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EXTENDED ABSTRACT

Introduction

The study area is located 12 km south of Zahedan,
Sistan and Baluchestan province. This area includes
the height south part of Zahedan city. The heights in
this area are mainly mountain ranges with northwest-
southeast direction (Fig. 1). The Zahedan magmatic
belt is one of the most important magmatic belts in
eastern Iran, and it includes Eocene-Oligocene
intrusive rocks from the southeast of Khash to
Chehelkoureh with northwestern trend that have
intruded the flysch-Eocene sequences (Rezaei-
Kahkhaei et al., 2010). After the Laramide orogenic
phase and the closure of the Sistan Ocean, the Alpine
orogenic phases are the major geological events in
this area. The main effect of Middle Alpine tectonic
events is the intrusion of the Zahedan granitoid
masses in the Sistan flysch, which has had extensive
alteration and mineralization effects. The magmatic
units of this area are generally known as Zahedan
granitoid batholiths. This batholith includes an
intermediate to acidic complex consisting of diorite
to granodiorite (Sadeghian et al., 2005). The Zahedan
batholite granodiorites are associated with scattered
and small masses of diorite, quartz-diorite rocks as
well as dikes and aplite, pegmatite and quartz veins.
It seems that the subvolcanic units in the study area
are also relation to the diorite to quartz-diorite
complex of the Zahedan granitoid batholith.
Unfortunately, the types of these subvolcanic rocks
are not separated on the geological maps, and only
the names of granite, granodiorite and diorite rocks
are given together in the form of a geological unit.

Materials and methods

After collecting information, evaluating and
validating previous data and information, field
studies and sampling were conducted to prepare a
geological map with a scale of 1:5,000 for an area of
5 square kilometers (Fig. 4). During these studies, 81
samples were collected for petrography and
mineralogy studies and 32 samples were collected
from the subvolcanic units of the region (fresh or
with low alteration) for XRF and ICP-MS analysis
(Table 1 and Table 2), as well as for checking the
alteration in the area. A number of different samples
were also collected for XRD studies. Chemical
analyzes of all samples have been done in Iran
Mineral Processing Research Center laboratory

(IMPRC).

Result and Discussion

The rock units exposed in this area include a set of
metamorphic flysch facies units (phyllite, shales and
meta-sandstone) with Eocene age, subvolcanic rocks
and basic to intermediate dikes up to probably mid-
Oligocene-Miocene age. Subvolcanic rocks in the
form of stocks and domes intruded to the flysch unit
and were later cut by intermediate dikes with a
northeast-southwest trend. All subvolcanic rocks in
the study area have porphyry texture. The dikes in
the study area in the petrographic studies contain a
set of major minerals plagioclase and hornblende.
The presence of phenocrysts of these minerals in the
microlithic pulp has caused porphyry texture. Also,
the accumulation of plagioclase crystals in some
parts has caused glomeroporphyritic texture. The
oldest rock units that are in the study area, include
sandstone, sandy tuff, shale, siltstone, phyllite and
meta-siltstones attributed to the facies of eastern Iran
flysch. The subvolcanic units of the area have two
main compositions of diorite-monzodiorite and
quartzdiorite-quartz  monzodiorite. These rocks
generally have porphyry and  sometimes
glomeroporphyritic  textures with  fine-grained
background. The main minerals of this unit are
plagioclase, hornblende, with less abundance of
biotite, potassium feldspar and quartz.

Based on geochemical diagrams, samples taken from
subvolcanic units in the study area are in the range of
guartz monzodiorite-diorite to monzonite-diorite,
and samples of porphyry andesite dikes are in the
range of gabbrodiorite to diorite (Fig. 8).

These results are in good agreement with
microscopic studies performed on rock units in the
area. Moreover, the rocks of the study area show
magmatic  fractionation and  decrease  of
ferromagnesian minerals along with increase of
felsic minerals during the process of fractional
crystallization based on the diagrams of changes of
elements in relation to each other. Subvolcanic units
in this area range from meta-aluminous to slightly
per-aluminous and I-Type. This is consistent with
evidence such as the widespread presence of
hornblende, apatite and sphene in the studied
subvolcanic units, and they indicate the oxidic
conditions and high oxygen fugacity for these rocks
at the time of formation. The spider diagrams drawn
for trace and rare earth elements in the samples of
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this range have a close scattering pattern, which
indicates the single origin and role of fractional
crystallization in the formation of these rocks. Based
on the spider diagram of rare earth elements, the
studied subvolcanic units show an increase in LREE
elements compared to HREE elements. This is a
prominent feature of calc-alkaline rocks in the
subduction zones of the continental margin. The
presence of negative anomalies of Nb element as
well as deficiency of other HFSE elements, the rod
pattern and sharp spider diagrams which are an
important feature of subduction-related magmas, can
also be detected in geochemical studies of
subvolcanic units in the area (Fig. 12). These

