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Fig. 1. Geological map of Ratouk area on the basis of 1:100000 geological map of Gazik (Guillou et al., 1981);
modified. Square symbol shows the location of study area on the simple map of Iran.
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Fig. 2. Textural-mineralogical characteristics of Ratouk area andesites, A: Clinopyroxene assemblage and
glomeroporphyric texture, B: Existence of euhedral Clinopyroxene with Carlsbad twinning, C: Amphibole with burned
rim, and D: carbonate vein. A,B,D in crossed polarized light (XPL) and C in plane polarized light (PPL). Mineral

abbreviations from Whitney and Evans (2010).
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Fig. 3. Petrographic characteristics of Ratouk area basalts, A: Zoning in clinopyroxene phenocryst, B: Spongy texture in
clinopyroxene, C: Hourglass twinning in titan-augite, D: Iddinsitization of olivine crystals, E: Chloritization of olivine
in olivine basalt, and F: Skeletal texture in olivine phenocryst. A,B,C and F in crossed polarized light and C, E in plane

polarized light. Mineral abbreviations from Whitney and Evans (2010)
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Table 1. Representative electron-microprobe analyses of olivine in olivine basalts of Ratouk area

Oxides/Min. OI31 OI32 OI33 OI36 OlI37 0I38
SiO; 40.25 3990 4034 39.66 39.81 40.55
TiO, 0.02 0.02 0.01 0.02 0.04 0.02
Al,O3 0.03 0.02 0.02 0.03 0.01 0.02
Cr,0; 0.01 0.03 0.03 0.02 0.03 0.03
FeOT 17.09 17.61 1631 17.84 17.96 17.29
MnO 0.23 0.20 021 023 020 0.24
MgO 4195 42.03 4290 42.03 41.85 41.62
CaO 0.16 0.14 0.15 0.17 0.18 0.14
Na,O 0.00 0.00 0.00 0.00 0.02 0.02
K,O 0.00 0.01 0.01 0.00 0.00 0.00
Total 99.74 9996 9998 100 1001 9993
Number of cations on the basis of 4 Oxygens

Si 1.028 1.017 1.023 1.011 1.015 1.036
Ti 0.000 0.000 0.000 0.000 0.001 0.000
Al 0.001 0.001 0.001 0.001 0.000 0.001
Cr 0.000 0.001 0.001 0.000 0.001 0.001
Fe® 0.000 0.000 0.000 0.000 0.000 0.000
Fe®* 0.365 0375 0346 0.380 0.383 0.369
Mn 0.005 0.004 0.005 0.005 0.004 0.005
Mg 1.597 1597 1.621 1.597 1.591 1.585
Ca 0.004 0.004 0.004 0.005 0.005 0.004
Sum 3.000 2.999 3.001 2.999 3.000 3.001
Fo 81.01 80.64 82.06 80.38 80.22 80.73
Fa 1851 1895 17.50 19.14 1931 18.81
Mg# 81 81 82 81 81 81

Fet# 19 19 18 19 19 19

Mg#= 100xMg/(Mg+Fe)
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Table 2. Representative electron-microprobe analyses of clinopyroxene in olivine basalts of Ratouk area

Oxides/Min. Cpx21 Cpx22 Cpx23 Cpx24 Cpx25 Cpx26
SiO, 4880 4933  52.05 47.69 4855 4837
TiO, 2.05 1.77 1.12 240 194  2.00
AlL,O; 466 437 276 539 509 483
Cr,0; 039 040 022 036 034 035
FeOT 722 6.65 5.45 820 697 741
MnO 0.13 013 014 012 010 0.2
MgO 1370  14.06 1567 1321 1397 13.73
CaO 22.16 2258 2235 2235 2246 2239
Na,O 052 034 034 012 048 053
K,O 0.00  0.00  0.01 0.00  0.00  0.00
Total 99.66  99.65 100.13 99.89 9991  99.73

