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Sample No. migmatite rocks GH13 schist migmatites HM23

Mineral Type kfs kfs Pl PI Pl PI PI
Analysis No. 16 17 6 7 8 14 15
SiO; 48.61 48.58 66.21 65.52  65.34 67.21 67.28
TiO, 0.85 0.83 0.00 0.01 0.01 0.00 0.00
Al,O; 37.48 37.29 20.21 2172 2182 20.50 21.05
FeO 1.18 117 0.11 0.01 0.05 0.07 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.49 0.43 0.00 0.00 0.01 0.00 0.00
CaO 0.01 0.01 2.86 2.93 3.64 0.56 2.15
Na,O 0.39 0.27 11.01 10.59 9.79 12.47 10.06
K0 10.34 10.21 0.14 0.09 0.14 0.07 0.07
Sum 99.48 98.92 100.54 100.87 100.80 100.88 100.61
Si 2.24 2.24 291 2.87 2.85 2.93 2.93
Ti 0.03 0.03 0.00 0.00 0.00 0.00 0.00
Al 2.03 2.03 1.05 1.12 1.13 1.05 1.08
Fe®) 0.00 0.00 0.00 0.00 0.00 0.01 0.02
Fe® 0.05 0.05 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.03 0.03 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.14 0.14 0.17 0.03 0.10
Na 0.04 0.02 0.94 0.90 0.83 1.05 0.85
K 0.61 0.60 0.01 0.01 0.01 0.00 0.00
Sum 5.02 5.00 5.04 511 4.99 5.07 4.96
Xab 0.05 0.04 0.87 0.86 0.82 0.97 0.89
Xan 0.00 0.00 0.12 0.13 0.17 0.02 0.11
Kor 0.95 0.96 0.01 0.00 0.01 0.00 0.00
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Sample No. migmatite rocks GH13 schist migmatites HM23

Mineral Type Mus Mus Mus Mus
Analysis No. 29 30 12 13
Sio, 60.28 47.40 44.30 43.60
Al,O, 27.35 35.60 0.01 0.01
MgO 0.36 0.43 33.10 31.60
FeO 0.70 0.92 481 5.88
TiO, 0.19 0.24 0.07 0.08
MnO 0.00 0.01 2.94 3.35
CaO 0.03 0.01 0.05 0.05
Na,O 0.87 1.26 0.21 0.11
KO 6.56 8.42 8.78 9.44
Sum 96.41 94.40 94.30 94.10
Si 3.78 3.14 3.38 3.36
AlY 0.22 0.86 0.62 0.64
AlM 1.80 1.92 2.35 2.23
Mg 0.03 0.04 0.00 0.00
Fe® 0.00 0.00 0.00 0.00
Fe®) 0.04 0.05 0.27 0.34
Ti 0.01 0.01 0.01 0.01
Mn 0.01 0.01 0.33 0.39
Ca 0.00 0.00 0.00 0.00
Na 0.11 0.16 0.03 0.02
K 0.52 0.71 0.85 0.93
Sum 6.53 6.91 7.86 7.91
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Sample No. Migmatite rocks GH13 schist migmatites HM23

