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ABSTRACT ARTICLE INFO 

The granitoid intrusions in northern Ahar is located in the south of 

Kaleibar city, NW Iran. The granitoids are essentially composed of 

granite, quartz-monzonite, microdiorite, monzonite, monzodiorite, and 

porphyry granodiorite with granular, pegmatite, graphitic and perthitic 

textures. The I-type granitoids are shown by meta-aluminous nature and 

have a range of sub-alkaline to alkaline rocks. The main minerals of these 

rocks include quartz, alkali feldspar, plagioclase, muscovite, and biotite, 

and minor minerals composed of titanite, zircon (allanite, apatite, and 

pyrochlore). The Ahar granitoids chondrite normalized REE pattern 

shows an M-type tetrad effect pattern with a strongly negative Eu 

anomaly. This M-type tetrad effect indicate the final stages of granite 

magma evolution accompanied by interactions with coexisting fluids. The 

Y/Ho and Zr/Hf ratios in the basic to intermediate igneous rocks are close 

to the chondrite ratios, which indicates the CHARAC behavior of these 

elements in the melts. The La/Nb and La/Ta ratios show an inverse 

relationship with the tetrad effect. With increasing fractionation, the Rb/Sr 

ratio in the rocks increased, and as a result, the tetrad effect of the granitoid 

samples of north Ahar occurred in a higher range of Rb/Sr ratio. The study 

of the trace element ratios, especially geochemical pairs, indicates the 

non-CHARAC behavior of these elements. 
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Extended Abstract 

Introduction 
Patterns of rare earth elements are widely used 

to investigate various geochemical processes. 

REE tetrad effects are one of the features 

observed in REE patterns normalized to 

chondrite, which can be a useful tool for 

interpreting geochemical information of 

rocks. The REE tetrad effect was observed for 

the first time during experiments on 

lanthanides in a liquid-liquid chemical system 

(Siekierski, 1966; Peppard et al., 1969). In 

these experiments, the distribution 

coefficients of lanthanides in chemical 

systems were investigated and it was observed 

that the distribution coefficients of lanthanides 

create a pattern in the form of four separate 

parts according to the changes in atomic 

number. In addition to these parameters, 

which decrease with the increase of the 

covalent characteristics between the cation 

and the donor complex (Bau, 1996), therefore, 
the type of ligand involved in the donor 

complex of lanthanides may increase or 

decrease the electron repulsion and as a result 

affect the behavior of lanthanides in 

geochemical systems (Kawabe, 1999). In this 

research, the aim is to investigate the tetrad 

effect on the granitoid intrusions of north and 

east of Ahar in detail and also to investigate 

the behavior of rare elements. Especially 

geochemical bipolar in tetrad effect systems 

should be discussed.  
 

Material and Methods 
In this research, 57 thin sections were 

prepared and analyzed to examine the 

petrography of the granitoid intrusions in the 

north and east of Ahar, as well as the 

surrounding volcanic and metamorphic units. 

The main oxides were measured using the 

XRF method with Rigaku ZSX Primus II 

model and the concentration of trace and rare 

earth elements were examined by Inductively 
Coupled Plasma Emission Mass Spectrometer 

(ICP-MS) model Agilent 7700 X in the Iran 

Mineral Processing Research Center 

(IMPRC).  
 

Discussion and Results 
The magmatic activities in the Ahar-

Arasbaran belt started less than 20 million 

years ago with the presence of intermediate to 

acidic Eocene volcanic rocks and 

subsequently continued with the emplacement 

of Oligocene-Miocene granitoid intrusive 

rocks (Lescuyera and Riou, 1976; Hezarkhani, 

2006). These intrusions mostly belong to I-

type granitoids with meta-aluminous to per-

aluminous nature, which include a range of 

subalkaline to alkaline rocks (Jamali et al., 

2009). The Shievardagh igneous complex (or 

Ahar batholith), with an approximate length of 

30 km, a variable width of 3 to 10 km and an 

E-W direction, is considered one of the most 

important magmatic events in the Ahar-

Arasbaran belt. From old to new, this 

collection includes carbonate rocks and 

submarine volcanics (Upper Cretaceous), 

sedimentary-volcanic sequences of latite and 

ignimbrite (Middle Eocene), granodiorite and 

Shievardagh diorite rock (Oligocene), and 

basalt and andesite alkali rocks (Quaternary). 

