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 چنيذُ 

ٍى ٦ٗبٓؼ٠       ػَٟ ػـَاك٨ب٦٧  ث٨ٚ ٗوشٞبر  ٝ 45º60س́ب 30º60ˊث٨ٚ ٗوشٞبر ٥ّٞ ػـَاك٨ب٦٧ ٦ٜٗو٠ ٞٗ

ˊ15º34 30́ سبº34 ٝ ٙٙ٘بّ َٙه٦ ٢َٙ ِٕٜب ٍ ٍ إشبٙ  40ىٍ ى ش٥َٗ ػٜٞة َٙه٦ ٢َٕٙشبٙ هٞاف ى ٞٔ٨ً

ٍ ؿ٢بٍ ُٞٗ سب٧جبى ٠ً هَإبٙ ٥ٞ١ٍ ٝاهغ ٙيٟ إز ٥ًِ ى ُ ٍٙش٠ َٗ ٕٚ  ثبٙي ٝ ثب ٕٚ اكش٘ب٦ٗ٦ٓ هٖ٘ش٦ ا ائٞ

٥ًِ إزد٨ٖٚ سب ا٨ِٕٓٞٚ د٨ٚ٨ٚ  َٗ ٙ ا شٗلبٝر ٦ٗ ثبٜٙي ٠ً . ػِء ا٧َ ٧ي ٝاكي ١ٍٞٛجٜٔي ث٨ٞس٨ز َُا٨ٛز ثب ثبكش٢ب٥ 

َُا٨ٛز ٝ ١ٍٞٛجٜٔي ث٦ثَ ِٝٛ ٦ٔ ١ٍٞٛجٜٔي ث٨ٞس٨ز ٞٗ ٝ ٝاكي اٝ ُ ى ٍ اٙشًَب٧ِٙ ا ٝس٨ز ٨َُٕٜٞا٨ٛز س٨ٌْٚ إبٓ ٛ٘ٞىا

َُا٨ٛز ث٠ ٍٝٞر ىا٧ي ٝػٞى  ٌَٝ٨ٗ ٍ ث٨ٚ ا٧ٚ ٝاكي١ب، ٝاكي١ب٥ ه٦ٔ٨ ًٞؿي َُا٨ٛز دٍٞك٥َ٨ ٝ  ٙيٟ إز ٠ً ى

َُاك٦ ٛٚبٙ ٦ٗ ،ىاٍى لاٍ ٝ ١٘ـ٨ٜٚ ٦ٗبٓؼبر ًب٦ٛ ٜٙب٦ٕ ٝ دشَٝ ٍف َُاٞٛ ى١ي ٠ً ثبكز ػ٘يٟ ا٧ٚ ٢ِٜٕب ٨١خ ا٧ي٧ٞٞٗ

ك٥َ٨ ٦ٗ ثبٜٙي، دٍٞك٥َ٨ ٝ ١٥َُب٥ دَس٨زىاٍا٥ ثبكز ،ًب٦ٛ .اٞٛ ٦ٔ س٨ٌْٚ ى١ٜيٟ آ٢ٛب ًٞاٍسِ ًلاُ ١ب٥ اٝ ( دَس٨ش٦) اٍسٞ

ًلاُ شٗياّٝ، ث٨ٞس٨ز ه٢ًٟٞب٦ٛ ،، دلا٧ّٞ ًٚ، آدبس٨ز ٝ ِٜٗش٨ز ٝ ًب٦ٛا٥، ١ٍٞٛجٜٔي ٕجِ ٝ ًب١٦ٛب٥  ١ب٥ ١ب٥ كَػ٦ ٧َُ

٨ي١ب٥ آطب٥ٞٛ ٙبْٗ ٨َٕٕز ٝ ٧ًَٔز ٝ ًب٦ٛ ًلا١ُب . ١ٚ ٝ ًبئٞٓٚ إز١ب٥ ١ٞاُى٦ُ ٙبْٗ ا٨ًٖي ٝ ٨١يًٍٖٝ دلا٧ّٞ

ًِ ث٠ ٕ٘ز كب٠٨ٙ ٨َٕٕش٦ ٙيٟ َٗ ُ ٦ٜٗو٠ ثٜي٥ ٦ٗا ًلا١ُب ث٠ ًب٦ٛ ،ثبٜٙياٛي ٝ ١٘ـ٨ٜٚ ىاٍا٥  ١ب٥ ٦ٍٕ اٍسٞ

َُٕبٙ ٙيٟ بًئٞٓٚ ى ٍ َٕٜ . اٛيٝ لا١ٝب٥ ٗبُ٘ب٦٧ ى ٨ٌٌَٕٗٝٞد٦ اٌٛ ١ب٥ ثَإبٓ ٗٚب١يار ٝلَا٦٧ ٝ ٦ٗبٓؼبر 

ٌٍَٝ٨ٗ لا١ٝب٥  ُ ٛٞع اٌٛ ٟ ٨ِٗثبٙ ا ظًَ سب اٛياُ ش٠ ٝ كيا ٛٞلاٍ ك٨ٖٔي إز، ٠ً اثؼبى ًٞؿ٦ٌ ىاٙ ى ٍٕٙٓبٛش٨٘شَ ٦ٗ 30ٍا

ؿ٦ ٌْٙ ٦ٗ ٨ِٗثبٙ هٞى ٦ٗ ثبٜٙي ٝ كب٥ٝ ٠ً ث٠ ٌْٙ ٥ًَٝ سوٖ َٗ ُ ٙبٍح ٗٚو٦ٞ ثب ٢ِٜٕب٥  ثبٜٙي ٝ ىاٍا٥ َٗ

ُ ًب٦ٛك٧ًَٜٖٞز ٠ٜ٨ٗ ١٦ٗب٦٧ ا ٟ ٝ ثَإبٓ ا٧ٚ ٢ِٜٕب ىاٍا٥ ٗب٨١ز ًبٓي آٌٓبٓٚ  .ثبٜٙي١ب٥ ُ دشب٨ٕٖ ثبلا ثٞى

شٗب  ٝ ٚ٨ٗ ٍى ٦ٗبٓؼ٠ دَآٓٞ ٦ٜٗو٠ ٞٗ ٨ٗٚ ٢ِٜٕب٥  ُ آٓٞ ٨ٗٚ ١ٖشٜيٛ٘ٞىا١ٍب٥ ٙبهٜ اٙجبع ا ٍ ٛ٘ٞىا١ٍب٥ . آٓٞ ى

بٍُ  ُ ػٜبَٝ ٛبٕبُ ٜٗل٦ ػٜبَٝ  K,Th,Rb,Laػٌٜجٞس٦ ؿ٦ٜ ٙي٦ُ ا ٠ً  ٍا ٛٚبٙ ٦ٗ ى١ي Ti,Nb,Sr,Baٝ آٛٞٗب٦ٓ 

ٜٗٚب  ُ ٟ ٌٗاة كبْٝ ا ُ آٗل٨جّٞ. ا٥ إزدٕٞش٠ ث٨بَِٛ ا٧ؼبى ٗبى ٟ ٝ س٨ًَت آ٢ٛب ا ُ ٛٞع ٨ًٖٔي ثٞى ٦ٜٗو٠ ا ١ب٥ 

ٖ٧ِ٨ٜٗ ش٨ٜٓٞ٨ًز سـ٨٨َ ١٦ٍٗٞٛجٜٔي آ١ٚ ٝ ١ٍٞٛجٜٔي  ٍ سب  ا ٍ َٙا٤٧ ٖٛجشب ثبلا٥ كُٞب٨ٕش٠ ا٨ًْٖٙ سجٍٔٞ ىا ًٜي ٠ً ى

ٙ . اٛي٧بكش٠ ٨ِٗا  ٟ ػٞىAl كٚبٍ ٗلبٕج٠ ٙيٟ ثب إشلبى ٍ آٗل٨جّٞ ٞٗ ٍ كيٝى ١بى ى١ي ٨ًٔٞثبٍ ٛٚبٙ ٦ٗ 2.91سب  2.71، ى

ٍ كٚبٍ . ًٜيىٍػ٠ ٕبٛش٦ َُاى سـ٨٨َ ٦ٗ 728سب  723ىٍػ٠ كَاٍر ثيٕز آٗيٟ كيٝى  ٝ ػ٘ن ٗٚوٜ  -ثَإبٓ ٛ٘ٞىا
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ٍى ٦ٗبٓؼ٠ ٦ٜٗو٠ ٞٗ ُ اػ٘بم  سو٧َجب َُى٧ي ٠ً ٢ِٜٕب٥ َُا٨ٛشٞئ٨ي٥  ٜٗٚب 20سب  10ا شَٗ  ٍ  .اٛيَُكش٠ء٨ًٔٞ ثَإبٓ ٛ٘ٞىا

