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Extended Abstract

Introduction

The Natour area is located approximately 33 km south of Kowsar city, Ardabil province, northwestern
of Iran. Based on the division of structural zones of Iran (Alavi, 1991), this area is considered a part of
the Alborz magmatic arc. The Alborz sedimentary-structural zone includes the northern highlands of
the lranian plate, which continues in a compound anticline with a general east-west trend from
Azarbaidjan to Khorasan. Many of the stratigraphic units of Alborz and Central Iran are similar in terms
of facies and formation conditions, so that Alborz can be considered as marginal folds of Central Iran,
in whose formation the collision of the two Iranian and Turanian plates and its consequences played a
fundamental role (Aghanbati, 2004). Alborz is more similar to Central Iran, especially in the southern
slope, but there are some differences in the northern slope (Stocklin, 1968). The Alborz magmatic arc
encompasses a wide range of tectonic environments, such as normal arc, back-arc, and post-collisional
and extensional environments. The Alborz magmatic cycle during the Eocene-Oligocene has resulted
in the formation of a wide range of intrusive igneous, subvolcanic, and volcanic-sedimentary rocks.
These rocks show calc-alkaline and high-k calc-alkaline and shoshonitic magmatic series. These units
include granitic, granodioritic intrusions, basaltic, andesitic, dacite, rhyolite lavas, and their associated
tuffs. In the present study, an attempt is made to investigate the geological, petrographic, and
geochemical characteristics of volcanic rocks in the Natour area. Also, in this research, based on the
results of chemical analyses of major, trace, and rare earth elements, has determined the composition
of the volcanic rocks of the area, the parent magma, and their tectonic setting.

Materials and Methods

In general, this research was conducted in two parts: field and laboratory. First, in the field part, a visit
to the study area was carried out to investigate the condition of volcanic rocks, and in the next stage,
samples of these rocks were taken for laboratory studies. In the laboratory part, a number of thin sections
were prepared from the collected samples and then petrographic studies were performed on them. Also,
in order to conduct geochemical studies, 12 fresh and less altered samples of these volcanic rocks were
selected and analyzed at the Zanjan Zarazma Company. The major elements were analyzed by XRF
method and the trace and rare earth elements were analyzed by ICP-MS method.
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Results and Discussion

Based on geological location, the Natour area is located on the 1:100000 geological map of the Kivi
sheet (Hajalilou and Rezaei, 2001). The most important rock units of the study area are related to the
Eocene, Oligocene, and Quaternary.

