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Fig. 1. Main structural units of Iran, slightly modified after Torabi (2010), and location of the Jandaq area (northwest of

Central-East Iranian Microcontinent).
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Fig. 2. Simplified geological map of Jandaq area in the northwest of Central-East [ranian Microcontinent (Torabi, 2010;

slightly modified).
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Fig. 3. Simplified geological map of Kuh-e- Godar-¢ Siah (southwest of Jandaq) and location of the porphyritic quartz

monzodiorite and cross-cutting dykes.
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Fig. 4. Field photographs of the porphyritic quartz monzodiorite intrusion and cross-cutting dykes in the Kuh-e- Godar-
e Siah (southwest of Jandaq). A: general view of the porphyritic quartz monzodiorite and Cretaceous limestones (view
to the north), B: The presence of dyke swarm in different parts of quartz monzodioritic intrusion (view to the north),
and C: A dyke within the quartz monzodioritic intrusion (view to the north)
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Fig. 5. Microphotographs of the porphyritic quartz monzodiorite from southwest of Jandaq. A: Plagioclase phenocrysts
in Feldspar groundmass (porphyritic texture) (XPL: Crossed Polarized Light), B: Quartz phenocrysts with corrosion
gulf (XPL), C and D: Muscovite and chlorite which formed by biotite alteration (XPL). P1: Plagioclase, Qz: Quartz, Ms:

Muscovite, Chl: Chlorite (Whitney and Evans, 2010)
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Table 1. Microprobe analyses (wt.%) and calculated structural formula of minerals in the porphyritic quartz
monzodiorite from southwest of Jandaq

Sample C30 C30 C30 Sample C8 Sample C8 C30 C8
Analysis 15 11 16 Analysis 20 Analysis 24 10 29
Mineral Kfs Plg Plg Mineral Mica Mineral Calcite Quartz Magnetite
Si0; 66.38 68.43 68.48 Si0; 49.68 Si0; 0.13 96.70 3.57
Ti0; 0.00 0.01 0.00 Ti0; 0.33 Ti0; 0.00 0.00 0.00
Al O3 18.51 19.50 19.26 AlLOs 30.61 ALO; 0.04 1.91 0.09
FeO" 0.08 0.01 0.02 Cr20; 0.02 FeO" 0.16 0.05 72.07
MnO 0.01 0.01 0.00 FeO" 3.03 MnO 0.22 0.01 0.00
MgO 0.00 0.02 0.00 MnO 0.08 MgO 0.15 0.02 1.03
CaO 0.06 0.17 0.15 MgO 1.65 CaO 55.09 0.02 0.14
Na,O 2.74 12.04 12.25 CaO 0.00 Na,O 0.01 0.51 0.00
K>,O 12.26 0.09 0.13 Na,O 0.11 K>,O 0.00 0.99 0.00
Total 100.04  100.28  100.29 K>O 10.67 Total 55.80 100.21 76.90
Oxygen # 8 8 8 Total 96.18 Oxygen # 1 2 4
Si 3.015 2.986 2.991  Oxygen # 22 Si 0.002 0.977 0.163
Ti 0.000 0.000 0.000 Si 6.585 Ti 0.000 0.000 0.000
Al 0.990 1.002 0.991 Ti 0.033 Al 0.001 0.023 0.005
Fe* 0.000 0.000 0.000 Al™) 1.415 Fe* 0.000 0.000 1.669
Fe** 0.003 0.000 0.001 AIYD 3.363 Fe** 0.002 0.000 1.086
Mn 0.000 0.000 0.000 Cr 0.002 Mn 0.003 0.000 0.000
Mg 0.000 0.001 0.000 Fe* 0.000 Mg 0.004 0.000 0.070
Ca 0.003 0.008 0.007 Fe** 0.336 Ca 0.985 0.000 0.007
Na 0.241 1.019 1.038 Mn 0.009 Na 0.000 0.010 0.000
K 0.711 0.005 0.007 Mg 0.326 K 0.000 0.013 0.000
Cation 4.963 5.021 5.035 Ca 0.000 Cation 0.997 1.023 3.000
Ab 25.20 98.70 98.70 Na 0.028
An 0.30 0.80 0.70 K 1.804
Or 74.50 0.50 0.70 Cation 13.901

