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Abstract: Nanquanyan diorite, hardly well-studied, is the metallogenic intrusion of the Lanjia skarn type gold deposit. Based
on the studies of geochemistry, zircon LA-ICP-MS U-Pb data, this paper mainly discusses petrogenesis, magma source, tec-
tonics setting of the diorite. Studies show that Nanquanyan diorite belongs to calc-alkaline and metaluminous series. The trace
elements of diorite show enrichment in LILE (such as K, Rb, Sr), more mobile incompatible elements (such as Th, U) and
LREE, relative depletment of HFSE (such as Nb, Ta, Ti, P) and HREE. and show obvious negative Eu anomalies (§Eu=
0.19~0. 25). The ratios of Nb/Ta, La/Nb and Th/La indicate that the diorite mainly comes from the crust. In the Al O;+
MgO-+FeQO, diagram, the characteristics of the diorite are similar to those of arc-type active continental margin magmatic
rocks. LA-ICP-MS U-Pb zircon data of the diorite give weighted average ages of 170. 21£0. 73 Ma(MSWD=0. 14) and con-
cordant age of 170. 21£0. 39 Ma (MSWD = 0. 018), which are in the middle Jurassic period. It is suggested that during the
early Yanshan, subduction of Pacific plate led to extension of continental arc and lithospheric thinning, and asthenosphere man-
tle magma underplated subsequently and provided thermopower, finally partial melting of the immature lower crurst formed
Nanquanyan diorite.
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Fig. 1 Geological sketch map of Northeast China
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x1 ZRETEHRRAKSEHER LA-IICP-MS U-Pb EELER
Table 1 LA-ICP-MS zircon U-Pb data of Nanquanyan diorite in the Lanjia gold deposit
)‘]_‘.‘% 238U( 1076 ) - Th( 1076 ) 207 I)b/z()() I?b _ i[i7 I)b/Z.’%BP _ 206 I)b/zfﬁgp _ 206 I)b/z:ﬁi{ U _
[FA(:] R Al TR2E L AE W% R (Ma) 15222
LJ-N1-01 919. 18 651. 81 0.04987 0.00170 0.18390 0.00644 0.02667 0.00024 169.7 1.5
LJ-N1-02 983. 69 924. 68 0.04938 0.00132 0.18260 0.00498 0.02672 0.00019 170.0 1.2
LLJ-N1-03 783.07 645. 88 0.04940 0.00240 0.18295 0.00893 0.02680 0.00036 170.5 2.2
LJ-N1-04 523.12 294. 37 0.04952 0.00436 0.17988 0.01539 0.02651 0.00061 168.7 3.8
LJ-N1-07 868. 49 613.83 0.04953 0.00387 0.18257 0.01411 0.02668 0.00040 169.7 2.5
LJ-N1-08 1262.49 1321.77 0.04937 0.00205 0.18310 0.00744 0.02686 0.00029 170.8 1.8
LJ-N1-10 1020. 14 765. 69 0.05009 0.00314 0.18318 0.01101 0.02668 0.00043 169.7 2.7
LJ-N1-11 556. 23 428. 77 0.04971 0.00166 0.18250 0.00602 0.02673 0.00027 170.1 1.7
LJ-N1-12 1075. 90 884. 23 0.04927 0.00280 0.18345 0.01165 0.02682 0.00040 170.6 2.5
LJ-N1-13 1291.93 1372.54 0.04948 0.00130 0.18276 0.00488 0.02674 0.00023 170.1 1.4
LJ-N1-14 766. 38 396. 49 0.04948 0.00152 0.18259 0.00584 0.02675 0.00030 170.2 1.9
LJ-N1-15 1400. 61 1512. 29 0.04937 0.00169 0.18254 0.00640 0.02674 0.00023 170.1 1.5
LJ-N1-18 953.91 438. 58 0.04980 0.00301 0.18361 0.00994 0.02685 0.00041 170.8 2.6
LJ-N1-21 1045. 74 971. 17 0.04937 0.00186 0.18425 0.00716 0.02699 0.00027 171.7 1.7
LJ-N1-22 658. 53 412,11 0.04906 0.00161 0.18232 0.00600 0.02700 0.00031 171.8 1.9
1LJ-N1-23 1469. 43 1475.00 0.04982 0.00335 0.18174 0.00953 0.02663 0.00061 169.4 3.9
LJ-N1-24 747,25 340. 75 0.04934 0.00361 0.18212 0.01311 0.02683 0.00055 170.7 3.5
LJ-N1-26 974. 65 743.62 0.04959 0.00135 0.18232 0.00495 0.02673 0.00024 170.0 1.5
LJ-N1-27 752. 28 411. 95 0.04986 0.00147 0.18296 0.00561 0.02663 0.00028 169.4 1.7
LJ-N1-28 947. 15 616. 39 0.04969 0.00131 0.18286 0.00482 0.02679 0.00024 170.4 1.5
LJ-N1-29 1177.17 963. 36 0.04891 0.00240 0.18126 0.00899 0.02692 0.00077 171.2 4.8
LLJ-N1-30 790. 35 611. 81 0.05015 0.00252 0.18270 0.00816 0.02666 0.00035 169.6 2.2
T B - PG R KB 30 72 K H S 3002, 20115 1o iR 2% 53538 Ph I & A0 P £% 1E.
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Fig. 3 CL images of zircons from Nanquanyan diorite in the
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Fig. 4 Zircon U-Pb concordia diagram and weighted average ages from Nanquanyan diorite in the Lanjia gold deposit
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Table 2 Contents of major elements (%) and trace elements (10 °) of acid intrusive rocks of Nanquanyan diorite in the Lanjia