Eocene rock units in the area include E?, E®", E" and EY. The E? unit is the oldest Eocene rock unit in
the area and is often observed in the northeast of the Natour area. This unit consists of gray basaltic
andesite. The E unit consists of lithic crystalline tuff in gray to reddish gray color and is mostly spread
in the central part of Natour area. In some places, this unit itself has interlayers of pyroclastic units such
as tuff, lithic tuff, and lithic tuff andesite. The E*" unit includes porphyry andesite to porphyry basaltic
andesite, ranging in color from purple to gray, and is often exposed in the southwest of the Natour area.
The youngest Eocene unit in the study area includes E" with trachytic composition and it is often visible
in the area in bright color. The trachyte unit is mainly visible in the southwestern part of the Natour
area. The Oligocene rock units in the area consist of the O° unit, which contains heterogeneous
conglomerate (in red) and is usually seen in the north and northeast of the area and discontinuously
overlying Eocene volcanic units. According to petrographic studies, the volcanic rocks of the Natour
area mainly show a composition of basaltic andesite, andesite, and trachyte. Basaltic andesite rocks
have porphyritic and glomeroporphyritic textures, composed of the main minerals plagioclase and
pyroxene in a fine-crystalline matrix. Andesite rocks contain the main minerals plagioclase, amphibole,
and biotite and have a porphyritic texture in a fine-crystalline matrix. Trachyte rocks also have a
porphyritic texture, consisting of alkali feldspar, plagioclase, and biotite minerals in a fine-crystalline
matrix. To determine the composition of volcanic rocks in the Natour area, the total alkali (Na,O+K;0)
versus silica (SiO,) diagram (Middlemost, 1994) and the Nb/Yb versus Zr/Ti diagram (Pearce, 1996)
were used. In the total alkali versus silica diagram, the samples from the study area are in the range of
rocks with a composition of andesite, basaltic andesite, basaltic trachyandesite, trachyandesite, trachyte,
and trachydacite. In the Nb/Yb versus Zr/Ti diagram, samples from the Natour area are located in the
range of andesite, basaltic andesite, trachyandesite, and alkali basalt rocks. In the Al,O;-K,0-Na,O
ternary diagram, samples from the Natour area are located in the metaluminous and peraluminous
realms. Also, to determine the alumina saturation index of volcanic rocks in the study area, the diagram
presented by Shand (1943) was used. In this diagram, the metaluminous, peraluminous, and peralkaline
ranges are distinguished. According to this diagram, samples from the Natour area fall into two ranges:
metaluminous and peraluminous. The magmatic series of volcanic rocks in the Natour area was initially
determined using the diagram of total alkalis (Na,O+K,0) versus silica (SiO,) (Irvine and Baragar,
1971). In this diagram, two ranges of alkaline and subalkaline are separated. Based on this diagram, all
samples in the study area belong to the alkaline range. Then, Th/YDb versus Ta/Yb (Pearce, 1983), Co
versus Th (Hastie et al, 2007), and SiO, versus K,O (Peccerillo and Taylor, 1976) diagrams were used
to determine the magmatic series of the igneous rocks of the area. These diagrams are divided into the
ranges of tholeiitic, calc-alkaline, high-k calc-alkaline, and shoshonitic magmatic series. Based on the
Th/Yb versus Ta/Yb diagram, most of the samples in the study area are located in the calc-alkaline
magmatic series. According to the Co versus Th diagram, the samples from the Natour area are within
the range of calc-alkaline and high-k calc-alkaline and shoshonitic magmatic series. According to the
SiO, versus K,O diagram, the samples from the study area are mainly located in the range of shoshonitic
magmatic series. The trend of changes in trace and rare earth elements in samples of volcanic rocks
from the Natour area was determined using spider diagrams. In this regard, samples from the study area
were normalized to the primitive mantle (Sun and McDonough, 1989) and chondrite (Nakamura, 1974).
The spider diagram of the samples normalized to the primitive mantle shows a positive anomaly in large
ion lithophile elements (LILE) such as Cs, K, and Pb, and a negative anomaly in high field strength
stability elements (HFSE) such as Nb, Zr, and Ti. Positive anomalies of LILE elements and negative
anomalies of HFSE elements are characteristics of arc-related regions, whose formation can be
associated with subduction zones and contamination of magma with continental crust (Wilson, 1989;
Rollinson, 1993; Thuy et al, 2004; Kuscu and Geneli, 2010; Yu et al, 2017). In the spider diagram of
samples normalized to chondrite, enrichment of LREE relative to HREE can be identified. Also, a
relatively weak depletion of the Ce element is observed in this diagram. The enrichment of LREE
relative to HREE can indicate the formation of volcanic rocks in subduction zones or the contamination
of magma by crustal materials (Kuster and Harms, 1998; Ulmer, 2001; Srivastava and Singh, 2004;
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Peccerillo et al, 2004; Goss and Kay, 2009). The relatively weak depletion of Ce element can most
likely be due to the high mobility of this element during the subduction process (Hoyle et al, 1984).
Using TiO,-Al,O5 and Y-Zr diagrams (Muller et al, 1992), the tectonic setting of igneous rocks can be
interpreted. In these diagrams, the within plate setting and the arc-related setting are separated. Based
on these diagrams, all samples of volcanic rocks in the Natour area are placed in the arc-related tectonic
setting. To determine the tectonic setting of the volcanic rocks of the Natour area, the Nb/YDb versus
Th/Yb diagram (Pearce, 2008) was also used, in which the samples from the study area are located in
the tectonic setting associated with volcanic arcs. To distinguish oceanic arc rocks from continental arc
and post-collisional arc rocks, the ternary diagram TiO,/100-La-Hfx10 (Muller et al, 1992) can be used.
According to this diagram, samples of volcanic rocks from the Natour area are often located in the
settings of continental and post-collisional arcs. Also, the Zrx3-Nbx50-Ce/P,Os ternary diagram
(Muller et al, 1992) was used to separate continental arc rocks from post-collisional arc rocks.
According to this diagram, the samples related to volcanic rocks of the study area are mainly located in
the post-collisional arcs.

Conclusion

Petrographically, the volcanic rocks of the Natour area represent a composition of basaltic andesite,
andesite, and trachyte. These rocks are located in the chemical classification diagrams in the range of
andesite, basaltic andesite, trachyandesite, trachyte, trachydacite, and alkali basalt. VVolcanic rocks of
the Natour area are located in the metaluminous and peraluminous ranges on alumina saturation index
determination diagrams. In terms of magmatic series, these rocks represent high-k calc-alkaline and
shoshonitic magmatic series. Spider diagrams related to volcanic rocks of the Natour area indicate a
positive anomaly in large ion lithophile elements (LILE) and a negative anomaly in high field strength
elements (HFSE) and enrichment of LREE relative to HREE, which can indicate the formation of
volcanic rocks of the study area in subduction zones or contamination of magma by crustal materials.
According to tectonic setting diagrams, the volcanic rocks of the study area were developed in arc-
related tectonic settings. Also, in the diagrams of the separation of oceanic arc rocks from continental
arc and post-collisional arc rocks, they are placed in the position of post-collisional arcs.

Keywords: Geochemistry, Petrography, Volcanic arc rocks, Natour, Ardabil.



