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Abstract

Several outcrops of migmatitic rocks (metatexite to diatexite) developed in the northern
part of the Sanandaj-Sirjan zone (Hamedan, Touyserkan and Boroujerd). Two types of
inherited zircons (2590 to 190 Ma) and metamorphic zircons (180 to 160 Ma) are found
in the mesosome of migmatites. As the cathodoluminescence images display, inherited
zircons are euhedral to subhedral with oscillatory zoning, and are jagged their margins
in some cases. Metamorphic zircons as thick form grains are characterized by the lack
of magmatic zoning and the presence of ghost texture, growing on the margins of the
inherited zircons as a thin sheath. In some cases, metamorphic zircons are found as
single crystals without any inherited nuclei. As the structural evidence suggests the
process of recrystallization formed metamorphic zircons and their elements were moved
under sub-solidus conditions. During migmatization, on one hand, the presence of fluid
phase due to partial melting, gave rise to the formation of metamorphic zircons showing
oscillating zoning and on the other hand, it has precluded the deformation due to
shearing in the internal structure of these phases. Metamorphic zircons, belonging to
180 Ma, and younger are possibly nucleated through the Jurassic period thermal-
dynamic metamorphism.
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Characteristic

Metamorphic conditions

Process and/or cause

Regular polygonal zoning, oscillatory or sector,
generally weak, and mostly euhedral external shape

Patchy, mosaic zoning

Unzoned or weak convolute zoning

Zoning

Sawtooth overgrowths

Intragrain crystallographic miss-orientation and
formation of subgrains

Micro-zircon around major minerals (rutile, ilmenite,
garnet)

Porosity and inclusions of Th and U phases

Microstructure

Presence of non-formula elements (Ca, Al...)

Pb nuggets

Low Th/U

Anomalous
composition

Flat HREE pattern

Strong LREE depletion and steep REE pattern

Chemistry

Absence of negative Eu-anomaly

Anatexis, granulite facies and
hydrothermal conditions

Subsolidus

Subsolidus above greenschist facies

Diagenesis to low greenschist facies <
400°C

Amphibolite to UHT

Cooling from high temperatures

Subsolidus

From diagenesis to extreme conditions

Ultra high temperature >900°C

Subsolidus to migmatites, less common
in UHT and mafic compositions

Amphibolite, eclogite and granulite
facies to extreme P-T

Amphibolite to granulite facies

Eclogite facies (or assemblages lacking

Crystallization from a melt or
precipitation from a fluid

Metamictization, fluid alteration,
initial stages of replacement

Replacement including
dissolution-precipitation

Dissolution-precipitation

High strain rates and
mylonitization

Expulsion fo Zr during mineral
breakdown or recrystallization

Dissolution-precipitation

Metamictization and fluid
alteration

Pb mobilization

Coexistence with Th-rich phase
such as monazite or allanite

Coexistence with garnet

Coexistence with abundant
LREE-rich phases such as
titanite, allanite, monazite

Lack of significant amount of
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Decoupling of U-Pb and Hf systematics

feldspar) feldspars in the assemblage

Subsolidus to granulite Alteration and incomplete

replacement
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$9) =L leSle S 1 ESle j0 Sjel,
=0 Doyeds ol (Sloj 55k o ) 45 a0 e
Iy oS a,os |y ol Kcile a0 £0--F++ gloo
= 00 OS2 SUS gk s bl b ol o
Sigoly P g ot oo ol 0550095 2l 3
Mezger and Krogstad, ) oos o cws 3l 1, 04>
S9-S5 sl SKiw S 1 i e o (1997
5 5, 5l A8 (ansS sladiges ofg YU ax o
el Laools pads o] o Comdds SugjgSgn
St Job 5ol oS 5 sladils | sl labs
Fals b g oS ol bl e olayg, S
Gerdes and Zeh, ) ws—s e pois ol s
(2009

u_t‘ 5o °"\_“J<f“"))) 6LQQSJ_>) CL ‘SLQ)JH
5 (Y+VY) Rubatto ol iy sl psai b ¢ ingh
IS8 gl jo 4SS len ol cold Slgsran & S
A 0d o) ($95 50 SLapS ;) dgbige oo
iy sla S, ;1 sCDF L gloyy s
&l el (Y- 1Y) Rubatto

