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In the context of archaeometallurgical studies of copper alloys, it is relevant to record the essential 
changes in the elemental composition of copper alloys that occur during changes in technology 
and transitions in human history. This article presents the shift in the elemental composition of 
copper alloy from bronze-based alloys to brass ones during essential changes in archaeological 
material which happened at the turn of the Earliest Iron Age (500–1 BC) and the Early Roman 
period, from the 1st century BC to the middle of the 1st century AD. As early as the 2nd and 
1st centuries BC, in the Antique world and the Roman Empire and its provinces, brass was al-
ready starting to partly replace bronze. Even if the Earliest Iron Age is the least knowable period 
in Lithuanian prehistory, the few pieces of jewellery attributed to this period show the changes 
in the composition of the copper alloy. The territorial growth of the Late Antique world and 
internal contacts within the Barbaricum led to the expanding strength of commodities, includ-
ing raw materials, technologies, cultural ideas and ideological attitudes. Goods and ideas spread 
throughout the vast barbarian lands, and eventually reached the forest zone of northeast Europe. 
Sudden changes during the Early Roman period were first of all connected with the development 
of settlement structure, and this has therefore made it possible to identify some major places of 
the production of artefacts and partly changed directions of exchange. All this was accompanied 
by the emergence of new jewellery types produced by skilled jewellers according to sophisticated 
techniques. These changes are clearly visible in Early Roman period Lithuanian archaeological 
material, including the elemental composition of copper alloys. The present article uses X-ray 
fluorescence (XRF) spectrometry to investigate the composition of copper alloys. Radiography 
was used to understand the construction of artefacts, and to assess the degree of their inner cor-
rosion and sophisticated manufacturing techniques. Solder samples were taken from the surfaces 
of several finds, and were analysed by qualitative microchemical analysis.
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Int ro du c t i on

On the basis of published copper alloy artefacts from 
the Late Bronze Age to the Earliest Iron Age, we should 
acknowledge that there are only a small number of such 
finds in the east Baltic region compared to Scandinavia 
and the southwest edge of the Baltic Sea shore (Grigalavi-

chene 1980, pp. 48–88; Luchtanas 1981; 1992, p. 68; 1998; 
Grigalavičienė 1986a, p. 77, Fig. 22.1–8, 17; 1992, p. 91, Fig. 
11.1,3,6; 1995, pp. 172–188; Merkevičius 1986; Volkaitė-
Kulikauskienė 1986, pp. 32–36; Merkevičius 2011; Čivilytė 
2014, pp. 110–112; Podėnas and Čivilytė 2019). 

In the Late Bronze Age, hillforts or hilltop settlements 
in east and northeast Lithuania are quite contrasting 
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(Podėnas 2020) (Fig. 1; Appendix). In contrast, in the 
coastal lowlands of west Lithuania and the Lower Ne-
munas region, the archaeological material comes mainly 
from burial sites, although there were undoubtedly lived-
in hillforts and unfortified settlements (Grigalavičienė 
1979; Bliujienė et al. 2012; Šiaulinskas 2016; Jovaiša 2020; 
Minkevičius et al. 2020; Vengalis et al. 2020; Piličiauskas et 
al. 2021). However, it should be admitted that, in terms of 
material, chronology and settlement structure, the Earliest 
Iron Age remains the least-known archaeological period 
in Lithuania. On one hand, it is difficult to assess more pre-
cisely the transition from the Late Bronze Age to the Earli-
est Iron Age, especially since some of the bronze jewellery 
was found by chance, and its chronology is defined only 
by analogies. On the other hand, with the disappearance 
of bronze axes and other heavy objects characteristic of 
the Bronze Age, Earliest Iron Age ornaments appear small, 
which means that they did not require a large amount of 
copper alloy as a raw material. The low weight of Earli-
est Iron Age artefacts, mostly jewellery, can be interpreted 
as a shortage of raw material, most likely due to a distur-
bance in the raw material exchange network. It could be 
that bronze ceased to exist on the raw material exchange 

