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Abstract 

A collection of 31 glass fragments, dated to the 3
rd

 to 7
th

 century AD and excavated in Veh Ardašīr, 

(modern Iraq), were analysed for their Sr and Nd isotopic compositions with the aim of deepening 

our knowledge on glass typologies circulating within central Mesopotamia during Sasanian times 

and to highlight the merits of isotope ratios for the definition of the production scenery. Based on 

the elemental composition of the samples, two groups can be distinguished, Sasanian 1 and 

Sasanian 2, related to the exploitation of different plant ashes; moreover, also a change in the silica 

source in the course of the 4
th 

century AD emerged. The 
87

Sr/
86

Sr isotope ratio, together with the Sr 

elemental concentration, confirms this use of different plant ashes, and permits one to distinguish 

distinct glass batches. Moreover, the 
143

Nd/
144

Nd isotope ratio suggests the use of sands belonging 

to a common geological area, and also allows identification of a set of samples that may point to a 

further different sand source. As a whole, Sr andNd isotope ratio values for the samples considered, 

i.e. 
87

Sr/
86

Sr = 0.70833 to 0.70916 and εNd = -8.69 to -4.98, differ from the published isotopic data 

on middle Eastern glass samples and can therefore define a characteristic Sr-Nd signature for plant 

ash Sasanian glass. 
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Introduction 

The town of Veh Ardašīr, also known also as Coche, was founded in the middle of the 3
rd

 century 

AD by the first Sasanian King, Ardašīr I. The ruins of this old Sasanian administrative centre are 

found near Sal Man Pak, some 40 km south-east of modern Baghdad. The ancient town laid not far 

from the old Hellenistic and Parthian capital Seleucia and faced the political capital of the Parthian 

Empire, Ctesiphon. The latter town was located on the eastern bank of the Tigris river, whereas Veh 

mailto:monica.ganio@ees.kuleuven.be


Ardašīr was on the western one, and the two towns were connected though bridges. Because of the 

fortified walls that surrounded both of them, ancient authors have considered the two towns as part 

of a same complex, called Al-Mada’in’ (the cities) (Negro Ponzi, 2005). 

An Italian archaeological team was active in Veh Ardašīr during the 1960s. Archaeological 

excavations were carried out in the south-west area close to the wall ring, called “artisans’ district” 

because of the presence of glassware and metal workshops, and in the area of Tell Baruda, the 

higher central zone of the town, to which houses gradually moved because of the repeated floods 

that struck the town in the 4
th

 and 5
th

 centuries. Archaeologists dug up glass chunks, glass fragments 

and glass wastes, all with stratigraphic date, which testify of glass working and trading in the area 

during the entire period of the Sasanian domination (Negro Ponzi, 2002). 

An archaeometric investigation of these glass finds has been carried out previously by Mirti et al. 

(2008, 2009), who elucidated the compositional features of a large number of glass samples, 

encompassing fragmentary objects, raw glass and glass wastes. Moreover, some of the finds were 

subjected to a thorough inspection by scanning electron microscopy coupled with energy dispersive 

X-ray spectroscopy (SEM-EDXS) in order to investigate morphological and compositional features 

of the weathering crusts (Gulmini et al., 2009). 

In the Mediterranean area and continental Europe, the predominant type of glass in the Roman and 

Byzantine periods was low-magnesium and low-potassium glass (LMG, according to Sayre & 

Smith, 1961), essentially obtained by mixing an impure silica source (quartz-rich sand) together 

with an evaporitic mineral flux rich in soda (natron), the source of lime, either shell or limestone, 

being possibly contained in the sand itself. Conversely, Sasanian glass technology represents an 

example of continuity in the production of plant-ash glass (HMG, according to Sayre & Smith, 

1961) during the 3
rd

-7
th

 centuries AD in the middle East (Brill, 1999; Freestone, 2006; Mirti et al., 

2008, 2009). 