Mineral Type Bt Bt Bt Bt Bt Bt Bt
Analysis No. 18 25 28 34 1 2 3
Sio, 34.79 33.53 34.90 34.94 34.79 33.53 34.90
Al,O; 19.92 19.35 23.00 20.35 19.92 19.35 23.00
MgO 8.66 8.60 7.55 8.52 8.66 8.60 7.55
FeO 21.09 21.46 18.62 20.67 21.09 21.46 18.62
TiO, 1.83 1.89 1.45 1.37 1.83 1.89 1.45
MnO 0.30 0.26 0.32 0.29 0.30 0.26 0.32
CaO 0.02 0.13 0.04 0.13 0.02 0.13 0.04
Na,O 0.25 0.27 0.30 0.29 0.25 0.27 0.30
K0 8.08 7.43 7.04 7.79 8.08 7.43 7.04
Sum 95.07 93.09 93.29 94.46 95.07 93.09 93.29
Si 2.66 2.63 2.65 2.68 2.66 2.63 2.65
AV 1.34 1.37 1.35 1.32 1.34 1.37 1.35
AlM 0.46 0.42 0.72 0.51 0.46 0.42 0.72
Mg 0.99 1.01 0.86 0.97 0.99 1.01 0.86
Fel® 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe@) 1.35 1.41 1.18 1.32 1.35 1.41 1.18
Ti 0.11 0.11 0.08 0.08 0.11 0.11 0.08
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Na 0.04 0.04 0.04 0.04 0.04 0.04 0.04
K 0.79 0.74 0.68 0.76 0.79 0.74 0.68
Sum 34.79 33.53 34.90 34.94 34.79 33.53 34.90
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Sample No. migmatite rocks GH13 schist migmatites HM23

Mineral Type Grt Grt Grt Grt Grt Grt
Analysis No. 19 20 21 9 10 11
Sio, 36.00 35.90 35.30 36.00 36.20 36.00
Al,O, 21.00 21.10 20.60 0.00 0.00 0.10
MgO 1.70 1.69 1.57 21.00 21.00 21.00
FeO 34.00 35.90 36.70 28.00 28.10 28.00
TiO, 0.00 0.04 0.08 13.00 12.80 12.00
MnO 6.30 4.54 391 0.80 1.22 1.00
CaO 1.10 1.15 114 1.30 1.14 1.30
Na,O 0.00 0.03 0.02 0.00 0.02 0.00
KO 0.00 0.00 0.01 0.00 0.00 0.00
Sum 100.00 101.00 99.30 100.00 101.00 100.00
Si 3.00 293 2.93 3.00 2.96 3.00
Al 2.00 2.03 201 2.00 2.02 2.00
Mg 0.20 0.21 0.19 0.10 0.15 0.10
Fe 2.30 2.45 2.54 2.00 1.92 1.90
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.40 0.31 0.27 0.90 0.88 0.90
Ca 0.10 0.10 0.10 0.10 0.10 0.10
Na 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00
Sum 8.00 8.05 8.06 8.00 8.03 8.00
Pyrope 6.80 6.71 6.23 3.20 4.87 3.90
Almandine 76.00 79.80 81.70 64.00 62.90 64.00
Grossular 3.20 3.26 3.25 3.60 3.27 3.70
Spessartine 14.00 10.20 8.82 29.00 28.90 29.00
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Sample No. schist migmatites HM23 migmatite rocks GH13

Mineral Type Chl Chl Crd Crd Crd
Analysis No. 4 5 22 23 24
SiO, 24.20 25.50 47.92 47.38 47.60
TiO; 0.01 0.00 0.01 0.00 0.00
Al,O; 22.96 23.05 32.65 32.77 32.64
FeO 25.37 23.79 10.44 10.44 10.15
MnO 0.38 0.32 0.45 0.39 0.46
MgO 12.00 10.56 6.58 6.68 6.68
CaOo 0.15 0.15 0.00 0.01 0.01
Na,O 0.03 0.03 0.51 0.42 0.44
K0 1.40 2.52 0.03 0.02 0.01
H,0 - - 1.43 142 142
Sum 86.50 85.89 100.02 99.53 99.41
Si 5.19 5.44 4.96 493 4.95
Al 2.81 2.56 - - -
AlY 3.04 331 - - -
Al - - 3.98 4.02 4,01
Ti 0.00 0.00 0.00 0.00 0.00
Fe* 0.00 0.10 0.18 0.18 0.18
Fe? 4.59 4.14 0.72 0.73 0.71
Mn 0.07 0.06 0.04 0.03 0.04
Mg 3.83 3.36 1.02 1.04 1.04
Ni 0.00 0.00 - - -
Ca 0.03 0.03 0.00 0.00 0.00
Na 0.03 0.03 0.10 0.09 0.09
K 0.77 1.37 0.00 0.00 0.00
Sum 20.36 20.40 11.01 11.02 11.00
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Sample No. Migmatite rocks GH13

