
Vol. 16, No. 4, 2024, pp. 47ï74                                                                                ISSN (Print): 2008-7306      ISSN (Online): 2423-5865 
 

 

Journal of Economic Geology 

 
https://econg.um.ac.ir  

 

 

RESEARCH ARTICLE  
 

10.22067/econg.2024.1113 
                                          

Petrogenetic evidences in geodynamics and placement of Nordoz intrusive masses 

in Alborz -Azerbaijan structural zone 

Shahryar Mahmoudi 1 * , Shiva Lavi 2, Shohreh Hassanpour 3 , Amir Ali Tabakh Shabani  4 , Mehran 

Yegane Far 5 

 
1 Associate Professor, Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University of Tehran, Tehran, 

Iran  
2 M.Sc., Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University of Tehran, Tehran, Iran  
3 Associate Professor, Department of Geology, Payame Noor University, Tehran, Iran 
4 Associate Professor, Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University of Tehran, Tehran, 

Iran  
5 M.Sc., Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University of Tehran, Tehran, Iran  

ARTICLE INFO   ABSTRACT 

Article History  

Received:              28 April 2024 

Revised:                02 November 2024 

Accepted:              06 November 2024 

Keywords  

Metal-aluminous rocks 

active continental margin 

metasomatism 

magmatic plateau 

Alborz-Azerbaijan structural zone 

Nordoz 

*Corresponding author    

Shahryar Mahmoudi 

ṁ s.mahmoudi@khu.ac.ir 

 
The Oligocene Nordoz intrusive complex is located in the eastern region 

of Siehroud, within the East Azerbaijan province, and within the Alborz-

Azerbaijan structural zone. The results of field studies have identified 

the presence of gabbro diorite, monzodiorite, monzonite, tonalite, 

granodiorite, and granite within the region. The geochemical 

characteristics of these rocks indicate that they belong to the 

metaluminous type I granitoid classification. The rocks display calc-

alkaline to high-potassium calc-alkaline and Shoshonite series 

characteristics, exhibiting an enrichment of LREE elements relative to 

HREE, a positive Pb anomaly, and a depletion of Nb and Ti elements. 

The presence of disequilibrium textures, such as sieve texture and 

zoning in plagioclase, suggests the existence of multiple magma 

chambers and mixing between them. The isotopic geochemistry 

indicates that a closed system process and crystal differentiation are the 

primary processes of formation, with a combination of DMM and EMII 

identified as the principal sources for magmas in the region. This 

behavior can be explained by contamination of magma derived from a 

depleted asthenospheric mantle with lithospheric sediments during 

oceanic crust subduction and upper mantle wedge metasomatism. In 

summary, the magmatic plateau of Azerbaijan has been affected by 

tectonic processes and lithospheric thinning during the Eocene-

Oligocene period. 
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EXTENDED ABSTRACT   
 

Introduction  

The Azerbaijan region is located in northern Iran, in 

close proximity to the borders with Turkey, 

Azerbaijan, and Armenia. This area constitutes part 

of the Iran-Turkey zone, which encompasses Central 

Eastern Anatolia and Northwestern Iran (Dilek et al., 

2010; Shafaii Moghadam and Shahbazi Shiran, 

2011). As the central portion of the Alpine-

Himalayan orogenic belt, this region has experienced 

a number of geologic events as a consequence of the 

closure of the branches of the Neotethys Ocean 

(Stampfli et al., 1991). Cenozoic igneous rocks are 

pervasive in the Iran-Turkey region (Dilek et al., 

2010). The magmatic complex in question is 

distributed throughout northwestern Iran, Armenia, 

and eastern Turkey in the northern and eastern parts 

around the Arabian Plate. 

 

Materials and methods  

In order to facilitate petrologic studies, 11 samples 

exhibiting the least degree of alteration were selected 

and sent to the Zarazma company for chemical 

analysis of rare elements by ICP-MS and major 

oxides by XRF method. Furthermore, three samples 

displaying the lowest percentage of loss on ignition 

(LOI) were selected for isotopic analysis at the 

laboratory of the Faculty of Earth Sciences at the 

University of British Columbia in Canada. The 

results of the whole-rock chemical and isotopic 

analyses are presented in Tables 1, 2, 3, 4 and 5, 

respectively. 

 

Discussion  

Petrography 

Petrographic studies have revealed that the granitoid 

bodies of the Nordoz region are composed of a range 

of basic to acid igneous rocks, including 

gabbrodiorite, monzodiorite, monzonite, tonalite, 

granodiorite, and granite. The predominant texture is 

granular, although sieve and perithetic textures are 

also present. The principal minerals of these rocks 

are plagioclase, alkali feldspar, quartz, amphibole, 

clinopyroxene, and olivine (in base samples). 

Additionally, opaque minerals and secondary 

minerals of calcite, sericite, chlorite, and epidote are 

observed in this rock group. 

 

geochemistry 

The results of whole rock chemical analyses of 16 

samples extracted from the intrusive mass in the 

Nordoz area are presented in Tables 1 and 2. The 

classification of the rocks was conducted using the 

Delaroche et al. table (De La Roche et al., 1980). As 

illustrated in Figure 3A, the samples under 

examination are classified as gabbrodiorite, 

monzodiorite, monzonite, tonalite, granodiorite, and 

granite, thereby corroborating the findings of the 

petrographic investigations. To ascertain the 

magmatic nature of the intrusive rocks, a K O vs. 

SiO  plot (Peccerillo and Taylor, 1976) was 

employed. As illustrated in Figure 3B, the samples 

under examination predominantly occupy the calc-

alkaline range with elevated potassium 

concentrations, as well as the Shoshonite range. 

Na O versus K O diagrams adapted from Chappell 

and White (2001) (Fig. 4A) indicate that all samples 

fall within the range of Type I granites. Additionally, 

to differentiate between the granitoids of the region 

and the A granitoids (non-orogenic granitoids) 

depicted in the diagram (Kleeman and Twist, 1989), 

which is plotted based on the Nb versus SiO2 

variation (Fig. 4B), all samples fall within the range 

of Type I granites. 

In order to ascertain the provenance of the primary 

magma and the subsequent processes, including 

contamination and mixing of the magma, 87Sr/86Sr, 
143Nd/144Nd and Pb isotopic analyses were conducted 

on the samples. The results of the isotopic analysis of 

the samples are presented in Table 5 for reference. 

The combined spectrum of the 87Sr/86Sr isotopic ratio 

of the investigated samples exhibits a range of values 

between 0.704412 and 0.705081. Similarly, the 
143Nd/144Nd ratios of these intrusive rocks range from 

0.512769 to 0.5128255. The 143Nd/144Nd versus 
87Sr/86Sr isotope correlation plots, as presented by 

Zindler and Hart (1986), were employed to ascertain 

the provenance of the intrusive rocks in the Nordoz 

region. All samples are plotted on the conventional 

isotope diagram in the mantle region near BSE (Bulk 

Silicate Earth) and indicate that the main source for 

the magmas of the study area is a combination of 

depleted mantle (DM) and enriched mantle (EMII) 

(Fig. 7). This behavior can be attributed to the 

contamination of large volumes of depleted 

asthenospheric mantle (DM) magmas with 

lithospheric fluids enriched in LILE and radiogenic 

Sr elements, which primarily result from the 

dehydration of detrital sediments during subduction. 
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The data presented in Figure 8 illustrates that the 
208Pb/204Pb ratios of all samples from the region are 

above the NHRL line and within the EMI and EMII 

ranges (Zindler and Hart, 1986), with the majority of 

samples falling close to the EMII range. It is 

important to note that EMI is associated with an 

enriched mantle with moderate amounts of 87Sr/86Sr, 

low amounts of 143Nd/144Nd, and low ratios of 
206Pb/204Pb. 

 

tectonic setting 

As illustrated in the Al2O3 vs. TiO2 variation diagram 

from Muller and Groves (1997), all intrusive samples 

from the Nordoz area are situated within the range of 

magmatic arcs (Fig. 6, 7, 8, 9 and 10A, B, C). In 

accordance with the diagram of Rb vs. (Y+Nb) 

(Pearce et al., 1984), which is utilized to differentiate 

the tectonic environments of granitoids associated 

with disparate tectonomagmatic environments, the 

acidic samples are situated within the volcanic arc 

range, predominantly at the juncture of this range 

with the analogous range. Additionally, acidic 

samples exhibit parallels with post-collisional 

environments in the tectonomagmatic diagram 

(Maniar and Piccoli, 1989) (Fig. 10). 

In the diagram presented by (Meschede, 1986), 

which is drawn based on the values of Nb*2-Zr/4-Y. 

The basaltic samples of the region are included in the 

range of volcanic arc basalts. 

 

Conclusion and discussion 

The results of the field observations indicate the 

presence of fractionated mafic magma injected into 

acidic magma (Fig. 2). It can thus be posited that the 

intrusive masses observed in the Nordoz region are 

the result of the differentiation of basic magma in the 

region. It appears that the basic magma is situated 

within a vast magma chamber beneath the region, 

exhibiting elevated temperatures. During the 

subsequent compressive phases, it propagated to 

higher levels, specifically into the lower crust, where 

it caused an increase in temperature. The fluid phase, 

in conjunction with the temperature increase 

resulting from the intrusion of the basic magma into 

this region of the crust, has led to the melting of a 

portion of the underlying crust and the formation of 

magma with a granodiorite and calc-alkaline 

composition.  

