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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).



55 ol & ik (Aistov et al, 1984) (YL, NUNEPUPNRE ] K oty oy 5 Lol G diatae o
233357 S Pk 35S e Olal=3 8 006 5 e dled SLaeSaT & 1S5 L G55 55 laeSin 151 a5l
5,5 6 O oy 58,5 5 S 8 Oy slone Gads 5 (w s3L) OLL g Ll slaeKaT Kiw cauts S°

(YY) ole ) oG Sl 1) 068 ey s Ll 5 e 51 ST

l_3 (Torabl, 2010) gs—")" )| 4_._9;).)) d)jjﬁ U‘)_J_OI“J c)lé 0)7 UJ.CJLQ.MJ ‘}M;u)b R aalaio ol ooluw stL..M:w.A) asas .Y JS.«»

(&l s

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)



2l s SIS 5 S by amssise 5 Sl Sl AT Jp ¥ ojles 1+ ol

BN CECRE Sxdin aynosiise F)lsS 50 S LSl Jse s aslre s (WL bl ) 505,500 5 lUT @l ) oo
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
TiO; 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 AIVD 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




&P g Sl

Gz @ sz Gl Glacils 3 e S g Sl Jsa s anslne s (WL bl ) 505,500 5lUT @l ¥ Jgor

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
Al O3 3.55 3.92 Al O3 13.09 Al O3 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
Na,O 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,Os(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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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:
Si0, 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

Average values

Average values in

HSA LSA n Quafrtz‘ Trachy andesite
monzodiorite
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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Fig. 11. Geochemical diagrams to determine the source rock of the porphyritic quartz monzodiorite from southwest of
Jandaq on the A: Th versus Th/Ce diagram (Wang et al., 2008), and B: Y versus Sr/Y diagram (Defant and Drummond,

1990)

O oo S50 (sl of jenas SIS 30 5 ik 5m (2558
s Skl S,

SRINT (S5 sesfs (@

s 8 LSl ) ls ams j5 2S1T glaold I &,
el S35l ol Oldis Lo g w2i 8 45 disd o slowy!
Grove et al., 2005;) Cowl o prole gt ylas 0ig 50
opl s .(Macpherson et al., 2006; Castillo, 2012
i sd Jole 2ShT a5 L LLEL 5l =,
gl S et SEEBI G B R R
(sl 3 51 Jool slacline Lo ) ol ol guslin
ol b w085 53 e 51 i3 G ESTIST L Llo s slow|
ekl .(Martin et al., 2005) &5 o JSCi5 Jleb
a5 il s b gladases 53 5, Jlazs 55 JISITeSIS
23 L5 Sl codbpanle gurbio 4 8 Lo S0 s
el 21550 5 ol YL ( JSITESIS sblSL

ok 3y g 4 LSl s 3 8 sl pulie fole

5 J550 Osmen psslas 5 oo T GladnST) 5 i) g8 5 2
Iy Ta sNb (Ti —ie JlooyT ltie K j3 el
comb T Ol b glaclde 358 o ol 5 Conl ol
Rapp and Watson, 1995; Rosu et al., ) &5 |LSCas
Ti, Nb s e sT (5,55 Cuss3955s 5,15 (2004
/YY—+ /¥ ND/Ta= \Y/OV-VA/D+ l,ls g eslsplii Ta
33 das oo Ol &S7 Sl Zr/Sm= Y#/4¥-V1/\Y s Nb/La=
ST 5 JpiaT (6550 Cusm335 50 5ol Lae K
palie Lilazils gl Ctalil L) O e p sl oAl
Sm/Yb= Y/V\-8/10 :wlos ss—s 3 Y sHREE -l
soul s oo, € oS ol oo, 8 ol s Laze K Kl

