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Sample 

Rock type 

Average 

garnet

granite

Average 

cordierite 

granite

Average 

of

granite

Average 

migmatitic 

xenolith 

Average 

metapelite 

and xenolith 

(wt%) 

SiO2 73.87 74.82 74.41 54.43 62.07 

Al2O3 14.02 13.45 13.69 21.53 17.47 

TiO2 0.05 0.08 0.07 1.41 0.70 

MgO 0.13 0.28 0.21 4.04 2.85 

FeO* 1.25 1.22 1.23 11.06 6.26 

CaO 0.65 0.64 0.65 1.13 1.56 

P2O5 0.11 0.12 0.11 0.09 0.14 

Na2O 2.06 2.85 2.51 1.14 1.86 

K2O 6.08 5.10 5.52 2.40 3.63 

MnO 0.06 0.05 0.05 0.28 0.18 

Total 98.31 98.62 98.49 97.63 96.73 

H2O
+ 1.03 0.93 0.97 1.97 2.38 

CIPW norm 

Qtz 36.28 36.27 36.33 21.97 25.3 

Or 35.93 30.14 32.63 14.20 21.45 

Ab 17.43 24.12 21.23 9.65 15.74 

An 2.51 2.39 2.46 5.04 6.82 

Crn 3.13 2.37 2.69 15.21 7.98 

Hy 2.65 2.9 2.69 28.57 17.77 

Ilm 0.09 0.15 0.13 2.68 1.33 

Ap 0.25 0.28 0.26 0.20 0.32 

FeO* is total FeO.

5 -Patinõ Douce)1999.(

201389

2-.

Rock type 

Average 

garnet

granite

Average 

cordierite 

granite

Average 

of

granite

Average 

migmatitic 

xenolith 

Average 

metapelite and 

xenolith 

Average  

Schel 

(Li, 2000)

Sample No. No. 3 No. 4 No. 7 No. 3 No. 10 

(ppm)

V 2.80 6.65 5 196.88 101.97 130 

Cr 0.97 2.68 1.95 109.16 69.61 90 

Co 0.69 0.83 0.77 21.34 13.47 19 

Ni 1.04 1.47 1.28 67.53 31.37 50 

Rb 152.6 143.9 147.6 96.25 65.21 140 

Sr 6.02 11.74 9.29 75.24 67.10 170 

Y 3.96 6.36 5.33 38.45 53.82 26 

Zr 56.69 49.25 52.44 256.3 190.3 160 

Nb 37.91 4.04 18.55 23.77 26.70 11 

Ba 42.45 56.44 50.44 214.1 210.3 580 

La 0.97 1.28 1.15 40.65 30.02 43 

Ce 4.54 5.63 5.16 80.54 56.65 82 

Pr 0.27 0.41 0.35 9.98 7.37 9.8 

Nd 0.99 1.55 1.31 36.35 27.67 33 

Sm 0.31 0.53 0.44 6.74 6.62 6.2 

Eu 0.04 0.06 0.05 0.76 1.10 1.2 

Gd 0.41 0.66 0.56 6.49 7.53 5.1 

Tb 0.08 0.16 0.12 1.13 1.56 0.84 

Dy 0.67 1.08 0.90 7.54 10.20 4.7 

Ho 0.14 0.21 0.18 1.60 2.22 1.1 

Er 0.45 0.61 0.54 4.36 6.42 3 

Tm 0.08 0.10 0.09 0.66 0.96 0.44 

Yb 0.70 0.74 0.72 4.35 6.38 2.8 

Lu 0.12 0.10 0.11 0.66 0.94 0.42 

Hf  2.75 2.21 2.44 7.06 7.55 5 

Ta 2.65 0.78 1.58 2.18 2.20 1.3 

Pb 17.61 18.56 18.15 16.06 21.57 20 

Th 1.14 2.15 1.72 16.19 12.71 12 

U 0.88 1.33 1.14 1.94 2.42 2.7 

Ti 668 1033 876 17647 8773 4600 

P 775 810 795 611 1007 700 

K 64582 54142 58616 25514 38579 28239 

Na 44802 61875 54558 24793 40474 12832 

Rb/St 25.41 13.34 18.5 1.32 1.04 0.82 

Rb/Ba 3.66 3.21 3.4 0.53 0.40 0.24 

K/Ba 1535.3 1166.2 1324.4 127.9 231.0 48.69 

Eu* 0.4 0.6 0.5 6.6 7.1 5.65 

Eu/Eu* 0.11 0.09 0.10 0.11 0.16 0.21 

Lan/Ybn 0.88 1.36 1.16 7.09 3.42 11.03 

Lan/Smn 2.05 1.56 1.77 3.88 2.94 4.48 

Gdn/Ybn 0.49 0.75 0.64 1.32 0.97 1.51 

Sm/Yb 0.44 0.72 0.61 1.55 1.04 2.21 

La/Sm 3.13 2.41 2.63 6.03 4.54 6.94 

6

 .

)3 (

(Champion and Smithies, 2007; 

Fazlnia et al., 2009) .RbBa

21

SrYZrNbTbLu .

 .

5/4

760)

 (

)1388 (.

5103050 6070

)4 .(

.

6- .Sun and McDonoungh)1989 ( .

)3.(

)4 (

HREEsY

) (

 .

)Cs/Co (HREEs .

 .

ZrP

)2.(

221389

3-

 .

)12.(

Average of 

metapelites and 

xenoliths 

Recalculate 

Average of 

migmatitic 

xenoliths 

n=10; Table 1 n=2; Table 1 

Ba 210.27 220 214.13 

Rb 65.21 70 96.25 

Sr 67.10 80 75.24 

U 2.42 2.4 1.94 

Th 12.71 12.7 16.19 

Nb 26.70 32 23.77 

Zr 190.30 150 256.33 

Y 53.82 45 38.45 

La 30.02 30 40.65 

Ce 56.65 56.6 80.54 

Pr 7.37 7.4 9.98 

Nd 27.67 27.7 36.35 

Sm 6.62 6.6 6.74 

Eu 1.10 1.1 0.76 

Gd 7.53 7.5 6.49 

Tb 1.56 1.3 1.13 

Dy 10.20 6.5 7.54 

Ho 2.22 1.9 1.60 

Er 6.42 5 4.36 

Tm 0.96 0.8 0.66 

Yb 6.38 5 4.35 

Lu 0.94 0.9 0.66 

Cr 69.61 69.6 109.16 

Ni 31.37 31.4 67.53 

P 1007 1007 611 

Ti 8773 8773 17647 

K 38579 38579 25514 

Na 40474 40474 24793 

V 101.97 102.0 196.88 

Co 13.47 13.5 21.34 

Hf 7.55 6.5 7.06 

Ta 2.20 2.2 2.18 

Pb 21.57 21.6 16.06 

4-5

1030506070

.

Source Tables 1 and 2. 

f f f f f f Kd 

Value 0.05 0.1 0.3 0.5 0.6 0.7 0 

Kd Kd Kd Kd f f f 

Ba 1.03 1.03 1.04 1.05 1.07 1.09

Rb 0.71 0.70 0.61 0.45 0.32 0.09 0.73

Sr 1.07 1.07 1.09 1.13 1.16 1.21

U 1.26 1.27 1.35 1.49 1.61 1.81

Th 0.77 0.76 0.69 0.57 0.46 0.28 0.78

Nb 1.36 1.38 1.49 1.69 1.87 2.15

Zr 0.56 0.54 0.41 0.17 -0.04 -0.38 0.59

Y 1.18 1.19 1.24 1.34 1.43 1.57

La 0.72 0.71 0.63 0.48 0.35 0.13 0.74

Ce 0.69 0.67 0.58 0.41 0.26 0.01 0.70

Pr 0.72 0.71 0.63 0.48 0.34 0.13 0.74

Nd  0.75 0.73 0.66 0.52 0.40 0.20 0.76

Sm 0.98 0.98 0.97 0.96 0.95 0.94 0.98

Eu 1.48 1.50 1.65 1.91 2.13 2.51

Gd 1.17 1.18 1.23 1.32 1.40 1.54

Tb 1.15 1.16 1.21 1.29 1.37 1.49

Dy 0.85 0.85 0.80 0.72 0.66 0.54 0.86

Ho 1.20 1.21 1.27 1.38 1.47 1.63

Er 1.15 1.16 1.21 1.29 1.37 1.49

Tm 1.14 1.15 1.19 1.27 1.34 1.45

Yb 1.16 1.17 1.21 1.30 1.37 1.50

Lu 1.31 1.33 1.42 1.59 1.74 1.98

Cr 0.62 0.60 0.48 0.28 0.09 -0.21 0.64

Ni 0.44 0.41 0.24 -0.07 -0.34 -0.78 0.46

P 1.68 1.72 1.93 2.30 2.63 3.17

Ti 0.47 0.44 0.28 -0.01 -0.26 -0.68 0.50

K 1.54 1.57 1.73 2.02 2.28 2.71

Na 1.67 1.70 1.90 2.26 2.58 3.11

V 0.49 0.46 0.31 0.04 -0.21 -0.61 0.52

Co 0.61 0.59 0.47 0.26 0.08 -0.23 0.63

Hf 0.92 0.91 0.89 0.84 0.80 0.74 0.92

Ta 1.01 1.01 1.01 1.02 1.02 1.03

Pb 1.36 1.38 1.49 1.69 1.86 2.14
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1-.

