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Zen, 1986; Hollister et al., 1987; Johnson and
Rutherford, 1989; Schmidt, 1992; Anderson and

@ e lid —Los calayl, ol wlwl 5 .Smith, 1995)
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Rock type Tonalite (1-09)
Mineral Am Fsp b ol 81 5g .0 cla ada>os L(YYAY)
Analyse point #18 #10 #11 #12 < ) 5 SSRGS ‘5‘“)_)% e
Sio, 38.81 39.42 66.83 67.16 RN PR I« bl | g0«
TiO, 13 101 0.0 0.0 & =i Jo—= 9 e
Al,O; 15.74 16.45 19.4 19.41 c el sa el s AIRTR ..
FeO, 18.17 16.81 0.09 0.07 9 S8k &5 2leSle s Jomiel 5 w50 5o
MnO 0.18 0.1 0.0 0.0 Ao e ST, . I
MgO 838 8.29 001 00 9 s.\.l‘éﬁ‘s ‘SILQSLO LSLQJM I d.....uL’> L as MJ?-A—A—AS |
Ca0 10.86 10.39 0.77 0.51 . A T ese e e .
Na,0 275 311 11.22 11.34 Lgl.mooy )o ‘) J.:‘odwa J\.AL> L(bu‘ ‘5-5ﬁ @55;& )‘
K20 1.05 1.01 0.03 0.03 . . e 7. o .
Total 97.24 96.59 98.35 98.52 san 5o Lel 00,5 Hlulid oblglale dilie (g398
Si 5.75 5.84 2.98 2.98 o . T . )
Ti 0.15 0.11 0.0 0.0 Oy90d 2lboSlo e slo ool (35 5l
AlY 2.25 2.16 0.99 0.99 - _ . )
AV 05 0.72 Joiel Jol5 (0350 51 Jol> ueg )0 sla S
Fe*' 0.76 0.75 0.0 0.0 _ _
Fe? 1.49 1.33 0.0 0.0 S o 50 sl ime sl sl onijlw ( oLoS
Mn 0.02 0.01 0.0 0.0 ~ : -
Mg 1.85 1.83 0.0 0.0 laSle sl ool olond 5 JUI bl aivn
Ca 1.72 1.65 0.04 0.03 |
Na 0.79 0.89 0.95 0.96 ool a3l Y Joas o cdley diges SO (oS L)
K 0.2 0.19 0.0 0.0 . IY s A A A
Sum Cat. 15.3 15.48 4.96 4.96 o] el eSS slow ¢ Jgo pl 4 asor L]
Mg# 0.56 0.57 el slapsed Jsszr onl @ azsi L
" e a7 oy Jemtel ploard oS 550 99250 puslid g
or 0.04 0.04 Az L Cawl jsie < NO L /NY g YIAA B Y/VO
w‘o..).wul...u.\.@)éMﬁﬁufu9uw)owwf&usf);ﬂu,j.at.aféhu—\ J5A>
T
Zr (ppm)  Na Al Si Mg K Fe FM M
1.99 173
Medium% 90.66 5.44 16.6 69.01  0.48 1.4 1.72
Medium (Mole ratio) 0.087  0.162 1.15 0.008  0.014  0.023 <750°C
Medium (cation ratio) 0.058 0.108 0.764 0.005 0.009 0.015

M = (Na+K+(2*Ca))/(Al*Si)
FM = (Na+K+(2*Ca+Fe+Mg))/(Al*Si)

Jswiel 5| 58 SlUsi 0095 Jgrpiel (i L2 -Lod gl =¥ Jsor

Thermometry (°C) Barometry (Kb)
sample  Analyses points Otten 1984 Hammarstrom  Hollisteret  Johnson and Schmidt, Anderson and
' and Zen, 1986  al., 1987 Rutherford, 1989 1992 Smith (1995)
(at T=749): 8.47
06 Am#18 724 9.91 10.75 8.17 10.08 (at T=724)- 9.09
Am#10 682 1056 11.48 8.72 10.69 (at T=665): 1087

(at T=682): 10.57

P (+3 kbar)=-3.92+5.03 Altot,r2=0.80 (Hammarstrom and Zen, 1986);

P (1 kbar)=-4.76+5.64 Altot,r2=0.97 (Hollister et al., 1987);

P (+0.5 kbar)=-3.46+4.23 Altot,r2=0.99 (Johnson and Rutherford, 1989).
P (0.6 kbar)=-3.01+4.76 Altot,r2=0.99 (Schmidt, 1992).

