
Abstract
The Iron Age in Iran (550-1450 BC) and beyond, represents a
period characterized by significant social, cultural, economic
and technological transformations during its evolutionary stages.
Zavarehvar is an Iron Age settlement site located in the Varamin
plain in central region of Iran, where numerous excavations have
been carried out by various archeologists in recent decades. During
the 2017 excavation at the Zavarehvar site, a number of gray pottery
pieces related to burials were discovered. Given the distribution of
the Iron Age cemeteries and the limited technical studies conducted
on these potteries, our understanding of the production methods
such as texture, components, and manufacturing processes is
crucial for comprehending the pottery production technology of this
specific period. Therefore, the results from laboratory studies can be
beneficial in finding the production process of these artifacts. This
research aimed to provide more precise knowledge for conducting
comparativestudiesanddetermining the localoriginof theseartifacts
by examining nine Iron Age pottery samples from this region using
inductively coupled plasma mass spectrometry (ICP-MS) and
petrographic analysis of thin sections. The results indicated that the
main phases of the potteries, based on petrography, include quartz
(SiO2), andcalcite.The ICP-MSresults also largely confirmed some
of the petrographic observations. However, a significant part of the
chemical clustering of ce++ramics was not due to heterogeneity in
elemental composition, nor to differences in the clay sources used.
Additionally, we can say that the potteries are local origin, since the
soils studied showed significant similarities in trace elements with
the pottery samples, confirming their local origin.
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ــو  ــ ــ؛ طاع آ ــر ص ــتر اس ــفا  ــنا تاا  ــن  ــ طاع
ــ ی ــ    ــ حوا اــفا 

2ما لرضا ،*1یمیر ما

.نگر -خا اآ ر  فا شکدژ ناا  ،نگر -خا اآ ر  فا تر .

،گرر  نگر ر شگاژ ،نگر -خا اآ ر  فا شکدژ ،ر  فا ر اتا .

.ر ،هر

چکید

ــ   ــر ع ،آ  ــر ر  ).  -( ــر   ــ آ ــر ص
 تصــا ،نــگر ،تمــا هــ حــو ــاد ،ــکا ــر  ــ
 ــ  آ   ــتقر حو  .ــ ــو ــکوکنو
تعــد ــاا ــتذ ــا  ــ ،ــ ــر ــزر نطقــ 
ا  .ــ ــد جــا ــ خت ــاناتاا ــو ــ نطق ــ  
 ــور ســترا ــفا عــد ، نطقــ  ــد جــا 	 ــا
،ــنآ صــر اــتاو نــدر ــ ــو ــا .ــ ــدآ ــد ــد
اآ ،ــ ــد جــا ــاآ ــصــو  ــ حــد ــن عــاطا 
ــد رن  ندشــک ناــر ،ــا مچــو ــا آ ــ  ــد و حــو  ــا 
ا  ــ گرــفا نــا  وــد ــنا  ــاس ــم  وــد
 ــتفا ــا شــگااآ عــاطا  ــا ــتا ،ــرنا .ــ ــور
ــا آ ــ ــد و رنــد ــ  اــت شــا ــد و کمــ ــاکن
ــ مو 	 ــ طاع  ــ  ــا  ــا  ــا  ــد  ــژ ــ   اــد.
ــنج آاــــز ــــا  ــتفا ــا نطق ــ ــنآ صــر ــفا
قطــــ گاا عــطا  ،(ICP-MS)قــا ــدف ــما ــر
ــقطب عــاطا جــا ــر ــر ــنا ،(Petrography)ــــا
ــاا ــــ  شــــا ــــتا .ــرر ــاآ ــ حــ وــد نشــاء 
ــا ــر ســترا ــرم ــ ــا عــــطا ــــو اــــفا ــ
تا ســتند. Calcite ــس ، SiO2ــ ،Quartz وــز ،ــگاا
ح  ــا دشــا  خــش ســو ــا ــد ــا ــز ICP-MS
ــا م ندــ و  ــز  ــ خ ،ــ بت ــد. ن ــد أ  گاــن 
 ــ نا  ــا ف  ،نصــر ــا رب  مگــوا  ــا  ــر
ــر ظ  ــ طاع ــو  ــا ا ــ مچن .ــو م ــا  ــتفا  ــو 
فــ ــو  ، ــفاا ــمو ــا ــا ــبا ،قــد ــ ناــر

نــد أــد  آهــا ــو حــ ــ

.ICP_MS ،گاا ،  ،فا ،آ صر :ید ا

ر فا ناص
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 ا  :فحا
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شکدژ ناا  ،نگر
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.و تنا جا ،نا ا و  آ  جار تفا ور . آ مگا ر قا   تر
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ــد   ــخ ا ،ــر  ــز ر   ــ آ صــر
.ــر ر   .  ــز  ــا   ــز  ــ 
ــر ،ــناتاا ــاژ اظــر   ــ
نــر نــو چــآ  ــر  نــگر حــو
ــاس ــم  ،ــو تــنا ــر ــر نحصــر
حــو ــر  ــا  ــک   ــ .ــ ــور
ــو ، مــر ــ ــز ــا ــاها ــ ــ
ــر  ــکا صــر ــط ،ــحقق  ــاس ــ
ــتفا ، ــ شــخصا  رــد. اــ  ــ
حــ  ــا  اــر ــد  ســترا ــفا 
ــآ صــر ــنا مــد .ــ ــتابر   ــکو
  ــر ،ــما ،رــما ــت هــا ــ ــر
.)		 ،مــکا  ــاد(ــ ــد قس ــزر
ــو ن  ــ  ــ  ــا غر ــد ح ،ــ رنا
ــد ح ــنا تاا ــر ظ  ــر  ــز ر 
  ــآ صــر عــاطا حــو  خــش  هــ
 ــز س ــ ق ــ نطق ــ  .ــ  ــر  ــز ر
،شــر ــو خســت رــک  ــاستر
 ــو ص ــگ رن ــو   ــد   ــر  ــد م
ــز ــامد ــتقر حــ  ،ــت ــاا 
ــ  ــ  ــ د .ــ ــو  ــز    
 ــ ــو ــد. . نجــ  هــا ــز ــ 
ــو ــا ــا ــ  ــنهر نطقــ ــ ــد
 ــا ــ(انگه ــد ــ نطق ــ  ــد ا تــناا
ــ  ــ آ ــر ص ــا  ،ــ رنا .)	 ،ــکا م
،ــا ــ(ص س ــ   ــا  ــا  ــ نطق
وتــنا ا ــ   ــ  ــا آ ــر   ،)	
ــم ،نــر آ  ــد ــانب  ــر
.)		 ،مــکا  ــهرو ــ(  ــاس
ــا  ــ انــفا ــور ــن عــاطا ــر
ــز  ــر   ــ آ صــر ــ  ــو ر ــا ــو 
ــ  ــت س ــم   ــتند س ــا  ــ ع ــر اگ
،ــتر س ــ  ،ــا آ ــ  ــا  ــا ب  ــکا 
آــا ــدو ــا  ــرا نــو  ــد
طاعــۀ ــور عــاطا ــر ــو .ــ
ــ نطق ــ  ــا ا  ــد آ ــ  اــفا 
ــاژ مرــز نــوا ــ ــد شــا

