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Qovaq Fe deposit located in 120 km southwest of Zanjan within the
Urumieh-Dokhtar magmatic belt near the Takab-Takht-e-Soleyman
subzone (Sanandaj-Sirjan Zone). This area composed of Oligo-
Miocene volcano-sedimentary succession including intermediate to
acidic tuffs interbedded by andesite-basaltic andesite, shale,
tuffaceous shale, calcareous tuff and limestone, which are intruded by
Qovagq intrusion (Miocene? age) that caused contact metamorphic
aureole and Fe mineralization. The Qovaq intrusion composed of
gabbro, pyroxene quartz monzodiorite, granodiorite and porphyritic
granite with calc-alkaline to high-K calc-alkaline nature. This
intrusion is classified as I-type metaluminous granitoids and was
formed in an active continental margin. Contact metamorphic aureole
composed of pyroxene hornfels, epidote pyroxene hornfels, epidote
hornfels, calc silicate hornfels, epidote-bearing marble, marble and
ore-bearing subzones. Magnetite and pyrite are the major ore minerals
in the Qovaq deposit and accompanied with minor chalcopyrite and
hematite. Ore minerals show massive, banded, disseminated, vein-
veinlets and replacement textures. Petrographical studies of contact
metamorphic subzones of the Qovaq Fe deposit demonstrate that this
deposit can be classified as calcic skarn and was formed in three stages
including isocheimal, prograde and retrograde stages. Textural
evidences metamorphic
contemporaneous formation of garnet and clinopyroxene in 430-550
°C and fO,=10"%-10"%

of contact rocks are indicative to
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Extended Abstract

Introduction

Fe skarns are one of the important Fe deposits
which are exploited in the world. The calcic
Fe skarns are formed in orogenic settings
related to subduction specially in island arcs
(Meinert, 1992). Zanjan province is the one of
susceptible area for F skarn mineralization.
Some of the most important Fe skarn deposits
in Zanjan province include Arjin, Qozaldareh,
Alamkandi and Qozlou (Mogaddasi et al.,
2009; Bsharati et al., 2010; Mokhtari et al.,
2019 and Nouri et al.,, 2021). Qovaq Fe
deposit is one of the Fe skarn deposits in
Zanjan province which is located in 120 km
SW of Zanjan and 20 km S-SW of Dandy.
Exploration studies led to introducing 100 kt
proved reserve with grade of 42% Fe, and 14%
FeO (Moinvaziri, 2013; Padashi, 2014). In
this paper, we are going to investigate the
geology, mineralogy, geochemistry and
genesis of the Qovaq Fe deposit. The result of
this research can be useful for exploration and
recognition of skarn Fe mineralization in
similar areas.

Material and Methods

This research can be divided into two parts
including field and laboratory studies. Field
studies include recognition of different rock
units along with sampling for laboratory
studies. During field work and preparing
geological map in 1:5000 scale, more than 70
samples were selected for petrographic and
analytical studies. 15 thin sections and 39
polished-thin  sections were wused for
petrographical and mineralogical studies. For
geochemical studies, 8 samples from
intrusions and 6 samples from different part of
contact metamorphic  sub-zones  were
analyzed by XRF and ICP-MS methods at
Zarazma laboratory, Tehran, Iran.

Results and Discussions

Based on field surveying for preparing
geological map in 1:5000 scale, studied area
composed of Oligo-Miocene volcano-
sedimentary rocks which are intruded by
granitoid intrusion. Based on petrographic
studies, the Qovaq intrusive rocks composed
of porphyritic granite, granodiorite, pyroxene
quartz monzodiorite and gabbro. Porphyritic
granites demonstrate porphyry, felsophyry
and glomerophyry textures composed of
quartz, K-feldspar, plagioclase, hornblende

and biotite phenocrysts within the fine-
grained quartz-feldspatic background.
Granodiorites ~ with  micro-granular  to
porphyritic texture composed of plagioclase,
quartz, K-feldspar and hornblende. Pyroxene
quartz monzodiorites indicate micro-granular
to porphyritic texture and composed of
plagioclase, clinopyroxene, K-feldspar and
quartz. Gabbros have granular, porphyroidic
and ophitic textures composed of plagioclase
and actinolitized clinopyroxene.

