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1-Introduction

The Sanandaj-Sirjan zone is a magmatic-metamorphic belt extending parallel to the main Zagros thrust (Alavi
1994), and the studied area in this research is located in this belt. Metapelitic rocks are the main metamorphic
rocks, but layers of metabasite, metacarbonate, and calc-silicate rocks occur too. This structural zone contains
numerous plutonic bodies such as Qorveh, Alvand (Hamedan), Boroujerd, Aligoudarz, and Astaneh. Most of
these bodies are calc-alkaline and belong to the Jurassic period. The oldest deposits in the studied area belong
to the Triassic. The Astaneh plutonic complex is located in the Sanandaj-Sirjan zone southwest of the Shazand
and Arak cities. In this area and at the beginning of Pakol village, outcrops of the plutonic body, which includes
a range of felsic intrusive igneous rocks, are cropped out. Mafic enclaves can be seen inside the plutonic rocks
of the region, which are of different sizes from a few decimeters to a few centimeters and in circular, oval,
angular, and elongated shapes. It is composed of granodiorite, tonalite, and minor monzogranite. The enclaves
in this body consist of mafic microgranular enclaves, hornfelsic enclaves, andalusite xenocrysts, as well
as tourmaline nodules. In addition, they are found in the plutonic complex. In this region, hornfelsic enclaves
are seen, which are often angular in shape. Granites often contain mafic magmatic enclaves that are enclosed
by their host rock. Lithographic observations show that most of them and their hosts result from incomplete
mixing between mafic and felsic magmas in the magma chamber, so many of these enclaves can be interpreted
as a set of intrusions concurrent with plutonism. Studying their petrographic composition can significantly
improve the understanding of magma reservoir processes. The study in the Astaneh granitoid body mainly
consists of field observations, lithological characteristics of granitoids and mafic enclaves, and the
geochemistry of their host granitoids. It is considered in this study that enclaves of the plutonic body in the
south of Astaneh to be compared with the enclaves of other plutonic masses in the northwest of the Sanandaj-
Sirjan in the regions of Qorveh, Hamedan, Malayer, and Aligoudarz.

2-Material and methods

Igneous rocks and their enclaves were investigated after studying maps and aerial photographs in both field
and laboratory sections. In the field studies, 100 rock samples were collected from the region's plutonic,
metamorphic rocks and enclaves. Fifty thin sections were studied with a polarizing microscope. Ten samples
were analyzed using the chemical analysis by XRF method in Kanpajoh Company using the Philips PW 1480
device. Then, it was calculated using the CIPW method based on chemical analysis and the percentage of
normative minerals. Some software, such as GCDKIT and GIS, were used to draw diagrams and maps and
make calculations.
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3-Results and discussions

The samples of the Astaneh plutonic body are located in the range of poorly differentiated granitoids of type
I, S, and M (OGT). In the diagram of Nb (ppm) versus Y (ppm), the Astaneh granitoids are located in the
range of volcanic arc granites (VAG) and syn-collisional granites (Syn-COLG), and oceanic ridge granites
(ORG). In the diagram of Rb relative to Nb+Y, Astaneh granitoids are located in the range of volcanic arc
granites (VAG) and intraplate granites (WPG) (Pearce et al. 1984). The plutonic rocks of the region in the
A/NK and A/CNK diagrams are in the realm of meta-aluminous and per-aluminum (Maniar and Piccoli 1989),
and the enclaves are in the alkaline and sub-alkaline series. The changes of Na20, Al203, Rb, TiO2, and MnO
are compatible with the increase of the magmatic subtraction process. However, with the rise of SiO2, the
trend of Cr, V, Ni, Fe203, K20, MgO, and rare elements decreases in the enclave and the host. The negative
Nb anomaly of these enclaves follows the connection of the body with the subduction zones in the continental
margin environment.

The shape of Astaneh enclaves varies, from roughly angular to completely rounded. However, in general,
almost elliptical shapes prevail. They are similar in shape and size to the enclaves of other bodies, but the
boundary of the enclaves with the host rock is often sharp in the studied body. In other bodies, there are also
gradual and vague boundaries in addition to the sharp boundary. The mixing phenomenon is influential
regarding the origin of mafic microgranular enclaves in all bodies. However, in the Aligoudarz area, mafic
microgranular enclaves are the chilled margins of the magma reservoir, which were broken off in later stages
and dispersed within the host.

4-Conclusion

According to the comparison of the studied enclaves with the enclaves of Hamadan, Malayer, Qorveh, and Aligoudarz
region, it was found that these enclaves were similar to the Aligoudarz region in terms of the host rock. There is less
variety of enclaves in the Astaneh plutonic body. It differs from other bodies, including the absence of surmicaceous
enclaves in this region. In terms of the petrography of mafic microgranular enclaves, there is a remarkable similarity
between the Astaneh body and other plutonic bodies, including intergranular and poikilitic texture, presence of zoned
and sericitized plagioclase. The enclaves are more mafic than their hosts.
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ey 3900 ,5 V-F
‘5‘;.1)5.@55\)5 u.»f).’ PHEW| 6\.\.55.&.».}‘; 0dg5 LSL"‘ >
Cllig B Caymagl,s 5l axly cal gl oS5 o)
0dS gy Gl ) A (S diged [0 WS co S
csSe o Uil T Jlhagelu oo saalive slacdl g oo

Ol S -f
el ol el sl assema hime (slafin
5 SNy leas, b oolea Col Sopse 5 Cajsogil,S
MAS)J asliw! 6‘-\-':’9-‘-'-")5 03¢5 u;L'“ > ..\Mabu;o L,}.».J.:T



\ O)Lo.a::J NF 0,92 ALY )Led

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

5 S Al aes e S5 ) e slaSin
il oo Glugt Sisdsy SIS rimren g Wlodd ()59
3005 o0 0dud Jhhaplo U Lo s &g 4 Cdél SIS oyl
L laies [0 (do,s YO 5505) o Jgubol ladiges 5| oan
o0 hoss Jyehal & lamy o5 05000 £350 uSsym
S5 93loe Gelleysi 9 bl 05 5 058 Sla S o]
0 S3eielS g Cojds) oy (Zu)lS gl Glo
ozl

diilin o555 slo Ko —

J10aS) skl —A-)

g o0 0033 0, (6 S 1B Ky 4y Swddiges Ho ol
o )8 Lol Lol sla SIS el glas) L] cdly
Miad C IS g Sy 4530 Sla SIS 0Bl o S ggSns
€Y Jss by s

ol ye0 O--Y

5 035 SIS Ky 4 Fwsdiged ) ddlaie sla i en
Sl S S cnl jo S8l il oo Jlocrlleyg5 95 5
5 Cegsas Sadsm leS Jold (Lol Gla Il
Sy 9 S A8 Glloyo5 (o258 Sla SISk oo SUS 25l
oyl ol b bla san o b e ge bl
MY o)

