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Fig. 1. A: The location of the Alborz magmatic belt on the Iran, B The location of the study area on the the Alborz 

magmatic belt 
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Fig. 2. Geological map of the study area taken from the 1/100,000 geological map of Qazvin (Radfar and Emami et al., 
2005). 
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Fig. 3. Field and photomicrographs of igneous rocks from the Chenask; (A) Chenask monzonites in the contact with tuff; (B) 

Plagioclase (plg), K-feldspar (Kfs), biotite (Bio) and amphibole (Amp) and mgnrtite (Mt) in monzonites; (C) Chenask syenites 

in the contact with pyroclastic rocks (D) Plagioclase (Plg), K-feldspar (Kfs), amphibole (Amp) and pxroxene (Px) in Chenask 
syenites. 
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Table 1. Zircon dating analysis results of the representive samples from Chenask  

 

 207Pb/206Pb σ 207Pb/235U σ 206Pb/238U σ 207Pb/235U σ 206Pb/238U σ 

CH-13-1 0.047 0.5 0.0429 1.9 0.0066 1.8 42.7 0.8 42.2 0.8 

CH-13-2 0.054 4.4 0.0442 2.0 0.0060 2.4 43.9 2.2 38.4 0.9 

CH-13-3 0.047 0.7 0.0432 2.1 0.0066 2.0 43.0 0.9 42.7 0.8 

CH-13-4 0.047 0.7 0.0430 1.8 0.0066 1.7 42.7 0.8 42.4 0.7 

CH-13-5 0.049 1.8 0.0452 2.7 0.0067 1.9 44.9 1.2 43.4 0.8 

CH-13-6 0.047 0.7 0.0429 2.1 0.0066 1.9 42.6 0.9 42.5 0.8 

CH-13-7 0.048 0.8 0.0427 1.9 0.0065 1.7 42.4 0.8 41.5 0.7 

CH-13-8 0.047 0.5 0.0442 2.5 0.0068 2.5 43.9 1.1 43.9 1.1 

CH-13-9 0.113 6.5 0.1217 3.6 0.0078 1.2 47.6 7.2 50.2 0.6 

CH-13-10 0.048 0.8 0.0416 1.4 0.0063 1.1 41.3 0.6 40.6 0.5 

CH-13-11 0.047 1.0 0.0415 2.0 0.0064 1.7 41.3 0.8 41.0 0.7 

CH-13-12 0.049 1.2 0.0453 2.1 0.0067 1.8 45.0 0.9 43.1 0.8 

CH-13-13 0.047 0.7 0.0433 2.2 0.0066 2.1 43.1 0.9 42.6 0.9 

CH-13-14 0.061 1.7 0.0544 2.4 0.0065 1.7 53.8 1.3 41.9 0.7 

CH-13-15 0.047 0.7 0.0447 2.2 0.0068 2.1 44.4 1.0 43.9 0.9 

CH-13-16 0.047 0.5 0.0430 2.3 0.0066 2.2 42.8 1.0 42.5 0.9 

CH-13-17 0.128 10.7 0.1290 2.8 0.0073 1.5 42.2 12.4 46.8 0.7 

CH-13-18 0.057 1.9 0.0555 3.0 0.0070 2.3 54.9 1.6 45.3 1.1 

CH-13-19 0.056 2.5 0.0537 3.7 0.0069 2.7 53.1 1.9 44.4 1.2 

           

