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1-XRF

Sample L13 L8 L3 L14 L2 L10 L6 L4 L7 L1 L12 L9 L11 L5
Rock Name Andesite Rhyolite   

(wt%) 

SiO2 55.17 56.03 56.62 57.17 58.59 59.52 60.07 71.12 71.21 71.25 71.27 71.71 71.96 72.01
Al2O3 18.01 17.65 17.18 17.24 15.97 16.11 16.47 13.8 14.35 13.64 14.02 13.12 14.73 14.19
TiO2 0.6 0.62 0.73 0.52 0.75 0.51 0.46 0.19 0.18 0.18 0.18 0.19 0.19 0.19
FeOtotal 8.61 8.4 8.25 7.79 8.02 6.67 6.01 3.15 2.95 3.04 3.2 2.44 2.51 3.06
FeO 5.17 5.04 4.95 4.67 4.81 4 3.6 1.58 1.48 1.52 1.5 1 1.26 1.53
Fe2O3 3.44 3.36 3.3 3.12 3.2 2.67 2.41 1.58 1.48 1.52 1.7 1.2 1.25 1.53
MnO 0.15 0.15 0.17 0.1 0.16 0.09 0.07 0.15 0.13 0.12 0.16 0.1 0.14 0.17
MgO 3.6 3.15 3.84 3.13 3.69 2.85 2.7 0.28 0.4 0.33 0.45 0.29 0.14 0.41
CaO 8.37 8.59 7.42 7.58 7.54 7.01 7.4 2.54 2.72 1.91 2.62 2.2 2.08 2.44
Na2O 3.01 3.33 2.24 3.16 2.26 3.31 3.14 4.36 4.66 5.38 4.64 4.76 4.78 4.64
K2O 0.48 0.19 1.05 0.56 0.97 0.56 2.7 1.28 1.12 1.66 1.2 1.14 1.4 1.17
P2O5 0.1 0.12 0.12 0.15 0.12 0.13 0.15 0.09 0.09 0.08 0.08 0.08 0.08 0.08
LOI 1.69 1.4 1.52 2.35 1.45 2.34 2.79 2.18 1.44 1.47 1.35 3.17 1.82 1.47
Total 99.79 99.62 99.15 99.7 99.52 99.09 99.79 99.14 99.25 99.06 99.16 99.2 99.83 99.83

(ppm) 

Cl 229 213 33 181 51 216 180 42 118 40 65 58 84 99
Ba 24 2 12 6 104 8 13 130 10 5 208 4 160 14
Sr 321 373 280 407 256 430 464 283 447 340 422 438 454 433
Cu 59 18 90 111 72 81 31 15 6 33 20 20 16 18
Zn 58 61 73 42 73 39 39 71 62 60 53 71 63 69
Pb 11 18 14 10 32 20 17 25 10 20 25 33 20 16
Ni 19 16 19 15 22 16 14 14 15 13 14 15 17 16
Cr 2 2 6 1 5 5 4 2 3 4 6 5 4 5
V 194 193 201 160 203 127 115 28 25 33 24 25 34 32
Ce 18 59 38 13 57 29 60 32 70 77 29 55 40 33
La 12 18 18 10 26 11 32 14 27 22 15 22 12 12
Hf 22 30 26 20 24 24 18 22 27 19 23 26 25 21
Ga 16 19 15 21 21 16 14 16 13 19 18 20 14 18
W 18 20 10 10 17 9 9 13 41 12 11 30 27 44
Mo 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Nb 14 13 12 16 18 16 11 17 141 13 15 17 13 13
Zr 78 84 110 82 121 117 99 137 127 133 148 137 139 134
Y 21 29 28 28 34 31 29 35 36 37 36 38 36 38
Rb 8 6 10 13 5 9 7 4 9 19 23 8 21 14
Co 41 45 23 26 42 23 22 17 60 7 8 47 48 79
As 32 37 22 44 24 46 15 21 32 11 9 26 26 26
U 1 1 1 1 1 1 1 1 1 1 2 2 1 1
Th 4 4 7 6 3 3 4 4 5 2 5 7 4 3
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1-) (

.
Sample bb7a-1 bb7a-2 bb7a-2 bb7a-3 bb7a-6 bb7a-7 bb7a-7 bb7a-7 bb7a-7 bb7a-7 bb7c-1 bb7c-1 bb7c-2 bb7c-2 bb7c-2 bb7c-2
Point 1 3 4 7 16 17 18 19 20 21 26 28 29 31 33 34
Size P P P P G P1 P2 P3 P4 P5 G G P G G G
SiO2 50.03 52.09 50.71 48.34 47.99 49.35 46.96 48.54 49.25 49.12 51.53 50.60 51.47 51.56 51.29 51.57
TiO2 0.73 0.40 0.61 0.70 1.15 0.44 0.68 0.89 0.74 0.74 0.59 0.79 0.37 0.67 0.72 0.71
Al2O3 4.73 2.77 4.12 4.67 3.43 2.64 4.73 3.39 2.13 2.08 1.80 2.21 2.95 2.03 1.42 1.50
Cr2O3 0.27 0.26 0.48 0.74 0.04 0.19 0.41 0.13 0.06 0.05 0.00 0.05 0.39 0.04 0.04 0.05
FeO 7.11 6.09 6.56 6.49 11.19 6.37 6.98 9.83 11.38 10.69 10.45 11.63 5.60 10.59 14.10 14.04
MnO 0.13 0.06 0.24 0.14 0.25 0.15 0.18 0.38 0.38 0.28 0.30 0.30 0.21 0.29 0.39 0.38
MgO 14.72 16.45 15.79 15.61 15.32 17.58 16.22 16.24 16.65 16.99 16.35 15.69 16.06 15.65 15.31 15.12
CaO 22.40 22.16 21.75 23.05 20.20 23.04 23.56 20.35 19.06 19.72 18.68 18.45 21.75 18.85 16.40 16.34
Na2O 0.23 0.22 0.24 0.27 0.42 0.22 0.28 0.24 0.35 0.31 0.28 0.30 0.21 0.31 0.32 0.27
K2O 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01
Total 100.36 100.51 100.51 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.01 100.00 100.00 100.00
Si 1.84 1.90 1.85 1.77 1.78 1.80 1.72 1.79 1.82 1.81 1.91 1.88 1.91 1.91 1.92 1.94
Ti 0.02 0.01 0.02 0.02 0.03 0.01 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Al iv 0.16 0.10 0.15 0.20 0.15 0.11 0.20 0.15 0.09 0.09 0.08 0.10 0.09 0.09 0.06 0.06
Al vi 0.04 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
Cr 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Fe2+ 0.13 0.12 0.12 0.20 0.09 0.19 0.21 0.07 0.11 0.07 0.22 0.25 0.13 0.26 0.37 0.40
Fe3+ 0.09 0.07 0.08 0.00 0.25 0.00 0.00 0.23 0.25 0.27 0.10 0.11 0.04 0.07 0.07 0.04
Mn 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.81 0.89 0.86 0.85 0.85 0.96 0.89 0.89 0.92 0.93 0.90 0.87 0.89 0.87 0.86 0.85
Ca 0.88 0.87 0.85 0.91 0.80 0.90 0.92 0.81 0.76 0.78 0.74 0.74 0.86 0.75 0.66 0.66
Na 0.02 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Total 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Mg# 0.86 0.89 0.88 0.81 0.90 0.83 0.81 0.93 0.90 0.93 0.80 0.78 0.87 0.77 0.70 0.68
Wo 46.15 44.45 44.36 46.15 40.04 43.81 45.55 39.97 37.08 37.99 37.49 37.20 44.72 38.39 33.45 33.59
En 42.20 45.92 44.81 43.50 42.25 46.51 43.64 44.38 45.06 45.52 45.66 44.02 45.95 44.32 43.46 43.26
Fs 11.65 9.63 10.83 10.35 17.71 9.68 10.81 15.66 17.86 16.50 16.85 18.77 9.33 17.29 23.09 23.15

