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Abstract

 The foundation of the medieval Dominican Convent of St Olaf in Turku, South-West Finland, marked the connec-
tion of the country to an international network of contacts with the Latin West, and the establishment of taught 
education in Finland. However, the chronology of its construction has been a subject of scholarly debate since 
the early 20th century. The archaeological material from the convent is scant, and the only properly datable finds 
are a sample of timber from the structures and a collection of bricks recovered from the site. In this article we 
present the results of a wiggle-match dating of the timber, and OSL dating of eight bricks. The bricks were also 
analysed by pXRF. The building phase of brick masonry seems to date to the second half of the 14th century or 
around 1400AD.
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INTRODUCTION

The Dominican Convent of St Olaf in Turku, 
South-West Finland, had a special importance 
among the medieval monastic institutions in 
Finland, which had been integrated into the 
medieval Kingdom of Sweden by the mid-13th 
century. The convent left a major impression on 

the cultural and liturgical makeup of the Diocese 
of Turku, comprising the area of present-day 
Finland (e.g., Malin 1925: 184; Bonniwell 
1945: 205–6; Lehmijoki-Gardner 2004: 240). 
Moreover, according to Markus Hiekkanen 
(2002; 2003a; 2003b: 90–1), Dominicans played 



119

a crucial role in the foundation of the town of 
Turku itself, and throughout the Middle Ages 
they had a considerable impact on its urban life.

Yet, despite the significance of the convent, its 
physical remains are no longer visible in the ur-
ban landscape of Turku, and scholars have failed 
to determine the exact age of the ruins laying un-
derground. This is partly because of the patchy 
history of research at the site. The location of 
the convent was identified at the turn of the 19th 
and 20th centuries, and since then, the site was 
explored in a series of poorly documented ex-
cavations. In addition, the documented architec-
tural features and archaeological finds saved in 
museum collections are not easy to date, making 
the chronology of the convent’s ruins difficult to 
establish.

To break away from the current deadlock, 
this study will present the results of the scientific 
analysis of eight bricks and a sample of timber 
obtained from the convent site. These provide 
an indication of the age of the brick structures 
and the possible origins of the building material. 
The article will also provide a summary of the 
complex research history of the site and mea-
gre archaeological material available, and set 
this research in context within the architectural 
development of the medieval town of Turku, 
especially regarding the use of brick for urban 
constructions.

Although the new dates obtained by this 
study are not unambiguous with regard to their 
context, they can nevertheless be compared with 
published scholarly hypotheses on the archi-
tectural chronologies of the convent and of the 
town, in order to assess the likely accuracy of the 
latter. The findings suggest that the brick struc-
tures were erected in the latter part of the 14th 
century or around 1400, at a time of intensive 
masonry construction within the urban area.

THE FALL AND REDISCOVERY OF ST OLAF’S 
CONVENT 

The Dominican Convent of St Olaf has been 
of particular interest to Finnish scholars be-
cause so few monastic foundations are known 
to have existed in the country during the Middle 
Ages. While 200 monasteries or convents were 
founded in Scandinavia during the Middle 

Ages (on the Nordic terminology, see Lovén 
2001), only six are known from the Diocese of 
Turku (Hiekkanen 1993: 123). In addition to the 
Dominican Convent, which hosted a community 
of monks, the remainder of these were friaries 
– modest buildings that served as a base for itin-
erant preaching by friars. Another Dominican 
convent, as well as a Franciscan convent, were 
also established in Viipuri, an important urban 
centre controlling Sweden’s eastern frontier with 
the Novgorod Republic (Immonen 2019). Two 
Franciscan friaries also existed in the town of 
Rauma, on Finland’s western coast, and on the 
island of Kökar, in the Åland Islands. The only 
actual monastery in the diocese was in Naantali, 
located c. 15 km north-west from Turku. This 
belonged to the Bridgettine Order and accom-
modated both nuns and monks.

The monastic houses of Turku were closed in 
1536 as a consequence of the Reformation, with 
brothers dispersing across the diocese to serve 
as ordinary parish priests. In 1537, the Convent 
and the town were damaged by fire, and the fri-
ary along with its lands were taken over by the 
Crown (Leinberg 1890: 79; Ruuth 1909: 108, 
122; Nikula 1987: 99; Salminen 2003: 39–40; 
Gardberg 2005: 67–9). Townspeople began to 
exploit the Convent’s ruins as a source of build-
ing materials, and in 1543 King Gustavus Vasa 
ordered some of the bricks and other architectur-
al elements of the convent to be used in the reno-
vations of the castles of Kastelholm and Turku 
(Ruuth 1909: 108; Nikula 1987: 99; Hiekkanen 
2018: 183). 

During the same period, some of the plots 
of land belonging to the Convent were rented 
to burghers and ended up in private ownership. 
These plots were situated on Kaskenmäki Hill, 
about 100 meters from the present-day bank of 
the River Aurajoki in a dell formed by the steep 
slopes of Vartiovuori Hill and Samppalinna Hill. 
During the Middle Ages, the river served as a 
major waterway for the region, flowing through 
the town to meet the Baltic Sea. Due to the land-
scape’s challenging topography, height differ-
ences across the site of the Dominican Convent 
are quite significant (Rinne 1908: 107–8). 
Nonetheless, following its destruction, the site 
began to be occupied by new buildings, although 
the Convent’s church and cemetery were initially 
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excluded from construction activities. By 1609, 
this area had become an herb garden (Ruuth 
1909: 116–8; Brusila 2001: 107; Laaksonen & 
Lahtinen 2011: 26), and the exact location of the 
Convent was forgotten.

The Great Fire of 1827 destroyed most of 
the City of Turku. In the following year, a com-
pletely renewed urban plan was introduced. 
During the subsequent years, as the remains 
of old buildings were torn down and founda-
tions for new ones were excavated, ancient 
brick walls and graves were found around the 
city (von Bonsdorff 1894: 43). When human 
bones and brick structures were discovered on 
Kaskenkatu Street, at the site of the Dominican 
Convent, these were assumed to be the remains 
of the monastic cemetery, although no direct evi-
dence of this was apparent (Brusila 2001: 81, 84; 
Gardberg 2005: 74).

Despite ancient remains being regularly found 
and destroyed, building activities during the 19th 
century and in previous eras was relatively light 
and did not drastically disturb buried archaeo-
logical remains (Ruuth 1909: 122; Gardberg 
2005: 72). The situation changed at the turn of 
the 20th century with the introduction of modern 
building techniques and the boom of erecting 
multi-storey buildings. In 1901, excavations for 
a new stone building at 1 Kaskenkatu Street re-
vealed the ruins of the Dominican Convent. The 
first archaeologist to investigate was Hjalmar 
Appelgren (1902). The structures he observed 
were built exclusively of brick, reaching a height 
of three meters in the best-preserved areas.