P(0.6 kbar) = 4.76 Altot - 3.01 - {[(T°C) - 675]/85}x{0.530 Al+0.005294[T(°C)- 675]},r2=0.99 Anderson and Smith (1995).
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(Yardly, 1977; Manning, 1983; Harrison, 1988)
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Rock type Metamorphic aureole (cm25)
Mineral Ca-Na- Ca-Na- Ca- Ca- Ca-Na- Ca-Na- Ca-Na- Ca-Na- Ca-Na- Ca-Na- Ca-Na- Ca- Ca-Na-
Am Am Am Am Am Am Am Am Am Am Am Am Am
SiO; 45.94 47.66 51.53 53.71 50.21 46.96 45,95 47.27 50.21 47.46 43.44 51.94 48.02
TiO, 0.29 0.20 0.02 0.02 0.18 0.22 0.25 0.27 0.18 0.19 0.24 0.06 0.26
Al,03 8.38 7.82 2.16 1.52 5.99 7.22 7.67 7.7 5.99 6.33 10.49 2.46 6.89
FeO' 19.96 19.46 18.02 14.75 18.44 19.84 20.27 19.66 18.44 19.17 20.44 15.77 19.18
MnO 0.76 0.71 0.97 0.79 0.7 0.83 0.85 0.66 0.7 0.8 2.37 0.73 0.78
MgO 9.4 9.72 12.49 14.57 10.27 9.45 9.46 9.51 10.27 10.15 7.69 13.43 9.87
CaO 8.82 7.33 10.72 10.86 8.71 8.1 8.88 7.58 8.71 8.23 8.67 10.56 7.62
Na,O 3.07 4.01 1.32 1.12 2.78 3.51 3.16 3.89 2.78 3.25 2.76 141 3.69
K0 0.89 0.60 0.21 0.18 0.59 0.58 0.79 0.6 0.59 0.5 0.85 0.30 0.57
Total 97.51 97.51 97.44 97.52 97.87 96.71 97.28 97.14 97.87 96.08 96.95 96.66 96.88
Si 6.62 6.82 7.51 7.72 7.22 6.97 6.65 6.80 7.22 6.93 6.37 7.55 6.93
Ti 0.03 0.0 0.00 0.00 0.01 0.02 0.02 0.02 0.01 0.02 0.02 0.00 0.02
Al 1.37 1.17 0.48 0.27 0.77 1.02 1.34 1.19 0.77 1.06 1.62 0.44 1.06
AV 0.05 0.14 0.0 0.0 0.24 0.0 0.0 0.11 0.24 0.02 0.18 0.0 0.11
Fe3* 2.27 221 1.01 0.63 1.37 2.16 2.36 221 1.37 2.01 2.33 0.91 2.03
Fe? 0.13 0.11 1.18 1.14 0.84 0.44 0.09 0.15 0.84 0.32 0.17 1.00 0.28
Mn 0.09 0.08 0.12 0.09 0.08 0.09 0.10 0.08 0.08 0.09 0.29 0.09 0.09
Mg 2.02 2.07 271 3.12 2.20 1.98 2.04 2.04 2.20 221 1.68 291 212
Ca 1.36 1.12 1.67 1.67 1.34 1.12 1.37 1.17 1.34 1.28 1.36 1.64 1.17
Na 0.85 111 0.37 0.31 0.77 1.03 0.88 1.08 0.77 0.92 0.78 0.40 1.03
K 0.16 0.11 0.03 0.03 0.10 0.13 0.14 0.11 0.10 0.09 0.15 0.05 0.10
Sum Cat. 14.95 1494 15.08 14.98 14.94 14.96 14.99 14.96 1494 14.95 14.95 14.99 14.94
Mg# 93 94 69 73 72 81 95 93 72 87 90 74 88
1 1
tremglite
(@) » oot ® ° (b) _H
winchite .' ® ‘. o | ® magneslo= tschermakite
*® () actinolite hornblende
= barroisite I
0.5 0.5
- 3*
ferro- ferrobarroisite <)
winchite = ferro- ferro-
| actinolite hornblende ferrotschermakite
(Na+K):0.5, 0.5<NaB<1.5 NaB<0.5, (Na+K)§0.5, (Ca+Na)Bz1
o T T o T L T
8 7.5 7 6.5 6 8 7.5 Si 7 6.5 6 5.5
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Rock type:  Metamorphic aureole (cm25) Reaction rim (es207)
Mineral: Grt Grt
Position: rim rim rim core core core core rim rim rim core core core core
SiO, 36.53 36.26 36.22 36.54 36.12 35.75 36.61 38.26 37.65 38.12 3758 37.88 37.8 37.8
TiO, 0.06 0.08 0.08 0.22 0.27 0.19 0.15 0.45 0.45 0.47 0.66 0.69 0.75 0.7
Al,O3 20.67 21.01 20.86 20.361 20.11 20.29 20.5 20.99 20.31 20.96 20.48 20.56 20.33 20.3
FeOy 20.84 29.12 2397 16.14 10.16 13.17 16.94 235 2452  24.36 2431 23.73 24.34 24.08
MnO 14.85 3.97 10.40 20.28 27.2 24.63 18.66 1.55 157 1.45 2.62 2.56 3.05 2.89
MgO 0.43 0.75 0.65 0.31 0.17 0.24 0.64 5.46 5.3 5.25 4.66 4.43 4.29 4.15
CaO 7.10 8.76 8.11 6.34 6.9 5.91 6.87 9.97 10.09 9.79 9.53 10.58 9.98 10.01
Na,O 0.04 0.03 0.03 0.03 0.04 0.0 0.05 0.01 0.05 0.04 0.04 0.06 0.02 0.05
Total 100.52 99.98 100.32 100.22 100.97 100.18 99.63 100.19 99.94 100.44 99.98 100.49 100.56 99.98
Si 2.95 2.92 2.92 2.96 2.92 291 2.95 2.96 2.94 2.95 2.95 2.95 2.95 2.97
Ti 0.0 0.0 0.0 0.01 0.01 0.01 0.0 0.02 0.02 0.02 0.03 0.04 0.04 0.04
AlY 0.04 0.07 0.07 0.03 0.07 0.08 0.04 0.03 0.05 0.04 0.04 0.04 0.04 0.02
AV 191 1.92 1.9 191 1.83 1.86 1.9 1.89 1.81 1.87 1.84 1.84 1.83 1.85
Fe? 1.27 181 143 0.99 0.45 0.67 1.01 142 1.38 1.45 1.45 14 1.45 1.47
Fe® 0.12 0.13 0.16 0.08 0.2 0.19 0.11 0.08 0.19 0.11 0.12 0.12 0.12 0.09
Mn 1.01 0.27 0.71 1.39 1.86 1.7 1.27 0.1 0.1 0.09 0.17 0.16 0.2 0.19
Mg 0.05 0.09 0.07 0.03 0.02 0.03 0.07 0.63 0.61 0.6 0.54 0.51 0.5 0.48
Ca 0.61 0.75 0.70 0.55 0.59 0.51 0.59 0.82 0.84 0.81 0.8 0.88 0.83 0.84
Na 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0
Sum Cat. 7.96 7.96 7.96 7.95 7.95 7.96 7.94 7.95 7.94 7.94 7.94 7.95 7.96 7.95
Grs 20.8 25.8 23.9 18.6 20.6 17.8 20.1 21.9 20.8 22.8 21.4 24.1 21.8 23.0
Prp 1.7 3.2 2.7 1.2 0.9 1.1 2.6 20.9 20.5 20.2 18.1 17.2 16.6 16.2
Alm 42.9 61.6 48.9 33.2 14.9 22.8 34.1 48.5 a47.7 49.4 49.2 47.6 48.6 49.1
Sps 34.6 9.4 24.3 46.8 63.6 58.3 43.2 3.3 3.4 3.1 5.8 5.6 6.7 6.4
Adr 5.4 7.6 4.5 5.5 5.5 6.3 5.3
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E/%celf Metamorphic aureole (cm25) Reaction rim (es207)

