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1-Introduction

Recent studies concerning fluid evolution in magmatic-hydrothermal systems have mainly concentrated
on porphyry copper and epithermal high-sulfidation Au-(Ag) deposits (Bethke et al., 2005; Einaudi et
al., 2003; Fifarek and Rye, 2005; Heinrich, 2005). In contrast, less attention has been paid to associated
epithermal base metal deposits which occur in the upper parts of the same environment and form later in
the evolution of the system than the precious metal deposits (Baumgartner and Fontboté, 2008).

The Shurk area is in the west of the Lut Block volcanic—plutonic belt, in eastern Iran, about 125 Km
northwest of Birjand city. Great Tertiary, The Shurk area, is located in the west of the Lut Block
volcanic—plutonic belt, in eastern Iran, about 125 Km northwest of Birjand city. The Tertiary magmatic
activity in the Lut Block is spatially and temporally associated with several types of mineralization
events (Karimpour et al., 2012). The prospecting area covers a significant part of the Lut Block that
includes numerous cases of CuxPbxZn vein-type mineralization, such as Shikasteh Sabz, Mir-e-Khash,
Rashidi, Ghar-e-Kaftar, Howz-e-Dagh (Lotfi, 1982), as well as kaolin deposit (Cheshmeh Khuri area) in
the neighboring area. Mineralization in the Shurk district generally described by Lotfi (1982) and
Tarkian et al. (1983). Any author has published no minutiae study regarding fluid evolution and ore
genesis at the Shurk district. We present and discuss geology, alteration, ore petrography, geochemistry,
and fluid inclusion microthermometry, which help clarify the ore genesis of the Shurk area.

2-Material and methods

Propylithic alterations, argillic alterations, and iron oxides were investigated during preliminary
prospecting in the area using ASTER in the method of spectral angle mapper. The present study
involved detailed fieldwork and study of thin sections and polished slabs from the igneous rocks and ore
samples under the optical microscope. Metal concentrations were analyzed at IMPRC laboratory of Iran
using ICP-OES techniques on 17 samples. Three samples were analyzed for Fire Assay analysis and
seven samples for XRD analysis at IMPRC laboratory of Iran. Thirty-three spot analyses
(microanalyses) were performed on an X-ray Analytical Microscope at IMPRC laboratory.

Doubly polished wafers (150 um thick) were prepared from five samples taken from surface and
trenches. Microthermometric measurements were carried out using a Linkam THM 600 heating-freezing
stage mounted on an Olympus TH4-200 microscope stage at the Ferdowsi University of Mashhad, Iran.

3-Results and discussion

The Shurk vein occurs as an ore vein situated along a fault zone, once developed within the Middle
Eocene andesitic tuff. Hydrothermal alteration displays a zoning pattern from argillic, silicified-argillic,
silicified-carbonate, carbonate and propylitic. Argillic is characterized by kaolinite and illite within wall

* Corresponding author: karimpur@um.ac.ir
DOI: 10.22055/AAG.2019.26285.1864
Received 2018-06-18

Accepted 2019-06-12

316



Autumn 2019, Vol 9 (3): 316-340 Adv. Appl. Geol. “\"‘

rocks near the vein mineralization. Silicified-argillic and silicified-carbonate occur in wall rock as a
matrix with lesser amounts of kaolinite and calcite, and the accompanied vein mineralization occurs as
quartz—ore veins (generally with open space filling texture). Carbonatization is the last stage of
alteration, occurring mainly in wall rocks as disseminated and calcite veins. With the distance of vein,
propylitic alteration is widespread rather than other alterations.

Main mineralization was formed in two stages. The zones of silicified-argillic alteration characterize
Stage-1 by quartz-pyrite-chalcocite-chalcopyrite-bornite-fahlore-sphalerite  vein. Stage-2 quartz-
chalcocite-sphalerite vein all occur in the zones of silicified-carbonate alteration.