ٜٗب٥ن كٍَٝاُٖ٘ٛشَٟ آٗل٨جّٞ ١ب ىٍآٗل٨جّٞ، سٌشٞٛٞٗبُ٘ب٦٧ ش٠ ث٠  -٨ٌٗب١ب٥ ٠ٛٞ٘ٛ .ثبٜٙي٦ٗ (S-Amph) ١ب٥ ٝاثٖ

 ٍ ٍ ٛ٘ٞىا ٍى ٦ٗبٓؼ٠ ى شٚ ١ASPEب٥ ٞٗ ٍ ُٖشَٟ ث٨ٞس٨ز ثب س٘ب٦ٔ٧ ث٠  Al>1.742 ٝ>0.248 Fe/(Fe+Mg)، ثب ىاٙ ى

ٍ َُكش٠ ُ ٛٞع ث٨ٞس٨ز TiO2, MgO,  FeO ٝ MnO ا٨ًٖي١ب٥ٗوبى٧َ ثَإبٓ . اٛيٕ٘ز آ٨ٛز هَا ٍى ٦ٗبٓؼ٠ ا ١ب٥ ٞٗ

٠٨ٓ ٝ ٗلّٞٞ سجٍٔٞ ٗبُ٘ب ١ٖشٜي ُ ث٨ٞس٨ز .اٝ ٟ ا ٍ سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ ثب إشلبى ٍى ٦ٗبٓؼ٠ ى ١ب، َُا٨ٛشٞئ٨ي١ب٥ ٞٗ

 ٟ ٍ  Cٗليٝى يٛ هَا ٜٗٚب ٗبُ٘ب٥ ًبٓيىاٍ ٙ كٍَٝا٘ٛ ٠ً ٛٚبٙ ى١ٜيٟ  سج٤ ثب ُٝ ٍ ٗل٤٨ ١ًِٞا٦٧ َٗ آٌٓبٓٚ إز ٠ً ى

ٍ ُٖشَٟ .اٛيإز س٨ٌْٚ ٙيٟ ٠ًI ٙبهٜ َُا٨ٛز ٛٞع  ٍى ٦ٗبٓؼ٠ ى ًلا١ُب٥ ٞٗ سب  An13.02ا٥ ث٨ٚ س٨ًَت دلا٧ّٞ

An47.74   ٝ Ab50.57 سبAb84.12 ٦ٗ ٍ ٟ آٛي٧ُٚ سب ا٨ًِٓٞلاُ هَا ٍ ٗليٝى ثَإبٓ ٛ٘ٞىا١ٍب٥ . ٨َُٛي٠ً ى

10000*Ga/Al اع َُا٨ٛز ٦ٔ ٝ ١٘ـ٨ٜٚ ػٜبَٝ ٨ً٘بة ٝ ػِئ٦ ٠ً اٞٛ ٍ ثَاثَ ػٜبَٝ اٝ -سل٨ٌي ٦ٗ ١I, S, Aب٥ ى

 ٍ ٍٝي ٦ُٛٝ   Chappelle & Whiteًٜٜي ٝ ١٘ـ٨ٜٚ ثَإبٓ ٛ٘ٞىا ٍ ى ٍ ٗوبثْ  ٠ًNa2O ثَ دب٠٧ ٗويا س٨َٕٖ  K2Oى

شٗ٘ب٧ِ ًٜٜيٟ َُا٨ٛز ٍى ٦ٗ I ٝ S ١ب٥ٙيٟ إز ٝ  ٟ َُا٨ٛزثبٙي ٢ِٜٕب٥ َُا٨ٛشٞئ٨ي٥ ٞٗ ٍ ٍى  ١Iب٥ ٛٞع ٦ٗبٓؼ٠ ى

ٍ ٦ٗ ٨َُٛي ٍ هَٔ٘ٝ َُا٨ٛشٞئ٨ي١ب٥ ١ِ٘ٗبٙ ثب ثَهٍٞى٠ٛٞ٘ٛ ٝ ١٘ـ٨ٜٚ.هَا ٍى ٦ٗبٓؼ٠ ى ٝ  (Syn-Collision) ١ب٥ ٞٗ

ٍ ٦ٗ (Late – Orogenic)اٝاهَ ١ًِٞا٦٧  هؼ٨ز ٠ٛٞ٘ٛ .٨َُٛيهَا ٍى ٦ٗبٓؼ٠ ثَ ٥ٍٝ ٞٗ ٍ ١ب٥ ٞٗ ٍ ثَاثَ Yٛ٘ٞىا ٍ  Nb ى ى

ٍ ٦ٗ (VAG) َُا٨ٛشٞئ٨ي١ب٥ هٞٓ آسٚلٚب٦ٛهَٔ٘ٝ   /Y-Z  ٝ Zr / Al2O3 – TiO2 ثَإبٓ ٛ٘ٞىا١ٍب٥ .٨َُٛيهَا

Al2O3٦ٔ َُا٨ٛزىا٧٘ ثَا٥ ع ٝ ٛٞع اٝ ٙ ٝلل٠ى ش٠ ث٠ هٞٓ اٍائ٠ا٥ ٝ َُا٨ٛز١ب٥ ىٍٝ ١ب٥ ٠ٛٞ٘ٛاٛي، ٙيٟ ١ب٥ ٝاثٖ

ٍ ُٖشَٟٞٗ ٍ ٦ٗ ٍى ٦ٗبٓؼ٠ ى ش٠ ث٠ هٞٓ هَا ٍى ٦ٗبٓؼ٠ كبْٝ ًٝة ثو٦ٚ آٛي٧ُز ٝ  .٨َُٛيٝاثٖ ٦ٜٗو٠ ٞٗ ٢ِٜٕب٥ 

ٜٗبٕج٦ ثَا٥  ٜٗٚب  ٍ ١٦ٗب٥ دشب٨َُٕٖا٨ٛزآٛي٧ُز ثبُآز ًبٓي آٌٓبٓٚ آثياٍٛي ٠ً   .ثبٜٙيىا
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Abstract 

The study area is located between 60 º 30  ́to 60 º 45  ́ N-S and 34 º15  ́to 34º 

30  ́E –W in northeastern town of Sangan  and 40 km southeatst of  Khaf city, 

Khorasan Razavi. It is part of central string in Taybad and Late Eocene to Oligocene  

in age and it is part of Central Iran. It is a hornbelande biotie granit with different 

textures. Based on Streekeisen it Consists of two main units, hornblende biotite monzogranite and 
hornblende biotite synogranit and two smaller units, granite porphyri and microgranit (as dykes). 

Mineralogy and petrographic studies shows that the major textures in these rocks are hypidiomorph 

granular, porphyritic, granophyric and perthitic. The main minerals are orthoclase (perthitic), 

plagioclas , brown biotite and green hornblene. Accessory minerals are zircon, apatite and magnetite. 

Secondary minerals are iron oxides and hydroxides and kaolin. Plagioclase  changes from the center 

towards the periphery by sericite and also have Zoning. Orthoclase  is altered to Clay and kaolin. 

Based on field and smicroscopic studies the magmatic enclaves are felsic microgranular. They are 

small in  size, maximum size 30 cm indiameter .They are oval shaped with sharp boundaries set by 

their host rocks. The groundmass mineralogy is the same as phenocrysts. These rocks 

are high-potassium, calc-alkaline and metaluminous to peraluminous. The spider diagram shows 

an increase in incompatible elements such as K, Th, Rb, La and negative anomalies for elements Ti, 

Nb, Sr, Ba which shows the melt material orginated from the Crustal materials. Microprobe Analyses 

results shows that Amphibole minerals are of calcic  type and they change from iron-bearing 

to magnesium-bearing hornblende and to actinolite, indicating a relatively high oxygen fugacities 

crystallization. Based on Al value in hornblende  the pressure in this granitoids is about 2.71to 2.91 

kilobars and temperature changes from 723° to 728 °. The pressure - depth of granitoid rocks in the 

study area is determined approximately to be 10 to 20 kilometers deep. The tectenomagmatic 

diagram shows that , amphibole composition is related to amphibole subduction zones (S-Amph). 

