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5 ia'n.::d Q¥: Alluvium in stream channels
Q" Q2 : Young piedmont gravel fans
Q" |QM: Old piedmont gravel fans

d, poorly sorted

:QPIG:{QPIC : Poorly lid:

| NEOGENE | QUATERNARY

| MIO. -PLIO. -PLEL| HOLOCENE

-+ Dacite-Rhyodacite dike

E] E*: Altered rocks

da : Altered dacite and
dacitic-andesite rocks

CENOZOIC

<+« Mainly inter mediate compositive dikes
(trachyandesite, andesite-basalt,
= andesite and quartz latite)
1| qd : Quartz diorite, quartz monzodiorite

E'¥: Intermediate to basic submarine lavas

and volcaniclastic rocks; andesite, trachyandesit,
minor spilitic basalt

E! | E': Massive trachyandesite, trachyandesite
basalt;minor andesitic dacite rocks

T E* : Spilitic basalt, keratophyre (trachyandesitic
basalte, trachyandesite, minor dacitic andesite) with

PALEOGENE

MIDDLE-UPPEREOCENE

a few beds of sandstone volcaniclastic rocks

<
@IE‘*‘ : Basalt, andesite — basalt, spilitic basalt

LA Lo
ok dhiet
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ORG=0ceanic ridge granites
VAG=Volcanic arc granites
WPG=Within plate granites
COLG=Collision Granites
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Granite tectonic discrimination — Pearce et al. (1984)
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Spider plol - REE chandrite (Nakamura 1974) Spider plot— Chendrites (Thompson 1982}
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Volcanic redbed copper
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Epithermal High sulfidation Intermediate Low sulfidation
Types sulfidation
Magma Types Oxidized Reduced - Subalkaline Alkaline
magma magma magma magma
Key proximal Quartz- Quartz- Sericite; adularia Illite/smectite- Roscoelite
alteration alunite/APS; alunite/APS; generally adularia illite-adularia
minerals quartz- quartz- uncommon
pyrophyllite/ | dickite at depth
dickitc at
depth
Genetically Mainly Rhyodacite Principally Basalt to rhyolite | Alkali basalt to
related volcanic | Andesite to andesite to trachyte
rocks rhyodacite rhyodacite but
locally rhyolite
Sulfide 10-90 vol % 5-20 vol % Typically <1-2 2-10 vol %
abundance vol %
Key sulfide Enargite, Acanthite, Sphalerite, galena, Minor to very minor
species luzonite, stibnite tetrahedrite- arsenopyrite * phyrrhotite;
famatinite, tennantite, minor sphalerit, galena, tetrahedrite
covellite chalcopyrite tennantite, chalcopyrite
Main metals Au-Ag, Cu, Ag, Sb, Sn Ag-Au, Zn, Pb, Cu Au = Ag
As-Sh
Minor metals Zn, Pb, Bi, Bi, W Mo, As, Sb Zn, Pb, Cu, Mo, As, Sh, Hg
W, Mo, Sn,
Hg
Gangue Carbonate, Quartz, Barite Carbonate, Quartz, Carbonate, Carbonate,
Barite, fluorite Celestite,
manganiferous Barite, Fluorite
silicates
Type example El Indio, Potosi, Bolivia, Baguio, Midas, Emperor, Fiji
Chile, Fresnillo, Philippines Nevada
Yanacocha, Mexico
peru
APS= aluminum-phosphate-sulfate minerals
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F2 1554 54°40'59.3" | 35°22'41.5" | 160
F3 1559 54° 40' 59.7" 35°22'43" 145
F4 1557 54°40'59.6" | 35°22'43.8" | 125
F5 1573 54°40'59.9" | 35°22'44.4" 15
F6 1573 54°40'59.6" | 35°22'444" | 105
F7 1574 54°41'1.50" | 35°22'46.2" | 120
F8 1594 54°41'0.8" 35°22'48.4" 10
F9 1594 54°41'0.8" 35°22'48.4" | 115
F10 1594 54°41'0.1" 35°22'48.9" 10
F11 1597 54°40'59.4" | 35°22'49.1" 10
F12 1601 54° 40' 58" 35°22'493" | 120
F13 1595 54°41'3.4" 35°22'48.3" 70
F14 1586 54°41'5.2" 35°22'51" 75
F15 1578 54°41'6.3" 35°22'51.2" | 160
F16 1560 54°41' 8.8" 35°22'49.8" | 150
F17 1550 54°41'11.6" | 35°22'50.4" | 150
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sample SiO2 | Al203 | BaO | CaO | Fe203 | KO | MgO | MnO | Na20 | P20s SOs TiO2 LOI Sr
SNSB-2 57.91| 16.22| 0.10 4.32 6.49 2.82 3.30 0.15 3.75 0.24 0.11 0.72 3.87 <
SNSB-3 57.68 | 16.27 | 0.06 5.61 6.47 2.92 3.03 0.18 3.21 0.25 0.09 0.71 3.52 <
SNSB-6 55.04 | 16.93| 0.06 6.16 7.26 3.04 3.65 0.20 3.02 0.27 0.12 0.76 3.50 <
SNSB-8/2 | 53.29 | 16.21 < 3.72 9.61 1.73 4.61 0.18 2.75 0.26 < 0.72 6.93 <
SNSB-10/2 | 76.66 | 13.05 < 0.15 2.05 0.17 0.47 < 6.21 0.05 < 0.24 0.95 <

