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Type Euhedral Anisotropic Euhedral isotropic
Sample K-10 K-10 K-10 K-10 K-10 K-10 K-14 K-14 K-14 K-14
Corel Core2 Rim6 Rim7 Rim8 Rim9 Core-1  Core-5 Rim-1 Rim-2
Oxide composition (wt. %)
SiO, 3851 3840 3749 3885 3748 39.30 36.83 36.38  37.99 37.62
TiO, 0.00 0.05 0.25 0.57 0.20 0.47 0.05 0.00 0.03  0.00
ALO, 1053  10.25 4.79 13.55 4.84 13.53 0.96 0.00 597 532
FeO(T) 1579 1621 2248 1131 2281 10.20 27.38 29.05 2214 2179
MnO 0.52 0.42 0.24 0.32 0.26 0.38 0.11 0.14 021 0.20
MgO 0.06 0.09 0.03 0.07 0.03 0.06 0.07 0.06 0.00 0.04
Ca0 3439 3421 3411 3564 3416 3554 32.97 33.45 3415 34.23
Na,O 0.00 0.01 0.01 0.00 0.00 0.01 0.04 0.02 0.00  0.00
Total 99.84 99.64 99.40 100.32 99.79  99.49 98.40 99.11  100.49 99.20
Number of cations on the basis of 24 oxygenes
Si 6.130 6.130 6.160 6.060 6.140 6.160 6.230 6.160 6.150 6.180
Ti 0.000 0.010 0.030 0.070 0.030 0.060 0.010 0.000  0.000 0.000
Al 1970 1930 0.930 2490 0.930 2.500 0.190 0.000 1.140 1.030
Fe?* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000
Fe3* 1890 1950 2780 1330 2.810 1.200 3.480 3.700 2.700 2.690
Mn 0.070 0.060 0.030 0.040 0.040 0.050 0.020 0.020  0.030 0.030
Mg 0.010 0.020 0.010 0.020 0.010 0.010 0.020 0.020  0.000 0.010
Ca 5860 5.850 6.010 5960 6.000 5.960 5.970 6.070 5.920 6.020
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.010 0.000 0.000
Total 15940 15.930 15950 15970 15.960 15.940 15930 15990 15.930 15.960
Garnet components (mole fraction, %)
And % 48.0 495 74.3 344 74.4 32.1 94.4 99.5 69.8 718
Gro % 50.2 49.0 24.8 64.5 24.7 66.6 5.2 0.0 295 274

