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In this research project, 17 samples of glass artifacts recovered from the historic port of Najirom in the
Persian Gulf dating to the early and middle Islamic period were analyzed using the micro-PIXE technique
for elemental composition. The studied glass objects include 8 glass bracelets and 9 glass vessels. The
primary question addressed is: What raw materials were used to manufacture these glass artifacts, and were
the same materials used for both the bracelets and the vessels? Was the fluxing agent derived from the
mineral natron or from plant ash? Were the glass artifacts found at Najirom locally produced, or were they
imported through trade and exchange? Another objective of this study is to examine the quality and purity
of the silica sources, as well as the diversity of colorants and decolorizing agents used in the manufacturing

process. The results of the elemental composition analysis indicate that, with the exception of one vessel,
Copyright: ©2025 by the Authors. This
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all analyzed glass samples from the site fall into the silica—soda—lime glass type made with plant ash. How-

evet, significant variations in the weight percentages of magnesium oxide and potassium oxide in the glass
. . . under the terms and conditions of the Cre-
compositions clearly suggest that different raw materials were used for the bracelets and vessels found at
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the historic port of Najirom. Moreover, the weight percentages of elements introduced into the glass from
the silica source reveal that the bracelets and vessels were produced using different silica sources, which

may indicate different production sites for these glass artifacts. Accordingly, it is possible that the samples
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recovered from Najirom were manufactured in various workshops within and outside of Iran, and brought
to the port through trade and exchange. A notable example of an imported object is a perfume bottle,
which falls into the natron glass type and was likely produced in the eastern Mediterranean region, in

countries such as Egypt or Palestine.
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Introduction

The historic port of Najirom is situated approximately ten kilome-
ters west of the port of Deyr, within Kangan County in Bushehr
Province. As part of an archaeological survey of historic Persian
Gulf ports conducted between 2009 and 2023, under the supervi-
sion of Dr. Hossein Tofighian, the ancient site of Najirom was re-
examined, and its surface cultural materials were systematically
studied (Tofighian 2009, 2021, 2023). Archaeological surveys at

the historical port of Najirom, have indeed uncovered a rich array
of cultural materials-including hundreds of broken glass shards
from vessels and bracelets. This research aims to contribute to the
scientific understanding of glass production in southwestern Iran,
particularly at historical sites along the Persian Gulf coast. A cen-
tral objective of this study is to identify the raw materials used in

the manufacture of glass artifacts during the Islamic Middle period
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and to determine whether the vessels and bracelets were produced
using similar materials. Furthermore, the research seeks to explore
potential evidence of imported glass vessels and bracelets from

other regions via maritime trade through the Persian Gulf.

Methodology

In this research project, 17 glass artifacts recovered from the his-
torical site of Najirom were selected for elemental analysis. These
included 8 glass bracelets and 9 glass vessels. All bracelets are
monochromatic, 7 are entirely black, and one is green. In terms of
form, 4 bracelets are plain, while the remaining 4 exhibit a twisted
design. Moreover, based on the morphology and visual character-
istics of the fragments of vessels, samples were selected specifi-
cally from the dark-colored glass vessels to enable comparative
analysis of their elemental composition and raw materials with
those of the bracelets. To analyze the glass artifacts from Najirom,
the micro-PIXE (Particle Induced X-ray Emission at micron
scale) technique was employed. This method utilizes a Van de
Graaff accelerator, where high-energy protons interact with the
sample, causing the emission of characteristic X-rays from the
constituent elements. Each element emits X-rays at a specific en-
ergy level, allowing for precise identification. Additionally, the in-
tensity of these X-rays correlates with the concentration of each
element within the sample. In this study, micro-PIXE analysis was
conducted using an Oxford Instruments microprobe with 3 MV
Van de Graaff accelerator at the Atomic Energy Organization of
Iran. The samples were irradiated with a 2.2 MeV proton beam

focused to a diameter of less than 10 pm..

Results

Based on micro-PIXE analysis, the main components of the glass
samples from Najirom are:

1. SiO; with a weight percentage of 58.71-68.18wt.%

2. Na,O with a weight percentage of 12.07-19.80wt.%

3. CaO with a weight percentage of 4.07-9.18wt.%

Therefore, it can be concluded that all the analyzed glass samples
from this site are of the silica-soda-lime glass type. Additionally,
the amount of MgO in these samples-except for sample VNJ14-
ranges between 2.30-5.96wt.%, and KO varies between 1.57—
3.24wt.%. Given that the weight percentages of these two ele-
ments in the analyzed samples are more than 1.5wt.%, these
glasses are classified as plant ash silica-soda-lime glass type (Hen-
derson et al. 2020; Sayre & Smith 1961).