network in the middle of the 1st millennium BC. In addi-
tion, the spread of iron artefacts, including working tools 
in the Earliest Iron Age, could have influenced changes in 
people’s way of life. Moreover, there is not a great variety 
of types and shapes among the finds from this period, be-
cause the predominant jewellery is pins with cylindrical 
heads, pins with ring-shaped heads, pins of other shapes, 
neck-rings, bracelets and ring-shaped temple ornaments. 
Only a few imported iron fibulae typical of the period 
in question are known (Grigalavičienė 1995, p. 189, Fig. 
108.8). However, the archaeological evidence shows that 
there was a shortage of iron fibulae in Lithuania during 
the Earliest Iron Age. This feature is particularly evident, 
because eye and other fibulae types, and various other 
kinds of jewellery, spread widely from the Early Roman 
period onwards. According to data from the 1990s, arte-
facts made of copper alloys and iron in the hilltop settle-
ments of east and northeast Lithuania accounted for only 
2.4% of the total finds (Luchtanas 1992, p. 68). Although 
the number of metallic artefacts has increased in recent 
years, they have not substantially altered our knowledge 
of this archaeological period. However, the material from 
barrows (technical ceramics [moulds, crucibles etc], metal 

Figure 1. Sites mentioned in the article, dating from the Earliest Iron Age (I), the Early Roman period (II), and from the Earliest 
Iron Age to the Early Roman period (III). For the site numbers on the map, see Appendix (drawing by G. Petrauskas).
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drops and various kinds of production waste) indicates 
the presence of local production, which is indicative of a 
fairly high level of jewellery making, although no perma-
nent production places have yet been found. A reasonable 
hypothesis is therefore put forward about highly skilled 
jewellers travelling with the raw materials (Luchtanas et 
al. 2019; Podėnas and Čivilytė 2019). The abundance of 
technical ceramics and technological studies suggests that 
most Late Bronze Age artefacts were cast. Bronze was most 
suitable for casting. By contrast, at the end of the Earliest 
Iron Age, in addition to casting, the number of artefacts 
produced from hammered wire and thin tin sheets in-
creased. Technically, malleable brass was most suitable for 
the production of artefacts by forging. Thus, the change 
in the elemental composition of copper alloys may have 
been due to the greater variety of artefacts produced in the 
east Baltic region at the end of the Earliest Iron Age. The 
change in alloy, on the other hand, was a European trend 
that reached northeast Europe fairly quickly.

Artefact production techniques and a reduction in size 
were the reasons why jewellery came to be shredded.  
Elemental composition analyses by Optical Emission 
(OES) and X-ray fluorescence spectrometry (XRF) of a 
sufficiently representative series of copper alloy orna-
ments show that Late Bronze Age finds were made of 
bronze, while in the range of the Earliest Iron Age, jewel-
lery made from brass emerged and spread (Miarkiavichius 
1980, pp. 107–109, Table 1; Merkevičius 1986). 

However, a distinct shift from bronze to brass alloys can 
be seen from the middle of the 1st century AD. In other 
words, the shift to brass coincides with the beginning of the 
Early Roman period, around circa 40 to 70 AD (i.e. period 
B1b) (Merkevičius 1973; Vaitkunskienė and Merkevičius 
1978, pp. 96–97, Table 1; Čivilytė 2014, p. 44, Table IV.21). 
The Early Roman period is a time when a sudden jump 
in the settlement structure covering most of Lithuania is 
observed, when cultural areas begin to emerge, when a 
certain divide between the western and eastern parts of 
the region appears, when striking changes in burial sites 
and burial customs can be seen, and when a whole range 
of new forms and types of jewellery appear. These dress 
accessories might be called pins with a spool-shaped head, 
neck-rings with hollow shaped trumpet terminals, eye 
fibulae and several fourth group fibulae according to O. 
Almgren (1897), temple ornaments, bracelets with bud-
shaped terminals (Merkevičius 1973; 1986; Vaitkunskienė 
and Merkevičius 1978, Table 1; Bliujienė 2013, pp. 27–28, 
Table 7, Figs. 335–339). In addition, jewellery manufac-
turing techniques became more complex. In Lithuania, as 
in the adjacent regions, in Central Europe, and, of course, 
in the Roman Empire, brass begins to dominate, and this 
process coincides with Roman military production, and 
fits perfectly with the ‘industrialisation’ of brass, or almost 
pure brass production in the Roman Empire during the 1st 

century BC (Craddock 1978, pp. 5–9; Bayley and Butcher 
2004, p. 152, Fig. 118). However, in the Roman Empire 
and provinces, together with brass, some Almgren-type 
fibulae dating from the mid-1st century to the 2nd cen-
tury AD were produced from bronze and gunmetal (Rox-
burgh et al. 2016, p. 419). A very similar situation in the 
use of copper alloys is observed for Early Roman period 
artefacts from Lithuania (Bliujienė et al. 2020, Fig. 7).