LaoyS 1 5l odelccwoas slaywds asg b
PS5 s Sase— 055 &9 99 OleSe
SRSl ea i ey bl slac Sl
A dwd 90 095> Jg,50 sl S o lissl
Lwd g aiyle )18 ok dtue o Ll case diws &S
Lyl s jo a8 wies oo oSS 1) (60,000 o ysl pg0
Soo—e Lo (S Sladls el S5 ,50
Gt Jbe Ogekee 0% 9 )Lk ¥l pgite slagim
dslaie ;o 0w o0 L i Jlo ek YOO U

oSuls oS 5 sla sk o ThIU s Yol

S o ST il (G55 S0 b5 (Fgy9e (2leSle
S5 50 SLaS ) Cod (25 Lo bS5
3 Ll ThIU s g 05,0 g min Th g U polis
Sl iy Se5 50 sl S oy Lanlie jo
yds TH/U coeis .(Rubatto and Gebauer, 2000)
U] Y X f PRYLI U RUET-X O BVA . SR VRSN i
s oS »; 0 Th/U (Corfuetal, 2003) el SIS
Rubatto and ) ceul ,2eS +/\ 5l Loges 595,59
3,lee yo lade ol a Sl L «(Gebauer, 2000
5 LocsileSe )3 99250 S ) Wil )l o
el ul Ll sl jome aeoselsT g bbedqil 5
Sl 55, s loF (RUbALO, 2017) 5 s S5
‘) usj_a) as 6..\_4.:‘)5 4 oolw LS’LA.A.MH )l.q.n u.’l
2358 =5 50 Th lacke .S atusly 0,61 oo way
9 W)d U 9Th ubyuu).a.wo L) La Cowss :L?-)b
S92y 3o S-S Lajls ;00 L g
G 5 eV 5 ey jlise aile ol slagle
su_a)}ls‘ 3)1_......'5) 6[.@«5.._“4 ) 6’5—?;‘5 uf)_,)
5l .(Rubatto, 2017) ¢l o Jgil 5 5 cdguriol
U-Pb slo s s THIU (e oiiie alasl) 0505 (soms
SLS 3 Simly Ph 1o eo)ls 9529 05 05 S
= 0 9y Haul g cel ST GnleS S
SB sk aed 5l skl asle ol 6w SO
.(Yuanbao and Yongfei, 2004) sg_% z > S 5}
s 8le Lo S5 50 kil Ol coriznen
5 THIU (e e Ly il ol slocS 5
Hoskin ) ss-i o ools Las U-Pb s o 5 ls>



Ve Sl et g oz o)led ool Jlo (55809 —y

\Al

3o dw lad SO o jelal ol pyeél Lams
S5k 5o omed CL slopigal a5 wad oo (55, sk
a9l slo sl qymlyl .ol Codgase Lyl
Codgdome ol 0, S dga e e SGo3 A lgF oo
3_49.:44 as J_.»S‘s_.c L ‘) G 9o &5)“))'?)1’.9‘45
=59 plonl QU5 5o (a5 J Cadgasme 355
oSy i, «(VA4Y) Finger 4 Roberts jsb a4 .59, 0
§ s (F95,50 gl baimolid aien So5 50
Lo, ymedy jLid —loo gl bl o ol wbs
slassS 50 5l i osd g Bblie Skl 4 a5
5 Lot o Jlgs g wloads Slie (6 pmad g (6l Al sunie
S g sl osls 7y Sl ez o la 365,50
Slead £95 ,50 slayg, plas o] BISE
D91 Aol e )l

L5 L 4> (V)Y) o ,LSea 4 Izadi-Kian
@bl Ghse (G555 glaSiw o 5,50
Cons A ilaie slace SleSe a5 ol sles S
Jafari et ) aslazdl ixs b glag o olwes
39,5 Ll «@l., 2008; lzadi-Kian et al., 2011
slacdled 1S 5 s g Sow 8adile sl SIS
(Y USs) ansl oad sl dilate 5-loyu;

