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Abstract The research on magma mixing/mingling is instructive to unravel the interaction of crust-mantle and discuss the
geodynamic setting of magma and oreforming process. The Jiama deposit located in eastern part of the wellknown Gangdese
Metallogenic Belt on the Tibetan Plateau is the largest porphyry-skarn Cu polymetallic system in this region. We studied the dioritic
mafic microgranular enclaves ( MMEs) in the host felsic porphyries from Jiama at the aim of ascertaining the origin of rocks

improving the magmatic rock diagenetic model and providing implication for magmatic mixing and mineralization. Petrographic
observation shows that there are many typical textures in the dioritic MMEs and the host porphyries whose origin can be explained in
terms of magmatic mixing and mingling such as resorption of feldspar—quartz quartz edging texture feldspar sieve structure feldspar
reverse zoned and acicular apatite morphology. The results of zircon LAICP-MS U-Pb isotopic dating show that the age ( 15.3 =
0.3Ma) of MMEs is consistent with those of the felsic host porphyries within the error range further indicating the existence of magma
mixing. The dioritic MMEs are similar in chemical composition to high-Mg diorite. These MMEs are characterized by low content of
Si0,(52.44% ~59.45%)  high contents of K,0 (3.19% ~5.62%) MgO (3.53% ~6.62%) and compatible trace elements
(e.g. Ni: 86x107° ~146 x 107%; Cr: 102 x 107° ~ 228 x 107°)  as well as by high Sr/Y and La/Yb ratios. As for the
characteristics of REE and other trace elements the MMEs have higher ¥, REE values than those in host felsic porphyries with ratios of
( LREE/HREE) , =21 ~23 and they are enriched in LILE ( Rb =189 x 107° ~284 x 10™® Sr=498 x 10 ™°® ~658 x 10 ™® Ba =
1247 x 10 ™° ~ 1378 x 10 ™)  while relatively depleted in HFSE ( Nb Ta and Ti). On chondrite-normalized REE and primitive—
mantle-normalized multielement plots data for the dioritic MMEs fall in between domains for the ultrapotassic mafic rocks and the felsic

host porphyries which are generated by partial melting of metasomatized continental lithospheric mantle and subduction-modified

juvenile lower crust respectively. The Hf isotope data ( g,(#) = —0.9 ~4.6) also fall in between the fields for the ultrapotassic
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mafic rocks and the granodiorite porphyries ( representing the host felsic porphyries) . These features demonstrate that the dioritic
MMEs were formed by the mixing between ultrapotassic and adakiteike melts derived from metasomatized Tibetan lithospheric mantle
and juvenile lower crust respectively and also indicate that the removal of the lower part of the thickened lithosphere also took place
in the eastern Gandese belt. This also allows us to propose the varied contribution of ultrapotassic mafic melts derived from
metasomatized Tibetan lithospheric mantle in the generation of high-potassium adakitic rocks which are widely distributed in the
southern Lhasa terranes. In addition the incorporation of ultrapotassic mafic rocks will add a large amount of water and metal materials
to the felsic magmatic system and this is the fundamental factor which controlled the formation of the Jiama superlarge porphyry-skarn

type deposit.

Key words Mafic microgranular enclaves; Magmatic mixing/mingling; Porphyry deposit; Jiama Tibet
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Fig.3 Field photos and micrographs of the Jiama granite and its MMEs

; Phl-

(a) MME of the monzonitic granite-porphyry the feldspar crystals in the MME are irregular by corrosion; (b) MME in granite porphyry; (c¢) MME
in granodiorite porphyry where rounded quartz develops potassium feldspar crust; ( d) there is an inverse feldspar ring in the monzonitic granite—
porphyry and the K-feldspar in the interior is screened by biotite and amphibole metasomatism; ( e) in granodiorite porphyry quartz porphyry is
estuarine ( +); (f) the edges of captured quartz crystals in MME are surrounded by fine grains of amphibole and biotite ( +); (g) in MME K-
feldspar envelops acicular apatite and biotite ( +); ( h) fine-grained magnesium-ferrite minerals in MME are wrapped in bands in the crystals of
ichthyoplagioclase ( +); (i) inclusion of biotite and acicular apatite in the plagioclase crystals of MME ( +) ; (j) the edge of the trapped plagioclase
crystal is eroded encasing fine grains of magnesium-ferrite minerals; ( k) spessartitic MME dark minerals are mainly amphibole and a large amount
of acicular apatite is developed( —); and (1) dolomous lamprophyric MME with dark minerals dominated by biotite and developed dark brown auric
mica ( —). MME-mafic microgranular enclaves; Q-quartz; Kfs-potassium feldspar; Bi-biotite; Hb-amphibole; Pl-plagioclase; Ap-apatite; Phl-

phlogopite
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1 U-+b

Table 1  U-Pb isotopic compositions and dating results of zircons from the MMEs in the Jiama deposit

