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Geochronology, Radiogenic Isotope Geochemistry, and Petrogenesis of Sangbast 
Paleo-Tethys Monzogranite, Mashhad, Iran 

M. H. Karimpour1*, G. L. Farmer2, C. R. Stern2

1. Research Center for Ore Deposits of Eastern Iran, Ferdowsi University of Mashhad P.O. Box No. 91775-1436, 
Mashhad, Iran  

2.  Dept. of Geological Sciences, University of Colorado, CB-399, Boulder, CO, USA 

Abstract: The study area is located in northeastern Iran (south of Mashhad). Paleo-Tethys Ocean opened 
during Silurian time and subduction under Turan plate was started in Late Devonian. By Late Triassic (225 
Ma) there was no Paleo-Tethys left on an Iranian transect, therefore Turan plate obducted over Iran Plate. 
Two stages of low grade regional metamorphism are exposed, that are related to Hercynian (Late Paleozoic) 
and Cimmerian (Jurassic) orogenies. The Paleo-Tethys remnants (meta-ophiolite and meta-flysch) were 
intruded by Sangbast monzogranite. Chemically, monzogranite is moderately peraluminous S-type granitoid. 
It has low values of magnetic susceptibility [(5 to 11) × 10-5 SI] therefore it is classified as belonging to the 
ilmenite-series of reduced type granitoids. Monzogranite is characterized by strong light rare earth element 
(LREE) enrichment and less low heavy REE (HREE). All samples have very small negative Eu anomalies 
(Eu/Eu* = 0.62 to 0.88). Total REE content of monzogranite is between 212-481 ppm. The result of U-Pb 
zircon age dating of monzogranite is 201.3 ± 3.6 Ma (Upper Triassic, Rhaetian time). The initial 87Sr/86Sr 
and 143Nd/144Nd ratios for monzogranite is (0.706776 and 0.512219) when recalculated to an age of 201 Ma, 
consistent with the new radiometric. The initial 87Sr/86Sr and 143Nd/144Nd ratios for slate is (0.720613 and 
0.511601) respectively when recalculated to an age of 201 Ma, consistent with the new radiometric results. 
Initial εNd isotope values for monzogranite is -3.13 and the slate is -15.19. Based on radiogenic isotopic data 
and REE monzogranite magma originated either from lower continental crust which was very different from 
slate or it is originated from mantle and contaminated in continental crust during ascending. 

Keywords: Mashhad, Paleo-Tethys, monzogranite, Rb-Sr, Sm-Nd, U-Pb. 

Introduction 
The study area is located in northeastern Iran and 
lies between Longitude 59° 15′ E to 59° 45′ E and 
Latitude 36° N to 36° 30′ (Fig. 1). The Binaloud 
Mountains are part of Paleo-Tethys remnants meta- 
ophiolites and meta-flysch) which are intruded by  
tonalite, granodiorite, monzogranite, biotite- 
 

muscovite leucogranite and pegmatite dikes at 
different episodes (Triassic to Cretaceous).  
The Binaloud Mountains are situated south and 
west of Mashhad city. The southern and western 
part of Mashhad city is built on the remnant of the 
Paleo-Tethys and the younger intrusive rocks 
(Fig.1).  
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Jarchovski et al., [1] carried out some mineral 
reconnaissance on monzogranite, granite, tonalite, 
ophiolite and metamorphosed rocks within 
Binaloud region. The earliest petrography study on 
Mashhad granites is carried by Albertie & Moazez 
[2]. K-Ar ages of muscovite and biotite (4 
samples) from two localities within the main 
granite body gave the following ages: 145, 120, 
135 and 146 (± 3) Ma (Late Jurassic Early 
Cretaceous) [3]. Pebbles and cobbles of tonalite, 
granodiorite and monzogranite are found within 
the conglomerate of Early Jurassic. This indicates 
that the intrusive rocks were intruded at different 
time. Plimer & Moazez [4] had studied the 
petrography of Dehnow tonalite and the xenocryst 
garnets. Majidi [5] did a Ph.D thesis on the, 

