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Fig. 1. Simplified regional geological map of the Mesgar area modified after Radfar et al. (2005).
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Fig. 2. Geological map of Mesgar area showing the location of the ore zone.
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Fig. 3. Views of rock units at the Mesgar area A: Pyroclastic units have concordantly overlain the Miocene sedimentary
units (view to the south-southwest), B: Lavas have concordantly overlain the pyroclastic units (view to the south), C: A
close view of the volcanic breccia with angular andesitic basalt clasts, D: Agglomerate units with rounded to

subrounded andesitic basalt clasts.
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Fig. 4. Photomicrographs of minerals and textures in the andesitic basalt lavas at the Mesgar area. A: Plagioclase
phenocrysts with sieve texture along with plagioclase and pyroxene glomerocrysts set in fine-grained groundmass
(cumulophyric texture), B: Pyroxene glomerocryst set in hypocrystalline groundmass (glomeroporphyritic texture), C:
Seriate texture with zoned plagioclase at the center of the photo, D: Trachytic texture with plagioclase microlites, E:
Pyroxene phenocryst with polysynthetic twinning, F: Alteration of rock minerals to calcite and chlorite. All
photomicrographs are taken in transmitted light, XPL. (Cal= calcite, Chl= chlorite, Hem= hematite, PI= plagioclase,
Px= pyroxene)
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Fig. 5. Mineralization stages at the Mesgar iron occurrence. A: Stage-1 disseminated coarse-grained hematite in
andesitic basalt lavas, B: Rounded clast of stage-1 hematite in hydrothermal breccia of stage-2 mineralization, C: Stage-
2 quartz and quartz-hematite veins crosscutting the andesitic basalt host rock, D: Stage-2 hydrothermal breccia with
hematite, quartz and chlorite cement, E: Chlorite and quartz vug infill with colloform and crustiform textures among the
andesitic basalt clasts, F: Chlorite and quartz vug infill with colloform texture among the hematite crystals. A, E and F

are taken in transmitted light, XPL, and B is taken in reflected light, PPL. (A-L= andesitic basalt lithic, Chl= chlorite,
Hem= hematite, Pl= plagioclase, Px= pyroxene, Qz= quartz)
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Fig. 6. Types of ore textures at the Mesgar iron occurrence. A: Quartz-hematite veins crosscutting the andesitic basalt
host rock, B: Hematite with massive texture, containing breccia clasts of host rock, C and D: Breccia texture of ore.

Colloform texture of quartz is also observed in D. (A-L= andesitic basalt lithic, Chl= chlorite, Hem= hematite, Pl=
plagioclase, Qz= quartz)
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Fig. 7. Photomicrographs (reflected light, PPL) of ore mineralogy at the Mesgar iron occurrence. A: Subhedral crystals
of bladed hematite, B: Subhedral and coarse-grained crystal of hematite, C: Bladed crystals of hematite with spherical
texture, D: Subhedral crystal of magnetite along with euhedral crystals of hematite. (Hem= hematite, Mag= magnetite)
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Fig. 8. Types of quartz at the Mesgar iron occurrence. A: Euhedral to subhedral coarse crystalline quartz overgrown
among the microcrystalline quartz (chalcedony), B: Microcrystalline quartz with colloform texture among the hematite
crystals, C: Andesitic basalt breccia clasts overgrown by cockade bands of microcrystalline quartz, D: Ore-bearing
quartz vein with crustiform quartz and colloform and spherical chlorite. All photomicrographs are taken in transmitted

light, XPL. (Chl= chlorite, C-Qz= coarse crystalline quartz, Hem= hematite, M-Qz= microcrystalline quartz, Pl=
plagioclase, Px= pyroxene)
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Fig. 9. Paragenetic scheme showing the relative abundance, structure and texture of gangues and ore minerals at the

