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Abstract: A large number of lamprophyre dykes have been discovered in the Jiaodong area, but the genesis of
lamprophyres and their relationship with gold mineralization in this region remain controversial. In this paper, nine
lamprophyre samples from the Daliuhang Gold Mining Area were selected for systematic petrographic observation,
whole-rock major, trace element analysis and zircon U-Pb geochronology. Zircon LA-ICP-MS U-Pb dating results
show that the lamprophyres were emplaced at 125.7 + 1.5 Ma, which is the product of magmatic activity in the Early
Cretaceous. The lamprophyre samples are enriched in potassium, alkali, and aluminum, with Mg* =64.8-73.3. They
are characterized by enrichment in large ion lithophile elements (LILEs) and depletion in high field strength elements
(Nb, Ta, Zr, Hf, Ti), but their trace element abundances differ by orders of magnitude from those of typical arc
magmatic rocks. Combined with published Sr-Nd isotopic compositions, we infer that the mantle source of these
lamprophyres were derived from ancient sub-continental lithosphere mantle that had been metasomatized, most
likely by melts derived from carbonate-bearing sediments. The spatiotemporal coupling between large-scale mafic
magmatism and giant gold deposits in the Jiaodong area suggests that mafic magmatism played a critical role in the
gold mineralization process. The interaction between carbonate melts and their coexisting highly oxidizing fluids

may have provided a crucial pathway for the dissolution and transport of gold within the magmatic system.

Key Words: North China Craton; Daliuhang Gold Mining; Lamprophyre; Zircon U-Pb Geochronology;
Geochemistry; Jiaodong Gold Mine
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IR IX A R T hDB R L (B la; A8 EAE, 2023), H PG00 LAKR S Wi
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Fig.1 (a) Location of the North China Craton, (b) General tectonic map of Jiaodong area, (c) Regional geological map of the
Daliuhang Gold Mining Area

(Modified from Ye et al.,2015; Ma et al., 2020; Huang, 2021; Song et al., 2022)
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Fig.2 Photomicrographs of lamprophyres in the Daliuhang Gold Mining Area
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Fig.3 Cathodoluminescence (CL) images of zircons for the lamprophyres in the Daliuhang Gold Mining Area

REMT &N KIEPEA P A L EEY, CL BEG SR (J 3) HBIRESEE, mTLL AW
F: —RNBARM BHEREAR: 75— ZFIBRARN, KFEHTE RS, MasaKE
PR, Bl 101, BREAIR, SasaRKEiEOR, a3 i1 AL, BRKIES: A
e K B IEMW AR KRG IR, R RS SRR RRE (RITIREE, 2004). A0 DLX-4
BEAFEGMT T 18 AN A, DA 5. 7. 94 12 WAL, RS H5ERITHHE. Bah um
RN 281X 100~1934 X 10¢ CFHJ{E N 808 X10), Th (& H A 53.6X10°0~807 X 106 (°F
PIME R 354X 100), Th/U [FMEN 0.18~0.74 CFIME N 0.41, KT 0.1, R ve K miA
(Griffin et al., 2004). 14 N A E) 70 A Ecdhs A5 B 85 A I 2 4R 9 125.7+1.5 Ma
(MSWD=0.7, n=14), Q& 7 RMATEN" XAETES 1R AL F# .

R 1 KMAT &0 XIEBES B A LA-ICP-MS U-Pb 458 Il 45 R
Tablel Zircon LA-ICP-MS U-Pb dating results of lamprophyres in the Daliuhang Gold Mine Area

. /10 7l fir 3% LU AE M RFE (Ma)
=]
BT
Th U Th/U Pb/Pb 1o  2PbU 1o 2Pb¥U  lo  2'Pb/"Pb 1o *'Pb/*U lo *°Pb/*U lo

