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Introduction

The Asagi igneous complex is located in the northwest of Zahedan city
(Figure 1A) and is part of a southeast—northwest trending magmatic
belt. The igneous rocks of this belt were formed during at least two
distinct periods. In the first period, Oligocene igneous rocks occur as
extrusive (lava and pyroclastic), intrusive, and subvolcanic bodies that
are mostly potassic. In the second period, Pliocene igneous rocks
appear as sodic extrusive lavas (Camp and Griffis, 1982; Piri, 2018;
Boomeri et al., 2020, 2022; Moradi et al., 2016; Nazari et al., 2022).
Based on these studies, the Oligocene rocks belong to alkaline, calc-
alkaline, high-potassium calc-alkaline, and shoshonitic magmatic
series. These rocks are attributed to subduction-related and post -
collisional tectonic settings.

The aim of this paper is to investigate the geology, petrography, and
geochemistry of volcanic and subvolcanic rocks in the southern part of
the Asagi igneous complex. It also explores the tectonic setting and
magma origin.

Geology

The Asagi igneous complex lies within the Sistan

Upper  Cretaceous ophiolites and  locally
metamorphosed flysch-type sedimentary rocks of
Upper Cretaceous to Eocene age. These complexes

Suture Zone (Figure 1B), situated between the Lut and
Afghan blocks. This zone includes two ophiolite
complexes—Neh in the west and Ratuk in the east —
separated by the Sefid-Abeh sedimentary basin (Tirrul et
al., 1983). The Neh and Ratuk complexes contain

are commonly intruded by Cenozoic igneous rocks.
The Sefid-Abeh basin consists of clastic rocks and
limestone deposited in shallow to deep marine
environments, with a thickness of approximately
eight kilometers (Tirrul et al., 1983). This basin also
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hosts numerous intrusive and extrusive igneous
bodies, indicating multiple magmatic phases during
the Cenozoic (Camp and Griffis, 1982; Boomeri et
al., 2021; Nazari et al., 2022). Strike-slip faults have
played a key role in controlling magmatism in the
region (Bagheri and Damani Gol, 2020). The study
area is located within the Sefid -Abeh basin, where
small outcrops of ophiolitic and sedimentary rocks
are intruded by larger outcrops of basic to acidic
volcanic and subvolcanic rocks, most of which have
undergone hydrothermal alteration (Figures 2 and 3).

Research Method

Twenty-four thin sections were prepared from
collected samples for petrographic analysis. Thirteen
relatively unaltered samples were selected for
geochemical analysis of major, minor, and rare earth
elements. Major and some minor elements were
measured using X-ray fluorescence (XRF) at Tarbiat
Modares University, while rare earth and trace
elements were analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) at Novin Shimiyar
Laboratory in Tehran.

Petrography

Petrographic studies (Figure 4) reveal that the
igneous rocks in the study area include andesite,
andesiticbasalt, dacite, trachyte, quartz monzonite, and
diorite porphyry. These rocks predominantly exhibit
porphyritic textures. The main minerals are plagioclase
(with or without quartz), orthoclase, hornblende, biotite,
and augite. Secondary, opaque, and accessory minerals
are present in most samples. Some primary minerals
show disequilibrium textures, such as resorption and
zoning. Secondary minerals include calcite, quartz,
sericite, and clay minerals, occasionally accompanied by
chlorite, epidote, orthoclase, and biotite. Opaque
minerals mainly consist of pyrite, hematite, magnetite,
and iron hydroxides.

Geochemistry

The SiO: content in the studied rocks ranges from
53.66 to 66.34 wt.% (Table 1). In Harker diagrams,
Si0O. shows a negative correlation with POs, TiOa,
CaO, MgO, Fe:0s, and AlOs, and a positive
correlation with K.O (Figure 5). These trends likely
reflect magma differentiation and fractionation
processes (Rollinson, 1993). The correlation between
Si0: and Na:O is weak, possibly due to weathering

and hydrothermal alteration effects.

The rocks belong to alkaline and subalkaline
magmatic series (Figure 7B). Alkaline samples are
potassium-rich and fall within the shoshonitic series
(Figure 8), while subalkaline samples are mainly high
-K calc- alkaline. Overall, the samples are classified
as high -potassium calc-alkaline and shoshonitic.

Geochemically, the rocks exhibit high Sr/Y (>40)
and (La/Yb)n (>20) ratios, low Y (<18 ppm) and Yb
(<1.9 ppm), and high Sr (>400 ppm), along with very
low HFSE (Nb, Ta, Ti)—features characteristic of
adakitic rocks (Castillo, 2006).