Biotite composition in  ASPE diagram with Al>1.742  ٝ >0.248  Fe/(Fe+Mg) is located in 

the range of biotite composition towards the Annite. Based on the amounts of  TiO2, MgO, FeO and 

MnO oxides  this biotite seems to be formed from a primary magma. The biotite magmatic in 

studied granitoids are in the range of C (calc-alkaline) indicating orogeny related to subduction 

zone of I type granite. Plagioclase composition  changes ,between An13.02 to An47.74  and 

Ab50.57 to  Ab84.12 from Andesine to Oligoclase. Based on 10000*Ga / Al versus major 

elements and trace elements for  I, S and  A granite, also according  to Chappelle 

& White diagram, and Na2O vs K2O diagram the granitoid rocks are also I-type, Syn-

Collision and Post-Orogenic. Studied sample position on the Nb vs Y diagrams shows the 

tectonic setting as VAG. Also based on Y-Z and Zr / Al2O3 - TiO2 / Al2O3 seperating 

the two main arc related granitoids, partial melting of andesite and andesite 

basaltic calc-alkaline are appropriate source for potassium granit. 
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ج٧َٗٚ ( 2-4-1  24 ...........................................................................................................................................................................دًَب

 24 ......................................................................................................................................................................دَٝسَُٝٝئ٨ي  (2-4-2

 24 ....................................................................................................................................................كٞهب٦ٛ  دَٝسَُٝٝئ٨ي( 2-4-2-1

 25 .....................................................................................................................................................د٨ٖٚ  دَٝسَُٝٝئ٨ي( 2-4-2-2

 25 ......................................................................................................................................................................... دبٓئُٞٝئ٨ي( 2-4-3
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٧ٚ  دبٓئُٞٝئ٨ي( 2-4-3-1 ٧َُ........................................................................................................................................................ 25  

2-4-3-2 ) ٚ٨ٛ  26 .............................................................................................................................................................................ىٝ

٨ٗٚ  - ًَث٨ٛٞلَ( 2-4-3-3  26 ........................................................................................................................................................دَ

ُٝٝئ٨ي( 2-4-4 ِٗ ........................................................................................................................................................................... 27 

 27 .............................................................................................................................................................................س٧َبٓ  (2-4-4-1

٨ي  (2-4-4-2  27 .......................................................................................................................................................................ٍّٝإ

 28 ......................................................................................................................................................................ًَسب٠ٕ  (2-4-4-2-3

 29 ..........................................................................................................................................................................ُٕٜٞٝئ٨ي ( 2-4-5

ٕٚ  – دبٓئٕٞٚ( 2-4-5-1  29 ........................................................................................................................................................ائٞ

2-4-5-1-1 ) ٚ٧ ا٥ دبٓئٕٞٚ ٧َُ ًَِٜٗٞٔ.................................................................................................................................. 30 

2-4-5-1-2 )ٕ ٚ٧  30 .......................................................................................................................................................ػ٘ٞػ٠ ٧َُ

 30 .......................................................................................................................................................ٗؼ٘ٞػ٠ ثبلا٦٧  (2-4-5-1-3

٦َُُٛٞٝ  ٛل٥ًٞ ١ب٥سٞىٟ( 2-4-5-1-4  31 ................................................................................................................ ٗؼبٍٝس٦ ى

 32 ......................................................................................................................................................٨ٕٗٞٚ  – ا٨ِٕٓٞٚ (2-4-5-2

2-4-5-3)  ٙ  32 ..............................................................................................................................................................................ٛئّٞ

 33 .............................................................................................................................................................................ًٞاس٥ََٛ ( 2-4-6

هؼ٨ز( 2-5 ٗٞ ٚ٨ٗ اٙ ٕبهشب٥ٍ – ٍٕٞث٦ ثٜي٥ د٠ٜ٢ ىٍ ٦ٜٗو٠ ٝ سٌش٦ٌ٨ٛٞ ٕبهش٘ب٦ٛ ٜٙب٦ُٕ  35.. ........................ ا٧َ

2-6 )ٚ٨ٗ ٦ٜٗو٠ ُ ٍى ٦ٗبٓؼ٠  ٕبهز ػ٦ٗٞ٘  ٗٞ.......................................................................................................................... 36 

2-7) ٚ٨ٗ  39 ..........................................................................................................................................................ٜٙب٦ٕ اهشٞبى٥  ُ

ٍى ٦ٗبٓؼ٠ ٝاكي١ب٥ َٕٜ(  2-8 ٦ٜٗو٠ ٞٗ  40.................................................................................................................. ٜٙب٦ٕ 

 پتشٍگشافيۺ فصل ػَم 

 43 ....................................................................................................................................................................................... ٗوي٠ٗ( 3-1
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 44 ......................................................................................................................................................... ثٜي٥ ٝ ٛبٌِٗا٥٥ٍجو٠( 2–3

 45 .....................................................................................................................................................................ٝاكي١ب٥ ٦ِٜٕ ( 3-2

ِٛٝٝاكي ١ٍٞٛجٜٔي ث٨ٞس٨ز  (3-2-1  46 ............................................................................................................................. َُا٨ٛزٞٗ

 46 ..........................................................................................................: ........................................................ٗٚوٞبر ٗبًٌَٕٝٞد٦

٨ٌٌَٕٗٝٞد٦  46 ..............................................................................................................: ...................................................ٗٚوٞبر 

 48 .............................................................................................................................َُا٨ٛز ٨ٕٜٞٝاكي ١ٍٞٛجٜٔي ث٨ٞس٨ز  (3-2-2

 48 ..................................................................................................................................................................: د٦ٝٗٚوٞبر ٗبًَٕٝي

٨ٌٌَٕٗٝٞد٦  49 ............................................................................................................................................................: .....ٗٚوٞبر 

 52 ...........................................................................: ........................................................................ٝاكي َُا٨ٛز دٍٞك٥َ٨  (3-2-3

 52 .........................................................................................: ...........................................................................ٗٚوٞبر ٗبًٌَٕٝذ٦

٨ٌٌَٕٗٝٞد٦ٗٚن  52 ...........................................................: ......................................................................................................ٝبر 

3-2-4 )ٌَٝ٨ٗ  53 .....................................................................................................................: .....................................َُا٨ٛزٝاكي 

 53 ..................................................................: ..................................................................................................ٗٚوٞبر ٗبًٌَٕٝذ٦

٨ٌٌَٕٗٝٞد٦  54 ................................................................: .................................................................................................ٗٚوٞبر 

 55 ..........................................................................................................................................................................ثبكز ٜٙب٦ٕ (  3-3

لاٍ  (3-3-1 ٍف َُاٞٛ لاٍ ٧ب ٨١خ اسٞ ٞٗ ٍف َُاٞٛ  55 ............................................................................................ثبكز ٨١ذ٨ي٧ٞٞٗ

 56 .......................................................................................................................................................................ثبكز دَس٨ش٦ ( 3-3-2

ك٥َ٨ ( 3-3-3  59 .................................................................................................................................................................ثبكز َُاٞٛ

 60 ...................................................................................................................................................................ثبكز ًَٜٖسبّ ( 3-3-4

 60 .....................................................................................................................................................................ثبكز ٍادب٥ٞ٨ً( 3-3-5

 61 ......................................................................................................................................................................................١ب ٗبًْ( 3-4

٠٨ٓٗبًْ( 3-4-1  61 ................................................................................................................................................................... ١ب٥ اٝ
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 61 .........................................................................................................................................................................ٗبًْ طب٠٧ٞٛ ( 3-4-2

 63 .............................................................................................................................................................................ثٜي٥ ٦ٜٗو٠( 3-5

 63 ..........................................................................................................................................................................١ب اىهبّ ًب٦ٛ( 3-6

لا١ٝب ( 3-7  65 .....................................................................................................................................................................................اٌٛ

3-7-1 )٦ُ ٍى ٦ٗبٓؼ٠ ٧ْٝ ٦ٜٗو٠ ٞٗ لا١ٝب٥   66 ..................................................................................................................١ب٥ اٌٛ

 طئَؿيوي ۺ فصل چْبسم 

 69 ....................................................................................................................................................................................... ٗوي٠ٗ( 4-1

 XRF .............................................................................................................................. ...............................................69آٛب٨ِٓ ( 4-2

٦ٔ ػٜبَٝ( 4-3  73................................................. .............................................................................................................................اٝ

ى  ٦ًٔبٍثَ  73.............................................. ............................................................................................................................. ػٜبَٝ اٝ

 73........................... ............................................................................................................................. ثٜي٥ َُا٨ٛشٞئ٨ي١ب٥جو٠ (4-4

جٜٗب٥ س٨ًَت ٨٘٨ٙب٦٧( 4-4-1  73.......................................... .......................................... ٛبٌِٗا٥ٍ ٢ِٜٕب٥ آ٧ًٍٚ ى٦ٍٛٝ ثَ

ٍ ٗوبثْ ٨ٔ٨ٕٔ ( 4-4-1-1 ُ ٗؼ٘ٞع آٌٓبٓٚ ى ٟ ا  74.....................................................................  (TAS)ٛبٌِٗا٥ٍ ثب إشلبى

