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Introduction

The Marivan region located in the west of Kurdistan province,
northwest of Iran and in the structural geological divisions of Iran
(Stocklin and Nabavi, 1973). The Mesozoic volcanic rocks are
widespread in the Northern Sanandaj- Sirjan zone in comparison to the
central and southern parts of this zone. The basic term of this volcanic
belt with a calc-alkaline tendency is dominant where was formed in
association with the Sanandaj-Sirjan arc magmatism in the Mesozoic
which generated as a result of the subduction of the Neotethys oceanic
crust under the active continental margin of Central Iran (Omrani et al.,
2008; Azizi and Jahangiri, 2008; Moinevaziri et al., 2015).

The studied area located in the Sanandaj Cretaceous volcanic belt
(SVB) (Azizi and Moinevaziri, 2009), is characterized by the presence of
basalts and andesite-basalts, often intruded shales, sandstones, and
Cretaceous limestones. Rahimzadeh et al. (2021) investigated the North
of Sanandaj-Sirjan magmatism in two basic and acidic phases and
attributed their formation to a continental arc tectonic environment with
extension. Also, the general age of the North Sanandaj-Sirjan zone
magmatism varies from 110 to 130 million years (Barmian-Aptian). Ali
et al. (2016) determined a bimodal model for the volcanic rocks of the
Kata-rash region in Iraq Kurdistan (north of the study area), which
originated 108 Ma (Albian) in an oceanic arc tectonic environment .

The main purpose of the present paper is to study the petrology and

geochemistry of the volcanic rocks of the area, in order to determine their
tectonic setting.
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Regional Geology

The The studied area is located in the north and
east of Marivan city and is a part of the 1:100,000
geological map of Marivan (Sabzehi et al., 2009).
Structurally, it is located in the northwestern part of
Sanandaj-Sirjan zone. The rock units with Albian
age, are a sequence of low metamorphosed volcanic-
sedimentary rocks and consist of basaltic lavas,
andesite-basalt, rhyodacite, pyroclastic, shale,
calcareous shale, metamorphosed limestone,
sandstone and minor amounts of conglomerate. A
great volume of basic rocks is found in the north of
Marivan while the acidic domes are seen in the east
of the Marivan. The field relationships of volcano-
sedimentary sequence indicates that the volcanic
rocks erupted from deep to shallow marine
environment (Rahimzadeh et al., 2021).

Research method

Eleven samples selected from the Marivan
volcanic rocks for chemical analyses. The major
elements were measured by ICP-OES method and
trace and rare earth elements (REE) were measured
by the ICP-MS method in the Canadian MS-
Analyses laboratory.

Petrography

Cretaceous volcanic rocks with bimodal
composition are often basic to slightly intermediate
and acidic outcrops. The basic phase includes a large
amount of basalt and a small amount of basaltic
andesite and the acidic phase is composed of
rhyolite and rhyodacite. Porphyritic and microlithic-
glassy are the common textures in the rocks under
study. The presence of zoned-plagioclases, quartz
with embayed texture in rhyodacite, regrowth in
crystals margin in both basic and acidic phases
indicate the chemical imbalance of phenocrysts with
melt in the magma forming these rocks.

Geochemistry

Based on the results of chemical analyses, the
Marivan volcanic rocks are classified as the basic
and acidic where the bimodality of rocks can be
seen. The basic rocks show calk-alkaline with
tholeiitic tendency whereas the acidic term display
the calc-alkaline nature. The geochemical results in
the spider diagrams show that the basic rocks of the

region are enriched in LREE and LILE (K, Cs and
relatively Ba and Rb), and depleted in HFSE (Nb,
Ti, P) except U and Th.

The acidic rocks are enriched in LILE (K, Cs,
Rb, Th) except Sr and depletion of HFSE (P, Ti, Nb)
except U and Zr. Nb and Ti depletion is one of the
characteristic features of magmatic arcs. Also, these
rocks have an LREE-enriched pattern in both the
basic and acidic phases with a high LREE/HREE
ratio and a specific negative Eu anomaly are found
only in the acidic phase. The acidic rocks were
originated from the lherzolitic spinel mantle with a 5
to 8% partial melting degree whereas the basic
phase is generated from the lherzolitic spinel-garnet
mantle with 10 to 22% partial melting degree.

