
Abstract
The measurement of the elemental composition of historical pottery
is of particular importance. By examining the elemental composition
of the body and glaze of historical pottery, one can obtain valuable
information regarding the determination of raw materials and their
diversity, as well as techniques employed in the manufacturing of these
historical objects. In this research, 12 samples of themina'i pottery from
Alamut Castle, dating back to the 11th to 13th centuries AD, have been
studied using ion beam analysis techniques. In this study, the elemental
compositionof thebody, variouspigments used in thepaintings, and also
the baseglaze have been measured using the micro-PIXE. Additionally,
the thickness of the gold layer applied on the surfaces of some of
these potteries has also been studied using the micro-RBS method. The
purpose of conducting this research is to provide appropriate answers
to the following questions: What raw materials have been used in the
manufacturing of the body and glaze of these objects? What sources
have supplied the raw materials used as fluxes? Also, what coloring
agents and elements have been used to create different colors in the
baseglaze and decorative paintings? Measuring the thickness of the gold
layer used in these decorations is also one of the goals of this research
work. Based on the results obtained from the elemental composition of
the body and glaze of these potteries, it can be concluded that different
sources of silica and fluxes have been used in the manufacturing of
Alamut Castle mina'i potteries. Also, the coloring agents in producing
red, white, blue, and turquoise pigments have been identified as Fe, Sn,
Co and Cu elements, respectively. Moreover, the micro-RBS shows that
the thickness of the gold layer used in decorations varies from 300 to
800 nanometers in the samples.
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سکویکر  ستفا ا مو  ینا اسفا نصر آایز  اشخص

ور ش

3ا ی حمد ید ،1ت ع حمد ،1ر حمو ،2ز یکا ،*1 اآ 

،هر ،رد شگااآ ،جر  ستز ر تاگرا، ز شکدژ ،ست نو  و شگاژ .1

.ر

.ر ،فها ، نر ر ،ت نا شکد ،فها نر شگا .2

.ر ،فها ،نگر  خا ا ر ر ،ر  فا شکد ،فها نر شگا .3

کید

خا انفا ابر دا نار رد  انا
 د رنص ابر ر ا . ور ا م 
 د اس ا و خا انفا ن اع
مچن  آا ون  ا  تفا و  و ع ن
 مو 12ژ   .آ   خا اء  نا
7-6 د  آا د  وم  نو  ان افا
و کا ا آاز ا  تفا ا ،رر رم رج
ا ،د رنص ابر عطا   . د عطا
 تفا ا ن اع مچن  قاا  د تفا خت
د  خا مچن دد. رد سککر 
  تفا ا ز فاا   دع طو  ر ت ا 
ات ،  ژ د ره دد. عطاMicro-RBS
اع ،د ا  دتفا  و  ندکش نار 
نو  ان افا وق ر  ا و  ن
ز انز   ت ا د  خا رد .
ر  دآ  تا ار . ژ د  گر ک
  ا و فاا  ن اع  د رنص ابر
تفا دآا   خت نا  وم  امو ا
دآ  رنص و قش  رهر ا مچن . د
رز، ا ود  اج رنص ا ،سککر  
خش  با ، ،آ ر؛  ر  و فد،
8۰۰ ا 3۰۰  ز انز  د تفا د  خا دد.

 تغر موا  اوتر

،رنص ابر ،وم  ،نو ،ان فا :یــد ا
د  ،سککر

.و تنا جا ،نا ا و  آ  جار تفا ور . آ مگا ر قا   تر

ر فا اص

1 ما ،فتا

14۰3 ها ،19ا ما

https://kcr.richt.ir

74 ا 55 :فحا

سئو سندو

 اآ 

، ست نو  و شگاژ

ر تاگرا،  ز شکدژ

شگااآ ،جر  ستز

.ر ،هر ،رد

اا

daghaaligol@aeoi.org.ir

شژ قا



1403 بهار | 19 پیاپ شمار | 1 شمار | فت سال |  57

قد

 اع ار  ر زء ان فا
ر وق ر  آ انز ر   
. د تفا ر ا فد ن اع 
وا ،اا  وتن صار ا وق 
او د فاا  و  . ساا 
)  ر  م( ا  
اوش  متر اب ا  ر  ترس و
Mason) ت  ر  و اند رگ
 ان فا ا رز ا .(et al., 2001
رظ فاا  و  ا  مچن
 ، د اه گرشژ و فخت
ب  اا  ر  آ  تگاا ط و
.(Aga-Oglu,1946; Lane,1958,pp.41-42) د
ار ان افا گاا قا  ًر
 ز و فص و ،بت امو
ار   تر ر ر و کام
ز  ا دح و دآ   تا
خم هتر  فاا و  ا اکا
 ،گرشژ ظر  .(Yazdani et al., 2017) 
فا ود ح ون فخت اکا ،ر
هر  آا    د ما ان
 گرشژ أد و شتر ا   ،اا
ار .(Kambakhshfard, 2000,pp.449-470)