Analytical data for major and minor elements showed that both LMG and HMG, obtained by plant 

ash were present among the glass finds from Veh Ardašīr. LMG was imported from Mediterranean 

area in Parthian times and still circulated in the town until the first part of the 5
th

 century AD. The 

use of plant ash on the contrary characterizes the eastern production (Henderson, 2002) and HMG 

finds are spread within the entire time span of the Sasanian domination; moreover, HMG represents 

the sole glass typology among the analysed glass fragments from Veh Ardašīr dated from the 

second part of the 5
th

 century AD until the end of the Sasanian period in the 7
th

 century AD.  

Further information was derived from minor and trace element levels. In particular, two 

compositional groups, named Sasanian 1 and Sasanian 2, which may be related to the use of 

different plant ashes, were recognized. The Sasanian 1 group is attested from the beginning of the 



Sasanian rule in Mesopotamia, while the Sasanian 2 group appears in the 4
th

 century AD and 

continues to be attested in the following centuries, until the end of the Sasanian domination. The 

slightly different composition of Sasanian 1 and Sasanian 2 glass determines different features of 

their decay products both on a macroscopic and microscopic scale (Gulmini et al., 2009). 

Focusing on the silica source, Sasanian 1 group can be further split into two sub-groups: Sasanian 

1a, attested in the 3
rd

 and most of the 4
th

 century AD, made with relatively impure silica, possibly a 

mixture of different silica sources, and Sasanian 1b, present from the 4
th

 century AD and more 

significantly in the following centuries, obtained by exploiting a purer silica source. The Sasanian 2 

group would have been produced using a relatively pure silica source, possibly the same one as 

exploited for Sasanian 1b group. The production of Sasanian 2 glass could have promoted a change 

from Sasanian 1a to Sasanian 1b composition, pointing to the possibility that Sasanian 1b was the 

transition to the more valuable Sasanian 2 productions, eventually imported from a different site 

(Mirti et al., 2008, 2009).  

The present paper is focused on 31 glass fragments selected from the large set of glass finds already 

analysed and discussed by Mirti et al. (2008, 2009). The samples considered here were selected 

such that all the three compositional typologies (Sasanian 1a, Sasanian 1b and Sasanian 2) 

previously identified are represented. They were subjected to strontium and neodymium isotopic 

characterization with the aim of deepening the knowledge on glass typologies circulating within 

central Mesopotamia during Sasanian times. 

The determination of isotopic compositions related to specific isotopic system in vitreous materials 

can contribute to classification of glass according to its origin and, therefore, to tracing down the 

raw materials used in craft production (Freestone et al., 2003; Leslie et al., 2006, Degryse & 

Schneider, 2008).  

Recent papers revealed in fact that isotopic analysis is a useful tool for provenancing natron glass 

(Freestone et al., 2003; Henderson et al., 2005; Degryse & Schneider, 2008; Ganio et al., 2012a, 

2012b). On the other hand, only a limited number of papers deal with plant ash glass investigated 

through isotopic characterization and they highlight both strong and weak points of the isotopic 

approach (Freestone et al., 2003; Leslie et al., 2006; Henderson et al., 2009, 2010; Degryse et al., 

2010). 

Among the isotopic system that can be considered for tracing the origin and trade of glass, those of 

heavy elements (i.e. lead, strontium and neodymium) are not measurably fractionated during the 

technical processing of glass, such that their isotopic composition in the glass will reflect that of the 

raw materials employed in its production (Degryse et al. 2009a; Henderson et al., 2009b). 

Strontium in glass is mainly incorporated with the lime-bearing materials, with minor influences 



attributed to feldspars or heavy minerals in the silica source (Degryse et al., 2006; Freestone et al., 

in press). In plant ash glass, the silica source is typically low in lime to produce a balanced 

composition with the lime-bearing plant ash flux (Freestone & Gorin-Rosen, 1999). Assuming that 

the 
87

Sr/
86

Sr isotope ratio of the glass reflects that of the plant ash, which was in itself derived from 

the bio-available Sr in the soil on which the plant grew, then the strontium isotope ratio is likely to 

reflect the local geology (Freestone et al., 2003; Henderson et al., 2005). Nevertheless, Degryse et 

al. (2010) have recently highlighted that the plant species can also play a role in determining the 

strontium isotope ratio. Therefore, it may be difficult to attribute a plant ash glass to a specific 

geographical/geological region on the base of strontium isotope signature of the fluxing agent, 

although the signature is useful to define groups of plant ash glasses that can be compared in time 

and space. 

