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Soapstone Vessels from Town and
Country in Viking Age and Early Medieval
Western Norway. A Study of Provenance

In this study geological and archaeological data and analytic methods are combined and explored to find the
geological source for 146 late Iron Age/Viking Age and early medieval soapstone vessels from the Hordaland
region and the town of Bergen in western Norway. The dataset comprises archaeological and geological
data relating to the vessels and to 38 soapstone quarries in the Hordaland region. The geological datasets
are major and trace element and rare earth element data, as well as the geological setting of the Hordaland
region. The archaeological datasets comprise information on the temporal and spatial contexts of the vessels
and the quarries. The geochemical datasets are studied and categories established of geochemically based
matches made between vessels and quarries. The reliability of these categories of match is then critically
assessed through the application of other datasets. Subsequently, the match between individual vessels and
regional quarries is given a provenance point-score that reflects the reliability of the provenance result.
Through the interdisciplinary efforts provenancing results are obrained for 131 vessels. The success rate is
thus bhigh. The immediate social and historical implications of the provenancing results are briefly elaborated
upon: previously undated quarries are now tentatively dated through vessel match; distinct quarry-districts
that were in use during the late Iron Age/Viking Age and the early Medieval period have been discerned,
and the contours of the organisation of the regional production of and trade in soapstone vessels during the
Viking Age and the early Middle Ages are recognised. Finally, it is shown that late Iron Age/Viking Age
rural households received vessels from areas from outside the Hordaland region to a much lesser degree than
their early medieval urban counterparts.

Introduction

Soapstone, as used for vessels and building stone, was an important Norwegian resource in prehistory
and the Middle Ages. Some 60 of Norway’s c. 200 known soapstone quarries are located in the
Hordaland region and soapstone quarrying is considered an important industry here during the
Viking Age and the Middle Ages (Petersen 1951:349-369; Skjelsvold 1961:124-125; Bakka
1963:185-190; Lossius 1977). Abundant finds from archaeological excavations, as well as stray finds
from rural sites and the medieval town of Bergen in western Norway, show that soapstone vessels were
widely used in rural and urban households for cooking and storage. Still, in spite of the abundance
of archaeological sources, the stone vessels, as well as the quarries, remain rather under-exploited
assets in the study of the Viking Age and early medieval life. This is due not least to the lack of
reliable and proper information on provenance. The present study combines and explores geological
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and archaeological data to find the geological source for 146 late Iron Age/Viking Age and early
medieval soapstone vessels from the Hordaland region and the town of Bergen. At our disposal we
have archaeological and geological data relating to the vessels and to 38 quarries in the Hordaland
region, i.e., Hordaland County and Sogn and Fjordane County, south of Sognefjorden (one sampled
quarry: Svaney is located north of Sognefjorden). The geological datasets include major and trace
element (MTE) measurements obtained by conventional X-ray fluorescence analyses (XRF), rare
earth element (REE) data measured by inductively coupled plasma mass spectrometry (ICP-MS), and
the geological setting of the Hordaland region. The archacological datasets comprise information on
the temporal and spatial context of the vessels and the quarries. Vessels and quarries are first matched
through geochemistry and a number of categories of match are established based on the degree of
resemblance between vessel and quarries. Next, the reliability of these match categories is evaluated
through the application of archaeological data. Finally, based on this assessment, the individual vessels
are given a score and divided into groups that express the reliability of the provenance suggested for
the individual vessels. The immediate social and historical implications of the provenancing results
and perspectives for further studies are briefly elaborated upon.

The problem of provenancing soapstone vessels

The provenancing of Viking Age and medieval soapstone vessels to large geographical regions by
means of object typology has been carried out in earlier research. In her comprehensive study of
soapstone products found in Viking Age Haithabu, Heid Gjostein Resi concluded that the Haithabu
vessels may stem from eastern Norway or south western Sweden (1979:131). With reference to Resi’s
observations on décor-elements on vessels, Irene Baug, in a recent study, suggested a provenance to
eastern Norway for Viking Age vessels from the Kaupang site by the Oslo fjord in Norway (2011:329—
331). Furthermore, in pioneering work on the typology of medieval vessels, Siri Myrvoll Lossius
established that the medieval vessel type A is of western Norwegian origin and that the medieval
vessel type C is derived from eastern Norway (1977:62-67; 1979:67—69). Also, Amanda Forster
has provenanced vessels to large geographical regions in the Norse world through typological studies
(2004). Still, due to the rather broadly defined vessel types, typology has been of limited use in high-
resolution provenancing efforts. Studies based on the frequency of Viking Age vessel finds and the
density of quarries have pointed to the Hordaland region as an important area for vessel production
during the Viking Age (Petersen 1951:349-369; Skjolsvold 1961:124-125). With reference to
examples of unfinished medieval type A vessels found close to quarry areas, Lossius has suggested
that the Serfjorden area in the Hordaland region was also an especially important production center
in the Middle Ages. Furthermore, quarries in the Oslo area (Akershus County) have been pointed
out as possible suppliers of medieval type C vessels, due to the frequency of these vessels in consumer
contexts by the Oslo fjord (1977:62-67; 1979:67-69).

Applying visual geological approaches in provenancing efforts has proven difficult due to the
inherent qualities of soapstone. For some types of soapstone, macroscopic features, such as the
mineral composition or structural features may be useful indicators of provenance. Talc is the most
important mineral in soapstone. Carbonate (predominantly magnesium rich- varieties such as
magnesite) also occurs in most deposits as a major component, and chlorite and magnetite are also
common. Amphibole, biotite and serpentine may occur in some deposits. However, due to the non-
homogeneous nature of soapstone deposits, mineral composition can be an unreliable criterion for
provenance, unless it is possible to find diagnostic minerals unique to a particular quarry or group
of quarries.

Soapstone can be characterised by typical structural features: it may, for example, be brecciated
(heavily veined), schistose or massive. Colour and grain size also have broad ranges of variability.
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However, although specific typical features may predominate within a quarry, rapid changes occur,
such as intercalating schistose and massive types. Thus, macroscopic features may be less useful for
distinguishing quarries from each other. Furthermore, even in the cases where macroscopic features
can clearly be linked to specific quarries, the small sizes of the vessels and vessel fragments recovered
archaeologically makes macroscopic identification difficult or impossible. This means that, although a
few deposits may be identified from their mineral composition or visual appearance, combinations of
geochemical analyses and other datasets are needed in most cases for establishing reliable provenance.

Most soapstone deposits were formed by metamorphic alteration of ultramafic igneous rocks (Sturt
etal. 2002). Ultramafic rocks, such as dunite and peridotite, can be transformed into serpentinite and
soapstone, with the latter being the ultimate product of such an alteration process. A single deposit
may comprise a variety of rocks at different stages of alteration, ranging from serpentinite to nearly
pure talc schist. Soapstone may also form from mafic igneous rocks, such as gabbro. A problem with
the geochemistry on soapstone is the mobility of elements in this type of alteration process. During
the transport of ultramafic igneous bodies from the lower part of the earth’s crust to the upper crust,
steatisation involves reactions in the rock induced by hot aqueous fluids and carbon dioxide. Thus,
the content of various elements in the rocks may not only reflect the composition of the ultramafic
bodies themselves but also the geochemical influence from the wall rocks. In addition, local variations
connected to fluids in shear zones and fractures may occur.

Geochemical studies of soapstone artefacts using MTE have been applied in some provenance
studies. The first case in a Scandinavian context was made in connection with Resi’s (1979) study
of artefacts from Haithabu in northern Germany. Cluster analyses based on nine trace elements
indicated a possibility that the 40 sampled artefacts might come from five different populations, all
with a proposed/possible geological provenance to the Precambrian rocks of southern Scandinavia.
Two of the populations could possibly be assigned to quarries in the Precambrian of eastern Norway
and western Sweden respectively, while some quarries in Precambrian rocks were ruled out. Trace
element data from two Swedish and seven Norwegian quarries made up the reference material (Alfsen
& Christie 1979). In more recent years Santi and colleges (Santi et al. 2005; Santi et al. 2009)
employed major and trace elements (Al, Mg, Fe, Cr, Si, Co, Ca and V) in a provenance study of
medieval artefacts from Italy. Altogether, 28 vessels made of soapstone were analysed by inductively
coupled plasma optical emission spectrometry (ICP-OES) (major elements) and ICP-MS (trace
elements) and the values compared with corresponding measurements from two quarry areas in the
Alps. The purpose of these studies was to link the vessels to quarry areas, not to specific quarries. The
studies contributed to establishing the area by the ancient Valchiavenna quarries of the central Alps
as a probable source of the artefacts.

REE data have also been applied in several studies. Richard Jones and colleagues (2007) assessed
REE studies employed in the 1970s and 1980s, pointing out the limited success of some studies and
several projects that had failed, mainly due to large intra-source variation and minor inter-source
range of composition. In their paper, they presented a method for the chemical characterisation of
soapstone (steatite) based on analyses of REE and some transition elements (Jones et al. 2007). This
study demonstrated the ability to discriminate chemically between three of the known Viking Age
sources in Shetland. Jones et al. (2006) applied REE analysis to 24 artefacts from the Kaupang site in
Vestfold County, with reference material sampled from four large quarries in eastern Norway. It was
possible to match three of the artefacts to the sampled quarries with some confidence, and through
bivariate and multivariate analyses, it was possible to divide the artefacts into four groups that may
represent different quarry areas (Jones et al. 2006; Baug 2011:329-331). It was thus considered
possible to group and exclude sources through the REE data.
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These previous studies, based on MTE and REE data, respectively, have been able to discriminate
between source areas on rather large geographical scales, such as ‘Precambrian of eastern Norway and
western Sweden’. In areas where relatively few optional quarries have been relevant, it has also been
possible to exclude resource areas, which is, in itself, very useful. The size of the reference material,
the database for quarries sampled for comparison, varies in these studies but, generally, the analysed
reference material must be characterised as relatively sparse.

In this study, our aim is to find the origin of 146 vessels that have been found in a geographical
area with a high density of quarries, with our reference material derived from 38 out of ¢. 60 known
quarries in this region. Altogether, our data must be characterised as relatively extensive. MTE data
are available from all quarries and objects, whereas REE data are available to a more limited extent.
As a result, this study takes its point of outset on MTE data with subsequent applications of REE
data for finer discrimination where such data is available. The combination of MTE and REE has, to
the best of our knowledge, not been tested before on a similarly large scale (but see Forster & Jones
this vol.) As an additional, and also to the best of our knowledge a new approach, we will assess the
geochemically based matching results through the application of independent sets of archaeological
and geographical data, considered within the context of the geological setting of the Hordaland
region.

Sources and data

Figure 1 and Figure 2 show the datasets available for vessels and quarries. One hundred and forty-six
objects from two archaeological assemblages are included in the study. The urban Bergen assemblage
comprises 95 objects: 94 vessels and one piece of raw material waste (hereafter, the objects or the vessels).
The urban vessels are confidently dated to between the late 11th century and c. 1170 (hereafter, the
early Middle Ages) and stem from well-defined contexts in the secular parts of Bergen (for details on
the dating methods and selection of archaeological sources from early Bergen, see Hansen 2005). The
assemblage is considered representative of the vessels consumed in the secular parts of Bergen during
the period at hand. They are denoted by the University Museum of Bergen’s inventory numbers with
the prefix BRM (e.g., BRM 110/5651). The urban vessels have been classified in connection with the
current study, in accordance with principles outlined by Vangstad (2003, this vol.).

The rural assemblage comprises 51 vessels from rural sites in the Hordaland region. The vessels
are grave and stray finds dated to the late Iron Age/Viking Age through grave-context or by typology.
Information on the spatial and temporal contexts and descriptions of the vessels comes from the
University Museum of Bergen’s inventory (Gjenstandsbasen). The finds stem from sites across the
whole Hordaland region and it is thus likely that they make up a fairly representative sample of
vessels consumed in the region during the late Iron Age/Viking Age. The rural finds are denoted
by inventory numbers with the prefix B (e.g., B6982/b). Compared to the urban objects, the rural
counterparts are more roughly dated, and dating stray finds by typology certainly has its weaknesses,
yet, for the level of detail employed here, we believe that a broad dating to the late Iron Age/Viking
Age (hereafter, Viking Age) suffices. The rural vessels have not been reclassified in connection with
the present study.