Based on these early observations, archae-
ologist Juhani Rinne (1908) presented the first 
reconstruction of the convent’s plan in 1908 
(see also Ahl 2007). He identified an almost tri-
angular garth and surrounding cloistered ambu-
latory and proposed the space on the north and 
north-west side of the north range as the site of 
the Convent’s church (Rinne 1928: 91; 1952: 
199–201). During subsequent decades, as more 
stone buildings were erected in this area, archae-
ologists and architects documented as much as 
they could and deposited some of the revealed 
finds in museum collections, but soil removed 
during these works was not sifted. In 1909, ar-
chitect Alex Nyström made a few rough notes 
and sketches of the brick structures and graves 

that were uncovered during the construction of 
a large building at 2 Kaskenkatu Street and in 
1927–1928, Rinne monitored the discovery of 
further ancient structures that emerged when 
another major building was constructed on the 
site of 1 Kaskenkatu. This led him to publish a 
revised reconstruction of the Convent’s lay-out 
in 1928 (Rinne 1928; 1952: 201).

It was not until the 1960s, however, that the 
first modern archaeological excavations were 
undertaken at the site of the Convent. These 
took place mostly on Kaskenkatu Street, the 
modern road that divides the site into two parts. 
Even this fieldwork was problematic, however, 
since no excavation reports were filed. The aim 
of the excavations seems to have been to reveal 
and document merely the existence of architec-
tural features. As a result, the fieldwork stopped 
when the uppermost floor level was uncovered 
(Kolehmainen 2008: 67–9).

The 1960s excavations nevertheless re-
vealed that Rinne’s reconstruction and inter-
pretations needed updating, and a new plan was 
published in 1986 (Pihlman 1986). Hiekkanen 
(1993; 2003a; 2003b) would later argue that, 
based on other medieval Finnish church sites, 
the Convent’s church would have been in the 
eastern-north-eastern corner of the complex. In 
the 2010s, a group of archaeologists compiled 
a new critical plan of the site and presented a 
revised interpretation of its spatial use (Fig. 1) 
(Immonen et al. 2014a; 2014b; Immonen 2015; 
Harjula et al. 2016). Based on the revised archi-
tectural plan and on the distribution of fragments 
of mortar painted with typical ecclesiastical mu-
rals, the group concluded that Hiekkanen’s idea 
of the church’s location was very likely, whereas 
the location identified by Rinne for the church 
does not seem to have been occupied by a roofed 
building at all: the walls surrounding it are too 
irregular to have been a covered space, and no 
signs of flooring have been documented there. 
In addition, the group concluded that the vaulted 
room with two pillars underneath Kaskenkatu 
Street seemed to have been the chapterhouse. 
The plan of the convent complex could therefore 
be reconstructed satisfactorily, but the age of the 
buildings still remained an unresolved issue.
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THE PROBLEM OF AGE

According to the Annals of the Dominican 
convent of Sigtuna, the Dominicans arrived in 
Finland in 1249 (DF 98; Maliniemi 1947: 87–
8). This passage has been used to support the 
equation of the first Dominican convent with 
the structures identified archaeologically on 
Kaskenmäki Hill (Salminen 2003: 38). Based 
on archaeological excavations made during the 
last three decades, however, it has become ap-
parent that, in the latter part of the 13th century, 
the site of the later medieval town was rural 
in character, with Turku itself not founded un-
til around 1300 (Hiekkanen 2001: 627; 2002: 
157–8; 2003a: 42–8; Pihlman 2007; Seppänen 
2009: 242–3; Pihlman 2010; Seppänen 2011; 
2012: 941; Pihlman et al. 2022). When the con-
vent was established in 1249, therefore, the town 
of Turku did not yet exist. This is problematic 

considering that Dominicans usually founded 
their convents in urban areas. Perhaps the first 
convent lay somewhere other than in the loca-
tion later identified as its site.

The most likely site for the foundation of the 
first convent is the fortified site of Koroinen, sit-
uated two kilometres up the River Aura from the 
site of the later Dominican Convent of Turku. 
Archaeology has confirmed that Koroinen was 
once the site of a 13th-century cathedral and 
two secular buildings that formed the bishop’s 
residence (Harjula et al. 2018). In around 1300, 
the cathedral was moved to its present location 
within Turku. Problematically, however, no 
structures or finds from Koroinen indicate the 
existence of a Dominican convent there.

In addition to the possible transfer of the 
Dominican convent from elsewhere to its present 
location, another issue that has puzzled schol-
ars is the dating of the architectural features on 

Figure 1. Plan of the Dominican Convent of St. Olaf based on archaeological documentation. Red dots 
indicate the location of bricks ID 1–2. The rest of the ceramic objects sampled were found underneath 
Kaskenkatu Street in 1969. Rectangular red box in the street area indicates the location of the dated 
timber. Plan by Panu Savolainen, modified by Tanja Ratilainen.
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Kaskenmäki Hill. The structures excavated there 
are made of brick, but earlier buildings at the site 
may have been constructed of other materials. 
The surviving literary sources do not record the 
material of the friary’s first buildings (DF 259; 
466), and it may well be that these were con-
structed of wood and only later rebuilt using 
more durable materials (Hiekkanen 2003b: 92; 
Gardberg 2005: 48, 52). However, there is a writ-
ten record that the town along with the Convent 
burned down in 1429, and in 1431 the master 
mason Simon of Tallinn directed some construc-
tion work at the Convent (DF 1901, 1902, 1910, 
1917, 1977, 2005; Ruuth 1909: 107–8; Kuujo 
1981: 180). Hiekkanen (1993: 128; 2003b: 92; 
2018: 182) suggests that the architectural fea-
tures documented during the 20th century are 
probably from this period, while Liisa Seppänen 
(2012: 647–9, 668) argues that they may be even 
earlier, since the first masonry structures ap-
pear in Turku in the first half of the 14th century 
(Ratilainen 2010; 2020).

To date, four separate hypotheses have been 
proposed regarding the age of the remains of the 
Dominican Convent on Kaskenmäki Hill:

1. The first convent was constructed of wood at 
the same site, and later rebuilt in brick.

2. The brick structures found at the site were 
erected before Turku was founded around 1300.

3. The brick structures were erected after 1300 
but before Convent’s destruction by fire in 1429.

4. The brick structures were constructed after 
the 1429 fire.

These four hypotheses do not entirely ex-
clude one another, and do not represent the only 
scenarios possible. However, they provide a 
framework against which to evaluate archaeo-
logical and written sources and the results of 
scientific analyses. These hypotheses will now 
be assessed, in light of (1) a brief examination of 
other archaeological evidence from the site, and 
(2) the results of the modern scientific analyses.

