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Abstract The Early Cretaceous potassic outcrops in the Trans-North China Orogen provide natural samples for the studying on the
origin of mantle-derived magmas. However the chemical and physical conditions of diagenesis are still unknown. In this paper we
present in-situ mineral geochemistry and zircon trace element analysis for the potassic pluton from Longmen in Laiyuan County to help
answer these questions and to constrain the relationship between temperature and pressure conditions for mineral formation oxygen
fugacity and mineralization. All zircons in monzonite and diorite have a high Th/U ratio ( >0.1) which is of a typical magmatic
zircon characteristics and exhibit strong regular oscillatory zoning as well as enrichment in heavy rare earth elements relative to light
rare earth elements with a positive Ce anomaly and a negative Eu anomaly. According to the results of electron probe microanalysis

amphibole in diorite belongs mainly to ferrotschermakite while plagioclase in monzonite and diorite is mainly andesine and biotite in
monzonite mainly magnesiobiotite. The temperature (793 ~842°C) pressure (0.50 ~0.75GPa) depth (19 ~28km) low oxygen
fugacity (log f,, = = 12.21 ~ —11.38) and high-water content ( 8.5% ~10.75%) of the magma were calculated based on the
compositions of the amphibole in the diorite. The temperature (764 ~788°C) and low oxygen fugacity ( log f,, = —15. 14 ~ - 14.54)

of the magma were calculated based on the compositions of biotite in the monzonite. The temperature ( 770 ~978°C) and low oxygen
fugacity ( AFMQ = —0.37 ~ +1.70) of the magma were calculated based on the composition of zircons in the diorite and monzonite
from Longmen. The mineral chemistry study shows that amphibole crystallizes in deep magma chambers at higher temperatures and
pressures than biotite does in crustal environments. The crystallization of amphibole biotite and zircon in the Longmen rock mass is
mainly controlled by magmatic differentiation. It demonstrates that the oxygen fugacity of magma changes as a result of the
decompression melting in the geochemical dynamic process. The amphibole in diorite gradually crystallized with the upwelling of

magma and the biotite in monzonite had a high Xy, value during mantle metasomatism resulling in magnesian biotite. High water
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1371

content of the amphibole in diorite is related to fluid derived from a subducted slab. Potassic rocks ( ca. 141Ma) in the Trans-North
China Orogen were caused by the overlying lithospheric mantle that was metasomatized by fluids related to westward subduction/rollback
of the Paleo—Pacific Plate ( Izanagi Plate) resulting in high water content of the magma. However the thin lithosphere and low oxygen
fugacity at this period restrict the migration of iron copper and gold making it difficult for siderophile and chalcophile elements to

accumulate resulting in the mineralization of copper iron and gold.

Key words Potassic pluton; Zircon trace element; Mineral chemistry; Oxygen fugacity; Trans-North China Orogen
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Fig. 2 Field occurrence photographs ( a-¢) microphotographs under cross-polarized light ( d4) and backscattered electron images

(gH4) of monzonite and diorite from Longmen pluton
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1 ( x107%)

Table 1 Trace elements ( x 10 %) and estimated oxygen fugacity values of zircon from the Longmen potassic pluton

LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5 LMO5

24 22 23 24 25 26 29 28 29 240 241 242
Age ( Ma) 137 138 138 142 133 137 143 140 141 141 143 140
Ti 23.65 34.59 74.82 34.81 24.55 28.63 19. 65 37.67 19. 40 25.75 55.37 36.52
Y 918.4 1679 2718 1222 1186 1078 1513 3007 1758 843.6 1991 1287
La 0.05 0.07 0.34 0. 06 0. 06 0.07 0.01 0.14 0.03 0.04 0.18 0.10
Ce 26.78 43. 84 40. 31 35.78 39.15 34. 69 78.07 63. 18 85.32 36. 10 42.41 36.46
Pr 1.38 4.26 5.53 1. 63 1.85 1.74 1. 06 5.20 1.72 0.81 4.10 2.56
Nd 10. 19 30. 49 41.96 14.92 15. 34 14.72 9.87 44.24 14.90 8.44 31.44 21.42
Sm 12.58 28.16 44.20 17.73 16. 85 15. 96 11. 86 47.61 17.75 9.41 36.74 19.91
Eu 1.20 3.32 4.43 2.40 1.83 1.70 1.62 4.30 2.31 1.12 3.10 2.40
Gd 35.35 68. 07 123.6 50. 46 43.54 44.93 41.43 135.0 50. 32 27.21 92.93 50. 74
Th 9.69 18.16 32.58 13.68 11.98 12.05 12.28 36. 01 15.08 7.93 24. 06 13.74
Dy 100. 5 184.8 321.1 135.6 123.4 122.5 141.9 355.2 167.7 85.24 235.7 142.0
Ho 31.21 57.70 95.91 41.96 40. 00 36.93 49.26 105.0 57.85 28. 04 69. 85 44.63
Er 121.3 223.2 356. 4 161. 1 160. 8 141. 1 213.5 386.3 244.7 115.8 257.8 169.2
Tm 26.75 47.77 71.45 34.47 35.71 29. 81 51.09 78.57 57.82 26. 87 53.47 36. 60
Yb 248.4 426. 1 616.7 305.1 323.7 263.6 498. 1 658.5 551.9 255.5 461.0 323.7
Lu 42.54 70. 30 100. 3 50.77 55.76 43.41 87.21 102. 6 96. 05 45.58 75.07 54.45
Hf 11267 14302 11724 14724 13597 13623 16464 12574 16161 13497 12153 13723
Th 299. 4 507.1 754. 1 350.1 445.9 345.6 968. 4 1440 1123 326.3 566. 4 403. 1
U 829.3 491.5 541.6 323.2 472.8 467. 4 1290 1007 1285 440. 4 485.1 377.2
(Ce/Ce )  7.54 3.92 2.26 6.29 7.73 6.15 35.09 3.26 22.56 15.55 3.00 4.78
Eu/Eu” 0.17 0.23 0.18 0.25 0.21 0.19 0.22 0.16 0.24 0.21 0.16 0.23
Ce*t /Ce®t 10. 05 4.74 2.31 8.22 10. 33 8.01 50. 42 3.78 32.06 21.78 3.40 6. 00
T(C) 834 878 978 878 838 855 814 888 812 843 937 884
AFMQ -0.37 0.55 -0.29 0.55 0. 67 0.36 1.16 0.49 1.32 0. 56 0.12 0.42

LMO5 LMO5 LMO5 LMO5 LMO5

214 247 248 219 220 LM194  LM192 LM193 LM195 LM196 LM199 LM19-8

Age ( Ma) 141 141 142 138 142 139 140 146 141 139 141 140

Ti 60. 41 19.75 19. 86 54.43 19.79 27.22 20. 42 37.00 51.83 37.45 22.71 32.47

Y 2482 1403 2667 2789 1210 1497 1048 1726 1890 854 1820 2370

La 0.12 0.01 0. 05 0.18 0.01 0.03 0.01 0.07 0.07 0.02 0.01 0.07

Ce 41. 69 90. 58 67.98 56. 06 57.27 37.68 40.22 34. 46 29. 56 24.85 47.98 46.40

Pr 4.58 1.00 3.79 5.24 0. 88 1.99 0. 64 3.92 3.61 1.25 2.33 3.14

Nd 38.21 10. 41 32.47 45.40 9.49 18.22 6.49 29. 80 27. 61 10. 38 22.54 22.70

Sm 44.69 13.30 31.50 51.77 11.53 20.91 10. 71 27.36 27.23 11.23 26.71 23.30

Eu 4.11 1.63 3.74 4.73 1.42 2.78 1.17 3.45 4.49 1.52 3.40 3.03

Gd 120.5 42.51 89.89 137.2 35.34 57.07 31.12 69.13 76.52 30. 43 70. 51 71.89

Th 30.92 12.25 26.25 35.37 10. 60 15.95 9.57 19. 08 20.78 8.49 19.73 21.00

Dy 298.6 139.2 283. 4 344. 9 116.5 161.6 105. 5 191. 8 212.6 89.24 198.2 235.7

Ho 87. 80 46.97 90. 98 99.27 39.45 52.38 35.04 59.62 66. 31 29.21 63.19 79. 34

Er 318.7 195.1 363.3 361.4 169. 4 205.7 147. 6 231.5 252.2 119.6 249.2 330.1

Tm 63. 65 46.09 78.73 74.12 40. 48 44.62 34.51 50.20 53.79 27.38 55.88 74.90

Yb 545.3 432.4 708. 4 624.5 392.4 401.7 323.0 447.7 470.0 261.0 501. 4 693.7

Lu 86. 61 74.70 117.57 99. 31 70.93 67.40 59.54 74. 04 78. 69 47. 84 83.84 119.8

Hf 11571 17827 16033 11458 15823 14204 15539 11366 11674 12267 15642 14365

Th 762.0 1559 1555 1060 660. 9 318.8 328.6 324.0 429.0 210.0 497. 4 803.2

U 525.5 1613 1291 712.7 939.5 257.8 364.8 239.9 276.2 230.2 395.5 818. 1
(Ce/Ce”)p  2.31 33.21 6.85 2.63 24.53 6.00 22.34 3.25 2.97 8.20 6.11 7.84
Eu/Eu” 0.17 0.21 0.22 0.17 0.21 0.25 0.20 0.24 0.30 0.25 0.24 0.23
Ce** /Ce ™ 2.38 47. 66 9.04 2.85 34.94 5.61 23.59 2.58 2.26 8.02 5.72 7.63
T(C) 948 814 815 934 814 850 818 886 928 887 829 870