Sample bb7c-4 bb7c-6 bb7c-6 bb7c-7 bb7-2 bb7-2 bb6-1 bb6-1 bb6-1 bb6-2 bb6-2 bb6-4 bb6-6 bb6-6 bb6-6 bb6-6
Point 38 39 42 43 58 59 100 102 103 104 106 114 117 118 119 120
Size P P P G  in Pl in Pl P P P P P G P1 P2 P3 P4
SiO2 51.21 47.49 48.08 46.08 49.82 50.30 49.94 51.52 52.04 52.35 52.25 49.28 50.56 50.42 52.11 50.70
TiO2 0.47 0.45 0.79 0.79 0.76 0.69 0.64 0.41 0.38 0.40 0.43 1.04 0.60 0.66 0.47 0.80
Al2O3 3.24 3.42 2.21 1.54 3.77 3.84 5.20 3.21 3.09 2.59 2.63 4.63 3.97 3.94 2.49 2.49
Cr2O3 0.24 0.47 0.03 0.01 0.06 0.05 0.79 0.54 0.53 0.40 0.48 0.21 0.50 0.40 0.27 0.03
FeO 6.19 6.16 11.16 19.75 9.76 11.27 5.90 5.85 5.70 5.98 5.74 9.16 6.05 6.17 6.21 11.12
MnO 0.21 0.14 0.29 0.81 0.22 0.25 0.15 0.10 0.11 0.07 0.10 0.23 0.18 0.15 0.16 0.30
MgO 16.03 17.50 16.38 14.12 15.54 15.50 15.21 16.21 16.26 16.61 16.44 14.72 15.38 15.45 16.16 15.72
CaO 21.85 24.05 20.71 16.57 19.42 18.49 21.88 21.94 21.81 22.07 22.27 20.76 22.15 22.59 22.17 18.29
Na2O 0.28 0.31 0.34 0.31 0.28 0.30 0.27 0.24 0.21 0.19 0.22 0.34 0.30 0.27 0.24 0.32
K2O 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
Total 99.72 100.00 100.00 100.00 99.64 100.70 99.98 100.00 100.14 100.67 100.56 100.38 99.70 100.05 100.28 99.78
Si 1.88 1.73 1.78 1.75 1.85 1.85 1.84 1.89 1.91 1.91 1.91 1.82 1.86 1.85 1.91 1.89
Ti 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.03 0.02 0.02 0.01 0.02
Al iv 0.12 0.15 0.10 0.07 0.15 0.15 0.17 0.11 0.10 0.09 0.10 0.18 0.14 0.15 0.09 0.11
Al vi 0.02 0.00 0.00 0.00 0.01 0.02 0.06 0.03 0.04 0.02 0.02 0.02 0.04 0.02 0.02 0.00
Cr 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.00
Fe2+ 0.11 0.19 0.02 0.23 0.19 0.24 0.12 0.12 0.14 0.13 0.12 0.16 0.11 0.09 0.13 0.25
Fe3+ 0.08 0.00 0.33 0.40 0.11 0.11 0.07 0.06 0.04 0.06 0.06 0.12 0.08 0.10 0.06 0.10
Mn 0.01 0.00 0.01 0.03 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01
Mg 0.88 0.95 0.90 0.80 0.86 0.85 0.83 0.89 0.89 0.90 0.89 0.81 0.85 0.85 0.88 0.87
Ca 0.86 0.94 0.82 0.68 0.77 0.73 0.86 0.86 0.86 0.86 0.87 0.82 0.88 0.89 0.87 0.73
Na 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02
K 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 0.00 0.00
Total 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Mg# 0.89 0.83 0.98 0.78 0.82 0.78 0.88 0.88 0.86 0.88 0.88 0.84 0.88 0.90 0.87 0.78
Wo 44.45 45.10 39.48 31.69 39.77 37.70 45.81 44.66 44.54 44.23 44.81 42.74 45.75 46.08 44.67 37.27
En 45.38 45.67 43.47 37.61 44.28 43.97 44.31 45.89 46.20 46.31 46.02 42.17 44.20 43.85 45.31 44.57
Fs 10.17 9.23 17.05 30.70 15.96 18.34 9.89 9.45 9.26 9.46 9.17 15.09 10.05 10.07 10.02 18.17

(P=Phenocryst; G=Groundmass; Pl=Plagioclase)
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Sample bb7a-1 bb7a-4 bb7a-4 bb7a-4 bb7a-4 bb7a-5 bb7a-5 bb7a-6 bb7a-6 bb7a-7 bb7c-1 bb7c-1 bb7c-2 bb7c-2 bb7c-6 bb7c-7
Point 2.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 22.00 25.00 27.00 30.00 32.00 41.00 44.00
Size P P1 P2 P1 P2 P G P G P G G G G G P
SiO2 45.93 45.61 45.54 46.33 50.31 44.78 44.72 44.22 49.16 43.34 51.94 48.82 52.93 49.65 46.53 42.96
TiO2 0.01 0.02 0.03 0.00 0.04 0.02 0.01 0.02 0.05 0.04 0.10 0.08 0.08 0.07 0.08 0.00
Al2O3 34.15 33.84 33.96 33.61 30.07 33.73 33.60 34.10 30.14 34.53 28.59 28.84 27.80 30.31 26.31 34.48
Cr2O3 0.00 0.00 0.00 0.00 0.02 0.05 0.01 0.00 0.02 0.05 0.01 0.06 0.00 0.00 0.00 0.03
FeO 0.55 0.60 0.60 0.69 1.15 0.59 0.79 0.51 1.08 0.54 1.01 3.44 1.06 1.00 0.89 0.52
MnO 0.00 0.07 0.00 0.04 0.04 0.06 0.06 0.04 0.04 0.05 0.03 0.06 0.02 0.04 0.01 0.03
MgO 0.06 0.09 0.11 0.08 0.28 0.12 0.06 0.10 0.14 0.11 0.11 1.13 0.13 0.08 0.16 0.12
CaO 18.27 18.01 17.88 17.67 13.98 18.02 18.04 18.30 14.45 18.83 12.33 12.78 11.70 14.90 11.52 19.17
Na2O 1.21 1.49 1.51 1.60 3.42 1.60 1.67 1.66 3.76 1.49 4.67 3.51 5.06 3.23 4.92 1.66
K2O 0.02 0.03 0.02 0.04 0.14 0.03 0.04 0.04 0.16 0.02 0.21 0.28 0.24 0.11 0.21 0.02
Total 100.13 99.76 99.65 100.06 99.45 99.00 99.00 99.00 99.00 99.00 99.00 99.00 99.02 99.39 90.63 99.00
Si 2.12 2.12 2.11 2.14 2.32 2.10 2.10 2.07 2.29 2.04 2.40 2.29 2.44 2.29 2.36 2.03
Ti 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 0.00 0.00
Al 1.85 1.85 1.86 1.83 1.63 1.86 1.86 1.88 1.65 1.91 1.55 1.59 1.51 1.65 1.57 1.91
Fe2+ 0.02 0.02 0.02 0.03 0.04 0.02 0.03 0.02 0.04 0.02 0.04 0.14 0.04 0.04 0.04 0.02
Fe3+ 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 0.00 0.00
Mn 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 0.00 0.00
Mg 0.00 0.01 0.01 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.01 0.08 0.01 0.01 0.01 0.01
Ca 0.90 0.90 0.89 0.87 0.69 0.90 0.91 0.92 0.72 0.95 0.61 0.64 0.58 0.74 0.63 0.97
Na 0.11 0.13 0.14 0.14 0.31 0.15 0.15 0.15 0.34 0.14 0.42 0.32 0.45 0.29 0.48 0.15
K 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.01 0.01 0.01 0.00
Total 5.01 5.03 5.03 5.02 5.02 5.04 5.05 5.06 5.06 5.07 5.04 5.08 5.04 5.03 5.10 5.09
Ab 10.70 13.00 13.30 14.00 30.50 13.90 14.30 14.10 31.70 12.50 40.20 32.60 43.30 28.00 43.00 13.60
An 89.20 86.80 86.60 85.80 68.70 85.90 85.50 85.60 67.40 87.40 58.60 65.60 55.30 71.40 55.70 86.40
Or 0.10 0.20 0.10 0.20 0.80 0.20 0.20 0.30 0.80 0.10 1.20 1.70 1.30 0.60 1.20 0.10
Pl Name B B B B L B B B L B L L L B L B