Discussion

Statistical analysis indicates that among the analyzed samples from
the Najirom site, three completely distinct groups can be identi-

fied, with no overlap between them. According to figure 1, the

analyzed bracelets are almost entirely separated from the exam-
ined vessels, and each is placed in separate groups, as marked by

colored ellipses.
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Figure 1. Classification of the examined samples using principal com-
ponents: a) PC 1 versus PC2 , b) PC1 versus PC3.
Moreover, based on elemental composition, two distinct origins
and production centers can be proposed for the glassware from
Najirom:1. Most of the bracelets and some of the vessels were
very likely produced in the eastern Mediterranean and imported to
Najirom via maritime trade. 2. Some of the vessels were probably
manufactured in the Mesopotamian region, in workshops that

may have been located in Iraq, western Iran, or Nishapur.

However, by comparing the elemental composition of sample
VN]J14 with the results reported in literatures, it can be concluded
that this sample closely matches the well-known Levantine 1 or
Egyptian 2 glass groups. The production of this type of glass is
the coastal regions of Egypt and Palestine (Paynter 2006). More-
over, the weight percentages of sodium oxide and potassium oxide
in the bracelets from Najirom differ significantly from those
found in bracelets from other ports in the Persian Gulf region.
This indicates that a different fluxing agent was used in their pro-
duction. Additionally, certain impurities originating from the silica
raw material-such as aluminum oxide and titanium oxide-are pre-
sent in notably higher amounts in the samples from Najirom com-
pated to those from other ports. Therefore, due to the similarity
in some elemental compositions between Najirom and Siraf; it is
likely that the bracelets from these two sites share a common
origin and production center. However, it is clearly evident that
the bracelets from Najirom differ in origin and manufacturing lo-

cation from those found in Kong and Shamd-e Dideban.
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Conclusion

Based on the elemental composition measurements of the glass
samples-particularly elements such as magnesium, potassium, so-
dium, and calcium-it can be concluded that, with the exception of
one sample, all the glass artifacts found at the historical site of
Najirom are of the silica-soda-lime glass type, with the fluxing
agent derived from plant ash. It was also determined that the
bracelets and vessels discovered at Najirom were produced using
different fluxing agents. Moreover, elemental analysis results of
one of the vessels clearly confirm that it is an imported and non-
local artifact. By comparing the elemental composition of this na-
tron-based vessel with reported data from other natron glass sam-
ples, it can be inferred that this type of glass was likely manufac-
tured along the coasts of Palestine and Egypt in the Mediterranean

region.
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Figure 2. Location of the historical port of Najirom in the northern Persian
Gulf (bottom right corner), the 200-hectare buffer zone (black line) and the
130-hectare cote area of Najirom (red line). The main site of the historical

port of Najirom, where most of the archaeological remains are found, is
marked with a red line.
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Figure 3. a) The view of the archaeological site of Najirom and architectural

remains on its surface, b) View of Tol-e Ashraf in the eastern part of the
Najirom archaeological site (Tofighian 2021).
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Figure 1. Distribution of historical potts along the northern shores of the
Persian Gulf and the location of the historical port of Najirom: 1-Mahruyan,
2-Siniz, 3-Genaveh, 4-Rig, 5-Shif, 6-Rishahr, 7-Hezarmardan, 8-Najirom, 9-
Bordestan, 10-Siraf, 11-Nayband, 12- Harireh, 13-Kong, 14-Gombroon, 15-
Old and New Hormuz (Google Earth, 2025)
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Figure 4. Optical images of the analyzed bracelets from the port of
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Optical images of the analyzed vessels from the port of Najirom.
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Table 1. Characteristics of the analyzed glass fragments from the historical site of Najirom.
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Figure 6. Comparison of micro-PIXE spectra obtained from different sam-
ples in which various fluxing and decolorizing agents were used: a) Vessel la-

beled VINJ14, b) Vessel labeled VNJ5, ¢) Bracelet labeled BNJ2.
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Table 2. Elemental compositions of the analyzed samples from the historical port of Najirom, presented as oxide form and in weight percent (nd = not

detected)

