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Fig. 1. Geographic location of Gozalderreh skarn iron deposit and its access routes in the southeast of Zanjan
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Fig. 2. Geological map of southeastern parts of Zanjan region (Eftekhar Nezhad et al., 1994) showing the situation of
Gozaldarreh skarn iron deposit. Small rectangle shows the location of Fig. 3.
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Fig. 3. Geological map of the Gozaldarreh skarn iron deposit
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Fig. 4. Mineralogy and texture of Gozaldarreh granitoid. A: granular texture and sericitization of K-feldspars, B:
polysynthetic twinning in plagioclase and perthitic texture in K-feldspars, C: perthitic texture and sericitization of K-
feldspars, D and E: alteration of biotite to chlorite and k-feldspar to clay minerals, and F: argillic alteration in
Gozaldarreh granitoid outcrop. Kfs: K-feldspars, Plg: plagioclase, Bt: biotite, Chl: chlorite, Qtz: quartz, Abbreviation of
minerals from Whitney and Evans (2010). (photomicrographs A to C are taken under cross polarized transmitted light,
and photomicrographs D and E under plane polarized transmitted light).
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Table 1. Chemical composition of selected specimens from Gozaldarreh granitoid.

Samples

GG -12

GG-03 GG-04 GG-104 GG-105

GG-106 GG-108

Major oxides (wt.%)

SiO:
TiO:
ALOs
FeO¢
MnO
MgO
CaO
NazO
K20
P20s

L.O.I.

Total

As
Ba
Be
Co
Cs

68.22 67.72
0.40 0.46
15.83 15.34
3.15 3.69
0.05 0.06
1.16 1.59
2.53 3.01
4.24 3.95
3.53 3.35
0.15 0.16
0.5 0.4
99.76 99.73
Trace elements (ppm)
0.9 1.1
933 965
2 2
5.9 7.9
2.8 2.9
7.1 13.5
18.7 17
4.5 4.6
0.4 0.4
7.4 13.2
19.7 19.8
2.2 5.2
110 102.6
<0.1 <0.1
2 2
575.4 605.4
1.3 1.5
16 19.8
3.6 3.8
44 57
0.7 <0.5
16.3 14
26 28
179.2 172.4

66.56
0.49
15.62
3.46
0.05
1.8
3.27
4.17
3.46
0.18
0.7
99.76

0.9
861
2
8.4
1.7
54
17.6
3.6
0.3
12.9
19.6
3.7
94.7
<0.1

649.7
1.5
16.2
3.9
52
<0.5
13
18
127.3

76.6
0.09
12.44
1.02
0.02
0.09
0.57
3.20
5.31
0.01

0.6
99.95

0.9
132
1
0.4
53
10.2
12.8
2.7
0.6
4.4
13.9
7.7
176
0.2

95.3
1.2
39.6
7.1
<8
0.7
2.8

69.6

76.34
0.09
12.63
1.07
0.01
0.12
0.72
3.33
5.11
0.01
0.5
99.93

0.7
114
3
0.8
5.5
8.7
12
1.3
0.5
4.7
14.5
8.7
164.2
0.1
<1
109.1
1.5
28
6.3
<8
0.5
3.5
8
36.4

76.34
0.06
12.63
0.78
0.02
0.03
0.64
3.72
4.61
0.01
1.1
99.94

0.6
31
2
0.4
53
4.8
14
2.1
0.5
2.7
18.7
5.9
155.6
<0.1
1
45
2.6
29.5
6.9
<8
0.8
5.2

45

65.21
0.79
14.48
4.10
0.11
0.99
3.22
4.13
2.59
0.20
3.9
99.72

3.6
946
1
4
28.7
9.9
14
7.7
1.4
2.8
16.7
5
125.9
0.1
3
410.3
1.1
14
3.9
40
1.7
40.5
34
282.3
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Fig. 5. Nomenclature and classification of Gozaldarreh granitoid intrusion using geochemical data. A: nomenclature of
Gozaldarreh granitoid intrusion using total alkali-silica diagram (Middlemost, 1994), B: determination of granitoid type
using Na,O-K,O binary diagram (Chappell and White, 2001), C: plot of Y-Nb discriminant diagram of Pearce et al.
(1984) for Gozaldarreh granitoid specimens, D: plot of (Y+Nb)-Rb discriminant diagram of Pearce et al. (1984) for
Gozaldarreh granitoid specimens, and E: plot of binary diagram of Th-Co (Hastie et al., 2007) for discriminating

