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Abstract: The article collects the modest evidence available on the 
use (and possible production) of ceramic building material by the 
Roman army in Colchis, using it as a backdrop for presenting the 
exceptional richness, in quantity as much as diversity, of the finds 
from Gonio/Apsaros. The signatures on these products add to the 
value of this assemblage. Part 1 of the article presents document-
ed examples of stamps on bricks, roof tiles and ceramic pipes 
from the Gonio/Apsaros fort and links them to the construction 
projects of specific Roman army units in the Cappadocia province. 
The results of laboratory tests conducted on samples of ceramic 
products and raw clay from Gonio, presented in Part 2, distinguish 
between two reference groups for the production of which clay 
from near the fort was used. However, it has not been possible to 
indicate the specific deposits of such raw material used by the 
Roman army.
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The Roman military presence on the Col-
chis coast is attested among others by 
finds of stamped ceramic building ma-
terials. Bricks, tiles and pipes from five 
archaeological sites bear stamps referring 
to Roman army garrisons. A review of 
this material is presented in the context 
of the recent discoveries from Gonio/
Apsaros down to the end of 2017. 

Not much is known about the Roman 
army’s use (and possible production) 
of ceramic building material in Col-
chis. Opus mixtum brickwork has been 
registered in the defensive walls of the 
forts in Pitsunda/Pityus and Sukhumi/ 
Sebastopolis, but crucial data on sizes 
and signatures are missing. A brick 
with an incomplete legionary stamp is 
known from the latter site, but the find 
comes from a secondary context. The 
Roman fort in Poti/Phasis was suppos-
edly made entirely of brick—Arrian’s 
historical source was confirmed by 
the account of a 19th-century trave-
ler, Frédèric Dubois de Montpéreux, 
who even described the plan of the 
fort and provided brick dimensions—
but archaeologists have not found any 
trace of Roman fortifications near the 
Rioni River mouth. The Tsikhisdziri/
Petra Justiniana site is located further 
south and is dated substantially to the 
reign of the emperor Justinian or later. 
Nevertheless, it has yielded a fragment 
of a stamped brick produced in an army 
brickyard during the Principate.

Against this backdrop, the ceram-
ic building material finds, including 
bricks, roof tiles and ceramic pipes, from  

Gonio/Apsaros (modern Georgia) are 
exceptional, in terms of both quantity 
and variety, but also due to the signa-
tures on the products. The stamped finds 
are instrumental in linking construction 
activities to specific Roman army units 
present in the province of Cappadocia. 
The finds from Gonio/Apsaros have been 
sampled for archaeoceramological labora-
tory tests, which have also included sam-
ples of raw clay from Gonio. Małgorzata 
Daszkiewicz’s work on this material, the 
results of which are presented in detail 
in Part 2 of this article, is an important 
element of the presented analysis. The 
distinguishing of two reference groups 
for the production of which clay from 
near the fort was used has demonstrated 
beyond doubt the production of ceramic 
building material (as well as pottery) near 
the site, without specifying however the 
potential deposits of raw material used 
for this purpose by the Roman army.

Roman forts in Colchis during the 
Principate Period
The distribution of Roman and early Byz-
antine forts on the coast of Colchis has 
been the subject of a number of studies, 
frequently mapping the location of par-
ticular fortifications (Lekvinadze 1969: 
Fig. 1; Zuckerman 1991: 539; M.P. Speidel 
1992a: Fig. 1; 1992b: Fig. 1; M.A. Speidel 
2009: 627) and differing slightly in the 
details. This is due to the differences al-
ready present in the surviving ancient 
sources dealing with the Roman military 
presence on the eastern Black Sea coast. 
Tabula Peutingeriana presents two settle-

Part 1. Ceramic building material from the Roman 
forts in Colchis: archaeological data
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ments with possible forts: Apsaros (Go-
nio) and Sebastopolis (Sukhumi). These 
two are labeled with an icon signifying 
a legionary base, like Novae (in Moesia) 
and Satala (in Cappadocia). Pliny the El-
der’s description of this part of the Black 
Sea coast mentions both names (Plin. Nat. 
6.4), describing a fort (castellum) next to 
each. Pliny also listed Phasis, but only as 
the name of a river and town located at 
its mouth. The Heniochs (Heniochi) are 
also said to live in the neighborhood of 
Apsaros (Apsarrum) and Sebastopolis. 
The tribe is listed (as the first alongside 
the Colchians) in Agrippa’s speech cited 
in Josephus’s text (Jos. Bell. 2. 366–367). 
Ήνιόχους appear there in the context 
of dependence on Rome and the control 
maintained by Roman garrisons over 
the eastern and northern coasts of Pon-
tus. However, no specific fortifications 
are mentioned as being located in their 
country. All the quoted sources appear 
to refer to the same period, that is, in 
all probability, prior to AD 69 (see also 

Mitford 2018: 37) [Fig. 1]. Almost 60 years 
later, in his Periplus, Arrian described an-
other garrison apart from the forts in the 
aforementioned settlements (Arr. Peripl. 
6, 10, 17), namely Phasis (Arr. Peripl. 9), 
situating it between the two bases. Ar-
rian’s account is accurately dated to the 
time of his governorship in Cappadocia, 
that is, the 130s.

Keeping in mind the significance of 
the quoted sources, it can be assumed 
that in the second half of the 1st century 
the Romans established only two forts 
(Apsaros and Sebastopolis) on the coast 
of Colchis. The one in Phasis was built 
slightly later, most probably at the be-
ginning of the 2nd century AD (Mitford 
2018: 55, 412, 419). Investigations in Go-
nio have increasingly supplied evidence 
for a very early date for the fort there, 
even as far back as Nero’s reign (Dąbrowa 
1980: 385; Braund 1994: 178; Karasiewicz-
Szczypiorski 2016: 62; Mitford 2018: 
37–40, 55, 71). No comparable research 
results are known from Sukhumi. As 
for Phasis, Arrian’s account of earthen 
fortifications and wooden towers being 
replaced by brick fortifications indicates 
the freshness of memories of this under-
taking in people’s minds at the time of 
his inspection. The Periplus suggests that 
Sebastopolis was the most distant gar-
rison (Arr. Peripl. 17, 18). Therefore, the 
fort in Pityus (Pitsunda) must have been 
constructed later than the three forts dis-
cussed above (M.A. Speidel 2009: 604), 
which may be the reason for its absence 
from the quoted sources. The general as-
sumption on these grounds is the much 
younger age of the remaining fortifica-
tions linked to Roman military presence 
on the Colchis coast.

Fig. 1. The Roman forts in Colchis in the Princi-
pate period (Gonio/Apsaros Expedition/ 
drawing O. Kubrak)



489PAM 27/1 (2018)

Radosław Karasiewicz-Szczypiorski, Shota Mamuladze, Lasha Aslanishvili and Małgorzata Daszkiewicz     Studies

Roman ceramic building material in 
fort construction in Colchis
Roman ceramic building materials, in-
cluding stamped fragments, have been 
recorded at four Roman fortification sites 
beside Gonio in Colchis. The following 
overview presents this assemblage and 
its limitations.

Pitsunda/Pityus and Sukhumi/Sebas-
topolis. Based on published information, 
excavation in the two forts uncovered 
remains of fortifications built in the opus 
mixtum technique with brick separators 
present in the stone walls. At Pitsunda 
these consisted of four brick courses, 
at Sukhumi only two (Lekvinadze 1969: 
83–86). A mixed brickwork wall at Pit-
sunda was dated to the 4th–5th century 
AD, while a similar wall at Sukhumi was 
claimed to be of an earlier date, although 
the supporting evidence is questionable 
despite the location within the walls of 
an older “Roman” fort. This is due to the 
later construction within the ruins of 
a smaller fortification, referred to as Jus-
tinianic in date. The sites cannot be seen 
and there is no new research to clarify 
these doubts. Observations by Karasie-
wicz-Szczypiorski at Gonio/Apsaros, for 
example, indicate that walls considered 
earlier as being of Roman date were in 
fact Byzantine in their entirety, although 
perhaps Justinianic also in their lower 
parts. The same may be suggested for 
ancient Sebastopolis. The proposed dat-
ing of the fortifications using the opus 
mixtum technique in ancient Pityus seems 
highly probable however. Karasiewicz- 
-Szczypiorski’s research into the fortifi-
cations of the Tauric Chersonesos places 
the first examples of walls with brick sep-
arators in Justinian’s reign. The situation 

in the northern part of Colchis may have 
been similar.

