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Keywords: Precambrian to Cenozoic formations as well as Cretaceous granite bodies. Iron
ir;‘;grr]‘;isri‘z;as':f:rtri\f’”* mineralization in the Qazikandi area has occurred in the form of lensoid and vein in
Qazikandi, the basal part of the Barout Formation with carbonate and shale composition. The
Zanjan, main ore minerals consist of magnetite, primary hematite, pyrite, secondary hematite

Central Iranian Zone.

and goethite. The secondary minerals which formed through supergene process and
evolved during weathering of magnetite and pyrite are secondary hematite, goethite
and lepidocrocite. The alteration in the study mineralization includes chloritization,
epidotization, silicic, sericitization and argillic. The current research suggests that the
intrusion of plutonic body with granite to quartz-monzonite composition into the
Barout Formation has led to the formation of iron mineralization in the area. Due to
the intrusion of the plutonic body into the shale parts of the Barout Formation, the
hornfels developed and anhydrous minerals such as phlogopite were formed.
Following the mineralization in this area, magnetite and then small amounts of
primary hematite were formed. The mentioned alteration products developed
simultaneously with this stage of mineralization. It is noteworthy that the silicic veins
and veinlets which formed after mineralization, have cut the primary phases of
mineralization. The field and microscopic evidence suggest that the Qazikandi ore
deposit is classified as the magnesian skarn iron ore deposit.

Introduction
The Qazikandi Fe skarn mineralization is

located in the 70 km northwest of Zanjan and
along the Central Iran Zone. Different types of
Fe mineralization in Iran were occurred during
several metallogenic phases from
Neoproterozoic- Early Cambrian to Cenozoic
(e.g., Karimpour, 1989; Foster and Jafarzadeh,

1994; Daliran et al., 2007, 2010; Jami et al.,
2007; Golmohammadi et al., 2014; Nabatian
etal., 2015). These deposits are mainly located
in the Sanandaj-Sirjan Zone (SSZ), Alborz,
Urumieh-Dokhtar magmatic arc (UDMA) and
Central Iran Zone (CIZ). The Qazikandi iron
deposit associated with the Inche-Rahbari,
Khakriz, Arjin and the Bashkand iron skarn
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deposits in the Zanjan district are located in the
Soltaniyeh-Mahabad metallogenic belt. This
metallogenic belt is mainly hosted by Pre-
Cambrian to late Paleozoic sequences as well
Cenozoic magmatism (Nabatian et al., 2015;
2017). The iron mineralization at this axis
were hosted by Late Proterozoic to Late
Cambrian to Permian formations such as
Soltaniyeh, Barut, Mila and Ruteh, which
intruded by the Cretaceous to Late Eocene
granitoid rocks. The rock units in the
Qazikandi area include Precambrian to
Cenozoic formation as well as Cretaceous
granite body in which the Barut Formation
hosts for iron mineralization. Therefore, we
present new field observation, mineralogy and
whole rock geochemistry of ore deposit and
granitic rocks in this area to better understand
the origin of the magmatic rocks and the
evolution of Qazikandi Fe skarn deposit in this
part of CIZ.
Material and methods

Petrographic and mineralogical features of
the Qazikandi iron deposit and its host rocks
were determined by studying of 9 thin and 16
thin-polished sections in the Laboratory of the
University of Zanjan. The major and trace
element compositions of four granitic rock
samples were determined by the Zarazma
Company using X-ray fluorescence (XRF) and
inductively coupled plasma mass
spectrometry (ICP-MS) methods,
respectively.
Results and discussion

The main rock units in the Qazikandi area
include Cretaceous granite and Cambrian
carbonates and shales of the Barut Formation.
Based on this study, the Qazikandi iron
mineralization occurred in form of lensoid and
vein in the basal part of the Barut Formation.
The iron mineralization in this deposit consists
of stratabound, massive bodies, veins and
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veinlets, and breccias of magnetite + hematite
with minor amounts of pyrite. Hematite,
goethite and lepidocrocite are the major
secondary minerals which formed during the
supergene weathering processes. The main
alteration zones in the Qazikandi iron deposit
include chlorite-epidote, silicic, sericite and
argillic.