Th U ( Ma)
——————————  Th/U

( x107) Wph26pL, g 207pp /35y lo 206 ppy /238 lo 2Ph/3U 1o
1 687 1285  0.54  0.0443  0.0066  0.0135  0.0017  0.0023  0.0001 14.6 0.5  92%
2 755 1707 0.44  0.0460  0.0057  0.0149  0.0015  0.0023  0.0001 15.1 0.4  99%
3 6795 2598  2.62  0.0473  0.0051  0.0159  0.0015  0.0025  0.0001 15.9 0.4  99%
4 591 995  0.59  0.0471  0.0076  0.0158  0.0020  0.0025  0.0001 16.0 0.5  99%
5 531 1076 0.49  0.0525  0.0072  0.0161  0.0015  0.0025  0.0001 16. 1 0.6  99%
6 1813 1895  0.96  0.0474  0.0050  0.0160  0.0015  0.0025  0.0001 16. 1 0.4  99%
7 1005 1445 0.70  0.0512  0.0077  0.0146  0.0021  0.0023  0.0001 14.8 0.5  99%
8 748 621 .20 0.0479  0.0090  0.0157  0.0019  0.0025  0.0001 15.9 0.5  99%
9 2040 1482 1.38  0.0458  0.0061  0.0153  0.0017  0.0024  0.0001 15.7 0.4  98%
10 576 637  0.90  0.0557  0.0120  0.0143  0.0020  0.0023  0.0001 14.5 0.6  99%
11 566 1422 0.40  0.0498  0.0070  0.0142  0.0016  0.0022  0.0001 14.4 0.5  99%
12 4548 2481  1.83  0.0449  0.0048  0.0136  0.0012  0.0023  0.0001 14.9 0.3  91%
13 523 999  0.52  0.0541  0.0097  0.0l161  0.0021  0.0023  0.0001 14.8 0.5  90%
14 497 1104  0.45  0.0466  0.0073  0.0149  0.0027  0.0023  0.0001 15.1 0.5  99%
15 488 798 0.61  0.0484  0.0073  0.0157  0.0016  0.0025  0.0001 15.9 0.5  99%

2 Lu-Hf

Table 2 Hf isotopic data for zircons from the MMEs in the Jiama deposit

(Ma) OHf/77 HE 20 76 0/ HE 20 YL/ Hf 20 eni( £) +2g  tpy(Ma) 15y “( Ma)

