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1. INTRODUCTION

1.1. A BRIEF OVERVIEW OF THE DEVELOPMENT
OF THE SWORD

The sword is a weapon with a long history. The first swords made of metal were developed
during the early Bronze Age, launching a long evolutionary series of forms and styles in different
geographical areas that continued through the Iron Age and into later times. Naturally, a sword
is a weapon of war and duelling, but in prehistoric Europe it could have had multiple meanings.
It could reflect wealth, status or power. Swords could also have symbolic meanings attached to
religion or folk beliefs, or they could even be attributed with miraculous properties.! Throughout
the Iron Ages the development of swords reflects changes in fashion and style and combat
techniques, along with the development of iron-working skills.

'This study focuses on the last stages of sword evolution during the Iron Age. From the Merovingian
period (circa 480-720 AD) onwards,” changes take place in the material and shape of blades, as
well as in the shape and decoration of hilts. The double-edged blade became standardized so that
the length of the whole sword with a one-handed hilt was about one metre, commonly slightly
less. Blades were equipped with one central fuller, the width of which was roughly one third of
the blade width. The fuller is a shallow groove running lengthwise on the blade and making the
blade lighter and stiffer. Pattern-welding, already developed during the Celtic La Téne culture
phase (ca. 450 BC to AD 1),® was at its peak during the Merovingian period. Pattern-welding was
used to compose the fullered sections of the blade, while the cutting edges were of better-quality
steel. The area of the Lower Rhine is traditionally considered as the sword-smithing (and pattern-
welding) centre of the Merovingian and the Carolingian Empire.

'The blade form that was created during the late Merovingian period prevailed also in the first
half of the Viking Age (ca. AD 800-1025 according to Finnish chronology).* It is generally
accepted that the geometry of the blade underwent a change around the middle of the Viking
Age, creating larger but somewhat lighter blades which were easier to handle.’ Both the total
length and greatest width of the blade grew, although exceptions are sometimes found. The blades
also tapered more towards the tip than the earlier ones, which were of almost equal width.® The
most noticeable change occurs in the materials of the blades. During the first half of the Viking
Age pattern-welded blades were most commonly used. The turning point in the manufacture of

1 E.g. Jackson 2010.

2 This dating corresponds to the Central European chronology, where the Merovingian Period is associated with
the Merovingian dynasty in the kingdom of the Franks. Again, the Finnish equivalent used in this work is
not strictly contemporary with this European period, but only the name ‘Merovingian Period’ has been used to
distinguish the period from the earlier Migration Era. The term Merovingian Period’ is rather new in Finland,
and the old term for the period was ‘Late Migration Period’. The same period is known in Sweden as the Vendel
Period. In Finnish chronology, the Merovingian period is dated to between 600—-800 AD, and this dating is used
also in this work.

3 Ellis Davidson 1962: 34; Pleiner 1993: 117-118, 122-123. In its simplest sense, two different kinds of iron or
steel are welded together and then manipulated in different ways to create various patterns on the surface of the
Jinished object. Pattern-welding is discussed below in greater detail (Chapter 5.2).

4 E.g. Oakeshott 1960: 142; Oakeshott 2002: 7.
5 E.g. Oakeshott 1960: 142.
6 E.g. Oakeshott 1960: 142.
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the blades was around the middle of the period, when pattern-welded blades ceased to be used,
being replaced by homogeneous and laminated blades.’

One reason for this change could have been the development of techniques of iron smelting,
which enabled the production of large amounts of quite homogeneous steel.® This development
may also be a partial cause for the emergence and continued use of iron hilt parts. Plain steel
blades could also have been cheaper and faster to produce.’ The laminating of blades occurred in
the same manner as in some Roman swords, only the materials were now better.'’ Pattern-welding
did not, however, completely vanish. It was still used to make inlays on the new, homogeneous or
laminated sword blades. The inlays or inscriptions are normally on the upper third of the blade,
near the hilt, in the fuller of the blade. These inlays were purely decorative, being of no meaning
for the functionality or properties of the sword as a weapon.™

'The most common actual inscriptions — in Latin letters —are ULFBERHT and INGELRII, both
of which have been interpreted as names of blacksmiths, with INGELRII appearing somewhat
later.” It is generally claimed that both smithies were somewhere in the Frankish realm, from
which the products spread all over Europe through trade.” Besides these two names, also other
ones appear, e.g. LEUTLRIT and BENNO, which are far smaller in number.”* A great number
of inlays consist of unknown symbols, for example various lattices, crosses and omega-like designs.
ULFBERHT and other proper names have almost without exception symbolic motifs and lattice
patterns on the other side of the blade. The same kinds of patterns also appear also on swords
without any names of persons. In addition, some swords have strange inlays only resembling
letters. At the end of the Viking Age religious invocations and Biblical sentences appear on the
blades. The most common of these is IN NOMINE DOMINTI’, ‘In the name of the Lord’, of
which there are many spelling variants and abbreviated variations among the finds.

It must be noted that the transition from pattern-welded to inlaid blades was not sudden. This
may best be seen in the few blades, which are pattern-welded and also have inlaid marks on top of
the patterned surface.” Inlaying iron is not, however, a Viking Age phenomenon. For example,
a Roman sword found in Nydam, Denmark, has a lattice-like decorative pattern,'® which was
probably made with the same methods as Late Iron Age inlays.”” Furthermore, the changes in
blade technologies presented here are not strict rules. For example, the manufacture of simple,
undecorated blades can be observed throughout the Iron Age. There were also single-edged
swords in the Viking Age and some of these were pattern-welded.” No single-edged blades were
inscribed, at least not those found so far. Sometimes single-edged swords are hard to distinguish
from large fighting knives, scramasaxes.

7 E.g. Oakeshott 1960: 142; Stalsberg 1989: 14; Edge & Williams 2003: 203. According to Aleksis Anteins (1968)
pattern-welding was still in use in the Baltic countries as late as the 12th century, at least in spearheads.
8 E.g. Ellis Davidson 1962: 17.

9 Thompson 2004: 118.
10 Tylecote 1987: 276.
11 As a side note, soft iron was used in inlays in th and 8th century BC bronze artefacts, such as sword hilts and

some forms of dress accessories. Radomir Pleiner (2006: 184—185) has noted that iron was more precious metal at
that time. Technologically, these very early inlays are different from Late Iron Age ones.

12 E.g. Oakeshott 1960: 142—143.

13 E.g. Oakeshott 1960: 143.

14 For other proper names on European Viking Age blades see e.g. Oakeshott 2002: 8-9.

15 See e.g. Jones 2002a: 150.

16 Jones 2002a: 146.

17 Besides Nydam, there are also same kinds of blades from Illerup valley and Ejsbol. There has been one experimental
attempt to produce the same kinds of blades (Andersen & Andersen 1991), albeit with a different and more
complicated technique.

18 See e.g. Peirce 2002: 40—41.
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After the Viking Age, the blades continue to look as if they were made of a homogeneous steel
bar. Finally, pattern-welding starts to disappear completely, while iron inlays survive somewhat
longer. It has been suggested that swordsmiths had had access to larger steel blooms, which
enabled the forging of the sword blade from even a single piece.” New, narrower blades had
correspondingly narrower fullers, which contained iron inscriptions fit in the fuller. Inlaid rods
seem to be non-pattern-welded iron, and they are almost half smaller than those executed in the
Viking Age. The majority of the inscriptions and symbols are of Christian origin, although some
maker’s marks (e.g. GICELIN) and unidentified symbols also exist. After these simple inlaid iron
rods, all ferrous inlays start to vanish from the material. Inlays are still made on blades, but their
material is a copper alloy of some kind, silver, or sometimes even gold.? The technique with which
these non-ferrous inlays were executed is quite different from making iron inlays, and it permitted
finer work and greater accuracy. The inlaid motifs are almost without exception interpreted as
Christian symbols,* although Latin sentences and letters in the form of abbreviations exist. These
non-ferrous motifs are also quite short-lived, and as a last step of development etched inscriptions
appear. Even these disappear when ridged blades come into use during the Middle Ages, leaving
no fuller into which fit an inscription.

In regard to the hilts, it is notable that during the Migration and Merovingian periods the hilt
became standardized to consist of four separate parts: lower guard, upper guard, pommel and
grip. Both the upper and lower guards are in most cases assembled with rivets from sheets of a

1.2 'The pommel is a decorative, triangular cap on top of

copper alloy and some organic materia
the upper guard.” So-called ring-hilt swords were typical from the end of the Migration Period
to the second half of the Merovingian Period. They had a small ring attached to the pommel;
first the ring was loose and later it was cast together with the pommel.?* At the beginning of the
Viking Age the materials of the hilt changed. A typical Viking Age hilt is heavy, made of iron
and in most cases decorated with wires and plates of non-ferrous metal alloys. Naturally, Viking
Age iron hilts were designed to balance the grown blade,” although the heavy parts increased the

total weight of the weapon.

'The youngest Viking Age sword types already begin to display a radical change in the shape of the
hilt. The upper guard is missing, leaving only the pommel to balance the upper end of the sword.
'The pommel is sometimes decorated with grooves to make it look like it was made of two parts.?
'The lower guard becomes longer and more slender. Swords dating from ca. 1000-1300 AD are
much like medieval ones, having a discoid or brazil-nut shaped pommel and very long and thin
lower guards — or crosses as they are frequently called.?” These early forms of this knightly sword
hilt were probably developed in the Mediterranean area and more precisely in the Latin regions

19 Edge & Williams 2003: 203.

20 For some pictures see e.g. Leppiaaho 1964b: 48—63.

21 E.g. Glosek 1984: 107.

22 Normally both guards were assembled so that a sheet of, for example, bone, horn or wood was sandwiched between

two cast or forged bronze or silver plates. In many cases these plates were decorated with carvings and insets, not
to mention gilding. The Plates of each guard were kept together with two rivets, also decorated with large ball-
shaped end caps and beaded silver wire. For examples of these kinds of Migration and Merovingian hilts see e.g.
Behmer 1939, Evison 1967, Hackman 1928, Lindgvist 1932 and Montelius 1924.

23 The pommel caps can be interpreted as purely decorative, since they were normally hollow and thus they do not have
any meaning in balancing the sword due to their low weight. In addition, these small, hollow pommels had no role
in the assembling of the whole sword, and thus they were not necessary considering the functionality of the sword as
a weapon.

