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Extended Abstract

Introduction

Qezelje-Kand stratovolcano is located north of Sanandaj-Sirjan zone and in Tabriz-Hamadan
volcanic belt. This volcano consists of a mixture of lava, bombs, scoria and ash, that several
enclaves can be seen inside the lava and their ejecta. The felsic enclaves, can be seen in different
sizes from a few millimeters to a few decimeters, and the mafic enclaves can be seen from a
few millimeters to a few centimeters. Due to the mineralogical similarity with the host rocks,
there is a debate about whether they are autoliths or xenoliths. In this research, mafic enclaves
including phlogopite-pyroxenite and pyroxenite have been studied. The physical and chemical
conditions of magma crystallization and magma origin were investigated using petrography,
mineral chemistry and thermobarometry such as pyroxene, and phlogopite and comparing them
with the host volcanic rock. This information has been used to determine whether the enclaves
are autoliths or xenoliths.

Materials and Methods

After fieldwork and sampling, thin sections were prepared for petrographic studies. Then, two
enclave samples (including phlogopite-pyroxenite and pyroxenite) and one host volcanic rock
(alkali basalt) sample were selected for Electron microprobe analysis, and their pyroxene and
phlogopite minerals were analyzed. Two enclave samples at Yamagata University in Japan have
been analyzed by the WSD method by an automatic electronic processor (EPMA) model
JEOL.JXA-8600 with a voltage of 20 kV and a current of 8-10 x 2 amperes. The diameter of
the electron beam is 5 pm and the data concentration is calculated based on the ZAF computer
program. Alkali basalt sample was analyzed in the laboratory of the Istituto di Geologia
Ambientale e Geoingegneria (CNR, Roma). They used a Cameca SX50 instrument with five
wavelength-dispersive spectrometers (WDS). with a voltage of 15 kV and using 1 um beam
diameter for pyroxenes and 10 pm beam for biotite.

Results and Discussion

The minerals of phlogopite-pyroxenites include clinopyroxene, phlogopite and apatite with
cumulate texture. Pyroxenite enclaves contain clinopyroxene with a small amount of
phlogopite with granular texture.
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Alkali basalts are composed of pyroxene, plagioclase, olivine, biotite, hornblende and Opaque
minerals with porphyric texture. According to the results of the chemical analysis of the
samples, the composition of pyroxenes of all three samples are calcium-magnesium-iron and
Diopside type. Clinopyroxenes are placed in the tetrahedral range in the Al and Si distribution
diagram. Mg# for the clinopyroxenites of all three samples is above 0.7, which indicates their
crystallization from a primary magma. Al>O; versus SiO; and Ti versus Ca+Na graphs were
used to determine the magmatic series, according to these two graphs, pyroxenes are in the
alkaline to subalkaline area. According to the graph of Na+Al'Y versus Cr+2Ti+AlY!, the
samples were formed in the state of high oxygen fugacity. By using the value of Al'Y versus
AIV! the amount of water pressure at the time of crystallization for clinopyroxene of the
phlogopite-pyroxenite sample and the host volcanic rock is 10% and less than 10% for the
pyroxenite sample. The graphs of TiO» versus Al, and also TiO2 versus Aliv*100 were used to
determine the tectonic environment of the host magma, and the samples show the same trend
as the magmatic arc. The biotite of the phlogopite-pyroxenite sample and the host volcanic
rock are of the phlogopite type and are re- equilibrate mica in terms of their origin. In various
diagrams drawn based on the chemistry of minerals, the position of clinopyroxenes of the
phlogopite-pyroxenite sample is the same as the host volcanic rock, but they are not the same
as the clinopyroxenites of the pyroxenite enclave sample. Due to the absence of minerals such
as olivine, garnet and orthopyroxene in the enclaves, clinopyroxene was used for
thermobarometry measurement. Two methods of clinopyroxene-melt and single-clinopyroxene
were used for thermobarometry. The phlogopite-pyroxenite and alkali basalt enclaves were in
equilibrium with the host magma whole rock. The calculated temperature for the phlogopite-
pyroxenite enclave is 1149-1245 and for the alkali basalt is 1190-1238°C and the pressure
calculated for them is 4.4-14.98 and 7-13.83 kb, respectively.

Conclusion

Based on the chemistry of the clinopyroxene crystals in the enclaves and the host rock, the
composition of the magma is alkaline to sub-alkaline, it corresponds to the conditions of high
oxygen fugacity and they came from a subduction-related tectonic origin. The results of
thermobarometry show that their Magma Chamber is formed in the crust. According to the
petrographic and geochemical evidence, it can be said that the phlogopite-pyroxenite sample
is an autolith and is formed from the host magma, and the pyroxenite sample is probably a
piece of mantle xenolith that was removed along with the eruption and reached the earth's
surface.
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Sliassl Shw 5 CetnSgry —CoSilh ladises
ol Gleas ;3 as ol ploil alais YV slows 4 ybje
STV olal gl SslS polie ol 000l ¥ Jgax
Soged 51 bl (5,10560 (gl sl o0 dwloee (5|
ooliiul (Speer, 1984) Fe*'/(Fe* +Mg) lis ,o A"
“CasS ol digel (e Joged nl elul &S a
o )18 CasSsld esgamme o Il JSUT 5 coinS s