Au Cu Pb Zn Ag As Au Cu Pb Zn Ag As 

Samples (ppm) Samples   (ppm) 

Nb-A0-1 0.6 38 24 75 0.6 96.8 Nb-A5-3 0.1 640 55 200 1.5 35 

Nb-A0-2 0.2 85 34 80 0.9 128 Nb-A5-4 0.1 410 35 200 0.6 24.7 

Nb-A0-3 0.1 85 65 80 0.7 170 Nb-A5-5 0.1 285 25 170 0.6 34.6 

Nb-A0-4 0.1 90 60 45 0.7 142 Nb-A5-6 0 210 15 110 0.3 19.6 

Nb-A0-5 0.1 115 50 50 0.6 375 Nb-A6-1 0.2 150 45 150 0.7 69.3 

Nb-A0-6 0.3 780 25 115 0.3 99 Nb-A6-10 0.1 340 20 150 0.7 33.7 

Nb-A0-7 0.1 200 34 125 0.4 101 Nb-A6-11 0.1 145 22 110 0.4 18.2 

Nb-A01-1 0.3 80 220 90 1.3 123 Nb-A6-12 0 140 27 135 0.4 15.4 

Nb-A01-2 0.2 285 62 105 0.9 185 Nb-A6-2 0.1 160 31 140 0.4 58.4 

Nb-A01-3 0.1 360 51 160 1.1 151 Nb-A6-3 0.1 130 35 135 0.3 29.4 

Nb-A01-4 0.1 310 33 130 0.7 96.5 Nb-A6-4 0.1 105 19 120 0.2 29.4 

Nb-A01-5 0.1 170 35 125 0.4 67.4 Nb-A6-5 0.2 1320 28 110 1.6 52 

Nb-A1-1 0.1 105 95 200 0.9 103 Nb-A6-6 0 260 20 125 0.6 16.6 

Nb-A1-2 0.1 90 60 135 0.5 92 Nb-A6-7 1.5 2575 24 120 2.1 49 

Nb-A1-3 0 80 35 100 0.5 46.7 Nb-A6-8 0.5 800 22 100 0.9 41.2 

Nb-A1-4 0 100 45 140 0.7 97.1 Nb-A6-9 0.2 730 45 195 1.1 35 

Nb-A1-5 0 47 20 60 0.3 93.2 Nb-B0-1 0.1 100 24 100 0.2 35.7 

Nb-A1-6 1 85 215 350 2.6 1684 Nb-B0-2 0 150 28 140 0.3 21.8 

Nb-A1-7 0 45 28 240 0.6 300 Nb-B0-3 0.1 130 44 125 0.8 151 

Nb-A1-8 0 90 18 180 0.3 200 Nb-B0-4 0 120 70 155 8.2 34 

Nb-A1-9 0 135 45 600 0.8 232 Nb-B0-5 0 100 21 200 0.4 18 

Nb-A101-1 1 75 45 67 1.4 210.5 Nb-B0-6 0.3 95 30 180 0.8 132 

Nb-A101-2 1.4 55 50 50 1.5 182 Nb-B01-1 0.1 70 60 210 1.6 28.5 

Nb-A101-3 2.2 28 35 37 1.5 227.3 Nb-B01-2 0.1 60 42 145 3.6 15.4 

Nb-A101-4 2.9 42 28 50 1.5 206 Nb-B01-3 0.2 90 220 145 1.8 19.3 

Nb-A101-5 1.1 130 38 75 0.8 483.2 Nb-B01-4 0.8 65 35 170 1.2 45.8 

Nb-A101-6 0.7 160 38 65 0.8 165 Nb-B01-5 0.2 13 40 100 0.6 90.3 

Nb-A2-1 0.1 105 47 305 1.1 270 Nb-B01-6 0.2 12 110 140 1.1 24.8 

Nb-A2-2 0.3 115 78 450 1 366 Nb-B01-7 0.2 28 280 300 2.6 78.3 

Nb-A2-3 0.2 122 800 800 9.9 443 Nb-B1-1 0.3 85 28 105 0.7 243 

Nb-A2-4 0.1 90 520 630 5.5 350 Nb-B1-2 2.4 80 35 200 2.8 1614 

Nb-A2-5 0.1 295 420 660 7.2 292 Nb-B1-3 2.2 68 38 140 2.8 1703 

Nb-A3-1 0 100 25 170 0.5 19.6 Nb-B1-4 0.7 85 20 160 0.6 2332 

Nb-A3-2 0 85 33 150 0.6 19.5 Nb-B1-5 0.8 90 190 180 13.7 1820 

Nb-A3-3 0 90 28 205 0.4 26.2 Nb-B1-6 0.4 160 50 175 1.8 880 

Nb-A3-4 0.1 90 29 200 0.4 24 Nb-B1-7 0.2 320 380 370 20 323 

Nb-A4-1 0.4 640 220 470 2.9 120.5 Nb-B1-8 0.2 220 650 325 13.6 13.9 

Nb-A4-2 0.5 750 210 460 7.5 113 Nb-B2-1 0.6 140 180 270 7.5 464 

Nb-A5-1 0.1 1375 40 200 1.6 26.3 Nb-B2-2 0.1 120 35 285 1.1 206 

Nb-A5-2 0.3 905 30 160 1.3 22.6 Nb-B2-3 0.5 230 42 205 1.5 425.3 

Nb-B2-4 0.6 225 450 1350 4.2 955 Nb-B7-13 0 260 25 110 0.4 46.4 

Nb-B3-1 0.2 190 50 175 0.9 81.4 Nb-B7-2 0.3 500 105 290 2.5 223 

Nb-B3-10 0 105 125 320 10.7 199 Nb-B7-3 0.1 265 51 225 1.4 119 

Nb-B3-2 0.1 170 30 140 0.6 38.6 Nb-B7-4 0 185 24 215 0.5 85.6 

Nb-B3-3 0 110 25 95 0.2 17.1 Nb-B7-5 0 175 38 230 1 76.3 

Nb-B3-4 0 85 15 110 0.3 20.5 Nb-B7-6 0.1 190 48 180 0.7 88.3 

Nb-B3-5 0.1 125 350 180 1.9 180.6 Nb-B7-7 0.1 400 51 180 1.5 86.3 

Nb-B3-6 2.9 180 4600 1565 26.5 6265 Nb-B7-8 0.2 265 48 130 1 126.5 

Nb-B3-7 0.1 130 1500 1440 15.2 1149 Nb-B7-9 0.2 180 51 110 1.1 109 

Nb-B3-8 0.1 80 160 310 1.6 478 Nb-B8-1 0 120 48 190 0.5 32.9 

Nb-B3-9 0.1 50 90 150 0.4 161.5 Nb-B8-2 0 105 45 300 0.6 29.6 

Nb-B4-1 0.4 350 45 165 0.6 31.9 Nb-B8-3 0 130 26 190 0.2 10.9 

Nb-B4-2 0.1 210 33 115 0.3 27.5 Nb-B8-4 0 85 130 80 0.3 10.5 

Nb-B4-3 0.1 170 25 110 0.3 35 Nb-B8-5 0 160 90 225 0.8 40.9 

Nb-B4-4 0.2 245 31 145 0.4 28.6 Nb-B8-6 0.1 155 25 160 0.3 41.8 

Nb-B4-5 0.1 170 28 120 0.3 23.3 Nb-Bc-1 0.1 1090 320 550 8.3 221 

Nb-B4-6 0.1 130 23 115 0.3 21.7 Nb-Bc-2 0.1 365 65 265 1.6 128.6 

Nb-B5-1 0.1 150 33 120 0.4 33.5 Nb-Bc-3 0.1 890 60 300 3.2 96.3 
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1-.

Au Cu Pb Zn Ag As Au Cu Pb Zn Ag As 

Samples (ppm) Samples   (ppm) 