 ار وق کو ،بت ان افا
  ا  ا ص قرباً فا 
اع  ار وق ا ان افا ،آ 
و  رک و  آ ن
و  د ون  ددا نو فا
ا .(Yazdani et al., 2015) د رع ان
 ر نو فا ند ر ا مکا 
اآ  ن اع گ ترس  ستند ظر
   د کش و ا ر آ 
خ ر اش کم ر  خ رند

(Koss et al., 2009) ستند ان

ر  نو فا رک و  س
اا ان وحص کآ   وسد:
وب ود   دننر ،ا ا هر

ف ،ن ظر  ان فا د  د
 -اه و   ر  وق ر ،خ
انز ا  نو ا ا اع   گر و
.(Wilson, 1992,pp.144) د آ گزا ار
 ان ذ رآند  ف و مچن
 دنهر ر نرند اتم آ ،نو
رش ،دو  ابخا ون ،دننر 
 ق  وا ر عا ا د گام 

.(Koss et al., 2009) و ا  قاا

،نو  ان فا مو 12  ژ 
A1, A2, A3, نا ا ان فا مو 8 ا
نو فا مو 4  A11  A4, A5, A8, A10
آاز دد. ر A12  A7،A6، A9 نا ا
تاا امو رنص ر انا 
فخت تگا ازاآ اج ا خا 
کا SEM-EDX  Micro-PIXE،XRF:دنا
  .(Henderson, 2000,pp. 14-21) رذ
تفا ا خا انفا رنص آاز ،
  از  ر  سککر 
ام ا انا  ا رد  اند
 هتر  ک ،ppm ا د  ار نار
 رنص ابر انا  ا ررار
(Nastasi et al., 2014, pp.157-160 12) موا

اا   ژ   وظر، امو
دم تر ظر ر  وم   فت ص م
کوکر  تفا ا ،دآ   و
تا  و . د عطا ور ش
وم نطق اژ  رنص ازاآ
 ود و   رنحصر تا ود،
اخ  ک ا وم د. ر ات  اآ
 ما م    ز ما تاسو
 ر  ،اقا  ون  ،دا تاسو
حمد ا  ر   شر  رع ر
وم  . بر ا کش ا اا
د  اا ر ما  و ر ر ز

(Sotūdeh,1955)

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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ر ما رتو 35 د    وم 
ر ر   . ر ا نطق  ز
ون ن  اخز   ند رخ
 تر . د تا زر رب او
  ،ا رس ر  نها ًرا ع
کاذر وم رخ ما به   ر
ا   .(Daftary, 2007, pp.317-318) و
د ب  ر  اآ هر  7252 ما
  فت ص اا  ،و د  .
اآ  اا ر  ناتاا حو
،ا ماند ما افا ،اعم
 اع ر اق  کش ،و ،ان
فت د ا نج د  تع  دآ 
ر ژ و ونا   رم رج
 اتا ردد ،اش فت  . تگر
وم   ر اا  ان ر ن
دو ونا  اد  . دآ  
دش ا اد،    اآ ود نداش 
اتم ،وم  ا عو   
(Choubak, 2009) و اآ  و 

رد موا،  عطا  ر  د
ا  ن اع ،د رنص ابر
موا  طح انز  دتفا خت
 قاا ر موا    .
ر ز  ا ا  ،خت ا
رد   د تفا طح انز
موا  طو  ر  ا خا

 تر ر ر  ح و ز

ر واموشخصا

ک ،ناخ  و ا ژ  
مو 12 فانا، طح انز  را
دثر  و ا نو  ان تر 
 اتخ گاشاآ اعطا اج ه ،ون
موا    . تر ر ر و
موا ط ر  فخت اقا ر
ر ز تسر  د   ،در
اعطا امو صار . د تفا ز
و  و داش 1 ک  ژ 
 رز ر  تفا ا آاز و خت

 د  اش

. د  شا صار  ر  تفا ا  آاز خت و  ر و امو صار .1ک

Figure 1. Images of the samples under investigation and the various analysis areas,