Neodymium in the glass is likely derived from the non-quartz minerals fraction in the silica raw 

materials, therefore the 
143

Nd/
144

Nd isotope ratio will reflect the average age and composition of the 

silicate source used to produce the glass (Degryse et al., 2009a), making it ideal for provenance 

studies. 

As highlighted by Meek et al. (2012) for wood-ash glass, the best strategy to differentiate plant ash 

glass produced at different locations proved to be the combination of chemical and isotopic 

analysis. Therefore, data obtained via the isotopic characterization of the glass finds form Veh 

Ardašīr are discussed here taking also into account information on the elemental composition 

reported in Mirti et al. (2008, 2009), with the aim of modifying or confirming the picture that has 

been suggested by previous analyses and to highlight the contribution of isotope ratios for the 

definition of the scenery. 

 

Compositional features of the samples 

The 31 samples considered here were selected from the overall set of Veh Ardašīr finds discussed in 

Mirti et al (2008, 2009) to represent the main compositional typologies that emerged through 

elemental analysis, as well as their distribution within the historical period (3
rd

 to 7
th

 century AD) 

investigated. Both finished objects and raw glass chunks (indicated by “c” after the sample code) 

were considered. With regard to fragment VA90*, its composition was calculated as the mean of 

analytical results obtained from three fragments attributed to the same object on the basis of both 

archaeological and chemical analysis. Archaeologists possibly also traced fragment VA88 back to 

this object, although its attribution was more disputed and excluded by elemental analytical data. 

The detailed bulk composition of the fragment considered and a description of the finds and their 

archaeological context are reported in Mirti et al. (2008, 2009). 



The samples considered here are all silica-soda-lime glasses with relatively high contents of potash 

(2.41-4.38 wt%) and magnesia (3.08-8.41 wt%); together with the soda content (13.5-19.2 wt%), 

this supports the use of sodic plant ash as fluxing agent (Sayre & Smith, 1961; Henderson, 1985, 

2002). 

As discussed in Mirti et al. (2008, 2009), the finds can be subdivided into two compositional 

groups, named Sasanian 1 and Sasanian 2, according to their MgO/K2O ratio and phosphorus 

content. Sasanian 1 group shows a MgO/K2O ratio between 0.9 and 1.6, while Sasanian 2 group has 

a MgO/K2O ratio higher than 2. Fig. 1 shows the K2O vs MgO plot for the selected samples and 

highlights the evident separation between the two groups. Lime concentration varies between 4.65 

and 9.35 wt% and that of alumina between 0.95 and 3.17 wt%. Moreover, Al2O3 levels correlate 

with those of iron and of a number of trace elements such as titanium, vanadium, scandium, nickel 

and rare earth elements (REEs). In detail, different correlations emerge among these elements, that 

further split Sasanian 1 group into two sub-groups, named Sasanian 1a and Sasanian 1b, and 

suggest either a change in the silica source or mixing of raw glass from different silica sources 

during the course of the 4
th

 century AD. Fig. 2 reports, as an example, the cerium vs alumina plot 

obtained for the here considered samples, which clearly shows the separation between the Sasanian 

1a and Sasanian 1b groups. 

Iron, quantified between 0.37 and 1.53 wt% Fe2O3, acts as the main colouring agent and determines 

the colour of the samples, being brown-yellow, green or yellow-green. 

 

Experimental procedure 

After the removal of any external layers to avoid possible contamination from the burial 

environment and corrosion, samples were taken using a diamond-coated wheel. The fragments were 

then washed in an ultrasonic bath with Milli-Q water, rinsed and dried at 100˚C. The dry pieces 

were then ground into a fine powder using an agate mortar. 

All sample preparation was performed in a class-10 clean lab with horizontal laminar flow hoods at 

Ghent University, Belgium. 100 mg of powdered sample were weighed into Savillex screw-top 

beakers and dissolved in a 3:1 mixture of 22 M HF and 14 M HNO3 on a hot plate. Solutions were 

evaporated to dryness and the residues re-dissolved in aqua regia. After digestion was completed, 

the sample was evaporated to nearly dry and the residue was taken up into 7 M HNO3. 