ophiolite, metamorphic rocks and the granite rocks. 
Alavi [6-8] had studied the structural 
characteristics of the area in detail. Valizadeh & 
Karimpour, [9] studied petrography and major 
elemental of the granitoids. Mirnejad [10] did 
M.Sc. thesis on the petrography and major 
elements content of intrusive rocks. Iranmanesh & 
Sethna [11] did a general study on Mashhad 
granites. Abbasi [12] studied metamorphic rocks of 
part of the study area both on regional and contact 
metamorphism. Ghazi et al., [13] studied the 
geochemistry and determined age of the Mashhad 
Ophiolite.  

All of these studies, so far, did not study the 
age, petrogenesis, and tectonic setting of 
monzogranite.

 

Figure 1 Geological map showing monzogranite and other rock unites. 
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Geogical setting 
During the Paleozoic Iran and Turan plates formed 
a coherent unit and were separated from the Turan 
Plate by the Paleo-Tethys Ocean. Based on the 
work and research by Stampfli, [14-18], there are 
very good evidence in the Alborz and elsewhere 
that the Paleo-Tethys opened in Silurian time. In 
the Late Paleozoic or in Early Triassic, the Iran 
Plate drifted away from Arabia plate by the 
opening of the Neo-Tethys Ocean and Iranian 
microcontinent collided with the Turan Plate.  In 
Iran, Turkey and Greece the closure of Paleo-
Tethys did not took place before the Late Triassic 
(231 Ma). By the Late Triassic (about 225 Ma) it is 
quite certain that there was no Paleo-Tethys left on 
an Iranian transects [14, 16 - 19].  
The Binaloud region in northeastern Iran, south of 
Mashhad, is the remnant of Paleo-Tethys (Fig. 1). 
To the west, it extends to Alborz Mountains and 
then to Azerbaijan, Armenia, Turkey and other 
parts of Europe. Toward the east, it extends to 
Hindu-Kush Mountains north of Afghanistan and 
India. The obduction of the Paleo-Tethys remnants 
and their emplacement over the Iranian micro 
continental margin must have been per-Late 
Triassic [14, 16-19]. It is concluded by Alavi [8] 
and Stockline [19], that the initiation of the Iranian 
microcontinent-Turan collisional processes had 
also been started prior to the end of Triassic.  

The obducted remnants of the Paleo-Tethys 
Ocean in Binaloud area, Iran, is composed of 
several rock assemblages including: meta-
ophiolite, meta-flysch and some submarine 
pyroclastics. Two episodes of regional 
metamorphisms are recognized in the study area. 
The first stage took place during initial stage of 
collision. It may be related to Hercynian orogeny 
which occurred during the Late Paleozoic time. 
Only rocks are effected by the green schist facies 
are exposed. Slates are dominated with minor 
phyllite. The second regional metamorphism 
occurred sometimes in Jurassic time. This is 
corresponded to Cimmerian orogeny (Jurassic).  

Ophiolites are exposed mainly along the 
northern part of the belt (Fig. 1). They can be 
divided into two complexes: 1) Nourabad and 2) 
Chehar-Cheshmeh. The Nourabad complex (Virani 
is the older name) is exposed along the road from 
Mashhad to Shandiz (about 25 km from Mashhad) 
around the village of Nourabad (Fig. 1). The 
Chehar-Cheshmeh ophiolite complex is exposed 

between Vakilabad and Khlaj (Fig. 1). The 
southwestern city of Mashhad is mainly built on 
this complex. Hornblende gabbros was dated by 
40Ar-39Ar (281.4 Ma and 277.4 Ma) corresponding 
to isochrone ages of 287.6 and 281.7 Ma. In a 
separate K/Ar analysis, the same two samples gave 
values of 273 and 265 Ma, suggesting Late 
Pennsylvanian-Early Permian ages, same, Paleo-
Tethys age for the oceanic crust [13].  

Slates, quartzite, marble, minor phyllite, 
carbonate conglomerate and olistostromes are 
considered as deep water flysch sediments deposits 
Alavi [6]. No fossil was found within this unit.  