Mineral Type and and and Sil Sil Sil
Analysis No. 26 27 36 31 32 33
Sio, 35.62 35.85 36.03 35.61 36.43 35.54
TiO, 0.02 0.02 0.01 0.00 0.00 0.00
Al,O, 64.35 64.34 64.52 64.12 64.23 64.40
FeO 0.21 0.22 0.23 0.15 0.14 0.08
MnO 0.00 0.00 0.00 0.00 0.00 0.01
MgO 0.02 0.01 0.00 0.00 0.01 0.02
CaO 0.00 0.01 0.03 0.02 0.01 0.02
Na,O 0.03 0.01 0.00 0.02 0.00 0.00
K,0 0.01 0.02 0.00 0.01 0.01 0.00
Sum 100.26 100.50 100.82 99.93 100.83 100.07
Si 0.96 0.96 0.97 0.96 0.98 0.96
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Al 2.05 2.04 2.04 2.05 2.03 2.05
Fe® 0.00 0.00 0.01 0.00 0.00 0.00
Fe@" 0.01 0.01 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00
Na 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00
Sum 3.02 3.01 3.01 3.01 3.01 3.01
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Sample No. DH-3 DH-21 GH-8 MH-41 MH-81 GH-6 MH-7 MH-51 MH-23 DH-10
Rock Type Migmatite rocks Hornfels migmatites Schist migmatites

SiO, 63.06 62.14 61.72 74.35 74.42 61.10 63.30 64.68 54.68 64.21
Al,O4 18.04 18.28 16.28 12.55 13.05 18.82 17.91 17.26 17.57 17.56
Fe,04 6.34 7.14 7.44 4.73 3.84 6.89 6.99 6.98 6.86 6.94
CaO 0.50 0.36 0.87 0.98 0.23 0.36 0.81 0.51 11.65 0.45
Na,O 1.42 0.98 1.05 161 1.53 1.12 1.37 1.45 2.90 1.64
KO 3.24 3.68 3.42 212 2.03 3.61 3.50 3.86 0.53 4.00
MgO 1.85 2.05 2.04 1.39 1.47 2.25 2.38 2.04 3.01 2.13
TiO, 0.76 0.81 0.92 0.59 0.55 0.77 0.75 0.79 0.66 0.79
MnO 0.14 0.14 0.17 0.13 0.09 0.28 0.13 0.16 0.20 0.17
P,0s 0.12 0.13 0.13 0.13 0.08 0.07 0.12 0.18 0.07 0.12
SO; 0.12 0.16 0.16 0.09 0.16 0.17 0.15 0.14 0.16 0.13
L.O.l. 3.89 3.66 1.44 0.87 1.97 421 2.10 1.70 1.39 1.46
Sum 99.48 99.52 95.64 99.55 99.41 99.65 99.51 99.75 99.67 99.56
Cl 63 101 56 171 118 59 60 194 276 203
Ba 498 478 502 288 322 427 405 524 146 430
Sr 128 74 119 133 56 86 115 136 610 120
Cu 40 29 34 30 54 18 23 10 16 22
zZn 405 115 144 69 246 114 130 126 235 459
Pb 240 14 42 24 138 15 29 29 127 246
Ni 79 92 87 64 49 91 73 81 91 78
Cr 81 102 120 88 78 90 114 113 110 93
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A=[Al,0O3] + [Fe,05]-([Na,0]+[K;0])
C=[Ca0]- 3.3[P,04]
F=[FeO]+[MgO]+[MnO]
A’=[Al,0;] + [Fe;05]-([Na,0]+[K,0]+[CaO])
K=[K,0]
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Sill+Ms = Crd+Bt+Kfs+H,O+L
And+Ms = Crd+Bt+Kfs+H,0+L
Bt+Ms+Qtz+H,0O = PI+L
Bt+Chl +Qtz+H,0 = Ms+L