Sample bb7-9 bb7-9 bb7--9 bb7-9 bb7-9 bb7-9 bb7-9 bb7-10 bb7-10 bb7-10 bb7-10 bb7-10 bb7-10 bb7-10 bb7-10
Point 46.00 47.00 60.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00
Size P1 P2 P3 P4 P5 P7 P7 P1 P2 P3 P4 P5 P6 P7 P8
SiO2 51.76 50.84 52.24 51.44 52.30 51.66 52.30 52.80 49.14 53.53 52.93 53.82 52.55 51.27 48.16
TiO2 0.06 0.04 0.05 0.03 0.07 0.08 0.08 0.06 0.05 0.07 0.05 0.09 0.10 0.05 0.02
Al2O3 29.72 30.69 29.14 29.91 29.50 29.45 29.15 28.88 31.76 28.99 28.88 28.12 29.24 29.77 31.68
Cr2O3 0.00 0.00 0.04 0.02 0.01 0.04 0.04 0.01 0.05 0.00 0.00 0.00 0.03 0.03 0.03
FeO 0.88 0.93 0.79 0.89 0.69 0.74 0.85 0.84 0.64 0.73 0.79 0.70 0.76 0.91 0.97
MnO 0.03 0.05 0.05 0.00 0.00 0.07 0.01 0.03 0.02 0.04 0.05 0.04 0.07 0.00 0.01
MgO 0.10 0.06 0.06 0.09 0.06 0.09 0.10 0.15 0.09 0.15 0.16 0.17 0.12 0.10 0.19
CaO 13.63 13.88 13.10 13.68 12.82 13.19 12.62 12.66 15.55 12.66 12.77 12.05 13.18 14.04 15.45
Na2O 3.99 3.49 4.24 3.87 4.05 3.97 4.32 4.14 2.89 4.37 4.24 4.44 4.11 3.63 2.59
K2O 0.23 0.19 0.24 0.22 0.25 0.22 0.25 0.30 0.10 0.32 0.27 0.30 0.22 0.19 0.13
Total 100.40 100.17 99.95 100.15 99.75 99.51 99.72 99.87 100.29 100.86 100.14 99.73 100.38 99.99 99.23
Si 2.36 2.32 2.39 2.35 2.39 2.37 2.39 2.41 2.25 2.42 2.41 2.45 2.39 2.35 2.23
Ti 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 0.00
Al 1.59 1.65 1.57 1.61 1.59 1.59 1.57 1.55 1.71 1.54 1.55 1.51 1.57 1.60 1.73
Fe2+ 0.03 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04
Fe3+ 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 0.00
Mn 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 0.00
Mg 0.01 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.67 0.68 0.64 0.67 0.63 0.65 0.62 0.62 0.76 0.61 0.62 0.59 0.64 0.69 0.77
Na 0.35 0.31 0.38 0.34 0.36 0.35 0.38 0.37 0.26 0.38 0.37 0.39 0.36 0.32 0.23
K 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.01
Total 5.03 5.01 5.02 5.02 5.00 5.01 5.02 5.00 5.02 5.01 5.01 5.00 5.01 5.02 5.02
Ab 34.20 30.90 36.40 33.50 35.80 34.80 37.70 36.60 25.00 37.70 37.00 39.30 35.60 31.50 23.10
An 64.60 68.00 62.20 65.30 62.70 63.90 60.80 61.70 74.40 60.50 61.50 59.00 63.10 67.40 76.10
Or 1.30 1.10 1.40 1.30 1.50 1.30 1.50 1.70 0.60 1.80 1.60 1.70 1.30 1.10 0.80
Pl Name L L L L L L L L B L L L L L B

(P=Phenocryst; G=Groundmass; B=Bytownite; L=Labradorite; Pl=Plagioclase)
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Sample bb7-10 bb7-10 bb7-10 bb6-2 bb6-2 bb6-3 bb6-4 bb6-4 bb6-5 bb6-7 bb6-7 bb6-7 bb6-8 bb6-8 bb6-10 bb6-10
Point 60.00 61.00 62.00 105.00 108.00 110.00 111.00 113.00 115.00 121.00 122.00 123.00 124.00 125.00 132.00 130.00
Size P9 P10 P11 P P P P G P P P G P P P  Pl in another Pl
SiO2 47.94 50.17 53.94 45.50 45.57 53.48 46.42 54.21 47.21 44.00 43.80 51.37 45.87 45.36 44.45 49.01
TiO2 0.03 0.05 0.08 0.01 0.00 0.08 0.01 0.10 0.02 0.04 0.01 0.08 0.04 0.01 0.01 0.05
Al2O3 32.05 30.74 28.34 34.22 33.90 27.70 33.53 27.63 33.01 34.26 34.29 28.71 33.63 34.03 32.99 29.31
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.00 0.00
FeO 0.80 0.96 1.14 0.51 0.53 0.99 0.57 1.31 0.65 0.54 0.71 1.27 0.62 0.52 0.71 1.33
MnO 0.05 0.04 0.04 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.00 0.06
MgO 0.08 0.10 0.09 0.08 0.04 0.30 0.12 0.21 0.13 0.09 0.06 0.14 0.15 0.07 0.11 0.07
CaO 16.46 14.88 12.23 18.19 18.18 11.51 17.59 11.02 16.88 18.54 18.89 12.13 17.68 18.31 19.18 15.41
Na2O 2.35 3.14 4.67 1.34 1.38 4.97 1.50 5.37 2.04 1.47 1.20 5.08 1.69 1.35 1.52 3.62
K2O 0.12 0.15 0.29 0.03 0.02 0.21 0.03 0.27 0.06 0.03 0.03 0.22 0.04 0.04 0.02 0.12
Total 99.88 100.23 100.82 99.88 99.62 99.25 99.79 100.13 100.00 99.00 99.00 99.00 99.73 99.72 99.00 99.00
Si 2.21 2.30 2.44 2.11 2.11 2.45 2.15 2.46 2.18 2.06 2.06 2.38 2.13 2.11 2.09 2.29
Ti 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 0.00 0.00
Al 1.74 1.66 1.51 1.87 1.85 1.49 1.82 1.48 1.79 1.89 1.90 1.56 1.84 1.86 1.83 1.61
Fe2+ 0.03 0.04 0.04 0.02 0.02 0.04 0.02 0.05 0.03 0.02 0.03 0.05 0.02 0.02 0.03 0.05
Fe3+ 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 0.00 0.00
Mn 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 0.00 0.00
Mg 0.01 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01
Ca 0.81 0.73 0.59 0.90 0.90 0.57 0.87 0.54 0.83 0.93 0.95 0.60 0.88 0.91 0.97 0.77
Na 0.21 0.28 0.41 0.12 0.12 0.44 0.13 0.47 0.18 0.13 0.11 0.46 0.15 0.12 0.14 0.33
K 0.01 0.01 0.02 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Total 5.02 5.02 5.02 5.02 5.02 5.02 5.01 5.04 5.02 5.05 5.05 5.07 5.03 5.02 5.06 5.07
Ab 20.40 27.40 40.20 11.70 12.10 43.30 13.30 46.10 17.90 12.60 10.30 42.60 14.70 11.70 12.60 29.70
An 79.00 71.70 58.20 88.10 87.90 55.50 86.50 52.30 81.70 87.30 89.50 56.20 85.10 88.10 87.40 69.60
Or 0.70 0.90 1.70 0.20 0.10 1.20 0.20 1.60 0.40 0.20 0.20 1.20 0.20 0.20 0.10 0.60
Plg name B B L B B L B L B B B L B B B L