The second low grade meta-sediments, consist 
of thick sequence of low grade metamorphosed 
shale and siltstones with basal conglomerate. 
Conglomerate contains pebbles of ophiolite, Meta-
flysch, tonalite and granodiorite. Conglomerate is 
cut by the thrust fault in the northern part (Fig. 1). 
Due to thrusting, the basal conglomerate is highly 
sheared and silicified. Within the thrust zone there 
is a highly brecciated dolomite (Fig. 1). The shale 
contains plant fossils which are dated Early 
Jurassic [20]. The second regional metamorphism 
must be occurred sometimes after Early Jurassic. 
Within a narrow NW-SE tectonic basin, Jurassic 
conglomerate, shale and siltstone are being 
deposited (Fig. 1). The basal conglomerate is 
formed in the northern part of the basin and 
changed to siltstone and shale in a SW direction. 
The basal conglomerate contains pebbles and 
cobbles from meta-flysch, tonalite, granodiorite, 
monzogranite and leucogranite. There is small coal 
bearing horizons within the shale. Plant fossils are 
abundant. Based on the plants fossils, the age of 
this sequence is Lias-Dogger [20]. 

Early Cretaceous rocks are exposed in the 
southern part of the study area (Fig.1). There are 
two rock types: a lower conglomerate and an upper 
limestone. 

Analytical methods 
Bulk-rock chemistry 
Intrusive rocks were selected and they were 
analyzed for major, trace and rare earth elements. 
Major elements were analyzed by wavelength-
dispersion X-ray fluorescence spectrometry (XRF) 
using fused discs. Pressed powder pellets were 
used for Zr, Nb, Sn, Sr, Ba, Sc, Y and Ga 
measurements by XRF (The XRF spectrometer 
used in this study was a Philip PW 1410) at 
Ferdowsi University of Mashhad, Iran. REE 
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composition of rocks was determined by ICP-MS 
in Canada (Acme Lab. Canada). FeO and Fe2O3
content were determined by titration with 
standardized potassium permanganate solution 
with precision of ±1 % at Ferdowsi University of 
Mashhad, Iran. 
U/Pb dating 
Two rock samples, which were both analyzed for 
Sr and Nd isotopes, were chosen for zircon U-Pb 
age dating. Zircons were isolated using standard 
mineral separation techniques. From each rock 
about 70 zircon grains were separated. Zircons 
were mounted along with a zircon standard and a 
couple of chips of NBS 610 Trace Element Glass) 
in epoxy and polished down to 20 µm. Zircon age 
dating was done at the Arizona LaserChron Center 
with the method of Gehrels, G. E., and V. 
Valencia, [21]. Cathode-luminescence (CL) images 
are acquired for samples to be analyzed because 
they provide a powerful tool for placing laser pits 
in homogeneous portions of crystals, and also can 
help determine the origin (e.g., igneous, 
metamorphic, hydrothermal) of zircon grains. 
Laser ablation takes place with a beam diameter of 
either 35 or 25 microns for most applications, or 
with a beam diameter of 15 or 10 microns if finer 
spatial resolution is needed.  With a 35 or 25 
micron beam, the laser is set at a repetition rate of 
8 Hz and energy of 100 mJ, which excavates at a 
rate of ~1 micron per second.  This generates a 
signal of ~100,000 cps per ppm for U in zircon.  
For smaller beam sizes, the ablation rate is reduced 
to ~0.5 micron/second by reducing the laser energy 
(60 mJ) and repetition rate (4 Hz).  In both cases 
the ablated material is removed from the ablation 
chamber in He carrier gas.  The carrier gas (and 
sample) is then mixed with Ar gas before entering 
the plasma of the Inductively Coupled Plasma 
Mass Spectrometer (ICPMS). Isotopic analysis is 
performed with a Multicollector Inductively 
Coupled Plasma Mass Spectrometer (GVI 
Isoprobe) that is equipped with an S-option 
interface. The instrument is equipped with a 
collision cell that is operated with a flow rate of 
0.2 ml/min of argon to create a uniform energy 
distribution, and the accelerating voltage is ~6 kV.  
Collectors include nine Faraday detectors and four 
low-side channeltron multipliers, all of which are 
moveable, as well as an axial Daly photomultiplier. 