ARE4




SNSB-11/2 | 64.88 | 15.59 < 0.47 6.13 0.23 3.53 0.10 5.66 0.22 < 0.50 2.70 <
SNSB-12 64.85| 16.84 < 3.23 2.56 211 1.04 0.10 2.98 0.18 < 0.72 5.40 <
PEPM) ICP-MS 5, 0 S ClwS 5 olaS Lol yolie) SlaaST ssgame ,0 KwilS 5 ygeis, glyls slaSiw 3l oo 4350 gladiges =Y Cawgn

samp | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- | SNSB- SNSB- SNSB- | SNSB- | SNSB-
le 1 2 3 3/2 5 6/1 7/1 7/2 8 8/2 10 10/2 11/1 11/2 12 12/1
Ag 0.3 0.2 0.3 0.3 1.3 1.9 0.7 4.6 0.5 <0.1 <0.1 0.2 0.2 <0.1 0.1 0.1
Al 70941 85809 86736 82542 69005 68218 83936 67473 88640 85869 79519 68330 71157 75912 83428 | 73700
As 41.3 5.1 3.7 5.5 7.8 3.6 9 11.9 13.4 2.5 4.6 17.3 10.3 13.4 4.4 5.8
Ba 27 651 590 252 268 106 66 29 116 116 31 20 14 12 105 31
Be 1.6 1.5 1.4 1.4 15 15 1.3 1.3 1.9 1.5 1.2 1.1 0.8 0.8 1.8 14
Bi 0.7 <0.1 <0.1 1.4 2.6 0.9 0.5 6.6 0.7 0.2 0.1 0.2 0.4 0.2 <0.1 0.5
Ca 16126 37419 46652 3764 50254 4649 20468 13625 8941 29429 3439 8905 2827 3367 28958 | 23883
Cd 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 <0.1 <0.1
Ce 54 55 53 37 47 42 48 37 44 48 62 51 19 43 60 59
Co 14.6 18.1 17.9 55.8 334 26.7 22.3 27.4 41.3 20 9.8 8.1 79.5 44.5 12.2 63.4
Cr 15 43 40 51 37 77 45 47 46 40 38 14 33 34 52 50
Cs <0.5 1.4 2.2 2.1 4.1 3.1 3 2.6 4.7 4.5 0.6 <0.5 <0.5 <0.5 3.7 3
Cu 362 88 100 7326 23154 12968 476 21273 12513 127 16396 326 2771 42 105 2663
Dy 2.48 3.42 3.31 2.19 3.24 2.84 2.7 2.2 2.78 3.09 3.01 1.61 0.95 1.81 3.23 3.41
Er 1.88 2.4 2.21 1.48 2 1.86 1.59 1.47 1.72 1.96 1.83 1.05 0.62 1.21 2.08 2.02
Eu 0.52 1.55 1.55 0.75 1.54 0.67 1.03 0.72 0.98 1.05 0.78 0.36 0.21 0.82 1.09 1.44
Fe 8740 40421 41477 71752 55238 59703 58557 70121 58537 50306 26367 9945 44675 40066 27523 | 59463
Gd 3.17 4.22 4.46 2.77 3.8 3.08 3.45 2.98 3.37 3.91 3.75 2.75 1.31 3.01 4.68 4.77
Hf 3.09 3 1.6 0.99 1.23 1.41 1.55 1.52 1.3 1.37 0.52 2.7 1.61 1.68 0.62 0.8
In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
K 4819 15269 23326 9537 17943 10995 15015 14314 20832 20542 5482 3228 2345 2111 18362 6625
La 27 27 28 21 24 23 26 19 22 25 28 22 10 22 31 37
Li 4 17 13 29 22 34 23 28 26 27 23 5 44 30 22 41
Lu 0.34 0.34 0.31 0.24 0.24 0.25 0.26 0.24 0.26 0.3 0.25 0.21 0.16 0.2 0.29 0.3
Mg 1029 15939 14008 >2% 10335 19178 19416 14609 15608 16787 5886 973 15908 17433 9319 >2%
Mn 355 1005 1245 1011 2273 1166 2161 2610 2055 1392 854 216 777 664 866 1483