Discussion and Conclusions

Shoshonitic, adakitic, high -K calc-alkaline, and
calc-alkaline rocks are typically associated with
convergent plate boundaries, including continental
margins, island arcs, and collision/post-collision zones
(Morrison, 1980; Torabi, 2011). Low-K adakites are
commonly found in active subduction zones.

Tectonic discrimination diagrams confirm that the
studied volcanic and subvolcanic rocks are related to
convergent plate settings (Figure 9), specifically
continental margins. Primitive mantle -normalized
diagrams show enrichment in LILE relative to HFSE
(Figure 10). Spider diagrams reveal positive anomalies
in Cs, Pb, Th, U, and K, and negative anomalies in Rb,
Nb, Ti, and P. Chondrite-normalized REE diagrams
indicate enrichment in LREE over HREE, with weak
negative Eu anomalies in all samples. These
geochemical features are typical of high-K calc-alkaline,
adakitic, and shoshonitic magmas formed in subduction-
related continental margins (Wilson, 1989; Rollinson,
1993; Tatsumi and Eggins, 1995). The magmas are
likely contaminated by crustal material (\Wilson, 1989)
and derived from an enriched mantle source (Figures
12A and B). The host rocks are garnet Iherzolites
enriched in phlogopite, with partial melting rates below
20 % (Figure 13). Although the geochemical signatures
resemble those of magmas formed in continental margin
subduction zones, considering the age, it is likely that
these rocks formed in a post-collisional tectonic setting
within a supra-subduction zone.
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Figure 1. A) Geological map of a portion of the Sistan suture zone (highlighted by the red square in Figure 1B);

B) Map of the geological and structural zones of Iran, showing the location of the Sistan suture zone (Aghanabati,
2004) and the position of the study area within this zone.
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Figure 2. The geological map of south of the Asagi igneous complex which is drawn by GIS based on Sas Planet

satellite images and field and laboratory studies.
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Figure 3. Photographs of outcrops of the igneous rocks in the south of the Asagi igneous complex A) A wide
view of andesitic cones (view to the west); B) A wide view of dacite outcrops and altered andesites (view to the
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Figure 4. Photomicrographs of some igneous rocks in the south of Asagi igneous complex; A) Andesite with
porphyry texture contains plagioclase phenocrysts; B) Dacite contains rounded quartz and feldspar phenocrysts;
C) Trachyte contains sanidine phenocrysts in a microcrystalline background; D) Andesibasalt contains
plagioclase, clinopyroxene, and amphibole phenocrysts in a fine-grained background; E) Diorite porphyry
including plagioclase and biotite phenocrysts in a fine-grained background; F) Quartz monzonite porphyry

composed mostly of plagioclase and orthoclase phenocrysts, and little finer-grained quartz (Abbreviations from
Whitney and Evans (2010))
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Table 1. Major (in wt. %), rare earth, and trace element (in ppm) concentrations in the volcanic and subvolcanic

rocks in south of Asagi igneous complex.