Nd–Sr isotopes Sr and Nd isotopic analyses were 
performed on a 6-collector Finnigan MAT 261 
Thermal Ionization Mass Spectrometer at the 
University of Colorado, Boulder (USA). 87Sr/86Sr 
ratios were analyzed using four-collector static 
mode measurements.  Thirty measurements of 
SRM-987 during study period yielded mean  
87Sr/86Sr = 0.71032 ± 2 (error is the 2 sigma mean).  
Measured 87Sr/86Sr were corrected to SRM-987 = 
0.71028. Error in the 2 sigmas of mean and refer 
to last two digits of the 87Sr/86Sr ratio. Measured 
143Nd/144Nd normalized to 146Nd/144Nd=0.7219. 
Analyses were dynamic mode, three-collector 
measurements. Thirty-three measurements of the 
La Jolla Nd standard during the study period 
yielded a mean 143Nd/144Nd= 0.511838 ± 8 (error is 
the 2 sigma mean).  

Petrography 
Monzogranite is exposed in the southeastern 
plutonic belt of Mashhad (Fig. 1). It contains 32 to 
40 %, quartz, 32 to 42 %, K-feldspar, 8 to 17 %, 
plagioclase, 5 to 10 %, biotite and minor 
muscovite. Accessories phases are zircon and 
apatite. Monzogranite has a coarse grained texture 
with typically coarse pink K-feldspar phenocrysts 
(2-3 cm long). Weak to moderate foliation fabric 
occurs in some parts within monzogranite which is 
formed by alignment of feldspars. This fabric 
seems to have formed by magmatic to possibly 
sub-magmatic processes with a weak solid-state 
overprint. 

Geochemistry 
Major and trace elements 
The results of elemental analyses from 
monzogranite are presented in Table 1. Ternary 
plot of Ab-Or-An [22] shows that monzogranite 
plotting within the boundary of granite and quartz 
monzonite; therefore they are named as 
monzogranite (Fig. 2). Monzogranite name was 
given to this intrusive based on this Diagram. 

A discrimination plot of 1000Ga/Al versus Y 
[23] shows that monzogranite plots within the field 
of I- and S-type granitoids (Fig. 3).  

Barbarin [24] classified granitoid rocks based 
on their origin and their geodynamic environments. 
Based on his classification, monzogranite is 
belonging to K-rich calc-alkaline granitoids (KCG) 
type (Fig. 4).  
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Table 1. Major and trace elements analysis of monzogranite 

Oxides% FG-1 FG-4 FG-5 G-15 G-14 G-13 Fi-1 Fi-2 Fi-3 
SiO2 67.48 68.59 67.2 63.94 65.82 67.25 64.55 63.63 66.70
TiO2 0.45 0.39 0.41 0.48 0.40 0.39 0.59 0.45 0.38

Al2O3 15.76 15.65 15.5 15.91 15.85 15.01 14.81 15.37 14.26
Fe2O3 0.81 0.73 0.75 3.9 2.4 2.2 3.98 3.65 2.85
FeO 2.25 2.07 2.15 1.2 0.95 0.85 1.25 1.2 1.1 
MnO 0.10 0.08 0.09 0.14 0.16 0.13 0.15 0.17 0.11
MgO 1.08 1.0 1.1 1.40 1.07 1.08 1.77 1.14 1.00
CaO 2.13 2.19 2.14 2.45 2.17 1.96 2.75 3.06 2.07

Na2O 3.49 3.57 3.45 3.90 4.05 3.70 3.45 3.91 3.50
K2O 4.58 4.17 4.52 4.81 4.80 5.40 5.49 5.50 5.84
P2O5 0.10 0.25 0.15 0.26 0.30 0.22 0.31 0.29 0.22