Mat e r i a l s  an d  m e t h o d s 

X - r ay  f lu ore s c e n c e  an a ly s i s 

The analysis of copper alloys was carried out on the surface 
of the artefact by a portable XRF spectrometer Niton XL3t 
(power 2 W, voltage 50kV, detector area ~ 50 mm2, pro-
ducer Thermo Fisher calibration mode ‘General Metals’). 
Each artefact spot was irradiated for 30-35 s (the results 
did not change after this time). Depending on the con-
figuration and complexity of the artefact, between two and 
five or more points are examined. This well-known tech-
nique of non-destructive surface analysis of objects has 
already been used widely for several decades (Bayley and 
Butcher 2004, pp. 21–25; Roxburgh 2016; Roxburgh and 
Olli 2018). Copper alloys are characterised by their prin-
cipal alloying elements (Zn, Sn and Pb), and the presence 
of small amounts added main impurities. In the present 
investigations, use was made of a set of Certified Refer-
ence Materials (CRMs), the Cultural Heritage Alloy Refer-
ence Material Set (CHARM), originally designed for the 
analysis of ancient copper alloys, as well as other standard 
metal reference materials. CRMs provide the possibility to 
systematically interlink the analytical results of any study 
(Craddock and Eckstein 2003; Heginbotham et al. 2015). 

The results of the analysis of Cu, Zn, Sn, Pb, Fe, Sb, Ag 
and Ni were applied in order to compare the composition 
of all alloys, although almost all Ag and Ni values are be-
low the detected limit, despite the fact that these elements 
belong to important impurities. Other elements fixed be-
low the setting limit <LOD and/or 0.01–0.1%, or elements 
that do not affect the composition of the copper alloy and 
possibly come from the archaeological environment, are 
not shown in the tables. The mathematical procedure for 
processing the results and proposing principal conversion 
formulas is recommended by Pollard et al. (2018, pp. 181–
183). The XRF results obtained allow for the classification 
of alloys into copper alloy types according to the main al-
loying elements (Zn, Sn, Pb) (Bayley and Butcher 2014, p. 
14, Fig. 5).

Te c h n ol o g i c a l  an a ly s i s

Manufacture techniques and decoration of ornaments 
were defined through the visual examination of artefacts 
in museums, and by photographing with a digital micro-
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scope (Q-scope 9.0 MP, 200×). During this survey, specific 
manufacturing features and surface treatment techniques 
and methods of ornamentation were determined. A de-
tailed visual examination of ornaments, especially for 
dress pins with wheel-shaped and spool-shaped heads, re-
vealed differently made wax models in casting by the lost-
wax or cire-perdue technique.

Also, several dress pins were examined, in order to assess 
their inner construction and the corrosion degree of the 
iron clasp needle. Radiography was used for understand-
ing the construction of a neck-ring with hollow trumpet-
shaped terminals. For this task, a portable diagnostic 
X-ray device IMD E-100R HF E7846 was used. Consider-
ing the differences in the thickness of copper alloys and 
iron, a voltage of 120kv, and exposure of 4 mAs were used. 
The X-ray images were digitally edited using Adobe Crea-
tive Suite software.

Samples of solder, analysed by qualitative micro-chemical 
analysis, were taken from the neck-ring with hollow trum-
pet-shaped terminals (see Fig. 11). The microscopic reac-

tions of the samples were observed under reflected light 
using a microscope with a magnification of six to 50 times. 
Tin and lead metal ions were found in the alloy samples, 
and this means that a tin-lead solder was used to strength-
en  components of this neck-ring altogether. 

R e s u l t s  an d  d i s c u s s i on 

T h e  c h ange  i n  t h e  c opp e r  a l l oy s  an d  
e xc h ange  d i re c t i ons

The elemental composition of copper alloys from the Late 
Bronze Age and the Earliest Iron Age in northeast and east 
Lithuania shows that, although bronze-type alloys pre-
dominate, there is considerable variety in their percentage 
expression (Table 1; Fig. 2.2). In addition to bronze alloys, 
artefacts made from leaded bronze and bronze/gunmetal 
were recorded. Besides this, the first brass-type alloys of 
brass/gunmetal appear in already the Earliest Iron Age. 
These are artefacts such as sash-like bracelets with tapered 
ends found in Nevieriškė hillfort, as well as dress pins with 

