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A= Alteration, O= Minor phase (<5%), X= Major phase(>5%,)

Sample No GR Cal/Dol Qz Ep Cpx Hbl Grt Zo Mo Ves Act/Tr Hem Texture Rocktype
Poiikiloblastic-
ChelCc O X X X X X Granoblastic- P 11~ Act-Grt
. Calc-silicate
Nematoblastic
ChelD o X X AX X X P011k1.loblast1- Gn-q)x Calc-
porphiroblastc silicate
ChelE X X X AX X X P011k1‘10b1ast17 Cpxi(?lt Calc-
porphiroblastc silicate
ChelF 0 X X AX X X P011k1'lob1ast1- Cpx—.C?xrt Calc-
porphiroblastc silicate
ChelG o % X AX X % P011k1'loblast1'— Cpx—.errt Calc-
porphiroblastic silicate
ChelJ X X X X (¢ (0] Granoblastic Zo- .E.p Cale-
silicate
ChelK X x X AX X x o Pouklloblast‘lcf Cpx- Gf[i Zo Calc-
Granoblastic silicate
ChelL 0 X X AX X % 0 P011k110b1asF1— Cpx—.('irt Calc-
Granoblastic silicate
ChelM o % X AX X O X Ponklloblast.w— Grt- Cpx Calc-
Granoblastic silicate
Granoblastic-
. Ep- Tr/Act- Z
Che3 O X X AX 0 0 X O  Sympletic- p- Tr/Act Zo
. Calc- silicate
Nematoblastic
Poiikiloblasti-
Che 4 X X X AX X X Granoblastic-  Cpx Calc- silicate
Zinoblastic
Poiikiloblasti-
. Cpx- Grt Calc-
Che5 o X X AX X X O  porphiroblastc- .
. silicate
Granoblastic
Poiikiloblasti-
. Grt- Cpx Calc-
Che8 o X X X X O  porphiroblastc- L
silicate

Granoblastic
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No. Se As S Pb Bi Sb Fe Co Ag Te Zn Cu Ni Au Total
1 0.024 0.009 52.701 0 0 0  46.499 0.083 0 0.02 0 0.014 0.003 0.038 99.391
2 0 0 52.576  0.04 0 0 46.522 0.077 0.008 0.025 0 0.02 0.002 0.021 99.291
3 0.008 0 53.037 0.022 0.017 0 46.612 0.099 0 0013 0 0.013 0 0.056 99.877
4 0 0.028 53.35 0 0 0.001 46.28 0.053 0.001 0.04 0.004 0.01 0.005 0.029 99.801
5 0.008 0.009 52958 0.065 0.049 0 46.887 0.077 0 0 0.025 0.027 0 0.015 100.12
6 0.006 0 52.54 0 0 0.009 45896 0.013 0 0 0004 0 0 0.051 98.519
7 0 0 53.148 0.049 0 0 46.742 0.035 0.004 O 0 0 0.001 0.016 99.995
8 0.001 0.038 52.892 0.015 0 0.015 46.269 0.071 0 0 0.002 0.004 0.004 0.011 99.322
9 0.006 0.042 52.731 0 0 0.019 46471 0.108 0 0 0 0 0 0.018 99.395
10 0.017 0.031 52.569 0 0.034 0.011 45.771 0.145 0.019 0.027 0.025 0.022 0.014 0.056 98.741
12 0 0 53.541 0.068 0.02 0.005 46.407 0.128 0 0.002 0 0 0.019 0.023 100.213
13 0.006 0.015 52.981 0.148 0 0.032 45924 0.101 0.029 0 0 0.026 0.034 0.015 99.311
14 0 0 53.014 0.043 0 0 46479 0.058 0.002 0 0.02 0 0.003 0.062 99.681
15 0 0.034 52.905 0 0 0.009 46.14 0.017 O 0 0.007 0.029 0.013 0.028 99.182
16 0.006 0.024 52.638 0.022 0.023 0.002 46.393 0.05 0 0 0.006 0.027 0.006 0.039 99.236
17 0.037 0 53.104 0.046 0 0 46.146 0.073 0 0.034 0.015 O 0 0.015 9947
18 0.005 0  52.836 0 0 0 46.392 0.067 0 0.022 0.003 0 0.002 0.054 99.381
19 0 0.037 52.797 0.006 0 0 46.158 0.07 0 0 0.002 0 0.002 0.039 99.111
20 0 0 52972 0.012 0.031 0 45857 0.072 0 0.053 0.013 0.01 0.005 0.058 99.083

1. Electron prob micro analysis
2. Below detection limit

sy
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No. Se As S Pb Bi Sb Fe Co Ag Te Zn Cu Ni Au Total

