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Extended Abstract

Introduction

The Ismailabad copper deposit is located in the 55 km NE of Saveh, Central Iran. It is situated in the
middle-northern part of the Urmia-Dakhtar magmatic arc (UDMA) of Iran. The Cenozoic volcanic units
in the middle part of the UDMA around Saveh host several Cu-Au-Ag-Fe deposits, (Heidari et al, 2022),
Narbaghi (Fazli et al, 2019), Rangerz (Zamanian et al, 2021), Zarandiyeh (Yousefi and Alipour-asll,
2019) and Koh Peng (Rajabpour et al, 2017, 2018). General studies in the middle part of the UDMA
show the importance of mantle metasomatism in the formation of intrusive rocks. Based on U-Pb dating,
this magmatic complex crystallized in the upper Eocene (Nouri et al, 2018).

Although there are many signs of old mining, mineral indices and Cu-Au-Ag deposits that are
temporally and spatially related to Eocene magmatism in this area, but compared to other areas such as
Arasbaran and Kerman belts, it has received less attention from researchers. It has been tried to
understand the factors controlling of the copper mineralization based on the field geology, petrology,
structure and texture, mineralogy and paragenesis of ore minerals, geochemistry and microthermometry
of fluid inclusions. This research can be used to improve the exploration criteria of this type of deposit
in the central part of UDMA and other similar places.

Materials and Methods

Different rock units from geological sections were used. Petrographic and mineralogical studies were
conducted on 23 thin and thin- polished sections. In order to conduct geochemical studies of ore samples, 15
samples were analyzed by the ICP-OES method in the Iran Minerals Research and Processing Center. Also,
to determine the characteristics of the ore-forming fluid, petrographic and microthermometric studies were
conducted on two calcite mineral samples in the laboratory of Tarbiat Modares University.

Results and Discussion

The host rock for Cu-mineralization in the area is volcanic and volcano-sedimentary units of Eocene age
that affect intrusive masses of granitic, monzonite, and gabbro-diorite. These host rocks have been affected
by siliceous-carbonate, propylitic-chloritic, sericitic, and intermediate argillic alteration with different
intensities. Mineralization occurs in the form of sulfide-oxide veins.

Citation: Dalvand, R. et al, 2026. Mineralogy, geochemistry, fluid inclusions and Cu mineralization factors in the Ismailabad
copper deposit, Res. Earth. Sci: 16(4), (47-72) DOI: 10.48308/es1j.2025.106146

* Corresponding author E-mail address: almasi.al@lu.ac.ir

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
[ Commons Attribution (CC BY). license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.48308/esrj.2025.106146
https://orcid.org/0000-0003-1965-8884
https://creativecommons.org/licenses/by/4.0/

Mineralogy, geochemistry, fluid inclusions and Cu mineralization factors Dalvand et al, / 48

Primary minerals include chalcopyrite, pyrite, tennantite, tetrahedrite, ologist, and magnetite, and secondary
minerals include chalcocite, coveolite, azurite, malachite, chrysocolla, goethite, and limonite, which were
deposited in the endogenous, secondary enrichment, and oxidant stages. The main textures of ore minerals
include vein-veinlet, disseminated, open space filling, brecciated, replacement and coloform. The association
of copper sulphide minerals such as chalcopyrite, chalcocite, covellite with pyrite and sulfosalts such as
tennantite and tetrahedrite is the characteristics of epithermal deposits (Hedenquist, 2015).
Microthermometric studies of fluid inclusion indicate that the homogenization temperature of 140.3 to
330°C, which according to Arribas et al. (1995) characterize fluid flow in the deep levels of hydrothermal
systems. The salinity is 11.4 to 17.8 %wt. NaCl and the density is 0.78 to 1.05 g/cm3. The depth-pressure
diagram (Fournier, 1999) shows that this process probably occurred at a depth of about 100 to 500 meters
below the underground water level and hydrostatic pressure of 130 to 20 bar. In subvolcanic environments,
meteoric waters, under the influence of physicochemical processes (temperature > 370 °C and lithostatic
pressure), form complexes with sulfide anions (SO4-2 and HS") and, to some extent, chloride, and these
complexes have played an active role in transporting copper and accompanying elements (Pirajno, 2009).
The processes of boiling, mixing and surface dilution of fluids are one of the important factors of the
instability of chloride and sulfide complexes that lead to the simultaneous formation of Fe and Cu ore
minreals. Sudden decrease of pressure in the fractures of the area is responsible for the formation of sulfide
phases in the final stages of mineralization. There is an obvious overlap between the temperature and salinity
range of mineralization in the Ismailabad deposit with the manto-type deposits.

