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Pyroxene chemistry of xenoliths related to volcanic rocks in
Eslamieh peninsula (Saray volcano): Implications for
geothermobarometery and tectonic setting

Pouya besharati?, Ali Kananian'*, Fatemeh Sepidbar?

1. School of Geology, College of Sciences, University of Tehran, Tehran, Iran

2. Department of Geology, Faculty of Sciences, University of Ferdowsi, Mashad, Iran

Abstract
The Eslamieh Peninsula (Saray) high K-volcanic rocks are exposed in the northwest Urumieh-
Dokhtar magmatic belt. They mainly include phonolitic lavas and related xenoliths. The
xenoliths can be subdivided in two types with basaltic and trachy-andesitic compositions. The
phonolites and related xenoliths are characterized by enrichment in large—ion lithophile
elements (LILEs: Th, Ba, Rb and K) and light rare earth elements (LREE), depletion in high—
field—strength elements (HFSE: Eu, Ta, Nb and Ti) and flat patterns in heavy rare earth
elements (LREE). They have typical high—K and shoshonitic signatures formed in post
collisional arc setting. The pyroxenes of phonolitic host studied were physically crystalized in
moderate to high pressure (6 to 15kbar) and temperature of 1200-1300 T whereas those from
trachy-andesites and basalts xenoliths were formed at lower pressure (6 to 10 kbar and 2 to 5
kbar) and temperatures (1150-1200C and 1100-1150C), respectively. Due to lack of evidences
for melting, dissolution and existence of accumulated microcrystals at the mineral boundary, it
seems that the xenoliths detached from the walls and been transported to the surface during

magma ascending.

Keywords: High-k calc-alkaline, xenolith, chemistry of pyroxene, post-collision, Eslamieh

peninsula.

*Corresponding Author E-mail: kananian@ut.ac.ir


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

Ya) \\°~\QLMA)5)~L‘\’ o)Lost/\Ab so))‘?w)rnslc

dodio

sl oo b by slaos ] yn g Gloo S o p)lS (Sl sl ol Gl S5 conds axllas
5 Sgsd B YL peliy GJEIT SIS cdy b (leSle (slocSins (cuy 0,10 Wil 5 95250 glacadsin o LS
- S a59%i] 5 oleen b Sl oss ol ilig 8 sladigy calid j0 ol Coeal Ll 0 d92g0 slacudei
aile ol SIS o eyl 5l enl slatug VT L 5 olbSle Uiimel (s o 0k Lialis (e else &b oo
e 5l sk oloardisSoned Ll g il 0085 50 Clie QLo oSl I (satedsl Sledlll (g5l Sy g
slagley jo 1) aiigS 5 WSl Ll b wlg e oo baden) N el LSl 5] aulSsd 5 ,Lad oo
I¥] ansl ailais o 55 50 andsS cunle oyols (Lis sl conitoms aali § ALiSs pgad 4 cilize
L) wigded 5 GIUISIE (ISIT clasie b 551550k U (ool Goses oo & i3 loSLe lacsis
I8 5 YT )l fgais; Glnl =S5 @diye oMb Jlob (i 53 5 5150 drag)l (oleSlo Jlgs slatal o (Somiliy] 2|
S 5l adlaie raiz )3 ST B YL ely ISUISSIE olangly (S b Gt Ssisne 2leSlo slacsins
5 O] wloals &, (23 el Glnl (a5 ji5—aag)l (leSlo atypeS (8 Jlodh 150 58 alezr (e Slob S5 oo
oo 3l ezl 85 )15 (S5 - Glnl M Jlad (15 50 45 S sl gt gz G 4 il 8 [F
& 4oL ol 3 oleSle sasite slagully andl V] sl 03,5 o aslsl (g SSgigims b g 0nd £9,8 Sdgigre
5 0351 yerie JSIT L JISITESIS 51 S5 50 K ol ol oo Jlodh Caoms 4y 23,958 L selaie a5 ool
L8 g Al &5jls gl b gl 51w
25 0bmldl (a8 5l (o olal )le Gladigy sanmed ol 2 (Ghbe pLoatsT) (oDl 052 oy
5 sisdgd pulaSle [V ol 413 5 )15 (S 5 Glnl @ yo D30 (39,9) fi50 —tag)l (2leSLo Sl o i
DY g clonls &) aos)l azlyo (58 Jolo 15 mageli (g o 42 (oMol 052 i Seaaliy] 2
S (nl o SBle- Sl gl slacadgn; Hea> Sl opz 4l oleSle Gl 38 4 yazie (S
ool (g5 cmogil3l saings Liilye, 5l Jols pesleSle dliis )b, (oxiwg Sladlas ax 51 VY]
Gl b Bl 5o (008 b Sldllae Jg sl ous plonil ido-dngl (oloSle 15 53 9,95 50 5l 99595 52 b L e
Slaslllas 5:S pimen V8 510 VF] cul 485 & g0 LSl g cnl o8 Sl sl idu 48 aeusleSle g9
5 Oljee S (S35 bl daSiw oaijle Clde JoSi5 Bos 5 JLa8 oo polas LSl ol Lalpd 5,