tholeitic-, calc alkaline-, shoshonitic-, and high-K calc alkaline series. (VAG: volcanic arc granites, syn-COLG: syn-
collision granites, WPG: within plate granites and ORG: oceanic ridge granites)
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Fig. 6. Field and hand specimen photographs from Gozaldarreh skarn iron deposit. A: spatial association of the
Gozaldarreh granitoid with endoskarn, exoskarn and iron vein mineralization, B: magnetite vein mineralization in
exoskarn and formation of marble at further distances, C: pyrite and chalcopyrite association with magnetite ore, D and
E: banded magnetite (Mag) bodies in retrograde serpentine crosscut by late-stage chrysotile. Ccp: chalcopyrite, Py:
pyrite, Mag: magnetite, Srp: serpentine, Crt: chrysotile, Abbreviation of minerals from Whitney and Evans (2010).
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Fig. 7. Photomicrographs of skarn forming minerals in Gozaldarreh iron deposit. A: formation of prograde
clinopyroxene intersected by prograde garnet. Both minerals intersected by retrograde calcite veinlets, B: subhedral
crystals of prograde clinopyroxene associated with slight prograde magnetite (Mag I) mineralization, C: tabular crystals
of retrograde tremolite-actinolite intersecting prograde wolastonite, D: late stage calcite-quartz veinlets intersecting
prograde clinopyroxene and magnetite crystals, E: late stage calcite veinlets intersecting retrograde epidote assemblage,
and F: late stage calcite and chrysotile veinlets intersecting serpentine assemblage in retrograde skarn. Cpx:
clinopyroxene, Grt: garnet, Mag: magnetite, Tre: tremolite-actinolite, Wol: wolastonite, Cal: calcite, Qtz: quartz, Ep:

epidote, Srp: serpentine, Crt: chrysotile, abbreviation of minerals from Whitney and Evans (2010). (all
photomicrographs are taken under cross polarized transmitted light).
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Fig. 8. Photomicrographs of iron mineralization in retrograde skarn zone of Gozaldarreh deposit. A: intergrowth of
retrograde magnetite (Mag II) and chalcopyrite I (Ccp 1) intersected by late stage chalcopyrite II (Ccp II) veinlets, B:
anhedral crystals of hematized magnetite (Hem+Mag II) along with euhedral crystal of pyrite I (Py I) surrounded by
anhedral chalcopyrite II, C: retrograde magnetite crosscut by late stae pyrite (Py II) veinlets, D: transformation of
magnetite to hematite during supergen process, E: formation of calcite and dolomite through open spaces of retrograde
magnetite mineralization, and F: late stage calcite and quartz veinlets intersecting the magnetite mineralization. Mag:
magnetite, Ccp: chalcopyrite, Hem: hematite, Py: pyrite, Cal: calcite, Dol: dolomite, Qtz: quartz, abbreviation of
minerals from Whitney and Evans (2010). (photomicrographs A to D are taken under plane polarized reflected light,
and photomicrographs E and F under cross polarized transmitted light)
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Fig. 9. Paragenetic sequence of mineralization at Gozaldarreh iron ore deposit
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Table 2. Chemical composition of selected specimens from Gozaldarreh iron ore deposit