.(Martin et al., 2005) col il SIb-s Clda
1S e oKt o land 55 laenls 5 YU las olul
e 6 Bir b g 805 e 355
e gazen 45 ol i pmieT S8 S 5 Ledg g
(S 5 o 5lS LT Loie 6K 55 355 30 0bile 3L (sla SIS



o 5 Sntar YvE

Martin ) &5 REE ole jl b3 8 Sdda ¢ Sl
GlacSols o b g o slacSian T 1 (et al., 2005
L LS b Gl Sy G o s 50T S5
Ci€ U155 e s a OLE 1y s 31 a5 (A ST5T L
Slas 8 5 sleolde dow sa) 0l Lo sl wi S Cgd S
s 3 s 28T Glaslde LSas Eel (Chal ogd

el 0l Gulir O o g 2 kT S5 el o5l

SHHS Sl
ol o5 G353 5 SHL AL b e Glakese 55 LI STT
Defant and ),u,_&wdg_x‘upo\ﬁjcfa.\;”,};
5,155 55 .(Drummond, 1990; Martin t al., 2005
Cpo sz AT S5 GeSls 5 (s ) m o ns s
sCs Rb Ba | LILE ,_ole jl Sas b Gdx
syb ok Ta sNb (Ti Jw HFSE e 5l Sus g
35y e ol 53 BU msly sl e b ot JlayT
3SR S p3s5 5 55165 55X 5 LeHREE L5,
HREE (7 sl .disls (ol 3lie gy 2 3550 slacSSls
sl 55 gladases b LU s Olde 1S5 KLY
lwlis 615 015 o+ S1/Sm s Nb/La lacs I uoman
L Lo e slacKin 5,5 osliul LacKnw S5 Laome
Arndt, ) 4,05 SYLST/Sm 5 s Nb/La s 2155 5
Y= J59 S5 6 by st s 5335558 5551 5—S (2008
5o sl ST sesSls 5 Sr/Sm=V#4-¥VA 5 Nb/La=
i s S1/Sm= AY-¥\Y 3 Nb/La= +/V\V\=+/\V &lyls
Srbon aoz2s5se IS S S dalsd ol g samms
L s e (oo 55 (s 3590 50T S5 saeSSls
A3 ThYb Cd 571 5Y ,iolin ) Sl 23155 5
SLacSuls 5 8 b S m3s 550 FlS s La/Yb
LS ol & das o Ol Gk b s (23 0T S5
035ds 53 5 2LaS o OLS @ dtanly Lo o) Jasms o
SAY ) diles S5 e (glo s glacil slaolS

YU, ssLis lyls sNb 5 Ta jleas ¢ LILE (K) I
G113 ¢ b 31 b B ST15T &5 b= s ¢ tzs HREE
LacKiw ol ;3 Nb Kk 5035 5wl KoO/NazO o
GV ppm) G YL i slae lyls 5 Sl VY ppm s i
.(Martin et al., 2005) wz.s HREE I osl 5l 5 St
VYA Gl Gl O o s 25T S5 glaesSls
§/Y+—\¥/Y+ ppm ldis /A 5 Kke 5 K2O/NaxO=+/vo
4S" wwa ST YRV ppm gl ls Kl sba s Nb=
o 51 i e oSTIT (gl oddaslyl jyslie L alie
PPM 350> o 51 05 o ST5T 55 Yb Sk . kizs
350 OLS Lases 4 by o tewls (sLacsSin 55 5035 +/AF
y».(Martin - et al., 2005) c— . ¥/f ppm
35 53 Yb 80l G o b s o T S5
554> Yb (clyls Jsane 5 obas LS5 5 .l V/Y ppm
les a5l s ol KL 45 dzws +/FY ppm
MITHAC Y gl s ol as 8 Sl 53 odile 3L (sla SIS
s 6 e Olyteas Yb L, 5 86 azs Kd vo
5 Jeol> slaolds .(Martin et al., 2005) cwl 8 5LL
b oo gt ta YD by psbde d sy Clul 03
1B Ol B 51 Cdis p S 5 Ol 5 il e
2 HREE ol sl e ol sl cdas —oi ,—x Yb
MY L Gl ST i ¢ o 51 sLaz ST
~-(Martin et al., 2005) =S" » esis |, Kd @reE)
(Prouteau et al., oIl 5 555, slaiagis wlul
33 5l Jool (slaclde v g 5 8 sl ke 2001)
s el e golin S ks 1210 35 Ll
o Csis Ll ol 5 s das e 13 ST Coi | ea S
+ J i+ ey ST Sl swlie 4s yazee
Martin et al, 2005) s, 5 s b5y S 5o
33 e s b by ek 1 S ST
b;,;)\fsmmjfy{.ﬂguym Sl sy 5