axdlla 5590 sLoglUSGI -5

(MME) Sdlo ,Ugil 159 5o (5L gUUSG! —5 -

Gl it S Ll 4y Sible sl S5, (slaglSSI
s Sl g (00 S S

By 59199 y5or0 Y

G5 50,5 6 S S5, a4 LW ciwsdiges ;o bagUSS! oy
& ULl 5 UslS Jhagele Wil <ol anil o 5,
sl 5 30 Gl SIS 51 iKad o 5 laKins ol sl
Oype & jlSesll il 5l 5 S WSl
was oo plad JUsl 5 (Soy95 antl> jo 13ST 5 Jluas
S jdg) 9 Wlodd (i jgmga g 039 SemndS LU a3l 125
sl 05lh l (oan wanl oad LSS CogdgiendS 4
S ol USssly 5l an Jgrhel ilonds ey oo
g & dkne) 50 (o5 45 Al oo lagSTl pl 4o 092
o3 Jlagil 5 2l )s slaysk & jpo a4 (BB 5 0apaS JIS
el o jslite Sl SIS g0 4 1551 505 05 oo

A

FolsS el la Sl andlioe (S (2 9SS S
Wiyl (aoye Tooogam) WS el ((aoyo Voo dg0>)
Ol 5 Jgehel (5705 ke 5 Cadges 5 (20ys Ve 359)
o lS 49l Gl gl g oS =2 GB dedee oo
S5z 9 wibiee S 9 CuiSeiedS g
2 LS9 o3y 4) LG (T g §| b 6 Kot
Loyl 5o cilasd 18 o slagyg) pSl cos a8 ablis
33 Sl (S5 50 Syl (S lgioe 45 35800 0
el Jhaog b Jhagls ©j90 4 lajUs g5l a5 adlaie
o Slog Sises Sl primes 9 (Sujgmsm 9 (S
Jhasl ygo g el po g 55 5 03Il 90 po Loy leS il
U el ©pe @ Cudgm Wgd oo odalive Jhagle U
(sl sla it 40 sl o IS Ll g gl
Slolp Wil Glacn Ssn; sl bSw
Sz g Cowl Dglie it sla sy o gl sl sl
S e lid pols SEBL

ol S 93g0 F--F

Joo Sl g5ge S a4 009 oir 53 (R)maglS g
a2ly (pl 5l e Fuddiged )3 S, SOy dazg by 0SS o
FJB 50l patie ;e Jo (nl b Jg il paseis LB
Lol sl Uil gl Kt ol bl s iglar
5 SEdS P 9 (e (Fn S S glacdl
el S0 2 35,158 o1 ol sl I 050 oanlie
YO og02) Jhogple &hge @ WS el ((aus,s YO s90>)
Sgm dde,0 Ve 3502) Jhugdl &j50 a0 5US 5,1 (oo
ibior agl CugeSs (I 5 (deye V-
5 b Sudgm g 0dd (hjgmgm 5 (S W5l
Al s Ddml g oS 46l sla SIS el enls oIS
el —F-Y

Sgd>)

5 Wl den CoymeglS aly Sjglre y5 S
S5l e K, 6yS B g Wlools LSS | adlaie Sileles )
Jhagle Ugene e il it Ol Sg5e 55, 4y
SrblF il losisai pin o 5 Sl Sy 5 Vg5
kol sl S .l 15 Gos jo jsld pille jlaS g8 oo 00y
o5 e g ol g SUS 25Uy 35,155 oo JSts
Sedige oy Sl ©)50 4 Ugass 35,155 ally oo 5US g5 )
Aoy Fo Y sgus o bjWasly (aoys Ve og02)



\ O)La.a.':: AfF 0)50 ALY )LQ).

V%

“wh s . K &
A8, dn (5‘5)1’)[5 ‘SM-’L.....: o) J,‘,"'qu/;k;a&f}

Zosasl slodun Ssij (©) alllas 850 bt slodund 5 ol S CSUSS I (g ppa (0) wibaie 505t 5 035 s (@) -V S

LSSl cnl 5o (S 5 Jsmiel) o oS5 Syl
Oliee 51 Py alo g ol by lailie S ) o

(Y JS8) Wloads ou,5 o8 sy aiiws

€) (S| adkais) alew] G35l )T 0098 10 392 g0 Sdle LUgl g S (slagUSTl s g o3luil 51 oSy She g (d) ROV I SSLTORRY
dilate gudisyg0 gUSHI 5l (5 pguai (F) g (o p dilaia) loadgisl 57 50 (lgh g (30 S 5 b Sdle [Ugil 59 S (slaglSTl I (s o

(JSL dilaie) ail]

Fig. 2. (a) Picture of the granitoid body of the region, (b) Picture of the contact of granites and schists of the studied area,
(c) Andalusite xenocrysts in monzogranite, (d) Macroscopic picture of the size and shape of mafic microgranular enclaves
in the Astaneh granitoid mass (Pakal region), (e) A picture of mafic microgranular enclaves with diorite and tonalite
composition in granitoids (Sarband region) and (f) A picture of hornfelsic enclave in Astaneh region (Pakal region).

(90 (s o IS T 455 sl SIS0 § Y JS)
Sl oo S 395 elS g Cuss)

byl g Suo —F—F

o5 b by 5SSy 4 tstiges s laglSH oyl
FSGle 5 i, 4l 053 (e slacSiw 5l aigd ge oo
kol slocdl s oo plas (8L ey o5 5 s
o Ll esg UsilS il o UsilS Jlagle baglSsl ol 4o
JS8) 098 g0 oanline 13 SIS Jgy 2l gblis 5l Sy
A e gy bl S ol Gae b il oyl @ ¥
Sl Edgm g Jgmial GUS 3l dagUSSl ol e oS 5
Oyge sl il 5)leS Sl lae; yo a5
B Cusedss 5 St 4 Ugons 5 JLang U Jlogeles
il oo Slog Sdgy sl bdiges can 10 g cwlonds
ails 5 Jlogle Jymol slojsly 5 Jhagdl &30 4 35,158

£

o yor335 a5 —5-F
035 B oy S 0y 4 (s diged )0 S ()
<l ol oyl jo eus camlive slacdl \Wgd oo 00y
st SELSs s NS Jhsele U5 sl
F)185 ez Jomedel SWnilhy Jold Lol (Lol oS 5
el g Jhoes U Jhawle &j5e 4 bl ol
o Sl Sy SIS (eizmen 5 (Fujgmg 9 Sy
SRy w4z b baglSl cnl )5 09250 Jomhol o5 0rBl
e oo T o3l ol o s il 9 £95 51 0T 5588 gl
Slojshy S8 @ (B 5 0apiS JSA )50 4y (21 o
BB 5 p,y B8 bl el e oags Jhagdl e
Wgd (oo odaline Jhugle B Jhugl Sjpe g ciys
ool (S5 el g Jhhagele B Jhagsl &j50 4 o2 Cudgn
Sgdgo 0 Cubyd g gadi> 3,leS bla san jo .l