AFMQ -0.04 1.22 0.93 0.28 0.91 1.02 1.08 0. 68 0. 05 0.18 1.21 0.28
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Continued Table 1
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LMI99 LMI940 LMI942 LMI943 LMI1944 LMI9d45 LMI9d6 LMI947 LMI948 LMI1949 LMI920
Age ( Ma) 141 140 139 141 142 142 143 141 140 142 138
Ti 29. 64 47.06 47.21 12. 81 39.90 23.23 22.87 27.31 31.45 33.63  30.24
Y 1030 679.0 1328 2058 1374 2113 666. 3 1034 1851 543. 1 2424
La 0.01 0.01 0.04 0.01 0.06 0.04 0.00 0.01 0.09 0. 00 0.05
Ce 30. 24 29.92 28. 58 70. 41 30. 85 50. 13 26.52 33.13 38.27 20.20  36.55
Pr 1.20 0.94 2.20 1.29 3.34 3.55 0.68 1.20 4.06 0.44 3.09
Nd 10. 40 8. 64 18.95 17.15 26.99 32.08 6.49 10. 40 29.74 4.01 25.01
Sm 11.56 9.92 20. 30 23.87 25.24 30. 15 7.22 11.83 27.68 6.16 26. 83
Eu 1.54 1.49 2.69 2.82 3.37 3.33 1.05 1.57 3.28 0.88 4.09
Gd 31.56 25.82 51.45 68.57 58.65 73.49 22.42 32.97 68.33 17.44  89.58
Th 9.03 7.34 14. 45 19.84 15.03 20. 49 6.48 9.49 18.76 5.25 24. 83
Dy 98. 85 73.67 146.7 212.8 156.2 218.3 67.98 103.4 197.7 55.57 2666
Ho 34.50 23.51 46.44 70. 05 48. 04 72.79 22.67 34, 86 63. 85 18.34  84.55
Er 149. 3 93.00 179.6 289. 1 186.9 297.5 92.6 147.4 252.3 76.00 3317
Tm 36.20 20.79 38.94 66.21 40.34 66. 63 21.84 35.28 54.37 17.48  70.69
Yb 357. 1 186.9 341.5 614.2 357. 4 597.9 206. 5 348.0 485.7 163.4  623.1
Lu 67.90 32.08 57.51 105. 7 60. 13 102.84 3622 63. 66 82.36 27.94 103.7
Hf 11700 10609 12606 18491 11760 13955 14161 13840 12448 10882 12008
Th 200. 6 170.8 245.5 943.8 280. 6 622.0 151.9 236. 8 378.5 89.63  736.5
U 337.8 145.8 190. 5 828. 1 216. 8 526.5 171. 4 347. 4 301.3 89.11  510.8
(Ce/Ce*)p  12.10 10. 14 4.20 13.65 3.05 5.16 14.91 12.44 3.87 16. 68 4.52
Eu/Eu” 0.25 0.28 0.25 0.21 0.27 0.22 0.25 0.24 0.23 0.26 0.25
Cet* ICS* 12,32 10.17 3.62 14.03 2.36 4.68 15.41 12.69 3.26 17.36 3.97
7(C) 859 916 916 770 895 832 830 850 866 874 862
AFMQ 0.37 0. 66 0.37 1.70 0.52 1.03 0.92 0.57 0. 80 0.70 0.33
“Fu/Eu” =Euy/( Smy x Gdy) *° “N” (Cett /Cet Ballard et al. (2002);( Ce/Ce” ), ~Ce/Ce” =Cey/
(Lay x Pry) ®3: AFMQ =3. 74 x1g( Ce/( U, x Ti) *°) +2.34 U, U U =U  xel BI73x(0- 0000 xt (Ma) U
U ( Loucks et al. 2020)
( Hoskin and Schaltegger 2003) . La
<0.1x10°° (
) (Sm/La)
( 4b; Zhong et al. 2018; Burnham 2020) ,
3.2
3.2.1
3 2
Fig. 3  Cathodoluminescence images of representative zircon Si0, 55.79% ~ 62.67% ALO, 23.73% ~
grains separated from Longmen pluton 27.56% CaO  5.51% ~9.52% Na,0 5.87% ~7.91%
K,0 0.10% ~0.41% . An 27 ~46
1 SREE ( 5a) .
413.1x107° ~2022 x10~° Th/U 3992
(0.36 ~1.55) Hf 10608 x
107° 18491 x10~° Ce (2.36 ~ .
35.09) Eu (0.16 ~0.30) ( 3, MgO( 13.87% ~14.90%) .