Samples No. J321 J322 J36 J40 J38 J29 J49 J18
SiO, 53.7 54.7 56.5 64.1 62.2 62.5 63.5 66.1
TiO, 0.76 0.79 0.35 0.4 0.55 0.53 0.55 0.35
Al,O; 13.7 14 17.1 135 13.2 13.7 14.2 13.6
Fe,O3 5.06 51 3.02 3.08 4.06 4.46 3.83 2.84
CaO 7.76 6.58 3.74 4.15 571 5.29 5.45 4.03
MgO 5.03 471 0.54 3.24 3.63 2.98 2.89 231
MnO 0.11 0.12 0.14 0.05 0.09 0.08 0.08 0.06
K0 4.69 5.29 8.93 3.58 3.29 3.29 3.25 3.88
Na,O 3.19 3.55 4.15 3.69 2.9 3.24 3.64 3.27
P20s 0.57 0.61 0.11 0.26 0.32 0.32 0.4 0.25
LOI 5.08 421 4.87 3.63 331 3.3 2 3.14
Total 99.7 99.6 99.4 99.7 99.3 99.7 99.8 99.8
K>0/Na,O 15 15 2.2 1 11 1 0.9 1.2
Ba 1760 1591 2226 1288 1334 998 1130 1028
Co 11 12.3 5 7.8 9.6 8.7 8 5.6
Cr 76.5 82.5 14.1 53.4 78.9 60.4 54.7 39.1
Ga 21.6 21 23.1 22.8 19.2 20.1 17.8 18.3
Li 315 16.9 201.9 47.1 28.9 23.5 10.2 354
Ni 31.2 25.7 <5 17.1 41.7 49.8 26.7 15.4
Pb 35.1 33.3 69.3 26.9 35.3 26.4 30.5 36.1
Sr 1589 1469 2674 739 793 788 843 653
\Y 86.2 90.1 67.3 43.8 70.8 56.1 52.1 39.6
Y 16.7 17.2 27.4 9.5 11 9.2 111 9.8
Zr 180.8 186 356.2 60.1 129.5 87.5 79.4 62.3
Rb 159.8 159.4 255.7 125 96.3 88.2 91.2 127.3
Nb 23.8 23.6 311 14 14.5 12.6 16.2 9.9
Cs 6.8 7 43.2 6.5 54 5.2 6.3 10.9
La 93 97 165.4 44.7 53.9 48.1 445 485
Ce 271 310.2 313.8 170 196.1 124.8 175.9 82.6
Pr 20 18.8 25.1 8.5 10.6 8.7 9.9 9.2
Nd 71.7 74.4 88.1 27.8 35 33.9 38.1 29.8
Sm 9.6 8.9 10.5 35 4.6 3.9 44 4
Eu 1.8 1.6 2.1 0.9 11 0.8 11 0.9
Gd 9.1 9.4 115 4.6 7.7 4.6 6 4
Tb 11 0.7 11 0.4 0.6 0.4 0.6 0.5
Dy 35 4.5 51 24 2.6 2.2 31 2.6
Ho 0.6 0.6 0.8 0.6 0.5 0.3 0.4 0.5
Er 1.8 3.6 3.2 15 1.8 1.2 2.2 15
Tm 0.3 0.4 0.6 0.2 0.3 0.3 0.3 0.1
Yb 1.7 14 2.1 1.2 1.2 0.9 13 0.9
Lu 0.2 0.1 0.3 0.1 0.2 0.2 0.1 0.1
Hf 3.4 3.7 5.2 2.2 33 2.3 2.1 2.2
Ta 0.2 0.2 0.6 0.2 0.2 0.1 0.1 0.3
Th 38.2 36.4 56.2 29.6 29.9 22.3 17.2 34.3
U 8.5 7.5 13 6.3 6.6 4.8 4.2 7.9
(La/Yb)n 46 58.2 66.2 31.3 37.7 44.9 28.8 45.3
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Table 1. Continued.

Samples No. J46 J20 J10 J9 J23
SiO; 64.4 65 66.3 65.8 59.6
TiO, 0.44 0.34 0.44 0.37 0.53
Al,Os 13.6 14 141 14.2 13.9
Fe,O3 3.24 2.96 3.59 2.65 3.82
CaO 4 431 5.39 3.2 5.35
MgO 3.47 1.93 2.35 1.15 3.95
MnO 0.08 0.07 0.09 0.09 0.09
K0 3.48 3.19 1.75 5.14 493
Na,O 3.49 351 3.48 3.74 297
P20s 0.28 0.19 0.2 0.14 0.45
LOI 3.36 44 2.07 3.2 4.15
Total 99.8 99.8 99.8 99.7 99.7
K>0/Na,O 1 0.9 0.5 1.4 1.7
Ba 1432 882 1127 925 1440
Co 7 5 6.3 5 8.3
Cr 48.9 30.9 454 19.5 47.3
Ga 18.5 18.1 18.7 18 19.5
Li 31.2 29.2 7.2 18.2 32.3
Ni 21 <5 19.6 9 16.5
Pb 28.8 31.9 10.4 43.6 40
Sr 699 495 801 824 979
\Y 44 32.9 48.2 32.8 47.6
Y 10 8.7 8.6 135 14.3
Zr 87.3 73.6 122 80.1 74.3
Rb 131.7 102.7 456  157.6 156.5
Nb 125 7.1 7.4 8.3 8.8
Cs 8.2 10.7 8 8.1 9.6
La 46.9 35.2 26.2 62.7 79.9
Ce 1854  165.2 160.5 1178 2235
Pr 9.4 7.7 6.9 12.6 15.9
Nd 31.2 28.4 27.1 44 54.6
Sm 4.1 31 3.2 5.9 7.1
Eu 1 0.7 0.9 1.2 15
Gd 5.6 47 3.8 5.9 7.5
Tb 0.5 0.4 0.5 0.7 0.9
Dy 24 24 2.6 3.2 4.2
Ho 0.4 0.3 0.5 0.6 0.6
Er 2.3 3.1 25 1.9 3.6
Tm 0.2 0.2 0.4 0.3 0.3
Yb 0.9 1 11 14 15
Lu 0.1 0.1 0.1 0.1 0.2
Hf 2.7 2.3 3.3 1.7 24
Ta 0.2 0.1 0.2 0.2 0.3
Th 32 21.9 13 28.9 49.9
] 7.2 44 2.8 4.9 9