24 Oscar Montelius (1924) divided the development of the ring-hilt into four phases: 1. the movable ring was cast
separately, 2. the ring became immovable with a separately cast loop and they both became thicker, 3. the ring and its
loop were cast as one piece, 4. the ring, its loop and the pommel were all cast as one piece.

25 Oakeshott 1960: 133.
26 See e.g. swords pictured in Peirce 2002: 116-119.
27 For pictures see e.g. Oakeshott 1991: 28-70.
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at the time of the first Crusades.”® A notable feature is that the functionality of the weapon seems
to gain importance, making the hilts simpler and undecorated. The blades also begin to change.
After the Viking Age, the blades are no longer as wide as before, and they taper more acutely
towards the tip, thus making the whole blade lighter. Correspondingly, the blades gain slightly
more length. It should be noted, again, that the transition was not sudden and that large Viking
Age-type blades were still made and used for some time.

1.2. THE BACKGROUND AND PURPOSE
OF THIS STUDY

At its most general level this work concentrates on the study of iron inlaid sword blades found in
Finland and neighbouring areas and dating from the Late Iron Age.?” The terms iron inlay and
Jerrous inlay are used in this study to refer to inlays made of ferrous material, whether pattern-
welded or plain iron or steel. Sword blades with iron inlays appear and ultimately disappear over a
relatively long period, presumably ca. 400-500 years,* and they represent one of the most important
technical developments in Iron Age weapons production and technologies. These swords display a
transition from an earlier technical innovation — pattern-welding — and the birth of the medieval
tradition at the same time as ferrous and non-ferrous inlays begin to disappear.

My own interest in Late Iron Age swords arose when trying to experimentally replicate the
manufacture of ferrous inlays such as the ULFBERHT inscription. This led to my MA thesis
in archaeology, which presented the results of an uncompleted series of experiments, with the

conclusion that ferrous inlays may have been produced in different ways.*

This point of view
was quite opposite to previous claims. While studying swords for my master’s thesis, I examined
a large number of radiographic images in the archives of the Conservation Department of the
National Museum of Finland. The radiographs had been taken quite systematically since the 1970s,
including images of over half of the swords recovered in Finland. These images, taken as a part
of the conservation process, presented dozens of pattern-welded and inlaid blades. However, the
information yielded by these radiographs remained unpublished, since so little attention was focused

on the blades in earlier research.®

Besides a large number of ferrous inlays, other interesting things could be seen straight away from
the radiographs. Firstly, the inlaid motifs varied greatly from one blade to another. In addition to
Latin words and inscriptions, there were a very large number of different symbolic and geometric
motifs. The most surprising motifs were unspecific characters, perhaps imitating Latin inscriptions,
since some of them included a few correctly written letters. Also the materials of the inlays seemed
to vary. Pattern-welded inlays were the most common ones, but there were also plain iron inlays.
Moreover, the pattern-welding was sometimes executed in a different manner, giving a different
kind of eftect on the surface of the inlays. Both the above-mentioned perceptions concerning the
variability of motifs and materials strongly suggest the existence of multiple makers of these inlaid
blades. Similarly, the methods of pattern-welding of blades showed also strong fluctuation, but the
focus was on the more diverse inlays.

28 Brubn Hoffmeyer 1963: 12—13.

29 For dating conventions used in this work, see Chapter 1.4 below.

30 See e.g. Geibig 1991: 155.

31 Moilanen 2006.

32 Regarding the Viking Age, the interpretations of many archived radiographs were included in the Jouko Raty’

master’s thesis (1983). This thesis, however, has not been published. Moreover, the interpretation of the radiographs
remains somewhat obscure since the majority of the archived radiographic images were single images, whereas a
stereoscopic image is needed to obtain a more accurate interpretation (see Chapter 3.3).

MARKS OF FIRE, VALUE AND FAITH SWORDS WITH FERROUS INLAYS IN FINLAND DURING THE LATE IRON AGE (CA. 700—1200 AD)



'The very basic question is how many blades with ferrous inlays have been found in Finland. My
main purpose is first to identify swords marked with iron inlays. This involves the examination of
nearly all Late Iron Age blades from the study area because no complete catalogues exist of all inlaid
blades. The main reason for this is that in most cases the inlays are hidden under a layer of corrosion,
and researchers are therefore unaware of them. Moreover, there are no complete lists of all the
swords covered by the studied time periods, which means that these lists must be created first. It
must be noted here that there are very few systematic studies of Finnish Late Iron Age swords,*
and the find material is thus mostly unknown, apart from the hilts that can be classified and thus
dated typologically. Even no exact figures of recovered swords are known, and apart from the hilt
types, the blades have drawn very little attention. Since all kinds of swords, even from as restricted
a period of time as Late Iron Age, would be far too vast a subject to cover, I decided to concentrate
on blades with ferrous inlays, since they, as mentioned above, belong to an important stage of the
development of the sword. In addition, it would be impossible to deal with all kinds of swords or
sword blades in in close detail and in only a single study.

'The second question concerns the diversity of the inlaid motifs and the materials used in the inlays,
which has already been addressed in related research in other countries, and also by the Finnish
scholar Jorma Leppiaho.** To make some sense of the variegated find material, the inlaid motifs are
classified into different categories taking the contents of inscriptions, the layouts of different motifs
and the materials and manufacturing techniques of the inlays into consideration whenever possible.

It may also be possible to arrange different inlaid motifs chronologically. The earliest symbols
attached to sword blades may even predate the Viking Age, because they are found on otherwise
pattern-welded blades.* In addition, some inscriptions can be found on swords, which have pre-
Viking Age hilts, as mentioned above. Here the greatest problem in dating is caused by the fact that
not all the swords have datable hilts. The problems of dating must also include the typologies and
various features of sword hilts, although many swords were probably assembled from parts derived
from different sources and makers. For this reason, the swords are documented as a whole, and are
catalogued in the appendices of this work.

Along with cataloguing and classifying Finnish find material, attention is focused on the technology
of ferrous inlays as implicated by the studied finds. If inlaid blades are interpreted as being forged in
Frankish smithies, are the materials and forging techniques really the same, or are there considerable
differences between different blades and inlays? These questions require in turn an answer to the
question of how iron inlays were made, to which experimental archaeology is used to give answers.
'The technique — or techniques — of manufacture have been forgotten, because the tradition of iron
inlays disappeared at the beginning of the medieval era, when inlays were applied from non-ferrous
metals. During the Middle Ages, inscriptions made from different metals vanished completely from
sword blades in Europe. With respect to above-mentioned line of thought, the possibility of local
manufacturing traditions is present. A crucial part of this work is to define different manufacturing
traditions, i.e. makers, among the examined archaeological find material, or on the whole, to see if
this is possible.

33 Studies that more systematic in nature are as follows: numbers of different types of Viking Age sword hilts
(Lehtosalo-Hilander 1985), overall classification and cataloguing of Viking Age or Carolingian swords (Rity
1983), and studies of Crusade period (ca. 1050-1150/1300 AD) iron inlays in sword blades (‘Tomanterd 1978).
The last two of are master’s theses. The work done by Jorma Leppiaho fo reveal iron inlays was left unfinished and
some of his results were compiled and published posthumously in 1964 (Leppiako 19645).

34 The posthumously published work of Jorma Leppiaho (1964b) has been used as a tatalogue’ for Finnish inlaid
sword blades, although only a small part of the  find material was presented. These finds, however, display a wide
range of different motifs from correctly spelled names and invocations to obscure letter-imitating marks. Also the
materials used in the ferrous inlays seem to differ from each other in many cases.

35 See e.g. Jankubn 1951: 216; Geibig 1991: 155.
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Here it must be noted that the experimental part is based on my master’s thesis,* where I tried to
define the theoretical framework for iron-working experiments and forged seven sword blades with
inscriptions, each with a slightly different technique. I conducted the forging experiments myself,
because I have been trained in blacksmithing when I was young. As a result of my experiments I
managed to conclude that there could have been several relatively easy techniques with which to
create an inscription. However, my experiments created many additional questions, in which I tried
to answer with additional experiments. Moreover, the experiments in my master’s thesis called for
more criticism, which in turn affected my interpretations. As the forging of a sword blade is a process
with numerous stages it is quite possible that inscriptions could have been attached in different ways
and at different stages of blade manufacture, and therefore a number of alternatives needed to be
tried out. The results of this series consisting of the experimental manufacture of altogether thirteen
blades were published in 2009.% In this work, the course of the experiments is only briefly discussed,
and the focus is on the observations that emerged during the experiments, not to mention the results.

Along with the technological questions concerning the stages of acquisition and processing of
raw materials and the manufacturing of the artefact, the whole concept or idea of ferrous inlays is
discussed, as well as their meaning to the makers, sword-bearers and to the societies of the Late Iron
Age, using Finland as a case study. The manufacture, use and discard of inlaid blades are then bound
to the meaning and significance of these inlays and the blades decorated with them. In this work
the themes and questions surrounding the technological topics are also connected to views on Late
Iron Age production and trade of bladed weapons in Europe, and the development of blacksmithing
technologies and their both general and local standards.

The disposition of the present work follows the individual parts of the sword. First studied are the
blades, of which the materials, forging technologies, and signs of repair and use are examined, not to
forget the classification by blade forms. The second feature is the inlay. The inlays are subjected to a
wide-ranging examination including the classification and interpretation of motifs and inscriptions,
and the study of their technology also through experiments. Both the blades and inlays are subjected
to metallographic analyses to establish facts concerning the materials used and their properties.
Thirdly the hilts are studied, the most basic examination of which includes the classification and
dating of the swords according to previously established typologies. In addition, various features
of the hilts, such as decorative motifs and techniques, the construction of hilt parts, and repairs are
taken into account.

Finally, this work considers phenomenon of ferrous inlays studied mostly through the archaeological
finds, but with other sources such as pictorial and literary sources also exploited whenever needed.
'These contemporary sources may shed some light especially on the use of inlaid swords. Contemporary
sources, such as the writings of Arab travellers and medieval treatises on ironwork, can give some
clues concerning iron inlays and their execution.