21 0.01 0.079 52.845 0.04 0.034 0.003 46.106 0.056 0 0.006 0.027 0.027 0  0.023 99.256
22 0 0.005 52.974 0 0003 0 45574 0.468 0 0.043 0.007 0.025 0.013 0.029 99.141
23 0.008 0.043 52.579 0 0 0  46.267 0.072 0.035 0.027 0.006 0.004 0.015 0.042 99.098
24 0.007 0.003 53.098 0.034 0.045 0 46.1 0.066 0 0.011 0.053 0 0 0.039 99.456
25 0.027 0.008 53.325 0.04 0 0.006 46.541 0.066 0.009 0.048 0 0 0 0.021 100.091
26 0.017 0.038 53.022 0.089 0.043 0.029 45922 0.06 0.021 0.012 0 0 0 0.021 99.274
27 0 0.001 53.544 0.034 0.004 46.149 0.603 0 0 0 0 0.035 0.024 100.394
28 0 0.012 53.196 0 0.021 45986 0.116 0 0 0.000 0 0.017 0.034 99.383
29 0 0 53.191 0 0.022 46.118 0.112 0 0.006 0 0 0.045 0.033 99.527
30 0.007 0  53.246 0 0.007 46.198 0.12 0.003 0.006 0.03 0.026 0 0.081 99.724

(Wt olly) pg0 Jud locoym 4 by e EPMA)':JL‘;I bl Y Jsux

No. Se As S Pb Bi Sb Fe Co Ag Te Zn Cu Ni Au Total

1 0 0032 53222 0 0 0 46.25 0.051 0 0.043 0.026 0 0.004 0.01 99.638
2 0 0.025 52294 0.105 0 0.011 46333 0072 0 0 0 0 0006 0 98.846
3 0 0.018 53513 0.018 0 0 46.034 0.058 0 0 0.01 0 0004 O 99.655
4 0 0 53.204 0 0 0.01 45904 0.051 0 0 0 0.01 0.002 0 99.181
5 0015 0 52.737 0 0 0.037 46.689 0.068 0.011 0.029 0.017 0 0.014 0 99.617
6 0004 O 52.937 0.031 0 0.01 46.254 0.02 0 0 0012 0 0 0 99.268
7 0 0.006 52.553 0 0.006 0 45949 0.126 0.004 0.028 0 0 0001 0 98.673
8 0.004 0.036 52.71 0.031 0.017 0 45898 0.056 0.027 0 0 0.014 0.02 0 98.813
9 0 0 52.858 0.08 0 0.02 46.507 0.099 0 0022 0 0 0.015 0.01 99.611
10 0 0.034 52.894 0.034 0 0.022 46.597 0.078 0.039 0 0 0 0006 0 99.704
11 0 0.011 53.135 0.025 0 0 45978 0.226 0.053 0 0 0 0013 0 99.441
12 0 0 52.497 0.037 0.003 0.006 46.729 0.044 0.014 0 0 0 0007 0 99.337
13 0.002 0 52.949 0 0 0.032 46.458 0.14 0 0 0.025 0.003 0.013 0 99.622
14 0 0017 52.69 0 0.009 0.001 45902 0.097 0 0 0016 0 0012 O 98.75

15 0.007 0 52.798 0.065 0 0 46273 0.081 0.012 0 0 0 0 0.011 99.247
16 0.005 0.014 52.604 0 0 0 46433 0.044 0 0019 O 0 0 0 99.119
17 0.014 0 53.033 0.022 0.014 0  46.369 0.063 0 0 0 0006 0 0.011 99.532
18 0 0 53.157 0.006 0.017 0.01 45.852 0.072 0.031 0.015 0 0 0.01 0 99.17

19 0 0.01 53.261 0.077 0.017 0  46.935 0.163 0.005 0 0.004 0.001 0.001 0 100.474
20 0.02 0.06 52.995 0.037 0.026 0.005 45.604 0.572 0.017 0 0.034 0 0 0.01  99.38

21 0.007 0 52.569 0.009 0.014 0.017 46.666 0.072 0.009 0 0.03 0.048 0 0 99.441
22 0.002 0 52.826 0.052 0.048 0  46.161 0.086 0.021 0.017 0.002 0.014 0 0 99.229
23 0.006 0.017 52.836 0.068 0.08 0.021 46.357 0.052 0 0 0 0 0 0 99.437
24 0 0 52.601 0.003 0.051 0  46.366 0.097 0.007 0 0 0 0.007 0.008 99.14
25 0 0 52.818 0 0 0 45996 0.057 0.012 0.012 0.012 0.005 0.009 0.002 98.923
26 0 0.04 52.897 0 0.037 0.008 45.839 0.055 0.027 0.005 0 0.024 0.001 0 98.933
27 0.026 0 52.958 0.043 0 0 4586 0.148 0 0 o011 0 0 0 99.046
28 0 0 52.656 0.006 0.014 0.037 46.206 0.069 0 0 0.007 0.008 0.012 0.003 99.018
29 0.003 0 52.546 0 0.006 0.022 46.203 0.073 0 0.037 0.004 O 0  0.008 98.902
30 0 0 52.687 0.015 0.014 0 46.4 0.07 0.015 0.002 0 0  0.001 0 99.204
31 0.02 0.018 52.945 0.015 0.011 0  45.667 0.059 0 0.02 0 0 0 0.006 98.761
32 0.01 0.012 53222 0 0 0.022 4589 0.077 0.01 0.01 0 0 0 0 99.253
33 0 0.021 53.079 0.077 0.016 46362 0.163 0 0.001 0 0.021 0.01 0 99.75