Sr and Nd were isolated from the concomitant matrix using extraction chromatographic methods 

described in the literature (De Muynck et al., 2009; Ganio et al., 2012c). 

For the isolation of Sr (De Muynck et al., 2009), 0.1 ml of solution in 7 M HNO3, was loaded onto a 

BioSpin column (BioRad) packed with 400 µl Sr spec
TM

 resin (Eichrom). After rinsing with 4 ml of 



7 M HNO3 to eliminate the matrix, the Sr fraction was eluted with 5.5 ml of 0.05 M HNO3. The 

isolation of Nd involved a 2-step chromatographic separation (Ganio et al., 2012c). The sample, 

taken up in 1 ml of 2 M HNO3, was loaded onto a Micro-BioSpin column (BioRad) filled with 600 

µl TRU.Spec resin (Eichrom), and was washed with 4 ml of 2 M HNO3. The Micro-BioSpin 

column was then coupled to an Eichrom column (0.8 cm inner diameter) packed with 1.5 ml 

Ln.Spec resin (Eichrom), and was rinsed with 7 ml of 0.05 M HNO3 in order to elute the light rare 

earth elements (LREEs) fraction from the TRU.Spec resin and load them onto the Ln.Spec resin. 

The Ln.Spec resin was then washed with 5 ml of 0.25 M HCl, and the Nd fraction was stripped off 

using 9 ml of 0.25 M HCl.  

All Sr and Nd isotope ratio measurements were carried out using a Thermo Scientific Neptune 

multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS), equipped with a 

micro-flow PFA-50 Teflon nebuliser, and running in static multi-collection mode. The operating 

parameters are given in Table 1. A concentration-matched solution of NIST SRM 987 SrCO3 

isotopic reference material was used as external standard (
86

Sr/
88

Sr = 0.1194) (De Laeter et al., 

2003) to correct for instrumental mass discrimination (sample-standard bracketing). The signal 

intensity obtained for 
83

Kr was used to correct the Kr interference at m/z = 86. On average, 
86

Sr/
88

Sr 

ratios were measured with an internal precision or repeatability (2s) of 0.00002. 

JNdi-1 reference material (Geological Survey of Japan) was used as external standard for measuring 

143
Nd/

144
Nd ratios. The intensity obtained for 

147
Sm was used to correct the interference of this 

element on the Nd signal obtained at m/z = 144. On average, isotope ratios for 
143

Nd/
144

Nd were 

measured with an internal precision or repeatability (2s) of 0.000008. The ratio is also expressed as 

εNd, defined as: 

143 144

4

143 144

( )
1 10

( )

sample

CHUR

Nd Nd
Nd

Nd Nd


 
    
   

where 
143

Nd/
144

NdCHUR=0.512638, according to DePaolo and Wasserburg (1976). 

 

Results and discussion 

Sr and Nd isotopic compositions of the 31 glass samples under consideration are given in Table 2. 

The 
87

Sr/
86

Sr ratios vary between 0.70833 and 0.70916, whereas 
143

Nd/
144

Nd values fall in the range 

between 0.512193 and 0.512383, corresponding to εNd from -8.69 to -4.98. 

More information may be derived from inspection of the analytical data in a graphical form. Fig. 3 

is a biplot of the 
87

Sr/
86

Sr ratio against the Sr levels and shows that the 
87

Sr/
86

Sr ratio mostly varies 

between 0.70830 and 0.70860 with four samples showing values out of this range. Among these, 

samples VA88 and VA90*, belonging to the Sasanian 2 group, show 
87

Sr/
86

Sr ratios of 0.70878 and 



0.70872, respectively. These two fragments, found in a same archaeological context, were possibly 

attributed by archaeologists to the same object; besides their very similar composition, differences 

in elemental levels were significantly higher than the instrumental precision, therefore this 

hypothesis was excluded. Isotopic signatures for these fragments, which represent finds related to 

identical beakers, also highlight the use of common ingredients. The other two samples, VA87 and 