Conclusion

The low-sulfidation epithermal Cu mineralization in the area is associated with Oligo-Miocene intrusive
bodies and Eocene volcanic rocks, which is controlled by northwest-southeast trending faults. Copper
mineralization occurred in the form of vein-veinlet and is associated with hydrothermal alteration including
of siliceous-carbonate, argillic, propylitic, and sericitic. The mineralization includes hypogene, supergene
and oxidant zones. In the hypogene zone, sulfide phases are mainly pyrite, chalcopyrite, and is associated
with ologist, hematite, and magnetite. In the supergene zone, chalcocite and covellite are occured on the
margin of primary sulfides. In the oxidan zone, malachite, azurite, chrysocolla and iron hydroxides have
been formed. Cu shows highest correlation to the Ag, S, Sb, As, Ca, and Sc respectively. The instability of
sulfide and chloride complexes leads to the simultaneous precipitation of Fe and Cu and the formation of
sulfide phases in the last stage of mineralization. It has been significantly affected by the phenomenon of
boiling, mixing and dilution of basin evaporation brines. Based on the values obtained from homogeneous
temperature and salinity, the mixing of magma waters with meteoric waters and basin evaporation brines
have played a role in the formation of ore minerals. Geological, mineralogical, alteration, and fluid inclusion
data indicate that the occurance of manto-type mineralization.
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Fig. 4: Geological map of the Ismailabad copper deposit. Age of rock units taken from a 1:100,000 zaviyeh map

(Geological survey of Iran, 1989).
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Fig. 5: Outcrop of Eocene rock units. A to D: basaltic and andesitic porphyry units, E: porphyry megadiorites with
copper mineralization, F to H: rhyolitic, rhyodacite and rhyolitic tuff units, D and I: volcanic-sedimentary
sequence with copper oxide mineralization (malakhite and chrysocolla).
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Fig. 6: Microscopic images of the host units of the deposit, A and B: andesite units (XPL-10X), C and D: porphyry
megadiorites (XPL-10X), E-G: rhyolite and porphyry rhyodacites (XPL-10X), H-L: tuff (XPL-10X).
Abreviations after Whitney and Evans (2010): alkali feldspar (Afs), biotite (Bi), chalcopyrite (Cpx), epidote (Epi),
hornblende (Hbl), magnetite (Mag), plagioclase (P1), quartz (Qz), sericite (Ser).
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Fig. 7: Macroscopic images of alteration and mineralization of supergene phases in the Ismailabad copper deposit.
A to F: Supergene phase mineralization associated with argillic alteration in rhyolite, rhyolitic tuffs and andesitic
units, C: Supergene phase mineralization associated with argillic and propylitic alteration in host tuff units, B, C,
G and H: Silica-carbonate alteration in rhyolitic tuffs and host basaltic units of the deposit, I: Hand specimen of
supergene (malakhite, azurite) and hypogene (tetrahedrite and tennantite) phase mineralization. Abreviations after
Whitney and Evans (2010): azurite (Azr), calcite (Cal), chalcopyrite (Ccp), chlorite (Chl), epidote (Epi), goethite
(Gth), hematite (Hem), limonite (Lim), malachite (Mlk), quartz (Qz), tetrahedrite (Te), tennantite (Tn).
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Fig. 8: Macroscopic images of hypogene and supergene phase mineralization in the Ismailabad copper deposit.
A-C: Hypogene phase mineralization and their transformation into supergene phases. Abreviations after Whitney
and Evans (2010): albite (Alb), bornite (Bn), chalcopyrite (Ccp), hematite (Hem), limonite (Lim), malakhite (Mlk),