The evidence supporting the retreat of the subduction 

slab and extensional tectonics in Alborz, as presented 

in previous studies, can be attributed to a decrease in 

the rate of subduction in the Eocene. This decrease 

was caused by a reduction in the opening of the 

Indian Sea, which led to the retreat of the Neotethys 

subduction slab and subsequent tectonic extension in 

central Iran (Hassanzadeh et al., 2004). The 

presented data, in conjunction with the findings of 

geochemical and isotopic studies, as well as the 

positioning of the Nordoz region samples within 

tectonic environment diagrams, permit the 

formulation of a model for the genesis of these rocks. 

This model proposes that the mantle portion of the 

subcontinental lithosphere is the most probable 

origin for these rocks. The magmatic plateau of 

Azerbaijan has been subjected to a number of 

processes, including the uplift of the asthenosphere 

source and its thermal effect in the region. These 

processes have occurred as a result of events such as 

slab failure or lithosphere layer separation during the 

Eocene-Oligocene period, which have resulted in 

some degrees of partial melting. Consequently, it is 

possible that the resulting magma is located in a 

tensional environment behind the arc affected by the 

orogenic events of the collision of the Arabian plate 

with Eurasia. 
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¹½v¹ ½v¾é ć¾ý¾£vĀí wL£ üLLLÅĀtv ĈþLLLÅ ā¹ÿºĹ ùwLùv J  ÄîÞþù  āºLþþí

ā½ÿ¹ üLLÅĀĊù ¾·vÿv IüLLÅĀtv ¾·vÿv ½¹ øLLÆĊ£wúñwù ¿v ĈúĄù ćwă(  

  ć¾Lý¾L£vĀLíĀLĊLöL~ ÿ üLLLLÅĀLĊLöL~  ¢LLLLÅv$Dilek et al., 2010; 

Eyuboglu et al., 2013#)  ðþÅ üĉv  wăā¹Ā£ wz āv¾úă  ćwăć»Āæý 

āÁv ĈLz¾Lá èLÕwLLþLù üLĊLþL°LúLă ÿ ĈLõĀL£wLLýj x¾Lá ÿ ÀLí¾Lù ½¹ ÜLévÿ 

$Altunkaynak, 2007; Dilek and Altunkaynak, 2009 #  I

 ûĀùv¾Ċ~ ìLĊtÿ¿ĀþLLLÅ ĈĉwLúñwù ºLþz¾úíĂĹ æLLLÍ   ôĊîLLLÊ£ v½ Ĉz¾Ý

Ĉù  ûvĀþÝ Ăz Ăí ºă¹  üĉ½»j ï½Àz ¢õwĉv ¿v ĈLLLÊ¸z¢LLLÅv   Ăí ½¹  

 ć¹½Ā·¾z ûÿ¿ ¿v ĈÞĊLÅÿ ĂêÖþùüĊz ÿ¾åj Ă´æLÍ(    wĊLÅv½ÿv ÿ Ĉz¾Ý

ā¹¾í vºLĊ~ ĂLÞLLLÅĀ£ĂLþĄ~ üĊz ¿ÿ¹½Āý ĂLêÖþù )ºLýv  ÄĊö¤Ċz(  Ã¾ñv¿   ÿ

Ĉé¾LLÉ ºĊ¤ýĀ~ Ĉĉwúñwù ĂþĄ~I  ì¯Āí ¿wêæé ½v¾é ûw¬ĉwz½»j ÿ  Ă¤å¾ñ

)¢Åv   

ówúLÉ ½¹ÈăÿÂ~ Iûv¾ĉv x¾á ¹½Āù ½¹ ćºþúLÉ¿½v ćwă¢ĊõwÞå ćwă

úñwù¢ĊõwÞå ôùwLLÉ ĈĉwĈýwLLÊæLLÊ£j ÿ ć»Āæý ćwă   ĈÕ ìĊtÿ¿ĀþLLÅ

÷w¬ýv¢LLÅv āºLLÉ $Stockline, 1974; Lescuyer and Riou, 

1976; Moine-vaziri, 1985; Babakhani et al., 1990; 

Alavi, 1996; Aghazadeh et al., 2010; Aghazadeh et 

al., 2011; Pang et al., 2013; Castro et al., 2013; 

Shafaii Moghadam et al., 2013#  ûwLLLÊý ĂLí ¢LĊúăv āºLþă¹

ĈLLLÅ½¾z ðþLLLÅ ¿v Ă¤LLLÅ¹ üĉv  øLLLÆĊ£wúñwù ¿v ĈLLLÊ¸z ûvĀþÝ Ăz wă

ï½Àz ¿v ĈLLLÊ¸z ĂLí ¢LLLÅv ¿¾{õv ā¹ÿºĹ ù ½¹ ìLĊtÿ¿ĀþLLLÅ  üĉ¾£

āĀí ºLþz¾úí  ĈþÞĉ ûwLĄ« Ĉĉv¿}Lõj ºLþz¾úí(   ôLĊîLLLÊ£ v½ wLĊõwLúĊă

ĈùðLþLLLÅ ćÿ½ ¾z wL¤LLLÅv½ üĊúă ½¹ ÀĊý ÈăÿÂ~ üĉv )ºLă¹ ćwLă

÷w¬ýv üLÅĀòĊõv üLÅ wz ¿ÿ¹½Āý ĂêÖþù ìĊýĀ£Āö~¢LÅv āºLÉ ĂêÖþù ½¹ )

ā¹Ā£ ûwL¬ĉwLz½»j  ĂLöú« ûj ¿v ĂLí ¹½v¹ ¹Ā«ÿ ć¹ºLÞ¤ù ć»Āæý ćwLă

Ĉùā¹Ā£ ûvĀ£ûvÀýv IûvĀ· yLLÅv IÇĀñÀz Ĉ¤ĊþĊLLÅ ćwă(   Ićºþîýw·

ĀĊÉā¾é ¢ĊõĀ£wz ÿ ów¤úí Ißv¹½÷wý v½ ßv¹    )¹¾z 

ĂêÖþù ½¹ ûĀúþ·½ ¿ÿ¹½ĀýðþLLLÅ ¿v Ĉĉwă yĊí¾£ wz ìĊýĀ£Āö~ ćwă

üLÅĀòĊõv üLÅ Ăz Ĉ¤Ċýv¾ñ ÿ Ĉ¤ĊýÿÀýĀù IĈ¤ĉ½Āĉ¹ $Mehrparto et 

al., 1997¹½v¹ ¹Ā«ÿ #)  ðþLLLÅ üĉv  ¹½Āù wă  ¿v ĈöĊLLLÎæ£ ĈLLLÅ½¾z

 āwñºĉ¹ðþLÅòýðþLÅ üĊþ°úă J¢LÅv Ă¤å¾ñ½v¾é ć½w  üĉv ĈLÅwþLÉ

ðþLÅøĊLÆê£ ôùwLÉ wăüĊù¿ ćºþz wĄýj āwò¤LÅw· Ów{£½v ÿ ĈĉwĊúĊLÉ

ûwĊz)¢LÅv āºLÉ  Ĉù ¾Úý Ăz ¹Ā«ÿ üĉv wz ćwăºþĉv¾å wz Ów{£½v ½¹ IºLÅ½

Ă¤ÅĀ~xv¼ù ¹vĀù ¹w¬ĉv ½¹ Ăí Ĉĉwă  èåv Ăz IwĄýj ¹ĀÞÍ ÿ Ĉĉđwz ćwă

 Ăz I¢LLÅv ¿wĊý Ă¤LLÅĀ~÷w¬ýv ĈîĊùwþĉ¹ĀtÁ ĈLLÅ½¾z Ĉåwí ā¿vºýv  āºLLÊý

üĊþ¤°úă )¢LLLÅv  IwLăºLþĉv¾å üĉv ĈýwLù¿ ĈõvĀ£ ĈLLLÅ½¾z ćv¾z   ćÿ½ ¾z

 wĄýjüĊù¿Ĉ~Ā£ÿÀĉv ĈúĊLLÉ  ÷w¬ýv Ăí ¢LLÅv āºLLÊý½¹ ÈăÿÂ~ üĉv    Ăz

ÛĀLLÑĀù üĉvĂ¤·v¹¾~ wă   āºLLÉ)¢LLÅv  ā¹v¹  ôùwLLÉ ÈăÿÂ~ üĉv ćwă

  Çÿ½ ĂLz ôLí ðLþLLLÅ ĈĉwLĊúĊLLLÉ ĂLĉÀ¬£XRF  ÿ  ICP-OES   ½¹

  ÿ wLù¿j½¿ ĈĉwLĊúĊLLLÉ ĂLĉÀ¬£ ¢Lí¾LLLÉICP-MS  ā¹v¹ ÿĂLĉÀ¬£ ćwLă 

Ăí ¢LLÅv Ĉ~Ā£ÿÀĉv üĊù¿ āwòLLÊĉwù¿j ½¹  ĈLLÅwþLLÉóºùj    wĊõv¾¤LLÅv

÷wL¬ývā¹v¹ )¢LLLLÅv āºLLLLÉ|Ā£ÿÀĉv ĂLz ÓĀz¾ù ćwLă ½¹ ½vºLĉwL~ ćwLă  

āwòLÊĉwù¿j āºîLÊýv¹  ÷ĀöÝ  IüĊù¿  āwòLÊýv¹ ÈĊ¤ĉ¾z wĊ{úöí    ½ĀLÊí ½¹

 v¹wýwí  ā¿vºýv)¢Åv āºÉ ć¾Ċñ 

 