(La/Yb)n 43.8 29.6 20 37.6 44.7
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Figure 5. Harker diagrams (Harker,1909) of the major elements versus SiO2 (in w.%) for the samples from he
south of Asagi Igneous Complex.
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Figure 6. Harker Diagrams (Harker,1909) of minor elements (in ppm) versus SiO (in Wt.%) for samples from

south of the Asagi Igneous Complex.
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Figure 12. Origin determination diagrams of samples in south of the Asagi Igneous Complex A) Zr-Y diagram
(Abu-Hamatteh, 2005) for the discrimination of enriched and depleted mantle; B) Zr-Nb diagram (Abu-Hamatteh,
2005) for the discrimination of enriched and depleted mantle; C) Nb/Th-Rb/Sr (Furman and Graham, 1999) for
source rock mineralogy; D) La/Yb-Nb/La diagram (Abdel-Fatta and Philip, 2004) for identification of magma
source.

Sl y So 5l oo ey Oy sl VYIS &b
S Aegazme sz 5 eSS slaci S eS (GaSucd Az b Sy f-od)l8 ead 8 dideS
Glanl > «Sols S L by 5ee oSl & g0 ST S oYL 2Y8 5l (S5 0l Sy Sren aoyo Y
Ogmais (030l 55 5 wlle) 5 lT 3T slacKin 5 slayluS Lz 5w S lojais 4 Sow SB sl yae
5 @w| S E95 5y & lol,31 slacKinw )l ol K g0 )8 g LSle il ies B3
d2o3la8 Lawgs oS08 45 akiud i cosdd (slaal> o 4y gy e 5les,8 (Sajona and and Maury, 1998) ol
Jlss Lacsuls caled 59 5 (59,0 5 (S Lo oz 353 o 1) 5w SB leyaie o5 cl ol JS
S 8390 sl 50 (Sgyd e slaKiw wlads oS iduogd | ol Slule 4 sl 09,9 5l g el 00,5

Cdl L (g 5ud )5 Sdgiiges s ol s 5 oijlas Slais (Rivalenti et al., 1998) &S oo 5,5 gl>



file:///C:/Users/Asus/Desktop/paper%20last.docx

v O Ke 5 (550l dosrs o Sl 03337 Acgarmo Cginr 30 Sl Taow 5 (HlLiiis T G oudya0 ) § (ks i

SlaKiw e Cols g ol el 5 28 eSS

IS (658 ye Sl Sl Py 5 (S

9 SLaSim il )3 wiias (65500 L5 Vel S
wS1 5 wdlibg 0l Jolis g assls So s Sasly,

10.0
=1.0 maptle “_—__—éme_;lite
o
Depleted Enriched
0.1
0.1 1 10 100

Sm

aisS S 5 ol yo a5 (Aldanmaz et al., 2000) SM-SM/YD Jloges jo (Slal 2,31 degazme gz sladiges oS 5 Y JSCi

ol oad ool iles sisugd Sl e (g5lesSI L

Figure 13. The composition of samples of south of the Asagi igneous complex is shown in the Sm-Sm/Yb
diagram (Aldanmaz et al., 2000) in which the mantle composition is characterized by modeling of partial melting

degrees.

RCEX PR ¢

A oty 33900y, 3] Gla Ko ey
oLl a4 b e 3] Gl oy Siilen
! O)L_§ 3..,_.»»[> w|)5)_5 2\_,..@,» 9 ‘)i.o..{b ‘SA}LA’ O
o b (69,85 plan s> 4 K 5l 8 sla S
U_))é—‘ 6l_®u_i»_~.; O 4_§...»| a4 4.>9.: L: ..\.:9...«.)‘54 oolo
295 53 3,55 0 9 e e b (resSID) 0 o)
Je) 6‘5)3’.)4—“‘% ot_i.{L? 4 dl.t.uo o..\.a.'::‘sm)ﬁ WL«?L&
)‘ S| L}"‘)‘)ﬁ)J :\_..@‘J dslen a5 on})ﬁ ‘_;me_i..w
ol 00 4.»3; o._J)‘ A (o) Lgl.‘!)) o) L)T 6[{‘.&;

o) 2 3 Sl S pleerdiee) S S
(Sl_AfLO J_Q\)L;o uLm.: KZO/NaZO ‘_;YIJ M 0)494\4 9
4_'>)_f| Ll 28,5 o Knls slgs S disS SO LQHT
Sy odde S (ceaid (owgilSl ding b lo B dtwg
ol sledle da sy b5 L ol jen cdeas Lol ws]
ol slaSle ably jo .cul ouls ol slgd,So &isS