\ O)Lo.a.':: NF 0)30 ALY )Le‘.‘s

%

wa s [ M &
a8 iy 60,5 owlid e j},;fuf/:#:gb‘-ﬁb

50 0359 9 o iieiedS (o lS iy Juld 4yl

Sy 00 oMb Shjgege Az 50 Codey axdl
£5’L-’)§0 )‘ w)ls 9 Gl 0l J.,AL?- Ay GLQ)USB_')U_,

o Jhawlo b Jhsel glaysh &j90 4 SSign 5 )
=SB 5l ad oo 00 sl 35 )1eS 50 LagUSSl (pl jo 0l
o5 05 o )il plgi oo bl 5 5 05 4 £ o

a4y J&w) sl 00 052 g Cudgm

.25mn W“” .v./ /e g F >
23 ©) XPL 55 50 o y5008 5 e St (258980 g (0) XPLy5i j0 codlig (e St 1 (5509 S pgeai (@) — ¥ S
SUSSI 5 (255w ,Sim o3 () XPL 55 30 ol S350 )0 CuSlopoo Sl 355wy Sioo g (A) XPL 55 50 jloasd bl 5l (55009 S
255950 pgai (N ) XPL 55 50 cudiiyon Codsty 5l 298y Ko pgai (F) XPL 553 10 o yg05il 3 (e S )0 Coy30 35,158
G ryas () XPL 55 50 cudligh (e S 50 o y5239,50 USGH 51 555009 S g (1) PPL 555 50 9 XPL j55 50 )l plleygs ol 5
Qz WS a5l Pl sz B XPL ;55 50 o 00093 50 Sy S8l (550w ,See pgai (K) a2 j900 35155 ISl o oz 55055 5]
(Whitney and Evans, 2010) 5L b JlS 5 ,lais! oSle GUS 55,101 b, g5 TUN ¢ Jguriol AAMP 55,155
Fig. 3. () Microscopic image of tonalite host rock in XPL, (b) Microscopic image of granodiorite host rock in XPL), (c)
Microscopic image of spotted slate in XPL, (d) Microscopic image of myrmekite texture in monzogranite in XPL, (e)
Microscopic image of quartz diorite enclave in granodiorite host rock in XPL, (f) Microscopic image of hornfelsic
xenolith in XPL, (g, h) Microscopic image of tourmaline-bearing aplite in XPL and PPL, (i) Microscopic image of
microdiorite enclave in tonalite host rock in XPL, (j) Image of quartz ocelli in quartz diorite enclave, (k) Microscopic

image of perthite texture in granodiorite in XPL (Bt: biotite, Pl: plagioclase, Qz: quartz, Amp: amphibole, Tur: tourmaline,
Or: orthoclase). Mineral abbreviations according to (Whitney and Evans, 2010).
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Fig. 4. (a) The position of the enclaves and host rock in the Astaneh complex in the classification diagram of plutonic
igneous rocks (De La Roche et al., 1980), (b) The position of the host and enclave samples in the classification of
Middlemost, 1994, (silica and alkaline oxides are based on weight percentage), (c) Q versus P variation diagram (Debon
and Le Fort, 1983) and the position of the samples on it. Description of symbols: gr - granite, ad - adamlite, gd -
granodiorite, to - tonalite, sq - quartz syenite, mzq - quartz monzonite, mzdq - quartz monzodiorite, dq - quartzdiorite, s -
syenite, mz - monzonite, mzgo - monzogabbro, ga — Gabbro, (d) A/CNK vs. A/NK variation graph to determine the
degree of alumina saturation (Maniar, and Piccoli, 1989), (e) Na,O vs. K,O graph to determine the type of granites in the
region, and (f) Magma series determination diagram of the sample enclave and host of the Astaneh complex (Rickwood,
1989).
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Fig. 5. (a) Determination of the magmatic series of the host rocks and the Astaneh enclaves by KO - SiO, diagram
(Peccerillo and Taylor, 1976), (silica and potassium oxide are based on weight percentage), (b) variation diagram
(FeOtot/(FeOtot + Mg0)) vs. SiO; to distinguish iron-bearing from magnesium-bearing granitoids (Frost et al., 2001)),
(c) Graph (Na;O + K30 - Ca0) versus SiO; to determine the modified alkali-lime index (Frost et al., 2001)), and (d)
Location of host and enclave samples in the (Debon and Le Fort, 1983) diagram.

LUl o WaglSSl 5o G eieg b 5 Joehol sl S5 Slgl,3 L
5 Lalgos Glsee ;5 MO e o iy pljes G 5
Oz 05 Olee ool (G S 9500 Ol )3 ke (n teS
ol 2 MO e o sl S o35590 glaSin o Qb S
3 bime 4 Cas LagUSS canl sxilu, JBlos 4 oS
Slold 5l b alise cpl s jloye> 0 (g Cal
5 S eSSl o Jswndol 5 5US's5l (slo SIS 2
L sl esl lsle o gleSle slezsl adgl J>lye
s bz 5o a5 bl logd e o )ly UL cod gl wo o
Ca I 2 adgl Jolhe j0 ouls jolie slajUS g5l LSLe
3 ek g, delsl 5 Geediw roli8l b ol o Na ) a8

\Al

rtbns 45 i (shaol poli Sy igy ~A
ceb aS ools &) bee 5 sUSSH o slo STy DS b
Lol Lol Gm 5o 00 polie 5 apST I Lan 255 o
Sletle o)y poniagll oSt slazsl adgl Jolpe jo 254
ST Gl Gl SIO2 (2381 g 095 o0 SundS US55,
A 50 e ol Jox Wy, Gl glaSaw s
g3l 4 sassgilS sloosy 51 1) ST ol olnle
Sk el (S8l JUsl g S slagUSS L"?*“-"")
G/PA 5l 5 009 o5 asdllas 9,90 sloasgnsl,S M@O luie
39 2y FIVY B YIYE 5l lagUSSI ;o 5 (G55 Suoyo YA
39 awnST cpl laie SI02 (20l381 L > cpl b sl o