oligist (Olg), pyrite (Py).
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Fig. 9: Microscopic images of mineralization in the Ismailabad copper deposit, A to D: chalcopyrite, chalcocite,
and covellite mineralization, covellite replacement for chalcocite, E to G: pyrite and chalcopyrite mineralization
associated with hematite and magnetite, H and I: secondary phase mineralization (malakhite, hematite, and
goethite) in the host tuff units, J: hematite and goethite ore, K and L: barite mineralization in the dolomite host.
Abreviations after Whitney and Evans (2010): alkali feldspar (Afs), barite (Brt), calcite (Cal), chalcopyrite (Cep),
chalcocite (Cct), covellite (Cv), dolomite (Dol), goethite (Gth), hematite (Hem), magnetite (Mag), malachite
(MIk), pyrite (Py) (Whitney and Evans, 2010).
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Fig. 10: X-ray diffraction patterns related to the mineralization of secondary copper phases in the argillic alteration
zone in the Ismailabad copper deposit.
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Fig. 11: Mineralization stages and paragenetic sequence of minerals in the Ismailabad copper ore deposit.
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Pearson correlation coefficient of elements in the Ismailabad copper deposit.

Table 1:
Ag Al As

Ag 1.0

Al -04 1.0

As 0.5 -02 1.0
Ca 05 003 02
Cd -0.07 -0.09 0.5
Ce 03 0.3 -0.06
Co 01 -0.1 07
Cr 03 04 -03
Cu 09 -04 05
Fe -0.6 0.1 0.07
Li -05 04 0.0
Mg 0.0 0.6 -03
Mn -0.1 005 04
Mo -0.5 0.07 03
Ni -0.03 -0.04 0.5
P -02 0.6 -0.1
Pb -02 0.01 03
S 09 -03 05
Sb 08 -03 03
Sc 0.3 04 -0.02
Zn -04 -0.1 -0.1

Ca Cd
1.0

-0.1 1.00
0.8 -0.2
-0.1 0.6
0.7 -04
0.5 -0.01
-0.6 0.1
00 02
02 -05
02 0.09
-04 0.7
-04 0.6
0.3 -0.02
-0.1 038
0.5 -0.05
0.5 -0.07
0.8 -03
-0.5 04

Ce

Co

Cr

-0.5

Cu

0.3

Fe

1.0
0.3
-0.3
0.4
0.6
0.1
-0.1
0.2
-0.6
-0.4
-0.4

Li Mg Mn Mo Ni P Pb S Sb Sc¢ Zn

1.0
-02 1.0
02 -0.1 1.0

05 -05 03 1.0

0.1 -03 -020 04 1.0

07 01 -0.01 -0.02 0.02 1.0

02 -033 03 07 04 -002 1.0

-0.5 020 -0.14 -05 0.07 -02 -02 1.0

-04 00 005 -03 -03 -02 -01 06 1.0
004 05 02 -04 -05 04 -02 03 04 1.0

-04 02 03 05 -03 03 04 01 02 -04 -04 -0.6 1.0

0 peobie cLald) SUT elons] oo JLulS JS ICP-OES g, s o0 d3555 (sdigas 1o yuolis (gbel sl yiol b ¥ oo

(ppm >

Table 2: Statistical parameters of elements in samples analyzed by ICP-OES in the Ismailabad copper deposit
(element concentration in ppm).