ol o0 gy 2 (3] SloSins ((ulid G S 5

g P15 AT (Cnasle e b L)
S92y el oS Lo SLS 5 (S g idlS il j5n
2 el SladSb g (Sabos)s> 0,5 laa il
53 gaaihio g (Joje lacdl (pizeen 5)lsS
Lol cul Joles 9525 5 (5, lmbl daaslas M 9252
5 Jyhol Godesimlysl ool jols a0 LeSLe
B89 39Vl sl 5 Gy laSinw ;0 Sodsn
5 @l Sl il (o8 Ol ) S
U D USE SN S SNSRI RPN L 200
PR SLAY Y W WK S DI WS VIS X P W)
3925 Lol 5l slagisn )0 Cuym g 35,155 S )5S il
Sk g glesl Jolds sodons sl Sl 55 .o )ls

ol (gl g S (S5
SUSITSIS (b6 o s 00 o 0 (SlBS i
3 eliy YL polie 5yls 3l gdied 9 YU peliy
Ol el (igded laSiw (aFlh slaShy
Gla S olroiir; b Shy (orze S
oS lodie s ST YL cdale wosle ¢ uSTolacs o ST




VEF Sl a5 et o Lo ool o s394 W

S35 ool oS S 095 Sl sl o) Sladiged Sliny

cobes sl Gledol a5 e S5 8 &8 15 5 B K o glaw crwla s § Bl s i é
aloms hlialng 9 GLslid 5 o o colpgls 5l g L —El S 5 Ll a8 (aduogd Sl endom)
Ot sl 9 Lol l— 55555 Seopd Vol yeS 5 L S8 old 5l (e e )
ALS e (6155 ol JOM PRI NI

Reference

Abdel- Fattah, M., and Philip, E.N. (2004) Cenozoic volcanism in the Middle East: petrogenesis of alkali
basalts from northern Lebanon. Geological Magazine, 141(5), 545-563.
https://doi.org/10.1017/S0016756804009604

Abu- Hamatteh, Z.S.H. (2005) Geochemistry and petrogenesis of mafic magmatic rocks of the Jharol Belt,
India: Geodynamic Implication. Journal of Asian Earth Science, 25(4), 557-581.
https://doi.org/10.1016/j.jseaes.2004.05.006

Aghanabati, A. (1991) Geological map of Daryacheh—-ye—-Hamun (1:250000) and Kuh-e-Seyasteragi
(1:100000). Geological Survey of Iran, Tehran, Iran.

Aghanabati, A. (2004) The Geology of Iran. 586p. Geological Survey of Iran, Tehran (In Persion).

Aldanmaz, E., Pearce, J.A., Thirlwall, M.F., and Mitchell, J.G. (2000) Petrogenetic evolution of late
Cenozoic, post-collision volcanism in western Anatolia, Turkey. Journal of Volcanology and
Geothermal Research, 102, 67-95. http://www.doi.org/10.1016/S0377-0273(00)00182-7

Aragon, E., Gonzalez P., Yolanda E., Cavarozzi A.C., Llambias E., and Rivalenti G. (2003) Thermal divide
andesites-trachytes, petrologic evidence, and implications from Jurassic north Patagonian massif
alkaline  volcanism. Journal of South American Earth Sciences, 16, 91-103.
http://www.doi.org/10.1016/S0895-9811(03)00046-4

Bagheri, S., and Damani Gol, S. (2020). The Eastern Iranian Orocline. Earth-Science Reviews, 210, 103322.
http://www.doi.org/10.1016/j.earscirev.2020.103322

Boomeri, M., Piri. A., Nohtanifar, A., and Soloki, H. (2020). Copper and gold mineralization and
petrography and geochemistry of igneous rocks in Taktalar, northwest of Zahedan, Sistan and
Baluchestan province. Researches in Earth Sciences, 11(44), 109-128, (in Persian with English
abstract). http://www.doi.org/10.52547/esrj.11.4.109

Boomeri, M., Rusta, M. Moradi, R. (2021) Petrography and geochemistry of the Padagi dikes (South of
Zahedan, Sistan Suture Zone). Petrological Journal, 12(46), 71-94, (in Persian with English abstract)
http://www.doi.org/10.22108/ijp.2021.123837.118

Boomeri, M., Piri, A., and Nohtanifar, A. (2022). Alteration and mass balance of igneous rocks in the
Taktelar area, northwest of Zahedan, SE Iran. Journal of Economic Geology, 14(3), 65-93, (in Persian
with English abstract). http://www.doi.org/10.22067/ECONG.2022.69941.1017