Asged ;o Soys— Glpasly (ny5 gead ploon
08+ 5 0,Lle Y (i 4S5 wigd oo il JSIMLL4
S S e e ol | ey Jlo Ggekes
Bt-) OMRA43 &igai ;0 15y s dilaie o oS 5
Og=duo Y8+ g0 LLL ¥ o L 4 (Qtz rich layer
(Sepahi et al., 2019) oo 8l i Jlw
9 O)bekee ¥ 5 0,2y p ddhaie (S 10 (n g0
Jafari, 2020) 5,15 ‘s s Jlo Ggeloe OF
TRV X SR Y
Sl Sl 3290 5 OB s Sloo
iy Jle ek AV E e sl an & ilat)
i Jl amlis VooV S iolS o es dilais
(G Il eekea) $ o mVA e oy gy & lais
g g0 000 S g0 4y 5 W5,lo
SbasS ) bl )5 48 (S95 50 laS nj -)
slacwillw o cll> pl g Wlos S aly Jg)90
el Joloto sl 3,290 9 Ol (rrons
Gl 5 550t sl sl 45 Ss5,55 slagS ey -Y
Lets Cundg (nl 5 )05 (g )90 & &5 win |,
g 033 S g Al slacileSs 5
(OMR 43,12 . OMRA43-6 cladiges & S5)
&lgs sod 4okl (Ve +) Black g Hoskin el
S9) Srdoiz o> )0 5 5k 3l oo S 25w )9



\Al (Spin 4]y ok

332951 9 O pangi hod Gblio ks SCuilaRm yo S 5 wlidbcdhy ) 9 Jlisbo (o)

with fluid phase
ductile

5

protolith

without fluid phase
brittle (to ductile)

2D

L b e sla i, 5o Ly . b, 5 alSon o il slasS 1 (SilSe Lfs (alion s oy Jlazs| ol 31—V S
(im0, 5 Ly 5 5 slaysh s, Sl L8 ool il anals Jlisany |, Z8 OLS o5 5l 5 ailed e aule o lad

sla sl oS Lo Lyl iy 5w, 80 ple 09 oo anslis (21 L),.dal_>) ojlasl 5l G 0,y 9 (Zr BAz) (So,9>

Sk slo Lz o J=lie j0 S oo balSs

)‘ L)"'“»—' .]a.")_m )o JL_...: )lJ )9_«4.‘> Oj_u c..\_:‘od_.»
s oo plas 1) (565,50 e w

<ol
Sl pg—ai 5 plrorSime) ((Frp S2lpd
P 09, S0 ) 5l rilninaggils
8o 5id (0,25 5 S g8 (laen) (o o
gy S—= 3l Glem (om0 GBS ol Rl
JolS as aiwe Jgyen LayS 0y ol 5l —ion
Ol gl 50 el sad EBu, 5o Lyl o atua
et S5 50 slaes =)« F9y9— Lot
15 00bes, S 0, mgadmolw Ll o skl

(99— sldai o ;0938 I, wngr 4 dhate

«(Steyrer and Sturm, 2002) siis oo ] (Sl Ll 5l s oS 05

st e 53 CL sl oL ol L
S (> g (FS Lz (5  slaasls
Slag; 5y wloaid (b slomgyi 5l (2L
2 STl by nadles ;m joan Gl Gali S
s9—a> b e 13 oo glals 50,50 sl e
S 2l (D sl e Bl 4l
Lojok g oyl ]y joky (st 5 (JoShe slasion
Pl o Jlw L8 j5a> anled 5ol e plle
L Vool 48 (53,05 a0 ol hp S, 50
el 0 oy e SLS ezl I 2 gy
5 ISIM210-23 (gladgei F S5 osila)
5le) S 50,5 «(JSIM114-2
o5, 5 ASIM15-29 5 JSIM15-25 (slaa_ge;

f K VIR

Cie L Ylazsl a8 Lo a5 85000l 5 i
059 oy JSLS ezl lawg Juw L8 51 Zr
5 SIM210-70 (slaaSges ¥ S5 0 sile) ol
Sy Slodai .3, S o L5l ISIM72-38



