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Fig. 3. View of Chelvan magmatic rocks
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Fig. 4. a, b) Plagioclase phenocrysts in andesite and basaltic andesite samples, ¢, d) Pyroxene and olivine crystals in
basaltic andesite, e, f: Plagioclase, olivine and pyroxene in the studied basalts
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Table 1. EMPA result of the Pyroxens of the Chelvan magmatic rocks

analysis No. | 1 2 3 4 5 6 7 8 9 10
510, 4938 4921 4828 4891 4952 5288  53.09 53.04 5328 529
TiO, 0.6% 0.68 0.62 0.71 0.6 0.63 0.6 0.66 0.52 0.53
AL,O; 098 0.84 0.86 0.89 091 188 189 1.68 199 1.78
Cr,0; 0.01 0.02 0.01 0.01 0.02 0.01 0.12 0.01 0.06 022
FeO 10.58 10.62 1072 1078 1051 10.51 9.87 9.68 9.24 825
MnO 021 0.28 023 0.24 021 022 0.26 024 02 0.16
MO 1523 1568 1591 1562 1538 1532 1558 15.77 1554 1591
CaO 1891 1893 1884 1824 1845 18.09 18.66 1845 1794 1874
Na,0 0.28 031 0.34 0.29 0.28 0.4 035 032 0.34 032
K,0 0.02 0.02 0.03 0.01 0.01 0.02 0.01 0 0 0
NiO, 0.01 0.01 0.01 0.04 0.05 0.01 0.01 0.09 0.09 0.02
Total 9998 9997 9978 9989 9981 99.97 100.44 9994 992 98.83

Structure formula on the basis of 4 oxygen atoms
S1 184 182 1.82 1.80 1.80 1.96 1.96 197 198 1.97
Alvi 0042 0041 0039 0038 0.047 0.045 0.041 0039 0066 0048
Al 0.037  0.041 0035 0022 0032 0037 0041 0.0335 0.021 0037
Cr 0 0 0 0 0 0 0 0 0 0.01
Ti 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01
Fe2 031 03 03 03 028 033 03 03 03 025
Mn 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mg 0.89 0.94 092 0.95 0.94 0.83 0.85 0.84 0.85 0.89
Ca 081 0.82 0.79 0.81 0.82 072 0.75 0.73 073 0.73
Na 0.02 0.02 0.02 0.01 0.02 0.03 0.03 0.02 0.03 0.02
K 0 0 0 0 0 0 0 0 0 0
Total 4 4 4 4 4 4 4 3.99 3.97 3.98
Wo 3782 3810 382 389 37.85 3787 3816 383 3769 39
En 4601 4602 4601 4598 4599 4465 4434 4563 4543 4608
Fs 17.48 1745 1689 1698 1697 17.48 162 16.07 1558 1372
Alz 186 1.60 1.70 113 1.57 187 159 1.711 113 1.55
Barometer (and thermometer) based on Cpx compositions only Putrika (2008) RiMG
P 6.90 6.30 7.84 778 724 7.94 6.94 6.58 812 648
T 1188 1190 1190 1191 1189 1192 1184 1179 1194 1192
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Fig. 5. a) Pyroxenes of the Azrin-Chelovan rocks are in the Mg-Fe-Ca (Quad) pyroxene range, J=2Na, Q=Ca+Mg+Fe+2,
(b): Composition of pyroxene minerals in the Fs-En-Wo classification diagram (Morimoto, 1988), c¢) Pressure
determination (Soesoo, 1997), d) Thermometric determination by the method (Soesoo, 1997), e) Nature of magma on
the based of the chemical analysis of pyroxenes in SiO: v.s Al2O3 diagram(Le Ba, 1962), f) diagram Ti v.s Ca+Na
(Leterrier et al., 1982),h) Determination of tectonic setting in Si v.s Fe diagram(Aprico, 2010).
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Fig. 6. Plot the results of chemical analysis of Chelvan amphiboles in the diagram, a) Diagram of the BNa v.s B (Na+Ca) (Leake
and et al., 2004), b) diagramof the Mg/(Mg+Fe) v.s TSi (Leake and et al., 2004), c¢) Plot of chelvan amphibole samples in the
Al v.s AI'Y diagram (Anderson and Smith, 1995), d) diagram Alrot v.s Fe/(Fe+Mg) (Schmidt, 1992), f) Diagram Al v.s