gold deposit

B LJ-1 LJ-2 LJ-3 LJ-4 LJ-5 LJ-6 LJ-7 LJ-8 LJ-9 LJj-10  LJ-11  LJ-12  LJ-13
SiO; 59.26  56.29 59.22 59.24 57.37 58.17 61.55 54.04 59.48 57.60 58.28 58.03  56.69
Al O3 14.86  14.52 14.81 14.45 15.59 13.97 15.38 15.30 14.81 15.09 15.20 13.86  13.89
FeO, 7.45 7.19 7.21 7.79 8. 18 6. 67 5. 09 7.46 6. 94 8.13 7. 44 8. 96 7.76
CaO 5. 84 9.99 6. 61 6. 49 6.77 8.81 7.51 11. 01 5.79 7.04 6.32 5. 86 9. 67
MgO 3.44 4.09 3.52 3. 86 3.92 3.71 2.57 3.44 3.17 4,01 3.65 4.21 3.47
Naz O 3.10 1.97 3. 06 2.95 3.02 3.01 3.25 2.62 3. 14 3.14 3. 14 2.74 2.13
K.0O 2.13 0. 58 1. 46 1. 54 1. 88 1.17 1.23 0. 89 2.09 1.09 1.74 1.52 0. 57
TiO; 1. 10 1. 15 1. 06 1. 14 1. 14 1.11 0. 88 1.09 1.03 1. 10 0. 96 1.27 1.12
MnO 0.21 0.29 0.21 0.22 0.16 0.29 0.22 0.29 0.21 0. 20 0.15 0. 26 0.37
P2 0O; 0.260 0.295 0.296 0.314 0.291 0.266 0.222 0.274 0.250 0.297 0.277 0.315 0.241
SrO 0. 05 0. 07 0. 05 0. 05 0. 05 0. 05 0. 05 0. 06 0. 05 0. 05 0. 05 0. 04 0. 06
BaO 0. 04 0. 00 0. 05 0. 04 0.03 0. 05 0. 05 0.02 0. 04 0.02 0. 03 0.03 0. 00
LOI 1. 34 3.29 1.50 1. 47 1. 30 2.40 1.59 2,27 1.30 2.12 1. 40 1.47 2.54
Total 99.08 99.72 99.04 99.54 99.70 99.66 99.58 98.76 98.29 99.88 98.63 98.56  98.50
Ba 518 108 519 469 389 553 596 324 503 289 408 399 136
Ce 46.0 46. 6 50. 1 51.1 46. 0 42.0 39.9 45. 4 48. 1 50. 0 48. 4 54. 4 53.0
Cr 50 50 40 40 40 40 30 40 40 40 40 40 30
Cs 8. 41 14. 55 6. 69 6. 64 4. 10 9. 54 9. 86 6.51 9.55 5. 06 5.38 6. 85 19. 05
Dy 4.71 4. 08 5.11 5.08 4.71 4.32 4.11 5.18 4.79 5. 45 4. 46 4.78 4.72
Er 2. 66 2.29 2.82 2.90 2.61 2.44 2.41 2.75 2.79 3.01 2.49 2.71 2.58
Eu 1. 10 1.19 1. 06 1. 07 1. 26 1. 07 1.09 1. 32 1. 05 1. 24 1. 25 1.11 1.13
Ga 18.5 15.9 17.6 17.7 19.7 16.0 16.7 18.9 17.6 18.9 19. 4 16. 6 15.5
Gd 5.18 4. 64 5. 55 5.70 5. 47 4. 74 4. 43 6.17 5.38 6. 14 5.07 5.13 4. 86
Hf 4.9 5.5 5.1 5.3 4.7 4.5 4.2 4.5 4.9 4.7 4.7 5.4 5.0
Ho 0.99 0. 85 1. 04 1. 06 0. 97 0. 89 0. 85 1. 05 1.02 1.11 0.91 0. 95 0.93
La 22.6 22.4 24.1 24.3 21.9 18. 4 19.0 21.0 23.4 23.1 23.9 25.9 25.8
Lu 0. 40 0. 36 0.43 0. 44 0.37 0.37 0. 36 0. 36 0.42 0.42 0.37 0.42 0.41
Nb 8.0 8.4 8.0 8.8 7.9 8.0 7.2 7.3 7.2 7.8 6.9 8.8 8.0
Nd 23.6 23.3 25.8 26. 6 24.7 22.5 20.2 26. 4 24. 3 27.8 24.5 27.0 25.7
Pr 5.77 5. 75 6. 34 6.42 5.82 5.49 5. 00 6.02 5. 96 6. 55 5.98 6.77 6. 47
Rb 76.3 34.5 48.5 55.6 68.9 39.7 42.0 24.8 70. 1 32.7 60. 1 56.3 28.0
Sm 5.13 4. 86 5.58 5.73 5.37 4. 84 4. 40 6. 04 5. 35 6.12 5.08 5.71 5. 50
Sn 2 2 1 1 2 1 1 1 1 1 1 1 2
Sr 400 654 390 382 432 450 474 529 403 418 427 379 582
Ta 0.7 0.7 0.6 0.7 1.1 0.7 0.6 0.6 0.7 0.6 0.5 0.8 0.7
Tb 0. 81 0.72 0. 86 0. 88 0. 82 0.74 0.70 0.91 0. 82 0.92 0.77 0.78 0.76
Th 11.30 13.50 11.40 12.65 7.88 12.30  11.05 9. 26 11.80 10.40 11.90 12.50 11.95
Tm 0.38 0. 34 0.41 0.42 0.37 0. 36 0. 35 0. 39 0. 40 0.42 0. 36 0. 40 0. 39
U 2.89 3. 66 3.31 3.52 4. 09 4. 20 4.50 2.74 3.54 3.38 2.98 3.61 4. 48
\% 226 251 223 250 251 233 157 223 214 254 223 189 153
w 2 3 2 2 1 3 3 3 2 2 1 2 3
Y 26.0 23.6 28.3 29.0 26.5 24.4 24.3 28.9 27.9 30.8 25.4 30. 5 29.6
Yb 2.54 2.27 2. 66 2.81 2.46 2.39 2.35 2.39 2.72 2.73 2.41 2.68 2.50
Zr 167 188 171 184 167 139 129 138 163 139 150 190 168
ANK 2.01 3.75 2.24 2.21 2.22 2.25 2.30 2.90 1.99 2.38 2.15 2.25 3.37