Microscopic studies reveal that the skarn zone
at Qovaq composed of pyroxene hornfels,
epidote pyroxene hornfels, epidote skarn,
calc-silicate  hornfels, epidote- bearing
marble, marble and ore- bearing hornfels sub-
zones. Pyroxene hornfelses composed of
mainly clinopyroxene along with some
epidote, calcite, quartz, albite, chlorite,
opaque minerals and rarely garnet. Epidote
pyroxene hornfelses composed of mainly
epidote and clinopyroxene along with some
actinolite, quartz, albite, titanite and opaque
minerals. Epidote hornfelses composed of
mainly  epidote along with  minor
clinopyroxene, actinolite, quartz, albite,
chlorite and opaque minerals. Calc-silicate
hornfelses composed of epidote, actinolite,
quartz, albite, chlorite and opaque minerals.
Epidote- bearing marbles composed of manly
calcite along with minor epidote and opaque
minerals and sub ordinary actinolite and
quartz.

The Qovq intrusions demonstrate calc-
alkaline to high-K calc-alkaline affinity and
can be classified as metaluminous I-type
granitoids.  Primitive = mantle-normalized
(McDonough and Sun, 1995) trace elements
patterns for Qovaq intrusion indicate LILE
and LREE enrichment along with negative
HFSE anomalies and positive Pb anomaly.
Chondrite-normalized (McDonough and Sun,
1995) REE patterns for these rocks
demonstrate LREE enrichment (LREE/HREE
high ratio) and negative Eu anomaly. Based on
tectonic setting discrimination diagrams, the
Qovga intrusion was formed in active
continental margin.

Fe mineralization in the Qovaq area was
formed and laminated and lenticular shape
within  the  Oligo-Miocene  volcano-
sedimentary rocks. Fe mineralization has E-W
trend with dipping to the north. Based on
mineralization ~ outcrops  along  with
geophysical data and bore holes, Fe
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mineralization ¢ has 300m length and up to
65m width. Fe mineralization present as
magnetite bounds (up to 50 cm width) along
with sulfide mineralization (mainly pyrite)
with laminated, disseminated and vein-
veinlet form. Field evidences demonstrate that
magnetite mineralization was formed in
stratigraphic and layering lines of volcano-
sedimentary host rock, and a selective mode is
seen in the formation of magnetite and sulfide
bands, so that magnetite bounds are related to
calcareous tuffs and tuffaceous limestones and
sulfide bound are related with tuffaceous shale
and shales.

Microscopic studies reveal that magnetite and
pyrite are the main ore minerals along with
some chalcopyrite and hematite. Epidote,
clinopyroxene, garnet, chlorite, actinolite,
calcite and quartz present as gangue minerals.
Hematite, goethite. Chalcocite and covellite
were formed by supergene processes. Based
on the field and microscopic studies, Qovaq
Fe deposit has massive, banded, disseminated,
vein-veinlets and replacement textures. Based
on mineralogical and textural studies,
hornfelsic and skarnization processes in the
Qovaq Fe deposit can be dividing into 3 stages
including: (1) isocheimal metamorphic stage,
(2) prograde metasomatic stage and (3)
retrograde metasomatic stage.

Based on contact metamorphic aureole and
skarn mineralogy, the T vs. logfO, diagram
used to determination the possible physico-
chemical conditions. According to this
diagram and considering mineralogical and
textural evidences, garnet and clinopyroxene
were formed simultaneously in 430-550°C
and O, equal 10" to 10% In temperatures
less than 430°C and increasing fO», garnet
and clinopyroxene replaced by epidote +
quartz + calcite and actinolite + quartz +
calcite, respectively. In temperatures less than
430°C, fluids in equilibrium with granitic
intrusion and with relatively high sulfidation
(fS2>10°), was not in equilibrium with
andradite. Therefore, andradite replaced by
quartz + calcite + pyrite. With reducing fS»
(<10®), andradite replaced by quartz + calcite

+ magnetite. During the early retrograde
stage, magnetite and pyrite was formed along
with quartz and calcite. Mineralogical studies
indicate that pyrite was formed after
magnetite. In this regard, it seems that
metasomatic fluids probably had f£S,=107°°
and less than 430°C temperature in the
beginning of retrograde stage. Presence of
hematite lamella within the magnetite
demonstrates that fO probably was about 10
2 in beginning of retrograde stage.