4a)

FeO( 14.23% ~16.08%) .TiO,(4.23% ~4.87%)
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Table 2 Representative EMPA composition of plagioclase in diorite and monzonite ( wt% )

LMO3 LMO3 LMO03 LMO3 LMO03 LMO03 LMO3 LMO03 LMO3 LMO3 LMO03 LMO3 LMO03 LMO3
24 22 23 24 25 26 249 28 34 32 33 34 35 36

Si0, 61.98 57.26 57.04 60.35 59.52 58.57 61.93 58.76 59.54 62.67 60.96 61.11  59.58 59.89
ALO;  24.07 26.74 26.59 25.09 25.63 25.94 23.90 26.05 25.35 23.73 24.92 24.79 25.04 25.17
CaO 5.86 8.80 8.74 6. 86 7.56 7.76 5.86 8. 04 7.12 5.51 6. 86 7.11 7.09 7.27
Na, O 7.90 6. 12 6.18 7.27 7.05 6. 85 7.72 6. 63 7.02 7.91 7.24 7.39 7.20 7.16
K,0 0.20 0.25 0.31 0.37 0.25 0.26 0.27 0.21 0.37 0.36 0.34 0.41 0.36 0.33

(0] 8
Si 2.75 2.58 2.58 2.69 2.65 2.63 2.75 2.63 2.67 2.77 2.70 2.70 2.67 2.67
Al 1.26 1.42 1.42 1.32 1.35 1.37 1.25 1.37 1.34 1.24 1.30 1.29 1.32 1.32

Ca 0.28 0.43 0.42 0.33 0.36 0.37 0.28 0.39 0.34 0.26 0.33 0.34 0.34 0.35
Na 0. 68 0.54 0.54 0. 63 0.61 0. 60 0.67 0.58 0.61 0. 68 0. 62 0. 63 0. 63 0.62
K 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02
An 28.73 43.65 43.03 33.56 36.68 37.93 29.06 39.60 35.13 27.19 33.70 33.89 34.52 35.24
Ab 70.10 54.89 55.13 64.29 61.89 60.54 69.36 59.14 62.70 70.67 64.30 63.77 63.41 62. 87
Or 1.17 1.46 1.84 2.15 1.44 1.52 1.58 1.26 2.17 2.13 2.00 2.34 2.07 1. 89

LMI9 LMI9 LMI9 LMI9 LMI9 LMO5 LMOS ©LMO5 LMOS LMO5 LMO5S LMO5S LMO5S  LMO5
44 42 43 44 45 434 432 433 434 435 2434 2432 2433 2434

Si0, 60.95 55.79 57.59 57.12 60.15 55.93 56.23 56.36 56.77 56.74 57.29 56.13 58.04 58.32
ALO;  24.36  27.22 26.30 26.26 24.64 27.44 27.55 27.56 27.05 27.25 26.18 27.41 25.72 25.55
CaO 5.95 9.39 8.20 8.18 6.51 9.50 9.40 9.52 9.09 9.46 8.31 9.34 7.62 7.50
Na, O 7. 68 6. 04 6.65 6.55 7.60 6.15 6.17 6. 10 6.35 5.98 6.40 5.87 6. 82 6.78
K,0 0.41 0.29 0.38 0.36 0.37 0.15 0.15 0.15 0.10 0.13 0.17 0.13 0.16 0.23

(0] 8
Si 2.72 2.54 2. 60 2.60 2.70 2.53 2.54 2.54 2.56 2.55 2. 60 2.54 2.63 2. 64
Al 1.28 1.46 1.40 1. 41 1.30 1.46 1.46 1.46 1.44 1.45 1. 40 1.46 1.37 1.36

Ca 0.28 0.46 0.40 0.40 0.31 0.46 0.45 0.46 0.44 0.46 0.40 0.45 0.37 0.36
Na 0.67 0.53 0.58 0.58 0. 66 0. 54 0. 54 0.53 0.56 0.52 0.56 0.52 0. 60 0. 60
K 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
An 20.27 45.44  39.66 39.99 31.46 45.64 45.36 45.90 43.91 46.29 41.36 46.44 37.80 37.40
Ab 68.34 52.90 58.17 57.91 66.43 53.49 53.81 53.25 55.53 52.93 57.63 52.77 61.24 61.23
Or 2.38 1. 66 2.17 2.11 2.11 0. 87 0.83 0. 85 0. 56 0.78 1.01 0.79 0. 96 1.37

4 (a Boynton 1984) (b
Hoskin 2005)
Fig. 4 Chondrite-normalized rare earth elements patterns of the zircons ( a normalization values from Boynton 1984) and diagram

to discriminate magmatic and hydrothermal zircon (b after Hoskin 2005) from Longmen pluton
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Table 3 Representative EMPA composition of biotite in monzonite ( wt% )

