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Extended Abstract

Introduction

The volcano-plutonic complexes are important for understanding of tectono-magmatic settings
in geological terrains. The chemical composition of pyroxenes depends on the chemical
composition and physical conditions of their host magmas, therefore, it can be used in
determining of magmatic series nature. The Paleogene Eastern Iranian ranges is the product of
the large-scale, Indian-Eurasian collisional event and their subsequent convergent involving
amalgamation of the Afghan and Lut micro-continents as well as the Neo-Tethyan accretionary
complexes and associated island arcs. This paper aims to investigate new geochemical data on
the Mahirud volcano-plutonic complex which represents a key area of the Sistan fold-and-
thrust belt (SFB).

Materials and Methods

In order to study of the pyroxene chemistry of the MVVPC, 10 samples of the fresh Cretaceous
volcanic rocks were selected. Electronic micro-processing analyses (EPMA) were performed
by the JEOL.JXA-8600M automatic super-probe with an accelerating voltage of 15 kW and a
radiation current of 2 x 10-8 am in the Department of Earth and Environmental Sciences of
Yamagata University in Japan.

Results and Discussion

The MVPC, previously known as Cheshmeh Ostad Group located in northeastern part of the
SFB, has been interpreted as a rift-related assemblage which was preserved on the Afghan
rifted margin. However, our observation indicates the Lower Cretaceous tonalitic stocks
intruded the ophiolitic pillow lavas which interbedded with pelagic sediments and associated
Upper Cretaceous neritic limestone in this region. The volcanic rocks of this complex are
diabase, basaltic andesite, andesite, dacite and tuff that were intruded by the Lower Cretaceous
tonalitic stocks. The clinopyroxene in the diabasic rocks is mainly augite—diopside, while the
clinopyroxene in basaltic andesite has augite composition.
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The low abundance of the HFSE elements, especially Ti, is a common characteristic of these
clinopyroxenes. Moreover, the chemical composition of the studied pyroxenes are silica rich
compared to the similar types of pyroxene in alkaline rock. This is in consistence with the
geochemistry of the host volcanic rocks which are associated with tholeiitic and calc-alkaline
magmatic series.

Conclusion

According to the tectonic setting geochemical diagrams, the MVPC has properties similar to
the magmas were originated in the supra-subduction zone (SSZ) and Island arcs (IAT). The
presence of an island arc complex in the Sistan fold-and-thrust belt, which some of its parts are
considered here as the MVVPC, is comparable to the Pakistani Chagai-Raskoh and Kuhistan
Cretaceous-Eocene island-arcs, in the east. The subduction of the Neo-Tethys oceanic
lithosphere under Eurasia, including the Lut and Afghan blocks, has been divided into two
zones; the southern one which was an intra-oceanic subduction zone resulted in the island arcs
development and on the other side, the northern one was a continental margin brought
accretionary prisms and magmatic arc along the Cimmerian block.

Keywords: Clinopyroxene, Island arc, Cheshmeh Ostad group, Sistan suture zone, East Iran.
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Fe3+ 0.103 0.127 0.095 0.151 0.091