Samples  Color NaO MgO ALO3 SiO:  P20s SO; Cl KO CaO TiO2 Cr205 MnO  Fe:0; CuO CoO
BNJ1  Black 19.81  3.30 263 6112 116 094 094 197 6.80  0.06 0.06 nd 1.10  0.07 nd
BNJ2  Black 1540 230 1.66 6628 130 044 0.66 324 599 045 0.04 nd 219 0.04 nd
BNJ3 Black 14.70  3.17 253 6396 095 051 048 234 592 0.50 0.07 nd 4.83 nd nd
BNJ4  Black 12.36 3.05 1.82 6610 142 041 0.65 2.57 6.55 041 0.05 nd 4.57 0.05 nd
BNJ5 Black 1480 223 273 6595 095 042 0.63 3.17 6.20  0.47 nd nd 2.38 nd nd
BNJ6  Black 11.55 2.82 270 6533 0.83 nd 0.61 2.57 6.88  0.49 nd nd 6.16 nd nd
BNJ7  Black 15.77 242 1.81 68.06 118 048 0.60 2.74 429 042 0.03 nd 2.21 nd nd
BNJ8 Green 17.51 421 517  58.71 1.17 043  0.82 3.94 627  0.12 0.09 0.47 0.89 nd nd
VNJ1 Green 17.85 4.97 410 5996 081 038 094 1.63 732 0.15 nd 0.05 1.26 nd nd
VNJ2 Blue 1395 5.6 476 6426 1.02 0.66 0.5 273 407  0.06 0.04 1.27 0.54 nd nd
VNJ3  Violet 12.07 3.06 268 6741 074 024 0.84 1.42 528 0.12 nd 1.43 3.52 0.69 0.25
VNJ4 Blue 13.06 2.70 270 6818 077 027 0.72 1.57 7.64 0.18 nd 073 1.24 0.12 0.04
VNJ5 Green 1420 246 291 6479 074 043 0.68 2.24 6.43  0.39 0.06 278 1.50 0.04 0.05
VNJ6 Green 1428  3.51 322 6524 069 039 060 283 615 013 0.05 214 0.66 nd nd
VNJ7 Violet 1346  2.63 397 6674 085 029 070 207 483 015 nd  0.80 2.68 048 0.22

VNJ14  Green 14.04 1.00 310 6815 090 029 1.00 0.46 914  0.26 0.12 0.28 1.18 nd nd

VNJ15 Green 1340 440 298 067.08 047 042 0.56 2.30 623 0.11 0.02 1.22 0.76 nd nd
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Figure 8. Classification of the analyzed samples using principal components

derived from factor analysis based on micro-PIXE results: a) Principal Com-
ponent 1(PC1) versus Principal Component 2(PC2), b) PC1 versus PC3, c)

PC2 versus PC3.
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Figure 7. Elements included in the factor analysis and the loading factors of

these elements on the classification of the analyzed samples.
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9 895 OmeS 9 P2 ) jl ddlllandge Sladind 5 Sia owyp sl
wdl =V S 0 il ) cole 5o edlaiulyyse (gldgw 0 (S65UsS

e

gl dlse (p9:00glise 51 (oAU Wmaded (pl )3 lome sloog)S' (il 392
o mls g ol bS] cwl bdiges cpl cilo ;> oabeslil
A 2ok 258 g b e SlosuS] (gl (ol Wl 21, 156
21 88 i g eeliy quandS slodeuST g po> (ol Jdlge )31,
3 el g ol Wle (polie 8ol @ o b bl 5l pgw (Lol ailge
2555 5 yand cpolS cppliy s 3o (gpolie 5 sk sl 03le
S ChS wnd lfe Sghie aded SlS 3y 4l eyl elo
koo 513 51 glito adgl dlge b p o0 yaly 53 el Cassy B ks g oS
loss 4l 4gl5105 4
IS 5 55 (slasgs 3UT 5l el Cawd 4 gols (6,651 LT gl ogMe
53 il 69,5 dw 3939 5w (6ylol JIUT 5 g, ol el o 03y L A
lrog)S (S ol 5 S o dnl oesly JS5 1y o LT ol diges
ol 00 yasedio (S5 sl Jubatue b calise

