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INTRODUCTION
Gondwana was assembled by the collision of about 

7-8 Australia-sized Neoproterozoic continents during 
two main periods, first at ~650-600 Ma and secondly 
at ~570-520 Ma (Collins and Pisarevsky, 2005). The 
Neoproterozoic-Cambrian time was dominated by the 
growth of the Gondwana Supercontinent, resulted from 
a long-lasting history of orogenic construction, with the 
final amalgamation during the Cambrian time (Dalziel, 
1991; Boger and Miller, 2004; Collins and Pisarevsky, 
2005; Cawood, 2005; Cawood and Buchan, 2007; Li et 

al., 2008; Torsvik and Cocks, 2013; Nance et al., 2014).
Ediacaran-Cambrian (Cadomian) magmatism is 

suggested to reflect widespread continental arc magmatism 
along the northern margin of Gondwana (Ramezani and 
Tucker, 2003; Ustaömer et al., 2009, 2011; Moghadam 
et al., 2015). Fragments of the Cadomian crust, rifted 
away from Gondwana during Cambrian-Ordovician 
and accreted to Eurasia sequentially, throughout the 
Phanerozoic time (Stampfli et al., 2002; Murphy et al., 
2004; Nance et al., 2008, 2010; Ustaömer et al., 2011).

Occurrence of voluminous Cadomian subduction-
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related magmatism in the basement terranes from Iberia, 
Bohemia, Anatolia to Iran and even Lhasa attests for the 
formation of an Andean-type active continental margin 
along the northern margin of the Gondwana Supercontinent 
(Ramezani and Tucker, 2003; Cawood and Buchan, 2007; 
Hassanzadeh et al., 2008; Horton et al., 2008; Ustaömer 
et al., 2009; Saki, 2010; Azizi et al., 2011; Mahmoud et 
al., 2011; Zhu et al., 2012; Hu et al., 2013; Jamshidi Badr 
et al., 2013; Rossetti et al., 2015; Shafaii Moghadam et 
al., 2015). The Cadomian magmatism seems to start from 
~600 Ma and continued until 500 Ma with a magmatic 
“flare-up” at 572 to 528 Ma (Shafaii Moghadam et al., 
2017).

Recent efforts to understand the Cadomian exposures 
in Turkey and Iran emphasize the use of detrital 
zircons for dating of the igneous rocks, and for their 
metamorphic equivalents and provenance analysis of 
Palaeozoic sedimentary units (Ramezani and Tucker, 
2003; Hassanzadeh et al., 2008; Ustaömer et al., 2009, 
2011, 2012; Jamshidi Badr et al., 2013; Monazzami 
Bagherzadeh et al., 2015). Bulk rock Sr-Nd data can also 
provide useful tools for understanding the mechanisms 
that were involved during the Cadomian magma 
generation.

According to the recent U-Pb geochronological survey, 
Cadomian magmatism seems to be widespread in Iran, 
and can be traced from Alborz (N Iran), Sanandaj-Sirjan 
Zone, and NE-central Iran including the Kashmar-
Kerman Tectonic zone (KKTZ) (Figure 1). The Cadomian 
magmatism shows a subduction-related magmatism, 
the occurrence of I-type granitoids is widespread in the 
Cadomian terranes (e.g., Jamshidi Badr et al., 2013; 
Alaminia et al., 2013). Although, S-type bodies are 
reported at the Bornaward area in NE Iran with zircon 
U-Pb ages of 540 to 550 Ma (magmatic age). Monazzami 
Bagherzadeh et al. (2015) believe the Bornaward complex 
were originated from the continental crust. The melt of 
Bornaward S-type units was derived from psammite and 
greywacke rocks (Monazzami Bagherzadeh et al., 2015). 

The Dehzaman Cadomian intrusions are located 
in the Central Iranian Block (CIB), in NE Iran. The 
CIB consists, from east to west, of three major crustal 
domains: the Lut Block, Tabas Block and the Yazd 
Block (Berberian and King, 1981). Tabas and Yazd 
blocks are separated by a nearly 600 km long, arcuate 
and structurally complex shear zone, the Kashmar-
Kerman Tectonic Zone (Ramezani and Tucker, 2003). 
Variably deformed supracrustal rocks were tilted and 
exhumed within the KKTZ. The Cadomian magmatic 
rocks, studied here, outcrop in the NE edge of the KKTZ 
(Figure 1). The KKTZ provides remarkable exposures 
of the deeper sections of the CIB, among which the late 
Neoproterozoic and lower Palaeozoic rocks are abundant 

(Stocklin and Setudehnia, 1977; Ramezani and Tucker, 
2003). We have focused on geochemistry, Sr-Nd isotope 
studies and U-Pb zircon geochronology of two different 
granites in the Dehzaman (NE Iran) with the aim to 
unravel the age and geochemistry of the meta-igneous 
rocks from the CIB. This approach helped to understand 
the crustal growth and reworking mechanism of the Iran 
crust. We also present new zircon U-Pb age results for 
the Dehzaman volcanic rocks to better constrain the age 
of the magmatism in the Iranian Cadomia. These data 
will be used to strength our understanding about the 
Cadomian magmatism in Iran and surrounding areas.

GEOLOGICAL SETTING
Cadomian rocks are widespread in NE Iran, especially 

within the KKTZ. One of the main outcrops of these rocks 
is the Kuh-e-Sarhangi region that Dehzaman prospect 
area is located within it. Below, we describe these two 
areas in more detail.

Kuh-e-Sarhangi region
Kuh-e-Sarhangi, at the northern edge of the KKTZ, 

includes thick sequence (>2000m) of the variably-
metamorphosed Cadomian rocks (Sahandi et al., 2011; 
Nozaem et al., 2013). These rocks comprise: (i) low-grade 
metamorphic rocks (slates and phyllites) in N and W of 
Kale-Abdolghari and Deh Namak villages; (ii) medium-
grade metamorphic rocks (mica-, garnet-schists) that 
are mostly exposed at the W of Klidanak and S-SW of 
Zeber-Kuh villages; (iii) the Cadomian platform deposits 
including the recrystallized dolomites of the Soltanieh 
Formation (Stocklin et al., 1964; Jafari et al., 2007); and 
(iv) the Zeber-Kuh Formation comprising recrystallized 
dolomites, marbles, and quartzites (Figure 2). Granitoidic 
intrusions crosscut the metamorphic rocks (units i and ii). 
Zircon U-Pb geochronology for some of these intrusions 
shows Cadomian crystallization ages (ca. 575-535 Ma) 
(Rossetti et al., 2015). Sahandi et al. (2011) suggested that 
the igneous and metamorphic rocks have been deformed 
during a late Neoproterozoic orogeny and exhumed 
to the upper levels during the Mesozoic and Cenozoic 
extensional phases.