VEO ONY timey Sl slpingy

SIS

ety Journal homepage: https://esrj.sbu.ac.ir

Juoo,l lw! @ 20 jebl adlain SLULLST S condicmmo) 9 (5,

r‘sﬂ.n} Lo, ‘T.>|33‘5.Lco|.& Sle> ‘\‘f'ég.w > dodold “ﬁs.w PWE G I3 Qoo jaes| Lo ol
Sl oyl i hao,l Baome olSiils cauly pole 0uSCiils o ulisds ey 05,5-)
O‘J)‘ ‘J.J).f.j 5}.}]1.3 oLi..Z;.SL) “5&.\.‘5 r:jl.c OM‘Q ‘O.?A) ‘Djlc 05;—Y
Ol o cpuSiin ¢ oMl o1 oKl ¢ s Ko 91y ¢ owlich (yuny 09,5

VECF AN dlie ol Gl VFFOTY sl cols (Sbgh)

doddio

ailate ol sl 0 @8l sl e et e sl il 5358 i s piz (6 ymaskeS TY Ly alols 4 ,5bb ailaie
Sgdse wgmns 3yl leSlo a8 5l ois (Alavi, 1991) osle baugs ol (o islo oy edipmmd ool
S0 sogee Slwly b S o (paa Sl JSG 4 oS Sl )l amio Lot sla iy Jolt 5l (6 b - o9 arge
JeSas bl g o)l oBaus 51655 e plnl g 5l slanz Glaasly 51 g b o)l aalsl lul 2 B Gl l )31 51 058
dmiio 95 8,55 5 o] (6 S IS 50 a5 Cudls (635 e () Gl slaiez Olgise Ty 5l 45 Sl e e alis
5 Al 5 o338 (&35 e Sl b el e (Aghanbati, 2004) wlazils wll (25 o ool 5 oy 5 oyl
S 5 g 00y glosgioms 5yl laSle leS (Stocklin, 1968) o,ls Llacigles o azals 45 Jg efenl yiiin
Bz Sebiee Jold 1) (2255 0555 5l m sladae 5 Sl ity (Jlop 0bST Jed I (S be ey sl bae
e 9 Flarislacs (g8 (ST oS 5l slos i asgerme St s sl - il 0o 4o 55l (LS
5 YU pensly b SIS 5 JSITSIE LaSle (glage pos oS ) ool 00 srgmsy — L2kt (claSKins acgarme
5 sy sld (il (il GlaollaS « nysgl S S Sledsh daasly cnl ims e a5 (isdisd
5 IS (lidiey Gl Shy U cod Gy (e p2l gl )0 S 2 0 |y bl 4 aly slady
@l 4SS L Gl (nl 50 eimes 08 3 gy 3y9e psbl s ;3 dgzge SlaassT gla S cerdires;
Condgo 5 Wy claSle wilate SliaisT oS oS5 o S ,0b 5 ShaS o Lol yolie sland clozlll 5l Jol>
ol 00 Laseiia log)] o3l s

29, 9 Olge

S asil (olme (s ;o ol ol 435 s 2Bl 5 olme (5w 55 50 Ghagh ool el IS 2l o
Sz S l Jf (pladiged dn dl> o )3 5 285 plowl Sladisl GlaKiw Condy (o) p slp anlllae 3550 dilais
20,5 il aBislesl Sldlas

(VY tipey Grils loings «jobl ailaie SliaisT slaciow cowiiyme; 5 & KK N0 () San 5 .& cooljons! 0wl
DOI: 10.48308/esrj.2026.107027 «(YO-fY)

E-mail: z.hassanisoughi@uma.ac.ir 1] gime 00 g3
® Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the Creative
Commons Attribution (CC BY). license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.48308/esrj.2026.107027
https://orcid.org/0009-0003-2754-9415
https://creativecommons.org/licenses/by/4.0/

Y4 | o) Ken g 0oljoes! YO-FY Olrao N F0 ) o)lods cppain 0,98 oy (il slotigs

Pl ol 55 2 IS Sl gyt g 3 4088 S3U e golaad oad bl slaaised S (pRaLT (i o
Sl slaSiw pl sleadlu o 1eS 5 ple aiges VY slawd ( candipey Oladllas plosl jalaieds (yuioren 0l
@SB by ol yolie g XRE (5g) 4 ol jolie il aiid 5713 50UT s 50 Gl slojlyy <850 5o 5 Sl