rocks are in the adakitic range in the diagrams of
tectonomagmatic environments and fall in the
category of high potassium shoshonitic and calc-
alkaline calcareous rocks, related to subduction
environments (Fig. 13 and Fig. 14).
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study area on a geological map with a scale of 1:100/000 Zahedan (Baker and Griffiths, 1976)
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Fig. 3. Aand B: Views of the hand sample and the fresh surface outcrop of the diorite-monzodiorite porphyry subvolcanic
unit in the northeast of the south Zahedan area (view to the northeast). C and D: Views of the quartzdiorite-

quartzmonzodiorite less altered in the southeastern part of the south Zahedan area (southward view). E and F: Hand
sample views and outcrops of andesitic dikes in the west of the south Zahedan area (southwest view)
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Fig. 4. Geological map with a scale of 1:5.000 of the south Zahedan area
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Fig. 5. Microscopic images of subvolcanic diorite and monzodiorite units in the south of Zahedan area: A: Plagioclase
crystal with polysynthetic and zoning twinning with microcrystals background, B: View of epidural feldspar crystals, C
and D: Porphyry texture including plagioclase phenocrysts, Hornblende in the pulp of microcrystals. Abbreviations after
Whitney and Evans (2010) (Ep: Epidote, Chl: Chlorite, Hbl: Hornblende, PI: Plagioclase, Ab: Albite, Fld: Alkaline
feldspar).
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Fig. 6. Microscopic images of subvolcanic quartzdiorite and quartzmonzodiorite units in the south of Zahedan area: A:
zoning plagioclase crystallized, sericitic alteration, B: Hornblende inclusion in quartz phenocryst with gulf corrosion, C
and D: Views of porphyry texture including plagioclase phenocrysts with polysynthetic twinning, quartz and carbonated
hornblende in the microcrystalline background. Abbreviations after Whitney and Evans (2010) (Hbl: Hornblende, PI:
Plagioclase, Qtz: Quartz, Ser: Sericite, Car: Carbonate, Op: Opaque).
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Fig. 7. Microscopic images of andesitic dike in the south of Zahedan area: A: Chlorite and carbonate substitution in
Hornblende crystal, and B: Zoning plagioclase phenocryst in andesitic dike with porphyry texture. Abbreviations after
Whitney and Evans (2010) (Chl: Chlorite, Hbl: Hornblende, PI: Plagioclase, Car: Carbonate).
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Table 1. Results of oxide analysis of the major elements of the samples taken from the South of Zahedan area by XRF
method (values in%)

Geology dmd dmd dmd dmd dmd dy dmd dy
Field SZ-007- SZ-012- SZ-026- SZ-033- SZ-035- SZ-040- SZ-044- SZ-061-
No XF XF XF XF XF XF XF XF
SiO2 58.8 52.6 56.4 60.0 60.3 58.2 54.0 55.1
TiO2 0.6 0.7 0.6 0.5 0.6 0.7 0.7 0.7
Al203 17.0 15.8 15.8 17.2 16.1 16.8 17.4 15.6
Fe20s" 5.9 7.7 6.7 4.8 51 51 6.6 7.1
MnO 0.3 0.2 0.2 0.1 0.1 0.1 0.2 0.2
MgO 2.6 4.3 3.7 24 2.2 2.7 2.7 4.1
CaO 4.7 8.0 7.4 4.6 6.6 55 6.7 7.3
Na20O 2.9 2.8 31 2.8 2.9 2.9 2.8 2.9
K20 3.6 2.5 2.3 3.5 2.6 3.3 3.2 2.6
P20s 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1
L.O.l.* 3.1 5.1 3.2 3.8 3.2 4.0 5.2 3.9
Geology dmd dmd dmd dy dmd dy dy dmd
Field SZ-064- SZ-066- SZ-068- SZ-071- SZ-081- SZ-083- SZ-087- SZ-090-
No XF XF XF XF XF XF XF XF
SiO2 59.9 54.6 56.7 57.0 57.4 52.5 52.0 54.9
TiO2 0.6 0.7 0.7 0.7 0.6 0.8 0.8 0.6
Al203 16.5 15.5 16.5 16.4 16.4 16.1 16.2 16.4
Fe20s" 5.1 6.9 5.6 5.9 51 7.6 7.5 7.0
MnO 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
MgO 21 4.3 21 2.7 2.3 3.8 4.2 2.9
CaO 5.9 7.4 7.5 6.5 7.4 8.9 8.2 8.1
Na20 34 3.3 2.8 2.9 2.8 2.9 2.7 3.1
K20 2.7 24 3.2 3.2 3.0 24 2.3 2.7
P20s 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2
LO.l.* 3.2 4.3 4.4 3.9 45 4.5 55 3.6
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Table 1 (Continued). Results of oxide analysis of the major elements of the samples taken from the South of Zahedan
area by XRF method (values in%)