Ve Sl et g oz o)led ool Jlo (55809 —y

\Al

ashio J9 5,50 zgl (o) Lo (g5 oo aiuon
Cils ulnie

Sl ol

5 LT sl (g1, Osanai gy U315
=5 olul ool sl plecal) 5 (plf g olSiils
2 Sl 3kt 5 By (b 255 LI
S 595 ddome ooz gl 5l erizmon
o 0g e |y dlie opl lienss ‘5@1&‘- leolpaioy
N

9 0,—iie gLyl &g oty Jo 5 55 slapS
8 i gl oo 000 5 (g5 Al (y3
GLBS ;5 S 00l czrgo Lo )0 L
o Ola (o p ()58 oot oy BbLe
slpawa )ly o 5l (o)l o Lol oSy 04
50 Jl 5L8 055 Bacms yLis  Sg s b batuSll
sl g, 0mljl i (S9-5 55 5l ey Ol
L og ol ai il 595,50 sy Lusaz Jlow 516
039 bad s adlate o iSnosd 5 liisleSe
VAL an S0 e L (S95 50 sl yS 5
S5 53 (o 3 Yaizl 28 g iy Sl 9abn

&lw

Agard, P., Omrani, J., Jolivet, L. and Mouthereau, F. (2005) Convergence history across Zagros (lran):
constraints from collisional and earlier deformation. International Journal of Earth Sciences 94(3): 401-
419. http://www.doi.org/10.1007/s00531-005-0481-4

Ahmadi Khalaji, A., Esmaeily, D., Valizadeh, M. and Rahimpour-Bonab, H. (2007) Petrology and
geochemistry of the granitoid complex of Boroujerd, Sanandaj-Sirjan Zone, Western Iran. Journal of
Asian Earth Sciences 29(5-6): 859-877. http://www.doi.org/10.1016/j.jseaes.2006.06.005

Alavi, M. (1994) Tectonics of the Zagros orogenic belt of Iran: new data and interpretations.
Tectonophysiscs 229: 211-239. http://www.doi.org/10.1016/0040-1951(94)90030-2

Alavi, M. (2004) Regional stratigraphy of the Zagros fold-thrust-belt of Iran and its proforeland evolution.
American Journal of Science 30(1): 1-20. https://www.doi.org/10.2475/ajs.304.1.1

Amidi, M. and Majidi, B. (1997) Geological map of Hamedan, scale 1:250000. Geological Survey of Iran,
Tehran, Iran (in Persian).

Black, L. P., Kamo, S. L., Allen, C. M., Aleinikoff, J. N., Davis, D. W., Korsch, R. J. and Foudoulis, C.
(2003) TEMORA 1: a new zircon standard for Phanerozoic U—-Pb geochronology. Chemical Geology
200: 155-170. http://www.doi.org/10.1016/S0009-2541 (03) 00165-7

Bowring, S. A. and Williams, I. S. (1999) Priscoan (4.00-4.03 Ga) orthogneisses from northwestern
Canada. Contributions to Mineralogy and Petrology 134: 3-16.
http://www.doi.org/10.1007/s004100050465

Chiu, H- Y., Chung, S- L., Zarrinkoub, M. H., Mohammadi, S. S., Khatib, M. M. and lizuka, Y. (2013)
Zircon U-Pb age constraints from Iran on the magmatic evolution related to Neotethyan subduction
and Zagros orogeny. Lithos162: 70-87.

Clemens, J. D. (2003) S-type granitic magmas-petrogenetic issues, models and evidence. Earth-Science
Reviews 61(1-2): 1-18. http://www.doi.org/10.1016/S0012-8252(02)00107-1

Corfu, F., Hanchar, J. M., Hoskin, P. W. O. and Kinny, P. (2003) Atlas of Zircon Textures. Reviews in
Mineralogy and Geochemistry 53(1): 469-500. http://www.doi.org/10.2113/0530469

Corfu, F., Krogh Ravna, E. and Kullerud, K. (2002) A late Ordovician U-Pb age for HP metamorphism of
the Tromsdalstind eclogite in the Uppermost Allochthon of the Scandinavian Caledonides. In: 12



Yo Spnz 48]y ok w3295 9 O g sylhod Bblio iy (Gocailokn 3o oSy (oulidicy; g S bu (oui)

Annual Goldschmidt Conference. Geochimica et Cosmochimica Acta 77: A153.