The quarry assemblage comprises data from 38 of c. 60 known soapstone quarries in the
Hordaland region. Six quarries (Bergsholmen, Juadal, Klovsteinsjuvet, Russey, Urda, and Vassenden)
have been studied in some detail and the results documented in archive reports (Heldal et al. 2003).
The remaining quarries have not been documented or studied in any detail. A systematic overview of
important information such as for instance the quarries’ size or date is thus not available at the present.
In connection with a previous project, samples from spoil heaps were collected from the 38 quarries.
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Vessel extraction marks were registered in several of the quarries. A collection of stone samples was
available from that previous project (Jansen et al. 2009). Many samples from the quarries had been
analysed by different geochemical methods, among others, conventional XRF measurements of MTE
and ICP-MS measurements of REE; they thus constitute a useful starting point as reference material
for the present study.

The 146 vessels have been sampled and the quarry samples have been analysed further to
supplement the reference material. The geochemical data at our disposal has thus been supplied at
different periods of time and by different laboratories, for the most part it has not been previously
published. MTE data was already available from the Department of Earth Sciences, University of
Bergen (GEO/UIB) for many of the quarries. In 2007, the Geological Survey of Norway (NGU)
supplied MTE data for all the 146 vessels and additional analyses from the quarries. For vessels,
sampling was done by cutting a piece (minimum 11 g) of each vessel fragment to be analysed.
Contaminated surfaces (soil/rust/carbon) were removed by rubbing with an iron file. Geological
samples (about 50 g) from the quarry waste were cleaned mechanically by cutting saw and hammer
to obtain fresh surfaces. All samples of vessels and the majority of the geological samples were crushed
to powder at NGU and used for both XRF and ICP-MS analyses. MTE were mostly analysed using
XREF at the laboratories of the NGU, but a minor amount of geological samples was analysed at
GEO/UIB, at an early stage of the project. Powder tablets were made for the major element analyses,
glass tablets for trace element analyses. We generally have one MTE sample for each vessel, from
each quarry between one and 11 samples are available, with five to six samples as the most common
number. Data can be found in Table 1 of the Appendix.

Similarly, REE data for 19 of the quarries was already available from GEO/UIB at the outset
of our study. For the urban vessels, REE was supplied from GEO/UIB in 2010, and in 2014 REE
was supplied for 27 rural vessels and for 11 additional quarries. The REE analyses were carried out
by ICP-MS at GEO/UIB using Element 2/Element XR (Thermo). Altogether, REE data is now
available for all of the vessels from urban contexts, 27 rural vessels, and 30 quarries. We have one REE
sample from each of the 122 vessels while, for the quarries, the number of samples varies from one to
nine. Data can be found in Table 2 of the Appendix.

The geographical locations of the sampled quarries and the find spots for rural vessels are also
datasets to be included. In the University Museum of Bergen’s inventory (see Gjenstandsbasen),
information on the Universal Transverse Mercator (UTM) coordinates and address of the find spots
of the vessels are linked to the geographical centre of the so-called named farm (Navnegard) (for
explanation of this term see @ye 2004:96) where the vessel is found. In the present study, the named
farm thus serves as a general spatial context/address for the rural vessels. For the majority of the
quarries, the UTM coordinates of the location are derived from Askeladden, the Norwegian National
Cultural Heritage Database, while UTM coordinates for the rest of the quarries were measured by a
Global Positioning System (GPS) device.

The 38 sampled quarries are located within four main geological units (Figure 2). In Unit 1/
Melange, 16 quarries were sampled: Unit 1 is located in the area between Sognefjorden and
Hardangerfjorden and consists of a late Proterozoic to Palacozoic melange occurring near the base
of a sequence of crystalline nappes emplaced during the Caledonian orogeny that occurred from the
Ordovician to Early Devonian eras, about 490 to 390 million years ago. The unit consists mainly
of phyllite and mica schist with minor greenschist and metagabbro, containing a large number of
lenses of ultramafic rocks (serpentinite, soapstone and talc-schist), many of which were quarried
for soapstone (Andersen et al. 2012). The melange has traditionally been interpreted as a tectonic
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Figure 1. Quarries and objects, available datasets. 1) Alternative quarry names found in the literature and in Askeladden
are in (brackets). 2) Number of samples and readings for major and trace element (MTE) data supplied by Geological survey
of Norway (NGU) or Department of earth Sciences (GEO/UIB). 3) Number of samples and readings for rare earth element
(REE) data supplied by GEO/UIB. 4) Some coordinates are from Askeladden, other from our GPS measures. 5) Svangy is
located north of Sognefjorden. 6) Two samples were cut from one object.

Quarry . . Geological MTE? REE® | Askeladden Id./ .
no. Quarries' and objects Unit NGUor |GEO/ | UTM X and Y#coordinates
GEO/UIB |UIB | 33N or projection in (brackets)
1 Arnafjord (Framfjord) 1 5/1 2 37014X 6793343Y
2 Baldersheim (Sertveit) 1 5/2 5 1d:64089/ 12582X 6703150Y
3 Bergsholmen 1 5/1 5 1d:35539/ 30309X 6699274Y
4 Bergspytt (Nes — Bergspytt) 4 5/1 3 1d:97652/ 1965X 6684954Y
5 Bru 2 5/0 1 1d:105678/ 3634X 6714998Y
6 Digranes (Tussaholo) 3 5/0 1d:101837/ 31397X 6699614Y
7 Drebrekke 3 2/1 1d:112827/ 22253X 6712948Y
8 Flatabg (@vre, Storemyr) 3 3/1 1 1d:112521/ 23907X 6712893Y
Flatabg (Nedre) 1d:112522/ 23784X 6713345Y
9 Froastad 2 4/0 1 18308X 6729057Y
10 Ingahogget 4 5/0 4 1202X 6667160Y
11 Juadal 1 6/5 4 17896X 6717640Y
12 Katlaberg (Katlabrotet) 1 1/0 1d:66433/ 28725X 6707537Y
13 Klauvsteinsberg (Klauvberg) 1 0/3 2 1d:159301/ 19049X 6764527Y
14 Klovsteinsjuvet (Osvag) 4 4/2 4 1d:143976/ 10931X 6645177Y
15 Kvernes 1 6/3 6 338526X 6791592Y
16 Kvitno 3 5/1 1 1d:101838/ 31700X 6700798Y
17 Lysekloster 2 0/6 6 31700X 6700798Y
18 Melstveit 2 2/0 1d:97434/ 18359X 6726866Y
19 Munkahogget 1 1/0 1d:97619/ 11399X 6732348Y
20 Nygard 1 4/1 1 5874.9X 6732787Y
21 Rauberg (Gryteberget) 1 6/0 1 1d:141992/ 28578X 6785882Y
22 Raudesteinane 3 2/0 2 31288 X 6701868Y
23 Russgy 1 6/3 6 1d:66527/ 30848X/6698991Y
24 Sele 2 5/0 52425 X 6657881Y
25 Sjusete 2 4/0 1 1d:97497/ 4207X 6717907Y
26 Skare 4 4/0 1 1d:101886/ 31206X 6674184Y
27 Svangy® 2 4/0 1d:64080/ 25409X 6858128Y
28 Saevrasvag (Severas) 1 0/8 5 1d:99976/ 29103X 6772079Y
29 Tysse (Tosse, Blautesteinberget) |4 3/0 3 1d:90157/ 11888X 6666332Y
30 Tyssedal (Veermalen 2) 3 1/0 1 35934X 6698813Y
31 Tyssey (Skjervika) 2 7/0 6 1d:171674/ 43103X 6724518Y
32 Urda (Urdo) 2 4/4 6 1d:66742/ 51394X 6659423Y
Vargahola (Vargholet) (in- .
33 complete MTE dataset) 1/0 1d:45493/ (33V) 28968X 6707270Y
34 Vargavag, north (Ferstad) 6/0 9 1d:55238/ (33V) 29286X 6706695Y
Vargavag, south (Halhjem) 1d:25533/ (33V) 29428X 6706388Y
35 Vargavag, gryte (Os, Halhjem) |1 0/3 4 1d:60558/ 29460X 6706504Y
36 Vassenden (Handegard) 3 5/0 2 1d:112001/ 23740X 6715735Y
37 Adland (in-complete MTE 1 2/ 3 11564X 6731639Y
dataset)
38 Akra 4 4/0 4 1691X 6662950Y
Early Medieval: 95 urban 965 95 79 shards could be classified to vessel type
vessels A, BorC
Viking Age: 51 rural vessels 51/0 27 None are classified to type
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A Quarries
Geological province

- Unit 1/Melange

I unit 2/sland arclophiolite

Unit 3/Precambrian volcanic

- Unit 4/Precambrian gabbroic

Figure 2. The Hordaland region, 38 sampled quarries and the approximate location of the four geological units. For quarry
names see Figure 1. (Geologic map partly based on Andersen et al. 2012).
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mixture of ophiolitic rocks and metasediments assembled during the Caledonian orogeny (Farseth et
al. 1979; Thon 1985; Pedersen 1997). Andersen et al. (2012) later proposed the ultramafics of Unit 1
to be derived from the mantle by pre-Caledonian hyperextension of the Baltic shield. A Caledonian
origin was, however, recently supported by Pedersen et al. (2015), thus indicating a common/similar
origin of Unit 1 and Unit 2.

In Unit 2 Island arclophiolite, nine quarries have been sampled. Unit 2 is situated northwest
of Hardangerfjorden and is characterised by dismembered ophiolites and island arc units. The two
largest quarries in Unit 2, Urda and Lysekloster (Figure 2: 17, 32), are located in ultramafic bodies of
the Lykling and Gulfjellet Ophiolites. Some minor quarries, mostly situated along the northwestern
shores of Hardangerfjorden, are found in ultramafic lenses located within greenschists of island arc
origin (Ragnhildstveit & Helliksen 1997; Ragnhildstveit et al. 1998; Andersen et al. 2012).

In Unit 3/Precambrian volcanic sequence, seven quarries have been sampled. Unit 3 is located
southeast of Hardangerfjorden and consists of a volcanic sequence of metabasalts and metadacites
called the Kinsarvik formation, dated to about 1540 (Sigmond 1998). The soapstone deposits
are confined to ultramafic bodies occurring within the sequence. Most of these bodies have been
transformed into serpentinite and soapstone and in some quarries a remnant core of serpentinite is
found.

In Unit 4/Precambrian gabbroic, six quarries have been sampled. Unit 4 is located southeast of
Hardangerfjorden and consists of gabbroic rocks embedded in gneisses and granites of Proterozoic
age (Sigmond 1998). The soapstone deposits occur as steatised pods in the main bodies shown on the
map (Figure 2) but are also found associated with small bodies not shown on the map.

The 38 sampled quarries make up about 63% of the known soapstone quarries in the Hordaland
region. The ‘missing’ quarries are of varying size, including a few larger ones, but the four different
soapstone-bearing geological units that make up the region are well represented among the 38
sampled ones. We expect that the four units display unique geochemical patterns to a certain extent,
and that they collectively are representative of the Hordaland region. With the high share of sampled
quarries we expect the sampled quarries to be representative for quarries in the Hordaland region on
some level. We shall return to this below.

The way forward: methods and procedures

The analysis is carried out in several steps and for each step introductory tests have been performed
to develop adequate procedures. In this respect the study has been a hermeneutic venture with a
interdisciplinary approach at its core. Interpretation of the MTE data is, as already mentioned, the
starting point. The first step is thus to match vessels and quarries through MTE; the vessels are divided
into four match categories depending on the degree of MTE resemblance between vessel and quarries.
‘The method behind the MTE based matches is then evaluated by testing results against the geological
setting of the Hordaland region. Next, as step two, REE data is applied to the MTE based results,
and new match categories are established. As the third step, the reliability of the MTE and MTE/
REE based vessel match categories is then addressed and the MTE/REE based matches are evaluated
through independent archaeological datasets. With these efforts, the general reliability of the various
categories of geochemical vessel match is assessed. As a fourth and final step the individual vessels are
given a point score and divided into six provenance groups that express the level of reliability of the
individual provenancing result.
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Step 1: matching vessels and quarries through main and trace elements
An introductory test was run to find the combinations of MTE that worked best in distinguishing

between the quarries. Some elements seemed more applicable than others and when combining ratios
between eight elements (AL,O,/MgO, Co/Ni, Cr/Ni, Fe,O ,/Ni and Zn/V) in bivariate plots, it was

possible to see clusters of points that, to some degree, separated the quarries from each other (Heldal

40 PS
A ]
35 % .
= X
m xx= ® °
30 leea” . +
A Y E X
- [ %oy e x + . -
°\e = = .o‘ % !(
S +
o 25 o %
=)
= .
L ]
20 = -
* © O -
*
15
X
10 T T T T
0 5 10 15 20 25
Al203 (%)
3000 *
u
X
X
N
2500 - «
. °
+ + * +
— 2000 , 1
£ - n
: T,
= x 8= 4
Z 1500 e .
I A.A - - X2 - =
N o %, o ¢ Xa T ° -
1000 = ~a &
- © o * .’ o o, :
. ¢ 4
"
500 . *
) X
X ° :
0 T T T T T T
20 40 60 80 100 120 140 160
Co (ppm)

Figure 3a. AI203/MgO ratios for the 38 sampled quarries.