which are indicated using squares in the sample images.
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رر   رک کا  تفا ا
 تفا ا آاز اا  واا و
. ز ا ز   دت و کا
و رک کا  تفا ا ا  
 ر )ک( ا  ر و مو ط
 مو  وو رنص و  دع  رصو
و کا ا آاز خت ا  تفا ا
.(Nastasi et al., 2014, pp.157-160) آ  
micro-  micro-PIXEا  ژ  
نو  ان انفا عطا ر RBS
 رنص آاز . د تفا وم 
آاز  دت ا  ک سککر 
X رو س" ا سککر . و رنص
 "ور رک کا ا گختگر ر 
) ا د (رنص آاز ر دمنو
موة ،سککر   . خت امو
ور رک کا ا ح ر و
،د  ا ور ور ر  .ر ر
 ر  و س خصش X رو
اور دع  مو  وو نصر و ،X رو
خش  مو  نصر ظ ،ع ر ا X
.)Johansson&Campbell, 1989, pp.101-104) ند
ر و رک کا  تفا ا مچن
 وب  ا و کا  ا ا
خا و  دف ا ستند،  آ
نار قم و مچن  ا ا
  آ  ا  ندکش
تفا ا گا" ا micro-RBS ، 
  .و فت "تشر  دنر 
و   و  اکاآ ا ر آاز،
مو  وو ا اتس  اشس
Jeynes &) تو ود دنر آاز و
ا وا،  کا    .(Colaux, 2016
 ر ور آاز و مو  خش ر
ر او   نند ر مو م 
و ر ،د مو ا ا ور ر 
دنر     ارس و  د 

و ق ه  د دنر او ود.
د اکاآ آ     اس اکاآ
    د کاآ ،و فت طح
مو خت انب و  دف ا دآ

(Beck et al., 2011) آد   د

2MeVر ا ور کا ژ  
ندتا و  50pA د  د ا 
 و گاشژ رد گاشاآ 3MVرد
طر . د تفا ،و ود تس ون
کاکر تگا  تفا ا ور کا
  فوسآ ر و د تا و
ر .و نظ کرتر 1۰ د  اآ
135    (Si Li(اکاآ X ع اکاآ
 ترر ر ور اور  بس 
. د تفا ، 150eVفک د 
  وک طح د اکاآ  مچن
ر ر کا دت  بس  16۰ 
ق   اور اکاآ ر ر
بحا ر . د تفا و دنر
ندکش نار  د  ظ ز
قاا  دتفا خت ا  د
فاا د  ت ا اعا مچن 
GUPIXWIN د  ،دآ   ا
   طرر ا د  .و
اند وع کز اترا  تفا ا  دآ
ط ،اآ ا ،اکاآ و ،اآ ر
ا اج ا  خت نار وزو قط
مو ندکش نار  ظ ز ،
(Fernandes et al., 2018) ند بحا  ر و

ح  اتا

دنصر آایز تا

  دزاآ افا د رنص آاز تا
س ر سککر   تفا ا وم
د ـ 1 د  سد و   د
د آاز امو م   رنا .
،(Na2O) د سد :ا ، د رد
،(Al2O3) ونوآ سد ،(MgO) زن سد

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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سد ،(K2O) تا سد ،(SiO2) س سد
نگنز سد ،(TiO2) تا سد ،(CaO) س
سد مچن . (Fe2O3)آ سد  (MnO)
سد ،(Cl) ر ،(SO3) رو سد ،(P2O5) سفر
ر سد  (SrO) ستر سد ،(Cu2O)
د رد موا  ر  ز (PbO)
خش ،د رنص ابر تا ا ر .
،مو 3 ر د آاز امو   
اکس قرباً رنص ابر  موا ق
ر ابر ر  موا  د  ستند
و و  ون ر ر رد. ر کآ
ار فانا  د  د تفا 
دنر امو  ،دننع  ا نار
 دـ رنص ابر تا ار دع 

و تفا 3 د

سد ،و داش 1 د   وما
ندکش ا رمد )( س
. وم  نو  ان افا د
انفا    ا ه ر
تفا 1ن مر ا ا  ًوعم خا

ر ر .(Mason, 2004,pp.5-17) د
نا  ندکش ابر  وو افا
 د آاز انفا  دتفا 
 د رغ ،وم  خا حو
فانا  د ندکش  نار
ا   ر  بنا . د ر
 د ود امو    و 
رنا  د ،  ا و 
 ،و ا   آا و 
Pincé) و وند هاش قرباً رنص ابر
رغ -2ک  ،ا  ر .(et al., 2019
نوآ سد سر س سد  د
نوآ سد  د رغ -2ک  

 د  س سد سر

ز   خش -2ک  و ا
مو ز موا ام    د
 نوآ سد ز  د 86-8۰  A2
مو  ند. غر د 7-3  موا 
سد ز  د 52 ز ز A2
 مو     د 9 د نوآ