Type Sanidine  Albite Albite Type Muscovite
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Table 2. Microprobe analyses (wt.%) and calculated structural formula of minerals in the Eocene dykes from southwest

of Jandaq
Sample J24 J2 Sample J2 Sample J2 J2 J2
Analysis 79 59  Analysis 43 Analysis 44 56 54
Mineral Cpx Cpx Mineral Mica Mineral Plg Plg Kfs
SiO, 50.96 50.24 SiO; 38.59 SiO; 56.57 55.79 64.91
TiO; 0.65 1.02 TiO, 6.86 TiO; 0.07 0.05 0.16
AlLO;3 3.55 3.92 AlLO;3 13.09 AlLO;3 26.74 27.12 19.68
FeO® 6.49 6.64 Cr20; 0.00 FeO® 0.88 0.74 0.39
Cr20; 0.00 0.00 FeO" 10.49 MnO 0.00 0.01 0.00
MnO 0.17 0.15 MnO 0.15 MgO 0.20 0.07 0.00
MgO 15.58 15.07 MgO 17.35 CaO 8.37 9.41 1.04
CaO 21.87 21.69 CaO 0.00 Na,O 5.84 5.32 5.27
NaO 0.63 0.74 Na,O 0.80 K>O 1.14 1.20 8.19
K>O 0.01 0.00 K>O 8.86 Total 99.81 99.71 99.64
NiO 0.00 0.00 Total 96.19  Oxygen # 8 8 8
Total 99.91 99.47  Oxygen # 22 Si 2.558 2.531 2.940
Oxygen # 6 6 Si 5.337 Ti 0.002 0.002 0.005
Si 1.868 1.853 Ti 0.714 Al 1.424 1.449 1.050
Ti 0.018 0.028 Al 2.132 Fe¥* 0.000 0.000 0.000
Al 0.132 0.147 AlVD 0.000 Fe?* 0.033 0.028 0.015
AlVD 0.022 0.023 Cr 0.000 Mn 0.000 0.000 0.000
Cr 0.000 0.000 Fe¥* 0.000 Mg 0.013 0.005 0.000
Fe¥* 0.119 0.119 Fe?* 1.213 Ca 0.406 0.457 0.050
Fe?* 0.080 0.085 Mn 0.018 Na 0.512 0.468 0.463
Mn 0.005 0.005 Mg 3.577 K 0.066 0.069 0.473
Mg 0.852 0.829 Ca 0.000 Cation 5.014 5.009 4.996
Ca 0.859 0.857 Na 0.215 Ab 52.00 47.10 47.00
Na 0.045 0.053 K 1.563 An 41.30 46.00 5.10
K 0.000 0.000 Cation 14.769 Or 6.70 6.90 48.00
Ni 0.000 0.000 Fe # 0.25 Type Andesine Labradorite Sanidine
Cation 4.000 3.999 Mg # 0.75
WO 44.86 45.23 Type Phlogopite

EN 44.47 43.72

FS 10.67 11.05

WEF 95.25 94.38

D 0.74 0.92

AE 4.01 4.70

Type Augite Diopside
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Table 3. Geochemical composition of the trachy andesitic Eocene dykes from southwest of Jandaq (Major elements in
wt.% and trace elements in ppm)

Sample C4 Cs Cc7 C13 C18 C19 C20 C21 C22 C23

Si0, 5492  56.70 55.84  53.40 53.50 57.60 55.80 55.00 55.10  54.65
TiO, 0.57 0.61 0.55 0.60 0.70 0.54 0.55 0.69 0.67 0.76
AlLOs 15.13 15.00 15.21 1490 14.40 15.20 15.50 1595 1480 14.72
Fe,05" 5.03 4.89 5.20 5.26 5.61 5.25 4.92 6.65 5.46 5.83
Fe;O3(Cal)  1.21 1.30 1.38 1.26 1.35 1.40 1.18 1.60 1.31 1.40
FeO(Cal) 3.81 3.58 3.81 3.99 4.25 3.85 3.73 5.04 4.15 4.42