H2O (+) 1.04 0.91 1.1 1 1.2 1.25 0.85 1.1 1.2
Total 99.41 99.73 99.78 99.39 99.17 99.44 99.95 99.47 99.23 

Norm (CIPW)
Q 25.31 25.42 22.79 13.7 17 18.5 14 11.1 17.5
C 1.43 1.84 1.4 0.45 0.5 0.05 0 0 0
Or 27.26 24.97 26.68 28.4 28.3 31.9 32.4 32.5 34.6 
Ab 29.74 30.61 29.16 33 34.3 31.3 29.2 33.1 29.7 
An 9.91 9.52 9.68 10.4 8.8 8.3 8.7 8.2 5.6 
Hy 5.67 5.26 5.55 9.125 5.92 5.6 8.7 5.9 5.1 
Mt 1.18 1.07 1.09 1.7 1.4 1.2 1.8 1.7 1.6 
Il 0.82 0.75 0.78 0.9 0.7 0.74 1.1 0.85 0.72 

Ap 0.24 0.6 0.33 0.61 0.71 0.52 0.73 0.7 0.5 
Trace (ppm)          

Sn 5.1 6 -  7 4 5 6 6 
Rb 180.8 181.5 181.2 279 236 244 178 169 236 
Sr 584.2 535 543 1011 744 832 732 1139 573 
Ba 1093 886 968 1671 976 1320 1310 1534 808 
Nb 40.9 50.1 46.2 68 73 57 38 76 47 
Zr 188 182 187 255.5 243.9 202.1 233.4 305.3 173.8 
Ga 20 18 17.8 - - - - - - 
Sc 5.12 4.78 - - - - - - - 

Rb/Sr 0.3 0.33 0.32 0.27 0.31 0.29 0.24 0.14 0.41 
Rb/Ba 0.16 0.204 0.18 0.16 0.24 0.18 0.13 0.11 0.29 
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Figure 2. Triangle An-An-Or shows that monzogranite plot within the boundary of granite and quartz monzonite [22]. 
 

Figure 3. Plot of Y versus 1000Ga/Al show that monzogranite plot in the field of I-S type granite [23]. 
 

Figure 4. Monzogranite plot in the field of KCG (K-rich calc-alkaline granitoids [24]. 
 

Multi-cationic plot of Villaseca [25] shows that 
monzogranite plot in the field of moderately 
peraluminous granitoids (M-P) (Fig. 5)  Since they 
are above the I-S line (Fig. 5) therefore they are S-
type granitoid.  

Trace and rare earth elements (REE) 
Plot of R1 versus R2 show that monzogranite plot 
in the field of syn and late collision (Fig. 6) [26]. 
The low field strength elements (LFSE) (Rb, Ba 
and Sr) content of monzogranite are in general 
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high (Table 1). The Rb/Sr is between 0.14 and 0.41 
in monzogranite (Table 1). The Ba content of 
monzogranite is between 808-1534 ppm which is 
very high. This indicates that the K-feldspar 
content of the source rock was high and they are 
completely melted.   

REE analyses of selected samples from the 
monzogranite are shown in Table 2. Chondrite-
normalized REE patterns (Fig. 7), of monzogranite 
characterized by strong light rare earth element 
(LREE) enrichment and less low heavy REE 
(HREE) content. All samples have very small 
negative Eu anomalies (Eu/Eu* = 0.62 to 0.88). 
According to Taylor and McLennan [27], the term 
Eu/Eu* is calculated by: Ratios of Eu/Eu* > 1.0 

indicate positive, Eu/Eu* < 1.0 negative anomalies. 
Total REE content of monzogranite is between 
212-481 ppm (Table 2). 

Rock/orogenic normalized spidergrams of 
representative sample from monzogranite are 
plotted in Fig. 8. Well defined negative anomalies 
are observed for Ta, Hf, Y and Yb.  Rb, Th, Nb, 
Sm and Ce show positive anomalies (Fig. 8). Rb 
shows the highest positive anomaly (Fig. 8).  High 
Rb indicates that the magma originated from a 
source with high feldspar and most of the feldspar 
was melted. Monzogranite contain high K2O, with 
high potassium feldspar. Th content of this rock is 
very high (Fig. 8). 