dbgzs ;3 oabCdl sladiges ;0 &b, Ayl Bale pgcuglaie
Jol Jleis) .l gy g Jelos BB jlas o aiz I oy o (Po)b
slaols )l g bl ;D ppos 0 ) sdel Cund 4 (cladiges &5 cunl ]
davlydy s 9 038 395 olnl Sl Sl @l 5 I3 il
Sy dbge a4 (2byd (slooly Sl eolitul b azwgaly o 5k wlbls))
36T S (hyly g ol laylae IS5 4 a8 3,1 e lgicds .anbl o
bt 39 e i gl cloadnd 05,8 55 il _eVN]14
G P & Wied (Fu)b loaded ) gloadadlid s 09)5 (S95L
Gblie & g 01d 1 Wl g (pladd piae ke (ol 5 &l e 859
Cagno et al. 2012; Freestone et al. 2002; ) $ad o plo cilise
by b 5Melss > 3935 (Phelps et al. 2016; Varberg et al. 2015
b)) @b jl Slgoe 9 Cans (93 51 )93 365 0,0 s 8j9> > &8l
Abe 2017; ) 395 plml Slula alimse 355 b wylb s 51 oLy
32 bdiges opl & col oyl Jeams Jlis! (Henderson et al. 2016
My baiges opl & Sloj 85k (Jy il o M5 ppon yaiy dbgome
2)9 (! (b 2 & Wigpsbody il (SYgb (B 8a canl (ySas lons
aind onlpli g Wbl 0B i )lad j950 4 Lo )3 5 adgl B3Lo
(Mirti et al. 2009) Lloads 8l abgmo oyl )3 Golate bS5 L
230 (Gl Olegiuae 3gi e (ow )y 9 431315 B3l F-0
@ 32

by Bgdie aded OLS 5 o)ly 58 oo 5 5l &S (g polie
IS Ble g5 plgiee ded LSy, lagl iy ol (s ySejlul
dos o cqomanlly cuduw polic Jols 45" 5,8 asudie |y ddind )d oduboslatuwl
~okes sloaied b o)Ll & joblen s 3,555 9 SIS 5 ¢piud

YV 5lNF

MY o(V) V) OF-F (o ool dmgy


http://jra-tabriziau.ir/article-1-472-fa.html
http://dx.doi.org/10.66224/jra.2025.11.203

[ DOI: 10.66224/jra.2025.11.203 ]

Downloaded from jra-tabriziau.ir at 13:29 +0330 on Saturday July 18th 2026

ShlSes 5 JS ebT

e P s s Slegias dilas

De Juan Ares et al. 2018; ) cuwl o odlawl ¢l pl 5 (g3as20
Fiorentino et al. 2019; Rosenow et al. 2018; Swan et al., 2017
e Bl 5 S adid (D 390 pained)] 1S (Wood et al., 2017
5 9905 adied OS5 3)ly sl &gl 83l )3 39290 yuolis jl oS ol
53 o3litoldyge prlew @lio g9 9 Sy (o) Sl (ot Sl a3
ded ) el g pajte ST ol rmen sl cals sl
als )3 oadodlitul (chgw g Hol3laS gl oo (cla Sty baimdlis
Sl g Sl (laaind cpolie oyl Olpss Lolul p a3l 0 colo
il o ol — oMl bl 50l 890 45 LS jmuSB | sddadss
& bgye 2L 5] ol Sile o Wgdion e Iime Loy Lol 4w &
5 Jsl &9 urdlom leaded & bgje 4oL wilnie 3,8 glaades
Balvanovi¢ 2025; Chinni ) pg3 g4 cp il oy (slbdiind 4 by yo &b
LoV U jo 4l aw opl (et al. 2023; Nash-Pye et al. 2025
wrdbsoo Jold dliie 5y 59> Cauwl 0l 00l L yian oy les
8)9> sl ) o8 cunl e g Gl cophanls yygm Ao olayeiS” ]
S pizman Wlodgy lea 3 add Aol 53l bies 51S pali oMol
Agha-Aligol ) o)l (cldl i )3 Su,b claab gz j o 3BT cladins
ool Cuwd 4y glaains j edlas g (et al. 2022; Salehvand et al., 2020
b o &b, (Brill 1999; Mirti et al., 2009; Mirti et al., 2008) 3l e 5
5013 Jgl 9 ool m slaaied 4
09 5 (giusd Lo (Sl sloabgors jl ond Ul cloaitnd (Sp> B )b ]
lyolw ¢ (Brill 1999; Mirti et al. 2009; Mirti et al. 2008) ,usd)l
sloains ;o WU cladiges ¢ 3lye 598" j (Henderson et al. 2016)
sloais 4 by ye 4ol )3 (Brill 1999) [l ;5 odel cowd 4 ) 0
xS e )8 ped &8 ! o