MnO 0.11 0.08 0.14 0.10 0.09 0.15 0.15 0.10 0.15 0.12
MgO 2.29 2.29 3.37 1.93 3.72 4.24 3.10 4.53 3.61 3.82
CaO 5.95 5.68 5.66 5.83 7.59 5.56 7.16 7.43 5.76 7.85
Na,O 4.89 4.64 4.47 4.90 3.36 4.00 3.95 3.88 4.19 3.56
K>O 3.86 3.58 3.80 3.68 4.66 3.45 3.43 2.92 3.69 4.78
P20s - 0.48 - 0.45 0.59 0.38 0.39 0.47 0.62 -
LOI 7.24 6.52 5.76 8.34 4.09 3.87 6.12 2.87 5.93 3.92
Total 99.99 100.47 100.00 99.39  98.31 100.24 101.07 100.49 99.98 100.01
Cr 94.39 100 78.96 100 190 160 160 160 90 208.64
\Y% 128.24 142 122.01 131 207 139 141 174 139 196.52
Rb 87.56 91.9 79.65 78.3 136 89.6 87.5 67.7 80.3 124.57
Cs 3.44 3.19 1.86 2.04 5.73 2.53 2.99 3.8 0.94 6.07
Ba 939.51 962 1116.23 896 1285 878 808 943 1040 1195.34
Sr 946.26 901 871.77 1015 2050 1575 1585 1680 859  1987.64
Ta 0.43 0.4 0.42 0.5 0.8 0.4 0.4 0.3 0.4 0.84
Nb - 6.9 - 7.1 13.2 6.5 6.7 6.2 7.6 -
Hf 4.45 4.6 4.92 4.7 7.9 4 4 3.7 5.1 7.31
Zr 182.13 179 197.8 179 321 154 155 143 212 296.29
Th 15.23 12 16.13 12.45 31.5 8.6 8.63 9.13 14.2 27.33
Y - 13.8 - 14.4 16.4 14.7 14.3 15.7 16.9 -
U 4.05 3.28 4.21 3.26 9.39 2.54 2.66 2.48 3.51 10.41
Ga 23.88 18.9 21.31 17.5 18.3 19 19.4 19.1 18.1 16.33
La 47.46 52.2 61.07 49.7 77.1 45.5 45.5 48.3 67.8 69.47
Ce 90.87 98.1 118.8 94 149 86.8 85.4 91 130.5  139.05
Pr 11.05 11.6 1544 1095 17.35 10.15 9.97 10.8 15.45 16.8
Nd - 45.3 - 42.9 66.6 37.7 37.6 42.5 58.6 -
Sm 7.69 7.72 10.09 7.45 10.5 6.57 6.58 7.74 10.4 9.89
Eu 2.02 2.03 2.49 1.94 2.44 1.66 1.78 2.01 2.53 24
Gd 4.98 5.06 7.11 4.93 6.42 4.63 4.5 5.26 7.06 6.35
Tb 0.54 0.57 0.72 0.57 0.69 0.57 0.51 0.63 0.76 0.7
Dy 2.63 2.71 3.57 2.79 3.09 2.75 2.69 2.87 3.7 3.12
Ho 0.5 0.55 0.6 0.54 0.6 0.53 0.5 0.57 0.61 0.62
Er - 1.37 - 1.38 1.54 1.4 1.56 1.59 1.67 -
Tm 0.22 0.19 0.21 0.2 0.23 0.22 0.22 0.23 0.23 0.24
Yb 1.31 1.28 1.33 1.14 1.29 1.29 1.36 1.41 1.31 1.28
Lu 0.2 0.19 0.18 0.18 0.2 0.2 0.21 0.19 0.19 0.22

Cal= Calculated
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Table 4. Geochemical composition of the porphyritic quartz monzodiorite from southwest of Jandaq (Major elements in

wt.% and trace elements in ppm)