9 Ju)jLsA )|)§ (CATS) JLo).> Ca oogazo o u.”)l.a
009zt )0 oS gy diged  lCuinS g, endS
b (¢ ¥V K8) w8 o 1,8 AC-ID-UR 4 CATS
5 Si g Al 595 Cax(ALTILFe,Mg)(Si,Al)206 Jge,8
Slaie 035l nms s b puS gy gdS Ll
glosl s oYL (o aaiges ST (Nosovaet al, 2002) Si
Tk Cexdee wad o Gl &5 WS o sl
2 AL Si Glapgsls Langs baomSsymsnds L5l
30 S g pmaidS 85 13 (& D) ol onls
ol ol oSl a5 was o i g,k o0gue
myeie dae ST el 00g el 5l 8 b SIS
ol asb /Y5l 585 S g o 9idS Mg/MgtFe™)
S5l o oS5 eyl sloSle S ol IS
Gt slSle 5l S5 waal ol 5l e S g gndS
e o3 (Deer et al, 1987) cawl ool joliie assly
CdnS g s — S 55 518 digad slooinS g, dS (5l
Glp g IPEIAY S gy diges (gl ot /VE-4/A-
sasasylis aS wib g /YA /AN Il JISIT diges
adgl SloSle G 5l diged a2 (Gl S g pilS ok

.(Deer et al, 1987) &l
owe) ol g iaST AlwlSed (oleSle (5w
Ot S Ol BomSgm S (oo 5l 1SSl
Sk psb @ 1y 05 eslinul oleSle (slogs
ok Sl stz JB 25 o SU cnl ol e
Nisbet and ) o s 1,3 Lo sleSle b SGo3 bLS I o
Pearce, 1977; Leterrier et al, 1982; Beccaluva et al,
aiise (Le Bas, 1962) b J .(1989; Golestani, 2020

Jsle o Tiog AL Siaile gpobe o5 lie col
2,8 (K LaSle (052 (Ll 4o a4 b (S g 5 lS
30 diged puS gy 95 Si0s pildo ;0 ALO3 Joged 4o
Le Bas, ) (@l ¥ %) QJISJT olw b Q,Iliﬂ 035350
(Leterrier, 1982) CatNa Jldo o Ti ,loges ;o 4 (1962
(o F ) &,8 0,8 QJISIT 035050 0 ladiges ST
S pleSlbe glaanlp Ju8 5o (ST atnlssh
Sl s g0 i LeSle sl adly jls slo SIS g9 5 5k
4 (Kilinc et al, 1983; Botcharnikov et al, 2005)
00 oy 2t Biged oS 950 53 O] I o e
blas o NatAl"Y Jloges 51 jelate copl slp ol



VEY o en 5 g1
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LlSso 590 Jolas el a5 Jlelse 31 (00 & JS8) 8
oo 20l o5enST ainlS'sd (il 4 Gl oe 095 o0
35 ol Ti sgme ol 5 Jlojsme SVl
Nachit et al, 2005; Parsapoor et al, 2015; Dubosq )
3o dalllas 0,90 adlaie 4o .(etal 2019; Yuetal, 2022
O JZ1s 4 aisS pansilogulin 51 oL YL el
Cel g ail oo, cus aid ) IS YL yo a5 oS

Al ool i o5 eld o,Lbgs Jolas

Mg- U aw joged ;o uizren (A0 JS2) W ,S
ols 55 (Forster, 1960) AlY'+Fe’*+Ti-Fe+Mn
(o I\ Jiw) AAJS‘SA )‘)5 wﬁﬁb 0dgdoe O ’Jbtbyw
pled gz MgO-FeO+MnO-10TiO, ilis ol SLo 5
Gl g oas Jolxie 0,bgo (slalle cadgl slalSle 1y
o) @b » .(Nachit et al, 2005) o oolazwl asgls
Sleassl v g PIST wiged sl sFels loges

& )1)5 03 Jél.ﬂ.».n o)bjo (_ngli..a 039z 4O UL:).».A

) Ol ST S g S gy et gy CenpgSold lodisai (uSgym G (slabi LT 5l gl S bl ) Jgur

.(6.1)'5 RV ewe S

Rock Phl-Px Phl-Px Phl-Px Phl-Px Px
Sio2 50.7 50.46 50.91 50.29 53.27
Al203 2.755 3.251 2.827 3.461 0.794
Tio2 0.652 0.789 0.659 0.814 0.007
CaO 22.63 22.44 22.42 22.4 24.5
FeO 3.794 3.688 3.612 4.39% 4.768
MgO 15.82 15.47 15.77 14.86 15.06
Na20 0.486 0.581 0.574 0.527 0.11
BaO 0 0.049 0.057 0.003 0.008
Cr203 0.573 0.718 0.786 0 0.072
MnO 0.064 0.143 0.096 0.074 0.783
F 0 0.058 0.189 0.032 0.101
K20 0.025 0.011 0.017 0.016 0.009
NiO 0.035 0.069 0 0.138 0
SrO 0.229 0.341 0.29 0.313 0.207
Cl 0.004 0.002 0.002 0.017 0
V203 0 0 0.044 0 0
Si 1.908 1.897 191 1.906 1.979
Allv 0.092 0.103 0.09 0.094 0.021
AM 0.03 0.041 0.035 0.06 0.014
Fe3 0.068 0.058 0.056 0.041 0.019
Cr 0.017 0.021 0.023 0 0.002
Ti 0.018 0.022 0.019 0.023 0
Fe2 0.051 0.058 0.057 0.098 0.129
Mn 0.002 0.005 0.003 0.002 0.025
Mg 0.887 0.867 0.882 0.84 0.834
Ca 0.912 0.904 0.901 0.909 0.975
Na 0.035 0.042 0.042 0.039 0.008
K 0.001 0.001 0.001 0.001 0
Wo 46.64 46.75 46.43 47.15 49.01
En 45.37 44.86 45.46 43.53 41.92
Fs 6.174 6.204 5.969 7.319 8.672
Ac 1.813 2.19 2.151 2.007 0.398

