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In the art of tiling, turquoise and green colors have been the colors considered by 

traditional architects. Their beauty depends on the coloring materials as one of the 

important glaze materials. This study aims to obtain technical information about the 

historical glazes of the Green Dome of Kerman. Written sources and field surveys 

were conducted to obtain samples to achieve this goal, and the color components of 

the glazes were measured using the CIE L*a* b* system. The X-ray energy diffraction 

(EDX) spectroscopy method was used to determine the constituent elements in the 

existing glazes. The results analysis show that the color tonality of the green glazes is 

due to chromium oxide, copper, vanadium, nickel, and iron in the glaze. The results of 

the examination of samples of turquoise glaze demonstrate that copper oxide served 

as the color generator in the glazes and that potassium and sodium oxide also 

contributed to the strength of the turquoise color. 
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 ĈõÿäĊÕ ā¿ÿ¾LĊå ðý½ äö¤¸ù ćwă     ¹½ĀLù wLþz ½¹ ¹ĀL«Āù À{LÅ ÿ ćv

)¢Åv Ă¤å¾òý ½v¾é ĂÞõwÖù 

xwÞõ ĈÅ½¾z IÃwÅv üĉv¾z¢ù¾ù ÿ ûv½wúÞù ćv¾z Ĉòý½ ćwă Iûv¾ñ

 ĈLù Ăí ¢Åv ¢Ċúăv wz ĈÝĀÑĀù  ½¹ ºLývĀ£  ĈLÅ½¾z   ÿ xwLÞõ ÈĉwLÅ¾å

 ¢ù¾ùj       ĂLÞõwÖù ¿v ĈöLÍv ãºLă üĉv¾zwLþz )ºLþí wLæĉv ĈúĄù Èêý wĄý

 ĈĉwÅwþÉôĊîÊ£ ¾ÍwþÝ xwLÞõ āºþă¹   ā¿ÿ¾LĊå ðLý½ ćwLă  ÿ À{LÅ ÿ ćv

xwÞõ ½¹ ðý½ ¹w¬ĉv ôùvĀÝ ĈLÉwí ćwă       ºLĊõĀ£ wLz ûvĀL¤z wL£ ¢LÅv wLă

xwÞõ)¹Āúý ìúí wþz ¢ù¾ù Ăz ĂzwÊù ćwă 

ĈLLz ćwLLăwþz ¿v À{LLÅ ĂLL{é  ā½ÿ¹ ĂLLz èLLöÞ¤ù ÿ ø¤LLæă û¾LLé ¾LLĊÚý