ST by G 29 slo STy =Y
Sill+And+Grt+Qtz = Crd+L
Grt+Ms+PI+Bt = L
Pl+Bt+Qtz = Grt+Ms+L
Ms+Grt = Sill+Crd+Bt+L
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6) 6sill + 3fcrd + 5ann = 5mu + 7alm [q]
9) 3fcrd + 2mu = 8sill + 2ann + 7q [alm]
13) 2sill +ann + g = mu + alm [fcrd

25) 3fcrd + 2ann = 2mu + 4alm + 3q [sill]
P = 4.0 kbar, x(CO,) = 0.262

=S N=XCO+XHz0 dbal) any 4255 L ocnl by

P- &l sl ool <IVE L ol XHO oo
el Slewbre alnil b cileSs slacenss XCO,
L5 ol slasl dhgusTasn (28 5 ki o b g 5,50
ol 2 STy FY ool Sl & 0 $+ + glos 5,8
[py, gr, alm, an, phl, ann, bl sl oy 45 o

<l Il cel, feel, daph]

26) 2east + 2pa + 49 + 2H,0 = 2ab + 2mu +
ames [clin]

27) 5east + 2pa + 11q + 6H,0 = 2ab + 5mu +
2clin [ames]

8) 3east + ames + 7¢ + 4H,0 = 3mu + 2clin
[ab,pa]

12) 6ab + 5ames + 2q + 2H,0 = 6pa + 4clin
[east,mu]

25) 14ab + 2mu + 11lames + 2H,0 = 2east +
14pa + 8clin [q]

P = 2.7 kbar, X(CO,) =0.148

L swileXw o e i T-XCO; il (6l
Jolss sla STy elad g, 51 Lol ¥ Lsd 53
sl slacl aon o (uiSTy 5l eolainl L alf o
el 03591 Camsds aunSTg80p,S lp <NV E &S]
12) cel+clin=py+phl+g+4H,0

18) phl+3mu-+clin = 4east+7q+4H,0

98) 8ab+5mu+3daph = 5ann+8pa+9g+H,0

104) 3an+5ann+3clin+3q =

gr+5alm+5phl+12H,0
T =595+0.25 °C, x(CO,) = 0.148

L), o a5 LX HO e oS ol
o el /A L 1 XHO + XCO =1
NI N JU-EH P U S PENCERS
(SS vae) 5 )Lad S0y o (JAZ L+ /VY ()
Jlast an Ol —asu,lad 06V .ol sai o

P-XCO; g T-XCO, dwlxo g (5 y%09,L30 5 93
e (il oS o 15 s eVl
= ey .COy CHy, Ny, Hy0 s Lol Jlews
)0 0950 uyL._w d)_)wa_’ COZ 9 Hzo as R WO
(Kreulen, 1980) ;g 0 oSt sblio g oo
l_i.»).oi ) 50‘]15 9 (Yal‘dley, 1983) J..J)." ) bl.o.»ﬁf
slaccblie g bewllw 0, pb |, (Olsen, 1984)
£ 5 locie 1 Lokus 5 05)Is Cudl S g ditlaie
ol Sl 008 g el 5,08 oo 56 Jlow