Finding a fragment of a brick with the 
stamp LEG [---] (Lekvinadze 1969: 87) 
and two fragments of a “ceramic plaque” 
(probably a roof tile) with the stamp [LE]
G XV in Pitsunda (Kiguradze, Lordki-
panidze, and Todua 1987: 88; see Mit-
ford 2018: 419, 551) is worth mentioning. 
The stamps, which all look very similar, 
have a rectangular frame and originated 
probably from the same matrix. The 
clay appears to be very much the same 
in all three cases. The brick fragment was 
discovered in a layer from the 2nd–3rd 
century AD within the ruins of an ob-
servation tower situated some 3–4 km 
northwest of the Pityus fort, near Lake 
Inkiti (Kiguradze, Lordkipanidze, and 
Todua 1987: 88; see Lekvinadze 1969: 87). 
The watchtower may have been part of 
a still unstudied system of observation 
posts in advance of the fort, presumably 
protecting the local port (see M.A. Spei-
del 2009: 604; see Karasiewicz-Szczypior-
ski 2015: 61–63, 69). The other two stamp 
fragments come from excavations within 
the fort, from layers dated to the end of 
the 2nd or beginning of the 3rd century 
AD. No other examples of legionary 
stamps from the Colchis area are known. 

The nearest legionary fortress from 
the time of the Principate was Satala in 
the Cappadocia province. All the forts 
on the Colchis coast were under the au-
thority of the same provincial governor 
of Cappadocia, as attested by Arrian’s 
Periplus, for example. Ceramic building 
material from Satala was stamped by 
the legio XV Apollinaris (Mitford 1997: 
No. 6; Hartmann 2004: 9–10), hence the 
proposed reconstruction of the stamp 
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from Pitsunda as LEG [XV] or perhaps 
LEG [XV APOL] (see Lekvinadze 1969: 
87; M.A. Speidel 2009: 604; Mitford 
2018: 551). It does not follow from this 
that building material was delivered 
to Pitsunda from the mother province. 
A more probable scenario is that the unit 
(vexillatio) responsible for construction 
works in Colchis consisted of soldiers and 
officers from the said legion, in which 
case the building material made near the 
construction site could have been marked 
using the legionary stamp. Physical and 
chemical analyses of the ceramic building 
material and raw clay have attested to 
a similar situation in the case of the use 
of the Claudian Ninth legion stamp in 
Crimea (Sarnowski 2005: 130; 2006: 100).

Poti/Phasis. Even the approximate 
location of the Roman fort in the Poti 
area is vague due to the accumulation 
of sediments carried by the Rioni River 
at its mouth, forming new stretches of 
land where it flows into the Black Sea. 
The remains of the fort are thus at some 
distance from the present riverbank and 
may have been covered with layers of silt 
that had accumulated later. In addition, 
the river tended to change its course as 
a result of being periodically “clogged up” 
with sediments at its mouth, making the 
whereabouts of the main channel in the 
Roman period unknown. Neither the 
dynamics of sediment accumulation nor 
details of the changes in the course of the 
Rioni River have been established in full 
to date. Moreover, with the modern town 
of Poti occupying much of the flat terrain 
at the former river mouth, it is possible 
that the remains of the fort are concealed 
under the present town or that they were 
destroyed during its expansion.

The Swiss traveler Frédéric Dubois 
de Montpéreux (1839: 67–70) could still 
see the ruins of the fort in the 1830s. He 
described a square fort with four square 
watchtowers and a gate facing the sea. 
The walls surrounded a public square 
with one side measuring 140 steps (180 m 
by 175 m; see Mitford 2018: 415). The fort, 
located five viorsts (5385 m) from the sea 
at the time, was allegedly built of brick 
bonded in pink mortar. Lekvinadze cited 
the Swiss traveler’s account, focusing on 
the plan from the atlas that supplements 
the description (Dubois de Montpéreux 
1839: Atlas, XVIII; Lekvinadze 1969: Fig. 
5). He reproduced a sketch outline of the 
fortifications on a square plan with four 
round(!) corner towers. The scale in steps 
(“pas”) indicates that the fortifications 
were slightly larger than could have been 
concluded based on the cited description.

Dubois de Montpéreux knew the text 
in Arrian’s Periplus and believed that the 
ruins he had seen should be linked to the 
described brick fortifications. However, 
both the description and the plan made 
by the Swiss traveler point to a later date 
for the remains. The fort was almost cer-
tainly a late Roman quadriburgium. In this 
particular form it could not have been 
constructed at the beginning of the 2nd 
century. However, it might have been 
built using bricks from older fortifica-
tions.

From the point of view of the subject 
undertaken in this article, the most sig-
nificant piece of information is that of 
Arrian (Arr. Peripl. 9) that the walls and 
fort towers were in their entirety made 
of fired brick, a fact which he fails to 
note in his description of the other forts 
(Apsaros, Sabastopolis). This fragment 



491PAM 27/1 (2018)

Radosław Karasiewicz-Szczypiorski, Shota Mamuladze, Lasha Aslanishvili and Małgorzata Daszkiewicz     Studies

of the Periplus is significant for another 
reason, namely, that he makes it a point 
to say that the fort was previously an 
earth-and-timber construction with the 
towers built of wood. To be discussed 
thus in a report from an inspection tour 
by the governor, the reconstruction of the 
fort had to have been a relatively recent 
event. Otherwise, the text would not have 
mentioned the previous fortifications. In-
deed, the brick building appears to have 
been an exception among the forts in the 
governor’s charge for reasons connected 
to the availability of building material 
in the nearest surroundings. There were 
no stone deposits near the mouth of the 
Rioni River, as was the case of both Se-
bastopolis and Apsaros, hence the orig-
inal earth-and-timber structure and the 
later introduction of brick. 

In his description Dubois de Mont-
péreux recorded the dimensions of the 
brick used in the construction. His “le 
pouce” or inches, we get 28.4 × 16.2 × 2.7, 
upon conversion into centimeters give 27 
× 15 × 2.5 cm (see Mitford 2018: 415). No 
actual bricks survive for comparison, but 
it must have been a rectangular brick of 
Roman brick size and proportions, clos-
est to the larger bricks known from Tau-
ric Chersonesos (Sarnowski 2005: 127).

Tsikhisdziri/Petra Justiniana. The 
name as well as the discovered architec-
tural remains point to the age of Justinian 
as the period of construction. Curious-
ly, there are no apparent earlier fortifi-
cations in this spot. Some researchers, 
including Karasiewicz-Szczypiorski, ad-
mit the possibility of an earlier (perhaps 
short-lived) presence of the Roman army 
at the discussed site (see also Lekvinadze 
1969: 87–88). Thus far, the only find con-

firming possible construction activity 
during the Principate period is a frag-
ment of a brick with an intact VEX FA 
stamp (Lekvinadze 1969: 87; Braund 1994: 
189; Todua 2003: 6). This inscription is 
read as an abbreviation originating from 
the name of a separate unit: vex(illatio) 
fa(siana) (M.P. Speidel 1992a: 206; see 
Lekvinadze 1969: 87; Braund 1994: 189; 
Mitford 2018: 412, 549–550). Looking at 
the better-identified Roman presence 
in Taurica (M.P. Speidel 1992a: 206), one 
is entitled to assume that a detachment 
consisting of soldiers delegated from 
various units of the Cappadocian army 
was stationed at Phasis. In all probabil-
ity, they were under the command of 
an officer (or officers) of the legio XV 
Apollinaris (see AÉ 1996: 1358 = AÉ 1999: 
1349; Vinogradov, Zubar’, and Anton-
ova 1999). The discussed stamp almost 
certainly confirms that a vexillatio from 
Phasis was producing ceramic building 
material (M.P. Speidel 1992a: 206), pre-
sumably for the fort that Arrian had seen 
there recently built entirely of brick (see 
above). Arrian’s term for the soldiers gar-
risonned at the mouth of the Rioni river, 
έπίλεκτοι, quite probably signified a vex-
illatio fasiana (M.P. Speidel 1992a: 206). 
Therefore, it could be possible that bricks 
with the VEX FA stamp were produced 
near the fort of Phasis during the reign 
of Hadrian (see Braund 1994: 189).

The question is how the brick found 
its way to Petra and the circumstances 
under which it was found there (M.A. 
Speidel 2009: 603). Petra lies very con-
veniently on a lofty cape, affording ex-
cellent conditions for the observation 
of sailing routes and signaling passing 
ships in order to facilitate navigation.  
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It can be assumed that a fort or observa-
tion point was constructed there already 
in the first half of the 2nd century. The 
locality is also situated next to the most 
convenient route leading from the north 
(from central Colchis) in the direction 
of Cappadocia. From this perspective, 
having in mind control over this route, 
a fort in Petra would be a perfect substi-
tute for Apsaros. In addition, the location 
rises above the plains that extend farther 
to the north and has a fairly convenient 
anchorage. In terms of the surrounding 
landscape, Petra resembles the Aj-Todor 
Cape in Taurica, where a Roman fort was 
constructed under the Antonines (Kara-
siewicz-Szczypiorski forthcoming).

The stamped brick in question is the 
sole find of its kind. One should keep 
in mind that building material (possi-
bly from the demolition of other struc-
tures) for the construction of Justinian’s 
fortifications at Petra must have been 
delivered by sea. However, at this time, 

the late Roman quadriburgium at Phasis 
may have still been in use and indeed, as 
indicated above, it cannot be excluded 
that it was built on the ruins and/or using 
construction material from (some) old-
er fortifications. All in all, it cannot be 
said with any certainty that an additional 
fort existed at the site of the later Petra 
between Phasis and Apsaros during the 
time of the Principate. Also we do not 
know when the brick with the VEX FA 
stamp was used at this site.