1.3. THE NUMBER AND DISTRIBUTION
OF THE EXAMINED SWORDS

The archaeological source material of this work is from Finland (Fig. 1), and the purpose has been
to include all iron inlaid blades in Finnish collections.3 Because of this, finds from the Aland islands

36 Moilanen 2006.
37 Moilanen 20096.
38 This includes both the collections of the National Board of Antiquities of Finland and swords catalogued in the

collections of the Aland Museum and also in smaller local museums in Finland.
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Figure 1.
The geographical area of
the sword finds studied in
this work including finds
within the present borders
of Finland, the Aland
islands and ceded Karelia
on the western shores of

Lake Ladoga.

and ceded Karelia are included, since finds from both these areas can be found in the collections of
the National Board of Antiquities, and more importantly, they have been in strong cultural contact
with the settled areas of the Finnish mainland. In addition, some finds from geographically more
distant locations are also catalogued under Finnish collection numbers. These finds from more
remote localities ended up in Finnish collections mainly during the 19th century when Finnish
antiquarians brought their finds with them from their expeditions. These items, which are mainly
from Russia and some from Sweden, are not included here.

In this work only ferrous inlays are studied. After the Viking Age non-ferrous inlays replaced
ferrous ones, although both ferrous and non-ferrous marks and letters may be found in otherwise
similar kinds of swords. Due to the emphasis of technological aspects, however, only ferrous inlays
are included. The manufacture of non-ferrous inlays was carried out in a different manner because
of their material, and thus non-ferrous inlays belong to a different technological tradition than
ferrous ones. Moreover, the phenomenon of non-ferrous inlays seems to have been considerably
shorter-lived when compared with iron inlays, dating mainly from between the end of the Viking
Age and the beginning of the Middle Ages in Finnish chronology, thus excluding some major

developments in the evolution of the sword.

Taking into consideration the widespread trade networks of the Late Iron Age, the area of
research should be as wide as possible to guarantee somewhat reliable results when considering the
identification of separate inlaying traditions. In the light of this fact, the material of this work is
moderately small, but on the other hand, the study of a more widespread material would require
notably more resources and especially more time.
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Figure 2.

The number of Iron Age complete
swords, blades and blade
fragments in Finnish collections,
including the areas of mainland
Finland, ceded Karelia and

the Aland islands, with a total
number of 621 finds. The finds
are divided by the periods of the
Finnish chronology. Columns
between two periods present
overlapping datings. In practice
this means that these finds may
be dated somewbhere between the
end of the preceding period and
the beginning of the following
one. In addition, 56 finds cannot
be associated with a certain
period of time according to
typologies, find contexts etc., and
thus they are not included in the
diagram. Including these finds,
the total number grows to 677.

To be chronologically more precise,
all sword finds examined in this thesis
are dated to the Late Iron Age, circa
700-1200 AD. Although inscribed
sword blades are traditionally dated to
the Viking Age, some earlier and many
later ones seem to exist.* For example,
according to foreign finds some inlaid
blades can be dated earlier than the
Viking Age according to their hilts and
find contexts.* In turn, many blades
with small iron inlays have hilts that
are considerably later than the Viking
Age.*! Also, the shapes of these blades
suggest a younger date than the Viking
Age.

The finds of complete or fragmentary swords and their parts of the whole Iron
Age in Finland have never been counted as a whole. An attempt at this is made in
Figures 2 and 3. It must be noted that since the number of all Iron Age swords in
Finnish collections is very large, it has been impossible to see and document all of
them. The swords are scattered among various museum exhibitions and collections
around Finland. Moreover, due to the situation at the National Board of Antiquities of
Finland, the study of all possible sword finds would have taken a considerable amount
of time in view of the nature of this work.”? It should be noted that I began to study
these finds already in 2004.

Figure 2 shows the numbers of complete swords, bare blades or blade fragments divided
by time period.” It can be clearly seen that the finds increase from the Migration
period onwards, dramatically peaking in the Viking Age. After this, the number of
swords declines, which may be partly due to changing burial customs. In addition to
the finds calculated in the illustration, there are 33 finds datable to somewhere from
the Migration period to the Viking Age, 17 from the Merovingian to the Viking Age,
and six finds from the Viking to the Crusade Period. This means that the contexts
of these broadly datable finds (56 altogether) are such that the swords just cannot be
dated more accurately. Some of them originate from a cremation cemetery with a long
period of use, while some are stray finds. Moreover, some of these finds are in such
poor condition that they cannot be morphologically dated, i.e. they lack hilts. In some
cases the reason is that I have not been able to study the find personally. In any case,
the more accurate dating of these finds does not dramatically alter the figure, since they
tend towards the Viking Age as do the numbers in Fig. 2.

39 E.g. Geibig 1991: 155; Jankuhn 1951: 216.
40 E.g. Geibig 1991: 155; Jankuhn 1951: 216.
41 E.g. Geibig 1991: 155; Oakeshott 1964: 34.
42 The most intensive and preliminary stage of my work, i.e. the study of the  find material unfortunately took Place

43

when the National Board of Antiquities of Finland was being relocated with its archives and artefact collections.
Due to this long process it was impossible to order material, not to mention to have the sword finds radiographed,
which in turn was necessary to reveal all possible inlays on their blades. Considering the subject of this work, the
aim was then to examine at least finds dating from the Merovingian, Viking and Crusade periods, although
even not all of these could be delivered for me for investigation. Despite this, the number of studied blades is
representative enough to answer the questions considered, since over 90 per cent of the swords from the above-
mentioned three time periods were examined and documented.

See Chapter 1.3 below for dating conventions.
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In comparison, Figure 3 shows
a similar statistic but this time
consisting loose hilt parts without
any part of the blade attached.
This set differs from the finds
of complete swords and blade
fragments, since the Merovingian
Period finds of this outnumber
those of the Viking Age. Now
both these Figures (2 and 3) do
not show the number of “swords”,
i.e. the number of complete
swords, but the numbers refer
to catalogue numbers. In other
words, many fragments, each
calculated as one “sword” in the
figure, may actually comprise one
complete sword. This puzzle of fragments was not applied in the statistics of this work, because it
would have required the examination of all sword finds, preferably all from one locality at the same
time to be able to connect various pieces belonging to the same object. The same principle applies

Figure 3.
The number and

chronology of separately

to the hilts, and this is what distorts the figure. In the case of the Migration Period and especially found hilt parts from

the Merovingian Period, the number of “hilts” includes several fragments of bronze hilt parts, most
often from the same cemeteries. The hollow bronze hilts were broken for burial, or they melted and
became fragmented on the funeral pyre.

To give a number, there are a total of 677 catalogued complete swords, blades and blade fragments
(Fig. 2). This figure includes all finds from mainland Finland, ceded Karelia and the Aland
Islands. In addition, only double-edged blades were taken into consideration, which means that
scramasaxes and single-edged swords, which are sometimes hard to distinguish from each other, are
excluded. Of all these 677 collection numbers, 18 have been found in the territory of ceded Karelia,
whereas 62 are from the Aland Islands. The number of finds from the Aland Islands includes
those catalogued in the Aland Museum, although these were not examined or radiographed due
to practical reasons.* The number of separate hilt parts without any intact blade is 197, seven of
which are from ceded Karelia and five from the Aland Islands. Altogether the number of swords
and sword parts is 874 from the studied area. At this point it must be stated that the chronology is
derived from the combination of hilt typologies, blade forms, find contexts, previous research, and
types of inscriptions and motifs whenever available, and is discussed in more detail later.

'The actual find material studied in this work consists of blades and blade fragments with iron inlays.
‘Through the exhausting process of visual inspection and radiographic studies a total of 140 blades or
blade fragments with iron inlays were found, these forming the main archaeological material of this
study. In addition, eleven more are known from old radiographs and earlier publications.* Of this
total of 151 finds, eight are from the Aland islands and five from the area of ceded Karelia. Roughly
stating, the majority of the inlaid swords are from the Viking Age, the finds clearly concentrating
in the 10th century. Clearly fewer finds date from the preceding century, and some are most likely
from the second half of the 8th century. 11th and 12th-century finds, in turn, are clearly fewer

44 The inlaid blades included in the collections of the Aland Museum are, however, included in this work as far as
the information could be obtained from previous publications and old radiographs taken in the conservation
department in Helsinki in the 1970s and 1980s.

45 These swords are finds KM 2886:10, KM 5215, KM 5868:80, KM 7134:1, KM 18000:3880, LiuM 26, AL
336:292, AL 337:106, AL 337:229, AL 337:528 and AL 345:113.
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and ceded Karelia. The
diagram is arranged as

in Figure 2.




Figure 4.

Types of blade
construction and
decoration observed
in the finds of the
studied area. In
addition to the

finds counted in the
columns, there were
57 finds that could not
be accurately dated.
Of these blades, 38
were empty, six were
pattern-welded, two
had ferrous inlays

on top of pattern-
welding, one had
ferrous inlays,

and ten were not

examined.

than those from the second half of the Viking Age. Again, a more accurate chronology is discussed
later, and these figures are presented here just to create a picture of the whole situation in the area
of research.

As a side note, the radiographic process revealed the decoration of all the studied blades (see Fig.
4). All in all about 77 per cent of all known swords, blades and blade fragments (677 catalogue
numbers) were examined with radiographs and documented. In addition, some heavily bent blades
from the middle Iron Age could not be radiographed, but they were still documented by other means
possible. It is clear that the undecorated, “empty” blades dominate, but it must be remembered that
the finds were in many cases in a very poor condition, so any possible inlaid motifs could have
corroded away. Similarly, heavy corrosion may eat away thin pattern-welded panels on both sides
of the blade if the blade was constructed in this manner.

With regard to the actual blade decoration, the blades with ferrous inlays were the most common ones.
Pattern-welded blades come second, while blades with non-ferrous inlays are rarer. These numbers
should not be taken with surprise, since the number of the sword finds in general concentrates on
the periods when ferrous inlays were commonly utilized. Similarly, the finds decrease towards the
end of the medieval period, as do the non-ferrous inlays typical of the post-Viking Age scheme.

As a last note to the studied finds, new ones are being continually discovered. The examination of
swords with existing collection numbers was discontinued at the beginning of 2013, because the
radiography of finds would have advanced with uncertain schedules, and also for the reason that this
work needed to be finished within a reasonable time.