Sample C2 C16 C26 C28 C30 C31 C32 C33
Si0, 67.50 64.60 68.80 68.00 68.40 66.89 67.30 68.52
TiO, 0.29 0.30 0.30 0.31 0.30 0.33 0.29 0.27
AlLOs 15.85 14.75 16.00 16.00 16.20 15.77 15.85 16.18
Fe;05" 2.23 2.89 1.51 1.59 2.09 1.98 2.06 1.70
Fe,Os3(Cal) 0.69 0.77 0.47 0.49 0.65 0.61 0.64 0.53
FeO(Cal) 1.53 2.12 1.03 1.09 1.43 1.36 1.41 1.16
MnO 0.03 0.09 0.02 0.02 0.03 0.02 0.03 0.02
MgO 0.73 1.10 0.16 0.24 0.45 0.60 0.64 0.20
CaO 1.84 4.10 2.62 2.75 2.16 2.62 2.54 243
Na,O 6.12 3.46 5.72 5.26 5.77 5.13 4.93 5.54
K>O 3.31 4.17 3.48 3.73 3.71 3.86 3.78 3.58
P20s 0.07 0.20 0.07 0.07 0.07 - 0.08 -
LOI 2.21 5.27 2.98 3.25 2.55 2.80 3.32 1.57
Total 100.18 100.93 101.66 101.22 101.73 100.00 100.82 100.01
Cr 40 40 40 30 40 45.39 40 27.64
\Y% 42 67 41 40 44 45.73 42 37.05
Rb 83.8 118.5 81.6 88.3 88.5 100.42 92.5 86.19
Cs 1.51 3.73 1.75 2.75 2.82 3.27 3.11 2.48
Ba 808 1165 891 945 791 928.32 905 924.13
Sr 883 1855 474 434 658 795.51 581 597.66
Ta 0.4 0.7 0.4 0.4 0.4 0.42 0.4 0.38
Nb 7 8.8 7 7.4 7 - 6.9 -
Hf 4.1 3.8 3.9 3.5 3.6 431 3.9 4.05
Zr 160 132 150 133 141 171.42 151 182.31
Th 491 13 4.94 4.94 5 4.39 4.84 5.33
Y 8.1 11 7.7 8.1 7.9 - 7.7 -
U 2.02 4.16 1.51 1.68 1.98 3.06 1.69 1.87
Ga 21.4 18.7 20.4 20.5 21.2 24.33 21.5 16.74
La 17.3 39.8 17 15.8 16.2 14.76 16.7 16.97
Ce 32.8 69.5 33.1 30.8 31.7 27.8 31.3 32.51
Pr 3.68 7.78 3.62 3.44 3.58 3.36 3.43 3.5
Nd 14 28.5 14 13.4 13.7 - 12.8 -
Sm 2.36 4.9 2.64 2.56 2.58 241 2.52 2.61
Eu 0.68 1.22 0.65 0.62 0.66 0.59 0.63 0.64
Gd 1.94 3.37 1.85 1.83 1.92 1.75 1.69 1.88
Tb 0.25 0.41 0.27 0.25 0.26 0.24 0.22 0.26
Dy 1.32 1.97 1.22 1.29 1.29 1.24 1.2 1.28
Ho 0.31 0.39 0.28 0.29 0.29 0.27 0.29 0.31
Er 0.82 1 0.79 0.83 0.88 - 0.79 -
Tm 0.11 0.15 0.12 0.11 0.13 0.12 0.14 0.12
Yb 0.87 0.95 0.7 0.88 0.78 0.81 0.86 0.84
Lu 0.13 0.13 0.12 0.13 0.12 0.14 0.14 0.12

Cal= Calculated
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(Whitney and Evans, 2010)