slul Cel g5l & DIl s 3l Lg\e.ajz‘.f 03 gdwa 43



Vo i SBSIS 5 5o y50 Sepposise 5155 S5l sisls TRV JL ¥ o )+ ol

;JI,SQWJMG_J_U@,SL;LN,Q.L_;T@_: Coupdspse 50155 ,3Rb sNb (Y 0l as a5 L .(B
Llods JSes SLaassT 0lS™ S5 53 (6 )9 Cuy 390 (IS O B EPNES SN N TN INE. S AP S
(F sE-\y S8) D 5CY JSs) a5, 8 e 8 laanT glaols

5iLa s U dLa Ba pslas wlul 5 2547 ST5 sbesSls

TIO0E T T T ™ GNE T T T TR T T EETI T T AT TF T
l-ﬂ-l F D0uanz monzodiorite . B! E O Quarn: monzodiornite 3
- O Trachy andesite F O Trachy andesite 1
: Continental Margin A T
L 100 - -
— o E 3
E Arcrelated OO O\ wimin |2 - ]
= 1= o plate § L 4
= [ .77 i= t .
i 10 = =
- Primitiv 1
Island :
1 i SREPPITTIR ORIy | £k 1 Tiaal PR R TTT] B S AW T T L4 owaiam
10 100 1000 [N ] 1 10 100 1000
Zr (ppm) ThYh
'E T T T |_ 3 T LR T T B | [Ij |m.: I:_ ) T T 3
. iooo :'D Quartz monzediorite = EDQu-am-: monezadionte ':‘
g Syn-C0OLG 1
1 WPG 1
i 100} .
100 T F E
g g ]
E-' - B VAL A
= = ¥
= it +syn-COLG
10 E a =] E
ORG . ORG ]
1 sanal o s raazal 1 o s s aaasl PR s vagul L 3 s awaal
1 ] 1 1 1 11 100 1M
Y4+Xxhb [ppmt;n 00 ¥ (ppm)
R 100E T —Tr—TTrTrTrTT —TTTTTTYy
E) & ' ! T dE wEC.‘:'I"mch}' anccs| '“I--H.______‘____'____]__“________________=
70 o o E MORB/OIB
NMORE L TR T T T Vet vt e SN TTERE SRR
60 - < . r
= o 104 =
E s0f o . E Unner Cras P —— ]
£ oS8 o | UmerCon -,
= 400 4 = y
= = T N LV
20 Orogenic Andesite - r ."//”‘ Hire Voleanics __‘_,..-"'CJ?
'F i T 3
20 = E L;‘\‘ _,-*"Jf
10 - [ T
0 1 1 I 1 1 1 1 L 0.1 1 sxal )
o 100 400 B mpm]?ﬂﬂ 1000 0.1 1 Nb (ppm) 10 100

oz a0l ST Glacsls 5 650 Coryndsiise 3,15 Caadse 5 (Ilaime) bae SSE olierds slologed Y JS
Y-Nb 5 (Y+NDb)-Rb ,lo4«5:D 4 C (Condie, 1989) Th/Yb-La/Yb o35 B (Le Maitre, 1989) Zr-Y jlogoi:A ,o Goss>
(Hofmann et al., 1986) Nb-(Nb/U) ,loses :F 5 (Gill, 1981) Ba-La lssei :E (Pearce et al., 1984)
Fig. 12. Geochemical Tectonic discrimination diagrams and position of the porphyritic (}uartz monzodiorite and trac%
andesitic dykes from southwest of Jandaq on the A: Zr versus Y diagram %)Le Maitre, 1989), B: Th/Yb versus La/

diagram (Condie, 1989), C and D: (Y+Nb) versus Rb and Y versus Nb diagrams (Pearce et al., 1984), E: Ba versus La
diagram (Gill, 1981), and F: Nb versus (Nb/U) diagram (Hofmann et al., 1986).