At least three swords with ferrous inlays were found in the autumn of 2013. A brazil-nut pommeled
sword was found at Taka-Laurila in Himeenlinna with the help of a metal detector. Another
sword is known from Lempiili, also x-rayed to show inlays. A third sword was recovered from an
inhumation burial in Janakkala. This sword with a Petersen type Z hilt was accompanied by a disc-
pommeled sword equipped with a blade containing non-ferrous inlays.
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1.4. THE CHRONOLOGICAL FRAMEWORK
OF THIS STUDY

'The term Late Iron Age is well suited to the dating of the iron inlaid swords. In this work the Late
Iron Age covers a time span of ca. 700-1200 AD.* However, a division of the Late Iron Age into
shorter periods would be better when comparing the chronology of different types. The period
between 575/600 and 800 AD is called the Merovingian period in Finnish terminology. After this,
comes the Viking Age (ca. 800-1025 AD). The end of the Viking Age is estimated as 1025 AD in
the western and southern parts of Finland,* whereas the Viking Age of eastern Finland and Karelia
ends about half a century later as indicated by pre-Christian burial customs.

There have been some suggestions that the time span of the Viking Age should be extended in both
directions. It has been presented that it should begin at 760 AD, because Scandinavian influence can
be seen in the east, on the shores of Lake Ladoga, at this time.*® After all, the raid on Lindisfarne
in 793 AD is still considered as having been carried out by ‘Vikings’.* Ulla S. Linder Welin has
investigated the coin finds from Lake Mailaren region in Sweden, and concluded that the settlers
began to sail further east already before 700 AD, and during the following century these expeditions
were conducted from the areas of Gotland and Oland in particular, although for example Russian
chronicles do not mention this.*® Also, the Viking Age would more likely have ended near 1100
AD, since pagan burial rites, some artefact types and silver hoards continued to exist.” Traditionally
the end of the Viking Age is set in 1066 AD, when Harold III was defeated by William Duke of
Normandy in the Battle of Hastings.® In the case of Finland, 1050 AD has been traditionally
suggested, but Markus Hiekkanen has noted that since separate inhumation cemeteries exist way
before this date, 1025 AD would be more plausible.”® Also Pekka Sarvas is of this opinion, with

reference to changes in dress ornaments as indicated by absolute coin dates.**

'The periods within the Viking Age have been defined in different ways depending on the author and,
of course, the find material that is referenced and analysed.” Iben Skibsted Klesee has combined
the typological, morphology-based results to the decorative motifs often ignored by typologies,
and suggested a periodization for the Viking Age.’® According to her, there are three periods, the
second one of which can further be divided into three shorter phases. Her temporal definition of the
Viking Age runs from 750/775 to 1050/1100 AD. In this work, however, the chronology is referred
to as centuries, not in any particular phase within the period, since the number of definitions would
cause chaos.

The Crusade Period is dated ca. 1025-1150/1300 AD, the dates being from western and eastern
parts of the country, correspondingly. It is currently suggested that the Crusade Period would
have ended as late as 1200 AD in Western Finland.”” This seems plausible, because throughout
the 12th century, burial customs were continually developing towards a purely Christian tradition,

46 Conwventionally the Late Iron Age ends at approximately 1300 AD, but swords with ferrous inlays appear to fall
out of use close to 1200 AD.

47 E.g. Sarvas 1972: 49.

48 Ambrosiani & Erikson 1996: 37.

49 E.g. Vikingatidens ABC 1981: 284-285.

50 Linder Welin 1974.: 22.

51 1In the case of Karelia, see e.g. Saksa 1998 and Uino 1997.

52 E.g. Vikingatidens ABC 1981: 284-285.

53 Hiekkanen 2010: 313.

54 Sarvas 1972: 50.

55 See Skibsted Klwsoe (1999: 90-91) for tables.

56 Skibsted Klesoe 1999.

57 E.g. Sarvas 1971; Taavitsainen & Harjula 2004: 131.

MARKS OF FIRE, VALUE AND FAITH SWORDS WITH FERROUS INLAYS IN FINLAND DURING THE LATE IRON AGE (CA. 700—1200 AD)



which seems to have been adopted at the very beginning of the 1200s.°® According to Hiekkanen,
some graves in Crusade Period cemeteries may be dated later than 1150 AD, and furthermore,
no contemporary written sources exist in Finland before ca. 1200 AD.* In the eastern parts of
Finland pagan burial rites continued until ca. 1300 AD.

'The term Crusade Period needs further explanation. The name is somewhat misleading, since the
whole period seems to end in the western parts of the country when the presumed First Crusade
arrived. This happened in the 1150s or maybe even later. The term ‘Crusade Period’ derives from

the 1800s, when it was believed that the Crusade Period artefacts were contemporary with the
First Crusade.®!

It must also be noted here that some Finnish scholars have recognized a kind of “transitional
period” between the Viking and Crusade Periods.® This short period of time has sometimes been
referred as “time of barbaric Christianity”, meaning that the Christian traditions, especially the
burial tradition, had not yet been completely adopted.®® This transitional phase is not used in this
work, but is of some importance, since the classification of Finnish sword finds made by Jouko
Rity in his thesis refers to this transitional period.** Besides on religious and traditional bases,
Rity regards the sword hilt forms as also based on the Viking Age forms, representing also a
transition between the Viking Age and the Middle Ages.®

It must be noted that normally the Late Iron Age is defined as beginning simultaneously with the
Viking Age.® However, in this work the latter half of the 200-year period preceding the Viking
Age is also counted as belonging to the Late Iron Age. The reason for this is that, while the golden
era of inlaid blades seems to be the Viking Age and onwards, some inlaid blades most probably
existed already before the Viking Age, as has mentioned earlier in this chapter. To avoid two
terms — the Middle Iron Age and the Late Iron Age — the term Late Iron Age is used here since
the majority of the inlaid blades are from the Viking Age and onwards.

58 Hiekkanen 2007: 13—14.

59 Hiekkanen 2010: 325-326, 339.

60 E.g. Saksa et al. 2003: 384; Taavitsainen & Harjula 2004: 131.

61 See Schvindt 1893.

62 E.g. Cleve 1978; Sarvas 1971.

63 See Jaakkola 1938: 32-54.

64 Rity 1983.

65 Rity 1983: 88-89.

66 For an example in the Estonian chronology see Lang & Kriiska 2001: 102.
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2. RESEARCH HISTORY OF
SWORDS WITH FERROUS INLAYS

Swords form a very important group of artefacts in archaeological research, and they are among
the most studied objects of antiquity and especially of the Iron Age. For this reason, almost every
archaeologist studying the metal periods has dealt with swords at some point. Moreover, there are
many specialized weapon researchers. Because of these facts it would be impossible to present a
complete history of research concerning swords, even of those with ferrous inlays.

This chapter briefly presents the kinds of things that have so far been studied about ferrous inlays
and the swords bearing them. What kinds of questions have been asked in different times and
what methods have been utilized to answer them? Here I also discuss the nature of these earlier
types of studies, and their usefulness considering this work. The order in which these topics are
treated is not chronological but bound to the nature and type of research. Because the study of
iron inlays has mostly been unsystematic, at least before the 1990s, it would be too chaotic to
progress in chronological order in the presentation of these topics. Instead, the history of research
is first presented according to geographical areas.

2.1. FINLAND

In general, swords have not attracted as much attention as in neighbouring countries, not to
mention that studies would have concentrated on a specific type of sword such as ones with ferrous
inlays or pattern-welded blades. The majority of studies have dealt with the chronology of swords
on the basis of their hilts, while the blades have been treated considerably less. Traditionally, the
blades have been regarded as imported while some of the hilts may be of local manufacture. The
assumption of trade imports has probably led to ignorance of research on blades, a situation which

has been slightly improving since the end of the 1970s.

Between the second half of the 19th century and the Second World War, numerous Late Iron
Age swords were accidentally found in various kinds of construction work and farming activities.
Swords as well as other weapons, spearheads, shield bosses, scramasaxes and axes, were easily
noticeable and thus collected when found, unlike smaller and fragmentary artefacts. Even though
excavations at the find sites rarely took place, the location was often referred as a cemetery, often
a cremation one, with dating according to the types of the recovered weapons, i.e. most often a
spearhead or a hilted sword or some part of the hilt. Presentations of Finnish finds often included
a mention or sometimes even a drawn picture of a sword find. Still no attention was focused on
blades, even in those rare cases when pattern-welding or inlays were clearly visible.

During the first half of the 20th century, the Finnish scholar Jorma Leppédaho looked beyond the
hilts to study the blades as well. Leppdaho had realized that the construction and decoration of
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blades varied, and more importantly, that in many cases the decoration was hid under corrosion.
Leppiaho’s pioneering work was to radiograph sword blades to reveal their hidden features. In
addition, he used difterent kinds of lighting as well as polishing and etching to reveal ferrous and
non-ferrous inlays as well as the pattern-welding of sword blades and spearheads. Furthermore, the
Finnish collections contain several fragmentary swords, the broken cross-sections of which have
been ground, polished and etched, still showing the manner in which the blade was constructed.
It is highly likely that, though not published, these operations, too, belonged to the vast amount
of work carried out by Leppdaho.

