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Fig. 2. A: Granolepidoblastic texture in chlorite- biotite- muscovite schist along with foliation-parallel opaque minerals
(magnetite), B: Magnetite porphyroclast with quartz strain shadows creating X-type structure in chlorite-biotite-
muscovite schist, C: Foliation-parallel elongated coarse-grained quartz in muscovite schist, D: Porphyritic texture in
metadacite. X-type structure of feldspar porphyroclast is also observed, E: Rhyolitic metatuff containing lithic fragments
with mm to cm in size, F: Development of mylonitic foliation in rhyolitic metatuff surrounding the quartz veins, All
photomicrographs are taken in transmitted light, XPL. (Kfs= alkali feldspar, Mag= magnetite, Ms= muscovite, Qz=
quartz)
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Fig. 3. A: Coarse-grained quartz crystals in mylonitic granite. Development of mylonitic foliation is also observed, B:
Coarse-grained alkali feldspar crystal with perthitic texture in mylonitic granite. Development of mylonitic foliation
surrounding the feldspar and quartz porphyroclasts are also observed, C: Microgranular texture in microdiorite unit.
Photomicrographs are taken in transmitted light, XPL. (Kfs= alkali feldspar, Mag= magnetite, Ms= muscovite, Pl=

plagioclase, Qz= quartz)
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Fig. 4. A: Development of crenulation cleavage in schist units along with mylonitic foliation (S,) that formed from
folding of compositional layering of stage-1 (S;), B and C: Magnetite (B) and alkali feldspar (C) aggregates with quartz
strain shadows, D-F: Z-type feldspar (D), quartz veins (E) and magnetite (F) porphyroclasts. In D and E, mylonitic
foliation surrounding the porphyroclasts, All photomicrographs are taken in transmitted light, XPL. (Kfs= alkali
feldspar, Mag= magnetite, Ms= muscovite, Qz= quartz, S;= stage-1 foliation, S,= stage-2 foliation)



sk Bl L IS i IS b5 1C L (S JSe b ST hosald 5l BLsliald 5 55158 slaysly o (Sadinen A S S

(55,155 1QZ S 9250 Pl o gKans MS coiiiXa MG« JISIT clowals IKFS) L ailoas 4i8 )5 (6 LSSl 035 ,0 ,Lgo 595 50 1o gl o

Fig. 5. A: Boudinage of quartz and feldspar crystals, B: Alkali feldspar with mechanical twining, C: Plagioclase
porphyroclast with mortar texture. All photomicrographs are taken in transmitted light, XPL. (Kfs= alkali feldspar,

Mag= magnetite, Ms= muscovite, Pl= plagioclase, Qz= quartz)
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Fig. 6. Views of orebody outcropped at the Lulak Abad area. A: The main ore-bearing vein crosscutting the foliation of
schist and mylonitic metavolcanic host units. The upper part of the vein is covered by recent alluviums (view to the
north), B: Veins and veinlets of oligist in the mylonitic granite, C: Lens-shaped oligist parallel to the mylonitic foliation
in mylonitic metavolcanic units. The lens is intensively boudinage.
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Fig. 7. Mineralization stages at the Lulak Abad iron occurrence. A and B: Stage-1 mineralization as disseminated
coarse-grained magnetites parallel to the mylonitic foliation. In A, the magnetite porphyroclast has quartz pressure
shadow creating X-type structure, and in B, foliation surrounding the magnetite crystal, C and D: Stage-2 mineralization
as oligist vein-veinlets in the mylonitic granite (C) and oligist-pyrite-calcite vein-veinlets crosscutting the foliation in

the mylonitic metavolcanic (D). Photomicrographs are taken in transmitted light, XPL. (Cal= calcite, Kfs= alkali
feldspar, Mag= magnetite, Ms= muscovite, Oli= oligist, Py= pyrite, Qz= quartz)
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Fig. 8. Types of ore textures at the Lulak Abad iron occurrence. A: Oligist veinlet crosscutting the host mylonitic

granite, B and C: Oligist-pyrite-calcite veinlets in the mylonitic metavolcanic units, D and E: Breccia and veinlet
textures of ore mineral, F: Open space filling texture of ore mineral. (Cal= calcite, Oli= oligist, Py= pyrite)



105 w2y — Sliaiil o el s b led LISy pal Saas slog,

(1395 JL) 1 o les 8 ul>

Slaitifa 65,5 C oS = s dsl 4z a5, B oS ails Ceyialgl /A LTSIy T e olsg, o e esle glyl 9 U
- erils) sz, D aites 5155 oty o 0, s Catife slo sl lpme s (sloasly 5 lscS  Slazal ;s oaiS] ails
.Mag “:Aﬁ.—auls .Cal) Lloals 4»3; (_g)L.-&J o}..:.))l,} )L‘>5\> )5.3 0 C 9 B (_gL&b)J?..a.: ) ‘5“:[5.&:‘ oﬁ))l,: )L&S) )95 0 D 9 A (_gL‘b)Jj.\a.: ey