34 0 0 52.686 0 0 46.112 0.142 0 0.005 0 0.016 0.016 0.003 98.98

35 0 0 53.409 0.015 0  46.637 0.099 0 0 0003 0 0.009 0 100.172
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Se 1
As 0.025 1
S -0.109 0.058 1
Pb -0.047 0.027 0.039 1
Bi -0.054 0.074 -.598** _0.006 1
Sb- -0.057 -0.022 0.059 0.108 0.034 1
Fe -0.103 0.058 .997** 0.034 -.585™* 0.062 1
Co -0.006 0.002 .192% 0.028 -0.054 -0.017 .174* 1
Ag -0.028 0.023 -.619™ _0.059 .920* 0.037 -.605** -0.067 1
Te 0.102 -0.03 20.099 -0.009 -0.017 0.061 0.07 -0.019 1
Zn  0.131 -0.058 20.106 0.112 -0.135 -.388% _0.056 0.054 0.001 1
Cu .158% -0.099 0.001  0.01 -0.099 -.780** _.181% -0.023 -0.073 .444™* |
Ni -0.064 -0.049 0.037 -0.003 0.082 .160% 0.034 .289™* 0.093 -0.038 -.184* 0.117 1
Au -0.031 0.024 -.620** -0.058 .920"* 0.031 -.606™* -0.068 .969** -0.017 0.056 -0.022 0.092 1
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(Alici et al., 2002) gl co (Fiion (5 yomgiiow| dlingS
93 basgts a5l 0 o8 (33,0 HISIT slaleSTe s
LILE g LREE ;| o o0 peuslogusbio diissS ido
3l Sa—i e .(Upadhyay et al., 2006) aig— sl
slolsle o HREE ;| Sa_i 45 s LREE 4 Pb. Ba
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i 595 10 39390 sla Jguiol glabais 3IUT ol ) Jgu

Amp Hsl Hs2 Hs3 Hs4 HsS Hs6
SiO, 38.88 41.98 39.23 40.20 40.20 40.77
TiO, 2.28 0.52 2.19 2.38 2.30 2.41
AlLO, 13.16 11.97 13.51 13.59 13.72 13.77
FeO 11.00 13.15 11.12 12.09 11.85 10.32
MnO 0.15 0.21 0.13 0.11 0.07 0.19
MgO 13.79 13.76 13.93 13.78 13.40 13.35
CaO 12.30 12.18 12.37 12.21 12.39 12.23
Na,0 2.23 2.36 2.26 2.48 2.47 2.60
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Amp Hsl Hs2 Hs3 Hs4 HsS Hs6