Nb-B5-10 0 130 16 120 0.2 20.2 Nb-Bc-4 0.2 2395 305 290 16 225 

Nb-B5-2 0.1 135 25 100 0.4 44 Nb-Bc-5 1 7120 1330 600 44.4 1118 

Nb-B5-3 0 130 26 120 0.3 17 Nb-Bc-6 0.2 1800 500 635 12.1 582 

Nb-B5-4 0.1 150 24 160 0.3 52.1 Nb-Bc-7 0.3 7595 150 400 26.7 532 

Nb-B5-5 0 170 18 110 0.3 32.7 Nb-Bc-8 0.3 3820 500 550 48.4 1036 

Nb-B5-6 0.1 320 110 340 0.4 69 Nb-Bc-9 0.2 2740 400 480 30.5 724 

Nb-B5-7 0 150 31 160 0.3 21.4 Nb-C0-1 0.2 265 40 165 0.7 381 

Nb-B5-8 0 170 43 160 0.4 22.7 Nb-C0-2 4.5 265 35 115 0.7 507 

Nb-B5-9 0 180 20 120 0.7 29 Nb-C0-3 0.1 115 80 100 0.9 56 

Nb-B6-1 0.1 315 53 180 1.1 91 Nb-C0-4 0.2 120 280 650 4 52.7 

Nb-B6-2 0.1 260 38 190 0.8 84 Nb-C0-5 0.1 75 375 730 4.6 32.1 

Nb-B6-3 0 130 19 140 0.4 50 Nb-C0-6 0 50 550 830 3 12.2 

Nb-B6-4 0 140 22 150 0.4 44 Nb-C0-7 0.1 95 450 775 5.7 14.4 

Nb-B6-5 0 150 23 185 0.9 92 Nb-C1-1 0.2 140 450 650 8.4 104.6 

Nb-B6-6 0 205 22 205 1.2 124 Nb-C1-10 0.2 185 310 520 3.8 179 

Nb-B6-7 0 185 22 145 0.6 44 Nb-C1-11 0.2 70 210 380 1.6 100 

Nb-B6-8 0 190 20 115 0.1 63 Nb-C1-2 0.1 130 65 430 5 82.8 

Nb-B6-9 0 180 17 115 0.3 37.3 Nb-C1-3 0.2 140 65 280 2 269.7 

Nb-B7-1 0.7 430 125 275 2.5 220 Nb-C1-4 0.6 110 450 365 6.4 348.5 

Nb-B7-10 0 190 25 90 0.7 60.6 Nb-C1-5 0.2 120 220 340 2.4 88.6 

Nb-B7-11 0 180 48 135 0.8 57.3 Nb-C1-6 0.1 95 240 430 2.1 58.1 

Nb-B7-12 0 160 35 150 0.4 38.8 Nb-C1-7 1.5 100 250 420 2.2 26.4 

Nb-C1-8 0.4 67 185 450 2 92.8 Nb-C6-2 0.6 680 1785 2010 20.7 2385 

Nb-C1-9 0.1 79 300 700 3.2 73.5 Nb-C6-3 1.2 855 9200 1710 48.1 2443 

Nb-C2-1 1.1 170 340 605 5.9 871 Nb-C61-1 0.2 1165 330 870 15.8 836 

Nb-C2-2 1 245 320 835 5 812 Nb-C61-2 0.6 1800 1115 720 20.6 1338 

Nb-C2-3 0.8 225 500 1530 3 668 Nb-C61-3 0.3 575 545 1655 14.6 1671 

Nb-C2-4 0.2 285 80 430 3.3 633.9 Nb-C61-4 0.6 745 805 1355 20.1 1441 

Nb-C3-1 0 135 40 210 0.8 57.5 Nb-C61-5 0.6 2620 545 1265 31.5 1507 

Nb-C3-10 0.1 130 65 450 0.3 128 Nb-C61-6 0.5 1695 805 1900 34.7 1873 

Nb-C3-11 0 82 35 970 0.5 304 Nb-C61-7 0.4 985 1995 5325 29.1 1967 

Nb-C3-12 6.7 980 10600 6590 150 0 Nb-C61-8 0.4 875 2405 4225 28 1999 

Nb-C3-13 2 245 1330 3480 14.5 2552 Nb-C7-1 0.5 575 500 470 14.2 1554 

Nb-C3-2 0.2 110 20 135 0.4 61.9 Nb-C7-2 0.4 2255 545 675 18.7 1628 

Nb-C3-3 0 115 30 145 0.3 64.3 Nb-C7-3 0.5 2630 910 720 44 1914 

Nb-C3-4 0 88 29 170 0.4 41.8 Nb-C7-4 0.3 1500 960 2010 11.8 1689 

Nb-C3-5 0 105 38 165 0.3 31.8 Nb-C7-5 0.2 1295 650 895 14.2 1427 

Nb-C3-6 0 100 28 180 0.3 29.5 Nb-C8-1 0.2 575 220 540 2.5 402 

Nb-C3-7 0.1 115 20 170 0.4 47.7 Nb-C8-10 0 125 28 210 0.5 174 

Nb-C3-8 0.1 98 35 180 0.3 46.2 Nb-C8-2 0.1 115 65 470 1.2 192 

Nb-C3-9 0.1 155 20 160 0.4 63.1 Nb-C8-3 0.1 190 63 450 1.4 216 

Nb-C4-1 0 245 35 400 1.6 290 Nb-C8-4 0.1 155 250 905 1.4 261 

Nb-C4-10 0 110 19 150 0.3 14.8 Nb-C8-5 0.1 125 40 800 0.7 268 

Nb-C4-11 0 115 18 150 0.3 17.3 Nb-C8-6 0 130 24 315 0.4 200 

Nb-C4-12 0.1 170 40 225 1.4 312.5 Nb-C8-7 0 110 28 195 0.2 143 

Nb-C4-2 0.1 205 45 210 2 228 Nb-C8-8 0 85 14 140 0.2 141 

Nb-C4-3 0 115 25 155 0.8 97.9 Nb-C8-9 0.1 115 18 170 0.4 206 

Nb-C4-4 0 133 62 200 0.8 26.8 Nb-C9-1 0.2 480 210 260 3.2 51.6 

Nb-C4-5 0 95 37 150 0.5 15.3 Nb-C9-2 0.2 320 63 300 2.4 43.4 

Nb-C4-6 0 260 25 130 0.6 17 Nb-C9-3 0.2 120 35 210 0.7 20.7 

Nb-C4-7 0 110 18 185 0.3 14.5 Nb-D0-1 0.1 50 35 50 0.6 56.6 

Nb-C4-8 0 135 14 170 0.3 13.5 Nb-D0-2 0.1 175 31 80 0.3 17.4 

Nb-C4-9 0.1 115 19 160 0.4 17.2 Nb-D0-3 0.1 585 20 125 0.5 105 

Nb-C5-1 0.9 3460 2665 2050 50.6 2401 Nb-D0-4 0.1 260 40 95 0.6 11.5 

Nb-C5-2 0.3 1680 1010 1515 15.1 910 Nb-D0-5 0.1 185 40 85 0.5 18.8 

Nb-C5-3 1 2280 3065 1665 38.1 2492 Nb-D1-1 0.2 90 70 120 1 47.6 

Nb-C5-4 0.3 1690 2150 865 13.4 724 Nb-D1-2 0.4 290 100 165 1.8 143.9 

Nb-C5-6 0.4 640 400 880 8.3 410 Nb-D1-4 0.4 115 600 450 15.5 147 
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Au Cu Pb Zn Ag As Au Cu Pb Zn Ag As 

Samples (ppm) Samples   (ppm) 