Figure 3b. Co/Ni ratios for 37 sampled quarries (Adland is not included due to incomplete Ni values).
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Figure 3c. Cr/Ni ratios for 37 sampled quarries (Adland is not included due to incomplete Ni values).

Figure 3d. Fe/Ni ratios for 37 sampled quarries (Adland is not included due to incomplete Ni values).
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et al. 2008) (Figure 3a-c). Tests were also run to see if additional trace elements, especially As, Ba,

and Sr, that occur in rather high and varying concentrations both in some vessels and quarries,

were suitable for discrimination. The test results were, however, too inconsistent, perhaps due to the
mobility of these elements in fluids at different stages in the steatisation process, and it was decided

to disregard the elements.

There are some specific challenges when interpreting the MTE data. In particular, these relate
to the lack of conformity regarding the measured values from each quarry, sometimes resulting in

poorly defined clusters. Some clusters display an oval shape, some define a line (e.g., Akra), or are
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Figure 3e. Zn/V ratios for the 38 sampled quarries.

bimodal (two clusters from the same quarry, e.g., Froastad) while others show an irregular shape.
Furthermore, some quarries with a generally well-defined cluster may contain one or two anomalous
measurements plotting far from the cluster. For example, the Co/Ni values of Klovsteinsjuvet include
a single anomalous value plotting far away from the rest, a result that makes us less confident in the
‘cluster’ (Figure 3b).

As a consequence we have, for the level of detail aimed at here, deemed the application of standard
multi-component or statistical analysis on the MTE data unfruitful; in such analyses, anomalies/
outliers are often disregarded. We wanted to keep the anomalies in our analyses; they could make a
difference when distinguishing between many quarries in a small geographical area. Matches between
the 146 vessels and the 38 quarries on the five element combinations have thus been made manually.
This has been a time-consuming effort and, evidently, the decision of promising/poor match between
vessels and quarries may have elements of subjectivity. Out of concern for this subjective element,
the manually performed MTE matchmaking was carried out as a blind test; we neither took into
consideration the temporal and spatial context of the vessels, nor the location of the quarries in
relation to geological units during matchmaking.

Matches between vessels and quarries were considered valid on the specific element combination
when the vessel plotted within or close to the cluster field of a quarry. An introductory test showed
that, with matches on eight elements, it was often possible to single out quarries. There seems to
be a breaking point around four elements, so that matches made on four or fewer elements exhibit
inconsequential, or no, resemblance to the sampled quarries. With this insight, a match on eight
elements is considered promising, whereas a match made on four or fewer elements is considered to
be poor. By this procedure vessels were divided into categories according to the degree of match with
the sampled quarries (see Figure 8 for the procedure):
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*  Vessels come out with a one-quarry match (1Q/MTE match) when only one quarry matches
the vessel on the entire suite of eight MTE.

e When a vessel matches more than one quarry on the eight elements this results in the multiple-
choice category (MC/MTE). Here, as we will see, the individual vessels match between two
and eight quarries (MC2-8/MTE).

*  Vessels that plot within the ratio of five to seven of the eight elements for one or more quarries
are assigned to the category some regional match. These vessels match between one and four

quarries (SRM1-4/MTE).

*  Vessels that match the regional quarries on four or less of the eight elements are labelled poor
regional match (PRM).

As seen in Figure 4 it is possible to give a 1Q/

Figure 4. Results of match based on MTE data.
MTE match for 38 (26%) of the 146 vessels.

Four categories of MTE Number of . 0
based match B — Sixty-seven (46%) are match.ed as an MC to
v between two and eight quarries (MC2-MC8/
— 269
One quarry match (1Q/MTE) 38=26% MTE). Twenty-four (16%) of the vessels have
- - - e
Multiple choice (MC2-8/MTE) 67=46% SRM with one to four quarries as candidates
Some regional match (SRM1-4/MTE) | 24 =16% (SRM1—4/MTE) and 17 (16%) have PRM
Poor regional match (PRM/MTE) 17=12% (PRM/MTE)

Evaluation of the methodological consistency of the manual MTE matching: The location of
MC2-8 and SRM2-4 quarries within geological units

As a test of the methodological consistency the location of alternative quarry candidates for MC2-8
and SRM2—4 vessels in relation to the Hordaland region’s four geological units was addressed. Behind
the test is the assumption that quarries within the individual units may, at some level, have MTE
compositions in common due to a shared geological history (see Alfsen & Christie 1979). If we have
been able to differentiate between the units through the MTE match-making in the cases where
several quarries came up as alternatives, this would be a barometer for the level of methodological
consistency — and objectivity — in our manual blind-testing efforts. As a background for the test we
first looked at the general MTE composition of quarries in the four geological units, to see if the
quarries within each unit actually have geochemical traits in common.

MTE element composition of quarries in the four geological units

Unit I: The majority of the ultramafic bodies in Unit 1 are described as low-Al, high-Mg mantle
peridotites (Andersen et al. 2012). A similar Al/Mg ratio is recognised in most of the 16 sampled Unit
1 quarries (Figure 5a). This pattern of a high-clustering area is repeated for most of the quarries in
the other discrimination diagrams, reflecting a common geochemical identity. A few Unit 1 quarries,
however, form unique clusters while others do not display any clustering at all. Furthermore, some
quarries with a generally well-defined cluster may contain one or two anomalies plotting far from
the cluster.

Unit 2: Most of the nine sampled quarries display low-Al, high-Mg compositions similar to
the Unit 1 quarries; they also cluster in similar areas as the majority of Unit 1 quarries in the other
diagrams. The values of the Lysekloster and Tyssgy quarries appear in the outskirts of the high-cluster
areas of Unit 1, while the values of Melstveit (see Figure 3 for cross reference to individual quarries),
deviate markedly from the other quarries in Unit 2.

Unit 3 and Unit 4: The MTE values of the seven sampled quarries in Unit 3, as well as the six
in Unit 4, have a tendency to cluster in the outskirts of the main cluster areas of Unit 1 and Unit 2
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Figure 5a-e. AI203/MgO, Co/Ni, Cr/Ni, Fe/Ni and Zn/V ratios for the sampled quarries. The quarries are divided in geological
units: Unit 1/Melange (rectangular, red), Unit 2/Island/ophiolite (Triangle, green), Unit 3/Precambrian volcanic (Circle,
orange), Unit 4/Precambrian gabbroic (Diamond, blue).
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quarries (Figure 5a—e) and Unit 4 quarries have a notable higher Al value than most others. Some

quarries display a remarkably well-defined cluster (Akra, Unit 4) for all discrimination diagrams,

while others (e.g., Digranes, Unit 3 and Klovsteinsjuvet, Unit 4) are typically scattered over a large

area in the plots.

To sum up, the majority of the Unit 1 quarries meet in a high cluster area on several bivariate

plots. The Unit 2 quarries define some unique cluster areas, but the majority of the clusters overlap
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with the Unit 1 quarries. This may be explained by the proposed Caledonian origin of the melange
that makes up Unit 1 (Ferseth etal. 1979; Thon 1985; Pedersen 1997; Pedersen et al. 2015), resulting
in a common geological origin of Unit 1 and 2. The high degree of overlap between the MTE clusters
of the quarries in Unit 1 and Unit 2 may make it difficult to distinguish between quarries in these
two geological units and will thus not serve as good indicators of methodological consistency in the
manually performed blind test matches. Unit 1 and Unit 2 are thus treated as one (Unit 1&2) in
the test below. The tendency of the Unit 3 and the Unit 4 quarries to cluster in the outskirts or in
separate areas of the main cluster areas of the Unit 1 and Unit 2 main cluster areas, is convenient
when evaluating the methodological consistency in the manually performed MTE matchmaking,.

The test

We now have a look at the location of alternative quarry candidates in the cases where vessels are
matched with several quarries (MC2-8 and SRM2-4). We want to see if the vessels alternative
quarries are located within one or within several geological units. This will, to reiterate, be a barometer
for the methodological consistency of the blind-test matchmaking efforts.

For 54 of the 67 MC/MTE vessels (80%) the alternative quarries are located within one geological
unit or Unit 1&2 (Figure 6). This shows that we have been able to discriminate consistently between
the geological units in these cases of manual blind test matching. The systematic correspondence
between the location of alternative quarries and geological units shows that the blind test match based
on eight elements has been carried out with a large degree of consistency.

The spatial patterns made up by the quarries that were associated with the 15 SRM2-5/MTE
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Figure 6. The location of the MC2-8/MTE and SRM2-4/MTE vessels’ quarries in the geological units.
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vessels show that the alternative quarries associated with each of the vessels in eight of 15 cases (53%)
are located within one geological unit or in Unit 1&2. There are thus less consistent spatial patterns
discerned in the SRM/MTE matches than within the MC/MTE vessel matches. While this could
suggest that the SRM matches were carried out in a less consistent way than the MC matches, this
would be strange, since all categories of matches were identified through the same procedures. A
more likely explanation is that, since the SRM match is made between vessels and quarries on fewer
elements (between five and seven elements), the common denominator is less complex, permitting a
vessel’s geochemistry to fit in with more units. This is an interesting observation to which we are going
to return below in the evaluation of the geochemically based matches.

Another interesting observation is the very fact that such a large share of the MC vessels
systematically match quarries confined to individual units. This may convincingly suggest that, even
if we are not able to make a match to an individual quarry, a match to a geological unit seems feasible.
This is yet another observation to bear in mind in the further analyses.

Altogether then, the test shows that a very large share of the MC/MTE vessels matched quarries
that are located within one geological unit; the same goes for a fair share of the quarries matched
with SRM/MTE vessels. These trends lend general confidence to the methodological execution of the
manually performed MTE matching between vessels and quarries. With this insight we will go on to
step two in the analysis: the application of REE data to the MTE based matches.

Step two: application of REE data to the MTE based matches

We have REE data from 122 vessels and 30 quarries. In this part of the analysis, the vessels’ REE
patterns are compared with those of the relevant quarries suggested by the MTE analysis. Before
doing so, a look at the available REE data from the quarries in the four geological units is necessary.
We want to assess the degree of intra-source variation in REE contents within quarries where several
samples have been analysed, as well as the degree of inter-source variation between the quarries within
the respective geological units. This leads to an assessment of the weight with which REE can be
applied to the MTE matches.

REE: a background
REE data are plotted in so-called normalised diagrams, where concentration in the sample divided by
concentration in a chosen standard (Chondrite, Boynton 1984) is plotted on the Y axis and different
elements are plotted on the X axis by increasing atomic number and thus forming profiles, a standard
method in geochemistry. The REE profiles of the sampled quarries display a range of patterns varying
from symmetrical or asymmetrical, convex downwards or convex upwards, or flat, and with more or
less significant Europium (Eu) anomalies that range from positive to negative.

Unit I: Eleven of the 16 Unit 1 quarries were matched with vessels through MTE. REE data
is available from all of these 11 quarries, although for two of the quarries, REE data are rather
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Figure 7a. REE profiles of quarries in Unit 1.
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incomplete due to concentration below analytical
detection limit (Nygard and Rauberg) (Figure
7a). The Bergsholmen, Kvernes, and Russey
quarries display a high degree of intra-source
variation with a diverse range of profiles reflecting
the internally inhomogeneous composition of
the deposits. The remaining quarries display less
intra-source variation, however; only the convex
upwards profiles of Baldersheim and the U-shaped
profiles of the Vargavdg quarries can be said to
display little internal variation. Eu anomalies are
common, both depleted (low values) and enriched
(high values), and in some quarries both types
are present. An example of highly contrasting Eu
anomalies in nearby deposits is found in two of
the neighbouring quarries, Vargavig and Vargavig
gryte, situated about 100 metres from each other.
At Baldersheim, the profiles display distinct REE
profiles with a relative enrichment of the heavy
REE elements (HREE) (right side of the diagram)
quite different from all other Unit 1 quarries.
Altogether, there are examples both of intra-source
variation and of relatively little variation within
the quarries in Unit 1. The REE profiles of the
soapstone deposits in Unit 1 seem to reflect a
varied and complex geological development with
a range of different patterns present.