Hypothesis 1 (as listed above) is quite difficult 
to evaluate, but there are indeed faint signs of a 
building phase prior to the masonry structures 

on Kaskenmäki Hill. Firstly, a deposit of burned 
wood was discovered near a pillar inside the 
building identified as the Convent’s church in 
1909 (Kolehmainen 2008: 52). This deposit rests 
directly on the bedrock but beneath a demoli-
tion layer containing pieces of bricks. Secondly, 
in the excavations of 1967 across Kaskenmäki 
Street, in the western or north-western corner of 
the cloister ambulatory, a layer of clay coloured 
by organic matter was discovered in two places. 
The layer was 2–8 cm in thickness and sand-
wiched between natural clay and a demolition 
layer with brick fragments (Kolehmainen 2008: 
62, 66). No calendar date has yet been obtained 
for this organic layer and that will not be pos-
sible before new excavations in future, but it re-
mains a feasible, though insecure, indication of 
an initial phase of building that used wood.

The Convent’s brick architecture is also 
rather challenging to date stylistically, partly 
because the features documented are quite ge-
neric and partly because some post-medieval 
building activities took place even after the 
Convent was dissolved (Appelgren 1902: 57; 
Rinne 1908: 110, 122–34; 1928: 91; Hiekkanen 
2003b: 92 note 28). The use of Monk bond in 
the brickwork (consisting of a consecutive pat-
tern of brick header and two stretchers) is a 
medieval feature (Rinne 1908; Gardberg 1957: 
33, 63; Brusila 2001: 100–1; Hiekkanen 1994: 
214–5; Kolehmainen 2008), while the use of 
dovetail notches in some of the documented tim-
ber structures could be dated to the 15th century 
at the earliest (Rinne 1908: 126, Figs. 14, 131; 
Seppänen 2012: 636).

Any further architectural dating remains du-
bious, while archaeological finds are of limited 
use given the small number of datable objects 
recovered. Two coin hoards have been discov-
ered at the site, with the terminus post quem 
date of one being 1558 (Brusila 2001: 91), and 
of the other being the 1450s (Talvio 2011: 161). 
In addition to the miniature stoneware jug in 
which the latter hoard was deposited, only two 
pieces of medieval pottery are known from the 
site (Pihlman 1995: 348; pers.comm. 2012). A 
few other late medieval and early modern finds 
survive (Immonen et al. 2014b: 14–6), but noth-
ing appears older than the 15th century. This 
challenging age profile is probably due to coarse 
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fieldwork practices and to the buildings’ long 
history of use after the convent ceased to func-
tion. A more accurate dating of the architecture 
would require either new archaeological finds or 
the application of modern scientific analyses to 
extract information from the existing material 
(see, e.g., Atlıhan et al. 2018; Gueli et al. 2018). 
The latter option involves the dating and analy-
sis of bricks and wood from the site.

In the following, we will first describe the 
sampling and analysis of brick samples and a 
timber post from the Convent site. After that we 
will proceed to the optically stimulated lumi-
nescence dating of the samples, and the wiggle-
match dating of a timber post. Combining the 
datings of the bricks and the timber provide a 
basis to argue that hypothesis 3 is the most like-
ly chronology for the masonry structures at the 
Convent site.

THE MATERIALS AND THEIR TREATMENT

The most abundantly available material for sci-
entific dating from the Convent site is comprised 
by bricks. Eight pieces of masonry out of 113 
(TMC 16768) collected from the convent site 
were selected for further dating and material 
analysis. The selection criteria were as follows:

1. The bricks were already broken so that it was 
not necessary to sample intact objects;

2. The shape of the bricks, and thus their func-
tion, had to be easily identifiable;

3. The bricks sampled were not block-shaped, 
but moulded, and thus more likely to have be-
longed to the medieval Convent than the more 
easily recyclable, block-shaped wall bricks. 

Following these criteria, we selected six 
bricks (ID 1–6), a floor tile (ID 7) and a curved 
roof tile with a notch (ID 8). Three of the bricks 
were rib bricks used in vaulting (ID 1–2, 5), 
three were round-moulded bricks (ID 3–4) and 
one was a concave moulded brick usually ap-
plied in window jambs and portals (ID 6). All 
these were found in the late 1960s excavations 
and deposited in the collections of the Turku 
Museum Centre. Some of their find locations 

were roughly documented, but no precise con-
text information was recorded for any of them. 
Since no excavation reports are available, we 
had to resort to the information provided by the 
find catalogues, which gave the find location of 
two bricks with some accuracy. Although the 
context data is highly problematic, there is still 
more information on these items than on the ma-
terial excavated earlier.

The first of the bricks (ID 1) was discovered 
in 1967 within a building waste layer inside a 
test pit dug north of a wall in the inner courtyard 
of the building at 1 Kaskenkatu Street. The brick 
was recovered at a depth of 50 cm from the top 
of a medieval wall. The second brick (ID 2) was 
found on the other side of the same wall, inside a 
room, within a 70-cm thick archaeological layer. 
The brick was found 20 cm above the clay layer 
lying beneath this. The rest of the ceramic objects 
sampled were found underneath Kaskenkatu 
Street in 1969. Despite the limited information 
available, it seems very likely that also these 
bricks and tiles were discovered loose in layers 
of building waste, and not extracted from stand-
ing structures. Moreover, the type of floor (evi-
denced by ID 7) and roof tiles (evidenced by ID 
8) found are typical of the medieval period (cf. 
Antell 1986: 29; Seppänen 2012: 698–9), sup-
porting the conclusion that these formed part of 
structures belonging to the Dominican Convent.

Samples for OSL dating were extracted from 
the bricks and tiles in accordance with the in-
structions by the Laboratory of Chronology at 
the Finnish Museum of Natural History. To 
avoid contamination from exposure to light, 
the original surfaces were scraped away. Before 
sampling, the bricks and tiles were also photo-
graphed. Samples were removed using a water-
colled diamond blade and separated with a ham-
mer and chisel. The preferred size for samples 
was 4 cm x 4 cm x 4 cm. After samples for OSL 
dating had been removed from the selected ce-
ramic objects, a study of their composition was 
undertaken. For each ceramic, a freshly cut and 
cleaned surface was examined under a stereo 
microscope (Table 1).