Number of cations on the basis of 6 Oxygens
Si 1.816 1.834 1911 1.783 1.798  1.798
Ti 0.057 0.049 0.031 0.068 0.054 0.056
Al 0204 0.191 0.119 0238 0222 0212
Al'Y 0.184 0.166 0.089 0217 0202 0.202
AlV! 0.020 0.025 0.030 0.021  0.020 0.010
Cr 0.011 0.012 0.006 0.011 0.010 0.010
Fe® 0.074  0.055 0.016 0.059 0.098 0.109
Fe®* 0.151  0.152  0.151 0.198 0.117  0.121
Mn 0.004 0.004 0.004 0.004 0.003 0.004
Mg 0.760  0.779  0.857 0.736  0.771  0.761
Ca 0.884 0.899 0.879 0.896 0.891  0.892
Na 0.038  0.025 0.024 0.009 0.034 0.038
K 0.000  0.000 0.000 0.000 0.000 0.000
Mg/(Mg+Fe™) 0835 0837 0850 0788 0868 0.863
Fe®*/(Fe™®h 0.671 0.734 0.905 0.771 0.544  0.526
Al/(Al+Fe**+Cr)  0.705 0.741  0.842 0.774 0.672  0.639
En 0424 0426 0454 0402 0433 0429
Fs 0.084 0.083 0.080 0.108 0.066 0.068
Wo 0492 0491 0466 0489 0.501  0.503
Jd 0.026 0.018 0.020 0.007 0.023 0.024
Ac 0.011  0.006 0.004 0.002 0.011 0.014
Aug 0962 0975 0976 0.991 0.966 0.962
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Table 2 (Continued). Representative electron-microprobe analyses of clinopyroxene in olivine basalts of Ratouk area

Oxides/Min. Cpx27 Cpx28 Cpx29 Cpx30 Cpx34 Cpx35
SiO, 48.46 48.67 5032 5156 49.68  50.21
TiO, 1.96 1.99 1.15  0.14 1.27 1.13
Al,O; 6.73 531 7.08 128 474  6.19
Cr,0; 033 030 077  0.02 041 0.41
FeOT 577 674 523 1274 684 554
MnO 0.09  0.11 0.10 046  0.11 0.13
MgO 13.51 1397 1495 11.19 1452  14.90
CaO 22.60 2262 2055 2154 2133 21.95
Na,O 0.41 007 072 019 060 033
K,0 0.01 0.01 0.00  0.00 0.1 0.01
Total 99.92  99.79 10091 99.16  99.57 100.55

Number of cations on the basis of 6 Oxygens
Si 1792 1.809 1.825 1976 1.839 1.833
Ti 0.055 0.056 0.031 0.004 0.035 0.031
Al 0293 0233 0303 0.058 0207 0.266
Al'Y 0208 0.191 0.175 0.024 0.161 0.167
AlY! 0.085 0.042 0.128 0.034 0.046 0.099
Cr 0.010  0.009 0.022 0.001 0.012 0.004
Fe® 0.035 0.034 0.013 -0.005 0.075 0.026
Fe®* 0.144  0.175 0.145 0413  0.137  0.143
Mn 0.003  0.003 0.003 0.015 0.003 0.004
Mg 0.745 0.774  0.808 0.639  0.801  0.811
Ca 0.895 0901 0.799 0.885 0.846 0.858
Na 0.029  0.005 0.051 0.014 0.043 0.023
K 0.000  0.000 0.000 0.000 0.000 0.000
Sum 4001 3999 4000 4.000 3.998  3.999
Mg/(Mg+Fe®") 0.838 0.815 0.848 0.607 0.854  0.850
Fe?*/(Fe™@) 0.806 0.836 0915 1.012 0.645 0.845
Al/(Al+Fe**+Cr)  0.869 0.844 0.895 1.077 0.704  0.898
En 0.417 0418 0461 0330 0449  0.447
Fs 0.081 0.095 0.083 0213 0.077 0.079
Wo 0.502 0.487 0456 0457 0474 0474
Jd 0.026  0.004 0.045 0.015 0.030 0.021
Ac 0.004 0.001  0.005 -0.001 0.013 0.002
Aug 0971 0995 0949 098 0.957 0977
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Table 3. Whole rock major elements (wt.%) composition of the Ratouk area volcanic rocks