Ag
Al
As
Ca
Cd
Ce
Co
Cr
Cu
Fe
La
Li
Mg
Mn
Mo
Ni
P
Pb
S
Sb
Sc
Th
A%
Y
Yb
Zn

Mean

231
8184.07
102.14
64050.7
1.39
34.93
23.53
31.20
1071.67
24919.6
17.87
6.07
844.27
2308.33
3.02
26.13
715.67
48.73
981.13
1.50
9.97
12.13
44.47
10.53
0.65
405.13

Median

0.50
7973.00
72.60
60264.0
0.69
32.00
21.00
20.00
150.00
25249.0
16.00
6.00
663.00
2239.00
2.40
27.00
716.00
13.00
396.00
1.28
8.30
11.80
42.00
8.00
0.60
343.00

Minimum Maximum Variance

0.50
6983.00
12.70
53015
0.23
26.00
6.00
14.00
18.00
8339.00
13.00
3.00
544.00
1487.00
1.03
9.00
504.00
7.00
102.00
1.11
7.50
10.30
32.00
7.00
0.50
23.00

11.90
10334.00
356.40
86440.00
491
66.00
60.00
91.00
7284.00
51024.00
32.00
8.00
1532.00
3402.00
7.00
44.00
1034.00
288.00
5302.00
321
19.10
15.50
65.00
23.00
1.10
1144.00

Std.Dev. Standard Skewness Std.Err. Kurtosis Std'En."

Error Skewness Kurtosis
12.00 3.40 0.88 2.07 0.58 3.88 1.12
701602.00 837.62 216.27 1.10 0.58 1.92 1.12
9382.00 96.86 25.01 1.88 0.58 2.87 1.12
116884545 10811.3 2791.47 1.01 0.58 -0.35 1.12
2.00 1.30 0.34 1.62 0.58 2.69 1.12
117.00 10.84 2.80 2.04 0.58 425 1.12
162.00 12.73 3.29 1.79 0.58 4.32 1.12
473.00 21.75 5.62 1.87 0.58 3.16 1.12
4037437.00 2009.34  518.81 2.49 0.58 6.55 1.12
112687071  10615.4 2740.89 0.70 0.58 1.48 1.12
24.00 4.94 1.28 1.99 0.58 4.19 1.12
1.00 1.22 0.32 -0.96 0.58 1.64 1.12
110704.00 332.72 85.91 1.44 0.58 0.66 1.12
236011.00 485.81 125.44 0.77 0.58 0.94 1.12
4.00 2.03 0.53 0.64 0.58 -1.03 1.12
135.00 11.64 3.01 -0.07 0.58 -1.00 1.12
13539.00 116.36 30.04 0.87 0.58 4.32 1.12
6525.00 80.78 20.86 2.47 0.58 5.69 1.12
1894271.00 1376.33  355.37 2.52 0.58 7.08 1.12
0.00 0.57 0.15 2.24 0.58 532 1.12
10.00 3.16 0.82 2.01 0.58 4.42 1.12
3.00 1.63 0.42 0.82 0.58 -0.52 1.12
116.00 10.75 2.78 0.84 0.58 -0.27 1.12
22.00 4.72 1.22 1.83 0.58 2.58 1.12
0.00 0.16 0.04 1.78 0.58 3.14 1.12
151974.00 389.84 100.66 0.83 0.58 -0.53 1.12
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Table 3: Concentration of major and trace elements in samples analyzed by ICP-OES in the Ismailabad copper
deposit (element concentration in ppm).

Element RD-1

Ag
Al
As
Ca
Cd

3.5
8848
342

53015
0.27

RD-2
5.4
6983
53.4

RD-3
7.4
7516
84.2

76099 79063

0.5

0.69

RD-4
<0.5
10334
12.7
86440
0.23

RD-5 RD-6
11.9 0.7
7437 8195
3564 769
79617 60433
2.11 233

RD-7
<0.5
9084
539

RD-8 RD-9 RD-10 RD-11 RD-12 RD-13 RD-14 RD-15
<0.5 1.2 <05 <05 <05 <05 <05 <05
7911 7708 8655 7328 7933 7973 8328 8528
61.1 46 735 429 726 981 2782 188