Geology dy dmd dmd dmd dmd dmd gdm dy
Field SZ-095- SZ-113- SZ-130- SZ-141- SZ-160- SZ-169- SZ-179- SZ-181-
No XF XF XF XF XF XF XF XF
SiO2 52.2 58.4 57.6 57.7 60.3 52.1 61.9 47.6
TiO2 0.9 0.6 0.7 0.7 0.8 0.8 0.5 1.0
Al203 15.8 15.8 15.9 16.1 175 18.2 15.9 16.1
Fe20s" 8.0 6.1 6.0 6.4 55 6.5 4.6 8.9
MnO 0.2 0.2 0.2 0.2 0.3 0.1 0.1 0.2
MgO 4.2 2.2 25 25 2.6 24 1.8 5.2
CaO 8.2 7.4 7.5 6.7 3.2 7.4 55 9.6
Na20 2.7 2.7 3.3 3.5 3.2 2.9 3.6 2.1
K20 2.6 2.9 3.2 3.0 2.9 3.1 3.3 25
P20s 0.2 0.2 0.2 0.2 0.1 0.2 0.1 0.1
L.O.l.* 4.8 3.0 24 2.6 3.3 5.9 2.6 6.2
Geology dmd qdm dy dy dmd qdm dy dmd
Field SZ-184- SZ-189- SZ-211- SZ-213- SZ-216- SZ-225- < SZ-229- < SZ-233-
No XF XF XF XF XF XF XF XF
SiO: 55.9 62.0 52.3 53.8 57.6 63.8 50.5 55.6
TiO2 0.6 0.6 0.9 0.6 0.7 0.6 0.9 0.8
Al203 17.3 16.9 16.5 17.1 16.8 16.4 16.5 16.5
Fe20s" 5.0 3.9 8.2 6.6 6.2 4.3 7.8 6.4
MnO 0.2 0.2 0.2 0.3 0.2 0.1 0.5 0.2
MgO 1.8 25 4.0 5.4 2.7 0.7 4.4 34
CaO 6.5 3.0 7.7 7.1 6.0 14 8.6 7.8
Na20 2.6 4.0 2.8 2.9 3.0 1.8 24 2.7
K20 3.9 3.5 2.6 2.0 2.9 4.1 2.3 2.7
P20s 0.1 0.2 0.2 0.1 0.2 0.1 0.1 0.2
L.O.l.* 5.9 31 4.0 38 34 5.3 4.8 3.4
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Table 2. Results of trace element analysis of samples taken from the South of Zahedan area by ICP-MS method (values