CH-15-1 0.054 1.7 0.0499 2.7 0.0067 2.1 49.4 1.3 43.3 0.9 

CH-15-2 0.049 1.2 0.0445 2.5 0.0066 2.3 44.2 1.1 42.4 1.0 

CH-15-3 0.084 6.9 0.0840 7.8 0.0072 3.6 81.8 6.1 46.4 1.7 

CH-15-4 0.052 2.5 0.0468 3.2 0.0065 2.1 46.4 1.5 42.0 0.9 

CH-15-5 0.052 1.9 0.0484 3.2 0.0068 2.6 47.9 1.5 43.5 1.1 

CH-15-6 0.069 4.4 0.0682 5.5 0.0072 3.4 67.0 3.6 46.3 1.6 

CH-15-7 0.049 1.1 0.0419 2.1 0.0063 1.8 41.6 0.9 40.2 0.7 

CH-15-8 0.048 0.8 0.0430 1.8 0.0064 1.6 42.8 0.7 41.4 0.7 

CH-15-9 0.067 5.3 0.0611 5.8 0.0067 2.3 60.2 3.4 42.8 1.0 

CH-15-10 0.049 0.7 0.0442 2.5 0.0066 2.4 43.9 1.1 42.3 1.0 

CH-15-11 0.047 0.8 0.0429 2.3 0.0066 2.1 42.6 1.0 42.3 0.9 

CH-15-12 0.051 0.6 0.0472 2.4 0.0068 2.3 46.8 1.1 43.4 1.0 

CH-15-13 0.048 1.5 0.0433 2.2 0.0066 1.6 43.0 0.9 42.1 0.7 

CH-15-14 0.048 1.3 0.0457 2.9 0.0069 2.6 45.3 1.3 44.1 1.1 
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Table 2. Whole rock chemical analysis results of representive samples of the Chenask 