Unit 2: Eight of the nine Unit 2 quarries
were matched with vessels through MTE. REE
is available for six of these (Figure 7b). The Urda
quarry shows an intra-source variation ranging
from U-shaped profiles with marked positive Eu
anomalies, to nearly flat or slightly light REE
(LREE) enriched patterns with a small negative
Eu anomaly. The characteristic REE pattern of
the Lysekloster quarry displays little intra-source
variation. Also the Tyssgy quarry’s profiles show
relatively little internal variation in REE patterns,
but with a large range of concentrations and both
small negative and positive Eu anomalies. Tyssoy
shows a general enrichment of HREE, a rare trend
among the sampled quarries, but still present in
some quarries in all the units (e.g., Baldersheim
in Unit 1, Flatabe and Raudesteinane in Unit 3
and Klovsteinsjuvet in Unit 4). From the quarries
along Hardangerfjorden, only one REE sample



is available for each (Bru, Froastad and Sjusete)
and the degree of intra-source variation cannot
be determined. Some REE were not detected
in the Froastad quarry sample, but the available
REE data may indicate a REE profile with
similarities to Sjusete, although there are major
differences in the concentrations. The profiles of
the soapstone deposits in Unit 2 seem to reflect a
complex geological situation, with both high and
low intra-source variation. There also seems to be
some degree of inter-source variation, although
the sparse number of samples for some quarries
requires that this observation be made with some
reservations.

Unit 3: Five of the seven sampled quarries
in Unit 3 matched vessels on MTE. REE data is
available for four of these, and for one additional
quarry that did not match any vessels (Figure
7¢). Only one or two profiles are available for
each quarry, making it hard to judge the degrees
of intra-source variation. Three of the quarries
display rather similar sub-horizontal profiles,
including a large vessel quarry at Raudesteinane.
Flatabg displays increased values of the HREE,
a trend that is not shared with any other Unit 3
quarry. Eu anomalies are negative for all Unit 3
quarries. U-shaped REE profiles are not found in
Unit 3. Apart from Flatabg, there is relatively little
inter-source variation among the sampled Unit 3
quarries.

Unir 4: The six sampled quarries in Unit
4 matched vessels on MTE, and REE data is
available for all of these (Figure 7d). Five of the
quarries have more than one profile available
and, with the exception of some variation in the
profiles of Ingahogget and Klovsteinsjuvet, they
display relatively little intra-source variation. Apart
from the Akra quarry and partly Klovsteinsjuvet,
the REE profiles consistently show negative Eu
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Figure 7c. REE profiles of quarries in Unit 3.

anomalies. The content of REE is notably high in Unit 4, between 10 and 1 ppm. U-shaped REE
profiles are not found in Unit 4. There is relatively little inter-source variation among the sampled

Unit 4 quarries.

The limitations of the REE data for discrimination between quarries become clear from the above.
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Figure 7d. REE profiles of quarries in Unit 4.

268

Intra-source profile variations prevail within all of
the geological units, but to a lesser degree in Units
3 and 4. Some quarries with several REE profiles
available display little internal variation, whereas
many show internal profile variations reflecting the
inhomogeneous composition of the rocks. With
this variety in internal pattern displayed both on
the level of geological units and on the level of
individual quarries we do not find it feasible to
make a positive match between a vessel and a quarry
based on REE alone. Instead, however, quarries
that have been matched with vessels through MTE
can be rendered improbable/implausible through
REE when vessel and quarry REE patterns do
not show acceptable correspondence (for similar
observations see Forster & Jones this vol.). With
this procedure, the REE pattern of the vessels
will be compared to that of their MTE matched
quarries and the vessels are divided into categories
according to their degree of match based on both
MTE and REE. We hold as a premise that, if the
REE patterns show acceptable correspondence,
the reliability of the MTE match between vessel
and quarry is strengthened. This premise is, as we
will show, supported below.

The application of REE to the MTE matches

REE data is available for 122 vessels (Table 2 in
the Appendix); however, since REE is not available
for all quarries, REE is practically only available
for 112 vessels and all their matching quarries.
In 34 cases, then, REE data are not available
for either vessels or all the relevant quarries. For
these 34 cases, we consider the REE data to be
inconclusive. When comparing the vessel's REE
pattern with that/those of MTE matched quarries,
the results are given as 1Q, MC2-8 or SRM1-4.
The procedure and terminology is described below
and shown in Figure 8:

e If the REE pattern of a quarry suggested
in a 1Q/MTE match shows an acceptable
degree of correspondence with that of
the vessel, the match now qualifies as a
1Q match based on MTE&REE (1Q/
MTE&REE).
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Figure 8. The matchmaking history of the urban vessel (cross) BRM 0/44163. Three quarries came out as relevant during the
MTE analysis: The MC3/MTE choice of quarries are Bru (square), Arnafjord (triangles) and Kvernes (circles). The vessel’s REE
pattern shows an acceptable degree of correspondence with profiles of the Arnafiord and Kvernes quarries, whereas Bru'’s
profile differs considerably. Bru is thus rendered improbable, the number of eligible quarries is reduced to two, and BRM
0/44163 is now a vessel in the MC2/MTE&REE match category.
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e If the REE pattern of one or several alternative quarries suggested in an MC/MTE or an
SRM/MTE match shows an acceptable degree of correspondence with that of the vessel, the
match now qualifies as a 1Q match based on MTE&REE (1Q/MTE&REE) or an MC match
based on MTE&REE (MC/MTE&REE), or an SRM match based on MTE&REE (SRM/
MTE&REE).

e If one or all quarries suggested in a 1Q/MTE or MC/MTE match are rendered improbable
by REE, quarries that have matched the vessel on between five and seven elements are tested if
such have been identified during the MTE analysis. If any of these quarries have REE patterns
with an acceptable degree of correspondence with that of the vessel, the match now qualifies

as SRM based on MTE&REE (SRM/MTE&REE).

e Ifall quarries suggested by MTE as 1Q, MC or SRM are rendered improbable by REE, the
vessel goes into the category PRM based on MTE and REE (PRM/MTE&REE).

Through these procedures it is possible to give a 1Q/MTE&REE-match for 43 (38%) of the 112
vessels/objects (Figure 9). Nineteen (17%) have an MC match with between two and five quarries
(MC2-5/MTE&REE) and the number of

Figure 9. Results of match based on MTE&REE data for 112 relevant quarries is thus reduced in many cases.
vessels. Eleven (10%) of the vessels have SRM with
Five categories of match based MTE&REE one or two quarries as candidates (SRM1-2/

on MTE&REE, where REE is available n=112 RM
for vessels and all quarry alternatives MTE&REE) and 37 (33%) now havea P .

One quarry match (1Q/MTE&REE) 43 = 38% Compared to the results based on MTE
alone, we see that, when applying REE, a

Multiple choice (MC2-5/MTE&REE) 19=17%
Some regional match (SRM1/MTE&REE) 11 =10%
Some regional match (SRM2/MTE&REE) 2=2%

Poor regional match (PRM) 37=33%

larger share of the vessels are now matched

with only one quarry, and a larger share seem
to have a poor match with the Hordaland
region’s quarries.

Step three: evaluating the reliability of the geochemically based match categories
The reliability of the categories of MTE and MTE/REE based matches is now assessed through
five approaches. First, we will see how the categories of MTE based matches ‘responded’ to the
application of REE. Then, independent sets of data will be drawn upon, while applying, among
other, spatial analyses and Visual Impact Analysis (VIA). The aim of applying a VIA is to see if
regular or random patterns are visible when independent sets of data are studied spatially (Emmelin
1984; Hansen 2008). In these analyses, vessel dates and find contexts, as well as the geological unit
of quarries, are parameters drawn upon. The details are elaborated upon below. If regular patterns
or trends in the spatial distribution of independent sets of data are discerned and these patterns
coincide with patterns in the geochemically based matches, this may offer insight into the reliability
of these matches between vessels and quarries. The typology of the urban vessels is also included in
the evaluation.

Evaluation of the MTE based matches using REE

With the premise that REE profiles with an acceptable degree of correspondence strengthen the MTE
based matches and that quarries can be rendered improbable through REE, an overview of how the
categories of MTE based match ‘responded’ to the application of REE data gives an indication of the
reliability of the categories of MTE based matches. This in turn provides guidance on how much trust
to place in the 34 cases where REE are not available.
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For the 38 1Q/MTE vessels (Figure 4), REE data was available for both vessel and relevant
quarries in only 29 cases (Figure 10). For 16 of these (55%) there was an acceptable degree of
correspondence between the REE pattern of the vessel and that of the quarry. In six cases (21%),
quarries with five to seven elements in common with the vessels (SRM) had acceptable REE patterns,
whereas for the remaining seven vessels (24%), no quarries were relevant and they were ‘sent” to the
PRM group. Altogether, then, 76% of the 1Q vessels had a REE profile that had an acceptable degree
of correspondence with the quarries in the Hordaland region selected through matches on five to
eight MTE, but 24% ended up as PRM.

For the 67 MC/MTE vessels, REE was available for vessel and all quarries in 52 cases. In six
(12%) of these 52 cases, there was an acceptable degree of correspondence between the REE pattern
of the vessel and those of each of the alternative quarry candidates. For 40 (77%) of the 52 MC
vessels, one or more of the quarries were rendered improbable and the number of eligible quarries
was reduced to between one and five. For two vessels, SRM/MTE quarries became eligible and had
REE patterns with an acceptable degree of correspondence. Only four cases (8%) became PRM.
Thus, 88% of the MC vessels had a REE profile that had an acceptable correspondence with that of
one or more of the regional quarries selected through matches on eight MTE, while only 8% ended
up as PRM.

Fifteen of the 24 SRM/MTE vessels had REE data as well as REE available for all quarry alternatives
suggested through MTE match. For the six cases where only one quarry was a candidate (SRM1),
REE rendered the quarry improbable in four cases. In three of the nine cases with alternative quarries
(SRM2-5), the number of quarries was reduced. In the last six cases, the alternative quarries were
considered improbable through REE. Altogether then, in five (33%) of the 15 SRM cases where REE
data were available for both vessels and all involved quarries, there was acceptable correspondence

Figure 10. Correspondence between match made through MTE and REE for 112 vessels.

Correspondence Correspondence REE | Correspondence, Correspondence, | No correspondence=

between match pattern all quarries for some quarries, with 5-7 element | all quarries

made through involved = none some rendered (SRM) quarries rendered

MTE and REE rendered improbable | improbable = number improbable
through REE of quarries reduced through REE

through REE

One quarry match

(1Q) REE available 16 = 55% 0=0% 6=21% 7=24%

for the vessel and

quarry n=29

'Multiple choice'

e llias 6=12% 40=77% 2=4% 4=8%

available for all

vessels and quarries

n=52

‘Some regional

match’ (SRM1) REE

available for the 2=33% 0=0% - 4=66%

vessel and quarry

n=6

‘Some regional match’

(SRM2-5) REE available - 3- 33% - 6= 66%

for the vessel and all

quarries n=9
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between the REE pattern of the vessel and that of one or more of the alternative quarries suggested
through MTE.

If we can trust these numbers to be relevant for all the MTE matches, there is an 88% chance that
one or more quarries in the MC/MTE match category would have had acceptable REE patterns and
that only 8% of these matches would have ended up in the PRM/MTE&REE category. This implies
that the MC/MTE matches are generally quite trustworthy. Regarding the 1Q/MTE vessels, it seems
that matching a single quarry is difficult through MTE alone; as many as 45% of the matches to
single quarries were dismissed through REE. Even if a large share of these vessels became SRM vessels,
altogether one quarter of the 1Q matches ended up as PRM/MTE&REE. This suggests that 1Q/
MTE matches should be considered less trustworthy on a general basis than the MC/MTE matches,
and should be considered carefully with this in mind. This also applies to the SRM/MTE vessels,
where 66% of the matches to the suggested quarries were rendered improbable by REE.

These results and insights are taken into consideration when giving individual vessels a provenance
point score below. We will proceed to further evaluate the geochemically based matches through
other datasets.

The distribution of match categories in rural versus urban assemblages

The rural vessels are, as we recall, from Viking Age contexts in the Hordaland region, whereas the
urban vessels stem from early medieval Bergen. If there are systematic differences in the distribution
of vessel match categories within the two vessel assemblages, and if these have ‘independent’ social
and historical explanations, this may lend confidence to the geochemistry based match categories.

Figure 11 shows the distribution of the MTE and MTE&REE based match categories in the
rural and urban assemblages. It is interesting to note that the rural assemblage has a notably smaller
share of PRM match vessels than the urban counterpart. If we first look at numbers based on MTE
alone, only one (2%) of the rural vessels does not find a matching quarry in the region, while in
the urban assemblage the share is 16 vessels (17%). As a result of a chi square test (X2-test) (Siegel
1956:174-179, 249), the null-hypothesis of a random distribution of the match categories can be
rejected on a highly significant level i.e. the probability of a random distribution causing the pattern
is lower than 1%.