Tectonic setting

This volcanic complex is a part of the Sanandaj-
Sirjan magmatic arc, which shows both subduction
and extensional components. Extension in the
continental arc happened relation to roll-back or slab
collapse (Wei et al., 2017; Rahimzadeh et al., 2021).
Rollback occurs as a result of its pressure, the
subducting crust turns back and breaks, and
extension occurs for a short period. So, in this
geodynamic environment, bimodal volcanism can be
happened where basic term show the tholeiitic
affinity. It’s happened from continental arc position.
In this tectonic setting environments, most of the
volcanic rocks are basaltic rocks while in a typical
continental arc such as the Andes arc and the
Urumieh-Dokhtar abundant andesite rocks are
widespread (Gill, 2010).

Conclusion

Marivan volcanic rocks are part of the
northern Sanandaj-Sirjan zone continental arc,
which is roll-back happened in the Albian and
as a result occurred the local extension in the
regional compression setting. Its signs include
the presence of shales associated with volcanic
rocks, the abundance of basalts over andesites,
the tendency of calc-alkaline to tholeiitic
nature in most of the basic rocks and as the
several geodynamic diagrams display.
However, the obvious evidence of subduction
in the region can be seen as the depletion of Nb
and Ti elements and enrichment of LILE and
LREE compared to HFS elements.
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Figure 1. A) The map of the major structural zones of Iran (after Stocklin and Nabavi, 1973) and the location of the
study area; B) Simplified map of the studied area based on the 1:100, 000 geological map of Marivan (Sabzehi, 2009).
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Table 1. Geochemical data of major elements by ICP-OES method (wt%) and rare elements by ICP-MS method (in ppm).

Micro Gabbro . . .