in ppm)
Geology dmd dmd dmd dmd dmd dy dmd dy
Field SZ-007- SZ-012- SZ-026- SZ-033- SZ-035- SZ-040- SZ-044- SZ-061-
No XF XF XF XF XF XF XF XF
As 5.99 12.73 6.10 16.58 6.32 18.62 4.68 7.51
Ba 840.90 713.70 630.10 556.20 716.80 720.90 559.80 618.40
Be 0.10 1.07 0.10 0.10 0.10 0.55 0.55 0.10
Cd 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Co 6.79 15.55 7.97 6.72 6.92 7.68 6.78 13.49
Cr 28.90 79.84 49.16 37.83 33.98 34.34 28.68 85.10
Cu 36.00 31.00 77.17 45.61 18.47 175.00 8.85 55.43
Mo 1.00 1.00 1.00 1.04 1.00 1.24 1.00 1.66
Rb 24.12 34.31 17.97 22.68 29.30 17.07 33.24 31.11
Sh 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.25
Zn 40.50 54.70 62.50 42.80 52.60 36.50 44.70 28.00
Ni 11.40 43.00 39.70 12.20 10.90 17.10 13.60 49.60
Pb 10.60 10.70 4.90 4.20 1.00 1.00 4.60 12.00
Li 7.30 27.98 13.38 1.00 9.73 12.16 15.81 8.51
Ga 52.56 61.39 35.02 43.96 63.99 57.38 44.19 47.89
Hf 1.00 2.30 1.74 1.61 1.59 1.83 1.36 1.91
Nb 9.49 8.90 7.55 8.30 11.93 12.07 10.26 10.21
Zr 13.40 35.10 47.00 22.00 17.00 25.80 17.60 30.00
Cs 1.80 6.01 1.03 1.80 1.50 1.00 3.96 3.93
Sr 446.20 427.40 450.90 317.20 445.40 344.20 360.30 481.10
Ta 0.50 0.60 0.50 0.80 1.00 1.00 1.00 0.50
Th 3.62 3.72 2.37 3.81 4.62 3.48 4.33 3.31
U 2.30 1.74 121 2.60 2.38 2.56 2.20 1.69
\ 57.75 80.72 82.48 54.70 53.62 59.57 58.89 81.98
w 11.94 7.25 5.29 4.94 4.18 5.10 4.35 431
Sc 3.92 7.25 6.07 3.64 4.15 3.58 421 7.51
Y 1.75 3.15 2.15 1.31 2.26 1.30 1.95 2.46
La 4.87 8.53 5.33 4.07 6.62 454 6.06 7.08
Ce 9.06 16.61 10.24 8.29 12.68 8.80 11.22 13.68
Pr 4/67 8.40 4.95 3.94 5.98 4.26 5.73 6.79
Nd 15.30 28.71 16.18 13.85 22.46 15.70 20.75 25.82
Sm 1.66 2.56 1.57 1.35 2.15 1.45 1.87 2.39
Eu 0.26 0.48 0.29 0.24 0.33 0.31 0.31 0.43
Gd 1.00 1.52 1.00 1.00 1.06 1.00 1.05 1.28
Dy 1.00 1.12 1.00 1.00 1.00 1.00 1.00 1.00
Ho 0.12 0.21 0.15 0.10 0.18 0.11 0.16 0.20
Er 0.41 0.57 0.40 0.36 0.48 0.30 0.46 0.56
Yb 0.31 0.52 0.35 0.35 0.41 0.29 0.41 0.44
Lu 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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Table 2 (Continued). Results of trace element analysis of samples taken from the South of Zahedan area by ICP-MS
method (values in ppm)

