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Fig. 1. Location of Tighanab area in A: South east of Sarbisheh, and B: Sistan suture zone (Tirrul et al., 1983)
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Fig. 2. Geological map of Tighanab (based on modified 1:100000 geochemical map of Mahirud (Guillou et al., 1981)
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Fig. 3. Field photos of A: Outcrop of limestone in northeast and quartz diorite porphyry in south of Tighanab (view to
northeast), B: Dome structure of quartz diorite intrusions in north and west of Tighanab(view to north), C and D: Sharp
boundary between quartz diorite porphyry and sandstone in south and west of Tighanab (view to north west), E: Magma
injection as sill between sandstone layers in south of Tighanab (view to northwest), and F: Presence of amphibolitic
enclave in quartzdiorite porphyry in north of Tighanab
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Fig. 4. A: Skarnified sample in contact of sedimentary rocks with subvolcanic mass in Tighanab area, and B: Presence
of magnetite, goethite and limonite in exploration trench in southwest of Tighanab (view to northwest)
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Fig. 5. Microscopic characteristics in subvolcanics rocks of Tighanab area in transmitted XPL, A: Porphyric texture
with fine-grained groundmass, B: Poikilitic texture result of existence of hornblende crystals within zoned plagioclase,
C: Resorption rim in plagioclase, D: Euhedral crystals of quartz, E: Euhedral to subhedral and anhedral phenocrysts of
hornblende, and F: Sharp contact between amphibolitic and quartzdiorite porphyry. Abbreviations after Whitney and
Evans (2010) (P1: plagioclase, Hbl: hornblende, Qz: quartz).
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Fig. 6. Microscopic images from Tighanab skarn in transmitted XPL: A: Existence of garnet, calcite and epidote, and B:
garnet as polygonal and zoned crystals. Abbreviations after Whitney and Evans (2010) (Grt: garnet, Cal: calcite, Ep:

epidote).
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Table 1. The results of chemical analysis of the major and trace elements of Tighanab sub-volcanic samples along with
the analysis of the main and trace elements of the intrusions associated with the iron skarns (Meinert, 1995)

Sample No. M-017-5 M-017-9 M-017-19 M-017-25 M-017-30 M-017-37
60°32'42.4" 60°33'28.4" 60°24'28.4"  60°33'33.6" 60°33'34. 60°33'38"
Sample location
32°10'34.6" 32°05'50.4" 32°08'47.6" 32°07'1.3" 32°07'5.6"  32°09'44.1"
SiO: (wt. %) 63.98 63.77 63.47 66.27 64.76 64.90
TiO: 0.39 0.46 0.39 0.35 0.39 0.35
ALOs 16.61 16.48 16.24 16.91 16.62 16.66
FeOt 3.56 3.23 3.68 2.42 3.21 3.02
MnO 0.07 0.06 0.07 0.03 0.05 0.05
MgO 2.93 348 3.28 1.74 2.79 1.96
CaO 4.52 5.24 4.71 3.93 4.85 4.15
Na:O 5.08 4.96 491 5.23 5.00 5.30
K0 0.79 0.31 0.41 1.39 1.24 0.85
P.0s 0.11 0.11 0.11 0.11 0.11 0.11
LOI 1.6 1.7 2.5 1.5 0.8 2.3
Total 99.64 99.8 99.77 99.88 99.82 99.65
Mg# 61.98 68.10 63.84 58.75 63.26 56.25
Ba(ppm) 194 86 96 188 195 1439
Rb 25 8 15 44.0 40.4 29.9
Sr 568 459 402 402.9 406.7 660.7
Zr 85 91 84 94.6 95.3 88.2
Nb 1 2 2 24 2.3 1.3
Co 13 10 14 9.9 9.4 9.2
Y 7.6 10.4 8.6 8.1 9.7 6.7
Cs 0.6 1.6 1.9 32 2.1 2.1
Ta 0.1 0.1 0.1 0.2 0.1 0.1
Hf 2.3 2.4 2.3 2.5 2.8 2.5
Th 0.9 1.9 1.4 2.2 1.9 1.0
U 0.4 0.7 0.3 0.6 0.5 0.4
La 4.2 4.6 4.9 5.6 5.8 4.5
Ce 9.6 11.8 10.0 11.3 12.9 9.6
Pr 1.31 1.66 1.37 1.40 1.65 1.28
Nd 5.7 6.9 6.2 6.1 7.2 5.5
Sm 1.41 1.63 1.28 1.42 1.58 1.37
Eu 0.54 0.53 0.44 0.47 0.51 0.47
Gd 1.70 1.99 1.74 1.65 1.80 1.47
Th 0.25 0.30 0.26 0.25 0.28 0.22
Dy 1.41 1.91 1.53 1.56 1.66 1.22
Ho 0.30 0.38 0.33 0.29 0.32 0.24
Er 0.84 1.18 0.88 0.89 0.99 0.72
Tm 0.12 0.17 0.13 0.13 0.15 0.10
Yb 0.83 1.08 0.84 0.87 0.96 0.65
Lu 0.13 0.17 0.14 0.13 0.14 0.10
Eu/Eu* 1.07 0.90 0.90 0.94 0.92 1.01
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Table 1 (Continued). The results of chemical analysis of the major and trace elements of Tighanab sub-volcanic
samples along with the analysis of the main and trace elements of the intrusions associated with the iron skarns
(Meinert, 1995)