Px Px Px Alb Alb Alb Alb
5355 51.88 5276 51.07 52.38 51.9 51.23
0.824 2247 0808 3903 258 2771 3.41
0.034 0.043 0.031 0.98 0.592 0.59 0.84
23.24 2349 2417 23.08 2298 2281 2111
6.182 7.349 5917 4.77 3.898 3953 7414
13.7 13.07 13.89 1581 16.65 16.89 15.1
0.599  0.506 0.42 0.617 0482 058  0.707
0.034 0.041 0.031
0.115 0 0178 0125 0269 0218 0.036
1.08 0.883 0.958 0.039 0054 0127 0.177

0 0 0.25
0.008  0.039 0
0.037  0.055  0.027
0.341 0.284 0.294

0 0 0
0.118 0.086 0
1999 1947 1979 1873 1919 1905 1.898
0.001 0.053 0021 0127 0.081 0.095 0.102
0.035 0.047 0.014 0042 0.031 0.025 0.047
0.006 0.063 0.045 0105 0.065 0.107 0.087
0.003 0 0.005 0.004 0.008 0.006 0.001
0.001 0.001 0.001 0027 0016 0.016 0.023
0.186  0.166 0.14 0.04 0.054 0.013 0.141
0.034 0.028 0.03 0.001 0.002 0.004 0.006
0.762 0.732 0.777 0864 0909 0.924 0.834
0929 0944 0971 0907 0902 0.897 0.838
0.043 0.037 0.031 0044 0.034 0.042 0.051

0 0.002 0 0 0 0 0
47.37 4793 4871 46.24 4588 4514  42.83
38.85 3713 3896 4407 46.25 46.51 42.64
11.57  13.07 10.8 7.457  6.127 6.25 11.94
2209 1869 1532 2237 1742 2.099 2.596
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name Phl- Phl- Phi- Phl- Phl- Phli-
Px Px Px Px Px Px
Si02 36.92 37.16 36.24 37.34 37.00 37.72
9 9 4 3 2 6
TiO2 3.28 3.363 4.256 3.293 3.353 3.253
Al203 15.41 15.04 15.24 15.46 15.16 14.41
2 7 5 1 3 8
FeO 4.698 5.159 7.103 4911 4.397 4.407
MnO 0.019 0.091 0.088 0.015 0.088 0.092
MgO 19.85 20.08 17.48 20.16 20.97 20.63
9 1 6 1 4 1
Cao 0.037 0.098 0.064 0.068 0.093 0.099
Na20 0.656 0.654 0.931 0.717 0.682 0.662
K20 9.517 9.582 9.102 9.517 9.115 9.398
Cl 0 0.008 0 0 0.008 0
F 0.82 0.567 0.412 0.865 0.749 0.745
Si 5.552 5.556 5.511 5.552 5.521 5.642
Alv 2.448 2.444 2.489 2.448 2.479 2.358
AV 0.283 0.206 0.242 0.26 0.187 0.184
Al 2.731 2.651 2.732 2.709 2.666 2.541
Ti 0.371 0.378 0.487 0.368 0.376 0.366
Fe2 0.591 0.645 0.903 0.61 0.549 0.551
Mn 0.002 0.012 0.011 0.002 0.011 0.012
Mg 4.451 4.475 3.963 4.468 4.665 4.6
Ca 0.006 0.016 0.01 0.011 0.015 0.016
Na 0.191 0.19 0.274 0.207 0.197 0.192
K 1.825 1.827 1.765 1.805 1.735 1.793
Cl 0 0.002 0 0 0.002 0
F 0.39 0.268 0.198 0.407 0.353 0.352
Fe#t 0.117 0.126 0.186 0.12 0.105 0.107

Phl- Phl- Phl- Phl- Alb Alb Alb
Px Px Px Px
36.08 37.38 37.26  37.24 38.09 38.08 38.48
5 8 1 4
3.241 3.258 3.301 3161 3131 3146 3281
14.83 15.62 15.23 15.66 15.76 1548 15.42
4.3?99 4.%7 6.591 5504 5361 5436 5.735
0.037 0.009 0.055 0.045 0 0 0
19.77 20.68 20.34 20.71 20.96 21.28 21.12
0.1?18 O.fl7 0.011 0.151 0 0.039 0.168
0.672 0.61 0.808 0.689 0.659 0.617 0.8
9.343 9502  9.373 9423 9442 9669 9.192
0.025 0.025 0 0
0.682 0.445 0.824 0.823
5.543 5.523 5.487 5488 5545 5536 5.56
2.457 2477 2.513 2.512 2455 2464 244
0.228 0.244 0.13 0.208 0.248 0.188 0.186
2.685 2.721 2.644 2.72 2.703 2.652 2.626
0.374 0362  0.366 035 0.343 0.344 0.357
0.565 0.589 0.861 0.678 0.652 0.661 0.693
0.005 0.001 0.007  0.006 0 0 0
4529 4.555 4.465 4551 4548 4611 4549
0.019 0.019 0.002 0.024 0 0.006 0.026
0.2 0.175 0.231 0.197 0186 0.174 0.224
1.831 1.79 1.76 1.771 1.753 1793 1.694
0.007  0.006 0 0 0 0 0
0.331  0.208  0.384  0.383 0 0 0
0.111 0.115 0.162 0.13 0.125 0.125 0.132