P s Syt Yvs

5035 S b5 s 355 50 1S AL el ok phad
AF/F A4/ +) 58 5 50 K oty S5 (gl SIS oas
23 ¢di s 5,155 5 (Or=74/F—Av/V) cpdslw (Ab=
Y518 ol el 2T ST 5 slaeSTls 48 Il
LeT ool sla oS 5 ansls oS 1ds 5,551 8 2
3 2335 NS 5 33 ((Em 5l 5 oy 23) S g 5lS”
e ol i Sy 858 5 p il (5500 Y
Liie oK 05 30 sline Sy 5 Ko LT 5 wliz SIS
Wl ST ST 5 5 (5 s S 39500 Sl S
3 S brsm Cmp5 5 FolsS ol 55 Gl
Crrs Taonds5se SIS S A8 o Ol iy 5uT S5
SSITESTE Cale iy 5T S5 5 ST Conle
s 5,5 L bLsl 53 5 b)ls (s sd b YL ey
Ll ST S5 5 S Cmomasise 3155 Ailods
ias e 0l 1y 2SHT blfle b Ls o sls S5
st SIS T Gla S5y s o Cusmdsise 5ol
Gl ST sla K55 28T S5 sbesSls 5 b
Lins o OLE 1y ke 1 0

Blir & o s 53 45 s o0 Ol (S50 5 Sl 2
01l =5 2 00 3,5 Ol bl o 31 i gy ST 51 ey
(1 b 3 5 e S Bl B Gk b ST b ys 555
o o 53 el 03 S Blhs 3 658 o Ol pl =G 5 o065 &
5S35 0355 D) pots S b Lao 33550 FolSS Lo
S 93 ) e S (5 S S T 4k Coale L
G ado o 55 g ods LS5yl )€ Lane K
it gla Sl 5 &Sl &) pon by 50T S5
s S gy 1 95 o )3 o ) B (sla ST
b g NS LSl ) S5 e 428 5 oS Liloks sl
o e gunlie 5l 3 055 3 ol o3 w8 Ol
sl

EIEPEY

5 Slidss Coglee Jlo glacoles Sl adlie 08t 5
LS e S Olgiol oKl (55

330155 om0 53l 5 L LaeSiw ol SCas Byl 550 53
5 (e ) gy 558 Y 1 S sty 4
Ol a0 o S 15 il 3 slizel 53 B a0l S
Omrani et al., 2008; ) g6 ul 5 b 348 5
s S gy 5 Y 5 Sl dlag (Torabi, 2009
PS5 ORGS0l 5 o and )38 T
W PR SIS ST g W g RN
s 53! (slaae oz (Shirdashtzadeh et al., 2014)
Ll ey ) gLl (S e Ol Rl =G 0,8 5 5 b
038 3,5 bl 5> e L3 ol S5 48T it oS 55
Cl ol LT b 5 slgl 53 (655 0 O 01— -
o el gLl ) (Shirdashtzadeh et al., 2014)
23135 Sl 4l 53 OT (2 o ity & Sl o 55
b S 5550 5 ezl g sldl ol Ol il b .ol
Torabi, ) Ceul oy OLL a4 G 81 15l 53 5 go Sub
S5 Jnlsl B &S 55050 glacd gl 5 4252011
Shirdashtzadeh et ) (¢S g 5 udis b 531 ASLe)
AL 5050 b ST Glaeilsds 5 @l., 2017
s si g ST Sy glaaty dile) o 51 6
Ll Ol o (SO s Sladaly Sk © 2o s
by e dal st e 51 (eST,0 Jles JISOTeSIST SOST
—G o) S Dbl s i 5 o g gy 55
St S 13 Sl 5 51 g g 250 it s § 55 0 O
JS U sl 55 a8 Il 5 65,05 sl 120 IS YO
L (S Olpl =G b o) 35 Silys b Jomn) 550 5 S
RN | PR PP -1 =P W L Ay R
e P gy g A ) Sk o s 3 (R

b‘bwtg;fd‘ﬁ‘—éj&o)ubf' k.}‘]b‘

S 5 doms
=S 5 L 630 0355 (Olgiwl Ol) B o0 s 3
8355 ol 45 3,15 O sl (S by Sy 3950 FilsS
TS5 S 5L sl LSOl L 5 05358



Yvy ol Gl 9 6 dm Capmosee 3l S el (6390

OTAY L) ¥ o )less o)+ ol

References

Ahmadian, J., Sarjoughian, F., Lentz, D.,
Esna-Ashari, A., Murata, M. and Ozawa,
H., 2016. Eocene K-rich adakitic rocks in
the Central Iran: Implications for
evaluating its Cu-Au— Mo metallogenic
potential. Ore Geology Reviews, 72(1):
323-342.

