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Sample Color Form Na,O MgO ALO; SiO, P05 SO; (o} KO CaO TiO, CrOs MnO Fe0s Cu0O ZnO SO NiO PbO
st Green bottom 1339 557 169 70,08 059 020 041 250 411 009 nd 006 047 nd nd nd nd nd
S$2 Green neck 15.64 4.56 302 6249 0.95 0.36 0.59 252 671 0.14 0.05 1.28 0.88 nd 0.02 nd nd 012
S3 Green bottom 15.61 383 3.56 62.41 0.67 0.31 070 220 5.90 021 0.02 286 1.03 nd nd 0.10 nd nd
s4 Green edge 17.02 437 324 6257 097 040 0,69 393 446 008 nd 086 089 nd nd nd nd nd
S5 Lgreen body 1295 5.68 328 69.49 0.99 0.51 037 226 3.58 0.08 0.02 0.04 0.37 nd nd nd nd nd
S6 Lgreen body 1276 522 280 6922 114 034 037 280 364 007 004 0.60 052 001 nd nd nd nd
s7 Lgreen body 1539 678 237 6602 073 022 050 302 347 005 002 008 023 nd nd nd nd nd
s8 Lgreen body 1696 670 242 6233 0.66 043 047 232 488 0.10 nd 004 044 nd nd nd nd nd
89 Dygreen body 1636 308 377 6150 079 040 053 241 618 009 nd 258 063 nd nd nd nd nd
s10 Lgreen body 1468 407 186 6158 044 037 055 260 626 014 nd 312 092 nd nd nd nd nd
s Lgreen body 1391 6.06 296 68.68 1.09 0.39 0.37 226 349 0.07 0.04 0.04 0.36 nd nd nd nd nd
S12 L.green edge 1543 6.33 1.68 6647 045 0.53 039 264 4.83 012 nd 017 0.54 nd nd nd nd nd
si3 Lgreen body 1583 262 223 6525 073 044 065 293 597 014 003 213 053 nd nd nd nd nd
S14 L.green body 1526 418 325 65.14 0.54 012 0.65 210 559 0.19 0.03 029 1.37 nd nd nd nd nd
S15 L.green body 15.67 344 258 6272 0.51 0.30 0.65 292 690 013 nd 314 0.90 nd nd 0.90 nd nd
si6 Lgreen body 1685 335 291 6178 064 049 056 251 622 012 003 243 061 000 000 nd nd nd
S17 L.green body 16.04 4.38 263 63.64 0.55 0.34 048 244 674 015 0.03 1.04 1.04 0.00 0.02 nd nd nd
S20 L.green bottom 265 6456 093 0.60 258 592 012 nd 239 077 nd nd nd 0.02 nd
s21 Lgreen bottom 1447 418 313 6437 105 029 053 254 606 012 005 192 083 002 nd nd nd nd
S22 L.green bottom 15.65 383 299 6325 1.03 0.32 059 27 636 013 0.05 207 0.68 nd nd nd nd nd
823 D.green unknown 1351 378 259 6825 117 018 0.60 3.03 474 0.14 0.04 0.27 1.04 nd nd nd nd nd
s24 Dygreen bottom 1474 447 223 6588 100 032 057 313 563 012 003 010 098 nd nd 095 nd nd
825 D.green unknown 14.79 3.90 258 66.83 1.06 0.26 071 323 547 0.10 0.04 0.09 057 nd 0.02 nd nd nd
826 Green bottom 1652 341 370 60.76 078 0.32 058 263 6.69 0.14 0.05 296 101 nd nd nd 0.03 nd
s27 Lgreen neck 1543 473 368 6194 072 026 057 243 679 o1t nd 219 101 nd nd nd nd nd
828 Green bottom 15.06 435 286 66.10 098 0.21 051 284 4.60 012 0.03 1.00 079 0.02 0.04 nd nd nd
$29 Green edge 14.48 385 3.00 6845 121 0.08 059 281 419 0.10 0.05 021 073 nd nd nd nd nd
30 Green handle 1584 501 274 6322 122 037 060 243 o1t 006 096 060 nd nd nd 002 020
S31 Green edge 16.05 516 301 63.18 1.01 0.21 0.54 250 6.06 0.08 0.06 1.02 073 nd nd nd nd 012
$32 Lgreen bottom 15.26 310 356 63.29 0.80 027 0.61 277 593 0.14 nd 287 1.07 0.02 nd nd nd nd
33 Lgreen bottom 1693 327 242 6513 121 033 063 222 528 009 004 159 051 nd nd nd nd nd
8§34 Dgreen bottom 14.43 4.02 376 63.52 0.46 013 055 262 646 013 0.06 155 0.85 nd nd nd nd nd
$35 Lgreen edge 1337 299 479 6257 052 032 048 235 563 017 003 310 116 nd nd nd nd nd
37 Lagreen edge 1453 438 487 6366 048 031 048 238 547 [ 002 211 070 002 nd nd nd nd
S38 Lgreen edge 1549 407 322 63.85 0.30 022 052 246 5.65 012 nd 213 0.64 nd nd nd nd nd
39 Lgreen edge 1596 327 449 60.28 038 027 048 216 572 017 nd 269 112 nd nd nd nd nd
40 Lgreen unknown 1412 319 497 57.99 014 046 045 233 598 009 002 293 076 nd nd nd nd nd
S41 Lgreen edge 12.80 395 514 69.26 0.25 nd 051 320 312 0.10 0.02 027 074 nd nd nd nd nd
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Dendrogram using Average Linkage (Between Groups)