Rock type L Basalt Andesite Basalt Rhyodacite Rhyolite
Diorite

Sample No. Q4 1S1 Vi Q1 SS6 SS5 TT1 KT6 V2 KT1 1S4
SiO, 50.80 46.96 50.30 50.71 51.45 54.58 55.88 67.13 73.99 74.71 72.36
TiO;, 2.58 0.89 1.00 2.15 1.15 0.85 1.33 0.78 0.23 0.28 0.32
Al,O4 16.51 15.69 18.91 15.87 17.56 17.84 18.73 15.32 11.93 12.83 13.41
Fe,O3* 13.25 7.33 8.92 12.13 9.79 7.93 7.50 4,75 171 2.55 3.09
MnO 0.07 0.15 0.13 0.20 0.15 0.12 0.11 0.04 0.01 0.08 0.06
MgO 6.17 5.36 4,92 4.02 2.57 5.36 3.01 0.14 0.15 0.61 1.06
CaO 0.64 16.56 8.47 5.85 7.76 5.23 4.56 0.35 0.05 1.64 2.05
Na,O 3.45 0.99 1.55 4.97 2.36 3.14 4.23 7.46 0.19 471 2.94
K,O 1.74 0.07 2.79 0.18 3.03 1.81 2.13 1.53 8.96 2.20 4.06
P,Os 0.33 0.16 0.25 0.31 0.38 0.24 0.40 0.19 0.03 0.04 0.05
Cr,0, 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
LOI 4.30 6.32 2.69 3.79 2.71 3.55 3.04 0.83 0.94 0.85 151
Total 99.92 100.52 100.20 100.20 99.08 100.80 100.56 98.54 98.27 100.29 100.99
Sc 251 34.8 26.3 30.8 20.1 25.2 17.1 1.7 55 8.4 11.3
\% 258 275 283 351 317 257 120 50 10 50 60
Cr 90 190 48 10 11 38 10 21 28 161 10
Co 47.5 26.8 23.6 22.3 33.2 22.3 16.3 34 0.7 5.1 22.6
Ni 60.5 62.6 26.7 1.6 8.7 147 35 1.7 1.2 12.7 1.6
Ga 23.7 16.7 18.1 19.9 18.9 174 20.5 19.8 17 10.8 135
Rb 30.8 1.6 92.2 2.3 75.1 57.5 78.3 28.1 188.9 51.6 80.1
Sr 159.4 166.6 545.6 189.1 750.1 669.7 659.7 455 125 139.1 187.3
Y 233 18.7 21.9 33.6 28 26.2 22.6 443 248 22.3 243
Zr 149 54 68 115 121 88 94 389 359 109 105
Nb 27.2 3.2 4.9 5.1 6.9 5.3 145 31.2 26 6.3 6.5
Tc 0.01 0.85 0.01 0.35 0.13 0.02 0.03 0.01 0.02 0.01 0.06
Sn 5 5 5 6 5 5 5 7 6 5 5
Cs 1.35 0.12 241 0.06 2.15 111 0.85 0.75 0.35 0.43 1.55
Ba 356.9 145 345.8 55.2 890.5 872.2 463.8 110.2 714.2 513.6 591.8
La 224 9 23.1 9.9 31 24.3 17.2 34.7 51 17.6 19
Ce 47.1 195 47.1 25.2 62.7 47 35.1 69.4 98 34.4 37.6
Pr 5.74 2.63 5.63 3.7 7.62 5.6 4.36 7.77 10.97 3.84 4.04
Nd 25.1 11.3 23.8 17.7 30.5 22.6 18.8 30.1 42.2 144 15.2
Sm 5.77 2.77 4,93 4.82 6.52 5.2 411 6.54 8.56 3.2 3.42
Eu 1.8 0.93 1.45 1.82 1.76 1.56 1.74 1.36 1.09 0.69 0.69
Gd 5.79 3 4,78 5.6 6.43 5.1 4.36 6.75 6.81 3.24 3.46
Tb 0.82 0.48 0.66 0.91 0.86 0.66 0.66 1.15 0.83 0.5 0.57
Dy 4.7 3.13 3.88 5.76 4.95 4.18 3.96 7.49 4.47 3.51 3.57
Ho 0.91 0.66 0.8 1.26 1 0.86 0.83 1.63 1.01 0.73 0.83
Er 2.52 201 2.32 351 2.82 271 2.29 5.09 3.57 2.29 2.58
™ 0.32 0.28 0.34 0.52 0.4 0.37 0.32 0.8 0.61 0.35 0.42
Yb 1.99 1.92 2.18 3.46 2.75 25 2.28 5.62 4.75 2.8 2.92
Lu 0.27 0.32 0.34 0.51 0.42 0.42 0.35 0.87 0.75 0.41 0.47
Hf 4.4 1.6 21 3.2 3.3 2.8 2.8 10.6 9.9 3.6 3.6
Ta 1.8 0.2 0.3 0.4 0.5 0.4 1 2.2 2.7 0.5 1
W 1 1 1 1 65 29 2 1 2 2 223
Th 5.09 1.98 5.39 1.55 7.87 6.42 441 11.46 16.31 7.34 7.33
U 0.82 0.63 1.43 0.35 2.45 1.82 0.93 3.09 5.32 2.3 2.57
Ts 0.03 0.01 0.01 0.01 0.02 0.03 0.02 0.01 0.01 0.01 0.01
La/Sm 3.88 3.25 4.68 2.05 4.75 4.67 4.18 53 5.95 55 5.55
Sm/Yb 2.9 1.44 2.26 1.39 2.37 2.08 1.8 1.16 1.8 1.14 1.17
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Figure 3. Photomicrographs of intermediate and basic volcanic rocks of Cretaceous in the East of Marivan. A) Porphyric texture
consisting of plagioclase, clinopyroxene, and olivine crystals in a glassy groundmass (andesite-basalt sample); B) Microlithic texture
composed of plagioclase microcrystals (andesite basaltic sample); C) Sieve texture, corrosion, and dissolution in plagioclase phenocrysts
(andesite basaltic rock); D) Radial growth of chlorite in the cavities of basalt rocks created the amygdaloidal texture; E) Pyroxene
phenocryst with simple twinning along with plagioclase lamellar crystals with albite twinning in glass paste (basalt sample); F)
Decomposition of pyroxene phenocryst into chlorite and epidote (andesite-basalt sample); G) The poikilitic texture made of olivine
crystals in a pyroxene phenocryst (basaltic sample).
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Figure 4. Photomicrographs of acidic rocks in the East of Marivan. A) Quartz phenocrysts with corrosion gulf; B)

phenocrystals of quartz in the rhyodacite sample; C) Plagioclase with pericline twinning along with crushed alkaline
feldspar crystals in rhyolite sample; D) Thin and parallel albite twinning in the plagioclase phenocryst; E)

Glomeroporphyric texture formed by the accumulation of alkaline feldspar crystals and opaque minerals.
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Figure 5. Composition of the volcanic rocks of the Marivan region on the classification and the magmatic series

discrimination diagrams. A) Zr/TiO, versus SiO, diagram (Winchester and Floyd, 1977); B) SiO, versus K,O diagram
(Peccerillo and Taylor, 1976); C) AFM diagram (Irvine and Baragar, 1971).