5l oss Ul oladins 45 deb e sdalie VeSS olulp
2 oS yeb ylon 3148 )3 )18 Y 53 o o)Ll Al duw jl a9 40 pyuss
3 o001 Gy )b 51 oalass g ngSill 1 (eolins g o oanlie S5
Jaiges Sog allinie 5y bjg> sladisal 4 bgiye 4L ) pyon Hai
4 bgpo 4ol )3 3 s ol b ord LT Bg s 1 diges a5 Sl
35 Y JSE @l b o Wb 3 gl g5 cnpdlon claaded
Ol s loaded lp Wy e g slite 93 cplplis )l Slgsen
G 0L sl Jlesnl b Byl 51 ooluss o oSl LIle =) 139y jouais
=Y loduw p oy dy by YL 5,k 5l g led wdey dilne
Cal K00 & o l0olS1S 53 130, 5ke 89> 5 Vet 5 (g, 5 o3lass

Ao 3)ly dogore (pl g Algi il yelis by olpl ope b Gl

; Agha- Aligol et al. ) )l e gblio j onsplll (claadins j) (oolass
Brill 1999; YA o Kan g 5 JeBl )Y )Sen ¢ JS JcBI2022
Gy 9 (Mirti et al. 2009; Mirti et al. 2008)3l,e (Swan et al 2017
o2 Badnd oyl b & (Freestone 2000; Brill 1999; Freestone 2002) &l
559 o> &S dad o odbliie JSb ol 53wl o 0310 LS wiledgy 093
Pt by VNJ14 By 2 0153001 sladigas plos 5 301 93 o)
ods T claauind plos VNJ 14 Lged jods oyl pls il oo 2o )3 V/+ ]
ool b oad 4 lo Sal-logw —Slow (claaind 09,5 ) dbgme oyl |
ST il Olyess oll (Db 185 o0 )5 LS S ]
S b osd 4t b Sal-Dgw—Sho sladins 45 ol (asuio s jue
~SSE ol )5 S8 lisen 095 2 93 4 e ) dbgrre ol QLS
ol 0 o3 sl Y- SS S5y hard e les il elatel b gy
9 mjste 2euS| (jg 20> & amd e (Ui (spaie OLS S (6 pSojll
3 HblS S b ows adle Sal-bow — Ko (cladind ;> pawbs
Ohaads g QU 9w e Wile (ol )guS” Jol o &l e (355 059>
Henderson 2002; Karalis et al. ) caul oy Y10 S Wk L3L s
ot 3l SS oy Byl 5l (20245 Rehren & Freestone 2015
e oMl lg) — ol 3lsl )3 oadalss laaid (cladnsein
39 20> Vb g e Jolid |y e 5 plpl wile (ol )9S oS g,
Conl 339 o3 Y10 51 5 st Ygano 45 Cunl badind () 13 oo jsie dgeeS]
oS ysbylen ¢yl by (Brill 1999; Mirti et al. 2009; Mirti et al. 2008)
Py ods 1Ll g b 5l aiges B g LSl 5l axhad V ol et
o 38 el 50,3 VB (sglaus b inS orssie e o oS gng)S 13
o 3y pa ol 4 &lyme Gy bjes 5 Y badigas ol 5 5,5
Lo waBill Gy 5| Sgai N g oSl K305 Sy ceizpen
Wadiges cnl 53 jaie dauSTHlade g witans LI 1) (3g)0 ke 59> (laditnd
ol 252 b gl jlbiges ol Conl (Ko ccpl ply sl pize 2 B Y oy
x5 o)Ll 5 M oS jgbolon il ond 3)ly dbgre cpl el b
s o S5le (S5 il 5 ool od] s & g s
JB (K5)0) M 9 S5y 09,5 93 4 (Brill 1999; Schibille 2022)
8 o 250 S5y seaded b adlas ] )5 & St (Gl
RUPVCI S
53955 Jome 250 13 o ol 2 (e & ol §1 S0> (S
Sl dbgze S5y oadcdl sladiges ) sddioslaiwl sl dlge 4> cuglay
G >yt pripogl] ST (g do)> St sy )5 )i o]
Yo (o &S Cul Cilisee (sladiges )3 pudS ST 4 oo juie LS

YV il o

MY (V) V) OFF (o il dmgy


http://jra-tabriziau.ir/article-1-472-fa.html
http://dx.doi.org/10.66224/jra.2025.11.203

[ DOI: 10.66224/jra.2025.11.203 ]

Downloaded from jra-tabriziau.ir at 13:29 +0330 on Saturday July 18th 2026

K20(wt.%)