0 5 10 15 20 25
=1 l ! ! ! !
e z
a | G2-B:
G2 |1 '
G2 11J
[
G2 21
G2 |27
G2 |38
Gl |18
Gl |32}

Gl |30

Gl |13}

Gl 1 G <4

Gl |32 Ol-A
Gl | 9

Gl 24

Gl |36}

>-Gl 20
Gl |35
Gl | 3
Gl |15
Gl |10p—

Gl |25

Gl |16

Gl 28

Gl |29

G2 | ¢

Gl 2

Gl 17 p—d

c1 | G1-B
Gl |3t

Gl 23—

G2 26

Gl |22

Gl |33

Gl |37 |

&wuwbw

2 &S wSngySue ol (cladgs LT 3l ealitul b (g paic LS 5 bl o posns 5l osd 3JUT (sladiges b b 5 (condids A JS05
ol 04 03l LS By Hlaged S

1Ko P uLu.u.OJgJ.uLJ 9> o louly «ogr Jlw

YA


http://dx.doi.org/10.52547/jra.9.2.381
https://jra-tabriziau.ir/article-1-381-en.html

[ Downloaded from jra-tabriziau.ir on 2026-05-19 ]

[ DOI: 10.52547/jra.9.2.381]

@R . :
wuub Ry liwl o jy swoliliad g

6.0
Ag. Seymareh
¥ G- Seymareh
50 X X Gouriyeh(Agha-Aligol 2019)
o A X Jahangir(Agha-Aligol.2019)
. A Sasanian(Brill,1999)
\’? 7 Sasanian(Mirti,2008)
S, 4.07 Sasanian(Mirti.2009)
£
S 301
g 3
2.0
1.0
! I X | ! | I 1 1
20 30 40 50 60 70 80 90
MgO(wt.%)
10.0
A G1- Seymareh
v ¥ G2- Seymareh
A A - X Giouriyeh(Agha-Aligol 2019)
8.0~ a . X~ Al ﬁ‘ X Jahangir(Agha-Aligo 2019)
Vi v{B A\ Sasanian(Brill1999)
q Ad T, Kby 7 Sasanian(Mirti,2008)
% A M 5 Sasanian(Mirti,2000)
A A A
E« A - A % \%
% 6.0 AV - '
v X %o A A AL
A X g(ﬁ *‘ [* v "
40- ok -
ok %
L 1 ¥ li & I | I
10.0 12.5 15.0 17.5 20.0

Na2O(wt.%)

Sdises 1 S deaST sy padis deanST (559 o> Dl (B) qomanlty aansST s 3 o 50 aanST 559 Ao yd iy () A JSS
e o 3T Sl (slncipns 5 555 45 5 Sl 135 510 3T (slaisnd b o Al 5 o Sy dbgocs Sl e 5400

VA | 1Eor Yliwo) 9wl (g o los ugs Jluw


http://dx.doi.org/10.52547/jra.9.2.381
https://jra-tabriziau.ir/article-1-381-en.html

[ Downloaded from jra-tabriziau.ir on 2026-05-19 ]

[ DOI: 10.52547/jra.9.2.381]