SampleNa2OMgOAl2O3SiO2SO3ClK2OCaOTiO2MnOFe2O3Cu2OSrOPbO

A12.153.285.3680.2--0.744.880.370.092.80.13--

A20.762.58.6352.0618.40.161.3911.320.420.064.110.090.06-

A32.013.13.686.13--1.052.640.180.031.170.09--

A42.790.725.484.83-0.230.952.010.810.021.260.020.170.79

A52.513.45.1780.69-0.110.694.490.30.052.290.080.16-

A62.592.915.3483.67-0.070.942.920.20.031.310.02--

A72.192.954.9183.8--1.113.050.170.051.740.03--

A82.753.345.9380.660.720.110.753.810.170.031.550.070.11-

A92.43.155.1483.21-0.141.393.20.120.031.190.03--

A102.950.96.783.27-0.331.471.631.040.021.38--0.31

A112.33.675.3382.10.27-1.373.20.170.021.57---

A122.483.424.5685.17-0.090.752.260.120.021.090.04--

  تفا ا (%wt) د س ر  سد و مو  نو  نا انفا د نصر بار .1 د
کسکر

Table 1. Elemental compositions of the body of Mina'i and Lajvardina pottery from Alamut Castle in the form of
oxides and in terms of weight percentage (wt%) using the micro-PIXE method.
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تفا آونا  ا  د ا  ا نا
مچن .(Tite, Wolf, & Mason, 2011) د
امو ام    خش -2ک 
 س سد ز A2مو ز د آاز
سد ز A2مو  ا . تغر د 5-2
داش ،رنا .  د 12 د س
 ثر  س سد  د  و
   د 5  متر  ا اس موا
ر  نا     نداش 
 د تفا موا  د ا  کآ
سد ا دق ا .(Holakooei et al., 2013)

ا   د اش A2مو د  س
De) د تفا کآ نا  مو  د

(Bonis et al., 2017

ار   خش ز -3ک 
ابر س سد سر آ سد رغ
وما ستند. اکس دزاآ امو د
 A2 مو ز و داش ک   
 متر آ سد ز دزاآ امو ا
تغر د 3-1 موا  ر   د 1/5
د 4  شتر آ سد A2 مو  ا .
-3ک   وما گر ر  . 
س ر تا سد  د رغ ار

سد س ر س سد  د رغ ) .2ک
سد س ر نوآ سد  د رغ ) ، نوآ

مو   د آاز امو  د  ،س

Figure 2. a) Variations in the weight percentage of
silicon oxide based on aluminum oxide, b) Variations
in the weight percentage of aluminum oxide based
on calcium oxide, in the main body of the analyzed

samples from Alamut Castle.

س ر س سد  د رغ ) .3ک
س ر تا سد  د رغ ) ، آ سد
مو   د آاز امو  د  ،آ سد

Figure 3. a) Variations in the weight percentage of
silicon oxide based on iron oxide, b) Variations in the
weight percentage of titanium oxide based on iron
oxide, in the main body of the analyzed samples from

Alamut Castle.

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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  د ظر ،و داش آ سد
د آاز امو ق ا ز A10 A4 مو
 رغ ار مو    اند اتف
مچن رتد. ر اد ر  سد 
 د  اش - 3ک   وما
سر آ سد  د رغ ار
،دزاآ امو وجم  مو 9 تا سد
اس تگمبس  رتد ر  و قرباً
و داش د بار  سد    و
 ا  د اش و تگمبس  
 ستند اکس موا   دتفا 
ا  تفا ا مو 9  ا اس اتم ا
(Hamdan et al., 2014) دد ود اکس 

سد ،س سد  د رغ ،4 ک 
 دزاآ امو د تا سد  نوآ
. د  اش ط وم   وم 
 نار  د و  ،وم  
نصر ر رغ اند، اکس دزاآ امو
 و اد دزاآ امو ام ر
   وما ا اد، ق قرباً 

A2 ، A4امو ر و داش ک
داش    رح موا   A10
 مو 3  و اتف نداش  و

. موا ق

عاا  ینعا نصر آایز تا

داش دزاآ امو صار   وما
 ر فخت وق ،ان افا  ،و
 و ا ر ،)رِ( فد اعا
ر مچن   د ر نو فا
کش ا رز ا ا وق و 
  ر  ، ر دد. ر
طح ز ون    ز موا
ن اع رنص آاز تا . د تفا
  سککر  تفا ا  موا 
وما . د ـ 2 د  ، دآ
 دتفا آد ا ظر  ، خش
سد  د سد موا،   ن اع
ر .و داش اتف  د ا ر
ًاتم عاا رنص ابر رد ا

