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Revised: 22 June 2021 of ore deposits including porphyry Cu-Mo-Au, skarn type ores, and
Accepted: 22 June 2021 epithermal base and precious metals deposits. Silicic zones of variable

sizes are common in the Kerman belt in the southern section of the
Urumieh-Dokhtar arc, and some might be representing the upper parts
of porphyry copper systems known as lithocap. To investigate this

Keywords potential relation, a silicic zone in Meideh, north Pariz, is studied. The
lithocap silicic zone lies in an area with several known porphyry copper deposits
Me'dheh silicic zone (PCD) including Sarcheshmeh, Nochun, Seridun, Sarkooh, and Bagh-
?l?]rlg i)r/]::)llucs?gﬁer Khoshk. For comparison, silica ledges and veins in Seridun and a
epithermal mineralized silica vein system to the east of the Sarcheshmeh mine are
Kerman magmatic belt also studied.

Materials and methods

The study is based on field studies and investigation of textures and

structures, and sampling for mineralogy (microscopic and X-ray

diffraction analysis), and fluid inclusions. The XRD analyses were

accomplished in the Iranian Mines and Mining Industries Development

and Renovation Organization (IMIDRO) and Kansaran Binaloud Co,
*Corresponding author Tehran. The fluid inclusion studies were performed in the Iranian
Mineral Processing Research Center (IMPRC) using a Linkam
THMS600 equipped with a Zeiss microscope.
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Results

The silicic zone in Meideh is developed in andesitic
lava flows and pyroclastic materials, and covers an
area of ~ 1 km?2. Silica occurs in white to grey colors
and in massive, brecciated and locally vuggy
textures; the grain sizes range between 0.01mm to
Imm. The silica is locally associated by minor
sulfides (pyrite and locally chalcopyrite) carbonates,
and clay minerals.

The silicic zone grades outward into a silicic-argillic
halo and into the host volcanic rocks with propylitic
alteration. Chemical analysis of samples from the
zone indicated enrichments in Cu, Mo, Ag, As, Bi
and Au relative to the average composition of
intermediate-mafic volcanic rocks in the Kerman
belt. Small outcrops of a quartz-tourmaline rock
occur in the southeast of the silicic zone.

In Seridun, silica ledges and veins occur in the
periphery and in the upper parts of a porphyry copper
deposit developed in Miocene shallow intrusive
bodies and older volcanic rocks. In east of
Sarcheshmeh, several N-S striking silica veins
locally containing pyrite, chalcopyrite, malachite,
and Fe-oxides/hydroxides occur in Cenozoic
volcanic and intrusive host rocks. In both areas, the
silicic zones are products of pervasive silicic
alteration, and occur in massive, breccia, and vuggy
textures. Vuggy texture is well developed in Seridun.
XRD analysis of representative samples from
Meideh indicated the occurrence of kaolinite and
illite, in addition to quartz. Minerals characteristic of
advanced argillic alteration (i.e. alunite, pyrophyllite,
diaspore and andalusite) are missing. The minerals,
however, were identified in Seridun.

Fluid inclusions in quartz from all three areas are
dominated by two-phase liquid-vapor.
Homogenization temperature (Tw) varies between
140-263 °C (average: 202 °C) for Meideh, 195-320
°C (average: 247 °C) for Seridun, and 140-264 °C
(average: 177 °C) for east of Sarcheshmeh. Salinities
vary between 0.18-5.71 (average: 1.62), 1.22-4.18
(average: 2.27), and 0.7-3.39 (average: 1.57) wt.%
NaCl eq., respectively. The quartz-tourmaline rock
from Meideh is distinguished by the occurrence of
liquid-vapor-halitexthematite and  liquid-vapor-
opaque inclusions, in addition to liquid-vapor
inclusions. The Ty and salinity for the liquid-vapor
inclusions, homogenizing to liquid, varies,
respectively, between 202-269 °C (average: 231 °C)
and 3.71-7.16 (average: 5.43) wt.% NaCl eq. The Tn

and salinity for the halite bearing inclusions,
homogenized by halite dissolution, varies between
240-480 °C (average: 345 °C) and 33.40-56.90
(average: 42.80) wt.% NaCl eq.

Discussion

The textures, structure, and spatial relations with the
host volcanic rocks suggest that the Meideh silicic
zone developed as a result of pervasive silicic
alteration, rather than open space filling. Textures
indicative of open space filling, including
crustification and symmetric banding, are absent in
Meideh. The silicic ledges in Seridun, and the N-S
striking silicic zones in east of Sarcheshmeh, are the
products of pervasive silicic alteration of the host
volcanic and intrusive rocks.