OMUJJJLJJ&LMJAOMTW)NL.,JLNLWLsLmo.uu.wO&J'h.ogu.wJ_p

&wuwbw

6 35 4 A

ez oalitul b 1) patd d2lge o b Syl gloadid jate 3T 0 o8 platlly Ll (Giagy ool
Sl (gl & ab asulie 9 03,8 syt 0yepm ()l dbgme (sladiged (B jl okl Cusd 4 (s pais iy
Pl ladiges jl oad angd glate o jl bl b bagpSojlul il sbdiged (gpais Sy oo o 3:5
Jbs & Lo izeen 1S5 2yl ladiges (g paie 3BT 53 (o0b5 (sllad matw aiile (g polic 5l o ()05 (5 U 295
w239 p] il 53 050 (Sl dbgore (dladed Slegias Calo dnl)b )90 )3 (bl Yl &) 555wl
Slegias (g paie SluS 5 585 6puSojlul b aS ol lis wSogySae LT o9y 5l ookl b osel cows 4 uls
Sl ol g o i fonly o) (SadEd inn) 3 grhae (pull SVl & i I8 (a2
€9 3l oyorm dbgome > odd C8L sladind plod &5 3)S (5 pS e (g or 0penw aAded (Gpate LSS
190 S 3wl w3, bS5l Jols S o g5 el gie 45 canl Sal —lagw —Slow (slaains
Sl dbgoe ol gladind cilw  aS 5,8 sdaliv g o waliee (slaog)S slold ywlwl p yuicres .Cul 039
€9 & Bl o S )3 D930 yolie Glpss Lol cle a0l 4 an 5 b .l oad ool  Solite (slaygl3las
ol sladidnd (0 a8 il gadge pl s lis Wlg o Sl Cpl bl ladye pSB ds 50 eolaiwl 390 oLS
23 oo i aiged oyl (g paie GlaS 5 oyl 0gMe .l o odliiwl S ans ) dlisee LSl dbge
Sraie RS jp e dST S il based ool )3 1565 dlge plgie ]y (285 (it Wl o ] ST &S
oy ppl denST S5g Moy lpess A3l atdl 1) ) 5 0 dilS S5y o i Nl oo bdiges cpl jd &5
5 1355, lge 345 03938 ((des put) ABETL b ((edos) GlalST 5,50 15 (ctsio oMbl oS by L 35t puS]
el Cawd 4 55 diges opl el d0l)E 5 K,

C}@MSS us)lm.o N

oot 559 Olile g Cape (elBUBs) e 9 B dpedls Cu e cgilupside 1SS Lol o9l
1ol D900 folalpg 9 (yn ol mpilie GRBP Weed A ikl Sl foklng 9 erp (el
adigas T ¢ plid b9,

References

Agha-Aligol, D., Mousavinia, M., & Fathollahi, V. (2022). Micro-PIXE analysis of eatly Islamic
(10th—11th century AD) glass vessels from the Tape-Bahram historical site in Ray, Iran.
Archaeological and Anthropological Sciences, 15(1), 1. doi: 10.1007/s12520-022-01701-4.

Agha-Aligol, D., Sodaei, B., Khosravi, L., & Karimi, M. (2019). Investigation and Study of Glass
Artifacts of the Sassanid Period; Case Study: Jahangir Dome and Gouriyeh Glasses in Ilam
Province using Micro-PIXE Technique. Journal of Research on Archacometry, 5(2), 47-70.
[in Persian]

UJUUQA Aiged ‘(_SJL.»L.» 0)9d dlw uLC—y.«m allzs 9 ) (\Y‘ﬂ/\) Lo ‘u.w)f MJ (89 > L ‘(_s'.’.b?“’ ..)5‘) ‘qul.cb]

CFVAY) B (orim il 4, Sty g 5 o3l b pOU il > 8 (45) 5 g 4 eog slaadd

LY.

Brill, R. H. (1999). Chemical analyses of eatly glasses: Vols 1 and 1I, Corning Museum of Glass,
New York.