Sl 48 55 & g0 oo


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

Yay e leMbl ailols 8 )5 L yle S 50 il o) Jopny Jlas )y

55,0 Syl sl oS 5 Bikas (oDl 0252 s SlaatsT lacSin (aleandisi 5 (B,55,5 Slasine Lol 5
S979 4 Seigry e dhle) (ool 052 and LSS 0920 (o) p 5o i Al lacaden; ol
295 9 635 Olnl R 4 eBss Pl dteg g8 Ll e oyl b il peileSle Sl el
AY AT AY N Wyl 0)Lal oladle (LS S 0 3,55 51 5l o peilalo £53s Lules 5 05iloguslin ariss i
Folo gy o s (13al ST 5 Ik S 55 99 (lie cilaie st Sladas] glaSiw [18 5 1A
"Cadah 50 970 (S e U (oo 5 JS S lertiss slaosls ( BI,5g Dlalllae S 4 Cel 0l (oa
555 b doSi sl Slie iS85 Bas 5 L8 ol (slod cpras 4 dgiT oliee iiis] cloSin 5 o
dibaio (slaKiw Lide 4idsS (idu ©9d 423 g polie 5| (Fad (g8 - Fad (5 Gl daiudsnj 5 pljee S
3 oS oy olped 4 SugeSeld Ll (6,503 Sl S jeax saims (L )8 S Slilllas 4z ST 0gl aSls
5 0 oo LoSlo sls Lyl s (s Wy oo 4y ows yinsd e o2 Ktlo3T SUISel 55008 s ) Lol ool Lndigas
5 SLaisl ladigel onms S LSl olinls 5 jols Lulyd (s Gln eToim G (oo sloosls &
w5 oy ol olyen slacudsy;
(sl (yLaidd ) (oDl 033 32 A (ol (o CprBgo

sLosgase (sapani )3 [V o] (o )ls J18 louly3T -8 5l (ol (ney argy o anlllne 3,90 dilats
el Sgisis (Slaatsl glaion wms oo )8 5l aigy o 1) lmldl enas 15y (lnl (o9 - (SigSS
5 obzebydb (s 5l a5 55155 Shl Crmgae praileSTle ailonds S et o (55 5,0 15T (ul )3
SrFl wsz G o5z o e Sliansl aibie ool (M g dig GlarisT (g a by o Gl G
SrSsan 1y s lS B e el Gy (S 5 Sl @ 8ls anegyl Azl s 6yl Jlod g adlie Jlad ol by
0 g Wi 055 (ool (LT () bl oo el B s 55 & (55055 oS 5l aiges il lalisss]
5 sl o wLlopls pla e sl wsim Slaasl anS aile sige gel e Sliassl slaailes gloass
5 VAD (tisgd jloasiss slacSin 5l JSite (635155 —5aly (o b (oDl 0232 4h) (sl lidassT (V2o )3
Iv-
Ll Jsbo ¥O Y F " Sl b oldlaz Cusbge 10 Cunl dng)l 4zl ;s 0052 (525555 (ool 0052 4
G 50 03905 pl el @ ye sk S YE+ sgum ] Gl o)ls L3 Jleds oldli> 5e YV FAT YA g 305
-V JS8) el ond @l dngl (Bpt Jlod s eskS B0 g 2y 0p Oz S regkS V0 alols o eyl 4zl )
55 ge oanlie oyl (S35l kil b Wagil il S & g (lybo liisT) oodhasl o35 and lelis | (!
JuS ol anlllas o590 aibaio jo Lol JuS 50 VY] 008 co lax sipw olaiasT 51 jsligy cos o alauly 4 oS
L5 Ll (B Joee a5 wily oo SSE-NNW (gl b (zmeaS =) j05 oS 9 ENE-WSW i, b 08 51 -6,

degarme S o oulid S axly (i gorad ¢ pulidaiz Sl SIIYY 5 V]l Gelate 0032 and (535 50 (a5


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

yay VFe ) Gl g 5mb oV o)l A al> sols> e pole

loaiig g 135145 Cosl (B A o lacadl 5 Gaegols (S oS Sl JSise (LSl 5 (355,50
ClXiw oo 4 Cu @ Sy wudlil G.w—l slraxlg Iryl wleas oailiigy deg)l axlio gwy - Sl
axly Vb e plgie 4 pedbl g5l il 5 ST walgid 5 SlaassT sl asly Glaie 4 Sy
O J5s) [V wloass 8 yme (b cpmogae cpmo L) Sliaas]

slaiig 5l wilSu joeb g o, alles JSad 4 ool opimacd o (g lel glaass 251 slacolad £9%s
B (5"5‘)3 aQ )-*-' )Lmy 6@% 9 LSHJB'J —‘S..a).a.a 6[.(&0)‘&5 Ol 6L®J...~u ) LmS..lo w‘ R P g_q"”"’ysﬁ)""
Al 65 o iy O)lie (FOVL L b e p2iS 56 jehm 4 OIS Wy, (o -Y JSD) Wigd oo oanlive ddlaie
.o)lo c)l...';)‘ oﬁ}_’?

wloﬁ d‘)lii Soew dlﬁ’u’“’))‘? 6‘)‘.‘ u’i“"“ dged YO Sl ‘th‘) u—" JLEnWw PL?_:.S‘ 395 00 0 legeze VAP Jlu oo
3o e cpl poianal asile 1) Sle,So 5 (Sojlen (p ieS a5 Wigd Cudls p slaigS 4 badiges 0l WM a0 8

A oLl oleeadiedy Ollllas sl gl lime w5 Codsiny anad Vo slaws ¢ ol yoee Slallas ploxl

3787

S5

Urumieh Lake

5 3 Km
=
37743
2 | ) Young terraces and altuvial fan deposits
5 () Satty-clay deposits
o |3 Fanglomerate(with components of sanidine trachyte)
§ S | B o 00nar deposits
S | @ | w—rachytic tava now
o g [ Tephrite-phonoiite
S | B voscanictastic rocks with teucitite components
3 o= ome