ûwĊĉw¤·v¾é ā¹Āz ]-1[  ĂõÀõ¿ ½¹ ĂýwæÅw¤ù Ăí,-21  ÿ Ă¤å½ üĊz ¿v wĄþ£

ĈÉwí ¿v ĈÊ¸z ÿ ºþöz ûvĀĉv    ĈéwLz wLþz üLĉv ç¾LÞù ć½wí   )¢LÅv āºLýwù

xwÞõ ¾ÍwþÝ ¢·wþÉ ¢úĊăv Ăí ĈÝĀÑĀù v½ ûwù¾í À{Å Ă{é ćwþz ćwă

Ĉù ¾£¹wĉ¿ĈÉwí ¹wĉ¿ yĊÅj Ĉîĉ 5¢Åv ¹½Āù ÿ¹ Iºþí āºÉ Ă¤¸ĉ½ ćwă

Ă{Þ« ô·v¹ Ăí wþz ĈLù ć½vºĄòý wþz ĂÕĀ´ù ½¹ Ĉĉwă   ć¾Lòĉ¹ ÿ ºýĀLÉ

í ćđwz ¢ùºéĈÉw    ć¹vĀL« ĂLí ¢LÅv wLþz üĉv ç¾Þù ćwă    ¿v ôLêý ĂLz

wĊý¾Ċ~      ĈúĉºLé v½ ûj ÿ Ă¤LÉv¹ ā½wLÉv ûj ĂLz ¹ĀL· ¡wêĊê´£ ½¹  üĉ¾L£

ĈÉwíā¹¾z ÷wý ûv¾ĉv ç¾Þù ćwă v¢Å ]-2[     ¢ùºLé ËĀLÎ·½¹ ĂL¤{õv

      ĂLõwêù ½¹ āwLþ~ ÷ĒLÅv ĂLí ¹½v¹ ¹ĀL«ÿ ć¹ºÞ¤ù ćwă¾Úý ãĒ¤·v wĄýj

ûwù¾í À{Å Ă{é Ă{Ċ¤í ¶ĉ½w£ ]-3[ wĄýj Ăz   ºLê¤Þù ÿ ¢Åv ā¹Āúý ā½wÉv

ĊtÀ£ Ăí ¢Åvþ¹½v¹ èöÞ£ ĂĉĀæÍ ā½ÿ¹ Ăz wþz ¡w     yLöÖù üLĉv ¿ĀLþă Ăí

¹½v¹ ć¹wĉ¿ ĂĄ{É ćw« ) 

 

-L Ĉz¾¬£ È¸z 
-L,L Ĉå¾Þù ¾§v ÿ ĂýĀúýćwă ¹½Āù ĈÅ½¾z 

Ă¤É¼ñ ć½wúÞù ¿v ½w§j ć¹wĉ¿ ½¹ yõwé ¡wþĊtÀ£  ĈLÉwí  ć½wLí ćwL«¾z 

āºýwù Ăí ¿v üĉv ûwĊù ĈùûvĀ£ Ăz Ĉîĉ ¿v ćwă½wîăwÉ ā½ÿ¹  ûwĊĉw¤·v¾é

ûwù¾í ĂöÆöÅ ¿vëĀöù ćwă ûv¾ĉv ĈæĉvĀÖõv    ā¿ĀL³ ½¹ ĂLí ¹ĀLúý ā½wÉv

ºþ¤Év¹ ĈýwĉwÉ Ĉæéÿ Ăĉ¾Ċ· ¡½wúÝ ¢·wÅ ÿ ¡wåĀéĀù ].+ I-4[ ) üĉv

          wLz ¢LÅv ½ĀĄLÊù À{LÅ ĂL{é ÷wLý wLz ûwLù¾í Ĉ¸ĉ½wL£ ¢åwz ½¹ Ăí wþz

ĈÉwí È¸z wĄþ£ ĂýwæÅw¤ù wùv ¢Åv ā¹Āz Ă¤Åv½j ç¾Þù ćwă wþz ¹Ā«Āù

      ûj ĈêzwLù ÿ ¢LÅv ĈLÉwí ĂLz üĉÀLù ûj ¿v ĈÊ¸z Ăí ¢Åv ûj ûvĀĉv

ĈÉwí ćwĉwêz ûwù¾í Ĉòþă¾å ¥v¾Ċù Ăí ¢Åv Ă¤¸ĉ½ÿ¾å wLz ćwă  Ç¿½v

Ă{Þ« ½¹ v½ wþz üĉvĈù Ăòý ĂÕĀ´ù ô·v¹ Ĉĉwă )¹½v¹ 

 
 ôîÉ,5 ûwù¾í ¾ĄÉ ¢ĊÞéĀùI À{Å Ă{é ćwþz ćwĉwêz ÿ À{Å Ă{é Ăö´ù ā¹ÿº´ù) 

Figure 1: Location of Kerman city, Green Dome neighborhood and the remains of Green Dome building. 
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  Ăĉ¾Êý ĈúöÝ ć½ÿwþå ÿ ÷ĀöÝðý½ *,2 $,/+-#, I,1(,