Conclusion

The Qovaq Fe deposit was formed as result of
granitoid intrusion within the Oligo-Miocene
volcano- sedimentary rocks. The granitoid
intrusion has calc- alkaline to high-K calc-
alkaline nature and classified as metaluminous
I-type granitoids. Evidences from field
investigations, structures and textures, host
rock type, geochemistry and pangenetic
minerals indicate that the Qovaq Fe deposit
can be classified as calcic skarn.
Skarnification processes in the Qovaq Fe
deposit happened in two prograde and
retrograde stages and formation of magnetite
mineralization has been associated with the
stage  of  retrograde  metamorphism.
Mineralogical and textural studies indicate
that prograde stage occurred in the
temperature range of 430-550°C and fO,=10
82271 Geological and mineralogical
characteristic in the Qovaq deposit has more
similarities to other Fe skarn deposits in
Zanjan province e.g. Alamkandi, Arjin,
Qozaldareh, Bashkand, Qozlou, Incheh
Rahbari and Khakriz deposits. In this base,
generalization of the obtained evidences from
this study to similar areas in Zanjan province
can be widely used in the identification and
exploration of Fe skarn deposits.
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Fig. 1. Google earth satellite image showing geographical location of the Qovaq Fe deposit and other Fe skarn deposits

of Zanjan province (Modified after Shafaiepour et al., 2020).
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Fig. 4. A: A view of the OM" unit in the study area, looking to the east. B: A close view of the thin-bedded acidic tuffs
within the OM" unit. C: A view of the limestone intercalation within the OM" unit in the northwestern part of the
study area, looking northeast. D: A view of the Qovaq Fe mineralization in contact of the diorite-granodiorite intrusion

and OM" unit, looking northwest.
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Fig. 5. A: A view of the diorite-granodiorite intrusion in south of the Qovaq Fe deposit, looking southwest. B: A view
of the diorite-granodiorite intrusion intruded within the OM" and OM" units, looking northwest.
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Fig. 6. A: A view of apophysis of the porphyritic granite intruded within the OM" unit at north of the Qovaq Fe deposit,
looking northeast. B: A close view of the porphyritic granite in hand specimen.
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Fig. 7. Photomicrographs (transmitted light, XPL) of intrusions in the Qovaq area. A: Porphyritic texture in
porphyritic granite. B: Zoned plagioclase along with hornblende in porphyritic granite. C: Micro-granular texture
composed of plagioclase, hornblende and quartz in granodiorite. D: Coarse-grained zoned plagioclase crystals with
sieve texture along with quartz and actinolitized pyroxenes in pyroxene quartz monzodiorite. E: Micro-granular
texture composed of plagioclase and clinopyroxene in gabbro. F: Actinolitized pyroxenes along with plagioclase and

fine-grained quartz in gabbro. Mineral abbreviations follow Whitney and Evans (2010). (Act: actinolite, Afs: alkali
feldspar, Hbl: hornblende, Pl: plagioclase, Px: pyroxene, Qz: quartz).
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Fig. 8. Photomicrographs (transmitted light, XPL) of contact metamorphic aureoles in the Qovaq area. A: Granoblastic
texture composed of clinopyroxene along with fine-grained quartz and alkali feldspar in pyroxene hornfels. B: Granoblastic
texture composed of actinolitized clinopyroxene along with epidote and quartz in epidote pyroxene hornfels. C: Granoblastic
texture composed of epidote along with quartz and opaque minerals in epidote hornfels. D: Plagioclase crystals of primary
host rock along with epidote, quartz and opaque minerals in epidote hornfels. F: Quartz-rich and actinolite-chlorite-rich
laminates in calc-silicate hornfels. F: Calcite crystals along with fine-grained epidotes and opaque minerals in epidote-bearing
marbles. Mineral abbreviations follow Whitney and Evans (2010). (Act: actinolite, Afs: alkali feldspar, Chl: chlorite, Ep:
epidote, Op: opaque mineral, Pl: plagioclase, Px: pyroxene, Qz: quartz).
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Table 1. Geochemical data for samples collected from the intrusions in the Qovaq area. Major elements are in wt.%
and trace and rare earth elements in ppm.