Temprature (Anderson and Smite, 1995)
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Table. 2. EMPA result of Amphibol of the Chelvan magmatic rocks

Sample Chl Ch2 Ch3 Ch4 Ch5 Ch6 ChT Ch3 Ch9? Chl0 Chll Chl2 Chl3 Chl4 Chl5
5102 49.43 43.15 4931 4828 4712 4633 1721 4964 1811 4951 4848 4691 4647 1178 4968
Ti0z2 032 0.28 026 035 122 031 115 075 027 038 034 1.13 037 111 0.74
AlLOs 351 6.5 543 528 387 626 639 468 631 431 il 5.98 629 633 463
FeO 13.33 1361 1341 1609 1688 1633 1364 1611 518 1643 1623 1838 1843 1519 1612
MnO 0.49 0.44 047 082 092 087 076 072 045 047 103 0.91 076 101 0.71
MgO 16.44 14.69 148 1437 1416 1478 1434 1328 (469 147 1467 1285 1278 1236 1322
Ca0 1141 1157 1178 1088 1131 1154 1178 1183 1097 1168 1168 1101 1141 1077 1125
Nax0 14 1.55 142 133 121 082 11 139 155 131 133 1.21 098  1.08 142
K.0 051 0.77 063 041 046 049 047 031 077 038 039 048 04% 047 049
Total 98.34 9736 3751 28.01 3915 2783 704 3801 985 9937 9946 9336 798 993 2326
Cations Based on 23 Oxygen
51 711 6.99 718 725 684 682 683 721 699 712 7.08 6.84 678 693 713
AV 0.39 1.01 0.82 083 1 1.08 11 079 101 082 089 1 1.09 1.1 0.81
AM 0.03 0.11 012 001 001 001 001 001 011 012 011 0.01 001 001 0.01
AlT 0.93 1.12 054 (.88 1 1.08 11 0.8 112 094 089 1 1.08 11 0.79
Ti 0.02 0 0 006 013 004 012 008 002 002 006 0.13 004 012 008
Fe? 0.88 0.73 0.35 133 12 124 13 064 073 115 129 12 122 128 057
Fel 1.13 093 1.07 089 1.1 114 089 132 093 117 119 11 115 088 131
Mn 0.06 0.06 006 014 011 0.1 012 009 006 006 014 011 0.1 012 0.09
Mg 332 3.18 3z 261 261 267 264 286 318 2256 164 261 276 167 187
Ca 175 18 182 132 17 18 1.63 1.75 18 172 132 1.7 182 167 1.71
Na 04 0.44 04 038 034 026 031 039 044 037 038 0.34 026 028 033
K 01 0.14 012 008 Q09 009 009 009 014 008 008 0.09 009 009 009
SUM 16.62 1651 1628 1603 1614 1633 1616 1603 1633 1583 1627 1614 164 1623 1379
(Na+Ca)B 2 2 2 1.89 2 2 1.96 2 2 2 1.89 2 2 1.96 2
NaB 0.25 02 018 033 020 0.2 031 025 0.2 018 038 0.29 0.2 0.31 0.25
(Na+K) A 0.25 0.38 033 008 014 015 009 023 038 033 008 0.14 015 009 023
Mg/(Mg+FeT) 0.75 0.77 075 075 070 070 075 068 077 066 069 0.70 071 075 069
Fed/(Fe3+ A1) 0.97 0.87 082 099 09 09 099 098 087 091 092 0.99 099 099 098
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Table 3. EMPA result of Biotite of the study area

Sample. N Chl Ch2 Ch3 Ch4 Chs Ché Ch7 Ch3 Ch9 Chl0
5i0; 381 3785 3841 387 3135 I 3743 37.87 37.82 3648
TiO: 416 3.9 424 in 425 381 442 382 523 491
AlOs 1342 1339 132 132 1385 1457 1327 14.26 13.61 1371
FeD 17.14 17.23 17.2 16.61 19.63 2112 18.72 20.81 17.82 19.41
MnO 021 023 021 22 028 023 021 021 0.10 024
MgO 1427 14.12 14.15 14.18 233 278 223 1246 122 1234
Ca0 0.01 0.03 0.03 0.0 0.0 0.04 0.03 002 0.00 0.00
Na:0 012 011 011 0.13 011 0.0 0.08 017 Q.15 0.12
K0 10.18 102 1054 1042 1141 en 1153 921 12.04 1143
Total 9762 97.03 9823 9733 9964 9949 97.92 98.83 9903 9864
Cations Based on 22 Oxygen

