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Fig. 1. Simplified structural subdivision map of Iran and the location of Reza Abad area which is shown with the star

sign on it (Shahabpour, 1994).
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Fig. 2. Simplified geological map of Reza Abad area
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Fig. 3. Microphotographs of A: A basalt with porphyritic texture in Reza Abad area with different percentages of
plagioclase and pyroxene, and B: A basalt with seriate texture. Plagioclase crystals are in small, medium and large
grains in size. Abbreviations are after Kretz (1983) (Pl: Plagioclase, Px: Pyroxene).
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Fig. 4. A: A 5 cm thick vein of agate, and B: A 10 cm thick vein of agate in basaltic host rocks of Reza Abad area
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Fig. 5. The pictures of Reza Abad agates in different colors. A: Red agate, B: White agate, C: Brown agate, D: Green
agate, E: Yellow agate, F: Yellow agate in accompaniment with gray agate, G: Black agate, and H: Gray agate (For

more explanation see the text)
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Table 1. The geochemical analysis of six samples of Reza Abad agates and three samples of their host rocks. The major
elements are reported in terms of weight percent (wt.%) and the trace elements in ppm.

Agate samples Volcanic host rocks
Major __AR03 __AR07 AR08 ARIl _ARI2Z _ARI7
Oxides (Brown) (White) (Gray) (Black) (Red) (Yellow) K2 AR7 AR9

SiO: 97.1 99.6 99.4 97.9 98.2 99.5 61.5 59.1 57.8
TiO: 0.01 0.01 0.01 0.01 0.01 0.01 0.71 049 0.71
AlLO3 0.13 0.01 0.06 0.05 0.1 0.01 17.3 17.55 17.25
FeOt 0.59 0.02 0.02 0.03 0.05 0.01 415 559 6.74
MnO 0.03 0.01 0.01 0.04 0.01 0.01 0.17 0.12 0.13
MgO 0.03 0.01 0.01 0.01 0.01 0.01 1.74 3.5 4.19
CaO 1.08 0.06 0.05 0.05 0.21 0.07 7.6 7.48  7.98
Na:O 0.06 0.02 0.05 0.01 0.04 0.03 3.65 377 3.84
[ €10) 0.01 0.01 0.01 0.01 0.01 0.01 1.72 1.11 0.99
Cr20s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
P20s 0.01 0.01 0.01 0.01 0.01 0.01 022 026 024
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 1.32 0.3 - - -
Total 99.08 99.79 99.66 98.15 98.68 99.7 98.77 98.98 99.88
Ba 11.3 0.5 2.5 69.7 0.6 15.4 254 365 262
Pb 2 2 6 2 2 2 6 11 13
Rb 1 0.5 0.4 0.4 0.7 0.3 38.8 658 37.7
Sr 6 5.3 3.1 8.4 3 5.4 672 753 720
Zr 2 2 2 2 2 2 86 79 85
Nb 0.3 0.2 0.3 0.3 0.3 0.4 3.3 3.1 3.2
Cr <10 <10 <10 <10 <10 <10 60 60 60
Y 0.5 1.6 1.5 0.5 0.5 2 15.8 13.9 15.8
Cs 0.07 0.01 0.04 0.02 0.01 0.01 0.73 1.49  0.99
Ta 1 0.9 1 1 1.1 1.2 0.4 0.3 0.5
Hf 0.2 0.2 0.2 0.2 0.2 0.2 2.1 1.8 2.2
Ga 0.5 0.4 1.7 1 3.7 2 17.5 15.2 16.9
Sn <1 <1 <1 <1 <1 <1 1 1 1
Th 0.05 0.1 0.05 0.05 0.05 0.05 224 264 219
U 4.48 0.09 0.05 13.85 1.04 0.08 0.96 1.2 0.74
\% 17 5 5 5 5 9 178 121 173
Bi 0.1 0.04 0.08 0.04 0.05 0.05 - - -
La 0.5 1.2 0.6 0.5 0.5 0.5 11.5 11.9 11.4
Ce 0.6 2 0.5 0.5 0.5 0.7 246 248 243
Pr 0.07 0.16 0.06 0.03 0.03 0.09 329 338 3.35
Nd 0.2 0.8 0.2 0.1 0.1 0.3 13.4 12 13
Sm 0.03 0.1 0.05 0.04 0.03 0.06 3.21 2.62 34
Eu 0.03 0.03 0.03 0.03 0.03 0.03 1.07 0.82 1.06
Gd 0.06 0.13 0.06 0.05 0.05 0.1 336 2.84 3.63
Tb 0.01 0.01 0.02 0.01 0.01 0.01 049 042 0.5
Dy 0.07 0.12 0.07 0.05 0.05 0.17 2.64 2.4 2.66
Ho 0.01 0.03 0.02 0.01 0.01 0.02 056 052 0.66
Er 0.06 0.08 0.07 0.03 0.05 0.11 1.62 1.48 1.72
Tm 0.01 0.02 0.02 0.01 0.01 0.01 022 023 0.25
Yb 0.04 0.03 0.03 0.03 0.07 0.03 1.55 1.51 1.7