IMI9  IMI9  IMI9  TIMI9 IMI9 IMI9  IMI9 IMI9 IMI9 IMI9 IMI9  LMI9
401 402 403 404 495 406 407 408 409 440 2401 242

Si0, 37.34  39.61  38.28 38.05 37.81 37.86 37.62 37.38 37.67 37.59 37.04  37.32
TiO, 4.75 4.65 4.74 4.72 4.67 4.60 4.50 4. 64 4.60 4.54 4.56 4.85
Al, 0, 12.35 12,74 12,72 12,92 12.89  13.12  12.81  12.96  12.75  12.94  12.85  12.59
FeO 1593 15,99 1571  15.74 15.74 1590 15.59  15.41  15.45 15.71  15.33  15.48
MnO 0.10 0.12 0.09 0.12 0.09 0.09 0.10 0.10 0.12 0.06 0. 09 0.13
MgO 14.27  14.52  14.04 14.13  14.35 14.07 13.93  13.87 13.96 13.98  14.10  14.52
Ca0 0.00 0. 00 0. 00 0.00 0.01 0. 00 0.00 0.02 0.01 0.00 0.00 0.00
Na, O 0.20 0.12 0.16 0.22 0.16 0.14 0.26 0.20 0.23 0.15 0.22 0.19
K,0 9.26 6.51 9.36 9.37 9.45 9.38 9.19 9.35 9. 41 9.05 9. 66 9.37
F 0.95 0.01 0.40 0.47 0.48 0.75 0.40 0.48 0.38 0.52 0.55 0.49
cl 0.34 0.01 0.42 0. 50 0.42 0.42 0.53 0.45 0.53 0. 65 0.59 0.41
Total 95.48  94.26 9591  96.25  96.07 96.31  94.93  94.86 9511  95.19 9500  95.35
0 22
Si 5.62 5.88 5.71 5.67 5.64 5.63 5.68 5.65 5.68 5.66 5.61 5.62
ALY 2.38 2.12 2.29 2.33 2.36 2.37 2.32 2.35 2.32 2.34 2.39 2.38
AIV! 0.00 0.12 0.00 0.00 0. 00 0.00 0.00 0. 00 0. 00 0. 00 0.00 0.00
Ti 0.54 0.52 0.53 0.53 0.52 0.51 0.51 0.53 0.52 0.51 0.52 0.55
Fe’* 0.54 0.00 0.30 0.35 0.33 0.46 0.33 0.35 0.32 0.41 0.41 0.34
Fe?* 1.47 1.98 1. 66 1.61 1.63 1.52 1. 64 1. 60 1.63 1.56 1.53 1.61
Mn 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0. 02
Mg 3.20 3.21 3.12 3.14 3.19 3.12 3.14 3.12 3.14 3.14 3.18 3.26
Na 0.03 0.02 0.02 0.03 0.02 0.02 0.04 0.03 0.03 0.02 0.03 0.03
K 1.78 1.23 1.78 1.78 1.80 1.78 1.77 1.80 1.81 1.74 1.87 1.80
Xug 0. 69 0.62 0. 65 0. 66 0. 66 0. 67 0. 66 0. 66 0. 66 0.67 0. 68 0.67
Fe?*/( Mg+ Fe?*)  0.31 0.38 0.35 0.34 0.34 0.33 0.34 0.34 0.34 0.33 0.32 0.33
Mg/( Mg + Fe2*)  0.69 0. 62 0.65 0. 66 0. 66 0. 67 0. 66 0. 66 0. 66 0.67 0. 68 0.67
log fo, -14.61 -15.14 -14.86 -14.82 -14.84 -14.82 -14.95 -14.83 -14.88 -14.86 -14.77 -14.66
T(C) 785 764 775 776 776 777 771 776 774 775 778 783
P( GPa) 0.07 0.02 0.04 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.07 0.07
Depth( km) 2. 60 0.94 1.52 2.04 2.30 2.41 1.90 2.27 1. 89 2.15 2.72 2.61

LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19
203 204 205 2-06 207 301 3-02 303 3-04 305 3-06 307