Using U-Pb dating of zircon crystals in the 

Shievardagh intrusive rocks, an age 

equivalent to 23 to 30 million years has been 

obtained for this mass (Aghazadeh, 2008). 
The descriptive geology of mineral deposits 

related to these ore intrusive rocks around the 

Shievardagh batholith is as follows: 

Anjard 
The composition of intrusive rocks varies 

from quartz monzonite to granodiorite and 
porphyry dacite. The main minerals of quartz 

monzonite rocks include K-feldspar, quartz, 

plagioclase and biotite. In the petrographic 

study, this rock is monzodiorite and quartz-

monzonite and has a granular texture and 

includes plagioclase minerals, K-feldspar with 

pertite texture, and secondary minerals 

include sericite, clay minerals, carbonate, 

magnetite, titanite, and apatite. 
Aghdarragh 
These rocks often outcrop in the north and 

southeast of Aghdargh. After that, during the 

Oligocene, the Shievardagh intrusive rocks 

with granite, monzodiorite and quartz-

monzonite penetrated these units in several 

stages, and later, the whole complex was cut 

by dykes with an acidic to moderate in 

composition. In the studied area, Cu-Au-Fe 

polymetallic mineralizations in the Chupanlar 

(hosted by quartz-monzonite), Ayran-Goli 

(hosted by granodiorite) and skarn 

mineralization between the quartz-monzonite 

stock (Oligocene) and recrystallized 

carbonate rocks. 

Sheleboran 
A large part of the intrusive igneous rocks 

exposed in the geological map of Sheleboran 
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belongs to the granite to monzogranite 

porphyry rock unit. This unit penetrated into 

the Paleocene-Eocene and Eocene outcrop 

units as a subvolcanic unit and a part of the 

dikes exposed in the area. It is a subvolcanic 

igneous rock with graphic texture. Alkali 

feldspar is the main mineral of the rock and its 

transformation into clay minerals and a lesser 

amount of sericite and pertite texture can be 

recognized in it. Plagioclase in this rock is 

relatively coarse-grained, which is observed 

in a limited amount in the rock, and mostly has 

a brief transformation into clay and sericite 

minerals (Zarkav Company, 2012). 
 

Conclusions 
-The pattern of REE abundance in the north of 

Ahar granitoids shows the M-type tetrad 

effect, which is accompanied by a strongly 

negative Eu anomaly. The negative anomaly 

of Eu in the rocks of the region due to the 

segregation of calcic plagioclase, the 

remaining of calcic plagioclase in the melt 

slag phase of the origin, the work of Eu in the 

fluid phase during the melt-fluid response due 

to the high distribution coefficient of this 

element compared to other REEs in the phase. 

K/Rb, Zr/Hf and high K/Ba and Rb/S ratios 

indicate non-CHARAC behavior. Combining 

petrographic and geochemical data shows that 

the tetrad effect in the studied area is 

controlled by the segregation of REE-rich 

crystals and melt-fluid reaction. 

- Investigating the behavior of trace elements 

in the granitoid rocks of north and east of Ahar 

show that the behavior of trace elements in the 

granitoid samples. Most of the ratios of trace 

elements for the granite samples of north and 

east of Ahar show non-CHARAC and non-

chondritic behavior. 

- The significant presence of micas, secondary 

muscovitization, deuteric alteration, and 

pegmatite indicates the large volume of water 

rocks in the north and east of Ahar in the final 

phases of magmatic crystallization, which 

creates a coexistence fluid-melt system and as 

a result of the tetrad effect. 
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Fig. 1. Modified geological map showing the distribution of Cenozoic granitoidsin the northern part of the Ahar, based 

on the 1:100,000 maps of Ahar (Mahdavi et al., 1987) and Kaleybar (Mehrparto et al., 1998). 
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Fig. 2. A) The Shalebaran granodiorite pluton along with an associated mineralized dike and vein, B) View of the Agh-Daraq plutons 

and adjacent units (view direction from southeast to northwest), C) The Qorushaghlu monzonitic and granodioritic plutons, D) View 

of the granodiorite pluton and the pit at Anjerd mine, E) Hand specimen of the granodioritic unit from the study area. 
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Fig. 3. Microphotographs images of granitoid rocks A, B, C, E, G, H) accessory minerals sphene and zircon associated 

with quartz, alkali feldspar, plagioclase, amphibole, and biotite; F) coarse-grained allanite in biotite granite, D) 
Presence of perthitic texture with quartz, alkali feldspar, plagioclase, amphibole, biotite, sphene, and zircon minerals, 

I) Myrmekitic texture formed by the replacement of plagioclase by alkali feldspar. 
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Fig. 4. Chondrite-normalized pattern (after Nakamura, 1974) for granite samples from northern Ahar, showing a 
distinct tetrad effect. The trend of filling of the 4f electron shell aligns with the tetrad effect. 
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Table 1. Results of tetrad effect calculations and associated parameters in north of Ahar granitoid samples. 