Lu <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 025 0.24 O..27
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Fig. 6. Variation diagrams of major element oxides versus SiO, (Harker, 1909) of six samples of agates in the Reza
Abad area
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Table 2. The 5'%0 values for six colors of the Reza Abad agates normalized to SMOW.

Sample Color (8'%0) 9o
AR3 Black agate 26.4
AR4 Green agate 26.6
AR7 White agate 24.1
ARS8 Gray agate 23.8
ARI12 Red agate 24.4
AR17 Yellow agate 25.8
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Table 3. The Calculated formation temperatures (°C) of Reza Abad agates based on the different fluids 3'%0 and the

study area (Clayton et al., 1972)

(5"0)uid Green Black

Yellow Red White Gray

agates agates agates agates agates agates
-10 %o 20.6 21.4 23.6 29 30.2 314
-6.3" %o 35.7 36.5 39.1 45.5 46.9 48.3
-6 %o 37.0 37.8 40.5 47 48.3 49.8
-5 %o 41.5 42.4 45.2 51.9 533 54.9
-4 %o 46.3 47.2 50.1 57.1 58.7 60.3
-3 %o 51.2 52.2 55.2 62.5 64.2 65.9
-2 %o 56.4 57.4 60.6 68.3 70 71.8
-0.44 64.9 74.8 78.5 87.6 89.7 81.7

+6 %o 108.79 110.5 115.5 127.9 130.8 133.59

+8 %o 126.33 128.3 134 148.3 151.6 160.66
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isotope data from the literature (after Gotze et al., 2016).
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Introduction

The majority of recent works accept that agates
are formed at temperatures <100°C (Moxon and
Reed, 2006) and consist of a variety of silica
minerals. The Reza Abad agates are located 150
km from SE Shahrood in the northern parts of
Central Iran structural zone with geographic
coordinates of 56° 25’ 22.52" to 56° 47' 2.50"E
longitudes and 35° 55’ 32.68" to 36° 07" 5.54"N
latitudes. The area is a part of the magmatic belt
of northern Central Iran, containing a main period
of magmatic activities from Eocene to late
Miocene in a subduction related volcanic arc
setting (Ghasemi and Rezaei-Kahkhaei, 2015).
Analyses of the distribution of trace elements and
stable isotopes should provide important
information concerning the geochemistry of agate
and genetic aspects of agate formation. Therefore,
in this study, we tried to study the geochemical
characteristics of Reza Abad agates, the origin and
formation temperature based on the oxygen stable
isotope data.