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا

 ــا آ ــ  ــد بقن  ــناو ــر  ــ ورت
ــو ــ(ــا ــو تــناتاا عــاطا ــو
ــاد 	؛ ،گــر  نگهــاا ؛ ،مــکا 
ــن بت ــگا آاش ــا طاع   ،)		 ،ــکا م 
ــد و ــ ندشــک ــو   تاــا ــنا ــر 
،ــو فــد ــناتاا ــا ــکم 
ــ  ــ م  .ــ  ــد  ــتفا  ــد ح ــو 
 ــفا مر ــناتاا ــ ــو عــاطا
ر ــر نو ،ســتاو  ســتا ــش ــا 
گرــفا آــ ــر ،) ،مــکا  ــد(
( ــر ــزر  ــما  . نجــ ــز
اــفا ــنجتاا عــطا ،) ،مــکا 
عــطا ،)	 ،مــکا  ــاو( ــ ــحو
ماــ ( ــا زر ــ پ اــفا  ــ مو ــر تر
اــفا ــناا ــتاا ،)	 ،مــکا  
ــو( ــ ــا ــر جــر، پــ فــر صــر
اــفا  تاــا  ــ طاع ،)	 ،ــکا م  
 ــش و ــاد ( ــتا ر ــتا  ــا و ــ نطق
اــفا شــگااآ ــر  )	 ،مــکا
نــرم( جــا پــ اــها . نجــ ــز
  ــ ســت مــگ ــ رــا )	 ،مــکا 
XRD، ــر بتــن شــگااآ ــاکن  ــتفا ــا
عاطا   .ــ ــد جــاXRF، Petrography
ــ  ــا آ ندشــک ــو  ــنا   ــنا تاا
ــا  ــ طاع  ــر ( ــکا  ــ  ــت س ــ جمو
ــا ــو قــ وــد آ ــتا تشــا  ،)نطقــ
 ــ ا ــا  طــ  اــر ــ  ــا  ــر ؤ
صــر ــا بــار  )ناــر ــفا وــد ــان
نطقــ تمــا ــ ــوا ــتفا ــو ــنا 
خ ــا ،ــتفا ــو ــفا ــر آــا، ــو
ادــا ــن تمــا اصــا  ــر  آــا
ــا صو ،ــخ ا  ــ   )ــ نطق ــ   ــفا 
ــتا،  ــ م  ــد. ا ــت  ــز ر  ــ ا 
ــتر اس انــفا   ــد ع ــر ا ــ ژ 
ــ  نطقــ ــافا  دآــ
 ــ فا ــکد ژش ــ  ــ ر  ــ طاع ــر  ــ 
بــ وــد، ــد نتقــ نــگر -ــخا ــاآ ــر
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گرــد، ــر ــاا  ــر ــام حــ نکــ 
ــ ررتنــد. عــطا ــو  ــد ــرمو
ــاژ  تاــا ــنا ــ ــد ــا ــژ
ــد ــر ،ــ ــ  ســترا ــفا ــن

ی تشا حدعر

ــ م ــ  ــتا  ــک ز   ــتا ا ــ پ
ــا ر ــا حمدآ   ــتا   ــ  ــا  ،ــا 
هر ــتا  ــ ــهر ــو  ــاآو خــ 
   / ــما ــر ــا غر ختصــا  
ــط  تــر  فــا    / ــر ــو
.)	 ،ــکا م  ــم ا( )ــک (  ــر  ــا 
ــخر  ــر تــر ــر ــب ــ ــحو ــ
ــا  ــ نا ــ ف ــ  ــر ب ــو ن ــا کن
ــکا  ــد، ن ــ ر  ــا ش  گرــفا  ــر 

ــتقر  ــز ر  ــکواا  ــتقر  ــر  ــب نا
قصــو(ــو ــا  ــ ــا  ســا
ــنگنا   آ ــود  ،)	 ،مــکا 
،ــکا م  ــم ا(ــ  ــد آ ــ  ــ  ــو ان
ــا  اــتقر  ــ م   ــۀ حو .) ،	
ــا تم ــ  ــ  ــا ا ــۀ ا  ــ  ــ 
 ــد ــحو  ــت ــر ،ــو ــم ــا
ــ ،ــو حســو ــ ــما   ــ ــر
	 ــا   ــ  ــ ــنا تاا ــر  
ــ  ــو ــا  ــحو ــ  .ــ ــد ــانا .
ــنآ صــر عــا ــتفا ــو ،ــناتاا ــود
 ــ  ــحو ــ   .)	 ،صــا(ــ ــو 
ــ ،ــ تــر ــر ــر ــو ا صــ نــد
جا ا  .)ــک( ــد ــاما عــد ــتاو
نقــو  ــا ــفا ــ ــهو ــا عــد ،ــد

