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Introduction

Hydrothermal iron ore deposits are formed at various depth, from
shallow to deep environments mainly as veins, veinlets and stockworks
(Guilbert and Park, 1997). Ahmadabad deposit is located in 30 km
northeast of the Semnan province, between the Alborz and Central Iran
sedimentary-tectonic structural zones. According to the previous studies
in the Ahmadabad ore deposit (Haji Babaei and Ganji, 2018;
Ketabforoush, 2016), there are major uncertainties on origin of
mineralization and involved hydrothermal process. In previous studies,
based on fluid inclusions data, Ahmadabad hematite-barite ore deposit
is considered as a low-temperature hydrothermal barite ore deposit, and
also considered as Ahmadabad barite-iron oxide ore deposit as a veins-
type hydrothermal-magmatic ore deposit (Haji Babaei and Ganiji, 2018).
Ketabforoush (2016) based on lithological, mineralogical and alteration
assemblage characteristics of the Ahmadabad iron ore mineralization,
regarded it as an Iron Oxide-Copper-Gold (I0CG) type hydrothermal
mineralization. This study attempts to use mineralogy, geochemistry and
microthermometry of fluid inclusions data in quartz and barite for
investigating the genesis of Fe-Cu-Au mineralization and possible style
of mineralization at the Ahmadabad deposit.

Material and methods
During field work, 54 samples were collected from the host rocks,
alteration and mineralized zones.
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For petrography, mineralogy and paragenetic
sequence studies, 48 thin-polished sections were
prepared and studied by ZEISS Axioplan2 polarized
microscope at Kharazmi University, Tehran branch.
After careful ore petrography, 10 suitable ore
samples were selected for bulk chemical analysis.
Preparation, crushing and pulverizing of the samples
were carried out in Kharazmi University and
prepared samples were analyzed in the Zarazma and
Iranian Mineral Processing Research Center
(IMPRC) labs, for major, minor and rare earth
elements using WD-XRF and ICP-MS methods.
Geochemical analyses results are presented in Table
1 and Table 3. Microthermometric analyses were
carried out on 3 doubly polished thin section of
quartz and barite minerals using a Linkam THMS
600 freezing-heating stage, mounted on a ZEISS
Axioplan2 research microscope at the IMPRC.

Discussion

Formation and associated processes of iron ore
deposition has been much debated and discussed,
with the main focus on hydrothermal and magmatic
origin (Naslund et al., 2000). In Ahmadabad deposit,
it seems that monzonite and monzodiorite
subvolcanic intrusions has been emplaced in a
volcanic sequence. During magma emplacement and
crystallization, magmatic hydrothermal fluid, due to
its lower density, was rising to the upper part of the
intrusions and permeated into the volcanic host
rocks, causing vein-type iron mineralization. Based
on mineralogical and microthermometric studies of
the fluid inclusions, mineralizing fluid of possibly
magmatic origin; migrated, cooled down and diluted
by mixing with meteoritic fluids. Temperature and
pressure drop following the migration of the
magmatic hydrothermal fluid to the shallow depths
may changes the nature of mineralizing fluids from
reduced to oxidant state and deposition of iron as
hematite after sulfide (pyrite and chalcopyrite) and
sulfate  (barite) precipitation.  Salinity and
homogenization temperature of the fluid inclusions
show that high temperature-salinity fluid mixed with
low temperature-salinity fluid causing temperature
and salinity drop, followed by cooling and dilution,
provided the favorable condition for iron oxide
deposition. Based on current studies, Ahmadabad
deposit formed in the following stages:

- Intrusion’s emplacement in the shallow depth,

caused migration and circulation of mineralized fluid
in fractures and faults which act as fluid channeling
conduits.

- Circulation of these fluids through fractured
systems may also cause some metal leaching from
the volcanic wall rocks.

- Moderate to high temperature and salinity
magmatic hydrothermal fluid, while approaching the
shallow depth were mixed with meteoric fluid and by
cooling and dilution process, and possibly transition
from the reduction-oxidation boundary, ore bearing
fluid nature changed and resulted in hematite
deposition after sulfide and sulfate phases.