K,0 1.46 0.62 1.48 1.84 1.72 1.77

Cr,0, 0.01 0.00 0.01 0.00 0.00 0.00

Summe 95.26 96.75 96.23 98.68 98.12 97.41

Ailoas dwlos yinST 031 23 ol Loy g5l

Si 5.878 6.190 5.863 5.888 5.936 6.057

Ti 0.259 0.058 0.246 0.262 0.255 0.269

Al 2.345 2.081 2.380 2.346 2.388 2.411

Fe 1.391 1.621 1.390 1.481 1.463 1.282

Mn 0.019 0.026 0.016 0.014 0.009 0.024

Mg 3.107 3.024 3.103 3.008 2.949 2.956

Ca 1.992 1.924 1.981 1.916 1.960 1.947

Na 0.654 0.675 0.655 0.704 0.707 0.749

K 0.282 0.117 0.282 0.344 0.324 0.335

Cr 0.001 0.000 0.001 0.000 0.000 0.000

Sum 15.927 15.715 15.918 15.964 15.991 16.031

Sook slacals 3 lagesls oo

T Si 5.878 6.190 5.863 5.888 5.936 6.057
Al(IV) 2.122 1.810 2.137 2.112 2.064 1.943
Fe* 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.000 0.000 0.000 0.000
C AVD 0.223 0.271 0.243 0.235 0.324 0.469
Ti 0.259 0.058 0.246 0.262 0.255 0.269
Fe* 0.461 0.784 0.501 0.472 0.279 0.000
Cr 0.001 0.000 0.001 0.000 0.000 0.000
Mg 3.107 3.024 3.103 3.008 2.949 2.956
Fe* 0.930 0.837 0.888 1.009 1.184 1.282
Mn 0.019 0.026 0.016 0.014 0.009 0.024
Ca 0.000 0.000 0.000 0.000 0.000 0.000
B Ca 1.992 1.924 1.981 1.916 1.960 1.947
Na 0.008 0.076 0.019 0.084 0.040 0.053
A Ca 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.646 0.599 0.636 0.620 0.667 0.695
K 0.282 0.117 0.282 0.344 0.324 0.335
Na+K)A 0.927 0.715 0.918 0.964 0.991 1.031
M/(M-+Fe*) 0.770 0.783 0.777 0.749 0.713 0.697
100Na/(Na+Ca) 24.703 25.960 24.846 26.876 26.511 27.782
100A1/(Al+Si) 28.519 25.155 28.873 28.494 28.688 28.475
AI(VDFe*TiCr 0.944 1.113 0.992 0.969 0.858 0.738
Na+K)A 0.927 0.715 0.918 0.964 0.991 1.031
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(Hs) jucutn 5525 5 (L) (D& (59015 5 99750 (s, (slabais 5Ll b Y Sy

Px Lgl Lg2 Lg3 Lg4 Lg5 Lg6 Lg7 Lg8 Lg9 Hsl Hs2 Hs3  Hs4  Hs5
SiO, 4943 47.18 46.97 5133 50.15 50.58 51.54 5143 479 49.81 48.06 50.79 49.89 50.88
TiO, 072 1.03 091 061 057 044 04 032 079 0.68 1.02 051 0.68 0.44
ALO, 463 462 532 3.03 364 269 23 223 59 521 6.28 418 481 4.09
FeO 855 15.02 16.12 892 919 91 915 631 99 739 854 7.02 748 7.01
MnO 024 042 051 034 027 038 035 0.16 029 024 022 029 024 0.29
MgO 13.24 7.77 7.07 13.03 13.55 13.19 13.09 154 1233 1326 12.72 13.72 13.61 13.69
CaO 22.57 22.53 2256 22.68 21.68 2226 2243 2297 21.07 23.48 2329 23.16 24.02 23.21
Na,O 039 098 091 058 054 051 058 03 072 051 0.54 038 042 034

K,0 0.01 0.01 0.01 0 0.01 0 0.04 0.01 0.01 0 0 0 0 0

Cr,0, 0 0 0.01 0 0.01 0 0 0.1 0.01 0 0 0 0 0
Summe  99.78 99.56 100.39 100.52 99.61 99.15 99.88 99.23 98.98 100.58 100.67 100.05 101.15 99.95

Ailoauds dulre (5T £ oll s Lo yg0lS”
Si 1.840 1.816 1.801 1.902 1.870 1.900 1.923 1.906 1.801 1.832 1.772 1.877 1.825 1.883
Ti 0.020 0.030 0.026 0.017 0.016 0.012 0.011 0.009 0.022 0.019 0.028 0.014 0.019 0.012
Al 0.203 0.210 0.240 0.132 0.160 0.119 0.101 0.097 0.264 0.226 0.273 0.182 0.207 0.178
Fe 0.266 0.483 0.517 0.276 0.287 0.286 0.285 0.196 0.311 0.227 0.263 0.217 0.229 0.217
Mn 0.008 0.014 0.017 0.011 0.009 0.012 0.011 0.005 0.009 0.007 0.007 0.009 0.007 0.009
Mg 0.735 0.446 0.404 0.720 0.753 0.738 0.728 0.851 0.691 0.727 0.699 0.756 0.742 0.755
Ca 0.900 0.929 0.927 0.900 0.866 0.896 0.897 0.912 0.849 0.925 0.920 0.917 0.941 0.920
Na 0.028 0.073 0.068 0.042 0.039 0.037 0.042 0.022 0.052 0.036 0.039 0.027 0.030 0.024
K 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000
Sum 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
ook slools )0 loyssls a9

T Si 1.840 1.816 1.801 1.902 1.870 1.900 1.923 1.906 1.801 1.832 1.772 1.877 1.825 1.883
AldV) 0.160 0.184 0.199 0.098 0.130 0.100 0.077 0.094 0.199 0.168 0.228 0.123 0.175 0.117

M1 AI(VD) 0.043 0.025 0.041 0.034 0.030 0.019 0.024 0.003 0.065 0.058 0.044 0.060 0.032 0.062
Fe* 0.141 0.281 0.318 0.188 0.164 0.179 0.202 0.092 0.146 0.100 0.069 0.141 0.075 0.150
Fe* 0.125 0.203 0.199 0.088 0.123 0.106 0.084 0.104 0.165 0.128 0.194 0.076 0.154 0.067

Quad 1.776 1.655 1.648 1.808 1.783 1.813 1.826 1.854 1.686 1.752 1.688 1.814 1.758 1.825
Jd 0.056 0.146 0.135 0.083 0.078 0.074 0.084 0.043 0.105 0.073 0.077 0.054 0.060 0.049
Fell/