55432 53976 60134 55426 55573 60264 64391 62641 58257

0.46

1 134 3.01 066 213 053 491 0.65
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Ce 26 35 49 66 46 32 32 32 32 32 31 31 27 26 27
Co 21 16 16 6 38 25 33 27 16 16 16 21 23 60 19
Cr 49 47 62 91 29 19 19 19 22 19 18 20 20 14 20
Cu 1589 3302 2658 117 7284 153 163 59 32 118 18 150 75 295 62
Fe 24876 15078 13277 12166 8339 25249 30196 21666 30954 25424 22520 26332 32572 34122 51024
La 13 18 24 32 23 17 17 16 16 17 16 16 15 14 14
Li 3 5 5 8 5 7 7 6 6 7 6 6 6 7 7
Mg 1532 950 803 1514 788 544 1315 656 647 638 663 662 709 624 619
Mn 2037 2377 2239 2578 2190 1984 1867 1877 2125 1487 2275 2502 2583 3102 3402
Mo 1.04 1.09 1.11 1.03 1.18 5.1 2.4 2.3 1.42 5 2.6 5.5 33 7 53
Ni 20 9 9 10 44 33 38 36 23 32 23 27 27 43 18
P 530 504 728 1034 713 716 745 785 728 747 712 720 699 690 684
Pb 8 7 10 8 13 56 13 36 11 59 10 187 12 288 13
S 1743 2156 1895 786 5302 380 413 209 286 487 175 396 228 159 102
Sb 1.55 1.94 3.21 1.25 223 1.29 1.14 1.15 1.14 1.28 1.12 1.11 1.16 1.47 1.49
Sc 10.7 10.7 14 19.1 12 8 7.8 7.7 8.2 8.1 7.5 8.3 8.5 8.3 10.6
Th 14.1 13.9 14.4 15.5 12.4 10.6 11.8 11 10.7 12.5 10.3 12 11.2 10.8 10.8
Y 65 50 64 58 34 39 42 34 42 40 32 40 47 33 47
Y 9 12 18 23 16 9 8 8 8 8 8 8 7 8 8
Yb 0.6 0.6 0.9 1.1 0.8 0.6 0.6 0.5 0.6 0.6 0.5 0.5 0.6 0.6 0.7
/n 37 36 39 23 95 1109 343 761 1144 809 395 392 226 560 108
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Fig. 12: Fluid inclusions in calcites associated with copper mineralization sections in the Ismailabad deposit, A:
three-phase inclusions, B to F: two-phase liquid-rich fluid inclusions (L+V), G: two-phase vapor-rich inclusions

(V+L), H to J: single-phase vapor inclusions, E and F: single-phase liquid inclusions. Abreviations: liquid (L),
solid: (S), vapor: (V).



Y ol g iglls

QUJ,..:LM..I oo 5LdlS 5o Jlew slajLibe (omwled sy g (somdyun ) o sl S

.alguﬁ.cLMJ O )LM.JLS 59 ‘53.1)"_,,;[5 6La>ui;>’9 L .]QAJ)A CoedS ‘_,’JLT Jbws 6LD)LJL$.A Wuo}%) sleosls :F Jgu

Table 4: Microthermometric data of fluid inclusions of calcite associated with mineralization zons in the

Ismailabad copper deposit.

