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Fig. 2 Photomicrographs of typical textures in the Tongguanshan pluton
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(a)—Plagioclase phenocryst displaying patchy-zoned core (cross polarized light); (b)-—plagioclase phenocryst displaying a quartz core
(cross polarized light) ; (¢)—plagioclase phenocryst encapsulating amphibole containing a plagioclase core (plane polarized light); (d)—
plagioclase phenocryst with several tiny acicular apatite crystals in the core (cross polarized light) ; (e)—amphibole phenocryst encapsulating
several re-absorbed plagioclases (cross polarized light) ; (f)—plagioclase encapsulated in amphibole phenocryst exhibiting relatively high

relief (plane polarized light) ; Pl-—plagioclase; Q —quartz; Amp—amphibole; Ap—apatite
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Fig. 3 Composition variation and zonal features of plagioclases from the Tongguanshan pluton
(left; taken under cross-polarized light; middle; BSE pictures)
i a, b, c
(A)—08TGS-1(2)-5; (B)—TGS-16-3; (C)—TGS16(2)-5
Red lines are electron microprobe (EMP) analyses lines; a, b, c is qualitative analysis points of EMP;

(A)—08TGS1(2)-5; (B)—TGS16-3; (C)—TGS16(2)-5
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Table 1 Chemical compositions (%) of plagioclase by EPMA from the Tongguanshan pluton
08TGS-1(2)-5
PL-1 PL-2 PL-3 PL4 PL-5 PL-6 PL-7 PL-8 PL-9 PL-10 | PL-11 | PL-12 | PL-13 | PL-14
Na, O 8.08 7.93 7.91 7.71 7.41 6.91 7.14 7.12 7.88 7.26 8. 34 7.28 7.76 8.29
K, O 0. 40 0.41 0.38 0.38 0. 34 0.36 0.39 0.29 0.17 0.24 0. 35 0.32 0. 45 0.4
CaO 5.50 5. 77 5.81 6.04 6.75 6.69 6. 60 7.10 6.22 7.00 5.21 6.7 5.47 5.42
Al; O3 22.91 22.96 23.86 24.17 24.31 24.28 | 24.10 24.79 23.47 24.48 | 22.31 24. 36 22.94 23.17
SiO; 62. 87 62.01 62.56 62.70 60.73 61.48 | 61.91 60.70 | 61.84 60. 70 63.40 | 60.29 62.79 61.59
BaO 0. 04 0.02 0.03 0. 04 0.09 0.06 0. 06 0.05 0. 00 0. 00 0. 06 0. 06 0.05 0. 05
Total 99.8 99.1 100. 55 | 101.04 | 99.63 99.78 100.2 | 100.05 | 99.58 99. 68 99.67 99.01 99. 46 98.92
Si 2.79 2.78 2.76 2.75 2.71 2.73 2.74 2.70 2.76 2.71 2.82 2.71 2.79 2.76
Al 1. 20 1.21 1. 24 1.25 1.28 1.27 1.26 1.30 1.23 1.29 1.17 1.29 1. 20 1.23
Ca 0. 26 0.28 0.28 0.28 0.32 0.32 0.31 0. 34 0. 30 0. 34 0.25 0.32 0. 26 0. 26
Na 0.70 0.69 0.68 0.66 0. 64 0. 60 0.61 0.61 0.68 0.63 0.72 0.63 0.67 0.72
K 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.03 0.02
Ba 0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0.00