Samples GI-90-9  GI-90-14 GI-90-16 GI-90-17 GI-90-18 GI-90-19 GI-90-22  GI-90-28
Major oxides (wt.%)
SiO; 8.2 7.0 4.9 3.7 3.6 10.5 8.7 10.0
ALO; 2.1 1.2 1.7 1.5 1.7 1.3 1.2 1.0
Fe,03 534 54.3 60.0 61.1 67.3 48.6 45.8 47.0
FeO 18.38 19.09 16.24 19.92 16.23 12.45 20.06 17.73
MgO 12.9 13.2 10.3 8.6 7.3 15.9 16.8 16.4
CaO 1.3 0.7 1.9 0.4 0.2 4.7 1.3 0.9
Na;O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
K;O <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
S 0.4 1.5 1.5 2.0 1.2 0.9 1.3 2.7
L.O.I 2.5 2.2 2.5 23 1.6 5.0 4.0 3.5
Trace elements (ppm)
Ag 0.4 0.5 0.3 0.5 0.5 0.3 0.4 0.7
As 48.7 26.0 28.7 10.1 <1.0 30.1 40.6 26.8
B 82.1 126.8 57.0 60.3 354 182.2 211.5 193.9
Ba 15.8 9.6 10.5 9.3 7.6 6.7 8.6 9.1
Be 0.3 0.3 0.2 0.2 0.2 0.3 0.3 0.3
Bi 29 43 2.0 4.5 4.6 1.3 2.7 3.9
Cd 2.1 2.1 1.7 2.2 23 1.7 1.7 1.9
Co 102.4 187.1 188.4 193.9 124.6 86.7 164.4 277.9
Cr 139.7 138.9 134.7 1533 156.9 111.7 126.7 116.0
Cu 246.4 210.5 247.8 407.2 293.5 304.1 2325 1032.9
Ga 74.7 75.7 79.0 88.9 80.5 65.0 75.1 72.6
Ge 10.4 18.2 7.7 9.1 8.2 7.9 8.9 10.1
Hf 7.5 13.7 43 13.7 10.6 6.6 2.6 9.6
Li 1.8 2.8 1.4 23 2.0 3.4 2.4 2.0
Mn 590.9 765.1 542.6 530.9 4933 488.6 675.8 468.1
Mo 7.2 4.8 1.2 10.4 4.5 73.6 9.9 10.4
Nb 2.2 <1.0 <1.0 2.6 <1.0 <1.0 <1.0 23
Ni 16.5 50.3 45.2 54.5 41.4 15.2 61.2 69.7
P 186.8 147.6 120.7 194.1 100.0 144.5 142.1 219.0
Pb 59.5 57.9 56.6 71.2 57.1 58.5 61.6 66.1
Rb 86.1 78.2 76.8 96.5 91.4 93.2 83.6 83.4
Sb 0.3 0.3 0.2 0.2 0.2 0.2 0.5 0.7
Sc 2.7 2.6 2.7 2.6 2.6 2.7 29 2.8
Sn 353 37.1 36.8 39.9 38.5 30.7 34.7 31.9
Sr 433.8 433.0 457.6 484.1 468.1 389.5 422.1 3942
Ta 45.7 53.1 48.1 56.0 49.1 42.2 45.0 41.5
Th 138.5 146.0 149.4 166.4 155.5 121.2 140.8 127.2
Ti 196.0 78.4 115.7 183.6 151.8 172.1 131.9 94.3
U 50.0 78.6 72.3 84.8 47.1 45.7 68.5 47.5
\4 74.8 73.5 65.9 68.0 59.3 91.8 92.9 93.4
Zn 933 74.2 104.3 122.5 100.7 72.2 72.2 542.3
Zr 492.6 522.0 553.3 561.2 565.6 482.0 501.1 451.6
Rare earth elements (ppm)
La 1.3 0.7 1.0 0.6 0.7 1.4 1.0 1.2
Ce 1.0 <1.0 <1.0 3.0 2.6 <1.0 1.5 <1.0
Pr 80.4 95.2 90.6 112.9 90.4 79.5 87.3 89.7
Nd 0.9 <0.5 <0.5 0.7 <0.5 <0.5 <0.5 <0.5
Sm 13.0 12.9 13.4 12.5 14.0 11.6 11.8 10.4
Eu 1.7 1.4 1.2 1.6 1.6 1.4 1.4 1.4
Gd 41.8 49.7 47.6 55.4 43.8 38.5 46.2 43.6
Dy 1.5 1.4 1.4 2.2 1.2 1.6 1.5 1.8
Ho 4.1 4.8 5.0 5.3 4.2 3.8 4.6 4.1
Er 0.7 0.9 0.5 0.9 0.6 0.5 0.7 0.7
Tm 3.4 4.1 3.9 4.5 3.6 3.1 3.8 3.5
Yb 3.9 3.9 4.1 4.4 43 3.4 3.7 3.4

Lu 3.8 4.5 4.3 5.1 4.0 33 4.1 3.9
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Fig. 10. Plot of Ca+Al+Mn vs. Ti+V (wt.%) (up) and Ni/(Cr+Mn) vs. Ti+V (wt.%) (down) for magnetite mineral
specimens from Gozaldarreh iron deposit. The reference areas are from Dupuis and Beaudoin (2011)
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Table 3. Pearson's correlation coefficients for selected major oxides and trace elements in eight specimens of iron ores
from Gozaldarreh deposit

SiO: ALOs Mn Cr Ti A\ Zr  Sn P S Cu Pb Zn Ag Co Ni
Fe:03' -.974 510 .002 .965 .143 -945 897 .952 -307 .021 -292 .055 -.288 .096 .009 .117