Figure 2. Ternary diagram displaying the Sn, Pb and Zn ratios estimated in alloys of artefacts dated to the Late Bronze Age and the 
Earliest Iron Age: 1. the alloy classification scheme (after Bayley and Butcher 2004, Fig. 5); 2. artefacts found in east Lithuania; 3. 
artefacts found in west Lithuania (diagrams by J. Bagdzevičienė).
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Tab le  1 .  The  r e su l t s  o f  t he  X- ray  f luo rescence  ana lys i s  o f  a r t e fac t s  da t ed  

t o  the  end  o f  t he  La te  Bronze  Age  and  the  Ea r l i e s t  I ron  Age  ( concen t r a t ion  g iven 

in  wt%) .  Fo r  s i t e  l oca t ions ,  s ee  F igu re  1 .



44

Audronė Bliujienė, Gediminas Petrauskas,  Jurga Bagdzevičienė, Evaldas Babenskas, Tomas RimkusARCHAEOLOGIA BALTICA 28

Figure 3. Ornaments found in inhumation and cremation graves dating from the 5th century BC to the 1st century AD: 1, 2. Naud-
varis cemetery, grave 8 (LNM GRD 98389); 3, 4. Raudonėnai cemetery, grave 3 (LNM AR 530:8, 9); 5. Paalksniai barrow cemetery, 
stray find in barrow 5 mound (LNM GRD 68594); 6. Mažulonys, foot settlement, trench 18 (LNM AR 938:5); 7. Kernavė cemetery,  
grave 9 (KMR A 1027); 8. Kernavė cemetery, grave 8 (KMR A 1087); 9, 10. Kernavė cemetery, stray finds (KMR A 1451); 11. Pil- 
viškės barrow cemetery, barrow 1, grave 1 (LNM AR 906:1); 12. Vilūnai, stray find (LNM); 13, 14. Nevieriškės hillfort, trench 5 
(LNM AR 597:584, 585). Spots investigated by XRF method marked with green arrows (photographs by A. Bliujienė, drawing from 
the LNM, Departament of Prehistoric Archaeology Collections cards catalogue). 
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spool-shaped heads and an iron clasp needle of a simi-
lar chronology found in Petrešiūnai hillfort (Figs. 3.13, 
14 and 4). The emergence of brass in Lithuania in the 1st 
century BC is not an exceptional fact, because during the 
1st millennium BC the use of brass alloys spread across 
a wide geographical area touched by Roman civilisation 
(Craddock 1978).

The variation in the northeast and eastern alloys studied 
may not be due to changes in the sources of the raw mate-
rial, but rather to the use of scrap metal and the remelting 
of alloys. However, it is clear that there were some links 
between the inhabitants of northeast and eastern Lithu-
ania and northeast forest zone societies, as is evident by 
the exchange of artefacts and cultural ideas (Fig. 3.5). It 
is possible that the Baltic Sea region was already part of 
the chain of the exchange of metal raw materials between 
Scandinavia via the Baltic islands (Öland, Gotland, Saare-
maa) to Daugava, and further northeast and the Volga-
Kama region, in the Bronze Age. That would explain how 
in the Earliest Iron Age the same communication chain 
functioned, thus at least partly elucidating the relations 

between east Lithuania and the forest zone of northeast 
Europe (Luchtanas and Sidrys 1999, p. 26; Lang 2007, p. 
184; Vasks 2010, pp. 156–158; Čivilytė 2014, pp. 52–53, 
146; Podėnas and Čivilytė 2019). Therefore, it is prob-
able that the axes and large rings that spread in the east 
Baltic region in the context of the Bronze Age were part 
of this exchange network. However, there is not enough 
data so far to show that the metal raw material came from 
the east, although the Kargaly ore mines (the steppes of 
the southern Urals), where copper ore was mined in the 
Bronze Age, was one of the centres (Čivilytė 2014, pp. 52–
53). Still, copper ore from the Kargaly mines was used by 
locals (Kuzminykh 1983, pp. 157–161; Chernykh 2002), 
so it is likely that the exchange going down the line, or 
even directional exchange networks, had to have a reverse 
exchange product, which could have been metal products 
or raw material. Of course, it is not easy to determine what 
exchange equivalent was used by societies in east Lithu-
ania in the Bronze Age. 