Mesgar iron occurrence.
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Table 1. Geochemical data of volcanic host rocks (samples M-20, M-15 and M-20A) and ore zones (samples M-6 and
M-30) from the Mesgar iron occurrence. Major elements in wt%, and trace and rare earth elements in ppm.
Element SiO, TiO, AlLO; Fe,0; FeO* MnO MgO CaO Na,0O K,O P,0Os SO; LOI Cu
M-15 59.04 0.99 16.43 7.49 5 0.16 296 5.82 3.95 152 023 002 129 0.03
M-20 5853 0.98 16.62 7.48 5 016 295 595 4.1 1.35 0.22 - 1.63 0.01
M-20A 59.04 0.97 16.52 7.22 4,75 0.17 283 5.91 4.06 1.38 0.23 - 1.61 -
Ag Al As Ba Be Bi Ca Cd Co Cr Rb Re S Sb
M-15 0.68 8.45 5.9 569 1.7 <0.1 455 021 16.7 17 535 <0.01 <50 0.1
M-20 0.22 842 2.8 540 1.9 0.3 423 0.15 15.6 15 549 <0.01 <50 0.2
M-20A 0.2 7.58 2 526 2.1 <0.1 4.08 0.15 15.3 14 39.1 <0.01 <50 <0.1
M-6 0.04 2420 11 61.9 <0.2 <0.1 1290 0.06 1.1 15 9.8 <001 <50 0.2
M-30 0.02 2320 0.7 161 <0.2 <01 1910 <0.05 0.7 6 54 <001 <50 0.1
Sc Se Sn Sr Ta Te K Li Mg Mn Mo Na Nb Ni

M-15 14 0.46 2.8 279 193 <02 132 13.1 1.42 1200 1.7 334 174 8
M-20 17 0.1 2.9 266 1.92 <0.2 112 15.6 150 1140 1.5 317 16.8 6
M-20A 12 <0.05 2.6 268 176 <02 1.15 9.1 1.23 1260 1.4 316 16.6 9
M-6 1 <0.05 15 109 378 <0.2 1390 3.7 2890 419 2.4 524 0.6 3
M-30 <1 <0.05 1.3 44.6 0.2 <0.2 917 31 1930 203 1.2 544  <0.5 3

P Pb Cs Cu Fe Ga Ge Hf Hg In Th Ti Tl U

M-15 1170 22.2 3.7 455 549 197 140 105 <005 006 9.01 6740 08 343
M-20 1110 134 4.8 27.9 516 189 141 101 <0.05 0.07 111 6140 09 3.01
M-20A 1120 115 4.3 324 511 197 139 102 <005 006 792 6170 08 3.38

M-6 19 17.4 1.4 8.4 433 372 065 015 <005 <0.01 136 143 01 336
M-30 7 0.8 31 102 3260 311 056 <0.02 <0.05 <0.01 0.37 99 02 274

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
M-15 32 646 7.76 30.6 5.83 15 6.04 098 628 139 403 071 431 0.79

M-20 36.6 726 853 333 636 161 654 105 658 142 417 072 46 071
M-20A 284 584 7.06 278 547 142 563 0.9 575 129 369 064 383 06

M-6 3.51 175 1.06 4.22 1.08 019 111 031 204 049 171 028 161 0.29

M-30 2.29 223 0.69 2.79 058 013 076 016 099 022 071 012 0.72 0.12
W Y \Y% Zn Zr

M-15 1 35 162 110 463

M-20 1.3 38.3 152 105 454

M-20A 0.8 30.9 153 138 451

M-6 0.5 13.8 49 16.9 10

M-30 <0.1 5.06 16 18.6 <1
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Fig. 10. A: Primitive mantle—normalized multiple element diagram (Sun and McDonough, 1989) for the volcanic rocks
from the Mesgar area, B: Chondrite—normalized REE pattern (Nakamura, 1974) for the volcanic rocks from the Mesgar
area, C: Chondrite-normalized REE patterns (Nakamura, 1974) for andesitic basalt lavas and ore zones from the

Mesgar area.
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Introduction

Mesgar iron occurrence is located in northwestern
part of the Central Iran, 115 km south of Zanjan.
Although there is a sequence of volcanic-
pyroclastic ~ rocks  accompanied by iron
mineralization, no detailed works had been
conducted in the area. The present paper provides
an overview of the geological framework, the
mineralization characteristics, and the results of
geochemical study of the Mesgar iron occurrence
with an application to the ore genesis.
Identification of these characteristics can be used
as a model for exploration of this type of iron
mineralization in the Central Iran and elsewhere.