Aistov, L., Melnikov, B., Krivyakin, B. and
Morozov, L., 1984. Geology of the Khur Area
(Central Iran). Geological Survey of Iran,
Tehran, Report 20, 132 pp.

Arndt, N.T, 2008. Komatiite. Cambridge
University Press, Cambridge, 467 pp.

Calmus, T., Aguillon-Robles, A., Maury, R.C.,
Bellon, H., Benoit, M., Cotten, J., Bourgois, J.
and Michaud, F., 2003. Spatial and temporal
evolution of basalts and magnesian andesites
(“bajaites”) from Baja California, Mexico: the
role of slab melts. Lithos, 66(1): 77—105.

Castillo, P.R., 2006. An overview of adakite
petrogenesis. Chinese Science Bulletin, 51(3):
257-268.

Castillo, P.R., 2012. Adakite petrogenesis. Lithos,
134(5): 304-316.

Condie, K.C., 1989. Geochemical changes in
basalts and andesites across the Archean-
Proterozoic  boundary: identification and
significance. Lithos, 23(1-2): 1-18.

Defant, M.J. and Drummond, M.S., 1990.
Derivation of some modern arc magmas by
melting of young subducted lithosphere.
Nature, 347(6294): 662—665.

Gill, J.B., 1981. Orogenic andesite and plate
tectonics. Springer, Berlin, 390 pp.

Grove, T.L., Baker, M.B., Price, R.C., Parman,
S.W., Elkin-Tanton, L.T., Chatterjee, N. and
Muntener, O., 2005. Magnesian andesite and
dacite lavas from Mt. Shasta, northern
California: products of fractional
crystallization of H2O-rich mantle melts.
Contributions to Mineralogy and Petrology,
148(5): 542-565.

Hofmann, A.W., Jochum, K.P., Seufert, M. and
White, W.M., 1986. Nb and Pb in oceanic
basalts: new constraints on mantle evolution.
Earth and Planetary Science Letters, 79(1-2):
33-45.

Irvine, T. and Baragar, W., 1971. A guide to the
chemical classification of the common

volcanic rocks. Canadian Journal of Earth
Sciences, 8(5): 523—548.

Lan, T.G., Fan, H.R., Santosh, M., Hu, F.F.,
Yang, K.F., Yang, Y.H. and Liu, Y., 2012.
Early Jurassic high-K calc-alkaline and
shoshonitic rocks from the Tongshi intrusive
complex, eastern North China Craton:
implication for crust-mantle interaction and
post-collisional magmatism. Lithos, 140(2):
183—-199.

Le Maitre, R.W., 1989. A classification of igneous
rocks and glossary of terms, Recommendations
of the IUGS Subcommission on the
Systematics of Igneous Rocks. Blackwell,
Oxford, 193 pp.

Le Maitre, R.W., 2002. Igneous Rocks: A
Classification and Glossary of Terms.
Recommendations of the International Union
of Geological Sciences, Subcommission on the
Systematics of Igneous Rocks. Cambridge
University Press, Cambridge, 254 pp.

Macpherson, C.G., Dreher, S.T. and Thirlwall,
M.F., 2006. Adakites without slab melting:
high pressure differentiation of island arc
magma, Mindanao, the Philippines. Earth and
Planetary Science Letters, 243(3): 581-593.

Mahmoodabadi, L., 2009. Petrography and
petrology Eocene Volcanics from Southwest of
Jandaq (Northeast Isfahan). M.Sc. Thesis,
University of Isfahan, Isfahan, Iran, 220 pp. (in
Persian with English abstract)

Martin, H., 1999. The adakitic magmas: modern
analogues of Archaean granitoids. Lithos,
46(3): 411-429.

Martin, H. and Moyen, J.F., 2002. Secular
changes in tonalite-trondhjemite-granodiorite
composition as markers of the progressive
cooling of earth. Geology, 30(4): 319-322.

Martin, H., Smithies, R.H., Rapp, R., Moyen, J.F.
and Champion, D., 2005. An overview of
adakite, tonalite—trondhjemite—granodiorite
(TTG), and sanukitoid: relationships and some
implications for crustal evolution. Lithos,
79(1): 1-24.