VA68, both assigned to the Sasanian 1b typology, show exceptionally high 
87

Sr/
86

Sr ratios (0.70887 

and 0.70916, respectively). When evaluating the 
87

Sr/
86

Sr values for the entire collection of sample, 

a possible subdivision into two sub-groups appears, with both subgroups encompassing fragments 

assigned to Sasanian 1 and Sasanian 2 typologies. In particular, samples VA01, VA02, VA03, 

VA05, VA 42, VA46, VA47, VA56, VA71 and VA93 (Sasanian 1) and samples VA09, VA30, 

VA31, VA32 and VA95c (Sasanian 2) show 
87

Sr/
86

Sr valuer between 0.70833 and 0.70845, 

whereas samples VA10, VA17c, VA25, VA44, VA50, VA57, VA76 and VA82 (Sasanian 1) and  

samples VA08, VA22, VA26c and VA99 (Sasanian 2) show signatures between 0.70850 and 

0.70856. It is worth noting that samples VA30, VA31 and VA32, characterised by a very similar 

and peculiar brown-yellow colour among the entire corpus of glass fragments, show 
87

Sr/
86

Sr values 

that fall within the range of instrumental precision, therefore suggesting a common production 

procedure. As already highlighted for samples VA88 and VA90*, here again objects that can be 

definitely assigned to a same production, according to both archaeological and compositional 

evidences, cluster together in the 
87

Sr/
86

Sr vs. Sr plot. 

On the other hand, the overall picture emerging from strontium levels and isotopes is apparently in 

contrast with the evident compositional differences that define Sasanian 1 and Sasanian 2 glass (fig. 

1). Differences existing among 
87

Sr/
86

Sr signatures within the whole dataset can be explained in 

terms of different glass batches (Freestone et al. 2006), whereas evident groups that would point to 

different provenances do not emerge between the two glass typologies defined on the basis of 

compositional data. The results for Sr isotope ratios would instead support the hypothesis that 

different levels in K, Mg and P found for the two glass typologies may derive from the use of 

different plants, different ashing procedures and/or treatment of the ashes prior to use. 

As far as the silica source is concerned, two subgroups of Sasanian 1 type glass were identified 

mainly on the base of different levels of some trace elements such as titanium, vanadium, scandium 

and REEs (Shortland et al., 2007; Brems, 2012). The group named Sasanian 1a was produced from 

the 3
rd

 to the 4
th

 century AD and is characterized by higher levers of REEs, possibly related to the 

use of a less pure silica source; Sasanian 1b group is testified from the 4
th

 century AD to the end of 

the Sasanian epoch and shows generally lower levels for the REEs. When elements related to the 

silica source are considered, the same trends emerge for Sasanian 1b and Sasanian 2 glass, which 



was introduced in the 4
th

 century AD and remains present as a minor production up to the end of the 

Sasanian period. An archaeological hypothesis accounts for the possibility that manufacts showing 

Sasanian 2 composition, produced with a rather pure silica source, could have been possibly 

imported from a different production site as high quality objects. 

For the samples considered here, the Nd concentration separates the samples into three groups. 

Sasanian 1a glass has the highest Nd levels (between 6.00 and 7.80 µg g
-1

), Sasanian 2 glass the 

lowest ones (between 2.40 and 4.42 µg g
-1

); Sasanian 1b group shows an intermediate Nd content, 

partially overlapping with that of Sasanian 2 group. In particular, for most of the samples of the 

Sasanian 1b group, Nd levels range from 4.59 to 5.80 µg g
-1

, with the exception of samples VA68 

and VA76 (3.54 and 3.89 µg g
-1

, respectively), which are located in the Nd concentration range of 

the Sasanian 2 group. On the other hand, the εNd signatures do not strictly follow the compositional 

grouping and the majority of the samples show a 
143

Nd/
144

Nd ratio ranging between 0.512247 and 

0.512316, corresponding to -7.62 to -6.29 εNd. As shown in fig. 4, a small group of five samples 

(VA01, VA05, VA44, VA47, VA71), all belonging to Sasanian 1a glass typology, shows a lower 

143
Nd/

144
Nd value, ranging from 0.512193 to 0.512221 (εNd between -8.69 and -8.14). A further 

investigation of their bulk composition reveals that these samples are also characterized by the 

lowest contents of Al2O3, Fe2O3, TiO2, Cr, Ni, Ba and REEs within the set of the Sasanian 1a 

samples, confirming the possible use of a different silica source, also characterized by a slightly 

different Nd signature. VA57 and VA26, both belonging to the Sasanian 1b group, have the highest 

143
Nd/

144
Nd ratio, 0.512337 to 0.512343, corresponding to -5.86 to 5.76 εNd; sample VA26 

(Sasanian 2 group) is the only sample with an εNd higher than -5 (εNd = -4.98). 