An 26.71 27.99 28.24 29. 54 32.83 34.09 33.01 34.92 30. 09 34. 30 25.15 33.07 27.29 25.93
Ab 71.01 69. 62 69.58 | 68.26 65. 20 63.70 | 64.65 63. 36 68.92 64. 32 72.85 65.03 70. 06 71.77
Or 2.28 2.39 2.18 2.20 1.97 2.21 2.34 1.72 0.99 1.38 2.00 1. 90 2.65 2. 30
08TGS-1(2)-5 TGS16-3 TGS-16(2)-5
PL-15 | PL-16 PL-1 PL-2 PL-3 PL-4 PL-5 PL-6 PL-7 PL-8 PL-9 PL-10 PL-1 PL-2
Na; O 7.83 0. 87 0 8. 84 7.53 7.76 8. 05 7.88 7.55 7.35 8.06 8.49 9.26 8.23
K,O 0.28 15.31 0.01 0.56 0.43 0.5 0.65 0.6 0.48 0.44 0.48 0.53 0.25 0.18
CaO 6.04 0 0 3.95 5.75 5.61 4. 93 4. 94 6.19 6. 66 5.72 4.72 3.61 3.83
Al; Oy 23.04 17.22 0. 04 21.83 22.95 22.23 21. 87 22.17 23.4 24.18 22.4 22.02 20.92 | 21.79
Si0O, 62.1 65.64 | 101.91 | 65.25 62.76 63.17 63.15 63.18 | 62.15 61.32 63.02 62.4 66.13 65.03
BaO 0.03 0.58 0.01 0 0. 04 0.1 0.11 0.08 0.09 0.07 0.11 0.13 0 0
Total 99. 32 99.62 | 101.97 | 100.43 | 99.46 99. 37 98.76 98. 85 99.86 | 100.02 | 99.79 98.29 | 100.17 | 99.06
Si 2.77 3. 04 2.86 2.79 2.82 2.83 2.83 2.76 2.73 2.80 2.81 2.90 2.88
Al 1. 21 0. 94 1.13 1. 20 1.17 1. 16 1.17 1.23 1.27 1.17 1. 17 1.08 1. 14
Ca 0. 29 0. 00 0.19 0.27 0. 27 0.24 0.24 0. 30 0.32 0. 27 0.23 0.17 0.18
Na 0.68 0.08 0.75 0.65 0.67 0.70 0.68 0.65 0.63 0.70 0.74 0.79 0.71
K 0.02 0.91 0.03 0.02 0.03 0. 04 0.03 0.03 0.03 0.03 0.03 0.01 0.01
Ba 0. 00 0.02 0. 00 0.00 0.00 0. 00 0.00 0. 00 0. 00 0.00 0.01 0. 00 0. 00
An 29.41 0. 00 19.16 28.93 | 27.72 24.32 | 24.82 30. 32 32.51 27.40 | 22.76 17.45 20.23
Ab 68.95 7.94 77.61 68.52 69. 36 71.85 71.61 66. 89 64.92 69. 87 74.19 | 81.11 78.63
Or 1. 63 92.06 3.23 2.56 2.92 3.83 3.57 2.78 2.57 2.73 3.06 1. 44 1. 14
TGS16(2)-5
PL-3 PL-4 PL-5 PL-6 PL-7 PL-8 PL-9 pL-10 | PL-11 | PL-13 | PL-14 | PL-15 | PL-16 | PL-17
Na; O 7.01 7.94 7.69 8.16 7.45 7.85 7.19 6.06 6.7 6.38 7.24 6. 34 7.07 6.75
K;O 0. 33 0.5 0.48 0.53 0.4 0.52 0.38 0.29 0.38 0.28 0.42 0.41 0. 36 0.27
CaO 7.4 5. 73 5.81 5.29 6.52 5.38 7.16 8.17 7.94 8.03 6. 81 7.12 7.35 8. 15
Al O3 24.72 22.91 23.31 22.33 23.38 | 23.53 23.77 | 25.79 25.61 25.46 | 24.59 24.32 23.94 | 25.71
SiOz 59.72 62. 88 62.78 | 63.58 61.8 62.39 61 58.55 60. 28 60. 19 61.03 60. 68 60. 71 59.5
BaO 0.04 0 0.04 0.12 0.07 0.08 0.06 0.02 0.04 0.06 0.03 0.04 0.02 0.03
Total 99. 22 99.96 | 100.11 | 100.01 | 99.62 99.75 99. 56 98.88 | 100.95 | 100.4 | 100.12 | 98.91 99.45 | 100.41
Si 2.68 2.79 2.78 2.82 2.76 2.77 2.73 2.64 2.66 2.67 2.71 2.72 2.72 2.65
Al 1. 31 1. 20 1.22 1.17 1.23 1.23 1.25 1. 37 1. 33 1.33 1. 29 1.29 1. 26 1. 35