.مو   د آاز امو د   د س ر تا سد  نوآ سد ،س سد  د رغ .4ک

Figure 4. Variations in the weight percentage of calcium oxide, aluminum oxide, and titanium oxide based on weight
percentage in the body of the analyzed samples from Alamut Castle.
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و  فانا   ن اعا ا
د سد ز ا ستند، ا اعا
دو د  موا،   وو
ز   د ه موا ط   
دق  متر عاا  درد د سد
 دع مچن .(Weber et al., 2002) ع
ستند   ر اعا و  موا 
A12 A4، A10امو ا موا  
،ر   مو   .(Mason et al., 2001)
مچن . تغر د 28-1۰  ر سد
 د 22-5   سد موا  
د   وما  ر ند. غر
ندکش دم نصر  و داش 2
ا    آ ه ر   عاا 
وز ا( اخم ن ا  اا 
ابر مچن . د تفا )ا
و ر   مک ز س سد اند
اند و ر  ا  د سد اند آد
اد. د عاا  آ ن ا تخو و
صاا ر   مک ز نوآ سد
نار اد. د اع ابر   وو
 ر  د و اع ابر  ز رگ
، سد اند ط ز سد اند آا
ونظ  ااآ و با سد  آ سد
ن اع   ون  وخ اج
مچن .(Mason, 2004, pp130-136) دد ا
ام ابر م  Cl  SO3، P2O5ابر
ر  نار  وو  ستند
وفاا اد. ود ز ا ح ام
 و نشأ ا ابر و شتر ردا 
   ود اج ور اح ا
  موا د و د  ر
نو مو  ن اع  . ا ستر
داش با سد د 1 د ز A7  A6
A10 مو  و اع وط   و
 و داش با سد د 2/79 ز
 و . و و  اج ا
تقاش د 5 ا ۰/5 را ،اعا نع
.آ و  ر و ا آ  ،با

 د اع ذ ا  با  ود
 اس اظ  ت هوا 
ا اس  ا ر .  
ون ز (CoO)با ووسد ،با سد
آ د   رط اع  و آد 
با سد ند. رر ا اآد ا
ا ،ر -ا اعا اا م 
و  اش  ر آ  و ر 
5ک  .(Hamer and Hamer, 2003, pp.70) آ
ا  آاز  دآ   سککر ا
آ کت صور 1 ک   A3مو  خت
 ،ک   . د ـ ،و داش
،خت ا  ر مو   وو نار
ک    وما . د  اش
وو نار  ا ت و داش
ا  مو ون . و ا   
ور ا ،دخش رز ر ا  1
 2 ا  ا و د  نصر 
نصر  ور ا ،دشخ آ ر ا
  ا و نک ر . و 
دآ       وو ت 
وو نار رنص و قش ،ن ر 
 تفا ا  A3مو  خت ا  
ر و ر  ،دآ   سککر

وو نار  ر رنص و قش تا
. د  اش 6 ک  ا   
اف و داش ک    وما
ا  ا    رنص و
.رر ا    دتفا خت
ا آاز  دآ   رنص و قش
دم و ،د ا   د اش 1
، و  نصر  اتظ  وما
قش و  1 ا کت صور سقا ا ر
 ا  نها  و داش  نصر
صور  . و   ،کت صور 
 نصر ،  ور رنص و قش
ر  رز  مچن . وا
و ، د تفا د ا ر

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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SampleColor glazeNa2OMgOAl2O3SiO2P2O5SO3ClK2O

A1fGreennd1.575.8574.64nd0.561.472.06

A2fTurquoisend0.947.6976.59ndnd0.311.71

A3fGreen1.341.434.0271.80ndnd0.302.89

A3bGreen0.400.475.9277.70ndnd0.181.85

A4fCreamnd0.765.2843.26nd5.550.261.61

A4bBlue0.32nd3.4147.73nd0.280.451.98

A5fGreen1.741.025.7673.14nd0.320.372.40

A6fAzure2.111.131.4074.47ndnd0.192.92

A6bGreen1.421.204.8271.04nd3.800.652.37

A7fAzurend1.816.5461.63nd4.730.702.00

A8fGreen3.811.784.2773.48nd0.660.512.36

A10fCream2.931.281.4154.12ndnd0.332.17

A10b
Azure

(overglaze)
2.431.241.7942.71ndnd1.322.34

A10bCream3.261.501.1760.05ndnd0.362.52

A11fCreamnd0.336.6982.18nd0.490.151.79

A12fBlue0.940.895.0259.44nd0.890.543.72

SampleColor glazeCaOTiO2MnOFe2O3Cu2OZnOCoOSnO2PbO

A1fGreen8.580.16nd2.412.07ndndnd0.66

A2fTurquoise7.800.110.051.752.43ndndnd0.65

A3fGreen7.510.130.091.574.62ndndnd4.33

A3bGreen6.100.230.052.741.77ndndnd2.63

A4fCream8.560.19nd1.57ndndnd22.4810.48

A4bBlue4.090.120.032.000.19nd0.2210.7728.41

A5fGreen7.340.10nd1.413.200.14ndnd2.42

A6fAzure7.65nd0.093.311.44nd1.04nd4.04

A6bGreen10.680.190.072.351.06ndndnd0.36

A7fAzure10.850.391.009.560.28nd1.33nd1.10

A8fGreen6.700.110.051.403.04ndndnd1.74

A10fCream4.110.120.050.920.10ndnd8.0924.26

A10b
Azure

(overglaze)
5.890.170.072.080.430.052.7910.4022.87

A10bCream4.470.120.040.790.13ndnd5.6819.89

A11fCream5.680.17nd2.53ndndndndnd

A12fBlue8.690.200.123.427.790.16nd1.232.12

 تفا ا (%wt)  د س ر  سد و مو  نو  نا انفا ن عا نصر بار .2 د
(nd= not detected, f= front, b=back)کسکر 