Crookes, W. (1879) Contributions to molecular physics in high vacua. Philosophical Transactions of the
Royal Society 170: 641-662.

Fazlnia, A., Moradian, A., Rezaei, K., Moazzen, M. and Alipour, S. (2007) Synchronous activity of
anorthositic and S-type granitic magmas in the Chah-Dozdan batholith, Neyriz, Iran: evidence of
zircon SHRIMP and monazite CHIME dating. Journal of Science, Islamic Republic of Iran 18(23):
221-237.

Fergusson, C. L. Nutman, A. P. Mohajjel M. and Bennett, V. C. (2016) The Sanandaj—Sirjan Zone in the
Neo-Tethyan suture, western Iran: Zircon U-Pb evidence of late Palaeozoic rifting of northern
Gondwana and mid-Jurassic orogenesis. Gondwana Research 40: 43-57.
http://www.doi.org/10.1016/j.gr.2016.08.006

Fraser, G., Ellis, D. and Eggins, S. M. (1997) Zirconium abundance in granulite-facies minerals, with
implications for zircon geochronology in high-grade rocks. Geology 25: 607-610.
http://www.doi.org/10.1130/0091-7613(1997)025<0607:ZAIGFM>2.3.CO;2

Gerdes, A. and Zeh, A. (2009) Zircon formation versus zircon alteration — New insights from combined
U-Pb and Lu-Hf in-situ LA-ICP-MS analyses, and consequences for the interpretation of Archean
zircon from the Central Zone of the Limpopo Belt. Chemical Geology 261(3-4): 230-243.
http://www.doi.org/10.1016/j.chemgeo.2008.03.005

Ghasemi, A. and Talbot, C. J. (2006) A new tectonic scenario for the Sanandaj—Sirjan Zone (Iran). Journal
of Asian Earth Sciences 26(6): 683-693. http://www.doi.org/10.1016/j.jseaes.2005.01.003

Griffin, W., Powell, W., Pearson, N. and O’reilly, S. (2008) GLITTER: data reduction software for laser
ablation ICP-MS in the earth sciences. Mineralogical Association of Canada short course 40: 204-207.

Heydarianmanesh, A., Tahmasbi, Z. and Ahmadi Khalaji, A. (2016) Mineral chemistry and
thermobarometry of migmatitic rocks of Boroujerd area (north of Sanandaj-Sirjan zone). Iranian
Journal of Petrology, 7(25): 117-138.

Hoskin, P. W. O. and Black, L. P. (2000) Metamorphic zircon formation by solid-state recrystallization of
protolith igneous  zircon.  Journal of  Metamorphic  Geology  18:  423-439.
http://www.doi.org/10.1046/j.1525-1314.2000.00266.x

Izadi Kian, L., Mohajjel Kafshdouz, M., Alavi, S., Sepahi Garoo, A. and Hoseini Dust, S. (2013) Timing
of porphyroblasts growth and their relation to deformation stages in metamorphic rocks of the
Hamedan area. Petrology 4(13): 1-18 (in Persian).

Izadi-Kian, L., Mohajjel, M., Alavi, S. A. and Jafari, S. R. (2011) Syn-granite intrusion deformation
evidence in NW Alvand, Hamedan. The 30" symposium of Geological Survey of Iran (in Persian).

Jackson, S. E., Pearson, N. J., Griffin, W. L. and Belousova, E. A. (2004) The application of laser
ablation-inductively coupled plasma-mass spectrometry to in situ U-Pb zircon geochronology.
Chemical Geology 211: 47-69. http://www.doi.org/10.1016/j.chemge0.2004.06.017

Jafari, S. R. (2007) Petrology of Migmatites and Plutonic Rocks of South Simin Area, Hamadan. M.Sc.
Thesis, University of Bu Ali Sina, Hamedan, Iran (in Persian).

Jafari, S. R. (2018) Petrology of High Grade Metamorphic Rocks of the Hamadan and the Adjacent Areas
in the Sanandaj-Sirjan Zone. Ph.D. thesis, Bu-Ali Sina University, Hamedan, Iran (in Persian).

Jafari, S. R., Izadi-Kian, L., Sepahi, A. A., Mohajjel, M. and Aliyani, F. (2008) Evidence of shear zone
and its introduction in the simin migmatites (Southeast of Hamedan). The 26" Symposium of
Geological Survey of Iran (in Persian).