Linements & inferred foult identified on the base of

satellite photomap
®  sampling point

AT (oDl 0 39 5 s oaw bkl (o 3 s ) S


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

vat e wilebis 3,55 b lo,S 55 sl o3 ) e sl ooyt

0aSiiils ;o 3L ablie angs a8 oSy wlidipe) saSiils o ladiged 5l 05 4 g5 (&jlweslel slausT )
98 (0)) (o> plol (Hollirn oliils asbpgle caSasls ;5 (098g S (Slaom) 2 g (0))l95 olRlS (wlidiies;
2 Sl ¥ ol 5 st YO 35 g, 42 5y pole olKisls IGGCAS 35 5o 4 luaS yolic olien 2855 &5
oy 09 5l S g gilST SIS o LT (slys  Sloais 00,1 ¥ Jga ;0 el Caws 43 ICP-MS i, 5 0,15 5L
Olz 5 SlasksS Yo 5Ly L WTU) ooz (logy 5505555 oSl pardigs olfitalejl 5o 9250 IXA- 82230 oo

s ooliiul ,eleil 105~ 10722

ga
;%%"ﬁ

g
A

9 \ ] M-o-:”hDasht-e Kavir . ,4\1!&3———4

9035 ©gld (0 [VF] ol oy 3 ands g oyl 0oy Jlod cdnng )l 4zl 30 (o Ldl yir CoaxBgo pguad (1LY S

&lylw slawgy Jloss 051930 a1 b po S gy (gLdAgS


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

Yao VE) sy s by oF ojlad A ol oils> e psle

&S Sow 9 (2o wlasin
oS onl o Sdle-Sdlal gl slacalyiy; jpam (oMl 0252 4k GleSlo GlaKiw 08 4 pamio (S
b oy S5y sl (giad wiged o godlasl 0052 4t Sliiis] laKiw (z 5 o il = ¥ sy 1Y 5 VY] el
Fagile Vo b fales aiz olal b colgnj bl lls laSis cnl iyl Gapsl plid 0lb 5 009 (5S>
dged o 1) lacadshy) cile § S5, Dol (lijre S 53 550 lotygly (ald wiz JSS (o 5 AT USE) aiten

(z -V US8) aiS oo plese e S 5 o

Bl lylw liwgy Jolbus (oMl 0 1 35 dd (635 g0 S G’L&.n.&.ai K jo lizo grcuden .V IS
I Cadgin ) ool 99,8 y9:b2 41 Loy po g guai (g -hlizo oIl 5o | Sy s 4 by po pglai (o g Al s

I G Cadgi ) diged i guai (8 .05k jue Soow S o 11 g

25 0 a8 ol globs BB dihie Slaass] glacow jo culsu; g5 90 8L Ly, 5 olmo Sldlas wlul 4
w2l nee Sulei €55 99 (nl (BT gy Sladin (ow)p @ (Gl S (oSwgSee SlolaiSl g y45 5l g
- 89y g2 P ysb w4 Lidgh ol w0l buws dibate jo SlaassT slaciw 45 a5 cpl bl e Soww
ol 008 Do a5 W)l Sdgd a8 5 Leges sy Gl asl oad S ke Sudgn ) sl sl
2955l shle (sl il oubidaiz g (ol S [l 51 (S Sl 50 () JS2) e osalie BB o5 arcd
9 gyl 4zl bawg (Dol oz and a5 Ll el ouds JSs dily lacedS gy 5 (Sdsid slaojles
)5 52 Sz b 58 Crulsl 5ye 5 LIS s oamline (el cansl oy abolol (glazly ys Sliges,


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

Ya# e leMbl ailols 8 )5 L yle S 50 il o) Jopny Jlas )y

b JSa093 SloimS s msnlS ol (6508550 V51,5 5,500 £55 5l Oljee S (sogee 8L ¢ 5Ss,Son ablie )
oddlive g2y Cuiid g JSidg> Ojge 4 lawe) Wload (S99 o po ails 5l JUe cdl il oogdle
U"‘ ) ).u wl.v] 9 wgfsb Sloads gJau\...) p.....u.”j L 0)|5.A ]A-A.M-A—' )0 g A odun uaJLM JSLA le)‘é ;.\.»5....4‘59
od] GlKin saed, gmaneS St wlel » DAD oL Ses 5 (5,06 (I -F JS2) w)ls e ek
Aleasls (Leucitite) coiwgd 1) b Sw (pl oyao) pole (Joll s ay0los]

(g Gl ¥ S8) 03 ls g lose K 3 Sl gl Sl 50 dolyns S 655 ol €99 (salyi
3 S c8b ] SLSU e S b ladad 1 550 g oo 09 Hal o g Jlodssly AT 4 ciws digad jo
Sgaz g8 b aS sited (5,0 S das U lo S (sl pn gy 92dS LT oo LSz Lol SIS el Vil 5 g4
A Cad SIS Sar L L e gTeld il jpax w0 gundihie o0 g Zae ohgel> b ooy A
@ 5 bl g SOl sla SIS 098 co camlive Sl Hlaws Hloke 4y (pgudsl aiten SOl sl SIS g cuSLT slagyg 55l
-0 B A s ed lid o ST e (g anils 4 S e 5l eyl ol (- F USE) Wil jeam o8 e
Sy Gli8l L g mals wald e ail ool ) LSl jo (g)lolae gleo &l s b sl ol jols (> 0
L1 ey cdsns Oy (e Sladin pwlul nprts LGS il s 25 )0 5ss 9 LWL j5ls
9 Sudoi) m sye ,0 Pl b (Fad 09d p I sunled wudsnj o8 nl 58 el Hlocey oS old CoinS g gidS
gl 5l 09d cad osmliv (e S b Sdoj (wled 50 50 aysh ) e b g S Sy 58S Ol SLSLe
il 55 Lo, Same 55k b 5 Sl b ol Bl G 51 e LSle S5m0 5 dayion 5 4
.\.wl: 059 wa;j_d