ðý½ ¿v wþz üĉv ½¹ĈÉwí xwÞõ ½¹ Ĉ£ÿwæ¤ù ćwă    āºLÉ ā¹wæ¤LÅv wLă

ĈÉwí Ĉöí ½ĀÕ Ăz )¢Åv    ðLý½ ćv½v¹ wLþz üLĉv ćwLă  ā¿ÿ¾LĊå ćwLă Ićv

  ½wL§j ÿ wþz èĊé¹ āºăwÊù )ºþ¤Æă ¹½¿ ÿ ºĊæÅ IĈîÊù IÀ{Å Ić¹½Ā«đ

Ĉéwz ĈþĊtÀ£½¹ Ăí ¹v¹ ûwÊý āºýwù     ÿ À{LÅ ðLý½ äLĊÕ ìĉ ¿v wþz üĉv

ā¿ÿ¾ĊåĂýĀñ Ăz ¢Åv āºÊý ā¹wæ¤Åv ćvā¿ÿ¾Ċå ðý½ Ăí ćv ĂÅ ½¹ ÀĊý ćv

  äLö¤¸ù Ă¤Ċõwþ£ ªþ~ ćv½v¹ À{Å ðý½ ÿ ¢Åv Ă¤å½ ½wí Ăz Ĉòý½ Ă¤Ċõwþ£

È¸z ½¹ Ĉ·¾z Ăí ¢Åv ć½vºĄòý ¡wÞÖé ½¹ Ĉ·¾z ÿ āºÉ yÎý ćwă

āºÉ ĈÞÅ ÈăÿÂ~ üĉv ½¹ )¢Åv ¥v¾Ċù Ăz èöÞ¤ù āºÉ    ¢Lù¾ù ¢LĄ«

Ă¤Ċõwþ£ Ăúă ćÿ½ Iwă xwÞõ ÿ ĈÉwí ¢·wÅ üå ¾¤Ąz ¢·wþÉ ÿ wþz ćwă

ðý½ ¿v āºÉ āºĉ¹ā¿ÿ¾Ċå ÿ À{Å ćwă   ¾LÍwþÝ ÿ ¹¾LĊñ ¡½ĀÍ ÀĊõwýj ćv

xwÞõ üĉv āºþă¹ ôĊîÊ£ )ºýĀÉ ĂÆĉwêù ¾òĉºîĉ wz Ĉòý½ ćwă 

 
-L-L ½vÀzv ÿ Çÿ½ ½wí 

 ĈĉwÅwþÉ ¢Ą« ć¹¾z½wí ÈăÿÂ~ üĉvĂÎ¸Êù ćwLă   xwLÞõ ĈLòý½  IwLă

xwÞõ Ĉòý½ ôùwÝ ÿ āºþă¹ ôĊîÊ£¾ÍwþÝā¿ÿ¾Ċå ÿ À{Å ćwă Çÿ½ wz ćv

Ĉz¾¬£(       ¿v ¿ĀL¬ù yLÆí ¿v ÄL~ vºL¤zv ½¹ )¢LÅv āºÉ ÷w¬ýv ĈöĊö´£

     xwLÞõ ÛĀLý ªþL~ ¹vºLÞ£ Iwþz ¿v ¹ºÞ¤ù ºĉ¹¿wz ÿ ûwù¾í Ĉòþă¾å ¥v¾Ċù

ā¿ÿ¾Ċå xwÞõ ÛĀý ĂÅ ÿ À{Å Ăz ÿ ć½v¼ñºí ÿ ĈĉwÅwþÉ ćvjāwòÊĉwù¿wă 

ĂýĀúý Ăúă ±ĀÖÅ Ĉòý½ ¢ĊÞÑÿ )ºÉ ówÅ½v   ¿v ā¹wæ¤LÅv wLz wă ûĀLù¿j 

CIE Lab         ÿ ºLÉ ĈLÅ½¾z ûv¾Lĉv ìĊùv¾LÅ ć½ÿwLþå ĂÞLÅĀ£ ÀLí¾ù ½¹

ĂÎ¸Êùćwă  xwLÞõ Ĉòý½   )ºLĉ¹¾ñ Ì¸LÊù wLă    üLĉv ćv¾Lz ûĀLù¿j  ¿v

  óºLù ĈLÅwîÞýv ¾¤ùĀ¤åÿ¾¤î Åv āwò¤Å¹ Eye A7000-Color   ¢·wLÅ