Due to the significant influence of weathering processes on the primary ore, secondary sulphide and
oxide mineralization (malachite, azurite, chalcocite, covellite, goethite and hematite) spread widely and
finally created oxidizing sulphide orebody, as the mineral assemblage has already been changed from
the hypogene condition, are discussed. Zone 1: Surficial — leached capping zone (gossan), 2: Major
leaching — remnant sulphides, and 3: Supergene zone. Gossan has occurred as oxidized surface
expressions of underlying ore zones. Minerals include goethite, hematite, limonite, manganese oxides
(XRD was pertained in determining minerals). Significant leaching — remnant sulphides begin to become
visible at lower depths. This zone has occurred as metallic ferrous secondary minerals (malachite,
azurite, hematite, and goethite). The supergene zone has occurred, where supergene covellite-digenite-
chalcocite-valleriite -malachite-azurite and atacamite replaces a wide range of primary sulfides.

Cu, Zn, Ag, and Pb contents reached up to 5%, 333ppm, 21.3ppm, and 47ppm, respectively. Primary
fluid inclusions of quartz in paragenesis with mineralization in the silicified-argillic zone and silicified-
carbonate zone have an average of homogenization temperatures 267°C and 215°C respectively. Based
on freezing studies, the average calculated the temperature of the last melting point of these equals to
19.4 and 11.1 wt. % NaCl, respectively. Homogenization temperature and salinity of the fluids showed a
shifting trend from relatively high in silicified-argillic zone to relatively low homogenization
temperature in the silicified-carbonate zone, which can be due to physicochemical changes in the fluid
such as cooling and mixing with meteoric water (Shepherd et al., 1985). According to the textual
evidence, boiling has also been active during the evolution of the fluid.

4-Conclusion

Mineralized veins are clearly epigenetic and fill part of the NW-SE striking and almost have a vertical
fault/fracture system. Wall rock alteration occurs as narrowly-developed zones around mineralized veins
and is composed of clay minerals, quartz, calcite, chlorite, and epidote exhibiting silicified, argillic,
carbonate and propylitic. The vein mineralization was formed in two stages, including 1) quartz-pyrite-
chalcocite-chalcopyrite-bornite-fahlore-sphalerite that are associated with argillic-silicified alteration
and 2) quartz-chalcocite-sphalerite accompanied with the silicified-carbonate alteration.

Copper deposition in the Shurk vein is believed to have mainly been caused by mixing, although boiling
may also have occurred. The Shurk vein is classified as epithermal-related vein deposit. The Shurk vein
is an example of volcanic-hosted base metal mineralization along the Lut Block, formed by relatively
low to medium temperature and by medium salinity fluids at the shallow epithermal environment.
Numerous small CutPb+Zn veins are present in the neighboring area (Shikasteh Sabz, Mir-e-Khash,
Rashidi, Ghar-e-Kaftar, and Howz-e-Dagh veins). The similarities in ore mineralogy and geochemistry
may point out that all these veins are part of a regional ore system and may, therefore, bear significant
economic potential.
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Fig. 1. (a) Geographical location of prospect area of the North Khur in Iran and access routes to it and (b) Location and access routes

to the Shurk area in the North Khur.
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Table 1. Optimal spectral angle for minerals in the Shurk area that is identified in field observations.

Minerals of alteration Optimal spectral angle minerals of alteration Optimal spectral angle
Kaolinite 0.2715 Zeolite 0.0867
Montmorillonite 0.2245 Limonite 0.6250
Ilite 0.3420 Jarosite 0.2876
Pyrophyllite 0.2175 Goethite 0.0654
Chlorite 0.2810 Hematite 0.0765
Epidote 0.2754
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Fig. 2. Aster satellite image of the Shurk area, where the argillic alteration is highlighted.
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Table 2. Average analysis results of EPMA for main sulfide minerals in the Shurk deposit.