Geology dmd dmd dmd dy dmd dy dy dmd
Field SZ-064- SZ-066- SZ-068- SZ-071- SZ-081- SZ-083- SZ-087- SZ-090-
No XF XF XF XF XF XF XF XF
As 4.05 9.87 4.38 5.91 3.19 6.58 3.86 11/51
Ba 622.00 643.00 483.20 563.40 632.10 648.00 1194.00  536.60
Be 2.11 0.55 1.59 0.10 1.59 0.10 1.59 1.07
Cd 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Co 7.83 12.13 5.13 8.41 5.95 10.53 9.04 7.47
Cr 41.52 72.49 26.77 42.10 27.20 43.77 47.10 38.51
Cu 13.69 23.48 2.72 29.16 4.70 24.82 11.78 33.74
Mo 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Rb 25.45 32.72 36.81 33.03 23.74 32.91 26.31 23.34
Sh 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Zn 15.00 72.10 68.80 56.60 49.10 53.60 70.50 55.90
Ni 13.00 36.60 9.60 13.30 5.80 18.20 16.80 14.40
Pb 37.60 23.50 21.90 39.00 15.40 1.60 23.70 5.10
Li 1.22 37.71 2.43 12.16 17.03 19.46 17/03 1.00
Ga 50.35 53.28 41.25 44.23 49.29 52.05 77.75 40.46
Hf 1.47 2.32 1.00 1.55 1.76 2.02 1.84 1.36
Nb 11.84 9.90 5.62 10.74 9.24 10.39 8.88 11.99
Zr 15.60 36.00 3.90 22.00 25.90 29.90 35.10 20.40
Cs 1.44 4.56 3.71 4.00 2.26 4.63 2.38 2.67
Sr 429.10 486.70 321.30 326.10 331.10 453.70 442.80 365.20
Ta 0.90 1.00 0.60 0.50 0.50 1.00 1.00 1.00
Th 4,57 4.32 4.67 3.94 3.73 4.38 4.39 4.58
U 2.23 1.81 1.84 2.29 2.29 2.17 1.91 2.62
\Y 49.40 80.13 47.86 57.25 50.74 86.22 76.00 68.81
W 4.01 3.47 3.42 4.29 3.57 3.41 3.43 4.30
Sc 3.75 7.66 3.48 4.29 3.64 6.99 6.48 4.67
Y 1.86 3.08 2.18 2.24 1.76 2.94 2.37 2.02
La 5.89 8.98 6.31 5.79 4.73 7.61 7.20 5.63
Ce 11.41 16.74 11.66 10.80 8.98 14.35 13.15 10.27
Pr 5.48 8.16 5.79 5.67 4.69 7.14 6.49 5.18
Nd 19.23 29.32 20.46 19.10 15.89 25.41 24.24 18.58
Sm 1.65 2.84 1.85 1.83 1.60 2.78 1.96 1.74
Eu 0.32 0.46 0.31 0.29 0.29 0.41 0.36 0.26
Gd 1.00 1.47 1.16 1.05 1.00 1.29 1.16 1.00
Dy 1.00 1.06 1.00 1.00 1.00 1.08 1.00 1.00
Ho 0.14 0.22 0.15 0.17 0.14 0.21 0.17 0.13
Er 0.40 0.64 0.47 0.45 0.35 0.63 0.46 0.42
Yb 0.40 0.52 0.40 0.40 0.41 0.59 0.40 0.34
Lu 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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Table 2 (Continued). Results of trace element analysis of samples taken from the South of Zahedan area by ICP-MS
method (values in ppm)

Geology dy dmd dmd dmd dmd dmd gdm dy
Field S$Z-095- SZ-113- SZ-130- SZ-141- SZ-160- SZ-169- SZ-179- SZ-181-
No XF XF XF XF XF XF XF XF
As 3.43 6.23 8.10 5.24 9.08 4.99 4.99 2.97
Ba 763.40 663.30 726.70 486.80 297.70 662.70 670.30 1761.00
Be 2.11 0.10 2.11 2.62 1.07 0.10 1.59 0.55
Cd 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Co 8.72 7.08 6.64 8.07 17.96 6.58 5.18 16.33
Cr 44.65 23.18 47.32 47.40 28.16 24.28 31.43 74.84
Cu 23.98 13.57 10.30 15.17 157.10 21.00 11.56 31.69
Mo 1.00 1.00 1.33 1.43 1.96 1.00 1.00 1.20
Rb 16.43 19.71 24.43 17.83 11.35 35.07 29.11 42.86
Sb 1.00 1.00 1.81 1.00 1.00 1.00 1.00 1.00
Zn 51.90 61.30 84.80 60.60 24.00 74.10 56.20 56.40
Ni 38.70 14.30 14.20 11.30 27.00 7.00 8.10 35.10
Pb 1.00 5.50 16.50 18.00 10.00 7.80 25.10 13.10
Li 1.00 10.95 9.73 6.08 7.30 31.63 1.00 24.33
Ga 38.05 48.27 52.87 40.13 26.73 51.09 47.48 124.20
Hf 1.22 1.61 1.33 1.12 1.00 1/36 1.00 1.82
Nb 6.22 10.82 10.31 10.81 10.61 8.39 11.50 8.81
Zr 29.40 24.50 13.20 14.00 4.90 22.00 1.00 37.10
Cs 1.86 1.17 1.00 2.21 1.26 6.42 3.55 4.75
Sr 620.30 476.50 510.00 387.20 206.80 401.90 382.40 713.00
Ta 0.90 0.70 1.00 1.00 1.00 0.90 0.80 0.50
Th 2.15 3.83 5.00 4.05 2.98 3.76 3.45 5/39
U 1.31 1.90 1.90 2.02 2.31 1.67 1.74 2.22
\% 88.55 62.67 75.04 75.81 59.95 55.80 48.36 117.40
W 2.28 3.56 2.52 3.07 3.87 2/20 3.08 2.80
Sc 6.65 4.37 5.63 4.87 3.00 4.08 3.22 11.06
Y 1.56 2.03 2.94 1.95 1.24 2.31 1.73 4.17
La 4.43 5.43 6.82 5.24 2.67 7.75 4.43 11.63
Ce 8.39 10.36 12.70 9.92 4.97 14.85 8/19 22.01
Pr 4.18 5.35 6.23 5.02 2.66 7.42 4.00 10.91
Nd 14.60 18.19 22.44 17.80 9.52 26.58 13.99 37.77
Sm 1.69 1.92 2.18 1.78 1.06 2.36 1.45 3.31
Eu 0.27 0.30 0.39 0.32 0.16 0.43 0.24 0.63
Gd 1.00 1.11 1.33 1.02 1.00 1.34 1.00 2.02
Dy 1.00 1.00 1.02 1.00 1.00 1.00 1.00 1.45
Ho 0.12 0.15 0.21 0.16 0.10 0.17 0.13 0.28
Er 0.34 0.43 0.61 0.46 0.28 0.42 0.39 0.85
Yb 0.33 0.42 0.57 0.41 0.21 0.37 0.36 0.75
Lu 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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Table 2 (Continued). Results of trace element analysis of samples taken from the South of Zahedan area by ICP-MS
method (values in ppm)