 

Figure 5. Monzogranite plotted in the field of moderately per-aluminous granitoids (M-P) [25]. 
(L-P = low peraluminous; M-P = moderately peraluminous; H-P = highly peraluminous; F-P = felsic peraluminous). 

 

Figure 6. Plot of R1 versus R2 shows that monzogranite plot in the field of syn and late collision [26]. 
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Figure 7. Chondrite-normalized REE distribution of monzogranite (Chondrite-normalized, Boynton [28]. 
 

Table  2. Rare earth elemental analysis of monzogranite 
REE (ppm) FG-1 FG-4 G-13 G-14 G-15 Fi-1 Fi-2 Fi-3 

La 61.2 54.93 89.2 97.4 11.8 87.3 132.4 58.6 
Ce 115.1 101.15 160.5 174 199.7 153.5 232.9 107.7 
Pr 11.15 9.72 14.7 15.5 18.6 14.56 21.45 9.46 
Nd 35.86 31.46 49.2 50.9 62 47.3 69.9 31.6 
Sm 5.27 5.09 6.05 6.38 7.49 6.49 8.74 4.31 
Eu 0.85 1.08 1.39 1.34 1.74 1.45 1.95 0.98 
Gd 3.27 3.29 3.94 4.19 4.78 4.11 6.02 3.06 
Dy 2.76 2.73 2.46 2.51 2.88 2.67 4.23 1.89 
Er 1.34 1.51 1.05 1.19 1.32 1.38 2.19 0.92 
Yb 0.97 1.13 1.08 1.24 1.33 1.22 1.97 0.97 

Sum 237.77 212.09 295.3 354.65 311.64 319.98 481.75 219.49 

(La/Yb)N 42.537 32.773 55.683 52.957 56.673 48.244 45.311 40.73 
Eu/Eu* 0.626 0.807 0.871 0.792 0.889 0.858 0.826 0.825 
(La/Sm)N 7.305 6.788 9.274 9.603 9.389 8.461 9.529 8.553 
(Eu/Yb)N 2.492 2.718 3.66 3.073 3.72 3.38 2.829 2.873 

Figure 8. Rock/orogenic normalized spidergrams of representative sample from monzogranite (Rock/orogenic 
normalized based on Pearce et al., [29]). 
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U-Th-Pb Zircon age dating 
Majidi [30] dated Dehnow and Kuhsangi 
granodiorite and diorite using K-Ar method came 
out with ages of 256 to 245 Ma. The Paleo-Tethys 
remnants (meta-ophiolite and meta-flysch) were 
intruded by Sangbast monzogranite. Ghazi et al., 
[13] determined age of the Mashhad meta-ophiolite 
(273 and 265 Ma). By Late Triassic (225 Ma) there 
was no Paleo-Tethys left on an Iranian transect, 
therefore Turan plate obducted over Iran Plate. 
Since monzogranite rocks were intruded during the 
collision of Iranian plate with Turan plate, their 
age must be younger than 225 Ma. Therefore the 
K-Ar age (256 to 245 Ma) of Majidi [5] is not 
correct. 

From the monzogranite (sample Fi-1) 70 zircon 
grains were separated. Cathode-luminescence (CL) 
images are acquired from zircon to be analyzed 
because they provide a powerful tool for placing 
laser pits in the homogeneous portions of crystals 
(Fig. 9).  

The results of U-Th-Pb zircon analysis from 
monzogranite are presented in the Tables (3). The 
results of calculation of isotopic age are presented  
 

on the Concordia plot diagram (Fig. 10). Based on 
23 analyzed points the mean age value (weighted 
mean) is of 201.3 ± 3.6 Ma (error in the 2 sigmas 
level). Based on U-Th-Pb zircon age dating, the 
Mashhad monzogranite was formed in Upper 
Triassic (Rhaetian) time. 

