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mineralization crust, while the adakitic rocks of southeastern Iran with lower SiO;
Lut content and higher MgO, Sr, and Th/Ce are categorized as post-collision
eastern Iran adakites mainly formed from melting of the thickened lower crust; (3)

Most of the adakites in the central parts (eastern Iran) were formed from
the melting of the thickened lower crust after the collision, from an
amphibolite garnet source, and the ratios of Sr/Nb, Ba/Nb and La/Nb of
adakites decreases towards the northeast in this section; 4) The analyzed
data and the results presented in this research show that the adakites of
eastern lIran have characteristics associated with mineralization and
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EXTENDED ABSTRACT

Introduction

The term adakite refers to volcanic and intrusive
rocks that have more than 56% SiO,, more than 15%
Al;Os, and usually less than 3% MgO by weight,
high Na;O content (3.5-7.5 %), and low ratio of
Drummond et al., 1996K,0/Na,0 (<0.5) (Defant and
Drummond, 1990;; Martin, 1999; Martin et al., 2005;
Condie, 2005; Castillo, 2012). Adakites are divided
into (1) a high- SiO; adakite (HSA) and (2) a low-
SiO; adakite (LSA). The HAS have >60 wt.% SiO,,
low MgO (0.5-4 wt.%), CaO + Na.O contents <11
wt.% and Sr abundances <1100 ppm. In contrast, the
LSA have <60 wt.% SiO2, higher MgO (4-9 wt.%),
CaO + Na,O contents >10 wt.% and Sr contents
1000-3000 ppm (Martin et al., 2005).

The studied area in the eastern part of Iran (Figure 1-
A) includes a large part of the structural zones in the
south and east, including the Lut block, Makran arc,
the Sistan suture and Binaloud. This region is a part
of the extensive magmatism that has spread from
Turkey to Pakistan and had numerous magmatic
activities over time, especially from the Cretaceous
to the Quaternary.

Adakitic series have received special attention in
recent years in Iran and some articles have been
published by various researchers. The main goal of
this research is to review the published articles and
documents related to the geochemical and isotopic
characteristics of adakites in eastern Iran, in order to
open a window for a better understanding of the
relationship between adakite magmatism and
magmatic-tectonic evolution and porphyry copper *
gold mineralization in the east of Iran.

Materials and methods

Geochemical data of 314 samples of volcanic and
intrusive rocks with adakitic nature were collected
from eastern Iran. The location of the studied areas
and a summary of data and references is presented in
Figure 1 and Table 1. In this study, acidic and
intermediate rocks (volcanic and intrusive) with
adakitic characteristics were studied and mafic rocks
such as basalt and samples with high LOI (above 3)
were not considered in the database (Figure 2-A, B).

Result
Volcanic and sub-volcanic adakitic rocks have been
reported from Sabzevar, Neishabur and Quchan

regions (Table 1, Figure 1-B). These rocks are
mainly dacite to trachyandesite and andesite with
calc-alkaline to high K- calc-alkaline affinity. Rocks
with adakitic nature in central part of eastern Iran are
reported from the areas of Garjagan, Khosuf, Shurab,
Fadeshk, Pironj, Gurung, Shah Suleiman Ali, Sang-
Rahuzag, Shadan, and Tighnab (Figure 1-C and
Table 1). According to the chemical classification
diagram (Middlemost, 1994), the composition of
volcanic rocks is mainly dacite, rhyodacite, andesite
and trachyandesite and intrusive rocks are mainly
diorite, granodiorite and granite (Figure 2-A, B).
They are mostly calc-alkaline to high-K calc-
alkaline, sometimes shoshonite (Figure 5-A) and
meta-aluminous affinity.

Southern part include adakitic rocks from Lar, Malek
Siah Kuh, Lakhshak, Chah Serbi, Shaheswaran,
Taftan and Karvander areas (Table 1 and Figure 1-
D). The volcanic rocks of the southern part are
mainly dacite to andesite (Figure 2-A) and the
intrusive rocks are mainly diorite and gabbrodiorite
(Figure 2-B). These rocks have the characteristics of
calc-alkaline with high-K to and meta-aluminous
affinity.

Discussion

Based on the data presented in this study, it is clear
that the adakite rocks of eastern Iran are mainly high
silica adakites. These rocks in northeastern Iran have
lower MgO, Th, Th/Ce and relatively higher Cr, Ni,
and SiO; contents than other adakites in eastern Iran,
which indicate their connection with the subduction
zone and melting of the oceanic crust.