ُ ٛ٘ٞىا١ٍب٥ ؿٜي ًبس٦ٛٞ٨( 4-4-1-2 ٟ ا  76...................................................................................................  ٛبٌِٗا٥ٍ ثب إشلبى

ٍ ؿٜي ًبس٦ٛٞ٨ ( 4-4-1-2-1  76.....................................................................................  (Debon & Le Fort ,1988)ٛ٘ٞىا

4-4-1-2-2 ) ٍ   R1-R2  ..............................................................................................77 (Dela Roche et al.,1980)ٛ٘ٞىا

ٗ ٗلبٕج٠ ًب٦ٛإشلبىٟ ٛبٌِٗا٥ٍ ثب( 4-4-1-3 ٍٝ ُ  79.............................................................................................  ١ب٥ ٍٕٛٞا

 80.................... ...................................................................................................................................... سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧(  4-5

٦ٔ سؼ٨٨ٚ ٥َٕ ٕ( 4-5-1 ُ ػٜبَٝ اٝ ٟ ا  81......................................................................................................... اُ٘ب٦٧ ثب إشلبى

 81................................................................................................................... ( Irvine & Baragar , 1971) ٛ٘ٞىاٍ( 4-5-1-1

ظٗٔظ٦( 4-5-1-2  ٍ  AFM (Irvine and Baragar., 1971) ................................................................................... 81 ٛ٘ٞىا

 83...... ............................................................................................................................. (Miyashiro,1974) ٛ٘ٞىاٍ( 4-5-1-3
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ٙ   Frostٛ٘ٞىاٍ( 4-5-1-4  83...........................................................................................................................  (2001)ٝ ١ٌ٘بٍا

4-5-1-5 ) ٍ     Pecceillo & Taylor (1976) ...................................................................................... ..........................85ٛ٘ٞىا

ُ ػٜبَٝ كَػ٦( 5-5-2 ٟ ا  86.......................................................................................................  سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ ثب إشلبى

ُ  اٙجبعث٦ٍَٕ ٙبهٜ( 4-6 ٨ٜ٨ٖٗ َٕٜا ٍى ٦ٗبٓؼ٠آٓٞ ٦ٜٗو٠ ٞٗ  87..................................................................................  ١ب٥ 

 88.... .............................................................................................................................................. (Shand,1943)ٍ ٛ٘ٞىا (4-6-1

٨ٜ٨ٖٗ ثَإبٓ ًبس٨ٞٙسؼ٦( 4-6-2  89...................................................................................................................  ١ب٧ٚ اٛي٧ٔ آٓٞ

4-6-2-1 ) ٍ  Debon & Le Fort(1983)  .......................................................................................................................89ٛ٘ٞىا

 91...........................................................................................................................  (Villaseca et al .,1998)ٛ٘ٞىاٍ( 4-6-1-2

٦ٔ سجب٥بر ٨ّٛش٦ٌ٨ ٝ سلٞلار ٗبُ٘ب٦٧ث٦ٍَٕ اٍ( 4-7 ٍ ٛ٘ٞىاٍ ثَإبٓ ٍٝٛي سـ٨٨َار ػٜبَٝ اٝ    Variation) سـ٨٨َى

Digram) ............................................................................................................................. ..............................................................92 

 Harker(1909) ................................... .........................................................................................................93ٛ٘ٞىا١ٍب٥( 4-7-1

ٍ ثَاثَ Harker (1909) ٛ٘ٞىا١ٍب٥ ( 4-7-1-1 ٦ٔ ى  SiO2   ...........................................93ثَإبٓ ا٨ًٖي١ب٥ ػٜبَٝ اٝ

٦ٔ ٖٛجز  (Harker,1909)١ب٦٧ ٛ٘ٞىاٍ( 4-7-1-2  MgO  ........................................96ثَإبٓ ٍٝٛي سـ٨٨َار ػٜبَٝ اٝ

 97.................... ........................................................................................................................................ػٜبَٝػِئ٦ ٝ ٨ً٘بة ( 4-8

4-8-1 )ًَ  97..................................................................................  ٍٝٛي سـ٨٨َار ػٜبَٝ ٨ً٘بة ثَإبٓ ٛ٘ٞىا١ٍب٥ س٨خ ١بٍ

٠٦ ٖٛجز ث٠ ( 4-8-2  SiO2......................................... .................................................................100 ٍٝٛي سـ٨٨َار  كِٔار ٝإ

ٍ ٛ٘ٞىا١ٍب٥ ػٌٜجٞس٦ ( 4-8-3  101.............................................................................................. ٍٝٛي سـ٨٨َار ػٜبَٝ ٨ً٘بة ى

ٝةاآٛب٨ِٓ ٕ (9-4  105............. ............................................................................................................................. (XPMA) ٧ٌَٝدَ

 105.................................................. ............................................................................................................................. ٗوي٠ٗ (4-9-1

 105............................................................................................................................ ..................................................................هبث٨ٔش٢ب 

 106............................................................. ............................................................................................................... ٛلٟٞ ًبٍ( 4-9-2

 107.................................................. ............................................................................................................................. ثو٘ هلأ ًبْٗ
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 107...................................... ............................................................................................................................. ثو٘ كٚبٍ اسٖ٘ل٧َي

 107............................................... ............................................................................................................................. آٗل٨جّٞ( 4-9-3

ّ ٕبهشب٥ٍ ٝ( 4-9-3-1 ٟ ثٜي٥ آٗل٨جّٞ كَٞٗ  107............................................................................ ................................. ١بٍى

 110........................ ............................................................................................................................. كُٞب٨ٕش٠ ا٨ًْٖٙ( 4-9-3-2

ش٥َٗ آٗل٨جّٞ ( 4-9-3-3 ثبٍٝ سَٞٗ  111..................................................................  (Amph Geothermobarometry)ّئٞ

ٍ ١ٍٞٛجٜٔي( 4-9-3-4 ػٞى ى ٗٞ ٖ٨ٜ٨ٗ ٍ آٓٞ ش٥َٗ ثَإبٓ ٗويا ثبٍٝ  111...............................................................................  ّئٞ

ش٥َٗ آٗل٨جّٞئّ( 4-9-3-5  112............................................................................ (Amph Geothermometry) ٝسَٞٗ

 113. ............................................................................................................................. ١بسؼ٨٨ٚ ػ٘ن س٨ٌْٚ آٗل٨جّٞ( 4-9-3-6

 113....................................... .......................................................................................... سؼ٨٨ٚ ٗل٤٨ سٌشٞٛٞٗبُ٘ب٦٧( 4-9-3-7

 114..................................... ............................................................................................................................. (Bio)ث٨ٞس٨ز( 4-9-4

 116........ .............................................................................................................................١ب ث٨ٞس٨زس٨ًَت ٨٘٨ٙب٦٧ ( 4-9-4-1

ٍى ٦ٗبٓؼ٠ ثَإبٓ س٨ًَت ٨٘٨ٙب٦٧ ث٨ٞس٨زئ٦سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ َُا٨ٛشٞ (4-9-4-2  117... ........................... ى١ب٥ ٞٗ

ًلاُ ( 4-9-5  120.......................................... .............................................................................................................................دلا٧ّٞ

بٕٜٗؼ٦ ٠ٕ كٔيٕذب٥ٍ  (4-9-5-1  122............................................................................................................ .............................ى

ٍ ثَاثَ آٍٛٞس٨ز ( 4-9-5-2 ٍ سـ٨٨َار آ١ٚ ى   123 ..................................................................................................................ٛ٘ٞىا

 پتشٍلَطي ٍ پتشٍطًضۺ فصل پٌجن 

 124....................................................... .............................................................................................................................ٗوي٠ٗ ( 5-1

 124....... .............................................................................................................................١ب ثَإبٓ ِّٛ ثٜي٥ َُا٨ٛز٥ٟجن( 5-2

 127........................................................................................... .................................................................... ٜٗٚب َُا٨ٛشٞئ٨ي١ب( 5-3

ٍى ٦ٗبٓؼ٠( 5-4 ٦ٜٗو٠ ٞٗ ٜٗٚب َُا٨ٛشٞئ٨ي١ب٥   128....................................................................................................  ٥ج٨ؼز ٝ 

 S , Iٝ A ............................................................................................................................. ......128 ١ب٥ سل٨ٌي َُا٨ٛز( 5-4-1