Sample No. Ch-10 Ch-11 Ch-12 Ch-13 Ch-14 Ch-15 

Lithology Monzonite Monzonite Monzonite Monzonite Syenite Syenite 

SiO2 52.4 50.6 50.4 50.3 60.7 61.2 

Al2O3 21.6 20.7 19.4 19.0 18.1 17.6 

TFe2O3 6.40 7.26 8.40 8.76 5.50 4.90 

MgO 2.16 2.08 3.08 3.33 0.84 0.79 

CaO 9.01 7.14 8.09 6.80 0.91 0.87 

Na2O 3.51 4.49 3.26 4.24 5.08 5.62 

K2O 2.59 3.08 3.80 3.14 7.23 7.60 

P2O5 0.38 0.56 0.43 0.54 0.19 0.23 

TiO2 0.83 1.12 0.99 1.21 0.88 0.79 

MnO 0.12 0.13 0.16 0.13 0.10 0.12 

LOI 0.95 2.72 1.59 2.47 0.72 0.69 

Total 99.9 99.9 99.6 99.9 100.3 100.4 

Na2O+K2O 6.10 7.57 7.05 7.38 12.31 13.22 

P 1824 1950 1810 2090 854 962 

Ti 5326 5740 5870 6940 4880 5120 

V 196 111 218 186 18.2 25.3 

Cr 39.34 33.38 41.39 19.71 0.68 0.72 

Mn 1102 869 1260 962 792 698 

Co 29.12 30.61 29.39 30.61 12.69 13.25 

Ni 20.30 16.31 21.09 18.41 1.62 1.25 

Cu 125.00 80.59 115.00 71.19 43.91 37.20 

Zn 63.56 60.21 69.91 76.09 70.31 71.20 

Ga 19.62 18.01 18.31 19.79 20.79 21.30 

Ge 1.32 1.31 1.47 1.54 1.44 1.23 

Rb 80.21 70.10 85.20 69.90 170.00 156.00 

Sr 758.30 831.00 704.00 791.00 642.00 598.00 

Y 26.95 28.49 25.29 32.71 41.69 42.23 

Zr 106.00 122.00 105.00 196.00 391.00 298.00 

Nb 9.26 12.31 8.21 15.31 29.59 27.36 

Mo 1.11 1.23 0.91 3.87 1.81 1.08 

Cs 6.32 6.53 5.76 19.31 1.07 1.29 

Ba 758 852 658 959 1780 2100 

La 35.36 30.59 39.81 31.11 45.49 42.20 

Ce 62.35 60.10 68.60 64.30 90.80 100.25 

Pr 7.59 7.61 7.58 7.92 10.39 11.32 

Nd 29.62 30.79 28.71 32.31 39.12 40.12 

Sm 5.95 6.41 5.51 6.84 7.84 7.20 

Eu 1.98 2.01 1.55 1.88 1.91 1.93 

Gd 5.65 5.94 5.05 6.53 7.16 7.90 

Tb 0.81 0.91 0.78 1.01 1.19 1.03 

Dy 4.65 4.98 4.35 5.68 6.95 6.85 

Ho 0.92 0.98 0.87 1.13 1.45 1.35 

Er 2.56 2.68 2.44 3.14 4.24 4.02 

Tm 0.38 0.39 0.37 0.47 0.68 0.52 

Yb 2.35 2.49 2.31 3.01 4.42 3.26 

Lu 0.04 0.37 0.35 0.45 0.67 0.58 

Hf 2.75 2.82 2.61 4.36 7.65 6.85 

Ta 0.52 0.59 0.44 0.74 1.45 1.32 

Tl 0.21 0.22 0.23 0.26 0.66 0.58 

Pb 10.45 11.71 6.19 22.51 20.21 19.82 

Th 4.25 4.68 3.88 6.23 13.61 12.89 

U 1.17 1.23 1.12 1.87 3.71 2.85 

Dy/Yb 1.98 2.00 1.88 1.89 1.57 2.10 

Pb/U 8.93 9.52 5.53 12.04 5.45 6.95 

Ba/La 21.44 27.85 16.53 30.83 39.13 49.76 

Ba/Th 178.35 182.05 169.59 153.93 130.79 162.92 

Sr/Th 178.42 177.56 181.44 126.97 47.17 46.39 

Nb/La 3.82 2.48 4.85 2.03 1.54 1.54 

La/Ta 68.00 51.85 90.48 42.04 31.37 31.97 

Sr/Y 28.14 29.17 27.84 24.18 15.40 14.16 

Dm 39.28 40.43 38.95 34.89 25.14 23.77 
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Fig. 4. U-Pb dating (207Pb/206Pb vs 
238U/206Pb) diagrams for zircons from the Chenask (A) monzonite and (B) syenite. 
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Fig. 5. Plots of (A) Na2O+K2O vs SiO2 and (Middlemost, 1994) (B) K2O vs SiO2 (Peccerillo and Taylor, 1976) for 
classifying plutonic rocks from of Chenask. 
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Fig. 6. (A) Chondrite-normalized and (B) Primitive-normalized rare earth elements patterns for Laleh Zar magmatic 

rocks. Chondrite and NMORB-normalized values are taken from Sun and McDonough (1989). 
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Table 3. Whole rock Nd-Sr isotopic analysis results of representive samples of the Laleh-Zar  

 

Sample Ch-12 Ch-11 Ch-13 Ch-14 

Lithology Monzonite Monzonite Monzonite Syenite 

SiO2 51 51 50 60 

Sr 704 831 791 642 

Rb 85 70 70 170 
87Rb/86Sr 0.24036 0.09554 0.14328 0.92243 

Erro (2s) 0.00680 0.00270 0.00405 0.02609 
87Sr/86Sr 0.706598 0.706534 0.705377 0.705325 

Nd 29 31 32 39 

Sm 5.5 6.4 6.8 7.8 
147Sm/144Nd 0.10451 0.12434 0.10419 0.13632 
143Nd/144Nd 0.512638 0.512665 0.512677 0.512669 

Sr/Sr(40) 0.706469 0.706483 0.705326 0.704827 

Nd/Nd(40) 0.512610 0.512632 0.512650 0.512633 

eNd(40) 0.46 0.89 1.23 0.90 

tDM (Ma) 619 702 566 793 

  
 RI�7. �+���� Sr86Sr/87 vsNd 144Nd/143 Z������* 
+"b+ �� �� �� HIMU, EMI, EMII, DMM ) �N��� � "(:��	1986� (  

