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Fig. 1. Prepared geological map of the Halab area
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Fig. 2. Lithological column of rock units in the Halab area with location of mineralizations in this area
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Fig. 3. A: A view from the alternation of acidic, basic and pelitic schists in the Halab area (view to the north). Location
of the Halab 2 Fe mineralization has shown on the photo (photo by Tofighi, 2017), B: A view from the alternation of
basic and acidic schists in the Halab area (view to the south and southwest). Location of Au-bearing ore zone has shown
on the photo. Thrusted Jangoutaran marbles on the schist units can be seen at the upper left corner of the photo, and C:
A view from schist units (Pre-Cambrian) thrusted by Jangoutaran marbles in the Halab area (view to the west)
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Fig. 4. Photomicrographs of basic schists from the Halab area. A: Hornblende crystal with poikiloblastic fabric and
quartz inclusions cross cutting the foliation, which was formed during M; metamorphic phase, B: Thin crystals of
hornblende parallel to foliation, which were formed during M, metamorphic phase, C: Foliation of fine-grained
hornblendes of M, metamorphic phase around the coarse-grained hornblende of M; metamorphic phase, D: A small
epidote crystal between hornblende crystals, E: Actinolite crystals along the schistosity of actinolite schists, F: Pyroxene
crystal, which is replacing by actinolite from margins, G: Actinolite veinlet crosscutting the foliation of actinolite schist,
and H and I: Plagioclase phenocrysts within the foliation-bearing hornblende-rich matrix. Photomicrographs are taken in
transmitted XPL, B-D in PPL. All mineral abbreviations follow Whitney and Evans (2010). (Act: actinolite, Ep: epidote,
Hbl: hornblende, Pl: plagioclase, Px: pyroxene, Qz: quartz)
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Fig. 5. Photomicrographs (transmitted cross polarized-light, XPL) of acidic schist form the Halab area. A: Alternation of
quartz-feldspatic bounds and argillized portions in albite-quartz schists, B: Plagioclase crystals with argillic alteration in
albite-quartz schists, C: Chalcedony crystals which are formed between quartz-feldspars in albite-quartz schists, D:
Stretched crystals of biotite within the oriented quartz-feldspar matrix in biotite-quartz schists, E: Chlorite and biotite
crystals within the oriented quartz-feldspar matrix in biotite-quartz schists, F: Coarse crystals of amphibole along with
quartz-feldspar bands in amphibole-biotite-quartz schists, G: Thiny biotite sheets within the oriented quartz-feldspars in
amphibole-biotite-quartz schists, H: Coarse plagioclase crystal with curved twin within the quartz-feldspar matrix in
mylonitic rhyolite, and I: Coarse plagioclase with curved twin along with coarse-grained alkali feldspar crystal in the

quartz-feldspatic matrix in mylonitic rhyolite. All mineral abbreviations follow Whitney and Evans (2010). (Akf: alkali
feldspar, Bt: biotite, Chal: chalcedony, Chl: chlorite, Hbl: hornblende, Pl: plagioclase, Qz: quartz)
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Table 1. Geochemical data of major elements for samples of the Halab area. All data in wt.%.

H-07 H-02 T-2 T-10 H-39 H-26 H-09
Ab-QzSch  Ab-QzSch  Act Sch Act Sch Act Sch Act Sch Act Sch
SiO2 72.83 74.04 45.29 51.35 49.5 55.23 53.38
TiO: 0.23 0.18 0.9 1.57 1.63 0.51 1.07
ALOs 14.37 15.18 15.83 14.54 15.28 9.07 9.57
Fe:0st1 1.68 1.27 9.72 9.68 11.72 6.58 9.23
MnO 0.08 0.05 0.19 0.15 0.13 0.07 0.18
MgO 0.78 0.63 11.14 5.89 6.45 10.49 11.33
CaO 2.92 1.13 9.95 7.58 6.84 10.00 9.56
Na:0 4.79 5.24 2.08 4.76 4.04 1.95 1.74
KO 1.26 1.15 1.03 1.37 2.53 3.15 1.16
P20s 0.05 0.07 0.05 0.65 0.22 0.16 0.39
LOI 0.90 1.03 3.62 2.02 1.38 2.44 2.34
Total 99.98 99.97 99.98 99.56 99.97 99.65 99.95
T21 T-31 H-08 M1-T M-43 M-22
Ab Qz Sch Hb Sch Hb Sch  Amph Sch Myl Rhy Ab Qz Sch
SiO2 76.53 45.31 45.77 53.78 77.2 76.33
TiO: 0.1 1.8 1.86 1.65 0.07 0.1
ALOs 13.39 11.55 11.56 13.58 12.69 13.07
Fe:0s1 1.03 17.7 19.69 10.8 0.87 0.93
MnO 0.01 0.22 0.23 0.17 0.01 0.01
MgO 0.23 5.32 6.56 5.99 0.27 0.12
CaO 0.34 9.58 9.85 7.22 0.45 0.42
Na:0 5.15 3.6 2.30 4.79 5.46 6.18
KO 1.87 1.47 0.44 0.43 1.89 1.6
P20s 0.01 0.73 0.19 0.25 0.01 0.05
LOI 1.1 2.11 0.86 1.02 0.49 0.86
Total 99.76 99.39 99.31 99.68 99.41 99.67

