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Least altered rocks

Na-Ca altered rocks

Sample  EsR Es 3 Es21 EsR1 Es4 Es 3 Alte2 Es12 Es23 Es8 Es18 Alt5 Es9
wt%
SiO, 71.63 72.87 70.32 70.43 69.78 55.22 56.67 47.1 56.91 57.4 53.31 53.18 55.49
TiO, 0.11 0.22 0.15 0.21 0.18 0.19 0.15 1.14 0.18 0.17 0.16 0.18 0.16
Al,O; 12.01 12.82 11.14 12.12 11.67 11.32 10.37 15.35 19.23 11.48 10.98 11.23 9.97
FeOy 3.04 2.65 13 1.69 24 5.81 6.23 10.67 56 7.7 7.21 6.87 7.23
MnO 0.03 0.02 0.03 0.01 0.02 0.04 0.03 0.09 0.12 0.04 0.03 0.04 0.4
MgO 0.61 0.59 2.32 0.19 0.56 7.37 7.45 4.01 1.09 6.31 6.38 6.23 7.31
CaO 1.98 0.81 2.38 1.67 1.68 8.38 7.78 5.01 121 7.1 8.79 8.63 6.89
Na,O 2.6 5.32 0.34 0.32 0.45 3.42 3.47 4,98 7.11 3.34 421 412 3.56
K0 3.37 2.76 7.31 10.43 7.8 41 4.23 1.17 5.45 3.27 4.48 3.98 4,01
P,Os 0.09 0.07 0.04 0.04 0.01 0.03 0.04 0.24 0.13 0.05 0.12 011 0.07
LOI 401 1.92 471 221 23 3.7 3.9 9.86 3.24 2.39 3.67 5.02 5.34
Total 99.51 100.1 100 99.32 100.4 | 99.98 100.3  99.62 1003 99.25 99.34 9959 1004
ppm
Ba 550.5 614 554 263 321 321 327 139 262 343 289 345 110
Rb 154.5 47.1 160.3 8.7 459 109 102 41.7 203.3 105 121 156 98
Sr 39.6 443 335 63 71 102 94 68.3 238 98 102 145 78
Y 17.01 17.2 4.8 71 56 98 171 35.01 271 167 163 156 145
Zr 185 188.1 143.6 169 172 174 7 182.1 160.4 168 175 169 6
Nb 8 8 5.8 8 4 6 7 8.9 8.6 8 6 5.6 8
Th 18.93 22.1 8.4 10.5 10.1 11.87 8.9 12.32 33.6 9.1 115 124 5.8
Pb 45 51 7 57 8.9 6.4 7 6.8 23 7.2 7.5 131 11
Ga 12 134 13.7 12 14.3 12.3 13 21.1 39 12 114 13.2 12
Zn 11.8 10.3 10.2 94 104 24.4 21 31.8 196 24 24 25 21
\Y% 25.92 34 275 21 20.1 145 126 195.1 18.3 138 126 143 136
Co 3 35 4 4 6 22 24 23.7 6.2 21 19 26 36
U 7.6 48 4.3 57 5.6 6.6 8 3.4 8.1 6 12 13 13
Sn 3 25 6.8 5 4 12.1 10.3 8.7 16 11.1 9.4 10.4 12.1
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Oxide/smpale Es1l Alt5 Alt 2 Es 18 Es1l  Wes Es2 EsR1 ES Es3 Es21 Es9 EsR
SiO, 56.21 57.11 55.89 56.37 57.89 56.45 57.91 44.09 44.02 4421 43.89 44.45 47.45
TiO, 0.04 0.05 0.06 0.03 0.00 0.32 0.00 0.89 0.97 1.48 0.76 0.36 113
Al,O; 0.17 0.15 0.18 1.07 0.39 0.72 0.26 12.21 12.23 11.67 11.83 11.84 8.23
FeO 9.43 9.78 9.12 6.28 7.33 7.59 6.61 13.35 13.45 13.76 12.87 12.45 15.39
MgO 17.92 16.12 16.75 18.67 18.62 17.43 18.98 11.61 11.49 10.98 11.29 11.95 9.62
CaO 13.09 13.67 13.18 13.21 13.23 13.12 11.81 12.17 10.76 11.25 11.93 11.68 10.56
Na,O 0.43 0.48 0.49 0.14 0.09 0.21 0.32 131 2.39 251 2.62 247 1.23
K0 0.18 0.12 0.13 0.37 0.06 0.00 0.05 111 1.23 1.02 121 1.09 2.27
H,O* 2.05 2.32 2.59 3.02 1.97 3.01 3.11 171 2.48 1.97 2.02 1.79 2,01
Cl 0.11 0.12 0.13 0.21 0.12 0.11 0.10 0.98 1.01 111 1.14 1.07 0.98
F 0.07 0.09 0.10 0.10 0.08 0.10 0.11 0.14 0.17 0.18 0.21 0.11 0.21
O=F, CI 0.05 0.06 0.07 0.09 0.06 0.07 0.07 0.28 0.30 0.33 0.35 0.29 0.31
SUM 99.68 99.64 97.95 98.24 99.90 97.98 98.36 99.50 99.35 99.59 98.99 98.97 98.31
Formula per 23 Oxygens (all Fe as FeO)
Si 7.98 8.00 8.00 7.99 8.00 8.00 8.00 6.56 6.57 6.59 6.58 6.63 7.16
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Sodic-calcic alteration in the host rocks
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Abstract

The host rocks of the Esfordi deposit consist of rhyolitic tuff lower Camrianand rhyolite
along with dolomites of the Rizu series which are widely affected by sodic-calcic
hydrothermal alteration in the north and the east. Typical mineral assemblage in the
alteration zone is amphibole, albite, hematite, calcite and chlorite based on petrographic
studies. The amphiboles in the Na-Ca alteration zone are within the calcic amphibole
group with edenite and actinolite compositions. The average (Na+K)a content of the
edenite and actinolite is 0.67 and 0.11 respectively. Chemically, edenite in comparison
with actinolite is enriched in TiO, (0.93), Al,O3 (11.34), FeO (13.55), Na,O (2.09) and
Cl (1.05). Whole rock analysis reveal appreciable enrichment of FeOt, MgO, CaO,
Na,O, P,Os and Y,0; in the Na-Ca altered rocks relative to unaltered host rocks. The
calcite and quartz veins crosscut the Na-Ca altered rocks. The Na-Ca altered rocks and
calcite veins 820 values (relative to SMOW) vary between 10.5 to 12 %o and between
14.1 to 18.1 %o respectively, while their §*3C values (relative to PDB) vary from -3.8 to
-4.2 %o and -5.5 t0 -6.3 %o correspondingly. On the basis of O and C isotopic data on the
host rocks, Na-Ca alteration occurred at 300-400 °C and the calcite veins formed at
temperatures lower than 300 °C. According to available data, alteration is interpreted to
develop by mixing of meteoric waters with magmatic fluids in Esfordi mine.

Key words: Esfordi deposit, Geothermometry, Magmatic and meteoric fluids, Na-Ca
alteration
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