Mineral Wmca Fsp Ep Wmca Fsp Ep Chl
SiO, 48.88 4932 47.87 68.33 69.25 68.87 38.82 38.08 4713 4680 4832 69.25 68.33 3882 3769 276
TiO, 0.36 0.27 0.33 0.01 0.00 0.01 0.09 0.09 0.79 1.03 0.84 0.00 0.01 0.09 0.11 0.04
Al,O4 2419 2374 1738 20.10 1951 19.75 30.21 25.40 3129 3157 29.79 1951 20.10 30.21 2378 209
FeO, 7.62 7.06 1326 0.17 0.06 0.37 5.14 10.83 2.66 3.02 2.77 0.06 0.17 5.14 13.13  16.02
MnO 0.07 0.1 0.38 0.00 0.01 0.03 0.47 0.58 0.02 0 0 0.01 0.00 0.47 0.57 0.87
MgO 3.07 3.23 5.67 0.03 0.00 0.00 0.11 0.07 1.99 2.18 2.19 0.00 0.03 0.11 0.00 22.79
Cao 0.05 0.03 3.37 0.73 0.34 0.59 23.32 23.03 0.04 0.05 0.05 0.34 0.73 2332 2254 00
Na,O 0.27 0.25 1.33 11.56 1193 11.76 0.00 0.04 1.25 114 121 1193 11.56 0.00 0.01 0.0
K,O 1114 1125 6.88 0.09 0.10 0.08 0.00 0.00 9.79 10.01 984 0.10 0.09 0.0 0.0 0.0
Total 9565 9525 96.47 101.02 1012 10146 98.16 98.12 9496 96.2 9501 1012 101.02 98.16 97.83 88.22
Si 3.35 3.37 3.291 296 2.99 2.97 2.98 3.00 3171 3126 3.24 2.99 2.96 2.99 2.98 551
Ti 0.018 0.01 0.017 0.00 0.00 0.00 0.00 0.01 0.79 0.052 0.042 0.0 0.0 0.0 0.0