 �
��� � N���)1992(FOZO1 ITEM � CHUR  � +��I�� � R�)2004( �:� �!��F�.:�+  
 Fig. 7. 143Nd/144Nd vs 87Sr/86Sr  for the  rocks compared with the mantle components HIMU, EMI, EMII, DMM (Zindler 

and Hart, 1986); FOZO1 (Hart and Hauri, 1992), ITEM (Bell et al., 2004); and CHUR (Chondritic Uniform Reservoir).  
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Fig. 8. Harker diagrams to determine the processes of melting and crystallization in Chenasak intrusive masses. 
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Abstract 
The Chenasak intrusives are located in eastern Qazvin, western end of the central Alborz. These 

intrusives consist of granular-textured intermediate menzonite and syenite rocks with mineralogy mainly 

consisting of plagioclase, potassium feldspar, amphibole, and biotite with varying volume percentages. 

U-Pb zircon dating data indicate that the menzonite and syenite have approximately the same ages of 

41.8±0.5 and 41.2±0.6 Ma, respectively. These rocks have high-potassium calc-alkaline to shoshonite 

geochemical characteristics and are enriched in large ionic radius elements (LILE) and light rare earth 

elements (LREE) and depleted in high field strength elements (HFSE) and heavy rare earth elements 

(HREE), indicating magmas formed in the subduction zone. Whole-rock Nd-Sr isotope ratios indicate 

that the ɛNd and 87Sr/86Sr values of these rocks vary from +0.5 to +1.2 and 0.70483 to 0.70648. Whole-

rock chemistry and isotopic data indicate that the magma forming the menzonite and syenite was formed 

by the crystalline fractionation of the primary melt derived from the metasomatized mantle in a tensile 

basin formed by the rollback of the subducting plate during the collision of the Iran and Arabia plates. 
 

Keywords: Zircon U-Pb dating, Nd-Sr isotope, Crystal fractionation, Syn-collision extensional basin, 

Central Alborz 

Introduction 

Iran has been a convergent plate margin for at 

least 90 million years, evolving from formation 

of a new subduction zone to a mature, extensional 

Andean-type arc in Paleogene time, culminating 

in collision with Arabia beginning in mid-

Cenozoic time. Paleogene arc igneous rocks are 

common along the southern margin of Eurasia, 

from Turkey and the Caucasus eastward into Iran 

and into the Lhasa terrane of Tibet. The 

Paleogene magmatic flare-up of Iran was 

characterised by intense volcanism and 

plutonism along the Urumieh-Dokhtar Magmatic 

Belt (UDMB), which defined the magmatic front 

(MF), and also occurred behind it in the rear-arc 

(RA) to the north (the Alborz magmatic belt) and 

NE. The UDMB. To study the age of the Chenask 

magmatism, we report here new U-Pb zircon ages 

for the studied igneous rocks. Geochemical and 

isotopic data were used to reconstruct the 

geochemical evolution of Eocene extensional 

basin magmatism and compare it with known 

igneous rocks of the same age in the Alborz 

magmatic belt.  

 

Geology 

The Alborz magmatic belt has an approximately 

E-W extension and a length and width of about 

600 and 100 km, respectively.  

During the Mesozoic, stretching in the central 

Alborz resulted in the formation of rift volcanoes 

and shale and coaly sediments of the Shamshak 

Formation in the Late Triassic, which are 

overlain by Upper Jurassic sediments and 

shallow marine limestones with Lower 

Cretaceous alkaline basalts. These Mesozoic 

volcano-sedimentary rocks are overlain by 

Paleocene to Eocene volcanic rocks and 

associated pyroclastics and Eocene to Oligocene 

magmatism. These magmas are shoshonite and 

calc-alkaline with mafic to felsic composition, 

while Miocene-Quaternary magmatism is mainly 

characterized by high-K alkaline and adakitic 

features. During the upper Eocene, which 

corresponds to the Pyrenean orogeny, magmatic 

activity occurred in the form of numerous 

igneous rocks with different compositions in 

most parts of the Alborz belt, including around 

Tehran, Qazvin, Takstan and Zanjan, which are 

generally syenite, monzonite and granodiorite. 
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They have calc-alkaline to shoshonite 