ol 458 5 90 ICP-MS s,
Hajalilou and Rezaei, ) (5.5 43,9 V:Veoevee solid o) ALE (69, p yobl ddlaie o cwlid ye) Cusdse bl 5
S gloazly aiies 63515 5 GusSll (gl 4 gy po aslllas 350 dilaie (S slaazly o Sege 2,1 1,3 (2001
3 el g ooy ddhaie o gl (Kiw 9oy o5 ceedd EP axly axies B g BT EM EP Jols adlaie j0 gl
P ke B oy il e 5, (s5mSB L Copail f Sate sy ool 095 e sunline bl ailats 3, e
ot g3 2N Gy bl dilaie (535 pe i 3 1351 5 03 a8 G STE b (Sl Sy 4 Jliw S By S
Ay ol g Bg Sid ol g By S (B wiibe (55l5l 3] laasls I slea Yl slls 05wty (ol (bl
ailaie o yiosiz ;o WL 5 eog 60515 b Soe)l S5y 4 by b Coiul b 6 udye Cajusl oS 0 ET
2 gy Sy el g ooy (S5 S5 LET Jolis aalllas 590 ailaio ) gl a2y (0 5 lsz 0,10 (1905, bl
S ooty ol ssalive b Lsbl dihie o gz i S edes jsb & ST asly el Sy, BB adlaie
5 Jla 55 Vgons 5 039 (o Ky ) (o i (slragls (sl 45 ol a5 OFF aoly 5l adlate 53 (s
GRS Slalllas 4y azgi b 0)55 0 iz & Googdl (SLatST sloasly (55, p alusnl g 4 g aiate 3,5 Jles
Gl oo e ol |y ST g il (Il il oS 5 Boas sbli ailaie Sliass] slaKiw i 5 alol
ks ey G 50 STy 5 Ty ol (sla SIS 51 45wkt (5585050515 5 (6855 2L (sl (3L ]
S 5 Exbyst <3 Sls 5 005 S 5 Jsrmhol Pl ol sl S (g5l il (sloKi o S5
2 Sz 9 M55 Lassd JWIT sl S 51 a5 005 (5508 )9 2l Il 55 (2515 (sloSiw axly oo sl y i
Lo ST ggazma isgas 5| ol allaie AT (glacKin oS 5 59,5 padnie (sl o JoSE5 ol Atne
A eolazwl (Pearce, 1996) Zr/Ti ply 0 Nb/YD Llseas o (Middlemost, 1994) (SiOz) odws blie o (Na20+K20)
Gyl o305l S 5 b ol sogazme (0 aslllae )50 dihaie (sladiges ( pliw ply 0 lo JSIT goame Jlogai jo
ldigas 55 ZHTi sy 5 NDIYD Jlsgas o iyls 3 cals S5 5 cuST5 ezl S5 o 25l <3l ST o sl
AlLOs- Hbaw pl Sho jo ailoads &dly 3L JWIT 5 o 5uil ST o cdlb o jail g juil slaKaw 0,58 )0 jgbli adlais
o)1 3 Bl aSls s sl e 5 5 nsl Ty 5 opnslTlie 5,5 45 45l ailass (sloaiges KoO-N2O
Sodgazma oges (pl 4o .0 ool (Shand, 1943) wils Lawgs oo &l,) Jloges 5l anlllas 5,0 dilaie SliaisT slaSw
5 ool o35ams 33 ;5 yobls ailaie (sloaizns ologas ol b 3lhe igiso laie o 5l TT, 5 ol i
b JSUT ggame loged 5 oslimd b lanl ,o ,obl adlaie SliitsT clacKin bofle 6w Wy oo o Cesll s
ATl 5 JIT osgame 90 jloges ol 48 .0 cpas (I1Vine and Baragar, 1971) (SiO2) ke ply 50 (Na20+K20)
5505 s 33,15 3las U 0505m0 45 dnlllas )90 dllain sladiges olod oyloges cpl Al 5 aloads SUS&E oo
Peccerillo and ) K;O  Llie ,o SiO2 4 (Hastie et al, 2007) Th Lli. ,o Co «(Pearce, 1983) Ta/Yb Llis ,o Th/Yb
S sy 005050 & 1 loges () ol a8 5 S & adlaie oy 3] sloKiw SleSle (5w cpns sl (Taylor, 1976
TaIYb e 5 TIYD Jlsges ol s ailonds el S o YU iy b GISITSIS (JISITCSUS o il o LoSLa
Jlae )2 C0 Jloges 4 azgi b3S o0, QIS pleSle slas s Cobso )3 (o) 9,90 dihais slaaiges ST
) gl ised 5 YU pely b JSITSIES 5 SIS LoSle (slacs o o3g050e ,o ysbli ailaie sladises Th
oty xBly isdsd leaSle (slocs s 05 5 Boras dslllae 3,50 dilate sladises 505 KoO Jlie 10 Si0; Jfogas il
e sl g oslizal b jobls ailaze JEAT slo K & Ly o (sloaiges ST 3l 5 loa polie Sl i,