Mineral Mineralization | Number Cu S Fe As Ag Pb Hg Sh
Pyrite Disseminated 3 0.5 529 | 46.2 0.7 - - 0.03 -
Pyrite Vein 7 1.3 52.4 45.2 11 - - 0.01 -

Chalcocite Vein 8 76.5 22.3 0.07 0.02 0.4 - 0.01 0.05
Chalcopyrite Vein 3 30.2 35.2 34.3 0.01 - - 0.01 -

Bornite Vein 6 11.7 25 63.7 - 0.2 - - 0.01

Fahlore* Vein 1 42.28 271.7 0.02 17.29 0.2 - - 2.9
Galena Vein 5 0.1 13.1 - 0.3 02 | 86.1 - -
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Fig. 6. (a) Argillic alteration in margin of vein, (b) Silicified-argillic alteration in margin of vein, (c) Carbonate veinlet related to late

stages of mineralization that cut main vein, (d) Post-mineralization tectonic activity that crushes the vein and creates a mosaic
breccia, (e) Cockade texture in vein mineralization, (f) Dendritic texture in manganese, (g) Dog-tooth calcite, (h) Lattice-bladed, (i)

Boxwork texture in hematite and goethite.
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Fig. 7. (a) Pyrite mineralization as disseminated in argillic zone in margin of vein, (b) Pyrite with chalcocite-bornite as layered, (c)
Core of pyrite and chalcocite-bornite, (d) Mirmikitic texture of bornite and chalcocite and also, inclusions of fahlore and chalcopyrite
in chalcocite, (e) Electron imaging of galena with chalcocite and replacement of chalcocites from margin by valerite with dendritic
texture, (f) Layered pyrite with chalcocite (position of some spots analyzed by EPMA method), (g) Chalcocite and bornite in
supergene zone and mold of pyrite, (h) Replacement of chalcocites from margin by covellite as lamellar and diagenite, (i) Malachite
and chalcocite in supergene zone, (j) Replacement pyrite by goethite and remain mold of pyrite, (k) Veinlet of dolomite, (I) Barite.
Abbreviations Cc, Brt, Bn, Sp, Gn, Cv, Mlc, Gth, Dg, Dol, Py: chalcocite, barite, bornite, sphalerite, galena, covellite, malachite,
goethite, digenite, dolomite, pyrite, respectively (Whitney and Evans, 2010).
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Fig. 8. Paragenetic sequence in the Shurk area.
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Fig. 9. (a) View of the gossan zone in northern of the Shurk area (northwest view), (b-e) Profile of supergene processes and gossan
formation in the Shurk area.
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Table 3. Results of XRD analyses in gossan zone samples in Shurk area.

Minerals of gossan zone Sample number
Hematite, Dolomite, Quartz P11
Hematite, Barite, Quartz, Kaolinite P12
Hematite, Goethite, Quartz, Calcite P13
Hematite, Malachite, Quartz P14
Goethite, Quartz, Calcite P20
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Fig. 10. Location of samples from vein site in the Shurk area.
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Table 4.Results of analyses samples from vein site in the Shurk area.

Cu (ppm) (p,:?n) Sb (ppm) | Zn (ppm) | Pb(ppm) | As(ppm) | Mo (ppm) | Mn (ppm)
P-16 16688 9.3 14 154 - 34 4 643
P-17 11413 44 12 127 44 86 4 753
P-18 44277 16.3 24 165 - 105 4 217
P-19 14078 5.9 16 57 15 95 3 266
P-20 28778 8 18 36 15 44 3 271
P-21 50741 111 16 78 47 18 3 242
P-22 24590 8.9 13 167 35 31 105.5 584
P-23 32570 213 16 333 47 32 5.8 572
P-24 28090 8.4 145 101 24 15 4338 519
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Table 5. Correlation coefficient values for each element pair in the vein of the Shurk (+++High positive correlation, ++ Moderate
positive correlation, + Weak positive correlation, - High negative correlation, -- Moderate negative correlation, --- Weak negative

correlation and n.c No correlation).