The difference between the εNd values for samples VA88 and VA90* falls within the experimental 

uncertainty, again confirming that these samples are part of a same glass batch. On the other hand, 

εNd values for samples VA30, VA31 and VA32, which also show some minor compositional 

peculiarities within the set of the Sasanian 2 group (with the lowest levels of alumina and REEs), 

are between -7.32 and -6.59, thus giving the indication of an εNd interval expected for similar glass 

from different batches. 

Despite some minor differences, the whole set of εNd values and of compositional data suggests the 

use of (possibly four) different silica sources coming from an area of common geological origin. 

 

Few isotope studies have been performed on plant ash glass excavated in Mesopotamia and the 

middle East; in particular the investigations involved either Bronze Age glasses, dated 14
th

 century 

BC, from Tell Brak, Syria (Degryse et al., 2010; Henderson et al., 2010), Tell al Amarna, Egypt 

(Henderson et al., 2010), Malkata, Egypt (Degryse et al., 2010) and Nuzi, Iraq (Degryse et al., 



2010), or 9
th

 to 11
th

 century AD Islamic glasses from Al-Raqqa, Syria (Henderson et al., 2009a, 

2009b), Banias, Israel (Freestone et al., 2003; Degryse et al., 2009b) and Tyre, Lebanon (Leslie et 

al., 2006; Degryse et al., 2009b). 

Concerning the isotopic signature of strontium, the papers mentioned above highlighted that 

different 
87

Sr/
86

Sr values suggested the use of plants grown in different regions; in particular, 

Egyptian samples tend to cluster within the 0.70780 - 0.70805 interval, whereas Levantine and 

Mesopotamian glasses are spread over a wider range of 
87

Sr/
86

Sr values (Degryse et al 2010; 

Henderson et al., 2010). Henderson et al. (2009b) began a systematic study of the 
87

Sr/
86

Sr ratio of 

various soda-rich halophytic plants growing in Syria, and demonstrated that no fractionation of the 

strontium signature occurred when the raw materials were heated to high temperatures in the glass-

making process. Unfortunately, a strontium biosphere map such as the one of Britain (Evans et al., 

2010), which could guide the interpretation of the experimental data, is not yet available for 

Mesopotamia and the Middle East. 

143
Nd/

144
Nd isotope ratios show some interesting differences between the Syrian and Mesopotamian 

samples previously studied. The Tell Brak samples (14
th

 century BC) (Degryse et al., 2010; 

Henderson et al., 2010) have 
143

Nd/
144

Nd between 0.512330 and 0.512530 while the Nuzi samples 

(14
th

 century BC) (Degryse et al., 2010) have 
143

Nd/
144

Nd between 0.512150 and 0.512189. The 

data from Al-Raqqa (9
th

-11th century AD) (Henderson et al., 2009b) show the lowest 
143

Nd/
144

Nd 

with values between 0.511987 and 0.512340. Coastal glass from Tyre (Lebanon) and Banias (Israel) 

show 
143

Nd/
144

Nd ratios between 0.512326 and 0.512473 (Degryse et al., 2009b). 

Fig. 5 shows the biplot εNd vs.
 87

Sr/
86

Sr for the samples considered here in comparison with data 

from the papers indicated above. The Sasanian glasses have a εNd generally lower than -6.0. As 

expected, they are characterized by a Sr-Nd signature different from the typical Syro-Palestinian 

and Egyptian primary natron glasses (Freestone et al., in press), with εNd between -6.0 and -5.1. 

