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Fig. 6. Field photoes of some mineraliztions and their textures in the Firouzeh mine. A: Turquoise and alunite cut the
sulphide (pyrite-chalcopyrite) and oxide (hematite and magnetite) mineralizations, B: Hematitic breccia, C: Specularite
vein-veinlets in trachyte, and D: Zonation of iron-hydroxide indicates pyrite has existed. Tq: Turquoise, Sul: Sulphide,

Alu: Alunite, Oxi: Oxide, Spc: Specularite, Fe-Oxi: Iron Oxides, Hem: Hematite ((abbreviations from Whitney and
Evans, 2010)
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(Whitney and Evans, 2010) jlsl 5 0
Fig. 7. Images of some minerals in the Firouzeh mine, A: Specularite veinlets, B: magnetite veinlet in breccia, C:
Pyrite-chalcopyrite-bornite dissinamated crystals, D: Alunite veinlet, E: Specularite-Hematite veinlet, and F: Turquoise

with colloidal texture. Spc: Specularite, Mag: Magnetite, Ccp: Chalcopyrite, Py: Pyrite, Bn: Bornite, Alu: Alunite,
Hem: Hematite Tq: Turquoise. (abbreviations from Whitney and Evans, 2010)
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Fig. 8. The distribution map of iron oxides (%) in Firouzeh mine
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Fig. 9. Paragenetic sequence of mineralization in Firouzeh mine
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Table 1. Analysis results of elemental composition in rock chip samples of the Firouzeh mine

Sample Au La Ce Cu Pb Zn U Th Fe P As Sb Ba
Units ~ ppb ppm ppm ppm ppm ppm Ppm ppm % %  ppm  ppm ppm
NFC4 223 78 138 16 22 30 6 34 313 0.08 54 1.8 989
NFC5 7 109 154 19 105 20 6 30 289 0.11 42 6 1935
NFC7 30 83 141 21 80 60 10 23 15 01 812 8.3 3154
NFCS8 17 75 115 107 40 120 6 21 204 031 226 103 2842

NFC11 15 57 105 209 39 140 7 27 506 004 214 7.6 3696

NFC12 26 149 272 615 24 40 14 26 >30 0.66 125 7.4 970
NFC16 18 41 58 316 24 200 12 23 245 0.17 194 143 1459
NFC17 28 161 85 78 31 <5 3 12 205 023 662 7.7 1857
NFC21 12 206 290 30 44 <5 13 24 356 026 233 5.8 1901
NFC25 2 137 267 27 12 20 14 31 29 004 18 10.6 383
NFC29 2 131 271 10 14 10 8 39 222 0.03 44 7.2 152
NFC34 <1 149 312 26 32 40 14 73 402 0.08 7 9.1 2752
NFC37 2 79 130 25 88 80 6 34 486 0.11 20 1.5 725
NFC73 2 62 122 34 24 30 5 22 48 0.11 5 32 >10000
NFC77 2 227 464 34 28 50 18 97 353 0.05 19 15.1 1398
NFC81 1 61 125 28 47 60 6 15 12 037 82 13.4 3021
NFC84 2 101 182 22 38 10 6 32 315 0.04 12 11.2 387
NFC87 19 166 193 106 139 160 18 16 7.07 022 140  19.1  >10000
NFC89 <1 59 113 27 17 70 6 23 442 013 30 3 1256
NFC92 8 68 124 39 40 160 12 19 144 017 154 7.7 9499
NFC94 116 235 197 49 <5 8 37 365 01 597  30.1 5133
NFC96 4 129 214 170 108 20 17 38 339 0.2 1030 24.1 3029
NFC97 17 97 131 1074 77 640 12 29 172 0.18 1022 22.8 2404
NFC99 6 60 91 41 21 120 7 14 201 031 95 11.1 1452

NFC100 24 70 108 26 28 90 8 12 295 038 274 9.5 193

NFC102 13 74 110 237 36 40 7 4 192 034 197 9.9 260

NFC104 11 182 297 29 17 80 10 45 186 1.23 137 137 2290

NFC106 47 80 120 204 40 50 5 10 172 028 134 249 6110

NFC108 51 94 157 38 62 150 8 18 833 034 228 4.9 1722

NFC110 13 8l 134 43 22 40 243 37 15 026 114 156 2017

NFC112 7 70 112 24 13 150 7 37 147 023 94 4 2174

NFC114 302 18 34 16 9 10 9 73 149 0.02 12 4.2 1194

NFC115 14 68 95 30 39 40 8 63 463 025 86 4 930
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Table 1 (Continued). Analysis results of elemental composition in rock chip samples of the Firouzeh mine

Sample Au La Ce Cu Pb Zn

U Th Fe P As Sb Ba

Units ppb ppm  ppm ppm ppm  ppm

ppm  ppm % %  ppm  ppm ppm

NFCI117 3 61 109 35 30 100

NFCI119 7 277 386 107 19 10

NFCI121 5 50 71 147 26 70

NFC123 4 51 72 134 21 130

NFCI125 72 71 102 100 41 30

NFCI126 699 37 70 250 27 10

NFC128 23 139 241 106 22 80

NFCI130 33 142 184 92 26 10

5 18 493 0.16 37 3.4 1467

19 24 162 024 92 9.9 6817

6 29 19 032 111 8.2 2285

6 48 >30 0.39 156 6.6 2906

15 15 192 0.18 334 242 981

8 6 10.6 0.17 382 188 1384

18 34 12 0.1 146 16.5 857

23 31 6.11 0.1 241 233 3710
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Fig. 10. Geochemical map of Au in Firouzeh mine
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Fig. 11. Geochemical map of Cu in Firouzeh mine
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Table 2. Microthermometric data of primary fluid inclusions in Firouzeh mine