Calanchi, N., Peccerillo, A., Tranne, C.A., Lucchini, F., Rossi, P.L., Kempton, P., Barbieri, M., and Wue,
T.W. (2002). Petrology and geochemistry of volcanic rocks from the Island of Panarea: implications
for mantle evolution beneath the Aeolian Island arc (southern Tyrrhenian Sea). Journal of
Volcanology and Geothermal Research, 115, 367-395. http://www.doi.org/10.1016/S0377-
0273(01)00333-X

Camp, V.E., and Griffis, R.J. (1982) Character, genesis and tectonic setting of igneous rocks in the Sistan
suture zone, eastern Iran. Lithos, 15(3), 221-239. https://doi.org/10.1016/0024-4937(82)90014-7

Castillo, P.R. (2006) An overview of adakite petrogenesis. Chinese Science Bulletin, 51(3), 257-268.
https://doi.org/10.1007/s11434-006-0257-7

Cook, C., Briggs, R. M., Smith, I. E. M., and Maas, R. (2005) Petrology and geochemistry of Intraplate
basalts in the South Auckland Volcanic Field, New Zealand: evidence for two coeval magma suites
from distinct sources. Journal of Petrology, 46(3), 473-503. https://doi.org/10.1093/petrology/egh084


https://doi.org/10.1017/S0016756804009604
https://doi.org/10.1016/j.jseaes.2004.05.006
http://www.doi.org/10.1016/S0377-0273(00)00182-7
http://www.doi.org/10.1016/S0895-9811(03)00046-4
http://www.doi.org/10.1016/j.earscirev.2020.103322
https://doi.org/10.52547/esrj.11.4.109
https://doi.org/10.22108/ijp.2021.123837.1189
http://www.doi.org/10.22067/ECONG.2022.69941.1017
http://dx.doi.org/10.1016/S0377-0273(01)00333-X
http://dx.doi.org/10.1016/S0377-0273(01)00333-X
https://doi.org/10.1016/0024-4937(82)90014-7
https://doi.org/10.1007/s11434-006-0257-7
https://doi.org/10.1093/petrology/egh084

4 O Ke 5 (550l dosrs ;L.:T 39T dcgozxo Ligia 4o @MT‘\M P @L\MT Lo (oo yao) 9 (o bl Ko

Edwards, C.M., Menzies, M.A., Thirlwall, M.F., Morris, J.D., Leeman, W.P., and Harmon, R.S. (1994) The
transition to potassic alkaline volcanism in Island Arcs: The Ringgit—Beser complex, East Java,
Indonesia. Journal of Petrology, 35(6), 1557-1595. https://doi.org/10.1093/petrology/35.6.1557

Furman, T., and Graham, D. (1999). Erosion of lithospheric mantle beneath the East African Rift system:
Geochemical evidence from the Kivu volcanic province. Developments in Geotectonics, 24(C), 237-
262. https://doi.org/10.1016/S0419-0254(99)80014-7

Harker, A. (1909) The Natural History of Igneous Rocks. 377 pp. Methuen, London.

Hastie, A.R., Kerr, A.C., Pearce, J.A., and Mitchell, S.F. (2007) Classification of altered volcanic arc rocks
using immobile trace elements: development of the th-Co discrimination diagram. Journal of
Petrology, 48(12), 2341-2357. http://www.doi.org/10.1093/petrology/egm062

Jahantigh, M. (2025) Remote Sensing, Geological and Lithogeochemical Investigation of Tak-Talar,
Northwest of Zahedan, Sistan Suture Zone, M.Sc. thesis, University of Sistan and Baluchestan,
Zahedan, Iran, 209 pp, (in Persian with English abstract).

Karmalkar, N.R., Rege, S., Griffin, W.L., and O'Reilly, S.Y. (2005) Alkaline magmatism from Kutch, NW
India:  implications  for  plume-lithosphere interaction.  Lithos, 81(1-4), 101-119.
https://doi.org/10.1016/j.lithos.2004.09.019

Khedr, M.Z., and Arai, S. (2016) Petrology of a Neoproterozoic Alaskan-type complex from the eastern
Desert of Egypt: implications for mantle heterogeneity. Lithos, 263, 15-32.
http://www.doi.org/10.1016/j.lithos.2016.07.016

Le Bas, M.J., Le Maitre, R.W., Streckeisen, A., and Zanettin, B. (1986) IUGS subcommission on the
systematics of igneous rocks, a chemical classification of volcanic rocks based on the total alkali-silica
diagram. Journal of Petrology, 27(3), 745-750. https://doi.org/10.1093/petrology/27.3.745

Martin, H., Smithies, R.H., Rapp, R., Moyen, J.F. and Champion, D. (2005) An overview of adakite,
tonalite-trondhjemite-granodiorite (TTG), and sanukitoid: relationships and some implications for
crustal evolution. Lithos, 79(1-2), 1-24. https://doi.org/10.1016/j.lithos.2004.04.048

Mason, B., and Moore, C.B. (1982) Principle of Geochemistry. 344p. 4™ edition, John Wiley and Sons, New
York.