Geology dmd gqdm dy dy dmd gdm dy dmd
Field SZ-184- SZ-189- SZ-211- SZ-213- SZ-216- SZ-225- SZ-229- SZ-233-
No XF XF XF XF XF XF XF XF
As 3.41 16.64 13.12 10.28 9.57 5.27 8.12 7.02
Ba 623.30 746.90 918.20 561.60 617.30 725.40 798.20 638.50
Be 2.11 2.11 1.07 2.11 0.10 0.10 1.07 1.07
Cd 0.10 0.10 0.10 0.10 0.10 0.10 7.19 0.10
Co 6.19 6.83 11.17 19.12 8.16 1.36 13.90 9.26
Cr 32.27 42.70 47.91 95.99 35.95 55.58 65.55 42.11
Cu 50.40 257.30 45.42 17.32 9.01 94.94 92.02 17.79
Mo 1.00 1.00 1.00 1.00 1.00 4.66 5.22 1.36
Rb 34.22 26.83 29.25 40.65 18.14 56.59 31.53 28.90
Sh 1.00 1.00 1.00 2.43 1.00 1.00 1.15 1.00
Zn 45.80 45.50 53.60 22.00 14.00 5.60 30.00 87.50
Ni 9.80 11.70 18.50 40.40 14.20 1.00 28.70 13.40
Pb 16.80 17.80 24.40 17.00 88.10 2.90 20.00 21.50
Li 9.73 12.16 12.16 12.16 1.00 1.00 29.19 9.73
Ga 52.56 54.37 70.09 45.46 47.36 59.14 61.31 53.56
Hf 1.00 1.00 1.97 1.96 1.18 1.00 2.01 1.86
Nb 7.40 8.05 11.99 10.49 10.49 2.78 10.08 11.14
Zr 6.40 1.00 3.00 34.80 13.50 1.00 33.50 23.10
Cs 4.34 4.69 4.37 3.89 2.07 4.23 3.83 2.10
Sr 311.90 361.40 566.80 575.70 406.50 552.30 726.90 468.80
Ta 1.15 1.15 1.00 1.00 1.00 1.00 1.00 1.00
Th 4.80 2.83 14.70 4.90 4.57 491 5.23 5.36
U 1.75 2.05 3.86 2.40 2.48 2.29 2.43 2.23
\Y 48.51 55.17 112.90 116.40 69.54 43.12 109.10 77.66
w 1.86 1.71 3.21 2.93 2.81 2.72 3.74 2.64
Sc 3.63 2.91 9.05 10.84 5.50 3.33 9.86 5/65
Y 2.14 1.11 3.65 3.33 1.91 0.64 3.57 2.59
La 6.27 3.40 16.19 9.80 5.46 3.50 10.89 7.99
Ce 12.00 6.63 27.95 18.57 10.41 7.08 20.25 14.93
Pr 5.53 3.24 13.28 9.16 5.07 3.67 9.65 7.35
Nd 20.42 10.97 45.28 32.48 18.34 12.73 35.55 27.48
Sm 2.15 1.26 4.01 3.03 1.89 1.23 3.05 2.24
Eu 0.34 0.20 0.54 0.52 0.34 0.28 0.53 0.41
Gd 1.02 1.00 1.94 1.67 1.00 1.00 1.61 1.34
Dy 1.00 1.00 1.32 1.24 1.00 1.00 1.23 1.00
Ho 0.16 <0.1 0.27 0.25 0.14 0.10 0.25 0.19
Er 0.49 0.31 0.71 0.70 0.46 0.18 0.69 0.60
Yb 0.40 0.28 0.61 0.61 0.40 0.12 0.62 0.46
Lu 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
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Fig. 8. A: Shows the samples of the study area on the diagram of K,O + Na,O (wt.%) vs. SiO; (wt.%) (Middlemost,
1985), and B: Diagram of cations by De la Roche et al., (1980) (red square: gmd; green triangle: dmd; Black dots: dy)
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Fig. 9. A: Display of south of Zahedan area rock samples on diagrams by Irvine and Baragar (Irvine and Baragar, 1971),
and B: diagrams by Peccerillo and Taylor (Peccerillo and Taylor, 1976) K,O (wt.%) vs. SiO; (wt.%) (Red square: gmd,;