MO 5l o)l5ee 0l (8 USD) by oo (2alS L glSil g Lo se



%

\ O)Lo-ai': NF 0,92 ALY )Led

.a o W M 5
Wiy 635 (ol (e Sl Eart s

sladiges 5 55k bl dole )0 T Giali¥l el ol (e
L oolyon LagUSSl jo 5% anST Sl pess 050 oo Sl
35 Jor ol b s ol Gl iy, el 5
ST opl clS &gy ol sialS Wi, e e S
sl o5 jlisls o MNO LK 5l S el S 50
sl L laglSsl ol 1o FE203 UL 3l pae -l oy 5o
O Lol )0 Caig Iyl wile njites b laslS
5 laglUSil 4o SI02 Layll b TIO2 ke o5 azg
P8 Gysb aaesee i |y (Gglite slasy, ik
155 e il TIO2 oliee SI02 ilél L laslss
a5 o o5 Jop o TIO2 SI02 Lilsél L loylpee
b aglSSl ;5 o2 5 anbime 5 oo P205 Juis (6 JS4)
Jg92) ans e lis casiine aig, P205 diw il3l

s Gl an Jolie 5o 5 oad als Ca e
SUSSH 5l 9T ol (2015 g iomod Wigd oo S5 N2
L glyl oW 05l S 5 i @ Ol o0 55 1) Oljee @
Gl ;o yiion CodTh s 43 lagUSSH o i Cod gl
YIAR LYY 51 olsee oS ;o N20 ol Coms l5ee
Jein Si9 de,d YIAN G /89 51 laglSSl jo o (G55 2oy
olise ial33l ST ol e a,a5 g, ialdl by e
LoSLe sl g 3,85 (b paze (nl 099 5l Sl Gl ¢l
& ety el sl 5 S sl slly ezl o
sl S pleasle jo o8 ,0 a4 B UL Je gl o
J>1e 50 pate (D) LSle slezsil adgl Joye o 0 JuSCas
WS (god &S 0 Sble sla SIS pleitle j3 LSl ol s
nsi (gd e W3l plesla o)ly (o5 Jlade 4 e

(FJSs Y og) oleizlu ;o Bl paie S &0 a3 GLL o5 0 1Y
A WS e IS8 oo bWl 5 Lwals JISII
Host Rock = Enclave #
ST# Al al
a1 ® 7
gl #* #*
* 5 6 - oy
]
o 8 = MgO 4 1 CaO5
= - #» b °
Q) * 3 * ] 4
= m
< - 2 - 3 -1 o
< #* 14 Fo 2 - [}
T T T T T T T T T T T
55 60 65 70 55 60 és 70 55 60 65 70
Sio, Ssio, Sio,
20 g # = e a 1= #
i o N B
#*
o 4
27 - 2.5 m @) 4
om ™ ® | o c o
~ ] o o = =5
[4v] # 2 1
= 2.5 - # % = | ]
4 & ™ o O
. 3|
2.3 - 1.51% . - r § ; . : S mi
55 60 65 70 56 62 &8 70 55 60 65 70
sio, Sio, sio,
9 _
b 0.5 % 0.09 o
1 o= %
8 . #* 'ﬁ i _
S 7 044 ® 0.07- 4
[ ©
q)(\l 6 8 ‘ =m ON — * m
L 5 g 0.3 0 0.05-
4 [m) =] — #
3 - 0.2 0.03 - &
! T T ) ) T T T !— . _tl T T T
55 60 65 70 55 60 65 70 55 60 65 70
Ssio, SiO, Sio.

anlllae 8590 dibats Sladiges 1y diw Jlis yo Lol polic ol i sl loges & S
Fig. 6. Variation diagrams of major elements against silica for the samples of the studied area.

\Al



\ O)Lo.a::J NF 0,92 ALY )Led

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

- oo il ST e RD il531 L o] s (Lo slocSins 4o
Ol Gl oS ;3 Ba Jlaie STl L ol jen . sly
g, Ba i ST ial81 L ol yas oyl ;5 Lol s oo oLt
A2 oo lis clals

o 15 soms —1

ol 33 ol 3 Jpredal S5l iz SleelS smes
el 18,5718 adlllas 590 293

gy V-

10*TiO2 - MgO - (FEO + MnO) baw loges ,o
scaisn WSl jsls jl Jolo adgl glacaisn odgas
w2 511y 0)ked Hoks 3l Jol> slacan 5 Slo 55 5l Jol>
Sasdllas 5,90 SlaeSon A JS& 4 4z g5 b owilos S plaie
slcaisn plewd oS 5 il oo adgl slacign g4
IS 5 a9l 5 Calis e oS 55 Syrpe
"5 O (6 pSedar Dol (F Jgoor @ilhas) o0 5)lsS
biwsw wuS i bged Glle ddhio lbcuian .ow0
W bl o sl gslS jlais a5 (Deer et al., 1992)
I TE-PRRVOWE LFLIVETS oW P VES FROILIN PR W VW E SRRSO Y
Lng)'iJlﬂ 3loolaziwl b g o loges pl Gubo (A JS2) &ylo 1,8
byl sleSle (SLiS5 banme ol oo locudign 925,50 L0
s (Slsl2 bl 2 a5 JSS jlaged (o 0gei patina |,
el gn oS 5,0 FEO § MgO AI203 slaons]
Ly glocaisn) Codgame 1o J3 5 50 slacaisn 5]
oxd HLad) P osgaze 4o diged g0 5 (Lilyg,8 bl a
8,518 (60,95 e

SWg3lly Y-

IS Gillas 5 (F Jaz) g 9,Sele 50UT mls & 4z il
51 adhie iz gl Sw lojWsasly S5 (€ V-
5T Jlsals ST g sl ke 300l b 5US S,
Jdo « Ul as Sl 1,3 USer,l Y eogame [0 oo
ST CgpsSole SUT @b ol (o5 (5,5
ool (F) Jgao jo dilate CojmogilS 50 sgzge lawald

Yo

SloS polie Ol pundil wig) (w2 -4
LaglUSSl o ST Jlada SI02 _ul;él b axllla o g0 4ilata o L
Sy paie ol aams oo Glad plaial wig; Glislaplies 9
V) IS5 50 ojls jpde jlewals JSIT 5 5Wssly o
St 5 el 5 g (s it e (S
Sl S5 5,8 aeo oo Lid aS 098 e camlie b slo
Oeizmed el 03g s WS 5l e pate (plenindy
Sl slaSi Uyl sla 1S 5 pmie ool o585 )3
SUSST sladiges 5| (gam )3 WS (oo azsi 1) (L2alS W) ()
2 gamndl il polie y0ell .Caslll G &y paie Cpl ds o
X9 Al o oaibel Oygo 4y WS g5l a5 wes oo ol
paie ol Sab e Ly e 4L o9z b Kiw ol
(Rollinson, 1993) s4i o JyuS 5US g5l lawgs oy
e ST02 L5311 gl o it 5 3l e cslaSins 5 o
el G U Gl Gl o5 aise Gl 55 e,
S GG 50 mag, (od Gl ol cdills
S (o0 azgs | IRl Bpd S Johe )0 ¢lwals
9 oUSSl sladigas ;0 ualow & S )by paie 93 g,
Ni — SIO2 5505 ;0 098 oo odaline (V) JS& 50 bjme
g, baslS3l o SI02 _2l53l L ol yon 5o S e
olises 51 UL LaglSTl yo (T (lies 5 s oo (Lt als
Srly Ol 5 gl o NI jaze i ol
lagUSSt yo .o ls Ti g Fe slaannsT 5 aili g0 SIS 4 g0l
Pgdier lS ol plie 5l ailiyse SIS pls b yas 4,
L alie Loy (Sg glad )l g Conl 5l (5 pate bl
Sl 3,1y (i 5sls gl e 50 W)l S 8 ool
Sl ol o ol Gliee 5 00 Jgmol § g omg 5
ellas al 523 (V) US55 o (Jo35 gy il g0 G20lS 0ils
2 SI02 lyae l38 L 5Ll paie (ol oes o plas |
yaie e ol LaalS Wy, plaglaglie 5 Lyl
M08 2 s Sl S Dliee 4 S LagUSSl y5 g S
oo als Ba ke RD Lils3l L ol yan LagllSil o e
SI-RD Slges 10 .0, patuin Wy, Hbime GloSw ;o 4
Lol a2 oo yLid al38l 55 ST jlade RD (2ul581 L lagUSS! 5o