Si0; -447 031 -909 -.128 .922 -961 -942 .393 -057 .337 -.055 .345 .024 -016 -.149
ALO3 121 557 641 -.645 434 418 -220 -.667 -498 -299 -468 -442 -572 -.626
Mn 122 -376 010 061 239 -.144 -228 -518 -234 -446 -.122 -.019 .138
Cr 264 -893 845 952 -270 -.126 -390 .069 -393 .079 -.128 .032
Ti 160 .157 .109 .081 -.559 -302 .193 -396 -391 -.673 -.643
\% -886 -.861 .436 .169 .422 .199 401 .109 .162 .132
Zr 897 -571 -.101 -543 -.089 -.559 -254 -.159 .024
Sn -259 019 -401 .141 -400 .043 .040 .202
P 453 679 759 646 .564 .493 239
S 784 623 765 732 937 .852
Cu 546 986 .785 728 515
Pb 450 537 522 494
Zn 787 762 538
Ag 715 655
Co 883

(($39 2oy o ) 0,0 ]565 Q,af| Sl coiife S5 slodigad EMPA lalass lord 4555 s f Jous

Table 4. Representative electron microprobe analysis (EMPA) of magnetite minerals from Gozaldarreh iron ore deposit
(Wt.%).
Point No. Na20 KzO MgO Ca0O MnO FeO Ca0O NiO A1203 VzOs Cl'203 SiOz SOz TiOz

1-1 0.05 0.01 5.18 0 0.01 89.00 0.08 0.01 098 0.04 0.02 0.05 0.02 0.06
2-1 0.01 0 5.11 0 0.01 87.89 0.07 0.01 0.94 0 0.01 0.09 0.01 0.04
3-1 0.01 0 5.16 0 0.01 88.02 0.06 0.01 1.00 0 0.02 0.02 0.02 0.06
4-1 0.01 0 5.26 0 0 8845 0.10 0 1.02 0 0 0.08 0.01 0.07
5-1 0 0.01 4.87 0 0.02 88.64 0.06 001 079 0.03 0.02 0 0 0.05
6-1 0.07 0 5.12 0 0.01 885 006 001 074 001 0.03 0.11 0 0.04
7-1 0.05 0 5.19 0 0.01 88.02 0.07 001 08 002 0.02 007 0 0.02
8-2 0.02 0.02 453 001 002 8911 0.03 0.01 066 001 001 005 0 0.02
9-2 0.02 0 5.17 0 0 8848 005 0 .11 0.01 0 0.03 0 0.07
10-2 0.04 0 5.24 0 0.02 8791 0.07 002 1.06 002 0.02 023 0 0.05
11-2 0.06 0 496 0.03 0 8843 0.09 0 092 0.01 001 007 0 0.02
12-2 0.09 0.02 0.07 0 0.01 91.09 0.08 0.02 006 001 0.02 0.08 0.02 0.01
13-2 0.02 0 0 0 0.04 91.23 0.09 0.01 0 0 0 0.04 0.01 0.05
14-2 0.06 0.01 0 0 0.02 91.24 0.03 0.01 0.04 0.01 0.02 0.01 0 0.01
15-2 0 0.02 0 0 0 91.02 0 0 0 0.02 0 0.03 0 0.05
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Fig. 11. Plot of TiO; vs. V,0s (wt.%) for magnetite mineral specimens from Gozaldarreh iron deposit. The reference

areas are from Hou et al. (2011).
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Introduction

The Zanjan area hosts several iron deposits with
small reserves which are currently active. This
extended abstract describes the geology,
mineralogy and geochemistry of the Gozaldarreh
iron deposit located 44 km south of Zanjan. To
further clarify the origin of Gozaldarreh
mineralization, the associated Gozaldarreh
granitoid intrusion and skarn were also subjected
to detail petrography and geochemical studies
including the granitoid type and genesis.

Materials and Methods

During several field works, fifty-eight samples
were collected from different rock types exposed
in the area including granitoid intrusion, skarn
unit and the iron ore body. Thirty-five thin, thin-
polished and polished sections were prepared and
studied in order to study the mineralogy, texture
and paragenetic sequences. Based on the
petrography and microscopy results, seen
granitoid samples and eight ore samples were
selected for chemical analysis. The major oxides
were analysed by x-ray fluorescence (XRF) at the
Geological Survey of Iran and the FeO was
measured using wet chemical methods (titration).
Trace elements and rare earth elements were
measured by inductively coupled plasma mass
spectrometry (ICP-MS) at the West Lab in
Australia.

Results
The intrusion of the Gozaldarreh granitoid into the
carbonaceous rocks of the Soltaniyeh and Barout

Formations generated a contact methamorphism
with a skarn developed and iron-oxide
mineralization in the Gozaldarreh area. The
Gozaldarreh granitoid is an I-type granite to
grano-diorite =~ and  quartz-monzonite. = The
geochemistry of the Gozaldarreh granitoid
suggests that this intrusion belongs to high-K
calc-alkaline and shoshonite series of the volcanic
arc of an active continental margin. The serisitic,
argillic, silica-carbonate and chloritic alterations
are the major alterations affected by the
Gozaldarreh granitoid.