 In tiles ID 1–7, temper was found to be com-
posed mainly of light coloured and sharp-edged 
mineral fragments and few rock fragments under 
1 mm in diameter size. The amount of the temper 
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was estimated to be 10–15%. The main mineral 
fragments were quartz and plagioclase, with 
the remainder composed of potassium feldspar 
and dark mafic minerals, mostly mica and horn-
blende. The rock fragments, meanwhile, con-
sisted of all the above minerals in approximately 
equal proportions, and can thus be identified as 
leucocratic granite or granodiorite. This, in ad-
dition to the results of a pXRF-analysis strongly 
suggested that temper consisted of crushed gran-
ite or granodiorite (see Appendix 1). This type 
of rock exists in Finland, Sweden, and parts of 
southern Norway. To a minor extent, rounded 
sand grains, mainly quartz, were also observed 
in bricks ID 1, 2, 3, and 8. There were no sharp 
granitic mineral fragments in the roof tile (ID 8). 
Instead, traces of organic material were detected 
as dark carbon inclusions.

A macroscopic inspection of the bricks and 
tiles revealed mortar remains on all their origi-
nal surfaces, except for one rib brick (ID 2). The 
colour of their firing was mostly a reddish or-
ange, but in one case was dark red (ID 1). The 
mixture of the bricks’ ceramic material appeared 
to be well-fired, and the consistency appeared 
solid and compound, except for the fragile floor 
tile (ID 7). No additives, such as fragments of 
burnt bone or charcoal, were present, but traces 
of an iron spike, used to attach a cutting board 
to the surface of the brick, were detected on two 

round-moulded bricks (ID 3–4) and one of the 
rib bricks (ID 5). Consequently, we concluded 
that two kinds of techniques, based on a cut-
ting board and moulds, were used in shaping the 
bricks. No traces of glazing or severe fire were 
detected.

In addition, a wood sample for radiocar-
bon dating was obtained from the area of the 
Convent. This was extracted from a timber ‘lo-
cated next to a stone basis of a room adjacent 
to 2 Kaskenkatu Street, facing the Aura River’ 
in 1969 (TMC 16920:150). The room, situated 
between the church and the chapterhouse, had a 
large window in its north-east wall (see Fig. 1). 
It has been identified either as a passage between 
the church and the convent area (Immonen 
et al. 2014) or as a kitchen and washing room 
(Stenlund 2010: 64). However, since no hearth 
was found, the interpretation of the room as a 
passage seems more plausible.

Material from this wood sample was sent to 
two separate dendrochronological laboratories, 
and they both independently concluded that the 
wood was too deformed for a proper dendrochro-
nological analysis (Zetterberg 2015; Daly 2017). 
Consequently, the only possibility for dating the 
timber was a Carbon-14 wiggle-match dating 
(WMD) based on a series of radiocarbon dates. 
This analysis was conducted at the Laboratory of 
Chronology, University of Helsinki (following a 

Table 1. The features of the sampled ceramics and the results of stereo microscope examination. Hbl = 
hornblende, Mca = mica, Or = orthoclase/potash feldspar, Pl = plagioclase, Qz = quartz (Siivola & 
Schmid 2007).

Id Sample (TMC 
inv. no.) Description Measured brick size (cm) Brick colour Temper particle form Temper minerals/rocks

1 16768:29 vault rib brick (21) x 15 x 7.5–8 dark red sharp crushed fragm. 
+ rounded sand

Pl, Qtz, Or, Mca, car-
bon inclusions

2 16768:30 vault rib brick (20.5) x (14.5) x 8 orange sharp crushed fragm. 
+ rounded sand

Qtz, Pl, Or

3 16920:62 profiled brick thickness 13.5, round 
part ø 6.5

orange sharp crushed fragm. 
+ rounded sand

Qtz, Pl

4 16920:64 profiled brick thickness 13.5, round 
part ø 6.5

orange sharp crushed fragm. Qtz, Pl

5 16920:78 vault rib brick (14.5) x 11.5 x (6.0) orange sharp crushed fragm. Qtz, Pl, Mca, rock frag. 
granodiorite

6 16920:92 moulded brick (18) x 12 x 8.5 orange sharp crushed fragm. Qtz, Or, Mca, Hbl
7 16920:131 floor brick 21.5 x 21.5 x 7 orange sharp crushed fragm. Qtz, Pl, Mca, rock frag. 

granite
8 16920:132 roof brick/tile 12.5 x 11.5 x 6.6, tile 

thickness 2–3
orange sharp crushed fragm. 

+ rounded sand
tiny Qtz and Pl, tiny 
carbon inclusions
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procedure described in Uusitalo et al. 2018; see 
also Oinonen et al. 2013).

Optically stimulated luminescence dating of 
the sampled bricks

Samples from the eight ceramics in this study 
were dated by OSL at the Laboratory of 
Chronology at the Finnish Museum of Natural 
History, University of Helsinki (Oinonen & 
Eskola 2016). The analyses were made on 
coarse (150–300μm) quartz grains using the 
SAR protocol (Murray & Wintle 2000) with 
260°C preheat temperature. Outer layers of the 
quartz grains were etched with hydrofluoric and 
hydrochloric acid treatments to consider the al-
pha radiation component to be unessential (cf. 
Liritzis et al. 2013). Beta radiation dose rates 
were measured with a Risø GM-25-5 beta multi-
counter from crushed brick samples. The beta 
count rates were converted to beta dose rates 
based on a linear relationship obtained from beta 
count rate measurements of known activities. 
Since it was not possible to measure gamma ra-
diation dose rate at site, the rate was estimated 
based on measurements of dose rate ratios of 
beta and gamma radiation on reference samples 
collected by the laboratory and following the ap-
proach of Ankjærgaard and Murray (2007). For 
all the samples a luminescence light distribu-
tion was measured and thus a paleodose could 
be defined (Fig. 2). Eventually, OSL ages were 

deduced as a ratio of paleodose to total dose rate 
(Table 2). The uncertainties of the dose rate de-
terminations, including reference measurement-
based beta and gamma dose-rate ratio, and pale-
odose measurements were included in OSL ages 
through law of error propagation. Eventually, the 
uncertainties on a 1σ level were ranging from 
13–18% thus being fairly conservative largely 
due to estimated c. 10–12% uncertainties within 
dose rate determinations. 