Campbell, J. L., Boyd, N. L., Grassi, N., Bonnick, P., & Maxwell, J. A. (2010). The Guelph PIXE
software package IV. Nuclear Instruments and Methods in Physics Research Section B,
268(20), 3356-3363. doi:https://doi.org/10.1016/j.nimb.2010.07.012

1Ko P Uthuo_jgjﬂl:_gqogboJLo.ai)g[ugj Jlw | Ao


http://dx.doi.org/10.52547/jra.9.2.381
https://jra-tabriziau.ir/article-1-381-en.html

[ Downloaded from jra-tabriziau.ir on 2026-05-19 ]

[ DOI: 10.52547/jra.9.2.381]

@R . :
wuuh Ry liwl o jy swoliliad g

Degryse, P., & Shortland, A. J. (2020). Interpreting elements and isotopes in glass: A review.
Archaeometry, 62(S1), 117-133. doi:https://doi.org/10.1111/arem.12531

Demortier, G. (2005). Ion Beam Techniques for the Non-destructive Analysis of Archaelogical
Materials. In M. Uda, G. Demortier, & 1. Nakai (Eds.), X-rays for Archaeology (pp. 67-100).
Dordrecht: Springer Netherlands.

Dong, J. Q., Li, Q. H., & Liu, S. (2015). The native development of ancient Chinese glassmaking: a
case study on some eatly lead—barium-silicate glasses using a portable XRF spectrometer. X-
Ray Spectrometry, 44(6), 458-467. doi:doi:10.1002/xrs.2651

F.I.Fresston. (2006). Geomaterials in Cultural Heritage.

Faryadian, B. (2010). Report of the first new chapter of archeological excavation in Seymareh.
Retrieved from Archive of Ilam Cultural Heritage. [in Persian]

998 il oIS gy 305 ] s i ooliplinls G s b (5 S (VAR Sl bl

Faryadian, B. (2016). Report of Geoatchaeological research in Seymareh historical site of
Dareshahr. Retrieved from Archive of Ilam Cultural Heritage. [in Persian]

0SSy ] s g b o] LS| 5 s st s3lhsgnsisdly b sl s 5aIeS 1T80) i ool

T v e o

Fukai, S., & Takahashi, B. (1977). Petsian Glass: Weatherhill/Tankosha.

Ganio, M., Gulmini, M., Latruwe, K., Vanhaecke, F., & Degryse, P. (2013). Sasanian glass from
Veh Ardasir investigated by strontium and neodymium isotopic analysis. Journal of
Archaeological Science, 40(12), 4264-4270. doi:http://dx.doi.org/10.1016/}.jas.2013.06.018

Gliozzo, E., Lepri, B., Sagui, L., & Turbanti Memmi, I. (2017). Coloutrless glass from the Palatine
and Esquiline hills in Rome (Italy). New data on antimony- and manganese-decoloured glass
in the Roman period. Archacological and Anthropological Sciences, 9(2), 165-180.
doi:10.1007/512520-015-0264-1

Grime, G. W., & Watt, F. (1988). Focusing protons and light ions to micron and submicron
dimensions. Nuclear Instruments and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms, 30(3), 227-234. doi:https://doi.org/10.1016/0168-
583X(88)90002-X

Henderson, J. (2013). Ancient Glass: An Interdisciplinary Exploration. Cambridge: Cambridge
University Press.

Henderson, J., McLoughlin, S. D., & McPhail, D. S. (2004). Radical changes in Islamic glass
technology: evidence for conservatism and experimentation with new glass recipes from
carly and middle Islamic Raqqa, Syria. Archacometry, 46(3), 439-468. doi:10.1111/}.1475-
4754.2004.00167.x

Janssens, K. (2013). Modern Methods for Analysing Archaeological and Historical Glass: John
Wiley & Sons, Litd., Publication.

Liu, S., Li, Q., & Gan, F. (2015). Chemical Analyses of Potash—Lime Silicate Glass Artifacts from
the Warring States Period in China. Spectroscopy Letters, 48(4), 302-309.
doi:10.1080,/00387010.2014.886595

Mirti, P., Pace, M., Malandrino, M., & Ponzi, M. N. (2009). Sasanian glass from Veh Ardasir: new
evidences by ICP-MS analysis. Journal of Archaeological Science, 36(4), 1061-1069.
dot:http://dx.doi.org/10.1016/j.jas.2008.12.008

Mirti, P., Pace, M., Negro Ponzi, M. M., & Aceto, M. (2008). ICP-MS analysis of glass fragments of
Parthian and Sasanian epoch from Seleucia and Veh ardasir (central Iraq). Archacometry,
50(3), 429-450. doi:10.1111/}.1475-4754.2007.00344.x

Oliaiy, P., Agha-Aligol, D., Shokouhi, F., & Lamehi-Rachti, M. (2009). Analysis of Iranian postage
stamps belonging to the Qajar dynasty (18th-20th century's) by micro-PIXE. X-Ray
Spectrometry, 38(6), 479-486. doi:doi:10.1002/xrs.1202

Phelps, M., Simpson, S. J., & Freestone, 1. (2018). The early Islamic glass from Sir Bani Yas, UAE.

