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5%S%o (CDT) 3%S %o (CDT) Th, °C
Sample ID | N Vein mineralization Mineral
Measurement | H2S(MED-MAX-MEN) MAX-MIN-MED
BHI1 1 CHA-PYR+PRY+QRTZ Chalcopyrite -4.79 (-4.9 -4.9--4.9) 294-234-258.2
BH2-33 1 | PRY+CHA-PYR+CALC+BORN+QRTZ Pyrite; <20% quartz -0.97 (-2.37-2.07--3.37) 335-132-255.9
BH3-82 1 CHA-PYR+PRY+ QRTZ Chalcopyrite; <20% Pyrite -1.88 (-2.08 -1.98--2.08) 309-235-269.6
BH4 1 | CHA-PYR+PRY+CALC+BORN+QRTZ Pyrite+ Chalcopyrite -2.45 (-2.65 -2.65- -2.65) 295-252-281
BHS5-36 1 PRY+CHA-PYR+SPH+GAL+QRTZ Galena; ~30% Sphalerite -5.7 (-3.6-3.8--3) 314-211-276.5
BHS5-36 1 PRY+CHA-PYR+SPH+GAL+QRTZ Sphalerite -5.7 (-6- -6.3--6.1) 285-144-214
BH13-77 1 PRY+SPH+CHA-PYR+QRTZ Galena; <20% quartz -2.13 (0.67-0.03- 1.57) 275-144-202.87
BH14-30 | 1 SPH+GAL+QRTZ Galena; <20% quartz -9.55 -7.05 -
BHI14-36 | 1 SPH+GAL+CHA-PYR+QRTZ Galena; <20% quartz -6.12 (-3.52-3.72--2.62) 245-157-218.5
BH18-27 1 PRY+CHA-PYR+CALC+GAL+ QRTZ Pyrite; <20% quartz -6.77 (-8.27-7.97--9.17) 294-135-248.5

e & o Sila en 5 YA OG5 350) (ol o5ie 4503 YA 43205l =Y sr

Pb-Cu-Zn-Ag-Au

Element Number (MIN-MAX(Average

Au ppb 338 2.7-11300(350.25)

Ag ppm 338 0.2-530(17.16)

Cu ppm 338 24-156525(7525.28)

Pb ppm 338 28-94800(6772.17)