Fe Ag As Cu Mo Zn Pb Sb \% Co
Fe 1 n.c n.c - n.c ++ + -- 4+ ++
Ag 0.034 1 n.c ++ n.c +++" n.c ++ n.c n.c
As -0.011 -0.125 1 - - n.c - ++ n.c -
Cu -0.379 0.604 -0.245 1 n.c n.c n.c ++ - n.c
Mo -0.159 | -0.140 | -0.365 -0.09 1 .n.c n.c - n.c +
Zn 0.489 0.788 -0.124 0.098 0.1 1 + n.c ++ +
Pb 0.335 0.138 -0.365 0.154 0.171 0.335 1 -- ++ 4+
Sb -0.472 0.511 0.437 0.617 -0.365 | -0.004 | -0.498 1 - --
V 0.889 0.054 0.084 -0.310 | -0.046 0.488 0.501 -0.395 1 ++
Co 0.486 0.013 -0.572 0.113 0.381 0.301 | 0.842™ | -0.654 0.486 1
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Table 6. Results of analyses data of samples of the Shurk vein for Au element.

Sample No. P21

P20 P22

Au (ppb) <5

<5 <5
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Enrichment Factor (E. F)= [(Element cossan/Element mineralization)-1] X100
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Table 7. Results of ICP-OES analysis of samples from gossan zone related to vein in the Shurk area.

Sample
NumEer P1 P2 P3 P11 P12 P13 P14 P15
Wt. %
Mg 1.88 2.6 0.81 0.16 3.29 4,76 55 1
Ca 52 9 4.29 7.66 9.82 14.27 14 14.4
Ti 0.62 0.07 0.43 0.06 0.05 0.09 0.15 0.21
S <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
P 0.12 0.02 0.12 0.02 0.02 0.03 0.03 0.05
Na 2.03 <0.1 1.91 0.29 0.12 0.11 0.12 0.14
Al 7.17 0.92 6.47 1.11 0.83 1.33 1.68 2.58
Fe 11.31 4.76 6.44 5.85 6.31 9.5 6.4 9.3
K 1 0.17 1.7v <0.1 <0.1 <0.1 <0.1 <0.1
ppm
Ag 2 2.1 <1 5.2 <1 3 2.1 <1
As 11.2 12 114 15 <10 <10 11.4 <10
Cu 622 779 480 4648 334 315 451 312
Mo <1 3 3 5 <1 <1 3 2
Pb 13 35 18 679 14 <10 12 14
Zn 16 57 70 105 72 78 141 120
Sh <10 <10 <10 14 12 13 11.8 <10
Mn 693 2097 543 1286 1355 784 1025 845
Ni 14 14 <10 15 15 18 40 36
Sr 431 164 367 159 248 650 442 401
Sc 22 <10 14 <10 <10 <10 <10 <10
Vv 241 53 148 64 87 100 90 105
Y 26 12 24 <10 <10 <10 <10 11
Co 18 14 <10 18 16 17 25 24
Cr 45 121 54 158 27 20 41 69
La <10 <10 17 <10 <10 <10 <10 <10
Ce 30 10 36 <10 12 15 16 18
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Table 8. Results of elemental enrichment factor of mean elements in gossan zone and vein mineralization in the Shurk area.

Vein
Elements mineralization Gossan zone enrichment factor

Mg 0.32 29 -89
Ca 4.5 9.83 118
Ti 0.13 0.21 61.5
S 0.23 0 -100
P 0.03 0 66.6
Al 1.97 2.7 37
Fe 1.89 4.9 159.2
Ag 10.4 2.88 -72
As 51.1 12.2 -76
Cu 27913 992.6 -96.4
Mo 19.5 3.2 -83.5
Pb 32.4 112.1 246
Zn 135.3 82.3 -39
Sh 15.9 12.7 -20
Mn 451.8 1078.5 138.7
Ni 14 21.7 55
Vv 66.3 111 67.4
Co 19.8 18.8 -5
Cr 108 66.8 -38
Ce 11.9 19.2 61

61/5 66/6
3

-100
-150

272 76
-89 -100 -96/

483/5

Mg Ca Ti S P Al Fe Ag As Cu Mo Pb Zn Sb Mn Ni V Co Cr Ce
S 59 adbaie ;3 ledlls (g5 4 S GlusT )0 (S35 88 kol obie I golat sl (Fab (G- (Sl s )Y SIS

Fig. 11. Enrichment-enrichment diagram for a number of major, minor and trace elements in gossan relative to the ore-forming zone
in the Shurk area.
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Table 9. Correlation coefficient values for each element pair in the vein of the Shurk (+++High positive correlation, ++ Moderate
positive correlation, + Weak positive correlation, - High negative correlation, -- Moderate negative correlation, --- Weak negative

correlation and n.c No correlation).