.)	 ،مکا  ما( )  ( د فا نطق قش .ک

.)	 ،مکا  ما( حو نو ما .ک
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ــ  ــتر ش ــو نق اــفا  .ــ  ــد آ ــ 
قــو ــو   ســتر قــ ــا نــد قــ ــو

ــدد.  ــ ز ــط  ــ 

ژ

XRF ،ICP-MS ــد ان ــو او  ــد تع ــا 
ــز ــکوکر  SEM-EDX  ،XRD ،NAA
ــناا ،ــام آاــز ،ــنجتاا ــر
ــامو ــوتر  ــرتر اشــخص 
ــود ــتفا ــفانا م   نــگر  ــخا
ــمو 	 ،ــژ ــ  .(Ortega-Feliu et al,. 2017)
ــا تخ ــتر اس اــفا  ــا طع ــا   ــفا 
ســبتا اء ــ ــور طعــا نکــ ــ ــو ــا ــدد.
قــد ــ ــرمو ــو ــا ــا وــد، ــا
ــش خ ــد. رتن ــر  ــر مو ــو  ــ  ــا س
ــه ــطح ــا ،عــطا ــو ــامو  گــر
ــادآا  (M) ــارآ ،(M)  نطقــ ــ  ــد
ــانا نظــو .ــ ا حــ ــو  (M2)
ــا  تــ اــ ناــر ــ ــرد 
ــر ــنج ــز اآ  ،ــا  ــفا ــامو
Inductively Coupled) ــا ق ــد  ــ ف ــما 
(ICP-MS|تصــا( Plasma Mass Spectrometry
ــنااا  تعVarienمپا OES 735ــد
ــ ــر ــنج ــو  ــ ــد. ــتفا
ــا ازــا ــر  زــا ــانا  ــا ــر ــ
ــا  ــ قاس   ، ا ppb ــد   ــا ظ
ــر  ســا ،ــ  ،ــم ــذ ــن
ــنجتاا ــا طاع   ــ   .ــ شــتر
 ــد ق ــر نا ــر د ــو نظ ــفا  ــا آ
Vannoorenberghe) ــو ــتفا انشا ــتا
عــطا .(et al., 2022; Iordanidis et al., 2009
ــا مو ــاناا ــ ح نظــو ــ و تاــا
ــا James Swift ــد ــز ــکوکر ــ
ــفا ــمو   ــ  ــد. جــا 4X نمــاز
کــر  ــخا ــ ــا  ــ ــ ظــر ــو
ــ ه ــ قط ــپ  ــو  ــد  ــر  ســم 
عــطا  ــر ــکوکر ــا ــااآ ــ ــد
(MacKenzie et al. 1982; Yardley 1990(ــو

نطق حیطاژ نای

ــ قش  ــر  ــو  ــ نطق ــنا  ــ عو
شــتر قشــ ــ ــا ــر .ــ ــد ــ  ــما
QP (Alluvial( ــد ــو ــ ــ اســم
.ــ ــد ــدو ورــر اــو  Plains Deposit
 ــ  ــ  ــد د ــا رآ ــا  ــد  ــ 
ــو مچ ــز   ــد ش ــخ  آ اــ هش
QT2) ــد  ــدد. شک   ــ  ،ــ ا ،ــ
ور (Young Terraces and Low Level Alluvium
ســتر ــ تــرا اســم  اــر هــد ــ
ــ ــو ــترآ ــااا ــا ــد ــ .
،ــنو انــد شــد ــخ آ اهشــت  ــ
،نطقــ ــ ــارآ  ــدد. شــک   ــا
اــو  ســا ــرغ ،ــ  ــ  مــ  ــ
 ــز  اــو  ــ  ــ ا -ــن  ــ 
.)	 ،هــر جــا( ــر دشــا ــر  ــ 
 ــ  ــ  ــر نو  ــو ن  ــ حو ــ 
.ــ  ــد رن ــر ا  ــر  ــ ا ــ و  
ــر ص ــ  ــو ر ــتقراا  % 	. ،ــ و ــ  
ــا ا ــت رآ اــو  ــا ــ    ،ــ آ
 ــا ــارآ ــ ســتند ــر  ــرا
 بقــا   ــد ــرر آ ــم ــ ــافا
 ــد ــو ــ اــا  ســئ ــم .ــ
ــد ــا ــ  ــزرآ  گرــفا نعــ ــ
ــز  ــنا حــا ــ  .)،شــا(ــ
ــت رآ ــ ــط ــر   ــر  ــر ا  حوــا
حوــا ــ رتــد. ــر کنــا خــر 
،کنــ خــر ــدا  شــتر ــ ســتند ــو
ــد؛ ترر ،ــ  ــ ز اــو   ــ  ــا 
 شــا ــر کاــا ــو اــو ــر
)	 ،قصــو(ــ ــنا ــاس ــفا نعــ

 عطا وافاعر

خناآا

ــفا و ا ــ ــ نطقــۀ  ــرا ظــر 
ــ  ــفاا ــ ــو ــن ــگا  .ســت ــو
ندقس  ــو ــا   ــو ــد ــت 

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا
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  تــ  ــفاا  ــو ــامد .ــر
ــم  ــا س ــ خا ــد اا ــد ح ــا خ
ــفاا،  ــو  ــا آ ــ  .ــ ــر د
ــد  ــ آ ــد   ــطح  اــو  ــا ا
ــو ــر ــادچ ــا ،ــو ــ ــ
اــفا تــناو ــد بقن ــا  ــ طا ــد. ن
 ــ طاع ــو  ــا تخ ــاء  )	 ،ــم ا( 
. ــب س خســ ــ و ــ  ــو   ــ ژ ــ 
،ــد تــا ــار ــو ــفا ــو
اــفا  ــا   ــت  ــگ  ــتر اس ــر م
ســتر  نــد طــو ــا مــر ــد  ــا بــاا
.ــ ــد ــا ــ ــکز  ــو  ــثث ،ــو
ــو ــفا ــ و ــ  ــا طع ــ م ــا  ــط
ــو  ــا  .ــ ــد  ــد  ــق  ــا اب  ــ انظ
دشــاــا ــاصاا اــد ،ــ ــو ــا ــتفا
ــد   ــو ــرم .ــ ســر شــ ــا
ــ  .)	 ،ــم ا(ــ  ــو ر ــو  ــجا س  
ــز غ ــد ا  ــو  ــو ر ــبنا خــ  ــفاا
خ ــا  ــاآ ــ ــ ســتند. ــ ــا
ــخا ــا  ــتو ،ــ ر  ــو ــاد  
ــتند س ندــت  ــ ا ،ــ خ  ــز   ــو عم
 ــفاا   ــ خت ــا  ــد دآد .)ــک (

