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Rock Type metabasite
Sample No. 855

. Gt Fid Ms
Mineral Type Amp Rim Core
Analysis No. #10 #6 #8 #10 #2 #13 #2 #8 #16 #1 #19
SiO, 43.01 4293 37.03 36.81 36.61 36.72 66.07 68.12 60.51 45.86 46.70
TiO, 0.42 0.40 0.04 0.06 0.11 0.15 0.0 0.0 0.0 0.15 0.24
Al,O3 15.91 16.08 21.62 21.39 21.13 21.28 21.25 19.72 24.29 39.62 32.96
FeO* 16.13 18.12 31.20 31.23 29.41 27.41 0.0 0.04 0.00 0.03 1.68
MnO 0.10 0.05 1.30 1.62 3.79 5.33 0.0 0.0 0.00 0.01 0.0
MgO 8.99 8.04 2.57 2.19 1.31 112 0.0 0.0 0.0 0.13 151
CaO 10.29 10.60 7.02 7.68 8.62 9.11 2.37 0.60 6.27 0.47 0.02
Na,O 211 157 0.0 0.02 0.0 0.01 10.36 11.58 8.11 7.74 1.53
K0 0.38 0.40 0.01 0.00 0.01 0.0 0.05 0.07 0.07 1.91 9.28
Sum 97.34 98.19 100.79 101 100.99 101.13 100.1 100.13 99.25 95.92 93.92
Si 6.309 6.282 2.934 2.917 2.917 2.919 2.898 2.976 2.710 5.936 6.297
TiIV 0.046 0.045 0.002 0.003 0.006 0.009 0.0 0.0 0.0 0.015 0.025
Al 1.690 1.717 0.066 0.082 0.082 0.080 2.063 1.702
AV 1.062 1.055 1.953 1.916 1.901 1.913 1.099 1.015 1.282 3.980 3.5637
Fe?* 1.282 1.416 1.949 1.892 1.775 1.655 0.0 0.0 0.0 0.003 1.189
Fe** 0.626 0.721 0.106 0.160 0.166 0.149 0.0 0.001 0.0 0.0 0.0
Mn 0.013 0.006 0.087 0.109 0.256 0.359 0.0 0.0 0.0 0.001 0.0
Mg 1.968 1.755 0.303 0.259 0.156 0.133 0.0 0.0 0.0 0.026 0.305
Ca 1.617 1.662 0.596 0.653 0.736 0.776 0.111 0.028 0.301 0.066 0.003
Na 0.600 0.447 0.0 0.003 0.0 0.001 0.881 0.981 0.705 1.944 0.402
K 0.072 0.074 0.0 0.0 0.0 0.0 0.003 0.004 0.004 0.316 1.596
Sum 15.28 15.18 7.99 7.99 7.99 7.99 4.99 5.00 5.00 14.35 15.05
Mo# 0.6 0.55 0.13 0.12 0.08 0.07 - - - - -
BCca/®(Ca+Na) 0.80 0.88 - - - - - - - - -
Grossular - - 20.31 22.38 25.19 26.54 - - - - -
Pyrope - - 10.34 8.88 5.33 4.55 - - - - -
Almandine - - 66.28 64.74 60.49 56.28 - - - - -
Spessartine - - 2.98 3.74 8.76 12.27 - - - - -
Albite - - - - - - 88.51 96.78 69.75 - -
Anorthite - - - - - - 11.18 2.81 29.81 - -
Orthose - - - - - - 0.31 0.41 0.44 - -
Muscovite - - - - - - - - - 11.59 59.20
Celladonite - - - - - - - - - 0.0 15.82
Paragonite - - - - - - - - - 83.35 19.93
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Rock Type metabasite
Sample No. Lakh2
. Gt
Mineral Type Amp Rim Core Fid Ep Ms
Analysis No. #22 #23 #27 #1 #14 #16 #21 #24 #25 #4 #22 #20
SiO, 48.57 40.39 40.44 36.54 36.53 36.40 36.07 64.71 66.05 38.11 3791 46.28
TiO, 0.11 0.43 0.44 0.08 0.07 0.21 0.07 0.0 0.0 0.05 0.08 0.12
Al,O3 5.65 15.77 16.16 21.07 21.17 2092 21.06 20.84 2120 27.26 2659 3941
FeO* 20.73 20.66 20.31 31.57 32.03 306 3151 0.19 0.15 9.34 9.70 0.38
MnO 0.05 0.0 0.04 0.97 131 3.88 4.08 0.0 0.0 0.2 0.27 0.0
MgO 10.71 6.64 6.68 1.76 1.87 1.50 1.52 0.0 0.0 0.01 0.04 0.11