The elemental composition of copper alloys from 
the Late Bronze Age to the Earliest Iron Age in west  

Figure 4. The bronze dress pin with a spool-shaped head from Petrešiūnai hillfort (VDKM AR 1505:47) (photographs by A. 
Bliujienė, enlarged 50× photographs by E. Babenskas).
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Lithuania shows that, although leaded bronze and bronze-
type alloys predominate, these alloys are more homogene-
ous (Figs. 2.3 and 5). The archaeological material shows 
that during this period, west Lithuania was in contact with 
south and southwest regions, central Scandinavia, and the 
Baltic Sea islands. It can therefore be assumed that non-
ferrous metals were obtained from western and Central 
European ore mines (Miarkiavichius 1980, p. 110; Vasks 
2010, p. 156; Čivilytė 2014, p. 140). The largest tin depos-
its in Europe are in the west of the Iberian Peninsula and 
in Cornwall in southwest Britain, and in the Erzgebirge 
crossing Bohemia and Germany. There were also smaller 
occurrences of tin ore in Brittany, southeast France, Ser-
bia, Tuscany in northwest Italy, on Sardinia, and in west-
ern Slovakia (Radivojević et al. 2018, Figs. 1 and 4; with 
references therein; Stos-Gale 2019, pp. 98–104, Fig. 3). 

Since brass products appeared in Lithuania at the end of 
the Earliest Iron Age, it seems that the spread of brass in 
Europe was encouraged by exports and influences from 
the Middle East and the eastern Mediterranean, where the 
production of brass alloys from metallic copper and zinc 
ore was initiated (Stos-Gale 2019). However, the Romans 
made brass (auricalcum) famous and affordable when 
they came up with the invention of a new technique called 
cementation, and began making brass coins and military 
equipment at a state level (Dungworth 1997, p. 903; Bayley 
and Butcher 2004, p. 13). In technical terms, auricalcum 
was an alloy of copper and zinc, which was absorbed into 
the metal in a specialised metallurgical process called ce-
mentation. It appears that the use of brass increased over 
this period, making up around 40% of all copper alloys 
used in the Roman world by the 4th century AD (Stos-
Gale 2017). 

In Lithuania, a significant change in the elemental com-
position of copper alloys and the production of artefacts 
took place in the middle of the 1st century AD, and this 
was an epoch-making change. As is evident from Lithu-
anian archaeological material, brass started to dominate in 
the Early Roman period. However, although brass-type al-
loys predominate, it is obvious that gunmetal was equally 
popular (Tables 2, 3; Figs. 6 and 7). It is important to note 
that the elemental alloy composition of eye fibulae of the 
second half of the 1st and the 2nd century AD found in 
Lithuania, in general, corresponds to that of the copper al-
loys used in northern Roman provinces, and Central and 
northeast Europe (cf. Pietrzak 1997; Andrzejowski 1998; 
Gan 2015; Pauli 2019; Bliujienė et al. 2020; Łuczkiewicz 
et al. 2022 in press). Also, it should be mentioned that the 
zinc content in Roman brass (auricalcum) was around 17% 
to 21%, or from 22% to 28%. However, it seems that crafts-
men could then add further alloying elements, such as tin 
or lead obtained from scrap bronze. Therefore, the absorp-
tion of zinc in the cementation process was reduced due to 
the lower melting point of copper (Craddock 1978; Jout-

tijärvi 2009; 2017; Hammer and Voß 2011; Łuczkiewicz et 
al. 2022 in press). As far as is known, during the 1st and 
2nd centuries AD and later in the Roman Empire and the 
Barbaricum, the zinc content in copper alloys was steadily 
declining, and the composition of the alloy was changing 
over time for different reasons (cf. Dungworth 1997, p. 
907; Pollard et al. 2015, pp. 700–706). Recycling copper 
alloys affected scieties living in Lithuania and the east Bal-
tic region, where raw materials were only acquired via ex-
change. The process of recycling copper alloys can also be 
seen in the XRF results. Alloys and/or scrap metal reached 
present-day Lithuania through a complex and long ex-
change chain, using different exchange equivalents. The 
elemental composition of copper alloys in the Bronze and 
Earliest Iron Ages and the Early Roman period followed 
the same rhythm as in Europe.