Gonio/Apsaros. In the case of this 
fort, Arrian’s account does not provide 
many details of the fortification or build-
ing structures in place at the time of his 
inspection. The only information included 
regards the existence of walls and a moat 
(Arr. Peripl. 6). Research to date indicates 
that the fort from the time of the Princi-
pate, built on a “playing-card” plan, that 
is, a rectangle with rounded corners, was 
moved slightly to the north and arranged 
with its longer axis running N–S [Fig. 2]. 

Fig. 2. Plan of the Gonio/Apsaros fort (Gonio/Apsaros Expedition/after Geyer 2003; adaptation  
R. Karasiewicz-Szczypiorski; drawing J. Kaniszewski and O. Kubrak) 
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As a result, parts of the fortifica-
tions from the first centuries AD can 
be observed in the form of earth ram-
parts outside the walls of the later fort 

(Geyer 2003: Pl. 2). Nothing can be said 
of building material and techniques 
until these remains have been studied, 
but based on observations made at sites 

Fig. 3. Tracing successive stonework phases in the walls of the southwestern tower of the Apsaros fort 
(pre-renovation state) (Gonio/Apsaros Expedition/orthophotography and processing J. Kaniszewski) 
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studied in greater depth and linked to the 
presence of Roman garrisons in Crimea, 
it can be assumed that the earliest for-
tifications used to be made of partly 
worked blocks of local stone bonded 
with raw clay (see Sarnowski, Savelja, 
and Karasiewicz-Szczypiorski 2007: 61; 
Karasiewicz-Szczypiorski 2015: 57, Fig. 
5: 2,3; see also Kakhidze 2008: 304–305; 
Kakhidze and Mamuladze 2004: 4–16). 
Research by the Polish–Georgian expedi-
tion has shown that some early buildings 
inside the fort of the time of the Princi-
pate were constructed in a similar way 
(e.g., the ruins of a granary discovered 
in 2017; see Karasiewicz-Szczypiorski 
and Mamuladze 2018). Walls of raw clay 
were raised on top of foundations made 
of broken stone bonded in clay mortar. 
They might have been reinforced using 
a wooden framework. The use of clay 
(without adding any stone) for wall con-
struction is attested by clay backfills over 
0.50 m thick observed in many places, the 
baths excavated in 2014–2017 being one 
example (Karasiewicz-Szczypiorski et al. 
2016: 526–528). No wooden frameworks 
have been evidenced anywhere thus far.

Defensive walls observed on the sur-
face (probably exclusively Justinian or lat-
er) were built using stone bonded in lime 
mortar. None of the observed phases of 
construction show the use of brick [Fig. 3]. 

Neither are there any examples of 
opus mixtum walls with an alternating 
stone–brick arrangement. Interestingly, 
mixed-work walls were constructed in 
the early Byzantine fortifications raised 
at Pitsunda and Sukhumi.

Despite the obvious superiority of 
stone structures and those made of raw 
clay, ceramic building material has been 

noted in different contexts at Gonio in 
the fort from the time of the Principate. 
In the latrine, which was part of the 
Phase 1 bathhouse, the floor and the bot-
tom of the drainage channel were made 
of square bricks [Fig. 4:2 and bottom]. 
Rectangular bricks were also found in the 
ruins of the furnace (praefurnium) used in 
Phase 2 of the building in question [Fig. 
4:6]. In addition, individual pipes pre-
served in situ were the vestiges of drain-
ing systems from the frigidarium basins 
of Phases 1 and 2 [Figs 4:3; 5 bottom left]. 
A fragment of a ceramic pipe aqueduct 
was also uncovered in the street adjacent 
to the bathhouse on the north [Fig. 5 top]. 
In all probability, it should be linked to 
the renovation of the bathhouse build-
ing (Phase 2) and its later usage. In some 
of the bath chambers, primarily in the 
room with the mosaic floor, the remains 
of a collapsed roof from Phase 2 were pre-
served on the floor [Fig. 5 bottom right]. 
The destruction layer was full of broken 
roof tiles, both flat roof tiles (tegulae) and 
semi-circular ones (imbrices).

Other examples of secondary use of 
ceramic building material in the bath-
house include a wall (W2), reconstructed 
in Phase 2, in which concentrations of 
broken brick and ceramic tiles mixed 
with pure clay were observed in two 
places [see Fig. 4:5]. At the present stage 
of research it is unclear what the purpose 
was of these ceramic fillers in the struc-
ture of a wall made of stone mortared 
with raw clay. It might be some trace of 
unpreserved framework, e.g., a ceramic 
foundation placed beneath a vertical 
wooden post. Finely crushed ceramic 
material also constituted a significant 
admixture to the mortars used to seal 
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Fig. 4. Baths at Gonio. Polish–Georgian trench: top, plan; bottom, view from the west; note the floor 
and canal in the latrine made of square bricks (Gonio/Apsaros Expedition/drawing and digitizing  
M. Marciniak; photo A. Trzop-Szczypiorska)
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Fig. 5. Baths at Gonio: top, latrine floor (Phase 1) from east and water supply system consisting of 
ceramic pipes on the street north of the building (Phase 2); bottom left, northern edge of wall W2 
viewed from the west, showing ceramic pipe for draining water from the frigidarium pool (Phase 1); 
bottom right, layer of broken roof tiles covering the mosaic floor from Phase 2, during exploration 
(Gonio/Apsaros Expedition/photos O. Kubrak, A. Trzop-Szczypiorska)
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the frigidarium basins and floors in both 
Phases 1 and 2 [see Fig. 4:3].

Most of the excavated fragments of 
the water supply systems were made 
of ceramic pipes of varying diameters 
and lengths. Most examples of this type 
of installation come from the excava-
tion inside the southern gate in the late 
fortifications [see Fig. 2:5]. The clearly 
observable connection between this wa-
ter supply system and the gap in the 
gate indicates their late (Byzantine) 
origins. Smaller aqueduct fragments 
were also found during the excavation 
of the so-called command headquarters 
(principia) [see Fig. 2:2], as well as in the 
Polish–Georgian “eastern trench” (sec-
tor NO 11, Sqs 90 and 99) in 2014 [see 
Fig. 2:4]. The course of the pipelines 
uncovered so far indicates that during 
the time of the Principate water was 
supplied from an unknown source situ-
ated east of the fort. It was not until the 
Byzantine period that water came from 

a source located south of the stronghold 
(Geyer 2003: Pls 2, 3).

To sum up, the ceramic building ma-
terial originating from the excavations 
conducted at the Gonio/Apsaros fort 
represents the following categories:

» Square bricks. Bricks in three dif-
ferent sizes were used in the thermae: 
bessales (18.5–19 × 19 × 4 cm), pedales (26 × 
26 × 4 cm) and bipedales (52.5 × 53 × 5.5 cm). 
Examples of all three types have been 
identified in the floor of the latrine from 
the Phase 1 bathhouse [see Figs 2:3; 4:2].

» Rectangular bricks. Only a few spec-
imens have been found fully intact, exca-
vated in the thermae. Their dimensions 
amount to 13–13.8 × 20–21 × 2.5–3 cm, and 
they come from Phase 2 bathhouse de-
struction layers (NO 11, Sq. 8). The dimen-
sions of many fragmentary bricks, recog-
nized by their proportions as rectangular, 
could not be reconstructed. A few broken 
specimens were found in the ruins of the 
furnace (praefurnium) and in the neigh-
boring hypocaust basement (NO 11, Sqs 
36–37). Based on the context, it can be con-
cluded that they had been used to build 
the hypocaust system in Phase 2 [Fig. 6]. 

» Flat roof tiles with upturned ledges 
(tegulae). No complete specimen has 
been recovered so far, making an es-
timate of the original size impossible. 
Some examples bear the impressions of 
fingers running along the still wet clay 
surface [Fig. 7 top left]. On a few of the 
sherds, straight prominent “ribs” have 
been preserved, arranged perpendicu-
larly to the upraised tile edges [Fig. 7 
top right]. Holes made before firing can 
sometimes be observed on the roof tile 
fragments from Byzantine layers (see 
Karasiewicz-Szczypiorski et al. 2016: 

Fig. 6. Backfill of a bathhouse furnace (praefur-
nium) during exploration with a rectangular brick 
stuck in the layer (Gonio/Apsaros Expedition/
photo A. Trzop-Szczypiorska)
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530). Both solutions must have had 
some practical function, but in the case 
of the openings we can be certain that 
they served to attach the tiles to the roof 
structure using iron nails.

» Semicircular roof tiles (imbrices). 
One specimen, preserved intact, came 
from the ruins of the bathhouse; it was 
46 cm long [Fig. 7 center left]. Its surface 
was decorated with elongated depressions 

Fig. 7. Examples of fragmentary roof tiles from the bathhouse in Gonio/Apsaros: top row, flat roof 
tiles (tegulae), prominent “ribbing” on the surface of the tile on the right; center left, semicircular roof 
tile (imbrex); center right, round ceramic tile; bottom row, ornamental ceramic tiles (Gonio/Apsaros 
Expedition/photos O. Kubrak)
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made by running fingers along the still 
wet clay surface. Similar traces could be 
observed on fragments of other speci-
mens of this type.