Unfortunately, Leppdaho’s work was left unfinished due to his untimely death. However, some
of his studies were compiled and posthumously published in 1964 in Spdteisenzeitliche Waffen aus
Finnland.®” 'The book consists of photographs and drawings of Finnish Late Iron Age weapons,
namely pattern-welded swords and spearheads, as well as inlaid sword blades, including pictures
of some silver-decorated sword hilts, spearheads and axes. In regard to ferrous inlays, details have
also drawn some attention, and different patterns in the inlaid rods have been noted, as well as
some other technical details concerning the manufacture of the inscriptions. The work is by no
means comprehensive and free of errors, because it was assembled from unfinished pictures and
texts. Still, it includes 70 inlaid blades, 49 of which have inlays in iron or other ferrous material;
the rest of the documented blades have copper-alloy, silver or gold inlays. This work has been
considered so far the best pictorial guide to various Late Iron Age sword blade inscriptions. In
connection with Leppdaho, it must be noted that he noticed the presence of possibly inlaid marks
on sword blades depicted in medieval works of art.®®

'The appearance of Leppdaho’s work had a profound influence on awareness of sword blade
decorations in Finland. Newly found swords are mentioned as having inlays or pattern-welding
if they were only visible with the naked eye. Nonetheless, the meaning behind the variation
of inlaid motifs and appearances of pattern-welding was not understood, mostly because the
origin of the blades was still considered as being somewhere in the Frankish realm. The Finnish
scholar Unto Salo has interpreted some inlaid motifs and symbols as early Christian influence,
thus representing research of a broader scale.®’

Worth mentioning are two master’s theses present at the University of Helsinki, both with some
attempts to catalogue inlaid swords. Inlays of Finnish disc-pommeled swords were presented by
Leena Tomanterd in her MA thesis, as well as ideas on the multiple makers of inlaid swords.”
In addition, an attempt to list all Viking Age swords in Finland was made by Jouko Rity in his
unpublished graduate thesis.”’ Rity also tried to classify different inlays and inscriptions, but he
did not systematically search the whole Finnish material for inlays. Instead, his interpretations
are based on the radiography archive collection of the Conservation Department of the National
Museum of Finland. Some of his results were also published in articles.”

It must be noted here that Tomanterd’s great interest in Late Iron Age swords has been the
most valuable resource concerning the Finnish material. As a researcher at the Conservation
Department of the National Museum of Finland, she has been able to study and radiograph a
vast number of swords — along with other archaeological finds. These radiographic images and the
information Tomanterd had gathered formed the starting point for this study.

67 Leppiaho 1964b.
68 Leppiaho 1964a.
69 Salo 2005a &3 b.

70 Tomanterd 1978.
71 Rity 1983.

72 Rity 1978 {3 1998.
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During the 1990s and later some swords from Finland and the area of ceded Karelia have been
studied by the Russian scholar Anatoly Kirpichnikov. His studies have been related to a Russian-
Norwegian sword research project on pattern-welding and inscriptions on Viking Age swords.
Among other swords, Kirpichnikov has also examined a few Finnish blades bearing ferrous inlays,
and published drawings of them in some of his articles.”

Allin all, interest in archaeological sword finds has been curiously limited. One reason may be the
uncertainty of the find material. No complete lists were ever drawn up, the closest attempt being
done by Jouko Rity in his MA thesis, which was completed in 1983. Since then, several new
sword finds have been made, most of them left unpublished, except the radiographic examination
carried out during conservation by Leena Tomanterd. Also, the relatively poor condition of the
finds, not to mention their fragmentary nature due to breakage during and before cremation, can
be seen as causes behind the unsystematic research of Iron Age swords in Finland. A large number
of ‘swords’ in Finnish archaeological collections consist of small blade fragments and loose parts of
hilts, making for example the classification and sometimes even dating of these finds impossible.
It must also be noted that the function of the sword in general as a weapon has aroused some
interest.”

'This work is not completely unique at the Scandinavian level, but new in Finnish archaeological
research as an attempt to collect and present together swords with ferrous inlays. First of all, the
experiments concerning ferrous inlaying of blades are not the first in Scandinavia, but the first
to have been done in Finland.” Generally speaking, the phenomenon known as experimental
archaeology is quite new in Finnish archaeological circles, having been properly utilized since
the 1990s. Secondly, as a by-product of this work, lists of Finnish Late Iron Age sword finds are
compiled, including additional information on the features of the hilts and the construction and
decoration of the blades. Here five categories can be distinguished: ‘empty’ undecorated blades,
pattern-welded blades, blades with ferrous inlays, blades with both ferrous inlays and pattern-
welding, and blades with non-ferrous inlays. Thirdly, this work also introduces the methods and
potential of metallurgical cross-section analyses to Finnish sword research.

2.2. SCANDINAVIA

In Scandinavia, the development of sword research has been more rapid than in Finland. The
roots of the study of iron inlays lie in the documentation and pictorial presentation of inlaid
blades already carried out at the end of the 19th century. Among the first drawings of inlays are
those made of a sword from Szbe in Norway by the English philologist and archaeologist George
Stephens.” Norwegian conservator Anders Lund Lorange also presented some visible inlays on
Norwegian Viking Age blades with watercolour paintings.”” At the time, the blades were not
actually documented, for example, by measuring, being only drawn and presented visually, as kinds
of curiosities. After Lorange, Jan Petersen, in his famous typological work, also noted various
kinds of inscriptions and connected them with certain hilt types, thus giving them a dating.” The
chronology established by Petersen is still widely used (see Chapter 7). Also worth mentioning is

73 Kirpichnikov et al. 2004; Kirpichnikov et al. 2006; Kirpichnikov et al. 2009.

74 Pienimdki 2012.

75 See Pilikké 2006 for a replica of a Gicelin-inscribed sword. In this case, however, no inlays were made but
inscriptions were etched on the blade.

76 Stephens 1866—67: 407. This Norwegian sword is of particular interest since it has sometimes been interpreted as
bearing inlaid runes, and is therefore dealt with later in more detail.

77 Lorange 1889.

78 Petersen 1919.
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a two-volume study Ada Bruhn Hoffmeyer in Denmark with information on medieval swords,
including early examples with ferrous inlays.”

'The Russian-Norwegian sword research project was launched in the 1990s. Its aim was to look for
pattern-welding and inscriptions on Scandinavian Viking Age sword blades, and to experiment
with different examination methods, which do not cause damage to the blades.® The project is
not finished yet, but some articles have been published to present some of the findings.®! The
publications of the sword project include once again outlined drawings of the swords and the
interpretations of their inscriptions and inlays, in most cases as seen in the radiographs. Under
the ongoing sword project, the participants have also studied swords in other Scandinavian
countries.®? Moreover, an independent research by Anne Stalsberg is concerned with Norwegian
ULFBERHT inscriptions concentrating on the cataloguing of inscriptions as well as listing the
variants.®

'The Swedish situation has been quite thoroughly and systematically examined. Viking Age sword
blades from Sweden were examined with the help of radiography, and the resulting lists of inlaid
and pattern-welded blades in the find material were published in connection with the finds from
Helgd, Sweden.® This publication also contained metallographic analyses of Viking Age weapons,
with the analysis of only one inlaid sword. In addition to this, another analysis was published in
1982.% Both analyses were made of the cross-sections of the blades, also showing the cross-
section of the inlaid letter.

'The research situation in Denmark had been surprisingly quiet with regard to Danish authors, and
even mentions of Danish iron inlaid swords are very few.% According to Anne Pedersen, no new
terrous inscriptions were identified by Danish scholars during the nineteenth and early twentieth
centuries.’” The use of radiography was utilized only from the 1990s onwards.® The situation was
changed by the work of Pedersen,® who listed altogether thirteen swords from Denmark with
either an inscription or some other marking. In conclusion she has stated that the Danish finds
display perhaps both original inscribed blades and poorer copies on the basis of the inlaid motifs.

All publications on experiments in attaching ferrous inscriptions have come from Scandinavia.”
'The first one was by the Norwegian blacksmith Kasper Andresen, who successfully attached a steel
letter onto a sheet of iron.” The second, more recent, one was by another Norwegian blacksmith,
Hans-Johnny Hansen, who managed to make a complete sword withan ULFBERHT inscription.®
These attempts are also discussed later in Chapter 6, as well as work done by blacksmiths and re-
enactors, who have been intrigued by this subject since 2000.

79 Brubn Hoffmeyer 1954.

80 Stalsberg 1994: 183.

81 E.g. Kirpichnikov &9 Stalsberg 1992, 1993a, 1993b, 19984 and 1998b.

&2 E.g. Kirpichnikov et al. 2004 & 2006, Thilin-Bergman & Kirpichnikov 1998.

83 Stalsberg 2007a, 200756 & 2008.

84 Thilin-Bergman & Arrhenius 2005.

85 Tornblom 1982.

86 For cases of iron inlaid swords found in Denmark see Jankuhn 1951: 215 and Geibig 1989: 254.

87 Pedersen 2010: 310.

88 See Lonborg 1994.

89 Pedersen 2010.

90 The author’s own experiments are not included here among these three publications, but they are presented below in
Chapter 6.

91 Andresen 1993 {3 1994.

92 Hansen 2007.
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2.3. RUSSIA AND THE
BALTIC COUNTRIES

Among the Russian scholars in this field, the most active one is Anatoly Kirpichnikov.” He
revealed some inlays already in the 1960s by mechanical cleansing and etching, a method also used
by Leppéaho in Finland a few decades earlier. In Estonia, practically the only archaeologist who
has focused on Late Iron Age swords is Mati Mandel.* He has listed all Estonian Late Iron Age
sword finds prior to 1991, noting also ferrous inlaid motifs whenever visible. Various inscriptions
and their meanings have been addressed by the theologian Raivo Prank in his graduate thesis.”
The thesis included inscribed swords from the Viking Age to the 11th century in Estonia, and
along with his systematic research, he found some previously unknown inscriptions. Instead of
archaeological questions, Prank considers the meaning and symbolism of various inlaid marks and
motifs.

In the case of Latvia, Aleksis Anteins must be mentioned.” As early as the 1960s and 1970s
Anteins conducted a vast number of metallographic analyses focusing not only on the forging
technologies of weapons, but also on the properties of the used materials. As a pioneer, Anteins
even measured the trace elements present in the pattern-welded inlays of one sword blade. Instead
of ferrous inlays, Anteins is an expert on pattern-welded swords and spearheads, focusing most of
his studies on these types of artefacts.

In Lithuania Vytautas Kazakevi¢ius has published a monograph about Late Iron Age swords
in his country.”” Once again the main theme has been to examine all swords from a limited
time period and a spatially limited area. All these authors have listed not only some domestic
inscription types, but also their foreign counterparts, at least to some degree.

In Poland Marian Glosek classified swords from central Europe, i.e. from pre-1989 East Germany,
Poland, Czechoslovakia and Hungary, from a time span between 900 and 1500 AD.% Besides
hilt and blade types, also the blade decorations, both ferrous and non-ferrous, were arranged in
chronological order. Glosek took as the typologies of Ewart Oakeshott as a basis, and dated the
blade inlays according to the chronology of hilts and blade forms, and also with the help of find

contexts.

