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Mineralogy, geochemistry and low grade
metamorphism of green tuffs of Karaj formation
in Hesarbon area (south west Firoozkooh)
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Abstract

Green tuffs of middle Eocene age in Hesarbon area, south west of Firoozkuh (East of
Central Alborz) consist of a thick sequence of lithic-, crystal-,vitric-and calcareous-
tuffs. Microscopic and x-ray diffraction studies show plagioclase (albite and oligoclase),
alkali feldspar (sanidine), quartz, cristobalite, biotite and hornblende are the major
minerals in the rocks studied. Secondary minerals such as analcime, chlorite, prehnite
and clay minerals are mainly present in the groundmass of the rocks. Extensive tectonic
activities have created a variety of structural features including numerous folds and
faults and therefore, have caused the green tuffs to be crushed and converted to breccia
tuffs in many parts. Veins and cavities are filled by considerable amounts of zeolitic
minerals including heulandite group, clinoptilolite and natrolite along with calcite and
secondary quartz. Based on geochemical data, they lie on the dacite and rhyodacite field
showing a calc-alkaline nature in the corresponding diagrams. According to the
chondrite and primitive mantle normalized diagrams of trace elements, negative
anomalies of Eu, Nb, Ti, P and depletion of HFSE together with their position in the
petrogenesis discrimination diagrams, it is most likely that these rocks are formed in the
active continental margin of a subduction zone. The existence of analcime and prehnite
in the groundmass demonstrate that these rocks have undergone some degrees of low-
grade metamorphism due to the overburden of the layers in the temperature range 200-
300 'C. The present study shows that zeolite minerals filling the fractures and cavities of
tuffs are precipitated by hydrothermal fluids with a neutral pH to acidic.
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Sample No. BT4 BT8 BT16 BT92 BT5 BT6 BT88 BT95 BT105 BT107
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s S§ S§ 8§ 8§ a¢

1S S S S S S
SiO; 60.44 74.9 68.29 86.52 62.01 65.05 68.03 75.38 64.96 72.09
Al,O4 12.88 7.09 3.6 0.77 12.1 11.17 10.52 6.7 14.92 11.86
Fe,05" 2.93 0.87 1.73 0.27 2.36 1.9 1.06 1.54 1.54 1.54
MnO 0.004 0.002 0.139 0.035 0.012 0.004 0.011 0.042 0.017 0.055
MgO 2.29 0.76 0.83 0.24 2.01 154 0.68 0.81 1.39 1.04
CaO 1.12 0.49 10.81 1.49 19 1.05 1.87 3.79 2.06 0.21
Na,O 3.24 2.35 0.5 0.11 3.14 3.11 2.89 1.36 1.69 4,12
K0 1.53 0.89 1.08 0.1 1.76 1.71 1.56 0.92 6.47 2.4
TiO, 0.333 0.152 0.172 0.018 0.309 0.241 0.183 0.25 0.203 0.243
P,Os 0.08 0.03 0.12 0.01 0.09 0.05 0.04 0.07 0.04 0.03
LOI 13.88 10.18 1241 5.48 13.43 12.84 12.49 9.65 6.49 4,95
Total 98.74 97.71 99.67 95.04 99.13 98.65 99.33 100.5 99.8 98.55
Sc 8 4 5 2 7 6 3 4 4 4
Be 2 2 2 2 1 1 2 1 2 2
\Y% 22 10 51 5 20 12 16 48 12 15
Cr <20 <20 20 <20 <20 <20 <20 <20 <20 <20
Co 10 12 41 62 12 7 8 15 12 8
Ni <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Cu 20 20 20 20 20 20 10 10 10 20
Zn 100 <30 40 <30 80 <30 <30 <30 30 60
Ga 14 7 6 2 13 12 10 7 14 12
Ge 1 <1 1 3 2 1 <1 <1 2 1
As <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Rb 47 18 41 3 56 48 28 25 106 97
Sr 672 2016 772 >10000 823 1134 1115 919 1196 59
Y 38 32 36 11 34 39 21 33 20 32
Zr 252 122 43 11 248 207 127 79 134 209
Nb 11 6 2 <1 11 10 9 4 10 12
Mo 3 <2 <2 <2 <2 <2 <2 <2 <2 <2
Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.7
In <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Sn 3 2 2 1 3 3 1 1 2 3
Sh 0.7 <0.5 1.1 4.9 1 <0.5 <0.5 <0.5 <0.5 <0.5
Cs 3.1 0.7 2.2 <0.5 1.7 1.4 <0.5 1.4 1.4 129
Ba 267 12950 738 4237 49 1147 578 421 471 115
La 31 19.1 13.7 6.3 30.2 28.2 24.9 14.8 27.1 32.9
Ce 64.2 36.8 25.2 9.9 60.7 56.5 42.6 275 47 61.8
Pr 7.35 4.08 3 11 6.94 6.52 4.27 3.23 4.76 6.57
Nd 27 14.7 11.8 35 25.1 24.2 13.8 115 15.2 229
Sm 5.7 3.2 25 0.6 5.7 5.2 24 2.8 2.9 41
Eu 0.99 0.52 0.59 0.11 0.98 0.81 0.43 0.67 0.65 0.55
Gd 6 3.6 3 0.5 5.7 5.3 2.1 3.2 2.8 3.6
Tb 11 0.6 0.5 0.1 1 0.9 04 0.6 0.4 0.6
Dy 6.6 4.3 34 0.7 6 6 25 4.2 25 3.8
Ho 1.3 1 0.7 0.2 1.2 1.3 0.6 0.9 0.5 0.8
Er 4.1 3.1 2.3 0.6 3.7 4.1 1.8 3.2 15 2.7
Tm 0.65 0.48 0.38 0.11 0.6 0.65 0.31 0.54 0.23 0.44
Yb 4.4 34 2.6 0.8 4 4.6 2.3 3.9 1.4 3.2
Lu 0.71 0.52 04 0.13 0.63 0.73 0.36 0.7 0.25 0.52
Hf 6.7 33 04 <0.2 6.6 5.8 35 2 3.8 4.3
Ta 1 0.7 0.6 1.8 1 0.9 1 0.4 1.1 1.2
W 73 203 882 3750 112 46 209 284 365 224
TI <0.1 <0.1 24 <0.1 <0.1 <0.1 0.2 <0.1 <0.1 0.4
Pb 37 22 <5 <5 5 30 <5 21 <5 8
Bi <0.4 <0.4 <0.4 0.4 <0.4 <0.4 <0.4 0.4 <0.4 <0.4
Th 8.5 4.9 2 0.7 79 7.8 11.7 3.8 10.3 15.9
U 24 2.2 1.1 10.1 2.3 2.6 2 1.6 1.2 4.8
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