(55,55 1QZ «o o PY e 3dsl Ol o gSiune ' MS ciXa

Fig. 9. Types of ore minerals at the Lulak Abad iron occurrence. A: Disseminated oligist, B: Oligist-calcite veinlet, C:
Disseminated magnetite parallel to the foliation in the host schist units. Magnetite crystals have quartz strain shadow, D:
Oligist-pyrite veinlets. A and D are taken in reflected light, PPL, and B and C are taken in transmitted light, XPL. (Cal=
calcite, Mag= magnetite, Ms= muscovite, Oli= oligist, Py= pyrite, Qz= quartz)
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Fig. 10. Paragenetic scheme showing the relative abundance, structure and texture of gangues and ore minerals at the

Lulak Abad iron occurrence
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Fig. 11. Types of hydrothermal alteration at the Lulak Abad iron occurrence. A and B: Silica alteration as veinlet (A)
and hydrothermally cementation of breccia (B) in the host mylonitic granite, C and D: Calcite alteration as veinlet in the
mylonitic metavolcanic unit (C) and hydrothermally cementation of breccia (D), E and F: Chlorite alteration as vug
infill (E) and veinlet (F). A, B, C and E are taken in transmitted light, XPL, and F is taken in reflected light, PPL. (Cal=
calcite, Chl= chlorite, Kfs=alkali feldspar, Oli= oligist, Qz= quartz)
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Table 1. Geochemical data of microdiorite (sample L-01), mylonitic metavolcanic (samples L-24 and L-39), mylonitic
granite (samples L-22 and L-40) units and ore zones (samples L-03 and L-43-2) from the Lulak Abad iron occurrence.
All data in ppm.

Element As Ba Be Bi Co Cr Rb Sb Sr  Ta Te
L-01 7.3 135.7 1.7 87.4 8.5 68.5 18 228 559 11 17
L-03 0.1 18.4 0.2 471.3 131.6 195.6 5.3 395 52 102 91
L-22 2.8 327.9 11 7.7 1.2 3689 956 157 429 11 0.2
L-24 24 40.7 40.7 3519 215 63.6 284 255 221 37 64
L-39 4.1 134.2 14 951 116 1048 203 196 472 15 18
L-40 5.2 48.5 1 2191 106 3016 166 284 299 32 44
L-43-2 9.8 23.5 0.4 428.7 204.6 15 35 38 433 51 81
Ti Li Mn Nb Ni P Pb Cs Cu Ga Ge
L-01 122359 19.1 888.8 7.2 7.2 22973 46.1 253 26 25 3
L-03 103 14 166.6 9.5 317 1391 934 1291 31 705 6.8
L-22 406.2 3.1 50.4 8.6 7.5 52.9 21.1 25 41 92 19
L-24 4925.5 8 17743 131 123 12787 539 934 09 523 7
L-39 148252 172 5213 16.1 8.7 41326 284 255 16 245 14
L-40 1222.4 3.9 1246 30.1 10 1157 351 604 3 395 33
L-43-2 5029.4 3 6652.8 12.3 213 211 75.1 1178 36 618 126
Hf Th Tl U Y \Y Zn Zr La Ce Pr
L-01 13.2 20.5 2.7 2 71 307 785 2124 27.8 536 6.7
L-03 24 87.1 15 0.4 2.2 17.2  199.6 25.7 1 189 1.1
L-22 0.1 10.8 24 0.1 34.1 4.2 6.3 2053 121 215 <0.1
L-24 4.4 60.5 1.3 2.9 18.8 2206 156.1 793 2.7 22 5.2
L-39 124 18.9 2.5 0.9 39.2 2591 1065 1116 152 16.6 34
L-40 0.7 44.7 1.3 <0.1 1.7 324 99 87.7 126 126 0.6
L-43-2 8.8 75.9 1.9 0.2 233 2778 2164 237 05 248 04
Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
L-01 47.6 7.3 4.3 7 3.1 194 0.4 6.5 0.6 8 0.5
L-03 8.6 8.4 0.8 34.2 0.7 <0.5 0.1 <0.1 28 46 26
L-22 10.2 2.3 <0.1 0.7 0.2 10.5 <0.1 1.3 01 37 01
L-24 6.9 6.8 1 25.3 1.8 11 0.6 2.2 2 54 19
L-39 27.6 4.8 2.2 7.2 3.7 11 0.2 5.7 0.6 5 0.5
L-40 9.8 4.8 0.3 16.2 0.7 0.5 <0.1 0.5 13 38 1.2
L-43-2 1.7 7.9 1.2 30.4 1.8 0.8 0.1 2.7 25 75 23
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Fig. 12. Chondrite-normalized REE patterns (Sun and McDonough, 1989) for the mylonitic granite (A and C),
mylonitic metavolcanics (B), microdiorite (C) and ore mineral (D and E) at the Lulak Abad iron occurrence
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Fig. 13. Schematic representation of mineralization evolution stages at the Lulak Abad iron occurrence. A: Volcano-
exhalative disseminated and lens-shaped iron mineralization coeval with the host units, B: The host units and
accompanied mineralization were metamorphosed to green-schist facies, C: Post metamorphism granitic magma
intruded into the metamorphosed units, D: Ductile deformation and development of mylonitic foliation in the rock units,
E: Intrusion of microdioritic body coeval with brittle deformation events. This event caused circulation of meteoric