characteristics with high potassium. The Janasek 

area is located in the western end of the central 

Elires, no igneous rocks older than the Paleogene 

are outcropped in the Janasek area. Nabatian et 

al. (2016) suggested that an extensional tectonic 

regime prevails in Qazvin. Nabatian et al. (2014) 

showed that the last active subduction-related 

plutonism in the Alborz magmatic belt was about 

53 Ma, post-collisional plutonism occurred about 

40 Ma, and crustal thinning in the western part of 

the belt between about 53 and ca. It started up to 

40 million years ago.  

 

Field studies and petrography 
The Chenask intrusive rocks with an area of 

about 100 square kilometers has penetrated the 

volcanic rocks and green tuffs of the Eocene. In 

general, tuff, tuffite, calcareous tuffs, marls and 

partial arkosic sandstones and volcanic wackes 

along with monzonite are considered to be the 

most common lithological units in Chenasak 

region. Of course, syenite is also seen in the 

Chenask area with a less volume. Menzonite is a 

mesocratic medium- to coarse-grained rock 

intruded into the tuffites of the study area. 

Mineralogically, it consists of plagioclase (50-

55% volume), alkali feldspar (15-20% volume), 

clinopyroxene (15-20% volume), amphibole-

biotite (5-10% volume). The syenite unit is 

exposed in the form of a small stock in the 

vicinity of the manzonite masses. These rocks 

include plagioclase (30-40% by volume), 

clinopyroxene (20% by volume), biotite (5-10% 

by volume) and alkali feldspar (25-35% by 

volume) along with Fe-Ti oxide minerals.  

 

Results 

Zircon U-Pb dating  

Monzonite: In this sample, zircons are self-

shaped to semi-shaped with a length of 

approximately 100-250 micrometers and a ratio 

of length to width of 2:1 to 1:1. It shows a weak 

oscillatory zoning in the cathodoluminescence 

images. A total of 19 points were analyzed. which 

show an average age of 41.8±0.5 million years 

for the formation of the monzonites of the 

Janasek area. 

Syenite: Fifteen zircon grains from the syenite 

rock were analyzed for age. The grains of this 

sample show zircons with good to poor 

oscillatory zoning in the cathodoluminescence 

images. These crystals showed an average age of 

41.2±0.6. 

 

Major and trace elements geochemistry 
The values of major and minor elements of 

manzonite and syenite samples of Chenasak 

region are presented in Table 2. According to the 

TAS classification diagram (Middlemost, 1994), 

the samples are placed in the range of manzonite 

and syenite based on the K2O+Na2O versus 

SiO2 values. All Genasek rocks have a relatively 

high K2O content and are classified as shoshonite 

rocks based on the K2O versus SiO2 plot. 

Monzonite and syenite have the same normalized 

chondritic and normalized primary mantle REE 

patterns. In the REE patterns of the studied 

samples, they show the enrichment of light rare 

earth elements (LREE) compared to heavy rare 

earth elements (HREEs). The amounts of N 

(La/Sm) and N (La/Yb) vary from 2.9 to 4.5 and 

6.9 to 11.6. The Eu/Eu* ratio in monzonite varies 

from 0.78 to 1.04, which indicates a weak 

negative anomaly to no anomaly in europium 

element. As shown in the normalized primary 

mantle spider diagram (McDonough and Sun, 

1995), there are significant depletions for HFSE 

such as Nb and Ti, and relatively strong 

enrichment for large ion radius lithophile 

elements (LILE) such as Cs, Ba and U are 

present. They show enrichment in lead and 

depletion in phosphorus. 