Nb-C5-7 0.2 700 1085 2330 12.1 797 Nb-D1-5 0.7 25 450 400 3.6 234 

Nb-C5-8 0.3 1110 1425 3075 19.2 904 Nb-D1-6 0.1 115 500 675 3 53 

Nb-C6-1 0.4 1340 600 550 20.4 859 Nb-D1-7 0.1 50 210 330 1.3 17.3 

Nb-D1-8 0.1 15 200 350 1.1 20.4 Nb-E10-2 0.1 170 75 210 0.5 33.2 

Nb-D1-9 0.1 115 180 350 2 43.5 Nb-E11-1 0 75 15 110 0.2 6.7 

Nb-D10-1 0.3 240 115 220 1 37.2 Nb-E11-2 0 140 17 95 0.3 11.4 

Nb-D10-2 0.4 240 160 240 1 49.9 Nb-E3-1 2.2 3895 925 1330 29.5 4533 

Nb-D3-1 5.3 855 2150 270 82.9 6277 Nb-E3-2 1.9 2295 880 850 43.1 2667 

Nb-D3-10 0.5 855 860 880 8 1496 Nb-E3-3 2.3 1165 1575 535 68.4 4608 

Nb-D3-2 4.6 1040 1890 390 80 4130 Nb-E3-4 0.7 1435 1275 575 34.3 2845 

Nb-D3-3 0.9 5380 450 380 75.5 4237 Nb-E3-5 0.3 235 480 790 2.5 688 

Nb-D3-4 0.2 10900 190 570 39.3 734 Nb-E3-6 0.7 7305 1175 3300 41.2 1897 

Nb-D3-5 0.5 12200 210 640 35.7 622 Nb-E32-1 1.6 6880 1175 2040 23.3 2524 

Nb-D3-6 0.1 3720 58 510 16.2 311 Nb-E32-2 0.3 3750 300 1755 6.5 1147 

Nb-D3-7 0.4 9825 600 670 24.2 806 Nb-E32-3 0.1 405 830 850 4.3 719 

Nb-D3-8 2.2 3300 700 560 12 4590 Nb-E32-4 0.2 2220 180 980 3.2 589 

Nb-D3-9 0.8 3270 500 730 7.5 1564 Nb-E32-5 0.4 2705 370 1540 7.4 1566 

Nb-D7-1 0.5 5960 960 675 51.7 1712 Nb-E32-6 0.9 1625 1375 1935 14 2403 

Nb-D7-2 0.2 2040 550 745 19.5 591 Nb-E5-1 0.6 2450 1275 1665 30.4 2763 

Nb-D7-3 0.2 1750 805 940 15.3 795 Nb-E5-2 1.4 2915 640 1050 35.9 5180 

Nb-D7-4 0.3 2655 410 885 27.6 747 Nb-E5-3 0.7 3240 500 725 31.6 3836 

Nb-D7-5 0.2 1620 200 580 12.7 464 Nb-E5-4 0.6 3625 280 475 16.7 2554 

Nb-D7-6 0.2 1460 220 500 10.3 331 Nb-E5-5 0.8 3535 210 650 11.9 1286 

Nb-D7-7 0.2 1860 450 620 19.7 556 Nb-E6-1 0.2 1165 210 800 8.5 528 

Nb-D8-1 0.3 2125 130 780 7.1 502 Nb-E6-2 0.4 4400 450 930 31.8 938 

Nb-D8-2 0.4 2805 750 1040 24.6 1428 Nb-E7-1 0.3 3745 550 635 39.8 1563 

Nb-D8-3 0.4 6020 280 550 37.3 902 Nb-E7-2 0.1 1080 120 435 8 394 

Nb-D8-4 0.2 1535 295 360 14.1 710 Nb-E7-3 0.3 2565 600 800 27.7 1311 

Nb-D8-5 0.1 650 65 335 2.3 199 Nb-E71-1 0.1 1230 60 620 7.8 417 

Nb-D8-6 0.3 2510 660 500 11.2 878 Nb-E71-2 0.6 4805 220 1735 26.8 2805 

Nb-D8-7 0.3 2420 480 795 11.3 805 Nb-E71-3 0.3 2050 160 670 12.8 1005 

Nb-D9-1 0.1 260 100 210 2 48.6 Nb-E8-1 0.1 1935 85 1500 7.1 742 

Nb-D9-2 0.1 260 70 200 1.2 46.5 Nb-E8-2 0.2 2375 165 1490 12.2 940 

Nb-D9-3 0.1 220 75 205 1 37.6 Nb-E8-3 0.2 1440 280 1960 14 942 

Nb-E1-1 0.9 25 70 130 1.1 67.1 Nb-E8-4 0.2 1980 300 2060 10 1311 

Nb-E1-2 0.3 92 100 140 1.5 110 Nb-E9-1 0.1 160 40 220 0.7 69.5 

Nb-E1-3 0.1 60 140 280 3.2 80.2 Nb-E9-2 0 135 30 160 0.7 56 

Nb-E1-4 0.1 35 160 160 2.3 56.6 Nb-E9-3 0 110 18 175 0.7 55.1 

Nb-E1-5 0.2 110 140 170 2.5 110 Nb-E9-4 0 185 15 230 0.9 55.1 

Nb-E1-6 0.1 50 160 330 0.9 15.9 Nb-E91-1 0.2 450 380 550 2.6 407 

Nb-E1-7 0.1 25 220 400 1.3 40.2 Nb-EF3-1 0.6 3075 2730 1670 30.8 2756 

Nb-E1-8 7.8 30 155 300 1.6 20.8 Nb-EF3-2 0.4 2995 3075 1880 18.7 2756 

Nb-E10-1 0.2 210 125 400 0.4 54.1 Nb-EF3-3 1.1 2845 8060 1275 39.3 4733 

Nb-EF3-4 2.6 6090 2975 2330 74.8 2526 Nb-F9-1 0.2 600 150 500 1.3 60.7 

Nb-F10-1 0 600 80 260 0.9 17.5 Nb-F9-2 0.2 530 140 510 1.3 59.7 

Nb-F10-2 0.1 500 85 220 0.5 22.5 Nb-F9-3 0.1 1510 31 535 1.7 132 

Nb-F10-3 0 500 33 180 0.7 11.8 Nb-F9-4 0.1 1385 75 530 2.8 149 

Nb-F10-4 0.1 400 33 250 0.7 22.4 Nb-FG-1 0.4 4295 500 720 18.5 222 

Nb-F2-1 1 1220 450 875 8.4 944 Nb-FG-2 0.4 1145 380 765 9.8 316 

Nb-F3-1 0.2 2850 250 2610 9.6 1100 Nb-G23-1 1.3 860 580 2800 4.3 373 

Nb-F3-2 0.1 3680 240 2795 11.4 1166 Nb-G23-2 0.5 650 245 2135 2.5 253 

Nb-F3-3 0.1 2840 95 1790 4 651 Nb-G23-3 0.1 380 90 1645 2.2 184 

Nb-F3-4 0.1 1970 150 1295 1.8 315 Nb-G23-4 0 155 72 1490 1.6 175 

Nb-F3-5 0.1 2615 80 1295 0.9 201 Nb-G23-5 0.7 390 320 1420 13.3 1043 

Nb-F3-6 0.3 7260 150 3000 2 830 Nb-G23-6 0.2 120 75 555 2.3 432 

Nb-F3-7 0.4 2115 1075 10800 7.6 932 Nb-G3-1 1.2 1555 1130 2635 10.2 940 

Nb-F3-8 0.2 650 260 3500 1.6 286 Nb-G3-10 0.1 280 200 1395 1.2 161 

Nb-F3-9 3.2 790 980 3565 4 2511 Nb-G3-2 0.2 720 720 2535 7.2 388 

)-(35

1-.

Au Cu Pb Zn Ag As Au Cu Pb Zn Ag As 

Samples (ppm) Samples  (ppm) 

Nb-F32-1 0.6 1240 650 2430 11.6 1076 Nb-G3-3 2.5 900 4130 1895 27 2800 

Nb-F32-2 0.9 1040 630 1915 15.2 938 Nb-G3-4 1.3 450 1540 1335 7.4 2570 

Nb-F32-3 0.2 1730 250 1975 13.1 615 Nb-G3-5 0.9 5895 2425 1895 47.6 2012 

Nb-F32-4 0.1 1805 160 1530 9.3 663 Nb-G3-6 0.7 400 820 2840 4.1 612 

Nb-F32-5 0.5 2480 400 2140 7.6 989 Nb-G3-7 1.5 950 620 2165 6.8 1070 

Nb-F4-1 0.5 1870 500 2580 33.9 1088 Nb-G3-8 0.4 400 360 1490 1.8 313 

Nb-F4-2 0.2 2120 200 1380 22.2 537 Nb-G3-9 0.2 300 200 1395 1.8 186 

Nb-F4-3 0.1 2740 85 890 13.9 434 Nb-G4-1 0.4 1965 950 1460 19.5 724 

Nb-F45-1 0.3 1955 1755 1675 27.2 1582 Nb-G4-2 0.6 1730 850 1200 13.4 665 

Nb-F45-2 0.3 2395 400 860 15.9 878 Nb-G4-3 0.2 535 220 480 4.4 167 

Nb-F45-3 0.2 805 120 675 10.6 427 Nb-G6-1 0.1 1340 115 375 2.8 131 

Nb-F45-4 0.1 1240 190 2190 5.3 532 Nb-G6-2 0.1 1710 35 250 1.7 63 

Nb-F5-1 0.7 7655 480 950 48.8 2076 Nb-G6-3 0 1740 50 350 1.4 52 

Nb-F5-2 0.4 4695 220 575 17.8 1022 Nb-G7-1 0 190 60 350 1.6 44.8 

Nb-F5-3 0.2 4215 700 620 17.6 475 Nb-G7-2 0 130 38 155 0.5 24.4 

Nb-F5-4 7.5 11500 21300 910 159 3612 Nb-G7-3 0 135 30 150 0.5 33 

Nb-F5-5 2.3 9355 32000 1400 215 3787 Nb-G7-4 0 90 55 150 0.3 23.3 

Nb-F6-1 0.5 605 420 460 8.2 452 Nb-G7-5 0 105 20 125 0.3 22 

Nb-F7-1 0.1 350 120 300 1.3 148 Nb-G7-6 0 255 20 135 0.2 17 

Nb-F7-2 0.3 825 210 400 4.3 334 Nb-G7-7 0 160 55 150 0.8 18.2 

Nb-F7-3 0.2 1680 150 380 11.7 226 Nb-G8-1 0 110 33 180 0.4 16.7 

Nb-F8-1 0.1 625 250 660 4.1 564 Nb-G8-2 0 95 25 150 0.4 13.9 

Nb-F8-2 0 585 90 560 1.7 257 Nb-G8-3 0 110 40 135 0.6 28.3 

Nb-F8-3 0 175 22 250 0.5 53 Nb-G8-4 0 120 25 165 0.6 24.3 
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(Meyer and Henly, 1967):

)1( 4(NaAlSi3O8 - CaAl2Si2O8) + 4H+ + 2K+
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 .
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(Robb, 2005):
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Mg3(OH)6(Mg, Fe)2Al{(OH)AlSi3O10} + 2K+ +

6SiO2 + (Mg2+, Fe2+)

K+

Ca+2

)7 (

 .
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(Levinson, 1980).
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(Rankama and Sahama, 1950)

.
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(Guillementte, 1993).
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Correlations Au Cu Pb Zn Ag As 

S
p

ea
rm

an
's

 r
h

o
 Au Correlation Coefficient 1 .472(**) .697(**) .508(**) .730(**) .719(**) 

Cu Correlation Coefficient .472(**) 1 .548(**) .621(**) .684(**) .611(**) 

Pb Correlation Coefficient .697(**) .548(**) 1 .808(**) .876(**) .725(**) 

Zn Correlation Coefficient .508(**) .621(**) .808(**) 1 .770(**) .703(**) 

Ag Correlation Coefficient .730(**) .684(**) .876(**) .770(**) 1 .795(**) 

As Correlation Coefficient .719(**) .611(**) .725(**) .703(**) .795(**) 1 

** Correlation is significant at the 0.01 level (2-tailed). 

20 -.

461389

 .
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 .

.

)ppm33/1224(

 .)44/0 (

)3( .

)(

(Crawe and Koons, 1989; Hagemann et al.,

1994)

.

3-.