(Fell:Mg) 0.161 0.386 0.440 0.207 0.178 0.195 0.217 0.097 0.175 0.121 0.090 0.157 0.091 0.165
Di 0.839 0.614 0.560 0.793 0.822 0.805 0.783 0.903 0.825 0.879 0.910 0.843 0.909 0.835
Hd 0.161 0.386 0.440 0.207 0.178 0.195 0.217 0.097 0.175 0.121 0.090 0.157 0.091 0.165
ALVA 079 09 130 123 08 059 098 0.07 1.65 124 081 128 057 125
Dis, 81.32 56.38 51.74 75.79 7871 77.30 74.87 88.20 77.69 84.43 87.04 81.84 87.88 81.28
Hdy, 15.61 3551 40.67 19.81 17.09 18.77 20.74 9.52 1645 11.58 859 1525 8.84 16.12
Aey, 229 722 628 317 337 335 341 220 421 274 356 1.64 271 1.36
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Leghlan Hashtsar
HR-022 HR-066 HR-075 HR-083 HR-087 HR-101 HR-102 HR-103 HR-104 HR-117 HR-121 HR-125

SiO, (%)  48.83 48.88 48.98 48.85 46.02 44.72 48.12 45.52 42.72 4248  41.78 44.48

ALO,()  16.74 14.81 14.99 14.95 14.63 14.12 18.32 14.51 18.8 18.37 17.92 18.24
Fe,0,¢%) 476 5.18 5.1 5.1 4.42 4.84 4.01 4.7 4.7 4.91 4.72 4.7
FeO(%) 4.61 5.28 5.13 5.15 5.84 6.16 4.6 6.14 7.35 8.36 7.97 7.09
CaO(%) 9.01 9.15 9.09 9.05 13.64 11.49 9.78 13.31 13.36 11.78 12.92 11.89
MgO(%) 4.48 4.99 4.71 4.88 5.88 6.08 3.81 6.72 5.42 6.27 6.91 5.58
Na,O(%) 3.44 2.67 2.77 2.75 1.98 1.25 2.59 1.98 1.94 1.91 1.86 2.12
K,0(%) 4.57 4.87 4.85 4.83 3.28 4.41 3.89 3.32 2.08 1.14 1.26 1.98
TiO,(%) 0.75 0.85 0.84 0.83 1.14 0.82 0.86 0.98 1.09 1.31 1.27 1.08
MnO(%,) 0.23 0.19 0.18 0.21 0.23 0.22 0.23 0.24 0.23 0.14 0.16 0.22
P,O,(%) 0.52 0.49 0.48 0.51 0.43 0.52 0.59 0.51 0.72 0.44 0.58 0.61
Ba(ppm) 1290 892 974 1460 1141 1092 1292 785 1152 741 797 1256
Be(ppm) 1.5 2 2.2 1.9 0.2 0.18 0.2 0.32 0.25 0.3 0.15 0.4
Cd(ppm) 0.2 0.08 0.13 0.14 0.16 0.03 0.13 0.02 0.15 0.04 0.035 0.11
Ce(ppm) 69.8 77.6 79.8 81.4 78.8 73.8 65.9 79.6 81.4 76.5 69.8 72.7
Co(ppm) 32.1 36.2 33.6 28.6 57.5 40.3 36.7 39.6 34.8 48.6 81 50
Cr(ppm) 23 62 57 26 162 44 91 112 42 40 91 53
Cs(ppm) 2.9 2.6 2.4 2.9 0.2 1.48 1.86 0.98 0.42 0.1 0.08 0.2
Dy(ppm)  4.96 5.09 5.24 4.8 4.69 3.88 4.77 4.32 4.69 4.96 4.32 5.35
Er(ppm) 2.74 2.72 2.72 2.74 2.92 2.09 2.75 2.28 2.46 2.55 2.56 2.91
Eu(ppm) 2.03 2.01 2.04 1.89 1.92 1.92 2.09 2.18 2.08 1.62 1.69 2.41
Ga(ppm) 15.8 15.6 15.2 16.5 14.2 16.9 18.6 16.4 19.7 15.9 15.2 16.3
Gd(ppm)  6.61 6.85 6.81 6.26 5.99 6.12 6.25 6.38 6.61 4.94 5.17 8.48
Ge(ppm) 1.25 1.39 1.4 1.31 1.49 1.5 1.8 1.35 1 1.21 1.69 1.09
Hf(ppm) 2.44 2.79 2.81 2.55 2.23 1.9 2.7 2.6 2.3 2.07 2.67 2.24
Ho(ppm) 1.02 0.99 1.03 0.99 0.84 0.79 0.89 0.78 0.84 0.7 0.74 0.88
La(ppm) 27.2 33.8 34.1 29.3 28.13 31.7 36.2 29.4 30.3 26.92 26.75 37.41
Li(ppm) 17 16 20 20 4.1 32 2.4 4 1.8 2.9 2.5 4.2
Lu(ppm) 0.45 0.4 0.41 0.46 0.32 0.23 0.25 0.27 0.28 0.26 0.25 0.33
Nb(ppm) 8 10.3 10.7 9.3 2.7 33 6.4 2.7 1.8 3.7 2.01 2.6
Nd(ppm)  27.7 33 33 27.8 30.1 30.8 31.8 32.4 31.8 25.6 26.7 46.1
Ni(ppm) 15 25 23 13 50 24 26 28 8 14 51 10
Pb(ppm) 222 18.3 20.2 26.7 8.5 24 9 13 6 13.8 11.6 22.1
Pr(ppm) 6.64 8.18 8.17 6.77 8.21 7.12 8.04 7.31 7.52 6.91 7.09 12.12
Rb(ppm) 92 118 120 91 70 105 676 769 28 54 52 86
Sc(ppm) 22 34 32 20 55 45 72 66 30 34 85 23
Sm(ppm)  6.22 7.29 7.03 6 6.24 6.71 6.61 7.08 7.39 5.21 5.8 9.08
Sr(ppm) 1440 1160 1220 1340 1070 1184 1242 1276 1891 1200 1141 2240
Ta(ppm) 0.69 0.93 0.89 0.78 0.49 0.6 0.53 0.4 0.5 0.4 0.6 0.48
Tb(ppm) 0.9 0.9 1 0.9 1 0.9 1 0.9 0.9 0.9 0.9 1.2
Th(ppm) 6.02 7.28 7.52 6.98 3.33 5.94 7.52 4.61 2.88 3.2 3.16 4.47
Tm(ppm)  0.43 0.4 0.43 0.44 0.26 0.27 0.36 0.26 0.29 0.22 0.22 0.25
U(ppm) 1.84 2.05 2.12 2.12 2.07 1.79 2.28 1.24 0.58 1.86 1.54 2.26
V(ppm) 370 339 315 364 551 381 269 359 449 510 739 535
Y (ppm) 26.8 28.2 28.2 26.7 28.2 18.9 252 20.9 23.1 25.4 25.6 30.3
Yb(ppm) 1.36 1.52 1.62 1.84 1.62 1.51 1.50 1.46 1.66 1.52 1.35 1.25
Zn(ppm) 36.6 47.6 43.8 34 46.5 92 59 94 88 45.7 55.4 42
Zr(ppm) 77 93 90 87 66 74.1 110.3 75.8 57.2 64 71 67
Ce/Yb 51.32 51.05 49.25 44.23 48.64 48.87 43.93 54.52 49.03 50.32 51.70 58.16
CelY 2.60 2.75 2.82 3.04 2.79 3.90 2.61 3.80 3.52 3.01 2.72 2.40
Y 2.87 3.29 3.19 3.25 2.34 3.92 4.37 3.62 2.47 2.51 2.77 2.21
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1. Keweenaw Peninsula