CaO 11.30 10.29 10.18 8.55 7.73 7.35 6.20 2.57 272 2384 2223 0.46
Na,O 0.74 2.22 2.30 0.01 0.0 0.01 0.0 1053 10.55 0.0 0.0 6.91
K,0 0.09 0.60 0.60 0.0 0.0 0.0 0.0 0.04 0.08 0.0 0.0 1.23
Sum 97.95 97.00 97.15 100,55 100.71  100.87 100.5 98.88 100.75 98.81 96.82 94.9
Si 7.171 6.110 6.095 2.916 2.914 2911 2903 2.884 2.875 2962 2997 5.965
Ti 0.013 0.049 0.050 0.005 0.004 0.012 0.004 0.0 0.0 0.003 0.005 0.012
Al 0.828 1.889 1.904 0.083 0.086 0.088 0.096 2.034
AM 0.155 0.922 0.966 1.898 1.904 1.884  1.900 1.094 1104 2497 2477 3.953
Fe* 1.627 1.769 1.717 1.908 1.945 1846 1.911 0.0 0.0 0.0 0.0 0.041
Fe** 0.839 0.760 0.758 0.178 0.171 0.180 0.187 0.006 0.005 0.546 0577 0.0
Mn 0.006 0.0 0.005 0.065 0.089 0.263 0.278 0.0 0.0 0.011 0.016 0.0
Mg 2.357 1.498 1.501 0.209 0.223 0.179 0.182 0.0 0.0 0.001 0.004 0.021
Ca 1.787 1.669 1.644 0.731 0.660 0.630 0.535 0.123 0.129 1985 1.883 0.063
Na 0.213 0.652 0.672 0.002 0.0 0.002 0.0 0.910 0.904 0.0 0.0 1.728
K 0.018 0.115 0.116 0.0 0.0 0.0 0.0 0.002 0.004 0.0 0.0 0.202
Sum 15.014 15433  15.428 7.995 7.996 7.995 8.023 5.019 5.021 8.005 7.959 14.01
Mg# 59 45 46 9 10 8 8 - - - - -
BCa/®(Ca+Na) 0.92 0.9 0.89 - - - - - - - - -
Grossular - - - 25 22.6 215 18.4 - - - - -
Pyrope - - - 7.1 7.6 6.1 6.2 - - - - -
Almandine - - - 65.2 66.5 62.7 65.6 - - - - -
Spessartine - - - 2.2 3 9 9.5 - - - - -
Albite - - - - - - - 87.8 87.1 - - -
Anorthite - - - - - - - 11.8 124 - - -
Orthose - - - - - - - 0.2 0.4 - - -
Xps - - - - - - - - - 17 18 -
Muscovite - - - - - - - - - - - 6.6
Celladonite - - - - - - - - - - - 1.48
Paragonite - - - - - - - - - - - 86.6
ey sl
Lo Jo—mtal (go—uoo, a0l 0t Jg——nial
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3 %, o g9— Lo Js—rol (Hawthorne et al, 2012)
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Rock Type metapelite
Sample No. I7A 17G
Mineral Type Fsp Bt Ms Core Grlt Rim Fsp Ms Chl Rim Glrt Core
Analysis No. #28 #33 #31 #26 #6 #21 #40 #2 #45 #55 #3 | #10
SiO, 62.22 67.25 34.64 146.46 36.57 36.36 63.34 146.31 46.26 24.02 37.01 36.84
TiO, 0.0 0.0 2.35 0.56 0.15 0.08 0.0 0.39 0.36 0.06 0.05 0.12
Al,Os 22.61 19.32 15.77 29.93 20.61 20.12 21.84 31.79 32.53 21.59 2091 20.61
FeO* 0.16 0.03 25.04 0.92 29.44 31.42 0.04 2.79 2.72 29.48 33.07 27.04
MnO 0.0 0.0 0.04 0.0 4,22 2.21 0.0 0.0 0.0 0.19 1.25 7.42
MgO 0.0 0.0 6.87 1.52 0.95 1.01 0.02 1.32 1.18 12.53 2.16 0.98
CaO 4.60 0.64 0.04 0.0 8.45 8.00 3.72 0.0 0.0 0.0 5.6 7.56
Na,O 9.07 11.47 0.10 0.55 0.02 0.0 9.87 0.86 1.38 0.0 0.04 0.0
K,O 0.21 0.10 9.23 9.72 0.0 0.00 0.08 9.87 9.25 0.0 0.0 0.0
Sum 98.87 98.81 94.08 89.66 100.41 99.2 98.91 93.33 93.68 87.87 100.0 100.5
Si 2.788 2.979 2.759 6.3 2.940 2.962 2.83 6.32 6.283 5.180 2.971 2.96