Q-45 Q48 Q-44 Q47 Q-46 Q-46 Q-30 Q-32

er er ed ed Px-qmd Px-qmd gb gb
SiO:2 64.79 65.21 60.54 61.27 56.84 57.38 53.21 52.46
TiO2 0.54 0.65 0.80 0.75 0.83 0.81 0.92 0.91
ALOs 15.27 15.34 15.67 1547 16.95 17.29 16.77 16.96
Fe 03 5.35 5.26 6.06 5.84 4.83 4.56 8.58 8.53
MnO 0.10 0.11 0.13 0.11 0.14 0.16 0.14 0.14
MgO 1.91 1.85 3.01 3.24 5.14 5.27 4.92 5.10
CaO 4.45 4.33 6.57 6.48 6.86 6.54 9.47 9.54
Na:O 3.49 3.57 3.83 3.63 4.83 4.92 2.43 2.49
K:O 2.01 2.26 0.71 0.86 1.03 0.93 1.50 1.41
P>0s 0.09 0.07 0.11 0.13 0.13 0.11 0.21 0.23
LOI 1.95 1.27 241 2.12 2.24 2.48 1.61 2.06
Total 99.95 99.92 99.84 99.91 99.82 99.95 99.76 99.83
As 3.5 4.7 9.4 8.4 3.2 5.5 1.5 1.7
Ba 354 376 170 196 110.6 88.8 459 426
Be 1.1 1.0 1.1 1.1 1.1 1.2 1.1 1.0
Ce 33.8 34.2 231 24.6 28.65 27.54 33.8 30.9
Co 124 11.2 7.6 8.2 16.7 149 29.3 28.8
Cr 138 87 2 6 78 89 117 147
Cs 1.1 1.4 2.8 34 1.3 0.9 2.4 14
Cu 18.7 23.2 30.6 384 24.7 118 554 100.2
Dy 3.22 3.42 5.94 5.74 3.63 3.81 4.18 3.53
Er 1.82 1.96 3.38 3.11 2.12 2.23 2.42 2.03
Eu 0.76 0.72 0.92 0.87 0.63 0.68 0.96 0.85
Ga 15.8 16.2 16.5 16.3 16.8 17.3 17.1 17.0
Gd 2.92 2.87 4.61 4.72 2.67 2.49 3.62 3.06
Ge 0.54 0.57 0.59 0.57 0.56 0.58 0.56 0.56
Hf 0.50 0.54 0.33 0.46 0.62 0.58 2.59 0.74
Ho 0.61 0.67 1.14 1.08 0.72 0.75 0.81 0.68
La 19.6 20.3 11.1 12.3 13.6 12.43 17.7 15.6
Li 18.7 20.1 54 6.2 114 12.7 11.0 17.2
Lu 0.25 0.22 0.44 0.34 0.23 0.21 0.36 0.28
Nb 1.9 2.1 2.2 1.8 1.9 2.3 1.8 1.5
Nd 144 14.8 14.2 14.7 14.47 13.53 17.7 15.9
Ni 6 4 4 5 11 9 26 26
Pb 291 226 368 324 243 256 178 183
Pr 3.82 3.62 3.17 3.21 3.07 3.18 4.36 3.92
Rb 60.6 65.1 46.3 45.8 36.8 332 334 25.8
Sc 10 11 14 12 16 18 26 15
Sm 2.76 2.84 3.78 3.67 2.75 2.83 3.53 3.07
Sr 239 214 414 432 367 329 567 523
Ta 0.05 0.04 0.06 0.04 0.05 0.05 0.05 0.04
Tbh 0.54 0.49 0.95 0.84 0.54 0.59 0.68 0.59
Th 4.77 4.23 7.14 6.85 2.37 1.54 5.21 3.90
Tm 0.26 0.24 0.47 0.38 0.32 0.30 0.35 0.28
U 0.60 0.76 0.61 0.67 0.56 0.43 1.51 1.00
\4 93 87 153 143 143 185 214 215
Y 17.5 19.1 314 28.6 223 204 20.0 16.3
Yb 1.62 1.54 2.85 2.24 1.72 1.65 2.19 1.76
Zn 98.8 101.5 562 487 146 181 112 75.4
Zr 16 24 8 14 12 15 88 24