\ O)Lo.a::J NF 0,92 ALY )Led

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

2 PkeS yolie 5 (55 90yd e ol jolie ailin] (Sigish asgerme oSl g (e S slaaised (ploard Ul @l =) Jyor

Table 1. Results of chemical analysis of host rock and enclave samples of the Astaneh plutonic complex, major elements
in weight percentage and trace elements in part per million.

Name Tonalite Monzo Grano Tonalite Grano Micro Quartz Micro Micro- Micro
granite diorite diorite diorite diorite tonalite quartz- tonalite
diorite
SiO2 65.86 69.78 70.96 65.68 66.12 54.12 54.89 56.87 54.16 58.63
TiO;, 0.40 0.25 0.17 0.36 0.36 0.32 0.44 0.54 0.50 0.37
Al,Oq 15.28 15.53 15.33 15.89 15.98 14.98 14.54 15.77 16.58 16.63
Fe.03 5.15 3.26 2.87 5.01 5.12 9.52 8.42 8.98 8.83 8.56
MnO 0.09 0.05 0.05 0.11 0.09 0.20 0.17 0.17 0.19 0.21
MgO 2.18 0.87 0.68 191 1.69 6.12 6.77 3.36 5.68 3.52
CaO 4.87 2.96 2.26 4.85 4.46 9.23 8.05 6.94 7.17 6.68
Na,O 2.68 2.65 2.89 2.29 2.49 2.63 2.45 2.88 2.88 2.69
K20 2.19 3.39 3.45 2.22 2.42 2.21 1.89 1.78 2.34 1.89
P20s 0.09 0.07 0.06 0.06 0.06 0.03 0.08 0.04 0.08 0.03
LOI 0.95 0.91 0.97 1.37 0.90 1.50 1.98 2.47 1.44 2.49
S 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
As 51 21 103 59 54 28 18 22 99 5
Ba 305 334 270 417 449 349 330 350 280 263
Rb 99 179 208 103 119 58 76 88 102 116
Sr 205 143 189 217 207 154 297 195 155 455
Zr 110 114 107 118 128 79 108 87 70 100
Nb 1 2 4 2 3 1 4 2 2 2
Ni 99 49 100 51 53 158 139 60 65 52
Co 13 7 3 15 13 37 31 32 35 27
Zn 63 44 41 77 69 84 93 89 90 85
Cr 39 17 8 61 41 359 334 133 49 120
La 11 16 11 17 27 21 19 5 28 22
Ce 33 46 25 47 62 51 44 13 72 57
Cl 218 198 146 264 273 240 232 331 305 125
Cu 30 142 45 33 29 183 133 48 32 87
Ga 19 18 19 15 17 12 15 16 17 15
Mo 2 3 3 2 4 2 4 2 1 2
Pb 12 31 45 21 19 17 12 15 17 17
Th 1 11 6 3 12 3 2 5 2 4
u 1 1 4 1 4 1 1 3 1 2
\% 72 50 34 87 81 124 112 130 141 119
w 1 4 6 2 4 2 8 9 2 1
Y 42 66 65 41 43 54 38 31 83 51
by St 5 laglSil (CIPW) 55 dslomo gl =Y Jgo
Table 2. The results of norm calculation (CIPW) of enclaves and host rock.
Enclave | Host
Sample Tonalite Monzo  Grano Tonalite  Grano Micro Quartz Micro Micro- Micro
granite  diorite diorite diorite diorite tonalite  quartz-  tonalite
diorite
Quartz 26.83 32.88 32.28 29.10 28.75 6.21 6.84 12.45 3.83 14.29
Corundum 0.00 2.28 2.87 1.04 1.29 0.00 0.00 0.00 0.00 0.00
Orthoclase 12.94 20.03 20.38 13.12 14.30 7.15 11.16 10.51 13.82 11.16
Albite 22.67 22.42 24.45 19.37 21.07 22.25 20.73 24.37 24.37 22.76
Anorthite 23.19 14.22 10.82 23.67 21.73 25.49 23.09 24.84 25.40 27.71
Diopside 0.30 0.00 0.00 0.00 0.00 16.27 13.12 7.66 7.80 4.27
Hypersthen e 9.01 451 6.01 8.47 7.97 15.03 17.06 11.40 17.16 13.49
Magnetite 7.46 4.72 4.16 7.26 7.42 13.80 12.20 13.02 12.80 12.41
limenite 0.76 0.47 0.32 0.68 0.68 0.60 0.83 1.02 0.95 0.7
Apatite 0.21 0.16 0.14 0.14 0.14 0.07 0.18 0.09 0.18 0.07
Pyrite 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01 0.02
Total 103.43 101.75 102.5 102.9 103.4 106.93 105.28 105.43 106.4 106.92
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Fig. 7. Variation diagram of trace elements versus silica for the samples of the studied area.
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Fig. 8. (&) The composition of studied biotites in the diagram of (Nachit et al., 2005) and (b) classification of biotites of
the region based on chemical composition (Deer et al., 1992).
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Table 3. Microprobe analysis of biotites of the region.

