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Reactin rim Matrix After Cpx
Sample number 66 70 72 92 98 121 929 116 115
Sio, 4429 | 4471 | 44.83 44.61 | 43.90 | 45.41 46.47 | 47.09 | 47.16
TiO, 1.48 1.45 1.82 2.54 2.18 2.48 1.36 1.11 1.75
ALO, 12.70 | 12.21 | 11.39 10.37 | 10.19 | 10.09 6.31 8.79 8.72
FeO 11.35 | 11.09 | 12.38 14.86 | 14.26 | 14.80 12.68 | 12.82 | 12.22
MnO 0.11 0.09 0.15 0.14 0.16 0.15 0.13 0.10 0.12
MgO 15.02 | 14.94 | 14.43 12.86 | 12.78 | 12.81 14.23 | 14.94 | 1527
CaO 11.44 | 11.50 | 11.45 11.19 | 11.40 | 11.39 12.92 | 11.61 | 11.41
Na,O 2.15 1.92 1.92 1.93 1.80 1.81 1.15 1.34 1.53
K,0 0.33 0.30 0.34 0.31 0.34 0.30 0.24 0.24 0.25
Cr,0, 0.07 0.04 0.00 0.03 0.07 0.01 0.09 0.19 0.13
Total 98.94 | 98.24 | 98.71 98.83 | 97.05 | 99.24 95.57 | 98.23 | 98.55
Structural formula based on 23 O

Si 6.23 6.33 6.36 6.41 6.43 6.50 6.95 6.69 6.67
AlY 1.77 1.67 1.64 1.59 1.57 1.50 1.05 1.31 1.33
AlV! 0.34 0.36 0.27 0.17 0.19 0.21 0.06 0.16 0.12
Ti 0.16 0.15 0.19 0.27 0.24 0.27 0.15 0.12 0.19
Cr 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.01
Fe* 1.02 0.93 0.92 0.83 0.73 0.70 0.15 0.95 0.90
Fe? 0.32 0.39 0.55 0.95 1.02 1.07 1.43 0.58 0.54
Mn 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.01
Mg 3.15 3.15 3.05 2.75 2.79 2.73 3.17 3.16 322
Ca 1.72 1.74 1.74 1.72 1.79 1.75 2.07 1.77 1.73
Na 0.59 0.53 0.53 0.54 0.51 0.50 0.33 0.37 0.42
K 0.06 0.05 0.06 0.06 0.06 0.05 0.05 0.04 0.05
OH* 2.00 | 2.00 | 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Total 17.37 | 17.32 | 17.33 17.32 | 17.36 | 17.31 17.45 | 17.18 | 17.19
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Mg/(Mg-+Fe)

Cas>1.5; (Na+K)<0.5; Car<0.5

1.

o

Tremolite

Actinolite

0.5

Magnesiohornblende

Tschermakite

Ferro-
actinolit:

0.0

Ferro- hornblende tschermakite

Ferro-

@ Ol bearing Hbl-gabbro, around reaction rim|
[ 0l bearing Hbl-gabbro, matrix
B Ol bearing Hbl-gabbro, after Cpx

80 75 7.0
Si (apfu)

6.5 6.0 55

LA-ICP-MS 255 4 (ppm) _pbeker (5 750k sl ol (slas 18 iy 43 53 357 3o el SIS S5 03 357 30 OlaS ool @323 1 ol b =Y s