)ºÉ ā¹wæ¤Åv ûw¤Æöòýv ½ĀÊí āwò¤Å¹ üĉv ù  ÿ ï½ÀLz Ă°ĉ½¹ ÿ¹ Ăz ÀĄ¬

  ā¿vºLýv ½ĀLÚþù Ăz ¡ÿwæ¤ù ćwăÀĉwÅ wz ì¯Āí  ĂLýĀúý ć¾LĊñ   wLz ĈĉwLă

ā¿vºýväö¤¸ù ćwă    ûwLîùv ĂLí ¢Åv  ĂLí¾´ù Ă{LÅw´ù   ½¹ ĈLòý½ ćwLă

 óÿvº¤ù ć½Āý Üzwþù ¾ĉ¿ ½¹ ¹½vºýw¤Åv ćwăwÒå)¹½v¹ v½ 

äĊÕ Ăz ÀĄ¬ù ĈÊzÿ½ Ĉýÿ¾¤îõv |ĀîÅÿ¾îĊù āwò¤Å¹ ¿v Ä Å ªþÅ

     ĂLz èLöÞ¤ù ÄLîĉv ćĀL£¾~ ćÁ¾ýv Èþív¾~   ć¿v½ ć¹¾z½wLí ÷ĀLöÝ ¹wLĊþz 

 ĂLýĀúý ÿ¹ )ºÉ ā¹wæ¤ÅvB-3 , G-4        ¹½ĀLù ¾LÍwþÝ ĈĉwLÅwþÉ ćv¾Lz Ē{Lé

    ¾LÚý ºLù ÈăÿÂL~ üĉv ½¹ ĂÆĉwêù ¢Ą« wĄþ£ ÿ ¢Åv Ă¤å¾ñ ½v¾é ôĊö´£

ĂýĀúý ĂĊêz ÿ ¢å¾ñ ½v¾é ¹½Āù wăûĀù¿j     ¹wLĊþz üLĉv āwò¤LÅ¹ )¢Lå¾ñ ½v¾é 

óºù  MIRA3 LÅ ¢í¾LÉ ¢·w  TESCAN  ĂLz ÀLĄ¬ù   ¿wLÅ½wîÉjBSE 

      ĂLýĀúý ½¹ ĈLú£v ¹ºLÝ ÃwLÅv ¾Lz ć¿wå ¡v¾ĊĊâ£ ÌĊ¸Ê£ ¢Ą« ¢LÅv) 

$ ½ÀĉđwýjEDS ìLĊîæ£ ¡½ºé ćv½v¹ āwò¤Å¹ üĉv ½¹ Ă¤å½ ½wí Ăz #   đwLz ÿ

   ¿v ¾¤LÊĊz ìLĊîæ£ º³ppm 0+++      ¿v ¹ĀL«Āù ¾LÍwþÝ ĈĉwLÅwþÉ ćv¾Lz

z ¾ÎþÝĀ$ ½BĈù Ĉzÿwþ£ óÿº« ½¹ ºÞz Ăz #ºÉwz) 

 
 óÿº«, 5ĈÉwí ĂýĀúýxwÞõ Ĉĉwúþñ½Àz ÿ ĈÅ½¾z ¹½Āù ćwăā¿ÿ¾Ċå ÿ À{Å ðý½ Ă¤Ċõwþ£ ćwăćv) 

Table 1: Sample of examined tiles and magnification of green and turquoise tonality glazes. 
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  Ăĉ¾ÊýĈúöÝ ðý½ ć½ÿwþå ÿ ÷ĀöÝ *,2 $,/+-#, I,1(,

.L ¦´z ÿ ªĉw¤ý 

.L, L ĈÅ½¾zĂÎ¸Êùćwă xwÞõ Ĉòý½wă  ÃwÅv¾zûĀù¿jCIE Lab 
xwÞõ ¢·wÅ ½¹ ìúí ćv¾z ±ĀÖÅ Ĉòý½ ¢ĊÞÑÿ øLă ćwă   ¢LĄ« ðLý½