gb: gabbro; Px-qmd: pyroxene quartz monzodioritie; gd: granodiorite; gr: granite; LOI: Loss of ignition
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Fig. 9. Location of samples collected from intrusions in the Qovaq area on the: A: SiO: vs. Na2O+K:0 diagram
(Middlemost, 1994), B: AFM triangular diagram (Irvine and Baragar, 1971), C: Co vs. Th diagram (Hastie et al., 2007),
D: A/NK vs. A/CNK diagram (Shand, 1943), E: SiO: vs. A/CNK diagram (Chappell and White, 1974) and F: SiO> vs.

Zr diagram (Collins et al., 1980).
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Fig. 10. A: Primitive mantle-normalized (McDonough and Sun, 1995) rare elements pattern for samples collected from
the intrusions in the Qovaq area. B: Chondrite-normalized (McDonough and Sun, 1995) rare earth elements pattern
for samples collected from the intrusions in the Qovaq area.
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Fig. 11. Location of samples collected from intrusions in the Qovaq area on the A: Rb vs. Y+Nb diagram (Pearce et al.,
1984), B: Rb vs. Ta+Yb diagram (Pearce et al., 1984), C: Zr vs. Y diagram (Miiller and Groves, 1997), D: Ta vs. Th
diagram (Gorton and Schandl, 2002) and E: Triangular Zr#*3-Nb*50-Ce/P20s diagram (Miiller and Groves, 1997).
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Fig. 12. A: A view of the Qovaq Fe deposit within the volcano-sedimentary strata, looking northwest. Granodiorite
intrusion can be seen at the left part of the photo. B: A view from the Fe mineralized bands, looking northwest. C: A

close view of alternation of sulfide (mainly pyrite) and magnetite mineralized bands.
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Fig. 13. Photomicrographs (reflected light) from ore minerals and textures in the Qovaq Fe deposit. A: Magnetite which
are martitizied along margins. B: Anhedral disseminated pyrites between magnetite. C: Euhedral disseminated pyrites
within epidote hornfels. D: Pyrite veinlet crosscutting magnetite. E: Disseminated magnetite overgrowth by pyrite. F:
Pyrite crystals with two growth stage in hornfelsic tuffs. G: Anhedral chalcopyrites along with pyrite between
magnetite. H: Chalcopyrite altered to covellite along marging. (i) Bladed hematite crystals. Mineral abbreviations
follow Whitney and Evans (2010). (Ccp: chalcopyrite, Cv: covellite, Mt: magnetite, Py: pyrite)
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Fig. 14. Paragenetic sequence of ore and gangue minerals in the Qovaq Fe deposit.
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Table 2. Geochemical data for samples collected from the contact metamorphic subzones at the Qovaq area. Major
elements are in wt.% and trace and rare earth elements in ppm.