Si0, 37.55 37.31 37.50 37.45 37.20 38.16 38.25 37.79 38.26 37.39 37.65 37.91
TiO, 4.74 4.76 4.76 4.87 4.40 4.25 4.48 4.23 4. 46 4.37 4.55 4.36
Al O, 12.78 12.78 12.82 12. 84 12.55 12.32 12.38 12. 40 12. 46 12.45 12.70 12. 46
FeO 14.73 15.19 14. 82 15.17 14.77 15.77 15.39 15. 64 15.35 15. 89 16. 08 15.97
MnO 0.15 0. 05 0.14 0. 06 0. 06 0.13 0.11 0. 14 0. 04 0.10 0. 08 0.10
MgO 14.59 14. 46 14. 82 14.38 14.70 14.55 14. 36 14. 48 14. 90 14.25 14. 16 14.03
CaO 0. 00 0. 00 0. 05 0.01 0.01 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Na, O 0.13 0.19 0.20 0.17 0.12 0.14 0.13 0.16 0.19 0.20 0.17 0.16
K,0 9.74 9.48 9.56 9.42 9.62 9.46 9.40 9.38 9.31 9.29 9.33 9.21
F 0.38 0.43 0.58 0.58 0.51 0.59 1. 14 0.92 0.68 1.49 0.92 1.01
Cl 0.38 0.39 0.38 0.39 0.39 0.41 0.41 0.42 0.39 0.41 0.42 0. 47
Total 95.18 95. 04 95. 64 95.33 94. 31 95.76 96. 03 95.55 96. 02 95. 84 96. 06 95. 68
(0] 22
Si 5.65 5.63 5.61 5.62 5.65 5.72 5.70 5.67 5.69 5.60 5.63 5.68
AV 2.35 2.37 2.39 2.38 2.35 2.28 2.30 2.33 2.31 2.40 2.37 2.32
AlY! 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
Ti 0. 54 0. 54 0. 54 0.55 0.50 0.48 0.50 0.48 0.50 0.49 0.51 0.49
Fe’* 0.28 0.31 0.37 0.37 0.35 0.38 0. 64 0.54 0.42 0.81 0. 54 0. 60

Fe?* 1.57 1.61 1.48 1.53 1.53 1.59 1.28 1.42 1.49 1.18 1.47 1. 40
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3
Continued Table 3

LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19 LM19
2-03 2-04 205 2-06 207 301 3-02 303 3-04 3-05 3-06 307

Mn 0.02 0.01 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.01 0.01

Mg 3.27 3.25 3.31 3.22 3.33 3.25 3.19 3.24 3.30 3.18 3.16 3.14

Na 0. 04 0. 06 0.06 0. 05 0.04 0.04 0. 04 0. 05 0. 05 0. 06 0. 05 0. 05

K 1.87 1.82 1.82 1. 80 1. 86 1. 81 1.78 1. 80 1.77 1.78 1.78 1.76

Xy, 0.68 0.67 0.69 0.68 0.69 0.67 0.71 0.70 0.69 0.73 0. 68 0.69

Fe? */( Mg + Fe? ") 0.32 0.33 0.31 0.32 0.31 0.33 0.29 0.30 0.31 0.27 0.32 0.31

Mg/( Mg + Fe?*) 0. 68 0. 67 0. 69 0. 68 0. 69 0.67 0.71 0.70 0. 69 0.73 0. 68 0. 69
log fo, -14.69 -14.71 -14.59 -14.60 -14.81 -15.05 -14.61 -14.88 -14.80 -14.54 -14.77 -14.83

T(C) 782 781 786 786 771 767 785 774 778 788 779 776

P( GPa) 0. 06 0.07 0.07 0.07 0. 06 0. 04 0. 05 0. 05 0. 05 0.07 0.07 0. 05

Depth( km) 2.26 2.51 2. 68 2.54 2.25 1.49 1.71 1.98 1.74 2.76 2.47 1.87

“logf, =10.9 -27000/T( K) ; T(K) =237 + T(C) ; T=((In( Ti) +2.359%4 +1.7283 x ( Xy,) ) /4. 6482 x 10 ~°) 3 ( Henry et al. 2005)
Xy, =Mg/( Mg + Fe?*) ; Depth( km) =P/pg ( p =2700kg/m* g=9.8m/s?)

5
(a) Or-Ab-An ( Deer et al. 1992 );(b) ( Foster 1960 )i(e) 10 x TiO,« FeO + MgO) -
MgO ( Nachit et al. 2005 )5 (d) ( Leake et al. 1997 )
Fig. 5 Classification diagrams of minerals from Longmen pluton
(‘a) Or-Ab-An diagram of plagioclase ( after Deer et al. 1992) ; (b) classification diagram of biotite ( after Foster 1960) ; (¢) 10 x TiO, FeO +
MgO) MgO diagram of biotite ( after Nachit et al. 2005) ; ( d) classification diagram of amphibole ( after Leake et al.  1997)
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4 (wt%)

Table 4 Representative EMPA composition of amphibole in diorite ( wt% )