ٍ ثَاثَ ػٜبَٝ Ga/Al*10000  ٛ٘ٞىا١ٍب٥( 5-4-1-1 ٦ٔى  Whalen et al,1987 ..................................................128 اٝ
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ٍ ثَاثَ ػٜبَٝ ٨ً٘بة ٝ ػِئGa/Al٦*10000  ٛ٘ٞىا١ٍب٥ (5-4-1-2  Whalen et al,1987  ................................129ى

5-4-1-3 ) ٍ  Chappelle & White (1983)  ............................................................................................................130ٛ٘ٞىا

 ١I ٝS ............................................................................................................................. ..................131ب٥سل٨ٌي َُا٨ٛز( 5-4-2

5-4-2-1 ) ٍ  Chappelle & White , 2001 .................................................................. ...........................................132ٛ٘ٞىا

5-4-2-2 ) ٍ  Takahishi et al ., 1980  ....................................................................................................................132 ٛ٘ٞىا

 IٝA  ............................................................................................................................. ..............133 ١ب٥ سل٨ٌي َُا٨ٛز( 5-4-3

 Kleins et al,1982  ٝNewberry et al , 1990 .................................................. ..................133ٛ٘ٞىا١ٍب٥ ( 5-4-3-1

 135.................. .............................................................................................................................١ب ػب٧ِبٟ سٌش٦ٌ٨ٛٞ َُا٨ٛز( 5-5

ٍى ٦ٗبٓؼ٠( 5-5-1 ٦ٜٗو٠ ٞٗ ٦ٔ ػب٧ِبٟ سٌش٦ٌ٨ٛٞ َُا٨ٛشٞئ٨ي١ب٥   137....................................................  ثَإبٓ ػٜبَٝ اٝ

 Miniar & Piccoli ,1989................................................................................................................. 137 ثٜي٥ٍىٟ( 5-5-1-1

 Bowden &  Batchelor................................................................................................... 139 (1985) ثٜي٥ٍىٟ( 5-5-1-2

 Babarine(1999) .............................................................................................................................. 140ثٜي٥ -ٍىٟ( 5-5-1-3

جٜٗب٥ ػٜبَٝ ٨ً٘بة ( 5-2–5 ٍى ٦ٗبٓؼ٠ ثَ  141 .............................................................ػب٧ِبٟ سٌش٦ٌ٨ٛٞ َُا٨ٛشٞئ٨ي١ب٥ ٞٗ

 Pearce et al.,1984  .........................................................................................................................141ٛ٘ٞىا١ٍب٥ ( 5-5-2-1

 Muller & Groves(1996) ........................................................................................................... 143ٛ٘ٞىا١ٍب٥ ( 5-5-2-2

ٍى ٦ٗبٓؼ٠( 5-6 ٦ٜٗو٠ ٞٗ ٜٗٚب َُا٨ٛشٞئ٨ي١ب٥   144 ............................................................................................. ا٧ٍُبث٦ َٕٜ 

 گيشي ٍ پيـٌْبداتًتيجِۺ فصل ؿـن 

 147 ..........................................................................................................................................................................٥َ٨ُ ٛش٨ؼ٠( 1–6

 153 ............................................................................................................................................................................د٢ٜٚ٨بىار ( 6-2

 15 ................................................................................................................................................................................................. هٌبثغ

 

 اؿنبل فْشػت
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 مليبتۺ فصل اٍل

ٟ َُا٨ٛشٞئ٨ي٥ ثَٗب٦ٛ( 1-1ٌْٙ ُ سٞى  2.. ............................................................................................................................. ٛ٘ب٦٧ ا

ٍى ٦ٗبٓؼ٠ ( 1-2ٌْٙ ٦ٜٗو٠ ٞٗ هؼ٨ز   2.................... ........................................................................... (1:100000ٗو٨بٓ )ٞٗ

ٍى ٦ٗبٓؼ٠ ٝ ٍاٟ( 1-3ٌْٙ ٦ٜٗو٠ ٞٗ هؼ٨ز   4( .................................................................. 1995ٗظب٥َ١، ) ١ب٥ ىٕش٦َٕٞٗ

 ؿٌبػي ػوَهي صهييۺ فصل دٍم 

ٌْٙ2-1 )ٚ٨ٗ ٍ ػب٧ِبٟ ُ ٍ ٛٞا ٙ ى ا ٟ آٓخ ؽٜٙب٦ٕ ا٧َ  10.........................................  (1385آهبٛجبس٦ )٨١٘ب٨ٓب  –٧ٚ هٍٞى

اٙ-١ب٥ ٍٕٞث٦د٠ٜ٢( 2-2ٌْٙ  12...................................................................................  (1383آهبٛجبس٦ ) ٕبهشب٥ٍ ػ٘يٟ ا٧َ

ٌْٙ2-3) ٥ًِ ٝ ٧َُ َٗ ٙ ا ٟ ا٧َ ٟ هَى هبٍ  17.............................................................................................. ١ب٥ آٙ د٠ٜ٢ ٗليٝى

ٍ ٛو٠ٚ  (2-4ٌْٙ ٍى ٦ٗبٓؼ٠ ى ٦ٜٗو٠ ٞٗ هؼ٨ز   34 ................................................................................... سب٧جبى 250000/1ٞٗ

ًٜي٦ُ ٢ُٖٔب٥ ٍٝه٠ هٞاف( 2-5ٌْٙ ى) ٛو٠ٚ دَا َٗ ٙ ا  38........................................... ُ سلو٨وبر ًهب٧َ ٗؼي٦ٛ َٙم ا٧َ

ٌْٙ2-6 )  ٠ٛ ٍ ٍاث٠٦ ثب ُْٖ ىٍٝ ٟ ٦ٗبٓؼ٠ ى هؼ٨ز ٗليٝى  39..................................................................  (1383آهبٛجبس٦)ٞٗ

ٌْٙ2-7 )ٚ٨ٗ ٍى ٦ٗبٓؼ٠ ثب ٗو٨بٓ ٛو٠ٚ ُ ٦ٜٗو٠ ٞٗ  41......... .....................................................................1:50000ٜٙب٦ٕ 

ٍى ٦ٗبٓؼ٠س٧َٞٞ ٗب١ٞاٍٟ( 2-8ٌْٙ ٦ٜٗو٠ ٞٗ  ُ  42. .......................................................................... ٝ ٗلْ ٠ٛٞ٘ٛ ثَىا٥ٍ ا٥ ا

 پتشٍگشافيۺ فصل ػَم 

هؼ٨ز ٠ٛٞ٘ٛ( 3-1ٌْٙ  ٍ اٙشًَب٧ِٙٞٗ ٍ ٛ٘ٞىا ٍى ٦ٗبٓؼ٠ ى  45........................................................................................  ١ب٥ ٞٗ

َُا٨ٛز( 3-2ٌْٙ ِٝٛ ُ ١ٍٞٛجٜٔي ث٨ٞس٨ز ٞٗ  46.......................................................................................................  ٠ٛٞ٘ٛ ىٕش٦ ا

َُا٨ٛز( 3-3ٌْٙ ِٝٛ ٨ٌٌَٕٗٝٞد٦ ١ٍٞٛجٜٔي ث٨ٞس٨ز ٞٗ  48.............. ............................................................................... س٧َٞٞ 

ُ ١ٍٞٛجٜٔي ث٨ٞس٨ز  (3-4ٌْٙ  49...... .................................................................................................٨َُٕٜٞا٨ٛز ٠ٛٞ٘ٛ ىٕش٦ ا

٨ٌٌَٕٗٝٞد٦ ١ٍٞٙ( 3-5ٌْٙ  51 .............................................................................................ثٜٔي ث٨ٞس٨ز ٨َُٕٜٞا٨ٛز س٧َٞٞ 

ٍ ث٨ٚ ٌٖٙز( 3-6ٌْٙ ُ سجٍٔٞ ٗؼيى ًٞاٍسِ ى ٨ٌٌَٕٗٝٞد٦ ا  51......................................... ١ب٥ آٌٓب٦ٓ كٔيٕذب٥ٍٍس٧َٞٞ 

٨ٌٌَٕٗٝٞد٦ (B)ٝ  ٠ٛٞ٘ٛ٥ ىٕز (A) ،َُا٨ٛز دٍٞك٥َ٨( 3-7ٌْٙ  53 .................................................... (XPL) س٧َٞٞ 

َُا٨ٛز ٠ٛٞ٘ٛ ىٕش٦( 3-8ٌْٙ ٌَٝ٨ٗ .......................................................................................................................................... 53 
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َُا٨ٛز( 3-9ٌْٙ ٌَٝ٨ٗ ٨ٌٌَٕٗٝٞد٦   53 ............................................................................................................................ س٧َٞٞ 

ٍ ٨َُٕٜٞا٨ٛز( 3-10ٌْٙ ٨ٌٌَٕٗٝٞد٦ ثبكز دَس٨ش٦ ى  57............................................................................................  س٧َٞٞ 