ĈÉwí Ĉ£j ¢ù¾ù ÿ ¢å¾ñ ÷w¬ýv Iwþz ćwăĂÎ¸Êù ćwLă    Ì¸LÊù ĈLòý½

 ā½wúÉ óÿº« ½¹ Ăí ºÉ-    āºLÉ ā¹v¹ ÈĉwLúý ĈLÅ½¾z ¹½Āù ĂæõĀù ĂÅ I

 Ì·wÉ )¢ÅvL* ĈþÉÿ½ ÿ Ĉñ¾Ċ£ Ì·wÉ Ăí ĈùºÉwz  ĈLù ûwÊý  ºLă¹

xwÞõ ½¹ Ăíā¿ÿ¾Ċå Ĉzj ðý½ ćwă ĂýĀúý ćvb-3  ā¾LĊ£ xwÞõ   ½¹ )¢LÅv ¾L£

ĂýĀúý xwÞõ ðý½ À{Å ćwă G-4ā¾Ċ£ Ăí¾£ Ì·wÉ ½vºêù ¢ÅvL*  Ăúă ¿v

 ĂýĀúý ÿ ¢Åv ¾¤úíG-2  Ä Å ÿ G-5ðý½ üĊz ¿v  üLÉÿ½ IÀ{LÅ ćwă  ¾L£

Ì·wÉ ½vºêù ÿ ā¹Āz a* ÿ¹ ½¹ ÀĊý   yLĊ£¾£ Ăz ĂýĀúý.-'.0(  ÿ.+'32( 

    ¾ĉwLÅ ¿v ĂLýĀúý ÿ¹ üLĉv ½¹ ûj ûvÀĊù ÿ ¢Åv À{Å ðý½ ¾òýwÊý Ăí ¢Åv

xwÞõ ĂæõĀù ½vºêù )¢Åv ¾¤ÊĊz wăb* Ĉù ûwÊý Ăí ºă¹  ĂLýĀúý ðý½G-3 

 ÿG-1    ĂLæõĀù ªĉwL¤ý è{Õ ÿ ¹½v¹ ć¾¤ÊĊz ć¹½¿b*   ĂLýĀúýG-4  ÿG-2 

 ¹½¿ ½ĀLL´ù ćÿ½ ÿ ¹½v¹ ć¾LL¤úí ć¹½¿ ûvÀLLĊù(  ìLLĉ¹Àý ĈLLzj ĂLLz ĈLLzj

Ĉù )¹ĀÉ 

 

.L- LĂĉÀ¬£ xwÞõ ć¾ÎþÝ ćwă ā¿ÿ¾Ċå Ĉzjćv 
   ā¿ÿ¾LĊå ĈLzj ðLý½ äĊÕÿ¹ xwÞõ ć¾ÎþÝ ĂĉÀ¬£ ¿v ôÍw³ ªĉw¤ýćvB-2 

ÿB-1     Çÿ½ ĂLz À{LÅ Ă{é ćwþz ç¾Þù ĈÉwíSEM-EDS    āºLùj ¾Lĉ¿ ½¹

óÿºLL«$ ¢LLÅv .(  ôîLLÉ.(/øLLĄù ¿v ĈLLîĉ ÄĊöĊLLÅ ºĊLLÆív )# üĉ¾LL£

Ăî{ÉyĊí¾£ ĂĊöí ½¹ ÿ ¢Åv xwÞõ ½¹ wă¿wÅ    yLĊí¾£ üLĉv ¿v xwLÞõ ćwă

Ĉù ā¹wæ¤Åv      ¢LÅv ĈLý¿ÿ ºLÍ½¹ üĉ¾¤LÊĊz ćv½v¹ ĂLýĀúý ÿ¹ ½¹ Ăí ¹ĀÉ

.ºĊÆív ÄĊöĊÅ yöáv ¡½ĀÍ Ăz Ăz À£½vĀí   ĈLù ĂåwLÑv xwÞõ   ¿v ºLÞz ¹ĀLÉ

   ĈLù āºLĉ¹ ĂLýĀúý ÿ¹ ÀĊõwýj ½¹ øĊÅw¤~ Ä Å ÿ x¾Å IÄĊöĊÅ  ½¹ )¹ĀLÉ

 ĂýĀúýB-2      ĂLýĀúý ¿v ¾¤LÊĊz øĊLÅw¤~ ÿ x¾LÅ IÜLöé ûvÀĊù IB-1   )¢LÅv

ûwúă½ĀÕ Ăí ªĉw¤ý ÀĊõwýj  ðLý½  ā¿ÿ¾LĊåćv B-1  ÿB-2   ĈLù ûwLÊý  ºLă¹

ÀĊõwýj½¹ wLă       øĉºLÅ IøĊLÆöí IøĊþĊùĀLõj IÜLöé ºLþýwù ć¾LÍwþÝ  IøĉÀLĊþù I

ôîĊý IÄù IøĊýĀí¾ĉ¿ ÿ üăj āºăwÊù Ĉù ÿ x¾Å ûvÀĊù Ăz Ă«Ā£ wz )¹ĀÉ

xwÞõ iÀ« ÿ¹ ¾ă xwÞõ IĈĉwĊöé ¾ÍwþÝ)¢Åv ĈĉwĊöé x¾Å ćwă 

 óÿº«- 5ĂÎ¸Êùćwă xwÞõ Ĉòý½wă  ÃwÅv¾zûĀù¿j CIE Lab) 
Table 2: Color parameters of glazes based on CIE Lab analysis. 