ــر م  ــو و ــا صاا  ــا دس ــ  ــو 
ــر غ ــا خــ ــد رآن ــ   ــ ســب آ
ــد س ــا  ــ  ــا  ــا  ــود.  ــگ 
ــا  ــد ق  ــو  ــفر مس ــ  ــت س ــتند س ــ آ
 ــج ا ــز، ر ــ خت ــا  ــا  اــفا  ،آ
 ــفاا  ــ   ــا س ــد. آ ــد د ــو 
و ــر ــر  آــا ــرم  ــو ــا خــ
ــد ــ  ــا  ــ  ــد. شــا ــو  ــگ 
 ــ  ــو  آ ــر م  آ ــو  ــو  ،ــفا 
ــژس مبــو  قطــع ــاء  ــب خــ نــگا

.(Emami et al. 2009) آدــد ــا ــ

ــ وــد ــمچن ــفا غــز ــد ســترا
طــر ــن  ــ اــد آ ــر  ــا خــ
ــاء   ــت د  ــ ا ــ خ ــ ر ــفا  ــز غ
ــ مچن .(Kavenagh and Wheeler, 2003) ــو
ــ  ــ س ــۀ جز  ــا  ــد و ــد ــر  ــ 
ــ  ــ  ــد ا ــ ر ــد س  ــ ر ــد س
ــ  ــذ   ــو  ــا  ــو   ــت توس خــ ــر 
Emami et)ــ ــد خش ــر  ــ  ،ــفا ــز غ
ــ اآ ــ   ــ طاع ــو  ــا مو .(al. 2009
 ســترا ــو  ــد،  ــر ــ ــوما

ــند ا )ــد (  ــد ن ــا  ــا  ــ طا

.ر  عد  ب اء  عد .ک
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ح  اتا

ــ .ــ ــدآ )ــد(  ICP ــم آاــز ــتا
تاــا    مــد نار ــ ــد شــا ــتا
 ــو نوآ ــر نا ــتند. س Fe  Ca، Si، Al ــفاا 
ــو ــ  ــا ــد موــا  ــآ ســد
جمو ــدرر ــدانا ــآ تصــاــد.
ــو ــا  ــ ــ ترــ  ــتر  ــاآ
 ــ ما ،ــ گنت ــا ا  ــگا ا ــ تا ــ 
ــد  ــا نا )ــتا )س ــ آ ــکا  ــ مچن
ــاا ــر  ــ ــونوآ ــا قاــر .ــ
ــز ــا ســتق ــو ــز  ــ ــوو 

ــد. وــد خــ قبــا

ــاس (V4,V11) ــامو  ــرو  ــس
 ــر و ــد ق ــ  ــر د ــا  .ــ ــ وا
ســا ــعا ــاد موــد نهــا ــوذ ــمو
ــا مو  ــر و ــ ظ ــ  ــا آج  ــا  ــد، ا
نطقــ عــطا ــو ــا ــمو  شــتر ــاس ــفا
ــتو بــار ــ ــور موــد ــرنا ،ــ
 ــرو ظ عمــو ــمچن اــد. ــ ــا

ــز ــآ  ــر ــا بــر ــتاا اهشــ
ــاد ــرنا .) ،	 ،گــر  ــرث( دنــد
ــر ــامو  ــرو  ــس ــا ظــ تــو
 اــکو قا  ــاش ضــو شــا  ــد
قــد ــ نــد )ــر نگنــز ــو ــو .ســ خــز
،ــآ ــا قــد ــا )ــ ــد ــرد ــ ــاس
Molina)ــ ــفاا ــ ــدا ــو  ــک
ــد  ــتا ظــر ــا ناــر .(et al. 2013, 20
ــ ــور ناــر ــ ــود. ــد موــا مــا 
ــد او ظــر ــکا آونــو ــاا
ســتند. )ــو( ــتا  ــن اــپاد 
ــا ،ــتا هــ ــنا  ــک ــو
.ــ ــد ــا ــز نطقــ ــا  ــ ــ ــت
  ــو ــا  ــوو ناــر ــم  ــز ــوتا
.(Deer, et al, 2013) ــو اــر ــگنت ا ــر
،خــ رنــد ــ  ــفاا ــر  ــگنت ــا
نــد؛ جــا ــا   ــا  فــر  ــد وــد
ــو ــفا د ــد شــ ــو ــر ــ ــ
آ قــد موــا ثــر  ــ بتــ .(Tite, et al. 2008)

.ــ ــد ــرد ــ ــا س

V1 V2 V3 V4 V5 مو د

اء صار
درمو

ر  عد

A.A

Trench: B

Locus: 6

Find number:3

M.A

Trench: ABد

Locus: 101

Find number: 4

M.A

Trench: A

Locus: 1

Find number: 15

Trench: 1

Locus: 1

Find number: 17

Trench: A

Locus: 1

Find number: 5

ا ا
موا

V9 V8 V7 V6 مو د

اء صار
درمو

ر  عد

M.A

Trench: A

Locus: 2

Find number: 8

A.A

Trench: A

Locus: 1

Find number: 6

Trench: A

Locus: 1

Find number: B

A.A VPP

Trench:B

Locus:B

Find number: 1

ا ا
موا

.عطا و امو عر . د

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا
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NameV1V2V3V4V5V6V7V8V9MM1M2
Ag0.5<0.60.50.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<0.5<