Si 575 5.81 578 5.76 542 525 533 514 545 528
Al 2m 228 222 223 245 264 2. 254 239 244
A 017 011 0.08 007 0.08 0.08 0.03 0.03 0.03 0.035
Al 294 285 29 230 245 264 2. 254 239 244
Ti 0.33 037 0.36 0.36 0.51 039 0.51 043 0.58 0.51
Fe 242 22 213 208 247 273 239 2.60 223 245
Mn 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.01 0.03
Mg 281 295 342 318 276 29 273 284 275 276
Ca 0.01 001 001 0.00 0.00 001 001 0.00 0.00 0.00
Na 0.04 0.08 0.03 0.04 0.03 0.03 002 003 0.04 0.04
K 198 20 199 199 218 192 22 1.76 22 22
F 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 2269 2200 2.0 2203 2235 2264 232 2261 22 2235
Yrom 8.68 8.02 8.03 8.01 821 877 8.10 8.90 7.96 8.19
Xl 202 208 203 203 n 1.96 227 181 233 224
Alroea 292 165 12 230 245 264 244 254 239 244
FeFetMg 048 045 041 040 047 048 047 048 043 047
Mn/Mn+Fe 002 001 001 001 001 001 001 001 001 0.01
Mg# 0.62 0.59 0.61 0.60 0.53 0.52 0.53 0.52 Q.55 0.53
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Fig. 7. a) Plot of Chelvan biotites in the ternary diagram of TiO2%*10- MnO+FeO - MgO (Nachit et al, 2005), b) Plot of the

biotites in the diagram of Si v.s Fe/Fe+Mg (Forster and Tischendorf, 1989), c) Determination of the temperature of Chelvan
biotites using Ti geometry (Henry et al, 2005), d) Determination of the Chelvan magmatic series using the composition of

biotites (Abdel-Rahman, 1994).
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Table4. EMPA result of Plagioclase

Point N. Chl Ch2 Ch3 Ch4 Ch5 Ché Ch7 Ch8 Ch9 Ch10
Si0; 55.81 5912 56.7 55.87 5743 57.13 57.86 5927 58.61 56.82
TiO: 0.03 0.05 0.02 0.04 0.02 0.02 0.03 0.05 0.03 0.02
Al Oy 2598 2411 2637 26.31 26.51 26.39 2585 24.09 24.06 26.33
FeO 0.54 0.47 0.37 0.57 0.28 022 0.34 0.46 038 035
MnO 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01
MgO 0.05 0.01 0.01 0.04 0.05 0.01 0.09 0.05 0.05 0.01
Ca0 11.95 875 9.84 11.84 9.38 9.48 922 9.08 9.13 10.1
Na;0 493 6.23 597 4.78 5.82 5.61 5.63 6.24 6.89 4.79
K:0 0.14 0.26 0.24 0.13 0.23 028 013 0.37 0.59 023
Total 99.44 99.01 99.53 99.59 99.74 99.15 99.16 99.62 99.77 98.66

Si 2.64 251 238 257 241 248 261 2.86 294 234
Al 153 124 138 151 1.28 131 126 1.19 125 142
Ti 0 0 0 0 0 0 0 0 0 0
Fe* 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.02
Mmn 0 0 0 0 0 0 0 0 0 0
Mg 0 0.01 0 0.01 0.01 0.01 0.01 0 0.01 0
Ca 0.68 041 0.53 0.65 0.46 0.48 041 0.38 036 0.59
Na 0.56 0.49 0.59 058 0.55 058 0.51 0.53 058 042
K 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.02 0.03 0.01

S0880 19,5 9 50N G- oyl D) (s 19 55 (gl Gl jUS 95Uy S5 A JSCi
Fig. 7. Plagioclas component of the Chelvan in triplot diagram Ab-An-Or (Elkins and Grove, 1990).
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Abstract