The Cadomian magmatic and metamorphic rocks are 
covered by a series of sedimentary rocks including; (i) 
the Paleozoic (Silurian-Permian) weakly metamorphosed 
shales, limestones, sandstones, marls, and dolomites; 
(ii) Mesozoic sediments including shales, sandstones, 
conglomerates, limestones, and marls.

Dehzaman area
The oldest rocks within the Dehzaman area are slates, 

phyllites and recrystallized dolomitic limestones. Detailed 
field investigations reveal three groups of intrusive and 
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volcanic rocks in the Dehzaman area, which include 
(biotite-bearing) syenogranites, (mylonitic) gneissic 
granites and rhyolites- rhyodacites.

Biotite syenogranites are widespread in N and central 
parts of the Dehzaman and make the main rock lithology 
among the Cadomian rocks (Figure 3). These rocks cover 

Figure 1. Simplified geological map of Iran (modified after Shafaii Moghadam et al., 2015), with emphasis on the distribution of 
Cadomian exposures, Mesozoic ophiolites and Eocene magmatic rocks.
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an area of ~5 km2. 
Gneissic granites occur predominantly in W and E 

of Dehzaman (Figure 3). The mineralogy of gneissic 
granites is similar to biotite syenogranite, but with more 
plagioclase crystals. Quartz shows stretching lineation in 
gneissic granites.

Volcanic rocks in the Dehzaman include rhyolites and 

rhyodacites. These rocks cover the intrusive rocks in 
some outcrops. Volcanic rocks show porphyritic, locally 
mylonitic, texture (Figure 3). 

ANALYTICAL METHODS
We sampled different volcanic and plutonic rocks 

during a detailed field work. We have tried to select 

Figure 2. Simplified geological map of the Kuh-e-Sarhangi region (modified after Nozaem et al., 2013). Rectangle shows the location 
of the Dehzaman area.
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least-altered samples of biotite syenogranites and 
syenogranites for geochemistry. Two types of different 
rocks (syenogranites and rhyolites) have been chosen for 
zircon U-Pb geochronology.

Major and trace elements geochemistry
All samples were crushed after removal of weathered 

surfaces. The small rock chips were then pulverized in 
an agate mortar to a grain size of <200 mesh. Major 
elements compositions of fused disks were analysed by 
X-ray fluorescence spectrometry (XRF) method at the 
laboratory of Amethyst, Mashhad, Iran. Trace elements 
and REE analyses were determined by inductively 
coupled plasma mass spectrometry (ICP-MS) in the 
ACME Analytical Laboratories (Vancouver) Ltd., 

Canada. Powdered samples (0.2 g) were fused with 
lithium metaborate/tetraborate flux and digested by nitric 
acid before determination by ICP-MS.

Zircon U-Pb geochronology
Two representative rock samples from syenogranite (A-

14) and rhyolite (A-36) were chosen for zircon U-Pb dating. 
Zircons were separated using the convenient methods and 
mounted along with the appropriate zircon standards, in 
a 2.5 cm epoxy mount. Zircon U-Pb isotope data were 
collected by using a New Wave 193 nm ArF laser ablation 
system coupled to a Nu Plasma HR inductively coupled 
plasma-mass spectrometer (ICP-MS) at the Arizona 
Laserchron Centre according to the method described 
by Gehrels et al. (2008) (for additional information, see  

Figure 3. Geological map of the Dehzaman area, with emphasise on the location of collected samples for dating and isotope analysis. 
Zircon U-Pb age for sample DZM is from Rossetti et al. (2015).
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http://www.sites.google.com/a/laserchron.org/laser-
chron/). Uncertainties for reported 238U-206Pb ages are ~1-2%  
(2s) and include both a systematic error (typically  
~1-2%), and an error associated with the scatter and 
precision of a set of measurements for a given sample 
(~1%, 2s) (for analytical details see Gehrels et al., 2009). 
Concordia diagrams were obtained by using the ISOPLOT 
software (Ludwig, 2003).

Rb-Sr and Sm-Nd isotopic analyses
Sr and Nd isotopic composition were determined at the 

Laboratório de Geologia Isotópica da Universidade de 
Aveiro, Portugal. The selected powdered samples were 
dissolved with HF/HNO3 in Teflon Parr acid digestion 
bombs at 200 °C. After evaporation of the final solution, 
the samples were dissolved with HCl (6 N) and dried 
down. The elements for analysis were purified using a 
conventional two-stage ion chromatography technique: 
(i) separation of Sr and REE elements in ion exchange 
column with AG8 50 W Bio-Rad cation exchange resin; 
(ii) purification of Nd from other lanthanide elements in 
columns with Ln resin (EiChrom Technologies) cation 
exchange resin. All reagents used in sample preparation 
were sub-boiling distilled, and pure water was produced 
by a Milli-Q Element (Millipore) apparatus. Sr was loaded, 
with H3PO4, on a single Ta filament, whereas Nd was 
loaded, with HCl, on a Ta outer-side filament in a triple 
filament arrangement. 87Sr/86Sr and 143Nd/144Nd isotopic 
ratios were determined using a Multi-Collector Thermal 
Ionisation Mass Spectrometer-TIMS-VG Sector 54. Data 
were obtained in dynamic mode with peak measurements 
at 1-2 V for 88Sr and 0.5-1 V for 144Nd. Sr and Nd isotopic 
ratios were corrected for mass fractionation relative 
to 88Sr/86Sr=0.1194 and 146Nd/144Nd=0.7219. During 
this study, the SRM-987 standard gave a mean value of 
87Sr/86Sr=0.710255±23 (N=10; 95% c.l.) and the JNdi-
1 standard yielded 143Nd/144Nd=0.5121009±66 (N=12; 
95% c.l.). Initial values of the Nd isotope of samples were 
calculated according to the procedure of Depaolo, 1981.

PETROGRAPHY
Biotite syenogranites

These rocks show hypidiomorphic granular texture and 
consist of 50-55 vol% K-feldspar, 8-12 vol% plagioclase 
(oligoclase), 20-25 vol% quartz, and 6-8 vol% green and 
brown fine-grained biotite and minor muscovite. Perthites 
to myrmekitic texture are also usual. Minor zircon, 
apatite, muscovite and ilmenite are also present (Figure 
4A and B). Alkali-feldspars usually occur as megacryst 
(>5 cm). Orthoclase and plagioclase feldspar are replaced 
by secondary, alteration-related minerals (<2%) including 
chlorite, epidote, titanite and sericite (Table 1). 