MR-
2-3
50.89
0.33
2.02
0.02
11.84
0.37
15.47
18.91
0.29
0.02
100.15
1.891
0.009
0.089
0.001
0.132

MR- MR- MR- MR- MR- MR-
2-4 2-5 2-6 2-7 3-3 3-4
51.89  50.82 5157 50.61 50.36 50.56
0.45 0.41 0.23 0.31 0.52 0.52
2.32 2.49 3.39 3.43 1.87 2.16
0.08 0.05 0.19 0.22 0.00 0.03
1030 1234 7.03 738 1251 1174
0.37 0.32 0.21 0.26 0.23 0.46
1510 14.95 1796  16.33 1467 1431
18.33  18.64 19.41 1994 19.03 19.77
0.29 0.27 0.16 0.16 0.33 0.24
0.02 0.00 0.02 0.00 0.01 0.00
99.16 100.29 100.18 98.65 99.52 99.78
1.945  1.891 1878 1.883 1.891 1.896
0.013  0.012 0.006  0.009 0.015 0.015
0.103  0.109 0.145 0.151 0.083 0.096
0.002  0.001 0.006  0.006 0.000 0.001
0.001  0.103 0.093 0.071 0.130 0.100
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Fe2+ 0.127 0.006 0.262 0.218 0.288 0235 0322 0.281 0.121  0.159 0.263 0.268
Mn 0.006 0.957 0.012 0.012 0.011 0.012 0.012 0.010 0.006  0.008 0.007 0.014
Mg 0916 0.840 0.849 0.851 0.847 0.857  0.844  0.830 0975 0906 0.821 0.800
Ca 0.815 0.011 0.753  0.769 0.746 0.753  0.736  0.743 0.757  0.795 0.766 0.794
Na 0.013 0.000 0.018 0.020 0.016 0.021  0.021  0.020 0.011 0.012 0.024 0.017
K 0.001 4.007 0.000 0.000 0.000 0.001  0.001  0.000 0.001 0.000 0.000 0.000

Total 4.000 4.000 4.000 4.000 4.000 4000 4.000 4.000 4000 4.000 4.000 4.000

Mg# 0878 0901 0.764 0.796 0.747 0.784  0.724  0.747 0.800 0.851 0.758 0.749
En 4929 5031 4554  46.32 45.05 46.44 4437 4475 52.61 4871 4440 42.96
Fs 6.85 555 14.04 1184 15.29 1276 1693  15.15 6.53 854 1421 1439
Wo 4386 4414 4042 4184 39.66 40.80  38.71  40.09 40.86 4275 4139 4265

) Jgoz dalol

MR- MR- MR- MR- MR- MR- MR- MR- MR- MR- MR- MR- MR-
35 36 37 38 39 51 52 53 54 55 56 57 58

Sio2 50.68 50.49 50.81 50.20 51.00 50.99 5169 51.02 5138 5125 50.64 50.56 51.65
TiO2 0.45 0.48 0.42 0.41 0.35 0.38 0.45 0.30 0.39 0.37 0.31 0.64 0.33
AI203  1.93 2.17 2.11 1.78 3.22 1.86 1.90 1.74 1.40 1.50 2.12 2.97 1.53
Cr203  0.00 0.01 0.02 0.02 0.07 0.05 0.00 0.05 0.00 0.00 0.01 0.00 0.00
FeO 12.75 1217 1140 1122 9.06 12.06 10.18 1142 1082 1143 1220 1250 10.68
MnO 0.45 0.38 0.29 0.27 0.17 0.41 0.43 0.42 0.43 0.21 0.40 0.41 0.34
MgO 1426  15.06 15.08 13.76 1557 1448 14.67 1556 15.77 1539 14.71 13.95 15.22
CaO 19.16  19.44 19.42 1850 18.67 19.10 19.63 18.93 1891 19.52 19.38 1755 19.79
Na20 0.29 0.23 0.24 0.25 0.26 0.31 0.25 0.21 0.20 0.26 0.25 0.23 0.24
K20 0.00 0.01 0.00 0.00 0.03 0.01 0.00 0.00 0.00 0.01 0.03 0.00 0.00
Total 99.98 10043 99.78 96.42 9840 99.64 9921 99.65 9929 99.95 100.06 98.82 99.78

sample

Si 1.900 1.876 1.897 1948 1914 1913 1941 1905 1923 1909 1.890 1919 1.926
Ti 0.013 0.013 0.012 0.012 0.010 0.011 0.013 0.009 0.011 0.010 0.009 0.018 0.009
Al 0.085 0.095 0.093 0.082 0.142 0.082 0.084 0.077 0.062 0.066 0.093 0.133  0.067
Cr 0.000 0.000 0.001 0.001 0.002 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000

Fe3+ 0.110 0.143 0.107 0.016 0.028 0.091 0.026 0.110 0.085 0.116 0.128 0.009 0.081
Fe2+ 0.290 0.235 0.249 0.348 0.256 0.287 0.293 0.247 0.253 0.240 0.253 0.388  0.252