JS5) sited ouend BT 5,5 0,5 B st sl gl i jo (ol 5 (6 S S5, 4 s diges yo il g gL e
Sl ghol Gy ;5918 amgd SI 03418 (68,9 Y eil T9,800 L LAl lacdsin s cpl ¢ g 98ws Ko adaiie jo (o =Y
O Yl gl ;0 5 Sy oo b yhenkie ¥ ogus a4 laawg) ojlail el ools plaisl 0 4y | S VEe b
u,u.Sj).».) L;Lb‘_;als M»)Ga J.»Xm) |) A_i».w/\/‘ Li kSQlf)f" wsf?b 9 u,mfj).u}uis u;>l5 9$ \.\."o\.\..,u J.n.\.u ML;‘
bl coundUT slacawy) ale Bl bl sla SIS lawgs g oo (wpie I Ll (635 1o Jidu diwd gamdibio sl )l
S Al 4 ais ion 5l aS aes oo lis SI send ol aiS o el ) slails By S cdl g wleals
Sy oo Hhas 4y gyl shcel asl Sail il g ais alST a0 Conl 009y yho mewll wenST Ol s (e 3
9 (_g)\)lﬁ (o —fJ&..u) Ml; W) u—M-ASSJ-AJ d‘).la‘ 5o wj—‘ ‘5|l5 J.&m.: L e so).;uo} (':tLo l) w‘sﬁ,uj—&d—ls w...sb
ool a5 wels ol glhle pleaasT (SKiw calisee laasly 10 ssmg0 sblSis fgome oo owyp b (VO] o] Ken

2,05 0979 o joly il g 5 50 (e Sz oS 5 gl 5 wilowd LSis adsl sleSLe 5l e SIS


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

vay 8 e psle

S (@ 9 Wl prgai PPL g XPL 55 93 53 Lialginj 9 oo Sow (o 95wg S gblio F JSCi
S (0 g9 Cadgia; 10 S gy glS g S o5 eld G S (g -3l o S ST g oy 959l ¢ (oanS g oy 9ol
Al go5 Cadginy yo ol GM.MJbT Syl lwgi oul ablal S 9 s goudS”

SU o
oEtlesl a4y gtk 4y o (gl wigas V a5 loe 28l Lals, 0,5 Laseiie 5 58S (6 K Slalllas 5 ey
515 b IXA- 82230 Jo s g Sele sl olfiws Lawsi 5 Jlu,l WTU) (o logs (5550955 olStils _consds

9 QL»).,.A CS’L“M] 6@» Sglmw..fsfu g_)j)ag)i:Lo L;Lmolo A 4.:)919 )AATSJL) 10-5 ~ 1042 UL’J‘> 9 ul”l.f '

Llodds 00)51 \ Jj..\} o Ja.u).o ‘_gLQb u...j}.u)


