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Sample V1 V2

Mineral Type * Prh Prh Prh Prh Prh Prh Prh Prh Prh Prh Prh Prh Prh
SiO, 44486  43.857  44.168 44552 44438  43.790  44.199| 43.408 43.714  43.245 43470 43423  43.528
TiO, 0.016 0.002 0.005 0.011 0.000 0.000 0.017 0.020 0.035 0.000 0.002 0.022 0.005
Al,O4 23.524 23890 23397 23724  23.634 23353 22916 20331 22.018 20.627.  21.225 21.805 20919
Cr,04 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.018 0.056 0.000
FeO" 0.942 0.646 1.272 0.880 0.725 1.135 1.741 5.162 3.221 4.880 3.765 3.143 4.176
MnO 0.029 0.027 0.013 0.013 0.023 0.012 0.039 0.037 0.092 0.009 0.048 0.048 0.025
MgO 0.006 0.000 0.007 0.000 0.000 0.000 0.009 0.013 0.007 0.000 0.000 0.000 0.000
CaO 26.673 26.999 26.722 27.282  26.941 27.165 26.837| 26.829  26.483 26314 26.662 26.970  26.428
Na,O 0.026 0.000 0.045 0.034 0.067 0.040 0.039 0.016 0.047 0.019 0.020 0.047 0.009
K,0O 0.000 0.022 0.018 0.006 0.017 0.004 0.012 0.016 0.016 0.003 0.021 0.008 0.014
NiO 0.000 0.004 0.000 0.000 0.004 0.000 0.000 0.000 0.003 0.017 0.004 0.000 0.000
Total 95.702  95.447 95.647  96.502  95.849 95499  95.809| 95.833 95.636  95.114  95.235 95.522  95.104
Si 3.058 3.025 3.046 3.042 3.051 3.030 3.053 3.062 3.050 3.064 3.060 3.040 3.071
Ti 0.001 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.002 0.000 0.000 0.001 0.000
Al 1.906 1.943 1.902 1.910 1.913 1.905 1.866 1.691 1.811 1.723 1.761 1.800 1.740
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000
Fe?* 0.054 0.037 0.073 0.050 0.042 0.066 0:101 0.305 0.188 0.289 0.222 0.184 0.246
Fe3* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.002 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.005 0.001 0.003 0.003 0.001
Mg 0.001 0.000 0.001 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000
Ca 1.965 1.995 1.975 1.996 1.982 2.014 1.986 2.028 1.980 1.997 2.011 2.023 1.998
Na 0.003 0.000 0.006 0.005 0.009 0.005 0.005 0.002 0.006 0.003 0.003 0.006 0.001
K 0.000 0.002 0.002 0.001 0.001 0.000 0.001 0.001 0.001 0.000 0.002 0.001 0.001
Total 6.990 7.006 7.006 7.005 6.998 7.021 7.016 7.093 7.046 7.076 7.062 7.061 7.060
Sample V3 V4 VB CR2
Mineral Type * Zeo Zeo Zeo Zeo Zeo Prh Prh Ferro-act Ferro-act Prh Ferro-act Chl
SiO, 47373  47.620 44.136 47910 48.939| 44218 43974 54.158 52710  43.032 53.206 28.143
TiO, 0.000 0.000 0.000. 0.017 0.000 0.010 0.017 0.046 0.058 0.022 0.022 0.183
Al,O4 24822 25491 25491 25.081 25.161 22.693  22.509 2.320 0.434  20.084 0.726| 12.888
Cr,04 0.000 0.000 0.000 0.000 0.020 0.000 0.000 0.000 0.038 0.000 0.000 0.002
FeO" 0.006 0.002 0.313 0.006 0.018 2.060 1.955 16.431 21.546 4.803 19.731 32.698
MnO 0.000 0.005 0.156 0.010 0.015 0.024 0.006 2.868 1.523 0.004 2.082 0.584
MgO 0.000 0.004 0.019 0.013 0.000 0.008 0.000 1.512 0.598 0.000 1.245 16.079
CaO 10.845  11.327 26.779  10.684 9.954 26.502  26.659 20.168 19.945  25.937 19.762 0.566
Na,O 3.126 2.490 0.068 2.725 3.945 0.012 0.000 0.016 0.012 0.037 0.101 0.482
K,0 0.021 0.010 0.013 0.008 0.013 0.024 0.009 0.000 0.018 0.025 0.008 0.163
NiO 0.000 0.000 0.000 0.000 0.005 0.000 0.009 0.000 0.005 0.000 0.000 0.008
Total 86.193 ~ 86.949 = 95.115  86.454  88.070| 95.551 95.138 97.519 96.887  93.944 96.883| 91.796
Si 9.541 9.559 3.049 9.658 9.591 3.064 3.062 8.376 8.333 3.084 8.350 5.819
Ti 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.005 0.007 0.001 0.003 0.028
Al 5.892 6.031 1.924 5.959 5.811 1.854 1.848 0.423 0.081 1.697 0.134 3214
Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe?* 0.001 0.001 0.018 0.001 0.003 0.119 0.114 2.125 2.848 0.288 2.590 6.173
Fe3* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.001 0.009 0.002 0.002 0.001 0.000 0.376 0.204 0.000 0.277 0.102
Mg 0.000 0.001 0.002 0.004 0.000 0.001 0.000 0.349 0.141 0.000 0.291 4.956
Ca 2.340 2.436 1.982 2.307 2.090 1.968 1.989 3.342 3.378 1.992 3.323 0.125
Na 1.221 0.969 0.009 1.065 1.499 0.002 0.000 0.005 0.004 0.005 0.031 0.387
K 0.005 0.003 0.001 0.002 0.003 0.002 0.001 0.000 0.004 0.002 0.002 0.086
Total 19.000 19.001 6.994  19.001 18.999 7.011 7.014 15.001 15.000 7.070 15.001] 20.891

* Prh = prehnite; Zeo = Zeolite; Ferro-act = ferro-actinolite; Chl = chlorite
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An outline of very low-grade metabasites of Kamal Abad
(west of Naein, Isfahan province)

Mojgan Javanmardi and Iraj Noorbehesht *

Department of Geology, Faculty of Science, University of Isfahan, Isfahan, Iran

Abstract

Very low-grade metamorphism (hydrothermal metamorphism)-in Kamal Abad (west of
Naein) affects Eocene basalts, and led to the formation of: prehnite, malachite, azurite,
zeolite (mesolite, scolecite and laumontite), quartz and calcitein cavities and fractures.
Chlorite (brunsvigite), amphibole (ferro-actinolite) and saussurite appear as secondary
phases in primary rock. Two series prehnite occurs in the study area: The first has high
relief and interference color and the second has low relief and interference color. This
may be due to difference in Fe** content in their crystallization structure. Using mineral
chemistry as well as the abundance of hydrothermal minerals (prehnite, zeolite, quartz,
calcite, malachite, azurite and laumontite), the nature of fluid should be enriched in Ca,
Si, Al and OH and poor in Fe, Na, K, Mn and Cu. The very low-grade metamorphic
minerals formed in neutral to slightly alkaline pH, low CO,, temperature of 150-350°C
and less than 3 kbars pressure. The studies show prehnite-pumpellyite facies, zeolite
facies and laumontite subfacies formed in the area. Moreover, the rate of alteration
owing to the small volume of magmatic and hydrothermal solution is not high in the
study area.

Key words: Hydrothermal metamorphism, Kamal Abad, Very low-grade metabasites,
Naein
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