Syenogranites
Syenogranites are medium to coarse grained, 

with hypidiomorphic granular texture. The mineral 
assemblages consist of 30-38 vol% quartz, 45-50 vol% 
K-feldspar and 8-12 vol% plagioclase (Figure 4C and 
D). Plagioclases generally show kinking and fracturing 
as the result of tectonic deformation. Apatite, zircon and 
ilmenite are present as accessory phases (Table 1).

Rhyolites and rhyodacites
These volcanic rocks have a porphyritic texture with 

a cryptocrystalline to holohyalline groundmass (Figure 
4E and F). Euhedral to subhedral phenocrysts consist of 
K-feldspar (Sanidine), quartz, biotite and rare plagioclase. 
Zircon and apatite are present as minor components. Due 
to regional metamorphism and alteration, both plagioclase 
and K-feldspar have been replaced by epidote and sericite. 
The glassy groundmass of these rocks shows alteration to 
chlorite and clay minerals (Table.1). 

WHOLE ROCK GEOCHEMISTRY
We have analyzed biotite syenogranites and 

syenogranites for whole rock major, trace, and rare earth 
elements (Table 2a and B). Volcanic rocks show higher 
degree of alteration and therefore we have neglected these 
samples for whole rock geochemistry.

Intrusive rocks are less altered as testified by their low 
Loss On Ignition (LOI) values; 0.35-1.01.

Intrusive rocks have quite constant SiO2 content, 
ranging from ~74 to 78 wt% (Table 2a and b). Total 
alkalies (Na2O+K2O) are high, 7.67-8.21 wt% in biotite 
syenogranites and 8.35-9.18 wt% in syenogranites. 
According to the TAS diagram (Middlemost, 1994), 
biotite syenogranites and syenogranites plot in the 
fields of syenogranite and alkali feldspar granite, 
respectively (Figure 5A). The Dehzaman plutonic rocks 
have high content of K2O (from 4.15 to 4.97 wt% in 
biotite syenogranites and from 3.24 to 7.54 wt% in 
syenogranites), thereby falling in the high-K calc-
alkaline to shoshonitic fields of the K2O vs SiO2 diagram 
by Peccerillo and Taylor (1976) (Figure 5B). Biotite 
syenogranites are high-K calc-alkaline but syenogranites 
mostly show shoshonitic signature. Dehzaman granites 
show peraluminous characteristic, except one sample 
of biotite syenogranite, which shows metaluminous 
signature (Figure 5C). In alkali-lime index plot (Na2O+ 
K2O+CaO) vs SiO2 (Frost et al., 2001), syenogranites are 
mostly calcic-alkali, whereas biotite syenogranites show 
calc-alkalic signatures (Figure 5D).

In the chondrite-normalized REE diagram (Boynton, 
1984), biotite syenogranites exhibit highly fractionated 
REE patterns, with strong LREEs enrichment relative 
to the HREEs ((La/Yb)N=4.85-13.81), whereas 
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syenogranites show fewer fractionated REE patterns 
than to biotite syenogranites ((La/Yb)N=2.02-11.80). 
Biotite syenogranites are characterized by negative Eu 
anomalies (Eu/Eu*=0.32-0.58), whereas synogranites 
have both positive and quite negative Eu anomalies (Eu/
Eu*=0.76-3.85) (Figure 6A and B). 

The primitive mantle-normalized incompatible 

elements patterns (Sun and McDonough, 1989) for 
Dehzaman granites show some significant differences. 
The samples of biotite syenogranite are more similar and 
less dispersion than syenogranites. Biotite syenogranites 
show enrichment in LILEs (such as Cs, Rb, Ba, and K) and 
depletion in HFSEs (Nb, Ti) relative to the LREEs (Figure 
6C). Syenogranite patterns show enrichment in LILEs 

Figure 4. Photomicrographs (XPL) of the Dehzaman granites and volcanic rocks. A and B) Anhedral to subhedral K-feldspar, quartz, 
and biotite in biotite syenogranites, C and D) Anhedral to subhedral K-feldspar and quartz with hypidiomorphic granular texture in 
syenogranites, E and F) Rhyolites with porphyritic texture, including quartz and K-feldspar (Afs=K-feldspar, Bt=biotite, Qz=quartz).



Periodico di Mineralogia (2019) 88, 33-56 Hajimirzajan H. et al.40

PM

Lithology Texture Major Mineral Trace mineral Alteration

Bt- Syenogranite
hypidiomorphic granular, 

also Perthites to 
myrmekitic texture

K-feldspar, plagioclase 
(oligoclase), quartz, 
biotite±muscovite

zircon, apatite and 
ilmenite

Chlorite, epidote, titanite and 
sericite.

Syenogranite hypidiomorphic granular quartz, K-feldspar and 
plagioclase

Apatite, zircon and 
ilmenite Chlorite and less epidote

Rhyolite
Porphyritic with a 

cryptocrystalline to 
holohyalline groundmass

K-feldspar (Sanidine), 
quartz, biotite

and rare plagioclase
Zircon and apatite

K-feldspar have been replaced 
by epidote and sericite, also
chlorite and clay minerals

Table 1. The main petrographic features of the intrusive and volcanic rocks of Dehzaman area.

Table 2a. Major, trace, and rare earth elements analyses of biotite syenogranites from the Dehzaman area.

H35H33H32H31H28H27H26H25Sample No.
E57˚47’16.0˝E57˚47’07.0˝E57˚47'02.9˝E57˚46’49.5˝E57˚46’35.7˝E57˚46’29.8˝E57˚46’26.1˝E57˚46’17.1˝Longitude
N34˚57’49.8˝N34˚58’08.0˝N34˚58’15.8˝N34˚58’08.5˝N34˚57’51.5˝N34˚57’50.8˝N34˚57’51.4˝N34˚57’51.6˝Latitude

wt%
74.6275.6276.8275.1874.2174.0474.3676.25SiO2

0.210.20.150.250.280.260.250.08TiO2

12.312.6411.9612.4312.8913.3312.9411.68Al2O3

2.540.751.730.842.042.150.911.28FeOt
0.130.040.030.050.040.030.030.05MnO
0.380.270.160.410.470.510.450.01MgO
0.650.530.540.880.880.451.001.40CaO
3.463.443.243.373.273.543.523.24Na2O
4.514.604.824.634.744.634.154.97K2O
0.030.030.030.040.050.040.040.02P2O5