Ca 0. 36 0. 27 0.28 0.25 0.31 0. 26 0. 34 0.39 0. 38 0. 38 0.32 0. 34 0.35 0.39
Na 0.61 0.68 0.66 0.70 0. 64 0.68 0.62 0.53 0.57 0.55 0.62 0.55 0.61 0.58
K 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Ba 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
An 36. 11 27.70 | 28.64 | 25.59 31.85 26.63 34.71 41.94 | 38.70 | 40.36 | 33.36 37.29 35.71 39.41
Ab 61.97 69. 42 68.56 71.35 65.84 | 70.33 63.09 56. 29 59.10 57.98 64.20 | 60.14 62.20 | 59.04
Or 1.92 2.87 2.80 3.07 2.32 3.04 2.19 1.77 2.20 1.66 2.43 2.56 2.10 1.55
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Table 2 Chemical compositions (%) of amphibole by
EPMA from the Tongguanshan pluton 0.0¢% 73 5.5 35
Si
08TGS | 08TGS | 08TGS | 08TGS | TGS Ca1.50; (Na+K), 0. 50; Ti<0. 50
“1-4 | -1(2)-1 | -1(2)-3 | -1(2)-4 |-16(2)-1 10
Naz O 1.30 1.29 1.22 0.92 1.68 jﬁtﬁ .ﬁ_f_’j]gf..
] ™ - =re . -
KO 0.46 | 0.55 | 0.41 | 0.25 | 1.00 _ i AR C | BRI
SiO, 50.56 | 49.96 | 51.32 | 53.51 | 45.40 ; Eff o %ﬁfﬁ“
Al O 4,63 4.94 4.41 3.01 8. 17 205
MgO 15.23 | 14.64 | 15.51 | 16.45 | 11.53 "2‘3 % PRAE T
i1 .’
CaO 12.31 | 12.20 | 12.18 | 12.56 | 11.72 'ri SanEs Al>Fe IlIE
TiO, 0.65 0. 87 0.77 0. 36 1.12 A *i}zl?l»f:
4 “Fe
F 0.17 | 0.08 | 0.21 | 0.26 | 0.15 0.0LE
MnO 0.68 0.48 0. 46 0.50 0. 46 L Le S 33 .
FeO 11.73 | 12.38 | 11.69 | 11.34 | 16.61 _
Total 97.72 | 97.39 | 98.18 | 99.16 | 97.84 B4 8E LA AR R 25
Si 7.34 7.30 7.39 7.59 6. 80 (#% Leake, 1978,1997)
ALV 0. 66 0.70 0.61 0.41 1.20 Fig. 4 Classified diagram of amphiboles from
Al 0. 14 0.15 0. 14 0.09 0.25 the Tongguanshan pluton (after Leake, 1978,1997)
Ti 0.07 0.10 0.08 0.04 0.13
Fed* 0.62 0. 61 0. 69 0.79 0.35 . I
Fez* 0. 80 0.91 0.72 0.56 1. 74 - . .
y 2 ob BB F e akd
Mn 0.08 0. 06 0. 06 0.06 0.06 :
Mg 3.30 3.19 3.33 3.48 2.58
Ca 1.92 1.91 1.88 1.91 1.88 !
Na 0.37 0.37 0. 34 0.25 0. 49 Z wibeRe AT :
K 0. 09 0.10 | 0.08 | 0.05 0.19 1.0
Total 15.38 | 15.39 | 15.31 | 15.22 | 15.65 i & |
Mg/ (Mg+Fe?™)| 0.80 0.78 0.82 0. 86 0. 60 L o |
Ca0/NaO 9.47 9. 46 9.98 | 13.65 | 6.98 O'EW.H. . ‘ ‘
AL O5/TiO, 7.12 5.68 5.73 8. 36 7.29 0 05 1.0
Nat+K
gl .¢|><m wit-wﬁ ]
(Leake, 1997), |
((Ca+Na),=1. 00, Nay<<0.50), = [
< [ e - 5 . .
e ALK i A
(1) (Leake, 1978, 1997). K L R
i 1
b o = 1
(Na+K)-Al" o 1
v ar . W oBEM A '{
(AIM'+Fe' " +Ti-Al «C 5 . 0 10 2.0
Al"4Fe* +Ti
R 3 YAy = ALY ALY 2% 3 P
Leake (1978) Si-Ti (  6a) B S S5 A A A ) (Nat KO-ALY 23X B A
(AIY'+Fe*™ +Ti-AIV 434 25 B (i Deer % ,1963)
Fig. 5 (Na+K)-Al" diagram and (AlV'+Fe'* +Ti)
’ . ° -AlY diagram of amphiboles from the Tongguanshan
(1994) Si-Ti ( 6b),