DLX4-1 808 1460 0.55 0.0503 0.0013 0.1346 0.0039 0.0194 0.0004 209 94 128 4 124 3
DLX4-2 458 1200 0.38 0.0506 0.0018 0.1368 0.0061 0.0196 0.0007 220 51 130 5 125 4
DLX4-3 548 981 0.56 0.0518 0.0015 0.1400 0.0047 0.0196 0.0005 276 67 133 4 125 3




DLX4-4 757 1934 0.39 0.0496 0.0015 0.1350 0.0045 0.0197 0.0005 189 73 129 4 126 3
DLX4-5% 1146 1464 0.78 0.0613 0.0017 0.4429 0.0165 0.0525 0.0016 650 59 372 12 330 10
DLX4-6 717 1476 0.49 0.0525 0.0017 0.1480 0.0048 0.0204 0.0004 309 77 140 4 130 3
DLX4-7* 426 344 124 0.1150 0.0028 3.4222 0.0999 0.2155 0.0050 1881 44 1510 23 1258 26
DLX4-8 238 322 0.74 0.0599 0.0036 0.1582 0.0102 0.0192 0.0007 598 130 149 9 123 4
DLX4-9* 269 522 0.52 0.0534 0.0020 0.1700 0.0070 0.0232 0.0006 346 85 159 6 148 4
DLX4-10 229 573 040 0.0615 0.0025 0.1725 0.0067 0.0204 0.0005 657 85 162 6 130 3
DLX4-11 293 578 0.51 0.0595 0.0025 0.1642 0.0069 0.0201 0.0005 587 88 154 6 129 3
DLX4-12° 622 1552 040 0.1696  0.0029 5.5573 0.1119 0.2358 0.0041 2553 28 1910 17 1365 21
DLX4-13 97 470 021 0.0544 0.0027 0.1459 0.0066 0.0196 0.0005 391 109 138 6 125 3
DLX4-14 54 301 0.18 0.0536 0.0030 0.1462 0.0087 0.0199 0.0005 354 123 139 8 127 3
DLX4-15 82 417 020 0.0538 0.0022  0.1454 0.0062 0.0196 0.0004 361 94 138 5 125 2
DLX4-16 358 693 0.52 0.0572 0.0018 0.1581 0.0057 0.0201 0.0005 502 70 149 5 128 3
DLX4-17 88 281 031 0.0508 0.0023  0.1395 0.0060 0.0202 0.0004 232 104 133 5 129 2
DLX4-18 226 619 037 0.0506 0.0019 0.1414 0.0057 0.0205 0.0006 233 89 134 5 131 3
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DA RRER S T8 (HAER MR, AR5 DLX9 MM B s kBl gchth, Ri%
B S 1A A R0 P RE OS2 B I s, DRI AR SCTE S5 S R AN R FL A N A e . A
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14.53%; TiO» & &N 0.62%~0.84%, TN 0.76%; TF.03 8N 5.94%~8.59%, TN
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Fig.4 Diagrams of (a) (Na,O+K,0) vs. SiO; and (b) K,O vs. SiO, for lamprophyres in the Daliuhang Gold Mining Area

(Major element concentrations are recalculated to 100% after removing LOI)
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KT G0 XA BEE 1A 70 3R o B2 R NER 2. FEBRRIBR A AR HE AL AR s RIS 4y

BB (B 52), FEGRIL B AR T B8 E R A, SRt B E
Fi iR FAEE . HP: (La/Sm) v=4.35~6.01, ¥4 5.1; (La/Yb) n=20.5~44.4, V1
N 27.6 CNRREIRRLIRAIRENL, PR E#EKH Sun and McDonough, 1989). iX—4f
RV (1D A FGRIE TN & RBM L T RS, 48R 7 HARRgENX ;. (2
B RARIRER BEROR, AR AR ER. FESCYIER Eu 5%, S Eu i 0.92~0.98. £
TR G R RS bR R N B (B Sb), KT &0 XIEBE A R T B £ KB THEA
Jt& (LILE). &3%586& (HFSE) Nb. Ta. Zr. Hf. Ti %153 % MHHIE .
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Table2 Major element (10-2) and trace element compositions (106) of

lamprophyres in the Daliuhang Gold Mining Area

FEfh 4 DLX1 DLX2 DLX3 DLX4 DLXS DLX6 DLX7 DLX8 DLX9
SiO, 49.92 47.69 52.36 47.84 55.74 54.34 52.09 49.37 45.33
TiO, 0.76 0.70 0.68 0.75 0.64 0.56 0.72 0.73 0.79
AlLO; 14.22 13.02 12.55 12.00 14.02 13.36 14.29 12.84 11.85