Al 0.65 0.61 0.69 1.03 0.99 1.01 2.74 2.36 0.82 0.85 0.75 0.99 1.02 2.73 222 2.48
AV 1.29 1.30 0.72 1.64 1.64 1.56 2.42
Fe?* 0.2 0.198 0.229 0.01 0.00 0.01 0.0 0.0 0.15 0.119 031 0.0 0.0 0.0 0.0 2.67
Fe3* 0.235 0.206 0.534 0.29 0.64 0.0 0.00 0.00 0.0 0.0 0.29 0.78 0.0
Mn 0.004 0.006 0.022 0.00 0.00 0.00 0.02 0.03 0.001  0.00 0.00 0.0 0.0 0.2 0.3 0.14
Mg 0.312 0.33 0.581 0.00 0.00 0.00 0.01 0.0 0.2 0.217 0219 00 0.0 0.1 0.0 6.76
Ca 0.004 0.002 0.248 0.03 0.02 0.03 1.92 1.94 0.003 0.004 0.004 0.01 0.03 1.92 1.92 0.0
Na 0.036 0.003 0.177 0.97 1.00 0.98 0.0 0.0 0.161 0.148 0.158 0.99 0.97 0.0 0.0 0.0
K 0.97 0.983 0.603 0.01 0.01 0.00 0.0 0.0 0.84 0.853 0.844 0.0 0.0 0.0 0.0 0.0
Sum cat. 7.06 7.04 7112 5 5 5 7.96 7.98 7.05 7.055 7.031 498 4.98 8.23 8.2 19.98
An 3.4 15 2.8 15 3.3

Ab 96.2 97.9 96.8 98.0 96.2

Or 0.4 0.5 0.4 0.5 0.5

XPs 9 21 9 26
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3) 3Ms + Prp + 2Grs + 6Qtz = 3Cel + 6An
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0.139 786 755 876
0.119 771 739 857
0.085 739 707 814
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0.177 811 781 907
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0.132 781 750 870
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Thermobarometry of intrusion bodies from Soltanabad area
(NE Sabzevar): with special reference to their adjoining
metamorphic aureole and reaction rim
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Abstract

Several tonalitic-trondhjemitic intrusion bodies have been injected into the metamorphic
complex consisting of greenschist, blueschist and Grt-amphibolites in the Soltanabad
area (NE Sabzevar). Thermobarometry of these bodies that carried out by whole rock
chemical chemistry, the occurrence of magmatic garnet and epidote as well as
geochemical characteristics of amphibole and plagioclase point to crystallization
temperature of 665 to 749 °C and pressure between 8 to 11 Kbar. In order to estimate
the depth of emplacement and to obtain the more precise crystallization temperature,
temperature and pressure conditions of metamorphic aureole and reaction rim of the
outer margins of the intrusion bodies, were calculated. On the base of obtained data, the
conditions of pressure and temperature of emplacement and solidifications of intrusion
bodies are compatible with the scenario of partial melting of young subducted oceanic
lithosphere at depth of a hot subduction zone.

Key words: Tonalite-Trondhjemite, Thermobarometry, Metamorphic aureole,
Soltanabad Metamorphic Complex
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