Results

Based on field geology, mineralogy, geochemistry
and microthermometry data, Ahmadabad iron ore
mineralization is similar to the epigenetic deposits
formed by magmatic-meteoric fluids due to fluid
mixing. Mineralization in the Ahmadabad deposit
may divided into two mineralization stages: 1)
primary  hydrothermal  mineralization  stage
(hypogene), and 2) secondary stage (supergene). The
main iron ore mineralization in Ahmadabad is
hematite (specularite) which is mainly formed later
than sulphides including pyrite and chalcopyrite, as
open space-filling, vein-veinlet, massive and
disseminated style. Barite, calcite and quartz are the
main gangue minerals, though in some place’s barite
has economic potential. Based on field data and
mineralogical studies, the subvolcanic intrusions of
the Early Eocene age, after emplacement within the
volcanic units controlled by fault and fracture zones,
have caused extensive low-grade alterations and
limited mineralization in intrusion and volcanic host
rocks. Microthermometric studies of fluid inclusions
show that the best possible model for development of
the Ahmadabad ore deposit, is mixing of hot and
high-salinity magmatic hydrothermal fluid with cold
and low-salinity meteoric water.

Although iron ore grade changes significantly with
variation in the silica contents, high grade Fe
mineralization mainly occurred in the fault and
fractured zones away from widespread intensive
silicification which is mainly associated with CuxAu
mineralization. These features are the Kkey
exploration criteria for future exploration program in
the region.
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Fig. 1. Location map of Ahmadabad mining area in tectonomagmatic zones of Iran, modified after (Stocklin, 1968;

Nezafati, 2006)
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Fig. 5. A and B: Argillic and silicic alteration, C: kaolinite in association with hematite, pyrite, barite and quartz veinlets,
and D: silicic alteration in monzodiorite rock in Ahmadabad area
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Fig. 6. A: Hematite (specularite) needle and radial shape crystals associated with the first pyrite generation (Pyl), B:
scattered hematite needle (specularite) in barite, C: first generation euhedral pyrite (Py1), and D: breccia type and second
pyrite generation (Py2) in fault zone associated with hematite in Ahmadabad area. Abbreviations after Whitney and Evans
(2010) (All photomicrographs are in PPL except C which is in XPL light) (Hem: Hematite, Py: Pyrite, Gth: Goethite and

Brt: Barite).
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Fig. 7. A: Needle-shaped hematite crystals associated with the first generation euhedral pyrite and chalcopyrite, B: first
generation euhedral pyrite (Py1) associated with chalcopyrite, C: pyrite replacement by goethite, and D: needle-shaped
barite crystals associated with Fe hydroxides in Ahmadabad area (taken in transmitted light). Abbreviation after Whitney
and Evans (2010) (All photomicrographs are in XPL except C which is in PPL light) (Hem: Hematite, Py: Pyrite, Cpy:
Chalcopyrite, Gth: Goethite and Brt: Barite).
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Fig. 8. 200 microns elongated semi-rounded gold particle in AH-30 sample in the Ahmadabad area
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Table 1. Results of major and trace elements analyzed by XRF and ICP-MS in Ahmadabad ore deposit