b* a* L*  Code 

1.49( 15.82( 64.025 B-1 

11.20( -21.88 60.58 B-2 

26.31( 15.02( 44.2 B-3 

27.25 -6.72 43.13 G-1 

5.02 32.35( 54.21 G-2 

35.1 17.86( 36.03 G-3 

9.11 19.01( 17.80 G-4 

22.32 30.87( 50.42 G-5 
 

 óÿº«. 5 ĂýĀúý ć¾ÎþÝ ĂĉÀ¬£ ªĉw¤ýB-1) 
Table 3: Elemental decomposition results of sample B-1. 

Elt W%  A%  

Na 0.93 0.92 

Mg 0.51 0.48 

Al  2.82 2.38 

Si 76.12 23.46 

K 4.34 2.52 

Ca 2.06 1.17 

Fe 0.29 0.12 

Ni 0.1 0.04 

Cu 0.3 0.11 

Zr 0.32 0.08 

Ti 0.08 0.04 

V 0.07 0.03 

Cr 0.08 0.04 

Co 0.09 0.03 

Sn 3.9 0.75 

Pb 7.99 0.88 

 

   

 ôîÉ-5 ðý½ ªĉw¤ýxwÞõ Ĉ¬þÅ ÃwÅv¾z Ĉòý½ ćwăûĀù¿j CIE Lab) 

Figure 2: Color measurement results of colored glazes based on CIE Lab analysis. 
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 ôîÉ.5 äĊÕ ĂĉÀ¬£ ć¾ÎþÝ xwÞõ ĈÉwí  B-1 Çÿ½ ĂzSEM- EDS) 

Figure 3: Elemental decomposition spectrum of glazed tiles of B-1 by SEM-EDS method. 

 

 

 
ôîÉ/ 5ºÍ½¹ ½v¹Āúý  xwÞõ ½¹ ¹Ā«Āù ¾ÍwþÝ Ĉý¿ÿ ÿ Ĉú£vB-1) 

Figure 4: Graph of atomic and weight percentage of elements in B-1 glaze. 

 