(5,01,
P- s T-XCO; dslore gl p SIS 505 )38l 43 50
)‘ ool L: alisee (_ngd.l}fo ‘S:Le‘; 6La£‘ )‘ XCOZ
D9 oo oolaul SleXw sl (o b SIS Jols
Ko )0 bl a ST oo 0 Jladie (oWl @ 435 L
Oy 9 Las o8 aelinly sl 5 (ileSes
slacl 5l jLad g Las opnd gl yao g0l3] &0
Slwloe plol b (A JS0) ol solaul Jlooyal Sl
5 bt slael dngsSl (28,5l b g 5 S cnl 20
2 aS os Jols STy ¥ GLlS F JLad b3 L
T- &ule sl [and, feel, san] ol ablas sl oy
Sl Cewads XCO,
2) 4sill + 2alm + 5q = 3fcrd [mu,ann]
6) 5mu + 7alm = 6sill + 3fcrd + 5ann [q]
9) 8sill + 2ann + 7q = 3fcrd + 2mu [alm]
13) mu + alm = 2sill + ann + q [fcrd]
26) 2mu + 4alm + 3q = 3fcrd + 2ann [sill]
T =660 °C, x(CO,) =0.262
2L g 55 nld Slewls ploxil b rpizen
FEe Gl 0,8 L g ol slasl aygusT 285 b
Los oo 0 a5 o Jeols> j2iSTy Yo ol Kils &0
P-XCO; d—ulxs sl [and, feel, san] ,loub ablas
Sl Cewads

2) 3fcrd = 4sill + 2alm + 59 [mu, ann]
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B
4 = 14]
12]
15]
1]
3 k
2 GH13 3 (31
: assuming T= 660 C
i P(Kbar)=4
= 2 X(CO2)=0.26
A
1 [1] 4Sill+2alm+5¢=3fcrd
12] 6Sill+3fcrd+Sann=5mu+7alm
[3] 8Sill+2ann+7q=3fcrd+2mu
|4] 2Sill+ann+g=mu+alm
[5] 2Zmut+dalm+3q=3fcrd+2ann
0 i i A I
0 0.2 0.4 0.6 0.8 1
X(C02)
D HM 23 1
8 I assuming T= 600 'C 11
P(Kbar)= 2.7
X(CO2)=0.14
— 6
e
<
=
X
-’
a4
21 |‘l| 3east+ames+7q+4H20=3mu+2clin
[2] 6ab+5ames+2q+2H20=6pa+4clin
[3] 14ab+2mu+1lames+2H20=2east+14pa+8clin
[4] 2east+2pa+4q+2H20=2ab+2mu+ames
(5] 5east+2pai:11q+6H20I=2ab+5muT2clin
0 0.2 0.4 0.6 0.8 1
X(C02)

=, 8055 By bl o ST Yl 54,9 5 0l

A
13]
[1]
IS
12]
[4]

GHI13,
assuming P=4 Kbar
T (C)=660
X(CO2)=0.26

[1] 4Sill+2alm+Sq=3fcrd

12] Smu+7alm=6Sill+3fcrd+Sann

[3] 8Sill+2ann+7q=3fcrd+2mu

[4] mu+alm=2Sill+ann+q

5] 2Zmu-+4alm+3q=3fcrd+2ann

0 0.2 0.4 0.6 0.8 1
X(C02)
C HM23
assuming P= 3 Khar
T (C)=600
X(CO2)=0.14

[11,[2]
[4]
131
|1] Clin+cel=py+phl+q+4H20
2] phl+3mu+clin=4east+7q+4H20
[3] 8ab+Smu+3daph=Sann+8pa+9q+H20
|4] 3an+5ann+3clin+3g=gr+Salm+5phi+12H20

0.4 0.6
X(C02)

0 0.2 0.8 1

L aS T-XCO, (oo (A ()l yows — i digy Jloud) 0,29 dilaie ileSo oS (gl (omiw Lidles slo,loges -9 JSo
P- mome (B oo oo oyl ciilaSpe sloSw slp 1) /Y8 Jao juS 5 o Xl 4> 50 £F gloo codiplonl Dlowls 4 4395
T-XCO; mizwio (C 23 oo lis sileSn sloSw sl 12 IVF Joo oS o JLolS T jLid coadplonl Slwls 4y 4345 L a5XCO,
P- sove (D s oo plid cileXn slocancd lp 1) +INVF Jae S g ol Kl d> 10 £ v glos condplonl Slwlows 4y a3 g5 L a5