In the 11th and 12th centuries, Bergen was certainly connected to inter-regional networks of
trade and exchange (Hansen 2005). It is not unlikely that households in Bergen would have had
access to soapstone vessels through interregional networks to a higher degree than houscholds in
rural Viking Age Hordaland. If we accept this assumption, it would plausibly explain the differing
distribution of the match categories, and lend support to the credibility of the PRM/MTE category
in particular, and suggests that the poor match with the region’s quarries is real. It also lends support
to MTE based matches on a general level.

Turning to the distribution of PRM categories based on MTE&REE, the pattern with a higher

Figure 11.Categories of MTE and MTE&REE matches for the rural and urban vessels.

Four categories of match based on MTE (n=146 | MTE rural MTE urban | MTE&REE rural | MTE&REE urban
vessels) and on MTE&REE (n=112 vessels) vessels n=51 | vesselsn=95 | vesselsn=21 vessels n=91
One quarry match (1Q) 19=37% 19=20% 13=61% 30=33%
Multiple choice (MC) 20=3%% 47 =49% 1=5% 18 = 20%
Some regional match (SRM) 11=22% 13=14% 5=24% 8=9%
Poor regional match (PRM) 1=2% 16=17% 2=10% 35=38%
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share of PRM in the urban versus the rural vessel assemblage is strengthened; the urban share has
increased to 38%, whereas only one more rural vessel is added to the PRM category (10%). Why has
the urban share increased so much more than the rural? One factor may be that the number/share
of rural vessels with available REE is small and statistics on small numbers can be hazardous. Again,
however, the null-hypothesis of a random distribution of the match categories can be rejected on a
highly significant level (1%). So the trend seems clear: hardly any of the rural 1Q, MC or SRM were
considered improbable and sent to the PRM category by REE. And since the same methodological
procedures have been followed on the two vessel assemblages, the trend should not be explained as a
problem inherent in the analytic methods or data. Rather, the increased share of urban PRM matches
may be given independent social and historical explanations; we would actually consider it very likely
that there are more ‘strangers’ among the urban vessels than among the rural. If we accept this, the
increased share of PRM among the urban vessels suggests that the ability of REE to render quarries
improbable/implausible is real. It also lends support to the PRM/MTE&REE as trustworthy, in
the sense that poor matches with the region’s quarries are real. Furthermore, it lends strong general
confidence to matches made on both MTE&REE. This insight is taken into consideration when
giving individual vessels a provenance point score below.

The geographical location of quarries with matches to the rural versus the urban vessel
assemblages

The geographical location of quarries that were matched with, respectively, rural Viking Age vessels
and early medieval urban vessels as lQ/MTE&REE or MC/MTE&REE matches is the next dataset
to be addressed.

The spatial distribution of quarries that gave 1Q/MTE&REE-match to 43 rural and urban
vessels shows clear trends. Regarding the quarries that match the 13 rural vessels, all quarries except
one (that has matched three vessels) are located in the area southeast of Hardangerfjorden. Quarries
that match the 30 urban vessels are all, except three (that have matched altogether four vessels),
located northwest of this fjord.

A similar analysis of the 19 vessels with an MC2-5/MTE&REE match and their alternative
quarries produced these patterns: for the single rural vessel that was matched with multiple quarries,
all alternative quarries are located southeast of Hardangerfjorden. For 16 of the 18 urban MC
vessels the alternative quarries are all located northwest of this fjord. The remaining two urban MC/
MTE&REE vessels have matched quarries that are located on cither side of the fjord. The trends in
the spatial patterns formed by the MC/MTE&REE matches are accordingly similar to those formed
by the 1Q MTE/REE matches: the majority of quarries matched with the urban vessels are located
northwest of Hardangerfjorden and the majority of quarries that were matched with the rural vessels
are located southeast of Hardangerfjorden.

The quarries have, with few exceptions, not been studied archaeologically; their social and
historical context is thus not well established. The separate dates and contexts of the two object
assemblages, however, coincide so well with the trends in the spatial pattern provided by the quarries
that it is unlikely that the patterns are a product of methodological errors or qualities inherent the
geochemical data. So we will argue that the coinciding patterns imply that the 1Q/MTE&REE and
MC/MTE&REE matches are not random. They must have — so far unexplored — social and historical
explanations, and this lends general support to the validity of IQ/MTE&REE and MC/MTE&REE
matches made between vessels and quarries. This insight is taken into consideration when giving
individual vessels a provenance score below.

An important point is that the geographical area northwest of Hardangerfjorden corresponds to
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geological Unit 1&2, and the area southeast of the fjord corresponds to geological Unit 3 (the northern
part of the Folgefonna peninsula) and Unit 4 (the southern part of the Folgefonna peninsula). If all
quarries had been located within one unit/geological setting, the pattern would probably not be so
clear. Thus, the geological setting is very favourable for the clear patterns discerned here.

The find location of 1Q and SRM/1 rural vessels versus the location of their quarry candidate

The transport distances between the find spot of 1Q and SRMI rural vessels and their quarry
candidate are addressed as yet another spatial approach to evaluate the geochemically based matches.
Valleys probably constituted natural passageways over land, however, given the weight of soapstone,
waterways (in particular, the fjords) must have been preferred (cf. Resi 1979:125). Topographic maps
and tools in ArcGIS have been used to estimate the approximate transport distance along waterways
or valleys between quarries and vessel find spots. Vessels that are found within a transport distance
of 0-10 km from the quarry are, according to our definition, found iz the vicinity of this quarry.
If found within a transport distance of 11-30 km from the quarry, we consider the vessel as local.
Vessels that are found beyond 30 km, but along a natural transport route between the quarry and
the find spot of the vessel are considered regional with favourable accessibility. Vessels that are found
further than 30 km away from the quarry candidate but not along a convenient transport route are
labelled regional. When vessels are found in the vicinity or in the local area of their quarry candidate,
we consider such a spatial circumstance as a strong indication that the match between vessel and
quarry is trustworthy. If vessels are found further than 30 km from a quarry candidate, whether or
not along a convenient transport route in relation to ‘their’ quarry this is, however, 7ot considered to
be an indication of a mismatch.

Three of the 13 rural IQ/MTE&REE-vessels were found in the vicinity and two were found
within the local area of their quarry (Figure 12). For five of these 13 1Q rural vessels, the find location
of the vessels versus the location of their matching quarry thus lends strong support to the particular
matches made and confidence to the 1Q/MTE&REE match category as a whole. Concerning the
nine 1Q/MTE vessels where REE was not available for analysis, two vessels were found in the local
area of their quarry. This lends strong support to these two 1Q/MTE matches in particular.

Addressing the five SRM1/MTE&REE vessels, three were found in the vicinity of their matching
quarries, lending strong support to these three particular matches. Of the two SRM/MTE vessels,
one was found in the vicinity of its matching quarry. This lends strong support to this particular
match, and this spatial analysis suggests that some of the matches made on less than eight MTE may
be reliable. This insight is taken into consideration when giving individual vessels a provenance score
below.

Figure 12. Distance between find spot for 1Q and SRM1 rural vessels and their quarry candidate.

Transport distance between the find Number of Numberof | Number of Number of

spot for 1Q and SRM/1 rural vessels rural 1Q rural 1Q SRM/1 rural SRM/1 rural

and ‘their’ quarry vessels n=13 vessels vessels n=5 vessels
MTE&REE n=9 MTE MTE&REE n=2 MTE

Vicinity of quarry (0-10 km) 3 0 3 1

Local area of the quarry (11-30 km) 2 2 0 0

Regional, (more than 30 km) but with favourable accessibility

along transport route from quarry to vessel find spot 4 2 0 0

Regional (more than 30 km), but not along any

natural transport route from quarry to vessel find spot 4 5 2 1
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The typology of the urban vessels

Vessel typology may also provide interesting insights into the reliability of the geochemically based
matches. The urban vessels, as already mentioned, have been classified in connection with the study.
Vessels of the medieval types A and B were most likely produced in western Norway (Lossius 1977).
It is not known whether differences among these types had functional or chronological significance,
or whether both types were produced in the same quarries. We thus expected to find both types A and
B within an assemblage of vessels quarried in the Hordaland region. Type C is, however, held to be of
eastern Norwegian origin (Lossius 1977: 63—67) and if such vessels are among the urban vessels, their
‘matching history’ will be interesting for an assessment of the general reliability of the geochemically
based matches (for an illustration of the vessel types see Vangstad this vol.).

Among the urban vessels, 79 could be classified according to type. Seventy were of type A, seven
of type B and two were of the eastern Norwegian type C. Based on typology, there are thus only two
obvious strangers in the urban assemblage. The inventory numbers of the type C vessels are shard (1)
BRM 0/80455 and shard (2) BRM 110/5651. We shall have a look at their match history.

Shard 1 was assigned to the MC3/MTE category. Three different quarries, i.e., Ingahogget and
Klovsteinsjuvet (in geological Unit 4) and Lysekloster (in Unit 2) all came out with a match on
eight elements, while a fourth quarry (Sele in Unit 2) came in with a five element match. The three
quarries that matched on eight elements did not have REE patterns with any acceptable degrees of
correspondence to the vessel's REE pattern, so they were discarded in accordance with the principles
outlined above. The fourth quarry, Sele, came up as an SRM1 alternative that was up for testing.
Since we do not have REE data for Sele, the shard was classified as inconclusive during the REE
analysis. Accordingly, it remained in the category MC3/MTE with the three eight-element quarries
as alternatives, even if they quite likely should have been ruled out.

Shard 2 was assigned to the SRM2/MTE group by matches on six elements with the Ingahogget
quarry (Unit 4) and with the Sele quarry (Unit 2) on five elements. The REE profile of Ingahogget
had an acceptable degree of correspondence with the vessel’s REE pattern; however, since Sele did not
have REE data, this shard was also classified as inconclusive during the REE analysis and it remained
in the SRM/MTE group. Had we not known the typology of the two shards they would not have
been recognised as strangers through the analyses of geochemical data.

These two type C shards both have MTE compositions showing traits in common with two
different geological units in the Hordaland region. These examples may imply that the geochemical
composition of vessels that match quarries in more than one unit may find better or similar parallels
in other parts of Norway as well. Geological knowledge (see Sturt et al. 2002) tells us that some of the
Hordaland units may have equivalents in other parts of Norway, so we should probably not be too
surprised. This calls for some attention and some scepticism regarding vessels matched with quarries
in several geological units. One of the shards has an REE profile that is acceptable within a Hordaland
regional context that may also call for attention and supports our supposition that discriminating
between quarries cannot be based on REE alone. This insight is taken into consideration when giving
individual vessels a provenance point score below.

Conclusion on step three: the evaluation of the general reliability of the geochemically based
matches

The analyses of the distribution of, respectively, PRM/MTE and PRM/MTE&REE, match categories
in the rural versus the urban assemblages lend support to the validity of REE in rendering quarries
improbable/implausible. Our premise, that the application of REE data strengthens the MTE based
matches, thus finds support.
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The analyses have resulted in several categories of geochemically based matches between vessels
and regional quarries. These categories may, if no other evidence supports the match, be used with
varying degrees of confidence:

1Q/MTE: vessels that matched one quarry on eight MTE. The application of REE to these
matches rendered many improbable, and showed that one must use the individual 1Q/MTE
matches with caution if no additional data, such as the co-location of the find spot of the
vessel and its matching quarry, can support the match.

MC/MTE: vessels that matched several regional quarries on eight MTE. The application of
REE to this category of matches showed that a high degree of trust can be placed in trends
in the MC/MTE matches. It is thus quite likely that one of the quarries that matches the
vessel’s geochemistry may actually have delivered the vessel. If the vessel’s matching quarries
are all located within one geological unit it is considered likely that the vessel stems from
this unit. As a contrast, the matching history of a MC/MTE type C vessel indicated that the
geochemical composition of MC/MTE vessels with a match to quarries located in more than
one geological unit may be so general that it fits with geological units outside the Hordaland
region as well. Taking this observation into consideration, MC/MTE matches to quarries in
more than one geological unit are regarded as less trustworthy.

SRM/MTE: vessels that are matched with the regional quarries on between five and seven
MTE. The application of REE to these matches deemed two thirds improbable, so the
individual SRM/MTE matches must be perceived as uncertain if no additional data, such as
the co-location of the find spot of the vessel and its matching quarry, can support the specific
match. The matching history of a SRM/MTE type C vessel indicated that the geochemical
composition of vessels with a match to quarries located in more than one geological unit
may be so general that it fits into geological units outside the Hordaland region. Taking this
observation into consideration, SRM/MTE matches to quarries in more than one geological
unit are treated as untrustworthy.