i 0.0 0.0 0.141 0.058 0.009 0.005 0.0 0.040 0.037 0.010 0.003 0.007
Al'Y 1.194 1.008 1.240 1.619 0.059 0.038 115 1.673 1.716 2.819 0.028 0.039
Al ’ ) 0.240 3.225 1.894 1.893 ’ 3.444 3.490 2.669 1.951 1.912
Fe“” 0.0 0.0 1.668 0.448 1.812 1.991 0.0 0.318 0.309 5.317 2.134 1.694
Fe”” 0.005 0.001 0.0 0.054 0.150 0.134 0.001 0.0 0.0 0.0 0.077 0.11
Mn 0.0 0.0 0.002 0.0 0.287 0.153 0.0 0.0 0.0 0.036 0.085 0.505
Mg 0 0.0 0.816 0.313 0.114 0.122 0.0 0.270 0.239 4.030 0.259 0.118
Ca 0.221 0.030 0.003 0.728 0.698 0.178 0.0 0.0 0.0 0.482 0.651
Na 0.788 0.985 0.016 0.148 0.003 0.0 0.855 0.228 0.364 0.0 0.006 0.0
K 0.012 0.006 0.938 1.704 0.0 0.0 0.005 1.721 1.602 0.0 0.0 0.0
Sum 5.008 5.009 7.823 13.94 7.996 7.996 5.019 14.014 14.04 20.06 7.996 7.996
Mg# - - 33 - 5 5 - - - 43 10 6
Albite 77.13 96.42 - - - 82.33 - - - - -
Anorthite 21.65 2.98 - - - - 17.18 - - - - -
Orthose 1.22 0.59 - - - - 0.49 - - - - -
Muscovite - - - 61.3 - - - 64.49 59.4 - - -
Celladonite - - - 20.2 - - - 17.27 15.41 - - -
Paragonite - - - 7.9 - - - 11.59 18.2 - - -
Grossular - - - - 2471 23.56 - - - - 1.62 2.19
Pyrope - - - - 3.87 4.13 - - - - 8.7 3.9
Almandine - - - - 61.23 66.94 - - - - 71.8 56.8
Spessartine - - - - 9.76 5.16 - - - - 2.8 17.0