Zn ppm 338 170-135000(10051.6)
Cu+Pb+Zn ppm 338 325-232000(24349.1)
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SAMPEL Host
Composition Number T, c
NO mineral
-0.8- -4
2 | BH14-30-36 L+V qtz 26
(9-2.55)
-1.7--42
5 | BHI3-77 L+V qtz 5
(©-3.02)
-0.3--4.9
6 BH4-50 L+V,V+L qtz 8
(©-2.1)
+0.1- +20
7 BH4-50 CO,, Clathrate qtz 4
(D+3.46)
8 BH4-50 CcO2 qtz 1
9 BH4-50 L+V+S? qtz 4
10 BHS5-36 CO,, Clathrate qtz 3
11 BHS5-36 L+V+S qtz 2
-1.5--3.4
12 BHS5-36 L+V,V+L qtz 3
(0-2.4)
-0.1--3.4
13 BH1- L+V qtz 20
(9-1.93)
-0.8--3.2
14 BH18 L+V qtz 6
(0-2.3)
15 BH21-47 CO,, Clathrate qtz 1
-1.2--37
16 BH21-47 L+V qtz 12
(0-2.5)
17 BH2-33 CO,, Clathrate qtz 1 -1.3
-0.3--2.5
18 BH2-33 L+V qtz 9
(0-1.23)
19 BH6-40 CO,, Clathrate qtz 1
-1.9--79
20 BH6-40 L+V qtz 8
(©-3.05)
21 BH3-28 CO,, Clathrate qtz 2
-0.2--4.5
22 BH3-28 L+V qtz 11
(9-1.91)
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Y Jgdo aals!
SAMPEL SalinityNaCl Density
T Tm Th, Ts- Th
NO mCO2 clate Cc0o2 hal (0C) %Wt (in g/cm3)
198-284 1.32-6.22
2 | BH14-30-36 0.76-0.89
(0232.73) (©3.70)
230-250 2.79-6.07
5 BH13-77 0.83-0.87
(9238) (©4.49)
252-295 2.14-3.12 0.32-0.83
6 BH4-50
(2281) (92.63) (20.69)
113-333 0.63-.95
7 BH4-50
(0234.14) (©0.77)
8 BH4-50 +3.6
231-381 0.83-0.80
9 BH4-50
(0286.67) (©0.82)
10 BHS5-36 -58.6 - -57 3.1 28-29 211-275
38.9-39.3 1.124-1.146
11 BHS5-36 253-273 310-314
(239.1) (01.135)
211-262 2.47-5.47 0.79-0.85
12 BHS5-36
(0241.2) (23.9) (20.83)
234-294 0.17-5.47 0.77-0.87
13 BH1-
(0258.2) (23.15) 00.81)
135-294 1.32-5.17 0.73-0.96
14 BH18
(0248.5) (23.74) (©0.81)
15 BH21-47 -48.4 4.8 275 0.03
246-324 1.98-5.93 0.71-0.85
16 BH21-47
(0286) (24.00) (©20.078)
17 BH2-33 -47 -4.9 189 0.89
132-335 0.50-2.31 0.79-0.95
18 BH2-33
(9255.89) (91.36) (20.84)
19 BH6-40 0.9 381 0.50
250-343 1.98-11 0.778-0.83
20 BH6-40
(0290.62) (©3.027) (0.805)
0.7-0.78
21 BH3-28 -56 5.2 -4--3.8 272-301
(©0.75)
235-309 0.33-7.11 0.75-0.87
22 BH3-28
(0269.64) (23.10) (©0.80)




Oen 5 Lol Ly 3

Sl

M XY il o psle aalhab Oyl sl Jlad LT e 3L ailate 53 Jla s ol 185 allobe b 8 Sl 85 5 (ol SIS VWY (i 50 § Obilaed iz csike]
AFF LD . o

558 Gdan SBLEST 5 it o) Ol jlos «SOb g ailaie iy 55 5,18 VY o (UL

S0 35 ISl 5 Jlow (510 3551 (S5l e 8 5 (LS SlaS 5 B omn —IFAF (o g JoaS 5 k)5 s e oy cp (Blansss o b e cp li&a, 0 bl
Ol o815 e p sk 53 i ik 525187 b 5 maid sles sl Ol OS5 MY SLadasT (glaeSin 5 &S s (6,059 Slaes 5 55 e

A8 Gitae SBLAST 5 wlid e Olasle SOl gd VN e e & s agyl A0S 55 Sl SBLEST 055 —VFVA (g eo3ligme

o2 W g gt oSl )l panlid ) 0B (Sl g Jad) s ol HLdlS 53 M = s (6 3n S oilty ol 551 5 LS e 55555 ol o ¢ pnlid e s = VWA e Glinin

.QLA;@JAAQEM‘}wtﬁ:dﬁjohjucejsjb—@:@;)béjjjg}wLSJLA@KLFL“AJB&;’Jb;)lj'?—\r9q o elo

358 Getae DBLAST| 5wl Olaslo eSOl gl VY e e e s s ps 2Se SBLEST VWAL Lo ble

st Lt ol Lyl i )8 asbOLL ST ed bt Jlad (0T Ggol iy ol 5 (oY) &5 sun Okme (g5l L Lows — VWA 0. c(s5Le

o3 585 Ay ol i 4oy 550k Ol ST Okl 4y 335ke —geas (63565 5 SUEEET iy a8 53 Jlaeelty 0153 S 3 e 5 alac 55 n S5 SIAS (o ) glas
p B LS el g