green triangle: dmd; black dots: dy)
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Fig. 11. A: A/NKvs. A/ CNK diagrams (Shand, 1943), and B: Na,O vs. KO diagrams (Chappell and White, 2001), for
south of Zahedan area rock samples (red square: gmd; green triangle: dmd; dots Black: dy)

@ Spider plot - Primitive mantle (McDonough and Sun 1995) Spider plot - REE chondrite (Boynton 1984)

000

1000

. >
1
T

100

Sample/REE chondrite(ppm)

Sample/Primitive mantle(ppm)

1

c[Cs B2 Y Ta o Bt P oz BBy ¥b

o —— T T T T T T T T
=) Rb Th Nb La Pb Sr Nd Sm Ti Y Lu

0.1
o
©
=z
=%
(28
3
(o2
a
o
<
m
=
S

S b ole 5 58e ,ls 505 B 5 (McDonough and Sun, 1995) alsl ais 8 4 e jls 5 SlaS polie 5 5Kis ls goi A NY KD
16Ky s e iqmd 1K 50 3 ) OMalS i 0350ome K Gk g (51 sl by (DS 4 e b i (BOYNTON, 1984)
(dy : Saw Ll «dmd

Fig. 12. A: Spider diagrams of trace elements (McDonough and Sun, 1995) normalized by primitive mantle, and B: Spider
diagrams of rare earth elements (Boynton, 1984), normalized by chondrite, drawn for rock samples of the south of
Zahedan area (red square: gmd; green triangle: dmd; Black dots: dy)
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Granite tectonic discrimination — Pearce et al. (1984)
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Fig. 14. A: Showing rock samples of subvolcanic units in the south of Zahedan area on the Martin diagram (Martin,
1986), and B: Showing samples of rock units in the south of Zahedan on the Pearce tectonomagmic environment diagram
(Pearce, 1982) (Red square: gmd; green triangle: dmd; black dots: dy)
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Fig. 15. Geodynamic model of the evolution of Lute block Paleogene magmatism with east-west subduction (Pang et al.,
2014); A: Early to mid Cretaceous; The opening of the Sistan Ocean and its subsequent subduction to the west and below
the Lut block, B: Late Cretaceous to Late Paleocene: Collision of Lut and Afghan blocks, formation of mountains in
eastern Iran and thickening of the crust. This phenomenon has led to the placement of 86-million-year-old adakitic plutons
in the Sistan Valley and the eruption of Paleocene ignimbrites in the northwest of the Lut block (Zarrinkoub, et al., 2012),
and C: Middle Eocene to Late Oligocene: Absorption of upper crustal pressure from the roots of thickened continental
crusts along with subsidence of the mountains of eastern Iran, which has caused the ascent of the asthenosphere and the
formation of melts of crustal origin
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