ك٥َ٨( 3-11ٌْٙ ٨ٌٌَٕٗٝٞد٦ ثبكز َُاٞٛ  59 .................................................................................................... (XPL) س٧َٞٞ 

٨ٌٌَٕٗٝٞد٦ ثبكز ًَٜٖسبّ (3-12ٌْٙ  60.......................................................................................................  (XPL) س٧َٞٞ 

٨ٌٌَٕٗٝٞد٦ ثبكز ٍادب٥ٞ٨ً( 3-13ٌْٙ  60.................................... .................................................................. (XPL) س٧َٞٞ 

٨ٌٌَٕٗٝٞد٦ ٗبًْ (3-14ٌْٙ ٍ ٠ٛٞ٘ٛس٧َٞٞ  ٠٨ٓ ى ٍى ٦ٗبٓؼ١،٠ب٥ اٝ ٍ كٔيٕذبر (A) ١ب٥ ٞٗ   ١بٗبًْ ًبٍٖٓجبى ى

(XPL)، (B)ًًْلاُ ٗب ٍ دلا٧ّٞ  61..........................................................................................................  (XPL) د٦ٔ ٕٜشش٨ي ى

٨ٌٌَٕٗٝٞد٦ ٗبًْ( 3-15ٌْٙ ٍ ٠ٛٞ٘ٛس٧َٞٞ  ٍى ٦ٗبٓؼ١٠ب٥ طب٠٧ٞٛ ى  ٝ ُٟٞ ٙي٦ُ ه٨٘ي٦ُ (B)ٝ(A) ١ب٥ ٞٗ

ٟ ثب ٗبًْ ثٜي٥ سـ٨٨َ ٦ٌٔٙ  62.......................................................................  (XPL) ٧بكش٠ٗبًْ سـ٨٨َ   (C)ٝ  (XPL)١َ٘ا

٦ٜٗو٠( 3-16ٌْٙ ٨ٌٌَٕٗٝٞد٦  ًلا١ُب٥ ٠ٛٞ٘ٛس٧َٞٞ  ٍ دلا٧ّٞ ٍى ٦ٗبٓؼ٠ثٜي٥ ى  63 ................................ (XPL) ١ب٥ ٞٗ

٨ٌٌَٕٗٝٞد٦ اىهبّ( 3-17ٌْٙ ٍ ٠ٛٞ٘ٛس٧َٞٞ  ٍى ٦ٗبٓؼ١٠ب٥ ١ب ى ٗٞ (A)(XPL)ٝ(B)(PPL)  ٍ ًٚ ى  ًب٦ٛ ٧َُ

ًلاُ (XPL)(C)، ث٨ٞس٨ز ٍ دلا٧ّٞ  64............................................................................................................  اىهبّ ًب٦ٛ ًٞاٍسِ ى

لاٍ ك٨ٖٔي ى٠ٍٛٞ٘ٛ( 3-18ٌْٙ َُاٞٛ ٌَٝ٨ٗ لاٝ  ُ اٌٛ ٨ِٗثبٙ َُا٨ٛز ا٥ ا  َٜٕ  .................................................................67 

ٍى ٦ٗبٓؼ٠،( 3-19ٌْٙ لا١ٝب٥ ك٨ٖٔي ٠ٛٞ٘ٛ ١ب٥ ٞٗ ٨ٌٌَٕٗٝٞد٦ اٌٛ  س٧َٞٞ  (PPL)(B)ٝ (XPL)(A) س٧َٞٞ 

لا١ٝبًب٦ٛ ٠ٜ٨ٗ اٌٛ ٠ٜ٨ٗ ىا٠ٛ ٧ٍِ(XPL)(C) ، ١ب٥ ُ ُ ٍ ًلاُ ى لاٝ، س٧َٞٞ ك٧ًَٜٖٞز دلا٧ّٞ  س٧َٞٞ (XPL)(D) اٌٛ

٠ٜ٨ٗ ىا٠ٛ ُ ٍ ًلاُ ى لاٝك٧ًَٜٖٞز اٍسٞ  68... ............................................................................................................................. ٧ٍِ اٌٛ

 طئَؿيويۺ فصل چْبسم 

ٍ ٗوبثْ ٨ٔ٨ٕٔ ( 4-1ٌْٙ ُ ٗؼ٘ٞع آٌٓبٓٚ ى ٟ ا  74 ............................................ (Cox et al., 1979)ٛبٌِٗا٥ٍ ثب إشلبى

ُ ٗؼ٘ٞع آٌٓبٓٚ ى آق( 4-2ٌْٙ ٟ ا ٍ ٛبٌِٗا٥ٍ ثب إشلبى ٍى ٛ٘ٞىا ٦ٜٗو٠ ٞٗ ٍ ٗوبثْ ٨ٔ٨ٕٔ ثَا٥ ٢ِٜٕب٥ ٛل٥ًٞ 

ٍ ( ة (Middelmost,1985) ٦ٗبٓؼ٠ ٍ ٗوبثْ ٨ٔ٨ٕٔ ثَا٥ ٢ِٜٕب٥ ٛ٘ٞىا ُ ٗؼ٘ٞع آٌٓبٓٚ ى ٟ ا ٛبٌِٗا٥ٍ ثب إشلبى

ٍى ٦ٗبٓؼ٠ ٦ٜٗو٠ ٞٗ  75................................................................................................................  .(Middelmost,1994)ٛل٥ًٞ 

ٍى ٦ٗبٓؼ٠ (Debon & Le Fort ,1988) ٛ٘ٞىاٍ( 4-3ٌْٙ ٦ٜٗو٠ ٞٗ  76...................  ػ٢ز ٛبٌِٗا٥ٍ ٢ِٜٕب٥ ٛل٥ًٞ 
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 R1-R2  .....................................................................................................78 (Dela Roche et al.,1980) ٛ٘ٞىاٍ( 4-4ٌْٙ

ٍى ٦ٗبٓؼ٠ ث٠ ٍٝٗٛبٌِٗا٥ٍ ٍٕٛٞ ٢ِٜٕب٥ ( 4-5ٌْٙ  ................................................. OʼConner (1965) ٦ٜٗو٠ ٞٗ

79 

ٍ ٗوبثْ ٨ٔ٨ٕٔ ثَا٥ سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧( 4-6ٌْٙ ٍ ٗؼ٘ٞع آٌٓبٓٚ ى  Irvine & Baragar , 1971 .......81)) ٛ٘ٞىا

ٌْٙ4-7 )٠ٕ ٍ  82 ................................. سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ثَا٥  AFM (Irvine and Baragar., 1971) سب٦٧ٛ٘ٞىا

ٍ سل٨ٌي ٥َٕ (4-8ٌْٙ  83 ..............................................................................   (Miyashro, 1974)آٌٓب١ٚٓب٥ ٕبةٛ٘ٞىا

ٍ س٘ب٧ِ ٥َٕ سٞٓئ٦( 4-9ٌْٙ ش١َٗب٥( ٦٘٧ِ٨ٜٗ)ٝ ًبٌٓٞآٌٓبٓٚ (آ٦ٜ١)ا٧ش٦ ٛ٘ٞىا ُ دبٍا ٟ ا  ثب إشلبى

FeO*/(FeO*+MgO)  ٝ(Frost et al,2001)SiO2 ........................................................................................................ 84 

ٍى ٦ٗبٓؼ٠سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ َٕٜ(4-10ٌْٙ ٦ٜٗو٠ ٞٗ ُ ٙبهٜ آٌٓبٓٚ  ١ب٥  ٟ ا  ٨ًٖٔي -ثب إشلبى

لاف ٙيٟ  85.................... ............................................................................................................................. (Frost et al,2001) اٝ

ٍ سؼ٨٨ٚ ٛٞع ٥َٕ( 4-11ٌْٙ  Peccenillo and Taylor(1976)) .......................................... 86 آٌٓب١ٚٓب٥ ٕبة ٛ٘ٞىا

ٍ سؼ٨٨ٚ اٛي٧ٔ دشب٨ٕٖ( 4-12ٌْٙ  87 ....................................................................................  (Hastie et al., 2007) ٛ٘ٞىا

٨ٜ٨ٖٗسؼ٨٨ٚ ٙبهٜ ٍ ٛ٘ٞىا (4-13ٌْٙ  89 .................................................................................................. (Shand,1943) آٓٞ

ٍ ٖٛجز ًبس٨ٞٙ( 4-14ٌْٙ ٨ٜ٨ٖٗٛ٘ٞىا ٜٗظٍٞ سؼ٨٨ٚ اٛي٧ٔ آٓٞ  Debon & Le Fort(1983)  .........................90 ١ب ث٠ 