The XRD analysis of representative samples from
Meideh indicated the occurrence of kaolinite and
illite, in addition to quartz. Minerals characteristic of
advanced argillic alteration (i.e. alunite, pyrophyllite,
diaspore and andalusite) are missing. The minerals,
however, were identified in Seridun. Fluid inclusions
in quartz from the three silicic zones are dominated
by two-phase liquid-dominant L-V inclusions. No
distinction in salinity can be made between the three
zones; Seridun, however, is distinguished by higher
homogenization temperature. The local quartz-
tourmaline zones in Meideh developed from
distinctly higher temperature and salinity fluids
(240-480 °C and 33.9-64 wt% NaCl eq,
respectively). A comparison of fluid inclusion data
with several epithermal base and precious metals
systems in the Urumieh-Dokhtar arc and elsewhere
in Iran suggest that no meaningful distinction can be
made between barren (i.e. Meideh, at current
exposure level) and productive epithermal systems.
Our data indicate that the silicic zone in Meideh
cannot be considered as a porphyry-related lithocap
at current exposure. The quartz-tourmaline rock
developed from fluids of higher salinity and
temperature suggests a link with magmatic-
hydrothermal systems and warrants further
investigation.
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Fig. 1. A: Simplified geological map of Iran showing various geological divisions. The Cenozoic Urumieh-Dokhtar arc
is shown in red. The southern section of the arc, known as Kerman copper belt, is a major host to porphyry copper deposits
(after Alimohammadi et al., 2015), and B: The geological map of the Pariz area (redrafted after Dimitrijevic et al., 1973).
The location of the Meideh silicic zone (asterisk), the vein systems in east of Sarcheshmeh, and several porphyry copper

deposits (square) are indicated.
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Fig. 4. A: A view of silicic-argillic halo in the Meideh silicic zone grading outward to andesitic host rock with propylitic

alteration, B: A closer view of the silicic-argillic halo with Fe-oxides/hydroxides, and C: A closer view of the andesitic
host rock with propylitic alteration
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Fig. 5. A: Outcrop of gossan in the silicic-argillic halo in the Meideh silicic zone, and B: Outcrop of the Quaternary
breccia consisting of debris of altered volcanic rocks cemented by Fe-oxide/hydroxide in the northwest margin of the

Meideh silicic zone. The inset shows a close-up of the breccia.

Sl i (Jows sb 4 g Sl Jglize paT a5 pdn — ST
95 S e (A-F J_L.i) 305 359 slge cpl 5 28
KMJGAC)L&JQJ’%QB)J%M S 095 4wy g
ek B0 3 elaw (sla 5w 53 AT U8 g s —u ST
3 sk (S0 55 Tl e LS J gemee (05 e
Sl S5k GLadasT (Slaein b Osl o 53 o) = (s

(Kazemi Mehrnia et al., 2011) wlods abll 2y s

L;L&wﬂjﬂ)ks"_wJL;UM\J}w.w)ﬂt@‘-\:ﬂé\.&w)ﬂ)b

3 B e 53 51 e Calin S b ke (slaii iy 5 S
Gl o e 0ev 1 5 B 2e 00 1 ie Jsb g e ooy
3973 O3k 03 2 s ~ (Sl b gy - Jd
wwds‘,boajiiicb\g}y&».(AjB—‘i Ji.'z):)b
2345 el g b AL s 051 8 G Uy
Glros 5 . Cul 03 57345 gl 30T SlaassT glaeKin
5k ysh —low e =5 55158 Joldiodas 5k 4 ek

Lpd oo plan )y G S LA bl Caawaohga

DOI: 10.22067/ECONG.2021.51673.84923

Foylad W 055 VP e (ooliasl wlis e


https://dx.doi.org/10.22067/ECONG.2021.51673.84923

e ol Il o o 095 53 e (SLasL0LA 5 (B (s SIS s S35

OLSes 5 Slas,

of jad (S 9,15 Joen ) gui 4 0 K g ol (L AL, 2011
XRD LSLAWJJ;JS‘OJ;QJL&“}ATMJJJ:A—A:_.S‘\{

OT ag aslsl 53 aS o330l &5 Oads w y3 |y S JT 55 o

ol av\.f&oJU'u‘

L}O‘ﬂh(%}#‘)ﬂj&béw}_ﬂdgc&p}éﬁ
Qjﬁﬂ)‘b)db‘MaMwawj)@—w‘
P S oyl slas, .@‘gw&uh g ol