Materials and methods

In this research more than 300 samples of agates
were collected and six samples of them and three
samples of their host rocks were selected for
analysis by ICP-AES and ICP-MS methods. The
samples were powdered and sent to ALS Chemex
Company in Loughrea, Ireland. The oxygen stable
isotope studies have been conducted on six
samples in black, green, white, gray, red, and
yellow agates. Oxygen isotope analyses were

carried out on powdered agate using the
conventional fluorination method at the Stable
Isotope Laboratory in the Department of
Geological Sciences, the University of Cape
Town, South Africa.

Discussion

Geochemistry of the agates

The studied agates have 97.1 to 99.6 wt.% SiO;
with minor amounts of ALO; (0.01-0.13 wt.%),
Fe;Os3 (0.01-0.59 wt.%), NaxO (0.01-0.06 wt.%),
and CaO (0.05-1.08 wt.%). The amount of
aluminum is reduced by increasing the percentage
of silica in most agates (except black agates) as
illustrated in Figure 6. The amount of sodium
oxide in brown, red, yellow and white agates is
also reduced by increasing the silica content.

The trace clement analyses of Reza Abad agates
and associated volcanic parent were carried out to
obtain more information about the geochemistry
of agates and their mineral-forming fluids. For
this purpose, trace elements and rare earth element
values are normalized to chondrite values. The
general REE trend is characterized by a negative
slope from La to Nd with enriched light REE
contents (e.g., La, Ce). Most of the agate samples
show a positive Eu anomaly except for white
agates (Figure 7).

The Reza Abad agates host rocks show an LREE-
enriched pattern on the chondrite normalized REE
diagram. The similarities in the shape and slope of
the rare earth element patterns of the agates and
the host volcanic rocks show that the elements
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forming the agates may have originated from
fluids circulating in the host volcanic rock.

Oxygen isotopes

The 80 values of the investigated agates range
between 23.8 and 26.6 %o with a higher value of
green agates and a lower value of gray ones. A
direct analysis of fluid isotopic composition was
not possible and, therefore, temperatures of
isotope fractionation (agate formation) were
calculated assuming different fluid compositions.
Temperatures are calculated from the equation
1000*Inalpha = 3.38 (10°T) -2.90 (Clayton et al.,
1972). The formation temperature of the study
agates ranges between 35.7 C to 48.3C.

The 80O data of the study agates are similar to
published data of different agate occurrences
worldwide, both from basic and acidic volcanic
host rocks (Figure 9). Fallick et al. (1985) studied
the oxygen- and hydrogen- isotope composition of
agates from Scotland and concluded that the
agates had formed at temperatures as low as 50°C,
with no initial precipitation from supercritical
fluids. The present work supports conclusion of
Fallick et al., (1985) in that low temperatures of
depositions are implied.

Acknowledgements

Thanks to the Shahrood University of Technology
for supporting this project under grants provided
by the research council. The O-isotope analyses
were done by Sherissa Roopnarain and funded by
NRF (South Africa) incentive grants to CH.

References

Clayton, R.N., O’Neil, J.R. and Mayeda, T.K.,
1972. Oxygen isotope exchange between
quartz and water. Journal of Geophysical
Research, 77(17): 3057-3067.

Fallick, A.E., Jocelyn, J., Donelly, T., Guy, M.
and Behan, C., 1985. Origin of agates in
volcanic rocks from Scotland. Nature, 313
(6004): 672-674.

Ghasemi, H. and Rezaei-Kahkhaei, M., 2015.
Petrochemistry and Tectonic Setting of the
Davarzan-Abbasabad Eocene Volcanic
(DAEV) rocks, NE Iran. Mineralogy and
Petrology, 109(2): 235-252.

Moxon, T. and Reed, S.J.B., 2006. Agate and
Chalcedony from Igneous and Sedimentary
Hosts Aged from 13 to 3480 Ma: A
Cathodoluminescence  Study. Mineralogical
Magazine, 70(5): 485—498.



	8- 70421- Rezaei-Kahkhaei- F   WB
	8- 70421- Rezaei-Kahkhaei- E