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

YaA

e leMbl ailols 8 )5 L yle S 50 il o) Jopny Jlas )y

oMl 0 59 52 s SLrcad gy 9 L iwe Souw 3O (puS 93 (ST 951950l (g w4 3T LG -) Jgur

Sample 14xcpx- | l4xcpx- | 15xcpx- | 15xcpx- | 15xcpx- | 15xcpx- | 15xcpx- | 15xcpx-
7 7 1 1 1 1 1 1
Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith
Type I | 1l 1l I I I 1l
Part rim core rim rim rim mantle Mantle mantle
Si02 51.12 52.02 49.41 49.9 49.13 51.64 52.19 50.85
TiO2 0.68 0.46 1.14 0.83 1.17 0.47 0.44 0.63
Al203 2.91 2.12 3.76 4.18 3.74 2.82 2.33 2.67
Cr203 0.008 0.085 0.038 0.209 0.029 0.324 0.274 0.08
FeO 5.43 4,95 6.95 6.5 6.76 4.78 4.59 5.64
MnO 0.12 0.12 0.14 0.11 0.12 0.1 0.1 0.11
MgO 15.2 15.51 14.49 14.66 14.77 16.04 16.29 15.33
Ca0 23.74 23.78 22.78 22.58 23.05 23.01 23.11 22.95
Na20 0.33 0.38 0.46 0.47 0.46 0.35 0.37 0.34
K20 0 0.003 0.002 0.001 0.001 0 0 0.003
Total 99.538 | 99.428 99.17 99.44 99.23 99.534 99.694 | 98.603
Si 1.89 1.92 1.84 1.85 1.83 1.9 1.91 0.27
Ti 0.02 0.01 0.03 0.02 0.03 0.01 0.01 0
Al 0.13 0.09 0.16 0.18 0.15 0.12 0.1 0.02
Fe+3 0.09 0.07 0.13 0.11 0.16 0.07 0.07 0.02
Cr+3 0.0002 0.0025 0.0012 0.0061 | 0.0009 | 0.0093 | 0.0078 | 0.0003
Fe+2 0.08 0.08 0.09 0.09 0.05 0.07 0.07 0
Mn 0.004 0.004 0.004 0.003 0.004 0.003 0.003 0
Mg 0.84 0.85 0.8 0.81 0.82 0.88 0.89 0.12
Ca 0.938 0.939 0.908 0.895 0.919 0.906 0.907 0.129
Na 0.023 0.027 0.033 0.034 0.033 0.025 0.026 0.003
K 0 0.0001 0 0 0 0 0 0
mol Wo 50.61 50.16 50.47 49.77 51.32 48.77 48.55 51.83
mol En 45.09 45,53 44.66 44,96 45.75 47.3 47.62 48.17
mol Fs 4.3 4.31 4.87 5.27 2.93 3.93 3.83 0
mol Dio 97.57 97.19 96.48 96.35 96.5 97.33 97.16 97.37
AllV ( tet) 0.096 0.07 0.131 0.131 0.144 0.09 0.076 1.732
AlVI (oct) 0.031 0.022 0.034 0.051 0.019 0.031 0.024 -1.71
AIVI+2Ti+Cr 0.1 0.07 0.13 0.13 0.14 0.09 0.08 1.73
Na+ AllV 0.03 0.02 0.03 0.05 0.02 0.03 0.02 -1.71
J=2Na 0.1 0.07 0.13 0.13 0.14 0.09 0.08 1.73
Q=Ca+Mg+Fe 0.03 0.02 0.03 0.05 0.02 0.03 0.02 -1.71
V Jguz aslol
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15- 15- 15-
Sample 15- 15- | 1Hcpx- | 1Hcpx- | 1Hcpx- | 27-1- 27-1- 27-1-
Ixcpx-1 | 1xcpx-1 5 5 5 Xcpx-1 xcpx-1 xcpx-1
Xenolith | Xenolith Xenolith | Xenolith | Xenolith
Type 1 1 Host Host Host ] 1 1
Part core core core rim rim rim rim rim
Si02 50.71 50.97 50.36 | 50.56 49.8 52.96 52.55 53.71
TiO2 0.81 0.72 1.13 0.98 1.24 0.45 0.7 0.33
Al203 2.47 2.51 2.85 3.29 4.25 1.31 1.54 0.95
Cr203 0.031 0.012 0.027 | 0.026 0.04 0.227 0.211 0.543
FeO 5.85 5.77 5.42 5.71 6.4 3.89 4.41 2.6
MnO 0.13 0.12 0.11 0.12 0.12 0.08 0.09 0.06
MgO 15.28 15.34 14.6 15.18 14.36 16.42 16.04 17.35
Ca0 23.02 22.85 23.75 | 23.44 23.46 24.1 24.05 24.18
Na20 0.4 0.39 0.47 0.36 0.42 0.18 0.21 0.14
K20 0.007 0 0 0.008 0.002 0.005 0 0
total 98.708 | 98.682 | 98.717 | 99.674 | 100.092 | 99.622 | 99.801 | 99.863
Si 0.03 0.03 0.02 0.02 0.03 1.94 1.93 1.96
Ti 0 0 0 0 0 0.01 0.02 0.01
Al 0.02 0.02 0.02 0.02 0.03 0.06 0.07 0.04
Fe+3 0.03 0.03 0.02 0.02 0.03 0.04 0.04 0.02
Cr+3 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.0002 | 0.0067 | 0.0061 | 0.0156
Fe+2 0 0 0 0 0 0.08 0.09 0.06
Mn 0.001 0.001 0 0.001 0.001 0.002 0.003 0.002
Mg 0.12 0.12 0.11 0.12 0.11 0.9 0.88 0.94
Ca 0.129 0.129 0.133 | 0.131 0.131 0.948 0.947 0.944
Na 0.004 0.004 0.005 | 0.004 0.004 0.013 0.015 0.01
K 0 0 0 0.0001 0 0.0005 0 0
mol Wo 51.98 51.7 53.9 52.61 54 49.18 49.36 48.56
mol En 48.02 48.3 46.1 47.39 46 46.62 45.79 48.48
mol Fs 0 0 0 0 0 4.2 4.85 2.97
mol Dio 96.94 96.94 96.51 | 97.32 96.89 98.67 98.48 98.96
AllV ( tet) 1.971 1.971 1.972 1971 1.967 0.044 0.05 0.034
AIVI (oct) -1.95 -1.95 -1.95 -1.95 -1.94 0.012 0.016 0.006
AIVI+2Ti+Cr 1.97 1.97 1.97 1.97 1.97 0.04 0.05 0.03
Na+ AllV -1.95 -1.95 -1.95 -1.95 -1.94 0.01 0.02 0.01
J=2Na 1.97 1.97 1.97 1.97 1.97 0.04 0.05 0.03
Q=Ca+Mg+Fe | -1.95 -1.95 -1.95 -1.95 -1.94 0.01 0.02 0.01
Y Jgaz dalal