1.010.620.410.510.950.830.830.92L.O.I
99.8498.7499.8998.5999.8299.8198.4899.90Total

ppm
707801377564888883650381Ba

424<12215Be
2.30.91.42.01.83.22.00.2Co
1.01.02.02.30.81.11.34.8Cs

14.312.811.813.713.913.713.711.4Ga
5.93.94.25.05.35.54.82.2Hf
7.54.36.26.86.97.06.04.1Nb

119.8123.7160.5139.6108.0120.8117.8158.4Rb
11212222Sn

74.182.153.574.4156.2164.6100.340.0Sr
0.70.61.01.00.60.90.71.0Ta

17.317.924.719.713.013.715.618.9Th
3.73.73.42.92.52.92.62.2U

149<811181619<8V
1.0<0.50.6<0.5<0.50.81.8<0.5W

178.8120.3114.1140.0164.0173.2151.540.4Zr
21.910.516.415.721.917.915.815.6Y
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A31A30A29A18A15A13A12H34Sample No.
E57º46´44.4˝E57º46´46.1˝E57º46´47.0˝E57º47´03.7˝E57º 46´52.6˝E57º46´54.6˝E57º46´47.6˝ E57º47´13.9˝ Longitude
N34º57´37.9˝N34º57´42.9˝N34º57´50.5˝N34º57´49.2˝N34º57´52.6˝N34º57´40.0˝N34º57´32.8˝N34º57´55.2˝ Latitude

wt%
76.6075.0574.3675.4775.0075.9975.9776.50SiO2

0.130.240.950.210.260.250.210.13TiO2

12.6812.7413.4913.613.4213.0212.9412.81Al2O3

1.071.221.420.411.240.470.440.92FeOt
0.020.030.020.020.030.050.020.02MnO
0.080.520.180.050.040.200.400.00MgO
0.070.480.400.430.270.260.190.46CaO
1.243.323.534.013.095.243.903.78Na2O
7.545.724.934.656.093.244.714.57K2O
0.010.020.010.010.010.010.010.01P2O5

0.370.510.490.350.360.440.440.61L.O.I
99.8199.8599.7899.2199.8199.1799.2399.81Total

ppm
9058649479641191542647900Ba

1<142<1444Be
0.90.80.60.50.40.31.10.6Co
0.20.20.10.10.20.10.20.3Cs

12.414.510.612.311.714.213.713.7Ga
5.15.95.85.55.96.56.15.4Hf
3.54.520.27.66.04.42.77.0Nb

117.581.778.075.497.049.665.584.1Rb

H35H33H32H31H28H27H26H25Sample No.
E57˚47’16.0˝E57˚47’07.0˝E57˚47'02.9˝E57˚46’49.5˝E57˚46’35.7˝E57˚46’29.8˝E57˚46’26.1˝E57˚46’17.1˝Longitude
N34˚57’49.8˝N34˚58’08.0˝N34˚58’15.8˝N34˚58’08.5˝N34˚57’51.5˝N34˚57’50.8˝N34˚57’51.4˝N34˚57’51.6˝Latitude

ppm
29.923.244.524.917.718.425.818.4La
55.739.678.444.736.836.850.132.6Ce
6.024.167.734.834.694.045.553.58Pr

21.212.223.516.118.713.319.912.5Nd
4.251.853.403.084.182.883.602.62Sm
0.480.270.340.420.650.530.510.29Eu
3.771.683.122.784.032.673.272.54Gd
0.620.280.440.470.660.500.510.43Tb
3.751.992.692.824.043.243.292.80Dy
0.860.390.590.540.760.650.600.62Ho
2.471.141.921.792.432.082.132.02Er
0.410.190.300.300.380.320.330.33Tm
2.651.272.222.162.202.392.202.56Yb
0.440.220.380.350.370.360.330.37Lu

Ratio
7.6112.3213.517.775.425.197.914.85(La/Yb)N

0.370.470.320.440.480.580.450.34Eu/Eu*

Table 2a. Continued ...

Table 2b. Major, trace, and rare earth elements analyses of syenogranites from the Dehzaman area.
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except Cs element. Also, Ba and Sr normalized values 
are higher than biotite syenogranites, which matches 
to positive Eu anomaly.  Although, depletion in HFSEs 
is similar to biotite syenogranite patterns (Figure 6D). 
Generally these features are typical for the subduction-
related magmas, such as the calc-alkaline igneous rocks 
of the active continental margins (Gill, 1981; Pearce and 
Peate, 1995; Walker et al., 2001; Ma et al., 2014). 

U-PB ZIRCON GEOCHRONOLOGY
We have dated two samples from the Dehzaman, 

including syenogranites and rhyolites. Biotite syenogranites 
was dated by Rossetti et al. (2015) using in suit U-Pb 
zircon geochronology, which is interpreted as that of 
crystallization age. Biotite syenogranites show Concordia 
age of 557±4 Ma (MSWD=0.47) (Rossetti et al., 2015).

Zircon U-Pb age results for Dehzaman syenogranites 
and rhyolites are shown in Figure 7 and reported in Table 
3a and B.

Rhyolite (sample A-36)
Zircons from sample A-36 are colourless to pale yellow, 

transparent, and commonly euhedral. The grain size 
ranges between 50 and 200μm, with a length/width ratio 
of 1:1-4:1. They show oscillatory zoning in CL images, 
which is generally interpreted as typical of magmatic 
zircons (Connelly, 2001; Corfu et al., 2003). The Th/U 
ratios of zircons are between 0.7 and 2.3, with an average 
of 1.5. The relatively high Th/U ratios are consistent with 
magmatic zircons. Inherited cores are missing in this 
samples. Fourteen analysed zircons from this sample have 
concordant 206Pb/238U and 207 Pb/235U ratios within the 
analytical precision (Figure 7A and B), Concordia age of 
524.3±5.3 Ma (MSWD=0.21). This age (lower Cambrian) 
is considered as the crystallization age of Dehzaman 
rhyolites.

Syenogranite (sample A-14)
Zircons from sample A-14 are colourless, transparent, 

Table 2b. Continued ...