VE) Glis) oo 5 olnty o)lods oo Jlo (55809 s

WA

sloda seas SMYD 1y 0 SM g 3 d L

° i.. l> ]5).}] ..“: ‘ £ 9-? ).‘ - . 6 " |
QL..M) |) u\_@)o/\ L0 >_......>u uso :\_?).59 ...\_u‘c\_d)f
L Sk sleasised oopizan (B -7 JS_2) a2
LoSlo oKl (B -7 i) o)l ooy 0 YY L5 Y -
Jrm——l g8 —imin 3, A S 85 0 g (gl 368

al., 2018; Ma et al., 2020; Elahi-Janatmakan
(etal., 2020

S S A oa iy s Sie sl fages
sa—ois (A -V JS2) Sk slaojlas (gl sl
(Rb sBa s ;3ba 3Cs K)LILE ;| So_o ¢
Ti Nb)HFSE slo, aic 5| Sou 453 LREE 4
6la T 5l Lo Sig ol wtes (Th 3U Se Zr P
Sy s Jle—dam (g3 sladig )3 p—asileSLe
P —aw gl =a - .(Saunders et al, 1980)
Siebz el Jolie jo el ol samoplas
ohHlSen 5 Sly 15l as (Fan et al., 2003) el (5,5b
ST &L Cs 5l Sos ¢ «(Wang et al., 2004)
Ti gND o ite ()l s o glaisgy Slsa L LS
598 syl Ly ey o olaSle o lled w il
Rollinson, 1993; Lehmann and Sisson, 1996; )
Kuster and Harms, 1998; Dostal et al., 2001;
oKl o loyaie ol 0508 g (Shang et al., 2004
Pl arc 5o Sz (WU et al, 2003) el
b aie ml s glajls o)l sasasplis jlogai ol
s ol o Lyl palazr Ly g (—isugd plSin o
ol sl WU et al,, 2003) el iz asld
ol 3 o a8 Lte bo s Lii b, e
OleS sla Sy Laasgas igycmlil ol dilaie oleSle
Richards, ) aas e jlil, gl L8 i s> LSl
(2011
L8985 S 5 A 00 bty (Fo—Sie sl loged
Sobe (B -V ISl) gal sloolas (ol 4yl

°5)j 90)_A‘Sm J‘—"}" )..) La/SI’n )‘05._403 Q._JL:J._:
LaSlo oz cg, sl ol glass SauST)y baiges
i (e yak el Sy (K 09,5 55 50 gl
Sl sl Sl Gilas ass o ol slaSi
slalw N S N N ) (A-F ) aoloas! RWERY)
el o8 s S5 Sl S G 4y ddlaie (gl
= g oo yinS g bay o LS:L.M.O.M..:] X
SlaleSlo 5l i oS el (oS o—oi 1) (6o
(Zhuetal., 2008) cuils Sles™ 5L

12
A H Basic
T B Acidic
9
:
3t i
]
3 Fractional crystalization =
g
0
0 10 20 30 40 50 60
a(ppm
10 —
1 1
L3 5 ;
Garnet Therzolite Sp-gt lherzolite
10 10 50:50
2 =
z 2 W Basic
5 i /M : 1 ! W Acidic
s ’J;;L*—';:.Ilzgij/
s
IV '\}
‘ﬂ/' Spinel lherzolite
5 ent
pepiedo” Earich®
0.1

| |

| 1
0.1 Sm(ppm) 10 0
Jss—si (B «McKenzie and Onions, 1991)La , ., ,s La/Sm

.(Zhao and Zhou, 2007) Sm i, ,» Sm/Yb
Figure 6. Composition of the volcanic rocks in the east
of Marivan in A) The La versus La/Sm (McKenzie and
Onions, 1991); B) The Sm versus Sm/Yb diagram (Zhao
and Zhou, 2007).
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Figure 9. Tectonomagmic diagrams to discriminant the
tectonic environment of the east Marivan volcanics. A)
La/10-Y/15-Nb/8 diagram (Cabanis and Lecolle, 1989);
B) Nb versus Y diagram (Pearce et al., 1984); C) Th/Zr
versus Nb/Zr diagram (Kepezhinskas et al., 1997).
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