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

e leMbl ailols 8 )5 L yle S 50 il o) Jopny Jlas )y

27-
Sample 27- 27- 27- 27-1xcpx- Ixcpx- 27- 27- 21-
Ixcpx-1 | Ixcpx-1 | Ixcpx-1 |1 1 Ixcpx-1 | Ixcpx-1 | Xcpx-3
Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith | Xenolith
Type I I I I 1 I I |
Part rim mantle mantle mantle core core core core
Si02 52.85 53.51 54.34 53.95 53.97 54.17 53.46 50.02
TiO2 0.54 0.28 0.23 0.26 0.24 0.19 0.37 0.77
Al203 1.39 0.91 1.12 0.92 0.88 0.76 1.22 3.72
Cr203 0.29 0.258 0.121 0.034 0.113 0.063 0.059 0.018
FeO 4 2.94 3.02 3.02 2.97 2.72 3.94 7.2
MnO 0.08 0.06 0.07 0.07 0.06 0.06 0.09 0.17
MgO 16.59 17.22 17.67 17.34 17.45 17.73 16.6 13.69
CaO 24.12 24.31 23.65 23.9 23.91 23.85 23.89 23.33
Na20 0.15 0.11 0.2 0.24 0.2 0.18 0.23 0.36
K20 0.008 0 0 0.003 0.004 0 0 0
Total 100.018 | 99.598 | 100.421 99.737 99.797 99.723 99.859 99.278
Si 1.93 1.96 1.97 1.97 1.97 1.97 1.95 1.87
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Al 0.06 0.04 0.05 0.04 0.04 0.03 0.05 0.16
Fe+3 0.05 0.03 0.02 0.03 0.03 0.02 0.03 0.09
Cr+3 0.0084 0.0075 0.0035 0.001 0.0033 0.0018 0.0017 0.0005
Fe+2 0.07 0.05 0.07 0.06 0.06 0.06 0.09 0.14
Mn 0.003 0.002 0.002 0.002 0.002 0.002 0.003 0.005
Mg 0.9 0.94 0.95 0.94 0.95 0.96 0.9 0.76
Ca 0.945 0.952 0.917 0.933 0.933 0.93 0.936 0.932
Na 0.011 0.008 0.014 0.017 0.014 0.012 0.016 0.026
K 0.0004 0 0 0.0001 0.0002 0 0 0
mol Wo 49.15 48.94 47.23 48.18 48.06 47.68 48.5 50.93
mol En 47.04 48.23 49.08 48.64 48.81 49.32 46.89 41.58
mol Fs 3.8 2.82 3.69 3.18 3.13 3 4.6 7.49
mol Dio 98.89 99.17 98.47 98.22 98.48 98.69 98.28 97.3
AllV ( tet) 0.053 0.037 0.028 0.027 0.028 0.023 0.035 0.113
AlVI (oct) 0.006 0.002 0.019 0.012 0.009 0.009 0.017 0.05
AIVI+2Ti+Cr 0.05 0.04 0.03 0.03 0.03 0.02 0.04 0.11
Na+ AllV 0.01 0 0.02 0.01 0.01 0.01 0.02 0.05
J=2Na 0.05 0.04 0.03 0.03 0.03 0.02 0.04 0.11
Q=Ca+Mg+Fe 0.01 0 0.02 0.01 0.01 0.01 0.02 0.05
V Jgoz asll
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21- 21- 21- 20-1-
Sample 21-xcpx Hcpx Hcpx Hcpx XCpX 20-1- 20-1- 20-1-
-4 -5 -5 -5 -5 XCPX-5 XCPX-5 XCPX-5
Xenolith Xenolith | Xenolith | Xenolith | Xenolith
Type [ Host Host Host I | | I
Part core core mantle rim core rim rim rim
Sio2 49.98 50.74 51.44 50.18 49.61 50.98 51.43 51.14
TiO2 0.87 0.57 0.51 0.67 0.78 0.66 0.61 0.56
Al203 3.94 3.16 2.86 3.61 3.39 1.91 1.86 2.15
Cr203 0.03 0.247 0.084 0.061 0.017 0.041 0.008 0.013
FeO 7.07 5.92 5.59 6.73 9.66 7.64 7.46 7.94
MnO 0.16 0.12 0.13 0.16 0.24 0.18 0.2 0.22
MgO 13.9 14.67 15.11 14.13 11.98 13.78 13.57 13.64
CaO 23.37 23.38 23.51 23.25 22.97 23.8 23.68 23.46
Na20 0.48 0.38 0.3 0.36 0.59 0.28 0.35 0.56
K20 0.007 0.002 0 0 0 0 0 0
Total 99.807 | 99.189 | 99.534 | 99.151 | 99.237 99.271 99.168 99.683
Si 1.85 1.88 1.9 1.87 1.87 1.91 1.93 1.9
Ti 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02
Al 0.17 0.14 0.12 0.16 0.15 0.08 0.08 0.09
Fe+3 0.11 0.08 0.07 0.09 0.11 0.08 0.06 0.11
Cr+3 0.0009 | 0.0072 | 0.0025 | 0.0018 | 0.0005 0.0012 0.0002 0.0004
Fe+2 0.11 0.1 0.1 0.12 0.2 0.16 0.18 0.14
Mn 0.005 0.004 0.004 0.005 0.008 0.006 0.006 0.007
Mg 0.77 0.81 0.83 0.78 0.67 0.77 0.76 0.76
Ca 0.927 0.93 0.93 0.928 0.928 0.954 0.95 0.936
Na 0.034 0.027 0.021 0.026 0.043 0.02 0.025 0.041
K 0.0003 | 0.0001 0 0 0 0 0 0
mol Wo 51.5 50.51 49.83 50.67 51.58 50.76 50.36 51.1
mol En 42.6 44.1 44.56 42.85 37.42 40.89 40.17 41.32
mol Fs 5.9 5.38 5.61 6.48 11 8.35 9.47 7.58
mol Dio 96.43 97.17 97.76 97.31 95.56 97.91 97.41 95.85
AllV ( tet) 0.125 0.101 0.087 0.113 0.107 0.074 0.056 0.081
AlVI (oct) 0.046 0.036 0.037 0.045 0.043 0.011 0.026 0.013
AIVI+2Ti+Cr 0.13 0.1 0.09 0.11 0.11 0.07 0.06 0.08
Na+ AllV 0.05 0.04 0.04 0.05 0.04 0.01 0.03 0.01
J=2Na 0.13 0.1 0.09 0.11 0.11 0.07 0.06 0.08
Q=Ca+Mg+Fe 0.05 0.04 0.04 0.05 0.04 0.01 0.03 0.01
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Sample name 015-(X) | 20-1(X) | 014(X) | 27-1(X) | 024-1(H) | 026(H)
Type Xenlcl)lith Xenlolith Xenlolith Xenlcl)lith Host Host
Li 7.24 1.92 1.06 40 24.1 15.1
Be 5.18 1.44 1.01 411 24 29.2
Sc 19.1 34.2 24.9 125 9.92 7.61
Ti 7253.94 | 10731.04 | 4394.33 | 6534.54 | 4094.58 | 3489.08
\% 198 366 95 179 113 121
Cr 461 196 628 620 23.9 6.27
Co 117 68.8 57.9 62 59.8 22.3
Ni 93 71.7 115 91.3 13.9 2.75
Gd 9.8 12.6 3.13 8.1 6.57 2.15
Th 1.28 1.63 0.405 1.03 0.951 0.359
Dy 6.38 8.16 2.08 4.92 5.14 2.21
Ho 1.06 1.34 0.335 0.797 0.91 0.435
Er 2.68 3.18 0.773 1.96 2.46 1.28
Tm 0.327 0.368 0.093 0.231 0.348 0.207
Yb 2 2.17 0.575 1.44 2.29 1.55
Lu 0.278 0.302 0.082 0.21 0.326 0.226
Hf 8.13 4.15 1.47 5.54 20.3 21.2
Ta 1.66 0.398 0.329 1.21 4.84 4.24
Pb 335 3.59 6.22 10.6 171 160
Bi 0.088 0.014 0.017 0.047 0.482 0.592
Th 17.8 3.41 1.41 7 325 12.5
u 4.15 0.492 0.371 9.74 13.8 175
Rb 89 45.1 62 229 108 195
Sr 624 34 188 674 550 328
Y 26.8 103 9.07 21.3 221 10
Zr 299 5.8 48.3 225 822 864
Nb 28.6 0.95 3.75 25.6 924 91
Cs 6.22 2647 1.29 11.2 12.7 18.8
Ba 1586 54 994 3488 2742 1500
La 59.1 119 7.98 48.9 39.6 13.2
Ce 125 15.4 19.4 96.5 88.4 28.9
Pr 15.2 67.9 2.91 11.7 10.7 3.38
Nd 62.5 15 14.3 495 421 13
Sm 12.7 3.4 3.63 10.2 8.73 2.71
Eu 2.66 0.52 0.839 2.28 1.93 0.634
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Introduction