35S goan SBLST) 5 i e Olajle (OLY) S 50 VYO 0 a5 53 K SIS 5 bt 5 SBLEST-VYAD cp o lans 5.0 ¢ llabu g o5 jiaa cp s sle

o2 FVY 806G oLl o SneSnslS sladis] 3y (sl 53 —WWAY Ll s 51 5w (ol e

558 Gdan SIS 5 it e Ol jlos 5 son 0 5 s (Sl )LdlS BLESTT (gla 4187 5 ey o5L53 318 —IYHY o cosljgpese

o2 VOB=VFY oY ooty (63,1l owlih on§ 40libaad S gokon (585 3y et Ot 033000 53 15418 5 b (S8l L3, VWM € a3ty 5 e glist s g il

o2 VPP (st & sils | el b0l S sin (658 5 5 HLSTL OT Lol 5 cenolar Jlie by HLS” 55 5luails” SV oww,@uf”&l,‘@l{—\m/\ oSy

2 W ST ke DBLEST 5 ol e Ol (S0l 13) SBY 03 5udme 53 0,85 b LS lgs 351 1A o ¢ SaBslo 5 1w (300 €0 b 0 DLl s )30

0 WTF Ol S ial oSl () oli IS anbOLY Ol S 3350 gons s iy 08 55 215 6187 b e 5 (55 Jol g LU -ATR ¢ Ll

References

Aftabi, A. and Atapour, H., 2000- Regional aspects of shoshonitic volcanism in Iran. Episodes , 23.2:119 -125.

Alirezaei, S., Modrek, H. and Padyar, F., 2010- Chahmessi epithermal base and precious metal deposit kerman copper belt, south
iran: investigation of genetic relation with meiduk porphyry system. ACROFI-III Novosibirsk, Russia. P:6-7.

Berberian, M. and King, G. C., 1981- Towards a paleogeography and tectonic evolution of Iran. Canadian Journal of Earth Sciences,
18:210-265.

Bignall, G., Ignall, G., Sekine, K. and Tsuchiya, N., 2002- Hydrothermal Quartz micro textures and depositional processes reveled by SEM-CL
imaging Proceedings 24* NZ Geothermal Workshop, P:223-228.

Cooke, D., Braxton, D., White, N. C. and Rinne, M., 2015- Metal transport and ore deposition in porphyry copper+ gold+ molybdenum
deposits-contrasting behavior between deep and shallow environments. SGA meeting, 13th, Nancy 2015, France, book. 1: 275-278.

Coveney, J. R. M. and Kelly, W. C., 1971- Dawsonite as a Daughter Mineral in Hydrothermal Fluid Inclusions Contrib. Mineral, and Petrol
32:334-342.

Dénes, R., Kiss, G. B., Ivascanu, P., Marton, 1., 2015- Petrographic and Geochemical Study of the Porphyry and Epithermal Mineralization in
the Bolcana magmatic- Hydrothermal System (Apuseni Mts, Romania). SGA meeting, 13th, Nancy France, book. 1:509-511.

Dimitrijevic, M., 1973 - Geology of Kerman region,Institute for Geological and Mining Exploration and Institution of Nuclear and Other
Mineral Raw Materials,Beograd-Yugoslavia. Geological Survey of Iran, ReportNo. Yu/52, 334.

Ebrahimi, S., Alirezaei, S. and Pan, Y., 2011- Geological setting, alteration, and fluid inclusion characteristics of Zaglic and Safikhanloo
epithermal gold prospects, NW Iran. Geological Society, London, Special Publications. 350: 133-147.

Einali, M., Bakker, R. J., Alirezaei, S. and Azimzadeh, A., 2011- Laser Raman micro spectroscopy with fluid inclusions from the Darrehzar
porphyry copper deposit, Kerman, Iran. ECROFI XXI Abstracts, Berichte der Geologische Bundesanstalt. 87: 82-83.