As8.39.92<2<2<14.817.92<4.32<2<10.6

Ba582.9586.0616.3509.9836.4591.0762.7552.9935.01141.6217.1200.9

Be2.02.02.22.22.02.22.23.02.21.51.11.1

Cd0.40.40.40.50.20.20.30.60.50.30.30.4

Ce57.749.367.463.354.251.660.263.759.538.825.327.7

Co15.015.917.220.618.617.819.216.318.315.615.117.9

Cr75.685.9124.8146.0107.4161.380.2102.9123.4130.481.684.1

Cu27.134.729.734.527.826.830.220.518.214.527.924.9

Dy3.14.03.12.52.62.03.03.22.52.52.12.6

Er2.32.92.72.51.11.62.53.10.5<1.93.92.4

Eu1.21.01.21.40.80.81.11.40.81.00.50.8

Ga16.718.419.622.618.419.720.723.421.512.59.78.4

Gd4.26.05.25.64.94.24.85.15.04.55.55.7

Ge1.82.21.42.02.02.52.21.43.01.92.21.6

Hf8.15.34.79.37.88.98.28.17.37.16.35.6

Ho0.80.70.80.70.60.50.70.60.70.60.60.7

La30.632.132.533.025.025.231.630.927.324.318.719.1

Li38.145.841.341.735.640.140.332.034.944.228.530.1

Lu0.20.30.30.30.30.30.40.30.30.20.20.3

Mn817.11066.2610.0549.4750.0489.7632.5641.9838.5534.3456.5493.4

Mo0.5<1.72.82.12.83.70.70.5<0.5<0.5<0.70.5<

Nb18.517.024.424.319.525.621.830.423.315.010.713.6

Nd27.026.431.729.021.122.029.729.421.922.119.219.4

Ni42.847.461.964.158.356.567.139.356.085.893.687.8

P796.3827.5598.7700.7271.3367.2959.31028.7109.72619.71871.11505.7

Pb41.826.123.44.250.226.924.728.317.716.022.325.3

Pr6.66.67.08.26.16.87.77.17.05.24.54.9

Rb79.692.291.797.777.591.187.161.291.262.841.938.3

S521.3575.2277.3195.7477.2249.5282.3406.8304.7490.5471.5456.7

Sc12.412.914.215.711.914.014.512.614.411.610.410.5

Sm4.95.16.26.34.94.95.95.54.74.03.43.8

Sr359.5382.6359.4320.4359.2326.7342.7360.7301.1302.6345.8333.8

Ta3.62.81.32.81.42.54.52.83.62.51.91.1

Tb1.10.70.70.50.60.70.70.50.80.70.50.7

Te0.10.10.10.10.10.10.10.10.10.10.02<0.1

Th17.812.18.65.614.213.618.818.66.315.89.410.2

Tl0.80.50.60.70.80.80.50.90.5<0.60.70.5<

Tm0.40.40.20.2<0.30.20.20.20.2<0.50.60.5

Ti3572.73623.65003.45337.74346.75031.14862.84536.05036.83406.02577.52817.9

U4.43.81.71.14.13.03.83.71.54.63.83.6

V100.291.3116.2132.6101.5131.5134.599.2125.272.073.380.1

Y19.118.820.317.310.511.820.019.310.015.016.017.4

Yb2.52.32.22.11.71.92.01.72.01.11.71.4

Zn95.872.9170.632.684.047.751.272.827.787.369.184.4

Zr334.5285.0407.4305.2344.2352.8313.5391.5299.9231.9277.1300.3

)ر س ر دو  ا قد / ر س ر وح ر( ×  =ppm

.ICP تگا  ا  فا امو نصر آاز تا . د
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ــد  ــ ــوما ،ــراتر ــا ــا ظــر 
ــز ( ــر و ــ ا   ــا مو ،ــو  ــد 
)ــ ز ــا( ــت   )ــو ز ــ ن  ســرنو
ــا ف  ــ  ــا کس ــا مو  ــ ر ــتند. س
ــد. ا دــا  ــز  ــر  ــد  ــا آ ــ
 ــ  ــر م ــ  ــر ظ  ــ طاع ــو  اــفا 
ــ اــفا  ــت ــود. ــقس ــت
V3-4-) ــا مو ــد.  ــر  ــا  ــتر اس ــر م
ــر  شــتر ــز و ا ــ مو ــ   .(7-9-11
ــا ر ــ ا ــفا ــر م   )%  ــ(  

.ــو ــد 

ــد. ــ  ــرم ــ اــفا  ــت
ظــر  ــفاا  ــت ــ .(V1-4) ــامو
ــر غ ــ   ــ  ــا مو ــر گ ــ  ــب  ــ ر
ــاندر  ــو خــ ــر آــا، ــرم  ــ
ــا  ــا ب ــفاا ــ د  ــ ــر غ .ــ 
طاعــۀ  ــم اــز کتــ .ــد آــا ــر غــر
ــ  ــ  ــۀ نطق اــفا ــا  ــقا
اــد. ــفاا ــ ــا  ننــدر ــو هاشــا
ICP-ــ طاع  ــ ا ــ تا ــ  هاــا ش ــ 
ــو   ــ  ــد ا ــ  ــد ؤ ــد و ــا مو MS

ــر ــا ــو  ــتفا  ــفا وــد  ــه ــا
شــد  نــو ــا  غــر ــو ،آ رــ

.ــ

،ر ــن طعــا ــا شــتر ،نــ ننــدر ــو
،ــو  ،ــ س ــز، و ،ــفا ــدر ــا طع
کــرا  وــز طعــا .ــ بــوفآ  ســر