Sample Zv-75 Zv-41 Zv-51 Zv-61 Zv-65 Zv-54 Zv-53  Zv-29 Zv-71 Zv-08
Rock type  Olivine Olivine Olivine Olivine Olivine Basaltic Basaltic Pyroxene Andesite Andesite
basalt basalt basalt basalt basalt Andesite andesite andesite
Sample 60°13"  60°13" 60°12" 60°12" 60°12" 60°11' 60°11" 60°14°  60°12°  60°14'
location
Y 32038 3237 32038 32°37° 32°35 32033 32033 32034 3236  32°3¢
(Wt%)

Si0, 49.62 4947 48.14 48.4 49.7 55.84 55.78 59.72 62.58 62.98
TiO, 1.38 1.43 1.97 1.89 1.42 0.98 0.99 0.88 0.54 0.55
AlLOs 16.02 16.19 16.73 16.68 1596 15.86 15.74 16.35 15.84 15.25
Fe,O5T 8.75 8.66 10.11 10.02 8.84 6.55 6.17 5.99 5.46 4.94
MnO 0.14 0.14 0.15 0.15 0.13 0.13 0.13 0.1 0.1 0.09
MgO 8.44 8.38 7.45 7.51 7.91 5.65 5.37 4.01 3.1 2.72
CaO 8.63 8.13 8.21 8.1 7.99 7.54 8.1 6.08 543 5.37
Na,O 3.78 3.92 3.99 4.1 3.73 3.83 3.88 3.88 3.89 3.75
K,0 1.3 1.27 1.32 1.39 1.49 0.95 0.89 1.58 1.4 1.57
P,Os 0.42 0.41 0.49 0.48 0.43 0.31 0.3 0.28 0.21 0.19
Cr,04 0.04 0.04 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.02
LOI 1.1 1.6 1.1 0.9 1.98 2.1 2.4 0.9 1.31 2.29
Total 99.62  99.64 99.68 99.64  99.61 99.77 99.78 99.79 99.88 99.72
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Table 4. Whole rock trace elements (ppm) composition of the Ratouk area volcanic rocks

Sample 2Zv-75  Zv-41  Zv-51 Zv-61 Zv-65 Zv-54 Zv-53 Zv-29 Zv-71 Zv-08

ppm

Ba 247 230 158 152 329 305 295 327 351 258
Be 2 2 1 1 1 1 1 2 2 1
Rb 22.8 19.6 19.7 16.3 25.2 41 42.7 38 534 51.9
Ta 1 0.8 1.1 1.1 0.9 0.7 0.7 0.7 0.8 0.6
Sr 684.8 646.4 687.9 697 594 560.7 568.2 396.7 4003  297.7
Y 20.4 22.4 24.5 24.4 22.8 18.1 16.7 223 18.1 18.9
Zr 177.3 177.8 2195 2222 180.1 160.7 163.1 213.8 187.6 1904
Nb 15 15.2 18.7 17.7 15.2 10.4 10.4 10.8 9 8.2
Th 4.7 4.1 23 2.7 44 6 5.8 6.8 9.6 8.8
Ga 14.9 14.6 14.4 14.9 14.8 14.4 14.2 13.4 133 13
Ni 156 139 99 105 125 123 113 76 76 61
Sc 22 22 21 20 21 15 15 14 10 10
\Y 180 178 170 163 188 126 124 107 80 78
Hf 3.7 39 4.7 4.6 4.2 3.7 3.6 4.5 4.1 4.1
Cs 2 4.2 2.5 0.6 1.3 2.6 2.6 1.8 24 2.7
Co 352 342 38.2 36.2 329 25.2 30.4 18.9 14.7 12.8
W 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
U 1 0.8 0.6 0.7 0.9 1.2 1.2 1.4 1.8 1.7
Sn 1 1 2 2 1 1 1 2 1 1
La 26.7 24 22.5 22.7 26.5 24.6 23.7 25 27.4 25.2
Ce 514 49.1 49.2 50.5 535 47.5 46.8 48.1 49.9 443
Pr 6.16 5.8 6 5.94 6.23 5.26 5.31 5.31 5.24 4.75
Nd 23.2 22.5 24.9 24.6 24.8 20.1 20.1 20.3 18.5 17
Sm 4.64 4.48 5.24 5.25 4.76 3.69 3.73 3.95 3.39 33
Eu 1.47 1.5 1.76 1.75 1.57 1.19 1.14 1.15 0.94 0.87
Gd 4.63 4.42 5.54 5.28 4.98 3.66 3.61 4 3.24 3.22
Th 0.72 0.71 0.81 0.81 0.76 0.58 0.55 0.64 0.54 0.55
Dy 3.96 3.8 4.65 4.56 4.34 3.23 3.37 3.92 3.17 3.13
Ho 0.82 0.82 0.89 0.88 0.87 0.64 0.66 0.75 0.63 0.66
Er 2.11 2.12 2.45 241 2.38 1.86 1.8 2.27 1.84 1.83
Tm 0.33 0.32 0.36 0.34 0.35 0.26 0.27 0.34 0.26 0.3
Yb 2.13 2.08 2.23 2.19 2.17 1.88 1.76 2.15 1.8 2.04