The adakitic rocks of southeastern Iran with lower
SiO; content and more MgO, Sr, and Th/Ce are in the
range of post-collision adakites, which are mainly

formed from melting of the thickened lower crust.

Most of the adakites in the central parts (eastern Iran)
were formed from the melting of the thickened lower
crust after the collision, from an amphibolite garnet
source.

Temporal-spatial relationship between adakites and
porphyry copper deposits and/or epithermal gold-
copper deposits is studied in many researches (e.g.,
Thiéblemont et al., 1997; Sajona and Maury, 1998;
Li et al., 2011; Richards et al., 2012; Zhang et al.,
2021). Porphyry mineralization in Iran mainly took
place during the evolution of the branches of the
Neo-Tethys Ocean and its final closure. The results
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presented in this research illustrate the adakites of
eastern Iran have characteristics associated with
mineralization and often have the necessary potential
to play a role in the formation of valuable reserves.
Changes in La/Sm and Dy/Yb ratios in adakites are
considered as a geochemical sign for mineralization
potential. The ratios of (Lan/Smn) and (Dyn/Ybn)
help to determine the fertile magmatism (with the
participation of amphibole) from the barren (without
amphibole) (Richards et al., 2012). Amphibole-
dominated adakites are clearly associated with
economic porphyry copper mineralization (e.g.,
Kheirkhah et al., 2020). In the studied adakites, the
changes of Lan/Smy and Dyn/Yby ratios are 1.7 to
10.7 (average 4.5) and 0.7 to 2.5 (average 1.2),

respectively. Based on these ratios, most of the
studied adakites, except for some adakites that show
changes in Lan/Smy ratios of less than 4 and
Dyn/Ybn less than 1.1, have mineralization potential.
The analyzed data and the results presented in this
research yields that the adakites of eastern Iran have
characteristics associated with mineralization and
often have the necessary potential to play a role in
the formation of valuable deposits. The distribution
of copper-gold indices, and the outcrops of adakites
along with magnetic anomalies (Figure 10-A), and
crust thickness variations in eastern Iran (Figure 10-
B), emphasize the importance of focusing on future
prospecting, drilling and isotopic studies in this area.
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Fig. 2. Geochemical diagrams for classification of eastern Iran adakites, A: Volcanic rocks in total akalies vrsus silica
(TAS) diagram (Middlemost, 1994), and B: Intrusive rocks in total akalies vrsus silica (TAS) diagram (Middlemost,

1994).
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Table 1. Comparison of the average geochemical of the eastern Iran adakites with adakite

Location Area Series (v?/i%/i)) (l\?\vltz_%) (V\I\:Itgg)) (\II\IV?.ZOZ) (p[S;:n) (p;(m) SrIY (p\ggﬂ La/Yb § Ref.
Sabzevar CA 7160 1515 034 496 488 555 8872 042 2321 17 1
Neyshabour ~CA-Th 64.34 1651 1.81 6.8 563 10.19 55.24 1.06 1221 16 2
North Firuzeh ~ CA 6599 1656 1.01 417 437 1341 3203 085 202 22 3

North  Chakaneh CA 6667 17.11 165 4.44 483 806 6430 082 2503 5 4

(Iran)  NWFirozeh CA 650 155 255 455 310 114 2350 11 1205 16 5
Sabzevar CA 7201 17.38 367 212 465 395 124 021 21.03 14 6
Soltan Abad  CA  67.32 17.01 044 542 556 248 260 0.14 2974 18 7
Mashkan CA 613 1638 355 455 481 115 469 110 264 17 8

Sang-e-Rahuzg CA 61.36 16.13 227 3.7 347 742 3184 067 3049 15 9
Khosf CA-Sh 5865 1688 243 382 826 1552 57.97 161 21.95 10 10
Garjegan  Sh-CA 6261 1629 125 3.6 806 1527 5265 170 180 10 11

Bibi maryam Th-CA 72.02 1529 133 485 245 681 3599 073 1608 6 12
Fadeshk CA 67.09 17.64 143 464 392 1078 3637 116 1533 10 13

Center Gorong CA 6216 1731 - 493 456 13.89 3399 14 1267 10 14

(Iran) Pironj CA 6431 155 234 423 580 <951 - <08 - 10 15
Shurab CA 6279 1686 229 422 393 13.36 2966 1.36 13.61 10 16
Shadan  CA-Sh 5868 1621 241 352 776 17.6 441 191 1601 10 17
Tighanab ~ Th-CA 64.48 16.68 253 512 470 891 5558 089 6.18 11 18
Shahsg:fyma” CA-Sh 60.28 1696 162 425 821 173 47.82 180 1407 12 19
Lakhshak ~ CA-Sh 62.39 16.09 278 406 661 1513 4370 1.21 3198 10 20
ChahSorbi  CA 6030 1649 3.19 3.37 641 1447 4429 129 2022 7 21

