%10"°~500x10 ¢, Co=25%x10"~80x10 ",
Ni=90x10"~700x10; Rock et al., 1991 ) B AH{BL )4
I, 2 B HOR VR T2k I e 38 ks . A, -
eV IRRE S A B S KL & 5 LILEs(Rb. Th,
U.K.Pb.Sr) X} & % LREE , A M & £ W51 Pb
A5 28 YARFAE , SRR T S 1 IR Rl — 3K,
1MW .5 45 HFSEs(Nb , Ta . Ti) W I /15 5 4 5 A P8l b,
% 8 28 kA v VR R A ek . SR R BERR B
A1 B BRI % BH JHC AT BB R R IR s 44 i A 28
RERE 1Y s A A Bl Hbibg (Tarney and Jones, 1994),
S AT e SRS IR R R th i Az Hh e P B i ]
TLIRY A = (Ma et al., 1998),

Nb/U FUAE 5 A A 20 5 H 5 TR G 8 (S8 XU
2, 2007; BINERAE, 2013) , F = &0 R EEA 1Y Nb/U
F A (4.3~4.6) i 1IX T MORB F1 OIB [ Nb/U [ 1E (=
47) (Hofmann et al., 1986) , [A] IsHKT_I- Hb 72 1) Nb/U
HfE (=9) (Taylor and McLennan, 1985) LA M 48R
100 b T LW BY Nb/U F {8 ( =5) (Plank and
Langmuir, 1998) , /1 T 2K V- X405 o T AR B 19 506
A BRI Y Nb/U HUAE (=0.22) (Ayers, 1998) 2
fi] (] 8a) , 2 HH it Y5 X BT HLAT A o2 AR AIE S i T
Al AR riot R R R P A5 AR A X 2 1 A2 A
2, Ah, AR — 1 2P P AW HERR T Hi5E
Rl aetE, o2 i B B A JEw K
A *°Pb/**Pb 2% 1k 7L il (Nelson et al., 1986; 2 #%
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Fig.6 Chondrite—normalized rare earth element (REE) distribution pattern (a) and primitive mantle—normalized spider diagram (b)
for the lamprophyres in the Baiyun gold deposit
(Normalizing values are from Sun and McDonough, 1989; OIB: Oceanic island basalt; E-MORB: Enriched mid—oceanic ridge
basalt; N-MORB: Normal mid—oceanic ridge basalt)

R4BRET ERENEAMXEMLHI R RS TER
Table 4 Results of zircon in situ Hf isotopic compositions of the lamprophyre in the Baiyun gold deposit

fg HEHE 20 SLy/THE 20 Yb/THf 20 tMa  fiwr  (THE7HD ea(0)  endd)  tow  fowe
BY014-01 0.282232 0.000026 0.000286 0.000005 0.008614 0.000155 126 -0.991371 0.282232 -19.09 -16.35 1.41 1.81
BY014-02 0.282197 0.000025 0.000382 0.000015 0.012305 0.000462 129 -0.988480 0.282196 -20.34 -17.55 1.46 1.87
BY014-03 0.282275 0.000033 0.000452 0.000002 0.015395 0.000165 129 -0.986386 0.282274 -17.59 -14.80 1.36 1.73
BY014-04 0.282261 0.000035 0.001562 0.000010 0.048668 0.000501 129 -0.952950 0.282258 -18.06 -15.37 1.42 1.76
BY014-05 0.282268 0.000030 0.000278 0.000014 0.009536 0.000496 126 -0.991636 0.282267 -17.83 -15.09 1.36 1.75
BY014-06 0.282284 0.000026 0.000390 0.000003 0.010945 0.000043 128 -0.988266 0.282283 -17.26 -14.49 1.34 1.72
BY014-07 0.282351 0.000044 0.001266 0.000014 0.033814 0.000394 127 -0.961881 0.282348 -14.88 -12.20 1.28 1.60
BY014-08 0.282245 0.000031 0.000349 0.000002 0.011376 0.000078 124 -0.989497 0.282244 -18.64 -15.95 1.40 1.79
BY014-09 0.282263 0.000034 0.000559 0.000008 0.018417 0.000140 128 -0.983176 0.282262 -17.99 -15.23 1.38 1.75
BY014-10 0.282232 0.000028 0.000296 0.000002 0.010289 0.000049 128 -0.991094 0.282231 -19.09 -16.31 1.41 1.81
BYO014-11 0.282157 0.000031 0.000361 0.000002 0.012266 0.000087 127 -0.989139 0.282156 -21.76 -19.01 1.52 1.94
BY014-12 0.282323 0.000026 0.000908 0.000009 0.025319 0.000211 123 -0.972664 0.282321 -15.86 -13.24 1.31 1.65
BYO014-13 0.282248 0.000027 0.000054 0.000002 0.002027 0.000055 124 -0.998371 0.282248 -18.54 -15.83 1.38 1.78
BY014-14 0.282202 0.000021 0.000354 0.000007 0.010156 0.000168 128 -0.989347 0.282202 -20.14 -17.37 1.45 1.86
BYO014-15 0.282229 0.000041 0.000788 0.000018 0.023016 0.000489 128 -0.976267 0.282227 -19.21 -16.47 1.43 1.82
BY014-16 0.282318 0.000033 0.000786 0.000003 0.024013 0.000081 128 -0.976339 0.282316 -16.07 -13.33 1.31 1.66
BYO014-17 0.282286 0.000040 0.000260 0.000009 0.009175 0.000285 128 -0.992159 0.282285 -17.20 -14.41 1.34 1.71
BY014-18 0.282290 0.000036 0.000137 0.000002 0.005069 0.000065 128 -0.995861 0.282290 -17.04 -14.25 1.33 1.70
BYO014-19 0.282255 0.000034 0.000365 0.000015 0.012557 0.000495 128 -0.989008 0.282254 -18.30 -15.52 1.38 1.77
BY014-20 0.282471 0.000036 0.000422 0.000007 0.015859 0.000217 130 -0.987286 0.282470 -10.63 -7.81 1.09 1.38
BYO014-21 0.282387 0.000037 0.000136 0.000012 0.004782 0.000351 128 -0.995897 0.282386 -13.63 -10.84 1.20 1.53
BY014-22 0.282294 0.000031 0.000526 0.000005 0.017614 0.000189 128 -0.984158 0.282293 -16.91 -14.15 1.34 1.70
BYO014-23 0.282317 0.000036 0.004665 0.000032 0.159774 0.000487 126 -0.859482 0.282306 -16.08 -13.71 1.46 1.67
BY014-24 0.282240 0.000027 0.003248 0.000052 0.120830 0.001567 126 -0.902164 0.282232 -18.82 -16.33 1.52 1.81
BYO014-25 0.282218 0.000029 0.004308 0.000017 0.150775 0.000256 127 -0.870246 0.282208 -19.59 -17.17 1.60 1.85
BY014-26 0.282157 0.000030 0.004248 0.000008 0.134483 0.000278 128 -0.872062 0.282147 -21.75 -19.31 1.69 1.96
BYO014-27 0.282179 0.000028 0.003569 0.000041 0.118064 0.001052 126 -0.892493 0.282170 -20.98 -18.52 1.62 1.92
BY014-28 0.282117 0.000028 0.004353 0.000019 0.132967 0.000586 124 -0.868878 0.282107 -23.16 -20.80 1.75 2.03
BY014-29 0.282307 0.000031 0.004816 0.000024 0.203790 0.001637 125 -0.854934 0.282296 -16.45 -14.11 1.48 1.69
BY014-30 0.282192 0.000043 0.005149 0.000089 0.156647 0.002519 125 -0.844921 0.282180 -20.52 -18.21 1.68 1.90
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al., 2002) . W, A EE AT endt) N IEAA , F I K IR
[X A 75 45 M ol N 7 5 0 OB A B AR R
BT end )R M, FIA 5 205 X0 B 4 b s DAty
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B AR A B (RARITAE, 2007) . AN, A A4
T HEL BT A0 33K B 25 Ay i ER Ak 24 R E 5 L
(I BERBEKEBE A A0 2 A A BN AL, J5 & B 2
VR T 50 oh 4V FH A 511 & 48 Ho b2 (Nelson, 1992;
Nowell et al., 2004 ; Davies et al., 2006 ) ; [a] it 51T
R M XML & 5 e Bk A (Yang et al., 2007b) DL R
IR M0 X5 IR FEVE K 5 (Yang et al., 2004 ; Zhao et al.,
2012;Ma et al., 2014a,b) [RFAE AL, 2 A AT H
A —EIR X, BP0 s hnam R A A el
i, NI, EH N A = &7 SRS R TR T
P38 T BN s A/ A S AR s 1) S
A1 VB b ()R A Al
5.1.2 B KR