Intrusions of Fe skarns

Sample no. M-017-41 M-017-43 M-017-44 M-017-54 NT-12A .
(Meinert, 1995)
Sample 60°34'48.7"  60°34'50.9” 60°35'20.2"”  60°35'24.3" 60°33"27"
location 32°06'42.3" 32°06'6.3"  32°06'8.8" 32°04'55.5" 32°05'54.5"

SiOz (wt.%) 64.32 63.91 64.70 65.44 63.71 47-75.6
TiO2 0.37 0.40 0.37 0.35 0.49 0.1-0.3
ALO3 16.33 16.50 16.66 17.03 17.44 12.2-22.7
FeOt 3.58 3.61 3.32 3.10 3.21 0.5-6.5
MnO 0.06 0.06 0.06 0.05 0.06 0-0.6
MgO 2.52 2.49 2.42 1.95 2.23 0.2-7.9
CaO 4.26 4.32 4.01 4.57 5.31 0.9-22.4
Na20 5.05 4.77 5.49 5.06 5.5 0.6-7.5
K20 1.15 1.68 1.36 1.00 0.28 0.2-5.6
P20s 0.11 0.11 0.11 0.11 0.11 0-1.5
LOI 1.9 1.7 1.2 1.1 1.6 -
Total 99.65 99.55 99.7 99.76 99.94 -—--
Mg# 58.24 57.74 59.08 55.48 57.92 ———-

Ba(ppm) 314 1358 195 201 60 1-658
Rb 38.7 49.7 393 353 8.6 2-137
Sr 446.7 460.1 420.4 425.9 517 200-981
Zr 99.4 99.1 94.8 96.5 100 66-227
Nb 23 2.9 2.2 2.2 2.5 3-21
Co 11.1 10.8 10.1 8.1 7
Y 9.0 8.4 9.5 8.3 12 16-35
Cs 1.0 0.9 0.7 1.1 2.2
Ta 0.2 0.2 0.2 0.1 0.18
Hf 2.7 2.6 2.7 2.8 2.7
Th 2.0 2.8 2.0 2.1 1.71 0-30

U 0.6 0.8 0.5 0.4 0.68
La 7.3 8.0 5.1 6.0 4.8 0-45
Ce 15.0 15.0 11.1 13.6 11.3 19-73
Pr 1.86 1.86 1.50 1.65 L.5
Nd 7.8 7.4 6.7 6.9 6.9
Sm 1.74 1.60 1.55 1.62 1.8
Eu 0.52 0.52 0.49 0.51 0.55
Gd 1.92 1.77 1.75 1.69 1.96
Tb 0.28 0.27 0.27 0.26 0.32
Dy 1.63 1.48 1.65 1.42 1.97
Ho 0.34 0.27 0.30 0.28 0.4
Er 1.00 0.90 0.96 0.85 1.17
Tm 0.14 0.13 0.13 0.12 0.18
Yb 0.91 0.82 0.89 0.84 1.15
Lu 0.14 0.12 0.15 0.12 0.18

Eu/Eu* 0.87 0.94 0.91 0.94 0.90
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Fig. 7. A: Total alkaline versus SiO; diagram (Cox et al., 1979) for igneous rocks of Tighanab area, B: AFM diagram
(Irvine and Baragar, 1971) of Tighanab sub-volcanic intrusions, C: Aluminium saturation index for igneous rocks of
Tighanab area in Shand (1943) diagram, D, E, and F: diagrams of geochemical characteristics of Tighanab sub-volcanic
intrusions. Location of intrusions associated with iron skarns (Meinert, 1995) is shown with gray color.
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Fig. 9. A: Sr/Y versus Y diagram (Defant and Drummond, 1990) and position of Tighanab samples, and B: Sr versus
CaO+Na;0O diagram (Martin et al., 2005) and position of Tighanab samples
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Table 2. Comparison of some major and trace elements of Tighanab samples with chemical composition of adakites

and north of Kalate Shab adakitic rocks.