Middlemost, E.A.K. (1994) Naming materials in the magma/igneous rock system. Earth Science Reviews,
37(3-4), 215-224. https://doi.org/10.1016/0012-8252(94)90029-9

Moradi, R., Boomeri, M., Bagheri, S., and Nakashima, K. (2016) Mineral chemistry of igneous rocks in the
Lar Cu-Mo prospect, southeastern part of Iran: Implications for P, T, and fO,. Tirkish Journal of
Earth Sciences, 25(5), 418-433. https://doi.org/10.3906/yer-1510-5

Morrison, G.W. (1980) Characteristics and tectonic setting of the shoshonite rock association. Lithos, 13, 97-
108. https://doi.org/10.1016/0024-4937(80)90067-5

Mdller, D., Rock, N.M.S., and Groves, D.I. (1992) Geochemical discrimination between shoshonitic and
potassic volcanic rocks from different tectonic settings: a pilot study. Mineralogy and Petrology, 46,
259-289. http://dx.doi.org/10.1007/BF01173568

Nakamura, N. (1974) Determination of REE, Ba, Fe, Mg, Na and K in carbonaceous and ordinary
chondrites. Geochimca et Cosmochim Acta, 38(5), 757-775. http://dx.doi.org/10.1016/0016-
7037(74)90149-5

Nazari, M., Boomeri, M., Biabangard, H., and Nakashima, K. (2022) K- and Na-rich volcanic rocks of Asagi
igneous  complex,  eastern Iran.  Araian Journal of  Geosciences, 15,  1025.
https://doi.org/10.1007/s12517-022-10173-8

Pearce, J.A (1996). A users guide to basalt discrimination diagrams. In: Wyman DA, editor. Trace Element
Geochemistry of Volcanic Rocks: Applications for Massive Sulphide Exploration. Short Course Notes
12. St. John’s, Canada: Geological Association of Canada, 79-113.

Pearce J.A. (2008) Geochemical fingerprinting of oceanic basalts with applications to ophiolite classification
and the search for Archean oceanic crust. Lithos, 100(1-4), 14-48.
https://doi.org/10.1016/j.lithos.2007.06.016


https://doi.org/10.1093/petrology/35.6.1557
https://doi.org/10.1016/S0419-0254(99)80014-7
http://www.doi.org/10.1093/petrology/egm062
http://dx.doi.org/10.1016/j.lithos.2004.09.019
http://www.doi.org/10.1016/j.lithos.2016.07.016
https://doi.org/10.1093/petrology/27.3.745
https://doi.org/10.1016/j.lithos.2004.04.048
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.3906/yer-1510-5
https://doi.org/10.1016/0024-4937(80)90067-5
http://dx.doi.org/10.1007/BF01173568
http://dx.doi.org/10.1016/0016-7037(74)90149-5
http://dx.doi.org/10.1016/0016-7037(74)90149-5
https://doi.org/10.1007/s12517-022-10173-8
https://doi.org/10.1016/j.lithos.2007.06.016

VEF Sl g s et oot ol Jlo (8509 —

Pearce, J.A., Baker, P.E., Harvey, P.K., and Luff, LW. (1995) Geochemical evidence for subduction fluxes,
mantle melting and fractional crystallization beneath the south Sandwich island arc. Journal of
Petrology, 36, 1073-1109. https://doi.org/10.1093/petrology/36.4.1073

Peccerillo A., and Taylor S.R. (1976) Geochemistry of Eocene calc-alkaline volcanic rocks from the
Kastamonu area, northern Turkey. Contributions to Mineralogy and Petrology, 58(1), 63-81.

Piri, A. (2018) Mineralogy, alteration, and origin of copper mineralization in Taktalar, northwest of Zahedan.
MSc thesis, University of Sistan and Baluchestan, Zahedan, Iran, 158 p, (in Persian with English
abstract)

Rivalenti, G., Mazzucchelli, M., Girardi, V.A.V., Cavazzini, G., Finatti, C., Barbieri, M.A., and Teixeira, W.
(1998) Petrogenesis of the Paleoproterozoic basalt-andesite-rhyolite dyke association in the Carajas
region, Amazonian craton. Lithos, 43(4), 235-265. https://doi.org/10.1016/S0024-4937(98)00015-2

Rollinson, H.R. (1993) Using geochemical data: Evaluation, presentation, interpretation. 352p. Longman
Scientific and Technical, Wiley, New York.

