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1- Introduction

Maku-Poldasht region is a part of the Alps-Himalaya belt (Stampfli and Borel, 2002) with several Oligo-
Miocene to Quaternary volcanoes are erupting in it from east of Turkey to the west of Iran. On this occasion,
due to the existence of olivine phenocrystals and numerous bubbles in the basalts, care has been taken on
their size distribution, too. Crystal size distribution (CSD) as a quantitative method at the rocks petro-fabric,
studies measurement of grain size and shape (Higgins, 2006). The applied method (CSD) in the inspect of
rocks in Iran is not very old (especially on olivine crystal), but some rare cases could be mentioned about
metamorphic rocks (eg.; Modjarrad, 2020: Modjarrad, 2022a) or on the volcanic rocks (eg. Modjarrad,
2022b; Modjarrad, 2019).

2- Material and methods

We select 10 various samples of Maku-Poldasht rocks for XRF and ICP-MS analyses to access major oxide
and trace elements in Ireland ALS Mineral laboratory. With the aim of CSD studies on the rocks 3 samples
with abundant olivine crystals and for BSD 4 full of bubbles samples are nominated. After a full scan of
thin section preparation with microvisioner technique, olivine crystal and bubbles sketches are extracted
and image processing and measurements are operated on them. Then CSD and BSD curves are illustrated
from gathered data.

3- Results and discussions

The Maku-Poldasht samples consist of plagioclase, olivine and clinopyroxene phenocrytals in hyaline
matrix. On the basis of several geochemical diagrams, studied samples are basalt to andesi-basalt, calc-
alkaline with differentiated REE pattern. The spidergram of the rocks show magma contamination with
crustal materials. In terms of tectonic setting the basalts is belong to a within plate setting and are generated
from garnet free lithospheric mantle and while crossing the thickened crust has interaction with crust.
Despite of the -ANb amounts of the Maku-Poldasht basalts, the rocks have within plate affinity and are
comparable with Colombia River flood basalts and are originated from Turkey Ararat volcano. The CSD
studies on the basalts olivine crystals display that the intercept value of curves (J/G) are 4-5 and, the slope
of the regression line (-1/Gt) is about -3.5 to -5. The BSD on vesicles indicate that nucleation and growth
rates were equal at the studied basalts or growth was more rapid than nucleation in some cases. It means
that degassing from lava had high speed. Also greater bubbles are in low number, but little vesicles have
large population densities.

4- Conclusion
The Maku-Poldasht studied samples are calc-alkaline basalt with negative REE pattern slope. They formed
at the within plate tectonic setting, have mantle lithospheric source and effected in crustal contamination
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processes. Olivine CSD patterns show the 4-5 times nucleation ratios to growth rates and considering the
standard growth velocity, durability of 60-90 years in magma chamber due to crystals enlargement. But
about bubbles BSD curves extracted data show that the nucleation and growth had equal speeds or growth
was quicker than it. It explained that degassing was rapid from lava. It means that degassing from lava had
high speed. Also greater bubbles because of Ostwald ripening are in low number, but little vesicles have
large population densities. It seems that after Neo-Tethys closure and enrichment of mantle wedge by the
subducted oceanic slab, metasomatically, and uplifting of NW Iran crust, the tensional regime and faulting
caused to pressure loss and arising the magma to the earth surface at wide spread.
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locality of the studied area and neighboring important volcanos relative to the Neo-Tethys suture.
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Table 1. Whole rock analysis results of the Maku-Poldasht basalts. The major oxide elements with XRF and trace elements

with ICP-MS method are measured.
Mal0 Mal2 Ma22 Ma24 Ma32 Mad7 Mab3 Mab4 Mad48 Mad9