،2.7mm د د و ،XPL و ،رکرتو .ک

وز ا ر طعا ،آ ت ا ،V-1 ما مو

.)ر(سترا رم 

Samples Qz
)Clean(

Qz
)Cloudy(

Plg Am &
Py

Fe-
oxide

Cc Chert Grog V.Rock ا

V * * tr tr * * * - - آ-تی

V * * * - * * * - - مگا تی

V * * * - * * * * - آ-تی

V * * * * * - - - - تی

V * * * tr * * * - - یرو

V * * * * * * * - * یرو

V * * * * * * * - * یرو

V * * tr tr * - - - - تی

V	 * * tr - * - - - - تی

:Fe-oxid .سر  بوفآ : Am&Px .پاد  و : Plg ،ستار  ر :وز Qz)Cloudy(،سرنو  فا وز : QZ )Clean(
اقا :Sand& Silt:.)کا( آ ن : V-Rock ،)پا( و س :Cc )Sp( ،)کر( وز س :Cc)Mic( کا، :Mica ،دآس

.   ،ب افا اقا : grog ،ر ن طعا : Chetr ،تو  نا

.ppmس ر موا وتر عاطا تا د .د

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا
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ــز ICP-MS آاــز  ــا ــتا ــا  ــ ــو 
 ــدآس وــز، ــفاا ــ  . قــطا

.ــ ــو و ــ ا ــزء  ــو ن ــو 

موــا مــا  ــوز ــو وــز ا
ا ــ . ــد - ــد ــر   ــو
ــو  ــد  )ــو (ــ نورس ــو  ــ 
ــتند س ــتا رس ــو  ــد ح ــد ق ــ  
ــر م ــا  ــ  ــ ا  ا ــ  .)ــک(
آ ــ جــاا ندشــا وــد ــ اــد ــد
ا ا ــ موا  ــر   اــد ــ حــ 
-ــو نشــأ ــو ــد، شــا ــ ــ ــ
ــز و ــن و ــد ر  ــ ک ــتد، د آ
ــفار ــو ــد رنن ــا  ــو ن ــتفا ــر 
ــ  ــز و ــو  ــ   ــ ز ــد. تر ــئ ش
جاــد. آــا هتــر ــدن ــ  ــزء ــتگو

 هــ ســتار ــاا گــر  ــو
 ــ ــ وــا ــو ــفاا، ــر
ــو   ــ مچن  ــ نطق ــا ــناا ــ ر
ــ کا ا ــ ــد.  ــو ــفا ــا ــد رنن
ــآ اــن ــا ،ــد ،ــس 
 ــو نطقــ  آ ــ نشــاء  ــنا ــ ــ
ــو   ــد  ــو   ا ــ  ،) ،(
ــر م  ــد ح ــد ق ــ   ــ ز ــا  ــ 

ا ــ اصو  .)ــک( ــو ــد ــفاا
اــا گــر  ــ ــ ــنتت ــ ا ــت
ــا ــبآ ظــر ــد ــاو .ــوم ــد
،گرتــا ــۀ  ــا ــا ــدا ــو ــ ــو
ــر  ــد ن ــا ش ــو  ــفا  ــ ا   ــو 
ــ ــ ــ  ــ ــد  ــفاا خــ ــۀ ــ
ــور ــاح  اــا ــ ــا ــد. خوــد
ــخر ــام ــو ــر   ــا ــا ــد 
ــا   ــ  ــب   فحــ ــا ا  ــود 
وزسســتر  رنــد  ننــد. وــد ســر
ــو ــا ــکوکر صاــر  ــ  ــ عــر
اا  ــر ــط ــا ،ــکر  ــ ــاصو ــ
 ــر تــو ــاد .ــو ــانا ــبآ ــط 
 ــ ــد  وظــر ــاء ــ ــر ــتنا بنــا

ــتد.  ــر  شــ ــط ح

ــمچن  ــس ــا ــو نــو ،ــوآ
ــ  ،ــوآ .ــ ــا ــر ــ  ــدا ــا
ــو   ــ  ــو  ــ  ــ  ــ  ــ ه ــ ه
ــوــا ــفا وــد  ــتفا ــو ــا عــد
اــر ــا  ــوا ــو ــ ــن وــد  ــ 
.(Martineau et al. 2007)ــ  ــ  ــ  	 
نااــد ــوآ قــ ــوذ ــامو ــو 

 رز   ا ،فا   رم .ت ا ،V1-4 مو ،2.7mm د د و ،XPL و ،رکرتو - .ک

.د فا رم ر  با   و خ ر   د جا  غر .  ر فا رز

 ا ا و ا طع  .ت ا ،V-11 ما مو ،2.7mm د د و ،XPL و ،رکرتو -

.  ر شتر وز ا ز مو   صور. رز  نتت
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ــاا  ــد آ تاــا ــ  ــوو ــآ
 نــد وــد  ــگنت  ــما ــو ــدسآ
ــ ــو رــز ــفاا نــۀ ــا ــا کــرا ــا
(Kennett, 2002) اــد عــر ــدس خــ ــ
ــا ، نشــأ ــا ــ ــا ــ نــو ــ ــما
حــد ــ  ــ ــد وــد خــ رنــد تــد 
 ــا  ــو دشــا رــز ــ ــ ــفا ــر
ــطۀ ــ ــاء ــر حــ  ــا ــار ــ

ــ ــفا ــ ــگنت ــو  ــآ ــادس جــا
ــ V9 ــمو  ــا ــآ ــو نــد. ــ ــا
.ــذ ــما ــ  ــا خــ ــو ــا ــ

ــاقا ــز عــطا ــو ــامو  عــد 
ــرم  ــد ــر ــفا طعــا  رــن
مــا ــ  ــر ــن . ــو ــفاا
ادــا   ــ ســتار رپتو ــ ــن
ــر ــفا طعــا .ــ ــر نطقــ ــرونگ