T h e  c h ar a c t e r i s at i on  of  
t h e  arc h a e o l o g i c a l  b a c k g rou n d  app ly i ng 
t o  ar t e f a c t  pro du c t i on  t e c h n ol o g i e s

During the Late Bronze Age and Earliest Iron Age, dress 
pins with spiral heads, some with a small conical boss in 
the middle, pendants and spiral temple ornaments were 
common in the east Baltic region (Grigalavičienė 1995, 
Fig. 105; Lang 2007, Fig. 111.2) (Figs. 3.1–4, 7–9 and 
5.1, 7–12). There were also neck-rings with pointed and 
hoofed ends, sash-like and spiral bracelets, and rings 
(Figs. 3.10–13, 14 and 5.6, 13, 14). Besides these common 
jewellery types, dress pins with wheel-shaped heads and 
open-work heads appear. At the end of the Earliest Iron 
Age, dress pins with spool-shaped heads and other finds 
close to this type are known from fortified settlements in 
northeast Lithuania. All these pins are characterised by 
iron clasp needles (Figs. 3.5, 12; 4; 5.5). 

In terms of production technique, Earliest Iron Age arte-
facts continued to be cast using the cire perdue technique, 
but there was an increase in the use of hammered wire 
and small artefacts produced from thin tin sheets. A so-
phisticated cast-on technique also emerged, which was 
adapted for dress pins with wheel-shaped, spool-shaped 
and open-work heads, their massive heads being cast on 
to the iron clasping needle of the future pin (Figs. 4; 8.1; 
9.1, 3, 4). The tightening copper alloy firmly encased the 
iron clasp needle, saving copper alloy. A piece of a dress 
pin with a wheel-shaped head was found at the Ėgliškiai 
burial mound site (barrow 2, inhumation grave 1) in west 
Lithuania. The pin has a wheel-shaped head and two loops 
on both sides of the iron clasp needle. Loops produced as 
an imitation of filigree plaited from two wires were made 
from a cutting wax model (Figs. 5.5 and 9.1). This is one of 
the first cases when an imitation of filigree work has been 
noted in the Earliest Iron Age. A clasp needle is inserted 
into the pin head up to the top of the wheel. In addition, 
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Figure 5. Ornaments found in inhumation graves in Ėgliškiai barrow cemetery from the 1st century BC to the turn of the 1st century 
AD: 1. barrow 1 in mound (LNM AR 636:1); 2, 15. barrow 3, grave 3 (LNM AR 636:16, 17); barrow 2, grave (LNM AR 636:4); 4, 6, 
7. barrow 3, grave 1 (LNM AR 636:7, 9, 11); 5, 14. barrow 2, grave 1 (LNM AR 636:2, 3); 8, 9. barrow 3, grave 2 (LNM AR 636:12, 
13); 10–12. barrow 3, grave 8 (LNM AR 636:39, 40, 45); 13. barrow 3, grave 5 (LNM AR 636:25). Spots investigated by XRF method 
marked with green arrows (photographs by A. Bliujienė, drawing from LNM, Departament of Prehistoric Archaeology Collections 
card catalogue). 
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Tab le  2 .  The  r e su l t s  o f  t he  X- ray  f luo rescence  ana lys i s  o f  ( concen t r a t ion  g iven  

i n  wt%) .  d re s s  p ins  wi th  a  spoo l - shaped  head  da ted  to  the  Ea r ly  Roman  pe r iod .  

Fo r  s i t e  l oca t ions ,  s ee  F igu res  1  and  10 .

Tab le  3 .  The  r e su l t s  o f  t he  X- ray  f luo rescence  ana lys i s  ( concen t r a t ion  g iven  in 

wt%)  o f  Ea r ly  Roman  pe r iod  o rnamen t s .  

Abbreviations for site names: Kur. – Kurmaičiai; Nik. – Nikėlai; Str. - Strazdai (Ječiškės); Pri. – Pribitka; 
Vie. – Vienragiai; Keg. – Kėgai; Ada. – Adakavas; Dau. – Dauglaukis; Bat. – Batakiai; Med. – Medvėgalis;  
Paju. – Pajūralis; Paa – Paalksniai; Per. – Perkūniškė; San. – Sandrausiškė; Kyb. – Kybartiškė;  
Jon. – Jonelaičiai; Mai. – Maironiai (Saudininkai); Vil. – Vilkija; Pas. – Paštuva;  Sar. – Sargėnai;  
Kau. - Kaunas district; Vos. – Vosgėliai; Radn. – find site unknown; Pap. – Papiliai (Skomantai);  
Tel. – Telšiai; Nol. - Noliškiai;  Zas. – Zastaučiai; Kuk. - Kukiai (Petreliai); Paba – Pabaliai;  
Gla. – Glaušiai; Par. – Paragaudis; Tol. – Toleikiai (Thaleiken-Jacob).

Table 3. Continuation
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