üĊù¿ĈùĀúÝ ĈÅwþÉ 

ĂêÖþù  ¹½ĀùĈLÅ½¾z üĊù¿ ĂLÊêý ½¹  ĈLÅwþLÉ,5,+++++  ĂĊLÅ  ½¹ ÿ ¹ÿ½
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ā¹ÿº´ù  ĈĉwĊåv¾â« Ï¾Ý wz ćvᾴ,4Ȱ/2  ę.3    w£ᾴ.2Ȱ0,  ę.3   ĈõwúÉ

  ĈĉwLĊåv¾â« óĀÕ ÿᾴ./Ȱ4ę  /1    wL£ᾴ-2Ȱ,1ę/1 é¾LLLÉ  ¢LLLÅv Üévÿ Ĉ

$  ôîLÉ,øĊLÆê£ ¾Úý ¿v Iā¾¤LÆñ üĉv )#ówúLÉ ½¹ ć½ĀLÊí ćºþz x¾á

 ûw¤LÅv ¹ÿº³ ĂöLÍwå ½¹ ¿ÿ¹½Āý ûw¤LÅ¾ĄLÉ ÿ Ĉé¾LÉ ûw¬ĉwz½»j20  

  ¹ÿº³ ÿ Àĉ¾{£ ówúLLÉ ć¾¤ùĀöĊí,+ ĂĊLLÅ ç¾LLÉ ć¾¤ùĀöĊí ½v¾é ¹ÿ½  

Ă¤å¾ñ  ¢LÅv ûÿ¿ ½¹ ÿćºþzüĊù¿ ćwă  ¿¾{õv ûÿ¿ ½¹ ûv¾ĉv ć½w¤·wLÅ

Ĉz¾á(  ûwL¬ĉwLz½»j $ ćÀí¾ù ûv¾ĉv ûÿ¿ ÿAghanabati, 2004  #

ĂLĊLLLÅ )¹½v¹ ½v¾é  ½¹ ¹ÿ½2+  ówLúLLLÉ ć¾¤ùĀöĊí  ûwL¤LLLÅv ½¹ ¾ăv x¾á

Üévÿ Ĉé¾É ûw¬ĉwz½»j)¢Åv āºÉ

 

 

 ôîÉ,) A  ÿB 5üĊù¿ ĂÊêý ĂêÖþù ĈÅwþÉ¿ÿ¹½Āý  ĂÊêý ¿v Ãw{¤év,5,+++++ ĂĊÅüĊù¿ ûwù¿wÅ I¹ÿ½ ĈÅwþÉ$ ûv¾ĉvMehrparto et al., 1997 # 

Fig. 1. A and B: Geological map of the Nordoz area adapted from the 1:100,000 map of Siahroud, Geological survey of 

Iran (Mehrparto et al., 1997) 
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  ×w´õ ¿vðþLÅĈLÅwþLÉĂĊLÅ Ăé½ÿ āºúÝ ¢úLÆé I  ¿v ¹ÿ½ðþLÅ  ćwă