Ao oo Hlid SileNe s Gl ) NF Jse S 5 LalS VIV Lid oaliplonl wlawlrs 45 a3 5 b aSXCO;

44) 6and + 9fcel = 3fcrd + ann + 8san + 8H,0
[sill]

P = 2.8 kbar (sd = 0.6), T =662 C (sd = 32)
r:L?;S‘ L» GA.A.’LAi:A GLQM o )L.:Z.._é 9 oo
A geiS den (18,5 ,100 0 b 5 55800 (nlpd Slewbore
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1) and = sill [fcrd, fcel, ann, san]
17) 6sill + 9fcel = 3fcrd + ann + 8san + 8H,0
[and]
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43) py + gr + mu = 3an + phl [east, ]

46) py + 2gr + 3east + 6¢ = 6an + 3phl [mu]
56) gr + 3east + 6q = 3an + 2phl + mu [py]
P =3.3 kbar (sd =1.5), T =568 C (sd = 57)

alm, ab, ann, cel, fcel, pa, ames, clin,] b ablis
(F Jga>) ol cewsas [daph

13) 3east + 6q = py + phl + 2mu [gr, an]
51) 3an + 3east + 6q = 2py + gr + 3mu [phl]

ilons saliul SISse 53l o5 o sl sl iaSTy el gls a8 b IS oled gliasl &ysnST e -F Jsor

Sample No.  mineral assemblage Activity

Sill, And, Crd, Grt, Ms
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Mineral chemistry and thermobarometry of migmatitic rocks
of Boroujerd area (north of Sanandaj-Sirjan zone)

Arefeh Heydarianmanesh, Zahra Tahmasbi * and Ahmad Ahmadi Khalaji
Department of Geology, Faculty of Sciences, Lorestan University, Khorramabad, Iran

Abstract

Migmatites have formed an important part of high-grade metamorphism in the Boroujerd area
aureole (north of Sanandaj-Sirjan zone). Migmatitic complex including: migmatites, schist
migmatites and hornfelse migmatites with a different range of structural and mineralogical
compositions. These rocks are observed as light (leucosome), dark (melanosome) and dark and
light (mesosome). Leucosomes mainly composed from quartz, plagioclase, K-feldspar, biotite
and muscovite and also have perthite, poikiloblastic, granoblastic, graphic and myrmekite
textures. Melanosomes formed from minerals such as biotite, garnet, andalusite, tourmaline and
sillimanite have lepidobalastic, porphyrolepidoblastic and lepidoporphyrobalastic textures.
Mesosomes formed from dark and light minerals and show porphyroblastic, lepidoblastic and
granoblastic textures. According to petrographic studies and whole rock chemical analyses for
these rocks revealed that dominant protolith is pelitic rocks. The thermobarometry results
showed temperature range of of 568°C to 662 °C and pressure of 2.8 to 3.3 kbars. According to
the calculated temperature and pressure, the geothermal gradient of schist migmatites and
hornfels migmatites determined 48 °C/km and 60 °C/km, respectively. Heat release of the
Bourojerd pluton, mafic magmatism in area (that enclaves of them can be seen in the granitoids)
and subduction fluid causes migmatites that it shows the main factor increasing geothermal
gradient is the presence of hot igneous plutons and enter intrusion fluid in the magmatic arcs.
Key words: Geothermobarometry, Partial melting, Migmatite, Magmatic arc, Boroujerd,
Sanandaj-Sirjan zone

* tahmasebi.z@lu.ac.ir

Copyright©2016, University of Isfahan. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to
download this work and share it with others as long as they credit it, but they cannot change it in any way or use it
commercially.


http://www.sid.ir