Materials and methods

Detailed field work has been carried out at
different scales in the Mesgar area. About 16
polished thin and thin sections from host rocks
and mineralized and altered zones were studied by
conventional  petrographic and  mineralogic
methods at the Department of Geology,
University of Zanjan. In addition, a total of 3
samples from least-altered volcanic host rocks and
2 samples from ore zones from the Mesgar
occurrence were analyzed by ICP-MS and ICP-
OES for whole-rock major and trace elements and
REE compositions at the Zarazma Laboratories,
Tehran, Iran.

Results and Discussion

Based on field observation, rock units exposed in
the Mesgar area consist of Miocene sedimentary
rocks and volcanic-pyroclastic units (Radfar et al.,
2005). The pyroclastic units consist of volcanic
breccia and agglomerate. They lie concordantly
on the Miocene sedimentary units, and are in turn
concordantly overlain by andesitic basalt lavas.

*Corresponding authors Email: kouhestani@znu.ac.ir

The lavas show porphyritic texture consisting of
plagioclase (up to 3 mm in size) and pyroxene
phenocrysts set in a fine-grained to glassy
groundmass. Seriate, cumulophyric,
glomeroporphyritic and trachytic textures are also
observed.

Iron mineralization occurs as wvein and lens-
shaped bodies within and along the contacts of
pyroclastic (footwall) and andesitic basalt lavas
(hanging wall). The veins reach up to 150 m in
length and average 1.5 m in width, reaching a
maximum of 3 m. Two stages of mineralization
identified at Mesgar. Stage-1 mineralization
formed before the hydrothermal brecciation
events. This stage is characterized by
disseminated  fine-grained  hematite in the
andesitic basalt lavas. Clasts of stage-1
mineralization have been recognized in the
hydrothermal breccias of stage-2. Stage-2 is
represented by quartz, hematite and chlorite veins
and breccias cement. This stage contains abundant
hematite, together with minor magnetite and
chalcopyrite.

The hydrothermal alteration assemblages at
Mesgar grade from proximal quartz and chlorite
to distal sericite and chlorite-calcite. The quartz
and chlorite alteration types are spatially and
temporally  closely associated  with  iron
mineralization. The sericite and chlorite-calcite
alterations mark the outer limit of the
hydrothermal  system.  Supergene alteration
(kaolinite) is commonly focused along joints and
fractures.

The ore minerals at Mesgar formed as vein and
hydrothermal breccia cements, and show vein-
veinlet, ~massive, Dbrecciated, clastic and
disseminated textures. Hematite is the main ore
which is accompanied by minor magnetite and
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chalcopyrite. Goethite is a supergene mineral.
Quartz and chlorite are present in the gangue
minerals that represent vein-veinlet, vug infill,
colloform, cockade and crustiform textures.

The Mesgar volcanic host rocks are characterized
by LILE and LREE enrichment coupled with
HFSE depletion. They have positive U, Th and Pb
and negative Ba, Nb, P and Ti anomalies. Our
geochemical data indicate a calc-alkaline affinity
for the volcanic rocks (Kuster and Harms, 1998;
Ulmer, 2001), and suggest that they originated
from mantle melts contaminated by the crustal
materials (Chappell and White, 1974; Miyashiro,
1977; Harris et al., 1986). The ore zones show
lower concentrations of REE, except Ce, relative
to fresh volcanic host rocks. LREE are more
depleted than HREE. These signatures indicate
high rock-fluid interaction in Mesgar.

Comparison of the geological, mineralogical,
geochemical, textural and structural
characteristics of the Mesgar occurrence with
different types of iron deposits reveals that iron
mineralization at Mesgar is originally formed as
volcano-sedimentary, and then reconcentrated as
vein mineralization by hydrothermal fluids
(Barker, 1995; Marschik and Fontbote, 2001,
Shahidi et al., 2012).
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