Aalol =Y Jgaz

Rock Type metapelite
Sample No. - 5

. It
Mineral Type Bt Ms Rim Core Fsp
Analysis No. #68 #90 #51 #115 #3 #80 #20 #63 #55 #118 #52
SiO, 35.90 36.02 46.26 45.72 36.64 36.79 36.96 36.88 66.82 65.52 63.52
TiO, 1.33 1.80 0.52 0.57 0.02 0.15 0.19 0.08 0.0 0.0 0.0
Al,O3 18.39 17.41 33.08 33.93 20.86 20.49 20.67 20.52 19.59 17.51 21.70
FeO* 18.82 17.33 2.00 1.27 32.42 32.00 24.52 26.86 0.03 0.0 0.08
MnO 0.06 0.11 0.0 0.0 0.56 0.19 8.24 5.01 0.04 0.0 0.0
MgO 9.97 10.48 1.28 1.04 251 1.47 1.00 1.30 0.0 0.0 0.0
CaO 0.02 0.02 0.0 0.16 6.30 8.70 8.57 8.60 0.81 0.0 3.43
Na,O 0.19 0.12 1.14 0.97 0.04 0.00 0.0 0.07 11.44 0.16 9.92
K,0 9.10 9.09 9.44 9.35 0.02 0.01 0.01 0.04 0.07 16.01 0.07
Sum 93.78 92.38 93.72 93.01 99.37 99.8 100.1 99.36 98.80 99.2 98.72
Si 2.760 2.794 6.251 6.198 2.952 2.962 2.97 2.979 2.963 3.039 2.841
Ti 0.077 0.105 0.053 0.058 0.001 0.009 0.011 0.005 0.0 0.0 0.0

v
Al 1.239 1.206 1.748 1.801 0.047 0.037 0.029 0.021 1.024 0.957 1.144
AlY! 0.427 0.386 3.520 3.619 1.935 1.906 1.929 1.932
Fe“” 1.210 1.124 0.226 0.144 2.055 2.027 1.562 1.715 0.0 0.0 0.0
Fe** 0.0 0.0 0.0 0.0 0.116 0.113 0.077 0.089 0.001 0.0 0.002
Mn 0.004 0.007 0.0 0.0 0.038 0.013 0.561 0.343 0.001 0.0 0.0
Mg 1.143 1.211 0.259 0.211 0.302 0.177 0.120 0.157 0.0 0.0 0.0
Ca 0.001 0.002 0.0 0.023 0.544 0.750 0.738 0.745 0.038 0.0 0.164
Na 0.029 0.018 0.300 0.257 0.007 0.001 0.0 0.011 0.983 0.014 0.860
K 0.892 0.899 1.628 1.617 0.0 0.0 0.0 0.0 0.004 0.947 0.004
Sum 7.782 7.752 13.985 13.928 7.997 7.995 7.997 7.997 5.014 4.957 5.015
Mg# 48 51 - - 12 8 7 8 - - -
Muscovite - - 64.29 66.10 - - - - - - -
Celladonite - - 13.57 12.99 - - - - - - -
Paragonite - - 15.44 13.30 - - - - - - -
Grossular - - - - 18.46 25.27 24.75 25.06 - - -
Pyrope - - - - 10.25 5.96 4,03 5.30 - - -
Almandine - - - - 69.70 67.96 51.99 57.52 - - -
Spessartine - - - - 1.30 0.45 18.81 11.54 - - -
Albite - - - - - - - - 98.52 1.54 83.57
Anorthite - - - - - - - - 3.78 0.42 16
Orthose - - - - - - - - 0.39 98.04 0.43
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P=10.5+2.4 Kb
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1) 4Grs + 15Ts + 12An = 10Pyp + 24Cz + 3Tr