 

Whole rock Nd-Sr isotope 
The Sr-Nd isotopic ratios for four samples of 

monzonitic and syenite rocks of Chenask are 

presented in the Table 3. Primary Sr-Nd isotopic 

ratios were calculated based on U-Pb zircon age 

(average age 41 million years). Monzonite and 

Darab syenite have initial 87Sr/86Sr values from 

0.70532 to 0.70646 and 0.70483, respectively. 

The values of 143Nd/144Nd in monzonite and 

syenite are similar and vary from 0.51263 to 

0.51265. The values of 147Sm/144Nd from 

0.1280 to 0.1489 and the values of εNd (t) (41 

million years) from 0.5 to 9. /1 is variable. In the 

graph of εNd (t) versus 87Sr/86Sr, the samples 

are located in the upper left part and a range 

similar to other igneous rocks in northwest Iran 

(Alborz magmatic belt). 

Discussion  

Implication for the magmatic processes 
Chenask intrusive masses with variable 

composition of SiO2 (50.3 to 60.7% weight) and 

low MgO (0.8 to 3.3% weight) high amounts of 

K2O+Na2O (6.1 to 12.3% weight) are 

characteristic which indicates the formation of 

these rocks from a more evolved magma than the 

primary magma derived from the mantle. One of 

the most important factors affecting magmatic 

evolutions is the role of various processes such as 

crystalline fractionation, crustal pollution, 

magmatic mixing, etc., which will be 

investigated in the following. 
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Effect of crystallization/assimilation processes 
Using the results of whole rock and isotopic 

compositions, the role of magmatic processes can 

be understood. From monzonite to syenite, the 

content of CaO, MgO, and Al2O3 decreases 

sharply, while the content of Na2O and K2O 

increases with increasing SiO2 indicating the 

crystallization of CaO and MgO mineral phases 

high in Na2O and K2O from the magma at the 

time of formation. Crystallization of this mineral 

causes reduction of CaO, MgO and enrichment of 

Na2O and K2O in the remaining melt. In general, 

clinopyroxene is the dominant host for MREE 

and HREE, and plagioclase is the main host for 

Sr, Pb, as well as Ba and Eu+2. The similarity of 

the normalized REE patterns to chondrite 

indicates that Chenask monzonitic and syenitic 

rocks were formed by fractionation of the same 

parent magma. The trace and rare earths elements 

gradually increase from monzonite to syenite, 

indicating fractionation. Syenite shows greater 

LREE enrichment than monzonite, again 

reflecting fractional crystallization. The negative 

anomaly of Eu in syenite can also indicate that 

the magma has experienced plagioclase 

crystallization and fractionation. The negative Ti 

anomaly indicates the crystallization and 

segregation of Ti-Fe oxide minerals. Primary 

basaltic melts generally have higher MgO 

contents (>8%) and high amounts of Ni (250-300 

g/ton) and Cr (500-600 g/ton). Monzonite and 

syenite have very low amounts of Ni (2-21 g/ton) 

and very low content of Cr (1-41 g/ton), which 

indicates that the magma forming manzonite and 

Chenask syenite was formed from fractional 

crystallization of primary magma. The high-

potassium and fractionated intrusive rocks of 

Chenask have a high concentration of LILE, 

which can be due to processes such as fractional 

crystallization or fractional crystallization with 

alloying phenomenon. The influence of crustal 

pollution process can be confirmed by Nd isotope 

values. The pollution of the subtracted magma by 

the Neoproterozoic continental crust of Iran is 

confirmed by the age of inherited zircons in the 

monzonitic and syenite samples obtained in this 

study. 

In the plots of (87Sr/86Sr)i and (143Nd/144Nd)i 

versus SiO2, the isotopic ratios of all samples do 

not show significant changes with increasing 

silica content and have almost linear correlations, 

which may be attributed to fractional 

crystallization (FC) with low crust 

contamination. 