ACNK 0.82 0. 66 0.79 0.79 0. 81 0. 63 0.76 0. 60 0. 82 0.79 0.82 0.82 0. 64
(La/Yb)n 6. 38 7.08 6. 50 6. 20 6. 39 5.52 5. 80 6. 30 6.17 6. 07 7.11 6.93 7. 40
Zr/Y 6.42 7.97 6. 04 6. 34 6. 30 5.70 5.31 4.78 5. 84 4.51 5.91 6. 23 5. 68
La/Nb 2.8 2.7 3.0 2.8 2.8 2.3 2.6 2.9 3.3 3.0 3.5 2.9 3.2
Nb/Ta 11. 4 12.0 13.3 12.6 7.2 11. 4 12.0 12. 2 10.3 13.0 13.8 11.0 11. 4
Th/Nb 0. 48 0. 58 0. 44 0. 48 0. 32 0. 55 0. 55 0. 35 0. 49 0. 37 0.49 0. 46 0. 46
Th/La 0. 50 0. 60 0. 47 0.52 0. 36 0. 67 0. 58 0. 44 0. 50 0. 45 0. 50 0. 48 0. 46
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Fig. 7 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spider diagams (b) of Nanquan-

yan diorite in the Lanjia gold deposit
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Ta HAHAE 17. 52, M5c IR A A Nb/Ta [LIEH K
11~12(Green, 1995). 2258 13 NMNK A FE M Nb/
Ta AR 7. 2~13. 8, Hih 7 MFESA T 11~12,
12, 64, FE MUK FEIRFE . La/Nb H(H

H2.3~3.0,F¥ 2.9, @& F R HFEFEH1E 2. 2.
Th/Nb A& H 0. 32~0. 58, F 0. 45, 55 T Kkl b
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0.5, J5 a5 F KBl Hb 72 F #4 {H 0. 204 (Saunders
et al. , 1988; Weaver,1991). M2 B ICERE
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TR a1t (Li and Shen, 2012). NE-NNE [ 4
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