ٍ ٖٛجز( 4-15ٌْٙ ٨ٜ٨ًٖٗبس٨ٞٙ ٛ٘ٞىا ٜٗظٍٞ سؼ٨٨ٚ اٛي٧ٔ آٓٞ  91 ................................ (Villaseca et al., 1998) ١ب ث٠ 

ٍ ٗوبثْ (4-16ٌْٙ ٦ٔ ى ُ ػٜبَٝ اٝ ٟ ا ٍ سؼ٨٨ٚ ٍٝٛي سلٞلار ٗبُ٘ب٦٧ ثب إشلبى  SiO2......... 95 (Harker,1909) ٛ٘ٞىا

ٍ سؼ٨٨ٚ ٍٝٛي سلٞلار ٗبُ٘ب٦٧ ثب ( 4-17ٌْٙ ٍ ٗوبثْٛ٘ٞىا ٦ٔ ى ُ ػٜبَٝ اٝ ٟ ا  MgO......... 96 (Harker,1909)إشلبى

ُ ػٜبَٝ (4-18ٌْٙ ٟ ا ٍ سؼ٨٨ٚ ٍٝٛي سلٞلار ٗبُ٘ب٦٧ ثب إشلبى ٍ ٗوبثْ ٛ٘ٞىا  SiO2........ 99 (Harker,1909) كَػ٦ ى

ٍ ٗوبثْ( 4-19ٌْٙ ٠٦ ى ٍ سـ٨٨َار ػٜبَٝ ٝإ  SiO2 ................................................................................................. 101 ٛ٘ٞىا

٠٨ٓ ٙيٟ ػٌٜجٞس٦ ث٠ ١ٜؼبٍ ٛ٘ٞىاٍ (4-20ٌْٙ  103 ...................(Sun & McDonough, 1989)  ٖٛجز ث٠ ُٞٙش٠ اٝ

 103 .................... (Thompson, 1982) ١ب٥ ًٜي٧ٍش٦شٗئ٧ٍٞزػٌٜجٞس٦ ث٠ ١ٜؼبٍ ٙيٟ ٖٛجز ث٠  ٛ٘ٞىاٍ (4-21ٌْٙ

ٍ ػٌٜجٞس٦ ث٠ ١ٜؼبٍ ٙيٟ ٖٛجز ث٠( 4-22ٌْٙ  MORB  (pearce, 1983)................................. ......................104 ٛ٘ٞىا
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ٝةاىٕشِبٟ آٛب٨ِٓ ٕ (23 -4ٌْٙ  XPMA)) .............................................................................................................. 106 ٧ٌَٝدَ

ٍ ٍىٟ (آق ٝ ة 4-24ٌْٙ    109............................... ( 1997)١ب ثَإبٓ ٨ٓي ٝ ١ٌ٘بٍاٙثٜي٥ ٝ ٛبٌِٗا٥ٍ آٗل٨جّٞٛ٘ٞىا

ٍ سؼ٨٨ٚ ( 4-25ٌْٙ   110..................  (1995آٛيٍ ٕٞٙ ٝ ا٨ٕ٘ز ) ١ب كُٞب٨ٕش٠ ا٨ًْٖٙ ثَ دب٠٧ س٨ًَت آٗل٨جّٞٛ٘ٞىا

ٍ ػ٘ن س٨ٌْٚ آٗل٨جّٞ( 4-26ٌْٙ ٍ َٕٜٛ٘ٞىا ػٞى ى ٍى ٦ٗبٓؼ١٠ب٥ ٞٗ  Hall (1987) ............................. 113 ١ب٥ ٞٗ

ٍ سٌشٞٛٞٗبُ٘ب٦٧ آٗل٨جّٞ( 4-27ٌْٙ ٍ َٕٜٛ٘ٞىا ػٞى ى ٍى١ب٥ ٞٗ  114 ................... (Coltorti,2007) ٦ٗبٓؼ٠ ١ب٥ ٞٗ

ٍى ٦ٗبٓؼ٠( 4-28ٌْٙ ٨ٌٗب١ب٥ َٕٜ ١ب٥ ٞٗ  116.......................................................  (Speer, 1984) س٨ًَت ٨٘٨ٙب٦٧ 

اع ث٨ٞس٨زٍىٟ( 4-29ٌْٙ  Nachit et, at 2005))  ...........................................................................................117 ١بثٜي٥ اٞٛ

 Nachit & Razafimahefa  (1986) ...... 118 سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ ثَإبٓ س٨ًَت ٨٘٨ٙب٦٧ ث٨ٞس٨ز (4-30ٌْٙ

 Abdel-Rahman ............ 119 (1994)سؼ٨٨ٚ ٥َٕ ٗبُ٘ب٦٧ ثَإبٓ س٨ًَت ٨٘٨ٙب٦٧ ث٨ٞس٨ز( آق ٝ ة 4-31ٌْٙ

ٍى ٦ٗبٓؼ٠( 4-32ٌْٙ ٦ٜٗو٠ ٞٗ ًلا١ُب٥  ٍ س٨ًَت دلا٧ّٞ  120............................................................................................  ٛ٘ٞىا

 ١Kroll et al., 1993)) ......................... 122ب٥ كٔيٕذبٍ سؼ٨٨ٚ ىٗب٥ سؼبىّ ث٨ٚ ًب٦ٛ ثَاAn-Ab-Or٥  ٛ٘ٞىاٍ( 4-33ٌْٙ

ٍ سـ٨٨َار( 4-34ٌْٙ  123................................................................................  ٗٞػٞى ىٍ دلا٧ًّٞلا١ُب K2O ىٍ ثَاثَ  Anٛ٘ٞىا

 پتشٍلَطي ٍ پتشٍطًضۺ فصل پٌجن 

ٍ سل٨ٌي َُا٨ٛز( 5-1ٌْٙ   Whalen et al.,1987 ........ 129)) ٖٛجز ث٠ ػٜبَٝ ا٦ٔٝ Ga/Al*10000ثَإبٓ  ١بٛ٘ٞىا

ٍ سل٨ٌي َُا٨ٛز( 5-2ٌْٙ   Whalen et al.,1987... 130)) ٨ً٘بة  ٝ ػِئ٦ٖٛجز ث٠  Ga/Al*10000ثَإبٓ  ١بٛ٘ٞىا

ٍ سل٨ٌي َُا٨ٛز( 5-3ٌْٙ  Chappelle & White (1983) ............................................................................. 131 ١بٛ٘ٞىا

ٍ ٗوبثْ Na2O ٛ٘ٞىاٍ( 5-4ٌْٙ  I   ٝ ( Chappell & White , 2001) S .......132 ١ب٥ثَا٥ سل٨ٌي َُا٨ٛز K2O ى

ٍ ػيا٧٘ َُا٨ٛز( 5-5ٌْٙ  I  ٝS Takahishi et al ., 1980  ............................................................  133 ١ب٥ ٛٞعٛ٘ٞىا

ٍ ٗوبثْ  Zrآق،ٛ٘ٞىاٍ( 5-6ٌْٙ ٍ ٗوبثْ Zn ة، ٛ٘ٞىاٍ SiO2  ى ٙ  Kleins د٢ٜٚ٨بى١بSiO2٥  ى  (1982) ٝ ١ٌ٘بٍا

ٝ  Newberry  ٙ  134............................................................. ...................................................................... (1990)ٝ ١ٌ٘بٍا

ٌْٙ5-7 )٦ٔ ٍ ٛ٘ٞىا١ٍب٥ سـ٨٨َار ػٜبَٝ اٝ   139..  (Maniar and Piccoli, 1989) س٘ب٧ِ سٌش٦ٌ٨ٛٞ َُا٨ٛشٞئ٨ي١ب ى
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ٍ ؿٜيًبس٦ٛٞ٨( 8 -5ٌْٙ  Batchelor & Bowden) َُا٨ٛشٞئ٨ي١ب١ب٥ سٌش٦ٌ٨ٛٞ ثَا٥ سؼ٨٨ٚ ٗل٤٨ R1  ٝR2 ٛ٘ٞىا

, 1985)  .......................................................................................................................................................................................... 140 

ٜٗٚب َُا( 5-9ٌْٙ  ٍ  141 .................................................................................................  (Barbarine,1999)٨ٛشٞئ٨ي١بٛ٘ٞىا

ُ ػٜبَٝ ٨ً٘بة(5-10ٌْٙ ٟ ا ٍ س٘ب٧ِ ٗل٤٨ ١ب٥ سٌش٦ٌ٨ٛٞ َُا٨ٛشٞئ٨ي١ب ثب إشلبى ٝ  Pearce  ،آق ، ة،ح، ٛ٘ٞىا