No fluid inclusion type Phase Tm-ice TICE+ salinity Th V-1 Th L-V Te-utec Density
1 P L-v -12.4 12.4 15.28 200 -54 0.9
2 P L-V -11.8 11.8 14.85 262 0.85
3 P V+L -14.6 14.6 16.57 256 0.87
4 p L-v -18 18 17.72 242 0.89
5 p L-v -17.6 17.6 17.64 274 =17 0.83
6 p L-v -19.1 19.1 17.87 173 -56 0.95
7 p L-v -10 10 13.38 210 0.89
8 p L-v -18.2 18.2 17.76 218 0.9
9 p L-v -17.8 17.8 17.68 330 0.78
10 p L-v -19 19 17.86 192 0.95
11 p L-v -17 17 17.49 197 0.95
12 p L-V -16.2 16.2 17.24 220 0.9
13 p L-V -19.1 19.1 17.87 164 -69 0.95
14 p V+L -18 18 17.72 280 =70 0.83
15 p L-V -8 8 11.41 171 0.93
16 p L-V -16.5 16.5 17.34 178 0.95
17 p L-V -17.9 17.9 17.70 160 0.95
18 p L-v -18.5 18.5 17.80 202 0.97
19 p V+L -15 15 16.76 186 0.97
20 p V+L -14 14 16.26 205 0.9
21 p L-V -17.2 17.2 17.54 198 0.95
22 p L-v -16 16 17.16 232 -58 0.89
23 p L-V -15 15 16.76 145 -50 1.05
24 p L-V -10.9 10.9 14.15 190 0.95
25 p L-V-S -12.4 12.4 15.28 219 0.9
26 p L-v -18 18 17.72 214 0.91
27 p L-v -17.6 17.6 17.64 200 0.95
28 p L-v -16.4 16.4 17.30 180 0.97
29 p L-v -18.2 18.2 17.76 216 0.95
30 p L-v -17 17 17.49 165 0.97
31 p L-V -15.10 15.1 16.80 207 0.92
32 p L-V -19 19 17.86 216 0.92
33 p L-v -12.60 12.6 15.41 265 0.83
34 p L-V -18.30 18.3 17.77 2453 0.83
35 p L-V -19.00 19 17.86 235 0.9
36 p L-V-S -17.00 17 17.49 265 0.88
37 p L-V -17.3 17.3 17.57 140.3 0.98
38 p L-V -14.00 14 16.26 164.7 0.98
39 p L-V -13.00 13 15.67 216 0.92
40 p L-V -17.1 17.1 17.51 190.7 0.98
41 p L-V -12 12 15.00 221.5 0.9
42 p L-v -16 16 17.16 2179 0.92
43 p V+L -14.7 14.7 16.61 2421 0.9
44 p L-V -17 17 17.49 210.7 -65.1 0.91
45 p L-v -17.10 17.1 17.51 192.1 0.93
46 p L-V -18.00 18 17.72 170 0.95
47 p L-V -17.00 17 17.49 265.2 0.83
48 p L-v -16.2 16.2 17.24 167 0.94
49 p L-V -14 14 16.26 198.6 091
50 p L-V -19.2 19.2 17.88 2194 0.9
51 p L-V -16.7 16.7 17.40 160 0.96
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Fig. 13: A: diagram of melting temperature for the first ice melting in fluid inclusions associated with calcite in
the Ismailabad copper deposit, B: diagram of melting temperature for the last ice melting, C: diagram of salinity
values of the mineralizing fluid, D: The relationship between the ice melting point and the salt type and content

in the mineralizing fluid (Shepherd et al, 1985).
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Fig. 14: A: Histogram of the homogenization temperatures of the studied fluid inclusions in the Ismailabad copper
deposit, B: Histogram of the density frequency of the studied fluid inclusions versus temperature, C: Schematic

diagram of homogenization temperature-

salinity for density determination (Wilkinson, 2001), D:

Homogenization temperature-density diagram for determining pressure according to the salinity of fluid
inclusions (Shepherd et al, 1985), where the samples from the Ismailabad copper deposit are located at a position

of less than 50 bar to less than 100 bar.
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Fig. 15: A: Diagram of determining the pressure and depth of formation of the Ismailabad deposit using

homogenization temperature, B: Estimation of depth and pressure for fluid inclusions based on the Fournier model
(Fournier, 1999).
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Fig. 16: A to C: Salinity versus homogenization temperature diagram (Yermacov, 1965; Beane, 1983; Wilkinson,
2001), D: Schematic diagram of homogenization temperature-salinity during different processes of fluid evolution
involved (Beane, 1983; Wilkinson, 2001), E: Position of Ismailabad deposit fluid loading data on the salinity
versus homogenization temperature diagram and determination of the type of complex effective in transporting
ore-forming elements (Pirajno, 2009).
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