Yo | ol)Ke g ooljoes! yobl adlane SleassT GlacKiw cowiime) 9 5,5

o038 4 (Sun and McDonough, 1989) aJdgl aiisd a Cund daslllas 9,50 dilaio sladiges dinl, s 1 .0b astiv
2 Cute Jlogl Kilis adsl aiingS a4 Cod 00l ojdloy slodiged SeuSie Jogei .o oylle s (Nakamura, 1974)
5 HFSE) YU (s,laub yloce 5,08 b yolie jo e Jbogil 9 Pb 9 K (Cs ale 51 (LILE) (yg0 <ol yo Judgid yolie
JSis oS aten S b lad e bl sla Sy 5l HFSE e Jlegl g LILE cuite Jlogsl .ol Ti 9 Zr Nb 3
Wilson, 1989; Rollinson, 1993; Thuy et ) ol (slo,BB awgs b Ldle (ia¥T g 2ily9,8 Gblie b bLs )| o wilgs o by
Wy iS4 o 0ad ojdley sladiges JeSie loged 4o .(al, 2004; Kuscu and Geneli, 2010; Yu et al, 2017
Ce yaie §| s Lans Sob 4 loges cnl 55 wizmed el glolis LB HREE & cows LREE I Sus &
by 2ilye,d bl jo Jlaass] slaw JSas sbsS Wil o HREE & oo LREE  Sois o8 090 o sdnlive
Kuster and Harms, 1998; Ulmer, 2001; Srivastava and Singh, 2004; ) ol (glaiwg olge lawg LaSle ioV1
Sy o @ ol Josl 4 Wl o0 Ce paic ans [Co S i 5 -(Peccerillo et al, 2004; Goss and Kay, 2009
Muller ) Y-Zr § TiO2-Al203 (sla loges 5| oolizw! b (Hoyle et al, 1984) aib iilyg,8 013 Job jo pate opl oYU
Caxdga g Slamio 19,0 Cundge db,loges (ol jo Sl )3T sla S S gSS CexBge youdl 4 lg3 oo (et al, 1992
2 yebl dilie Slaacs] slaSiw a4 bye sladiges woles dologes pl wl p g oo b oo 5l (LS b Las e
Joges 5 4ol ddlaie Sliadsl slacKiw cBluipe; oSl usi Glp 255 o sl S b e  SSgSs Cubge
ool> o addllas 590 dilaie 4 bgrpe sladiges o] jo a5 o eolixwl 55 (Pearce, 2008) Th/Yb Jlae ,o Nb/Yb
logleS S | pusildl clapleS (slaSiw SS& jsliioa Wigd o @8ly ST ol b b ye (3 loire
» 0,5 eslawl (Muller et al, 1992) TiO2/100-La-Hfx10 baw ol SLo 3l oles o polad 51y slolaS 5 slo 8
o s leS g slo,B o leS Coedge 4o L.JLc 5okl ddlaie G’L‘“‘"’"‘"’] sl 4 b o slodiges ol SLo ol ulul
sl Siw 05 lax cg> (Muller et al, 1992) Zrx3-Nbx50-Ce/P20s o baw ol SLo 5l oo ailaid 5 )13 polas
Sleass] slKin 4 by sladiges o Shs cpl 4 azgi b ab oolitul polas 5l L sloleS 5 le,B slagylS

Lloas &dlg polar 5l yu slo oS CuxBge )0 odes Hgbay axlllas 590 adlais

ol s oS5 g sl el T (oS 5 eaimoplis jobl abbie Jledss] slocSi oo, KicSin Ll ;|
Samald ST ST ol S (b cosailicgsail 0 8 oleod Gunaib 4 by o slajloges o o Siw
crngl Tl 0game 5 cpagl] ) il Lasls paens (glalagas 4 5l adlaie Sladis] slocSin i) )8 b JIT 5
S99 9 YU ey b ISITSIST (laSlo (gl pos S0y laSis 0l 53 aloSo (5 oo 55 51 ilons @Bl ol 5
s s st polie s e Jlogil Sl jobl dilate Slidis] ol Siw 4 boje SpsSie sla,lgas Aitun
o5 it HREE & s LREE 51 _Sus i g (HFSE) YU (6 asly e )08 b yolic o ite Jlogil 4 (LILE)
Sy ooy LoSlo VT 5 adl5,8 3lolio 8 alins 3,5 ailate SLadas slacSin oS5 sl Wlion b Tis 0o
slolose jo adllas 5,90 ablaie Jliais] glaKiw ( cloiume; ol und sl jloges @ axg b .oil slatwg
oS sloKins 5 wsildl gl a8 (glaSin SuSE (gla fog0d yo cpaizrand AiMEdl drwgi Bl b L o SeisiSs

a5 by polas ) ey slolaS Conme 5 (polasi ey sl e 5 (sl 5

'gJ‘.‘.‘."))‘ s)j.‘al.; ‘G’sW" Q. "" ULAS GLQ&MJ” s‘_g)lijk_i».w” s C}.:uo)’ :‘5..\.».15" Glfs‘s