Sample No Q-35 Q-23 Q-40 Q-29 Q-42 Q-39
Name Py- gr Ca-Si horn Py-Ep Mb Py-Mt Ep horn Px Mt ore Py Px horn
SiO:2 51.50 39.31 47.52 5.32 717 33.91
ALO3 15.00 18.10 1.67 0.72 1.10 1.88
CaO 12.98 10.52 20.54 3.75 3.01 8.49
Fe203 3.92 16.26 6.75 68.81 82.50 26.26
K:0 0.08 0.17 0.07 0.01 0.01 0.04
MgO 6.65 3.07 6.76 1.03 1.52 7.91
MnO 0.06 0.06 0.13 0.05 0.05 0.12
Na:O 3.52 2.20 0.08 0.01 0.01 0.05
P:0s 0.01 0.11 0.05 0.21 0.01 0.43
SO; 1.69 9.45 2.95 13.86 1.89 16.47
TiO:2 0.66 0.71 0.05 0.05 0.18 0.22
LOI 3.95 0.03 13.40 5.82 2.40 3.26
Total 100.02 99.54 99.98 99.64 99.40 99.04
As 324 854 39.5 34.7 19.6 93.6
Ba 13.3 9.4 464 23.5 21.5 423
Be 1.3 1.2 2.5 0.7 0.4 4.6
Bi 0.7 3.7 0.5 2.2 0.1 5.9
Ce 249 46.8 4.87 20.6 7.74 39.8
Co 14.7 23.7 8.5 49.2 65.3 19.3
Cr 65 90 6 213 91 <2
Cs 0.9 0.5 0.4 <0.1 <0.1 0.2
Cu 13.7 24.7 53.9 374 110.2 35.2
Dy 3.68 8.32 0.53 2.33 0.67 4.72
Er 1.97 4.17 0.34 1.05 0.39 2.42
Eu 0.53 2.20 0.24 0.51 0.15 0.81
Gd 3.62 7.86 0.22 3.19 0.71 5.21
Hf 0.92 1.84 0.18 0.05 0.09 0.43
Ho 0.67 1.49 0.11 0.40 0.12 0.86
La 8.09 18.2 3.44 6.71 4.96 18.1
Lu 0.26 0.43 0.05 0.12 0.08 0.28
Nb 5.6 27.5 <05 <0.5 <05 1.7
Nd 17.5 339 1.62 13.2 2.77 24.6
Ni 12 8 21 30 58 125
Pb 9.7 11.0 738 34.5 4.8 370
Pr 3.84 7.66 0.43 2.74 0.75 5.67
Rb 24 6.2 2.0 0.2 0.4 1.1
Sb 2.1 13.2 9.2 1.3 1.3 5.6
Sc 9 11 2 3 3 2
Se 2.33 222 2.02 4.47 2.88 37.3
Sm 3.73 7.25 0.35 3.08 0.55 5.03
Sn 0.9 6.6 0.7 0.5 1.0 2.7
Sr 332 509 206 25.7 40.6 56.9
Ta < 0.01 1.12 <0.01 1.04 <0.01 < 0.01
Tb 0.64 143 0.09 0.47 0.11 0.84
Th 3.36 10.6 0.93 3.43 143 9.58
Tm 0.26 0.54 <0.05 0.14 0.06 0.30
U 0.60 7.42 0.69 0.42 0.38 0.84
\'% 88 68 14 173 526 441
Y 16.1 351 4.45 14.4 4.29 229
Yb 1.61 3.10 0.34 0.79 0.40 1.62
Zn 78.1 28.5 3400 44.5 30.8 2590
Zr 27 65 9 2 3 14

Py- gr: pyrite-bearing porphyritic granite; Ca-Si horn: calc-silicate hornfels; Py-Ep Mb: pyrite-epidote-bearing
marble; Py-Mt Ep horn: pyrite-magnetite-bearing epidote hornfels; Px Mt ore: pyroxene-bearing magnetite ore; Py
Px horn: pyrite-bearing pyroxene hornfels