 ć½vÿj½»jôĊîLÊ£ üLÅĀtvðþLÅ ôùwLÉ Ăí āºLÉ  wz ĈýwLÊæLÊ£j ćwă

Ç¾z I¢ĊLÅv¹ I¢ĉ¿ºýj yĊí¾£ãĀ£ IĈýwLÊæLÊ£j ćwă  ìĉ¿wz ćwă

ĈýwLLÊæLLÊ£j ćwăº³vÿ ÿ(    ¿v ºÞz Ĉĉwúñwù ¢ĊõwÞå )¢LLÅv ĈzĀLLÅ½

āºúÝ Èêý üLÅĀtvĂĊLÅ Ăé½ÿ ½¹ ćvwæĉv ¹ÿ½  ā¹¾í    üĉv xw£¿wz )¢LÅv

¢ĊõwÞåðþLÅ ôîLÉ Ăz wă¢LÅv ĈýwLÊæLÊ£j āwñ ÿ ć»Āæý ćwă)   üĉv

ā¹Ā£Üévÿ ć¿¾ù èÕwþù ½¹ ć»Āæý ćwăāºúÝ È¸z ÿ āºLÉĄýj ¿v ćv w

Üévÿ ĂĉwLLLÆúă ćwă½ĀLLLÊí ½¹ )¢LLLÅv āºLLLÉ ¡vºăwLLLÊù Ăz Ă«Ā£ wz

ðþLLÅ ÿ Ĉĉv¾´LLÍðþLLÅ IĈLLÅwþLLÉ äĊÕ wz ā¹Ā£ üĉv üĉ½»j ćwă

 ÿ ¢Lĉ½Āĉ¹Āýv¾ñ I¢LĊýÿÀýĀù I¢Lĉ½Āĉ¹À£½vĀí I¢Lĉ½Āĉ¹ ¿v Ĉ{Ċí¾£

Ĉù Ì¸LÊù ¢Ċýv¾ñ¢úLÆé Ĉ·¾z ½¹ ÿ ¹ĀLÉ ¿wå ÿ¹ ¡½ĀLÍ Ăz wă

Ĉ¤Ċýv¾ñ Ĉĉwúñwùï  āºĉ¹ vÀ¬ù MĒùwí Ĉĉÿ¾zwñĈùĈù Ăí ¹ĀLÉ  ºývĀ£

ûwLÊý  ½¹ )ºLÉwz Ĉ¤Ċýv¾ñ ûwzÀĊù ðþLÅ ½¹ ìĊåwù xv¼ù »Āæý āºþă¹

ûĀLúLþL·½ ĈL·¾Lz  ĈLĉwLLúLñwLLù ¿wLLå ÿ¹ ¡½ĀLLLÍ ĂLLz üLĊLþL°LúLă wLLă

Ĉù āºĉ¹ ÀĊý Ĉ¤Ċýv¾ñ ÿ Ĉ¤ĉ½Āĉ¹Āýv¾ñĈù Ăí ¹ĀÉ  āºĉº~ ¾òýwĊz ºývĀ£

ºLÉwz èĉ¾æ£ĈLÅ½¾z )Ĉù ûwLÊý Ĉĉv¾´LÍ ćwăĂí ºă¹  ĈùĀúÝ ôîLÉ

¢LĊõwLÞåwLúñwù ćwă  ôzwé ï½Àz ½wLĊLLLÆz üĉ½»j ćwăºL{þñ yõwé ½¹ Ĉĉ

ā¹Ā£ )¢Åv āºăwÊù wz ĈõwúÉ ĂĊÉw³ ½¹ IüÅĀòĊõv üÅ wz ć»Āæý ćwă

ā½wLLLÆ·½ûĀñ¾ñ¹ ćwLăÈ¸z ¾òĉ¹ ½¹ ÿ ìLĊtÿ¿ĀuõwL~ āºLLLÉ  wLz wLă

ā½wLÆ·½ĂLÅw£¾í ĈýwLÊæLÊ£j ÿ ĈzĀLÅ½ ćwă(  ÿ Ă¤LÉv¹ ć¾{úă üLÅĀtv

ā¹¾í »Āæý wĄýj ô·v¹ ĂzðþLÅ ¾Úý ¿v )ºýv  IĈLÅwþLÉā¹Ā£ yĊí¾£  ćwă

¢LLĉ½ĀLLĉ¹ ôLLùwLLLLÉ ć»ĀLLæLLý  I¢LLĉ½ĀLLĉ¹ÀLL£½vĀLLí I¢LLĊLLýÿÀLLýĀLLù I

 ¢Ċýv¾ñ ÿ ¢ĉ½Āĉ¹Āýv¾ñ I¢ĊýÿÀýĀùÀ£½vĀí  ¢LÅv$  ôîLÉ-A- ¾z )#

üĊù¿ ĂLÊêý Ăĉw~ ĈLÅwþLÉ,5,+++++  ĂĊLÅā¹Ā£ I¹ÿ½ È¸z Ĉ¤Ċýv¾ñ ćwă

  ¿v ĈÞĊLÅÿĂýwùwLÅ z v½ ć»Āæý  Ăā¹v¹ ËwLÎ¤·v ¹Ā·)ºýv   È¸z āºúÝ

ûĀúþ·½ üĉv  ûw¬ĉwz½»j ć½ĀĄú« ĈþÞĉ ĈõwúLÉ ĂĉwLÆúă ½ĀLÊí ½¹ wă

¹wzÿ¹½v ć»Āæý ā¹Ā£ Ăz Ăí ºý½v¹ Ç¾¤LLÆñ(    )¢LLÅv ãÿ¾Þù ć¾òù

º³vÿ ÷wý Ăz ĂLLÊêý ½¹ Ăí ā¹Ā£ üĉv  $mzO #÷wýñ¼āºLLÉ ć½v ¢LLÅv  wz I

¢LĊýv¾ñ ÿ ¢LĊýÿÀýĀù wL£ ¢Lĉ½Āĉ¹ ¿v Ĉ{Ċí¾£ äĊÕ $ôLîLLLÉ -B- #

Ĉù Ì¸LÊù¢úLÆé Ĉ·¾z ½¹ ÿ ¹ĀLÉz wă Ă Ĉĉwúñwù ¿wå ÿ¹ ¡½ĀLÍ

Ĉù āºĉ¹ Ĉĉÿ¾zwñ ÿ Ĉ¤Ċýv¾ñ$ ¹ĀÉ  ôîÉ-C-  )# 

Ĉ¤ĉ½Āĉ¹ ā¹Ā£  $dO  # yĊí¾£ )¹½v¹ Ăé½ÿ ½¹ ĈĄ«Ā£ ôzwé Ç¾¤Æñ ÀĊý

ðþLLÅ  w£ ÿ¾zwñ ¿v ûj ĈLLÅwþLLÉ È¸z )¢LLÅv ¾Ċâ¤ù ¢ĉ½Āĉ¹À£½vĀí

ĂLĉđ Iā¹Ā£ üĉv Ĉĉÿ¾zwLñ ĂLí ā¹Āz ¢Lĉ½Āýÿ¾zwLñ ¿v ðLý½ ā¾Ċ£ ĈĉwLă

¾å ĈÕ v½¹ èĉ¾æ£ ºþĉ ôîLLLÉ Ĉĉwúñwù ā¹Ā£ āºÝwé ÿ Ă¤å¾ñ ªĉ½º£ Ăz  

āºLÉ ôĉº{£ ¢ĉ½Āĉ¹ Ăz)ºýv   Ĉ¤Ċýv¾ñ ć»Āæý ā¹Ā£$gO#  äĊÕ ôùwLÉ

ðþLLÅ üĉv )¢LLÅv ¢Ċýv¾ñ Ĉõwîõj w£ ¢ĉ½Āĉ¹Āýv¾ñ ¿v ĈÞĊLLÅÿ  ćwă

 Lz ćºLĊtĀ¤Ċýv¾ñ  Ă¢Ĺ £ ā¹¾¤LLLÆñ ¡½ĀLLLÍ L£móĀö´ù ¾Ċ§ ćwLăĈzwLù¾ñ  

½v¾éĂ¤å¾ñ  ¢LÅv  Ĉù äö¤¸ù Ĉ³vĀý ½¹ ÿûwLÅ¾ñ¹ ûÿ¿ ûvĀ£  v½ āºLÉ

¹¾í āºăwÊù  $  ôîÉ-D-ā¹Ā£ üĉv ûÿ½¹ )#  ć»Āæý ćwă  ćºĊtĀ¤Ċýv¾ñ

ĈùÈ¸z ûvĀ£ L¤{LLLÆý ÈĉvÀåv wLz v½ ĈĉwLăMw   Lz ¢LĊ£ĀĊz ĂL«Ā£ ûwLĉwLLLÉ Ă

 ¢Ċýv¾ñ ¢Ċ£ĀĊz ¡½ĀLÍ$bgO# Àĉ½ ÛvĀýv üĊþ°úă ÿz v½ Ăýv¹ Ă  ûvĀþÝ

¢Ċýv¾ñÿ¾îĊù $mgO #Ì¸Êù ÿ ìĊîæ£¹¾í ) 

ëĀL¤LLLLÅv üLĊLþL°LúLă ¢LLåwLLz wLLz ĈL¤LĊLýv¾LñÿÀLýĀLù ìLL¯ĀLí ćwLLă

  ôL·v¹ ½¹ ÿ ÓwLêý Ĉ·¾z ½¹ ½đĀýv¾ñÿ¾îĊù¢Lĉ½Āĉ¹Āýv¾ñ  ôLzwLé wLă

 ćw¤LLÅÿ½ x¾á ½¹ Ăí ć»Āæý ā¹Ā£ ¿v ĈLLÊ¸z )ºþ¤LLÆă ĈĉwLLÅwþLLÉ

Ă«ĀýÜévÿ ów¤úí āĀí ÿ ¾ĄùāºLLLÉ   Ĉ¤ĊýÿÀýĀù yĊí¾£ ćv½v¹ I¢LLLÅv

  ÿ ā¹ĀzwLz    ¢LLLÅv ãÿ¾Þù ówL¤úí ¢LĊýÿÀýĀù ûvĀþÝ$Mokhtari et 

al., 2010#ðþLLÅ yĊí¾£ )ÀýĀù ôùwLLÉ ā¹Ā£ üĉv ĈLLÅwþLLÉ  I¢Ċýÿ

  ¢ĉ½Āĉ¹ÿÀýĀùÀ£½vĀí ÿ ¢ĉ½Āĉ¹ÿÀýĀù I¢ĊýÿÀýĀùÀ£½vĀí¢Åv) 

 

 Çÿ½ĂÞõwÖù 

 ĈLLLÅ½¾z    ÿ ĂLLLLÊêý ĂLĊĄ£ ôLĊ{é ¿v ĂLĊõÿvćwLă¾ĉĀLLLÎ£  ā½vĀăwLù ÿ ćv

¢LÉv¹¾z÷w¬ýv Ăö³¾ù ìĉ ĈÕ Ĉĉv¾´LÍ ćwăºLÉ  Ä LÅ )ĈLÅ½¾zćwă 

ĂýĀúý ¿v Ĉ~ĀîLÅÿ¾îĊù ÿ Ĉ~ĀîLÅÿ¾íwù¢LÉv¹¾z ćwă÷w¬ýv āºLÉ  )ºLÉ

  ¿v Ä~ĈLÅ½¾z ðþLÅ ë¿wý ÜÕwêùĂýĀúý üĊz ¿v Iwă  ¹vºÞ£ Iwă3    ĂýĀúý

ºþ¤LÉv¹ v½ ĈýwLÅ¾ñ¹ üĉ¾¤úí Ăí ÿ  Ĉùwú£ üĊz Ĉú¬³ ¢{LÆý ¾òýwĊz

ûĀúþ·½ ćwLă¿wLåā¹Āz ĂL¤åwLĉ    ÿ xwL¸¤ývćv¾z   ĂLz ôLí ðLþLLLÅ ÀĊõwLýj

Çÿ½ICP-OES/MS   ĂzüĊù¿ āwòLÊĉwù¿j  ĈLÅwþLÉjóºù   wĊõv¾¤LÅv

ówLLLÅ½v  )ºLLLÉ ÿ ºLĊLLLÅv ½wLĄ¯ yLĊí¾£ ¿v ā¹wLæ¤LLLÅv wLz Çÿ½ üĉv ½¹

¡½v¾³ĈýwLí IĈă¹  ½¹ wLÖ· ¹wL¬ĉv ¦LÝwLz yLöáv ĂLí üĊòþLLLÅ ćwLă
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ā¿vºývĈù xwĊúí ¾LÍwþÝ ć¾Ċñ  āºLÉ āºýwLÅ½ º³ üĉ¾¤úí Ăz I¹ĀLÉ

  )¢LLLLÅv  üĊþ°úăüĉv ćv¾z    ¹vºLÞ£ I½ĀÚþù,,    üĉ¾¤úí ĂLí ĂLýĀúý

ĈýwLÅ¾ñ¹ ºþ¤LÉv¹ v½I  ÿ xw¸¤ývćv¾z  xwĊúí ¾LÍwþÝ ĈĉwĊúĊLÉ ĂĉÀ¬£

Çÿ½ ĂzICP-MS   Çÿ½ Ăz ĈöLLLÍv ćwăºĊLLLÆív ÿĈĉwĊöé xÿ»    Ăz

ówLÅ½v wù¿j½¿ ¢í¾LÉ  ¹vºÞ£ )ºLÉ.   ºLÍ½¹ üĉ¾¤úí wz øõwLÅ ĂýĀúý  

LOI xw¸¤ýv  āwòLLÊýv¹ IüĊù¿ ÷ĀöÝ āºòLLÊýv¹ āwòLLÊĉwù¿j ½¹ ÿ ºLLÉ

 v¹wLýwLí ćwLĊ{úöí ÈĊ¤ĉ¾z|Ā£ÿÀĉv ćÿ½ ¾zćwLă  Rb-Sr  Ipb-Pb   ÿ

Nd-Sm   Çÿ½ ĂzIDMS   ôí ðþLLÅ yĊí¾£ ½¹ĂĉÀ¬£    Ĉ~Ā£ÿÀĉv

½v¾é  )¢Lå¾ñ|Ā£ÿÀĉv  ćwLăPb-U-Th  ĂLýĀúý ¿v ÀĊý  ¿v ĈzwL¸¤ýv ćwLă

xw¸¤ýv ôí ðþLLLÅā¹wùj ÿ óĒ´ýv ¿v Ä~ ÿ ºLLLÉ  Çÿ½ Ăz ć¿wLLLÅ

IDMS āºLÉ Ĉ~Ā£ÿÀĉv ĂĉÀ¬£  )ºýv  ôí ðþLÅ ĈĉwĊúĊLÉ ĂĉÀ¬£ ªĉw¤ý

 ½¹ yĊ£¾£ Ăz Ĉ~Ā£ÿÀĉv ÿóÿº« ćwă, I- I. I/  ÿ0 Ătv½v  )¢Åv āºÉ 

 

 
  ôîÉ-)   AÈ¸z I¿ÿ¹½Āý ĂêÖþù ½¹ ć»Āæý ¡½ĀÍ Ăz Ĉ£½Āĉ¹Āýv¾ñ ÿ Ĉ¤Ċýv¾ñ ćwăB  IĈ¤Ċýv¾ñ È¸z ½¹ Ĉñ¹¿vĀă ÿ Ĉ{Ċí¾£ ÛĀþ£C   èĉ½À£ ¿v ĈýĀúþ·½