5 Pl G Fe-Mg m565 <o p2) KD jlaie ST (JS
85 PR Ulpes wdl /YA E oA (GuS gy gilS
Jolss Hols pl jo Qe g e gymeidS S
Fe-Mg aoo95 < o (Putirka, 2008) ol ails 54
ot S ) Ol L Jolee Sl 5 (SIS e Jols
:(Bédard, 2010) was oo Lis 3 Jge,8 Gk |, (US
O ak,

KMineralMel)— (x Fe/X M gyMireral/(X Fe/XM g)Me!t

dad 5l el JWIN S (oo S 5 ) Buliow 0l 5o
259 uype Sewl ool oolaiul (Fedele et al, 2022)
QB3 o i g el IVA 5l 555 S g PISS]
IS &5 oo S Jol o Ol L oas
= IV0 i 4 il ST g kS g 5SS
2 &S obaiges I hid bxul o) casl +/TY 4 +/YA

RGO L ST YO L VE R SRR VR SUWRS WL I PR SV
Sleatsl GlaSin 5 baige )3 Syl 5 nsd!
rylid Lo gl S mgids GBSl olie
oS 5l eolaal b oo )Lad —Los Lol oads oslazul
Putirka et al, 2003; Putrika, ) olde - S g, lS
Nimis, 1995; Nimis and ) Lsd S g 0 oS 4 (2008
(Ulmer, 1998; Nimis and Taylor, 2000; Putirka, 2008
S oo ol 2 eSS Bee g 50k sled Sl (295 DML
5 ol GlaSiws 51 50 Sy rmsidS 252y Jo 4
Glike (Vgo pze) ol o ioly S5 oSal
w2l 3l sleanl B gl (oo (i L28 ML
e —led slp S maidS sladlslee 5l S o
!y (Putirka et al, 2003) o4 oo oolaiwl i
o S 5) Dl = S gmsidS gy 5l eolinul
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ol (Veysi et al, 2015) ), Sen 5 (cwsg sl ooal
loyy58 lawg a5 wlss (Cdgl) olaYsesS |, lagISS]
55 loads 03,51 ooy la ay (Joeog il €55 (s il
5 b S b LAST G o Badow
5 F g0 X USE) Conl b sy cilies oo loges
Dgod S S g maelS Cosdge lojloges (nl S
Oy lsee (GLiits] S b CoinS gy o o gl
ST digad slbceinSgpmsds L Jy cul
Dol Solun T 9l rizres Wl OLuSy (SS9
Sl S SlotuysFle b Sty oy —aysTol
@4z b il LS (bt <o 5 Sl Gl
e lad cles (g, e wd Al iy oSl
8,5 osliinl plg s (pladiges 5| olie — Sy gildS
oA SN g S g 9l o Fe-Mg 595 p2 a5
50 YaasS b gl 1) laaiges ST il +/YA %
S asb Jolw o by Glaats] Siw b b @ pS
55 Ol S b iy g~ Tl MISST Ll o
2 Ok S b (SetaS gy DIST g sl Jols
=gy 3l el Ceway (sled g 5Lad 4 azgi b Jolas
CVE/AA) oS gy~ 55 5l igod (] cilio ol
SIVYA YSVWAY) cdlil JISIT 5 (V) FR-1YED LFF
) oS5 ymi5elS Jols Bae sl ouel ey (V)4
98> CutaSgrm —CansSsld dged sl (Lad ol
CFY sgam e SliitsT Ko gl 5 yieslS VYOFO
S 5l 0,8 dibaie lacdljl Lice ail o yiesleS ¥
;I .(Haghnazar and Malakotian, 2011) cewl oals o
Fo b Gl poiciw digy )0 g Culbo 45@[.7.51
Taghizadeh-Farahmand and ) osi dcwlre yieghS
J3s o el JSIT LLSle o35 (Afsari, 2014
Sl O g SS9 ~Ca o old diged g 039 Ay
oby I Jds @ g cnl ouls LS5 LSle 095
Sloads peiiar gleSle ypme &S 0 Gl 4 Cus
S il Llolis s & Sy oy DI diged
Soglis 5 YaesS b S99 pae wopluil Ha 5l (yog
Yot g 0Bl cod Sl il 0l Cou YU jo a5 (o lear ol
oS (g (3558 L ol o a5l (slati S Cdgn; S

U»L.u‘ Cypod g (w‘ ool oolaiwl d.iéy u_:buc l; Jél.u
4l a5 (Putirka, 2008) S, 5L 51 VY ddobas 5l )lg5 o0
5 S S5 9 S g gl I Sleed S5
dolae ol bl 5 (Y Jgoz) 0,5 oolaw! cowl ouds Ly
AT 5 VY-8 cll IS LSes sleo
ol daz 0 WFA-ITYD S g,m —SansSeld
Putirka et ) IS5 5 o, 5l oolainl b (Y Jgo) aib oo
g AV VATV adll JSIT Lses sles (al, 2003
ax,0 VIWVASITYYA CanSgm —cwgSals ISST
O pominngd] 20365 wlwl a5 (Putirka, 2008) 1SS 5L
oW OMT Cawdo 5)1.{:1 9 MH)L) ‘ﬁ.]liﬂ 3o wﬁfijw
ailge SbskS FIFONY 5 AR 4l i 4 oS
3 (Putirka et al, 2003) IS 5L by, (wlel 5 uicren
FIE-VIE 5 VAN ISST g el ST sCes Las
Lo lad —loo (V) Jgo) ol acubre [Lols
dlns Galul S5 95 I SS g 3l esli]
A5 50 9 S g mglS 5o el b ol
dwlre Ca-Mg Jolss wlwl g o5las S5 (i35
9 MU VYYA ool Cewns 32d abal ) 5l as <l JITT
S S sl ead Al ol sl
alal) ol 5 IS 5 I3l ST (sl S 5518
LLelST O/AR-YFIAA g AAY-IYIAY o5 4 32¢
3 led —leo awlee sl (Y Jg02) Cowl oo dwlo