3-
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Comment bb6-4 bb6-5 bb6-9 bb6-9 bb7a-9 bb7c-1 bb7c-3
Point 112 116 128 129 23 24 35
SiO2 41.29 42.73 42.5 43.13 38.86 37.68 27.14
TiO2 0.03 0.04 0.03 0 0.03 0.05 0
Al2O3 8.04 9.25 8.04 8.02 10.95 15.17 10.67
Cr2O3 0.04 0.05 0 0.07 0.01 0.07 0.06
FeO 22.36 20.44 24.09 23.11 20.73 19.57 22.72
MnO 0.82 0.34 0.64 0.49 0.2 0.22 0.24
MgO 8.45 11.2 10.35 11.11 14.88 8.31 15.28
CaO 3.03 2.66 2.69 2.55 1.92 0.92 0.71
Na2O 0.11 0.24 0.04 0 0.17 0.11 0.07
K2O 0.45 1.1 0.31 0.12 0.71 3.03 0.82
Total 84.63 88.05 88.67 88.6 88.46 85.13 77.71

Type 
Point 112 116 128 129 23 24 35
Si 6.23 6.11 6.14 6.18 5.57 5.61 4.66
Ti 0 0 0 0 0 0.01 0
AlIV 1.43 1.56 1.37 1.35 1.85 2.39 2.16
AlVI 0 0 0 0 0 0.27 0
Cr 0.01 0.01 0 0.01 0 0.01 0.01
Fe2+ 2.82 2.45 2.91 2.77 2.49 2.44 3.26
Fe3+ 0 0 0 0 0 0 0
Mn 0.11 0.04 0.08 0.06 0.02 0.03 0.04
Mg 1.9 2.39 2.23 2.37 3.18 1.85 3.91
Ca 0.49 0.41 0.42 0.39 0.3 0.15 0.13
Na 0.03 0.07 0.01 0 0.05 0.03 0.02
K 0.09 0.2 0.06 0.02 0.13 0.58 0.18
Cations 13.11 13.23 13.21 13.15 13.59 13.35 14.36
Fe# 0.6 0.51 0.57 0.54 0.44 0.57 0.45
Mg# 0.4 0.49 0.43 0.46 0.56 0.43 0.55
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(Aoki

and Shiba, 1973) .
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(Nimis and 

Taylor, 2000).

Thermometry

Nimis and Taylor(2000)

Barometry

Nimis 

(2000)

Thermometry

Nimis and 

Taylor(2000)

Pressures (kbar):
(kbar)

(based on Pressures

from Barometry of

Nimis (2000)
1 5 10

Samples Temperatures (oC):

Cpx Type 1

1 887 894 904 - 874

3 950 959 969 - 938

4 966 974 985 - 954

29 964 972 983 5.3 973

38 947 955 966 5.0 955

58 1054 1063 1074 5.7 1064

59 1085 1094 1105 6.6 1097

100 959 967 978 7.7 973

102 957 966 976 5.2 966

103 982 990 1001 5.7 992

104 971 979 990 4.3 978

106 942 950 961 4.3 949

114 973 981 992 5.3 982

117 903 911 921 5.6 944

118 868 876 886 4.6 875

119 935 943 953 3.8 909

Cpx Type 2

7 806 813 822 - 796

17 851 859 869 - 841

18 725 732 740 3.7 730

19 1009 1018 1029 4.2 1016

20 1051 1060 1071 4.6 1059

21 1032 1041 1052 4.2 1039

33 1100 1110 1121 4.7 1109

39 654 660 668 3.5 657

42 967 975 986 3.0 971

120 1080 1089 1100 4.9 1089

Cpx Groundmass

16 970 979 989 - 961

26 1087 1097 1108 4.5 1095

28 1072 1081 1092 4.3 1079

31 1070 1079 1091 4.2 1077

33 1100 1110 1121 4.7 1109

34 1105 1115 1126 4.7 1114

43 1022 1030 1041 2.4 1025
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(Jowett, 1991; Cathelineau, 

1988; Cathelineau and Nieva, 1985)
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Cathelineau and Nieva (1985) Cathelineau (1988) Jowett (1991)

Point T1 T2 T3

112 322.31 398.19 447.49

116 349.82 439.72 504.21

128 309.08 378.23 438.15

129 306.09 373.72 438.27

23 411.89 533.42 622.27

24 527.07 707.29 751.95

35 477.37 632.27 743.46

281389

(Leterrier et al.,

1982).
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Sample 2j-13 2j-13 2j-13 2j-13 2j-13 3j-14 3j-14 3j-14 3j-14 3j-14 3j-14 3j-14 3j-20 3j-20 3j-20

Location 1 2 3 5 6 1 2 3 4 5 6 7 1 2 3

SiO2 67.90 69.17 69.32 64.36 68.25 68.15 68.20 67.60 67.20 68.17 67.27 68.16 68.14 68.24 68.21

TiO2 0.00 0.00 0.07 0.07 0.02 0.00 0.07 0.02 0.05 0.01 0.05 0.04 0.04 0.04 0.01

Al2O3 19.15 17.20 19.38 22.56 19.06 20.16 20.14 20.08 19.77 20.33 19.85 20.08 19.75 19.30 19.23

FeO* 0.10 0.05 0.07 0.27 0.30 0.06 0.03 0.25 0.39 0.19 0.14 0.10 0.03 0.29 0.00

MgO 0.00 0.00 0.06 0.12 0.35 0.00 0.00 0.07 0.16 0.00 0.00 0.07 0.00 0.00 0.00

CaO 0.75 0.11 0.05 0.86 0.50 0.35 0.43 0.48 0.43 0.38 0.40 0.44 0.57 0.43 0.33

Na2O 11.65 12.20 12.12 10.39 11.36 11.69 11.61 11.37 11.87 11.15 11.82 11.31 11.19 10.88 11.89

K2O 0.00 0.04 0.00 1.41 0.03 0.14 0.04 0.11 0.13 0.21 0.07 0.33 0.10 0.16 0.04

Total 99.55 98.77 101.07 100.03 99.87 100.55 100.51 100.04 99.99 100.43 99.61 100.52 99.82 99.34 99.71

Si 2.99 3.06 3.00 2.85 2.99 2.97 2.97 2.96 2.95 2.97 2.96 2.97 2.98 3.00 2.99

Al 0.99 0.90 0.99 1.17 0.98 1.03 1.03 1.04 1.02 1.04 1.03 1.03 1.02 1.00 0.99

Ti 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 0.00

Fe2+ 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00

Mg 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Ca 0.04 0.01 0.00 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.02

Na 0.99 1.05 1.02 0.89 0.97 0.99 0.98 0.97 1.01 0.94 1.01 0.96 0.95 0.93 1.01

K 0.00 0.00 0.00 0.08 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.00

Cation 5.01 5.01 5.01 5.05 5.00 5.01 5.00 5.01 5.04 4.99 5.03 5.00 4.98 4.97 5.02

X 3.98 3.96 3.99 4.02 3.98 4.00 4.00 4.00 3.98 4.01 3.99 4.00 4.00 4.00 3.99

Z 1.03 1.06 1.03 1.03 1.02 1.01 1.00 1.01 1.06 0.98 1.04 1.00 0.98 0.97 1.03

Ab 96.6 99.3 99.8 88.1 97.5 97.6 97.8 97.1 97.4 96.9 97.8 96.1 96.7 97.0 98.3

An 3.4 0.5 0.2 4.1 2.3 1.6 2.0 2.3 1.9 1.9 1.8 2.0 2.8 2.1 1.6

Or 0.0 0.2 0.0 7.8 0.2 0.8 0.2 0.6 0.7 1.2 0.4 1.9 0.5 0.9 0.2

Sample 3j-20 3j-20 3j-20 G24 G24 G24 G24 G24 j-15 j-15 j-15 j-15 j-15 j-15 j-15

Location 4 4 5 1 2 3 4 5 1 2 3 4 5 6 7

SiO2 68.78 68.78 66.98 61.10 59.76 61.18 61.89 61.01 67.06 67.28 67.27 67.86 67.96 67.38 66.23

TiO2 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.05 0.03 0.06 0.00 0.03 0.01 0.04