¿ÿ¹½Āý ĂêÖþù Ĉ¤Ċýv¾ñ ćwúñwù ô·v¹ ½¹ ìĊåwù ćwúñwù  ÿD È¸z ãv¾Õv ½¹ Ĉñ¹¿vĀăèĉ½À£ ćºĊÅv ćwăÈ¸z ½¹ āºÉìĊåwù ćwă¾£ 
Fig. 2. A: Granite and granodiorite sections in an intrusive body of the Nordoz area, B: Compositional diversity and 

weathering in the granite section, C: Outcrop of mafic magma injection inside granitic magma, Nordoz area, and D: 

Weathering around injected acid body in mafic veines 

 
ðþÅ ć½wòý 

ĈLÅ½¾z ûwLÊý ć½wòý ðþLÅ ćwăā¹Ā£ Ăí ºă¹ ĈùĀ¤Ċýv¾ñ ćwătćºĊ  

ć»ĀLæý ÿìLLĉ¿wLLz Ĉĉÿ¾zwLLñ wLLz ćwLLă   yLLĊí¾£ ¿v ¿ÿ¹½Āý ĂLLêÖLþù

ðLþLLLÅ  I¢Lĉ½Āĉ¹ÿ¾zwLñ ôLùwLLLÉ ćºLĊLLLÅv wL£ ìLĉ¿wLz üĉ½»j ćwLă

 ¢LLĊýv¾ñ ÿ ¢LLĉ½Āĉ¹Āýv¾ñ I¢LLĊõwLLýĀ£ I¢LLĊýÿÀýĀù I¢LLĉ½Āĉ¹ÿÀýĀù

āºLLLÉ ôĊîLLLÊ£  )ºýv āºúÝ ¢åwzĂýv¹ćv  ¢LLLÅv ÿ ¢åwz üĊþ°úă ćwă

Ā~ IĈ¤Ċ£¾~ IĈõwLz¾átĈ )¢LLLÅv āºLăwLLLÊù ôLzwLé wLĄýj ½¹ ÀĊý ìLĊ¤ĊöĊí

óĀ{Ċæùj IÀ£½vĀí I½wL LLLÅºLöå ĈõwLîõj I¿ĒíĀĉÁĒ~  ĂLýĀúý ½¹  ćwLă
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ćºĊLLLÅv w£ ÔLLLÅvÿº³   wă¿ĒíĀĉÁĒ~ ¾z āÿĒÝ ÿ ÿ üLLLÆíÿ¾Ċ~ĀþĊöí

ĂýĀúý ½¹ üĉĀĊõvĈýwí ìĉ¿wz ćwăðþLLÅ üĉv āºý¿wLLÅ ĈöLLÍv ćwă  wă

ºLþ¤LLLÆă  ĈýwLí āv¾úă ĂLz ĂLí  ćwLă½ºLí  ĈýwLíÿ I¢LĊLLLÆöí ĂLĉĀýwL§ ćwLă

Ĉù āºăwÊù ĈòþÅ āÿ¾ñ üĉv ½¹ ¡ÿºĊ~v I¢ĉ¾öíI¢ĊÆĉ¾Å)ºýĀÉ 

 ûvÿv¾å ¿ĒíĀĉÁĒ~¹Ā«Āù ĈýwLí üĉ¾£I   ÿ ā¹Āz ĈõwLz¾á ¢LåwLz ćv½v¹

yöáv  āºLLÉ ûwLLÅ¾ñ¹ ¢ĊLLÆĉ¾LLÅ ÿ ¢ĉ¾öí ĂzMđĀúÞù ¢Ċ£ĀĊz )ºýv  z  Ă

  ¡½ĀLÍ½Āöz ¢LÉ½¹  îLÉôûwLÅ¾ñ¹ ôîLÉ Ĉz w£ ½v¹ ¢ĉ¾öí Ăz āºLÉ

 ½¹ðþLÅ üĉvĈù āºĉ¹ wă¹ĀLÉ) óĀ{Ċæùjz ÀĊý wă ĂôîLÉ ¡½ĀLÍ  w£ ½v¹

ôLîLLLÉ ĂLúĊýā¿vºLýv ½¹ ½v¹  ćwLă,*+    wL£-  ĈöĊù Ĉ·¾z ½¹ ÿ ā¹Āz ¾¤ù

ĂýĀúýāºLLÉ ûwLLÅ¾ñ¹ ¡ÿºĊ~v ÿ ¢ĉ¾öí Ăz wăz üLLÆíÿ¾Ċ~ĀþĊöí )ºýv  Ă

z IûwÅ¾ñ¹¾Ċá ÿ øõwÅ ¡½ĀÍ  ĂôîÉ ¡½ĀÍĈz w£ ½v¹  üĉv ½¹ ôîÉ

ðþLÅĈù āºĉ¹ wă v  )ºýĀLÉĂýĀúý ½¹ Ăí ÀĊý üĉĀĊõ  Ĉ¤ĉ½Āĉ¹ÿ¾zwñ ćwă

Ĉù āºĉ¹ Ĉ¤ĉ½Āĉ¹ÿÀýĀù ÿ¹ĀLÉI Ĉz ¡½ĀLÍ ĂzðþLÅ üĉv ½¹ ôîLÉ  wă

  ÿ ºLý½v¹ ½ĀLLLÒ³yLöáv   Lz  Ă  ¢Lĉ¾öí ÔLLLÅĀ£ ã½Āùÿ¹ÿÀ~ ¡½ĀLLLÍ

āºÉ üĉÀòĉw«  )ºýv 

üĊù¿ ĈúĊÉ 

  ªĉwL¤ýāºLùj ¢LLLÅ¹ ĂLz    ôLí ðLþLLLÅ ĈĉwLĊúĊLLLÉ ĂLĉÀ¬£ ¿v,4    ĂLýĀúý

¢LLÉv¹¾z  ¿ÿ¹½Āý ĂêÖþù ½¹ Üévÿ ć»Āæý ā¹Ā£ ¿v āºLLÉ ½¹óÿº« ćwă

,  ÿ  -    )¢LLLÅv āºLLLÉ ā¹½ÿjćv¾z  ĂLê{ÕðLþLLLÅ ćºLþz  ½v¹Āúý ¿v wLă

$ ûv½wîúă ÿ Çÿ½đ¹De La Roche et al., 1980  # ā¹wæ¤LLLÅv

āºLÉ   üĉv ½¹ )¢LÅvĂýĀúý ½v¹Āúýā¹ÿº´ù ½¹ ĈLÅ½¾z ¹½Āù ćwă ćwă

  ¢Lĉ½Āĉ¹Āýv¾ñ I¢LĊõwLýĀ£ I¢LĊýÿÀýĀù I¢Lĉ½Āĉ¹ÿÀýĀù I¢Lĉ½Āĉ¹ÿ¾zwLñ

Ĉù ½v¾é ¢Ċýv¾ñ ÿ$ ºý¾ĊñôîLÉ .(A ôLÍw³ ªĉw¤ý ¾z ćºĊĉm£ Ăí #

  ¿vĈLÅ½¾zćwă ðþLÅć½wòý   )¢LÅvćv¾z   ćwúñwù ¢LÉ¾LÅ ĈLÅ½¾z

ðþLÅ  ¿v ć»Āæý ćwă½v¹ĀúýO 2K   ôzwêù ½¹2SiO $Peccerillo 

and Taylor, 1976  #$ ½v¹Āúý üĉv ½¹ Ăí ¢Åv āºÉ ā¹wæ¤Åv ôîÉ  

.(B# ĂLýĀúý ¹½Āù ćwLăyLöáv ĈLLLÅ½¾z  ìLõwLí ā¹ÿºĹ ù ½¹  wLz üõwLîõj

½¹ ÿ đwz øĊÅw¤~  Ĉù ½v¾é Ĉ¤ĊýĀÉĀÉ ā¹ÿº´ù)ºý¾Ċñ 

 
  óÿº«,)  ðþLÅ ĈöLÍv ¾LÍwþÝ ºĊLÆív ¾ĉ¹wêù  ćwăć»Āæý ĂêÖþù ¿ÿ¹½Āý üĊù¿ āwòLÊĉwù¿j ½¹ Ăí  ĈLÅwþLÉ  óºùj½v¾é ĈĉwĊúĊLÉ ĂĉÀ¬£ ¹½Āù wĊõv¾¤LÅv ¢å¾ñ

  yÆ³ ¾z ¾ĉ¹wêù$W%)# 

Table 1. The oxide values of the major elements of the intrusive rocks of Nordoz region, which were chemically analyzed 

in Amdel Geological Laboratory of Australia (values in W%). 