McDonough, W.F. and Sun, S.S., 1995. The
composition of the Earth. Chemical Geology,
120(3—4): 223-253.

Middlemost, E.A., 1989. Iron oxidation ratios,
norms and the classification of volcanic rocks.
Chemical Geology, 77(1): 19-26.



Sy s St YvYA

Moyen, J.F., 2009. High Sr/Y and La/Yb ratios:
the meaning of the “adakitic signature”. Lithos,
112(3): 556-574.

Nazari, G.H. and Torabi, G., 2017. Petrogenetic
processes, crystallization conditions and nature
of the Lower- Oligocene calc-alkaline
spessartitic lamprophyres from Kal-e-kafi area
(East of Anarak, Isfahan province). Journal of
Economic Geology, 9(2): 375-395. (in Persian
with English abstract)

Nosouhian, N., Torabi, G. and Arai, S., 2016. Late
Cretaceous dacitic dykes swarm from Central
Iran, a trace for amphibolite melting in a
subduction zone. Geotectonics, 50(3): 295—
312.

Omrani, J., Agard, P., Whitechurch, H., Benoit,
M., Prouteau, G. and Jolivet, L., 2008. Arc-
magmatism and subduction history beneath the
Zagros Mountains, Iran: A new report of
adakites and geodynamic  consequences.
Lithos, 106(3—4): 380-398.

Pearce, J.A., Lippard, S.J. and Roberts, S., 1984.
Characteristics and tectonic significance of
supra-subduction zone ophiolites. In: B.P.
Kokelaar and M.F. Howells (Editors),
Marginal Basin Geology: Volcanic and
Associated  Sedimentary and  Tectonic
Processes in Modern and Ancient Marginal
Basins.  Geological Society of London
Publications, Special Publication, 16, London,
pp. 77-94.

Prouteau, G., Scaillet, B., Pichavant, M. and
Maury, R.C., 2001. Evidence for mantle
metasomatism by hydrous silicic melts derived
from subducted oceanic crust. Nature,
410(6825): 197-200.

Rajabi, S. and Torabi, G., 2013. Mineralogy and
geochemistry of xenoliths in the Eocene
volcanic rocks from southwest of Jandagq.
Journal of Economic Geology, 5(1): 65-82. (in
Persian with English abstract)

Rapp, R.P. and Watson, E.B., 1995. Dehydration
melting of metabasalt at 8-32 kbar:
implications for continental growth and crust-
mantle recycling. Journal of Petrology, 36(4):
891-931.

Reich, M., Parada, M.A., Palacios, C., Dietrich,
A., Schultz, F. and Lehmann, B., 2003.
Adakite-like signature of Late Miocene
intrusions at the Los Pelambres giant porphyry
copper deposit in the Andes of central Chile:

metallogenic implications. Mineralium
Deposita, 38(7): 876-885.

Rosu, E., Seghedi, 1., Downes, H., Alderton,
D.H.M., Szakacs, A., Pecskay, Panaiotu, C.E.
and Nedelcu, L., 2004. Extension related
Miocene calc-alkaline magmatism in the
Apuseni Mountains, Romania: Origin of
magmas. Schweizerische Mineralogische und
Petrographische Mitteilungen, 84(1): 153—-172.

Shirdashtzadeh, N., Torabi, G., Meisel, T., Arai,
S., Bokhari, S.N.H., Samadi, R. and Gazel, E.,
2014. Origin and evolution of metamorphosed
mantle peridotites of Darreh Deh (Nain
Ophiolite, Central Iran): implications for the
Eastern Neo-Tethys evolution. Neues Jahrbuch
fiir Geologie und Paldontologie-
Abhandlungen, 273(1): 89—120.

Shirdashtzadeh, N., Torabi, G. and Samadi, R.,
2017. Petrography and mineral chemistry of
metamorphosed mantle peridotites of Nain
Ophiolite (Central Iran). Journal of Economic
Geology, 9(1): 57-72. (in Persian with English
abstract)

Sun, S.S. and McDonough, W.F., 1989. Chemical
and isotopic systematics of oceanic basalts:
implications for mantle composition and
processes. In: A.D. Saunders and M.J. Norry
(Editors), Magmatism in the Ocean Basins.
Geological Society of London Publications,
Special Publication, 42, London, pp. 313-345.