SiO; 51.3 50.7 51.5 52.2 50.7 52.5 494 51.7 50.7 51.5
Al,03 16.1 15.95 16.25 16.5 15.9 175 17.05 14.75 15.9 16.25
Fe,03 9.57 9.37 9.44 9.55 9.37 9.15 10.1 10.75 9.37 9.44
CaO 9.06 8.79 8.9 8.72 9.01 8.18 8.78 8.51 9.01 8.9
MgO 7.35 6.72 7.33 6.87 6.98 5.19 7.32 5.81 6.98 7.33
Na,O 3.66 3.7 3.67 3.88 3.64 4.19 4.04 3.87 3.64 3.67
K0 0.92 0.88 0.89 0.83 0.84 0.53 0.98 1.28 0.84 0.89
Cr,0; 0.03 0.02 0.03 0.02 0.03 0.01 0.03 0.02 0.03 0.03
TiO, 1.47 1.56 1.48 1.58 151 17 1.68 2.03 151 1.48
MnO 0.15 0.15 0.15 0.15 0.15 0.14 0.16 0.17 0.15 0.15
P,0s 0.45 0.4 0.41 0.4 0.41 0.29 0.41 0.61 0.41 0.41
SrO 0.07 0.06 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.06
BaO 0.03 0.02 0.03 0.02 0.02 0.01 0.03 0.04 0.02 0.03
LOI 0.78 0.67 0.13 -0.08 0.61 -0.01 0.15 0.76 0.61 0.13
Total 100.94  98.99 100.27  100.7 99.23 99.43 100.19 100.36  99.23 100.27
La 24.9 20.2 211 18.3 19.5 11.8 20 356 19.5 211
Ce 49.8 40.8 43.7 37.7 40.1 25.6 41.8 70.1 40.1 43.7
Pr 6.16 5.32 5.25 51 5.11 3.7 5.3 8.7 5.11 5.25
Nd 27.1 23.2 23.2 223 224 17.8 234 37.2 224 23.2
Sm 5.18 4.86 5.14 5.06 4.98 4.67 4.95 7.29 4,98 5.14
Eu 157 1.59 1.6 1.76 1.52 1.65 1.64 2.26 152 16
Gd 541 5.15 51 5.55 5.14 53 5.39 7.6 5.14 5.1
Tb 0.78 0.82 0.8 0.81 0.72 0.81 0.88 1.22 0.72 0.8
Dy 4.66 4.92 4.7 4.61 5.02 5.29 477 6.49 5.02 47
Ho 1.01 0.91 0.93 0.98 0.96 0.96 1 13 0.96 0.93
Er 2.73 2.72 2.77 2.88 2.62 2.64 2.81 3.85 2.62 2.77
Tm 0.34 0.38 0.33 0.38 0.4 0.41 0.39 05 0.4 0.33
Yb 2.6 2.64 2.2 2.45 2.46 2.65 2.52 3.27 2.46 2.2
Lu 0.33 0.34 0.34 0.36 0.37 0.39 0.38 0.49 0.37 0.34
Ba 304 237 260 213 228 130.5 243 397 228 260
Cr 230 190 190 180 190 40 180 130 190 190
Cs 0.25 0.28 0.21 0.23 0.2 0.19 0.16 0.24 0.2 0.21
Ga 18.3 16.5 16.2 16.3 17 175 16.7 177 17 16.2
Hf 3.6 3.6 3.7 35 35 42 37 438 35 3.7
Rb 14.8 135 11.6 10.1 10.2 74 124 171 10.2 116
Sr 700 569 575 557 534 448 535 605 534 575
Ta 0.5 0.6 05 05 0.6 0.3 05 0.8 0.6 05
Th 2.14 1.83 2 1.79 1.74 1.58 1.87 2.99 1.74 2
U 0.71 0.59 0.52 0.45 0.53 0.55 0.42 0.83 0.53 0.52
\% 185 184 174 169 179 160 185 248 179 174
Y 244 25.1 23 24.3 24.2 23.9 25.6 33.2 24.2 23
Zr 156 160 146 160 153 166 160 219 153 146
Co 42 41 40 36 41 35 40 40 41 40
Cu 51 49 48 44 47 37 49 67 47 48
Li 10 10 10 10 10 10 10 10 10 10
Ni 126 109 122 112 117 56 110 81 117 122
Nb 111 10.6 10.3 10.0 10.2 5.2 10.3 15.8 10.2 10.3
Sc 21 21 20 20 21 18 21 26 21 20
Zn 81 81 82 80 83 81 86 104 83 82
Rb/Sr 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.01 0.02
Rb/Ba 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.04 0.04 0.04
La/Sm,  3.02 2.61 2.58 2.27 2.46 1.59 254314  3.07 2.46 2.58
Smy/Yb, 213 1.97 2.50 221 2.17 1.89 2.10 2.39 2.17 2.50
Eu/Eu* 141 1.32 1.03 1.02 1.13 0.84 1.20 1.28 1.13 1.03
Ce/Ce* 151 1.49 2.43 2.15 191 2.25 1.74 1.86 191 2.43
Th/Yb 0.823 0.69 0.9 0.73 0.7 0.6 0.74 0.91 0.7 0.9
Nb/Y 0.45 0.42 0.45 041 0.42 0.21 0.4 0.47 0.42 0.45
ZrlY 6.4 6.3 6.35 6.6 6.3 6.9 6.25 6.7 6.3 6.35
ANb -0.13 -0.17 -0.13 -0.21 -0.16 -0.53 -0.17 -0.16 -0.16 -0.13

e  ANb=1.74+Log(Nb/Y)-1.92Log(Zr/Y) after Fitton et al.

(1997)
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Table 2. The results of olivine crystals distribution at the determined size intervals for the Maku-Poldasht basalts which

are the basis of the CSD curves illustration.

Crystal size intervals (mm)

Sample No. 0.251 0.398 0.631 1.000 1.58 2.51
Ma 12 0 14 54 42 27 4
Ma 20 75 94 59 33 7 2
Ma 54 0 26 56 33 9 2

CSD 53bly bas a4y bgyye Toe 51 (650 5 e Slelllol 5 sl sl sy comlis 3 (S 5 ol g (3315 5| Jolo ol =¥ Jyur
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Table 3. The results of image processing including roundness and area of olivine crystals are presented. Some other data

about the slope and intercept of the regression best fit line of CSD curve are added. The calculated time length of crystals
growth or residence time at the magma chamber, are measured at the last column.

Sample | Total area | Average Slope of Intercept of Ol crystal growth time

No. of crystal | roundness | regression | regression duration or residence time
(mm?)on | of crystal | (-1/Gt) of | (mm #)=J/G | (per year) at the chamber
the thin CsD (on the basis of estimated
section curve growth rate 10 " (cm/s))

Ma1l2 | 39.5 0.4 -3.35 4.08 94

Ma 20 | 26.72 0.5 -5.16 5.84 61

Mab54 | 21.5 0.5 -4.36 5.34 73
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Fig. 16. Binary diagrams for the area of each bubble (volume) at the vesicle diameter intervals. The graphs indicate that
with increasing bubble volume at high diameter interval and low bubble accumulation in low bubble parts.
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