» Flat tiles (parietales). Fragments of 
such ceramic tiles were excavated from the 
structure of one of the walls in the thermae 
reconstructed in Phase 2 [see Fig. 4:5]. An al-
most intact tile from this set measured 22 × 
22 × 3.5 cm, but some of the other fragments 
must have come from larger tiles (a fully 
preserved edge of one tile amounted to 
32.5 cm), although they could well be part 
of a square tile. A series of zigzagged and 
wavy grooves made with a pointed tool was 
noted on the surface of tiles of this kind 
[Fig. 7 bottom row]. A single groove run-
ning around the tile near its edge was also 
observed on some of the specimens [Fig. 7 
bottom right]. These may be assumed to 
be the broken floor tiles from the thermae 

before it was reconstructed, that is, from 
Phase 1. In all probability, the described 
incised ornament served a practical pur-
pose as well (that is, preventing slipping 
on a wet floor).

»  Tiles with protuberances (tegulae 
mammatae). This type of building material 
was found only in fragmentary form in the 
thermae area. Individual stubs were found 
in secondary contexts with fragments of the 
flat tiles of which they had originally been 
a part. The tiles were 1.4 cm thick.

» Round tiles. Recorded examples were 
about 27 cm in diameter and 4.5–4.9 cm 
thick [Fig. 7 center right]. They came from 
secondary contexts inside the bathhouse 
and in one case, from a layer preceding the 
reconstruction of the thermae. In the latter 
case, it may have been part of a pillar (pilae) 
in the hypocaust cellar of Phase 1. However, 
the only hypocaust examined so far, situat-

Fig. 8. Stone pillar from the hypocaust basement by the furnace (praefurnium). 1, 2 – secondarily 
used architectural elements (Gonio/Apsaros Expedition/photo A. Trzop-Szczypiorska)
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ed next to the furnace in the northern part 
of the bathhouse (NO 11, Sq. 36), had stone 
pillars. Among other things, architectural 
elements from unidentified earlier build-
ings were used to make these pillars [Fig. 8]. 

» Ceramic pipes, round in section. Sec-
tions of aqueducts made of ceramic pipes 
were found in several places in the area oc-
cupied by the Byzantine fort. Most of these 
are therefore of Byzantine date, but in some 
cases the context is uncertain. A few can 
be assumed to be from the first centuries 
AD, but none so far have been recovered 
intact and hence could not be measured. 
In the so-called “eastern dig” (Sector NO 
11; Sqs 89–90, 99–100), the situation was 
similar with damaged pipes being found 
from two different pipelines of various di-
ameters. A section of a water supply system, 
consisting of cracked but usually fully pre-
served pipes, was found in the street north 
of the bathhouse [see Figs 4:1; 5 top]. This is 
almost certainly a later part of the pipeline 
(consisting of larger-diameter pipes) discov-
ered in the “eastern trench” in question [see 
Fig. 2:4]. The two sections are aligned with 

one another and the pipes are laid sloping 
downwards from east to west. This indi-
cates that water must have been supplied 
from the hills to the east of the fort. So 
far, one sample has been taken from this 
pipeline for physico-chemical analyses and 
one complete pipe was removed for mea-
surement and photographic and drawing 
documentation [Fig. 9]. This pipe proved to 
be 38 cm long and had an external diameter 
of 14.8 cm. 

» No examples of pipes of quadrangu-
lar section (tubuli) have been found so far, 
although they were frequently used to lay 
vertical heating ducts in baths, for exam-
ple. Their absence may be explained by the 
presence of tiles with protuberances which 
could have formed hollow spaces in the 
walls for the circulation of hot air.

This exhausts the list of types of ceramic 
building material found during the excava-
tions at the Gonio/Apsaros fort, especially 
the bathhouse, but without discussing spe-
cific variations in full, since the main objec-
tive of this presentation is provide an intro-
duction to the physicochemical analyses of 

Fig. 9. Pipe from the water supply system discovered north of the bathhouse in Gonio/Apsaros (Go-
nio/Apsaros Project/photo O. Kubrak)
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this category of material (see below). This 
topic, as well as that of the frequency with 
which various products were encountered 
among the finds from Gonio, and other 
statistical comparisons involving the ce-
ramic building material, will be dealt with 
in a separate study.

Stamps on ceramic building mate-
rial from Gonio/Apsaros
The small size of the assemblage of 
stamped building material from Gonio/
Apsaros is surprising, especially when 
compared with the number of such finds 
from other collections, such as the Roman 
forts and posts in Taurica (Sarnowski 2005; 
2006). For example, more than a dozen 
roof tile fragments with stamps were found 
in a small watchtower on the Kazackaya 
Hill near Inkerman, where—one should 
keep it in mind—only the roof was covered 
with ceramic tiles (Sarnowski, Savelja, and 
Karasiewicz-Szczypiorski 2007: 62). The 
other architectural features there were 
built of broken stone and raw clay.

Only a little more than a dozen 
stamped bricks and tiles were found 
within the entire Gonio/Apsaros fort. Al-
most all of them were found in fragments. 
In most cases, this makes a reconstruction 
of the inscriptions and, in consequence, 
the identification of the military unit 
that produced the building material 
impossible. The high soil acidity levels 
in Gonio constitute another destructive 
factor, leaving ceramic surfaces eroded 
and soft. Without the usual calcium car-
bonate patina encountered at most other 
archaeological sites, even gentle washing 
of the specimens leads to further damage 
and abrasion. However, the original per-
centage of stamped brick and roof tile 
specimens may be assumed to have been 
comparable to the production of other 
military brickyards. The unfavorable 
circumstances of deposition must have 
contributed to traces of weakly impressed 
stamps, especially letters, being rubbed 
off [Fig. 10]. It is also possible that many 
impressions could have gone unnoticed 
during routine documenting of large 
amounts of material. 

Stamp types
COH II [---] 
Inscription placed within a rectangular 
field [Fig. 11:a,a’]. At least four such stamp 
fragments have been found on roof tiles 
and two on bricks. None of these is com-
plete. The stamped bricks come from the 
so-called “principia” [see Fig. 2:2], one of 
these from backfill consisting mainly of 
broken roof tiles. This layer is dated broad-
ly to the 1st–3rd centuries AD. A stamped 
roof tile fragment was also found in the 
thermae, but in a layer connected to the 
destruction of the roof from the Byzantine 

Fig. 10. Example of a stamp from the bathhouse 
excavation: fragment of a rectangular field with 
an almost illegible inscription C[---] (Gonio/Ap-
saros Project/photo K. Żywicki)
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period; it is perhaps evidence of secondary 
use of older material following the dis-
mantling of the previous building.

The most probable reconstruction of 
the inscription is COH II [CLA], read as 

Coh(ors) II Cla(udia) or Cla(udiana) (M.P. 
Speidel 1984: 106; Mamuladze, Khalvashi, 
and Aslanishvili 2002: 34, Figs 1 and 2; 
Kakhidze 2008: Fig. 19; M.A. Speidel 
2009: 613; Mitford 2018: 412, 550).

Fig. 11. Stamped brick and roof tile fragments: a – COH II [---]; b – I SAGI; c –  [II]I SAGI; d – COH ∞ [-] 
(Gonio/Apsaros Project/photos G. Dumbadze, drawing A. Javelidze)
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I SAGI or [II]I SAGI 
Inscription placed in a rectangular field, 
incised as a mirror image [Fig. 11:b,c]. Two 
examples, one fully preserved, were found 
on bricks. One of the bricks was found 
in a humus layer.

The most probable reconstruction of 
the inscription is (Cohors) I sagi(ttaria) 
or (Cohors) [II]I sagi(ttaria) (see Mamu-
ladze, Khalvashi, and Aslanishvili 2002: 
35, Fig. 3; Kakhidze 2008: Fig. 20; M.A. 
Speidel 2009: 620; Mitford 2018: 550).

Fig. 12. Building ceramic fragments stamped with the X mark: top row, roof tiles; bottom row, pipes 
(Gonio/Apsaros Project/photos G. Dumbadze)
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In light of the information gathered 
to date on the auxiliary forces that com-
posed part of the army of the Cappadocia 
province, this might be a signature left 
behind by the Cohors III Syrorum sagit-
tariorum (M.A. Speidel 2009: 619–620). 
However, three other archer cohorts 
should also be taken into consideration: 
Cohors I Bosporanorum milliaria equitata 
sagittaria (M.A. Speidel 2009: 612) or Co-
hors I Ituraeorum milliaria equitata sagit-
taria (M.A. Speidel 2009: 616), and also 
perhaps Cohors I Numidarum (equitata?) 
sagittaria (M.A. Speidel 2009: 618).