NFTAB7  Mag, Py, Qtz L+V 10 10 127798 (('_2.98))' 7.73-10.24  0.834-0.955  9-59
NFTP5 M:ﬁ;’lg;r;’ L+V 13 11 1285% (('_58'.66))' 8.68-12.39  0.880-0.958 10-37
NFaspe MECRTE Ly a3 DR O8N 13081708 0.956-1.009 1122
NFTABs 'Y CQth; B tev s 12 1253% (('_‘g'i))' 7.59-12.28  0.926-0.983  5-21
NFB5 Spec, Qtz L+V 21 16 1;78 (('_36'?)' 556-9.86  0.882-0.990  4-24
NFTGSP4 Mg%;’HTe;n’ L+V 12 9 126151 (i ?4() 11.7-1537  0.972-1.016  6-17

u?):tf"}"\—;‘ u..;[n)_u Slows :NT ool Lgﬂfe)'L\ﬂ LJ‘”L“)'? slaws :Nh ‘)l;'g }Lé 'V ‘@Ln )'Lé :.L = gjé sl T ice ‘g;"“‘ui""” sl Th)
(o0l

(Th: Homogenization temperature, Tm ice: Ice melting temperature, V: Vapor, L:Liquid, Nh: Number of heating, Nf:

Number of freazing)
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Fig. 12. Histogram of microthermometric for fluid inclusions, A: histogram of homogenization temperature, B:
histogram of ice melting temperature, C: histogram of salinity, and D: histogram of density
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Fig. 14. Salinity vs. homogenization temperature diagram of Firouzeh mine indicates mixing for ore-bearing fluids with

meteoric fluids (Wilkinson, 2001)
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Fig. 15. Schematic model for fluid source and genesis of Firouzeh mine (Bastrakov et al., 2007; Haynes et al., 1995;

Kolb and Stensgaard, 2009; Barton and Johnson, 2004)
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Introduction

The Firouzeh mine is located in the Northwest of
Neyshabour in the Khorasan Razavi province,
Northeast of Iran, and eastern side of the Quchan-
Sabzevar Cenozoic magmatic arc. Widespread
magmatic activity in the Quchan-Sabzevar arc, is
spatially and temporally associated with several
types of mineralizations such as IOCG, Cu-Au
porphyry and Kiruna types (Ghiasvand et al.,
2016; Karimpour et al., 2011; Fatehi, 2014; Zarei
et al., 2016). The aim of this investigation is to
provide an understanding of the geology,
alteration, mineralization, geochemistry, fluids
evolution and genesis of the Firouzeh mine.

Materials and methods

Two hundred and fifty thin and polished sections
were prepared for microscopic study. Twenty-nine
samples were analyzed by X-ray fluorescence
(XRF) method at the laboratory of Zar Azma
company, Tehran, Iran. Twenty-one samples were
analyzed by the X-ray Diffraction (XRD) method
at the laboratory of Kansaran Binalood company,
Tehran, Iran. Sixty samples were selected for 55-
elemental analysis by composition of ICP-AES
(Inductively coupled plasma atomic emission
spectroscopy) and ICP-MS (Inductively coupled
plasma Mass Spectrometry). Moreover, Sixty
samples were selected for Au analysis by Aqua
Regia Digestion at the SGS Laboratories, Canada.
Six doubly polished sections of quartz
mineralization were prepared for

microthermometric analysis. Homogenization and
last ice-melting temperatures were measured
using a Linkam THMSG 600 combined heating
and freezing stage at the Ferdowsi University of
Mashhad.

Result

The Firouzeh mine contains various Middle-
Eocene subvolcanic rocks as dykes which have
intruded into Paleocene-Eocene volcanic rocks.
Important altrations consist of silicified, argillic
and carbonate among which silicified is the most
extensive. Primary minerals are magnetite,
specularite, pyrite, chalcopyrite and bornite and
secondary minerals are hematite, alunite,
covellite, turquoise and limonite. Mineralization
has occurred in the cracks and fractures at the
surface and in tunnels, mainly as disseminated,
stockwork, vein-veinlet and hydrothermal breccia.
Geochemical explorations showed anomalies of
copper (up to ppm 1074), gold (up to ppb 699),
iron (up to over percent 30), cerium (up to ppm
464), lanthanum (up to ppm 227), uranium (up to
ppm 243) and cobalt (up to over ppm 10000) that
has many similarities with IOCG type deposits
(Corriveau, 2007, Zamora and Castillo, 2001;
Marschik et al., 2000). Fluid inclusions are
relatively simple liduid+vapor types, with
homogenization temperature from 147 to 278°C
and average temperature of 203°C and Salinity
containing 5.56 to 17.08 wt. percent NaCl equiv.
which has resulted from fluids with KCl, CaCl,,
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MgCl, and NaCl compositions. Mixing process
between hot and saline fluid with cold and low
saline fluid and also, boiling process can caused
deposition of elements.

Discussion

Firouzeh mineral deposit has magmatic-
hydrothermal source and is related to tertiary
magmatic activities of subduction of Neothetys
Sabzevar oceanic crust beneath the Turan crust.
Fluid mixing has played an important role for
precipitation during mineralization and includes
the source of hot and saline magmatic fluids with
high contents of metallogenic elements and the
mixing with cold and low saline meteoric waters
resulting in the formation of deposit (Bastrakov et
al., 2007; Simard et al., 2006; Wilkinson, 2001;
Beane, 1983). Based on geological characteristics,
alteration, mineralization, geochemistry,
geophysics and fluid inclusion studies, Firouzeh
mine is a great mineralization of iron oxide
copper-gold-U-LREE which has similarities to the
hematite-dominant section of Olympic Dam
I0CG deposit.
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