(m) (m) (m)

Nb-A0 22 Nb-E32 12 Nb-C8 20.5 

Nb-Ac1 15 Nb-E5 10.5 Nb-C9 6 

Nb-A1 18 Nb-E6 5 NB-D0 15 

Nb-A101 18.5 Nb-E7 7 Nb-D1 28 

Nb-A2 15.5 Nb-E71 6 Nb-D3 21 

Nb-A3 13 Nb-E8 8.5 Nb-D7 15 

Nb-A4 6 Nb-E9 8 Nb-D8 14.5 

Nb-A5 13 Nb-E91 2.5 Nb-D9 6 

Nb-A6 25 Nb-E10 4 Nb-D10 4 

Nb-B0 18 Nb-E11 4 Nb-E1 24 

Nb-B01 22 Nb-EF3 8 Nb-E3 12 

Nb-B1 16.5 Nb-F2 3 Nb-G8 10.5 

Nb-B2 8 Nb-F3 18.5 Nb-G9 18.5 

Nb-B3 20.5 Nb-F32 12.5 Nb-H1 15 

Nb-B4 12 Nb-F4 6 Nb-H11 5 

Nb-B5 20.5 Nb-F45 9 Nb-H2 5 

Nb-B6 18 Nb-F5 10 Nb-H3 5 

Nb-B7 27 Nb-F6 3 Nb-T9  

Nb-B8 12.5 Nb-F7 6 Nb-C61 16.5 

Nb-Bc 18.5 Nb-F8 8.5   

Nb-C0 22 Nb-F9 8.5   

Nb-C1 22 Nb-F10 9   

Nb-C2 8.5 Nb-FG 4   

Nb-C3 27 Nb-G23 12   

Nb-C4 24.5 Nb-G3 20   

Nb-C5 17 Nb-G4 6   

Nb-C6 6.5 Nb-G6 6   

 /43

3-.

Sample Au Cu Pb Zn Ag As 

(ppm)      

Nb-G9-1 0.0 200.0 70.0 400.0 0.8 144.0 

Nb-G9-2 0.0 135.0 60.0 205.0 0.9 115.0 

Nb-G9-3 0.0 120.0 40.0 250.0 1.3 106.0 

Nb-G9-4 0.0 78.0 20.0 120.0 0.7 36.9 

Nb-G9-5 0.0 79.0 20.0 170.0 0.6 55.7 

Nb-G9-6 0.0 1075.0 20.0 310.0 2.3 75.7 

Nb-G9-7 0.0 640.0 25.0 160.0 0.7 36.0 

Nb-G9-8 0.0 300.0 55.0 220.0 0.5 21.5 

Nb-G9-9 0.0 150.0 50.0 160.0 0.4 19.6 

Nb-H1-1 0.0 160.0 160.0 380.0 2.5 2468.0 

Nb-H1-2 3.6 270.0 1000.0 845.0 10.4 5421.0 

Nb-H1-3 1.7 200.0 2605.0 2605.0 13.8 3360.0 

Nb-H1-4 0.1 95.0 200.0 450.0 1.9 281.0 

Nb-H1-5 6.1 16600.0 450.0 300.0 85.0 861.0 

Nb-H1-6 1.4 3470.0 200.0 150.0 25.5 240.0 

Nb-H1-7 0.4 905.0 90.0 150.0 7.2 219.0 

Nb-H11-1 0.2 1025.0 1045.0 850.0 11.2 529.0 

Nb-H11-2 0.3 855.0 900.0 730.0 11.6 583.0 

Nb-H2-1 0.2 1095.0 750.0 930.0 15.8 625.0 

Nb-H2-2 0.4 1156.0 750.0 1180.0 12.4 608.0 

Nb-H3-1 0.4 270.0 560.0 675.0 3.0 264.0 

Nb-H3-2 0.8 240.0 655.0 700.0 3.2 525.0 

Nb-T9-1 3.0 6235.0 200.0 500.0 52.8 2140.0 

Nb-T9-2 0.9 26800.0 750.0 720.0 23.5 1144.0 

Nb-T9-3 1.6 41200.0 655.0 1280.0 36.2 2427.0 

Nb-F8-4 0.2 3350.0 140.0 1400.0 2.5 517.0 

Nb-G8-5 0.0 90.0 20.0 135.0 0.3 35.3 

(Visible) .
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c ()P.P.L. .(

Kretz)1983 (.

SiO2-

)48-54 (

)64-76 ()1 .(

A/CNK

A/NK

)1387 .(

-

AFM

)3 .(

)4 .(

3--

AFM

 .

Irvine and Baragar)1971(

.

...57

4-K2O .

] Le Maitre)1989 (

Rickwood)1989[( .3.

)5 .(MgOFe2O3MnOTiO2CaO

K2OSiO2

Al2O3NaO2(Bell shape).

) (

)5.(

SiO2

)6 (

 .CsThU

LaRb

NiCrSr

)1 .(NbBa

 .Sr

-

Ba

.

BaSr/Nd

Sr/Nd-Ba

Sr/Nd-Ba )a7 .(

Sr-

RbSr-

Rb

RbSr

)b7( .

)8 (

)9 (

) ( .

1-) .- :()† (ICP-MS

.

Mg#: molar 100*Mg/(MgO+FeOt); A/MF: molar Al2O3/ (MgO+FeOt); C/MF: molar CaO/ (MgO+FeOt) and K/N: molar K2O /Na2O.

-

(wt% )         
SiO2 69.77 75.77 69.54 71.67 64.27 63.76 65.58 67.19 67.21 67.99 67.85 54.31 48.24 50.91 52.61 48.83 49.12 54.32 53.60

TiO2 0.34 0.15 0.24 0.26 1.13 0.61 0.936 0.60 0.37 0.30 0.63 1.625 1.411 1.263 1.716 1.616 1.626 1.124 0.942

Al2O3 14.26 13.49 14.71 14.02 15.68 16.36 15.12 15.59 15.17 15.4 15.21 16.12 16.81 16.8 15.72 15.78 15.85 16.74 16.99

FeOT 3.03 0.71 2.01 1.93 4.84 5.02 4.41 1.92 3.03 2.84 3.13 8.10 9.29 8.53 9.29 10.43 10.50 7.28 6.67

MnO 0.05 0.01 0.04 0.03 0.10 0.11 0.079 0.03 0.06 0.06 0.04 0.08 0.18 0.16 0.21 0.19 0.20 0.13 0.13

MgO 0.51 0.19 0.14 0.30 1.45 0.75 0.95 0.89 0.89 0.31 0.73 3.53 7.32 6.51 4.97 7.41 7.43 5.30 5.30

581389

CaO 1.73 2.05 0.72 0.93 3.24 3.06 2.29 2.39 1.94 1.25 1.96 6.96 10.05 9.68 8.67 10.96 11.04 9.38 8.54

Na2O 4.01 5.82 4.91 3.94 5.05 4.90 4.71 4.7 4.15 4.49 4.49 4.06 2.75 3.3 3.83 2.76 2.78 3.53 3.87

K2O 4.52 0.68 5.43 4.82 2.94 3.02 4.30 5.01 4.89 5.28 4.44 2.90 1.34 1.13 1.23 0.58 0.58 0.59 1.07

P2O5 0.08 0.01 0.04 0.05 0.32 0.16 0.195 0.10 0.07 0.49 0.13 0.30 0.22 0.19 0.32 0.20 0.20 0.24 0.18

Total 98.29 98.88 97.78 97.95 99.02 97.76 98.57 98.41 97.77 97.95 98.6 97.98 97.61 98.45 98.57 98.75 99.31 98.62 97.59

Mg# 24.85 35.11 12.29 31.09 37.5 22.77 30.11 48.8 36.8 18.03 31.81 46.56 61.20 60.40 51.64 58.8 58.59 59.36 61.37

C/MF 0.55 2.53 0.41 0.48 0.56 0.62 0.09 0.87 0.54 0.48 0.57 0.62 0.57 0.62 0.61 0.59 0.62 0.71 0.67

A/MF 5.12 18.11 9.18 8.01 3 3.62 3.76 6.45 4.64 6.52 4.83 1.58 1.1 1.18 1.22 0.94 0.98 1.40 1.48

K/N 0.74 0.1 0.73 0.8 0.38 0.2 0.60 0.73 0.78 0.77 0.65 0.47 0.32 0.23 0.21 0.13 0.13 0.11 0.10

(ppm)         

Ba  516.5 78.2 138.9 301.9 690 620.6 729.5 872.4 840.6 975.6 808.6 577.9 153.3 150.6 246.6 97.7 99.7 154.2 194.4

Rb 163.2 19.7 188.6 191 82.8 89.7 128 86.1 161.9 166.4 100.3 107.7 100.5 76 62.4 14.4 14.8 15.7 42

Sr 128 278.7 37.8 103.5 287.8 280 156.6 169.8 127.1 109.2 180.5 335.9 300.9 303.8 319.1 267.4 269.4 361.4 440.4

†Cs 2.34 0.37 2.26 4.3 0.88 1.11 0 - 2.95 2.55 0.78 1.97 3.66 1.98 - - - 0.75 1.42

Ga 26.6 30.6 30.8 23.9 27.6 29.3 25.5 23.1 24.3 27.6 25.7 25.7 21.5 21.8 24.2 21 24.1 22.6 23.3

†Ta 2.32 - 2.36 2.06 1.99 1.94 35695.59 - 1.95 2.19 1.83 1.02 0.53 0.66 - - - 0.74 0.64

Nb 40.5 48.6 40.6 27.6 39.8 39.9 - 32.9 30.3 43.2 34.9 18.9 11.9 13 19 7.6 7.2 13.3 12.2