'The Russian scholar Donat Aleksandrovich Drboglav has contributed a whole book on the subject
of sword blade markings and inlays dating from 800-1400 AD.” While also presenting some
symbolical motifs, his main interest has been to interpret Latin inscriptions and letter sequences
in connection with symbols and sentences related to Christianity. The established chronology is
partially based on the evolution of certain Christian sentences, formulas and abbreviations, and
partially on hilt types. Although Drboglav’s material has been limited to a certain geographical
area within Europe, but he has included finds from various localities. Even some Finnish finds
have ended up in his work, being cited from Leppdaho’s posthumous publication.

93 Kirpichnikov 1961 and 1966.
94 Mandel 1991.

95 Prank 2011.

96 Anteins 1973.

97 Kazakevicius 1996.

98 Glosek 1984.

99 Drboglav 1984.
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2.4. GERMANY, THE NETHERLANDS
AND THE CZECH REBUBLIC

More detailed and inlay-specific studies have been done in Germany from a very early stage.
A cdlearly distinctive forum has been Zeitschrift fiir Historische Waffenkunde, later known as
Zeitschrift fiir Historische Waffen- und Kostiimkunde. In this periodical, Rudolf Wegeli published
already in 1903 an article on inscriptions found in German medieval sword blades. After this the
subject has been discussed in a number of articles, some even concentrating on specific types of
inscription. Also, the plain description of the swords and inlays quickly evolved into speculations
concerning on origin and place of manufacture, which turned out to be the Frankish kingdom in
the majority of cases. The subject has been discussed also in other later articles, sometimes even on
an etymological basis.!® The views have been quite varied, and it is also worth noting that before
Leppiaho, the Swiss-born archaeologist Robert Forrer pointed to the inlaid marks on blades
pictured in medieval art.'™

Some larger works have also been conducted. Chronologically, the first one was a catalogue of
European ULFBERHT swords compiled by Herbert Jankuhn.' Another German scholar,
Michael Miiller-Wille made an updated version of Jankuhn’s lists and catalogued a total of 99
ULFBERHT swords from different literary sources.’® His catalogue included the twelve Finnish
ULFBERHT swords presented in Leppdaho’s work. Miller-Wille’s catalogue consisted of drawn
pictures of nearly all inscriptions, but without any details of the technology of inlays. A third,
more recent, work is Alfred Geibig’s doctoral thesis.’* Along with an attempt to create a typology
for both Late Iron Age sword blades and hilt parts, he also discussed the classification and origin
of various inlays and inscriptions in German swords.

Many German scholars have also speculated on the way the inlays were attached. Quite often
these speculations have no practical basis and thus remain highly hypothetical. These theories
will be discussed further in the experimental part of this work (Chapter 6). Theories about the
technical matters concerning iron inlays were introduced mainly after the Second World War,
although hypotheses have been made throughout the first half of the 20th century. As noted
above, actual experiments in attaching iron inlays are a relatively modern phenomenon that came
about during the 1990s and notably in Scandinavia.

In the Netherlands, conservator Jaap Ypey has published many articles and shown great interest in
the technical matters and details of pattern-welding, including pattern-welded inlays on swords.'®
In his publications, detailed drawings are to be found, as well as hypothetical descriptions of the
manufacturing processes of various kinds of Iron Age weapons with pattern-welding. In the Czech
Republic particularly Jifi Kosta and Jifi Hosek have studied early medieval swords, publishing
analyses of pattern-welded and inlaid blades, among others, as recently as 2014.1%

2.5. THE UNITED KINGDOM

Research on ferrous inlays in the United Kingdom began in the 1950s, resulting in a few articles
dealing with individual finds equipped with inlays and mentioned as curiosities.!”” Interest as well

100 E.g. Miiller 1970.

101 E.g. Forrer 1915-1917 and 1918-1920.

102 Jankuhn 1951.

103 Miiller-Wille 1970.

104 Geibig 1991.

105 Ypey 1972, 1973, 1982a, 19825, 1984 & 1986.
106 Kosta & Hosek 2014.

107 E.g. Maryon 1950.
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as knowledge increased and some major studies of swords were published during the 1960s. These
are the works of Ewart Oakeshott, namely his Archaeology of Weapons and The Sword in the Age of
Chivalry."®® Hilda Ellis Davidson published her study 7he Sword in Anglo-Saxon England in 1962.
All these three books focused on summarizing the development of the sword mainly during the
Iron Age, and sharing a common interest in the Viking Age, especially through Icelandic sagas
in addition to the archaeological evidence. As new finds were recovered and new pattern-welding
and inlaid motifs were revealed, interest has remained steady. As indications of this phenomenon,
swords have been catalogued on a few occasions presenting also the inlays.'”

'The manufacturing techniques of swords have drawn much attention in the British Isles. Already
in 1960, theories about pattern-welding and inlaying were introduced, based on the examination
of archaeological finds."® This trend has continued later in small scale." The actual analyses of
finds began in the 1980s. The most extensive study in this area, considering all kinds of Late Iron
Age swords, was conducted by Ronald Tylecote and Brian Gilmour,"? which also included three
inscribed blades.'™® Cross-sectional analyses combined with metallographic studies were used to
determine how the blade was heat-treated and hardened. Another larger work was carried out by
Janet Lang and Barry Ager, who radiographed several British sword finds with the aim of revealing

pattern-welding and inscriptions.!*

At present the analysis of the blade material, as well as its heat treatments, can be done from a
very small sample sawn from the edge of the blade. The British archacometallurgist Alan Williams
has taken several samples of ULFBERHT swords found in Europe. He has also carried out
some hardness measurements, which give clues about the quality of the blade material and heat
treatments.'® The accuracy and representativity of these analyses of small samples are discussed in
more detail below. The roots of Williams’s studies lie in the analyses that he conducted already in
the 1970s.1¢ His views on the subject have even generated a documentary on ULFBERHT swords
and their manufacture."” Also worth mentioning is the unpublished doctoral thesis of Janet Lang,

dealing with the functionality and purpose of pattern-welding particularly in the case of swords.!*®

2.6. SUMMARIZING THE HISTORY OF RESEARCH:
FOUR TYPES OF STUDIES

Analysing the history of research, four kinds of studies can be distinguished. The first and most
common one is the documenting and catalogue-type publishing of inlaid swords. The second
category deals with the manufacturing of iron inlays in form of theories and experiments. This
includes the study of the materials of inlays. Correspondingly, the third class consists of material
studies of the inlaid blades themselves. The fourth category presents some of the questions that
concern some wider-scale research, for example, when and where the inlays were made, what was
their meaning, how were they traded, and so on.

108 Oakeshott 1960 and 1964.

109 Oakeshott 1991; Peirce 2002.

110 Maryon 1960a.

111 E.g. Jones 1997.

112 Tylecote & Gilmour 1986.

113 For other analyses, see for example Anteins 1973, Edge & Williams 2003, Thilin-Bergman & Arrhenius 2005,
Tornblom 1982 and Williams 1977.

114 Lang & Ager 1989.

115 Edge & Williams 2003, Williams 2007 & 2009.

116 Williams 1977.

117 This process has been recorded in a documentary titled Secrets of the Viking Sword, published in 2012 by the science
channel NOVA.

118 Lang 2007.

MARKS OF FIRE, VALUE AND FAITH SWORDS WITH FERROUS INLAYS IN FINLAND DURING THE LATE IRON AGE (CA. 700—1200 AD)




As mentioned earlier, 19th-century documentation consisted of drawing and watercolour
painting, not of measuring. By the end of the 20th century, documentation had become more
accurate and more systematic while the drawings still remain. The drawings have actually become
more simplified and more schematic than earlier, when watercolours and more artistic, or more
realistic, drawings were in fashion. All major works concerning inlays on blades include some
kind of catalogue of the blades and/or the inlays, with very little attention focused on details. It
is noteworthy that in many cases only visible marks and inscriptions are documented, although
over the past few years, radiography, and especially stereoradiography (see Chapter 3.3), has been
utilized to reveal the inscriptions. Sometimes stereoradiography has been applied to a limited
find material quite systematically.""” These somewhat systematic studies are not, however, aimed
at finding not only the inlays but also at revealing the forging technologies of swords in general.

Normally there is some visual presentation of each inlaid blade. There are two options: either the
blade is photographed, or it is drawn with its inlays. In most cases drawings are done, but the
swords and their inlays are not always very accurately measured and thus replicated in the drawing.
Furthermore, in many cases only the outlines of the inlays are drawn and no attention is focused
on the patterns of the inlays, i.e. the materials of the inlaid metal rods. In some cases diagonal
lines have been drawn inside the inlays to illustrate that the inlaid rod is ‘twisted’ or ‘damascened’,
as is often stated. In the same manner, details concerning the manufacturing technique are usually
ignored, mostly because researchers do not recognize such things. Traditionally it has been
believed that all inlaid blades were made in Frankish smithies, and perhaps the problematization
of the manufacturing technique has been considered unimportant.

A typical feature of these drawings of inlaid motifs and inscriptions is that they are not always
drawn as they are seen, and instead the drawing is an interpretation of what has originally been
inlaid in the blade. The reader does not have knowledge of what actually remains of the inlay, and
what has been interpreted by the researcher. Sometimes, though, the marks that are still intact
have been drawn with a continuous line, and the interpreted marks are drawn with a broken line.

One major problem is that the methods of study are stated only rarely. It is impossible to know
whether the inlays were visible on the surface of the blade or were revealed by other methods such
as radiography. Furthermore, was stereoradiography used, or were the inlays drawn from a single
radiograph? This would be important to know, since it is quite difficult to distinguish the inlays
of both sides of the blade from each other, especially from a single radiograph where the inlays of
both sides appear on top of each other. Thus the question remains of the reliability of the drawings
and the interpretations.

A better way to document the inlays is to photograph the inlaid part of the blade. This unfortunately
happens quite rarely, and it is probably not done due to the poor visibility of inlays without any
mechanical cleansing or radiography. It can also be very difficult to create a photograph in which
the inlays or their remains are sufficiently visible. Also, the lack of photographic documentation
in publications may be a result of insufficient resources, and thus a financial problem.