LMO544 LM0542 LM0543 LM0544 LM054-5 LM0524 LM0522 LM0523 LM0524 LMO052-5

Sio, 43.00 43.42 41.52 42.57 42.44 43.67 40. 89 42.45 41.81 42.57
TiO, 0.56 0.55 0.68 0.62 0.61 0.59 0. 69 0.74 0.78 0.73
Al, 0, 12. 18 12.17 13.98 13.57 13.35 11.63 14.31 13.06 13.68 13.30
FeO 16.51 16.77 17.06 16. 53 17.00 16.75 17.29 16.98 17.28 16. 61
Cr, 0, 0.10 0.07 0.01 0.03 0.01 0.05 0.04 0.07 0.06 0.04
MnO 0.24 0.19 0.18 0.15 0.18 0.24 0.19 0.23 0.19 0.24
MgO 9.63 9.73 8. 65 9.30 9.29 9.59 8.35 9. 09 8.73 9.02
Ca0 11. 64 11.63 11.64 11. 64 11.61 11.58 11.44 11.64 11.55 11.59
Na, O 1.12 1.05 1.23 1. 14 1.19 1.09 1.32 1.18 1.21 1.18
K,0 0. 64 0.56 0.83 0. 69 0. 69 0. 64 0. 85 0.75 0.72 0.75
Total 95.71 96. 17 95.78 96. 22 96. 40 95. 82 95.37 96. 18 96. 06 96. 06
0 23
T ( 8apfu)
Si 6.51 6.52 6.31 6. 40 6.38 6. 60 6.26 6.41 6.33 6.44
VAL 1.49 1.48 1. 69 1. 60 1.62 1.40 1.75 1.59 1.67 1.56
T total 8
C ( Sapfu)
VIAL 0. 68 0. 68 0.82 0. 80 0.75 0.68 0.84 0.74 0.78 0. 81
Vimy 0.06 0.06 0.08 0.07 0.07 0.07 0.08 0.08 0.09 0.08
Fe’* 0.34 0.39 0.30 0.33 0.39 0.27 0.32 0.31 0.34 0.23
Fe?* 1.73 1. 68 1.84 1.71 1.71 1.82 1.86 1.81 1.81 1.85
Mg 2.17 2.18 1.96 2.09 2.08 2.16 1.90 2.05 1.97 2.03
C total 5
B ( 2apfu)
Fe?* 0.02 0.04 0.03 0.04 0.04 0.03 0.04 0.02 0.03 0.03
Mn 0.03 0.02 02 0.02 02 03 0.02 03 0.03 0.03
Ca 1.89 1.87 1.90 1.87 1.87 1.88 1.87 1.88 1.88 1.88
Na 0.06 0.07 0.06 0.07 0.07 0.07 0.07 0.06 0.07 0.07
B total 2
A (0 ~ lapfu)
Na 0.27 0.24 0.31 0.26 0.28 0.25 0.33 0.28 0.29 0.28
K 0.12 0.11 0.16 0.13 0.13 0.12 0.17 0.14 0.14 0.15
A total 0.39 0.34 0.47 0.40 0.41 0.38 0. 49 0.43 0.43 0.43
Mg/( Fe** + Mg) 0.55 0.54 0.57 0.56 0.56 0.55 0.58 0.56 0.57 0.56
Al" 2.17 2.16 2.51 2. 40 2.37 2.07 2.58 2.33 2.44 2.37
Al 0.31 0.32 0.33 0.33 0.32 0.33 0.32 0.32 0.32 0.34
Si* 7.58 7.63 7.31 7.42 7.43 7.71 7.25 7.46 7.37 7.45
Mg 2.49 2.53 2.23 2.38 2.40 2.49 2.18 2.33 2.26 2.30
ANNO 0.09 0.15 -0.34 -0.09 -0.07 0.08 -0.43 -0.18 -0.30 -0.23
T( C) 808 802 835 825 824 793 842 821 830 821
P( GPa) 0.55 0.54 0.71 0. 66 0. 64 0.50 0.75 0.62 0. 68 0. 64
Depth( km) 21 20 27 25 24 19 28 23 26 24
log fo, -11.85 -11.91 -11.46  -11.52 -11.54  -12.21 -11.38 —11.74 -11.59 -11.76
H,0,. 8. 89 8.67 10. 47 9.83 9.61 8.50 10.75 9.55 10. 08 9.85
o AIF = VIA/ALT, Al" Al WAL+ VAL T(°C) =1781 —132.74 x Si +116.6 x Ti —=69. 41 x Fe" +101. 62 x
Na +30°C ( Putirka 2016) ; P( GPa) =0.1307 x AI"" %} log f,,, = -25018.7/( T +273.15) +12.981 +0.046( 10P - 1) /( T +273.15) -
0.5117In( T +273.15) + ANNO; ANNO = 1. 644Mg" —4.01; Mg" =Mg +Si/47 =W A1/9 - 1.3V Ti + Fe’* /3.7 + Fe?* /5.2 = Ca/20 - *Na/2. 8
+A /9.5, H,0,,, =5.215 x TAI" +12.28 VA" =VAL+ VA1/13.9 - (Si+ VITi) /5 = CFe?* /3 —Mg/1.7 +(®Ca+ A ) /1.2 +*Na/2.7