Sample no. AJ-05 GO-01 GO-02 Za-03 Za-07 Sh-05 Sh-07 Sh-10 A24 A25 A34 Ch16 Ch18 Ch20 

Rock type C3�,3�,�
�/  C3�,3�,�
�/  C���4�,�  C���4�,�  C3�,3�,��/  C��
�/�4�,�  C3�,3�,�
�/  C���4�,�  C3�,3�,�
�/  C3�,3�,�
�/  C���4�,�4%�
,0  C���4�,�4%�
,0  C3�,3�,�
�/  C3�,3�,�
�/�4�,�  

ΣREE 26.98 33.36 31.37 29.37 32.03 38.89 23.18 33.65 181.48 114.25 142.13 152.48 171.78 186.46 

Eu/Eu* 0.16 0.11 0.12 0.09 0.11 0.20 0.09 0.17 0.33 0.28 0.27 0.29 0.25 0.26 

Sr/Eu 4450.94 2516.33 6256.38 3931.20 6892.75 3650.81 7581.60 4731.15 397.50 1476.36 524.00 811.54 604.62 493.33 

Zr/Hf 49.07 65.76 79.26 88.85 49.85 48.36 47.99 53.25 12.79 50.90 17.09 21.18 21.35 16.06 

Y/Ho 28.33 29.17 42.00 33.64 50.00 30.77 26.15 30.00 36.50 30.50 27.80 27.25 25.29 25.75 

K/Rb 3839.17 1056.62 2794.28 1915.35 4116.26 3038.70 2125.00 3584.74 282.56 978.23 324.94 595.54 509.44 430.33 

K/Ba 33.79 73.46 25.21 43.80 30.76 27.08 31.90 21.89 48.04 43.66 46.80 32.23 41.65 42.13 

Nb/Ta 10.97 14.94 18.94 12.91 14.06 12.75 11.80 14.31 12.41 17.87 13.97 16.98 18.88 14.61 

La/Nb 0.54 0.30 0.35 0.37 0.73 0.90 0.29 0.75 1.70 0.76 1.33 1.57 1.07 1.07 

La/Ta 5.95 4.55 6.67 4.80 10.30 11.48 3.45 10.71 21.05 13.56 18.61 26.58 20.17 15.58 

Rb/Sr 0.01 0.15 0.01 0.04 0.01 0.01 0.02 0.01 0.26 0.02 0.20 0.05 0.09 0.11 
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Fig. 5. A) Mantle-normalized spider diagram showing granite samples, indicating depletion in Ba, Sr, Eu, and Ti, and enrichment in 

U, Rb, K, P, and Pb. B) With increasing Eu depletion in the granite pluton, the intensity of the tetrad effect increases. C) The Sr/Eu 

ratio for samples from the northern Ahar pluton is in a very high range, and an increase in Sr/Eu ratios corresponds to an increase 

in the tetrad effect. D) As the total concentration of rare earth elements (ΣREE) decreases, the tetrad effect becomes more 

pronounced. 
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Fig. 6. A) The tetrad effect in samples with Zr/Hf ratio less than 90. Granitoid samples from northern Ahar exhibit non-

CHARAC (non-charge and radius controlled) behavior. B) Most samples displaying the tetrad effect with Y/Ho ratios greater 

than chondritic values. 
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Fig. 7. Zr/Hf vs. Y/Ho diagram (after Bau, 1996). Samples exhibiting the tetrad effect generally show non-CHARAC behavior, 

indicative of hydrothermal systems. Granite samples from the northern Ahar also display non-CHARAC behavior. 
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Fig. 8. A) The tetrad effect intensifies with increasing K/Ba ratio. B) The tetrad effect also increases with decreasing 
K/Rb ratio, relative to the average values for granitoid rocks. 
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Fig. 9. The tetrad effect in studied samples, A) Nb/Ta ratio vs TE1, 3 and B) La/Nb ratio vs TE1, 3. 
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