It can be state that the intrusion of the
Cretaceous granite to quartz-mozonite bodies
produced a thin metamorphic aureole in the
contact with the hosting carbonates and shales,
resulting in the development of marble and
hornfels. The hornfels zones are mainly dark
green to olive green in color and consist
mainly of phlogopite, epidote and chlorite.
The iron mineralization is mainly associated
with  exoskarns.  Following the iron
mineralization, magnetite and then minor
amounts of primary hematite and pyrite were
formed. The mentioned alteration products
developed simultaneously with this stage of
mineralization. It is noteworthy that the silicic
veins and veinlets which formed after
mineralization, cut the primary phases of
mineralization.

Based on geochemical studies, the
intrusive body shows granite to quartz
monzonite composition with calc-alkaline and
metaluminous affinities. The investigated
samples show relative enrichment in light rare
earth elements (LREE) and the relative
depletion in heavy rare earth elements
(HREE). The granitic samples show negative
anomaly of Nb, Ta and Ti in primitive mantle
normalized spider diagrams and a weak
negative anomaly in Eu. Geochemical data
suggest that the tectono-magmatic setting of
the investigated samples is an active
continental margin and magmatic arc.
Conclusion
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The Qazikandi skarn type Fe deposit
occurred due to the intrusion of granitic body
into the carbonates and shales of the Barut
Formation.

The granitic body ranges in composition
from granite to quartz-monzonite and show
calc-alkaline, I-type and metaluminous
characteristics as well as relative enrichment
in LILE and LREE and depletion in HFSE and
HREE.

Based on this study and comparing the
characteristics of the Qazikandi deposit to
those of skarn type iron deposits, it can be
stated that the characteristics of this deposit
are most similar to those of the magnesian type
iron skarn deposits. The ore-forming fluids
originated from the granitic intrusion led to the
formation of calc-silicate minerals and
magnetite in the limestone and shale units. It
should be noted that the precipitation of
magnetite occurred during retrograde skarn in
the Qazikandi area.
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Legend
~~| Young terraces and recent alluvium (Quaternary)
White to cream travertine sheets (Quatemary)

F’

M1g: Alternation of green and brown marls which green maris are predominant rock units (Miocene)

g OM1: White-coloured, thin to medium bedded fossiliferous reefal limestone with some olive green maris
(Oligo-Miocene)

=== Orb: Alternation of brown and green maris which brown maris are predominant rock units (Oligocene)
- Ji: Cream-coloured, thin to medium bedded, Ammunites bearing biomicrudites (Lar Fm.)(Upper Jurassic)

=:1 Js: Dark grey, thin bedded plant fossiles-bearing sandstone and shale (Shemshak Fm.)(Lower Jurassic)

% Pr: Grey coloured- medium to thick bedded fossiliferous limestone and dolomite (Ruthe Fm.)
(Upper Permian)

ui%‘; Cz: Red to light brown shales interbeded with minor sandstone (Zagun Fm.)(Lower Cambrian)

g Cbr: Violet to dark grey shales interbeded with cherty dolomite (Barut Fm.)(Lower Cambrian)

n Pck: Phyliites, slate, shale, tuff, metamorphosed andesitic lavas with minor dolomite (Kahar Fm.)
(Upper Pre-Cambrian)