TFe,0; 6.98 7.20 6.83 7.84 5.51 5.42 6.54 7.17 7.68
MnO 0.13 0.13 0.11 0.13 0.09 0.07 0.09 0.12 0.17
MgO 6.67 8.97 8.05 9.64 4.60 5.47 6.72 7.92 11.85
CaO 7.77 7.84 7.67 8.80 6.43 5.78 6.45 7.54 6.59
Na,O 3.01 2.21 2.61 1.99 322 2.30 2.54 245 0.20
K,O 1.50 1.67 2.70 1.94 231 2.65 1.59 2.53 3.20
P,0s 0.29 0.26 0.46 0.33 0.25 0.18 0.24 0.48 0.47
LOI 7.46 9.55 5.01 7.99 7.65 8.27 6.86 8.87 10.45
Total 98.71 99.22 99.03 99.26 100.45 98.41 98.13 100.03 98.59

Na,0+K,0 4.51 3.87 5.32 3.93 5.53 4.95 4.14 4.99 3.40
Mg’ 67.82 73.33 72.25 73.07 64.78 69.01 69.4 70.9 77.28
La 49.6 44.5 98.3 50.8 55.7 384 52.1 79.1
Ce 94.3 84.6 183 98.5 102 70.8 104 156
Pr 10.2 9.06 19.9 10.9 10.6 7.41 11.7 17.4
Nd 37.9 34.2 75.5 423 39.0 272 45.2 66.1
Sm 6.09 5.57 11.9 7.25 5.98 4.37 7.73 10.7
Eu 1.63 1.51 2.90 1.90 1.56 1.22 2.07 2.66
Gd 4.50 4.27 7.74 5.39 4.29 3.34 5.66 7.31
Tb 0.62 0.56 0.88 0.68 0.53 0.43 0.72 0.88
Dy 3.30 3.05 4.14 3.50 2.73 2.28 3.62 4.17
Ho 0.66 0.60 0.73 0.67 0.53 0.45 0.67 0.78
Er 1.82 1.67 1.81 1.73 1.42 1.19 1.75 1.95
Tm 0.27 0.25 0.26 0.25 0.21 0.18 0.25 0.28
Yb 1.70 1.56 1.59 1.57 1.31 1.13 1.60 1.72
Lu 0.26 0.24 0.24 0.23 0.20 0.17 0.23 0.26