Fig. 6. Microphotographs of the trachy andesitic dykes from southwest of Jandaq. A: Clinopyroxene crystals in quartz
and feldspar groundmass (XPL), B: Plagioclase with polysynthetic twinning (XPL), C: Amphibole which formed by
clinopyroxene alteration (XPL), and D: Biotite crystals with plagioclase (XPL). Pl: Plagioclase, Cpx: Clinopyroxene,
Opq: Opaque mineral, Amp: Amphibole, Bt: Biotite (Whitney and Evans, 2010)
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Fig. 7. Geochemical diagrams of the porphyritic quartz monzodiorite and trachy andesitic dykes from southwest of
Jandaq on the; A: Classification diagram of the quartz monzodiorites based on the Quartz-Alkali Feldspar-Plagioclase
(QAP) normative composition (Le Maitre, 1989), B: Total Alkalis versus Silica (TAS) diagram (Le Maitre, 2002), C:
Si0O; versus K,O diagram (Le Maitre, 1989), and D: A/NK versus A/CNK diagram (Irvine and Baragar, 1971)
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Fig. 8. Normalization diagrams of the porphyritic quartz monzodiorite and trachy andesitic dykes from southwest of
Jandaq on the; A: Chondrite-normalized REE patterns of the quartz monzodiorites, B: Primitive mantle-normalized
multi-element spider diagram of the quartz monzodiorites, C: Chondrite-normalized REE patterns of the trachy
andesitic dykes, and D: Primitive mantle-normalized multi-element spider diagram of the trachy andesitic dykes. (REE

contents of chondrite are taken from McDonough and Sun, 1995; and Trace and REE contents of primitive mantle are
taken from Sun and McDonough, 1989)
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Fig. 9. Geochemical Diagrams for discrimination of adakites and normal calc-alkaline magmas; and position of
porphyritic quartz monzodiorites and trachy andesitic dykes from southwest of Jandaq on the; A: Y versus Sr/Y
diagram (Defant and Drummond, 1990), and B: Yby versus (La/Yb) n normalized diagram (Martin, 1999)
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Table 5. Geochemical characteristics for discrimination of low-silica adakites and high-silica adakites (Martin et al.,

2005), and data of porphyritic quartz monzodiorite and trachy andesitic dykes from southwest of Jandaq

HSA

LSA

Average values
in Quartz

Average values in

monzodiorite Trachy andesite
SiO, >60 wt.% <60 wt.% 67.50 wt.% 54.92 wt.%
MgO 0.5-4 wt.% 4-9 wt.% 0.52 wt.% 3.29 wt.%
CaO+Na,O <11 wt.% >10 wt.% 7.87 wt.% 10.63 wt.%
Sr <1100 ppm >1000 ppm 784.77 ppm 1347.06 ppm
pyroxene i v i v
phenocryst
low LREE High LREE low LREE High LREE
LREE concentrations concentrations than concentrations concentrations than
than LSA HSA than LSA HSA
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Fig. 10. Geochemical diagrams for discrimination of low-silica adakites and high-silica adakites and situation of
porphyritic quartz monzodiorite and trachy andesitic dykes from southwest of Jandaq on the A: SiO, versus MgO
diagram (Martin et al., 2005), and B: SiO; versus Nb diagram (Martin et al., 2005)
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Introduction

The “adakite” term was used for the first time by
Defant and Drummond (1990) to display
Cenozoic arcs igneous rocks with intermediate
composition (SiO»> 56 wt.%), which were
produced by partial melting of subducted oceanic
crust. The adakites are series of intermediate to
acidic rocks, with composition range from
hornblende-andesite to dacite and rhyolite; and
basaltic composition are lacking. In adakitic
magmas, phenocrysts are mainly plagioclase,
hornblende and biotite; while orthopyroxene and
clinopyroxene phenocrysts are known only in
mafic andesites (Calmus et al, 2003).
Geochemically, adakites are identified with SiO>>
56 wt.%, ALO:> 15 wt.%, MgO< 3 wt.%, Sr>
400 ppm and enriched LILE and LREE and
depleted Y and HREE (Y< 18 ppm, Yb< 1.9 ppm)
and high ratios of Sr/Y> 40 and La/Yb> 20
(Castillo, 2006 and Castillo, 2012). By using
geochemical data, adakites were classified into
high silica adakites (HSA, SiO»>> 60 wt.%) and
low silica adakites (LSA, SiO,< 60 wt.%) main
groups. The high silica adakites were produced by
partial melting of subducted oceanic crust basalts
and the resulting melts also interact with
peridotite during their ascent through the mantle
wedge. While, low silica adakites were produced
by melting of mantle peridotite that were
metasomatized by melts resulting from slab
(Martin and Moyen, 2002).