 رز   د ر فا  طع .ت ا ،V-3 مو ،2.7mm د د و ،XPL و ،رکرتو - .ک

ن  طعا ،)(رو ا ،V-7 ما مو ،2.7mm د د و ،XPL و ،رکرتو - صور. رز

.و د فا رم  وز  آ

ا مر س  طع  ،آ ت ا ،V-4 ما مو ،2.7mm د د و ،XPL و ،رکرتو .ک

.و د صور  وز ر عد

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا
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 ــ طعــا ،بــ اــفا ــاقا وــد ــد
ــا ــرم ــ ننــدر ــو ــ اــد  ــا
،ــ  ــو  ــو عم ــا طع ــ  .ــ  ــد 
ــر  ــر رــز ــ  ــکض ــا ــد
دــا ز گــر .)ــک( ــو ــد ــکوکر
 قــد ــ ،بــوفآ  ســر ا طعــا انــد
ــما ــمو . ــو موــا  عــد  حــد
ــن طعــا ــو ــ ــ ــمو نهــا (V7)
 ــا طع ــ  .ــر  دــا ش آ ــر م   ــ آ
ــر و ــ مو ــ ا .ــو م ــد  ــا مو ــر گ
 ــز و  ــ س ،ــ آ ــن  ــ  ــا طع 

ــو ــد  ــفا ــر م

ــ خ ــر  ــ  ــر  ــر  ــ ژ ــ  
ــو زنار .ــو  ــتفا  ــ س ا  ــفا 
ــنار ــان ــا ــاا  ــس ــخر رنــد ــا
ــ ا  گرتــا  ــ  	ــا  ــر  ــ  
ــس ا ــو ــرنا .ــو ــد ــفا
 ــا ش ،) ــد ( ــا طاع اــفا   ــر  
ــر  رتــا  ــ    ــر مت ــر  ــ 
ــنا ــ  ــو ــا  .) ــک(ــافا ــ
ــ نطق  ــ نار ــانمو  ــادا ــ ــ نطق
: ــنا قشــ(  ــو ــو
ــد(ــس اــد ــامو  .) ،ــ
ــ 	  ــ ــفا خــ ــر ــ )
ــزنار ــاا .ــو  ــخم رتــا
بــار ــ ــور ــح  ــ ــر  ــد
ــ ا ــا قب ــب  ــ  ــد  ــ بد ــد سد
ــ تج ــو  ــ رنا .ــو  آ ــ خر  ــفا 
ــا ــاس ــاآ ــ ــ ــح ــو ــ ــر
ــر ــرم ــو ــ گــر، ــوو .ــ ــو
ــ  شــا ــرتر عــاطا ــ ــ ــفاا 
آــا ــر ــا بــا ــفاا ــد  ــ غــر
ــ ا ــ  ــد،  ــن  ــ  ــو ما  ــد 
 ــژس ــز  ــاء  ــودس ــر ــر 

ــ ــد جــا ،ــ ــفا خــ ــا 

یرتیج

مــر ــ  بــاا ــ ــ اــفا

ــدد  شــک ــآ  ــ ا ــ ن  ــت ر
ــ  ــد قن  ــت قرس ــد  ــا  ــا  ــ 
ــو ــد. ــا خــ ــ  ــد تــا ــر
 ــر   ــا  ــو ن ــ  ــ و ــا  ــفاا ــ  ــ ف
ــر  ــرو ــا ســبتا قاــر ــو ــز  ــد
ــا  ــرو ــ ــاس ــز ــر موــا 
ــا آ ــو م  ــو  ــز خ ــ  ــو ر ــ نطق
ــا  ــز و ــا  دــا ش .ــ س ــن آ ــا ما 
ــز ــکوکر ــو ــ اــو
ــو ــ ــ ــ ــر ــ ــ ــ ــا نــو
ــدر  ــا کــ ــتد آ ـــ ــو نشــأ
ــا نــو ــتفا نظــو ــا اــن
ــاد  وــز ــا .ــ ــو ننــدر
ــ  ــدد  ــ خ ــفا  ــ ا  ــا کس ــا قرب
اــد. دــا ــو ــو ــو  شــا
ــد  اــر ــر ــ  ــ ــاا ــانا
ــر   ــ س ــد ان ــد  ــ  ــ  
 ــر مت ــا   ــفاا  ــ خ ــر ع ،ــگا ا
ــفاا ــ   ــو .ــ رتــا ــ 
 ــا   ــا حــد  ــخت ــامو 
ــ س ــا  ــد ــدد. ــ خت رتــا ــ
ICP- ــ تا ــا  ــ طا )ــ  ــا ( ــ نطق ــا  
 ــس ــاا شــک  ــز أــر ،MS
. ــفاا خــ ــا آــ ا  خــ ــد رآن
ــا مو  ــ تا  ــد ــز  ــو ا ــ مچن
آــد ــو ــز  شــا وــد ــا ــ ســب
ــ  ــو ــا  ــها  اــد. ــت ــا ــ ر 
 ــگا ا ــا طاع  ــدانا ــاا شــا
ــو  ،ICP-MSــا زاآ  ــد انا ــر نا
موــا مــۀ ــا ــد  ــ ــد جــت ــ ــ 
 ــ  ــ ــو ــه  ــرآ حــا  ــ
ــ   ــ ــو  کســا ــا قرب خــ ــ کن ظــر
ادــتا   ــ کن ــو  ــد ن ــا ش ــد و
ــو تخــا  ــفا ــا ــوو  ــد ــعر
ــا ،ــمچن اــد. ــآ صــر  نطقــ ــ  ــ
شــگااآ عــاطا  ــدآ ــ ــتا ــ ــو
ــز اآ ــ تا ــا ش  ــا، مو ــ  ــنا تاا 
ــو  ــ ح ــا تم ــا، مو ــ  ــا  ــ نطق ــا 
ــا قا ــا نا .ــو  ــر ط ــو ذ اــفا 
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 نطقــ  ــتذ ــا  رــفا ــااا
 ــا ع ــز رآ  رــفا  ــا اا ــو  ــز 
تمــا ــ ــز ،ــوذ ــحو ــور اــر ــا
آ ــ ــدخش ــطع ــ تمــا نــد. ــقو 
ــ ــرا ــار  آاــا انــد