Qin, Y., Wang, Y., Chen, X, Li, H.,, Xu, Y., & Li, X. (2016). The research of burning ancient
Chinese lead-barium glass by using mineral raw materials. Journal of Cultural Heritage, 21,
796-801. doi:https://doi.org/10.1016/j.culher.2016.04.003

Al | 1o P ylwoj 9 jub g 6 losdh gy Jlw


http://dx.doi.org/10.52547/jra.9.2.381
https://jra-tabriziau.ir/article-1-381-en.html

[ Downloaded from jra-tabriziau.ir on 2026-05-19 ]

[ DOI: 10.52547/jra.9.2.381]

OJMJJL.,,WJLJMJQOMTWQNWMWGLQWOQJMSWJJJ

&wuwbw

Raof, S., Raiygani, E., & Agha-Aligol, D. (2022). Classification and provenance study of pottery
obtained from the historical site of Kohneh-Gorab Amlash using micro-PIXE technique.
Journal of Radioanalytical and Nuclear Chemistry. doi:10.1007/s10967-022-08590-w

Rehren, T., & Freestone, 1. C. (2015). Ancient glass: from kaleidoscope to crystal ball. Journal of
Archaeological Science, 56, 233-241. doi:https://doi.otg/10.1016/].jas.2015.02.021

Rosenow, D., Phelps, M., Meek, A., & Freestone, 1. (2018). Things that Travelled: Mediterranean
Glass in the First Millennium AD: UCL Press.

Sayre, E. V., & Smith, R. W. (1961). Compositional Categories of Ancient Glass. Science,
133(3467), 1824-18206.

Schibille, N. (2022). Islamic Glass in the Making: Chronological and Geographical Dimensions.

Schibille, N., Gratuze, B., Ollivier, E., & Blondeau, E. (2019). Chronology of eartly Islamic glass
compositions from Egypt. Journal of Archaeological Science, 104, 10-18.
doi:https://doi.org/10.1016/}.jas.2019.02.001

Schibille, N., Lankton, J., & Gratuze, B. (2022). Compositions of eatly Islamic glass along the
Iranian Silk Road. Geochemistry, 125903. doi:10.1016/j.chemer.2022.125903

Schibille, N., Lankton, J. W., & Gratuze, B. (2022). Compositions of early Islamic glass along the
Iranian Silk Road. Geochemistry, 125903.
doi:https://doi.org/10.1016/j.chemer.2022.125903

Silvestri, A., Molin, G., & Salviulo, G. (2005). Archaeological glass alteration products in marine
and land-based environments: morphological, chemical and microtextural characterization.
Journal of Non-Crystalline Solids, 351(10), 1338-1349.
dot:https://doi.org/10.1016/j.jnoncrysol.2005.03.013

Simpson, S. J. (2015). Sasanian Glassware from Mesopotamia, Gilan, and the Caucasus. Journal of
Glass Studies, 57, 77-96.

Sodaei, B., Aligol, D. A., & Khosravi, L. (2023). Manufacturing Technology and Usage of Glass
Fragments in Jahangir Dome and Goriye, Sasanid Sites in Western Iran. Near Fastern
Archaeology, 86(2), 132-148. doi:10.1086/724783

Sven A. E., & Johansson, J. L. C. (1988). PIXE: a novel technique for elemental analysis: Wiley.

Vilarigues, M., Redol, P., Machado, A., Rodrigues, P. A., Alves, L. C., & da Silva, R. C. (2011).
Corrosion of 15th and early 16th century stained glass from the monastery of Batalha studied
with  external  ion  beam.  Materials  Characterization,  62(2),  211-217.
doi:https://doi.org/10.1016/j.matchar.2010.12.001

Weber, G., Strivay, D., Martinot, L., & Garnir, H. P. (2002). Use of PIXE-PIGE under variable
incident angle for ancient glass corrosion measurements. Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions with Materials and Atoms, 189(1), 350-
357. doi:https://doi.org/10.1016/50168-583X(01)01085-0

1Ko P Uthuo_jgj,gl:_gqogboJLo.ﬁbqngj Jlw | AP


http://dx.doi.org/10.52547/jra.9.2.381
https://jra-tabriziau.ir/article-1-381-en.html
http://www.tcpdf.org