Some similarities with the 9
th

-11
th

 century AD Al-Raqqa samples (Henderson et al., 2009b) can be 

seen in five Sasanian 1a type glasses (VA01, VA05, VA44, VA47, VA71) characterized by lower 

Al2O3, Fe2O3, TiO2, Cr, Ni and Ba contents. This is particularly interesting since samples Raqqa 

268 and 269 (11
th

 century AD bangles), and Raqqa 66 and 67 (9
th

 century AD window panels) in 

the Henderson study were excluded as local production of Al-Raqqa. Samples VA26c, VA57 and 

VA82, characterized by the highest εNd values of the dataset (-4.98, -5.86 and -5.76 respectively) 

are somehow similar to the 14
th

 century BC Tell Brak samples (Henderson et al., 2010). No 

similarities are found with the samples from Banias, Israel (Degryse et al., 2009b) and Tyre, 

Lebanon (Degryse et al., 2009b), that show an εNd similar to the Syro-Palestinian and Egyptian 

natron glasses and were likely produced with Levantine coastal sands and plant ashes. 



Although the isotopic data available for 3
rd

-7
th

 century AD plant ash glasses are presently limited to 

those discussed in this work, the Sasanian glasses are different enough from the plant ash glasses 

made with Levantine coastal sands to be considered a new typical Sr-Nd Mesopotamian signature. 

Sr-Nd isotopic ratios of the 9
th

-11
th

 century AD samples from Al-Raqqa represent a further different 

signature, interpreted as local to Al-Raqqa and typical of the early Islamic period. 

 

Conclusions 

The aim of this work was to investigate the possible use of different raw materials for the 

production of the 3
rd

 to 7
th

 century AD Sasanian 1 and Sasanian 2 glasses excavated in Veh Ardašīr, 

and to possibly assess their provenance. The two groups have been obtained on the basis of a 

different MgO/K2O ratio that suggested the use of different plant ash types. The Sr isotopic 

signatures suggest the use of different kinds of plant ash, and together with the Sr elemental 

concentration, it is possible to define distinct glass batches. The use of different silica sources as 

suggested earlier is clearly shown by the Nd concentration. Moreover, the use of a further different 

silica source was suggested by the inspection of both the Nd isotopic signature and compositional 

data. Nevertheless, similar εNd suggest a common geological provenance for all of the 

compositional groups. Moreover, Nd isotopic signatures of the Veh Ardašīr glasses are different 

enough from other published isotopic data from the middle East, either 14
th

 century BC or 9
th

-11
th

 

century AD to define a characteristic Sr-Nd signature for the 3
rd

 to 7
th

 century AD plant ash 

Sasanian glasses. Further research would be required to better understand the provenance of the raw 

materials used for the production of such glasses. 
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Sr Nd

RF power 1200 W 1300 W

Plasma gas flow rate 15 L/min 15 L/min

Auxiliary gas flow rate 0.6 L/min 0.6 L/min

Nebulizer flow rate 1.05 L/min 1.05 L/min

Sampling cone Ni, aperture diameter 1.1 mm Ni, aperture diameter 1.1 mm

Skimmer Ni, aperture diameter 0.9 mm Ni, aperture diameter 0.9 mm

Exctraction lens voltage 4 V 4 V

Mass resolution 400 400

Sample delivery Auto aspiration Auto aspiration

Sample uptake rate 1 mL/min 1 mL/min

Data acquisition 30 cycles 50 cycles

Integration time 5 s 5 s

L4     L3       L2       L1       C      H1      H2      H3      H4

magnet delay time 3 s

integration time 5 s

number of cycles 10 per block

number of blocks 5

measurement time ~200 s

cup configuration

data acquisition parameters

Table 1. Instrument settings, cup configuration and data acquisition parameters for the Thermo Scientific Neptune multi-collector ICP-mass 

spectrometer

   L4     L3       L2       L1       C      H1      H2      H3      H4
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Nd  
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Nd  
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Nd  
145

Nd  
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Nd  
147

Sm  
148

Nd  
149

Sm  
150

Nd
142

Ce            
144

Sm                                                      
150

Sm



 