COH ∞ [-] 
Inscription in a rectangular field. Only 
one fragment of such a stamp on a roof 
tile was recorded from Gonio, in a layer 
of rubbish along with other bricks and 
roof tiles from the Roman period (Khal-
vashi and Aslanishvili 2014: 336) [Fig. 11:d]. 
The stamp may have been produced in 
a brickyard serviced by soldiers of the Co-
hors milliaria equitata civium Romanorum 
(M.A. Speidel 2009: 617). If this assump-
tion is correct, the following reconstruc-
tion of the inscription can be proposed: 
COH ∞ CR – Coh(ors) milliaria c(ivium) 
R(omanorum). The ∞ mark pertains to 
finds from the Gonio/Apsaros fort. This 
indicates that signatures from this group 
represent production by the same mili-
tary unit, which was in all probability 
the said Cohors milliaria equitata civium 
Romanorum.

X 
The mark is said to be present on ceramic 
pipes from the 2nd century AD (Mamu-
ladze, Khalvashi, and Aslanishvili 2002: 
38). It was also encountered on fragments 

of ceramic building material collected 
during a fieldwalking survey of the Sa-
tala site in 2004 (Hartmann 2004: 9, Nos 
S 04/8 and S 04/9), which also yielded 
from the same area legio XV Apollinaris 
stamps on ceramic building material. 
At Gonio, several examples of X stamps 
were collected from the humus layer or 
from contexts that were in one way or 
another unprovenanced. Roof tiles were 
also marked in this way. These are un-
doubtedly complete stamps, consisting 
of a single graphic symbol. At least four 
variants can be distinguished [Fig. 12]. 
Based on an analysis of a larger number of 
specimens, it can be said that the symbol 
used in Satala was not identical to that 
used in Gonio. At Apsaros there are no 
tiles with an X mark, only ∞ marks. 

Ceramic building material at Apsa-
ros: production or delivery?
The results of physicochemical analyses, 
presented below in Part 2, of a number 
of specimens from different ceramic 
products (including roof tiles, bricks and 
pipes), as well as raw clay from various de-
posits, have provided some crucial infor-
mation. Primarily, most of the specimens 
taken from ceramic building material, 
including all of the stamped specimens, 
belong to two reference groups distin-
guished as a result of the analyses [see be-
low, Table 1]. However, it should be noted 
that only products signed with the stamp 
COH II [---] were categorized in the Ap-
saros 2 group, while the Apsaros 1 group 
contained examples with this stamp and 
with the I SAGI stamp. In addition, it 
can be said that Apsaros 1 clay was used 
to produce bricks, roof tiles and pipes, 
while Apsaros 2 clay has been confirmed 
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as having been used only for roof tile pro-
duction. However, at the current state of 
research, it is difficult to formulate more 
far-reaching conclusions as in the case of 
the majority of the stamped bricks and 
roof tiles the context and circumstances 
in which they were found remain un-
known. Information available about the 
dig, the sector and square from which 
they originate is insufficient.

The relatively high number of sam-
ples allocated to each of the two listed 
groups allows for the assumption that 
the products from these clay types were 
locally made (in bulk and over a longer 
period). This remains a hypothesis since 
the currently analyzed raw clay samples 
from the vicinity of the fort did not show 
any similarity to the above-mentioned 
reference groups [see below, Table 1]. It 
is interesting to note that raw clay also 
used as a substructure layer under the 
frigidarium floor (MD5784) in Phase 2 
was not present in the production of 
items belonging to the Apsaros 1 and 
Apsaros 2 groups. Acquiring the clay nec-
essary for the construction works some-
where nearby seems almost certain. This 
same clay might have also been supplied 
to the brickyard.

In turn, in light of the analysis results, 
it should be assumed that other producers 
may have provided smaller consignments 
of building material, probably by sea. This 
might have been the case especially at the 
onset of Roman presence in Apsaros, 
before local facilities, indispensable for 
fort construction, were organized. Con-
firmation of this hypothesis is provided 
by the analysis results of a sample taken 
from one of the bricks from the latrine 
floor, functioning in Phase 1 of the bath-

house (MD5782). The result in this case 
is not concordant with the results of any 
of the other analyses. The outcome of an 
analysis of a roof tile fragment originating 
from the backfill formed following the 
collapse of the bathhouse roof is the most 
surprising (MD5779). This roof functioned 
in Phase 2, that is, in the first half of the 
2nd century. In that period, local building 
material must have been in use; nonethe-
less, the discussed roof tile differs from the 
remaining ones.

To summarize, it is proposed that the 
products made from clay classified as be-
longing to the Apsaros 1 group may have 
been manufactured at the time of Arrian’s 
inspection of the fort or, more broadly, 
during Hadrian’s reign. The reconstruc-
tion of the garrison bathhouse took place 
then, at the latest (Karasiewicz-Szczypior-
ski 2016: 54). This is the farthest-reaching 
conclusion that can be drawn from an 
examination of the contexts from which 
some of the samples originated. Phase 2, 
that is, the reconstruction of the thermae 
(and perhaps also of other buildings in 
the fort), would refer at the latest to the 
first half of the 2nd century AD. Intensi-
fied construction activities required large 
amounts of different material. In the case 
of the bathhouse, this signifies the neces-
sity of producing diverse building ceram-
ics that would be water- and fire-proof. 
Two samples originate from contexts 
obviously linked to the Phase 2 building: 
a pipe fragment (MD5783) and a brick 
sherd (MD5780). One other such sample, 
probably linked to the reconstruction of 
the thermae (Phase 2), is a roof tile frag-
ment (MD6144).

These observations refer indirectly to 
Arrian’s comment about the presence of 
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a garrison composed of as many as five 
cohorts in Apsaros during his inspec-
tion. It can be assumed that two of them 
signed their ceramic production using 
stamps: COH II [---] and I SAGI. Does 
it mean that the Apsaros 2 group repre-
sented earlier production? This currently 
seems to be the most probable interpreta-
tion. It can be assumed that the limited 
selection of produced items (only roof 
tiles?) comes from a period preceding the 
concentration of the army and Arrian’s 
visit. The reinforcement of the garrison in 
Apsaros (most probably only temporary) 
seems to have led to intensified construc-
tion activities. The increased demand for 
brickyard production may explain the 
opening of an additional, perhaps more 
efficient clay deposit (Apsaros 1). Simul-
taneously, extraction of raw material that 
had been in use previously (Apsaros 2) 
may have been terminated, but this re-
mains uncertain. Simultaneous use of two 
different clay deposits (for a period of 
time) may have been caused by the differ-
ent properties of the raw material. Tech-
nological and functional analyses should 
resolve this issue.

Although clay deposits corresponding 
to the reference groups Apsaros 1 and 
Apsaros 2 could not be determined, the 
general ceramic production at the site in 
the Roman period has been confirmed ar-

chaeologically. A kiln for firing amphorae 
was found in the southwestern part of 
the late fort (Mamuladze, Khalvashi, and 
Aslanishvili 2002: 38). Under the Princi-
pate, this area was located outside the 
defensive walls [see Fig. 2:1]. This, most 
probably, pertains to civilian production 
carried out in a settlement next to the 
garrison.

In the case of Apsaros, continued re-
search into the sources of the construc-
tion material (including clay) is most 
certainly required, hopefully determin-
ing the deposits used by the Roman 
army. Further analyses should give more 
in-depth knowledge into two reference 
groups possibly applicable to the study 
results from Gonio. So far, there are only 
a few amphora and cooking ware sherds 
that have been found to belong to these 
groups [see below, Table 1]. The group 
including two amphorae from chemical 
groups 1 and 13 (MD214 and MD6141) may 
attest to production involving the use 
of clay from the vicinity of the fort [see 
below, Fig. 17]. 

Research into the ceramic production 
in Apsaros from the Roman period is in 
its initial stage. Undoubtedly, contin-
ued excavations will lead to acquisition 
of more stamped bricks and roof tiles, 
including specimens with fully preserved 
stamps.
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An archaeoceramological analysis was 
carried out on five pottery sherds (Col-
chian amphorae and common wares), 16 
fragments of ceramic building materials 
(bricks, roof tiles, one pipe and one floor 
tile fragment) and one sample of daub 
clay (MD5784) from the excavations at 
the Gonio/Apsaros fortress. Ten samples 
of clay raw materials collected by Shota 
Mamuladze from the vicinity of the site 
were also analyzed. The analysis was un-
dertaken in order to determine whether 
the ceramic finds from Apsaros are ho-
mogeneous or non-homogeneous in terms 
of the raw materials used to make them 
(both clay and non-plastic components), 
and to assess the chemical composition of 
clay available in the region and its suit-
ability for making pottery.

To this end the analyzed ceram-
ics from Apsaros were classified using 
a provenance classification system, taking 
into account matrix type (the matrix be-
ing the plastic part of the ceramic body 
which hardens during firing, commonly 
referred to as ‘clay’) and the chemical 
composition of the ceramic material 
(known as the fingerprint of the ceramic 
body from which a particular ceramic 
artifact was made) as well as non-plastic 
inclusions (clastic material = natural or 
intentional temper). A firing test was 
used to classify the raw material samples 
according to their suitability for making 
ceramic building materials (CBM) and/
or pottery. Subsequently, the matrix type 
and chemical composition of selected raw 

material samples was determined, as was 
the case with pottery.