96AH48 96AH47 96AH44 96AH30
Sample

AA-3 AH19  AH14  AHI12 AH3 AA-26

no. Andesite Basal'glc Basal'glc Monzo-
andesite  andesite  diorite

Monzo- Monzo- Trachy- Monzo Andesite Iron
nite nite andesite  -diorite Ore

V?,'S;) 47.82 41.80 42.90 48.60 49.15 49.90 46.80 48.70 47.20 30.26
TiO2 0.65 0.20 0.46 0.58 0.49 0.22 0.37 0.10 0.14 0.12
Al203 12.03 7.13 3.25 9.85 13.01 12.58 8.30 3.37 5.24 5.22
FeOt 15.04 29.35 14.53 26.12 14.08 13.80 17.69 24.21 14.59 47.06
MnO 0.18 0.14 0.23 0.13 0.07 0.15 0.19 0.56 0.16 0.20
MgO 18.25 3.45 0.92 3.26 0.07 14.20 2.55 9.16 26.37 3.32
CaO 0.85 4.01 3.90 3.03 2.90 1.56 2.95 3.80 3.05 5.30
Na.O 1.67 2.38 1.85 3.50 6.97 3.25 5.30 0.26 0.17 0.93
K20 0.50 0.09 0.55 0.97 0.11 0.06 0.13 0.12 0.12 0.10
P20s 0.19 0.11 1.21 0.21 0.27 0.17 0.17 0.04 0.03 0.25
CuO 0.0050 0.0020 0.1000  0.0010 0.0010 0.0010 0.0010 0.0800 0.0100  0.0009
SOs 0.94 4.71 26.12 0.29 11.08 1.57 11.88 4.04 0.02 0.79
LOI 3.40 5.20 3.27 4.40 3.80 3.80 3.20 541 3.90 4.90
Total 101.52 98.57 101.29 100.94 102 101.26  99.53 99.85 101 99.26
(p(;)lri\) 43 19 851 12 13 13 11 667 107 7.77
S 0.38% 1.89% 1046% 0.12%  453% 0.63% 4.76% 1.22% 0.01% 0.32%
Ag 0.1 1.8 0.1 0.1 1.0 0.1 0.1 0.1 0.1 1.0
Mo 3.40 67.00 16.50 3.50 5.12 6.90 11.70 0.80 0.10 4.76
V 136 67 189 148 23 89 58 117 88 80
Sn 0.1 0.1 0.1 0.2 0 0.1 0.1 0.1 0.3 0
Zn 468 34 22 46 4 4 10 50 93 8
Pb 314 29 8 7 12 1 2 1 1 4
Ba 5502 1409 112 2963 0 33 210 3317 20 308
Sr 267 127 139 259 62 82 196 174 111 460
Ni 11 28 147 45 44 33 10 15 1197 5
Co 21 33 280 68 0 112 88 28 63 35
As 19 78 78 14 20 8 7 3 4 4
Bi 0.10 0.10 0.20 0.10 0.62 0.10 0.10 0.10 0.10 0.32
Zr 38 62 59 81 93 48 43 22 16 14
Th 2.40 5.60 7.10 3.60 11.89 4.20 1.80 2.00 0.70 0.64
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Table 2. Spearman correlation matrix based on geochemical analysis results in Ahmadabad ore deposit

SiO2 Al2Os FeOt MgO CaO P20s TiO2 Cu As Co

SiO; 1

Al,Os3 0.46 1

FeOt -1 -0.46 1

MgO 0.43 0.20 0.43 1

CaO -0.29 0.07 0.29 0.51 1

P20s -0.01 0.08 -0.09 -0.32 0.05 1

TiO, 0.55 0.85 -0.55 -0.56 -0.17 0.45 1
Cu 0.06 0.17 0.07 0.17 0.41 -0.27 0.03 1
As 0.024 0.39 -0.024 -0.707  -0.183 0.468 0.652 0.11 1
Co 0.261 0.261 0.261 0.261 0.261 0.261 0.261 0.261  -0.261 1
Bi -0.261 0.097 0.261 0.097 0.395 0.396 0.052 0.157  0.053  0.112
Mo -0.274 0.109 0.274 -0.371 0.176 0.32 0.17 0.77 0.642  0.407
Ag -0.683 -0.493 0.683 -0.121  -0.182 0.035 -0.415 0.398  0.187 -0.355
Sn 0.515 0.321 -0.515 0.157 -0.127  -0.396 0.231 0.231  0.023  0.216
S -0.43 -0.139 0.43 -0.091 0.321 0.267 -0.067 0.103  0.372  0.236
Zn 0.2 0.503 -0.2 0.152 -0.079  -0.419 0.297 0.515 -0.03  -0.564
Ba -0.03 0.188 0.03 -0.261  -0.103 0.043 0.237 0.042  0.177 -0.745
Pb -0.129 0.546 0.129 -0.522  -0.129 0.351 0.644 0.092 0.784  -0.337
Cd 0.27 0.607 -0.27 -0.09 0.434 -0.008 0.479 0.742  0.422 0.36
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Table 2 (Continued). Spearman correlation matrix based on geochemical analysis results in Ahmadabad ore deposit

Bi Mo Ag Sn S Zn Ba Pb Cd
Bi 1
Mo 0.26 1
Ag 0.16 0.39 1
Sn 0.50 -0.39 -0.49 1
S -0.15 0.65 0.12 -0.39 1
Zn -0.12 -0.57 -0.32 0.50 -0.4 1
Ba -0.14 -0.18 0.10 -0.15 0.43 0.40 1
Pb 0.27 0.40 0.29 -0.20 0.09 0.70 0.50 1
Cd 0.32 0.33 -0.49 0.24 0.15 0.20 -0.10 0.30 1
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Fig. 10. Binary correlation diagrams of Ahmadabad ore samples
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Fig. 11. Histograms of average REESs contents of Ahmadabad iron ore samples. A: light rare earth elements (LREES), and
B: heavy rare earth elements (HREES)

looo
Frrrprnr

Sample/ REE chondrite
10
]