2. Volcanic red bed

3. Manto type

4. Volcanic massive sulfide

5. X-Ray diffraction

6. X-ray fluorescence

7. Inductively coupled plasma optical emission spectroscopy
8. Inductively coupled plasma mass spectrometry
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Abstract

The Golcheshmeh copper deposit is located in the north-east of Iran (south of Neyshabour) at the
margin of Sabzevar Structural Zone. Based on geological and labratory studies, the outcroped rocks
consist of Eocene volcanic rocks such as andesite, basaltic- andesite and basalt, that associated with
the sedimentary and volcanosedimentry rocks including limestone, tuff and breccia. The alteration
is hosted andesitic layers that includes carbonatization, propylitic and less argilic and sericitic. The
carbonatization zone is the most important alteration zone in this area. Mineralization mainly occurs
in Eocene or younger volcanic rocks as vein- veinlets, amygdaloidal fillings and some replacement
and disseminated styles. According to the minerallographic studies, the main ores containing copper
are divided into oxide and sulfide types. Mineralization mainly consists of oxide phases and can
be seen as contamination of surface fractures and pores or voids filling in host rocks. The main
oxide minerals are malachite, azurite and chrysocolla and sulfide minerals are chalcocite, covellite,
with minor chalcopyrite, bornite, digenit and also native copper. Chalcocite is the most abundant
sulfide ore in this area. There are probably two generations: The first generation is a primary ore that
was formed directly in joints, cracks, and fractures from the ore-containing solution and currently
is replaced covellites, and the second generation is chalcocite that was probably formed from the
conversion of bornite and chalcopyrite through substitution and under supergene conditions. In most
cases, the observed intergrowth between copper ores suggests the multi-stage mineralization in this
region. Geochemical studies based on minor and trace elements obtained from this research indicate
that the igneous rocks in this region were characterized by the calc-alkaline basalt characteristics and
in terms of tectonic setting, could be attributed to subduction zone-related continental arc magmatism.
In addition, based on the results of the analyses of trace and rare earth elements, the high amount
of Nb (more than 16 ppm), Rb-rich, (Zr / Nb), (less than 2 and between 0.7 to 0.46), could be an
indication of contamination of magma with continental crust. The absence of Eu anomaly suggests
a broadly defined melting conditions at oxidation state. On the basis of this study and with respect to
some evidences such as tectonic setting, host rock types, structure and texture of ore body, mineral
paragenesis, shape of the ore body and associated elements, this area is comparabale to a Manto type
deposit located in Chile regardless of some differences. Thus, it is suggested that the Golcheshmeh
copper mine classifias a Cu- Manto type deposit.