 143.............................................. ............................................................................................................................. (1984) ١ٌ٘بٍاٙ 

ٍ سل٨ٌي َُا٨ٛز( 11–5ٌْٙ ٙ ٝلل٠آق ٝ ة ٛ٘ٞىا ُ َُا٨ٛز١ب٥ ىٍٝ ش٠ ث٠ هٞا٥ ا   ٓ آسٚلٚب١٦ٛب٥ ٝاثٖ

 Groves(1996) Muller & .................................................................................................................................................... 144 

ٜٗٚب ٠ٛٞ٘ٛ ث٦ٜ٨ د٨٘( 5-12ٌْٙ ُ ػٜبََٕٜٝ  ٟ ا ٍى ٦ٗبٓؼ٠ ثب إشلبى ٦ٔ ١ب٥ ٞٗ  Patino – Douce   ٛ٘ٞىا١ٍب٥ اٝ

 146 ....................................................................................................................(2007)ٝ ى٧َِاٙ Marcello هشجبٓ اُا (1999) 

 فْشػت جذاٍل 

 پتشٍگشافيۺ فصل ػَم 

اع ٗوشٔق ( 1-3ػيّٝ ٙ ، ) دَس٨ز ٗٚوٞبر اٞٛ  58..............................................  (1988ثَإبٓ ا٥لاػبر ا٨ٕ٘ز ٝ ثَاٝ

لا١ٝب  (2-3ػيّٝ اع ٗوشٔق اٌٛ  66........................................................................  ٜٙب٦ٕ آ٢ٛبٗب٨١ز ٝ اهشٞبٝبر َٕٜ: اٞٛ

 طئَؿيويۺ فصل چْبسم 

٦ٔ ث٠ ٍٝٗ ػٜبَٝ آٛب٨ِٓ ٛشب٧غ( 1-4ىّٝع ٨ٗب٨ِٛٚ (Wt%) ٦٘٨ٙ سَ ثَكٖتٝ  (XRF) اٝ  ُ   ا

٦ٜٗو٠ٛٞ٘ٛ٠ ٍى ٦ٗبٓؼ٠  ١ب٥  ٗٞ........................................................................................................................................................ 70 

ٍى ٦ٗبٓؼ١٠ب٥ ٠ٛٞ٘ٛٗلبٕج٠ ٍٕٛٞ ًب٦ٛ( 2 -4ػيّٝ ٦ٜٗو٠ ٞٗ  71....................................................................................  ١ب٥ 

٨ٗب٨ِٛٚ  (ppm) سَ ثَكٖت٦٘٨ٙٝ  (XRF) كَػ٦ ث٠ ٍٝٗ ػٜبَٝ آٛب٨ِٓٛشب٧غ (3-4ػيّٝ  ُ ٍى ٠ٛٞ٘ٛا ٦ٜٗو٠ ٞٗ ١ب٥ 

 72 ..................................................................................................................................................................................................٦ٗبٓؼ٠ 

ّ ٕبهش٘ب٦ٛ آٗل٨جّٞ( 4-4ػيّٝ ٝح ٝ ٗلبٕج٠ كَٞٗ  108 ..................................................................... ٛشب٧غ آٛب٨ِٓ ٗب٧ٌَٝدَ

 112............................................................................................................. ....١ب٥ آٗل٨جّٞ ٛشب٧غ كٚبٍ ٕٜؼ٦ ًب٦ٛ( 5-4ػيّٝ

بٕٜٗؼ٦ ًب٦ٛ (6-4ػيّٝ ٍى ٦ٗبٓؼ٠ٛشب٧غ ى   112.............................................................................  ١ب٥ آٗل٨جّٞ ٢ِٜٕب٥ ٞٗ
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ّ ٕبهش٘ب٦ٛ ث٨ٞس٨ز( 7-4ػيّٝ ٝح ٝ ٗلبٕج٠ كَٞٗ ٨ٌَٗٝدَ  115 ..................................................................... ١بٛشب٧غ آٛب٨ِٓ 

ٝح( 8-4ػيّٝ ًلا١ُب ٛشب٧غ آٛب٨ِٓ ٗب٧ٌَٝدَ ّ ٕبهش٘ب٦ٛ دلا٧ّٞ  121..............................................................  ٝ ٗلبٕج٠ كَٞٗ

 پتشٍلَطي ٍ پتشٍطًضۺ فصل پٌجن 

 125 ........ (Chappell, 1983; Clarke , 1992 ; Whalen,1985) ثَإبٓ ِّٛ ثٜي٥ َُا٨ٛشٞئ٨ي١ب٥جو٠( 1-5ػيّٝ

اع َُا٨ٛزه٨ٝٞٞبر ( 2-5ػيّٝ  126 ........................................................................................... (Harris et al,1986) ١باٞٛ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

فصل اول 

 کلیات



20 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 هقذهِ( 1-1

ٍ ا٧ٚ سلو٨ن ٢ِٜٕب٥ َُا٨ٛشٞئ٨ي٥ سٞىٟ      ٕٚ  -ثب ٍٝٛي َٙه٦ ١ب٥ ثَٗب٦ٛ ٝ َٕهَى ؿَث٦ ٝ ثب ٕٚ اكش٘ب٦ٓ ائٞ

ٍ هٞاف د٨ٖٚ سب ا٨ِٕٓٞٚ د٨ٚ٨ٚ ٍ ٝاهغ ى ٍ ٦ٗ، ى ٍى ث٦ٍَٕ هَا ٍى  .٨َُىهَإبٙ ٥ٞ١ٍ ٞٗ ٗٞ ٍ ثب سٞػ٠ ث٠ ا٧ٚ ٠ً ى

٨ٗٚسٞىٟ ٨ٗٚ 1:250000ٜٙب٦ٕ سب٧جبى ثب ٗو٨بٓ ١ب٥ ًٌٍٗٞ ث٠ ػِ ٛو٠ٚ ُ ٜٙب٦ٕ هٞاف ثب ٗو٨بٓ ٝ ٛو٠ٚ ُ

1:100000  ٗ ٍ ىٕشَٓ ٨ٖٛزُِاٍ ٛو٠٦  ١ب٥ َُا٨ٛشٞئ٨ي٥ آٌُا لإُ ث٠ ٛظَ ٨ٍٕي ٠ً ا٧ٚ سٞىٟ ،ًبْٗ ٝ ػبٗؼ٦ ى

َ٨ُ ٍ ٍى ٦ٗبٓؼ٠ ىه٨ن هَا ٗٞ ٦٘٨ٙ ٥ّ ٝ ّئٞ ٍى ٦ٜٗو٠. ىٙٛظَ دشَٝٞٓ  سو٨ٖ٘بر ٥جن ٜٙب٦ُٗٙ٦ٕ ٛظَ اُ ٦ٗبٓؼ٠ ٞٗ

اى اٙ ػِ (1359)اكشوبٍْٛ ٥ًِ ا٧َ هؼ٨ز ػـَاك٨ب٦٧،  ىاٍى هَاٍ ٓٞر د٠ٜ٢ ٧َُ َٙم ٙ٘بّ ٝ ىٍ إز َٗ ٍ ا٧ٚ ثو٘ ٞٗ ى

 ٍ ٍ اٛش٢ب، ٦ٗبٓؼبر هج٦ٔ اٛؼبٕ ٙيٟ ى ٍ َُكش٠ ٝ ى ٍى ث٦ٍَٕ هَا ٦ٜٗو٠ ٞٗ  ٥ّٞٓ ٍكٞ ٗٞ ٍا٢١ب٥ اٍسجب٦٥، آة ٝ ١ٞا ٝ ّئٞ

ٟ ٙيٟ إز ُ ٦ٗبٓؼ٠ آٍٝى ٍ كْٞ ٕذٔ ،٦ٜٗو٠ ٝ ١يف ا ٨ٗٚى هؼ٨ز ُ ٍى ٞٗ ٗٞ ٍ َُاك١٦ب٥ آس٦ ى ، ٜٙب٦ٕ، دشَٝ

٦٘٨ٙ ٝ ح ٥ّ ا٥ّئٞ ُ ىاىٟ .ىٙٞثلض ٦ٗا ٙ ٠ِٜٕسَٝٞٓ ٟ ا ػٞى ٝ ٦ٗبٓؼبر اٛؼبٕ َُكش٠ ٕؼ٦ ٕذٔ ثب إشلبى ١ب٥ ٞٗ

.  هٞا١ي ٙي ػب٧ِبٟ سٌش٦ٌ٨ٛٞ ٗٚوٜ ٙٞى