 

The origin of magma 
The normalized REE patterns relative to 

chondrite are parallel for the studied samples and 

show that these rocks have the same primary 

magma and are related to each other by fractional 

crystallization. All Chenask rocks have high 

potassium characteristic. The observed 

enrichment of LILE such as Rb and Ba and LREE 

(such as La and Ce), HFSE depletion and 

negative anomaly of Nb and Ti indicate the 

possibility that the Chenask monzonitic rocks are 

derived from a metasomatized mantle source in 

the subduction zone. During the production of arc 

magmas, Nb and Ti are preserved in the residual 

phases containing titanium (such as rutile and 

ilmenite) and the resulting melt reduces the 

concentration of Nb and Ti (Zheng, 2019), as in 

the multi-element patterns of the rocks. The study 

is shown. K-rich rocks are widespread in post-

collision situations. A mantle wedge 

metasomatized by subduction of sedimentary 

melts or subcontinental lithospheric mantle 

(SCLM) is believed to be the main source for the 

formation of subduction-related alkaline rocks. 

The positive values of εNd(t), along with their 

enrichment in K, Rb, REE and other HFSE 

indicate a mantle metasomatized mantle source 

such as SCLM for their formation, which is 

compatible with their origin in A extentional 

basin related to syn- to post-collision setting. 

Chenasak region is located at a distance of 300 

km from the subduction zone. In this case, the 

region was not directly affected by oceanic 

subduction, but a syn- to post-collisional 

extensional regime appears to have occurred, 

possibly due to upwelling of the asthenosphere in 

an extensional regime. Fluids released from 

subducted slab contain large amounts of elements 

K, Rb, Ba, Sr and Pb and a small amount of REE, 

Th and HFSE. the rocks formed by fluid 

metasomatism often contain high ratios of Ba/La 

and Ba/Th.  They have high Th, Pb/U and Sr/Th. 

However, during sediment metasomatism, melts 

contain large amounts of Th, LILE, and LREE, 

and igneous rocks formed by sediment 

metasomatism would have high amounts of 

Th/Nd, Th/U, Th/Ba, and Th/Sr. Chenask rocks 

have moderate to high values for Ba/La (>15), 

Ba/Th (>100), Pb/U (>5), and Sr/Th (>100 for 

manzonite and <50 for syenite), which indicates 

the role of fluid metasomatism. In these samples, 

dynamic fluid REE values, such as Ba/La, yield 

high values (greater than 15), and a plot of Ba/La 

vs. Th/Nd (Shaw, 1970) shows the major 

contribution of sheet-derived fluids. In this 

diagram, the values of Th/Nd are constant with 

the increase of Ba/La values and correspond to 

the enrichment of fluid derived from the slab. It 

is generally believed that the fluids from 

subducted oceanic crust and mantle wedge are 

depleted in HFSE due to the stability of these 
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elements in refractory mineral phases. Therefore, 

it can be inferred that the origin of monzonites is 

probably the mantle metasomatized by fluid in 

the subduction zone. Therefore, the high values 

of LILE/HFSE and LREE/HREE indicate 

magmas related to melting of the metasomatized 

mantle source in the subduction zone, which was 

metasomatized with fluids released by the 

subducting sheet. Rocks produced from the 

asthenospheric mantle usually have La/Nb ratios 

less than 1.5 and La/Ta ratios less than 22. On the 

contrary, monzonitic and synite rocks of Chenask 

have higher values (1.5-4.8 and 4.31-5.90, 

respectively), which indicates that they originate 

from the lithospheric mantle. According to 

Figure 7, the isotopic ratios of manzonitic and 

syenitic rocks of Chenask are consistent with 

their derivation from the lithospheric mantle 

source. It is widely accepted that the origin of 

subduction zone rocks is controlled by partial 

melting of peridotite mantle. Dy/Yb ratios to 

determine the mineralogy of the source area and 

distinguish between the melt origin of garnet 

peridotite (less than 1.5), spinel peridotite (more 

than 2.4), or garnet-spinel peridotite (between 1.5 

and 2.4) are used. Monzonitic and syenite rocks 

have Dy/Yb values between 1.5 and 1.2, which is 

consistent with the presence of garnet and spinel 

minerals in the source area. 