 
.L. LĂĉÀ¬£ xwÞõ ć¾ÎþÝÀ{Å ćwă 

 ªĉw¤ýĂĉÀ¬£ ºí wz ðý½ À{Å xwÞõ ć¾ÎþÝG-1    ĈLù ûwLÊý   ĂLí ºLă¹

ÄĊöĊÅ ā¹wù ĂĊõÿv āºý¿wÅ xwÞõ    ¾LÎþÝ üĊùĀLÅ IûÂĊÆív ¿v ºÞz )¢Åv

)¢Åv x¾Å IĈÅ½¾z ¹½Āù xwÞõ ½¹ Ì·wÉ øĉºÅ yĊ£¾£ Ăz ûj ¿v ºÞzI 

  ûvÀLĊù wLz øĊÆöí ÿ øĊÅw¤~ .'23 I.'21  ÿ.     ¾LÍwþÝ ¾ĉwLÅ ¿v ºLÍ½¹

¾¤ÊĊz ¤Æă       ½¹ ĂLí ¢LÅv ÄLù ÿ øĊþĊùĀLõj ôùwLÉ ¾LÍwþÝ ¾ĉwÅ ÿ ºþ

ā¹½ ćÿ½ IøĉÀĊþù Iüăj ºþýwù ć¾ÍwþÝ ÿ ºý½v¹ ½v¾é ø¤æă ÿ øÊÉ ćwă

 ¿v ¾¤úí ôîĊý ÿ. ý¿ÿ ºÍ½¹Ĉ ôĊîÊ£ ¾ÍwþÝ    ôùwLÉ v½ xwLÞõ āºLþă¹

Ĉù)ºýĀÉ Ċù Ăz Ă«Ā£ wz    ĈLÉwí üLĉv xwLÞõ IĈĉwĊöé ¾ÍwþÝ ÿ x¾Å ûvÀ

xwÞõ iÀ«)¢Åv ĈĉwĊöé x¾Å ćwă 

 À{Å xwÞõ ÀĊõwýjG-2 Ĉù ûwÊý ºĊLÆív Ăí ºă¹  ÄĊöĊLÅ  ĈLîĉ ¿v 

øĄùüĉ¾£ Ăî{Éwă¿wÅ ½¹    ĈLÅ½¾z ¹½ĀLù ĂLýĀúý xwÞõ  ā¹ĀLz   ćv½v¹ ĂLí
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)¹½v¹ ¹Ā«ÿ ôîĊý ÿ Äù IøĉÀĊþù Ićÿ½ ûĀ¯      iÀL« ĈLÉwí üLĉv xwLÞõ

xwÞõ)¢Åv ĈĉwĊöé x¾Å ćwă 
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Table 4: Elemental decomposition results of sample B-2. 

Elt W%  A%  

Na 1.98 3.01 

Mg 0.65 0.93 

Al  5.15 6.66 

Si 59.54 74.01 

S 0.66 0.72 

K 5.66 5.05 

Ca 4.17 3.63 

Ti 0.27 0.19 

V 0.22 0.15 

Cr 0.2 0.13 

Fe 0.65 0.4 

Co 0.19 0.11 

Ni 0.26 0.15 

Cu 0.63 0.34 

Sn 9.29 2.73 

Pb 10.51 1.77 
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Figure 5: Elemental decomposition spectrum of glazed tiles of B-2 using SEM -EDS method. 



ĈúĊ³½ āºĊ³ÿ¾Ąù  *ĂÎ¸Êù ĈzwĉxwÞõ ćwăĂ¤Ċõwþ£ ā¿ÿ¾ĊåÀ{Å ÿ ćv ûwù¾í ûwĊtw¤·v¾é ā½ÿ¹ Ĉ¸ĉ½w£ ćwþz ½¹ 4 

  Ăĉ¾Êý ĈúöÝ ć½ÿwþå ÿ ÷ĀöÝðý½ *,2 $,/+-#, I,1(,

 
ôîÉ15 ºÍ½¹  xwÞõ ½¹ ¹Ā«Āù ¾ÍwþÝ Ĉý¿ÿ ÿ Ĉú£vB-2) 

Figure 6: Graph of atomic and weight percentage of elements in B-2 glaze. 
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Table 5: Elemental decomposition results of sample G-1. 

Elt W%  A%  

Na 3.78 3.66 

Mg 0.74 0.67 

O 46.79 65.11 

Al  1.35 1.12 

Si 30.07 23.83 

K 3.76 2.14 

Ca 3 1.67 

Fe 1.03 0.41 

Ni 0.1 0.04 

Cu 1.12 0.39 

Zn 0.27 0.09 

Pb 7.98 0.86 

 óÿº«15  ĂýĀúý ć¾ÎþÝ ĂĉÀ¬£ ªĉw¤ýG-2) 
Table 6: Elemental decomposition results of sample G-2. 

Elt W%  A%  

Na 3.65 3.8 

Mg 0.28 0.28 

O 42.92 64.15 

Al  0.97 0.86 

Si 28.66 24.4 

K 4.36 2.67 

Ca 1.73 1.03 

Fe 2.07 0.89 

Ni 0.09 0.04 

Cu 0.14 0.05 

Zn 0.32 0.12 

Pb 14.78 1.71 
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Figure 7: Elemental decomposition spectrum of glazed tiles of  G-1  by SEM -EDS method. 
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Figure 8: Graph of atomic and weight percentage of elements in G-1 glaze. 
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Figure 9: Elemental decomposition spectrum of glazed tiles of  G-2  by SEM -EDS method. 
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Figure 10: Graph of atomic and weight percentage of elements in G-2 glaze. 
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Table 7: Elemental decomposition results of sample G-3. 