(Giindiiz, 2023) o colaw! MagMin_PT 4.l
dsgoro (5> gISST (09 Cadginy b Cadgil (o)
shls aSasd 3 laass] g8 5l sl laass]
5 Somdd SIS slawi (it 5 Codse (e
a5 5 ek (el 009 lagdISGT pog cdgil b g Cudgin;
Darvishzadeh and Shahbazi, ) (g3l g ool g,
oilogulio Jol> slacdgl 1) agdSST ol (2009
el 428 ,5 Jla5 jo il (S5 alaly Ol b aS 4l eS
Heks 5l a8 Wlgs o gil 1) lagdSST (Kord, 2013) o5
9979 (Ol alie plond S S L mlo s> o>
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N 0.0 05 1.0 15 2.0 En LEnstatite errosilite Fs
J
0.25
<) <)
4 Ti oz -
A
015 - " ~
Al N
/ \ ol .,
/ \ -
NAT /' NATAL  \ TAL S e
f \ ". "
0.05 |- L
AC-JD-UR u , - CATS s "
: [0 S—— . L .
Na AlY 1.80 1.84 1.88 192 1.96 2.0
Si
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S19503 (59, y i (Morimoto, 1988) =odlug,d cousliwil cooisinyy olpsl slacl jloged 59, 5 i (Morimoto, 1988) Q-J jlsges

S5 0 peaieg)] il e a5 S AL ey Si el Cand loges o (Papike et al, 1974) Na, TiAIY baw
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Gy Ot sl (Leterrier, 1982) Ca+Na las ,o Ti 4 (Le Bas, 1962) AOs Llic jo SiO2 oUgo jloges 1 o Al :F S
J5i5 e (ST nilS 98 (end (290 Hloged 10 S g mgilS (I S 5l 0dliul b gy 990 sladiges (oleSe
Sk oley yo LSle O jlad o cas AN Llae o AIY LUgs jloged i (Schweitzer et al, 1979) 5| oy g gidS
cug TiO2 i ;5 AIV¥100 4 (Loucks, 1990) TiOz Llie , Al (AIV*100.2) cla,lsges iz 5 & (Helz, 1973) (oS sy 5lS
oS gy oo 5l oolizial b Ladigas (5l (prn olStuls: (yures
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3.0 -
Eastonite Siderphyllite
2.8
w
E - &
2.6 s =
g és £
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e
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Phlogopite Annite
mu 0 0.2 0.4 0.6 0.8 1.0 AT Fe''+Mn
Fe/(Fe+Mg)

107150,

Secondary biotites

Gty s K8 @
il A 0

FeO+MnO

MgO

will gaies; slalogel 53 » Ol (ST S § CeiaSgyn ~ oS sls OISUT Wigad GlalSee (5,05 ),5 Coadge B IS
MgO- il ol SUo :os (Forster, 1960) Mg-AIV'+Fe®*+Ti-Fe+Mn LU aw loges s (Speer, 1984) Al'Y Llas ,o Fe/(Fe+Mg)

.(Nachit et a

I, 2005) Wy 555l Lo 15,8 aseiie (sl,» FEO+MNO-10TiO2

ALO, (wt%)

Orogenic

Peraluminous

?" Calc-Alcaline

Anorogenic Alkaline

)}

Peraluminous

ALO, (wt%)

Calc-Alcaline
Orogenic

. g

Anorogenic Alkaline

20 0
FeO (wt%)

s 0 15
MgO (wt%)

Peraluminous

FeO

LSl s yots > MO-FEO-ALOs b5 s g s s MGO 5 FEO blia ,o AbOs ligo (sla logas 1o 5 ill § S5
e SladasT Siw 5SSy ~CunsFols PIST sladises (slacs s old Cunden 5 Wl

Ol GLiasT Kin g Sy CongSsld PDIT digod g0 (oeinw JLad —Lod ol ¥ Jga

ROCK TYPE

PHL-PX- 1
PHL-PX- 2
PHL-PX- 3
PHL-PX- 4
PHL-PX-5
PHL-PX- 6

KD
0.28
0.27
035 x
0.65 x
0.34 X
027 v

PUTIKAET AL (2003)

P(kb)
10.46
9.53

6.49

PUTIRKA (2008)
T(°C) P(kb) T(°C)
1229.72 11.65 1213.35
1222.01 10.28 1208.47

- 10.80 1200.54
- 8.75 1178.76
- 11.57 1191.60
1195.23 7.09 1173.97
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PHL-PX-7 026 ¢ 9.06
PHL-PX-8 028 v 4.85
PHL-PX-9 028 v 9.83
PHL-PX- 10 025 v 4.40
PHL-PX- 11 0.65 X -
PHL-PX- 12 031 «x -
PHL-PX- 13 027 v 7.40
PHL-PX- 14 0.31 X -
PHL-PX- 15 026 ¢ 8.69
PHL-PX- 16 028 v 9.31
PHL-PX- 17 028 v 6.77
PHL-PX- 18 0.23 x -
PHL-PX- 19 028 v 8.80
PHL-PX- 20 027 v 6.71
PHL-PX- 21 0.37 X -
PHL-PX- 22 027 v 9.43
PHL-PX- 23 028 v 7.84
ALB-1 0.36 X -
ALB-2 028 v 8.83
ALB-3 028 v 7.75
ALB-4 0.58 X -
ALB-5 049 x -
ALB-6 0.33 X -