The area is in 45 kilometers north of Shahrekord and near the city of Chelvan in the middle part of the
Sanandaj-Sirjan structural zone. The stratigraphic column of the area consists of: Cretaceous carbonates,
Jurassic shales and sandstones, and volcanic rocks. The petrographic observation of volcanic rocks indicate
the presence of igneous rocks of the andesite, andesite-basalt and basalt types with the main minerals olivine,
pyroxene, plagioclase and amphibole, along with biotite and minor and opaque minerals that have a dominant
microlitic porphyry and porphyry texture. The results of the chemical analysis of pyroxene phenocrysts
indicate the presence of augite-type pyroxenes with a chemical composition spectrum of Fs 12.52-17.38 En
42.71-Wo 36.92-39.67, which were formed in the temperature range of 1200 to 1300 degrees Celsius and a
pressure range of 6 to 10 kilobars. The amphiboles are magnesian-hornblende type that crystallized at a
pressure of 2.7 to 5 kilobars and a temperature of 720 to 800 degrees Celsius. The micas of this area are
primary magmatic magnesian biotites that were formed at a temperature of 580 to 680 degrees Celsius, and
the composition of plagioclases fluctuates from oligoclase to labradorite, indicating the crystallization
temperature 700-800 degrees Celsius. The combination of mineral chemical analysis data of the Chelwan
igneous rocks indicates the tectonic setting of calc-alkaline magmas that formed in a subduction zone.

Keywords: Biotite, Pyroxene, Amphibole, Plagioclase, Chelvan, Sanandaj-Sirjan Zone

Introduction

The Chelvan region is located in the middle part
of the Sanandaj-Sirjan geostructural zone. This
region is located on the edge of Zayandeh-Rud
and 45 kilometers north of Shahrekord, near the
village of Chelvan and at the geographical
longitudes of 21.8"55°50 to * 22.7°55°50 and the
geographical latitudes of 1.12729°32 to
10.67729°32. Some reports have mentioned the
presence of volcanic rocks, schists, and traces of
submarine volcanic activities of diabase and
agglomerate rocks, with pillow formation in the
north of Shahrekord. Also, some information has
been reported about the potentials and anomalies
of lead and copper around the volcanic masses in
the north of Shahrekord. Also, outcrops of
Permian units have been observed in the north of
Shahrekord. It seems that the Jurassic sequences
in the north of Shahrekord have a set of shale and
sandstone units with limestone and volcanic
interlayers. The presence of volcanic activities in
this area has led to the occurrence of low degrees
of metamorphism (Perhentian-actinolite facies).
This volcanic has been dated by the 40Ar/39Ar
method and is estimated to be 145 to 169 million
years old. Outcrops of volcanic magmatic rocks
can be seen near the village of Chelvan. Since no
detailed and comprehensive studies have been

conducted on the mineral chemistry of these
rocks, this article examines the mineral chemistry
of amphibole, plagioclase, pyroxene, and biotite.
The mafic minerals biotite, pyroxene, and
amphibole are often important choices in mineral
chemistry studies of Ezrin rocks. The elements
present in these minerals on the one hand and the
sensitivity of these elements to temperature and
pressure on the other hand have led to the fact that
these minerals can be used to estimate changes in
magmatic evolution and also to estimate the
temperature and pressure of crystallization of
these minerals. Also, the results of the chemical
analysis of plagioclases can provide valuable
information to researchers in determining the
processes of crystal growth mechanism,
magmatic evolution and processes related to the
magma chamber.

Material and Method

After field studies and collection of intact
samples of volcanic units, more than 48 samples
from the collection area and thin sections were
prepared and examined. After petrographic
studies, in order to study the chemistry of the
existing minerals, 4 selected rock samples and 30
points including 10 points of plagioclase, 20
points of amphibole, 10 points of biotite and 10



Yay VFeF liwco) g sl (FA o loud 19 0599 (6039315 (ol fpny (9 98 (gloASL

points of pyroxene were subjected to electron
macroprobe analysis. Point analysis of the target
minerals was carried out in the mineralogical
laboratory of the Iranian Mineral Processing
Research Center, using an EPMA device, model
SX100, manufactured by Cameca, France, with
an accelerating voltage of 15KV and a current
intensity of 20nA. In this paper, the separation of
+Fe2 and +Fe3 of amphibole minerals was
carried out based on the method. Also, the
structural formula of biotites was calculated
based on 22 structural oxygens and the separation
of divalent and trivalent iron was carried out
based on the method of Dymek (1983). The
structural formula of plagioclases and pyroxenes
was calculated based on 8 and 6 oxygen atoms,
respectively, and the Minpet software was used
to examine the data. Finally, the obtained data
were analyzed using experimental diagrams and
with the help of petrological software (Igpet,
GCDAKit, Excel).