Rb-Sr and Sm-Nd Isotope composition 
Sr and Nd isotope data for representative 
monzogranite and slate samples are given in Table 
(4 & 5). The initial 87Sr/86Sr and 143Nd/144Nd ratios 
for monzogranite is (0.706776 and 0.512219, 
respectively), when recalculated to an age of 201 
Ma, consistent with the new radiometric results 
(Table 4 & 5). The initial 87Sr/86Sr and 143Nd/144Nd 
ratios for slate is (0.702061 and 0.511601, 
respectively), when recalculated to an age of 201 
Ma, consistent with the new radiometric results 
(Table 4 & 5).  Initial εNd isotope values for 
monzogranite are -3.13 and for the slate is -15.19 
(Table 5). The values for the plutonic rocks could 
be considered as representative of magma derived 
from lower continental crust or upper mantle 
which is contaminated by the crust. 

 

Figure 9 Cathode-luminescence (CL) images of zircon from monzogranite 
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Figure 10. (a) Concordia plot of 207Pb/235U versus 206Pb/238U for calculating the age of zircons (monzogranite): (b) 
TuffZirc graphics calculating the age of zircons (monzogranite) (ellipses are ±2 ). 

 
Table 3. Data of U-Pb-Th Laser-Ablation Multicollector ICP Mass Spectrometry analysis of zircon from monzogranite 
(Fi-1). 

analysis U
(ppm) 

206Pb/204Pb U/Th 206Pb/207Pb ± (%) 207Pb/235U ± (%) 206Pb/238U ± (%) Age 
(Ma) ± (%)

1 1068 1112 1.4 20.9134 5.9 0.2091 6.0 0.0317 1.4 201.3 2.7 
2 1018 946 0.8 20.8012 6.4 0.2091 6.9 0.0315 2.5 200.2 5.0 
3 717 586 0.3 20.7634 4.2 0.2077 4.3 0.0313 1.0 198.6 2.0 
4 800 2394 3.4 17.3954 2.2 0.2375 4.3 0.0300 3.8 190.3 7.1 
5 490 10238 3.8 19.7732 2.2 0.2230 2.6 0.0320 1.4 203.0 2.8 
6 1106 5632 5.6 18.7072 2.1 0.2350 2.5 0.0319 1.3 202.3 2.6 
7 943 1976 3.4 16.7486 3.1 0.2684 4.3 0.0326 3.0 206.8 6.0 
8 1316 2728 2.9 18.3857 6.8 0.2417 7.1 0.0322 1.9 204.4 3.9 
9 936 6236 3.0 18.0902 5.3 0.2466 6.2 0.0324 3.2 205.3 6.4 

10 826 1424 1.5 20.2006 7.5 0.2107 8.8 0.0309 4.6 196.0 8.9 
11 567 14806 13.0 19.6290 1.4 0.2246 2.8 0.0320 2.5 202.9 4.9 
12 1029 2182 2.2 19.1636 10.2 0.2253 10.3 0.0313 1.2 198.8 2.3 
13 935 1964 0.9 19.5149 8.7 0.2223 8.9 0.0315 1.9 199.7 3.8 
14 967 1194 1.0 21.1794 6.9 0.2051 7.0 0.0315 1.2 200.0 2.3 
15 604 4416 3.4 17.0579 9.3 0.2620 9.3 0.0324 1.1 205.6 2.1 
16 749 2640 2.3 17.5150 2.9 0.2478 4.3 0.0315 3.1 199.8 6.1 
17 1125 1910 4.2 17.5672 3.0 0.2465 3.1 0.0314 0.8 199.3 1.6 
18 1066 1052 1.7 19.8582 1.9 0.2218 3.0 0.0320 2.2 202.7 4.5 
19 760 5796 0.9 19.0574 2.8 0.2209 5.0 0.0305 4.1 193.9 7.8 
20 805 1384 0.9 22.1004 11.3 0.1945 11.7 0.0312 3.0 197.9 5.9 
21 798 7760 4.4 18.7877 2.1 0.2351 3.3 0.0320 2.5 203.2 5.1 
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22 482 10430 2.7 18.7817 9.2 0.2329 9.8 0.0317 3.5 201.3 6.9 
23 614 2670 1.1 17.7645 2.1 0.2530 3.3 0.0326 2.5 206.8 5.1 