La Pr Pm Eu Th Ho Tm Lo

0.1

(Boynton, 1984) &y juS” 4 Cond sLTas! 8T Ksls” Sad gad ol jligy STl 5L Lole L;;i\l Dls gl NY IS
Fig. 12. Chondrite-normalized spider diagram of Ahmadabad iron ore samples (normalization based on Boynton, 1984)
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Table 3. Results of REEs in the Ahmadabad ore analyzed by ICP-MS in Ahmadabad ore deposit

Sar?;p'e AA26 AH3 AHI2 AZ'l Agl AA-3 96’3"'3 06AH44  96AHAT  96AH4S
sc 752 1210 1410 400 290 438 750 5.60 5.00 9.20
La 61 4 15 11 5 77 15 45 36 15
Ce 122 22 58 43 28 125 24 112 86 42
Pr 1264 280 270 070 040 1111  1.80 7.90 2.70 2.60
Nd a4 1 12 8 3 7] 11 27 12 12
sm 506 650 1070 810 640 438 620 1150 13.20 6.30
Eu 091 050 260 120 070 053 120 1.80 1.00 130
Gd 196 010 020 010 010 181  1.00 6.40 5.60 2.40
To 015 0 0 0 0 01l 0 0 0 0
Dy 154 140 530 110 020 161 130 1.70 0.20 0.10
Ho 0 0 0 0 0 0 0 0 0 0
Er 069 300 810 420 260 093 250 5.30 7.90 2.70
Tm 0 0 0 0 0 0 0 0 0 0
Yb 041 230 570 270 230 086 280 450 4.10 2.60
Lu 0 0 0 0 0 004 0 0 0 0
Y 1 8 % 13 8 1 14 28 13 9

YREE 25984 6370 18040 9710 59.30 26973 10830 25670 18670  105.0

YLREE 24566 3630 9840 7080 4250 25822 78 20340 14990  77.90

THREE 14 27 8 26 17 1 30 53 37 27

LREE/

RE 173 132 120 260 252 2243 257 381 4.07 2.86

La/Ce 049 018 025 025 017 061 034 0.40 0.41 0.35

EwSm 017 007 024 014 0023 012 019 0.15 0.07 0.20
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Fig. 13. A and B: Photomicrograph of Ahmadabad deposit fluid inclusion, liquid rich two-phase fluid inclusions in quartz,
C: liquid rich two-phase fluid inclusions in barite, D: linear secondary fluid inclusions in barite, E: primary-isolated fluid
inclusion in quartz, and F: primary cluster of fluid inclusions in barite
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Table 4. Microthermometric results of fluid inclusions studies in quartz and barite minerals of Ahmadabad deposit (n:
number of analyzed fluid inclusion, Tmic.: final ice melting temperature, Th: final homogenization temperature)

Inclusion Host Origion Tmice  Thv-1 Salinity Density
type mineral 9 (°C) (°C) (Wt.%NaCl eq.) (g/lcm3)
Quartz . -1.0to 194 +to
L+V (n=8) Primary 9.2 370 1.74 to 13.07 0.716 to 0.960
Barite-A . -10.0to 115to
L+V (n=14) Primary 16.0 253 4.3310 19.45 0.943 t0 1.070
Barite-B
_ . -2.7to 142to
L+V (n=3) Primary 155 256 3.62t0 15.18 0.880 to 1.00
A
[ Quartz (L+Y) [ Quartz (L+V)
B Barite (Current Study) B Barite (Current Study)
[ Barite (Previous Study) [ Barite (Previous Study)
A S
7 g
= (2] 4 |
g B
f. 3
o
° o5 s10 105 1sn w5 1530 1035 354 115-145 145-175175-205203-235235-265065-205295-325325-3 5535538 5385.415

Salinity (wt.% eq. NaCl)

Temperature of final homogenization (°C)
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Fig. 14. A: Histogram of fluid inclusions salinity, and B: histogram of fluid inclusions homogenization temperature in
Ahmadabad deposit, barite data is from previous study (Haji Babaei and Ganji, 2018)
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Fig. 15. A: Homogenization temperature and salinity range of fluid inclusion in Ahmadabad deposit and possible effective
processes in mineral deposition (Wilkinson, 2001), B: homogenization temperature and salinity diagram of Ahmadabad
deposits, and range of different mineralizing fluids types (Bean, 1983), C: homogenization temperature and salinity of
fluid inclusion and possible carrier metal complexes in Ahmadabad deposit (Large, 1975), and D: possible deposit genesis
based on salinity and homogenization temperature diagram (Wilkinson, 2001) (orange, green and blue symbols used in

the figure are as figure 14).
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