waters and formation of iron mineralization as veins and veinlets crosscutting the mylonitic foliation of host units, F:
Regional exhumation and development of weathering and erosion processes
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Introduction

The Lulak Abad iron occurrence is located in the
northwestern part of the Central Iran, 55 km west
of Zanjan. Mineralization at the Lulak Abad area
was originally identified by Zamin Gostar
Company (2007), during a geophysical
exploration. The present paper provides an
overview of the geological framework, the
mineralization characteristics, and the results of a
geochemical study of the Lulak Abad 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 was carried out at different
scales (give scales in parentheses) in the Lulak
Abad area. About 16 polished thin and thin
sections from host rocks and mineralized and
altered zones were studied by conventional
petrographic and mineralogical methods at the
Department of Geology, University of Zanjan. In
addition, a total of 7 samples from ore zones at the
Lulak Abad occurrence were analyzed by ICP-
OES for minor and trace elements and REE
compositions at Geological Survey of Iran,
Tehran, Iran.

Result

Rock units exposed in the Lulak Abad area
consist of schists and metavolcanic units the
Kahar Formation; Lotfi, 2001) that were intruded
by granite and microdiorite bodies. The schist

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

units consist of chlorite-biotite-muscovite schist
and muscovite schist that show granolepidoblastic
texture  with  foliation-parallel  disseminated
magnetite. The metavolcanic units consist of
metadacite, rhyolitic metatuff and meta-andesite
with porphyritic textures. They are marked by
dominant mylonitic foliation surrounding feldspar
and quartz porphyroclasts. Alkali feldspar and
quartz are the principal minerals of the granite.
The intrusion is characterized by intense
deformation features and is highly mylonitized.
Based on field and microscopic studies, the
microdiorite  postdated = metamorphic  and
deformation events and shows neither schistosity
nor mylonitic foliation. It is composed principally
of plagioclase with minor disseminated magnetite
and a microgranular texture. Two deformation
events are recognized at the Lulak Abad area, one
principally ductile, the other brittle.

Iron mineralization at Lulak Abad occurs as veins,
veinlets and lens-shaped bodies in schist units,
mylonitic metavolvanic rocks and mylonitic
granite. The main ore vein extends up to 100 m in
length and averages 3 m in width, reaching a
maximum of 6 m. It trends NE, dipping steeply
SE. The ore lenses are parallel to the mylonitic
foliation and variably boudinaged, about 10 m in
length and vary in thickness up to 5 cm. Two
stages of mineralization can be distinguished at
Lulak Abad. Stage 1 mineralization is recognized
as stratiform and stratabound lenses, laminated
and disseminated crystals of magnetite in
volcano-sedimentary host rocks. Stage 2 is
characterized as hematite-pyrite-calcite veins and
veinlets cutting the mylonitic foliation of the host
rocks. Hydrothermal alteration is restricted to
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silicified, calcitic and chloritic altered parts of the
ore zones.

The ore minerals at Lulak Abad formed as vein
and hydrothermal breccia cements, and show
vein-veinlet, brecciated, disseminated and open
space filling vein and veinlet textures. Hematite is
the main ore mineral, accompanied by minor
magnetite and pyrite. Goethite occurs as a
supergene mineral. Quartz, calcite and chlorite are
present in the gangue minerals that represent vein-
veinlet and vug filling textures.

The Lulak Abad mineralized veins and breccias
show lower concentrations of LREE and HREE
(i.e., Pr, Er, Ho, Dy and Yb) relative to barren
granitic host rocks but higher Tm, Gd, Eu and Lu
concentrations. Chondrite-normalized REE
patterns (Sun and McDonough, 1989) of host
barren granite and the mineralized samples at
Lulak Abad indicate that mineralized samples are
depleted in LREE (except Ce) but enriched in
most HREE (beside depletion in Dy and Ho).
These signatures indicate high wall rock
interaction (e.g., Lottermoser, 1992; Liegeois et
al., 2003).

Comparison of the geological, mineralogical,
geochemical, textural and structural
characteristics of the Lulak Abad occurrence with
different types of iron deposits reveals that iron
mineralization at Lulak Abad was originally
formed as volcano-sedimentary, and then
reconcentrated as vein mineralization (Karami et
al., 2012; Karami et al., 2013).
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