The analytical methods used were as 
follows: MGR-analysis (Matrix Group by 
Refiring) for pottery; plasticity test (de-
termining water of plasticity values), and 
firing test for raw material samples; chemi-
cal analysis by wavelength-dispersive X-ray 
fluorescence (WD-XRF) for both artifacts 
and raw materials.

The MGR-analysis was applied in or-
der to determine the composition of the 
ceramic matrix. Matrix types can be iden-
tified using this technique because the 
thermal behavior of plastic components 
during firing is governed by their chemical 
and phase composition (Daszkiewicz 2014; 
Daszkiewicz and Maritan 2017; Daszkiewicz 
and Schneider 2001). After the sherds are 
refired, at a temperature higher than their 
original firing temperature, i.e., once the 
effects caused by the original firing tem-
perature and conditions are ‘removed’, the 
color, shade and appearance of the matrix 
relate to the chemical and phase composi-
tion of the plastic part of the body. The 
MGR-analysis allowed the pottery to be 
classified into groups of sherds made of the 
same plastic raw material.

The chemical analysis of sherds was 
used to establish the chemical composition 
of both the plastic and non-plastic ingre-
dients of the pottery fabric. This analysis 
enabled the quantity of major and trace 
elements in the body to be established, 
revealing the geochemical characteristics 
of the raw materials used, although the 

Part 2. Ceramics and raw materials:  
results of archaeoceramological analysis  

of ceramic samples from Gonio/Apsaros 
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phases in which individual elements occur 
could not be determined1 (giving the major 
elements as oxides2 is standard procedure 
in geochemistry when presenting the re-
sults of chemical analysis).

When using these two analytical meth-
ods in provenance studies, ceramic groups 
are determined independently using MGR-
analysis and chemical analysis. Each of these 
methods yields a different type of classi-
fication (matrix groups and geochemical 

groups respectively). Collectively, this type 
of classification allows provenance groups 
to be established, highlighting differences 
in chemical composition but also demon-
strating what these differences are associ-
ated with (e.g., ceramic artifacts belonging 
to two different groups may be locally pro-
duced using the same clay with the addi-
tion of different tempers depending on the 
intended function of the product).

1	 Ca content, identified by chemical analysis, may be attributable to, for example, inclusions of 
calcite or dolomite or anorthite, or may occur exclusively in the clay fraction in the matrix.

2	  Si = silicon, calculated as SiO2; Al = aluminium, calculated as Al2O3; Ti = titanium, calculated 
as TiO2; Fe = iron, total iron calculated as Fe2O3; Mn = manganese, calculated as MnO; Mg = 
magnesium, calculated as MgO; Ca = calcium, calculated as CaO; Na = sodium, calculated as 
Na2O; K = potassium, calculated as K2O; P = phosphorus, calculated as P2O5.

3	 Sintered matrix type (SN) = the sherd is well-compacted; it may or may not become smaller 
in size in comparison to the original sample, whilst its edges remain sharp.

4	 MGR-groups represent groups of greatest similarity. Samples attributed to the same MGR-
group and to the same clastic material group were made of the same ceramic body.

5	 It is highly unlikely that only a single vessel would have been made from one ceramic body, 
thus it is assumed that the sample submitted for analysis represents a group of vessels made 
of the same raw material. This is why the term ‘group’ is used even in relation to so-called 
groups that are represented by only one sample.

Analysis results
Ceramics
All ceramic building material fragments 
(CBM) and pottery sherds were made of 
non-calcareous clays colored by iron com-
pounds. These samples have a sintered 
matrix type (SN).3 Ten MGR-groups4 were 
identified based on the thermal behavior of 
the matrix. Group sizes vary. The most nu-
merously represented is MGR-group 1 (sev-
en samples). Eight MGR-groups are each 
represented by a solitary sample5 [Table 1]. 

The CBM was made of plastic raw ma-
terials that fired to various shades of red-
brown at 1200oC [Figs 13–14: MGR 1–5]. In 
contrast, pottery sherds fired to shades of 

red, brownish-red and reddish-brown at 
1200oC [Fig. 14: MGR 6–10].

Non-plastic temper was noted in all of 
the samples. This was readily visible mac-
roscopically (particularly after refiring) in 
the form of black particles characterized 
by a melting point of below 1200oC. Parti-
cles with a melting point of below 1150oC 
were also observed. Clastic material groups 
(groups of samples with similar quanti-
ties, composition and particle size of non-
plastic ingredients) are consistent with 
plastic raw material groups (i.e., MGR-
groups). Two rim sherds (samples MD6140 
and MD6142 representing MGR-groups 7 
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Table 1. List of analysed samples: laboratory number in Daszkiewicz & Schneider database, water of 
plasticity, MGR-groups, chemical groups and reference groups (Digitizing M. Daszkiewicz) 

and 9 respectively) were very distinctive 
because of the size and composition of 
their inclusions, which were macroscopi-
cally observed almost exclusively in the 

form of black particles characterized by 
a melting point of below 1200oC [see Fig. 
14]. A much greater diversity in temper 
composition was macroscopically visible 
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Fig. 13. MGR-analysis results: MGR 1–4 – ceramic building material (CBM)  
              (Digitizing M. Daszkiewicz, macrophotos M. Baranowski)
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Fig. 14. MGR-analysis results: MGR 5 – brick fragment; MGR 6, 8 and 10 – amphora sherds;  
MGR 7 and 9 – pottery rim sherds; MGR 11 – daub (Digitizing M. Daszkiewicz, macrophotos  
M. Baranowski)
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in all the other samples of amphorae and 
CBM [see Figs 13–14]. Furthermore, larger 
particles of temper were visible in some 
CBM samples (brick MD5780, tegula 
MD5781), as were clay aggregates or clay 
lumps, indicating that the preparation of 
the plastic part of the ceramic body did 
not produce homogeneous material (brick 
MD5780, pipe MD5783, roof tile MD6144).

The recipes (the proportion of the plas-
tic to the non-plastic part of the ceramic 

body) used in making the two vessels 
represented by the rim sherds were not 
the same. The percentage of non-plastic 
ingredients used was estimated at 30% 
for sample MD6140 and 20% for sample 
MD6142. The ceramic bodies from which 
the amphorae were made (MD214, MD6141 
and MD6143) were prepared using a differ-
ent recipe. They contain 15% non-plastic 
ingredients. Fewer non-plastic particles 
are visible in the CBM samples (10‑15%).6

Table 2. Chemical analysis results for ceramic building material (Aps 1 and Aps 2), pottery (chemical 
groups 1, 13[1], 10, 11) and locally/regionally occurring clays 
Results of chemical analysis by WD-XRF (Preparation M. Daszkiewicz, measurements G. Schneider 
and A. Schleicher in GFZ Potsdam). Analysis on ignited samples, major elements normalized to a con-
stant sum of 100%, loss on ignition stated in column ‘l.o.i.’, elements in brackets are determined with 
lower precision (Digitizing M. Daszkiewicz)
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6	 Macroscopic assessments were carried out using the AGI Data Sheets for Geology in the field, 
laboratory, and office, compiled by R.V. Dietrich, J.T. Dutro, Jr. and R.M. Foose, American 
Geological Institute 1982.

7	 Taking into account loss on ignition, it can be assumed that the original firing temperature 
of pottery and CBM falls within a range of 800–900oC.

The chemical analysis results indicate 
that the analyzed pottery and CBM were 
made from raw materials of very diverse 
chemical composition [Table  2].

Raw materials
The plasticity test, which included esti-
mating the water of plasticity (make-up 
water) content, was the first analytical 
procedure to be performed. The amount 
of make-up water was determined in all 
of the clay samples discussed in this pa-
per. The resultant values (in g H2O per 
100 g of dry matter) are listed in Table 
1. Water of plasticity is the amount of 
water needed to bring 100 grams of clay 
to a workable plasticity (see Appendix 
below). This test revealed that the wa-
ter of plasticity content in the analyzed 
raw material samples ranges from 36 g 
to 66 g H2O/100 g clay. Two of these 
samples did not exhibit the character-
istics of plastic raw materials (clay Nos 
3 and 8); however, the first firing test 
was also performed on these samples. 
In order to determine water of plastic-
ity, the prepared clays were pressed into 
plaster moulds of a Gorgon’s mask. These 
masks were fired at 900oC [Fig. 15].7 

Clay Nos 3 and 8 did not produce 
suitably workable plastic masses. They 
could be formed into briquettes, but be-
cause of their high content of silt- and 
sand-sized particles, the objects made of 
these raw materials had very little me-
chanical resistance (grains crumbled away 

from their surfaces when lightly rubbed 
with a finger). Thus, these raw materials 
could not have been used either for mak-
ing pottery or CBM (it is unlikely that 
these types of raw materials would have 
been levigated). One sample (MD5941) 
is characterized by severe shrinkage, re-
sulting in cracks. This clay would have 
had to be tempered. The remaining raw 
materials would have been suitable for 
making ceramics without the need for 
any additional processing (such as levi-
gation or tempering).