= &0 RBEA A X s, HA BRI K0
B (2.90%~3.40% ) , K,O/Na,O FAE (1.26~3.47) %5
FRBli 52 F-14{H 1.1 (Taylor and McLennan, 1985),
X B MR X P BEAEAE— A s BRI 0AH , 4 =
18 fA N 47 - Furman and Graham (1999) 8} 9% 3
W1, 54 = BP0 15 A 2L AG IR Ba 1% 2 Fl Ba/Rb
(<20) WfE  (HZE 5 AP AR B I Rb/Sr
(<0.06) L fE A7 (1 Ba/Rb FL (>20) Fofl . H=44”
JELBE A 19 Rb/Sr F 4 0.08~0.09 (KT 0.06) ,Ba/Rb
FLAE A 2.90~3.65(/INF20) , =B IR A2 nl e TE

T 4 = B HBIES IR IX

IS BB, S A 75 3 o0 H el R v ) B s
WY SR FEZHETHRXIEENAMA
(Johnson, 1998) . FH A3 184 A1 AH B /0 I8 e 1% 19 44
&, H La/Yb F1 Dy/Yb HUAE AR fLE FElEBAR K, Dy/Yb
FOAH — M ST 2.5 5 1717 FH 22 it A1 A b 8 3 R ok
GRS, H La/Yb LU(EASA6E FEIAR /1N, Dy/Yb LUAE L
S 4H fE , — EEB /N T 1.5 (Thirlwall et al., 1994;
Miller et al., 1999) . A< X 45 BE A 19 La/Yb L AE 7
17.66~20.36, Dy/Yb L {H /™ T 1.78~2.13, La/Yb FlI
Dy/Yb HAE AR L HARAR /Iy, 7E 546 5 9 1Y Dy/Yb—La/
Yb Elfig b (1 10) 7T LUE Y, B & La/Yb U AE 948
1k, Dy/Yb HAEAS AL AR/ I A SCAR S B L &
S RRBERVETE T & &t R A A
B H i £ 14 91 L BFEIT L R 5 B BRI AR S A
T R 2 14) 350 s il P DA B 1 2 0 JER B D
BERR T AN, w B UL IR X AT BB T4 A AR
FHUERE X . LAk, H = S0 FEBE S 76 11 2 ih
2 (& 62) B Won iR BCR AR S 14018, E A
e 43~ i 2t AR XHER I ELSF-4H, 3355 15 T2 A A b
53 I DX ) A R R — 3K, B B R [ AR R T —
1) A AR A A b b Y DX 1) 3R B AT A 3 BE 1 E A
T+ Bl 2 ERE (Miller et al., 1999), K, 25 &
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