—1.56K - Fe? /1.6 Fe* =Fe** /( Fe" + Mg+ Mn) ( Ridolfi et al. 2010)
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6 ALO,-Ti0, ( a 1993)

ALSi( b
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1984)

Fig. 6  Plots of source region of amphibole Al,O; vs. TiO,( a after Chen et al. 1993) and Al vs. Si (b after Jiang and An

1984) from Longmen pluton

AL 0,(12.32% ~13.12%) o Fe** /(Mg +Fe’)
(0.27 ~0.38)  Ti<0.55(0.48 ~0.55)
o Mg/( Mg + Fe**)
0.62~0.73 ( 5bc)e
3.2.3

. ( 4
FeO ( 16.51% ~ 17.29%) ALO, (11.63% ~

14.31%) . Si0,(40.89% ~43.67%) .
Si (6.23~6.57) (Ca+Na), 1.94~1.95
1.34 ®Ca=1.87 ~1.90 ("Ca=1.50) .
(Na+K), 0.34~0.49 0.50

( 5d; Leake et al. 1997) .

4
4.1
o Mg/( Mg + Fe’*)
0.54~0.58( <0.68) ( 4)
( 2020) - Ridolfi et al. ( 2010)
: P = 19.209¢!!#84M T =
—151.487Si" +2041 Si" =Si +VAl/15 -2 xVTi -

VIAL/2 =" Ti/1.8 + Fe’* /9 + Fe’* /3.3 + Mg/26 +"Ca/5
+"Na/1.3+A /2.3,
Al <0. 21,
ALO,(11.63% ~14.31%)
Al(6.37 ~6.57) (AI"(0.31 ~0.34)
( 6a b; 1984;
1993)

o Putirka( 2016)

( 4
793 ~842C (2014)
( 4 0.20 ~ 1. 30GPa
700°C

(P) 0.50 ~0.75GPa
H = P/pg( p =2700kg/m* g=9.8m/s*)
19 ~28km(  4) .

Henry et al. ( 2005) Ti Xy,
Ti 3 Sarjoughian ez
al. (2015) .
Xy, =0.275 ~1.000 Ti =0.04 ~0. 60apfu T
=480 ~800°C +25%C.
X,,  0.61~0.64 Ti 0.48 ~
0. 55apfu ( 3 o Henry et al.
(2005) Ti
764 ~788C( +25°C) Ti-Mg/( Mg + Fe)
(750 ~770°C) (7
Uchida et al. (2007) Al"
: P(GPa) =0.303 x Al" -0. 653
0.20GPa
(2014)
(
2017) 0.04 ~0.07GPa
1. 49 ~2. 67km( LM194-02) .
(764
~788%C)
o (2015)



7 Ti-Mg/( Mg + Fe) (
et al. 2005 )
Fig. 7 Diagram of Ti vs. Mg/( Mg + Fe) of biotite from

Henry

Longmen pluton ( after Henry et al. 2005)
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~
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( Fe Au)
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ANNO  AMH

( 8a) o

(2010)
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:8.5% ~10.75%

Al 3)
( 2degh) David and Hans( 1965)
Fe’* Mg’ " Fe’* o
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o David and Hans( 1965)
logfy, =10.9 =27000/T(K) ( 3)
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( Wang et al.
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( Ballard et al. 2002; Trail et al. 2011)
Ce4 + Zr4 +
Ce** /Ce’*
. Ce** /Ce™”
( Loader et al. 2017) .
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2015) o
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Loucks et al.
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8 logfo,, I( C) (a Ridolfi et al. 2010 ) Fe’* Fe** Mg** (b Wones and Hans 1965
)
AIW = - , AMW = - ; AFMQ = - - ; ANNO = - ; AMH = -
Fig. 8 Diagrams of amphibole oxygen fugacity ( a after Ridolfi ez al. 2010) and biotite oxygen fugacity (b after Wones and
Hans 1965) for the Longmen pluton

AIW = wiistite-iron; AMW = magnetite-wustite; AFMQ = quartzfayalite-magnetite; ANNO = nickel-nickel oxide; AHM = hematite-magnetite

9
(a) Zr/Hf-Th/U (b) Ce** /Ce** T(C) () Hf-Ce/Ce"
Fig. 9 Diagrams of zircon trace elements of Longmen pluton

(a) diagram of Zr/Hf vs. Th-U for zircons; (b) diagram of Ce** /Ce®* vs. T(°C) for zircons; (¢) diagram of zircon Hf vs. Ce/Ce" for zircons
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