Sample | Micro-quartz-diorite | Granodiorite | Tonalite
SiO, 36.08 35.86 36.23 36.62 36.67 36.75 35.19 35.26 35.47
TiO, 2.87 2.72 2.39 2.84 291 2.71 3.85 3.62 3.16
Al,O3 13.77 13.69 14.14 145 14.08 14.04 15.35 15.94 14.09
Fe203 19.43 19.62 19.45 19.7 19.63 20.00 19.22 19.20 21.20
MnO 0.21 0.18 0.22 0.19 0.17 0.21 0.30 0.32 0.28
MgO 11.09 11.12 11.58 11.62 11.54 11.64 8.46 8.83 10.64
CaO 0.00 0.02 0.02 0.00 0.00 0.00 0.02 0.00 0.02
Na,O 0.20 0.32 0.29 0.23 0.21 0.30 0.76 0.15 0.24
K20 10.37 10.20 10.15 10.21 10.31 10.39 10.29 10.32 10.17
Total 94.02 93.73 94.47 95.91 95.52 95.94 93.44 93.64 95.27
22 O2
Si 5.646 5.636 5.631 5.601 5.635 5.635 5.547 5.526 5.528
Ti 0.338 0.321 0.279 0.327 0.336 0.313 0.456 0.427 0.370
Al 2.539 2.535 2.590 2.614 2.550 2.537 2.851 2.944 2.588
Fe 2.542 2.578 2.528 2.519 2.522 2.564 2.533 2.516 2.763
Mn 0.029 0.024 0.029 0.024 0.022 0.027 0.040 0.042 0.037
Mg 2.586 2.605 2.683 2.649 2.643 2.66 1.987 2.063 2471
Ca 0.00 0.003 0.003 0.00 0.00 0.00 0.003 0.00 0.003
Na 0.060 0.097 0.087 0.068 0.063 0.059 0.232 0.045 0.072
K 2.069 2.044 2.013 1.991 2.021 2.032 2.068 2.063 2.021

Total 15811 15846 15843 15795 15793 15829 15721  15.628  15.855
AV 2.354 2.364 2.368 2.399 2.364 2.364 2.453 2.473 2.472
AlVI 0.185 0.171 0.221 0.214 0.185 0.172 0.398 0.115 0.115
Mg# 0.495 0.497 0.485 0.487 0.488 0.490 0.56 0.549 0.527
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Fig. 9. Classification diagram of the geological setting of granitoids using Al203, FeOt and MgO oxides in the
composition of biotite (Abdel Rahman, 1994). Field A specifies the extensional areas. Field C indicates subduction zones.
The P field represents the collision environment.
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Table 4. Results of microprobe analysis of plagioclase of the region.

Sample Granodiorite Tonalite
Si02  53.82 5547 55.03 55.22 64.93 53.59 53.91 52.87 55.61 56.79 51.59 51.25 52.87 54.69 57.9 57.2
TiO2 001 0.00 0.01 0.01 0.2 0.00 0.01 000 002 0.01 003 0.02 001 002 00 001
AlOs  27.27 27.98 27.52 27.45 21.73 28.89 28.92 28.90 27.29 26.48 28.98 29.8 28.76 27.75 25.52 25.75
Fe203 0.02 0.03 003 0.01 0.01 008 0.07 0.07 007 0.03 0.07 006 005 0.06 0.03 0.06
MnO 0.00 0.01 0.01 0.04 000 001 0.00 000 000 0.00 000 000 00 00 0.01 00
MgO 001 0.00 0.03 0.00 0.00 0.00 0.00 0.00 000 0.03 0.01 002 001 002 00 00
CaO 10.22 10.19 9.81 9.74 288 11.11 10.88 11.05 9.41 8.28 1299 13.76 11.41 10.49 7.49 8.58
Na20 6.11 6.10 6.5 10.83 10.83 556 596 554 6.20 7.12 431 4.01 504 582 778 7.52
K20 0.14 019 019 012 0.12 0.23 024 0.26 0.26 030 015 0.18 0.18 0.16 0.10 0.13
Total 97.60 99.97 99.13 99.23 100.52 99.87 99.99 98.69 98.86 99.04 98.13 99.1 98.33 99.01 98.87 99.23
80:
Si 2491 2502 2505 2.511 2.854 2.446 2.442 2.427 2.530 2.575 2.389 2.356 2.432 2.493 2.624 2.592
Ti 0.0 0.0 00 00 0001 00 00 00 0.001 0.0 0.001 0001 00 0.001 00 0.0
Al 1487 1.487 1.476 1471 1.126 1.543 1546 1.564 1.464 1.415 1582 1.614 1559 1.491 1.362 1.375
Fe 0.001 0.001 0.001 0.0 0.0 0.003 0.003 0.003 0.003 0.001 0.003 0.002 0.002 0.002 0.001 0.002
Mn 0.0 0.0 00 0002 00 00 00 00 00 00 OO0 ©00 00 00 00 00
Mg 0.001 00 0002 00 00 00 00 00 0.0 0002 0.001 0.001 0.001 0.001 0.0 0.0
Ca 0.507 0.492 0.478 0.474 0.136 0.539 0.528 0.544 0.459 0.402 0.645 0.678 0.562 0.512 0.363 0.417
Na 0.548 0.533 0.574 0.579 0.923 0.488 0.523 0.493 0.547 0.626 0.387 0.357 0.450 0.514 0.683 0.661
K 0.008 0.011 0.011 0.011 0.007 0.013 0.014 0.015 0.015 0.017 0.009 0.011 0.011 0.009 0.006 0.008
Total 5.043 5.027 5.049 5.049 5.047 5.033 5.054 5.045 5.018 5.039 5.016 5.020 5.018 5.023 5.040 5.05
X-Ab- 0.516 0.514 0.540 0.544 0.866 0.469 0.491 0.469 0.536 0.599 0.372 0.341 0.440 0.497 0.649 0.609
Pl
X-A?n- 0.477 0.475 0.450 0.445 0.128 0.518 0.496 0.517 0.450 0.385 0.620 0.648 0.549 0.495 0.345 0.384
Pl
X-K?‘s- 0.008 0.011 0.010 0.100 0.007 0.013 0.013 0.014 0.015 0.016 0.009 0.011 0.011 0.009 0.006 0.007
Plg
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Table 5. Results of microprobe analysis of amphiboles of the region.