The garnet, clinopyroxene and wollastonite are
the major minerals generated in the prograde
skarn phase in the iron oxide mineralization area.
The major iron-oxide mineralization stage has
happened during the retrograde skarn phase along
with  epidote, tremolite-actinolite,  chlorite,
serpentine, talc, calcite and quartz. The iron-oxide
mineralization is generally in the form of high
grade irregular lenses and veins of magnetite with
minor hematite, pyrite and chalcopyrite. A small
volume of magnetite has also been deposited
during the prograde skarn phase.

The evidences show that the Gozaldarreh ore
mineralization took place in three stages: (1)
intrusion of the Gozaldarreh granitoid and contact
methamorphism of the carbonate host rocks and
generating a marble with granoblastic texture and
Ca-Mg silicates. The paragenetic sequence at this
stage is garnet-wollastonite- calcite for carbonate
rocks and  garnet-clinopyroxene-calcite  for
dolomitic ~ rocks, (2) metasomatism and
replacement phase which created Ca-Mg silicates
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and minor magnetite as part of a prograde skarn
phase, (3) the Gozaldarreh granitoid cooling stage
and generation of the hydrothermal-magmatic
system. This retrograde skarn phase has generated
the main magnetite ore along with epidote,
chlorite, tremolite-actinolite, serpentine, talc,
calcite and quartz. The poor Ca-silicates, Fe-
oxides, Fe-sulfides and carbonates were also
generated as final stages of this retrograde phase.
The later reactions and weathering affected these
primary mineral assemblages and created the
secondary minerals such as hematite, goethite,
limonite, malachite and azurite.

Discussion

As a result of the intrusion of the Gozaldarreh
granitoid into the carbonates of Soltanieh (PE€-€5)
and Barout Formations (€p), a skarn unit has
developed at the contact metamorphic zone. The
petrography of the Gozaldarreh granitoid shows a
granular to micro-granular texture with alkali
feldspar, plagioclase, quartz and biotite as major
rock forming minerals and amphibole, zircon and
sphene as accessory minerals. Epidot, calcite and
chlorite are also present as secondary minerals.
The sericitic, argilic, silica-carbonate and chlorite
assembleges are presenting the major alterations
of the Gozaldarreh granitoid. The analyses of the
granitoid samples classify the intrusion as an I-
type granite to grano-diorite and quartz-
monzonite. The Y-Nb and (Nb+Y)-Rb plots
(Pearce et al., 1984) suggest that the Gozaldarreh
granitoid is part of the volcanic arc granitic
intrusions. The Th-Co plot (Hastie et al., 2007) is
placing Gozaldarreh granitoid in the high-K calc-
alkaline and Shoshonite series.

The comprehensive field work shows that the iron
mineralization in the Gozaldarreh area is spatially
associated with the granitoid skarn zone. The
exoskarn is well developed in the region and is the
major host for Fe-mineralization. The endoskarn
which is mainly exposed at the vicinity of the
granitoid, is less developed and consists of
clinopyroxene, epidote, chlorite, calcite and
garnet. The clinopyroxene and garnet are
recognized as prograde and epidote, chlorite and
calcite are retrograde minerals. The exoskarn

mainly consists of retrograde minerals such as
epidote, chlorite, tremolite-actinolite, serpentine,
talc, calcite, chrysotile and quartz. These
retrograde minerals are mainly replaced the
residue of prograde minerals such as
clinopyroxene, garnet and wollastonite. The other
major skarn-related phenomena in the area are the
carbonate rocks recrystalization and pyrite-
chalcopyrite-iron-oxide mineralization.

The Gozaldarreh iron ore exhibits different forms
including massive, vein-type and disseminated
iron-oxide mineralization. The ore bodies are
mainly located in the exoskarn. Magnetite is the
most abundant ore mineral followed by hematite,
pyrite, chalcopyrite, limonite, malachite and
azurite as minor minerals. The major gangue
minerals are calcite, quartz, epidote, serpentine
and chlorite.

The magnetite chemistry plot in the Ni/(Cr+Mn)
vs TitV and CatAl+Mn vs. TitV diagrams
(Dupuis and Beaudoin, 2011) showing the skarn
origin for the Gozalarreh deposit. The TiO,-V,0s
diagram plot (Hou et al., 2011) for these samples
also points to the skarn and hydrothermal origin.
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