Moisture content (Zimmermann 1971; Aitken 
1985) is an essential feature in determining the 
OSL age uncertainty (Bailiff 2007) due to ab-
sorption of radiation by water. Based on site 
location 100m uphill from the River Aura, the 
assumed history of brick samples consisted of 
their presence in the Convent’s structure and an 
over 100-year storage time after excavations, 
and thus the average water content of bricks was 
estimated to be small. Particularly, we adopted 
a saturation water content W=0.12 of a wet 
masonry wall (Hoła et al. 2017) and fractional 
water uptake F=0.25 to characterize fairly dry 
conditions with c. 3% mass moisture content. 
Potential increase of water content decreases the 
dose rate due to absorption and thus increases 
the age estimates. As a sensitivity analysis, 
change of F ranging from 0.25 to 0.8 (neglecting 
water absorption during >100 years of storage 
time) yielded to a c. 50-year increase in age, still 
within the conservative uncertainty estimates.

Table 2. The eight 
OSL dates from the 
Dominican Convent 
in Turku.

Sample Laboratory 
Code

Palaeodose 
(Gy)

Age a, 
round

(+/-) a, 
round 1σ (calAD) 2σ (calAD)

Turku 2015 
16768:29

Hel-
TL04303

3.18±0.30 650 100 1293–1476 1205–1565

Turku 2015 
16768:30

Hel-
TL04304

3.00±0.13 560 70 1403–1546 1335–1615

Turku 2015 
16920:62

Hel-
TL04305

3.48±0.39 620 100 1313–1517 1215–1615

Turku 2015 
16920:64

Hel-
TL04306

3.47±0.25 690 90 1263–1446 1175–1535

Turku 2015 
16920:78

Hel-
TL04307

3.37±0.15 620 80 1333–1496 1255–1575

Turku 2015 
16920:92

Hel-
TL04308

3.60±0.33 670 100 1263–1467 1165–1586

Turku 2015 
16920:131

Hel-
TL04309

3.29±0.20 690 100 1253–1436 1165–1525

Turku 2015 
16920:132

Hel-
TL04310

2.35±0.32 450 90 1493–1656 1415–1735
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Moreover, since SAR protocol was adopted 
for the OSL measurements, it intrinsically in-
volved quality criteria for recycling ratio limit 
(<10%), maximum test dose error (<10%) and 
maximum palaeodose error (<20%). For in-
stance, results for ID 2 and ID 8 include only 
four successful measurements of aliquots, since 
half of them were rejected due to exceeding of 
the recycling error limit of 10%, meaning that 
the first and last test doses were differing more 

than 10%. The small number of aliquots is in-
trinsically taken into account within the statisti-
cal uncertainty estimate.

Although the OxCal software (Bronk Ramsey 
2021) is typically used for radiocarbon date cali-
brations, we adopted it to present OSL dates 
consistently as calendar years. Results for the 
eight sampled ceramics, with probability rang-
es of 68.2% and 95.4%, are presented in Table 
2. We also made a combined modelling of the 

Figure 2. An example of a a) growth curve and b) equivalent dose determination for an OSL meas-
urement (sample 16920:92, Hel-TL04308). The figures are an output of the analysis with the Analyst 
software (Duller 2007). 

A)

B)
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dating results with OxCal. Since the OSL results 
of the samples ID 2 and ID 8 were based only 
on four light measurements and clearly younger 
than other results, they were excluded from the 
model. In OxCal, the terminus post quem date 
was set to 1249, when the Dominican Order ar-
rived in Finland (DF 98), which can be consid-
ered as the earliest possible time for building the 
convent. The terminus ante quem date was set 
to the Great Fire of 1827. The combined model 
of the five bricks and the floor tile resulted in a 
probability range of 1329–1404 AD.

The evaluation of the OSL dating results 
is complicated for four main reasons. Firstly, 
the original samples were not taken directly 
from the brick structures identified with the 
Dominican Convent (Fig. 3), and only for two 
ceramics has a precise find location recorded. 
Secondly, if masonry elements, such as bricks, 
are found in building waste within an urban area, 
these do not necessarily derive from the closest 
standing structure to them but may originate 
from elsewhere. Thirdly, the wide margins of the 
calibrated OSL dates obtained from the ceram-
ics analysed in this study are problematic. This 
is particularly significant in the case of Turku’s 
Dominican Convent, because radiation data 
could not be obtained on site. However, this dif-
ficulty can be addressed to some degree through 
the combined modelling of the dating results, ac-
knowledging the limitations imposed by impre-
cise contextual data. Fourthly, we must take into 
account that the dating results might indicate ei-
ther the time of the firing of the bricks, or some 
later fire to which the bricks were subjected.

This fourth problem can be resolved by ex-
tracting further information from the bricks and 
the dating procedure. There were no indications 
of severe damage by fire on the surfaces of the 
sampled bricks. Moreover, the OSL light distri-
bution curves for several measurements were 
narrow, and deviations from these results were 
estimated to be caused mainly by contamination 
from the brick surface or local variations in the 
background radiation. Consequently, the dating 
results seem to indicate the time when the bricks 
were produced, not some later fire.

When considering individual dating results, 
the curved roof tile (ID 8) appears to be clearly 
younger than all the other objects sampled. It 

was produced in the late medieval period, or, 
more likely, in the early modern period. This 
finding is interesting, considering the production 
and use of curved roof tiles. Traditionally these 
are expected to date to the Middle Ages, or at 
least to the period before the 17th century (e.g., 
Antell 1986: 10–1, 29; Andersson & Hildebrand 
2002: 198). The dating result is based on only 
four measurements of light, but, on the other 
hand, they provide a high-quality luminescence 
signal. Except for this sample, all the other sam-
ples seem to date to the Middle Ages with the 
probability of 68.2%.

If we assume that the two similar rib bricks 
(ID 1–2) and two similar round-moulded bricks 
(ID 3–4) originated from the same structures, 
the former pair from the vaults, and the latter 
pair from a portal, for instance, their dating re-
sults should be similar, if they came from the 
same production batch. However, this does not 
seem to be the case as their dating results differ 

Figure 3. Bricks stacked in a niche revealed 
underneath Kaskenkatu Street in 1969. (Photo 
by Per-Olof Welin/Turku Museum Centre.)
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considerably: ID 1 is much older than ID 2, and 
ID 4 is older than ID 3. These conclusions are 
supported by the pXRF analysis results.

The OSL datings of the ceramics in this study 
are best summarised using by a combined model 
that groups the five bricks and a floor tile, result-
ing in a probable date range of 1329–1404 AD. 
This suggests that construction of the masonry 
remains of Turku’s Dominican Convent began 
during the last three quarters of the 14th century. 
In contrast, the two youngest samples from the 
rib brick (ID 2) and roof tile (ID 8) may relate 
to post-medieval building activities in the area.