Tabatabaei Manesh, S.M., Sharifi, M. and
Romanko, A., 2010. P-T condition of the
Jandagh metapelitic schists, Northeastern
Isfahan Province, Iran. Petrology, 18(3): 308—
317.

Tang, Y., Li, X., Xie, Y., Liu, L., Lan, T., Meffre,
S. and Huang, C., 2017. Geochronology and
geochemistry of late Jurassic adakitic
intrusions and associated porphyry Mo—Cu
deposit in the Tongcun area, east China:
Implications for metallogenesis and tectonic
setting. Ore Geology Reviews, 80(1): 289-308.

Torabi, G., 2009. Subduction-related Eocene
shoshonites from the Cenozoic Urumieh-
Dokhtar magmatic arc (Qaleh-Khargooshi
area, West of the Yazd province, Iran). Turkish
Journal of Earth Sciences, 18(4): 583-613.

Torabi, G., 2010. Early Oligocene alkaline
lamprophyric dykes from the Jandaq area
(Isfahan Province, Central Iran): Evidence of
Central-East Iranian microcontinent confining



rva gl SBSUIS 5 (7850 S ym9Pse F)leS S ol $hols

OTAY L) ¥ o )less o)+ ol

oceanic crust subduction. Island Arc, 19(2):
277-291.

Torabi, G., 2011. Late Permian blueschist from
Anarak ophiolite (Central Iran, Isfahan
province), a mark of multi-suture closure of the
Paleo-Tethys Ocean. Revista Mexicana de
Ciencias Geologicas, 28(3): 544-554.

Torabi, G., 2012. Late Permian post-ophiolitic
trondhjemites from Central Iran: a mark of
subduction role in growth of Paleozoic
continental crust. Island Arc, 21(3): 215-229.

Vernon, R. H., 2004. A practical guide to rock
microstructure. Cambridge University Press,
Cambridge, 606 pp.

Wang, Q., Wyman, D.A., Xu, J., Wan, Y., Li, C.,
Zi, F., Jiang, Z., Qiu, H., Chu, Z., Zhao, Z. and
Dong, Y., 2008. Triassic Nb-enriched basalts,
magnesian andesites, and adakites of the
Qiangtang terrane (Central Tibet): evidence for
metasomatism by slab-derived melts in the

mantle wedge. Contributions to Mineralogy
and Petrology, 155(4): 473-490.

Whitney, D.L. and Evans, B.W., 2010.
Abbreviations for names of rock-forming
minerals. American Mineralogist, 95(1): 185—
187.

Zhang, J.Q., Li, S.R., Santosh, M., Wang, J.Z. and
Li, Q., 2015. Mineral chemistry of high-Mg
diorites and skarn in the Han-Xing Iron
deposits of South Taihang Mountains, China:
Constraints on mineralization process. Ore
Geology Reviews, 64(1): 200-214.

Zhu, A.C., Zhao, Z.D., Pan, G.T., Lee, H.Y.,
Kang, Z.Q., Liao, Z.L., Wang, L.Q., Li, G.M.,
Dong, G.C. and Liu, B., 2009. Early
Cretaceous  subduction-related  adakite-like
rocks of the Gangdese Belt, southern Tibet:
products of slab melting and subsequent melt-
peridotite interaction? Journal of Asian Earth
Sciences, 34(3): 298-309.



Journal of Economic Geology
Vol. 10, No. 2 (2018-2019)
ISSN 2008-7306

6olaidl ol o)y
OTAY L) ¥ ol )+ al>
YE o VY Glrio

Petrology of porphyritic quartz monzodiorite stock and Eocene dykes with
adakitic nature from SW of Jandaq (NE of Isfahan province); Evidence of
oceanic crust subduction around the Central-East Iranian Microcontinent

Ahmad Jamshidzaei and Ghodrat Torabi’

Department of Geology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

Submitted: Apr. 26, 2017
Accepted: Nov. 29, 2017

Keywords: Quartz monzodiorite, Trachy andesite, Subduction, Adakite, Eocene, Central-East Iranian

Microcontinent

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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