Elt W%  A%  

Mg 1.3 1.76 

Al  2.2 2.69 

O 24.55 50.68 

Si 25.21 29.64 

Cl 0.26 0.24 

K 3.93 3.32 

Ca 3.78 3.11 

Ti 0.09 0.06 

Cr 0.07 0.04 

Fe 2.31 1.36 

Pb 32.02 5.1 

Ni 0.14 0.08 

Cu 1.91 0.99 

Zn 1.22 0.62 

Cd 0.66 0.19 

Sn 0.36 0.1 
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Figure 11: Elemental decomposition spectrum of glazed tiles of  G-3  by SEM -EDS method. 
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Figure 12: Graph of atomic and weight percentage of elements in G-3 glaze. 
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Table 8: Elemental decomposition results of sample G-5. 

Elt W%  A%  

Mg 1.29 1.34 

O 40.59 64.29 

Al  3.46 3.25 

Si 25.99 23.45 

S 0.15 0.12 

Cl 0.45 0.32 

K 4 2.59 

Ca 1.8 1.14 

Ti 0.3 0.16 

V 0.15 0.07 

Cr 0.13 0.06 

Fe 0.81 0.37 

Cu 0.25 0.1 

Zn 0.19 0.07 

Cd 0.9 0.2 

Sn 0.91 0.19 

Pb 18.64 2.28 
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Figure 13: Elemental decomposition spectrum of glazed tiles of  G-5  by SEM -EDS method. 
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Figure 14: Graph of atomic and weight percentage of elements in G-5 glaze. 
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Table 9: Glaze type and color factor in turquoise samples. 

B-3 B-2 B-1  

   

Sample/ element 

Lead-Alkaline Lead-Alkaline Lead-Alkaline Glaze Type 

copper copper copper Agent Color 
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Figure 15: Comparison of elements in turquoise glazes. 
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Table 10: Glaze type and color factor in green samples in Green dome. 

G-5 G-4 G-3 G-2 G-1  

     

Sample / Element 

Lead-Alkaline Lead-Alkaline Lead Lead-Alkaline Lead-Alkaline Glaze Type 

Vanadium, Chromium 

and Copper 

Chromium, Iron, 
Vanadium, sulfur and 

Copper 
Copper, Lead and 

Iron 

Copper and 

Alkaline elements 
Copper and Nickel Agents Color 
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Figure 16: Comparison of elements in green glazes. 
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Table 11: Comparison of the results of elemental analysis of Kerman Green Dome glazed tiles with the results obtained by other researchers . 

Glaze color in studies Observed color 

Pigments elements in green spectrum and type of glaze 

G-1 G-2 G-3 G-5 

This research 

 

Cu ï Ni 
Lead-Alkaline 

glaze 

Cu 
Lead-Alkaline 

glaze 
Cu ïFe 

Lead glaze 
CuïCrïV 

Lead-Alkaline 

glaze 

Butter et al 
 

( ( Cu 

Lead glaze ( 

Noghani et al 

 

Cr ïCu 
Lead glaze ( ( ( 

Shakibapor 

 
( Cu 

Lead glaze ( ( 

 

 

¢Åv āºÊý ûwĊz ûwñºþÆĉĀý ÔÅĀ£ Üåwþù Ï½wÞ£ ĂýĀñ ®Ċă. 
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       ¥v¾LĊù ôLí ā½v¹v ôLí ¾ĉºLù ÿ ½ĀL~ ĈúÙwLí øĉ¾ù ¾¤í¹ øýw· ½wí¾Å

     ĈõwLÞå xwLþ« IûwLù¾í ûw¤LÅv ć¾òLÉ¹¾ñ ÿ Ĉ¤Å¹ ÜĉwþÍ IĈòþă¾å 

ĂýĀúý ÿ wþz ºĉ¹¿wz ½¹ ć½wîúă ¢Ą«I½w§j ć½v¹¾z    ĈĉwLúþăv½ üĊLþ°úă

  ¾L¤í¹ øýw· ½wí¾Å ÿ Ĉáÿ¾å ćºĄù ºú´ù ¾¤í¹ xwþ« ½vĀñ½Àz ºĊ£wÅv

ĕvºÅv āºĊú³ā¹v¿ øĉwúý Ĉýv¹½ºé. 
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