 

Tectonic setting  
Chenask rocks show similar geochemical 

characteristics, enrichment in LILE and LREE 

and depletion in HFSE, which represent a sample 

of magmas related to subduction. This hypothesis 

is consistent with a extensional basin for Chenask 

rocks, where extensional basin rocks with 

negative Nb-Ta-Ti anomalies are restricted to 

basins formed behind a mature arc. The whole 

rock represents the arc-related tectonic 

environment for the studied samples. In V versus 

Ti/1000 (Shervais, 1982) and La/Nb versus Y 

(Floyd et al. 1991) plots, the samples are 

characteristic of mid-ocean ridge basalts 

(MORB) to back-arc basin basalts. In the Th/Yb 

vs. Nb/Yb plot (Pearce, 2008), the studied rocks 

were plotted semi-parallel to the MORB-OIB 

mantle array. These features indicate that the 

Chenask intrusive rocks were probably formed in 

an extensional basin. It seems that the middle-late 

Eocene magmatic activity in Central Alborz is 

most likely related to an extensional tectonic 

regime related to slab rollback (Verdel et al., 

2011), and uplift after closure. The rollback of the 

slab and subsequent retreat of the trench played 

two key roles: (1) it caused extensional episodes 

in an overall convergent regime, and (2) it caused 

mantle uplift, which led to extensive magmatism 

(Zuo et al., 2017). Therefore, the rollback of the 

slab during lithospheric subduction has caused 

uplift and partial melting of the lithospheric 

mantle, which was metasomatized by the fluids 

of the subduction zone in the early Eocene. 

Compressional melting of a metasomanized 

mantle source is the most plausible mechanism 

for the production of monzonites that surround 

the syenites in the Chenask Massif. Partial 

melting of the metasomatized mantle may have 

resulted from the thinning of the lithosphere in 

the Eocene through retrograde or delamination of 

the lithosphere. We conclude that the rollback of 

the slab was followed by tearing and the creation 

of slab windows through which the 

asthenosphere mantle could rise and create 

geochemical heterogeneities on a small scale. 

Therefore, the rise of the asthenosphere also leads 

to the initiation of melting in the metasomatized 

lithospheric crust (SCLM), which creates 

primary melts, and this melt is influenced by 

magmatic evolution processes, such as fractional 

crystallization and to some extent crustal 

dissolution of manzonite.  

 

Conclusions 

The Chenask intrusive rocks include intermediate 

manzonite and syenite rocks with granular 

texture. Their mineralogy mainly contains 

plagioclase, potassium feldspar, amphibole and 

biotite with different volume percentages. Zircon 

U-Pb dating data show that manzonite and 

syenite have almost identical ages of 41.8±0.5 

and 41.2±0.6 million years, respectively. These 

rocks have the geochemical characteristics of 

high-potassium calc-alkaline to shoshonite and 

are enriched in large ionic radius elements 

(LILE) and light rare earth elements (LREE) and 

depleted in high field intensity elements (HFSE) 

and heavy rare earth elements (HREE), which 

indicates the magmas formed in the subduction 

zone.  The ratios of Nd-Sr isotopes of the whole 

rock show that the values of ɛNd and 87Sr/86Sr 

of these rocks vary from +0.5 to +1.2 and from 

0.70483 to 0.70648. Whole-rock and isotopic 

chemistry data indicate that the magma was 

formed from the crystalline fractionation of a 

primary melt derived from metasomatized mantle 

in an extentional basin.  
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