Discussion and Result

The volcanics of the region are seen with dark
gray to green colors and fine-grained, porphyry
to hyaloporphyry textures. The petrography of
these rocks indicates the presence of rocks of
basalt, basaltic andesite and andesite nature in the
region. The chemical results of the Chelwan
pyroxenes are presented in Table 1. The plot of
these data in the Q-J diagram indicates Calcium-
magnesium-iron content of pyroxenes and their
augite nature. The structural formula of Chelwan
pyroxene has the composition Fs 12.52-17.38 En
42.71-44.33 Wo 36.92 — 39.67.The studied
pyroxene minerals are located in the pressure
range of 10-6 kilobar and crystallized at a
crystallization temperature of 1300-1200 degrees
Celsius. Based on the chemical analysis data of
Chelwan pyroxenes, it indicates the nature of
subalkaline and calc-alkaline, which were formed
in the subduction tectonic setting.

The results of microprobe analysis of amphiboles
in Chelvan igneous rocks show that they all have
a calcic chemical composition with the nature of
actinolite-hornblende and magnesiohornblende.
To determine the nature of the amphibole type in
the region in terms of magmatic origin and
metamorphism, the Na+K+Ca versus Si diagram
(Sial and et al., 1998) and the AIIV versus AIVI
diagram (Fleet and Barnett, 1978) were used. In
these diagrams, the studied amphiboles show a
magmatic nature, and also, based on
geothermometric and geobarometric calculations
(Anderson and Smith, 1995), the Chelon

amphiboles were formed at a pressure of 2.7 to 5
kbar and a temperature of 720 to 790 °C. The
results of microprobe analysis of Chelvan biotites
after separation of Fe2+ and Fe3+ values
according to the method (Droop, 1987) and
calculation of the structural formula based on the
24-oxygen method indicate the magmatic nature
of these minerals. (Abdel-Rahman, 1994) which
are of the type of magnesium-bearing biotites.
These biotites were formed at a temperature of
580 to 680 °C and in the tectonic setting of the
calc-alkaline magmatic series.

Also, the plagioclases of Chelvan have a
composition of oligoclase to labradorite An 24-
56, which were formed at a temperature of 700 to
800 °C according to the diagram.

Conclusion

The Chelvan volcanics are located near the
Chelvan village in the north of Shahrekord and in
the middle part of the Sanandaj-Sirjan structural
zone. The magmatic rocks of the Chelvan region
have a range of compositions of basalt, basaltic
andesite, andesite with porphyry and microlithic
porphyry and hyaloporphyry textures. The main
minerals forming the samples include
Phenocrysts of plagioclase, olivine and pyroxene
are accompanied by biotite, amphibole, opaque
minerals and accessory minerals. The presence of
minerals such as chlorite and epidote indicates
the influence of aqueous and hydrothermal
solutions on these rocks. Most of the phenocrysts
of plagioclase and pyroxene are visible in the
fine-grained to medium-grained background of
plagioclase. Pyroxenes often have a calcium-
magnesium-iron composition of the augite type,
which crystallized at a temperature of 1200 to
1300 degrees Celsius and a pressure of 6 to 10
kilobars. Also, chemical analysis of amphibole
minerals indicates the presence of calcic
magnesian hornblende to actinolite amphiboles,
which crystallized at a temperature of 720 to 790
degrees Celsius and a pressure of 2.7 to 5.
Kilobars have crystallized. Point analysis of
biotites indicates primary magnesium-bearing
biotite that crystallized at temperatures of 650 to
730 degrees Celsius. Plagioclase crystals with
oligoclase to labradorite nature have crystallized
at temperatures of 700 to 800 degrees Celsius.
According to the above data, the Chelwan
volcanic rocks have a subalkaline nature of calc-
alkaline type, which belongs to the subduction
geostructural situation associated with an active
continental margin.