Al2O3 19.70 19.70 20.09 24.87 24.82 24.11 24.28 24.61 20.16 20.12 20.35 20.49 19.65 20.36 19.84

FeO* 0.00 0.00 0.99 0.19 0.54 0.06 0.13 0.59 0.11 0.01 0.11 0.03 0.08 0.06 1.69

MgO 0.00 0.00 0.66 0.00 0.06 0.08 0.00 0.13 0.00 0.26 0.21 0.00 0.00 0.00 1.47

CaO 0.50 0.50 0.91 6.32 7.41 7.06 6.18 6.18 0.54 0.92 0.85 0.83 0.72 0.67 0.48

Na2O 11.32 11.32 10.76 8.35 7.85 8.06 8.04 8.28 11.93 11.75 11.81 11.45 11.67 11.52 10.86

K2O 0.06 0.06 0.54 0.06 0.09 0.03 0.08 0.12 0.10 0.09 0.10 0.04 0.09 0.08 0.14

Total 100.36 100.36 100.92 100.89 100.54 100.58 100.61 100.93 99.95 100.46 100.75 100.69 100.19 100.08 100.75

Si 2.99 2.99 2.93 2.70 2.66 2.71 2.73 2.70 2.95 2.94 2.93 2.95 2.97 2.95 2.91

Al 1.01 1.01 1.03 1.29 1.30 1.26 1.26 1.28 1.04 1.04 1.05 1.05 1.01 1.05 1.03

Ti 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 0.00

Fe2+ 0.00 0.00 0.04 0.01 0.02 0.00 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.06

Mg 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.10

Ca 0.02 0.02 0.04 0.30 0.35 0.34 0.29 0.29 0.03 0.04 0.04 0.04 0.03 0.03 0.02

Na 0.96 0.96 0.91 0.71 0.68 0.69 0.69 0.71 1.02 1.00 1.00 0.97 0.99 0.98 0.92

K 0.00 0.00 0.03 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01

Cation 4.98 4.98 5.03 5.01 5.03 5.01 4.98 5.02 5.04 5.04 5.04 5.01 5.02 5.01 5.05

X 4.00 4.00 3.96 3.99 3.96 3.97 3.99 3.98 3.99 3.98 3.98 4.00 3.99 4.00 3.93

Z 0.98 0.98 1.06 1.02 1.06 1.04 0.99 1.04 1.05 1.06 1.06 1.01 1.03 1.02 1.11

Ab 97.3 97.3 92.6 70.2 65.4 67.2 69.8 70.3 97.0 95.4 95.7 95.9 96.2 96.4 96.8

An 2.3 2.3 4.4 29.4 34.1 32.6 29.6 29.0 2.4 4.1 3.8 3.9 3.3 3.1 2.4

Or 0.3 0.3 3.0 0.4 0.5 0.2 0.5 0.7 0.6 0.5 0.5 0.2 0.5 0.5 0.8
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Sample 2j-15 2j-15 2j-15 2j-15 2j-15 3j-20 3j-20 3j-20 3j-20 3j-20 
Location 1 2 3 4 5 1 2 3 4 5 
SiO2 37.56 37.17 38.33 37.38 38.18 37.91 37.83 37.88 38.36 38.02 
Al2O3 22.85 22.32 22.65 22.43 22.12 21.92 21.62 21.67 22.15 21.83 
Fe2O3* 13.83 13.66 13.89 13.70 14.28 13.70 13.96 13.77 13.57 13.84 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CaO 23.52 23.29 23.31 23.58 23.23 23.35 23.53 23.59 23.09 23.31 
La2O3 0.00 0.18 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 
Ce2O3 0.00 0.02 0.00 0.00 0.00 0.00 0.09 0.07 0.02 0.00 
Nd2O3 0.15 0.16 0.14 0.00 0.11 0.04 0.00 0.06 0.00 0.05 
Sm2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Total 97.91 96.80 98.33 97.08 97.93 96.96 97.02 97.03 97.18 97.05 
Si 3.00 3.01 3.04 3.01 3.05 3.06 3.05 3.06 3.08 3.06 
Al 2.15 2.13 2.12 2.13 2.08 2.08 2.05 2.06 2.09 2.07 
Fe3+ 0.83 0.83 0.83 0.83 0.86 0.83 0.85 0.84 0.82 0.84 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 2.01 2.02 1.98 2.04 1.99 2.02 2.03 2.04 1.98 2.01 
La 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Nd 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sum_Cats 8.00 8.00 7.98 8.01 7.98 7.98 7.99 7.99 7.97 7.98 
O 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 12.50 
Ps 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 
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Sample G-24 G-24 G-24 G-24 G-24

Location 1 2 3 4 5

SiO2 45.25 44.10 43.87 41.34 40.20

TiO2 0.69 0.74 0.83 0.57 0.54

Al2O3 8.60 9.81 10.54 13.99 14.98

FeO* 20.64 21.14 22.47 22.96 23.45

MnO 0.01 0.16 0.00 0.03 0.05

MgO 8.58 8.31 6.87 5.88 5.17

CaO 11.53 11.60 11.46 11.16 10.76

Na2O 1.07 1.55 1.31 1.97 2.00

K2O 0.41 0.54 0.50 0.44 0.54

F 0.00 0.13 0.00 0.05 0.06

Total% 96.76 98.07 97.86 98.38 97.74

Si 6.87 6.66 6.67 6.27 6.16

Ti 0.08 0.08 0.09 0.07 0.06

Al iv 1.13 1.34 1.33 1.73 1.84

Al vi 0.41 0.41 0.55 0.77 0.86

Fe3+ 0.30 0.33 0.25 0.35 0.41

Fe2+ 2.33 2.34 2.61 2.56 2.59

Mn 0.00 0.02 0.00 0.00 0.01

Mg 1.94 1.87 1.56 1.33 1.18

Ca 1.88 1.88 1.87 1.81 1.77

Na 0.31 0.46 0.39 0.58 0.59

K 0.08 0.10 0.10 0.09 0.11

F 0.00 0.06 0.00 0.02 0.03

Sum_cat 15.33 15.49 15.41 15.57 15.57

10-)
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(Leake et al., 1997; Hawthorne, 1981).
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Sample P (Kbar) 

1 4.31564 
2 5.30096 
3 5.96736 
Average 5.19465 
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Sample No. Gd1 Gd1 Peg Peg H H H H H Sch Sch
Mineral type Grt1 Grt2 Grt Grt Grt Grt Grt Grt Grt Grt Grt
SiO2 37.05 35.38 36.2 35.94 37.23 36.27 36.01 36.11 35.85 35.87 36.23
Al2O3 21.65 20.56 21.24 21.21 21.85 21.05 21.15 21.25 21.15 20.74 21.01
MgO 3.36 1.2 0.6 0.83 1.41 1.7 1.61 1.64 1.65 0.8 1.22
FeO 34.92 29.25 32.47 34.2 28.45 33.89 36.92 36.24 34.18 28.38 28.13
TiO2 0.06 0.12 0.02 0.02 0.09 0.04 0.09 0.03 0.03 0.02 0
MnO 3.32 11.04 11.07 8.45 11.94 6.33 3.78 4.56 6.22 12.77 12.76
CaO 1.17 1.2 0.15 0.3 0.93 1.11 1.15 1.1 1.1 1.25 1.14
Na2O 0.02 0.05 0.01 0.04 0 0.01 0 0.02 0 0.03 0.02
K2O 0 0.02 0 0 0 0 0.01 0 0 0 0
Cr2O3 0.01 0.07 0.02 0.02 0 0.03 0.03 0.02 0.03 0.03 0.03
NiO 0.07 0.02 0.04 0.02 0.01 0 0.05 0.03 0.02 0.04 0
Total 101.62 98.89 101.81 101.03 101.92 100.43 100.8 100.99 100.25 99.93 100.55
Si 2.95 2.94 2.94 2.94 2.97 2.96 2.93 2.93 2.93 2.96 2.96
Al 2.03 2.01 2.03 2.04 2.06 2.02 2.03 2.04 2.04 2.01 2.02
Mg 0.4 0.15 0.07 0.1 0.17 0.21 0.19 0.2 0.2 0.1 0.15
Fe 2.32 2.03 2.21 2.34 1.9 2.31 2.52 2.46 2.34 1.96 1.92
Ti 0 0.01 0 0 0.01 0 0.01 0 0 0 0
Mn 0.22 0.78 0.76 0.58 0.81 0.44 0.26 0.31 0.43 0.89 0.88
Ca 0.1 0.11 0.01 0.03 0.08 0.1 0.1 0.1 0.1 0.11 0.1
Na 0 0.01 0 0.01 0 0 0 0 0 0 0
Total 8.03 8.05 8.04 8.04 7.99 8.03 8.04 8.05 8.04 8.04 8.03
Pyr 13.1 4.84 2.38 3.32 5.68 6.76 6.35 6.46 6.57 3.23 4.87
Alm 76.3 66.32 72.26 76.65 64.3 75.74 81.89 80.21 76.24 64 62.93
Grs 3.27 3.49 0.42 0.86 2.7 3.18 3.28 3.11 3.14 3.61 3.27
Sps 7.34 25.35 24.94 19.18 27.32 14.32 8.48 10.23 14.05 29.16 28.92
Total 100 100 100 100 100 100 100 100 100 100 100