A31A30A29A18A15A13A12H34Sample No.
E57º46´44.4˝E57º46´46.1˝E57º46´47.0˝E57º47´03.7˝E57º 46´52.6˝E57º46´54.6˝E57º46´47.6˝ E57º47´13.9˝ Longitude
N34º57´37.9˝N34º57´42.9˝N34º57´50.5˝N34º57´49.2˝N34º57´52.6˝N34º57´40.0˝N34º57´32.8˝N34º57´55.2˝ Latitude

wt%
<1<11<1<1<1<11Sn

121.6141.8110.8145.2140.975.657.689.4Sr
0.60.61.20.80.70.90.70.9Ta

25.220.523.618.89.125.915.717.5Th
2.22.65.72.22.90.80.51.7U

<8<8<8<8<8<8<8<8V
0.5<0.50.8<0.5<0.5<0.51.20.7W

129.5176.0187.8186.6184.8199.9185.0155.6Zr
14.921.615.08.314.97.32.118.8Y
37.835.130.510.816.26.62.915.5La
41.238.235.812.820.87.53.826.8Ce
2.572.202.140.841.320.550.282.75Pr
6.54.74.61.93.01.50.99.8Nd
1.251.191.020.410.610.360.182.27Sm
0.480.480.570.310.360.280.220.54Eu
1.712.111.490.661.050.550.172.10Gd
0.340.470.340.140.250.130.040.40Tb
2.483.512.701.092.291.110.302.90Dy
0.540.750.690.290.630.300.100.72Ho
1.932.552.391.232.241.010.272.48Er
0.320.380.400.210.400.150.040.39Tm
2.162.592.981.752.701.120.452.68Yb
0.350.390.500.290.430.210.090.40Lu

Ratio
11.89.146.94.164.053.974.343.9(La/Yb)N

1.000.931.411.821.381.923.850.76Eu/Eu*
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and commonly euhedral. Zircon are short to quite 
prismatic with grain size ranging between 60 and 150 μm. 
They have a length/width ratio of 1:1-3:1. Zircon show 
oscillatory zoning in CL images. Th/U ratio of analysed 
zircons varied between 1.2 and 3.2, with an average of 
2.2. Twenty-four analyzed zircons have concordant 
206Pb/238U and 207 Pb/235U ratios within the analytical 
precision (Figure 7C and D), Concordia age of 521.3 ± 4.2 

Ma (MSWD~1). This age (lower Cambrian) is considered 
as the best crystallization age of the syenogranites.

Our new zircon U-Pb age results show age of 524.3 
±5.3 Ma for the rhyolite and 521.3±4.2 Ma for the 
crystallization of syenogranites, therefore rhyolites and 
syenogranites are coeval. These ages are quite younger 
than the age of biotite syenogranites (~557 Ma), obtained 
by Rossetti et al. (2015). 

Figure 5. A) Na2O + K2O vs SiO2 classification diagram (Middlemost, 1994) for Dehzaman granitoids, B) K2O vs SiO2 discrimination 
diagram (Peccerillo and Taylor, 1976). The Dehzaman intrusive rocks mostly plot in the high-K calk-alkaline and shoshonite fields, 
C) A/NK (molar Al2O3/Na2O+K2O) vs A/CNK (molar Al2O3/CaO+Na2O+K2O) diagram (Maniar and Piccoli, 1989) for Dehzaman 
granites, D) Na2O+K2O-CaO vs SiO2 discrimination diagram (Frost et al., 2001) showing the nature of the Dehzaman intrusive rocks. 
Syenogranites show calcic-alkali signature, whereas biotite syenogranites are calc-alkalic.
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SR-ND ISOTOPE GEOCHEMISTRY
Here, we record 87Sr/86Sr and 143Nd/144Nd isotopic 

ratios and Nd model ages (TDM) for biotite syenogranites 
(3 samples) and syenogranites (4 samples) (Table 4a and 
B). Initial 87Sr/86Sr ratios and Nd epsilon [εNd(t)] values 
are calculated using the crystallization ages of biotite 
syenogranites (557 Ma) and syenogranites (521 Ma) 
using the 87Rb decay constant values of Villa et al. (2015).

Biotite syenogranites have initial 87Sr/86Sr ratios of 
0.702834 to 0.705402 whereas their initial 143Nd/144Nd 
ratio varies from 0.511881 to 0.511892, with εNd (t) 
ranging from -0.6 to -0.8. Syenogranites have Sr-Nd 
isotope compositions which are quite different than 
those of biotite syenogranites: (87Sr/86Sr)i=0.706694 
to 0.707399, (143Nd/144Nd)i=0.511857 to 0.511930 and 
εNd(t)=-0.7 to -2.1 (Table 4a and b). The εNd values 

are partly overlapping between Bt-syenogranites and 
syenogranites.

In the εNd versus initial 87Sr/86Sr diagram (Figure 8), 
biotite syenogranites have variable initial (87Sr/86Sr)i ratio 
and plot in the left side of the mantle array. Variable 
(87Sr/86Sr)i of biotite syenogranites could be due to 
the variable bulk rock Rb/Sr ratio of these rocks. 
Syenogranites plot to the right of the mantle array, toward 
the continental upper crust domain. 

DISCUSSION
Tectono-magmatic setting

Dehzaman intrusions are characterized by high-K calc-
alkaline to shoshonitic signatures. Such rocks are typical 
of active continental arcs (Pearce and Peate, 1995).

Furthermore, the trace elements-normalized patterns of 

Figure 6. Chondrite-normalized rare earth elements diagram for biotite syenogranites (A) and syenogranites (B). Primitive mantle-
normalized trace element patterns for biotite syenogranites (C) and syenogranites (D) [chondrite and primitive mantle abundances are 
from Boynton (1984) and Sun and McDonough (1989), respectively].
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the Dehzaman rocks, such as enrichment in LILEs (K, Th, 
U, Rb) and depletion in the HFSEs (Nb, Ta, Ti) (Figure 6A 
to D), are indicative of the subduction-related magmatism 
at convergent margins (Foley et al., 1987; Altherr et al., 
2008; Boari et al., 2009). The subduction-related origin 
of the Dehzaman granites can be further testified by the 
trace-elements discrimination diagrams (Figure 9). In Rb 
vs Nb+Y and Rb vs Ta+Yb diagrams (Pearce et al., 1984), 
the granitic rocks plot in the volcanic arc granitic (VAG) 
field (Figure 9A and B).

The Th/Yb versus Nb/Yb plot is conventionally used to 
discriminate between the subduction- and non-subduction-
related igneous rocks (Pearce, 2008), with subduction-
related magmatic rocks are represented by higher Th/

Yb, but lower Nb/Yb ratios (Figure 9C). In this diagram, 
the Dehzaman granites show higher Th/Yb values, well 
within the field of active continental margins (Figure 9C). 
However contribution of continental crust during magma 
ascent and assimilation could also increase the Th/Yb 
ratio. The Dehzaman granites share many similarities, 
such as high concentrations of incompatible elements 
and depletion in Nb-Ta along with high Th/Yb ratio, with 
other Cadomian igneous rocks in Iran (Ramezani and 
Tucker, 2003; Hassanzadeh et al., 2008; Jamshidi Badr et 
al., 2013; Alaminia et al., 2013; Shafaii Moghadam et al., 
2015) (Figure 9).