1216.20 9.41 1203.01
1183.82 5.97 1162.97
1222.14 11.29 1167.94
1179.25 5.85 1150.70
- 14.98 1188.66
- 10.56 1220.42
1202.50 8.25 1165.44
- 13.58 1245.26
1216.26 7.40 1230.11
1218.79 9.64 1211.00
1199.23 8.37 1164.16
- 7.04 1176.50
1213.29 8.87 1195.75
1199.15 7.37 1183.34
- 9.63 1192.91
1221.94 10.47 1215.26
1207.54 9.57 1168.43
- 12.72 1199.46
1215.13 9.29 1206.97
1207.51 8.92 1190.25
- 12.48 1229.56
- 13.83 1238.53
- 11.28 1214.20

oS o (S (ot J Jol> bt el -
"o S E95 5 9 PpelS diged an 2 55 39290
S e b JTT diges dw yo 50 LSlo oS 5 .ol
5 )l allae Vb (ST il 98 Ll 0 L a5 it
L GBle R A atly (Sl (e oSLls S
5 Ol Slaass] Kiw 0 9yzge lalw ailoas
P9 Sl g9l CeinSgpm —CasSeld dige

A58 oo )8 eads Joleie 0,Lgs (51w 03gue
MAATYYA Bl JSIT 6l ons sl slos -
4,0 MWFANYFD CainS g —CansSols ST (ol
iy 4 lagl Gl ek alee Jlid 5 ol Sils
oSl a4y az g b ail e LskS F/F-VE/AA 5 Y-V Y/AY
FogS B 5 s gaties gy 5 Ky Sl
FoS adiged ool (sl (S g9l 5l Boe g o
gy U5 3 by ] leSle (35 ol i ol

] 00 L.&w.s

I8 e38 Sliped 3,0 o 3 2 el sl -
PSST golaws laiaas] ool glacdlib 3l 0 o)l
S92y CornS gy 9 SS9 S sS ol wile S
25l

S s lis baiges ol BTy oldlas -
)‘ u.l..m GLQO)L.D‘ )J Mjﬁ —w;eb GLQSMS.;‘
sl ol Wisd oo C8l yienls wiz U el iz
5SS old Sy maidS ol lagl caims JuSis
5 S amslS Jols 5 atin jS2sS ejlal L
Yol 3 bdiges ol Cob aiis CusSald o5 lade
S L oS 9 3l Qe slocdlil JEITail e
Sy S L Syl sl SIS 5 22l 98 iz sl
Sloads | Sas



VEA o e 5 g1

VOO-VVY Slorao N F ¥ F o lads (o035l 0,80 (ymo (il (sletingy

&l 3wl
o S8 S8 L ol g 5l dlie ) i s

ilos S5 by )

References

Aghanabati, A., 2004. Geology of Iran, Tehran,
Geological Survey and Mineral Exploration of
Iran (In Persian).

Ahmad, M., 2011. Enclaves in granitoids of north of
Jonnagiri schist belt, Kurnool district, Andhra
Pradesh: Evidence of magma mixing and
mingling. Journal of the Geological Society of
India, v. 77, p. 557-573.

Ao, S.J., Xiao, W.J,, Han, C.M., Mao, Q.G. and
Zhang, JE., 2010. Geochronology and
geochemistry of early Permian mafic-ultramafic
complexes in the Beishan area, Xinjiang, NW
China: implications for late Paleozoic tectonic
evolution of the southern Altaids”, Gondwana
Research, v. 18, p. 466-478.

Azizi, H., and Moinevaziri, H., 2009. Review of the
tectonic setting of Cretaceous to Quaternary
volcanism in northwestern Iran, Journal of
Geodynamics, v. 47, p. 167-179.

Beccaluva, L., Macciotta, G., Piccardo, G.B. and
Zeda, O., 1989. Clinopyroxene composition of
ophiolite basalts as petrogenetic indicator.
Chemical Geology, v. 77(3-4), p. 165-182.

Bédard, J.H., 2010. Parameterization of the Fe= Mg
exchange coefficient (Kd) between
clinopyroxene and silicate melts. Chemical
Geology, v. 274(3-4), p. 169-176.

Berberian, M., 1977. Three phase’s metamorphism
in Hajiabad quadrangle (Southeastern extremity
of the Sanandaj- Sirjan Structural zon): In
contribution to the seisnotectonics of Iran (part
3), p. 239-260.

Boccaletti, M., Innocenti, F., Manetti, P., Mazzuoli,
R., Motamed, A., Pasquare, G. and Sobhani,
E.A., (1976). Neogene and Quaternary
volcanism of the Bijar area (western
Iran), Bulletin Volcanologique, v. 40, p. 121-
132.

Botcharnikov, R.E., Koepke, J., Holtz, F.,
McCammon, C. and Wilke, M., 2005. The effect
of water activity on the oxidation and structural
state of Fe in a ferro-basaltic melt. Geochimica
et Cosmochimica Acta, v. 69(21), p. 5071-5085.