Mafic schist (Act Sch: actinolite schist, Hb Sch: hornblende schist, Amph Sch: amphibole schist), Felsic schist (Ab-Qz
Sch: albite quartz schist; Bt-Qz Sch: biotite quartz schist), Myl Rhy: mylonitic rhyolite.
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Table 2. Geochemical data of trace and rare earth elements for samples of the Halab area. All data in ppm.
H-07 H-02 T-2 T-10 H-39 H-26 H-09

Ab-Qz Sch  Ab-QzSch ActSch ActSch ActSch ActSch ActSch

Cs 0.73 0.29 1.41 1.9 3.64 1.56 3.43
Rb 19.7 22.0 353 29.3 76.67 48.9 37.6
Ba 167 154.6 172 252 408.44 159.0 156.0
Th 8.62 13.9 2.26 3.39 2.08 2.28 1.75
U 1.20 1.15 1.07 2.28 1.1 2.07 1.36
Sr 222 160 303 207 292.22 215 190.2
Nb 3.9 5.91 12.5 18.2 19.84 10.5 13.14
Ta 0.45 0.61 0.41 0.33 0.54 0.49 0.17
Hf 0.67 0.42 0.23 0.39 0.58 0.96 0.86
Zr 15.2 14.2 13.5 17.5 16.8 27.1 29.2
Y 7.6 9.74 16.5 19 21.61 22.0 19.9
Ga 12.0 15.7 13.8 13.1 19.27 12.7 8.54
Ni 13.4 14.7 22.5 72 30.35 25.4 30.8
Co 5.75 2.65 49.6 28.9 21.31 22.1 20.45
Sc 6.59 4.90 8.2 7.1 6.2 7.07 3.42
Cd 0.45 0.11 0.3 0.21 0.45 0.42 0.15
Cu 37.0 14.4 123.3 23.9 100.82 79.4 50.3
Mo 1.62 0.49 0.4 0.8 0.31 1.18 1.70
W 3.11 2.28 0.1 2.9 2.27 1.28 0.94
Pb 19.7 11.2 5.6 7.3 8.26 10.7 6.82
Zn 69.2 62.3 160 56.1 71.34 53.6 83.4
La 22.3 32.70 21.1 27.3 18.91 30.3 17.70
Ce 43.1 66.30 67.6 65.8 36.44 51.0 37.90
Pr 5.82 5.93 54 8.36 4.67 6.63 4.89
Nd 25.8 33.65 25.58 33 18.56 24.1 24.80
Sm 6.29 5.98 4.9 6.97 4.55 5.48 4.92
Eu 1.01 0.50 0.85 24 1.63 1.35 0.74
Gd 3.76 4.60 1.9 5.97 4.82 4.50 2.20
Tb 0.32 0.20 0.49 0.54 0.49 0.60 0.45
Dy 1.8 1.38 3.08 5.19 5.75 3.78 2.95
Ho 0.29 0.35 0.68 0.96 0.84 0.85 0.74
Er 1.08 1.03 2.01 2.57 3.7 2.36 1.88
Tm 0.26 0.19 0.27 0.31 0.32 0.37 0.30
Yb 1.38 1.12 1.68 1.8 2.5 2.12 1.79
Lu 0.29 0.19 0.25 0.23 0.52 0.42 0.30

Mafic schist (Act Sch: actinolite schist, Hb Sch: hornblende schist, Amph Sch: amphibole schist), Felsic schist (Ab-Qz
Sch: albite quartz schist; Bt-Qz Sch: biotite quartz schist), Myl Rhy: mylonitic rhyolite.
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Table 2 (continued). Geochemical data of trace and rare earth elements for samples of the Halab area. All data in ppm.