Spes % 1.8 1.4 0.9 11 0.9 1.3 0.4 0.6 0.7 0.7
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Sample K-14-Core-1 | K-14-Core-3 | K-14-Core-4 | K-14-Core-5 | K-14-Rim-1 K-14-Rim-2 K-14-Rim-5
REE (ppm) by LA-ICP-MS
La 124.6 64.3 66.7 26.9 167.2 165.8 146.8
Ce 76.8 57.2 20.7 24.7 106.4 96.2 725
Pr 50.0 40.1 6.4 15.9 55.9 45.2 38.6
Nd 20.5 11.6 3.0 7.1 18.2 185 20.8
Sm 5.0 0.0 0.0 0.0 2.8 15 2.3
Eu 131 26.5 2.3 14.6 8.3 8.8 154
Gd 3.6 1.2 11 1.6 25 1.6 33
Th 2.2 0.0 0.0 0.0 2.2 0.0 0.7
Dy 0.3 14 1.0 25 1.8 0.3 3.0
Ho 0.0 0.0 0.7 0.0 0.0 0.0 0.0
Er 0.4 0.4 0.0 0.7 1.0 0.0 0.6
Tm 0.7 25 1.6 15 0.0 0.0 0.0
Yb 13 0.0 0.0 0.0 0.0 0.4 0.0
Lu 0.7 1.6 0.0 0.0 2.0 0.0 34
YREE®* 2224 149.6 82.9 70.9 262.1 242.1 2349
Trace element (ppm) by LA-ICP-MS
Sc 2.81 3.43 3.57 3.56 3.50 2.83 2.28
\% 3.99 5.63 2.49 3.12 3.05 3.31 0.41
Cr 2.10 4.11 3.76 1.30 2.50 2.40
Co 1.38 2.36 4.10 0.81 1.30 2.17 3.07
Ni 1.56 4.84 0.46 1.32 3.26 1.27
Cu 0.56 17275.96 5.08 3032.12 4.76 2.65 9.24
Zn 5.11 13.94 12.89 2.54 2.62 9.31 8.03
Rb 0.00 0.00 0.15 0.46 0.24 0.33 0.00
Sr 2.57 1.51 9.42 1.19 0.96 4.59 1.95
Y 2.02 1.25 0.80 0.61 1.27 0.44 1.29
Zr 0.00 0.82 0.95 0.05 0.05 0.05 0.31
Nb 0.05 0.19 0.05 0.10 0.07 0.05 0.12
Cs 0.13 0.08 0.25 0.23 0.26 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hf 0.10 0.00 0.00 0.21 0.00 0.11 0.00
Ta 0.53 0.33 0.15 0.05 0.66 0.32 0.58
Pb 0.00 0.00 0.51 0.00 0.00 0.00 0.00
Bi 0.08 0.42 0.31 0.16 0.06 0.27 0.28
Th 0.52 1.03 0.44 0.33 0.23 0.14 0.26
U 9.13 5.28 2.15 3.07 12.36 11.60 9.69
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sample K-10 K-10 K-10 K-10 P_(-lO K-lO K-lO I_(-lO I_(-lO K-lO
Core- 1 Core-2 Core-3 Core-5 Rim- 6 Rim- 8 Rim-9 Rim- 10 Rim- 12 Rim- 13
REE (ppm) by LA-ICP-MS
La 17.15 183.41 1.32 2.62 4.13 4.84 2.03 2.24 0.77 1.09
Ce 21.72 148.66 6.72 471 4.75 12.54 3.82 8.17 4.22 4.07
Pr 29.28 70.37 24.05 14.63 9.02 18.89 13.60 27.01 11.15 15.34
Nd 33.79 2151 44.84 25.02 17.89 26.92 23.46 42.22 16.96 25.37
Sm 32.05 1.88 53.86 33.64 26.65 39.56 43.42 45.53 27.85 45.89
Eu 13.74 7.04 29.96 21.41 17.62 34.02 24.10 26.63 19.58 23.35
Gd 32.11 221 25.63 25.90 24.57 31.42 24.86 16.35 25.29 49.08
Tb 28.06 1.24 21.03 19.76 25.66 33.61 22.75 14.06 19.86 48.16
Dy 15.31 0.00 18.66 17.12 14.94 3271 18.82 9.29 18.82 30.86
Ho 23.49 0.47 14.74 13.51 15.29 29.94 13.67 5.52 11.05 30.30
Er 20.44 0.54 9.63 14.76 17.30 30.06 9.95 4.90 12.61 27.74
™ 14.72 0.00 10.16 13.35 12.53 23.66 6.41 3.53 9.68 31.02
Yb 13.60 1.44 8.86 11.29 8.36 20.86 7.39 251 9.78 23.48
Lu 11.04 0.00 5.40 15.37 17.75 17.91 6.33 5.85 10.47 23.67
YREE® 284.77 290.10 268.12 228.37 211.72 344.4 216.79 205.65 193.88 375.36
Trace element (ppm) by LA-ICP-MS
Sc 3.62 2.37 5.48 7.07 5.47 8.41 2.32 2.61 3.13 9.78
\% 74.46 0.67 128.84 124.83 80.97 121.10 107.44 89.84 144.64 166.18
Cr 2.09 13.51 8.97 16.18 18.43 13.79 0.00 2.46 2.22 27.61
Co 1.47 0.55 1.36 1.34 1.16 0.63 0.68 0.52 117 1.01
Ni 1.14 0.39 2.19 4.40 1.71 1.71 0.87 1.55 2.37 2.81
Cu 3.53 19.30 1.17 146.89 72.90 51.86 7.02 11.67 66.65 83.44
Zn 3.30 3.85 0.40 25.15 7.14 6.70 1.05 5.99 5.61
Rb 0.36 0.36 0.70 1.18 0.47 0.06 0.03
Sr 0.30 0.58 3171 13.65 2.90 1.26 0.31 0.88
Y 38.35 0.80 21.78 21.65 23.39 49.84 20.05 10.90 23.82 48.79
Zr 36.04 0.68 41.77 75.81 128.38 113.56 14.08 33.58 38.27 112.28
Nb 8.20 6.43 11.37 11.21 12.74 4.02 4.60 11.84 9.30
Cs 0.12 0.38
Ba 0.44 5.65 0.46 0.30 1.48 0.19 0.54
Hf 0.86 0.73 2.07 4.73 243 0.36 1.00 0.21 5.99
Ta 0.26 0.39 0.21 1.12 0.75 0.88 0.03 0.22 0.30 0.63
Bi 0.04 0.05 0.03 0.04
Th 8.80 0.20 0.32 0.65 1.69 1.62 0.54 1.36 0.89 0.88
U 2.33 14.94 0.76 0.93 1.28 3.60 0.32 1.79 1.13 1.55
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Garng‘t cré/stal Tonic radii (A%)b Sample Sk-14 Sk-11-1 | Sk-12-1 Sk-17 Sk-1
radii (A")a La 40 103.87 19.35 10.32 37.1
X-site | Ba* 142 Ce 36.01 59.53 19.68 9.36 17.57
Srz* 126 Pr 23.77 31.15 18.03 8.2 9.84
Eu?* 125 Nd 16.37 25.5 16.43 7.25 6.87
La 11913 116 Sm 9.74 18.97 10.77 4.62 4.1
Ce 1.1688 1143 Eu 16.33 16.33 6.8 4.08 2.72
Pr 1.1475 1126 Gd 7.72 15.06 7.34 3.86 3.47
Nd 1.1205 1.109 Th 6.33 10.55 4.22 2.11 2.11
Ca 1.12 1.12 Dy 4.04 8.07 3.73 2.17 1.86
Sm 1.085 1.079 Ho 4.18 6.96 2.79 1.39 1.39
Eu 10727 1.066 Er 3.33 6.67 2.86 1.9 1.43
Gd 1.0466 1.053 Tm 3.09 6.17 1 1 1
Th 1.0335 104 Yb 2.87 5.74 2.39 1.44 1.44
Dy 1.0104 1.027 Lu 1 6.21 1 1 1
Ho 0.997 1.015 Sc 0.5 3.3 0.5 0.6 0.3
Y 0.9945 1.019 v 27 70 29 21 17
Mn 0.9852 0.96 Cr 10.4 40.4 7.8 8.6 10.1
u* 1 Co 4.1 146 11.2 9.4 13
Er 0.98 1.004 Ni 13.8 122 18 20.4 14.1
The 1.05 Cu 107 >10000 | 4990 3810 1880
™ 0.9668 0.994 Zn 35.4 859 79.8 59.2 30.4
Yb 0.9545 0.985 Rb 0.4 12.4 0.5 0.4 0.2
Lu 0.9414 0.977 Sr 23.7 55.9 355 58.2 62.7
Fe 0.9295 0.92 Y 7.41 14.9 7.37 4.09 4.29
Mg 0.8905 Zr 2 9.1 55 6.2 4.3
Y-site Al 0.535 0.535 Nb <0.1 <0.1 <0.1 0.2 <0.1
L 0.605 Cs 0.08 1.52 0.19 0.44 0.04
cre 0.627 0615 Ba 2.5 29 5.8 7 8.1
Nb® 0.64 Hf <0.1 0.1 <0.1 0.1 <01
Ta5* 0.64 Ta <0.05 <0.05 <0.05 <0.05 <0.05
Fe™ 0.6655 0.645 Pb 3.58 15.1 1.01 2.56 0.59
Tie* 0.67 Bi 1.65 4.48 2.13 0.36 0.51
Nb* 0.68 Th 1 5.7 5.1 1 08
Ta* 0.68 U 5.4 3.7 2.1 11 1.3
Hf+ 0.71
Zrs 0.72
U 0.73
Sce* 0.745
The 0.94
Z-site Si 0.26 0.26
Al 0.4096 0.39
Ti4* 0.42
Fe3 0.4824 0.49
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Elements X-site Y-site (6 coordination) | Z-site (4 coordination)
Minor Zn,Y, Na Ti, V, Fe**, Zr, Sn Al, Ti, Fe*, P