The intrusion bodies with porphyritic texture has

been studied and reported in different areas (e.g.
Lan et al, 2012; Zhang et al., 2015). This
intrusion bodies are often in a stock shape and the
texture is porphyritic due to fast crystallization.
The study area (Kuh-e- Godar-¢ Siah) is located in
southwest of Jandaq (northeast of Isfahan
province) and northwest of Central-East Iranian
Microcontinent.  The  quartz  monzodiorite
intrusion with stock shape cross cutting by Eocene
dykes swarm with trachy andesitic composition.
In this paper, the petrology and chemical
characteristics of quartz monzodiorites and trachy
andesitic dykes are discussed.

Material and methods

The chemical compositions of minerals from
quartz monzodiorites and dykes were conducted
by a JEOL JXA-8600 (WDS) electron probe
microanalyzer (EPMA) at the Kanazawa
University, Japan. Analyses were performed by an
accelerating voltage of 20 kV and a beam current
of 20 nA. The Fe*" and Fe’* contents of minerals
were  calculated by  assuming  mineral
stoichiometry. The Fe*# and Mg# parameters of
minerals are Fe*'/(Fe*+Mg) and Mg/(Mg+Fe*")
atomic  ratios, respectively.  Representative
chemical analyses of the minerals are listed in
Table 1 and 2. To obtain whole rock chemical
data, eighteen samples of the studied rocks were
analyzed at the ALS-Mineral Company of
Canada, by a combination of inductively coupled
plasma spectrometry (ICP-MS) and inductively
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coupled plasma atomic emission spectroscopy
(ICP-AES) methods. The  whole rocks
geochemical data are presented in Table 3 and 4.
Also, X-ray diffraction analyses were carried out
in order to typify the K-feldspar mineral using an
XRD D8 ADVANCE, Bruker machine, at the
Central Laboratory of the University of Isfahan.
The FeO and Fe;O; concentrations are
recalculated from Fe,O;’, using recommended
ratios of  Middlemost  (1989).  Mineral
abbreviations are from Whitney and Evans
(2010).

Results and discussion

The main texture in quartz monzodiorites is
porphyritic, and Eocene dykes are granular,
intergranular and porphyritic in texture. The
quartz monzodiorites consist of plagioclase
(albite), sanidine, quartz, biotite, muscovite,
chlorite, magnetite, calcite and apatite. The
minerals in trachy andesitic dykes are plagioclase
(andesine  and  labradorite),  clinopyroxene
(diopside and augite), sanidine, phlogopite,
quartz, amphibole, magnetite, calcite and apatite.
The chondrite-normalized REE patterns and
primitive ~ mantle-normalized  multi-elemental
diagram of the quartz monzodiorites and trachy
andesitic dykes show enrichment in LREE and
LILEs and depletion in HFSEs such as Ta, Nb and
Ti. There is no evident positive or negative
anomaly of Eu. Petrographical and geochemical
characteristics of quartz monzodiorites and trachy
andesitic dykes show that these rocks have been
derived from different sources. The quartz
monzodiorites have high content of La/Yb=
17.49-41.89, SiO= 64.60-68.80 wt.%, Sr= 434-
1855 ppm, Sr/Y= 53.58-168.63 and low content of
MgO= 0.16-1.10 wt.%, Y< 11 ppm and Yb< 0.95
ppm that show characteristics of high silica
adakites which have been produced by melting of
subducted oceanic crust. The trachy andesitic
dykes have La/Yb= 33.45-59.76, SiO,= 53.40-
57.60 wt.%, Sr= 859-2050 ppm, Sr/Y= 50.82-125,
MgO= 1.93-4.53 wt.%, Y< 13.8 ppm and Yb<
1.14 ppm, which display characteristics related to
low silica adakites, produced by melting of
metasomatized mantle peridotite.
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