Mn 0.014 0.012 0.009 0.009 0.005 0.013 0.014 0.013 0.014 0.007 0.013 0.013 0.011
Mg 0.797 0.834 0.839 0.796 0871 0.810 0.821 0.866 0.880 0.854 0.819 0.789  0.846
Ca 0.770 0.774 0.777 0.769 0.751 0.768 0.790 0.757 0.758 0.779 0.775 0.714 0.791
Na 0.021 0.017 0.017 0.019 0.019 0.023 0.018 0.015 0.015 0.019 0.018 0.017  0.017
K 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.002 0.000 0.000

Total 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000
Mg # 0.734 0.781 0.771 0.696 0.773 0.738 0.737 0.778 0.776 0.780 0.764 0.670 0.770

En 4293 45.28 4500 4161 4637 4343 4313 4630 4651 4559 4432 41.74 4478
Fs 1560 12.73 1335 18.19 13.65 1539 1540 1321 1340 1283 13.70 20.51 13.36
Wo 41.47  41.99 4165 4020 3997 4118 4147 4049 4009 4158 4198 37.75 41.86

XMg# = [Mg/(Mg+Fe)]x 100
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XPT=0.446 SiO2 + 0.187 TiO2

- 0.404 AlI203+ 0.346 FeO t - 0.052 MnO
+ 0.309 MgO+ 0.431 CaO - 0.446 Na20
YPT=0.369 SiO2 + 0.535 TiO2

- 0.317 Al203 + 0.323 FeO t + 0.235 MnO
- 0.516 MgO - 0.167 CaO - 0.153 Na20

3 BS g5 5lS JeSis slos g, ol b
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$elS eSS )8 sles 5 oSl az o
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OF 51 JS8) ol
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XpT 3847 3751 3852 38.93 39.23 38.82 3827 38.52 37.94 3735 38.70 38.65 38.83 3885
3874 3773 3738 38.78 38.76 38.91 39.08 39.32 38.77 3755 39.28 3833 3921 39.59
39.77 3854  38.60 38.93 39.85 3932 39.61 39.59 39.80 38.78 37.93 38.41 38.62 38.85
37.60 3685 37.80 37.69 38.52 37.78 37.72 35.26 38.78 36.49 35.61 3573 3524 3545
YpT -2938 -3085 -26.66 -26.48 -26.44 -26.51 -27.13 -26.13 -30.19  -28.93 -25.60 -25.88  -25.45 -26.10
-26.50  -2541  -27.87  -25.92 -26.93 -26.65 -26.92 -26.69 -26.02  -25.28 -27.03 -30.60  -31.22  -31.59
-3219  -29.60 -31.25  -31.40 -32.02 -31.72 -32.21 -31.82 -31.92 -30.85 -29.86 -30.26  -27.80 -2741
-29.63 -30.46 -30.89  -30.81 -31.36 -31.00 -28.99 -29.29 -30.89  -29.67 -29.84 -20.60  -29.18  -29.35
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A b

1- Kkermanshah ophiolite Sahneh Arc
(Bererian & king, 1981)

2-Neyriz ophiolite (Sahneh Arc)
(Shafaii Moghadam ct.al., 2014)

3- Oman ophiolite Semail Arc
(Glennie et.al., 1974)

4- Dasht kuh Andesite
(Desmons & Beccalwa, 1983)

5- Mahi-Rud Arc (in this study)
(Saccani et al., 2010)

Cretaceous Island-Arc remnant distribution along the:
Zagros-Sistan-Indus Suture Zones

‘.T

6- Chagai-Raskuh
(Nicholson et.al., 2010)

7- Kohstan Arc
(Gibbons et al., 2015)

8- Ladakh Arc
(Gibbons et al., 2015)

9- Spong Arc
(Coreficld et al., 2001)

10- Woyla Arc
(Gibbons et al., 2015)
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platform Nco-Tethys Ratuk basin
complex
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magmatic arc

Island arc montaines:
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Sefidabeh Afghan Block
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