Sajona, F. G., and Maury, R. C. (1998) Association of adakites with gold and copper mineralization in the
Philippines. Comptes Rendus De L Academie Des Sciences Serie li Fascicule A-Sciences De La Terre
Et Des Planetes, 326(1), 27-34. https://doi.org/10.1016/S1251-8050(97)83200-4

Sayari, M., and Sharifi, M. (2018) Anomalies in the depth of the asthenospheric mantle: key to the enigma of
adakites in the Urumieh-Dokhtar magmatic arc. Neues Jahrbuch flr Mineralogie-Abhandlungen:
Journal of Mineralogy and Geochemistry, 195(3), 227 245. https://doi.org/10.1127/njma/2018/0093

Sayari, M., and Sharifi, M. (2021) Evolution of the volcanic mechanism in the central part of the Urumieh
Dokhtar magmatic arc. Journal of Economic geology of Iran, (in Persian with English abstract). 13(1),
113-144. https://dx.doi.org/10.22067/econg.v13i1.85642

Shahabinejad, A., Tajeddin, H.A., and Ghaderi, M. (2024) Petrography and geochemistry of volcanic rocks
at the Siahouki copper-gold deposit: An example of deposits with shoshonitic host rock in the north of
Bam. Petrological Journal, 15(3), 89-112 (in Persian with  English  abstract).
https://doi.org/10.22108/ijp.2024.141708.1335

Sun, S., and McDonough, W. F. (1989) Chemical and isotopic systematics of oceanic basalts: Implications
for mantle composition and processes. Geological Society of London, Special Publications, 42(1),
313-345. https://doi.org/10.1144/GSL.SP.1989.042.01.19

Tatsumi, Y., and Eggins, S. (1995) Subduction zone magmatism. In Subduction zone magmatism. 211p.
Blackwell Science, Frontiers in Earth Sciences.

Tirrul, R., Bell, L.R., Griffis, R.J., and Camp, V.E. (1983) The Sistan Suture Zone of Eastern Iran.
Geological Society of American Bulletin, 94(1), 134-150. https://doi.org/10.1130/0016-
7606(1983)94<134:TSSZOE>2.0.CO;2

Torabi, G. (2011) Middle Eocene volcanic shoshonites from the western margin of the Central-East Iranian
microcontinent (CEIM), a mark of previously subducted CEIM-confining oceanic crust. Petrology,
19, 675-689. https://doi.org/10.1134/S0869591111030039

Wang, Q., Wyman, D.A., Xu, J.F., Wan, Y., Li, C.H., Zi, F., Jiang, Z., Qiu, H., Chu, Zh., Zhao, Z.H., and
Dong, Y.H. (2008) Triassic Nb enriched basalts, magnesian andesites and adakites of the Qiangtang
terrane (Central Tibet): evidence for metasomatism by slab derived melts in the mantle wedge.
Contributions to Mineralogy and Petrology, 155(4), 473-490. https://doi.org/10.1007/s00410-007-
0253-1

Whitney, D.L., and Evans, B.W. (2010) Abbreviations for names of rock-forming minerals. American
Mineralogist, 95, 185-187. http://dx.doi.org/10.2138/am.2010.3371

Wilson, M. (1989) Igneous petrogenesis, A global tectonic approach. 466p. Unwin Hyman London.
https://doi.org/10.1007/978-1-4020-6788-4

Zheng, Y.F. (2019) Subduction zone geochemistry. Geoscience Frontiers, 10, 1223-1254.
https://doi.org/10.1016/j.gsf.2019.02.003


https://doi.org/10.1093/petrology/36.4.1073
https://doi.org/10.1016/S0024-4937(98)00015-2
https://doi.org/10.1016/S1251-8050(97)83200-4
https://doi.org/10.1127/njma/2018/0093
https://dx.doi.org/10.22067/econg.v13i1.85642
https://doi.org/10.22108/ijp.2024.141708.1335
https://doi.org/10.1144/GSL.SP.1989.042.01.19
https://doi.org/10.1130/0016-7606(1983)94%3C134:TSSZOE%3E2.0.CO;2
https://doi.org/10.1130/0016-7606(1983)94%3C134:TSSZOE%3E2.0.CO;2
https://doi.org/10.1134/S0869591111030039
https://doi.org/10.1007/s00410-007-0253-1
https://doi.org/10.1007/s00410-007-0253-1
http://dx.doi.org/10.2138/am.2010.3371
https://doi.org/10.1007/978-1-4020-6788-4
https://doi.org/10.1016/j.gsf.2019.02.003