Jafari, S. R., Sepahi, A. A. and Osanai, Y. (2020) LA-ICP-MS zircon U-Pb geochronology on migmatites
from the Boroujerd region, Sanandaj-Sirjan zone, Zagros Orogen, Iran: provenance analysis and
metamorphic age. Geopersia 10: 367-380. http://www.doi.org/10.22059/GEOPE.2020.288587.648501

Liati, A. and Gebauer, D. (1999) Constraining the prograde and retrograde P-T—t path of Eocene HP rocks



VEe o Gl et g Joz o)lodd om03l50 Jlo (5599 iy vz

by SHRIMP dating of different zircon domains: inferred rates of heating, burial, cooling and
exhumation for central Rhodope, northern Greece. Contributions to Mineralogy and Petrology 135(4):
340-354. http://www.doi.org/10.1007/s004100050516

Mahmoudi, S., Corfu, F., Masoudi, F., Mehrabi, B. and Mohajjel, M. (2011) U-Pb datingand
emplacement history of granitoid plutons in the northern Sanandaj—Sirjan Zone, Iran. Journal of Asian
Earth Sciences 41: 238-249. http://www.doi.org/10.1016/j.jseaes.2011.03.006

Malehmir-Chegini, S., Baharifar, A. A. and Mahmoudi, S. (2018) Metasomatism and corundum formation
in migmatites of Broujerd area, Sanandaj-Sirjan Zone, Iran. In: the 11 Geological National Conference
of Payame Noor University and the 21% Symposium of Geological Society of Iran, Payame Noor
University of Qom (in Persian).

Martinez, E. M., Villaseca, C., Orejana, D., Pérez-Soba, C., Belousova, E. and Andersen, T. (2014)
Tracing magma sources of three different S-type peraluminous granitoid series by in situ U-Pb
geochronology and Hf isotope zircon composition: The Variscan Montes de Toledo batholith (central
Spain). Lithos 200-201: 273-298. http://www.doi.org/10.1016/j.lithos.2014.04.013

Mezger, K. and Krogstad, E. J. (1997) Interpretation of discordant U-Pb zircon ages: An evaluation,
Journal of Metamorphic  Geology 15(1): 127-140. http://www.doi.org/10.1111/j.1525-
1314.1997.00008.x

Mohajjel, M., and Fergusson, C. L. (2014) Jurassic to Cenozoic tectonics of the zagros orogen in
northwestern Iran. International Geology Reviews 56(3): 263-287.
http://www.doi.org/10.1080/00206814.2013.853919

Mohajjel, M., Fergusson, C. L. and Sahandi, M. R. (2003) Cretaceous—Tertiary convergence and
continental collision, Sanandaj—Sirjan Zone, western Iran. Journal of Asian Earth Sciences 21: 397—
412. http://www.doi.org/10.1016/S1367-9120 (02) 00035-4

Paces, J. B. and Miller, J. D. (1993) Precise U-Pb ages of Duluth complex and related mafic intrusions,
northeastern Minnesota: Geochronological insights to physical, petrogenetic, paleomagnetic, and
tectonomagmatic processes associated with the 1.1 Ga midcontinent rift system. Journal of
Geophysical Research: Solid Earth 98: 13997-14013. http://www.doi.org/10.1029/93)B01159

Pan, Y. (1997) Zircon- and monazite-forming metamorphic reactions at Manitouwadge, Ontario. Canadian
Mineralogist 35: 105-118.

Paterson, B. A., Stephens, W. E., Rogers, G., Williams, I. S., Hinton, R. W. and Herd, D. A. (1992) The
nature of zircon inheritance in two granite plutons, The Second Hutton Symposium on the Origin of
Granites and Related Rocks. http://www.doi.org/10.1130/SPE272-p459

Pidgeon, R. T. (1992) Recrystallization of oscillatory zoned zircon: some geochronological and
petrological implications. Contributions to Mineralogy and Petrology 110: 463-472.
http://www.doi.org/10.1007/BF00344081

Pidgeon, R., Nemchin, A. and Hitchen, G. (1998) Internal structures of zircons from Archaean granites
from the Darling Range batholith: implications for zircon stability and the interpretation of zircon U-Pb
ages. Contributions to Mineralogy and Petrology 132: 288-299.