PRM/MTE: vessels that are matched with the regional quarries on four or fewer MTE. The
over-representation of PRM/MTE among the urban vessels, compared to the rural, implies
that the trends in the MTE based PRM matches may have some validity, making it likely that
these vessels do not stem from regional quarries.

1Q/MTE&REE and MC/MTE&REE: vessels that matched one quarry or multiple quarries
on eight MTE and that have an REE profile that has an acceptable degree of correspondence
with the profile(s) of its matching quarry. The increased difference in the representation of
1Q/MTE&REE and PRM/MTE&REE among the urban vessels versus the rural assemblages,
and the coinciding patterns in the geographical locations of quarries that matched respectively
the rural and medieval 1Q/MTE&REE and MC/MTE&REE vessels all lend strong
support to the validity in the trends of these two categories of geochemically based matches.
Furthermore, the close distances between the find spots of some 1Q/MTE&REE rural vessels
and their quarry candidates lend support to the validity of the match category on a general
level and strong support to the concrete matches in particular. Matches with a single quarry
are considered relatively well established, whereas provenance to the geological unit of the
quarry is considered reliable.

SRM/MTE&REE: vessels that match regional quarries on five to seven MTE. The close
distances between some SRM/MTE&REE vessels and their matching quarries give strong
support to these concrete matches in particular, and show that some matches made on less
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than eight elements may be trustworthy when combined with REE.

e PRM/MTE&REE: vessels that matched regional quarries on four or less MTE, or had an
REE profile without an acceptable correspondence to those of the quarries matched on five
to eight elements. The fact that all the 1Q/MTE vessels that ended up as PRM/MTE&REE
after the application of REE were urban vessels lends support to the geochemically based
methods applied and thus suggests that the MTE&REE classification of these vessels as PRM
is trustworthy on a general level.

Altogether, in spite of favourable evaluations of most of the geochemically based match categories, the
matching history of two ‘strangers’, both type C vessels, showed that the geochemically based methods
used here are not watertight. These two cases implied that the geochemical composition of vessels that
match quarries in more than one geological unit may be so common or general that it finds parallels
in other parts of Norway as well. One of the shards had a REE profile that would be acceptable
in a Hordaland regional context, which also calls for attention and supports our supposition that
discriminating between quarries cannot be based on REE alone. In any one case there will be the
possibility of a false match.

Step four: the individual vessels are scored and divided into provenance groups
Based on the assessments above, the individual vessels are now given a point score to quantitatively
express the reliability of their match/mismatch with the sampled quarries/the Hordaland region. The
vessels can gain or lose points depending on their stepwise performance through steps one to three
in the analysis above. For the score this principle has been followed (Figure 13): vessels that came
out with a one 1Q result on eight MTE are given three points, vessels that came out with multiple
quarries on eight MTE are given four points, vessels that came out with a score on five to seven MTE
are given two points and PRM vessels (four or less elements) are given zero points. Vessels with a REE
profile that shows an acceptable degree of correspondence with that of the matching quarry(ies) gain
two points, whereas profiles without any acceptable degree of correspondence lose two points. If a
vessel’s find spot is in the vicinity of the matched quarry, this results in three added points; if in the
local area two points are added. If vessels matched more than one quarry that are located in different
geological units (treating Unit 1&2 as one) one point is deducted from the score. Finally, if the vessel
is of type C, all points are lost.

All in all, the sum of points expresses the degree of reliability of the match between the vessel
and the sampled quarries in the Hordaland region, based on geochemical and archaeological data and
analytic methods. Thus, for the PRM vessels, a low score is an indication that it is trustworthy that
the vessel is not from the sampled quarries in the region.

Provenance groups and provenancing results
Through use of the provenance points and an eye to the evaluation of the general reliability of the
geochemically based match categories, the vessels can now be divided into six provenance groups,
where the reliability of provenance is characterised as reliable, quite reliable or tentative (Figure 14).
*  Group 1 comprises vessels from the category 1Q/MTE&REE, as well as SRM1/MTE&REE
vessels that are found in the vicinity or local area of their matching quarry. These 49 vessels
each have six to nine points. Within this group, provenance to a single quarry is considered
quite reliable, whereas provenance to the geological unit of the quarry is considered reliable.

* Group 2 comprises 15 vessels from the categories 1Q/MTE and SRM1/MTE&REE.
These vessels have three to four points. Within this group, provenance to the single quarry
is considered to be tentative, whereas provenance to the geological unit of the quarry is
considered quite reliable.
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Figure 13. Individual vessel’s points, gained and lost.

Vessel

Points gained | Points lost

1Q MTE (8 MTE in common with one quarry)

MC MTE(8 MTE in common with several quarries)

SRM MTE (5-7 MTE in common with one or more quarries) 2
PRM MTE (4 or less MTE in common with the sampled quarries) 0
REE profile acceptable for quarries selected through 5-8 MTE 2
1Q & MC & SRM: REE not in accordance with any quarry alternatives selected through 5-8 MTE 2

Quarry in the vicinity of 1Q and SRM1vessel’s find spot

Quarry local in relation to 1Q and SRM1vessel’s find spot

MC/MTE and SRM/MTE quarries in various geological units (treating Unit 1&2 as one) 1
MC/MTE&REE and SRM/MTE&REE quarries in various geological units (treating Unit 1&2 as one) 1
Typology, C vessel All

Group 3 comprises 17 vessels that have matched several quarries in the category MC/
MTE&REE. The matching quarries are all located within the same geological unit or within
Unit 1&2. The vessels have six points. Within this group, provenance to one of the quarries
is considered quite reliable and provenance to the geological unit of the quarries is considered
reliable.

Group 4 comprises 10 vessels in the MC/MTE category where all alternative quarries are
located within a single geological unit or within Unit 1&2. The vessels have three to four
points. Within this group, provenance to one of the specific alternative quarries is considered
to be tentative, whereas provenance to the geological unit of the quarry is considered quite
reliable.

Group 5 comprises 15 vessels that, for various reasons, have not passed the matching
procedures without problems. The vessels have a point score of one to four, so some score
quite well. However, for 14 of the 16 vessels in this group, REE data are not available for vessel
or quarry, so they have not been able to go through the matching procedures with a robust
set of data. Many of the vessels are matched to more than one quarry (MC/MTE&REE,
MC/MTE, SRM/MTE and SRM/MTE&REE) and in many cases these quarries are located
in different geological units. The reliability of the matches between vessels and the region’s
quarries can neither be established nor dismissed with any certainty.

Group 6 comprises vessels in the PRM/MTE and PRM/MTE&REE vessel categories. These
40 vessels have zero or one point scores and it is considered quite reliable that they are not
from the Hordaland region.

The aim of the study was to assess the provenance of 146 vessels from Viking Age rural Hordaland
and early medieval Bergen. For 131 vessels, a reliable, quite reliable, or tentative provenancing result
has been found. The list of provenancing results for the individual vessels, with provenance point
score, group assignment and their origin/quarry(ies) is given in Figure 15, see Table 3 in the Appendix

for full
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Figure 14. Six provenance groups established by use of the provenance ‘point-sum’ and an eye to the evaluation of the
general reliability of the geochemically based match categories.

Six provenance groups |Point | Provenance to the| Provenance to one| Provenance to Not from the
(n=146 vessels) sum selected quarry | selected quarries | geological unit Hordaland region
Group 1 (n=49) 6-9 Quite reliable Reliable
Group 2 (n=15) 3-4 Tentative Quite reliable
Group 3 (n=17) 6 Quite reliable Reliable
Group 4 (n=10) 3-4 Tentative Quite reliable
Reliability neither| Reliability neither | Reliability neither | Reliability neither
Group 5 (n=15) 1-4 established or established or established or established or
dismissed dismissed dismissed dismissed
Group 6 (n=40) 0-1 Quite reliable

Figure 15. Provenancing result for the 146 vessels, with provenance point score, group assignment and their origin/
quarry(s). Rural vessels with a B-prefix, urban vessels with a BRM-prefix.

Object no. MTE MTE & REE fizuP Quarry selected Group 1-6 Score
BRM 0/42937 1Q 1Q 1 Kvernes 5
BRM 0/43530 NRM NRM 6 0
BRM 0/43549 NRM NRM 6 0
BRM 0/44163 MC3 MC2 3 Arnafjord/Kvernes 6
BRM 0/44650 SRM1 QuarrynoREE |5 Digranes 2
BRM 0/44931 MC4 1Q 1 Urda 6
BRM 0/44934 MC7 MC5 3 Arnafjord/Bergsholmen/Juadal/Kvernes/Urda 6
BRM 0/44998 NRM NRM 6 0
BRM 0/45373 1Q NRM 6 1
BRM 0/45465 MC3 MC2 3 Bergsholmen/Kvernes 6
BRM 0/45548 MC2 1Q 1 Kvernes 6
BRM 0/45695 1Q NRM 6 1
BRM 0/45792 MC3 1Q 1 Bergsholmen 6
BRM 0/45810 NRM NRM 6 0
BRM 0/45843 NRM NRM 6 0
BRM 0/45857 NRM NRM 6 0
BRM 0/45938 NRM NRM 6 0
BRM 0/46144 SRM1 SRM1 2 Baldersheim 4
BRM 0/54177 MC5 1Q 1 Kvernes 6
BRM 0/54478 MC2 1Q 1 Kvernes 6
BRM 0/54795 MC3 MC3 3 Kvernes/Urda/Bergsholmen 6
BRM 0/55200 SRM2 | NRM 6 0
BRM 0/63018 1Q NRM 6 1
BRM 0/63600 MC2 1Q 1 Bergsholmen 6
BRM 0/63801 1Q 1Q 1 Urda 5
BRM 0/63998 MC3 1Q 1 Urda 6
BRM 0/64002 MC3 1Q 1 Bergsholmen 5
BRM 0/64060 1Q NRM 6 1
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Object no. MTE MTE & REE 1GI2UP Quarry selected Group 1-6 Score
BRM 0/64141 NRM NRM 6 0
BRM 0/64255 NRM NRM 6 0
BRM 0/64272 NRM NRM 6 0
BRM 0/64393 MC2 1Q 1 Kvernes 6
BRM 0/64422 MC3 MC2 5 Bergsholmen/Vassenden 4
BRM 0/64487 MC3 1Q 1 Kvernes 6
BRM 0/64621 1Q 1Q 1 Baldersheim 5
BRM 0/64638 MC2 1Q 1 Kvernes 6
BRM 0/64641 MC3 1Q 1 Urda 6
BRM 0/64657 SRM1 NRM 6 0
BRM 0/64742 MC2 1Q 1 Russay 6
BRM 0/64786 MC2 MC2 3 Sjusete/Urda 6
BRM 0/64803 SRM1 | NRM 6 0
BRM 0/64828 MC2 MC2 3 Bergsholmen/Kvernes 6
BRM 0/64984 MC3 1Q 1 Kvernes 6
BRM 0/64994 MC3 1Q 1 Bergsholmen 6
BRM 0/65004 SRM2  |NRM 6 0
BRM 0/65007 MC2 1Q 1 Bergsholmen 6
BRM 0/73087 NRM NRM 6 0
BRM 0/73155 SRM3 | SRM2 5 Arnafjord/Vassenden 2
BRM 0/73346 NRM NRM 6 0
BRM 0/73353 NRM NRM 6 0
BRM 0/73441 MC4 SRM1 2 Bru 4
BRM 0/75316 SRM3 NRM 6 0
BRM 0/75671 1Q SRM1 2 Juadal 3
BRM 0/75767 MC3 MC3 5 Bergsholmen/Szevrasvag/Vassenden 5
BRM 0/77526 1Q 1Q 1 Ingahogget 5
BRM 0/77531 MC4 1Q 1 Seevrasvag 5
BRM 0/77564 SRM4 | SRM1 2 Kvernes 4
BRM 0/77576 1Q 1Q 1 Seevrasvag 5
BRM 0/79750 1Q SRM1 2 Russay 3
BRM 0/80155 MC3 1Q 1 Kvernes 6
BRM 0/80210 MC4 1Q 1 Seevrasvag 6
BRM 0/80253 SRM1  |NRM 6 0
BRM 0/80455 MC3 QuarrynoREE |6 Ingahogget/Klovsteinsjuvet/Lysekloster/Sele 0
BRM 0/80803 MCé MC4 3 Bergsholmen/Kvernes/Russey/Saevrasvag 6
BRM 0/80852 MC4 MC3 3 Kvernes/Rauberg/Vargavag 6
BRM 0/80871 1Q 1Q 1 Bergspytt 5
BRM 0/81128 1Q SRM1 2 Rauberg 3
BRM 0/81366 MC3 MC3 3 Bergsholmen/Kvernes/Rauberg 6
BRM 0/81374 MC3 NRM 6 2
BRM 0/85416 MC8 MC2 3 Rauberg/Vargavag 6
BRM 0/85447 MCé MC3 3 Bergsholmen/ Kvernes/ Russay 6
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Object no. MTE MTE & REE 1GI2UP Quarry selected Group 1-6 Score
BRM 0/85448 MC8 MC4 3 Bergsholmen/Froastad/Kvernes/Russay 6
BRM 0/85465 1Q 1Q 1 Saevrasvag 5
BRM 0/85502 MC7 1Q 1 Urda 6
BRM 0/85503 MC8 MC5 3 Bergsholmen/Juadal/Kvernes/Russgy/Urda 6
BRM 0/85556 NRM NRM 6 0
BRM 0/85580 SRM2  |NRM 6 0
BRM 0/85591 MC8 MC4 3 Bergsholmen/Kvernes/Russoy/Sjusete 6
BRM 0/85635 1Q NRM 6 1
BRM 0/86150 MC3 NRM 6 2
BRM 0/86199 MC2 1Q 1 Urda 6
BRM 0/86220 MCé MC2 3 Bergsholmen/Sjusete 6
BRM 0/86878 NRM NRM 6 0
BRM 3/697 1Q 1Q 1 Kvitno 6
BRM 3/702 1Q SRM2 4 Kvitno/Vassenden 3
BRM 76/11041 MC4  |NRM 6 2
BRM 76/11048 # 2 z:”;]e Same as #1