The late Miocene magmatic rocks with calc-alkaline and shoshonitic (or ultrapotassic) characteristics
are found mainly along the UDMA and occur in the northern parts of the Turkish— Iranian High Plateau
[1-3]. Plio-Quaternary magmatic rocks are represented by alkaline rocks with and/or without subduction
overprints and by shoshonitic rocks in several regions of the UDMA, but mostly in NW Iran, in the
Turkish—Iranian High Plateau [e.g., 4-6]. Paleotethys was located to the north of the magmatic arc, and
hence southward subduction operated from the Paleozoic until the Dogger, and that northward
subduction occurred subsequently from the late Mesozoic until the Eocene. Although several studies
have highlighted consensus on a different pulses of magma generation mainly in the late Eocene, late
Miocene and Plio—Quaternary northward subduction model for the geodynamic evolution in the
southern part of the study area.The late Miocene (Tortonian) high K-volcanic rocks are exposed mainly
between the Bitlis—Zagros Zone and western Albroz magmatic arc in the Eslamieh Peninsula (Saray),
to the eastern of Urumieh lake. Although several studies have highlighted the temporal and spatial
aspects of magmatism in the UDMB, showing origin, and magmatism related to collision and post
collisional settings, NW Iran has not been investigated in detail. Also, the information about physio-
chemical conditions of magma formation and genetic relation between volcanic rocks and their
xenoliths are lacking. In this paper we present detailed classification of the high-K volcanic rocks in the
Eslamieh Peninsula (Saray) and physio-chemical conditions of magma formation and genetic relation

between volcanic rocks and their xenoliths based on mineral and whole rock geochemical studies.

Geology setting
The study area is located in the northern Uromieh- Dokhtar magmatic belt (NW Iran; Fig. 1), part of

the Tertiary-Quaternary magmatic belt of Iran. The late Miocene (Tortonian) high K-volcanic rocks are
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exposed mainly in the Eslamieh Peninsula (Saray), to the southeast of Urumieh city (Figs. 1 and 2). The
contact relationships with older strata, including the magmatic and metamorphic basement (such as the
Gushchi A-type granites and Cadomian granitic gneisses), are mostly covered by younger salty-clay
deposits of the Urumieh Lake. The late Miocene high-K Saray volcanic rocks appear to crosscut the
Iranian basement. Field observations show that the volcanic activity in the Saray can be divided into

different sequences of pyroclastic and volcanic activities with\ the lahar deposits.

Field Observation and petrography

The Saray Peninsula includes high K-volcanic rocks and related xenoliths which are mainly exposed
in to the southeast of Urumieh city (Figs. ??).
All investigated lava and related xenolith samples show a porphyric and granular textures, respectively.
Phonolitic-trachytic lavas are mainly located in the central part of Saray Peninsula (Fig. ??) and contain
clinopyroxene, euhedral sanidine with subordinate phlogopite and olivine. They are characterized by
sharp contact with related xenolith, vesicles structure up to several centimeters in size, sanidine
phenocrysts with maximum size up to 10 cm (an average size of 3 to 4 cm). Sanidine phenocrysts as
well as groundmass crystals within lavas are aligned in one direction. It is enclosed by fine-grained Fe-
oxide grains, which can be correlated to the breakdown of phlogopite during decompression and the
oxidizing conditions during eruption. The sanidines are euhedral with a size of 1 to 6 cm (rare crystals
reach a size up to 10 cm). It is the major phase forming the groundmass of all crystalline rocks.
Clinopyroxenes are mainly euhedral and appear light to dark green in the polarizing microscope.
Occasionally, olivine macro- to megacrysts (up to 1.5 cm) show visible reactions rims suggest that they
are xenocrysts in trachyte. Carbonatite is common feature in the groundmass of the trachyte whereas,
magnetite, apatite, titanite and zircon occur as accessory minerals.
Mantle xenoliths entrained by the post-collisional K-rich magmas have been subdivided in two type in
the Saray volcanic field based on their mineral modes and textures: Type-1 pyroxenite in the trachyte,
and phonolite; Type-2 with trachyandesitic compostion, Type-1 xenoliths with a size from some
millimeters up to 10 cm in diameter were observed in the trachytic/phonolitic rocks and mafic and felsic
lamprophyric dykes and pluges, with clear boundaries between the xenoliths and their host magmas.
They contains euhedral pyroxene phenocrysts with quartz and apatite inclusions (Fig. ??), with a few
phlogopite (<3 vol.%) and quartz (<2 vol.%). Their groundmass is fine-grained and consists mainly of
glass and sanidine crystals. Type 2 xenoliths mainly consists of lucite (up to 60% vol.%) followed by