Sample Quartz Tonalite Granodiorite
diorite
SiO; 50.67 50.53 51.56 51.76 51.70 51.43 51.60 50.78 52.44  51.83
TiO, 0.48 0.45 0.03 0.03 0.02 0.02 0.05 0.48 0.03 0.0
Al,0; 4.04 3.70 2.93 2.87 3.00 2.96 3.27 451 2.96 3.14
Fe203 15.20 15.23 15.58 15.96 15.74 15.70 15.78 15.81 13.37 15.85
MnO 0.36 0.40 0.69 0.60 0.65 0.74 0.71 0.46 0.49 0.79
MgO 13.71 13.68 13.87 12.92 13.52 13.52 13.58 12.84 14.85 13.62
Cao 11.08 11.14 11.36 11.95 11.78 11.60 11.68 10.98 11.61 11.38
Na,O 0.67 0.70 0.41 0.21 0.15 0.29 0.32 0.67 0.26 0.29
K:0 0.37 0.35 0.14 0.11 0.06 0.08 0.14 0.42 0.10 0.13
Total 96.58 96.18 96.57 96.42 96.65 96.36 97.14 96.97 96.11 97.05
230,
Si 7.499 7.518 7.636 7.688 7.650 7.641 7.607 7.50 7.699 7.640
Ti 0.050 0.050 0.003 0.003 0.002 0.002 0.006 0.050 7.699 0.0
Al 0.693 0.639 0.511 0.502 0.523 0.518 0.568 0.785 0.003 0.545
Fe 1.881 1.895 1.982 1.927 1.950 0.518 0.568 0.785 0.512 1.953
Mn 0.045 0.050 0.086 0.075 0.081 0.093 0.089 0.057 0.060 2.993
Mg 3.025 3.034 3.062 2.861 2.982 2.994 2.984 2.827 3.250 2.993
Ca 1.757 1.76 1.802 1.901 2.982 1.846 1.845 1.737 1.826 1.797
Na 0.193 0.202 0.117 0.060 1.867 0.084 0.091 0.191 0.074 0.082
K 0.070 0.066 0.026 0.020 0.043 0.015 0.026 0.079 0.018 0.024
Total 15.212 15.230 15.172 15.092 0.011 15.143 15.161 15.178 15.083 15.132
AllV 0.619 0.594 0.496 0.378 15.106  0.476 0.508 0.601 0.398 0.494
Na+K 0.262 0.268 0.143 0.080 0.460 0.099 0.117 0.270 0.092 0.106
Na+Ca 1.949 1.978 1.919 1.961 0.054 1.930 1.936 1.928 1.900 1.879
Mg# 0.616 0.615 0.613 0.590 1.910 0.605 0.605 0.591 0.664 0.605
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6. Results of microprobe analysis of tourmalines of the region. Table

Sample Aplite-Turmaline
SiO2 36.65 37.49 37.47 36.89 36.62
TiO2 0.67 1.22 1.27 0.98 0.19
Al203 33.31 32.67 32.14 31.73 33.53
Fe20s 10.42 8.71 8.27 8.85 12.01
MnO 0.11 0.07 0.09 0.07 0.10
MgO 3.44 5.09 5.38 5.41 2.01
CaO 0.31 0.54 0.56 0.48 0.24
Na20 2.19 2.24 2.25 2.18 2.00
K20 0.05 0.04 0.04 0.05 0.04
Total 87.15 88.07 87.47 86.64 86.74
3102
Si 7.594 7.632 7.668 7.648 7.663
Ti 0.104 0.187 0.196 0.153 0.030
Al 8.134 7.838 7.751 7.753 8.269
Fe 1.806 1.483 1.415 1.534 2.102
Mn 0.019 0.012 0.016 0.012 0.018
Mg 1.063 1.545 1.641 1.672 0.627
Ca 0.069 0.118 0.123 0.107 0.054
Na 0.880 0.884 0.893 0.876 0.811
K 0.013 0.010 0.100 0.013 0.011
Total 19.681 19.709 19.713 19.768 19.584
B 3.00 3.00 3.00 3.00 3.00
Al(z) 6.00 6.00 6.00 6.00 6.00
AI(Y) 2.134 1.838 1.751 1.753 2.269
Mg# 0.370 0.510 0.530 0.520 0.229
Na+K 0.893 0.894 0.993 0.889 0.822
Ca+Na+k 0.962 1.012 1.116 0.996 0.876
Fe#t 0.623 0.489 0.463 0.478 0.770

Na/Ca+Na 0.927 0.880 0.870 0.870 0.930
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Fig. 11. Classification of tourmalines based on chemical composition, (a, ¢) (Hawthorne and Henry, 1999), (b) (London
and Manning, 1995).
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Table 7. Results obtained from different methods for calculating the pressure by Al in hornblende.

Al -in-Hb Al-in-Hornblend Barometers
Johnson and Hammarstrom and Schmidt Hollister et Anderson and Smith, 1995
Rutherford, Zen.1986 etal., al., P=F(AlT)
1989 ' 1992 1987 B '
P
P05 kb P zakber) (+0/6Kba P(xlkbar | P(0.6 kbar )=4.76Al T -3.01 -[(T("C) -675) /
+0. ar +okKbar)=- N=4.76 — * Total * T(°C) -
J= 3464423 | 3.92+503AITH | ) 476)+ s 85)*(0.53Al T 1 0.005294 * T(°C) - 675)]
Al Total AlTotal =A|V4AvE | Alt— : Al —
3.01
580.01

Average -1.009 -1.003 -0.251 -1.488 0 -0.583 635.580 -0.487

Annumber Alrotal P P P P T°C P T°C P
23E 0.693 -0.530 -0.430 0.290 -0.849 639.7 0.360 723.4 -0.07
23T 0.639 -0.760 -0.710 0.030 -1.154 653.2 0.090 730.1 -0.380
AHB8-1 0.511 -1.30 -1.350 -0.580 -1.876 613.3 -0.620 674.8 -0.580
AH8-2 0.502 -1.340 -1.390 -0.620 -1.927 539.3 -1.340 595.1 -0.77
AHS8-3 0.523 -1.250 -1.290 -0.520 -1.808 535.3 -1.280 575.4 -0.81
AH8-3 0.518 -1.270 -1.310 -0.540 -1.836 583.5 -0.770 630.7 -0.520
AH8-5 0.568 -1.060 -1.060 -0.310 -1.554 553.8 -0.790 512.1 -1.380
AH8-6 0.785 -1.140 -0.030 -0.730 -0.33 574.9 0.590 683.4 0.680
AH8-7 0.512 -1.290 -1.340 -0.570 -1.870 536.4 -1.330 609.8 -0.630
AH8-8 0.545 -1.150 -1.180 -0.420 -1.684 570.7 -0.740 621.00 -0.41
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Fig. 12. (a) AIT versus Fe / Fe + Mg variation diagram (Schmidt, 1992), which shows the pressure range of amphibole
formation. (b) (Na,0O + K;0) / CaO changes versus Zr + Nb + Ce +Y diagram (Whalen et al., 1987). The granitoids of
the studied area are located in the range (OGT) of the I, S, and M types of low-differentiated granites. (c) Nb (ppm) versus
Y (ppm) diagram to determine the tectonic environment of granites (Pearce et al., 1984). (d) The graph of changes of Rb
(ppm) versus Nb + Y to determine the tectonic environment of granites (Pearce et al., 1984).