interstitial amphibole after Cpx amphibole
Element 6 7 8 9 11 15 19 25 35 36 38

Sc 113.67 144.34 133.12 123.65 118.07 126.26 133.32 98.78 105.34 88.8 94.17
Ti 14094.58 | 15591.56 | 14458.87 | 14219.37 | 13816.37 | 14729.13 | 13871.05 12123.41 | 11213.57 | 9851.77 | 11288.28
v 945.46 1113.05 | 1103.17 | 1087.76 | 1010.33 846.81 980.8 849.68 776.13 712.64 856.03
Cr 86.1 156.61 133.78 113.61 141.59 92.56 83.83 137.65 303.8 185.64 145.59
Ni 88.15 80.44 74.76 70.95 75.09 84.52 80.17 87.89 102.29 85.86 109.27
Rb 4.16 1.42 4.71 4.09 12.3 5.44 1.49 9.35 12.1 14.72 8.73
Sr 78.74 70.55 72.39 59.59 73.78 77.24 64.99 78.96 123.91 60.73 56.25
Y 45.69 74.81 67.85 69.61 54.46 53.19 104.43 43.37 40.24 32.23 39.8
Zr 64.95 79.1 83.91 99.52 79.69 81.66 125.62 71.33 70.1 63.96 70.06
Nb 12.55 17.65 16.84 17.13 15.42 14.32 19.03 11.54 9.53 7.65 9.32
Ba 68.78 82.7 101.55 104.72 109.68 91.34 80.56 89.83 112.6 89.72 67.01
La 7.1 7.06 6.61 7.83 7.11 7.04 8.55 6.61 6.31 5.5 6.1
Ce 22,77 23.31 23.48 29.33 23.59 22.07 34.85 21.21 21.19 17.48 21.38
Pr 3.89 4.55 4.77 5.57 3.96 3.89 7.13 3.77 3.45 2.92 3.14
Nd 19.14 25.79 25.24 29.13 21.09 19.47 38.54 18.11 17.08 13.17 16.24
Sm 5.81 9 8.6 10.56 7.4 5.38 13.14 4.59 4.98 4.27 4.18
Eu 1.53 1.51 1.53 1.51 1.77 1.48 2.01 1.57 1.11 1.13 1.38
Gd 6.07 13.01 12.67 12.46 9.02 9.53 19.81 6.46 6.27 5.02 6.02
Tb 1.33 2.21 2.15 2.02 1.67 1.57 3.28 1.2 1.19 0.81 0.96
Dy 8.46 16.32 13.54 14.05 10.65 10.99 21.22 7.56 7.73 5.52 7.15
Ho 1.97 3.33 2.74 3.24 2.19 2.37 4.38 1.81 1.45 1.41 1.59
Er 5.63 9.04 8.68 8.44 7.38 6.76 12.77 5.59 5.09 3.76 4.64
Tm 0.893 1.08 1.103 1.013 1.03 0.801 1.32 0.774 0.701 0.513 0.522
Yb 5.6 5.95 5.86 7.13 5.52 6.42 9.67 4.65 432 3.81 4.77
Lu 0.86 0.91 0.87 1.13 0.99 0.71 1.25 0.85 0.57 0.63 0.81
Hf 1.96 3.12 3.17 4.19 2.75 2.66 6.49 23 2.11 1.8 1.78
Ta 0.72 0.97 0.74 0.79 0.67 0.76 0.94 0.67 0.56 0.45 0.49
Pb 1.5 1.14 1.85 1.67 5.97 1.84 0.8 3.43 437 2.78 3.14
Th 0.148 0.183 0.195 0.179 0.17 0.187 0.15 0.156 0.136 0.128 0.09
U 0.032 0.051 0.08 0.1 0.15 0.06 0.07 0.14 0.26 0.23 0.21
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Abstract

Amphiboles in olivine-bearing hornblende- gabbros from NW of Salmas were crystallized in various textures including oikocryst and interstitial
textures in the matrix, outer part of reaction rims around olivine, and at the rim and cleavages of clinopyroxene. On the basis of petrographical
and textural studies, amphiboles were formed later than the other minerals in the olivine-bearing hornblende- gabbros. The REE and trace
element composition of amphiboles from two different textures including interstitial and matrix amphiboles (group one) and amphiboles after
clinopyroxenes (group two), indicate that the studied amphiboles were formed by either crystallization of interstitial melt/fluid or interaction of
interstitial melt/fluid with early crystalized minerals such as clinopyroxene and plagioclase. Hence, according to the textural and mineralogical data
and trace element composition of amphiboles, olivine-bearing hornblende- gabbros were crystallized at least at two stages. The first stage include
fractional crystallization and formation of olivine, clinopyroxene and plagioclase and the second stage was interaction of the relict melt/fluid with
early crystalized minerals, specially clinopyroxene and plagioclase and formation of amphibole.
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