01 14.6 0.282847  0.000023  0.000679  0.000014  0.020958  0.000393 2.5 0.8 569 909
02 15.1 0.282886  0.000018  0.000797  0.000007  0.020779  0.000189 3.9 0.6 517 821
03 15.9 0.282834  0.000025  0.000744  0.000004  0.023858  0.000179 2.1 0.9 589 938
04 16.0 0.282877  0.000024  0.000565  0.000003  0.014742  0.000077 3.6 0.9 525 840
05 16. 1 0.282886  0.000018  0.000943  0.000007  0.028128  0.000279 3.9 0.6 519 821
06 16.1 0.282907  0.000022  0.000963  0.000006  0.024755  0.000174 4.6 0.8 489 774
07 14.8 0.282901  0.000017  0.000774  0.000012  0.019944  0.000347 4.4 0.6 494 786
08 15.9 0.282849  0.000025  0.001174  0.000013  0.037275  0.000270 2.6 0.9 574 904
09 15.7 0.282901  0.000020  0.000549  0.000013  0.014330  0.000325 4.5 0.7 491 785
10 14.5 0.282840  0.000021  0.000969  0.000009  0.029649  0.000247 2.2 0.7 583 924
11 14. 4 0.282889  0.000021  0.000619  0.000005  0.017158  0.000210 4.0 0.7 510 814
12 14.9 0.282875  0.000017  0.000580  0.000012  0.014756  0.000348 3.5 0.6 528 845
13 14.8 0.282863  0.000022  0.000815  0.000005  0.024216  0.000117 3.1 0.8 548 872
14 15.1 0.282843  0.000025  0.001039  0.000016  0.033621  0.000499 2.4 0.9 581 918
15 15.9 0.282905  0.000020  0.000679  0.000005  0.016522  0.000142 4.6 0.7 487 771
16 15.3 0.282852  0.000020  0.000797  0.000024  0.022440  0.000826 2.7 0.7 563 896
17 15.3 0.282884  0.000015  0.000630  0.000015  0.015666  0.000410 3.8 0.5 517 826
18 15.3 0.282890  0.000015  0.000708  0.000003  0.018185  0.000082 4.0 0.5 509 812
19 15.3 0.282829  0.000019  0.000891  0.000052  0.027037  0.001617 1.9 0.7 598 950
20 15.3 0.282751  0.000025  0.000789  0.000007  0.024409  0.000290 -0.9 0.9 706 1126
21 15.3 0.282901  0.000018  0.000725  0.000028  0.018259  0.000777 4.4 0.7 494 786
22 15.3 0.282803  0.000027  0.000883  0.000022  0.026479  0.000793 1.0 1.0 634 1007
23 15.3 0.282894  0.000023  0.001048  0.000028  0.026558  0.000779 4.2 0.8 508 802
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Table 3 Major ( wt%) and trace ( x 107°) element data of the MMEs in Jiama deposit
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MME4 MME2 MME3 MME4 MMES MME-6 (9)" (8)" (8)° (10) *
Si0, 58.69 52.44 55.89 57.71 57.65 59.45 71. 49 66. 76 65. 61 62.73
AL O, 15.56  16.56 16.33 16.76 16.47 16.34 13.53 14.48 14.75 15.61
Fe,0;7  6.32 638 6.64 603 68 629 4.66 6.29 6.78 7.16
Ca0 3.75  4.88 421 3.89 3.46 3.55 1.76 3.38 3.01 3.57
MgO 3.86  6.62 506 4.55 457 3.54 0.65 1.26 1.31 1.79
K,0 402 5.62 437 402 319 3.46 4.21 3.15 4.06 2.51
Na,0 432 421 3.82 378 4.62 4.68 3.29 3.67 4.18 5.52
TiO, .03 0.94 0.98 099 0.97 1.02 0.17 0.28 0.32 0.50
MnO 0.07 0.11 0.08 0.06 005 0.06 0.04 0.08 0. 06 0.06
P,0, 0.53 0.54 0.52 0.5 0.5 0.52 0.09 0.12 0.17 0.25
LOI 0.99 1.03 1.43 0.94 075 0.77 - - - -
Total 99.14 99.33 99.33 99.24 99.13 99.68 99.05 97.07 97.85 96.37
Mg* 55.0 67.5 60.4 60.2 57.0 53.0 29.7 38.3 38. 1 4.4
A/CNK  0.85 0.76 0.87 0.95 0.95 0.9I 1.03 0.93 0.88 0.85
La 68.50 67.60 65.90 75.60 70.40 77.50 23.36 23.98 33,69 30.74
Ce 133.0 1340 136.0 130.0 132.0 141.0 40. 30 42.45 59. 41 57.61
Pr 14.80 10.50 12.70 16.00 15.70 16.90 4.39 4.79 6.62 6.74
Nd 61.30 40.10 52.80 61.60 61.10 65.40 15. 64 17. 65 24.18 25.40
Sm 9.05 826 832 876 864 10.00 2.53 3.00 3.81 4.13
Eu 2,07 167 134 175 1.69 2.27 0.51 0.73 0.83 0.93
Gd 6.25 6.34 667 7.00 6.97 7.33 1.63 2.16 1.99 2.41
Td 0.60 0.50 0.42 0.78 0.77 0.85 0.27 0.34 0.32 0.35
Dy 317 3.08 312 330 313 3.66 1.31 1.61 1.31 1.33
Ho 0.43  0.41 0.42 0.45 0.40 0.45 0.27 0.34 0.25 0.25
Er 112 110 113 118 127 1.34 0.79 0.98 0.68 0. 69
Tm 0.12 0.12 014 0.14 0.13 0.14 0.11 0.14 0.09 0.08
Yb 0.88 0.87 0.93 0.8 0.83 0.8 0.78 0.87 0.58 0.56
Lu 0.13 0.13 0.14 0.12 013 0.13 0.12 0.11 0.10 0.08
YREE 3015 2747 290.0 307.5 303.2 327.8 92.02 99. 13 133.9 131.3
LREE/HREE 22.6  20.9 21.4 21.3 2.2 21.2 16.4 14.2 24.2 21.8
Be 2.65 3.75 3.43 281 2.8 2.66 - - - -
Se 10.20 6.84 6.16 11.30 10.60 10.80 5.23 7.33 6.49 7.75
v 150 190 167 156 160 159 33.83 55.80 61.58 77. 54
Cr 107 227.8 165.5 113.2 1342 102.4 21.97 27.51 32.00 32.01
Co 22.3  28.80 26.60 23.00 25.30 22.80 4.84 7.13 8.00 10. 44
Ni 87.8 146.3 135.2 96.80 115.2 86.30 11.78 14.35 21. 69 29.54
Cu 578 589 565 367 478 554 140. 4 34.03 137.4 414.3
Zn 62.1 38.20 37.70 52.90 46.30 55.00 75.72 46.67 226.2 129.9
Ga 23.60 21.40 19.40 24.30 24.00 25.30 15.69 15.98 17. 46 18.36
Rb 223 243 215 189 234 284 154 123 176 177
Sr 658 589 567 623 498 615 315 462 494 539
Y 11.60 12,40 12,30 12.50 12.50 12.00 8. 11 9.63 6.97 6.72
Ir 133 145 135 147 124 178 92.0 94. 6 113 118
Nb 6.24 841 635 6.8 6.8  6.90 6.55 5.31 5.38 4.75
Mo 0.76 19.90 9.63 450 2.83  2.07 - - - -
Ba 1255 1247 1365 1371 1373 1378 488 634 745 627
Hf 4.03 3.85 3.67 3.8 3.76 438 2.74 2.55 3. 14 3.11
Ta 0.36  0.56 0.43 0.37 0.36 0.40 0.63 0.50 0.44 0.36
Pb 46.70  48.20 36.50 45.60 46.90 56.70 46.47 36. 02 148.3 107.9
Th 16.00 23.70 23.30 16.60 18.70 17.30 19. 30 12. 61 22.33 15.72
U 6.56 7.19 543 6.8 578 5.89 3.63 3,81 5.54 4.23

(2013)
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