clinopyroxene (diopside) (20 vol. %) and phlogopite (20 vol. %).
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Mineral chemistry

Analyzes of the mineral compositions is mainly focused on the clinopyroxene, and phlogopite, as
they are the most abundant minerals in Saray peninsula samples and listed in Supplementary Tables
S2a and S2b, respectively.
Clinopyroxenes in the phonolite and type-1 and -2 xenoliths have been investigated. They are
corresponded with Quad pyroxenes within the Q=Ca-Mg+Fe?* vs, J=2Na with similar wollastonite
(Wo) contents and are diopsidic in composition (Fig. ??), with high contents of CaO and Al.O3 vary

from 21.9 to 23.5 wt. %.

Whole rock geochemistry

Major- and trace-element compositions of the whole rocks from Saray Peninsula are listed in
Supplementary Table S3. As shown in the Zr/Ti vs. Nb/Y diagram of [7] (Fig. ??) the host volcanic
rocks, Type-1 and -2 xenoliths plot in the field of “phonolite”, basalt and trachyandesite. All the Saray
high-K show similar chondrite-normalized REE patterns [8] (Fig. ??) with enriched in LREE relative
to HREE in chondrite normalized diagram. In primitive mantle-normalized diagram (Fig. ??), all the
Saray high-K rocks are mainly characterized by strong enrichment in LILEs (e.g., Rb, Ba, K, and Th)
relative to La. The lavas are characterized by conspicuous negative anomalies of HFSE including Nb,

Ta and Ti relative to LREES (Fig. ??).

Physio-chemical condition of pyroxene crystallizations

Based on pyroxene chemistry and method by Soessoo, A., 1997, physio-chemical condition of
pyroxene crystallizations is estimated. The pyroxenes of phonolitic host studied were physically
crystalized in moderate to high pressure (6 to 15kbar) and temperature of 1200-1300 C whereas those
from trachy-andesites and basalts xenoliths were formed at lower pressure (6 to 10 kbar and 2 to 5 kbar)
and temperatures (1150-1200 C and 1100-1150 C), respectively, in high fO,. On the base of pyroxene
chemistry, the basic rocks from Saray Penonsula belong to calcalkaline series in volcanic arc setting
(Neo-Tethys subduction).
1. Moine-Vaziri, H., Khalili Marandi, S.H., Brousse, R., "Importance doun volcanism potassique,
auMiocene Superier, en Azerbaijan, Iran", Comptes Rendus de I'Académie des Sciences, Pari 313
(1991) 1603-1610.
2. Dilek, Y., Imamverdiyev, N., Altunkaynak, S., "Geochemistry and tectonics of Cenozoic volcanism
in the Lesser Caucasus (Azerbaijan) and the peri-Arabian region: collision-induced mantle dynamics

and its magmatic fingerprint”, International Geology Review, 52 (2010) 536-578.


https://gnf.khu.ac.ir/article-1-2796-fa.html

[ Downloaded from gnf.khu.ac.ir on 2023-10-01 ]

Kharazmi Journal of Earth Sciences Vol. 8, No. 2 4
Autumn & Winter 2022-2023

3.Eyuboglu, Y., Santosh, M., Yi, K., Bektas, O., Kwon, S., "Discovery of Miocene adakitic dacite from
the Eastern Pontides Belt and revised geodynamic model for the late Cenozoic evolution of Eastern
Mediterranean region”, Lithos, 146-147 (2012) 218-232.

Keskin, M., " Magma generation by slab steepening and breakoff beneath a subduction- accretion
complex: an alternative model for collision- related volcanism in Eastern Anatolia, Turkey”,
Geophysical Research Letters, 30 (2003), 8046.

Kheirkhah, M., Allen, M., Emami, M., "Quaternary syn- collision magmatism from the Iran- Turkey
borderlands”, Journal of Volcanology and Geothermal Research, 182 (2009), 1- 12.

Allen, M. B., Kheirkhah, M., Neill, I., Emami, M. H., Mcleod, C. L., "Generation of arc and within-
plate chemical signatures in collision zone magmatism: Quaternary lavas from Kurdistan province,
Iran”, Journal of Petrology, (2013), 1-25.

Pearce, J.A., "Sources and settings of granitic rocks”, Episodes, 19 (1996) 120-125.

McDonough, W. F., Sun, S., Ringwood, A. F., Jagoutz, E., Hofmann, A. W., " K, Rb and Cs in the
Earth and Moon and the Evolution of the Earth’s Mantle”, Geochimica et Cosmochimica Acta, 56
(1992) 1001-1012.

Keywords: High-k calc-alkaline, xenolith, chemistry of pyroxene, post-collision, Eslamieh peninsula.

Corresponding Author: kananian@ut.ac.ir


https://gnf.khu.ac.ir/article-1-2796-fa.html
http://www.tcpdf.org
https://www.researchgate.net/publication/374350088