Hf 8.59 - 11 7.59 6.78 13.1 42.5 - 8.33 8.13 10.79 4.42 2.69 3.2 - - - 3.63 2.87

Zr 422.4 434.3 556.6 364.8 378.3 819.9 - 1002.7 432.1 436.7 617.8 228.5 149.4 180.8 203.8 127 126.3 205.6 151.7

Y 60.8 50 63 35.7 53.8 50.2 670.2 45 47.2 58.7 47.1 42.3 30.9 31.7 44.8 43.2 42.3 37 32.5

Th 25 114.2 28.5 28.4 10.7 15.8 5611 19.9 20 11.4 22.1 6.8 1.8 3.4 4.6 0.8 1.9 3.8 3.6

U 3.9 10.7 5.2 5.3 3.7 2.6 79.2 5.9 5.5 3 1.9 3.3 0.3 0.4 2.5 - 1 0.3 2.5

Cr 11.4 7.2 3.9 5.7 3.9 4.4 17 13.9 30.5 5.1 8.5 51.2 311 289.1 143.7 300.8 340.8 96.9 178

Ni 3.4 5.6 2.2 3.2 3.1 4 5 7.7 15 1.1 16.7 12.2 98.8 79.4 26.2 98.5 99.8 33.5 46.7

Sc 11.4 7.1 6.3 6.3 18.9 17.9 5.6 8.9 13.3 10.3 12.1 39.7 49.1 45.9 45.4 68.4 69.5 44.6 44.3

V 24 9.1 6.3 19.6 115.6 37.7 3.2 60 33 11.2 56.3 329.1 316.9 287.5 344.5 365.4 368.7 271.4 228.9

Cu 3.3 3.3 2.1 2.6 8.4 4.1 16.7 6.3 4.6 2.4 17.8 12 45.2 71.6 40.4 75.7 75.7 28.8 9.3

Pb 16.9 6.2 14.5 15.3 6.8 13.4 68.4 3.9 14.3 17.5 4.7 4.6 3 3.2 11.2 2.3 2.9 0.4 1.3

Zn 44.3 22 52.5 33.4 63.9 90.1 5.9 26.7 53.5 58.7 35.6 35.7 85.7 95.8 97.3 108.1 106.6 78.4 71.9

La 60.4 6.2 69.8 48 40.3 50.8 18.6 53 63.1 27 67.4 29.2 15.2 14.8 31.3 15.2 10.2 19.7 20.2

Ce 120.8 29.6 150.2 96.7 86.5 106.3 134.9 113.8 121.3 64.5 122.4 54.8 30.5 29.4 59.4 28.9 19.7 42.2 40.1

†Pr 11.11 - 13.77 7.84 8.66 9.56 41.3 - 10.21 6.67 10.45 5.7 3.52 3.52 - - - 4.9 4.02

Nd 44 18.1 53.4 29 34.1 40 89.9 32.9 38.5 29.3 38.6 26.1 14.8 16.3 27.2 17 16.1 18.5 19.9

†Sm 8.3 - 9.27 4.92 7.61 7.42 - - 6.95 6.66 7.19 5.66 4.04 3.97 - - - 4.84 4.21

†Eu 1.16 - 0.48 0.65 2.18 2.26 41.1 - 1.32 1.49 1.57 1.73 1.52 1.42 - - - 1.38 1.38
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MnO 0.17 0.13 0.12 0.12 0.10 0.12 0.12 0.12

CaO 6.63 5.22 5.12 5.16 4.30 3.92 4.39 5.07

Na2O 2.59 2.71 2.43 2.58 2.63 2.83 2.57 2.42

K2O 2.02 2.47 2.53 2.40 3.03 2.84 2.45 2.65

P2O5 0.08 0.11 0.11 0.11 0.11 0.08 0.12 0.11

P.F. 1.46 1.47 1.11 1.26 1.54 2.62 1.69 1.11

Total 100.40 100.90 100.66 100.07 100.06 100.52 99.87 100.81

Li 55.15 32.83 29.76 60.35 54.43 58.11 60.23 56.76

Be 1.45 1.04 1.38 1.94 1.56 1.46 1.54 1.62

Sc 34.38 17.16 21.92 22.10 17.60 16.27 23.30 20.87

V 125.70 68.25 97.14 96.92 71.33 78.07 102.36 105.88

Cr 145.73 90.69 78.26 151.33 143.89 62.41 163.50 168.57

Co 20.53 10.46 14.05 15.75 11.80 9.34 29.20 29.56

Ni 21.13 10.53 16.20 17.12 12.69 15.07 19.97 19.04

Cu 14.70 5.98 25.95 9.07 19.05 5.95 12.28 9.91

Zn 53.20 35.89 47.86 88.88 40.71 43.53 80.28 61.39

Ga 20.20 11.28 17.38 19.45 17.11 14.62 62.92 55.29

As 5.88 6.75 7.76 7.14 7.19 6.17 5.73 6.05

Rb 87.35 74.71 86.30 95.71 95.31 91.49 88.83 99.67

Sr 142.02 123.39 140.90 160.47 143.81 127.65 157.39 158.89

Y 42.02 11.95 16.90 17.72 17.70 14.29 23.46 21.39

Zr 63.00 75.71 73.57 77.86 92.86 71.43 113.39 113.39

Nb 11.11 6.77 8.52 9.82 8.54 7.81 10.67 10.31

Cd 0.11 0.07 0.27 0.59 0.13 0.23 0.99 0.90

Cs 10.58 6.46 6.16 14.01 8.22 11.87 8.49 10.15

Ba 161.98 203.90 286.15 291.54 283.55 229.77 233.00 287.00

La 29.82 12.07 15.36 20.58 23.85 18.96 24.80 31.77

Ce 65.28 26.00 32.61 41.51 49.64 38.47 48.64 60.13

Pr 9.78 3.17 4.17 5.11 6.01 4.55 6.19 7.60

Nd 33.72 11.60 15.60 18.73 20.92 16.01 20.48 23.92

Sm 7.92 2.46 3.49 3.84 4.10 3.11 4.41 4.75

Eu 0.87 0.47 0.80 0.94 0.77 0.63 1.00 1.04

Gd 7.77 2.25 3.32 3.59 3.74 2.83 4.39 4.30

Tb 1.62 0.39 0.58 0.63 0.62 0.51 0.87 0.84

Dy 8.48 2.48 3.55 3.75 3.68 3.00 4.43 4.13

Ho 2.08 0.49 0.72 0.77 0.74 0.61 1.01 0.10

Er 5.27 1.33 1.98 2.01 2.00 1.72 2.70 2.45

Tm 0.88 0.20 0.29 0.30 0.30 0.25 0.45 0.38

Yb 4.86 1.32 1.83 1.87 1.93 1.67 2.40 2.21

Lu 0.83 0.19 0.26 0.28 0.27 0.24 0.42 0.36

Ta 1.44 3.31 1.24 2.53 1.80 1.64 1.13 1.00

W 4.29 4.43 1.05 8.05 8.10 0.92 7.49 7.66

Pb 15.56 9.43 18.52 31.57 16.92 20.94 29.11 31.41

Th 14.52 5.35 9.03 9.34 12.07 8.58 12.68 12.22

U 1.95 1.05 1.55 1.96 2.50 1.39 3.13 1.94

Hf 1.26 1.82 2.57 1.96 1.70 1.76 1.27 1.23

Eu/Eu* 0.341 0.617 0.720 0.779 0.608 0.658 0.699 0.707

Lan/Ybn 4.10 6.11 5.60 7.35 8.25 7.58 6.91 9.61
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1-.

Sample 4 ECh6 Ch1 K2 Sa14 10 K5 44 CSa25 Sa4 14 20 Pa7 Pa21 Sa2 CSa15 33 38 As15 AS16

SiO2 62.93 65.41 64.50 63.57 63.29 64.20 63.36 63.09 63.59 63.03 63.02 63.78 65.14 65.53 69.16 70.05 67.68 67.18 67.82 67.80

TiO2 0.54 0.44 0.54 0.54 0.56 0.54 0.55 0.54 0.52 0.53 0.53 0.52 0.47 0.43 0.31 0.30 0.37 0.38 0.38 0.38

Al2O3 16.03 16.67 15.90 16.02 16.01 16.17 15.09 16.41 16.00 16.10 16.10 15.99 15.64 15.57 15.07 14.66 16.53 16.44 16.24 16.24

Fe2O3
T 6.10 4.34 6.10 6.11 6.33 6.04 6.34 5.89 5.64 5.96 6.39 5.87 5.45 5.16 3.58 3.62 3.10 3.22 3.04 5.64

FeO 5.55 3.94 5.55 5.56 5.75 5.49 5.76 5.36 5.13 5.41 5.81 5.33 4.96 4.69 3.25 3.29 2.82 2.93 2.76 5.13

MgO 2.87 2.08 2.81 2.86 2.90 2.79 2.96 2.86 2.46 2.82 3.09 2.81 2.66 2.27 1.41 1.45 1.58 1.58 1.55 1.55

MnO 0.12 0.06 0.11 0.11 0.11 0.11 0.12 0.11 0.10 0.11 0.12 0.11 0.09 0.11 0.06 0.06 0.02 0.03 0.02 0.02

CaO 4.78 3.19 3.98 4.61 4.73 4.72 4.62 4.83 4.30 4.98 4.75 4.60 4.80 3.88 2.72 2.80 2.76 3.00 3.15 3.15