Kazemi Mehrnia ) el o 3 1§ 55 Jd la iy

B o 5w 53 AT U8 g 5tn A8/ e e 5 i (Sl S5 L 05k e (5 S 035 51 s A T S

Wl Bl 5 O3 o (S o S F 938 (B 5 (Sles g AL L o iy &K 1 ol B 5 (Ul (g 0 3) Sl Sy LS

Fig. 6. A: Outcrop of the Seridun tonalite porphyry with sericitic/argillic and silicic alteration. Fe oxides/hydroxides
staining in front are products of oxidation of pyrite, and B: Outcrop of a silica ledge with massive and brecciated texture

developed in the Seridun porphyric tonalite.
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Fig. 7. A silica vein containing abundant Fe oxide/hydroxide and minor malachite in east of Sarcheshmeh. The pinch and

swell structure is evident in this part of the vein. The inset shows a close-up of the central and wider part of the vein,
pinching on both sides (looking northwest).
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Fig. 8. Photographs of natural outcrops and hand specimens from the Meide silicic zone. A and B: Outcrops of massive
and breccia textures, respectively, C: Hand specimen showing the massive and brecciated texture in the Meideh silicic
zone, D and E: Hand specimens showing variations of color in the silicic rocks. Fe-oxide/hydroxide staining occurs on

weathered surface and across fractures.
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Fig. 9. A and B: A view of the outcrop and cut surface of a hand specimen, respectively, from the quartz (light grey) -
tourmaline (dark grey) rock in the Meideh silicic zone. The width of the picture in A is ~1 m. Fe-oxide/hydroxide staining
can be distinguished, C: Microphotograph of the rock showing the coexistence of quartz (light grey) and tourmaline

(brown); transmitting light, XPL, and D: Microphotograph showing the intergrowth of quartz and radial tourmaline
crystals (green); transmitting light; PPL.
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Fig. 10. A: Breccia texture in a boulder from a silica ledge in Seridun consisting of fragments of silicified rock cemented by
a second generation of silica, B: VVuggy texture visible in an outcrop of a silica ledge in Seridun, and C: Photomicrograph of

a sample from the margin of a silica ledge in Seridun. Silicified plagioclase casts and the porphyritic texture of the original
rock can be distinguished
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Table 1. XRD Analysis of representative samples from Meideh, Seridun and east of Sarcheshmeh silicic zone

Sample code Minerals Silicic zone
NP-5* Quartz, Pyrophyllite, Muscovite, Illite, Anatase Meideh
NP-6* Quiartz, lllite Meideh
NP-13* Quartz, Muscovite, lllite, Jarosite, Anatase Meideh
N.PZ.03 Quartz (low), Tourmaline (Dravite) Meideh
N.PZ.15 Quartz, Muscovite, Goethite Meideh
N.PZ.17 Quartz, Muscovite, Jarosite, lllite Meideh
N.PZ.20 Chlorite, Mica, illite Meideh
PZ.005 Mica, illite, Kaolinite Meideh

SAC-E-03 Quartz, Muscovite, Jarosite (syn), Hllite E. Sarcheshmeh
Se.13 Quartz, Albite, Calc, Muscov, Orthoclase, Alunite, Illite Seridun