  

group Sr Nd
87

Sr/
86

Sr 2 st dev
143

Nd/
144

Nd 2 st dev εNd

VA01 1a 419 6 0.70840 0.00004 0.512221 0.000047 -8.14

VA02 1a 407 6.7 0.70840 0.00004 0.512282 0.000052 -6.94

VA03 1a 375 7.8 0.70842 0.00006 0.512258 0.000048 -7.41

VA05 1a 355 7.2 0.70845 0.00006 0.512198 0.000060 -8.59

VA25 1a 371 7.1 0.70853 0.00008 0.512247 0.000041 -7.62

VA42 1a 383 6.9 0.70837 0.00005 0.512289 0.000048 -6.80

VA44 1a 610 6 0.70851 0.00004 0.512193 0.000047 -8.69

VA46 1a 351 6.6 0.70845 0.00007 0.512247 0.000045 -7.62

VA47 1a 372 6.2 0.70845 0.00008 0.512207 0.000056 -8.40

VA50 1a 465 7.5 0.70854 0.00005 0.512280 0.000034 -6.99

VA56 1a 370 7.2 0.70840 0.00005 0.512278 0.000036 -7.03

VA71 1a 325 6.2 0.70845 0.00004 0.512196 0.000049 -8.63

VA10 1b 454 4.85 0.70856 0.00004 0.512290 0.000039 -6.79

VA17c 1b 443 5.8 0.70853 0.00007 0.512308 0.000041 -6.43

VA57 1b 630 4.59 0.70850 0.00007 0.512337 0.000038 -5.86

VA68 1b 263 3.54 0.70916 0.00005 0.512316 0.000042 -6.29

VA76 1b 317 3.89 0.70854 0.00004 0.512307 0.000051 -6.46

VA82 1b 380 5.2 0.70852 0.00005 0.512343 0.000043 -5.76

VA87 1b 329 5.4 0.70887 0.00007 0.512305 0.000051 -6.50

VA93 1b 389 5.1 0.70844 0.00004 0.512298 0.000047 -6.62

VA08 2 443 3.48 0.70856 0.00009 0.512300 0.000050 -6.59

VA09 2 486 4.42 0.70836 0.00004 0.512250 0.000055 -7.58

VA22 2 500 4.3 0.70852 0.00008 0.512288 0.000045 -6.83

VA26c 2 489 4.33 0.70853 0.00007 0.512383 0.000057 -4.98

VA30 2 560 2.68 0.70837 0.00007 0.512300 0.000062 -6.59

VA31 2 560 2.62 0.70833 0.00007 0.512263 0.000058 -7.32

VA32 2 540 2.4 0.70836 0.00004 0.512290 0.000047 -6.79

VA88 2 377 3.6 0.70878 0.00011 0.512309 0.000040 -6.42

VA90* 2 413 3.99 0.70871 0.00009 0.512297 0.000058 -6.66

VA95c 2 630 4.18 0.70838 0.00005 0.512275 0.000038 -7.07

VA99 2 405 3.41 0.70853 0.00005 0.512303 0.000039 -6.53

Table 2. Sr and Nd elemental and isotopic concentrations.



 

  

Fig. 1. K2O vs. MgO plot of the 31 Sasanian glass fragments. (Mirti et al., 2008; Mirti et al., 

2009). Two groups, Sasanian 1 and Sasanian 2, are defined.
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Fig. 2. Ce vs. Al2O3 plot. Sasanian 1a group shows a different correlation than Sasanian 1b and 

Sasanian 2 groups.
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Fig. n.3. 
87

Sr/
86

Sr ratio vs. Sr elemental concentration of the analyzed samples.
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Fig. 4. Nd elemental concentration vs. εNd of the analyzed samples.
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Fig. 5. εNd vs. 
87

Sr/
86

Sr of the analyzed samples. The circles correspond to the typical Syro-

Palestinian and Egyptian natron glass signature (Freestone et al., in press.). Symbols:     14
th 

century BC Tell Brak samples (Henderson et al., 2010); x 14
th

 century BC Nuzi samples 

(Degryse et al., 2010);     9
th

-11
th

 century AD Al-Raqqa samples (Henderson et al., 2010);     9
th

-

11
th

 century AD Tyre samples (Degryse et al., 2009); + 9
th

-11
th 

century AD Banias samples 
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