pluton (after Deer et al. , 1963)
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Fig. 6 Ti-Si variation diagram of amphiboles from the Tongguanshan pluton (a after Leake, 1978; b after Ma et al. , 1994)
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Table 3 REE compositions of (X 10¢) sphenes and amphiboles by LA-ICP-MS from the Tongguanshan pluton
08TGS1-2 | 08TGS-1-5 | 08TGS1-1| 08TGS1(2)-1-1| 08TGS1(2)-3 | 08TGS1(2)-4-1| 08TGS-1(2)-4-2| TGS 16(2)-1-3 | TGS-16(2)-1-4
La 734.50 2421. 20 2244.18 23.43 21.02 19.77 11.17 35.09 58.48
Ce 2277.00 6445, 10 6443. 47 57.90 56.76 48. 44 25.48 92.53 187. 04
Pr 326.43 864. 76 903. 90 8.19 7.65 6.97 3.29 12. 49 28. 26
Nd 1532. 00 3943. 28 3933. 90 40. 77 39. 87 31.68 16. 69 56.91 138. 46
Sm 384.11 740.97 747.11 10. 35 10. 16 7.95 4.10 13. 87 35.17
Eu 107.99 154. 15 163. 83 1. 56 1.54 1.38 0.79 2.55 6. 37
Gd 319.62 525.13 538. 16 9. 64 7.14 7.85 4. 44 12. 84 29. 38
Tb 45. 36 65.43 68.76 1.22 1.11 1.10 0.68 1.77 3.92
Dy 251.53 317.69 341. 24 7.39 5.93 5.88 3.58 8.73 21.38
Ho 46. 67 53. 88 58. 88 1. 27 1. 10 1. 08 0. 88 1.78 3.75
Er 123. 44 130. 39 140. 29 3.29 2.97 2.65 2.96 4. 64 10. 21
Tm 18. 60 16. 45 17.68 0.45 0.43 0. 39 0.48 0.59 1.32
Yb 130. 66 99.52 109. 98 2.77 2.48 2.28 4. 17 4.56 8.53
Lu 18.28 12.09 12.92 0.48 0. 38 0.33 0.77 0.74 1.25
Y 1203.52 1394. 01 1536. 75 35. 44 30.76 29. 67 26.97 48.19 102. 88
total 7519.71 | 17184.05 | 17261. 05 204. 15 189. 30 167.42 106. 45 297. 28 636. 40
R Ti An
(1995) s o Ti ( 8a)
, ,0Eu Ti .
LREE/HREE o 4 s Sic To Si (
REE .0Eu LREE/HREE T, (Muller et al. , 2004),
’ o
° ’ N Fe
TGS-16(2)-2 TGS-16-6  8d)., Fe
’ ° An °
4.2.3 (Ginibre et al. , 2002), ,
Fe Fe
. (Singer et al. ,1995; , Fe . 3 Fe
Anderson et al. , 2000), 2D,
s Ginibre (2002) An.
s Fe.Ti.Sr
(Ginibre et al. , 2002), , An.Fe,Ti.Sr
Ba ) Ba N
o o An,Fe,Ti,Sr
. Ba ’ ’
Ba (Cherniak, 2001), Sr .
Ba . 8b.c 5
. Ba.Sr ,
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4