(Pyr=pyrope; alm=almandine; grs=grossular; sps=spessartine) 

Sample No. Qd Qd Qd Sample No. Gd H H H H H H Qd Gd Mgr

Mineral type Hbl Hbl Hbl Mineral type Ms Ms Bt Bt Bt Bt Bt Bt Bt Bt

SiO2 49.25 49.27 49.71 SiO2 46.04 60.28 34.79 33.53 34.9 35.13 34.94 36.59 34.25 33.59

Al2O3 5.42 5.66 5.53 Al2O3 34.48 27.35 19.92 19.35 23 19.81 20.35 14.99 18.87 18.22

MgO 13.57 13.45 13.41 MgO 0.96 0.36 8.66 8.6 7.55 8.28 8.52 11.71 7.08 5.77

FeO 15.74 14.61 15.37 FeO 1.94 0.7 21.09 21.46 18.62 20.84 20.67 14.97 18.96 20.23

TiO2 0.7 0.85 0.79 TiO2 0.57 0.19 1.83 1.89 1.45 1.64 1.37 3.79 4.69 4.96

MnO 0.48 0.31 0.42 MnO 0.03 0 0.3 0.26 0.32 0.24 0.29 3.51 2.34 2.24

CaO 10.69 11.37 11.4 Na2O 0.38 0.87 0.25 0.27 0.3 0.3 0.29 0.04 0 0.03

Na2O 0.71 0.79 0.7 K2O 9.18 6.56 8.08 7.43 7.04 8.07 7.79 0.12 0.19 0.06

K2O 0.42 0.5 0.43 Cr2O3 0.1 0.01 0.06 0.07 0.06 0.06 0.09 8.57 8.57 8.49

Cr2O3 0.08 0.1 0.04 NiO 0 0.04 0.07 0.1 0 0.05 0.01 0.11 0.03 0.08

NiO 0.04 0 0.05 Total 93.75 96.41 95.07 93.09 93.29 94.45 94.46 94.58 95.2 94.2

Total 97.11 96.9 97.83 Si 3.1 3.78 2.66 2.63 2.65 2.7 2.68 2.79 2.66 2.67

Si 7.11 7.18 7.18 AlIV 0.9 0.22 1.34 1.37 1.35 1.3 1.32 1.21 1.34 1.33

Al IV 0.89 0.82 0.82 Total 4 4 4 4 4 4 4 4 4 4

sum T 8 8 8 AlVI 1.84 1.8 0.46 0.42 0.72 0.49 0.51 0.14 0.39 0.37

Al VI 0.03 0.15 0.12 Mg 0.1 0.03 0.99 1.01 0.86 0.95 0.97 1.33 0.82 0.68

Ti 0.08 0.09 0.09 Fe 0.11 0.04 1.35 1.41 1.18 1.34 1.32 1.2 1.54 1.67

Fe 3+ 1.11 0.6 0.73 Ti 0.03 0.01 0.11 0.11 0.08 0.09 0.08 0.2 0.14 0.13

Cr 0.01 0.01 0 Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Mg 2.92 2.92 2.89 Ca 0.01 0 0 0.01 0 0 0.01 

Fe 2+ 0.79 1.18 1.13 Cr 0.01 0 0 0 0 0 0.01 0.01 0 0

Mn 0.06 0.04 0.05 Tot 2.09 1.9 2.91 2.97 2.86 2.89 2.92 2.9 2.9 2.88

sum C 5 5 5 Na 0.05 0.11 0.04 0.04 0.04 0.04 0.04 0.02 0.03 0.01

Ca 1.65 1.78 1.76 K 0.79 0.52 0.79 0.74 0.68 0.79 0.76 0.84 0.85 0.86

Na 0.2 0.22 0.2 Total 6.93 6.53 7.74 7.75 7.59 7.72 7.72 7.75 7.78 7.75

sum B 1.85 2 1.96

K 0.08 0.09 0.08

sum A 0.08 0.09 0.08

801389

1-.

Sample No. Peg Peg Peg Peg Mgr Mgr Qd Qd Qd Gd Gd Mgr Mgr H H

Mineral type Fl Fl Fl Fl Fl Fl Pl Pl Pl Pl Pl Pl Pl Pl Pl

SiO2 64.2 63.9 64.7 65.9 63.5 62.3 56.3 54.8 52.7 58.1 55.0 62.1 55.8 58.2 59.8

Al2O3 19.0 19.1 21.9 22.1 19.3 19.0 27.8 29.1 30.1 27.3 29.1 22.8 27.6 26.4 25.8

MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FeO 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TiO2 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MnO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

CaO 0.0 0.0 2.5 2.0 0.0 0.1 9.5 10.9 12.2 8.6 10.6 3.8 9.2 7.7 6.9

Na2O 1.4 1.0 10.2 10.4 0.6 0.5 6.1 5.4 4.6 6.6 5.4 5.9 5.4 7.3 7.7

K2O 13.6 14.0 0.1 0.2 10.5 11.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0

Cr2O3 0.1 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

NiO 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 98.3 98.1 99.7 100.7 94.0 93.5 99.9 100.4 99.6 100.8 100.3 94.8 98.1 99.6 100.2

Si 3.0 3.0 2.9 2.9 3.0 3.0 2.5 2.5 2.4 2.6 2.5 2.9 2.5 2.6 2.7

Al 1.0 1.1 1.1 1.1 1.1 1.1 1.5 1.5 1.6 1.4 1.5 1.2 1.5 1.4 1.4

Ca 0.0 0.0 0.1 0.1 0.0 0.0 0.5 0.5 0.6 0.4 0.5 0.2 0.5 0.4 0.3

Na 0.1 0.1 0.9 0.9 0.1 0.0 0.5 0.5 0.4 0.6 0.5 0.5 0.5 0.6 0.7

K 0.8 0.8 0.0 0.0 0.6 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 5.0 5.0 5.0 5.0 4.8 4.8 5.0 5.0 5.0 5.0 5.0 4.8 5.0 5.0 5.0

Xab 0.1 0.1 0.9 0.9 0.1 0.1 0.5 0.5 0.4 0.6 0.5 0.7 0.5 0.6 0.7

Xan 0.0 0.0 0.1 0.1 0.0 0.0 0.5 0.5 0.6 0.4 0.5 0.3 0.5 0.4 0.3

Xor 0.9 0.9 0.0 0.0 0.9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

(ab=albite; an=anorthite; or=orthose) 
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(Lalonde and Bernard, 

1993) .(

(Partin et al.,

1983; Wones et al., 1971)(Abbot and 

Clarke, 1979)

(Abdelrahman, 1994; Nachite, 1986).

10MgO-TiO2-FeO* + MnO(Nachite et

al., 2005)

)3.(

3-10MgO-TiO2-FeO*+MnO(Nachite

et al., 2005)

) : : :.(
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Fe*/(Fe*+Mg)33/0

) ((Deer

et al., 1962))4(Al

Fe*/(Fe*+Mg)

Al

Fe*/(Fe*+Mg)

 .