Na2O 2.35 3.73 2.45 2.48 2.41 2.42 2.43 2.54 2.63 2.40 2.47 2.66 2.42 2.56 2.74 2.79 4.01 3.97 4.03 4.03

K2O 2.56 2.68 2.55 2.51 2.83 2.57 2.89 2.39 3.03 2.66 2.59 2.50 2.74 3.23 4.17 3.71 3.15 3.10 2.72 2.72

P2O5 0.11 0.13 0.12 0.11 0.12 0.10 0.11 0.10 0.11 0.10 0.10 0.10 0.09 0.09 0.14 0.07 0.10 0.10 0.10 0.10

P.F. 1.42 1.77 1.86 1.58 1.14 1.15 1.37 1.60 1.54 1.13 1.42 1.66 0.93 1.61 0.93 0.99 1.13 1.03 1.43 1.25

Total 100.59 100.62 100.84 100.64 100.60 100.97 100.45 100.49 100.06 99.82 100.59 100.59 100.43 100.44 100.28 100.61 100.43 100.01 100.78 100.39

Li 46.95 30.16 49.86 53.76 64.82 35.95 51.17 41.11 54.43 53.53 30.98 44.12 34.20 60.29 89.06 66.22 23.66 21.04 22.26 21.64

Be 1.45 1.27 1.65 1.30 1.65 1.39 1.45 1.62 1.56 1.78 1.16 1.31 0.80 1.85 1.24 1.56 1.29 1.29 1.46 1.41

Sc 20.04 16.35 22.97 16.76 23.85 17.88 20.27 20.30 17.60 22.26 17.18 17.52 10.18 20.93 11.61 12.14 6.33 6.80 7.37 9.44

V 95.78 67.53 100.69 78.82 106.49 84.48 80.92 91.72 71.33 105.83 83.14 83.54 55.91 81.35 51.57 38.33 34.33 34.15 34.45 28.86

Cr 127.44 78.31 155.34 110.40 199.72 116.44 153.43 171.12 143.89 166.25 96.20 113.54 100.48 173.15 158.37 145.46 88.90 60.58 90.11 18.92

Co 27.01 12.73 29.54 24.12 18.46 12.65 13.18 12.97 11.80 16.99 11.10 24.07 8.25 12.57 9.29 6.11 9.18 7.65 9.25 7.07

Ni 18.98 9.23 19.37 14.12 21.32 15.23 13.25 14.85 12.69 19.46 14.50 14.64 9.91 16.62 11.26 7.83 9.17 6.62 10.47 5.04

Cu 23.20 145.16 35.06 4.87 10.47 9.85 <0,01 3.73 19.05 14.31 8.91 8.26 3.80 8.57 3.03 37.87 511.49 375.49 337.48 150.36

Zn 79.37 39.14 82.98 50.16 62.89 56.82 45.63 43.16 40.71 57.17 37.30 51.76 33.66 59.90 39.08 19.66 20.50 25.97 31.53 22.85

Ga 54.98 21.38 65.28 46.57 28.68 22.22 16.82 17.42 17.11 25.21 17.67 44.60 13.03 27.16 21.66 13.16 22.01 21.58 27.63 15.75

As 1.89 3.08 3.30 3.92 2.73 6.04 10.50 28.72 7.19 8.16 12.65 8.00 5.72 8.16 7.55 6.30 2.10 3.23 4.85

Rb 80.19 90.33 89.82 82.75 108.10 83.86 97.29 79.50 95.31 101.17 70.40 80.24 58.10 115.99 137.14 117.57 95.80 105.80 116.90 101.11

Sr 160.56 175.62 166.57 138.58 150.82 129.04 135.52 153.43 143.81 152.70 124.28 146.87 90.15 152.12 107.07 95.16 210.78 203.39 214.35 207.61

Y 19.75 14.86 24.80 16.62 24.57 16.86 19.91 16.86 17.70 22.13 17.72 18.01 10.38 30.67 17.98 11.13 8.50 7.20 10.11 7.90

Zr 113.39 113.39 113.39 113.39 113.39 85.00 88.57 93.57 92.86 83.57 82.86 290.00 64.14 72.14 55.50 56.36 119.29 118.57 135.71 107.86

Nb 9.97 9.94 11.19 8.92 11.71 9.04 8.68 8.79 8.54 10.53 8.18 8.67 6.00 10.89 9.91 7.59 11.60 10.59 12.46 10.32

Cd 0.82 0.13 1.06 0.66 0.13 0.09 0.21 0.33 0.13 0.09 0.09 0.77 0.01 0.09 0.13 0.12 0.18 0.16 0.15 2.52

Cs 4.50 11.18 9.77 10.66 12.63 8.28 9.48 12.82 8.22 9.23 7.03 9.01 11.67 13.72 15.03 12.25 24.00 14.82 12.40 9.92

Ba 252.00 219.03 256.40 257.00 283.74 222.52 260.98 246.66 283.55 267.83 205.84 261.60 163.77 254.82 233.69 199.60 292.06 274.54 305.56 298.58

La 25.50 19.89 26.94 14.24 34.29 30.50 14.04 22.40 23.85 26.43 17.89 23.69 12.81 29.11 26.31 23.01 12.10 11.80 13.29 23.08

Ce 49.00 37.63 52.67 29.31 63.64 57.14 31.45 45.76 49.64 51.14 36.88 46.54 26.86 55.24 50.00 46.55 22.01 20.16 22.74 42.91

Pr 6.12 4.71 6.88 3.77 8.25 7.13 4.13 5.44 6.01 6.58 4.76 5.76 3.21 7.33 6.30 5.50 2.53 2.24 2.61 4.90

Nd 19.38 15.02 22.83 12.89 25.72 21.69 16.25 19.21 20.92 21.22 16.05 18.78 10.33 23.90 19.59 19.38 8.07 6.91 8.09 17.16

Sm 3.98 3.07 4.89 2.88 5.04 3.98 3.70 3.73 4.10 4.47 3.52 3.82 2.16 5.23 3.98 3.50 1.70 1.40 1.64 3.22

Eu 0.93 0.80 1.04 0.74 0.98 0.80 0.77 0.77 0.77 0.94 0.67 0.86 0.45 0.92 0.67 0.52 0.55 0.54 0.65 0.52

Gd 3.79 0.99 4.74 2.99 4.84 3.69 3.72 3.32 3.74 4.36 3.56 3.49 2.14 5.34 3.74 2.97 1.69 1.42 1.69 2.52

Tb 0.74 0.56 0.93 0.57 0.94 0.67 0.66 0.58 0.62 0.83 0.69 0.70 0.42 1.12 0.75 0.45 0.31 0.26 0.34 0.36

Dy 3.77 2.83 4.63 2.96 4.65 3.28 4.09 3.50 3.68 4.19 3.49 3.48 2.16 5.78 3.58 2.47 1.69 1.45 1.80 1.83

Ho 0.87 0.68 1.14 0.74 1.13 0.76 0.84 0.69 0.74 0.97 0.85 0.83 0.51 1.42 0.83 0.47 0.42 0.32 0.43 0.33

Er 2.16 1.75 2.85 1.88 2.87 1.94 2.35 1.95 2.00 2.49 2.16 2.06 1.32 3.60 1.97 1.23 0.99 0.85 1.09 0.80

Tm 0.35 0.27 0.48 0.30 0.46 0.31 0.33 0.27 0.30 0.40 0.35 0.35 0.20 0.60 0.32 0.18 0.15 0.13 0.16 0.11

Yb 1.98 1.55 2.58 1.70 2.60 1.69 2.24 1.83 1.93 2.20 1.93 1.96 1.18 3.58 1.78 1.15 0.88 0.72 0.95 0.70

Lu 0.36 0.29 0.44 0.30 0.46 0.29 0.34 0.27 0.27 0.39 0.33 0.33 0.20 0.58 0.30 0.17 0.15 0.12 0.16 0.10

Ta 0.88 1.03 1.08 0.85 1.31 0.83 1.73 1.76 1.80 1.00 0.84 0.88 0.60 1.27 1.42 2.27 1.27 0.88 1.11 5.05

W 5.75 5.52 6.76 5.20 10.21 6.67 8.60 9.38 8.10 7.23 3.51 5.14 6.31 9.96 9.70 9.11 10.55 9.18 7.72 2.33

Pb 32.23 10.48 35.63 24.68 15.42 13.62 14.56 153.43 16.92 15.42 11.81 27.10 10.56 12.55 28.84 21.37 8.83 5.97 6.88 17.33

Th 14.01 9.87 11.66 7.96 17.30 11.61 11.94 11.80 12.07 11.15 8.11 10.92 7.52 16.23 15.61 18.93 8.75 8.21 11.23 8.26

U 2.34 1.80 2.06 2.37 2.65 1.93 3.70 2.30 2.50 2.35 2.01 1.75 2.20 2.59 2.00 2.41 1.74 1.35 1.92 1.44

Hf 1.03 0.71 1.24 1.09 0.82 0.50 4.24 3.94 1.70 0.71 0.54 1.22 0.53 1.38 1.04 2.29 0.73 0.64 0.84 2.38

Eu/Eu* 0.736 1.411 0.664 0.775 0.610 0.642 0.635 0.674 0.608 0.655 0.582 0.724 0.643 0.535 0.534 0.500 0.997 1.177 1.200 0.558

Lan/Ybn 8.61 8.58 6.98 5.60 8.82 12.07 4.18 8.20 8.25 8.03 6.20 8.08 7.26 5.44 9.88 13.344 9.195 10.959 9.355 22.041
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3
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3 Department of Geosciences, Naruto University of Education, Japan 

Abstract

The volcanic complex of the (NE Nain) is part of Central Iran (Yazad block). This 

complex consists of intermediate to acidic volcanic rocks and includes dacite, 

trachyandesite, shoshonite and potassic trachybasalt Mineralogical characteristics such 

as chemical composition of clinopyroxene (diopside to augite), and high Mg number of 

biotites as well as geochemical ratios of Th/Yb, Ce/Yb, and Ta/Yb indicate that lavas 

are shoshonitic in nature. The lack of Eu anomaly is an indicative of high oxygen 

fugacity, a diagnostic feature of shoshonitic magmas. The pattern of rare earth elements 

and spider diagrams show LREE and LILE enrichment and HFSE (Ti, Ta, Nb) 

depletion which are the characteristics of subduction related magmas. Geochemical 

studies reveal that in addition to fractional crystallization, crustal contamination and 

magma mixing affected on the evolution of magma which has produced the volcanic 

rocks in the studied area.Based on the accomplished modeling, the source rock has 

possibly been a garnet amphibolite (including 0-10% garnet content) liable for 

generating the study volcanic rocks. 