2) 4Grs + 9Ts + 6Qtz = 4Pyp + 12Cz + 3Tr

3) 19Ts = 14Pyp + 16Cz + 3Tr + 8H,0

4) 4Grs + 5AIm + 6Cz + 15Qtz = 3Fact + 18A

5)5Grs + An+ Pg + Qtz = 2Cz + Ab

6) 16Grs + 39Ts + 6Ab = 16Pyp + 48Cz + 9Tr +
6Pg
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Temperature (°C) [Pressure (Kb)

Termocalc 564153 10.5+2.4

Grt-Am
thermometry 485-611
(KR2000)

8.1-
12.3
7.8-
115

Conventional Grt-PI-Am- Pwmg
Thermobarometers Qtz barometer
(KS90) P

P 5 10 15
Hb-PI (HB94) T 538- 595- 652-
618 661 714

Ti-bearing
stability
phases

Petrogenetic (Lead6)

T<770 P=13

Grids Pe_trogenetic
grid of
amphibolite to
eclogite
transformation
(Lea96)

T<730 10<P<13

(KS: Kohn and Spear, 1990; KR2000: Krogh Ravna, 2000; Lea96:
Liu et al., 1996; HB94: Holland and Blundy, 1994).
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Edenite + 4Quartz= Tremolite + Albite

Edenite + Albite = Richterite + Anorthite
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1) 3East + 6Qtz = Pyp + Phl + 2Ms

2) Phl + East + 6Qtz = Pyp + 2Cel

3) 2Ann + Ms + 6Qtz = Alm + 3Fcel

4) Pyp + Grs + Ms = 3An + Phl

5) Grs + Alm + Ms = 3An + Ann

6) 3Fcel + 2Pg = 2Ab + Ann + 2Ms+ 30Qtz +
2H,0
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(Nagel et al., 2012)
Stability of Ti
-bearing phases
(Liu et al,, 1996)
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""""" (Liu et al., 1996)

------- . PT stability field of
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629+30 11.7x1.2

Thermocalc

B92HW B92GS Dasg91 FS78 PL83 HS82 HL77 T76

o
_ 5 & 526 482- 535 495-538- 581- 524- 548-
gg 504 598 580 553 572 622 565 596
= 2
S H91
g2 g 8.96
SE 96-
£ Puo 11 56
(O]
o 71
F 9.86

(B92: Bhattacharya et al., 1992; Dasg91: Dasgupta et al., 1991;
FS87: Ferry and Spear, 1987; PL: Perchuk and Lavrent’eva, 1983;
HS82: Hodges and Spear, 1982; HL77: Holdaway and Lee, 1977;
T76: Thompson, 1976. H91: Hoisch, 1991).
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Thermobarometry and tectonic setting of
Precambrian metamorphic basement of Central Iran
in the Lakh Bargheshi area
(southwest of Bardaskan, Khorasan Razavi)
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Abstract

Precambrian basement of Central Iran in Lakh Bargheshi area from SW Bardaskan mainly
consists of metapelite, metabasite and mylonitic gneiss and has been invaded by Lakh Bargheshi
granitic body with the age of Ediacaran-Cambrian. Metapelites mostly are Garnet schist type and
encompass mineralogical paragenesis of garnet + biotite + muscovite + quartz + feldspar.
Metabasites contain of garnet amphibolite and garnet-epidote amphibolite and show mineralogical
paragenesis of amphibole + feldspar + garnet + quartz + epidote+ whitemica =rutile + sphene
+ilmenite. Metamorphic conditions that obtained by Thermocalc software, petrogenetic grids and
conventional thermobarometries are compatible for both metapelitic and metabasitic units and
include pressure between 7.1 until 12.3 Kb and temperature between 482 until 661°C that nearly
are equivalent of high pressure amphibolite and epidote amphibolite facieses that are dominant in
the lower continental crust. Epidote and garnet-bearing granitic body of Lakh Bargheshi and host
metapelites and metabasites probably representing thickened continental arc induced by
Prototethys subduction beneath Iran plate.

Key words: Thermobarometry, Lakh Bargheshi, SW Bardaskan, Continental arc, Precambrian
basement
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