Li, Be, B, F, Sc, Cu, Ga, Ge,
Sr, Nb, Ag, Cd, In, REE, U

Trace
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Abstract

The garnets from the KhutSkarn in the west of Yazd have been formed as a result of hydrothermal activity ofOligo-Miocene calc-alkaline
plutons. The chemical composition of garnets in the Khutskarn are divided into two solid solution of grossularitic-andraditic and almost
pure andradite different types. The Fe-rich garnets are isotropic (Adr>96), whereasgrossularitic-andraditic garnets are anisotropic and show

compositional zoning and sectorial twinning(Ad,, ,Gr,, -Ad,, Gr,, ). The compositional zoning of anisotropic garnets may result from

74.3 32.1 66.6:

hydrothermal overgrowths on contact metamorphic minerals, variations in P, T, XCO,, concentrations of Fe’* and Al, or kinetic factors. The
Laser Ablation ICP-MS results show isotropic garnets exhibit LREE-enriched and HREE-depleted patterns, with a positive Eu anomaly.
These garnets grow rapidly under relatively high W/R ratios from the magmatic-derived fluids during infiltration metasomatism process,
whereas anisotropic garnets have much lower enrichment in LREE and show a weak negative Eu anomaly. These garnets formed by prolonged

interaction of pore fluids with the host rocks during the diffusive metasomatism process.
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