The next stage of the raw material 
analysis (two non-plastic samples were 
excluded from further analysis) was to 
carry out a firing test to assess whether 
the raw materials could have been used 
for making the pottery and CBM discov-
ered at Apsaros. Briquettes for this test 
were formed using a plastic mass and 
non-porous porcelain moulds to create 
dome-shaped (plano-convex) samples; 
these were then dried and fired in the 
same conditions used for pottery sub-
jected to the MGR-analysis. The fired 
briquettes were subsequently classified 
into the MGR-groups using the same pro-
cedure as for refired ceramic specimens.

All of the raw materials are non-car-
bonate clays colored by iron compounds, 
and they all have a sintered (SN) matrix 
[Fig. 16]. 

This is the same matrix type as that 
of the analyzed ceramic artifacts. Sim-
ilar non-plastic ingredients were also 
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observed in the form of black particles 
with a melting point of below 1200oC. 
When fired at 1200oC, the clays take 
on various colors, from beige-brown 
(MD6176) to reddish-brown (MD5784) 
and brown (MD5942). Extensive cracks 
were observed in the briquette made of 

clay characterized by severe shrinkage 
(MD5941). Each of the raw material sam-
ples was attributed to a different MGR-
group (MGR-groups 12–19).

The daub clay sample stood out 
among the tested samples. It represent-
ed a combination of two raw materials 

Fig. 15. Plasticity test: samples formed in plaster moulds and fired at 900oC in an oxidising atmos-
phere in a laboratory kiln (Digitizing M. Daszkiewicz, photos M. Baranowski) 
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Fig. 16. Firing test results: briquettes made in porcelain moulds (Digitizing M. Daszkiewicz,  
macrophotos M. Baranowski) 
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characterized by very different thermal 
behaviors. One of the raw materials has 
a sintered matrix (SN), while the second, 
which is the predominant of the two, has 
an over-melted matrix (ovM).8 The daub 
was exposed to a temperature that was 
high enough to cause the thermal de-
composition of clay minerals, resulting 
in a loss of plasticity (it is in fact a ce-
ramic fabric).

The chemical analysis was performed 
on all of the raw materials and on the 
daub sample [see Table 2]. The results are 
discussed in the following section to-
gether with the results of the chemical 
analysis carried out on the ceramic finds.

Provenance groups
In provenance studies it is important to 
remember that there are two principal 
means of determining the provenance of 
a sample. Samples can be attributed to:
– reference groups with a known produc-
tion place,
– reference groups without a known pro-
duction place.

In the first instance, comparative stud-
ies are required to establish whether a par-
ticular compositional group represents 
kiln wasters, potter’s tools or raw materi-
als (the fact that a ceramic find belongs 
to a group representing the majority of 
samples from a given site does not always 
mean that the majority represents local 
products native to that site). In the second 
instance, the compositional group does not 
correspond to any group of known prov-

enance (at the current stage of research).
The local provenance of the pottery 

and CBM found at Apsaros could po-
tentially be confirmed by comparing 
their analysis results with those of the 
raw materials.

The MGR-analysis and firing tests 
demonstrate that none of the analyzed ce-
ramic samples belong to the same MGR-
group as the raw material samples [see 
Table 1]. However, they do share certain 
traits: an SN matrix type and macroscopi-
cally visible black particles characterized 
by a melting point of below 1200oC. They 
differ in color when fired at 1200oC; only 
the tegula fragment (MD5779) fires to the 
same color (albeit of a different shade) as 
raw material MD5784.

Once the results of the MGR-analysis 
are known, this will enable the correct 
interpretation of chemical clusters de-
riving from multivariate statistics. This 
means that after the MGR-analysis and 
firing tests, it is evident that none of the 
analyzed clays were used directly as raw 
materials for making the analyzed frag-
ments of pottery and CBM. However, 
given the fact that there are certain simi-
larities between them, this does not rule 
out the possibility that they may belong 
to the same chemical group.

The results of chemical composition 
analysis of ceramic finds and raw mate-
rials enabled various chemical groups to 
be identified and some of these could be 
combined into larger provenance groups. 
The results of multivariate cluster analysis9 

8	 Overmelted matrix type (ovM) = the surface of the sample becomes overmelted and its edges 
slightly rounded.

9	 Both the multivariate cluster analysis and principal components analysis were carried out 
using a licensed copy of the SYSTEM Package obtained from the Weierstrass Institute for 
Applied Analysis and Stochastics, Leibniz Institute in Forschungsverbund Berlin e.V.  
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are presented as a dendrogram [Fig. 17]. 
This analysis10 takes into account 

the chemical composition of all 30 ana-
lyzed samples. Twelve clusters were sin-
gled out. The first of these encompasses 
two fragments of amphorae made from 
different clays, as determined by the 
MGR-analysis (MGR groups 6 and 8). 
The differences in chemical composition 
between these two samples (e.g., in their 
Ti, Mg, Cr and Zr levels) are significant 
enough for this cluster to be divided into 
two chemical groups, each represented 
by a single sample: group 1 by sample 
MD6141 and group 13 by sample MD214 
[see Fig. 17 and Table 2]. The remaining 
clusters produced by multivariate cluster 
analysis are consistent with the chemical 
groups (denoted as G1–G13 in Table 1). 
Cluster 2 in the dendrogram (chemical 
group G2) consists of eight samples, in-
cluding all of those attributed to MGR-
group 1 (seven samples) and one sample 
representing MGR-group 5. These are 
fragments of four bricks, two roof tiles, 
one tegula fragment and the sole frag-
ment of pipe analyzed. These chemical 
groups are characterized by SiO2 levels 
of 64.56–67.30wt.%, Fe2O3 levels ranging 
from 6.87 to 9wt.%, and by relatively high 
levels of Na2O [see Table 2]. Although the 
amphorae representing chemical groups 
G1 and G13 have similar levels of SiO2, 
Al2O3 and Fe2O3, Group G2 differs from 
them in having higher levels of Na2O, 
K2O and Cr and much higher levels of 
Sr despite having a similar CaO content 
(strontium is a geochemical correlate of 
calcium). The third cluster (equating to 

chemical group G3) is represented by 
six samples, all of which belong to the 
same MGR-group (4) and all of which are 
roof tile fragments. All samples belong-
ing to MGR 4 and G3 have a very simi-
lar chemical composition, which differs 
markedly from the samples attributed to 
G2. SiO2 levels are much lower (52.93–
54.89wt.%), Al2O3 levels are much higher 
(24.63–25.10wt.%) and Fe2O3 levels range 
from 10.71 to 11.45wt.%. MgO and CaO 
levels are also higher, whilst the Sr/Ca 
ratio is twice as low. The average Al/Si 
ratio is 0.29 for G2 and 0.46 for G3. The 
results of the MGR-analysis show that 
the increased silica content in the sam-
ples attributed to G2 is not related to 
larger numbers of coarse grains of quartz 
temper, but to grains measuring less than 
100μm (macroscopically visible at 40× 
magnification), hence to the type of clay.

The fourth cluster comprises only 
one sample: a piece of daub representing 
MGR-group 11. It differs from the sam-
ples ascribed to G3 in having higher levels 
of MgO and CaO, though, unusually for 
a daub sample, it does not have elevated 
levels of phosphorus or barium.

The next cluster consists of three clay 
samples attributed to MGR-groups 12, 13 
and 15. These clay samples also fall into 
cluster 7 (encompassing two clay samples 
and a floor tile fragment) and clusters 
8 and 9 (each containing one clay sam-
ple). The three clusters comprising clay 
samples and a floor tile, together with 
cluster 6, comprising a tegula (MD5779), 
can be classified as one large group. The 
characteristic feature of all these clays is 

10	  Analysis using Euclidean distance and average linkage aggregative clustering of a distance, Z-scores 
transformation, elements used: Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, V, Cr, Ni, Cu, Zn, Rb, Sr, Y, Zr 
and Ba.
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their very low CaO and NaO levels, their 
high Al2O3 content (up to 32.07wt.% in 
sample MD5944) as well as their very high 
Fe2O3 content (12.28–16.67wt.%) and asso-
ciated high vanadium content. This group 
does not include cluster 9, comprising 
clay MD5940, which was the only clay 
sample characterized by high levels of po-
tassium (3.31wt.% K2O) and had the high-
est Sr content (309 ppm) noted in any of 
the analyzed samples, whilst also having 
a very low CaO content (0.41wt.%).

The group of clusters containing clays 
include neither the daub sample nor the 
clay sampled from the hills overlook-
ing the site (R. Karasiewicz-Szczypior-
ski, personal communication) (sample 
MD6176, cluster 12, see Fig. 17), which is 
characterized by a very high Fe2O3 con-

tent (19.00wt.%) and, rarely noted, very 
high levels of Ni, Cu and Zn (according to 
the person who collected this clay sample, 
there is no possibility of contamination 
resulting from the sampling method). 
High Cu levels (though not as high as 
those of clay MD6176) are characteristic 
of all the clay samples and of the tegula 
and floor tile samples included in the clay 
clusters [see Table 2].