Abundance of incompatible elements in granites can 
be correlated to the degree of arc maturity (Brown et 

Figure 7. Cathodoluminescence (CL) images of Dehzaman zircons (A and C). Concordia and mean 206Pb/238U age plots for Dehzaman 
rhyolite (A and B) and syenogranite (C and D).



al., 1984). Simultaneous increase in Nb content and 
Rb/Zr ratio indicates the enhancement of continental 
arc maturity. Dehzaman intrusive rocks have quite low 
Nb content and Rb/Zr ratio in the Nb vs Rb/Zr diagram 
(Figure 10), attesting the Dehzaman rocks were formed 
during an earliest stage of subduction in an active arc.

Granites affinity and evolution
The reported ages of Dehzaman igneous rocks indicate 

that biotite syenogranites (557 Ma) reflect a different 
magmatic event with respect to that giving rise to 
rhyolites and syenogranites (524.3±5.3 to 521.3±4.2 524 
Ma, which are equivalent within error). These ages show 

(Ma) ±Best Age (Ma)(%)±206Pb*/238U(%)±207Pb*/235U*(%)±206Pb*/207Pb*U/Th206Pb/204PbU (ppm)Sample No.
12.3517.42.50.08362.80.66611.217.29151.4344771491
10.1519.42.00.08392.30.66221.117.46431.1277304202
8.6520.41.70.08412.00.66911.117.31901.2327943903

10.5520.92.10.08422.50.65661.417.66471.862181384
14.5520.92.90.08423.10.67041.217.29931.5185891795
8.5521.91.70.08431.90.67020.817.34201.1699483546

11.4522.32.30.08442.60.69131.216.82421.4344781927
9.2523.21.80.08462.10.66911.017.41421.3403132648
8.7523.71.70.08462.00.67721.117.22442.3453051979

10.8526.92.10.08522.30.67600.817.36291.46836737510
11.9527.32.40.08522.60.68161.217.23401.32391214811
9.2530.01.80.08571.90.68640.617.20290.783794143012
8.6531.21.70.08592.00.69081.117.13521.31125519013

11.6532.92.30.08622.70.67711.517.54211.61269012014

Table 3a. Zircon U-Pb age results of the Dehzaman rhyolite (sample A-36).

Table 3b. Zircon U-Pb age results of the Dehzaman syenogranite (sample A-14).

(Ma)±Best Age (Ma)(%)206Pb*/238U(±%)207Pb*/235U*(%)±206Pb*/207Pb*U/Th206Pb/204PbU (ppm)Sample No.
10.0490.72.10.07912.30.63770.917.09371.9319174791
9.1498.11.90.08032.10.63030.817.56632.0274834022
7.3503.61.50.08131.80.64821.017.27752.0360513813

11.2503.82.30.08132.60.65781.117.02921.24096110604
9.0509.51.80.08222.00.65890.917.20371.8191092855

13.5511.22.80.08252.90.66540.817.09431.7258776336
12.9513.32.60.08292.80.67391.016.95051.4614504617
9.7514.92.00.08322.20.67011.017.10381.6194476168

12.9516.22.60.08343.00.68221.516.84121.897914669
12.1517.42.40.08362.60.67400.817.08881.93428460210
12.3517.42.50.08362.60.66770.817.24931.513783665511
10.2518.12.10.08372.20.66620.717.31221.210593875112
10.3522.12.10.08442.20.67740.717.16501.51318543713
9.9522.92.00.08452.10.67910.817.14611.821650727914
9.4523.91.90.08472.10.67020.917.41161.39879735015

11.7524.32.30.08472.60.67611.217.27252.43134230516
10.2526.62.00.08512.20.69310.916.92551.59272537517
9.7526.81.90.08522.20.66671.017.60171.81173450318
8.3529.31.60.08561.90.67681.017.42411.79361636119
7.5530.11.50.08571.70.68570.917.22661.84668143720
8.3532.21.60.08611.80.68470.917.32403.27984558121

11.5534.12.20.08642.50.69401.017.15441.85150118422
9.1536.61.80.08682.00.68970.817.34792.32849034923
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(87Sr/86Sr)i

87Sr/86Sr
Error (2s)(87Sr/86Sr)m

87Rb/86Sr
Error (2s)

87Rb/86SrRb (ppm)Sr (ppm)Sample No.

Biotite syenogranite
0.7054020.0000230.7320140.0963.406117.8100.3H26
0.7028340.0000220.7454040.1505.450139.674.4H31
0.7045720.0000270.7387340.1204.370123.782.1H33

Syenogranite
0.7073990.0000230.7314920.0933.29865.557.6A12
0.7071900.0000190.7210760.0541.90149.675.6A13
0.7071720.0000230.7181600.0431.50475.4145.2A18
0.7066940.0000250.7215950.0582.04078.0110.8A29

TDM
(Ga)εNdi(143Nd/144Nd)i

143Nd/144Nd 
Error (2s)(143Nd/144Nd)m

147Sm/144Nd 
Error (2s)

147Sm/144NdSm (ppm)Nd (ppm)Sample No.

Biotite synogranite
1.1–0.80.5118810.0000200.5122800.0060.1093.6019.9H26
1.1–0.60.5118920.0000120.5123140.0060.1163.0816.1H31
1.0–0.60.5118910.0000120.5122260.0050.0921.8512.2H33

Synogranite
1.2–0.70.5119300.0000310.5123430.0170.1210.180.9A12
1.5–2.10.5118570.0000130.5123530.0160.1450.361.5A13
1.3–1.60.5118870.0000190.5123330.0150.1310.411.9A18
1.4–1.80.5118740.0000160.5123320.0090.1341.024.6A29

Table 4a. Whole rock Rb-Sr isotope data from Dehzaman biotite syenogranites and syenogranites. Analytical methods are described 
in Section 3.

Table 4b. Whole rock Sm–Nd isotope data from Dehzaman biotite syenogranites and syenogranites. Analytical methods are described 
in Section 3. 

Figure 8. (87Sr/86Sr)i vs εNdi diagram for Dehzaman intrusive 
rocks. Data for Bornaward granites and Taknar granitoids 
are from Monazzami Bagherzadeh et al. (2015) and Shafaii 
Moghadam et al. (2017), respectively. Also, data for Mid-Ocean 
Ridge Basalts (MORB), Depleted Mantle (DM), Ocean-Island 
Basalts (OIB) and Island Arc Basalts (IAB) are from Zindler 
and Hart (1986). Initial ratios calculated for 557 and 521 Ma for 
biotite syenogranites and syenogranites, respectively.
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a prevalent magmatism, lasted for ~36 m.yr. in NE Iran, 
though more zircon U-Pb ages are needed to bracket this 
temporal variation.