Forster, H., 1978- Mesozoic— Cenozoic metallogensis in Iran —geological society-London, 135:443-445.

Gemmell, J. B., 2007- Hydrothermal alteration associated with the Gosonwng epithermal Au-Ag deposit, Halmahera, Indonesia: Mineralogy
geochemistry, and exploration implications, Economic Geology 102, 893-922.

Hassanzadeh, J., 1993- Metallogenic and tectono-magmatic events in the SE sector of the Cenozoic active continental margin of Iran
(Shahr-e-Babak area, Kerman province). Published Ph.D. thesis, University of California, Los Angeles, 204.

Herrmann, W., Green, G. R., Mark, B. D. and Davidson, G., 2009- Lithogeochemical and Stable Isotopic Insights into Submarine Genesis of
Pyrophyllite-Altered Facies at the Boco Prospect, Western Tasmania, Economic Geology 104: 775-792.

o)



w3 gloly i g eRuwlo jo g «(CL) uilusinoglg silS ouly 3o 20 )S 6l ji)1gS osllho

Hovakimyan, S., Moritz, R., Tayan, R. and Harutyunyan, M., 2015- The World-Class Kadjaran Mo-Cu-Porphyry Deposit,Southern Armenia,
Lesser Caucasus: Structural Controls, Mineral Paragenesis and Fluid Evolution, SGA meeting, 13th, Nancy, France, book, 1, 295-298.
Jafari Rad, A. R. and Busch,W., 2011- Porphyry Copper Mineral Prospectively Mapping Using Interval Valued Fuzzy Sets Topsis Method in
Central Iran. Journal of Geographic Information System 3: 312-317.

Kerkhof, A. M. V. and Hein,U. F., 2001- Fluid inclusion petrography, Lithos. 55, 27-47.

Kouzmanov, K. and Pokrovski, G. S., 2012- Hydrothermal controls on metal distribution in (Cu-Au-Mo) porphyry systems. Soc Econ Geol
Spec Pub 16: 573-618.

Lefebure, D. V. and Church, B. N., 1996- Polymetallic Veins Ag-Pb-Zn = Au in Selected British Columbia Mineral Deposit Profiles, Volume
2 Open File. 13: 67-70.

Li, Y. B. and Liu, J. M., 2006- Calculation of sulfur isotope fractionation in sulfides. Geochemical et Cosmochimica Acta, 70, 1789 — 1795.

Mao, J., Zhang, 1., Pirajno, F., Ishiyama, D., Su, H. G. C. and Chen, Y., 2011- Porphyry Cu—Au—Mo—epithermal Ag—Pb—Zn—distal hydrothermal
Au deposits in the Dexing area, Jiangxi province, East China- A linked ore system. Ore Geology Reviews 43: 203-216.

Moncada, D. and Bodnar, R, J., 2012- Gangue mineral textures and fluid inclusion characteristics of the Santa Margarita Vein in the Guanajuato
Mining District, Mexico, Cent. Eur. J. Geosci, 4(2), 300-309.

Padyar, F., Alirezeai, S., Rahgoshay, M., Tarantola, A., Vanderhaeghe, O. and Caumon, M. C., 2016- Evolution of the mineralizing fluids and
possible genetic links between Miduk porphyry copper and Latala vein type deposits. ACROFI VI meeting, 6th, Bombay, India, book.
P: 80-84.

Padyar, F., Rahgoshay, M., Tarantola, A., Alirezeai, S. and Pourmoafi, M., 2015- Geology and Genesis of the Latala Base Metal Deposit North
Miduk, Iran, SGA meeting, 13th, Nancy France, book. 2:509-511.

Penniston-Dorland, S. C., 2001- Illumination of vein quartz textures in a porphyry copper ore deposit using scanned cathodoluminescence:
Grasberg Igneous Complex, Irian Indonesia. Am. Mineral., 86: 666.