The studies of the technology, i.e. materials and forging techniques, have gradually taken place
after the Second World War, when the help of the continually developing natural sciences was
utilized. It became possible to easily analyse the chemical properties of iron and steel, as well
as their microstructure, which could reveal how the iron was heated and worked. In the case of
swords, they have been analysed in different ways to discover used technology that was used. Most

119 For examples of systematic studies of Late Iron Age sword blades, see Lang & Ager 1989 and Thilin-Bergman &
Arrhenius 2005.
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commonly, especially after the 1970s, analyses have been made from the cross-section of the blade
to reveal the forging technique, but also chemical analyses are conducted.

In some cases, in connection with a cross-sectional analysis of an inlaid sword, a note has been

120 Tt is unfortunate that not many

made about the way the inlays appeared in the cross-section.
cross-sections have been analysed instead of an inlay. The objective seems to have been to establish
the structure of the blade rather than the inlaying technique. Rather than studying the inlays, the
cutting of the precious inlaid motif has been understandably avoided. One important point about
the manufacturing technique of the inlays is that all scholars and researchers seem to think that
there is only one possible way to produce an inscription. In my master’s thesis and experiments
done after that I managed to produce inscriptions in different ways.'*! Again, this will be discussed

in the experimental section of this work.

Already at the end of the 19th century analyses were made to establish the carbon content of the
blade, and thus the quality of the steel.’? In the earliest analyses, the results are mainly suggestions,
because the publications do not state from which part of the blade the reading was taken.'?® The
carbon content of the blade could have varied, in view of the fact that blades could be laminated,
and the produced steel was not exactly homogeneous.

'The reasons for all the above-mentioned studies, whether mere cataloguing or more complicated
technological studies, are usually some specific questions of broader scale. Of course the motive
for cataloguing and documenting inlaid blades could well be the need to establish the number
of these kinds of blades, and thus be able to deduce things such as the wealth of the society
concerned or the scale of its trade networks. In many cases though, the question has concerned
the origin of the inlaid blades. Where were they originally made and by whom? This has even
led to the speculation on the locations of the smithies. Proper names such as ULFBERHT and
INGELRII are thought to be even linguistically Frankish. With the help of linguistics there

124 which is discussed

have also been attempts to establish the more precise location of the maker,
later in connection with the origin of the Finnish finds and different inlaid motifs. There is also
speculation on trade networks on the basis of similar kinds of inlays. The modern research of the

materials of inlaid blades has even led to new theories on the trade of raw materials.'®

The copying of inlaid motifs has also been discussed to an increasing degree. Traditionally,
documentation and cataloguing have helped in identifying, for example, misspelt inscriptions,
which are thought to be fakes made outside quality smithies. Recently the great number of revealed
inscriptions seems to support the theory that inlays were copied. Unfortunately, the research so far
does not address this subject in more detail, i.e. it does not include topics concerning all aspects
of technology.'*

A topic that is not so frequently discussed is the meaning of the inlays. This subject has been
mostly forgotten since many blades have inscriptions in Latin letters, and their meaning is quite
obvious. During the Viking Age the names written on blades are those of swordsmiths, as well
as in some cases after this period when the name is followed by words ‘me fecit’, i.e. ‘made me’.

120 See Leppiaho 1964b; Thalin-Bergman & Arrhenius 2005; Tornblom 1982.

121 Moilanen 2006 & 20095.

122 E.g. Anteins 1973, Edge & Williams 2003, Jankuhbn 1951, Petersen 1919, Thilin-Bergman & Arrhenius 2005,
Tylecote & Gilmour 1986, Tornblom 1982, Williams 1977.

123 See Petersen 1919 and Jankuhn 1951.

124 E.g. Miiller 1970.

125 See Williams 2009.

126 The material studies of the blades conducted by Alan Williams (2007 and 2009) are an exception, but still he does
not have anything to say about the technique of inlaying.
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Then there are phrases derived from Christianity. Only during the last few decades have other
symbolical motifs become more interesting, since there are many new sword finds with only
symbols and not Latin letters. After all, if one wants to study the activities of copying inlays, one
must try to at least speculate, what the different kinds of inlays meant to contemporaries.

Last but not the least comes the dating. Cataloguing has normally included the dating of the
swords typologically on the basis of their hilts. The most used hilt typology is the one created
by the Norwegian scholar Jan Petersen.'” After Petersen, other scholars have presented revised
typologies, often on the grounds of local find material and its dating.’®® These hilt typologies
are now normally used to date the inscriptions as well. This poses some problems, which are
further discussed in trying to date the find material discussed in this thesis. In this connection also
different typologies are presented and discussed in more detail.

In addition to conventional typologies of hilt furnishings, there have been some attempts to date
different types of inscriptions and inlaid motifs."* Different kinds of inlays, according to both
their contents and materials, have been ordered in chronological sequences. Normally this is done
by the additional help of hilt typologies, and it is also connected to the evolution of the blade.
These classifications are further discussed in connection with the specific types of inscriptions as
well as the dating of the finds studied in this work.

127 Petersen 1919.

128 After Petersen (1919), revised local typologies have been constructed after the Second World War when the grown
find material had to be systematically organized.

129 E.g. Anteins 1966, Bruhn Hoffmeyer 1954, Drboglav 1984, Geibig 1991, Oakeshott 1964, Wegeli 1903-1905.
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3. THE PROCESS AND
METHODS OF RESEARCH

'This chapter is firstly a short introduction into the world of iron and steel alloys and their properties.
'This basic understanding of the properties and the working techniques of the material under study
is very important in order to understand the ensuing brief presentation of the applied methods
of research, not to mention the section concerning the technology of inlays and inlaid blades. So
much weight has been placed on the introduction of metallurgy and its research, because a large
part of this work discusses the technical questions of the studied swords.

Each sword presented in this work was documented as a whole, including the blade, the hilt and
its decoration, and the inlays. Present below are the attributes and details that were sought in
each find, as well as the methods for acquiring the required information. To start with, the finds
were measured. Then the inlays were revealed, in case they were not readily visible, after which
they were documented and examined more closely. The blades were examined for their properties
and materials, as well as the hilts, but more superficially. Finally a catalogue was created including
scale drawings of the swords and their inlays. These stages of the research are discussed below in
more detail.

3.1. [RON, ITS PRODUCTION
AND WORKING

3.1.1.[RON AND ITS ALLOYS

Iron is a soft metal, silvery-grey in colour, and the third most common non-gaseous element in
the Earth’s crust.”® Iron has a tendency to oxidize quickly in humid atmospheres forming a red
or brown coating of ferric oxide or rust as it is commonly called. Pure elemental iron (Fe) is very
rare, and in nature iron occurs as oxides in different kinds of ores. To obtain metallic iron, oxygen
must first be removed by chemical reduction at a high temperature.

'The properties of iron can be altered by alloying it with other elements. The most common and
most important alloying element of iron is carbon (C), which together with iron forms carbides
and creates a hard alloy called steel, which is harder and more brittle than iron and suitable for

heat-treatments.!3!

During the Iron Age, another important element was phosphorus (P), which
increases hardness and corrosion resistance, but causes brittleness and creates a barrier for carbon
diffusion.” High-phosphorus iron can even be work-hardened or cold-forged to make a tougher
blade.'** Phosphorus-rich iron has very coarse grain structure and it has been used intentionally in

pattern-welding to create sharp contrasts between different metals (see Chapter 5.2).

130 Tylecote 1987: 47.

131 E.g. Peets 2003: 264.

132 E.g. Godfrey et al. 2003: 191; McDonnell 1989: 375; Thélin-Bergman & Arrhenius 2005: 26; Ypey 1980: 193.
133 Tylecote & Gilmour 1986: 9.
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Smelted iron or steel contains also for example cobalt, manganese, nickel, silicon and sulphur,
which are not intentionally added and are found in very small amounts as trace elements. Cobalt

134 whereas manganese increases the sensitivity to heat treatments by

increases wear resistance,
lowering the required temperatures.’ Nickel increases strength and toughness but not the
hardness of steel.’®® Also silicon toughens steel and makes the grain structure of steel coarser."
Sulphur is considered as an impurity, because it has a negative eftect on the hot-shaping properties

of steel.13®

According to carbon content and other elements, there are different terms for different kinds of
iron and steel. Wrought iron is closest to pure iron and contains less than 0.2 % carbon and often
some slag.® Szee/ on the other hand contains carbon from ca. 0.2 % up to 2 %,** and also various
alloying elements such as manganese, silicon, phosphorus and sulphur.'* The modern term carbon

2 and is thus not very practical

steel is used to cover all alloys of iron with some carbon in them,
considering the distinction between steels of different carbon content. Cast iron has a carbon
content of 2—-6 % and a silicon content of 1-6 %.'* Pig iron has 3.5-4.5 % or sometimes even
more carbon and other contaminants such as phosphorus and sulphur, and is primarily used also
in casting.’* Due to their carbon content, only wrought iron and steel are easily workable and thus

used in blacksmithing.

Iron and steel are composed of crystals, the form and size of which create the internal structure,
the so-called microstructure of iron or steel. The properties of steel can be adjusted and changed
radically by altering this microstructure through forging and heat treatments. Furthermore, the
structural changes of steel while cooling are dependent on its carbon content. Steel with carbon
content lower than 0.8 % is called hypoeutectic steel, whereas steel with a precise carbon content
0f 0.8 % is called eutectoid steel.'* Hypereutectoid steel has a carbon content higher than 0.8 %.#

'This figure can also be called the boundary between low-carbon steel and high-carbon steel.'*

Iron has two allotropic forms: a-iron and y-iron. Besides these two, also 6-iron is known, but it
is not a separate allotropic form but similar to a-iron (Fig. 5).1* The melting point of pure iron is
1538 °C, and as iron cools down and crystallizes below this temperature, 3-iron is formed.’ The
crystal structure of this delta-iron is body-centred cubic and this form is known as ferrite, which is

134 E.g. Miki-Rossi 1950: 36.

135 E.g. Miki-Rossi 1950: 34.

136 E.g. Hrisoulas 1991: 28; Miki-Rossi 1950: 35.

137 E.g. Hrisoulas 1991: 28; Miki-Rossi 1950: 33-34.

138 E.g. Hrisoulas 1991: 28; Miki-Rossi 1950: 33.

139 E.g. Rodgers 2004: 72-73.

140 The determination of the carbon content of steel is sometimes problematic. For example Jiiri Peets (2003: 264)
defines steel as having carbon 0.2—1.7 %. Steel with a carbon content of 0.2 % will harden to some degree, but only
steel with a carbon content higher than 0.3 % will harden enough to have some practical purpose (e.g. Buchwald
2005: 133; Hansen 2007: 18). Vagn Fabritius Buchwald (2005: 66) determines steel as having a carbon content
between 0.4 and 1.7 %. Normal carbon steel is usually defined to contain a maximum of 1.7 % carbon, but heavily
alloyed steels may contain even 2 % carbon and still remain workable (e.g. Méki-Rossi 1950: 33).