T-31 H-08 M1-T M-43 M-22 T-21
Hb Sch Hb Sch Amph Sch Myl Rhy Ab-QzSch Bi-Qz Sch

Cs 4 2.76 0.2 0.8 0.5 0.7
Rb 12.9 15.7 13.9 20.4 24.8 23.2
Ba 800 313 143.9 190 179 249
Th 3.02 1.61 1.42 25 27.6 18.6
U 0.45 0.46 0.34 1.68 1.46 0.74
Sr 286 235 172 162.9 153.8 135.9
Nb 16.1 15.63 15.7 6.4 4.8 6.8
Ta 0.65 0.22 0.82 0.49 0.32 0.48
Hf 0.46 0.84 0.29 0.33 0.63 0.63
Zr 24.6 23.4 18.5 23 21 16
Y 23.9 24.5 20.8 11 9.8 10
Ga 22.3 22.6 16.7 16.5 19.5 18.1
Ni 66.1 81.4 41 8.4 7 8
Co 39.1 57.8 39.2 1.5 2 1.7
Sc 55.2 56.7 26 53 4.7 52
Cd 0.21 0.57 0.1 0.34 0.25 0.39
Cu 32.1 32.7 55.6 11.3 9.4 38.2
Mo 1.9 0.33 0.7 0.6 1 1.1
W 1 1.29 0.5 2.2 1.1 2.8
Pb 15.8 13.2 2.7 16.5 21.1 22.1
Zn 140 192 81.7 394 42.1 32.8
La 27.4 11.6 13.9 26.7 23.6 28.3
Ce 64.87 24.0 29.7 28.2 27.9 56.2
Pr 3.93 3.69 4.15 8.1 8.3 7.71
Nd 17.3 17.4 18 37.01 35.6 28
Sm 7.96 5.32 4.33 5.64 4.98 5.43
Eu 2.94 1.66 1.44 0.54 0.62 0.56
Gd 6.81 5.80 4.11 4.2 4.6 4.5
Tb 1.08 1.18 0.79 0.35 0.21 0.24
Dy 5.77 7.33 4.52 2.53 2.2 2.55
Ho 1.03 1.80 0.88 0.54 0.48 0.42
Er 2.59 4.94 243 1.58 1.41 1.16
Tm 0.31 0.34 0.31 0.17 0.19 0.16
Yb 1.73 1.87 1.8 1.23 1.03 1.14
Lu 0.21 0.77 0.23 0.55 0.22 0.15

Mafic schist (Act Sch: actinolite schist, Hb Sch: hornblende schist, Amph Sch: amphibole schist), Felsic schist (Ab-Qz
Sch: albite quartz schist; Bt-Qz Sch: biotite quartz schist), Myl Rhy: mylonitic rhyolite.
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SiO; vs. Zr/Ti0; diagram (Winchester and Floyd, 1977), and C: Co vs. Th diagram (Hastie et al., 2007)
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Introduction

Three fundamental goals will be followed in the
study of metamorphic terrains including: 1- study
of fabric in metamorphic rocks in order to
recognize the relationship between metamorphism
and deformation, 2- the identification of
thermodynamic conditions of metamorphism for
evaluating the geothermal gradient, and 3- study
of protolites of metamorphic rocks and the
recognition of Paleo-tectonomagmatic setting of
igneous rocks.
Takab-Takht-e-Soleyman-Angouran metallogenic
—metamorphic zone located parallel to the Zagros
suture zone within the Alpine—Himalayan
orogenic belt. Halab metamorphic sequence is
located in the Eastern part of this zone. This
metamorphic sequence is composed of pelitic,
mafic and felsic schists intercalated with marble,
mylonitic rhyolite and quartzite which are
metamorphosed in amphibolite and green schist
facieses.