Mo 6 1 1 11 44 6 4 14 5 1 5 8 6 1 1 8
Na 48182 28119 25514 28514 10713 14572 24747 12088 19904 22188 47245 49429 34462 43778 23043 | 23086
Nb 8.4 6.9 6 6.6 4.6 9.5 7 5.5 6 5.4 8.4 9.2 3.9 6 7.5 7.1
Nd 22.4 27.7 27.1 22.1 23.3 20.9 24.4 18.3 22.6 25.9 32.8 23.6 10.5 22.9 29.4 31.8
Ni 18 17 16 24 14 34 35 18 24 17 13 10 26 20 26 29
P 341 985 1030 1045 914 868 1000 995 1092 1016 730 258 736 828 794 965
Pb 13 17 15 25 15 11 15 16 10 14 <1 <1 5 3 1 12
Pr 5.74 6.22 6 4.85 5.3 491 5.54 4.35 5.21 5.65 7.39 5.77 2.09 5.25 7.15 7.65
Rb 17 41 60 34 63 40 56 52 80 74 20 11 9 8 58 25
S 342 170 287 320 3914 1073 932 13659 145 112 141 166 197 54 100 240
Sh 2.1 0.8 5.3 6 5.2 4.9 4.7 6 2.9 3.1 2.7 0.8 2.3 1.7 0.7 6.3
Sc 5.7 19.1 18.4 19 16.4 14.5 19.2 15.8 18 17.8 11 4.1 8 12 16.1 14.3
Se <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Sm 3.67 4.84 4.6 3.5 4.36 3.86 3.96 3.4 4.08 4.44 4,78 3.27 1.55 3.48 5.12 5.27
Sn 1.2 1.2 1.3 1.3 1.1 0.8 11 1 1.2 1.1 0.9 0.9 0.7 0.8 1.2 1.1
Sr 205 552 573 121 128 74.9 119 69.4 144 195 176 170 111 128 192 128
Ta 1.31 0.76 0.72 0.74 0.56 0.92 0.8 0.67 0.72 0.63 0.77 1.04 0.51 0.67 0.68 0.92
Th 0.58 0.7 0.7 0.53 0.63 0.55 0.58 0.53 0.6 0.65 0.64 0.42 0.3 0.46 0.67 0.72
Te 0.45 0.22 0.15 0.3 0.46 0.3 0.15 0.3 0.61 <0.1 0.15 0.93 0.14 0.46 0.23 0.14
Th 20.03 10.7 8.82 7.8 6.31 10.88 8.97 7.51 10.98 8.59 17.03 26.62 7.73 8.54 12.16 9.79
Ti 1912 4803 4553 4498 3269 4130 4557 3858 4476 4231 3327 1586 2205 3034 4517 3543
Tl 0.14 0.5 0.54 0.37 0.8 0.57 0.53 0.66 0.73 0.69 0.31 0.12 0.12 <0.1 0.59 0.33
Tm 0.27 0.29 0.3 0.21 0.23 0.23 0.24 0.23 0.22 0.29 0.25 0.18 0.13 0.16 0.3 0.3
U 7.6 2 1.8 1.3 1.6 1.9 1.7 1.7 2.8 1.5 3.6 5.8 1.9 1.9 14 2.2
Vv 39 174 166 177 161 134 175 149 172 165 89 28 105 134 134 144
W <1 1.1 <1 2.2 <1 2.6 14 14 2.2 <1 <1 <1 <1 3.3 <1 3.6
Y 15.4 19.5 19.5 11.2 16.2 9.7 14.1 11.5 14.7 17.1 15 11.7 5.3 9.7 17.4 18.6
Yb 1.7 2.3 2.3 1.7 2 1.4 2 1.8 2 2.1 1.4 1.3 1 1.4 1.8 2
Zn 10 92 78 139 107 56 95 116 179 110 73 7 81 56 61 129
Zr 110 96 55 29 43 56 50 50 33 35 14 83 54 56 21 27
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N Size (um) Type Origin Tm (°C) Te(°C) | Tu(°C) | Salinity (Wt % NaCl)
1 6 L+V P +2 -35 130 3.09
2 6 L+V P +1 -33 130 2.02
3 6 L+V P +4 -33 130 6.71
4 6 L+V P -2.2 -32 190 3.43
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Abstract