Symbols

® \Vilage Normal fault
~~~~~~ Road ~A—4 Thrust fault

- g1: Pink granite-quartz monzonite (Cretaceous)
Contact metamorphic aureoel

X Fe mineralization

Y e ol by oS o8 Lils i ey 4t —) S

Fig. 1. Geological map of the Qazikandi deposit, scale 1:20000.
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Fig. 2. a) The field photograph of the Barut, Zagun and Ruteh Formations in the Qazikandi area (view to the

northwest). b) Field outcrops from the Zagun and Ruteh Formations in the Qazikandi deposit (in Fig. 2b, the
view is to the northeast and in Fig. 2c, the view is to the east).
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Fig. 4. Microphotographs from the quartz monzonite unit. a) Inequigranular texture (the quartz minerals are
observed as fine grains). b) The large plagioclase with antiperthite texture and sericite alteration embedded in
fine grains of quartz and feldspar background. c) The granular and concrete textures between quartz minerals
in the lower part and left side of the photo, respectively. d) Porphyry texture in granite in which the large crystals
of quartz and alkali feldspar are embedded in the fine grains of the same minerals. The mineral abbreviations
are after Whiney and Evans (2010). Qz: quartz; Afs: alkali feldspar; PI: plagioclase.
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Fig. 5. Microphotograph from the tuff unit in study area. a) Lithic fragment in tuff which cut by calcite veinlet.
b) Fine grained tuff with dominant chlorite alteration. The mineral abbreviations are after Whiney and Evans
(2010). Cb: carbonate; Chl: chlorite; RF: rock fragment.
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Fig. 6. Field photographs from the host rock and Fe mineralization in the Qazikandi area. a) Hornfels in the
Ghazikani area that underlie the orebody (view to the southwest). b) Magnetite vein that formed within the

carbonate rocks. ¢) Mineralization within the carbonate rocks that occurred as vein and veinlet (view to the
west).
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Fig. 7. a) Carbonate part of the Barut Formation with interlayers of skarnized shale (view to the SW). b) Ore

vein in the carbonate part (Exoskarn). c, d) Photos from the endoskarn zones of the Qazikandi deposit (magnetite
mineralization in the intrusion)
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Fig. 8. Microphotographs of the magnetite ore mineral of the Qazikandi Fe deposit. a) Massive magnetite. b)
Magnetite veinlet that altered to hematite in the outer parts. ¢, d) Quartz veinlet cutting and brecciating the
magnetite (XPL and PPL microscopic photos, respectively). Qz: quartz; Hem: hematite; Mag: magnetite.
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Fig. 9. a) Primary hematite mineralization with blade texture in the silicified background. b) Carbonate veinlet
cutting the ore (dark-colored sections) and quartz. The photos a and b are in PPL and XPL, respectively. Mineral
abbreviations are from Whitney & Evans (2010). Qz: quartz; Hem: hematite; Cb: carbonate.
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Fig. 10. a) Goethite and lepidocrocites that replace the pyrite during weathering and supergene processes. As
observed in this photo, the remnant of pyrite has left forming a relict texture. In addition, magnetite fragments
that are seen in the goethite veinlet. b) The goethite veinlet cutting the magnetite and replacing the pyrite. c)
Primary hematite (the dark blades) with blade texture which cut by the silicic veinlets. d) The calcite veinlet
that cut the magnetite (dark parts). The mineral abbreviations are taken from Whitney & Evans (2010). Py:
pyrite, Mag: magnetite, Gth: goethite, Lpi: lepidocrocite.
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Fig. 11. a) XPL photomicrograph of phlogopite in the Qazikandi Fe deposit. b) XPL photos from the epidote
veinlets that cut the ore body and formed along with chlorite. c) PPL photo from the chlorite alteration observed
along with epidote. d) PPL microscopic picture from the c) photo. E) Alkali feldspar and plagioclase altered to
clay minerals during argillic alteration. f) Alkali feldspar crystal 3.5 mm long showing argillic alteration.
Mineral abbreviations are from Whitney & Evans (2010). Phl: phlogopite, Ep: epidote, Chl: chlorite, Afs: alkali
feldspar, PI: plagioclase.
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Fig. 13. Chemical classification diagrams for the studied intrusive rocks. a) De la Roche et al. (1980). b) Plotting
of plutonic samples on the Peccerillo and Taylor (1976) diagram. c) Plotting of studied samples on the A/NK
vs. A/CNK diagram (Shand, 1943).
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Table 1. Whole-rock geochemical analysis of major oxides (wt. %) and trace and rare earth elements (ppm)
from the magmatic samples in the Qazikandi deposit.

Element GH-01 GH-22 GH-25 GH-27 |Element GH-01 GH-22 GH-25 GH-27
Granite Granite

SiO; 65.38 68.61 68.06 69.73 Eu 1.72 3.05 2.46 2.15
TiO; 0.46 0.5 0.51 0.46 Gd 6.51 8.84 6.52 7.9
Al;0; 14.56 14.99 15.7 15.35 Hf 3.49 3.75 3.06 3.45
Fe,O3 2.62 1.81 1.88 1.82 In <0.5 <0.5 <0.5 <0.5
MnO 0.05 <0.05 0.06 <0.05 La 48 80 51 65
MgO 1.02 0.14 0.17 0.08 Li 13 4 2 4
CaO 3.07 2.25 1.49 1.24 Ni 5 <1 <1 2
Na,O 7.31 7.74 7.95 8.16 Pb <1 <1 1 14
K20 1.06 1.76 2.02 1.44 Pr 15.23 22.17 15.41 19.8
P,0s 0.13 0.17 0.11 0.15 Rb 27 38 36 27
SO3 0.57 0.1 0.4 0.35 Sh 0.7 0.9 0.7 1
Total 96.23 98.07 98.35 98.78 Sc 10 15.8 25.9 12.8
Ag 0.3 0.3 0.4 0.5 Se 6.78 1.03 4.63 <0.5
As 13 5.8 16 9.8 Sm 10.23 13.97 10.61 12.87
Ba 137 422 423 174 Sn 6.3 6.5 6.2 5.2
Be 1.3 1 15 1.4 Sr 102.5 72.9 72.8 74.1
Bi <0.1 <0.1 <0.1 0.2 Ta 1.47 0.9 2.38 2.66
Cd 0.6 0.1 0.7 0.3 Tb 1.21 1.66 1.19 15
Ce 128 189 133 163 Te <0.1 <0.1 <0.1 <0.1
Co 1.6 <1 <1 10.7 Th 13.01 14.07 17.92 16.54
Cr 23 32 30 42 Ti 3146 3341 3315 3147
Cs 14 <0.5 0.6 <0.5 Tl <0.1 <0.1 <0.1 <0.1
Cu 20 11 11 19 Tm 0.37 0.42 0.36 0.3
Dy 5.28 7.07 5.07 5.56 ] 1.6 2 2.3 1.8
Er 2.96 3.46 2.77 2.72 \V 24 5 6 6
Lu 0.4 0.51 0.42 0.36 w 1.4 <1 <1 <1
Mn 272 211 344 68 Y 19.3 24.2 19.4 18.8
Mo 1 <0.1 2 1 Yb 2 2.2 2.1 1.6
Nb 39.7 35.6 57.1 55.6 Zn 18 4 18 8
Nd 62 84.1 59.6 76.4 Zr 84 80 59 79
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Fig. 15. a) Plot of investigated samples on A/NK vs. A/CNK diagram (Shand, 1943) and plot of Fe skarn
deposits on it (Meinert, 1995). b) Rb vs. Sc correlation diagram for plutonic rocks associated with the main
skarn deposit types. ¢) Tectonic setting trace element discrimination diagram for syn-collision (syn-Col),
volcanic-arc (VA), within-plate (WP), and oceanic-ridge (OR) plutonic rocks associated with the main skarn

deposit types. d) Rb/Sr vs. Zr correlation diagram for plutonic rocks associated with the main skarn deposit
types. Figures 15b, c and d are from Meinert (1995).
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Fig. 17. Schematic picture showing the stages of mineralization in the Qazikandi Fe deposit. a) Deposition of
the Shemshak and Lar formations on the old units. b) Injection of granitoid magma, formation of thermal
metamorphism and Fe mineralization during Cretaceous. c) Cross section from recent form of the study area.
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