AY



%

\ O)l.o...':: L\f 0)30 s\f‘v )Le‘-j 4_.3)_....._._’ <_§~>)-3)15 g_g“"l'“*’ L)""Q) ﬂ’?"‘wzﬁf’g},

8 3
=) Enclave b = Host Rock a
3
[’
28 T 8-
T - T -
© | —
c ]
o =
5 o
o Q
) 2
T od e =2
E * ET
©
*» &
- T T T T T T T T T T T T T T T T T 2 L] L] L] L] L) L] Ll L] L) L] L] L] L] L] L] L) L]
BaRbThKNbTalaCaSINOPSmZrHITIiTDY Tm Yb BaROThKNbTalaCaSINdPSMmZHITITODY Tm Y
é Enclave d é Host Rock C
2
5 8
o o -
= 8 2
2 s
= c
£ s
£ £
3 o
ge 2
=,
£ (R
3 @
“ »
-~ ;'l'lllll'l'll"'l'll
o L. L O 7 L . T O O P . CRbBaYhUNbKLnConPrS(PNGZ!SmEuYIDyYYbL‘
Cs Rb Ba Th U Nb K La Ce Pb Pr S P Nd 2r Sm Eu Ti Dy Y Yb Lu = v
S o
S Enclave f e Host Rock | e
o o 2
. @
S o}
2 g
E £
o s v
n %)
b b
= T T T T T T T T T o

| T T T T T T T T T T
K Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb K Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb

SeSie s (€, d) (Thompson, 1982) <y juuis” sleosls bl ool gy SlaaS jolie Olyuss SaSe jloges (@, b) VY IS
SlaS polie Ol s 5.5 log03 (€, T) «Sun and Mc Donough, 1989) asl aisss polie (wlul oo ey SleS jolie &l s
.(Pearce et al., 1984) (ORG) gLl slaariy slacasl S ululy ool g

Fig. 13. (a, b) Chondrite-normalized spider diagram of trace elements based on chondrite data Thompson, 1982 (c, d)
Spider diagram of primary mantle normalized of trace element (Sun and Mc Donough, 1989), (e, f) Spider diagram of
normalized trace element based on oceanic ridge granites (ORG) (Pearce et al., 1984).

AD


https://www.lyellcollection.org/doi/abs/10.1144/sjg18010049#con
https://www.lyellcollection.org/doi/abs/10.1144/sjg18010049#con

\ O)LQ-A::J NF 0,92 ALY )Led

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

T 95 e Jled j0 Sigigh sbbosg ple 10 39290 slaglUSTI L Pt | Sgish 005 MME (slagUSSl aslis 5l gl aslls - A Jgo

Table 8. A summary of the comparison of MME enclaves of the Astaneh plutonic body with enclaves in other plutonic
bodiess in the northwest of the Sanandaj-Sirjan zone.

spider diagram of the
host rock and the

enclave

The origin | Geochemistry of | Size/shape of Mineralogy of Structure and Host of MME | Enclave type | Plutonic body/
of enclaves MME MME texture of MME enclaves Coordinates
MME MME
enclaves
Positive correlation | Variable size, diorite and tonalite in structure: fine- | Granodiorite, MMEs,
of the amount of angular to composition, sericitized | grained and, darker tonalite, andalusite
Na,0, Al,O3, TiO,, rounded and saussuritic than the host monzogranite. | xenocrysts,
MnO and Rb shape. Sharp | plagioclase. Secondary Hornfels
with Si in enclaves. | contact with |minerals: chlorite, sericite, texture: enclaves,
Reverse trend of host. epidote, zoisite, Corrosion, Tourmaline
Fe,03, K,0, MgO clinozoisite. plagioclase nodules.
Magmatic | and Cr, V and Ni oscillatory zoning, Astaneh
mixing, with silica in subhedral granular
disrupted | enclave and host. texture,
margin intergranular
texture, poikilitic.
positive correlation Elliptical, plagioclase, 25- 20-70% stucture: fine- Porphyritic
of the amount of sometimes 40% biotite, 5-10% grained and darker | granite, leuco
Na,O and K,0 with Nand V | hornblende. Secondary than the host granites and
oxides with SiO, | shapes. The | minerals include quartz, basic intrusive
and Reverse trend of |  contact of orthoclase, microcline, | Texture: corrosion, rocks Mafic
MgO, MnO and enclave and apatite, zircon, sphene, overgrowth, xenoliths,
CaO with SiO,. In the host is tourmaline and opaque | oscillatory zoning mafic
MME equilibrium clear, .minerals in plagioclase, fine microgranular Hamedan
between the enclave | sometimes Secondary minerals intergranular enclaves,, (Alvand)
and the host in the vague and include epidote, texture. felsic
magmatic scale of trace gradual muscovite, chlorite, microgranular
mixing elements, the sericite and zoisite and hornfelsic
decrease of Srand enclaves
Ti values and the
enrichment of LILE
elements and lower
values of HFSE
elements
magmatic High content of MMEs with | Quartz, plagioclase, alkali |  Structure: fine- Granodiorite, | MMEs, FMEs, Malayer
mixing FeO, MgO, MnO, spherical, feldspar, biotite, grained and darker monzo- xenoliths from
Ca0 and TiO, and elliptical, apatite, ,amphibole than the host syenogranite, | etamorphic ¢s | Longitudes:
lower amount of | elongated and | zircon, opaque minerals in Texture: diorite to rocks, 18°34" - 34° 00"
SiO; in the enclaves | non-elongated |  diorite, quartz diorite, microgranular, | gabbro-diorite | surmicaceous &
compared to the lens shapes, | monzodiorite and quartz intergranular, enclaves, latitudes: 48°
host, enrichment of | size 10 cm to monzodiorite porphyroid, poi andalusite 52°-
LILE elements and 75cm kilitic, sieve Xenocrysts, 48° 307
lower amounts of myrmekite tourmaline
HFSE nodules
magmatic | Depletion of LILE |Rounded, oval | Diorite and quartz diorite structure: fine- Granodiorite, | MMEs, FMEs, Qorveh
mixing and LREE, rich in | and irregular. grained and darker granite, gabbroic
HREE,Ti. High gradual than the host. | tonalite, diorite enclave Longitudes:
abundance of MgO, contact Microgranular, 47° 45" -47°
MnO, TiO,, Fe;03 surface intergranular and 51
and CaO in enclaves| Cuspate to poikilitic texture &
and a more or less gradual, latitudes:
linear inverse trend variable 34°50" -
with SiO, diameter, 35°51"
3mmto3m
Disrupted | Similar process of | It varies from Common minerals: structure: fine- Granodiorite, MMEs, Aligoudarz
margin MnO, MgO, Ca0, a few plagioclase, quartz, biotite,| grained and darker | tonaliteand | surmicaceous
Fe20z in encl_aves. centimetersto | amphibole, orthoclase than the host. granite enclaves
The changesinthe | 3 few meters. | The secondary minerals Texture:
trends of the main and| e shape is | are zircon, needle-shaped | microgranular, Longitudes:
rare elements | noet1y oval or | apatite, opague minerals, poikilitic, 33°33" - 33°34°
c_ompared to the lenticular, but | generally enclaves are |oscilatory zoning in &
different trends of = . 7 . .
K20, Ba, the changes there are dl_vlded |ntp two groups plagioclase IatlEude,s.
in the similarity of the angular types. | with amphlt}ole—bearlng 49° 35 -
and amphibole-free. 49° 47
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