4-

(Deer et al., 1962; Spear, 1984))3

.(

Al

Fe*/(Fe*+Mg)

)4( .

MgAl

(Nachite, 1986)

(Nachite,

1986))5(.

5-

(Nachite, 1986))

3.

)1994) (6.(

StussiCuney)1996 (

PCAl2O3-MgO

- .

-

.

Baker)1987 (

-

)1385 (

.

841389

6-(Abdel-Rahman, 1994)

)3) (A:C:P :.(

 .

)1 .(

MgOTiO2FeO*K2O

Na2OSiO2 .

)2-C(

 .

TiMgFe

.

)2-D2.(

(Tulloch, 1979)
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(Prh)(Bt)

:

Bt +An +H2O Prh +Chl+Kfs+Sph +Ms

2-

Element 9 4 6 7 8
Na2O 0.01 0.04 0.03 0.05 0.02
CaO 26.69 26.63 26.70 26.50 26.21
NiO 0.03 0.01 - - 0.02
SiO2 43.46 43.41 43.37 43.38 43.42
MgO - 0.02 - 0.02 0.16
K2O 0.02 0.03 0.03 0.03 0.05
FeO 0.32 0.49 0.43 0.64 0.86
Al2O3 23.70 23.67 23.46 23.73 23.43
F 0.05 0.02 - - -
SO3 - - 0.01 0.00 0.01
MnO 0.02 - - 0.03 0.01
P2O5 - 0.00 0.02 0.01 0.01
Cr2O3 - 0.02 0.02 - 0.01
SrO 0.03 0.02 - 0.01 0.02
TiO2 0.09 0.10 0.13 0.07 0.03
BaO - 0.05 - - 0.03
Total 94.38 94.51 94.20 94.47 94.28

)1 .(

13 = Si + Ti + Al + Fe + Mn 

+ Mg)13eCNK

13 (

(Cosca et al,m 1991) .

(Leake et al., 1997)

.

P-T1

Kbar234001150

(Leake et al., 1997; Stein and Dietl, 

2001)Fe/ (Fe + Mg)

38/039/0

6/0) (

Al

(Dietl, 2000) .Altot

Fetot / (Mg + Fetot)(Schmidt, 1992)

13

)5/35/10 (

)7 (

)3(

43/061/1)5/1

6 (.

7-AltotalFe/(Fe+Mg)Schmidt)1992 (

 .

5/1

)3.(

3 -

Al

 .

Analysis no. 1 2 3 Average 

Hollister et al (1987)  0.43 0.71 0.54 0.56 

Schmidt (1992)  1.37 1.61 1.46 1.48 

Hammarstrum and Zen (1986) 0.71 0.96 0.81 0.83 

Johnson and Rutherford (1989) 0.43 0.64 0.52 0.53 

Average 0.79 1.18 1.27 1.08 

861389

)1 .(

An=46

An=59An=41An=52

An=26An=48

-

)7 .(

An=33An=37-

)8 .(

Or=92

Ab=8 Or=93 Ab=6

 .

Ab=88

An=12Ab=90An=10

Or=86Ab=14Or=90Ab=10

)8.(

9

550650

 .

(Koroll,

1993; Anderson, 1996).

8-

--) . :

 :O) (3.(

9--–

1(Koroll, 1993; Anderson, 1996))
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-

)

10( .HollandBlundy)1994 (

400

1000115

(Holland, 1994) .

4.

10-

.

4--

HollandBlundy

)1994 (.

Pkbar 0 5 10 15 

x(ab)=0.54 

T (ed-tr) 691 653 614 575 

T (ed-ri) 698 711 725 739 

x(ab)=0.47 

T (ed-tr) 684 649 614 579 

T (ed-ri) 715 732 750 767 

13

AltotalFe/(Fe+Mg))7 (

43/061/1Altotal

53

653732

.Vyhnal

)1991 (T=25.3P+654.9

 .

Altotal

)43/061/1 (

666696

AltotalFe/(Fe+Mg))1

37 (680731

.

I

(Helmy et al., 2004).

(Ewart, 1979)

(Loiselle and Wones, 1989).

 .

881389

(Enami et al., 1993).

)5(

)1 (

.

5-

.

Sample No.  Gkl Gk18 AD14 AD22

TiO2 2.8 10.74 2.41 0.34
SiO2 0.03 0 0.07 0.04
FeO 28.3 77.86 26.73 30.69
FeOtotal 68.12 6.21 69.09 68.28
Cr2O3 0.09 0.43 0.19 0.07
A12O3 0.1 2.02 0.09 0.07
V2O3 0.38 0 0.28 0.29
MnO 0.25 0.22 0.91 0.26
MgO 0.06 2.14 0.04 0.04
CaO 0 0.12 0 0
Total 100.13 99.74 99.81 100.8

Wones)1989 (

 + +

 .

:

log O2 = -30930/T + 14.98 + 0.142(P -1)/T

TP

 .

-Al

)log O2

3/18 -6/15- (.

 .

)1 (

63Alm=29Sps=

5Pyr=3Grs=64Alm=29Sps=3Pyr=

4Grs=-

.

64Alm=27Sps=

6Pyr=3Grs=82Alm=8Sps=6Pyr=

4Grs=-

 .

AlmPyrSps .

72Alm=25Sps=

2Pyr=1Grs<77Alm=19Sps=3Pyr=

1Grs=

-

89

AlmPyr

Sps .

66Alm=25Sps=5Pyr=4Grs=

76Alm=7Sps=13Pyr=4Grs=

-

AlmPyrSps

 .

.

–

-

 .

 .

3

)6 .(

472

.

6--

 .

B92(Bhattacharya et al., 1992)FS78(Ferry and Spear, 

1978)HS82(Hodges and Spear, 1982)PL83(Perchuk et 

al., 1983)HL97(Holdaway et al., 1997).

Grt-Bit Pairs 1 2 5 13 14 

Pressure(kbar) 3 3 3 3 3

B92-HW 453 489 479 483 480 

B92-GS 402 466 470 469 459 

FS78 458 467 429 443 451 

HS82 468 479 442 455 463 

PL83 512 517 494 502 507 

HL97 492 499 471 481 487 

-

 .

.

(Berthier et al., 1974; Masoudi, 1997

1385) (1.(

(Tahmasbi et al.,

2010)I

)1385

901389

1386Ahmadi-Khalaji et al., 2007

Masoudi and Yardley, 2005 .(Sr-
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87Sr/86Sr)i(706/0707/0
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Khalaji et al., 2007 .(
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I
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Stussi and Cuney, 1996).
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Tectonic and magmatic settings of the Oligocene felsic 

outcrops in the south of Ardestan, NE of Isfahan 
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Department of Petrology, Islamic Azad University, Khorasgan Branch, Isfahan, Iran.

Abstract

The Oligocene felsic outcrops are located in the south of Ardestan (NE of Isfahan). The 
area is a part of Uromieh –Dokhtar structural zone. These outcrops are composed of 
rhyolite and rhyodacite rocks. Geochemically, these rocks are sub-alkaline, calc-alkaline 
composition with high-K and peraluminous. Although the whole rock composition of 
the felsic rocks corresponds to S-type granites (i.e. high K, Al, large ion lithophile 
elements, and low Ca and Sr) but the studied rocks have remarkably primitive and 
igneous sources. The geochemical data suggest that mantle wedge is partly 
metasomatized with rhyolitic materials from subducted slabs; it is more likely that the 
rhyolite magma developed by very low degree partial melting of the metasomatized 
mantle wedge. The initial reason for direct eruption of the mantle-derived rhyolitic 
magmas would be a tensional condition of the Ardestan region during late Eocene- 
Oligocene time. If mantle-derived rhyolitic magmas ascended within a compression 
crust, the magmas should easily react with crustal materials and therefore it would be 
indistinguishable from felsic magmas produced by crustal fusion. The Petrological and 
geochemical evidences as well as the tectonic discrimination diagrams show that 
rhyolitic magma formed in an active volcanic arc. It seems that these rocks are formed 
following the subduction of Neo-Tethys oceanic crust beneath the central Iranian micro- 
continent.