Pupin, J. P. (1980) Zircon and granite petrology. Contributions to Mineralogy and Petrology 73: 207-220.

Rasmussen, B. (2005) Zircon growth in very low grade metasedimentary rocks: evidence for zirconium
mobility at ~250 °C. Contributions to Mineralogy and Petrology 150: 146-155.
http://www.doi.org/10.1007/s00410-005-0006-y

Roberts, M. P. and Finger, F. (1997) Do U-Pb zircon ages from granulites reflect peak metamorphic
conditions? Geology 25(4): 319-322. http://www.doi.org/10.1130/0091-
7613(1997)025<0319:DUPZAF>2.3.CO;2

Rubatto, D. (2017) Zircon: The Metamorphic Mineral. Reviews in Mineralogy and Geochemistry 83(1):
261-295. https://www.doi.org/10.2138/rmg.2017.83.9

Rubatto, D. and Gebauer, D. (2000) Use of Cathodoluminescence for U-Pb Zircon Dating by lon



vy Spnz 48]y ok w3295 9 O g sylhod Bblio iy (Gocailokn 3o oSy (oulidicy; g S bu (oui)

Microprobe: Some Examples from the Western Alps. Cathodoluminescence in Geosciences 15: 373-
400. http://www.doi.org/10.1007/978-3-662-04086-7_15

Rubin, J. F., Henry, C. D. and Price, J. G. (1993) The mobility of zirconium and other “immobile”
elements during hydrothermal alteration. Chemical Geology 110: 29-47.

Saki, A. Lucci, F., Miri, M., and White, J. C. (2021) Trondhjemite leucosomes generated by partial
melting of a hornblende-gabbro (Alvand plutonic complex, Hamedan, NW Iran). International Geology
Review 63: 597-630. http://www.doi.org/10.1080/00206814.2020.1861554

Saki, A., Miri, M. and Oberhansli, R. (2020) High temperature low pressure metamorphism during
subduction of neotethys beneath the iranian plate: Evidence for mafic migmatite formation in the
Alvand complex (western Iran). Mineralogy and Petrology 6: 539-557.
http://www.doi.org/10.1007/s00710-020-00721-z

Samadi, R., Torabi, G., Dantas, E. L., Morishita, T. and Kawabata, H. (2021) Ordovician crustal
thickening and syn-collisional magmatism of Iran: Gondwanan basement along the north of the Yazd
Block (Central Iran). International Geology Review.
http://www.doi.org/10.1080/00206814.2021.1972352

Schaitegger, U., Gebauer, D. and von Quadt, A. (2002) The mafic-ultramafic rock association of Loderio-
Biasca (lower Pennine nappes, Ticino, Switzerland): Cambrian oceanic magmatism and its bearing on
early Paleozoic paleogeography. Chemical Geology 186(3-4): 265-279.
http://www.doi.org/10.1016/S0009-2541 (02) 00005-0

Sepahi A. A., Jafari, S. R., Osanai, Y., Shahbazi, H., and Moazzen, M. (2019) Age, petrologic significance
and provenance analysis of the Hamedan low-pressure migmatites; Sanandaj-Sirjan zone, West Iran.
International Geology Review 61(12): 1446-1461.
http://www.doi.org/10.1080/00206814.2018.1517392

Sepahi, A. A. (1999) Petrology of the Alvand plutonic complex with special reference on granitoids. Ph.
D. Thesis, Tarbiat-Moallem University, Tehran, Iran (in Persian).

Sepahi, A. A., Borzoei, K. and Salami, S. (2012). 'The study of minerals chemistry, thermobarometry and
tectonic setting of plutonic rocks from Sarabi Tueyserkan area (Hamedan province). Petrology 3(11):
39-58 (in Persian).

Sepahi, A. A., Jafari, S. R., Moazzen, M. and Shahbazi, H. (2018) Study of mineral chemistry,
thermobarometry and petrogenesis of migmatitic rocks of Hamedan area. Petrology 9(33): 164-190 (in
Persian).