گزپا

ــا ن شــکدژ ــ ــا باشــت  ــ ما 
ــض ر ــر ت ــا ن  ،ــد م ــر ا ــر ت ــا آ
ــ  ،ــ  ــ  ــ حو ا ــ رر ــا ص
ــو اــفا ــمو ــر ــات  ــب
ــد ما ــد   ــکر ش ــ ژ ــ   ــتفا 

عنو  ا یاا

ــو عن  ــا  باــت ش  ــ ما ــا  ــ ژ ــ 
نگر ــر ،ــگرر  نگر ــر شــگاژ
تر ــترر ــ ــ ا ــر  ــ ــتا

ــ ــد جــا صــا ــضر

نا

،ــ ظر مدــا؛ ،ــا ر ســعو؛ ،ــر ث ــر ا
ــفا  ــا آ ــتر س ــ ح  ــا ا .)	( ــر. ا
ــو ــر( ــ ــح ــاقا بنــا ــر
ــژ .ــآ صــر ــ نســو ســترا انــفا

.- .)( ،ــنجتاا

اــ؛ ،ــد حســ؛ ــد ،ــود ــا
.)( .جمــ ،ــر ــوا حمدــا؛ ،ــخ
ــ حو  ــتر اس ــفا  ــر ن ــنا   ــر 
ــا  ــتفا ــا ســتاو َــر گ  فــرصر
ــتاا عــاطا .SEM-EDX  XRD ــرتر

.- ،)( ــا ــنا

ــ؛ هم ،ــن رندر ــا؛ حمد ،ــا د
 ــتقرا  ــۀ طاع .)		( ــا.  ،اآمــعبا  
ــار( قــاا نطقــۀ ــآ صــر ســترا ــفا
ــناتاا ــاژ .)ــد ــا ــر

.	- ،)( ،ــر

رز  ــآ صــر ــد .)	( .ــضر ،صــا
.ــو ش ،ــفا  ــ حو :ــو  ــ طاع ــر  
.- .)(  .ــر ــناتاا ــاژ

، ــ؛ دما ،ــا کن ــ؛  ،نــر م
:مــا ســتر  مــار اــفا .)	( .ــع
ــ مو .شــگااآ ــ و  تشــناتاا شــخ
.ــنا ــتاا عاطا .جــا پــ اــها :ــو

.- .)(

،شــا سنعــ؛ ،ا ــو؛ ،ماــ
شــااآ ــتا .)	( .ــر ،هشــت ســ؛
ــا طاع .ــا زر ــ پ ــفا  ــا مو ــر تر

.- .)ــا( )(  .ــنا ــتاا

.)	( .ــز انــر، ا؛ ،ــرا ــد؛ ،ــاو
ــحو  کشــو اــفا ــنجتاا عــاطا
.ــا قد ــ تا ،)ــر  ــر نو( ــ  ــتا ا

.- .)(	 .ــر  ــنا ــتاا ــاژ

ــا ــر .)( .ســ ،شــا
ــا شــکد ــج .هــر ــ  ــناتاا
..	- .)( .هــر شــگا ســا ــو 

عــاطا ــز .)( .دــجا ،
هــا ــه   رــز  ــفض ــناا
 آ ــا حقق ســؤ ــشژ ــر .ــ ــذ  
شــا ــر  ــوآ ،حقبقــا اــا .ــا

.ســ ،بــر رــض؛ ،صــا ــبحا؛ ،ــما
: ــ نشــهر   ــزر ، .)	(
ــناتاا عــاطا .ــفا اــا ــر

- .)( .ــ ا

،شــا ــر؛ ،هجــو ــ؛ ،نگهــاا
ــ .)	( .ــتا ،ــادا ســ؛ ــاقد ســ؛
.)( .ــر عــاطا ــج .   هــر

.-

،ــ اش ــد؛ دحم ،ــا  ــر؛ ه ،قصــو
ــعب اتاــا قــ .)	( .رــم ،ــز ســ؛
ــ  ــ ا  ــ  ــا حو ــتقر  ــو گ 
ضــا. ــاآ  ــز ــار .GIS  ــتفا ــا هــر

.	-.) ــا ()(

،ــزز ســ؛ ،شــا هــر؛ ،قصــو
ــ ق .)	( .ــ  ،ــم  ــ؛ و ،ــو م ــ؛ ا
ــناتاا ــ  اــد   ــ ا کنــا خــر
.)ر ــا  ــرا کنــ خــر :ــو عــطا(

.- .)( .ــع ب ــا غر ــا ژ

    حو ا افا و عطا آ؛ صر سترا فا ناتاا  ن عطا
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رــد؛ ،ــد ــر ــر؛ ،ــهر ــو
آ ــو  ــاء ــا نــا .)		( .ســ ،
آ ــر أ  ــر  ــر ــما ــآ صــر نــر 
ــر ــنا ــتاا اســتا .جــا  تصــا 

.	- .	ــا )( .)  ــ(

،ــت م ــر؛  ،ــر ش ــن  ــاد؛ ر ،ــش و
ــا ــفا تاــا ــ طاع .)	( ..  ــض رد
،ــر ا ــحو( ــتار ــتا ــاو نطقــ
.- .)( .ــنج ــتاا ژ.نا  ــا ــر

خــع مدــا؛ ،ــرا .ــر ،هــرجا
ــنا ــف ــا .)	( .ــار ،جــا حمــد؛
:ــر  ــ ا ــر ظ  ــ  ــو آخ ــن ر آ
ــم  ــ جم ــ ناص ،ــنگ  ــز  ــا  ــو آ

.	- .)(  .ــر ــح ــهد

ســعو؛ ،رث ــرا هــر؛ آرــو، نــ؛ ،ــو
انــفا ــنا ا ــتاا .)	( .ا ،ــمر
ژ .ــ ــر ــر، جــ پــ ــو فــر صــر

.- .  )( .ــنج ــتاا

ــناتاا ــ ــگا .)	( مدــا؛ ،ــو
ــز ر  ــ هن  ــر ه ــ  ــ ا  ــ 

.- .)( .ــناتاا ــا .ــر

: ترر نا  قش
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