g oy 4§ S (gl paey

oh)len g (5 ke

@

slsCegla yolic )3 (6 i (oo (SHI 5 S i
O 8les 4y Glgioe |, (Sab s ol BV JSS)
oS oym Sbdises Cudls e le,S olUlws
SOy — S el j90 Sganl o s li g0
US89 555 e 555 55 ol 90 DA SIS 5
shyls ulaijae Cganl diges a5 Dglas cpl b B-10
Gl el j3n SILa SIS iged g ke (a8
UL lawgio cowd LLREE 5l o8 (6631 S5 dadiges
olis Bu e s,bwa o b olyes |, LREE/HREE
SiXe Sdls aiged (B-VO O JSD) wimo e
sloaises b alie o8 390> U 5 Hl00Sg5m
Jolis (lgioes a8 gl ol b wms e (bt ouddiyg0
(oeizmed (B-VO ISS) oyl gi0mb SB cleS
ol S8 pae by a5 w3 ls v (93 HREE
(Some Uizl ohg 3l yo sl 35 ,a5 5 pole
5N iz Loy 505 Jodsunl jeye aigel .l
L oolen Eu cuie gyl o o] ogles 5 ansls
BV JSs) el diged ol 50 Gd s (5l o
2 Sy UL 5555 b Glgioe | Bu e (g )bnia o
Cadls g e Sl kylil 5 dged ol
yaie ol @lralr 4 gl o0 531, G (hie (5)lmin o
JOUES R P CORORN P DS S DU S 1| NV WS
liiygr loaiy ;N0 )0 CadeiiST g uSgp

el g e

99 o, S Ay o loxigy OleS jolie (665 logad jo
2 Oy Grdis SS9 Grdim sl dges
LILE jo L5 g axils alie o5 polic svne jisc
Sl diged o patin Sab x5 (Ba g Rb Lls)
ol CAVD ) 0gd e 0nud loCh s Sedie
5 2loyS Sllw o Slae s o Glgi oo 1) (Sob 5
4 bge Gladges 285 a5 o pole (nl z92
steline s L5 ol 92 aigy o5 9 oS Ay 5
@ olgse |y polis (S 50 3525 slaglis 5 axil
yolis )0 satin Cuin g lue o baised pl jo (S
K o jarin fiw g)lbun o b oes U 3 Th Ba
b ©lyss Nb paie (A-V0 JS5) 940 o0 oanlice
EiXe S 0 A jebay wms e plis
35 i (ASYD JSE) ols 1) Jlade (g pidon udai e
L s 5 ol 50 A SI aigni 5o Nb sl
eaie Candls o e CudgiiSTaSll o pate pl 55 a8
[ lake o yieS g adls badiges ;o Jglazs ,ld, 5.0 Pb
Slade o pion 5 IS g (S SilS Aiges 4o
(AND ) aoo oo lis Jlocgagl e diged jo |
g9 009 o.).;f‘)gt:U‘o o 63L> )|0u5.)..u| o0 diged
el Lo po Zap s 55 05 b Ulazs | ol 3 Pb UL 55 03
4 odd by (SB OleS olie 66Xl loges o
Srdys ClS 5 by CoilS Aiged 90 Wiy jalS
Col,S diges a5 Dglay pl b sl aglice 631 jlocy o

5]

Sample/Chondrite

0.1

100
=
o
=] 0
=]
5
@]
3 1
=3
E
o
001
CsBbBaTh U KNbTalaCePb Sr NeZrm i ¥

Ia Ce Pr Nd S5m Fu Gd Tt Dy Ho Er Tm Yb Iu

® Porphyritic granite 4 Pyrite- epidote- bearing marble & Calc silicate homfels @ Pyrite- bearing porphyritic granite Pyrite- magnetite- bearing epidote hornfels
B Pyroxene- beating magnetite ore m Pyrite- hearing pyroxene homfels

Slaags ) 3l sulicild w saiged 51w (Sun and McDonough, 1989) cu ;uis 4 s jlxigy wlweS polie oA N0 Sl
&'y Sun and McDonough, 1989) ¢y uis 4 ouijlxigy S olwS polis 5951 B 5198 a1 JLusls jo (gl (595,50

3155 (BT HLuilS 55 salme 39555 Sbaian 1 3l onbuls y slaeigos
Fig. 15. A: Chondrite-normalized (Sun and McDonough, 1989) rare elements pattern for samples collected from the

contact metamorphic subzones at the Qovaq Fe deposit. B: Chondrite-normalized (Sun and McDonough, 1989) rare
earth elements pattern for samples collected from the contact metamorphic subzones at the Qovaq Fe deposit.
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