Lu 0.3 0.3 0.34 0.33 0.33 0.27 0.26 0.33 0.29 0.33
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Introduction

Basaltic volcanoes are one of the volcanisms that
have occurred in different parts of the world. The
study of these lavas is important for petrologists,
because they are seen in different tectonic settings
and therefore diverse mechanisms affect their
formation (Chen et al., 2007). Young volcanic
rocks such as Quaternary basalts are one of latest
products of magmatism in Iran that are related to
deep fractures and active faults in Quaternary
(Emami, 2000). The study area is located at
140km east of Birjand at Gazik 1:100000
geological map (Guillou et al., 1981) and have 60
11' to 60 15' 27" eastward longitude and 32 33'
24" to 32 39' 10" northward latitude. On the basis
of structural subdivisions of Iran, this area is
located in the northern part of the Sistan suture
zone (Tirrul et al., 1983). Because of the
importance of basaltic rocks in Sistan suture, this
research is done with the aim of investigating the
petrography and mineralogy of basaltic lavas, the
nature of basaltic and intermediate magmatism
and finally determination of tectonomagmatic
regime.

Materials and methods

After field studies and sampling, 85 thin sections
were prepared and carefully studied. Then ten
samples with the lowest alteration were analyzed
for major elements by inductively coupled plasma
(ICP) technologies and trace elements were
analyzed using inductively coupled plasma mass
spectrometry (ICP-MS), following a lithium
metaborate/tetraborate fusion and nitric acid total

digestion at the Acme laboratories, Vancouver,
Canada. Electron probe micro analyses of
clinopyroxene and olivine were done at the
Iranian mineral processing research center
(IMPRC) by Cameca SX100 machine. X-ray
diffraction analysis of minerals was done at the X-
ray laboratory of the University of Birjand.

Results

In 60km south of GaziK at the east of the southern
Khorasan province and the northern part of the
Sistan suture zone, volcanic rocks with
intermediate (Oligomiocene) and basic
(Quaternary) compositions outcropped above
ophiolitic units. Electron probe micro analyzer
(EMPA) data indicated that clinopyroxene in
basalt is diopside and olivine from chrysolite type
with Mg# around 81-82 percent. The whole rocks
geochemical data prove calc-alkaline and alkaline
nature for andesites and basalts, respectively.
Trace element patterns, especially for andesites
show enrichment in Ba, K, Cs, Sr and Th,
depletion in P, Nb, Ti and enrichment in LREE
relative to HREE. Electron probe micro analyses
of clinopyroxene in olivine basalt support alkaline
nature and within plate tectonic setting for this
rock. Thermobarometry of clinopyroxene in
olivine basalt record crystallization conditions
about 1200 °C and 6-10kbars.

Discussion

The origin of intraplate volcanism is diverse and
not always well understood. Most intraplate
volcanos have been attributed to (i) mantle plumes
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and hot spots, (i) continental rift, (iii) back-arc
extension and (iv) lithosphere delamination and
thinning (Chen et al., 2007). Although volcanism
at intraplate settings is less common than along
mid-ocean ridges and subduction zones, it is of
significant importance for both preventing
geological hazards and wunderstanding mantle
geochemistry. It is believed that alkaline oceanic
island basalts (OIB) are only derived from the
asthenospheric mantle (Alici et al, 2002).
However, the intracontinental alkaline magmas
can be produced by partial melting of
metasomatized mantle enriched in LREE and
LILE (Upadhyay et al., 2006).