Wiggle-match dating of the wooden post 
from the foundations of a brick wall

Altogether six wood samples were extracted 
from the timber post and radiocarbon dated 
(Fig. 4, Table 3). The wiggle-match was initi-
ated with these six dates and an agreement in-
dex (A-index) values provided by OxCal (Bronk 

Ramsey 2017), after which the most unlikely 
dates were removed until three radiocarbon 
dates were left. The A-index value describes the 
differences between individual dates and the re-
sults given by the model. The higher the A-index 
value, the larger is the overlap and thus the better 
the model, since it does not change the original 
dating result too much.

The model based on six radiocarbon dates 
gives an A-index value smaller than the required 
threshold value (A=18.5% vs. An=28.9%), 
which is unsatisfactory. The reason is the devia-
tion of dates 2 and 3 from the model. Although 
A-index-based limitations do not affect results 
considerably, we adopted a model with 5 dates 
that provided a high-enough A-index value 
(A=38.5% vs. An=31.6%) by excluding date 2 
(Hela-4306/2). Eventually, based on the data at 
hand, the model with 5 dates provides a result of 
1310±10calAD, which is the date of the young-
est annual ring on the sample. 

The WMD was based on a dendrochrono-
logical measuring line (A) with c. 95±10 annual 
rings of reddish heartwood, but another measur-
ing line (B) provides c. 135 annual rings plus 
two destroyed rings (Pentti Zetterberg, pers.
comm. 2019). Consequently, there has been at 
least 42+2 annual rings in the sapwood, and 
thus the actual youngest annual ring dates to c. 
1350AD, which is the terminus post quem for 
the wood. This suggests that the timber was laid 
in the foundations in the latter part of the 14th 
century, which overlaps with the OSL datings of 
the sampled bricks.

DISCUSSION ON THE CONVENT’S 
CONSTRUCTION CHRONOLOGY

Because the archaeological documentation and 
finds from the Convent are scanty and problem-
atic, using the material to create a chronology 
for the discovered structures is a rather com-
plex and demanding exercise. The interpreta-
tion of these new scientific dates is therefore a 
balancing act between different probabilities. 
The significance of the dating results will now 
be summarized in relation to the four hypotheses 
presented earlier, followed by the presentation 
of an approximate dating of the Convent’s ma-
sonry structures, which will be compared with 

Figure 4. Altogether six wood samples were 
extracted from the timber post and radiocar-
bon dated. (Photo by Markku Oinonen.)
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the current chronology of urban architecture in 
Turku, based on existing evidence.

Hypothesis 1 conjectured that the Convent 
was initially built of wood, with brick only used 
in later phases of construction. At this stage, this 
hypothesis cannot be rejected or accepted. As a 
result, it is not possible to evaluate hypotheses 
regarding the existence and dating of the first 
building phase. Instead, one must focus exclu-
sively on the dating of the brick structures sur-
viving from the site.

OSL analysis of eight ceramic masonry ele-
ments from the 1960s excavations produces a 
wide range of dates. However, the modelling of 
these suggests that the majority belongs to the 
probability range of 1329–1404 AD. The chro-
nology suggested by OSL dating is supported 
by the WMD of the timber sample to the ter-
minus post quem of c. 1350 AD. It seems that 
the Convent’s brick walls were constructed in 
the latter part of the 14th century or around 1400 
AD. Since the sampled bricks and the timber are 
from different parts of the Convent, we can as-
sume that the new chronology is relevant for the 
whole complex. This conclusion is supported by 
the pXRF analyses which reveal that, except for 
one roof tile, the sampled ceramics originated 
from the same local or Swedish source. The 
brick material is quite homogenous.

In the Turku region, the earliest masonry ar-
chitecture is from Koroinen, where the first struc-
tures of brick and stone were erected in the sec-
ond half of the 13th century or early 14th century 
(Ratilainen 2016; Ratilainen et al. 2017; 2021). 
As Ratilainen (2018: 90–121; 2020) points out, 
these are among the first masonry structures in 
mainland Finland. The oldest known evidence of 
masonry architecture in Turku date to the 14th 
century. Bricks used in the door jambs of the 
sacristy of Turku Cathedral date to the first half 
of the 14th century. Construction of the cathedral 
in stone began probably in the latter part of the 

14th century, and the cathedral was completed 
in brick by 1425 (Drake 2003a: 137–8; 2003b: 
86–8; 2005: 483–4; 2006: 242–3).

In urban secular buildings, hearths and ov-
ens were made of brick in the earlier part of the 
14th century (Ratilainen 2014), and a possible 
gate house was built of brick near the cathedral 
after the mid-14th century (Ratilainen 2010: 
41–3). The Town Hall of Turku was built in the 
early 14th century, but brick was not used un-
til its second building phase, which is dated to 
1350–1430 (Uotila 1991: 132–8; 2002: 8–10; 
2003: 125). The oldest town houses with proper 
brick features, like vaults and niches, date to 
the last decade of the 14th century (Saloranta & 
Seppänen 2002; Uotila 2003: 128; 2006: 352–3; 
2007: 25; Ratilainen 2010: 43–4). In sum, the 
use of brick in Turku began in the earlier part 
of the 14th century, but architectural features of 
brick became common in public buildings only 
after the mid-14th century, and in private build-
ings only at the very end of the 14th century.

CONCLUSIONS

In all, of the four hypotheses outlined above, the 
hypothesis that the Dominican Convent’s brick 
masonry predates the town of Turku and the hy-
pothesis that it dates to after the 1429 fire both 
appear to be false, whereas the hypothesis that 
the Convent complex was built between 1300 and 
1429 seems correct. In fact, scientific dating sug-
gests that the structures were erected in the lat-
ter part of the 14th century or around 1400 AD. 
This chronology corresponds well with the devel-
opment of brick architecture in Turku since it is 
known that masonry structures were constructed 
intensively in the town during the same period.

Since the available archaeological finds from 
the Convent have been searched thoroughly for 
datable material, and the documentation of pre-
vious fieldworks remains scant, the material that 

Table 3. The six AMS dates of the timber sample 
(TMC16920:150) from the Dominican Convent in 
Turku.