Table 2. Elemental compositions of the glaze of Mina'i and Lajvardina pottery from Alamut Castle in the form of
oxides and in terms of weight percentage (wt%) using the micro-PIXEmethod (nd= not detected, f= front, b= back).
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 و ا  دشک آ نصر  دم
نب رز،  اج  تفا و ا
Eastaugh) اد (Fe2O3) رُ ود،  
et al., 2004; Holakooei et al., 2019; Innocenti et al.,

اع  و داش 1 ا  مچن .(2024
نصر  فا د   دتفا ر
 اج ا  نصر  دشک 
Coccato, Moens, & Vandenabeele,) ر
 ر نصر 1 ا ام   ر .(2017
 و د  د و کنو و
د تفا آد ون نصر    

.

رنا  ا   ددشا نار گر
 ور ز ستند تا  س ،س اند
  رنص و مچن ستند. ن اع
   د اش 2 ا آاز  دآ

دم و مو  ز  دتفا فد
و رنا . د کش  نصر 
فد  اج  تفا و ا و
Eastaugh et al.,) ر ع (SnO2)  سد 
ا ر  د دق گرشژ .(2004
  سد    اع 2دنن
سد .(Mason and Tite, 1997; Tite et al., 2015)
دف  اع ود ب ،نک ر 
  ز ز  اع کت ا ،
.و اع ط  و ار ود ا
ز ز  اع ام قا ،مچن
 اع رر   ا  سد د.
اعا  ر  ود ب   ز
.(Mason and Tite, 1997) و  سد 
ب و   سد دنن د
 س اع   سد ا  ز
.و اع  وما  نظا ط اج ا

  ا1ا . د  شا 1ک   A3 مو  خت ا  آاز  دآ  کسکر ا . 5ک
. د  ا 2ا  د

Figure 5. Micro-PIXE spectra obtained from the analysis of two different areas in sample A3, as shown in Figure 1.
Area 1 is outside the gilded layer, and Area 2 includes the gilded layer.

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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کوکر ا ،اع   سد ز 
و ، سد ر . داش ا ز
 ود  ط اج ب ز رگ
وز ،اع  وو و ابا : باند
اکا  ،اع  وحا پاد زء 
کا  3س -زن کا اند وحا
 ود. اج ر و   4س
دنن د   سد ا سقا  ،و
Mason and Tite, 1997;) ستند ور را
رنا ز ا   .)Iñañez et al., 2۰1۰
 س ،س ،نوآ ،د اند رگ

ن اع  ور  و داش تا
 دآ   رنص و  مچن ستند.
نصر  ا  و داش 2 ا آاز
  س ،نوآ ،د نار ، و 
اXذ  ا  . د متر
رنص و  .  نصر و خصش
دع ر  ر ،6 ک  د  اش
 دجا صور اد شتر خصش اX
اX دع ر  ر   ر 
 رر دجا صور اد، متر خصش

 ر رنص و . 6ک
خت ا   وو نار
  ا )( : A3مو 
اش رز ر ا 1 ک 
 2 ا )( ، د 
 اش آ ر ا 1 ک 
آاز و اع . د
2/5×2/5 د مو   د

 تر

Figure 6. Elemental distribution
of some elements in two
different areas of sample A3,
shown in the optical image with
Area 1 marked by a red square
and Area 2 marked by a blue
square. The dimensions of the
analyzed areas in the sample are
approximately 2.5×2.5 mm.
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ا  وو نار  د دق
مچن ،2 1 و  د ا  فد رز،
ط ، ط اعا رنص ابر
د   د سر A3 مو د  ر
د د    وما . د ـ 3
  ا  د ا د ا ،و
د رز   مچن . د کش
6۰ د فد    آ سد د 8
خش  ر . و  سد د،
،A3 مو  ر اع  ا  
مو   آ  د    سد
مو ش بز اع ا  د 5 د
وما مچن ستند. سد  آ سد
مو  د ،و داش د   
 د کش س سد  دم و
د سد ،نوآ سد اند رنا آ  