The intrusive rocks are high-K calc-alkaline to 
shoshonitic and mainly peraluminous. They are also 
enriched in incompatible trace elements. The biotite 
syenogranites and syenogranites show slightly different 
petrographic (presence/absence of muscovite) and 
trace element geochemistry. Additionally, they have 
significantly different Sr-Nd isotopic composition, 
although, where overlapping Nd values are shown for the 
two granites.

Biotite syenogranites are characterized by variable 
initial 87Sr/86Sr ratio (<0.7054), low εNd(t) and negative 
Eu anomalies with Eu/Eu*=0.32-0.58. Depletion in 
Eu, Ba, Sr, P, Nb and Ti seems to be related to highly 
fractionated nature of these rocks (Figure 6C). Whereas 
syenogranites are characterized by higher initial 87Sr/86Sr 
ratio (>0.7066), lower εNd(t), which have partly overlap 
with biotite syenogranites, and mostly positive Eu 
anomalies (Eu/Eu*=0.76-3.85). Depletion in P, Nb and Ti 
are similar to biotite syenogranites, but Ba and Sr values 
are higher than (Figure 6D).

Negative Eu anomalies are related to the magma 

Figure 9. Tectonic discrimination diagrams for Dehzaman intrusive rocks. (A) Rb vs Nb+Y, (B) Rb vs Ta+Yb, and (C) Th/Yb vs Nb/
Yb (Modified after Perace et al., 1984 and Pearce, 2008). Data for Iran Cadomian rocks modified after Shafaii Moghadam et al. (2015), 
using other articles. N-MORB: Normal Mid-Ocean Ridge Basalts; E-MORB: Enriched Mid-Ocean Ridge Basalts; Syn-COLG: Syn-
Collisional Granitoids; ORG: Ocean Ridge Granitoids; VAG: Volcanic Arc Granitoids; WPG: Within Plate Granitoids.
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differentiation including fractional crystallization of 
early K-feldspar and/or plagioclase (Henderson, 1984). 
However, under high fO2 conditions, Eu mainly occurs 
as Eu3+ and only small amounts of Eu2+ are available for 
incorporation into plagioclase (Drake and Weill, 1975). 
These conditions (redux or oxidation) can influence the 
Eu negative or positive anomalies as well. Positive Eu 
anomaly associated with Ba and Sr enrichment most 
likely also reflects a process of plagioclase accumulation 
(Borg et al., 1997; Leat et al., 2003).

Major and trace elements can be used to portrait 

the fractionation trends of the Dehzaman rocks. For 
example, the negative Sr-Eu anomalies are controlled 
by the fractionation of plagioclase, whereas K-feldspar 
fractionation would produce negative Eu-Ba anomalies 
(Wu et al., 2003). Ba vs Sr and Ba/Sr vs Sr plots (Figure 
11A and B) reveal the dependence of Sr concentration 
with Ba, which can be explained by the fractionation 
of plagioclase during the early stages of fractional 
crystallization of magmas and by the separation of 
plagioclase and biotite, rather than K-feldspar, during the 
late stages of melt fractionation. P depletion is also related 
to the apatite fractionation (Karen, 2002).

The negative anomalies in Nb and Ti can be explained 
by retention of these elements in Ti-rich residual mineral 
phases (i.e., rutile, titanite and ilmenite), either in the 
fractionating magmatic assemblages or in residual 
associations in the source area (Best, 2003; Rollinson, 
1993). Ti can also be related to the fractional crystallization 
of titanium-bearing iron oxides in the shallow magma 
chambers.

To understand the age of the old continental crust 
involved during the assimilation, we calculated the Nd 
crustal residence age, TDM (The Depleted Mantel). 
The DePaolo (1981) model is used here, because it 
is more appropriate for calculating crustal extraction 
ages, generated in arc-like tectonic settings. The TDM 
ages obtained, vary between 1.0 and 1.5 Ga (Table 4b) 
suggesting that the oldest crustal component participated 
in the genesis of the studied magmatic rocks would have 
been separated from the mantle in the Mesoproterozoic or 

Figure 10. Rb/Zr vs Nb plot for Dehzaman intrusive rocks. 
Discrimination fields are from Brown et al. (1984).

Figure 11. Ba/Sr vs Sr (A) and Ba vs Sr (B) diagrams for deciphering the fractionation trends of the granitic melts (modified after 
Hanson, 1978).



Periodico di Mineralogia (2019) 88, 33-56 Hajimirzajan H. et al.50

PM

even in an older era. 
The comparison of Sr-Nd isotopes of studied samples 

with Cadomian granites from the Bornaward and Taknar 
area in northern Dehzaman indicates good overlapping 
(Figure 8). The initial 87Sr/86Sr isotope values for the 
Bornaward granites range from 0.70351 to 0.7058 with 
εNd(t)= -1.6 to -3 (Monazzami Bagherzadeh et al., 
2015), which are mostly similar to biotite syenogranites. 
The Bornaward granites yields a TDM age of 1.08-
1.70 Ga (Monazzami Bagherzadeh et al., 2015). Taknar 
Cadomian granites have U-Pb zircon ages of ca 552-547 
Ma. Rhyolites are coeval with the granites, with U-Pb 
zircon ages of ~551 Ma. Granodioritic dikes show two 
U-Pb zircon ages; ca 531 and 548 Ma. Geochemically, the 
Taknar igneous rocks have calc-alkaline signatures typical 
of continental arcs. The initial 87Sr/86Sr (t=550 Ma) of the 
Taknar Cadomian granitoids ranges between 0.705 and 
0.711. Granitoids have particularly low εNd(t) values (-0.5 
to -4.0), which give depleted mantle model ages (TDM) 
of 1.7-1.3 Ga. Rhyolites and granodioritic dikes have 
εNd(t) of -0.4 to -1.4 with TDM of ~1.3-1.2 Ga (Shafaii 
Moghadam et al., 2017). Based on Sr-Nd isotopes, Taknar 
granitoids show higher contamination with continental 
crust than Dehzaman and Bornaward granites (Figure 
8). Shafaii Moghadam et al. (2017) suggested Taknar 
complex, confirm that the magmatic rocks were generated 
via mixing of magmas with older continental crust 
components at an active continental margin. 