Key words: Ardestan, Rhyolite, Felsic rocks, Calc-alkaline, Volcanic arc, Neo-Tethys
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Abstract

The composition of Boroujerd granitoid varies from quartz diorite, granodiorite to 
monzogranite associated with acidic dykes intruded into the Hamedan phyllite and 
developed a metamorphic aureole. On the basis of mineral chemistry the biotites have 
different compositions and their parent magma has subalkaline to calc-alkaline nature. 
The studied amphiboles are classified as calcic (magnesio-hornblende) which point to 
the I-type nature of the Boroujerd granitoid. Plagioclases vary from andesine-oligoclase 
to labradorite, alkali feldspars occur as orthoclase and those in pegmatites are sodic 
(albite) and potassic (orthoclase). The changes in feldspar composition in different units 
are normal indicating magma differentiation. In all samples, garnet displays zoning and 
is almandine-spessartine in composition. Also, garnet in hornfelses and granodiorites is 
cogenetic and nonmagmatic, but in pegmatites it has magmatic nature. Al-barometer 
accounts that the pressure of amphibole crystallization is 0.43 to 1.61Kbar and Altotal

versus Fetotal/(Mg+Fetotal) accounts the pressure between 1 to 3 Kbar. Hornblende - 
plagioclase thermometer shows 653 to 732 °C for equilibrium of these two minerals and 
garnet-biotite thermometer shows 472 °C for garnet-biotite in hornfelses. The estimated 
oxygen fugacity (log O2 varies between -18.3 to -15.6) imply an oxidation magma 
(confirms magnetite and enrichment of Mg in amphibole) and its formation in 
convergent plate boundary. 

Keywords: Boroujerd, Thermometry, Sanandaj-Sirjan Zone, Mineral chemistry, 
Barometry 
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Mineralogical study and the effective processes on the 

volcanic rocks of the Jahagh Anticline (South of Kashan)  

Seyed Mohsen Tabatabaeimanesh*, Homayoon Safaei and Akram Sadat Mirlohi 

Department of Geology, Faculty of Science, University of Isfahan, Iran

Abstract

The Jahagh anticline is located at 40 km south of Kashan and east of Ghohrud village. 
The Early Paleozoic volcanic rocks are outcropped in the Jahagh anticline core. Despite 
low degree alteration and metamorphism that are identified by mineralogical studies, the 
primary textures are well preserved whereas mineralogical composition has changed. 
The major minerals including of plagioclases and rare Fe-Mg minerals have 
experienced alteration. The presence of secondary minerals such as albite, chlorite, 
epidote and calcite shows that the low-grade metamorphism have occurred under 
greenschist facies. Following the intrusion of Ghohrud granitoid, the adjacent volcanic 
rocks have been metamorphosed under hornblende - hornfels facies. This phenomenon 
is evidenced by the association of plagioclase (oligoclase - andesine) and amphibole 
(Ferro -Tschermakite) in the rocks of western parts (approaching the intrusive mass).  

Keywords: Paleozoic, Jahagh anticline, Metamorphism, Kashan, Mineralogy 
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Abstract

The plutonic complexes of Marivan area, composed of two types of plutonic rocks of 
different genesis, are situated in the northwest of Sanandaj-Sirjan metamorphic belt. 
The stratigraphical units of the area are phyllite, limestone, volcanic rocks of the 
Cretaceous-Paleocene age, marl, sandstone and shale of the Oligo-Miocene age. Two 
plutonic complexes of the area are: (1) The granitoid complex of NW Marivan which is 
composed of syenogranite, monzogranite and granodiorite. Geochemically, these rocks 
are magnesian alkali-calcic to magnesian calc-alkali, sub-alkaline (calc-alkaline), 
peraluminous and are S-type. From geochemical and mineralogical aspects, this 
complex resembles the syn-collision granites. (2) The gabbro-diorite-quartz diorite 
complex of SE Marivan is composed of various plutonic rocks including gabbro, diorite 
and quartz diorite. Geochemically, these rocks are sub-alkaline (calc-alkaline), 
metaluminous, magnesian calcic and are I-type. Rocks of this complex show 
characteristics of plutonic rocks derived from upper mantle sources. It is worth to note 
that blocks of I-type complex are surrounded by rocks of S-type complex.  

Key words: I-type, S-type, Sanandaj-Sirjan, Granitoid, Marivan 
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Abstract

The Khoy ophiolite with Precambrian basement rock is located in north western of Iran. 
The tectonite peridotites are most formed by clinopyroxene harzburgites. These 
harzburgites characterized by protogranular, porphyroclastic and transformation 
textures, and composed of olivine (with kink band), orthopyroxene (with wavy 
extinction and exsolution clinopyroxene), spinel (like Holly – Leaf and shaped) and less 
than 10% of clinopyroxene. Two stages of alteration occur in these rocks, including 
static and dynamic.  These peridotites are partial melting residual of spinel lherzolites. 
The Khoy tectonite peridotites show the U-form pattern in the REEs. These patterns are 
probably related to the partial melting procedures and the process following the partial 
melting such as influence of felsic magmas after emplacement of ophiolites.  

Key words: Ophiolite, Tectonic peridotites, Khoy, REE 
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Abstract

In Borooni area (SW of Ardestan), which is a part of Uromiyeh – Dokhtar magmatic 
belt, the Miocene basaltic columnar-jointed dikes cross cut the Eocene volcanic rocks. 
These rocks contain the granitoid enclaves of Oligocene age and possibly, they are 
Miocene in age. The studied rocks are composed of chloritized olivine, clinopyroxene, 
plagioclase, chlorite, ilmenite and magnetite. Textures of these rocks are porphyritic, 
microlitic, microlitic porphyritic, glomerophyric, and sieved texture of plagioclases. 
Clinopyroxenes are augite to diopside in composition, and plagioclases range from 
labradorite to bytownite. Chlorites show diabantite composition and most of them 
produced by olivine alteration. Some chlorites are present in groundmass. Petrography 
and chemistry of minerals show that the parent magma subjected to a magma mixing 
with xenoliths of granitoid rocks during the ascending. These rocks are similar to the 
volcanic arc basalts.

Key words: Ardestan, Uromiyeh-Dokhtar, Iran, Basalt, Mineralogy 
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andesitic rocks of Nasir-Abad area, SW of Rayen, Kerman
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Abstract

The Upper Eocene sub-volcanic rhyolitic rocks of Nasir-Abad area, in south-west of 
Rayen, (placed in Kerman province -Iran) are under the pyroxene-andesite rocks of 
Lower Eocene volcano-sedimentary complex of Razak formation, which is a part of 
Uromieh-Dokhtar Volcanic Belt. One of the main characteristics of these sub-volcanic 
rhyolitic rocks, is their columnar joints structure, in which most parts are vertical and 
occasionally with a 50-degree to 70-degree tilting to the east. The general shape of the 
these joints, are often 5 to 6 sided volumes, but rarely 3, 4 and 7 sided volumes are also 
visible. These structures have been formed during the chilling process of the magma 
mass. The sub-volcanic rhyolitic rocks have microporphyry texture, but according to 
some thin sections, glomeroporphyry and felsophyric textures have been observed. It is 
worthnoting that, alkali feldspar, plagioclase, quartz, biotite and hornblende are the 
main mineral constituents. The pyroxene-andesitic rocks consist of porphyritic textures 
with plagioclase, amphibole and pyroxene as the main mineral constituents. Secondary 
minerals such as chlorite, calcite, sericite and epidote exist in both types of rocks. 
Investigation of the results of geochemical data, and tectonic discrimination diagram 
indicates that: the sub-volcanic rhyolitic rocks have characteristics of metaluminous, 
calk-alkaline, I-type granitic rocks and that the andesitic rocks derived from a rich 
mantle. Moreover, they were formed in a volcanic arc setting in an active continental 
margin environment.
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