Ag As Cu Mo Pb Zn Sb Ti P Fe
Ag 1 ++ +++7 ++ +++7 n.c ++ - - n.c
As 0.550 1 ++ 4+ ++ n.c n.c n.c n.c -
Cu 0.822 | 0.639 1 4+ o+ n.c ++ - - --
Mo 0.497 | 0.758 | 0.726 1 o+ ++ n.c - - --
Pb 0.806 | 0583 | 0.996 | 0.714 1 + ++ - - -
Zn 0.112 -0.062 0.176 0.474 0.225 1 ++ -- -- n.c
Sh 0.585 -0.044 0.442 0.117 0.480 0.434 1 -- -- n.c
Ti -0.304 | 0.191 | -0.261 | -0.265 | -0.296 | -0.547 | -0.633 1 +++ ++
P -0.370 | 0.167 | -0.267 | -0.206 | -0.293 | -0.520 | -0.641 | 0.966 1 ++
Fe -0.189 | -0.383 | -0.482 | -0.623 | -0.479 | -0.105 | -0.153 | 0.557 | 0.431 1
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Fig. 12. The microscopic image of fluid inclusions (a) Two—phase fluid inclusions (LV) and single phase (L) in quartz of first stage
mineralization, (b) Two—phase fluid inclusions (LV) in quartz of second stage mineralization.
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Table 10. Summary of microthermometric data of fluid inclusions of vein mineralization in the Shurk area.

Stag
Sampl e of
e No. Mineral rrT:Iri]; Dimensi | type er e Hm ) mie) Wto%) | -ity
) ons
ation
SH- 0.93-
P1IA Qz 1 5-12 LV 18 245-286 -57.2t0-56 | -15.6to0-14 17.7-19 095
SH- -18.8to - 18.2- 0.94-
P1B Qz 1 5-10 LV 14 244-282 -57 to -55.3 148 215 0.97
SH- 0.90-
P1C Qz 1 8-11 LV 11 250-283 -58t0-55.7 | -183to-14 | 17.7-21 0.94
SH- 0.90-
P2A Qz 2 7-15 LV 25 175-263 -57.2 to -55 -8.3t0-6.3 9.5-12.8 0.94
SH- 1 oz 2 | 415 | Lv | 19 | 176265 | -57t0-551 | -95t0-61 | 93134 | 29
P2B ' ' ' S0 096
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Fig. 13. (a) Histogram showing the homogenization temperature data, (b) Histogram showing the salinity of fluid inclusions for main

stages of mineralization in the Shurk area.
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Fig. 14. Homogenization temperature versus salinity of fluid inclusions in the Shurk vein. Several possible trends of fluid evolution
in a temperature-salinity diagram from Shephered et al. (1985). Trend 1 represents primitive fluid A mixed with cold and low
salinity fluid B, trends 2 and 3 represent the result of fluid A isothermally mixing with different salinity fluid B, trend 4 represents
the salinity of residual phase increased, caused by boiling of fluid A, trend 5 represents cooling of fluid A, trend 6 represents necking
of the fluid inclusion, trend 7 represents leakage of fluid inclusions during heating.
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Fig. 15. Diagram of salinity versus homogenization temperature of fluid inclusions in the Shurk vein-type mineralization (Wilkinson,
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Fig 16. Pressure—temperature diagram showing phase relationships in the NaCl- H2O system at lithostatic and hydrostatic pressures
(Fournier, 1999). L= liquid, V= vapor, H= halite. Thin dashed lines are contours of constant wt percent NaCl dissolved in brine.
Filled gray line indicates granite minimum melting curve. Filled dark line shows the three-phase boundary, L+ V + H, for the system
NaCl-KCI-Hz20 with Na/K in solution fixed by equilibration with albite and K-feldspar at the indicated temperatures.
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