Cundari, A. and Salviulo, G., 1989. Ti solubility in
diopsidic pyroxene from a suite of New South
Wales leucitites (Australia). Lithos, v. 22(3), p.
191-198.

Darvishzadeh, A. and Shahbazi, H., 2009. Genetic
classification  staratovolcano  Xenoliths  of

S Gl o (olendigls 5 (SS90 wlel 4y azgi L -
355 5l g 0oy Cudgil CeinS g ~CesSold dged oS

(S gy Mgl g Cewl 00l S5 b oSl
L oolen a5 conl slansss cudon ) azhd G Y|

S| c.,\.:.m) w)@a.ud.:jcw IXSLY U‘)9'9

Gezeljeh kand, NE of Qorveh, western Iran (In
Persian).

Deer, W.A., Howie, R.A. and Zussman, J., 1987.
Rock forming minerals, (2nd ed), SingleChain
Silicates, Longman London, 668 p.

Dubosq, R., Schneider, D.A., Camacho, A. and
Lawley, C.J.,, 2019. Geochemical and
geochronological discrimination of biotite types
at the Detour Lake gold deposit,
Canada. Minerals, p. 9(10), 596 p.

Forster, M.D., 1960. Interpretation of the
composition of trioctahedral micas: U.S.
Geological Survey, v. 354, p. 11-49.

Golestani, M., 2020. Characteristics of tectono-
magmatic alkali gabbros in northern Fathabad,
Zarand (NW Kerman): based on the pyroxene
mineral  chemistry.  Iranian  journal  of
crystallography and mineralogy, v. 28(2), p. 311-
328 (In Persian).

Griffin, W.L. and OReilly, S.Y., 1986. Mantle-
derived sapphirine. Mineralogical Magazine, V.
50(358), p. 635-640.

Gindiz, M. and Asan, K., 2023. MagMin_PT: An
Excel-based  mineral  classification  and
geothermobarometry program for magmatic
rocks. Mineralogical Magazine, v. 87(1), p. 1-9.

Haghnazar, Sh. and Malakotian, S., 2011. Mantle
source characteristics of the Quaternary Alkali
olivine basalts in Qorveh-Takab area. Petrology,
V. 2(6), p. 17-30 (In Pershian).

Helz, R.T., 1973. Phase relations of basalts in their
melting range at PH20= 5 kb as a function of
oxygen fugacity, Journal of Petrolology, v. 17, p.
139-193.

Holland, T.H., 1900. The charnockite series: a group
of archezan hypersthenic rocks in peninsular
India, v. 28(2). Sold at the Office of the
Geological Survey.

Hosseini, M., 1999. Geological map 1:100000
Qorve, Geological Survey &  Mineral
Explorations of Iran (GSI). 465-468 (In Persian).

Kilinc, A., Carmichael, I.S.E., Rivers, M.L. and
Sack, R.O., 1983. The ferric-ferrous ratio of
natural silicate liquids equilibrated in air,
Contributions to Mineralogy and Petrology, V.
83(1), p. 136-140.

Kord, M., 2013. Petrological study of ultramafic and
gneissic enclaves of NE- Qorveh (Kurdistan).
Master's thesis in petrology, Bou Ali Sina
University. 139 (In Persian).



We ] olSen 5 5o

LS 05,3 5, et oS asd 58 Laass] il slagdSET o Lid —Los 5 SIS sons

Kretz, R., 1983. Symbols for rock-forming minerals.
American mineralogist, v. 68(1-2), p. 277-279.
Lacroix, A., 1890. Sur lesenclaves acides des roches
volcaniques d'Auvergne. Bull. Serv. Carte Geol.

Fr, v. 2, p. 25-56.

Le Bas, M.J., 1962. The role of aluminum in igneous
clinopyroxenes with relation to their parentage.
American Journal of Science, v. 260(4), p. 267-
288.

Leterrier, J., Maury, R.C., Thonon, P., Girard, D.
and Marchal, M., 1982. Clinopyroxene
composition as a method of identification of the
magmatic affinities of paleo-volcanic series.
Earth and Planetary Science Letters, v. 59(1), p.
139-154.

Long, A., 2010. Xenoliths: insights from upper
mantle petrology.

Loucks, R.R., 1990. Discrimination of ophiolitic
from nonophiolitic ultramafic-mafic allochthons
in orogenic belts by the Al/Ti ratio in
clinopyroxene, Geology, v. 18, p. 346-349.

Mineral Chemistry and isotopic composition of
magmatic, re- equilibreated and hydrothermal
biotites from darreh-Zar porphyry copper
deposit, Kerman.

Moinvaziri, H., 1999. Introduction to the
Magmatism  of Iran. Tarbiat Moallem
University, Tehran (In Persian).

Morimoto, N., 1988. Nomenclature of pyroxenes,
Fortschr mineral, v. 66, p. 237-252.

Morimoto, N., Fabrise, J., Ferguson, A., Ginzburg,
I.V., Ross, M., Seifert, F.A., Zussman, J., Akoi,
K.l. and Gottardi, G., 1988. Nomenclature of
pyroxenes, Mineralogical Magazine, v. 52, p.
535-550.

Morimoto, N. and Kitamura, M., 1983. QJ diagram
for classification of pyroxenes, Journal of the
Japanese  Association  of  Mineralogists,
Petrologists and Economic Geologists, v. 78, 141
p.