Rb 539 60.2 69.9 66.6 73.2 104 59.3 100




Ba 1237 1156 2748 1553 1324 1042 1565 1594

Th 7.61 6.77 16.7 7.30 10.2 7.25 6.63 12.4
U 1.36 1.17 2.55 1.31 1.83 1.47 1.22 2.11
Nb 5.44 4.89 6.23 6.14 6.56 5.31 6.69 6.87
Ta 0.32 0.30 0.35 0.37 0.43 0.36 0.39 0.39
Pb 17.8 12.8 17.5 13.7 10.4 11.6 11.7 20.7
Sr 859 857 1120 839 673 448 1010 447
Zr 143 128 174 154 165 143 164 172
Hf 3.42 3.10 421 3.83 4.12 352 3.81 4.05
Ti 4681 4287 4177 4526 3862 3505 4523 4834
Y 17.5 16.0 19.1 17.2 14.0 11.8 18.3 20.9
Cr 465 527 545 788 181 400 425 901
Ni 94.2 199 87.8 208 335 96.3 178 240
3 Eu 0.95 0.95 0.92 0.93 0.94 0.98 0.96 0.92
(La/Yb)x 20.9 20.5 44.4 23.2 30.5 24.5 234 33.1
(La/Sm)x 5.25 5.15 5.34 4.52 6.01 5.67 435 4.76
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Fig.5 Chondrite-normalized rare earth element pattern (a) and primitive mantle-normalized trace element spider (b) diagram of the
lamprophyres in the Daliuhang Gold Mining Area
(The values of chondrite and primitive mantle are from Sun and McDonough (1989).)
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BB ZR 30 X 5 0 AH 6 1) Fh B kO g 1 KB A I8 LA, E 2R AR T el M
PR R B REFEZE 7 (GRaREE, 2006; SRS, 20205 #3%, 2021; TR R4,
2023; BEESE, 202200 AR T IR O RKRMER S KA TR, HEBEER
136.9~98.6 Ma, EELEHTE 125.6~112.2Ma 2 [A] (Sunetal., 2001; Yang etal., 2004; Liu et al.,
2004; 2009; Ma et al., 2013; 2014; Deng et al., 2017; Xue et al., 2019; Wang et al., 2020; KHH
45, 2022; XS, 2005; FEEE%E, 2008). ASCELNAES DLX-4 #4718 A U-Pb [
MFEEFERER, KUATET XIEBEA K 2°Pb/2U MACEFERA 125.7+£1.5 Ma



(MSWD=0.7, n=14; [ 6a,b), R KMIITEN XIEHEA WL R AR (R ZER
§0 D R ARG s R R BRI, S AR DX AR AR S R B (<120 Ma) AHIE (B 6c;
KRIIFSE, 2018; Wang et al., 2022; ¥ L35S, 2024; EIREE, 2024; Wang et al., 2024).
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Fig.6 U-Pb concordia diagram (a), 2°°Pb/?**U weighted average age plot (b) for the lamprophyres in the Daliuhang Gold Mining Area
and (c) histogram of published dike rock ages in the region
(The data in panel ¢ are compiled from Ma et al.,2013; Ma et al.,2014; Liu et al., 2004; Liu et al., 2009; Sun et al., 2001; Yang et al.,

2004; Deng et al., 2017; Liu et al., 2005; Wang et al., 2008)
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Fig.7 Diagrams of various major elements oxides and trace elements vs. MgO for lamprophyres in the Daliuhang Gold Mining

Area(Ol: Olivine, Cpx: Clinopyroxene, Pl: Plagioclase)

5.3 HABE

HAT, RTEBCERREA =M ERINR: (D A E S AR (Zheng etal,,
2023); (2) EMEAEK S5 KMFRIR S (Fischer et al.,, 2022); (3) ZIFRAEHAHEAEH (Liet
al., 2024) . R HLAR PSRRI SR HL M 77 G080, (H 2 500 FEA R BES T S 4 38R
AR IR X B UIHI O GUISRFIEE, 2021). HERLSAESE SR, KEIMT &0 XIE 5
HEAYPEH Nb. Ta. Zr, HE I Ti S5, LA Ba Al Pb (IESR W, XEMEITTER DA
REALE 5 AN A 5 SR 28 I 52 TR G R U5 Sk 3 1 HL B X Bl R S A0 B 5 B 45
KT S0 X AEPE A1 Ba (1042~2748 ppm). Sr (447~1120 ppm). Nd (27.2~75.5 ppm). Pb
(10.4~20.7 ppm) & &3z 5 T K P Hb 78 T34 {8 (Ba=456 ppm, Pb=11ppm, Sr=320ppm, Nd=20
ppm; Rudnick and Gao, 2003), Wi7~iX— & RAFEA K HVRIX, TR TR0 B~
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5.4 SRR KRB KRS B TR E X
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AR EC R (Qiuetal., 2024) . AR R BES Ik 5 <5 i 78 I8 8] A7 8] _E 3
HERFMIERFZ (Maetal., 2014; Wang et al., 2022). ASCME 1 KMIT S0 X IERE A
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