YV ] L Se g 0olju0s

YO-FY Olrao N F0 ) o)lods cppain 0,98 oy (il slotigs

s 4l S 58 ol 0)Boo,n g liwase (slo,l8
Berberian et al, ) 54 oo 00l Cand Gy S g
itS aog o o jydl b8l leS &3ly 50 (1982
254 Ol e axio Broe Jilig 8§l G4 GleS 2y
Slogioghn Cul oad S5 65 olpl axis
ol 5 ey oSy b oakly 0 o)l
SLeatsl gaSin 5 Jgy0 (3l gloesys (3l
Syge il gleSle oS it o idu 10 39250
Ajalli et al, 2021; Asgari et al, 2023; ) ol 43,5

Ebrahimi Nasirmahaleh et al, 2023; Ghasemi et al,
2023; Alavi et al, 2024; Noori KHeymehsari et al,

Loy Slodio SBLEIST (g puSy bl ablate (2024
plsl Olnl (Gone mlio 5 poles ilug 5 angi Glosls
5 555 oy 0sSG (IMIDRO, 2018) sl ous
ol 5 ety Slaxie s, p Sl
Oyge Hsbl dibie Slaaw] sl Sl
b ol o 2 (a0l g3 50 Cnlplis sl a2 S5
worbome; 9 SIS oulibome) sla Sy
on 3590 ysbl dibie )0 0290 Sladssl glaSis
Jol> @l &S5 L agh ool )3 Geizren 055 )13
(S by SleS (ol yolie lerd slaj Ul
5 Moo laSle cailaie ‘S;L.M.MT X Sy
ol el el ot asie o] Lo Copniyo
Ll oo S 0 G ol Gl Jeb o

g @ly f5e 5yll pleSle JolSS 5 (3l e

axllae 090 gadliw

orz syaskS YV Loyw alolh s ,obl adlaie
ol @ly (|l e Jlod ol bl 8 (b o
il glodigy oo olal y albaie oyl
eleFle e 5| s (Alavi, 1991) gle Lawgs o]
LSl —(gmy i () US2) 3950 Dy ]l
S8 a8 il Gl plamio Jlod lagaily ol 5l
S S e il b S (ol
(el ) ey oS 3o ls aelsl Ll > B ylou )3
I JSene glojale &5 » Goate o Jled 5y
el ji3 ol S g st 5 slaanigs

doddo
590y 40 99z Syl (Jlod 550 ¢SS rna; oS ]
bl loyl 08 S 9595 50 51 &5 el (oS S
2 Iy el odal 3925 @ g ol )0 8 Ao
et § o oadly csloiyg b 55005me) Joee oblis iy
o> (Aghanbati, 2004) cewl ouls ousiy g 4
Alavi, ) 8 oS s B3y Oz 5l o9
e, JuS «(Riviere, 1934) ;I sl (1991
Nabavi and ) )l 5 «(Berberian, 1996)
(Alavi Naini, 1972) s ,lac |5 4 (Partoazar, 1977
S )0 B & (i (Jg sasloads andls 5yl pgix e
g wbl Bl 3929 5yl (9iz 50 40 (paPlh ye &S
sl ()0 5l e & 655 0 Olpl 4 5l 58
Sy 59 SzsS JUB L Il )8 550 ks esS Sl
(Alavi, 1991) Lsldl ugursbll glross b o]
Olrl g 5l sz laaaly 5l il w)ls 250S
Wi alie L3 Lyl g o lus, olfuys 5l o35
Al sl slaces Gy |, 5l 4 slusSay
dmio 90 )55 ] 55 ISD j0 a5 Cudls (35 e
slaals bl i ol sleaely s s s ol
094 S35 o olpl bl Slees (Aghanbati, 2004)
Slod asls o Jg sl iy ogm adls o
ol elSle LS (Stocklin, 1968) s)ls  olecslis
Bl slodass 5l (oS 5 g 038 slosgase
0955 3 o sl g Gl Sty (Jloi (oS Jo3
oles 0 5l pleSle a3z 0gd o0 el |, (L2857
3 Slos S acgaze ST o (Sl -l
Ommad g Sliadilaas (gdsd oy, sl Sis
ol el oal gger, —Sliaasi] sl dcgese
L YIS 5 YIS oS slo g S
doasly oyl Ao oo lid Sdaded g YU el
N RNPINSTCRNFRRINCE SRR SIPTNP:
Lol aals slads 5 suds ) o gld sl
obeS e b isn 5l SleSl S 05,5 0
(Axen et al, 2001) ail oo ugs oxly olSl
ol Jhegid (Hlep a5l obSle acgeme
597 Jus a9 5 e Olpl o) oS nj 4 e



YY | oS g ooljoes!

yobl adlane SleassT GlacKiw cowiime) 9 5,5

[ Alborz magmatic are

. Urumich-Dokhtar magmatic arc
Y Study area

62°E

40N

Afghanistan

A_A_ Main Zagros Thrust Fault
Fault

0 200km .
AN

Fig. 1: Location of the Natour area in the division of geological-structural zones of Iran (Alavi, 1991).
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of the porphyry andesite to porphyry andesite basalt unit (view toward southwest). D: View of the trachyte unit