BRM 76/11048#1 | 1Q NRM 6 1
BRM 104/2180 MC3 1Q 1 Ingahogget 5
BRM 104/2299 MC2 MC2 3 Bergsholmen/Saevrasvag 6
BRM 104/2356 NRM NRM 6 0
BRM 110/5518 MC4 NRM 6 2
BRM 110/5651 SRM2 QuarrynoREE |6 0
BRM 110/5959 1Q NRM 6 1
BRM 110/6463 MC2 QuarrynoREE | 4 Urda/Vargehola 4
BRM 237/1277 SRM2 NRM 6 0
B4253 1Q 1Q 1 Kvitno 5
B4369 SRM2 | QuarrynoREE |5 Bergspytt/Digranes 1
B4432 1Q Vessel noREE | 2 Saevrasvag 3
B4719 MC6 Vessel no REE | 4 S::g:bglgmen/Kvernes/Rauberg/Russgy/Urda/ 4
B4836 1Q 1Q 1 Tysse 5
B6204 MC2 1Q 1 Bergspytt 9
B6982/b MC3 VesselnoREE |4 Froastad/Juadal/Russoy 4
B7018 1Q Vessel noREE | 2 Saevrasvag 3
B7019 1Q Vessel noREE |2 Kvitno 3
B7105 SRM3 | VesselnoREE |5 Nygard/Vargavag gryte/Vassenden 1
B7829 1Q 1Q 1 Seevrasvag 7
B7888 1Q 1Q 1 Klovsteinsjuvet 8
B7925 1Q 1Q 1 Kvitno 5
B7960 1Q 1Q 1 Kvitno 5
B8300 MC4 Vessel noREE | 4 Drebrekke/Flatabg/Kvitno/Vassenden 4
B8308 MC4 1Q 1 Seevrasvag 8
B8321 MC6 Vessel no REE | 4 Bergsholmen/Katlaberg/Kvernes/Nygard/ 4

Rauberg/Vargavag
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Object no. MTE MTE & REE 1GI2UP Quarry selected Group 1-6 Score
B8995 SRM3 | VesselnoREE |5 Bergsholmen/Juadal/Kvernes 2
B9976 SRM2 | QuarrynoREE |5 Digranes/Kvitno 2
B10270 1Q VesselnoREE |2 Svangy 3
B10454 SRM1 SRM1 2 Bergspytt 4
B10457 MC4 QuarrynoREE |5 Drebrekke/Kvitno/Seevrasvag/Vassenden 3
B10462/a MC2 1Q 1 Vassenden 5
B10462/b SRM1 |VesselnoREE |1 Bergspytt 5
B10462/c MC2 VesselnoREE |5 Seaevrasvag/Vassenden 3
B10462/d SRM2  |NRM 6 0
B10481 1Q SRM1 1 Flatabe 5
B10655 1Q SRM1 1 Kvitno 5
B10680/a 1Q Vessel noREE |1 Akra 5
B10680/b 1Q VesselnoREE |2 Skare 3
B10697 1Q Vessel noREE |2 Raudesteinarne 3
B10980 MC2 VesselnoREE |4 Kvernes/Rauberg 4
B11115 SRM2 | Quarry noREE |5 Bergspytt/Digranes 1
B11116 MC2 VesselnoREE |5 Arnafjord/Kvitno 3
B11422 SRM1 VesselnoREE |5 Bergspytt 2
B11551/a MC5 QuarrynoREE | 4 Juadal/Kvernes/Nygard/Urda/Vargavag 4
B11564/g MC3 VesselnoREE |5 Seevrasvagen/Raudesteinane/Vassenden 3
B11630 1Q Vessel noREE |1 Saevrasvag 5
B11636 MC5 VesselnoREE |5 Juadal/Kvernes/Nygard/Urda/ Vassenden 3
B11686 MC5 VesselnoREE |4 Bergsholmen/Juadalen/Rauberg/Russey/Urda |4
B11797 1Q 1Q 1 Skare 5
B11815/b 1Q 1Q 1 Akra 8
B11835 MC3 QuarrynoREE |4 Arnafjord/Kvernes/Svangy 4
B11867/a SRM3 | SRM1 1 Bergsholmen 6
B11868/b SRM1  |NRM 6 2
B11869/c 1Q Vessel noREE |2 Saevrasvag 3
B11878/a MC2 1Q 1 Seevrasvag 5
B12025/b MC2 1Q 1 Vassenden 6
B12050/a MC4 MC3 3 Bergspytt/Ingahogget/Klovsteinsjuvet 6
B12314 MC2 SRM1 2 Juadal 4
B12372 NRM VesselnoREE |6 0
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Immediate social and historical implications of the provenancing results,

suggestions for further studies

Using the six provenance groups defined above, we want to pursue some of the provenancing results
immediate implications in social and historical terms. We also comment on directions for further
studies. We hold as a premise that the provenancing results for individual vessels in Group 1 and
Group 3 are quite reliable and that trends in the results (i.e., that more than one ‘result’ points in
the same direction) in these groups are reliable. Furthermore, the provenancing results of individual
vessels in Group 2 and Group 4 are held to be tentative, and, as such, cannot carry an argument alone.
Whereas trends formed by vessels in these groups can support an argument. As mentioned initially,
the urban assemblage is reliably dated and considered representative for vessel consumption among
ordinary people in Bergen during the early Middle Ages. Being aware that the rural counterpart,
with fewer and less well dated objects, may not be quite as representative for vessels consumed in
the Hordaland region during the Viking Age, we nevertheless assume heuristically in the discussions
below, that the rural assemblage is quite representative for vessels consumed in the area during the
Viking Age.

Interesting spatial patterns emerged when coupling information on the contexts and dates of
vessels versus their matching quarries. We want to pursue four areas of implications regarding the
dating of activities in the quarries, the identification of distinct quarry-districts, the character of
soapstone vessel production in the Hordaland region, and the existence of PRM vessels.

Dating production in the quarries

Previous research has pointed to the Hordaland region as an important area for vessel production
during the Viking Age (Petersen 1951:349-369; Skjolsvold 1961:124-125) and it has been suggested
that the Sorfjorden area in the Hordaland region was an especially important production center in
the Middle Ages (Lossius 1977:62-67, 1979:67-69). Soapstone quarrying has thus been considered
an important industry in the Hordaland region during prehistory and the Middle Ages, yet activity
in the regional quarries has, with few exceptions, not been dated hitherto. Matches between a quarry
and Viking Age or early medieval vessels may now allow us to date production in the quarry indirectly
to at least these respective periods. In Figure 16, quarries that match rural and urban vessels in Group
1 and Group 2 are listed.

Twenty quarries are linked to vessels that were matched with only one eligible quarry. The
quarries Bru, Juadal, Rauberg, Raudesteinane, Svangy, and Tysse have only matched Group 2 vessels,
so dates for activity in these quarries established indirectly through the vessels” dates are tentative
and cannot stand alone. Activities in the remaining quarries with matches to Group 1 vessels may be
dated with more confidence; the more matches to each quarry, the stronger the confidence in dating
activities here. At Bergsholmen, Bergspytt, Kvitno, and Sevrasvdg, activity is dated indirectly to both
the Viking Age and the early Middle Ages. At Flatabg, Klovsteinsjuvet Skare, Vassenden and Akra,
activity is dated at least to the Viking Age; while at Baldersheim, Ingahogget, Kvernes, Russay, and
Urda, matches with urban vessels date activity to at least the early Middle Ages.

The indirect dating of activity in individual quarries through vessel matches is interesting, even
if some dates are tentative. The datasets alone cannot be used to determine when activity began or
ended in the quarries. A better understanding of the time frame for the onset and end of production
at the individual quarry sites may be obtained through future archaeological investigations in the
quarries.
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Figure 16. Quarries that match vessels from the Viking Age and the Early Middle Age. Group 1 comprises vessels with a
quite reliable provenance, Group 2 is tentatively provenanced.

Quarries Rural vessels Group 1/Group 2. Urban vessels Group 1/Group 2.
The Viking Age The early Middle Ages

Baldersheim 1/1
Bergsholmen 1/0 5/0
Bergspytt 2/1 1/0
Bru 0/1
Flatabg 1/0

Ingahogget 2/0
Juadal 0/1 0/1
Klovsteinsjuvet 1/0

Kvernes 9/1
Kvitno 4/1 1/0
Rauberg 0/1
Raudesteinane 0/1

Russay 1/1
Skare 1/1

Svangy 0/1

Saevrasvag 4/3 4/0
Tysse 1/0

Urda 6/0
Vassenden (Handegard) 2/0

Akra 2/0

Identifying quarry districts

Clear patterns were discerned in our assessments of the locations of quarries that had matches with
Viking Age rural and early medieval urban vessels respectively. The map in Figure 17 shows the
geographical locations of quarries across the Hordaland region and the frequencies of matches
between rural or urban vessels at the quarries. Vessels in Groups 1, 2, 3, and 4 are included; thus,
both single-quarry (Group18&2) and multiple-quarry (Group 3&4) matches with varying levels of
reliability are drawn upon. Note that vessels that matched multiple quarries have a ‘hit’-signature at
every one of these quarries, so the Group 3&4 signatures do not represent individual vessels. The
frequency of hits reflects degrees of geochemical similarity between the rural/urban vessel assemblages
and quarries in case. One must recall that, in numbers, the rural vessels are only about half as many as
their urban counterparts, so the number of ‘rural hits’ are understandably fewer than the urban hits.
Furthermore, more trust can be placed in Group 1 and Group 3 hits than in Group 2 and Group 4
hits. Nevertheless, the map provides a good visual impression of the locations of quarries/quarry-areas
with rural versus urban hits so that general trends in the spatial and temporal patterns formed by the bits
can be identified.

The map shows that the hits for rural vessels fall primarily southeast of Hardangerfjorden in
the northern part of the Folgefonna peninsula and by Serfjorden (i.e., within geological Unit 3, for
a cross reference to quarry names and units, see Figure 1 and Figure 2), and in the southern part
of the Folgefonna peninsula, which is equivalent to geological Unit 4. As most of the hits here are
from Group 1 vessels, this trend is considered reliable. Some Group 3&4 vessel-hits are also found
southeast of Hardangerfjorden and lend additional support to the trend formed by Group 182 hits
here. Northwest of Hardangerfjorden (the area covered by geological Unit 1&2) the rural hits are
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fewer, however, since some stem from Group 1 vessels, it is considered reliable that rural vessels were
quarried northwest of the fjord. In addition, rural Group 3&4 hits are documented northwest of
Hardangerfjorden and these hits lend additional support to the trend based on Group 1&2 hits. In
particular, Group 1&2 hits are frequent in the Sevrasvig quarry (no. 28) in the most northwestern
part of the Hordaland region.