Keywords: Golcheshmeh, Andesite, Mineralization, Alteration, Cu-Manto, Michigan.
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Abstract

In terms of natural fractures, Iranian carbonate reservoirs have a global reputation.
These fractures are known as dramatically important factor in the exploration and
production of hydrocarbons. Many important oil and gas fields are classified based on
the production from fractured reservoirs. At the first step, the aim of this study is the
investigating the structural evolution of Farour B gas field and then determining how
the detected fault influences this gas field. For this study, 2D seismic data, Persian
Carpet-2000 (PC-2000), and all related information on the wells of the studied field were
collected. Then these data were loaded on Petrel software,. Shifting and interpretation
of all the chosen seismic lines were selected according to the excavation information
from three wells and finally the deep balanced maps of formations and 3D patterns were
provided. The flatting process was done for some seismic sections. According to seismic
sections and tectonic analyzing the Farour B structure has two normal faulting trends
in which the faults slope are approximately vertical and the eastern and western faults
displacement are about 70 meter and 20 meter respectively.

Keywords: Structural analysis, The gas field FAROOR B, Fault systems, Structural
model, Seismic reconstruction 2D.
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Abstract

The Alvand batholith is intruded into the Jurassic argillaceous and carbonate rocks
and has caused contact metamorphism. The calc-silicate hornfelses and varieties of
pelitic and mafic hornfelses are produced in this regard. Based on the modal percentage,
the calc-silicate rocks of the area can be divided into different groups. The present
study shows that the calc-silicate hornfelses of the Hamadan area are metamorphosed
during two metamorphic phases, the prograde and the retrograde events. The prograde
metamorphism formed anhydrous minerals such as pyroxene, garnet and vesuvianite.
Following this phase, by reduction of temperature, the retrograde metamorphism
occurred and tremolite-actinolite, zoisite, epidote and to some extent hematite were
formed. The rocks resulted from this metamorphism are epidote calc-silicate, epidote-
tremolite-actinolite calcsilicate, zoisite calc-silicate and ... .

Retrograde metamorphism caused alteration along the grain boundaries and along the
cleavage plane of the minerals (especially garnet). Furthermore, some textures, such as
symplectite texture, were developed in the rocks, which is in accordance with decreasing
temperature.

Keywords: Alvand batholite, Retrograde metamorphism, Metamorphic processes, Clac -

silicate, Hamadan.
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Abstract

Scoria cone near Khatoon-Bagh, NE of Mahabad in West Azerbaijan province
consists of 3 parts: Lower part contain layer of scoria, ash and tephra, middle part consist
of volcanic bomb-bearing scoria and finally (upper part) a layer full of bomb. Their
composition is mainly olivine basalt. The morphometric data used for morphologic
age were either derived by manual measurement on topographic maps and by Digital
Elevation Model-based (DEM) calculations. The main parameters of cone such as
height, basal and crater diameter have been measured for calculation of Hco/Wco
ratio and average slope angle. The main parameters show that the basal shape of this
cinder cone is elliptical and at the crater is super elliptical, therefore can categorize it as
horseshoe-shaped cone. The comparison of main parameters from a number of previous
studied cinder cones from around the world suggest that dimensions of Khatoon-Bagh
cone is similar to global average. Since with the increase in age and degradation of cone,
the height, height to diameter and slope angle of cone will decrease, so Hco/Wco could
be used for morphometric ages. According to Wood (1980b) and Sucipta et al. (2006)
aging data and Porker (1972)’s relations, the relative age of Khatoon-Bagh cinder cone
estimate 0.7-2 Ma which is in agreement with stratigraphic age in geological maps.

Keywords: Age determination, Morphological classification, Quaternary, Cinder cone,
Morphometry.
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Abstract