نفا  د  مچن . و ز زن 
نگنز  ،تا ،آ ادس ز م دق
 ا  وو اصاا    و

 د د رنص ابر 

ن اع نصر ابر  ور تا ر ا
2 د   ژ   دزاآ امو
امو م   خش ، د ـ
ون ر سد  س سد ،ر و
ک  . د تفا آد  ختحکا
 ر سد  س سد  د رغ 7
   وما . د  موا 
 )ز موا  م  ، خش ک
س سد  د )A12  A4 نو مو
. ر سد  د  شتر اس وم
د  خش 12  4 مو  ر ا ا

Elements
(wt%)

د ا
Gilded area

رز 
Red pigment

فد 
White
pigment

)( ر عا
Turquoise
glaze (front)

)ش بز) عا
Green glaze
(back)

فا د
body

Na2O-0.56-1.340.372.01

MgO0.961.63-1.430.473.1

Al2O31.23.531.554.015.923.6

SiO239.9965.7615.5771.8077.6986.13

SO3-0.622.32---

Cl0.380.510.540.300.18-

K2O2.131.69-2.901.841.05

CaO8.039.674.727.516.112.64

TiO20.150.200.190.130.230.18

MnO0.0790.07-0.090.050.03

Fe2O31.637.560.971.552.761.17

Cu2O4.883.781.054.621.770.09

SnO2--61.13---

Au2O336.53-----

PbO4.004.4110.214.332.63-

عا نصر بار مچن .A3 مو 2 1و  د ا  فد رز، ا  وو نار  د .3 د
. د ـ د   سقا ر  د سر 3 مو د  مو ش ،مو  ن

Table 3. Weight percentage of elements present in the red, white, and gilded areas in Areas 1 and 2 of sample A3.
Additionally, the elemental compositions of the glaze on the front, back, and body of sample 3 are presented in this

table for comparison.

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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 د  شتر مو   ر سد 
د  وما مچن . س سد
نو  سد  مو    خش 2
د تفا ن اع ابر  دنن ا
 د اش مو   رنص آاز .
 22/5ر   سد دق 12  4 مو 
 ت ا اعا و رنا . د 8
Matin,) اتف موا ق ا مو  
  وما ،ر  .(Tite, & Watson, 2018
 2 مو مچن  12  4 مو  د ـ ا
د آاز امو گر ا ز د ابر ظر
 ن اع و  و ا رنا تند. اف
جت   و د رنص ابر مچن
 وم   د ش افا  د
اا تو ا  خت رز  اد  و

اند د ود دننر ااا  اتف

اع ،د رنص ابر رخش ر
قاا  دتفا ا ع  ن
ز رگ ه ا ،سککر  ا

 تفا ا .آ   و موا  
خا رد ،قط ط  موا آاز
ود کاذر موا   ن اعا
وو نار  ر رنص و 8ک  .و
قط ط   A12 مو ن اع  د 
 وما . د  اش ، د آاز
،و داش زر اکا ا ک 
  ر نار رنص و قش  و ا
 دم و نار   د و تو
ا گر، ر  د. و ن اع  ا
 (X) ق تا  آاز اع نک  و
خا ، کرتر 25۰۰ د  (Y)وم
خم کرتر 6۰۰ د مو   ن اع
 قط ط  خت مو آاز .و 
ن اعا خا   اش ژ 
. تغر کرتر 6۰۰ ا 1۰۰  مو  
،8ک  ر رنص و  و ا مچن
 اع ر  دقا ا خا و
،ک اع  و ا .ر بحا  داش ز

د آاز امو  ن عا  وو ر سد  س سد  د رغ .7ک

Figure 7. Variations in the weight percentage of calcium oxide and lead oxide present in the glaze of the analyzed
samples.
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   ا  اق  خا
. کرتر 1۰۰ د ، ر  کش
،و ا آ  نجا  اد  م اـز کت
و  ز 8 ک  وما   
 نصر  ،و د ر نصر  ور
د   اع ر ،کش ا اق مو
ان .(Holakooei et al., 2019) تر ر
ان افا  ر   رنحصر
اعر اق وض  ت ا  وم 
اع اق ان  )کش  ا اق(
 مو   رز(  فد  ا اق(

د خا یرد

وق ،وم   د ان افا 
ا فد اع  ر اق و ا خت
 و  ر پ  در ر
 ،رنا دد. ز   ا وق
 را دا  نا ظر
ر اع  ر    رطح
ا  ر ا ا مچن  فد ا
ز ًب وما . تر ر دقا
ا ا micro-RBS  تفا ا د، ا
 ت ا   ا خا ا تس

قط ط  A12 مو ن عا  د  وو نار  ر نصر و .8ک

Figure 8. Elemental distribution of some elements in the body and glaze of sample A12 from the cross-section.

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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خت مو   د   دآ   micro-RBSا سقا .9ک

Figure 9. Comparison of micro-RBS spectra obtained from the gilded layer in three different samples.