Sample S19 S20 S13 S14 S08 S10 S09 S06 

 
Grano -

diorite 

Monzo -

nite 

Quartz -

monzonite 
Tonalite Granite 

Monzo -

gabbro 
diorite 

Grano -

diorite 

SiO2 71.5 60.97 63.35 68.01 69.47 53.07 56.26 50.73 

TiO 2 0.22 0.78 0.584 0.23 0.25 1.18 0.98 1.06 

Al 2O3 14.79 15.1 15.81 14.11 14.61 17.03 18.70 18.60 

Fe2O3 2.61 4.73 3.37 2.68 2.64 7.77 6.977 9.33 

MnO 0.05 0.07 0.06 0.08 0.08 0.13 0.110 0.17 

MgO 0.33 3.39 2.20 0.51 0.53 3.16 2.30 3.89 

CaO 2.77 4.32 3.62 4.49 2.58 8.25 7.09 8.98 

Na2O 4.91 4.87 5.02 3.82 4.08 3.96 2.19 2.27 

K 2O 2.50 3.24 3.20 4.52 4.67 3.01 3.17 2.34 

P2O5 0.06 0.39 0.26 0.05 0.06 0.68 0.66 0.52 

LOI  0.16 2.02 1.95 1.32 0.33 1.26 1.44 1.34 

Total 99.93 99.90 99.45 99.85 99.32 99.53 99.91 99.27 
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 óÿº«-) ¾ĉ¹wêù ¾ÍwþÝ xwĊúí Ĉíw· ½¹wý ÿ ðþÅ ü£ ½¹ ÷¾ñ yÆ³ ¾z ¾ĉ¹wêù$ ¿ÿ¹½Āý ĂêÖþù ĈýwÊæÊ£j ćwă¢Åv )# 
Table 2. Values of rare and rare earth elements in volcanic rocks of Nordoz region (values are in grams per tonne). 

Sample S19 S20 S13 S14 S08 S10 S09 S06 

Ba 891 923 904 676 685 930 1090 1410 

Rb 58.8 56.8 66.6 98.2 94.8 62 162 117 

Sr 488 761 638 207 217 1110 727 1100 

Zr  29 33 42 39 25 56 77 69 

Nb 5 19.5 17 5 5 23 16.5 9 

Co 2.3 16.3 10.6 3.9 3.6 23.3 16.8 22 

Zn 49 6 52 28 34 84 86 96 

Cr 50 50 50 50 50 50 50 50 

La 14.7 36.2 30.6 26.8 27.3 48 37.7 28.9 

Ce 29.4 63.4 53.2 43.4 42.4 77.7 69.9 56.2 

Pr 3.1 7.7 6.15 4.7 7.25 10.9 8.4 7.35 

Nd 17.38 26.8 21.4 14.9 13.4 36.2 30.4 30.2 

Sm 3.24 4.22 3.36 2.34 2.06 6.82 6.2 6.62 

Eu 1.46 1.26 0.98 0.82 0.84 2.86 1.56 2.1 

Gd 2.1 2.95 2.4 1.95 2.65 7.6 5.2 5.5 

Tb 0.24 0.38 0.3 0.26 0.22 0.94 0.7 0.78 

Dy 1.82 2.1 1.58 1.2 1.64 4.8 4.2 4.28 

Ho 0.34 0.36 0.34 0.32 0.28 0.76 0.84 0.64 

Er 0.75 0.85 0.75 1.2 0.85 2.15 2.35 1.86 

Tm 0.1 0.1 0.1 0.12 0.12 0.3 0.35 0.3 

Yb 0.69 0.75 0.7 1.1 0.95 1.7 2.2 1.9 

Lu 0.18 0.15 0.17 0.18 0.16 0.26 0.34 0.26 

Cs 0.8 0.6 0.9 0.6 0.6 0.4 2.4 2.4 

Hf 0.3 2.8 2.5 0.3 0.3 5.5 4.2 1.4 

Tl  0.2 0.4 0.6 0.3 0.3 0.2 0.1 0.2 

Y 7.7 9.4 8.1 9.6 9.1 22.1 21.9 21.4 

Th 3.7 11.6 12.8 9.1 8.6 12.9 9.7 4.9 

U 0.6 2.8 3.2 1 0.9 3.4 2.5 1.9 

Sc 2 9 6.5 3 3 18 12 17 

V 35 95 70 30 30 190 160 230 

Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Cd 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

W 0.5 1 1 0.5 0.5 0.5 1.5 1.5 

Mo 0.5 1 0.5 0.5 0.5 1.5 2.5 1.5 

B 5 5 5 5 5 5 5 5 

Be 0.7 1.3 0.9 0.8 0.7 1.7 2.7 2.8 

Ag 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 

Re 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Cu 18 30 6 8 4 74 208 74 

Pb 11 11 6 6 5 11 16 19 

As 2 1 2 1 1 1 4 12 

Sb 0.2 0.4 0.4 0.2 0.2 0.4 1 1 

Te 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Ge 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Li  10 19 18 11.5 9 9 19 16.5 

Y 0.474 0.485 0.488 0.47 0.465 0.524 0.506 0.547 

S 0.005 0.01 0.01 0.005 0.005 150 50 100 

P 980 1720 1160 940 1260 2100 2200 2380 
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óÿº« .) ðþÅ ĈöÍv ¾ÍwþÝ ºĊÆív ¾ĉ¹wêù ¢í¾É ½¹ Ăí ¿ÿ¹½Āý ĂêÖþù ć»Āæý ćwă½v¾é ĈĉwĊúĊÉ ĂĉÀ¬£ ¹½Āù wù¿j½¿  yÆ³ ¾z ¾ĉ¹wêù$ ¢å¾ñW%)# 
 Table 3. The oxide values of the major elements of the intrusive rocks of Nordoz area, which were chemically analyzed 

in Zarazma company (values in W%). 

  
ā¹½ĈîĊ¤ýÁ ćºþz 

   ÀLĉwLLúL£ ćv¾LzÛvĀLýv   ĈLæLöL¤Ļ Lù ćwLLă½v¹ĀLúLý IwLLăºLLĊLtĀL¤LĊLýv¾Lñ äLöL¤Ļ Lù