Lab. Code Sample Radiocarbon 
date (BP)

Hela-4306/1 Annual ring 5 761±28

Hela-4306/2 Annual ring 19 721±36
Hela-4306/3 Annual ring 34 877±42
Hela-4306/4 Annual ring 51 754±45
Hela-4306/5 Annual ring 71 704±48
Hela-4306/6 Annual ring 92 702±46
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survives will probably not provide any surprises 
in future. Dating more bricks scientifically might 
help narrow and stabilise the results acquired so 
far but making further analyses from this prob-
lematic material is not economical in terms of 
its input-output ratio. Therefore, the most effec-
tive line of inquiry is to gather new archaeologi-
cal material from the site. The excavations in the 
1960s along the Kaskenkatu Street were halted 
when the first structures were revealed after which 
they were covered over and left under the street 
surface. In addition, some parts of the Convent 
might still be intact in the easternmost corner of 
the complex up on the hill, or in the strip of land 
between the known structures and the River Aura. 
These three areas are the most likely to reveal ma-
terial relevant for dating the convent’s buildings. 
In the meantime, however, the present study pro-
vides best chronological framework available.
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The sampled bricks were also examined with 
a portable XRF analyser. Analyses were con-
ducted with a Thermo Scientific Niton XL3t-
950 GOLDD+ (SN#:100535) pXRF at the 
Turku Museum Centre. The tube type of the 
analyser was 50kV Au anode with maximum 
200µA electric current. The preset mode for 
the analyses was TestAll Geo, calibrated by the 
Finnish Niton importer, Holger Hartman Oy, on 
8 November 2018 (Bezur et al. 2020: 160). The 
applied traceable calibration standards were de-
fined by the National Institute of Standards & 
Technology (NIST) and Bureau of Analysed 
Samples Ltd (BAS). The number of the calibra-
tion certificate, stored in the pXRF instrument 
box, is 140-00072. It was issued in accordance 
with the specifications of the Thermo Fisher 
Scientific factory, and the measurements were 
found to be within specification limits at the time 
of the calibration. The total radiation time of one 
measurement was 120s, and the diameter of the 
beam window in the instrument was 3mm. The 
pXRF analyses were made on freshly cut and 
cleaned surfaces. The results of the analyses are 
presented in Appendix Table 1 (main elements) 
and Appendix Table 2 (trace elements).

Even though the factory calibration of TestAll 
Geo measurement mode passes to semiquantita-
tive class, and the relative standard deviation 
(RSD) of results is nearly definitive (<±10%), 
the results of analyses presented here are intend-
ed to be used only for chemical comparison and 
classification of bricks, while the overall results 
are presented here ‘as is’.

Overall, when studying analyses of ceramics 
(e.g., bricks and tiles), and fired and natural clay, 
some preliminary remarks should be presented:

1. Ceramics are fired which reduces the per-
centage of volatile elements in comparison with 
natural clay.

2. In ceramics, clay is tempered and mixed with 
fillers, and thus the composition of ceramic clay 
does not represent that of natural clay.

3. Different clays from different locations can be 
used within the same ceramic production batch, 
and thus the composition of its clay does not nec-
essarily represent any natural clay. Geologically 
all clays in South-West Finland were stratified 
during the different sea-lake-phases of the Baltic 
Sea after the Ice Age. Dry land became exposed 
from the waters of the Baltic during thousands 
of years of seashore displacement. For these 
reasons, the composition of different clay types 
varies depending on its different sedimentation 
environments (deep–shallow, pelagic–littoral), 
different flora and fauna, and the changing salin-
ity of the water.

4. When archaeological objects are exposed to 
natural substances in soil, it is possible for water-
soluble elements to migrate from and into the po-
rous ceramic and change its overall composition.

In general, clay and fired clay artefacts are 
one of the most suitable natural earthen materi-
als for XRF analyses because of the substance’s 
fine grain size and homogeneity. Yet the com-
position of even well-mixed clay has heteroge-
neities on a nano-micrometer scale, since the 
elements are chemically bonded to differently-
sized and oriented mineral grains (Cuomo di 
Caprio 2017: 47–57; Montana 2017: 87–8, 
90–5). Consequently, the XRF analysis of ce-
ramics should be considered as a qualitative or 
semi-quantitative method (Cuomo di Caprio 
2017: 588; Holmqvist 2017: 363). In the case 
of bricks, moreover, such tempering materials 
as sand, chamotte, chalk, graphite and slaked 
lime alter the final total composition of brick 
clay (Cuomo di Caprio 2017: 61–76; Holmqvist 
2017: 365–7). 

Regarding the results, it must be first pointed 
out that carbon (C), present as dark inclusions 
within several of the ceramics studied (see 
above), is not detectable by pXRF. Sodium (Na, 
Z=11) was also not possible to detect using the 
Niton pXRF. The percentages of light bulk ele-
ments magnesium (Mg, Z=12) and silicon (Si, 
Z=14) are usually over-represented in analyses 

APPENDIX 
 
Appendix 1. The pXRF analyses of the sampled bricks.
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and repeatability is poor. Consequently, their use 
in classification plots is unreliable. Aluminium 
(Al) and titanium (Ti) are usually the most sta-
ble elements in bedrock and soil samples, but the 
pXRF analysis of aluminium is also somewhat 
problematic and unreliable. Hence, the most 
useful major elements for interpreting pXRF 
analyses of rock or soil samples as well as clay 
products, like bricks and pottery, are iron (Fe), 
calcium (Ca) and potassium (K) (Holmqvist 
2017: 368).

The sampled ceramics had been fired to a red 
colour, and thus it was expected that their iron 
content would be relatively high. The percent-
age of iron varied from c. 3.8% to 7.2%, and 
these readings are common both in local bricks 
and natural clay. In contrast, transported bricks 
were usually fired yellow, containing c. 2–4% 
iron (Salminen et al. 1997: 120; Ratilainen & 
Kinnunen 2019: 140).

The percentage of calcium in the sampled 
bricks varied from 0.16% to 1.22%, which is 
also common for local bricks (Ratilainen & 
Kinnunen 2019: 140). Many of the sampled ce-
ramic objects are partly coated with mortar or 
plaster, in which calcium is normally an abun-
dant element (c. 10–25%). Analysis of the fresh-
ly-exposed interiors of these ceramics showed 
very low calcium contents, which clearly indi-
cates that calcium does not transport and absorb 
easily from the surface of these ceramics, not 
even by a few centimetres. In the sampled ce-
ramics, the percentage of potassium varied from 
c. 2.3% to 3.2%, and these readings correspond 
approximately with the average Finnish potas-
sium contents of natural clay, c. 3% (Salminen 
et al. 1997: 120). 