Pirajno, F., 2009- Hydrothermal Processes and Mineral Systems, Springer, Geological Survey of Western Australia.1250 pp.

Pokrovski, G., Borisova, A. Y. and Bychkov, A., 2013- Speciation and Transport of Metals and Metalloids in Geological Vapors, Mineralogy
and Geochemistry 76:165-218.

Pudack, C., Halter, W. E., Heinrich, C. A. and Pettke, T., 2010- Evolution of magmatic vapor to gold-rich epithermal liquid: The porphyry to
epithermal transition at Famatina NW Argentina, Economic Geology, 104: 449-477.

Roedder, E., 1992- Optical microscopy identification of the phases in fluid inclusions in minerals, Microscope 40:59-79.

Sadeghi, M., Borg, G. and Gléber, C., 2008- Relationship between large-scale ring structures and lineaments with big porphyry copper deposits
in Iran. Geosciences, 17:199-205.

Sillitoe, R. H., 2010- Porphyry Copper Systems. Econ Geol. 105:3-41.

Sirbescu, M. L. C. and Nabelek, P., 2003- Dawsonite: An inclusion mineral in quartz from the Tin Mountain pegmatite, Black Hills, South
Dakota. American Mineralogist 88: 1055—1060.

Tome, C. M. and Tornos, F., 2009- SEM-CL Analysis of Hydrothermal Quartz: Case Histories in Fe-Cu (Au) Deposits. resumen SEM 179-180.

Wilkinson, J. J., 2001- Fluid inclusions in hydrothermal ore deposits Lithos 55:229-272.

Williams, N. C. and Davidson, G. J., 2004- Possible submarine advanced argillic alteration at the Basin Lake prospect, western Tasmania,
Australia, Economic Geology 99: 987-1002.

oY



OHen 5 5bsk Ly 3

Cathodoluminescence, micro thermometry and laser raman spectroscopy

studies on hydrothermal quartz in Latala deposit, Central Iran
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Abstract

The Latala base and precious metals deposit is hosted by quartz veins, associated with a porphyry pluton intruded into a Cenozoic volcanic
sequence. Euhedral quartz with sulfide mineralization such as pyrite, chalcopyrite, galena and sphalerite, with minor sulfosalts occurs in these
veins as open space fillings and minor replacement bodies. Progressive growth of quartz crystals is evidenced by their texture revealed by
cathodoluminescence imaging. The analysis of fluid inclusions indicate a decreasing homogenization temperature from 350°C in the core to
135°C along the edge of the quartz crystals with overgrowths. The presence of CO, vapor suggested by the thermometric analysis is confirmed
by Raman spectrometry. The solid phases in fluid inclusions identified as phyllosilicates, presumably muscovite and illite, chlorite, quartz
and carbonate-mineral such as (Natrocarbonate, Dawsonite) by petrography and Raman spectrometry. Solid phase of halite were identified in
two fluid inclusions. The homogenization temperature and salinity varies between 131 to 380 °C and 0.17 to 7.7 wt.% NaCl eq respectively.
The properties of fluid inclusions corresponds to a magmatic hydrothermal fluid circulating from depth to shallower environments. The sulfur
isotopic composition for galena, sphalerite, chalcopyrite and pyrite varies between -9.8 and -1%o, which correspond to values of magmatic
sulfur. The **S values from +1.8 to -9.2%o are in the range of hydrothermal fluids. Fluid inclusions features show a magmatic hydrothermal
source which transported magmatic fluid and vapor from the depth through fractures to shallow environment. It suggests that magmatic water
mixing with meteoric water was responsible for transportation of metals in Latala. Epithermal mineral precipitation during boiling, mixing and
water-rock interaction formed hydrothermal quartz and sulfide mineralization. The available evidence suggests that the hydrothermal fluids
changed from magmatic to epithermal in the region.

Keywords: Hydrothermal quartz, Fluid inclusion, Latala, Cathodoluminescence, Microtermometry, Laser Raman Spectroscopy.
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