Satveh copper exploration area, 130 km south of Damghan city in Semnan province, is part of a
Torud-Chah shirin volcanic-sedimentary belt that has facies in the northern edge Structural-
sedimentary zones of Central Iran. Investigations on host rocks in the desired area Existence of
small outcrops of pyroclastic rocks (lithic crystal tuff) to Eocene age with semi-deep intrusions
(quartz monzodiorite, granodiorite and granite) it is of Eocene-Oligocene age. These rocks are
associated with a variety of argilitic, sericitic, silicic, carbonatic, chloritic, and iron oxides
alterations around the veins and in parts of the area. In addition, they are high-K, calc-alkaline in
nature. Mineralization in Satveh exploration area occurred as veins along the fault planes in a semi
deep intrusions Fractures resulting from operation of faults in the rocks of the region have created
a favorable location for the influence of hydrothermal solution and it is considered as the main
controller of mineralization. According to the field observations and mineralogical studies, the
mineralization in the region was carried out in two stages: hypogene and supergene and
weathering. Hypogen zone minerals are generally pyrite and chalcopyrite. Because of existence
in oxidizing-supergene environment, nearly almost Cu bearing minerals of the main stage of
mineralization have been replaced by secondary Cu minerals such as chalcocite, digenite,
malachite and azurite. The most textures observed in the occurrence of mineralization include
vein-veinlets, open space filling, colloform, replacement and disseminated. According to the
geochemical data, the area rocks have significant enrichment in LREE and LILE and depletion in
HREE and HFSE and negative anomalies in Ti and Nb elements. Fluid inclusion data shows in
the temperature range from 130 to 190 °C and salinity between 2.02 and 6.71Wt %NaCl. Most of
the studied fluid inclusions are from liquid rich two phases (L+V) type. On the base of a
forementioned evidences, the principle deposition mechanism of ore minerals was mixing of two
meteoric and magmatic fluids. finally, regarding our research the petrography, struactural control of
mineralization, alteration type and its extention, simple mineralogy, geochemical, fluid inclusion properties
of the study area and comparison with similar epithelial deposits, Satveh copper exploration area can be

classified as vein type copper deposits.

Keywords: Mineralogy, Geochemistry, Cu, Epitermal Vein, Eocene-Oligocene, Satveh, Torud-
Chah shirin.
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