On the basis of trace element diagrams, Ratouk
basaltic rocks placed within plate volcanic zone
(WPVZ) and andesitic samples have been located
within the active continental margin (ACM).

The studies that took place about young basaltic
volcanism (Alishahi, 2012; Mollashahi et al.,
2011; Ghasempour et al., 2011; Pang et al., 2012;
Walker et al., 2009) have shown that the
mechanisms of their occurrence are similar such
that all of them have been formed in intraplate
extensional environments and active fault zone
and originated from enriched mantle or
asthenosphere. Lithospheric thickness maps
derived from the speed of shear waves show that
the lithosphere is thin in east of Iran and volcanic
activity has occurred along strike-slip faults
(Walker et al.,, 2009). Therefore, according to
other similar basaltic eruptions that have occurred
in the Sistan suture zone, we can say that all of
them are from the same origin and as a result of
deep fractures within continental plates that
provide conditions for the eruption of basaltic
magma.

Andesitic units in the Ratouk area are located
within the active continental margin and show
similar characteristics to rocks of the Subduction
Zone in terms of composition.

Acknowledgements

The authors would like to thank reviewers for the
constructive comments which greatly contributed
to the improvement of the manuscript.

References

Alici, P., Temel, A. and Gourgaud, A., 2002. Pb-
Nd Sr isotope and trace element geochemistry
of Quaternary extension-related alkaline
volcanism: a case study of Kula region western

Anatolia, Turkey. Journal of Volcanology and
Geothermal Research, 115(3): 487-510.

Alishahi, E., 2012. Petrology and Geochemistry of
volcanic rocks in Nasfandeh area (east of
Nehbandan) —Iran. M.Sc. Thesis, University of
Birjand, Birjand, Iran, 211 pp. (in Persian with
English abstract)

Chen, Y., Zhang, Y., Graham, D., Su, S. and
Deng, J., 2007. Geochemistry of Cenozoic
basalts and mantle xenoliths in Northeast
China. Lithos, 96(1): 108-126.

Emami, M.H., 2000. Magmatism in Iran.
Geological Survey of Iran, Tehran, 608 pp.

Ghasempour, M.R., Byabangard, H., Boomeri, M.
and Moridi, A., 2011. Geochemistry and
tectonic setting of Plio-Quaternary basaltic
rocks in SE Nehbandan, eastern Iran. Iranian
Journal of Crystallography and Mineralogy,
18(4): 695-708. (in Persian with English
abstract)

Guillou, Y., Maurizot, P., Vaslet, D. and
Dellavillen, H., 1981. Geological map of
Gazik, Scalel:100000. Geological Survey of
Iran.

Mollashahi, N., Zarrinkoub, M.H., Mohammadi,
S.S. and Khatib, M.M., 2011. Petrology of
young volcanic in Hamun Lake area (East of
Iran). Iranian Journal of Crystallography and
Mineralogy, 19(3): 519-528. (in Persian with
English abstract)

Pang, K.W., Chung, S.L., Zarrinkoub, M.H.,
Mohammadi, S.S., Yang, H.M., Chu, C.H.,
Lee, H.Y. and Lo, C.H., 2012. Age,
geochemical characteristics and petrogenesis
of Late Cenozoic intraplate alkali basalts in the
Lut-Sistan region, eastern Iran. Chemical
Geology, 306-307: 40-53.

Tirrul, R ., Bell, L.R., Griffis, R.J. and Camp,
V.E., 1983. The Sistan suture zone of eastern
Iran. Geological Society of America Bulletin,
94(1): 134-150.

Upadhyay, D., Raith, M.M., Mezger, K. and
Hammerschmidt, K., 2006. Mesoproterozoic
rift-related alkaline magmatism at Elchuru,
Prakasam Alkaline Province, SE India. Lithos,
89(3): 447-4717.

Walker , R.T., Gans, P., Allen, M., Jackson, J.,
Khatib, M.M. and Zarrinkoub, M.H., 2009.
Late Cenozoic Volcanism and rates of active
faulting in eastern Iran. Geophysical Journal
International, 177: 783-805.



	9- 53558- Mohammadi- F  بدون صفحه خالی
	9- 53558- Mohammadi- E

