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Samples: The samples come from various vessel types 

and mainly from alabastra, amphoriskoi and oinochoai; 

they date to the Hellenistic period (late 3rd c. BC). The 

majority of them are a deep translucent blue colour 

with white decorative trails (Fig. 3). Small pieces (2-3 

mm) were cut off from the vessel fragments, using a 

diamond cutting disc. The samples were mount on a 

resin block which was ground with SiC paper of various 

grits (600, 800, 1200, 2500) and then polished using 

diamond paste of 3-6 and 1 μm.  

 

SEM-EDX: All samples were analysed with a JEOL (JSM-

6510LV) Scanning Electron Microscope, coupled with 

an Energy Dispersive X-ray Spectrometer Oxford 

Instruments under high vacuum. Operating voltage at 

20kV and working distance for each sample of 

15mm.The calibration of the system was performed with 

established geological standards and it was tested by 

analysing standard reference materials (NIST SRM620, 

SRM1831 and SRM612).  

 

LA-ICP-MS: The LA-ICP-MS instrument consisted of a 

NewWave UP193FX excimer (193nm) laser system with 

built in microscope imaging coupled to an Agilent 7500 

series ICP-MS. Laser ablation craters were set at 70mm, 

the laser being fired for 45s at 10Hz and a typical 

fluence of 2.8 Jcm-2. Calibration of the system was 

performed using NIST SRM610 trace element glass 

standard. NIST SRM612 was used for quality control 

purposes. 
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Fig. 3: Indicative samples of core formed vessels Mediterranean Group II. 

Fig. 2: The Votive Deposit III in front 

of the temple.  

Fig. 1: A map of Lazio region in central 

Italy showing Satricum. 
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In the present study 53 fragments of various core 

formed vessels are investigated by means of analytical 

techniques. The main scope of this study is the 

identification of the raw materials and an attempt to 

provenance.  

 

All samples were excavated at the Latin settlement of 

Satricum (Fig. 1) which has a long history of 

uninterrupted habitation from the 9th c. BC till the 1st c. 

AD. The site is well known for its Archaic sanctuary of 

Mater Matuta, incorporating three successive temple 

buildings from the Archaic period onwards. During the 

6th c. BC, the site emerged as a prosperous urban Latin 

centre. From the beginning of the 5th c. BC it was 

occupied by the Volscians for nearly 150 years until the 

Roman conquest and subsequent installation of a 

Roman colony in the mid-4th c. BC. 

 

The importance of offering practices is attested by 

three substantial votive deposits associated with the 

sanctuary of Mater Matuta on top of the acropolis. 

Among them is the so-called Hellenistic Votive deposit, 

also known as Votive Deposit III, discovered in front of 

the temple (Fig. 2).  
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Fig. 4: MgO versus K2O for Satricum samples. All samples form a 

consistent group in the natron area without any outliers. 

Fig. 5: Al2O3 versus SiO2 for Satricum (this study), Spina and Rhodes 

samples. The samples are divided in 3 main groups (Group A high 

SiO2/low Al2O3, Group B high SiO2/high Al2O3 and Group C low 

SiO2/high Al2O3). In the same plot mean values with error bars   of 

each group are presented as well as the concentrations of two 

hypothetical glass samples (Brems et al 2012). 

Fig. 6: Mn versus Co for Satricum samples. There are three 

distinguishable groups from left to right with low Mn high Co, high 

Mn high Co and high Mn low Co content.  
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Group A can be considered as imported from a currently unattributed source while 

Group B has characteristics of an Italian origin and Group C can be attributed to a 

Rhodian origin. There is a strong indication that group B samples were manufactured 

somewhere in Italy both in terms of archaeological and scientific/technological 

interpretation.  

 

All samples excavated in Satricum are of soda-lime-silica type. Maximum, minimum and mean values of major, minor and trace 

elements of the samples are shown in Table 1. The majority of samples have a deep blue colour. Their colouration is attributed to 

the simultaneous presence of both cobalt (Co) and copper (Cu), two samples have turquoise colour because of the elevated 

amount of Cu, while there are four samples having brown colour and their colouration probably is due to varied furnace 

atmosphere (Henderson 2000). 

 

  
Oxide Mean Max Min s.d. 

SiO2 (%) 69.87 74.01 64.72 2.09 

Na2O (%) 17.55 21.53 15.76 1.1 

CaO (%) 6.9 8.88 4.66 1.12 

Al2O3 (%) 2.1 2.68 0.78 0.44 

MgO (%) 0.57 0.93 0.3 0.12 

SO3 (%) 0.29 0.57 0.11 0.11 

Cl (%) 1.16 1.54 0.73 0.18 

K2O (%) 0.46 0.63 0.27 0.1 

Fe2O3 (%) 0.7 1.53 0.24 0.26 

Mn (gr/kgr) 1209.8 3623.3 72.5 936.4 

Co (gr/kgr) 1131.7 2683.3 1.3 613.5 

Cu (gr/kgr) 1713.1 5541.7 5.6 1153.6 

Potassium oxide (K2O) and magnesium oxide (MgO) are found in concentrations below 

1% w.t. (Fig. 4), indicating sodium oxide as the main flux, which is introduced in the glass 

through sodium rich minerals such as natron (Na2CO3.10H2O) and/or trona 

(Na2CO3.NaHCO3.2H2O) (Shortland 2004; Henderson 2013).  

 

All samples can be divided in 3 basic groups according to their SiO2 and Al2O3 levels (Fig. 

5), elements which are associated with sand or its impurities indicating use of different 

sources of sand. Furthermore Group B samples according to Fig. 5 can be further 

distinguished in three main groups according to their Mn and Co levels (Fig. 6). The 

existence of three different cobalt sources used for the coloration of these samples can 

be suggested. [Data for Spina and Rhodes obtained by Arletti et al 2011 and Triantafyllidis 

et al 2012 respectively]. 

 

A two stage manufacturing process can be 

suggested for Satricum samples. In the first stage 

the basic glass composition is produced and in a 

second stage the coloration occurs. The majority 

of samples have a common colorant source which 

can be located in Iran and especially in Co 

deposits in central Iran, while the outliers exhibit 

totally different behaviour enhancing the belief 

that they are manufactured with a totally different 

glass technology. 

Even though there are not any archaeological evidence for primary glass production during Hellenistic period in Italy, certain 

scholars believe that the industry of core-formed vessels Group II (after Grose 1989) took place somewhere in south Italy. This 

interpretation combined with the fact that glass samples have similar compositions with Italian sands suitable for glassmaking can 

provide a solid indication for local production.  

Fig. 7:  A proposed model for the manufacturing processes of Satricum samples.  

Table 1: Mean, max, min and standard deviation 

(s.d.) values of glass samples (n=53). 
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