(view toward northwest).
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Fig. 4: Microscopic images (XPL) of volcanic rocks in the Natour area. A: Porphyry texture in basaltic andesite.
B: Alteration of plagioclase crystals to carbonate in basaltic andesite. C: Replacement of plagioclase by sericite
and clay minerals in basaltic andesite. D: Alteration of pyroxene to chlorite in basaltic andesite. E: Porphyry
texture in andesite where plagioclase, amphibole, and biotite crystals are observed in a microcrystalline matrix.
F: Plagioclase with polysynthetic twinning in andesite. G: Plagioclase alteration to sericite in andesite. H: Presence
of iron oxides and quartz (as vug infill) in andesite. I: Porphyry texture in trachyte. J; Microcrystalline matrix of
trachyte and presence of secondary quartz. K: Alkali feldspar alteration to sericite in trachyte. L: Replacement of
alkali feldspar by clay minerals in trachyte. Mineral abbreviations are adapted from Whitney and Evans (2010)
(Afs: alkali feldspar, Amp: amphibole, Bt: biotite, Ch: carbonate, Chl: chlorite, Clay: clay minerals, Fe oxide: iron
oxide, Opq: opaque mineral, Pl: plagioclase, Px: pyroxene, Qz: quartz, Ser: sericite).
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Table 1: Results of chemical analysis for volcanic rocks of the Natour area (the amounts of major oxides are based
on weight percent and the amounts of minor and rare earth elements are based on ppm; DL: Detection Limit, n.d:

not detected).

Sample NA-01 NA-02 NA-03 NA-04 NA-05 NA-06 NA-07 NA-08 NA-09 NA-10 NA-11 NA-12
DL . . .