Two pottery sherds (MD6140 and 
MD6142) representing two different 
MGR-groups have a similar chemical 
composition characterized by MgO and 
CaO levels higher than noted in other ce-
ramic finds and a high Cr content, much 
bigger than that of the remaining ceram-
ics and clays. Cluster 11 comprises a single 
sample, that is, a Colchian amphora sherd 

Fig. 18. PCA scores plot. Elements used: Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K, V, Cr, Ni, Cu, Zn, Rb, Sr, Y, Zr and 
Ba. G1– G13 = chemical groups (Digitizing M. Daszkiewicz)
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(MD6143) with high levels of SiO2, TiO2 
and Fe2O3, and a high P2O5 content as 
well as low Ba concentration.

Defining groups based on chemical 
composition led to the identification of 
13 chemical groups [Fig. 18]: G1–G13, nine 
of which are associated with one MGR-
group. Four of the chemical groups en-
compass various MGR-groups [see Ta-
ble 1]. Discrimination between groups 
G1–G13 was carried out by means of 
a principal components analysis (PCA).11 
Here, component 1 explains 39.2% of the 
variation, while component 2 20.0%. 

 As can be seen from the loadings 
plot, Si, Ti, Al, Fe, Ca, V, Ni, Cu and Zr 

have a high correlation with PC1; Na, Y 
and Zr with PC1 as well as with PC2; and 
K, Rb, Sr and Ba with PC2. Three samples 
grouped into one cluster by the multi-
variate cluster analysis (chemical group 
G7, three different MGR-groups) fall 
into two groups in PCA: two clay sam-
ples and a separate group comprising 
a floor tile fragment. This is attributable 
to the higher levels of silica and calcium 
and lower concentrations of iron, vana-
dium, zinc and barium in this sample. 
Given that this sample also belongs to 
an MGR-group different than either 
of the two clays, it is probable that an 
analysis of a larger number of floor tiles 

11	  Using the same elements as for the multivariate cluster analysis.

Fig. 19. Al2O3 / SiO2 ratio versus Rb content (Digitizing M. Daszkiewicz)
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would lead to the identification of a dis-
tinct chemical subgroup. Both the PCA 
and a bi-plot of rubidium content versus 
Al2O3/SiO2 ratio show good discrimi-
nation of chemical and MGR groups. 
Two homogeneous groups consisting of 
CBM fragments are clearly distinguish-
able (chemical group G2 = MGR 1 and 
5; and chemical group G3 = MGR 4). If 
the archaeological evidence supports the 
idea that bricks with stamps: I SAGI 
and [C]OH II [---] and roof tiles with 
stamps: [CO]H [II ---] and C[OH II 
---] were locally made, then group G2 
(MGR1 and 5) can be recognized as an 
Apsaros reference group 1 (Aps 1). Sim-
ilarly, if roof tiles bearing the stamps: 
C[OH II ---] and CO[H II ---] can also 
be deemed to be local products, then 
group G3 (MGR 4) can be recognized 
as a second Apsaros reference group 
(Aps 2) [Fig. 19]. 

Courtesy of A. Rogava we could 
compare the results of chemical analysis 
of pottery vessels and clay raw materi-
als done by him (unpublished master's 
thesis) with the results of our analysis. 
One of the chemical groups includes 
two ceramic fragments analyzed as part 
of Radosław Karasiewicz-Szczypiorski‘s 
project (sample MD6140 and MD6142). 
Interestingly, the clay raw materials 

collected by Rogava and those analyzed 
within the framework of this project, 
differ in chemical composition from the 
chemical composition of ceramic vessels 
and CBM (and this is not related to the 
effect of temper). 

Conclusions
1. Three principal CBM groups can be 
identified: a group of samples (mostly 
brick fragments) attributable to the Aps 1 
reference group; a group of samples (ex-
clusively roof tiles) attributable to the 
Aps 2 reference group; and a tegula and 
a floor tile associated with the analyzed 
raw materials [see Table 1].

2. The analyzed pottery was not made 
of the same raw materials as the CBM. 
Each of the sherds was made of a dif-
ferent plastic raw material (different 
MGR-groups). No Colchian amphorae 
with a similar chemical composition have 
been noted in the literature. The prove-
nance of these vessels remains unknown.

3. The analyzed local/regional raw 
materials were not used for making the 
analyzed pottery and CBM (the tegula 
and floor tile mentioned in the first point 
are similar in chemical composition, but 
belong to different MGR-groups than the 
raw materials).
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reached room temperature. Having been 
cooled, each of the briquettes was glued 
onto card and photographed in standard-
ized conditions using a digital SLR camera 
with a fixed macro lens.

One unfired briquette of each raw 
material was kept as a reference of the 
original sample, and another unfired bri-
quette was processed for chemical analy-
sis by WD-XRF.

MGR-analysis
Four thin slices were cut from each sam-
ple in a plane at right angles to the vessel’s 
main axis. One of these sections was left 
as an indicator of the sample’s original 
appearance, whilst the remaining three 
were refired, each one at a different tem-
perature, in a Carbolite electric labora-
tory resistance furnace using a standard 
procedure. Firing was carried out at the 
following temperatures: 1100°C, 1150°C 
and 1200°C in static air (i.e., without air-
flow), at a heating rate of 200°C/h and 
a soaking time of 1 h at the peak tem-
perature, and cooled at a cooling rate of 
5°C/min to 500oC, followed by cooling 
in the kiln for one hour. They were sub-
sequently removed from the kiln and left 
to continue cooling until they reached 
room temperature. The fragments were 
then glued onto paper and a photograph 
was taken with a macro lens for each slice.

Chemical analysis
Chemical analysis by WD-XRF (wave-
length-dispersive X-ray fluorescence) was 

Plasticity test and estimation  
of water of plasticity
Water of plasticity values were estimated 
for eight samples. These values are given 
in Table 1 in g H2O per 100 g of dry clay 
(water of plasticity is the amount of water 
required to bring 100 g of clay to a plastic 
state; in practical terms, this means that 
the clay can be rolled into a ball which will 
not feature any cracks, and when a certain 
amount of pressure is subsequently applied 
to it—the amount depending on the type 
of clay—the clay ball will merely become 
misshapen but will not crack). Gorgon’s 
masks were made from the prepared clays 
using a plaster mould (the mould was made 
from a replica of a Gorgon’s head from 
Taranto) and the behavior of the ceramic 
body was assessed after firing at 900oC.

Firing test
After adding water of plasticity (distilled 
water) to the raw materials, the result-
ant plastic masses were formed in a non- 
porous porcelain mould. Four briquettes 
were made from each raw material. These 
dome-shaped (plano-convex) briquettes 
were then dried and three of them were 
fired at the following temperatures: 1100oC, 
1150oC and 1200oC. They were fired in a Car-
bolite laboratory resistance furnace in static 
air, at a heating rate of 200oC/h and a soak-
ing time of 1 h at the peak temperature 
and cooled at a cooling rate of 5°C/min to 
500oC, followed by cooling in the kiln for 
one hour. They were subsequently removed 
from the kiln and left cooling until they 

12	 In the case of raw material samples, the cast discs cracked during cooling. It was only after 
three attempts using different cooling rates that a disc suitable for measurement was obtained. 

Appendix
Description of methods used
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used to determine the content of major ele-
ments, including phosphorus and a rough 
estimation of sulphur and chlorine. Total 
iron was calculated as Fe2O3. Samples were 
prepared by pulverising fragments weighing 
approximately 2 g, having first removed 
their surfaces and cleaned the remaining 
fragments with distilled water in an ultra-
sonic device. The resulting powders were 
ignited at 900°C (heating rate 200°C/h, 
soaking time 1 h), melted with a lithium-
borate mixture (Merck Spectromelt A12) 
and cast into small discs for measurement.12 
This data is, therefore, valid for ignited sam-
ples but, with the ignition losses given, may 
be recalculated to a dry basis. For easier 
comparison the major elements are nor-
malized to a constant sum of 100%. Major 
elements are calculated as oxides (see above 
note 2) and are given in per cent by weight; 
trace elements are given in ppm. Analysis 
precision for the major elements is below 

2%, rising to a maximum of 6% for sodium 
and trace elements (for very low contents, 
it rises to 20%). Accuracy was tested by ana-
lyzing international reference samples and 
by exchange of samples with other labora-
tories. For major elements in standard ref-
erence samples, the maximum deviation is 
mostly below 5% and for sodium and trace 
elements (except La, Ce, Nb, Pb, Th) it is 
below 10%.

Preparation of the samples for 
analysis was carried out by Małgorzata 
Dasz-kiewicz at ARCHEA. Measure-
ment using a PANanalytical AXIOS 
XRF-spectrometer and the calibration 
of Arbeitsgruppe Archaeometrie was 
performed by Gerwulf Schneider (Freie 
Universität Berlin) and Anja Schleich-
er (Helmholtz-Zentrum Potsdam, 
Deutsches Geo-ForschungsZentrum 
GFZ, Sektion 4.2, Anorganische und 
Isotopengeochemie).
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