Key words: Volcanic rocks, Shoshonite, Geochemistry, Arousan-e-Kaboudan
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Abstract

The Astaneh granitoid massif represents a small portion of Sanandaj – Sirjan zone and 

consists of tonalite, granodiorite, monzogranite and rhyodacite, being the granodiorites 

the most dominant rocks. Petrological, mineralogical, field and geochemical 

investigations suggest that the Astaneh granitoid is similar to those of the high-K calc-

alkaline series, metaluminous to weakly peraluminous, and displays features typical of 

I-type granites. Low Al2O3/ (FeO+MgO+TiO2) and (Na2O+K2O)/ (FeO+MgO+TiO2)

ratios, and the trace and rare-earth elements patterns suggest that these rocks formed 

along a destructive plate margin and were derived from a lower crustal source. The 

granitoid magma involves partial melting of lower crustal protoliths (Amphibolites) and 

fractional crystallization of the melts in higher crustal levels generated the whole 

spectrum of rock types represent in the Astaneh massif. Mantle-derived basaltic 

magmas emplaced into the lower crust are the most likely heat sources for partial 

melting. 

Keywords: Petrology, Astaneh, Sanandaj-Sirjan zone, Geochemistry of granitoid, I-

type granite, Crustal source 
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Mineralization study on iron ores from Qatruyeh area, 

northeast Neyriz, Sanandaj-Sirjan zone using hydrothermal 

alteration evidences and fluid inclusion studies 

Mohammad Ali Rajabzadeh
 *
 and Sina Asadi  

Department of Earth Sciences, Faculty of Sciences, Shiraz University, Shiraz, Iran 

Abstract

Field, mineralogical and geochemical investigations indicate that Qatruyeh area, 

northeast Neyriz, has experienced two different stages of metasomatic-hydrothermal 

alterations with dominance of magnetite mineralization. Replacement textures and 

mineral assemblages in host rock reveal that the mineralization and hydrothermal 

alteration occurred in two stages. The first stage of alteration includes of Na-Ca 

alteration accompanying magnetite ores with mineral paragenesis of Paragonite + 

Siderite + Titanite + Tourmaline ± Tremolite ± Pyrite ± Chalcopyrite. Na-Ca alteration 

related to epigenetic ore mineralization tends to be developed in deeper levels along 

bedding. The second stage indicates a sericitic-propylitic alteration which occurred with 

widespread veins and veinlets of hematite. Mineral paragenesis consists of sericite + 

quartz + epidote + chlorite ± magnetite. Analytical data on metacarbonate host rock 

show that LILEs and REEs were depleted whereas HFSEs were enriched during the 

alterations. Data from fluid inclusions suggest that low grade magnetite ores were 

deposited at temperatures between 180 and 435
o
C and pressures <280 bars from NaCl-

MgCl2-CaCl2-H2O-CO2-bearing fluids with salinities between 3.5 and 15 weight percent 

NaCl equivalent. 

Keywords: Mineralization, Iron, Hydrothermal, Fluid inclusion, Qatruyeh 
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Using trace and rare elements to determine the sources of the 

granodioritic-granitic and dioritic magmas in the 

Qorveh Plutonic Assemblage 

Ashraf Torkain 

Department of Geology, Faculty of Sciences, Bu-Ali Sina University, Hamedan, Iran 

Abstract

The Qorveh Plutonic Assemblage (QPA) is located in south of Qorveh, about 80 Km 

NW Hamedan, between 47˚ 42´ and 48˚ E-longitude and between 34˚ 50´ and 35˚ 10´ 

N-latitude. It was emplaced in a Sanandaj-Sirjan Zone (SSZ). Mafic and felsic 

intrusions have been identified within the QPA and this paper focuses on the 

geochemistry of three main units of this assemblage. These units have been identified 

on the basis of field observations, mineralogical and geochemical characteristics 

consisting of diorites, granodiorites and granites. The gabbro-diorite plutons are 

characterized by SiO2 contents between 48 and 54 wt %, low abundances of 

incompatible elements (Ba, Nb and La) relative to mantle, but rather are similar to their 

average in the middle crust. In addition, they have Al2O3/(MgO+FeO
t
)= 0.98-1.54 and 

molar CaO/(MgO+FeO
t
)= 0.59-0.71 and they were probably derived from a mafic 

crustal source. The geochemical features combined with the high volume of the 

granitoid rocks (the granodiorite and granite) are inconsistent with an origin via the 

differentiation of mantle-derived basaltic parent magma and assimilation. The 

granodioritic and the granitic rocks show moderate values of molar Al2O3/(MgO+FeO
t
)

and molar CaO/(MgO+FeO
t
) suggesting an origin involving dehydration melting of a 

metagreywacke source. Geochemical data on REEs, Y, Rb, and Sr in the latter units 

indicate that amphibole and plagioclase in the absence of garnet, were the major 

fractionating phases during magma segregation.  

Key words: Granodiorite, Granite, Mafic crust, Metagreywacke, Sanandaj- Sirjan zone, 

Qorveh
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in the Nabijan Ore Occurrence, East Azerbaijan, NW Iran 
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Abstract

The Nabijan Cu-Au exposure is located in 20 Km southwest of Kaleibar. On the basis of 

structural classification it is situated in the zone of Alborz-Azarbaijan. The diorite-

monzodiorite to gabbro-monzogabbro intrusive units of the area with Oligocene age, is 

intruded into the calcareous and volcanic rocks of the upper Cretaceous lead to 

metamorphism of the country rocks as well as the original body. Four hydrothermal 

zones including potassic, phyllic, silicification and tourmalization are recognized. 

Pyrite, native gold, chalcopyrite, arsenopyrite, sphalerite, chalcocite, malachite, azurite 

and hematite are present. Based on geochemical exploration studies and collection of 

425 samples, the content of Cu varies from 41200 to 12 ppm. The average content of 

gold is 0.44 ppm. The formation and occurrence of Au and Cu mineralization are 

controlled by structural and geochemical ingredient. 

Key words: Nabijan ore occurrence, Alteration, Copper, Native gold 
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Geochemical modeling of partial melting on the 

Tall-e-Pahlevani migmatitic xenoliths, Shahr-e-Babak 

Abdolnaser Fazlnia 

Department of Geology, Faculty of Sciences,University of Urmia, Urmia, Iran

Abstract

Falling down of pieces of garnet-biotite-kyanite schists from the Qori metamorphic 

complex (southern part of Sanandaj-Sirjan zone, northeast Neyriz) into the 

Tall-e-Pahlevani intrusion, with an initial composition of leuco-quartz diorite–

anorthosite, led to these schists (xenoliths) undergo highly contact metamorphic degrees 

up to pyroxene hornfels facies, and hence were formed felsic migmatites. Melt volume 

size produced (leucosome) based on minor element geochemical modeling was about 50 

to 70 vol. %. Some parts of the partial melts (probably <25 vol. %) were extracted from 

the xenoliths, joined each other, and produced small patches of the per-aluminous 

granites.

Key words: Geochemical modeling, Partial melting, Migmatite, Metapelite, REE 
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Abstract

The metamorphic rocks of the Ghorveh area, southeast of Sanandaj, are classified as a 

part of the Sanandaj-Sirjan metamorphic zone. South of Ghorveh includes an 

assemblage of regional and contact metamorphic rocks as a result of intrusion of 

igneous plutons. Different types of metamorphic rocks are produced in this regard. 

Metapelites have two generations of andalusite, cordierite and garnet produced by two 

distinct contacts metamorphism. Fibrolites are associated with andalusite, garnet, biotite 

and muscovite near Sartip Abad intrusion. Fibrolite growth without deformation and 

randomly on biotite and andalusite shows that fibrolites have formed at the latest stage 

of intrusion phase in this area. The textural studies of fibrolites show that they are of 

disharmonious type. Thermobarometry shows pressure and temperature lower than 3 Kb 

and 700°C in KMASH sub-system, respectively. Some textural evidence are consistent 

with continuation of fibrolite growth after ductile deformation. 

Key words: Ghorveh, Metamorphism, Metapelite, Fibrolite 
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