E/%Cek aBﬁea‘l.tiItg aBnagea?i;.ce ‘:ﬁssz‘i{g Andesite Andesite Andesite Andesite Andesite Trachyte Trachyte Trachyte Trachyte
Sio: 0.05 56.8 50.6 51 57.9 57 62.9 59.9 58.2 69.4 51.3 66.5 56.6
AlO3 0.05 16.2 18.6 16.9 217 19.8 18 17 20 15.9 23 17.2 20.8
Cao 0.05 5.6 9.5 8 14 14 1 4.2 14 0.3 3.6 0.8 15
Fe:0s 0.05 6.9 8.1 10.1 4.6 7 53 4.7 4.6 2 54 3 6.3
K0 0.05 32 25 19 5 58 52 5 77 6.3 38 6.5 6.6
MgO 0.05 33 35 33 0.6 0.9 0.5 0.7 0.6 0.2 11 0.5 0.4
MnO 0.05 nd. n.d. nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
Na:0 0.05 29 27 2.8 35 31 3 31 2.6 32 36 24 33
P20s 005 0.4 0.4 0.5 0.7 0.9 0.4 0.4 0.7 0.1 0.8 0.2 0.9
TiO: 0.05 0.8 0.6 11 0.8 0.8 1 0.9 1 0.6 0.8 0.6 11
LOI 0.05 34 34 41 37 3.2 25 39 29 16 6.4 21 21
Total 99.75 100.15 99.95 100.15 100.15 100.05 100.05 99.95 99.85 100.05 100.05 99.85
Ag 0.1 0.1 0.1 0.7 13 0.1 15 0.1 0.1 0.2 0.6 0.3 0.3
Al 100 37834 86922 69150 89212 91967 84308 87609 62451 24188 72916 90530 44281
As 11 17 114.2 236 228.8 36.6 65.1 10.5 64.7 61.6 76.8 148.7 40.5
Ba 1 312 1186 1638 596 1841 1315 1366 882 286 2459 910 1158
Be 0.2 17 5 2.6 2 2.6 17 27 25 15 19 6.7 6.3
Bi 0.1 n.d. n.d. n.d. 01 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 03
Ca 100 >10% 8697 3511 37618 26069 3485 19937 5038 >10% 1180 5245 94906
Cd 0.1 0.1 0.4 0.1 1 0.3 0.2 0.1 0.2 0.7 0.2 0.7 0.4
Co 1 16.2 9.9 29 17.8 9 31 9.5 27 138 14 26.5 111
Cr 1 29 15 27 12 9 12 17 33 30 13 32 19
Cs 0.5 4.4 295 14.1 29.2 12.4 5.6 55 4.6 5.8 7.7 34.9 9.9
Cu 1 35 202 57 38 131 10716 150 43 83 2351 250 27
Fe 100 50908 71474 12540 45871 36915 21752 35727 35405 37224 10916 92578 49395
Hf 0.5 177 4.44 6.85 181 2.54 3.01 34 4.24 0.59 7.26 1.44 2.28
In 0.5 nd. n.d. nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
K 100 8353 55881 45071 23949 63056 72332 50851 26919 7281 54841 35116 16826
Li 1 22 7 9 18 7 16 11 18 35 18 7 17
Mg 100 9543 2053 1074 5502 2321 1761 1858 2369 3116 1219 3436 >2%
Mn 5 2087 187 202 898 489 69 1033 206 3258 60 3017 4692
Mo 0.1 13 23 16 2 0.5 0.3 0.5 3 23 1 4.7 33
Na 100 5940 17218 12639 14664 17901 2153 22758 1122 3639 1429 19874 2031
Nb 1 52 26.3 27 147 26.4 14.9 24.6 17.7 25 36.9 219 116
Ni 1 10 14 2 8 3 2 8 1 10 1 23 7
P 10 630 2409 495 1359 2636 2837 1907 1156 396 442 2069 312
Pb 1 18 40 17 22 21 28 22 18 29 18 51 45
Rb 1 31 162 139 103 205 255 149 111 35 197 144 73
S 50 3956 160 299 98 96 509 91 1394 154 398 253 612
Sb 0.5 35 77 4.2 10 11.4 9.9 5.7 55.1 3.6 12.3 7.9 74
Sc 05 16.2 10.3 6.3 165 9.1 9.1 9.9 9.3 5.7 73 9.3 51
Se 0.5 2.38 1.26 114 172 1.68 1.56 1.08 0.81 0.89 124 0.76 137
Sn 0.1 12 2 3 15 2 14 19 18 0.8 21 15 15
Sr 1 417 343 230 330 405 24.31 331 200 200 199 574 272
Ta 0.1 0.5 143 135 1.04 148 0.84 135 112 0.35 179 122 0.79
Te 0.1 0.19 n.d nd nd nd 0.21 n.d n.d 0.11 n.d. nd nd
Th 0.1 3.36 9.7 12.6 4.28 6.84 10.21 7.26 821 17 1371 571 6.39
Ti 10 2304 5435 3413 3765 5727 4847 5331 4102 998 3919 4255 1152
Tl 0.1 0.18 0.49 0.99 0.96 107 2.61 0.54 0.47 0.3 127 0.8 138
u 0.1 13 3 2.8 0.9 16 35 19 3.02 0.7 29 31 2
\% 1 128 167 20 157 137 115 104 65 58 14 125 27
W 1 11 21 25 13 37 nd. 12 17 n.d. 22 15 nd.
Y 0.5 19.9 211 23 14.7 18.9 215 19.4 14.2 8.6 19.8 1 24.6
Zn 1 48 100 34 77 72 35 81 39 81 27 121 205
zr 5 54 145 212 67 88 117 110 130 26 212 55 70
La 1 33 37 42 21 39 55 37 29 11 47 32 26
Ce 05 59 69 86 41 73 103 73 57 20 97 50 49
Pr 0.05 8.79 9.41 10.18 5.94 9.93 13.64 9.25 6.78 2.58 12.09 6.38 6.14
Nd 05 355 36.5 39 252 387 357 36.6 26.8 123 47.2 248 24.9
Sm 0.02 7.67 6.99 7.75 519 7.41 11.05 7.33 5.38 252 10.5 4.62 5.64
Eu 01 353 165 1.46 138 19 253 185 128 129 212 142 218
Gd 0.05 7.82 6.11 6.84 4.71 6.21 8.88 6.35 4.55 2.41 8.67 3.86 5.87
Tb 01 1.03 0.85 0.94 0.68 0.83 1.03 0.86 0.67 0.41 0.99 0.55 0.93
Dy 0.02 5.87 5.42 6 4.17 517 5.92 5.27 4.14 2.44 5.76 33 5.88
Er 0.05 2.79 3.33 3.58 2.36 2.97 343 2.97 2.44 135 34 184 3.29
™ 01 0.33 0.44 0.47 0.31 0.37 0.45 0.39 0.32 0.19 0.45 0.24 0.41
Yb 0.05 19 27 23 19 21 24 21 18 21 18 23
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Fig. 5: Location of samples from the Natour volcanic rocks on compositional classification diagrams. A: Alkali
total (Na,O+K;0) versus silica (SiOy) diagram (Middlemost, 1994). B: Nb/Yb versus Zr/Ti diagram (Pearce,

1996).
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Fig. 6: Location of samples of volcanic rocks from the Natour area on the alumina saturation index determination
diagrams. A: Al;03-K>0-Na,O diagram. B: Alumina saturation index determination diagram (Shand, 1943).
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Fig. 7: Location of samples from the Natour volcanic rocks on magmatic series diagrams. A: Alkali total
(Na,O+K0) versus Silica (SiO) diagram (Irvine and Baragar, 1971). B: Th/Yb versus Ta/Yb diagram (Pearce,
1983). C: Co versus Th diagram (Hastie et al, 2007). D: SiO;, versus KO diagram (Peccerillo and Taylor, 1976).
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Fig. 8: Spider diagrams of volcanic rocks from the Natour area. A: Normalized spider diagram of rare earth
element values relative to the primitive mantle (Sun and McDonough, 1989). B: Normalized multi-element spider
diagram relative to chondrite (Nakamura, 1974).
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