OWBLE TS b sl aid b sWhadind

\ 5
bl O R o

Ny Sl — ool sladiiadd

(@)

¥ X X X

<&

T T T T T T T

60 7.5
MgO(wt.%)

9.0

ARO3(wt.%)

alyibae 5y sladinds

Jol &85 el sloasad

. _ s
N9 €8 rrlom sleaded

ook X X X

0

o)

0 T
.0 2

T cladiges )3 qrinagl] ST Conos pr anadS” enST 0 0 ko AT Cannas g My S (0 oy ST Canns 3 o ko AT (559 Jupd il puss () LY & JSUS

A

8 10 12 14 16
MgO/CaO

1.8

site

A Najrom(Bracelet-This study)
A Najrom(Vessel-This study)

Bandar Kong(Agha-Aligel, 2022)
Shamd-e-Dideban(Agha-Aligel, 2022)
Jahangir and Gouriyeh(Agha-Aligol 2019)
Siraf-Group A(Swan,2017)
Siraf-Group B(Swan,2017)

Nishapur colored( Brill, 1999)

Tape Bahram-Ray(Agha-Aligol, 2023)
Sasanian 1a(Mirti, 2008 & 2009)
Sasanian 1b(Mirti, 2008 & 2009)
Sasanian 2 (Mirti, 2008 & 2009)
Banias(Freestone, 2000)

Fustat(Brill, 1999)

Tyre(Freestone, 2002)

site

A Najrom(Bracelet)
5 ‘ Najrom(Vessel)

Bandar Kong(Agha-Aligol,2022)
Shamd-e-Dideban(Agha-Aligel,2022)
Jahangir and Gouriyveh(Agha-Aligol 2019)
Siraf-Group A(Swan,2017)

Siraf Group B(Swan,2017)

Nishapur colored( Brill, 1999)

Tape Bahram-Ray(Agha-Aligol 2023)
Sasanian 1a(Mirti, 2008 & 2009)
Sasanian 1b(MMirti, 2008 & 2009)
Sasanian 2 (Mirti, 2008 & 2009)

# Banias(Freestone, 2000)

Fustat(Brill, 1999)
Tyre(Freestone, 2002)

algode 5y g 3ye (ol il gbolie 3l ol claddinid ) (odlass g ppoo ya 3l ond

Figure 10. a) Variations in the weight percentage of magnesium oxide relative to potassium oxide, b) Variations in the weight percentage ratio of magnesium

oxide to calcium oxide relative to aluminum oxide, in the analyzed samples from the port of Najirom and several analyzed glass samples from various regions of

Iran, Iraq, and the Eastern Mediterranean
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Figure 11. Variations in the weight percentage of magnesium oxide relative

to potassium oxide, indicating a strong linear correlation between them.
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Figure 12. a) Variations in the weight percentage of silicon oxide relative to aluminum oxide, b) Vatiations in the weight percentage of aluminum oxide relative

to calcium oxide, in the analyzed samples and several analyzed glass samples from various regions of Iran, Iraq, and the Eastern Mediterranean..
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Figure 13. a) Variations in the weight percentage of silicon oxide relative to iron oxide, b) Vatiations in the weight percentage of titanium oxide relative to iron

oxide, in the analyzed samples from Najirom and several analyzed glass samples from vatious regions of Iran, Iraq, and the Fastern Mediterranean. The threshold

level of iron impurity in silica is indicated by a green dashed line in this figure.
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relative to iron oxide, in the analyzed samples.
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The identified groups based on statistical analysis are clearly distinguished

and separated in this graph, as well.
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Table 3. Elemental compositions of the analyzed natron glass sample from the historic port of Najirom and the known groups of natron glasses

presented as oxides and in terms of weight percentage (Freestone et al. 2002; Mirti et al. 1993; Paynter 2000).

Known groups Na2O MgO  ALOs SiO: P20s Cl K:0O CaO TiO2 MnO Fe203
Levantine II 12.13 0.51 3.26 74.64 0.08 0.70 0.53 7.36 0.08 0.02 0.50
Levantine I 14.31 0.56 3.17 71.33 0.10 0.83 0.62 8.37 0.08 0.03 0.48

Egypt I 14.14 0.58 2.53 70.48 0.10 1.03 0.29 9.51 0.26 0.04 0.92

Egypt1 17.06 0.83 4.46 70.94 0.08 0.98 0.43 271 0.54 0.04 1.79

VNJ14 14.04 1.00 3.10 68.15 0.90 1.00 0.46 9.14 0.11 1.22 0.76
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