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Major AR03 ARO07 AR08 AR11 AR12 AR17
Oxides (%) (Brown) (White) (Gray) (Black) (Red) (Yellow)
SIO; 97.1 99.6 99.4 97.9 98.2 99.5
TiO; 0.01 0.01 0.01 0.01 0.01 0.01
Al,0O3 0.13 0.01 0.06 0.05 0.1 0.01
Fe,03 0.59 0.02 0.02 0.03 0.05 0.01
MnO 0.03 0.01 0.01 0.04 0.01 0.01
MgO 0.03 0.01 0.01 0.01 0.01 0.01
CaO 1.08 0.06 0.05 0.05 0.21 0.07
Na,0 0.06 0.02 0.05 0.01 0.04 0.03
K20 0.01 0.01 0.01 0.01 0.01 0.01
Cr03 0.01 0.01 0.01 0.01 0.01 0.01
P20s 0.01 0.01 0.01 0.01 0.01 0.01
SrO 0.01 0.01 0.01 0.01 0.01 0.01
BaO 0.01 0.01 0.01 0.01 0.01 0.01
LOI 0.92 0.21 0.34 1.85 132 0.3
Total 99.08 99.79 99.66 98.15 98.68 99.7
Ba (ppm) 11.3 0.5 25 69.7 0.6 15.4
Pb 2 2 6 2 2 2
Rb 1 0.5 0.4 0.4 0.7 0.3
Sr 6 5.3 3.1 8.4 3 5.4
Zr 2 2 2 2 2 2
Nb 0.3 0.2 0.3 0.3 0.3 0.4
Cr <10 <10 <10 <10 <10 <10
Y 0.5 16 15 0.5 05 2
Cs 0.07 0.01 0.04 0.02 0.01 0.01
Ta 1 0.9 1 1 11 12
Hf 0.2 0.2 0.2 0.2 0.2 0.2
Ga 0.5 04 17 1 37 2
Sn <1 <1 <1 <1 <1 <1
Th 0.05 0.1 0.05 0.05 0.05 0.05
U 4.48 0.09 0.05 13.85 1.04 0.08
V 17 5 5 5 5 9
Bi 0.1 0.04 0.08 0.04 0.05 0.05
La 0.5 12 0.6 0.5 0.5 0.5
Ce 0.6 2 0.5 0.5 0.5 0.7
Pr 0.07 0.16 0.06 0.03 0.03 0.09
Nd 0.2 0.8 0.2 0.1 0.1 0.3
Sm 0.03 0.1 0.05 0.04 0.03 0.06
Eu 0.03 0.03 0.03 0.03 0.03 0.03
Gd 0.06 0.13 0.06 0.05 0.05 0.1
Th 0.01 0.01 0.02 0.01 0.01 0.01
Dy 0.07 0.12 0.07 0.05 0.05 0.17
Ho 0.01 0.03 0.02 0.01 0.01 0.02
Er 0.06 0.08 0.07 0.03 0.05 0.11
Tm 0.01 0.02 0.02 0.01 0.01 0.01
Yb 0.04 0.03 0.03 0.03 0.07 0.03
Lu <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
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SampleNo AR2 AR7 AR9
SiO; 615 591 578
TiO; 071 049 071

Al203 173 1755 17.25
Fe, 05 415 559  6.74
MnO 017 012 013
MgO 174 35 4.19

CaO 7.6 748 798
Na,O 365 377 384
K,0 172 111 099
Cr,03 001 001 001
P,05 022 026 024
Total 98.77 98.98 99.88
V 178 121 173
Cr 60 60 60
Ga 175 152 16.9
Sn 1 1 1
W 569 457 717
Ba 254 365 262
Sr 672 753 720
Rb 388 658 377
Nb 33 31 3.2
Y 158 139 158
Zr 86 79 85
Cs 073 149 099
Hf 2.1 1.8 2.2
Ta 04 0.3 0.5
Th 224 264 219
] 0.96 1.2 0.74
La 115 119 114
Ce 246 248 243
Pr 329 338 335
Nd 134 12 13
Sm 321 262 34
Eu 1.07 0.82 1.06
Gd 336 284 363
Th 049 042 0.5
Dy 2.64 24 2.66
Ho 056 052 0.66
Er 162 148 172
Tm 022 023 025
Yb 155 151 1.7
Lu 025 024 027
Pb 6 11 13
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Abstract

The Reza Abad agates, which are parts of magmatic belt of north Central Iran, are
located in 150 km SE of Shahrood in Eocene volcanic host rocks and in NW of Reza
Abad village. The host rocks of these agates mainly comprise of basalt, basaltic andesite
and pyroclastic rocks. The Reza Abad agates have different colors such as red, brown,
yellow, green, gray, white and black and are often observed as veins which are vary in
thicknesses from 3 mm to 30 cm. Although the agates of the area have their own beauty
and charm, most of them are white and colorless which are not popular with people. In
this research, it has been attempted to color these agates into popular colors, in order to
increase their economic value. The chemical solutions was used here to enhance the
agates in Reza Abad area, including: (1) The sugar-water solution and sulfuric acid
changed the color of the white agates to the black and a solution of cobalt chloride
hexahydrate was used to color the samples to pink and lavender. (2) The nickel nitrate
hexahydrate solution changed the color of the white agates to green and (3) the
potassium chromate solution changed its color to yellow. (4) Finally, potassium
ferricyanide and ferrous sulfate solution was used to change the agate colors of the
region in blue. According to geochemical studies, the general trend of rare earth element
pattern of these agates has a negative slope from La to Nd, which is enriched from light
rare earth elements (LREE) such as La and Ce, and is almost flat from Nd to Yb.
Vanadium, barium and strontium are most abundant in brown and black agates. In
addition, the uranium abundance is particularly high in black agates, which can be due
to the high concentration of this element in the fluid forming agate. The similarities in
the shape and slope of the rare earth elements patterns of the agates and the host
volcanic rocks give the result that the elements forming the agates may have originated
from fluids circulating in the host volcanic rock. Based on the results of the oxygen
stable isotope analysis, the 520 values of the studied agates are in the range of 23.8 to
26.6 %o. The formation temperature of the nvestigated agates with a value of -6.3 dw
range from 35.7 °C to 48.3 °C, which is the lowest temperature of green agate (with the
highest value of §'%0) and the highest temperature is related to gray agates (with the
lowest value of 580 ), respectively. The comparison of §*80 data of Reza Abad agates
with data from agates found in acidic and basaltic host rocks from all over the world
refers to the low temperature of agate deposition in the region.

Keywords: Agate, color, geochemistry, oxygen stable isotope, basalt, Shahrood.
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