Shafaii Moghadam, H., Li, X. H., Stern, R. J., Ghorbani, G. and Bakhshizad, F. (2016) Zircon U-Pb ages
and Hf-O isotopic composition of migmatites from the Zanjan—Takab complex, NW Iran: Constraints
on partial melting of metasediments. Lithos 240-243: 34-48.
http://www.doi.org/10.1016/j.1ithos.2015.11.004

Shahbazi, H., Siebel, W., Pourmoafee, M., Ghorbani, M., Sepahi, A., Shang, C. and Abedini, M. V. (2010)
Geochemistry and U-Pb zircon geochronology of the Alvand plutonic complex in Sanandaj—Sirjan
Zone (Iran): New evidence for Jurassic magmatism. Journal of Asian Earth Sciences 39: 668-683.
http://www.doi.org/10.1016/j.jseaes.2010.04.014

Shakerardakani, F., Li, X. H., Ling, X. X., Li, J., Tang, G. Q., Liu, Y. and Monfaredi, B. (2019) Evidence
for Archean crust in Iran provided by ca. 2.7 Ga zircon xenocrysts within amphibolites from the
Sanandaj—Sirjan Zone, Zagros orogen. Precambrian Research 332: 105390.
http://www.doi.org/10.1016/j.precamres.2019.105390

Shakerardakani, F., Neubauer, F., Liu, X., Dong, Y., Monfaredi, B., and Li, X. (2021) New detrital zircon
U—Pb insights on the palaeogeographic origin of the central Sanandaj—Sirjan zone, Iran. Geological
Magazine 1-22. http://www.doi.org/10.1017/S0016756821000728

Shirdashtzadeh, N., Torabi, G. and Schaefer, B. (2018) A magmatic record of Neoproterozoic to Paleozoic
convergence between Gondwana and Laurasia in the northwest margin of the Central-East Iranian



VEe o Gl et g Joz o)lodd om03l50 Jlo (5599 iy YA

Microcontinent. Journal of Asian Earth Sciences 166: 35-47.
Http://www.doi.org/10.1016/j.jseaes.2018.07.008

Soheili, M. (1992) Geological map of the Khorramabad area, scale 1:250000. Geological Survey of Iran,
Tehran, Iran (in Persian).

Steyrer, H. P. and Sturm, R. (2002) Stability of zircon in a low-grade ultramylonite and its utility for
chemical mass balancing: the shear zone at Mie"ville, Switzerland. Chemical Geology 187: 1-19.

Tahmasbi, Z., Ahmadi Khalaji, A. (2010) Using of mineral chemistry to determine the formation
conditions of Boroujerd granitoid complex and its metamorphic aureole. Petrology 1(2): 77-94 (in
Persian).

Tahmasbi, Z., Ghasemifard, H., Ahmadi Khalaji, A. and Izadikian, L. (2017) Geochemistry and tectonic
setting of basic dykes in the Boroujerd area (Sanandaj-Sirjan Zone). Petrology 8(29): 153-170 (in
Persian).

Watson, E. B. and Liang, Y. (1995) A simple model for sector zoning in slowly grown crystals:
implications for growth rate and lattice diffusion, with emphasis on accessory minerals in crustal rocks.
American Mineralogist 80(1-12): 1179-1187. http://www.doi.org/10.2138/am-1995-11-1209

Whitney, D. L. and Evans, B. V. (2010). Abbreviations for names of rock-forming minerals. American
Mineralogist 95(1): 185—187. http://www.doi.org/10.2138/am.2010.3371

Williams, I. S., Buick, 1. S. and Cartwright, 1. (1996) An extended episode of early Mesoproterozoic fluid
flow in the Reynolds Range, central Australia. Journal of Metamorphic Geology 14(1): 29-47.
http://www.doi.org/10.1111/j.1525-1314.1996.00029.x

Woodhead, J. A., Rossman, G. R. and Silver, L. T. (1991) The metamictization of zircon: Radiation dose-
dependent structural characteristics. American Mineralogist 76(1-2): 74-82.

Yuanbao, W. U. and Yongfei, Z. (2004) Genesis of zircon and its constraints on interpretation of U-Pb
age. Chinese Science Bulletin 49(15): 1554-1569. http://www.doi.org/10.1007/BF03184122