Albéric et al.,) ما رد  د ا
ا 9 ک  .(2015; Fourdrin et al., 2016
 خت مو   دآ   micro-RBS
سقا کدگر ا وم   دزاآ امو
خا  خش ک   . د
 نداش  اهن ا تنا  
  خا  ر  ند غر ،
ا    ور  اهن اد، شتر
اد. ز ز د  اش بز کا
خا ، خش 9 ک  وما
اهن ر  اتف مو  ر  
د. اف کدگر ا ًا مو    
خا ر  د اش ک  مچن
،ط  ت ا   اد، شتر  
اع  ترش م ا ر اندر ر 

ند وف

  خا بحا  رد تا
 مو  ر ن اع  آ وف ز 
ر باحا  تا . د ـ 4 د
ور     د اش ،A8 مو
اوتر 32۰ د  تخا ،   
ترش ا  ور  و    .

 د اش ، دا   اع
اع   کرتر 1/5 د دتفا 
 و  وف     ر وف
مچن 4 د  . بس موا ر ر
س ر    ندکش  ابر
اع  ر . د  اش م د
(SiO2) ر نع  تفا و
مو کت صور  وما مچن .
مو  ن اع  ،و د A8
 نصر ،اع   ا   ر
ک اع  قط ا ر مچن .
نصر ، د تفا مو    رنا 
 ر دآ   ر رنا . ر
ر تفا و ام ور ا ًا  
اه  . طا ،تفا و اع اج
ن اع ر ، خ ًا   ز
 ز A2 مو ر باحا تا مچن .
 د اش باحا . د ـ 4 د
تخا ،    ور   
  تخا مچن . اوتر 56۰ د 
۰/7 د ر وف آ  د   ا

 کرتر



1403 بهار | 19 پیاپ شمار | 1 شمار | فت سال |  71

یرتیج

د ،و داش 1 د  وما
ا افا ابر ظر  ر و امو
نداش د ابر  اف  د. کدگر
 و  ان افا ا    
اتم  ،مچن . د تفا اتف
  دآ   امو   و ز
د  حو   فخت اکا  نطق
ژ   دآ   تا ا ر اند.
افا  د ز تا ا آ سقا 

و ا  ر گرشژ و و ان
  و ،د نتشر آ تا  عطا
حو  افا ا   د جت
 نرم  موا ق  ،A2 مو ز
د . د تفا آونا  ن  ا
ا اس دزاآ امو س سد 
     نداش   
 ا . د تفا موا   کرآ
. د تفا کآ ا نا A2 مو
اقا  ت ا  ا آاز تا
نصر رز،  ا  د اش نز

)م )د  ند شک نار
Elements forming the layer

(atomic percentage)

مو د
Sample
Code

 ر
Layer Order

 خا

(×1015 atom/cm2)
Layer Thickness

(×1015 atom/cm²)

  خا
)اوتر(

Gold Layer
Thickness
(nanometers)

AuCuPbSiO

A8

) ا (  
First Layer (Pure Gold Layer)

1900320100----

) صاا ا ن عا(  
Second Layer (Base Glaze with

Gold Impurities)
3200-162421840

) صاا ا ن عا( و 
Third Layer (Base Glaze with

Gold Impurities)
2500-101121364

)ن عا( ها 

Fourth Layer (Base Glaze)
130000-022.53664

A2

) ا  (  
First Layer (Pure Gold Layer)

3000560100----

) صاا ا ن عا(  
Second Layer (Base Glaze with

Gold Impurities)
3300-303021820

)ن عا( و 
Third Layer (Base Glaze)

130000-0143560

A2  A8 مو  ر ن عا  آ فو ز    خا بحا  رد تا .4 د

Table. Measurement results and calculation of the thickness of the gold layer and its penetration into the glaze for
two samples, A8 and A2.

ور ش کوکر  تفا ا مو  نا افا نصر آاز  اشخص
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مچن .  نصر فد،  ا  آ
نصر موا   ر  کش  ر
 د انا  ا ون آ  ر
. ر دع ر  تفا نداش
اعا  و  ا ، ر 
ان اعا  نو افا ن
خش مچن د.  خش با نصر
تفا و ر اعا  ا  د
،بز اع  ا   نصر موا، 
دآ   تا .  آ نصر ر
د اش وم  امو  د  
ستند تفا موا  د  خا 
. تغر اوتر 84۰ ا 32۰ آا خا 

گزپا

و دم تر ا رم  قا اندسو
)ز وم  ناتاا اا رر(
 اج  ا و امو حو  
 مچن د.  د  شکر ام ،ژ
مکا   تس نو  و گاشژ  
آاز ر نا ر  رد گاشاآ
و د  شکر رد، ر  موا 

عنو  ا یاا

ما ا ژ   و کا ا آاز
گاشاآ  تس ون  و گاشژ

 د اج رد

وا

1. Stonepaste

2. Opacifier

3. Diopside

4. Wollastonite
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