Nachit, H., Ibhi, A., Abia, E.H. and Ohoud, M.B.,
2005.  Discrimination  between  primary
magmatic biotites, reequilibrated biotites and
neoformed biotites. Comptes rendus Geoscience,
v. 337, p. 1415-1420.

Nimis, P., 1995. A clinopyroxene geobarometer for
basaltic systems based on crystalsstructure
modeling. Contributions to Mineralogy and
Petrology, v. 121, p. 115-125.

Nimis, P. and Taylor, W.R., 2000. Single
clinopyroxene thermobarometry for garnet
peridotites. Part I. Calibration and testing of a
Cr-in-Cpx barometer and an enstatite-in-Cpx
thermometer. Contributions to Mineralogy and
Petrology, v. 139, p. 541-554.

Nimis, P. and Taylor, W.R., 2000. Single
clinopyroxene thermobarometry for garnet
peridotites. Part 1 Calibration and testing of a Cr-
in-cpx barometer and an enstatite-in-cpx

thermometer. Contributions to Mineralogy and
Petrology, v. 139, p. 541-554.

Nimis, P. and Ulmer, P., 1998. Clinopyroxene
geobarometry of magmatic rocks. Part 1. an
expanded structural geobarometer for anhydrous
and hydrous basic and ultrabasic systems.
Contributions to Mineralogy and Petrology, v.
133, p. 122-135.

Nisbet, E.G. and Pearce, J.A., 1977. Clinopyroxene
composition in mafic lavas from different
tectonic settings. Contributions to mineralogy
and petrology, v. 63(2), p. 149-160.

Nosova, A.A., Narkisova, V.V., Sazonova, L.V.
and Simakin, S.G., 2002. Minor elements in
clinopyroxene from Paleozoic volcanics of the
Tagil Island arc in the Central Urals,
Geochemistry international, v. 40(3), p. 219-232.

Papike, J.J., 1974. Amphiboles and pyroxenes:
Characterization of other than quadrilateral
components estimates of ferric iron from
microprobe data. In Geological Society of
America Abstract with Programs, v. 6, p. 1053-
1054,

Parsapoor, A., Khalili, M., Tepley, F. and Maghami,
M., 2015. Mineral chemistry and isotopic
composition of magmatic, re-equilibrated and
hydrothermal biotites from Darreh-Zar porphyry
copper deposit, Kerman (Southeast of Iran), Ore
Geology Reviews, v. 66, p. 200-218.

Putirka, K., 2008. Thermometers and barometers for
volcanic systems, Mineralogical Society of
America, v. 69, p. 61-120.

Putirka, K., Ryerson, F.J. and Mikaelian, H., 2003.
New igneous thermobarometers for mafic and
evolved lava compositions, based on
clinopyroxene + liquid equilibria, American
Mineralogist, v. 88, p. 1542-1554.

Schweitzer, E.L., Papike, J.J. and Bence, A.E., 1979.
Statistical analysis of clinopyroxenes from deep-
sea basalts. American Mineralogist, v. 64(5-6),
p. 501-513.

Shabniyan, N., Davoodian Dehkordi, A.R. and
Soheilian, F., 2013.  Tectono-magmatic
characteristics of Bagham pluton in southeastern
Ardestan: Base on mineral chemistry of
clinopyroxene and amphibole, Iranian Journal of
Crystallography and Mineralogy, v. 21, p. 471-
486 (In Persian).

Sollas, W.J., 1892. On the volcanic district of
Carlingford and Slieve Gullion. Part 1.: On the
Relation of the Granite to the Gabbro of
Barnavave, Carlingford. The Transactions of the
Royal Irish Academy, v. 30, p. 477-512.

Speer, J.A., 1984. Mica in igneous rocks. In: Bailey
SW (ed) Micas. Reviews in Mineralogy, v. 13, p.
299-356.

Sun, C.M. and Bertrand, J., 1991. Geochemistry of
clinopyroxenes in plutonic and volcanic
sequences from the Yanbian Proterozoic
ophiolites  (Sichuan Province, China):



WA oS g sl

VOO-VVY Slorao N F ¥ 0F o lads (o035l 0,80 ¢(ymo (il (slotingy

Petrogenetic and geotectonic implications,
Schweizerische Mineralogische und
Petrographische Mitteilungen, v. 71, p. 243-259.

Taghizadeh-Farahmand, F. and Afsari, N., 2014.
Determination of Moho depth beneath broad
band station of Iranian Plateau using Modeling
of P receiver function. New Earthquake
Research, v. 10(35), p. 65-72 (In Persian).

Veysi, S., Asibahanha, A., Shahbazi, H. and
Nasrabadi, M., 2014. The enclaves of the scoria
cone of Qazjeh Kand (north of Qorveh), xenolite
or cumula?, Journal of Geology of Iran, v. 9(34),
p. 70-51 (In Persian).

Yang, S.Y. and Jiang, S.Y., 2013. Occurrence and
significance of a quartz—amphibole schist

xenolith within a mafic microgranular enclave in
the Xiangshan volcanic-intrusive complex, SE
China. International Geology Review, v. 55(7),
p. 894-903.

Yavuz, F., 2013. WinPyrox: A Windows program
for pyroxene calculation classification and
thermobarometry. American Mineralogist, V.
98(7), p. 1338-1359.

Yu, K., Li, G., Zhao, J., Evans, N.J., Li, J., Jiang, G.
and Guo, H., 2022. Biotite composition as a
tracer of fluid evolution and mineralization
center: a case study at the Qulong porphyry Cu-
Mo deposit, Tibet. Mineralium Deposita, V.
57(6), p. 1047-1069.