To understand the petrogenetic characteristics of the 
Dehzaman granites we have used a series of major and 
trace elements discriminating diagrams. For example, 
in the FeOt/MgO vs 10,000*Ga/Al and the Zr, Ce, and 
Nb vs 10,000*Ga/Al diagrams of Whalen et al. (1987), 
the intrusive rocks mainly plotted in the I- and S-type 
granites fields (Figure 12). However, some samples plot 
in the A-type granitic domain. A-type granites are usually 
distinguished by high FeOt/(FeOt + MgO) ratio, along 
with high Zr (commonly >300 ppm), HFSEs (especially 
Nb and Y), REE3+, Ga, and Zn contents (Whalen et al., 
1987). The Dehzaman intrusive rocks have low Zr (<300 
ppm), Ce (<100 ppm), and Nb (<15 ppm), therefore, an 
A-type signature cannot be considered for the Dehzaman 
intrusive rocks. The high FeOt/MgO ratio of some 
syenogranites shows slight supergene oxidation nature 
of these rocks during the alteration. The FeO content of 
these rocks are less than 2.6 wt%.

Mineralogical composition of granitoids, associated 
with their isotopic signatures, are powerful tools for 
distinguishing granitoids and there tectonic settings. 
For example I-type granites can contain ferromagnesian 
minerals like as amphibole and have quite low 87Sr/86Sr 
ratio; <0.708. In contrast, S-type granites are peraluminous 
and can contain minerals such as garnet and alumina-

silicates, also the occurrence of components inherited by 
the sedimentary source material. The 87Sr/86Sr ratio of 
S-type granites is >0.708 to 0.717 (Chappell and White, 
2001).

S-type granitic magmas are derived through partial 
melting of metasedimentary rocks that had a significant 
fraction of Al-rich clays in their protoliths. However, 
the origin of I-type granites has been and is in dispute 
(Clemens et al., 2011). Clemens at al. (2011) suggested 
there should be granitic rocks transitional between S- and 
I-type, depending on the balance between clay-rich and 
clay-poor rocks in the protolith. They believe melting of 
biotite+sillimanite assemblages will occur significantly 
earlier during a crustal heating cycle than will that of the 
hornblende+biotite assemblages that will predominate 
in I-type sources. Thus, even where interlayered sources 
do exist, S- and I-type magmas may be produced as 
temporally separate batches.

Although, Dehzaman granites have similarity with 
S-Type granites may be indicated by Al saturation index 
and presence of of magmatic Al-rich minerals (e.g., white 
mica in biotite syenogranites), but also have low initial 
87Sr/86Sr ratio (<0.707), with εNd(t) values between -0.6 
and -2.1, which are typical of I-type granites. Furthermore, 
in the Na2O vs K2O diagram the Dehzaman granites 
fall in the field of granites with I-type affinities except 
one sample (Figure 13A). The Rb/Sr vs Rb/Ba diagram 
shows the Dehzaman granites plot next to metapsammite 
and metagreywacke derived melts and clay-poor in the 
protolith (Figure 13B).

SUMMARY AND CONCLUDING REMARKS
Subduction of proto-Tethyan oceanic lithosphere 

beneath northern Gondwana was responsible for arc 
magmatism during Ediacaran- Cambrian time (Figure 14). 
The Cadomian magmatism (ca. 599-500 Ma) is reported 
from Central Iran, Sanandaj-Sirjan Zone, NE Iran and 
even Alborz (Ramezani and Tucker, 2003; Hassanzadeh 
et al., 2008; Jamshidi Badr et al., 2013; Rossetti et al., 
2015; Shafaii Moghadam et al., 2015; this study). The 
Cadomian magmatic rocks are also recorded from Turkey 
(570-530 Ma, Gürsu and Göncüoglu, 2006; Okay et al., 
2008; Ustaömer et al., 2005, 2009, 2012;), and from SW 
and central Europe, including Iberia and Buhemia (Genna 
et al., 2002; Murphy et al., 2002; Mushkin et al., 2003). 
The subduction seems to be started >600 Ma in Europe 
but the geochronological data support the subduction 
initiation at ~570 in eastern Gondwana including 
Turkey and Iran (Linnemann and Romer, 2002; Shafaii 
Moghadam et al., 2017). The subduction regime for the 
formation of the Cadomian arcs are ambiguous. Rossetti 
et al. (2015) suggested oblique subduction of the proto-
Tethyan ocean beneath northern Gondwana to produce 
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et al. (2015). These ages related to late Neoproterozoic 
(Ediacaran) to early Cambrian. Geochemically, Dehzaman 
intrusive rocks have calcic-alkali to calc-alkalic and I-type 
signatures. These granites were derived from psammite 
and greywacke rocks and clay-poor in the protolith.

These rocks provide further evidence for the dominance 
of Cadomian magmatism in Iranian plateau. Geochemical 
data indicate these rocks formed during early stages of an 
active continental arc magmatism.
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the Cadomian arcs.
This scenario can explain the dominance of extreme 

continental extension during late Neoproterozoic, which 
was responsible for a magmatic flare-up at that time 
(Shafaii Moghadam et al., 2017). Subduction beneath the 
northern Gondwana is suggested to have ceased around 
450-400 Ma, due to continental or oceanic plateau collision 
(Ustaömer et al., 2009). However, geological evidence 
support epirogenic activity during 450-400 Ma, along with 
Palotethys rifting in N Gondwana (Shafaii Moghadam et 
al., 2015). This evidence includes deposition of a thick 
sequence of continental sediments in Iran and Anatolia 
during late Neoproterozoic-Cambrian and the eruption 
of Ordovician basaltic rocks with continental tholeiitic 
affinity in NE Iran (Derakhshani and Ghasemi, 2015).

Dehzaman igneous rocks including syenogranites and 
rhyolites with ages of 524.3±5.3 Ma and 521.3±4.2 Ma, 
respectively. These ages are quite younger than the age 
of biotite syenogranites (~557 Ma), obtained by Rossetti 

Figure 12. FeOt/MgO, Zr, Ce, and Nb vs 10,000*Ga/Al discrimination diagrams. (Modified after Whalen et al., 1987).
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Figure 13. A. Na2O vs K2O plot to discriminates the Dehzaman granites. I-type granites generally contain slightly higher Na2O than 
S-type granites at the same K2O content (Modified after Chappell and White, 2001). B. Plot of Rb/Sr vs Rb/Ba (Sylvester, 1998), the 
melt of Dehzaman granites was derived from psammite and greywacke rocks. 

Figure 14. The configuration of the Gondwanan Supercontinent at 550 Ma. The Cadomian subduction system at the northern margin of 
Gondwana are also indicated (modified after Cawood et al., 2007; Shafaii Moghadam et al., 2015).
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