Ătv½v¢LÅv āºLÉ  øĄù ĂíĂtv½v ćwă½v¹Āúý wĄýj üĉ¾£  ÔLÅĀ£ āºLÉô ¯ 

¢Lĉvÿ ÿ (Chappell and White, 2001)    vºL¤zv ½¹ wLĄýj )¢LLLÅv

  āÿ¾ñ ÿ¹ ĂLLz v½ wLLăºLLĊtĀ¤Ċýv¾ñI  ÿ S āĀí ćwLLăºLLĊtĀ¤Ċýv¾ñ$  #Ĉĉv¿

øĊLLÆê£ ÿ ā¹¾íðþLLÅ üĉv yĊí¾£ üĊz ĂÖzv½ Ăz wĄýj mLLÊþù ¹vĀù ÿ wă

¹¾í ā½wLLLLÉvā vºLý)    üĉvûv¾òLLLÊăÿÂ~  ĈñÂĉÿ ¿v ā¹wLæ¤LLLÅv wLz ćwLă

üĊù¿¢Ċýv¾ñ IĈĉwĊúĊLÉ ÛĀý ćwăI  Ă¤LÉĀñ ÿ üĉ¾ĉ¿ Ă¤LÅĀ~ mLÊþù wz ÿ 

¢LĊýv¾ñ ÀĊý  ÛĀý ćwLăS   ìLĊîæ£ øă ¿v v½ ĈĉđwLz ĂL¤LLLÅĀ~ mLLLÊþù wLz

ā¹¾í  )ºLývüĉv ćv¾z  ćwLă½v¹Āúý ¿v ½ĀÚþù  O2Na    ôLzwLêù ½¹O2K 

$ôLîLLLÉ  /(A  ā¹wLæ¤LLLÅv #¢LLLLÅv āºLLLLÉ  )  ½¹ Ô· wLă½v¹Āúý üĉv

ìLĊîæ£¢LĊýv¾ñ ā¹ÿºL´ù üĊz āºLþþí  ćwLăÛĀý  S    ÿI ôLzwLé ¢Lé¹ wLz I

ĈLù vºLL« øLă ¿v v½ ÛĀLý ÿ¹ üLĉv ĈLĄL«ĀL£$ ºLLþLíChappell and 

White, 2001# ½v¹Āúý Ăz Ă«Ā£ wz )O2Na    ôzwêù ½¹O2K   Ĉùwú£ I

ĂýĀúý¢Ċýv¾ñ ā¹ÿº´ù ½¹ wă ÛĀý ćwăI Ĉù Üévÿ)ºýĀÉ   

IāºLLLLÉ¹wLLĉ ćwLLă½v¹Āúý ¾z āÿĒÝ ÈăÿÂ~ üĉv ½¹   ìLLĊîæ£ ćv¾z

ĂLêÖþù ćwLăºLĊtĀ¤Ċýv¾ñ  ¿ÿ¹½Āý  ¿v  ĂLÝĀú¬ùćwLă    ćwLăºLĊtĀ¤Ċýv¾ñA  

ĀLí¾LĊLá ćwLLăºLLĊLtĀL¤LĊLýv¾Lñ$ā  #ĈLĉv¿½v¹ĀLúLý ¿v  ¢LLLLÆĉĀL£ ÿ üLúLĊLöLí 

$Kleeman and Twist, 1989  # ā¹wæ¤LLLÅvºLLLÉ    ÃwLLLÅv ¾z Ăí

 ¡v¾ĊĊâ£Nb   ¾zv¾z ½¹2SiO øĊLLLÅ¾£$ ¢LLLÅv āºLLLÉ ôîLLLÉ/(B  )#

ûwþ¯í  ĂÚ³Ēù wă½v¹Āúý üĉv ½¹ ĂĈù¹ĀÉĂýĀúý Ăúă I ā¹ÿº´ù ½¹ wă

  ÛĀý ćwăºĊtĀ¤Ċýv¾ñI  āºÉ ÜévÿĂýĀúý )ºývÀ« ¢ĉ½Āĉ¹ ÿ ÿ¾zwñ ćwăÿ 

Ĉúý xĀLÆ´ù wăºĊtĀ¤Ċýv¾ñºýĀLÉ  ûwLÊý ½v¹Āúý üĉv ½¹ MđĀúÞù ÿ  ā¹v¹

ĈúýJºLýĀLLLÉ    wLùvćv¾z  ĂLýĀúý ¾òĉ¹ wLz ĂLLLLÆĉwLêù  üĉv ½¹ ĂLêÖþù ćwLă

āºÉ ¾ĉĀÎ£ wă½v¹Āúý  )ºýv 

Ûw{LÉv ûvÀĊùĈñºLÉ  ¿v xv¼ù  üĊùĀõj  ìĊîæ£ ôùwÝ ûvĀþÝ ĂzIāºþþí  

āÂĉÿ ¢LLĊúăv ¿v  ćvćv¾z  ćºLLĊtĀ¤Ċýv¾ñ ćwLLăwLLúñwLLù mLLLLÊþù üĊĊÞ£  

Sample S22 S24 S16 S17 S25 S27 S23 S29 S21 S26 S17 

 Tonalite 
G-

diorite  

M-

Diorite  

Q-

Monzonite 
Granite 

G-

Diorite  
Tonalite Tonalite Tonalite Tonalite M-Gabbro 

SiO2 65.55 68.05 61.86 63.8 71.91 71.53 66.32 65.41 66.63 66.4 51.97 

TiO2 0.34 0.311 0.58 0.23 0.222 0.29 0.442 0.501 0.54 0.49 1.09 

Al 2O3 13.09 12.09 12.89 12.61 13.09 13.51 12.16 12.85 12.47 12.74 16.74 

Fe2O3 7.48 6.13 7.39 6.83 2.48 2.22 5.52 5.81 5.93 4.97 8.96 

MnO 0.10 0.11 0.12 1.73 0.063 0.02 0.11 0.109 0.09 0.051 0.11 

MgO 1.77 1.22 3.11 0.13 0.8 0.28 2.49 2.51 2.63 2.24 3.69 

CaO 4.34 3.42 5.7 3.19 2.24 3.49 4.49 4.54 4.61 4.56 8.76 

Na2O 3.43 3.99 3.23 4.18 4.34 4.58 3.31 3.29 3.33 3.87 3.27 

K2O 3.72 3.89 4.45 4.06 4.46 3.85 4.44 3.38 3.57 3.5 3.45 

P2O5 0.13 0.129 0.23 0.11 0.07 0.09 0.16 0.17 0.18 0.219 0.04 

LOI 1.57 1.57 1.86 2.66 1.83 2.78 2.08 1.27 2.08 1.7 2.08 

Total 99.97 99.34 99.57 99.58 99.675 99.87 99.45 99.84 99.99 99.04 100.16 
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½v¹½Ā·¾z  ¢LLÅvðþLLÅ ½¹ øĊþĊùĀõj ½vºêù Üévÿ ½¹ )êù ÿ wă  üĉv ¾ĉ¹w

¾LLLÎþÝ    üõwLîõj ¾LLLÍwLþÝ ĂLÝĀú¬ù ĂLz ¢L{LLLÆý  IðLþLLLÅ ½¹ ¹Ā«Āù

ûwLÊýāºþă¹ ðþLÅ ĈĉwĊúĊLÉ yĊí¾£wĄýj mLÊþù ćwă ¢LÅ$Chappell 

and White, 2001)#  

  ½v¹ĀLLLúLLLý ½¹O)2O+K2(Na/3O2A/NK=Al    ôLLLzwLLLêLLLù ½¹

O)2O+K2(CaO+Na/3O2A/CNK=Al  ĂLLýĀLúLý ĈLùwLLúL£  ½¹ wLLă

Ĉù ½v¾é üĊùĀõjwL¤ù ā¹ÿºL´ùºLý¾Ċñ  $Shand, 1969#  $ôLîLLLÉ  0 )#

 û¹Āz üĊùĀõjw¤ùóĀúÞùüĉ¾£ Ā¤Ċýv¾ñ ½¹ āºăwLLÊù ôzwé ¢õw³tºĊ ćwă

 ÛĀýI ¢Åv  $Chappell and white, 1992# ) 

 
  óÿº«/) ¾ĉ¹wêù ¾LÍwþÝ xwĊúí ðþLÅ½v¾é ĈĉwĊúĊLÉ ĂĉÀ¬£ ¹½Āù wù¿j½¿ ¢í¾LÉ ½¹ Ăí ¿ÿ¹½Āý ĂêÖþù ć»Āæý ćwă ü£ ½¹ ÷¾ñ yLÆ³ ¾z ¾ĉ¹wêù$ ¢å¾ñ

¢Åv)# 
Table 4. Amounts of trace elements of intrusive rocks of Nordoz region which were chemically analyzed in Zarazma 

company (values are in grams per tonne). 

Sample S22 S24 S16 S17 S25 S27 S23 S29 S21 S26 S17 

Ag 0.02 0.04 0.15 0.11 1.34 0.07 0.04 0.03 0.14 0.12 1.76 

As 3.8 4.5 160 53.1 247 58.8 4.1 3.6 4.6 10.5 9.4 

B 0 0 0 0 0 0 0 0 0 0 0 

Ba 505 318 402 430 1760 310 327 520 1470 475 566 

Be 0.8 0.6 2.3 0.9 1.7 0.4 1.4 1 1.1 0 0.9 

Bi 0.1 0.2 0.4 0.2 0.4 0 0.3 0 0.1 2.2 0.1 

Cd 0 0 0.6 0 0.6 0.2 0 0 0 0 0.1 

Ce 27.7 27.8 16.3 68.8 22.8 16.9 21 47.3 18.7 11.8 27 

Co 1.3 0.5 6.4 20.1 4.7 3.7 9.2 13.1 1.8 0.7 14.9 

Cr 2 3 0 0 3 8 54 5 0 5 0 

Cs 0.5 0.6 3.5 3.4 2 2.9 0.3 0.3 0.2 0 1.6 

Cu 14.6 12.1 14.7 9 16500 24 21.5 18.8 20.9 36.8 1.41 

La 15 14 0 48 11 0 0 20 11 0 10 

Li  6.4 4.7 3 1.7 5.4 1.8 2.5 2 2.1 5 1.6 

Mn 184 36 5270 3660 2290 4570 116 423 216 21 960 

Mo 0.7 0.3 3.7 0.6 3.3 0.5 13.3 2.5 7.5 3.3 6.7 

Nb 1.7 2.3 1.5 2.7 5.4 3.2 2 5.1 5.2 2.3 2.7 

Ni 2 0 14 20 10 5 8 7 2 2 11 

Pb 7.7 2.8 34.1 24.2 46.3 21.2 6.1 11.6 10 53.6 25.9 

Rb 85.1 36.1 26 33.3 67.7 35.5 21.1 37.3 63.8 40.9 69.8 

Sb 0 0.1 7.7 0.6 1.1 1.6 0 0 0.2 0.6 9.8 

Sc 4 4 2 0 8 2 22 17 3 2 0.5 

Sn 0.9 1.9 0.6 17.7 0.8 1.6 0.8 1.2 0.7 4.3 6 

Sr 466 511 695 434 640 326 547 630 368 345 350 

Te 0 0 0 0 0 0 1.3 0 0.3 0.6 379 

Th 7.61 5.59 10.6 1.97 11.1 3.64 7.74 5.93 6.56 3.36 4.56 

Tl 0.3 0.4 0 0 0.7 0 0.1 0.1 0.5 0 2300 

U 0.83 1.08 0.62 7.57 1.65 0.73 1.78 1.34 1.86 0.55 2.1 

V 27 29 51 0 49 24 222 160 34 18 1.41 

W 0.9 0.9 32.1 10.2 1.3 9.6 1.1 0.8 0.8 0.7 145 

Y 13.97 13.92 25.7 9.47 14.4 21.9 6.55 20.5 16.24 10.68 12.1 

Zn 15.8 4.9 77.9 67.8 84.8 25.2 13.6 15.5 12.8 9.1 12.4 

Zr 99 86 79 83 81 86 67 74 56 98 65 

S 1160 2080 510 250 550 780 1100 300 1540 1920 450 
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  óÿº«0)  ¾z Ĉ~Ā£ÿÀĉv ÀĊõwýj ªĉw¤ý    ¢ĊõwýĀ£ ÿ ¢ĊýÿÀýĀù I¢ĉ½Āĉ¹Āýv¾ñ yLLÅwþù ĂýĀúý ĂLLÅ ćÿ½¿ÿ¹½Āý ĂêÖþù ½¹üĊù¿ ÷ĀöÝ āºîLLÊýv¹ āwòLLÊĉwù¿j ½¹ Ăí 

½v¾é Ĉ~Ā£ÿÀĉv ĂĉÀ¬£ ¹½Āù v¹wýwí ćwĊ{úöí ÈĊ¤ĉ¾z āwòÊýv¹)¢å¾ñ 
Table 5. Results of isotopic analysis on three suitable samples of granodiorite, monzonite and tonalite of the Nordoz area 

that were subjected to isotopic analysis in the laboratory of Faculty of Earth Sciences, University of British Columbia, 

Canada. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  ôîLLÉ.)  A5   ¢ĊÞéĀùĂýĀúý  ćwăòþLLLÅĈ  ĂêÖþù ¿ÿ¹½Āý ½v¹Āúý ½¹ ûv½wîúă ÿ Çÿ½đ¹ (De La Roche et al., 1980)  ÿ B5  Ĉĉwúñwù ć¾LLLÅ üĊĊÞ£