Lar Sh 5861 1676 193 449 612 1571 39.17 163 17.63 14 22

?I?;‘:)‘ MalekSiah Kuh Sh-CA 5867 1540 466 3.05 465 1318 660 210 11.0 10 23
Taftan CA 6205 1655 29 31 645 140 400 142 140 10 24
Shahsavaran ~ CA  63.11 1521 225 267 600 1502 39.93 156 1986 5 25
Karevandar ~ Sh  56.29 1535 356 233 720 1253 57.65 1.25 2333 9 26

World Adakite CA >56 >15 <3 >3 >300 <10 >20 <1 >20 - 27

References: 1- Mohammadi et al., 2015; 2- Fazelvalipour (2021); 3-Aghabazaz (2012); 4- Taheri-Sarteshnizi (2018); 5- Nanvabashi
(2011); 6- Jamshidi et al. (2018); 7- Omrani (2018); 8- Tanha (2009); 9- Mohammadi et al. (2017); 10- Yousefzadeh et al. (2019); 11-
Aboutalebi et al. (2016); 12- Delavari et al. (2014); 13- Torshizi et al. (2016); 14- Labbaf et al. (2014) ; 15- Ramezani et al. (2013) ;
16- Gholami et al. (2016); 17- Richards et al. (2012); 18- Nakhaei and Mohammadi (2021); 19- Ketabi et al. (2015); 20- Kananian et
al., (2007); 21- Boomeri et al. (2020b); 22-Boomeri et al. (2020a); 23- Javan Khosh Kholgh et al. (2017); 24- Delavari and Shakeri
(2016); 25- Tavakoli rad (2013); 26- Daryapeyma Hormozi et al. (2016); 27- Castillo (2012); CA: calc-alkaline; Th: tholeite, Sh:
shoshonite.
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Fig. 3. Geochemical diagrams to identify the magmatic series and nature of volcanic rocks from northern part

(Northeastern Iran), A: SiO2 vs K;0 plot (Peccerillo and Taylor, 1976), and B: A/CNK vs A/NK plot (Shand, 1943).
Legends as figure 2. [A:Al,O3, C:Ca0, N:Na20, K:K;0]
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Fig. 4. A: Comparing eastern lran adakites with high-SiO, adakites and low-SiO, adakites in Y versus Sr/Y diagram

(Martin et al., 2005), and B: Primitive mantle-normalized multi-element spider diagram for northeasten Iran adakites
(Sun and McDonough, 1989). Legends as figure 2.
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Fig. 5. Geochemical diagrams to identify the magmatic series and nature of samples from central part (Eastern Iran), A:
SiO; vs K;0 plot (Peccerillo and Taylor, 1976), and B: Discriminant granite tectonic setting diagram (Pearce et al., 1984)
shows volcanic arc setting. ORG=ocean ridge granite, WPG: within-plate granite, VAG: volcanic arc granite, syn-COLG:

syn-collisional granite. Legends as figure 2.
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Fig. 7. Geochemical diagrams to identify the magmatic series and nature of samples from central part (Eastern Iran), A:
Si0O; vs K»0 plot (Peccerillo and Taylor, 1976), and B: Discriminant granite tectonic setting diagram (Pearce et al., 1984)
shows volcanic arc setting. ORG: ocean ridge granute, WPG: within-plate granite, VAG: volcanic arc granite, syn-COLG:
syn-collisional granite. Legends as figure 2.
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Fig. 10. A: Chondrite normalized (La/Yb)n vs. EU/Eu” diagram, demonstrating the oxidation state of studied adakites.
Dividing line between reducing and oxidizing magma, and trend of increasing the depth of magmatism from Karimpour
and Sadeghi (2019), and B: Plot of Sm/Yb vs. La/Sm ratios as discriminants for changing pressure in the source
mineralogy and source enrichment. Base diagram and boundaries of residual minerals from Kay and Mpodozis (2001)

and dashed lines from Shafiei et al. (2009). PYX: pyroxene, AMPH: amphibole, GAR: garnet. Legends as figure 8.
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aeromagnetic anomalies (after Saleh, 2006), and B: changes of crustal thickness in structural zones of Iran determined by
the combining of elevation and geoid data (Jim’enez-Munt et al., 2012).
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