*Ashrafpour and Haghighi, 2012
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Fig. 11. The abundances of certain ore and pathfinder elements in samples from Meideh silicic zone, normalized to
average composition of volcanic rocks from Oligocene Hezar complex, Kerman belt (The Meideh chemical data are from
Ashrafpour and Haghighi (2012); the Hezar complex data from Noorizadeh et.al. (2018))
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Table 2. Fluid inclusion data for Meideh, Seridun and east of Sarcheshmeh silicic zones
Sample . Size o Tmice Tm wt.% THv-
coollae Series (um) Type Te (°C) (°C) Halite NaCl (°C)
1 7 L+V -4 6.45 204
2 17 L+V -4.5 7.16 224
8 8 L+V -4.2 6.74 225
4 9 L+V o -2.6 4.34 245
5 6 L+V 2610-3L°C 5, 3.71 237
6 9 L+V -2.5 4.18 230
7 9 L+V+S? -5 7.86 215
3 6 L+V+S? -4.2 6.74 225
9 12 L+V 230
10 6 L+V 238
11 7 L+V 245
12 8 L+V 229
pz-.04 13 7 L+V+S? 224
14 7 L+V+S? nd nd 205
15 9 L+V+S? 202
16 7 L+V 209
17 7 L+V 269
18 6 L+V 202
19 6 L+V 250
L+V+Ha+S
20 9 (Hemat.?) 530 64 190
21 6 L+V+Ha 240 33.39 190
22 7 L+V+Ha 272 35.25 170
23 10 L+V+Ha 389 4551 203
24 10 L+V+Ha 480 56.93 383
1 6 L+V -0.3 0.53 184
2 4 L+V -2 3.39 145
3 7 L+V -25 4.18 165
4 8 L+V -0.1 0.18 170
5 5 L+V -0.3 0.53 176
6 5 L+V -0.3 0.53 220
7 8 L+V -21t0-30°C -0.3 0.53 170
8 5 L+V -0.3 0.53 170
N.PZ 002 9 5 L+V -0.3 0.53 195
10 7 L+V -3.5 571 155
11 5 L+V -0.6 1.05 185
12 5 L+V -3 4.96 202
13 4 L+V -1.5 2.57 193
14 4 L+V 185
15 6 L+V nd nd 140
16 4 L+V 150
1 4 L+V -0.2 0.35 224
N.PZ.15 2 5 L+V -0.2 0.35 263
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Table 2 (Continued). Fluid inclusion data for Meideh, Seridun and east of Sarcheshmeh silicic zones

Sample . Size o Tmice Tm wt.% Thv-i
coge Series (um) Type Te (°C) (°C)  Halite  NaCl (°C)
1 10 L+V -0.4 0.7 165
2 12 L+V -1.4 241 170
3 6 L+V -1 1.74 167
4 5 L+V -0.6 1.05 185
5 5 L+V -0.5 0.88 169
6 8 L+V -0.6 1.05 175
7 7 L+V -0.5 0.88 170
8 10 L+V -2 3.39 178
9 15 L+V -0.8 1.39 167
10 7 L+V -0.8 1.39 170
11 17 L+V -0.8 1.39 161
SAC-E-02 12 9 L+V -21t0-30°C -1 1.74 175
13 18 L+V -0.8 1.39 175
14 6 L+V -1 1.74 160
15 15 L+V -0.9 1.57 237
16 12 L+V -0.8 1.39 140
17 10 L+V -1 1.74 169
18 9 L+V -1 1.74 168
19 9 L+V -0.6 1.05 159
20 6 L+V -0.6 1.05 170
21 7 L+V -0.8 1.39 264
22 7 L+V -2 3.39 160
23 20 L+V -1 1.74 209
1 8 L+V 250
2 8 L+V nd 200
3 5 L+V 320
4 6 L+V 300
5 12 L+V -0.7 1.22 203
Se-05 6 10 L+V nd 1 1.74 203
7 12 L+V -1.1 1.9 195
8 10 L+V -2.5 4.18 305
9 15 L+V -2 3.39 293
10 5 L+V -0.7 1.22 202
nd: not detected; Tm Halite: melting temperature for halite; Te :Eutectic temperature; Tm Ice: Ice melting
temper
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Fig. 12. A and B: Two-phase, liquid (L) + vapor (V) fluid inclusions in the samples SAC-E-02 from east of Sarcheshmeh
and Se.05 from Seridun, respectively, C and D: Polyphase fluid inclusions in the sample N.PZ.04 from Meideh silicic

zone consisting of LVHa (liquid+vapor+halite) and LVS (liquid+vapor+solid) inclusions, respectively
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Table 3. Summary of microthermometric data for Meideh (PZ.002, NPZ.15, NPZ.04), east of Sarcheshmeh (SAC-E-02)
and Seridun (Se-05) silicic zones
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Salin., wt.% NaCl eq.
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T.(°C)

PZ.002 (A)
N.PZ.15 (A)
N.PZ.04 (A)
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N.PZ.04 (B3)
SAC-E-02 (A)

Se-05 (A)

L+V (16)
L+V (2)
L+V (14)
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202-269 (231)
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L: liquid; V: vapor; Ha: halite; S: solid phase (unknown); nd= not detected; (n): number of analyses
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Fig. 13. A and B: Histograms for homogenization temperature and salinity, respectively, for samples from Meideh,

Seridun and east of Sarcheshmeh silicic zones
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Fig. 14. Plots of homogenization temperature and salinity for Meideh, east of Sarcheshmeh, and Seridun silicic zones.
Data from several epithermal systems from Iran are shown for comparison.
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