Muteh district is located in the central part of Sanandaj- Sirjan Zone. It consists of two
active mines, including the Chah Khatoon and Senjedeh open pits. Exposed rock units
in the area underwent greenschist to lower amphibolite metamorphism. They consist
of deformed and metamorphosed volcano-sedimentary and acidic volcanic rocks. Gold
mineralization is hosted in metamorphic rocks and pyrite is the most important Au-hosting
mineral in the Muteh minig district; therefore, pyrite from the Senjedeh gold deposit was
investigated using a combination of ore microscopy, including back-scattered imaging
(BSE), and electron probe microanalysis (EPMA) with the aim to investigate gold and
trace elements (Se, As, Pb, Bi, Sb, Co, Ag, Te, Zn, Cu, Ni) distribution. Based on our
studies, there are two generations of pyrite: medium-grained, anhedral and deformed of
first generation of pyrite that is characterized by abundance of microfractures, contains
high level of gold ( up to 810 ppm) and coarse grained, euhedral of second generation
of pyrite, contains low- medium level of gold (bdl- 110 ppm). Results of this study
show that there are no systematic differences between the trace element compositions
of two generations of pyrite. According to BSE, visible gold is widespread and present
as irregular grains of native gold mostly along grain boundaries or filling microfractures
of first generation of pyrite. Element mapping indicates that Co is incorporated in pyrite
crystal lattice and shows compositional zoning in pyrite grains. Ultramafic, and to a lesser
extent, mafic rocks are typically strongly enriched in Co; in contrast, felsic rocks usually
contain low Co concentrations. Therefore, high Co concentrations should be a good
indicator of a high proportion of mafic to ultramafic over felsic rocks in the fluid source
area. Co concentrations in pyrite ,possibly linked to mafic/ultramafic metamorphic rocks,
provide further evidence for the orogenic gold deposit affinity.

Keywords: EPMA, Pyrite, Gold, Senjedeh, Muteh
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Abstract

The gabbroic bodies are outcropped in the East and south-west of Hourand (East of
Kaleybar) and in the East Azarbaijan province. The gabbroic body of Leghlan forms
frequent sills injected in the Upper Cretaceous-Paleocene flysch deposits. The gabbroic
body of Hashtsar along with associated pyroxenite were injected into these deposits.
The mineral composition of the gabbroic body of Leghlan is plagioclase, clinopyroxene,
potassium feldspar and biotite, and the major minerals of the gabbroic body of Hashtsar
includes plagioclase, clinopyroxene and amphibole. Plagioclases in gabbroic body of
Hashtsar (anorthite) is more calcic than those in the gabbroic body of Leghlan and show
no chemical zoning. The composition of clinopyroxene in both bodies is in the range
of diopside and amphiboles in gabbroic body of Hashtsar are pargasite to tschermakite.
The parental magmas of these bodies, based on mineral chemistry and composition
of clinopyroxene, was shoshonit and the melting occurred at a rate of about 5% of the
enriched spinel-garnet lherzolite mantle and with garnet in the residue. The rocks were
developed in a volcanic arc setting.

Keywords: Sill, Flysch, Volcanic arc, Gabbro, Hourand.
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Abstract

The Garmabe Paein copper-silver volcanogenic massive sulfide (VMS) deposit
is located 290 km southeast of Shahrood and occurred within the Upper Cretaceous
volcano-sedimentary sequence in the Sabzevar subzone, north-east of Iran. Native
copper mineralization occurred within the Cretaceous volcanic host rocks of the Garmabe
Paein deposit including andesite-basalt with amygdaloidal texture, trachyandesite and
volcanic breccia, and Paleocene conglomerate, as vein-veinlets and disseminated forms.
Geochemical studies indicate that the volcanic rocks have basaltic compositions and
calc-alkaline nature, deposited within a back-arc basin. Major wall rock alterations are
dominated by chloritic and minor zeolitic mineralization. This study shows that diagenesis
and burial process in the host volcano-sedimentary sequence produced relatively hot and
brine fluids which leached copper from the volcanic rocks and deposited as native copper
under reduced conditions within the Late Cretaceous andesit-basalt and trachyandesite
and Paleocene conglomerate. Considering host rock types, mineralogy and alteration,
the native copper mineralization in the Garmabe Paein deposit show most similarity with
the native copper mineralization in the basaltic rocks (Michigan-type), which occurred
slightly after formation of the Garmabe Paein VMS deposit during diagenesis, burial
metamorphism and uplift.

Keywords: Garmabe Paein, Volcanogenic massive sulfide, Michigan type, Native
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Abstract

The Salafchegan quartz diorite pluton which is located at 45 km southwest of Qom,
has intruded sandstone and sandy limestone of the Upper Red Formation as small
subvolcanic intrusion. A zigzag pattern of major and trace elements variations in these
intrusive rocks, from margin to the center of the pluton, may indicate periodical magma
chamber refreshments. These subvolcanic rocks show geochemical calc-alkaline affinity
and in the case of aluminum saturation index, they could be classified as meta-aluminous
rocks, similar to I type granitoids. These rocks are enriched in LILE, and LREE but
depleted in HREE. In addition, they show negative anomalies of Nb and Ti, low Ce/Pb,
high Ba/La and Ba/Th ratios associated with high Al content. They illustrate porphyritic
texture accompanied by inequilibrium phenocrysts such as zoned plagioclase or reaction
rims surrounding hornblende crystals. Based on petrographical studies and geochemical
analysis, it could be suggested that the parent magma of these subvolcanic rocks was
related to a subduction zone and has emplaced in a magmatic arc.

Keywords: Salafchegan, Quartz diorite, Subvolcanic, Calc-aalkaline, Geochemistry.
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