Takab-Takht-e-Soleyman-Angouran metallogenic
—metamorphic zone is one of the most important
metallogenic zones in Iran. The Zarshouran As—
Au deposit, Aghdareh Sb—Au deposit and
Angouran Zn—Pb deposit along with some Fe, Pb—
Zn, Au, Cu and Mn mineralization were formed
within this zone. Most of this mineralization was
studied during the past years and valuable
information is present about their geological and
mineralization characteristics. However,
geochemistry and tectonomagmatic settings of
metamorphosed volcanic rocks (felsic and mafic
schists) were not studied.

Materials and methods

This research can be divided into two parts
including field and laboratory studies. Field
studies include the recognition of different
metamorphic rocks along with sampling from
metamorphic rocks for laboratory studies. In this
base, 40 samples were chosen for petrographic
and analytical studies. Twenty thin sections were
used for petrographic studies and recognition of
metamorphic fabrics. For geochemical studies,
thirteen samples from felsic and mafic schists
were analyzed by XRF and ICP-MS methods in
GSI and Zarazma laboratories.

Results

Mafic schists are one of the most important
metamorphic rocks in the Halab area.
Compositionally, these rocks include actinolite
schist, hornblende schist and amphibole schist.
Felsic schists are the other important rocks in the
Halab metamorphic sequence. These rocks
include albite-quartz schist, biotite-quartz schist,
amphibole-biotite-quartz schist and mylonitic
rhyolite.

Geochemically, mafic schists show a similar
composition to basalt, trachy-basalt, basaltic
andesite and basaltic trachy-andesite while felsic
schist show rhyolitic composition. All of these
rocks have calc-alkaline to high-K calc-alkaline
affinity.

Trace elements normalized by primitive mantle
(McDonough and Sun, 1995) and NMORB (Gale
et. al.,, 2013) for felsic schists indicate LILE
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enrichment along with negative HFSE anomaly
and distinctive positive Pb anomaly. A similar
pattern is observed for most of the mafic schists.
Amphibole schists do not show LILE enrichment,
as well as positive Pb and negative HFSE
anomalies. Chondrite-normalized (McDonough
and Sun, 1995) REE patterns for felsic schists
demonstrate LREE enrichment along with
negative Eu anomaly and flat HREE patterns.
Most of the mafic schists have similar patterns
without negative Eu anomaly. Amphibole schists
indicate a flat REE pattern with less LREE
enrichment and relative enrichment in HREE
compared with other mafic schists. Comparison of
Chondrite-normalized REE patterns of mafic
schists with NMORB and EMORB patterns and
island arc basalts (Gale et al., 2013) indicate that
basic schists of Halab area have similar patterns to
EMORB.

Based on Ta/Yb vs. Th/Yb and Yb vs. Th/Ta
discrimination diagrams, protolites of mafic
schists were formed in within plate volcanic zone
and active continental margin while protolites of
felsic schists were formed within active
continental margin. On the Nb/Yb vs. Th/Yb
diagram, mafic schists belongs to subduction-
unrelated setting and originated from mantle
similar to OIB source.

Discussion

Takab-Takht-e-Soleyman-Angouran metallogenic
—metamorphic zone is considered as a micro-
continent with similar features to Gondwana
(Hajialioghli et al., 2007). The oldest outcrops of
metamorphic rocks in this zone are the result of
metamorphism of magmatic arc rocks with Neo-
Protrozoic—Early Cambrian age (Saki, 2010).

As it was mentioned before, mafic and felsic
schists of the Halab area demonstrate calc-alkaline
to high-K calc-alkaline affinity. High-K calc-
alkaline rocks are usually formed in magmatic
arcs and post collision setting and are less seen
within plate setting (Bonin, 2004). Enrichment in
LILE and LREE along with Nb and Ti negative
anomalies in spider diagrams are indicators of
subduction related magmas which are originated
from enriched mantle by metasomatic fluids
released from subducted slab (Wang and Chung,
2004).

Geochemical characteristics of mafic and felsic
schists of the Halab area indicate that the
protolites of mafic schists originated from partial
melting of metasomatized mantle by past
subduction in an extensional setting within a
magmatic arc. Felsic schists are the result of
crustal partial melting by mentioned basaltic
magma.
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