The patterns suggest that, in the Viking Age, the quarries southeast of Hardangerfjorden on
the Folgefonna peninsula and by the Serfjorden area were the most important suppliers of vessels to
rural households in the Hordaland region. Some quarries in the area northwest of Hardangerfjorden,
however, also produced rural vessels and among these the Sevrisvig quarry stands out. The Folgefonna
peninsula/Serfjorden area producers were thus not alone in producing vessels for rural Viking Age
Hordaland households.

The early medieval urban vessel hits also form a very distinct spatial pattern, with the vast
majority being located in areas northwest of Hardangerfjorden, (geological Unit 1&2). Only a few
hits are linked to quarries southeast of this fjord. One Group 1 vessel is matched with the Kvitno
quarry (no. 16) by Serfjorden at the Folgefonna peninsula and, while it is the only hit to a quarry
in geological Unit 3, it should not be ignored. The others are Group 1 hits to the Ingahogget (no.
10) and Bergspytt (no. 4) quarries in the southern part of the Folgefonna peninsula (geological
Unit 4). The spatial pattern of hits formed by urban vessels from Groups 1 to 4, coupled with the
well-substantiated dates of the urban vessel assemblage, strongly suggests that quarries in the area
northwest of Hardangerfjorden became Bergen’s main suppliers of soapstone vessels during the early
Middle Ages. It seems that some quarries at the Folgefonna Peninsula and by Serfjorden were still
active and made some few deliveries to Bergen in this period.

The implications of these patterns are that quarries in the general Sorfjorden area seem to have
been important producers of vessels for rural Viking Age households in the Hordaland region, while
quarries in the area northwest of Hardangerfjorden, with the exception of the Sevrisvig quarry,
delivered vessels to a lesser extent at this time. In the early Middle Ages, quarries in areas northwest
of Hardangerfjorden became the main suppliers of vessels to Bergen, while quarries southeast of this
ford made relatively few deliveries to Bergen. This stands in stark contrast to previous perceptions
that the Serfjorden area continued to be an important production centre from the Viking Age into
the Middle Ages (Lossius 1977:62-67).

Rural/Viking Age and urban/early medieval households thus got their vessels, generally, from
quarries located in two different geographic areas. In fact, one may suggest that distinct quarry
districts existed in the Viking Age and the early Middle Ages: one of these quarry districts (hereafter
Quarry District A) comprised the Folgefonna peninsula and the Serfjorden area, while the second
district (hereafter Quarry District B) was found in the area northwest of Hardangerfjorden. These
observations add a whole new level of detail to the picture of the regions’ production of soapstone
vessels in the Viking Age and the early Middle Ages

Based on the available evidence, it cannot be established whether the production of vessels in
District A declined dramatically by the end of the Viking Age and the transition to the Middle
Ages, or whether this area simply did not deliver vessels in any quantity to the early medieval urban
community at Bergen. Did production decline or did the district’s producers not engage in exchange-
networks involving town/Bergen-connected actors? These are interesting questions that must be
pursued on a broader canvas in future research. Refined dating of the quarries obtained through
further archaeological investigations, factors such as restraints and possibilities offered by the natural
topography, the size of the quarries/soapstone outcrops, the demand for new types of products such
as stone for monumental buildings in the early Middle Ages, as well as land-ownership, should all be
considered in seeking answers to these new questions.
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Figure 17. Map with rural and urban vessel match and ‘hits’ on quarries in the Hordaland region. The map provides a visual
impression of the locations of quarries/quarry-districts with rural versus urban ‘hits’ Cross reference for quarry names and
geological units see Figure 1 and Figure 2. Red = Urban, blue = rural. O= vessel Group 1 and 2. A 'solid dot’ represents one
‘hit" on the quarry for Group 3 and 4 vessels with a multiple choice of quarries.
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The character of vessel production during the Viking Age and the early Medieval
period

Assessing transport distances between quarries and rural vessel find spots produced some interesting
insights by which we believe that we are starting to discern patterns in the regional organisation of
production and trade in soapstone vessels during the Viking Age. Furthermore, the general find spot
of early medieval vessels (i.e., Bergen) can also be included in the discussion, adding time depth to
the analysis. The question asked here is, thus, what was the character of vessel production: did the
quarries produce vessels for consumers in their immediate vicinity, in the local area, in the wider rural
parts of the Hordaland region, or did they produce for consumers in Bergen? The criteria for distance
categories, or one might rephrase and say consumer categories, are those used in the assessment above:
if vessels were found within 0-10 km of the quarry, the consumers are considered to be from a
household in the vicinity of this quarry. If a vessel is found within a distance of 11-30 km from the
quarry, the consumers are considered /local. If vessels are found more than 30 km from the quarry or
in Bergen, the consumers are considered regional. We are aware of the hazards of circular reasoning
when including, in this analysis, rural vessels for which the distance between the vessel’s find spot
and a quarry location was also used as a dataset for provenancing. However, with awareness of the
uncertainties inherent in making individual matches to individual quarries, we have nonetheless
looked for trends in the material. To explore those trends with the least uncertainty, we only discuss
quarries with one or more Group 1 vessel-matches, using quarries with only Group 2 vessels merely
to support trends identified through stronger sets of vessel-to-quarry matches. Figure 18 shows the
different categories of consumers that quarries in the Hordaland region serviced. The categories are
related to transport distances between quarries and the find spots of matching rural and urban Group
1 and Group 2 vessels. The quarries are now listed within their geographical location in Quarry
Districts A (geological Units 3 or 4) or B (Unit 1&2).

During the Viking Age, evidence suggests that three quarries delivered vessels to households in
their vicinities. These quarries are found in District A, and include Bergspytt, Klovsteinsjuvet and
Akra. We also have several examples of quarries that probably delivered vessels to households in the
local area. These quarries are located in both District A (Flatabe, Kvitno and Akra) and District B
(Bergsholmen and Szvrasvig). Some quarries, such as Kvitno, Vassenden, Skare, and Tysse in District
A and Savrisvag in District B, seem to have delivered vessels to households throughout the broader
region in addition to those located nearby. During the early Middle Ages, Bergspytt, Ingahogget
and Kvitno in District A and Baldersheim, Bergsholmen, Kvernes, Russey, Sevrasvag, and Urda in
District B may have delivered vessels to Bergen consumers.

It seems to have been common for quarries to deliver vessels to households in the vicinity or in
the local area during the Viking Age. However, some quarries appear to have produced for households
in the wider region as well. At Sevrasvig, Kvitno, and perhaps also Bergspytt (where Viking Age
regional distribution is shown through a Group 2 vessel only) there may be a continuation in the
production for regional consumers from the Viking Age into the early Medieval period.

Skjolsvold suggested that the Viking Age production of soapstone vessels was organized both
as household production and as production for sale (Skjolsvold 1961:96-107). With a definition of
household production as production of goods to be consumed by one’s own household and professional
production as production of goods for consumption outside one’s own houschold (see Hagen 1994;
Hansen 2005), it may tentatively be suggested that stoneworkers in the quarries that delivered vessels
to households in the vicinity of the quarry were producing for their own household needs, perhaps
as part of a self-subsistence economy. In contrast, stoneworkers in quarries that produced for local
and regional consumers, must have been professional craftspeople that produced for a wide market.
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Figure 18. Consumer categories for quarries of that delivered vessels during the Viking Age and the early Middle Ages.
Ordered by quarry district (A/3/4) = District A/Geological unit 3 or 4. (B) = District A/Geological unit 1&2. The Y-axis denotes
the number of vessels assigned to the quarry.

Following this model, we suggest that, during the Viking Age, in addition to household production,
professional production of vessels was carried out to a wide extent in District A, and to a lesser extent
in District B, with the Sevrasvig quarry as a distinct exception to the general picture. This lends
empirical support to Skjelsvolds model for Viking Age soapstone production.

During the early Middle Ages, professional production was carried out in District B. At the same
time some professional production was still taking place in District A but- it may seem to a much
lesser extent, and mainly in quarries that already had traditions for professional production and
regional distribution during the previous period of time.

Perhaps this is too simple a model, and the realities of Viking Age, as well as of early medieval quarry
activities, were more complex. However, the contours of the organisation of regional production and
trade in soapstone vessels during the Viking Age and the early Middle Ages can now to be discerned,
refined and debated. In future research, they should be discussed on a broad background. Relevant
information, such as quarry sizes and the amount of extraction undertaken through the centuries
would add valuable data and insights, if investigated through new archacological field work.

Interesting questions to be addressed may also concern the distribution of vessels from quarry to
consumer: how, exactly, did products wind up in rural Hordaland, or in urban Bergen’s households?
Who owned the quarries? Who were involved in the extraction, sale and distribution of vessels?
Were vessels sold/exchanged directly between producers and consumers or were there middle men/
middle-institutions? Where and how did distribution take place? Was it organised at the quarries, at
the farmsteads of the quarriers, or in local or regional markets? In Bergen? Did this change over time?
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Poor regional match: rural versus urban vessels

Finally, we briefly address the PRM vessels. Figure 19 shows the distribution of the six groups defined
by vessel provenance within the rural and the urban assemblages. As a result of a X2-test (Siegel
1956:174-179, 249), the null-hypothesis of a random distribution of the match categories can be
rejected on a highly significant level i.e. the probability of a random distribution causing the pattern
is lower than 1%. It is especially Group 6, the vessels that have poor matches with the sampled
regional quarries, that calls for immediate attention.

There may be an unknown number of vessels with poor regional match hiding in the rural
Group 5, due to the high share of Group 5 vessels in this assemblage. Consequently, the share of rural
vessels with poor regional match may be somewhat higher than the 6% figure suggested in Figure 19.
Within the urban assemblage, however, the share of vessels with poor regional match is considered
quite realistic and it seems safe to conclude that about one-third of the soapstone vessels used or
discarded in early medieval Bergen may have come to the town from quarries beyond the Hordaland
region. It also feels quite safe to conclude that even if we do not have particularly exact numbers for
establishing the proportion of non-regional vessels that came to Hordaland’s rural households during
the Viking Age, they were relatively speaking much less numerous than were seen in Bergen during
the following centuries.

The cross disciplinary approach of our study not only has the ability to, with some certainty,
rule out regional quarries as the origin of vessels consumed in the Hordaland region and Bergen,
the approach also indirectly helps identify soapstone vessels that must have come through trade or
other means of exchange from distant quarries, even if those vessels origin cannot yet be identified.
It would be interesting, in future research, to extend the reference material to include quarries from
other regions beyond Hordaland.

Identifying anomalies that need explanation, where trade or other exchange mechanisms may
be the answer, is in itself an important result that in future research may have a bearing on our
understanding of not only domestic interregional relations, but also of international relations between
Norway and the rest of Scandinavia and the North Atlantic Isles in the Viking Age and early Middle
Ages.

Final remarks

The aim of the present study was to provenance 146 late Iron Age/Viking Age and early medieval
soapstone vessels from the Hordaland region and from the town of Bergen. At our disposal we had
archaeological and geological data relating to the vessels and to 38 quarries from the Hordaland
region. Through interdisciplinary efforts we have been able to obtain provenancing results that are
considered to be reliable, quite reliable, or tentative for 131 vessels. The success rate is thus high. There

Figure 19. Provenance groups within the rural and urban vessel assemblages.

Six provenance groups based on MTE, REE, typology, transport Rural vessels | Urban vessels
distance and Geological unit-coherence n=51 n=95

Group 1 19=37% 30=32%
Group 2 9=18% 6=6%
Group 3 1=2% 16=17%
Group 4 8=17% 2=2%
Group 5 11=22% 4=4%
Group 6 3=6% 37=39%%
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is no doubt that the combination of several sets of geological and archaeological data and analytic
methods have been essential to achieving these results. The provenancing results are fresh datasets,
they have provided immediate insights that have social and historical implications and should be
pursued on a wide scale in future research: previously undated quarries are now tentatively dated
through vessel matching; distinct quarry-districts that were in use during the Viking Age and the early
Medieval period have been discerned; contours of the organisation of regional production and trade
in soapstone vessels during the Viking Age and the early Middle Ages are now substantiated, and
it is seen that Viking Age rural households received fewer vessels from areas beyond the Hordaland
region than their early medieval urban counterparts. The study has been an interdisciplinary venture
all the way. Geology and archacology are two disciplines that have much in common; we interpret
patterns in complex and rarely ‘complete’ datasets. As interpretations are always up for discussion, the
disciplines are dynamic: what may be perceived as solid today may be challenged tomorrow.
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Appendix

Table 1a. Major element data for quarries and vessels expressed as % element.
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Soapstone Vessels from Town and Country
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Soapstone Vessels from Town and Country

Table 2. Rare earth element data for quarries and vessels.
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Table 3. Provenancing result, in detail, for the individual 146 vessels.
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