Interestingly, high Z (>15) trace elements 
found in the samples are chlorine (Cl), sulphur 
(S), vanadium (V), nickel (Ni), copper (Cu), 
zinc (Zn) and heavy metals, including lead (Pb), 
cadmium (Cd), arsenic (As) and tin (Sn). The 
quantity of chlorine and sulphur is prone to post-
depositional alterations, but the analyses were 
made on the freshly-exposed interiors of the 
ceramic objects studied (Holmqvist 2017: 368). 
The element contents of the ceramics analysed 
are presented in binary xy plots (Appendix Figs. 
1 and 2). The variables and the order of the plots 
are the same as in the study of Ratilainen and 

Kinnunen (2019). Cluster fields in Appendix 
Figs. 1 and 2 demonstrate the general interpreta-
tion based on all data in its entirety. 

The material of the roof tile (ID 8) is depleted 
of most analysed elements. This effect could be 
explained by the excessive use of the quartz sand, 
practically pure SiO2, in filler, which is also 
distinguishable in microscope. Generally, pure 
rounded natural quartz sand (SiO2) in Finland is 
rare (Borgström 1924: 3; Autere 1976: 36–43).

Overall, variations in the element composi-
tions of the sampled ceramics are minor, and this 
is evident for each detected element. Silicon, al-
uminium, and magnesium are difficult elements 
for a pXRF detection, which can explain their 
slight variations. Other minor variations in the 
compositions of these ceramics can be a result 
of their internal structure, different firing tem-
peratures and post-depositional processes. The 
analysis results of the moulded bricks (ID 1–6) 
form an evident cluster, indicating that these 
objects shared a similar origin. Meanwhile, the 
clay material of the floor tile (ID 7) is different 
and the roof tile (ID 8) significantly different 
from the others.

Based on the clustering of the pXRF element 
analyses and on the observation by microscopy 
of the sampled ceramics, these can be divided 
into three groups. Group 1 consists of the six 
round-moulded bricks (ID 1–6), while Groups 2 
and 3 consist of one sample each: the floor tile 
(ID 7), and the roof tile (ID 8). The data sug-
gests that the three groups were all made using 
the same clay recipe, and consequently may 
originate from the same source. Despite poten-
tial sources of error, also the results of the pXRF 
analyses, in addition to the identification of gra-
nitic temper, strongly suggest that the clay used 
in seven (ID 1–7) of the eight sampled items was 
acquired locally or in Sweden.
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ID Sample (TMC 
inv. no.) Si % Ti % Al % Fe % Mn % Mg % Ca % K % P %

1 16768:29 25.89 0.34 6.43 5.64 0.08 1.58 0.68 2.42 0.14
2 16768:30 27.87 0.42 7.06 5.76 0.06 2.33 0.79 2.88 0.15
3 16920:62 24.92 0.46 6.33 7.16 0.07 1.90 0.72 2.64 0.15
4 16920:64 21.84 0.39 5.82 6.91 0.12 1.25 1.22 2.81 0.14
5 16920:78 25.25 0.46 6.73 6.34 0.07 2.13 0.80 2.75 0.13
6 16920:92 20.94 0.35 5.12 5.66 0.06 1.76 1.00 2.84 0.18
7 16920:131 21.46 0.26 4.56 4.61 0.04 1.01 0.50 2.29 0.19
8 16920:132 24.80 0.34 4.83 3.82 0.06 0.38 0.16 3.16 0.10

Appendix Table 1. The main element analyses of the sampled ceramic masonry elements from the Dominican 
Convent in Turku. All the values presented are in percentages. It should be kept in mind that the total sum 
of the element percentages in the same sample is not one hundred, since the pXRF instrument cannot detect 
all elements.

ID 1 2 3 4 5 6 7 8
Sample 16768:29 16768:30 16920:62 16920:64 16920:78 16920:92 16920:131 16920:132
V 96 99 121 104 88 102 111 77
Cr 197 213 242 262 301 206 194 178
Ni 161 232 239 232 241 224 227 141
Cu 119 133 144 156 143 146 129 106
Zn 123 118 138 131 136 120 99 51
As 19 20 22 22 21 17 15 13
S 1454 2228 <LOD <LOD 1670 2416 2183 1897
Cl 397 283 388 534 379 582 986 374
Ba 776 657 673 700 708 692 709 540
Rb 99 100 103 101 101 104 89 75
Sr 163 134 130 138 130 134 141 48
Zr 184 160 172 142 167 148 123 247
Cs 168 117 145 144 143 142 150 142
Mo 6 4 <LOD 5 <LOD 5 5 6
Nb 18 19 19 20 21 16 15 18
Sn 40 13 22 30 29 31 31 29
Sb 47 21 34 42 30 27 30 42
Te 69 43 49 61 58 58 61 57
Pb 26 23 24 23 27 31 24 13
Bi 22 29 34 35 27 26 23 21
Th 11 12 17 18 13 14 10 11
Cd 17 <LOD 14 14 <LOD 14 14 11
Co <LOD <LOD <LOD <LOD <LOD 108 <LOD <LOD
Ag 10 7 <LOD 7 6 6 6 <LOD
W 169 199 207 228 209 214 223 203

Appendix Table 2. Trace element analyses of the sampled bricks from the Dominican Convent in Turku. All 
the presented values are in ppm’s (parts per million), and ‘<LOD’ indicates that the result is under the pXRF 
instrument’s limit of detection.
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Appendix Fig. 1. Results of pXRF analysis of eight ceramic masonry elements from the Dominican 
Convent in Turku: a) Iron (%) vs. calcium (%), b) iron (%) vs. potassium (%), c) sulphur (ppm) vs. 
chlorine (ppm) and d) vanadium vs. lead (ppm).
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Appendix Fig. 2. Results of pXRF analysis of eight ceramic masonry elements from the Dominican 
Convent in Turku: a) Iron (%) vs. nickel (ppm), b) iron (%) vs. copper (ppm), c) iron (%) vs. zinc (ppm), 
d) arsenic (ppm) vs. cadmium (ppm), e) iron (%) vs. tin (ppm) and f) aluminium (%) vs. titanium (%).

https://www.c-info.fi/en/info/?token=4e_guU8HWL1Egmfw.FEd6F3RC1EG5RCbGxI4G8Q.7HsSuNwaKdllk2OLEFHME-zJ_qjuxut6-Ga2I4hxVBMXvNkvbI4NfW_R8F9aDBCdmzjIIxT54vIrTLTqz1ZvelKBvPgNxEY9-l4Pq8yrKYUoril8k_-5ePJLh2uXVuis6XwbDMGAPomxrQn7DSo-hvIylU6hRYJyNVSMayIKdb26lZG7dUIDsJXmpEq8nGdqD5QiYzpwB5CAxzeGcz9XxRPMB6kVVTMiXvgtcbL3zp1-NBpoiSewGCBXpI_V0z06CifjWVVnrs4Mopr7Av5_JQfKvnL_KQ