Mean of north

Mean of studied Kalate Shab Mean of adakites Mean of adakites
samples samples (Yari, 2014) (Martin et al., 2005) (Castillo, 2006; 2012)
Si0,=64.48 S10,=63.87 >56 Si0O; SiO0x> 56
=16.68 ALLO;3 =16.21 A1,O3 >15 ALO; 15> AL0;
Sr=470 Sr=448.5 >400 Sr >300 Sr
=89Y =8.8Y 18Y< Y<10
=55.58 Sr/'Y =51.24Sr/Y 20 Sr/Y> 20 Sr/Y>
Yb=0.89 ppm Yb=0.88 ppm Yb <1.9 ppm Yb <1 ppm

no significant no negative Eu

no negative Eu

anomaly -

negative Eu anomaly anomaly
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Fig. 10. A: Rb versus Y+Nb and B: Nb versus Y diagrams (Pearce et al., 1984) for discrimination of tectonic

environment of granitoids and position of Tighanab samples
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Introduction

The Tighanab area is located in the Southern
Khorasan province and 104km south-east of
Sarbisheh, in the eastern part of Sistan suture zone
(Tirrul et al., 1983). The Sistan suture zone has
formed as a result of collision between the Lut and
Afghan blokcs and its closure time is related to
upper Cretaceous era (Brocker et al., 2013).
Eocene-Oligocene magmatism in eastern Iran (Lut-
Sistan) crop out as volcanic rocks, pyroclastic and
subvolcanic rocks (Pang et al., 2013) which have
caused skarn mineralization in some parts. The
relationship between skarn mineralization and
adakites has been discussed by various researchers
(Lei et al.,, 2018). Skarn deposits and their
associated Cenozoic plutonic rocks in Iran, have
outcrops in northwest, central and southeast of the
Urumiyeh-Dokhtar magmatic belt, Sabzevar-
Dorouneh magmatic belt and the eastern Iran
magmatic belt (Sepidbar et al., 2017). The
Tighanab subvolcanic bodies play an important
role in skarn mineralization.

This research study is carried out for studying
petrography, geochemistry and tectonic setting of
subvolcanic bodies and their role in skarn
mineralization since geochemistry and petrology of
the mentioned masses have not been studied.

Material and methods
This research is based on field observations, thin
sections, polished thin section studies and chemical

analysis of samples. In this regard, 90 thin sections
were prepared and studied by microscope. Then, 11
samples of subvolcanic rocks with the least
alteration were selected. Then they were crushed
and powdered. Next, they were analyzed by the
ICP-ES method for major elements and the ICP-
MS method for trace and rare earth elements. The
magnetic susceptibility of the samples was
measured by SM20 magnetic sensitivity device at
university of Birjand.

Results

The study area is located in the eastern part of the
Sistan suture zone and the Mahirud geological map
(1:100000). Quartzdioritic subvolcanic rocks
intruded the Paleocene-Eocene limestone and
sandstone and formed iron skarn mineralization.
The main textures in quartz diorite porphyry are
porphyry with microgranular groundmass and
poikilitic. Plagioclase, hornblende and quartz are
the main constitutes of these rocks. Plagioclase
phenocrysts have polysynthetic twinnig, zoning
and resorption rim and are andesine and rarely
oligoclase based on extinction angle. Different
geochemical diagrams show correlation between
the Tighanab igneous rocks and intrusions
associated with iron skarns. Geochemical features
as mean of Si0(64.48%), AlLO3(16.68%),
Sr(470ppm), Y (8.9ppm), Sr/Y(55.58),
Yb(0.89ppm) and poor negative anomaly of Eu are
representative of high silica adakitic features for
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these rocks. The amount of Mg#(55.48-68.1),
Sr/Y (mean55.58), Th/La(mean0.32), La/Ybn(4.2)
and Th(meanl.8ppm) indicate oceanic crust
melting with garnet-amphibolite composition to
generation of adakitic magma.

Discussion

Field evidence, mineralogy, and magnetic
susceptibility measurements show that granitoids
of the Tighanab area belong to the magnetite series.
Based on tectonic discrimination diagrams, the
intermediate samples of the Tighanab area are
located in the range of VAG and VAG + Syn-
COLG. The studied rocks show depletion of HFSE
such as Ti, P, Nb, Yb, Y and enrichment in LILE
that indicates their association with the subduction
environment. Negative anomaly of HFSE may be a
result of contamination of magma by crustal
materials during ascent and emplacement in
subduction zones. Comparison of some major and
trace elements of Tighanab samples with adakites
indicated that these rocks have high silica adakitic
nature.

Geochemical evidence shows that the studied rocks
are similar to the rocks associated with iron skarns.
Some geochemical characteristics such as HREE
and HFSE depletion, high Sr, Sr/Y and
(Gd/Yb)x>1 and poor negative anomaly of Eu in
the studied samples, indicate that the adakitic
magma has been formed at pressures above the
plagioclase stability. The geochemical
characteristics of the studied samples, such as low
Y and high Sr/Y ratio, indicate the presence of
garnet in the origin of these rocks (Mao et al.,
2018). Trace and rare element diagrams show that
adikatic magma of the Tighanab area subvolcanic
rocks have been produced by melting of the
oceanic slab. Adakitic rocks of the Tighanab area

have been formed from a source with 10 to 25%
garnet amphibolites composition.
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