ĂýĀúý ĈòþÅ ćwă½v¹Āúý ¿v ā¹wæ¤Åv wz ĈÅ½¾z ¹½Āù ½ĀöĊ£ ÿ Ã¾Ċ~ (Peccerillo and Taylor, 1976) 

Fig. 3. A: Distribution of rock samples of tonalite of the Nordoz area in dalaeoche diagram (De La Roche et al., 1980), 

and B: Identification of magmatic series of rock samples of study area (Peccerillo and Taylor, 1976) 

Sample S19 S20 S14 

87Sr/86Sr 0.704452 0.704412 0.705081 

86Sr/88Sr 0.1197 0.1197 0.1198 

143Nd/144Nd 0.512825 0.512799 0.512769 

145Nd/144Nd 0.348412 0.348405 0.348412 

146Nd/144Nd 0.7241 0.7206 0.7204 

206Pb/204Pb 18.5999 18.5958 18.6836 

207Pb/204Pb 15.5893 15.5910 15.5870 

208Pb/204Pb 38.6871 38.6818 38.7897 

87Rb/86Sr 0.6749 0.6749 0.6767 

87Rb/86Sr 79.78 79.74 79.81 

Sm/143Nd 53235.76 53232.42 53283.30 

2SE 0.000008 0.000008 0.000007 
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ôLîLLÉ  /)A     ½v¹ĀúýO2Na    ôLzwLêù ½¹O2K  $ ¢Lĉvÿ ÿ ôL ¯ ¿v ¿ÿ¹½Āý ĂLêÖþùChappell and White, 2001#  ÿ  B  5  ½v¹ĀúýNb    ôLzwLêù ½¹2SiO  

$Kleeman and Twist, 1989# 

Fig. 4. A Na2O versus K2O plot of the Nordoz area  #Chappell and White, 2001$  , and B: Nb versus SiO2 plot #Kleeman 

and Twist, 1989 $ 

 

 
 ôîÉ0) ½v¹Āúý A/NK ¾zv¾z ½¹  A/CNK  Shand, 1969) ûwÊý ĂíĂýĀúý ¢ĊÞéĀù āºþă¹ ĂêÖþù ćwă ¿ÿ¹½Āý¢Åv üĊùĀõjw¤ù ā¹ÿº´ù ½¹ ) 

Fig. 5. A/NK vs. A/CNK diagram  (Shand, 1969) which shows the location of the Nordoz samples in the metaluminous 

range. 
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  ĈíwL· ½¹wLý ¾LLLÍwLþÝ Üĉ¿Ā£ ćĀòõv Ĉ¤ĉ½ºLþí ĂLýĀúý wLz xwLĊúí ÿ

Ătv½v$ v½Āùwíwý ÔLÅĀ£ āºLÉNakamura, 1974#  ¢{LÆý ĂLÆĉwêù wz

  üĊþ°úă )¢LLÅv āºLLÉ½w¬þĄz ĈõĀúÞù ¢ĉ½ºþí ìĉ ½¹ ¾LLÍwþÝ üĉv

  mLLÊþù ¾Úý ¿v ĂLLÆĉwêù ćv¾z wz wúñwù ºĊõĀ£ĂĊõÿv Ă¤LLÉĀñ   yĊí¾£ Ăí

ìù ÿ ûwLÅ ÔLÅĀ£ ûj ÔLÅĀ¤ù ºõwýÿ¹$Sun and McDonugh, 

1989  I# Ătv½v½w¬þĄz IāºLLLÉ¢LLLÅv āºLLLÉ)  ĂýĀúý ĂêÖþù ć»Āæý ćwă

 ½¹ ¿ÿ¹½Āý  ôîÉ1(A   ÿB Ătv½v  ć¾ÎþÝ ºþ¯ ½v¹Āúý ½¹ )¢Åv āºÉ

½w¬þĄz ĂĊõÿv Ă¤LLÉĀñ Ăz ¢{LLÆý āºLLÉ$Sun and McDonugh, 

1989#$ I  ôîLÉ1(AĈþá I# ĈñºLÉLILE  Ăz ¢{LÆý HFSE   ôzwé

  )¢LÅv āºăwLÊùĈĄ£ wăĀòõv üĉv¾LÍwþÝ ¿v ²LÑvÿ ĈñºLÉ Zr  ITi  ÿ

Nb    üĊþ°úă ÿĈĄ£äĊæ· ĈñºLLLÉ  P  Ĉù ûwLLLÊý v½ ôLzwLé ĂLí ºLă¹

  øLLLÆĊ£wLúñwLù wLz ĂLLLÆĉwLêùìLõwLí üõwLîõvèÕwLþù ā½wLé ĂLĊLLLÉwL³ÿ ćv   ½¹

ÿ¿ wz Ów{£½vû ćwă¢LÅv Èýv½ÿ¾å $Pang et al., 2013; Varol 

et al., 2014#.  ĈĄ£ĈñºLLLÉ  ¿v  HFSE  ºLþýwLù$  Zr  ITi    ÿNb  # ÿ

Ĉþá wLLz ćwLLăĀòõv¿v ĈñºLLLLÉ  LILE  ºLLþýwLLù$  Pb  IU    ÿTh  #  ½¹

øLLÆĊ£wúñwù  āºLLÉ Ç½vÀñ Ĉýwúí $ ¢LLÅvChen et al, 2013; 

Streck, 2014#  )Ĉþá¿v ĈñºÉ  Pb  ĂýĀúý ćwăĀòõv ½¹ ĈÅ½¾z ćwă

£ Ăz ûvĀ¤z ºĉwLLÉ v½ āºLLÉmĂ¤LLÅĀ~ ¹vĀù ¡ÿwæ¤ù ¡v¾Ċ§ ¹v¹ ¢{LLÆý ćv  

$Varol et al., 2014#)  Ĉþá  āÿĒÝ ĂLz¿v ĈñºLLLLÉ  Rb    ÿLa   ÿ

ĈĄ£  ĈñºLÉY ÿ  HREE Ă¤LÅĀ~ øLÒă Ăz  ½¹ ¢ý½wñ ½ĀLÒ³ wĉ ćv

 LLÊþùm  ¢{LLÆý ÀĊý¢LLÅv āºLLÉ ā¹v¹  $Çoban et al., 2012#  ) Ă¤{õv

ĈĄ£ĈñºLLÉ Ce   LLÊþù Ăzm  Ă¤LLÉĀñ ¹vĀù¢{LLÆý ºõvÿ ćwúñwù ćv ā¹v¹

  ½ĀÕ Ăz Ăí āºLÉć¾ĊòúLÊ¯  Ă¤LÅĀ~ ¹vĀù ĂöĊLÅÿ ĂzāºLÉ ā¹Āõj ćv ºýv  

$Nicholson et al., 2004; Azer et al., 2011#  )¹v¹ ½¹ā ćwă

¿ÿ¹½Āý ĂêÖþù  ĈþáĈñºLÉ Sr  ¢LÅv āºăwLÊù ôzwé)  Ĉù ¾Úý Ăz  IºLÅ½

è¤LÊù ¡đwĊLÅ ÔLÅĀ£ ¾LÎþÝ üĉvxĀLÅ½ ¿v āºLÉćwă  ½vºzj   Ăz ÓĀz¾ù  

  ĈzĀLÅ½ È¸z ćwĉwêzĂ¤LÉĀñ āĀñ Ăz ĈLÅĀýwĊév Ă¤LÅĀ~  ćv  Ă¤LÅĀ~ ćđwz

 ÿ½ÿ¾å ĈLLLÅĀýwLĊévôLê¤þùāºLLLÉ  ¢LLLÅv wz ĈĉwăwLúñwù ºLĊõĀ£ ÿ Sr   đwz

Ĉùºþí $Rollinson, 1993#) 

¾z  Ĉíw· ½¹wý ¾LÍwþÝ Üĉ¿Ā£ ćĀòõv ½v¹Āúý ÃwLÅv½w¬þĄz ¢{LÆý āºLÉ

  ¢ĉ½ºþí Ăz$Nakamura, 1974#  $  ôîLÉ1(BĂýĀúý I# ĂêÖþù ćwă

  ¿vì{LLÅ Ĉíw· ½¹wý ¾LLÍwþÝ  Ăz ¢{LLÆýüĊòþLLÅ Ĉíw· ½¹wý ¾LLÍwþÝ  

Ĉþá ¢ĉ½ºþí ½¹ ¾ÍwþÝ üĊúă Ăz ¢{ÆýĈù ûwÊý ĈñºÉ )ºþă¹

 

 
  ôîLÉ1)  A5    Ĉ£Ā{îþÝ ½v¹Āúý½w¬þĄzðþLÅ āºLÉĂĊõÿv Ă¤LÉĀñ Ăz ¢{LÆý ¿ÿ¹½Āý ĂêÖþù ć»Āæý ćwă  $Sun and McDonough., 1989#  ÿ B5  Üĉ¿Ā£ ½v¹Āúý

ðþÅ üĊúă Ĉíw· ½¹wý ¾ÍwþÝwăć  ½w¬þĄz  ¢ĉ½ºþí Ăz ¢{Æý āºÉ$Nakamura, 1974# 
Fig. 6. A: Normalized spider diagram of the intrusive rocks of the Nordoz area relative to the primary mantle(  Sun and 

McDonough., 1989), and B: Distribution diagram of rare earth elements of these rocks normalized to chondrite 

(Nakamura, 1974) 
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