LA-ICP-MS
Table 4 REE and Trace element compositions ( X 107¢) of plagioclases by LA-ICP-MS from the Tongguanshan pluton

(X107¢)

08TGS-1(2)-2 08TGS-1(2)-5 TGS-16(2)-1 TGS-16(2)-2 TGS16(2)-5
core rim core rim core rim core rim core
La 4.09 9.15 6.3 5.43 26.69 14.32 7.33 14. 21 7.76
Ce 4. 36 5.93 6.78 6.11 47 16.18 7.72 14.91 9.26
Pr 0.33 0.28 0.5 0.48 4.26 1. 16 0.57 0. 82 0.61
Nd 0.94 0.76 1. 19 1.3 17.51 4. 44 1.3 2.69 1.8
Sm 0 0 0.19 0.13 2.57 0.7 0.03 0.49 0.08
Eu 0.56 0. 56 0.61 0.72 1.55 1.85 0.72 1. 54 1.73
Gd 0 0.03 0.08 0.01 1.74 0. 64 0 0.07 0.43
Tb 0 0 0 0.01 0. 15 0.07 0 0 0
Dy 0 0 0 0.01 0.9 0.29 0 0 0.02
Ho 0.01 0 0 0 0.17 0.03 0.01 0 0
Er 0.02 0 0 0.21 0.16 0 0 0
Tm 0 0.01 0 0 0.07 0. 04 0.01 0 0
Yb 0 0 0 0 0.17 0 0 0 0
Lu 0 0 0 0. 04 0 0 0 0
Y 0.09 0 0.19 0. 04 3.67 1.59 0.08 0 0.16
total 10. 4 16. 72 15. 84 14. 24 106. 7 41. 47 17.77 34.73 21.85
LREE 10. 28 16. 68 15.57 14. 17 99.58 38. 65 17.67 34. 66 21. 24
HREE 0.03 0. 04 0.08 0.03 3.45 1.23 0.02 0.07 0.45
LREE/HREE  342.67 417.00 194. 63 472. 33 28. 86 31.42 883. 50 495. 14 47. 20
0Eu - - 14. 87 50. 07 2.24 8.47 — 24.7 29.21
Ce/Ce 0. 68 0. 46 0. 69 0.71 0.96 0.72 0.68 0.7 0.76
Ti 26.98 41.68 29.93 39. 87 19. 10 215.67 38.12 55. 30 52.44
Sr 2020. 93 1331. 19 1619. 58 2419.59 1816. 90 1722. 33 2720. 22 2694. 59 4593.18
Ba 488. 60 487.28 293.91 474.03 646. 13 323.10 594.19 1246.42 461. 45
Fe 1794. 97 2365. 32 3023. 06 1163.73 1188.03 13966. 18 1680. 68 1714.93 4514. 50
TGS-16(2)-5 TGS16(2)-6 TGS16(2)-7 TGS-16-6
rim core rim core rim ore mantle rim
La 12.4 108. 16 13.73 9.3 1.58 7.15 6.57 9
Ce 10. 84 199. 85 14. 01 6. 86 2.5 6.18 6.1 8.99
Pr 0.55 20.4 0.87 0. 35 0.14 0. 34 0.41 0. 56
Nd 2.08 88. 27 2.56 0.72 0. 55 0.7 1.33 1.59
Sm 0 12.4 0 0.14 0 0 0.19 0.12
Eu 1.07 2.58 1.52 0. 68 0. 65 0. 56 1. 05 0. 96
Gd 0.24 9.62 0.03 0. 04 0 0.08 0 0.09
Thb 0.02 0.97 0 0 0.01 0 0 0
Dy 0 5.1 0 0 0 0 0 0
Ho 0 0.79 0 0 0 0.01 0 0
Er 0.03 1.98 0 0.07 0.02 0 0 0
Tm 0 0. 25 0 0.01 0 0 0 0
Yb 0 1. 49 0 0 0 0 0 0
Lu 0.01 0.21 0 0.02 0 0 0 0
Y 0 23.73 0. 04 0 0.07 0 0. 04 0
total 27. 24 475. 8 32.76 18.19 5.52 15.02 15.69 21.31
LREE 26.94 431. 66 32.69 18.05 5.42 14.93 15. 65 21.22
HREE 0.3 20.41 0.03 0. 14 0.03 0.09 0 0.09
LREE/HREE 89. 80 21.15 1089. 67 128.93 180. 67 165. 89 — 235.78
SEu - 0.72 - 26.58 - — — 28.92
Ce/Ce 0.6 0.96 0.67 0.52 0.98 0.59 0. 62 0. 66
Ti 59. 45 14. 22 46.08 37.67 23.82 31.38 37.13 44. 54
Sr 2987. 81 960. 30 2312.08 2755. 67 3699. 87 1932. 86 1891. 11 1463. 29
Ba 1068. 39 149. 65 1181. 36 1071.13 777.89 777.62 702.19 647. 31
Fe 1898. 37 3306. 48 1457. 50 2093. 93 1804. 95 1601. 07 1104. 93 1131. 65
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Abstract

This study presents detailed microscopic observations for the Tongguanshan pluton distributed along
the Yangtze River region in south Anhui Province. Electron Microprobe and LA-ICP-MS techniques were
used to analyze major and trace elements of typical minerals such as plagioclase, hornblende and sphene.
Microscopic identification shows a large number of magma unbalanced structures occur in the
Tongguanshan pluton, for example, embedded crystal structure of plagioclases and hornblendes, and
acicular apatites. These phenomena reveal that the Tongguanshan pluton had experienced one or several
times of magma mixing during its formation. EPMA results show that the plagioclase composition zoning
is an oscillatory one and the large-scale zoning may represent a large-scale magmatic activity. Diagrams of
TiO,-Al, O;, CaO/NaO,-Al, O,/TiO, and Mg-(Fe*" + Fe’" )-LiNaKCa of hornblende suggest that
amphiboles of the Tongguanshan pluton are likely crust-mantle in origin. Using LA-ICP-MS method, trace
elements and REE analyses for main rock forming minerals indicate that amphiboles may be mantle or
crust-mantle mixing sources and plagioclase may form from the mixing of magma of different magmatic
differentiation. Our study positively reflects that during the formation of the Tongguanshan pluton,
magma source and crystallization kinetic process, i. e. mixing metasomatism of crust and mantle, coincide

with previous data using elements and isotopic means.

Key words: Tongguanshan pluton; unbalanced structure; plagioclase zoning; amphibole; magma

mixing