Table  4. Rb-Sr isotopic analysis of  monzogranite (Fi-1) and slate 

Sample AGE (ma) Rb
(ppm) 

Sr
(ppm) 

87Rb/86Sr (87Sr/86Sr)m (2σ) (87Sr/86Sr)i 
R0(Sr) 

Monzogranite 201 105.5 689 0.4425 0.70804 (1) 0.706776 
Slate 201 149 74.8 5.7365 0.73701 (1) 0.720613 

m= measured. Errors are reported as 2σ (95% confidence limit). 
R0(Sr) is the initial ratio of 87Sr/86Sr for each sample, calculated using 87Rb/86Sr and (87Sr/86Sr)m and an age 201 (age based on 
zircon). 
 

Table 5. Nd-Sm isotopic analysis of monzogranite (Fi-1) and slate 

Sample Sm 
ppm 

Nd 
ppm 

147Sm/144Nd (143Nd/144Nd)M (2σ) (143Nd/144Nd)i 
R0(Nd) εNd I 

Monzogranite 4.94 35.0 0.0853 0.512331 (07) 0.512219 -3.13 

Slate 8.20 44.4 0.1116 0.511748 (07) 0.511601 -15.19 
m= measured. Errors are reported as 2σ (95% confidence limit). 
R0(Nd) is the initial ratio of 143Nd/144Nd for each sample, calculated using 147Sm/144Nd and  (143Nd/144Nd)m and an age 
of 201 (age based on zircon).εNdI,  initial εNd value.  
 

Source of magma 
Initial 87Sr/86Sr, εNd and 143Nd/144Nd of MORB 
basalts, monzogranite and slate from the study area 
are plotted in Figs.12-13. Initial εNd isotope values 
for monzogranite is -3.13 and for MORB is 
between +7 to +13. Initial 87Sr/86Sr isotope values 
for monzogranite is 0.706776 and for MORB is 
less than 0.704. Initial 143Nd/144Nd isotope values 
for monzogranite is 0.512219 and for MORB is 
between 0.5130 to 0.5135. Based on the isotope 
values monzogranite did not originated from the 

slate or any rock similar to slate. The isotopic 
values for monzogranite could be considered as 
representative of magma derived from lower 
continental crust or upper mantle which is 
contaminated by the crust [31 & 32]. 

Magnetic susceptibility of monzogranite is 
between 5-11 × 10-5 (SI units) therefore they 
belong to the ilmenite series of reduced type 
granitoids [33].  They are also moderately 
peraluminous. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                            12 / 15

http://ijcm.ir/article-1-561-en.html


Karimpour, Farmer, Stern            Journal of Crystallography and Mineralogy 714

Figure 11. Plot of (87Sr/86Sr)i versus 143Nd/144Nd. 

Figure 12. Plot of (87Sr/86Sr)i versus εnd. 
 

Conclusions 
Monzogranite is moderately peraluminous 
granitoid. Based on magnetic susceptibility of 5-11 
× 10-5, the monzogranite belongs to the ilmenite 
series. It is characterized by strong light rare earth 
element (LREE) enrichment and low heavy REE 
(HREE) content. (La/Yb)N = 32 to 56. Based on 
U-Th-Pb zircon age dating, monzogranite was 
intruded 201.3 ± 3.6 Ma, in Upper Triassic 
(Rhaetian) time. Based on major, trace and REE it 
formed during late orogenic. The initial (87Sr/86Sr)i 
= 0.706776 and (143Nd/144Nd)i = 0.512219. Initial 
εNd isotope value for monzogranite is -3.13. The 
isotopic values for monzogranite could be 
considered as representative of magma derived 
from lower continental crust or upper mantle 
which is contaminated in the continental crust.  
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