141 E.g. Dossett & Boyer 2006: 9.

142 Thilin-Bergman & Arrhenius 2005: 25.

143 E.g. Bealer 1995: 31; Rodgers 2004: 72. Although cast iron was developed in China as early as from ca. 550 B C
onwards, it was not intentionally produced in Europe until around the 1200s ( Tylecote 1987: 325-327; Wagner
2001).

144 E.g. Rodgers 2004: 71-72; Serning 1979: 62. The cast iron produced in medieval blast furnaces was called pig iron,
from which wrought iron was produced by re-melting.

145 E.g. Dossett & Boyer 2006: 19-22; Williams 1919: 132. The amount of eutectoid carbon varies roughly between
0.77 and 0.80 % depending on the used reference (Dossett & Boyer 2006: 19).

146 Dossett & Boyer 2006. 19-22.

147 Hansen 2007: 16.

148 W-iron, which also is ferrite like W-iron, appears in much higher temperatures than N-iron.

149 E.g. Dossett & Boyer 2006: 12.
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carbon. As temperature continues to decrease, the extra carbides in the remaining structure will ~ Simplified iron-
be combined with ferrite crystals, creating a structure called pear/ie.’> When eutectoid steel is  carbon (Fe-C)
cooled, no ferrite will be formed, only pearlite. Hypereutectoid steel, on the other hand, will  phase diagram.
already at 900 °C form cementite, which is a very hard composite of iron carbides, ferrite and

carbon.® After 723 °C, the remaining mixture of crystals will create pearite.

3.1.2. THE PREHISTORIC PRODUCTION AND ALLOYING OF IRON
AND STEEL

Before terrestrial ores were processed, meteorites brought the first iron that was used in the
making of iron artefacts.”” The earliest examples of the utilization of meteoric iron are from
China, Egypt and the Mediterranean area.’® The earliest signs of meteoric iron come from North
Iran, ca. 4600-4100 BC.™ This kind of iron can be classified as wrought iron, and it normally

150 E.g. Dossett & Boyer 2006: 12.

151 E.g. Dossett & Boyer 2006: 12.

152 E.g. Buchwald 2005: 63—64, 66; Tylecote 1976: 166.

153 E.g. Buchwald 2005: 63—64; Dossett & Boyer 2006: 13.

154 E.g. Buchwald 2005: 66.

155 E.g. Dossett & Boyer 2006: 20.

156 E.g. Dossett & Boyer 2006: 9; Tylecote 1976: 166.

157 Meteoric iron has been utilized also later. For example Indonesian blacksmiths forged knives and short swords from
meteoric iron as late as the 1800s (see e.g. Sachse 1989: 103-115).

158 Buchwald 2005: 24-25; Peake 1933: 640-641.

159 E.g. Buchwald 2005: 24-25.
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contains high amounts of nickel among other elements.'®® According to the archaeological record,
smelted native iron was first utilized in the regions of Mesopotamia and Anatolia somewhere

around 2400 BC.1!

During the Iron Age, iron was produced by so-called direct process. The reduction of iron started
with the acquisition of the raw material, i.e. iron ore. In Scandinavia the ore was extracted from
lakes and bogs, and is known as /imonite formed from iron oxides.'*? Hematite and magnetite are
rock ores, and they have been used considerably less than lake and bog ores,'** although some
dissenting views have also been presented.'** In Continental Europe and the British Isles mined
ore was used since beginning of the Roman period.'®

'The raw material first had to be dried and roasted to get rid of soil and crystal water, and to make
the pieces of ore more fragile.'®® Roasting was done either in stacks of wood on the ground'®” or
in roasting pits.’® The roasting process remained very slow and the temperature had to rise to a
minimum of 400-550 "C.1* After roasting, the ore was crushed into small pieces to be suitable
for small furnaces.'” The roasted ore was not normally stored but smelted immediately.’”* The
smelting took place in a specific furnace, various types of which can be distinguished.'”? The
walls of the furnaces were usually made of stones and clay, providing extra insulation from the
surrounding earth in the case of sunken furnaces.’”® Furnaces built above ground level had either a
slag pit or a small hole to tap off the slag from the furnace.'” Charcoal was used as fuel'” and the

heat was generated with the help of one or more bellows or even by natural draught.'”

In the so-called reduction process, iron was reduced from iron ore, but not melted. As a result, a
bloom of iron with variable carbon content and a great deal of slag and other elements formed in
the bottom of the furnace.'”” Here it should be noted that this description is very generalizing, and
the process and its details have varied from place to place and from time to time.'” The bloom was
further refined by heating and forging to remove as much slag as possible. The bloom was heated
in so high a temperature that the slag was melting, after which it was removed from the forge and
hammered. To remove the slag and to homogenize the structure of iron, at least to some degree,
the bloom was hacked, folded and forged many times.'”” After the bloom was clean enough, it

160 E.g. Buchwald 1975; Buchwald 2005: 25-28; Tylecote 1987 101.

161 Buchwald 2005: 72.

162 E.g. Buchwald 2005: 91; Serning 1979: 52. Lake and bog ores are formed by the activity of the surroundings, and
they occur in different shapes and sizes (Serning 1979: 57-59).

163 E.g. Serning 1979: 52-53; Tylecote 1987: 48-50.

164 Olof Arrhenius (195 9), Jor example, has studied the phosphorus content of iron objects and has thus suggested that
rock ore was primarily used before the Middle Ages. Also black sand consisting of magnetite has been suggested to
havve been in use during the Iron Age in Sweden (Lannerbro 1976). Some analyses of iron blooms also show that
they were not reduced from lake or bog ore (e.g. Serning 1965).

165 E.g. Buchwald 2005: 91; Serning 1979: 55.

166 E.g. Peets 2003: 36-37.

167 E.g. Peets 2003: 36-37; Tylecote 1987: 53.

168 Serning 1979: 60; Tylecote 1987: 53.

169 Buchwald 2005: 91

170 E.g. Serning 1979: 60.

171 Buchwald 2005: 91.

172 E.g. Cleere 1972; Martens 1978; Serning 1979: 68—69. The classification of iron smelting furnaces is problematic
because the remains are in many cases badly destroyed, and furthermore, there are great regional differences between
different types of furnaces (see e. g Buchwald 2005: 183-185; Tylecote 1976: 4647, 54-55, 65—66; Tylecote 1987:
151-178).

173 E.g. Buchwald 2005: 225-226.

174 See e.g. Serning 1979: 69.

175 Buchwald 2005: 94.

176 E.g. Serning 1979: 85-87.

177 E.g. Lang 2007: 62; Tylecote 1976: 166. For analyses of blooms, see e.g. Buchwald 2003: 171-173; Peets 2003:
143-150; Pleiner 2003.

178 E.g. Serning 1979: 65.

179 E.g. Lang 2007: 25; Peets 2003: 151-155.
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could be forged into some form of currency bar to be commercially used, or it may have been
forged directly into objects.

During the Late Iron Age steel could have been made in different ways.’® First, steel may be
produced directly during smelting by adding more charcoal and tapping oft the slag more often.'®
Secondly, in Russia and Karelia the iron bloom was heated in a forge until it sparkled, after which
it was quickly cooled in water or snow. As a result of this process, the steely outer layers of the
bloom crumbled away, and these crumbles were then welded into one piece of steel.'®

The third method was carburizing or cementing.'® In all simplicity, very thin pieces of iron could
be heated in the middle of charcoal for several hours at a temperature over 912 °C, causing some
carbon to incorporate into the surface of iron.'®* Often iron sheets were placed in the middle of a
carburizing agent, such as bones, horns or skin, and covered in an airtight container and heated for
several hours.'® In this manner also local cementing could be done by simply covering the object
with carburizer and then clay.'® It is possible to incorporate carbon to a depth of three millimetres
from the surface of the heated piece, in other words, an iron bar with a thickness of six millimetres
can be turned completely into steel.’ With regard to other alloying elements, phosphorus could
have been obtained from crushed bones or teeth with the same method as carbonization.

3.1.3. MECHANICAL WORKING OF IRON

Iron is worked or shaped by forging it with a hammer against an anvil. The principle behind the
torging or shaping process is that material is not removed but shifted from one place to another.
Iron and steel are forged in so-called forging temperature, which is ca. 770 “C at its lowest.
Beyond this temperature, iron is no longer magnetic and is thus in an austenitic state.'®® The
forging temperature is judged on the basis of the colour of the heated metal. At 770 °C the colour
of iron is cherry red. The maximum forging temperature is ca. 1100 °C, the colour being bright
yellow.®” If iron is heated too much, it will sparkle and burn.

The piece to be shaped is heated in a forge. An Iron Age forge uses charcoal as its fuel, and the
heat of the glowing charcoal is maximized by blowing air into it with bellows.’® The part to be
forged is heated so that charcoal is all around that part.’”! The flow of air blow must not hit the
heated part directly. If this happens, the required temperature cannot be reached and the heated
part will oxidize very easily. When the piece has reached the correct forging temperature, it is
taken out of the forge and placed directly on the anvil for working. The forging may continue until
the red colour of the piece has vanished. The hammer blows should be lighter while the piece gets

cooler and cooler to avoid cracking it.'*?

180 See Peets 2003: 264.

181 Kolchin 1953. 51.

182 Peets 2003: 264.

183 This method is now called colour case hardening (CCH) among gunsmiths. The carbonization produces thin surface
hardness as well as vivid colours on the surface of the polished and heated metal.

184 E.g. Thilin-Bergman & Arrbenius 2005: 25.

185 Peets 2003: 264; Pleiner 2006: 66. Terje Gansum (2006) has even suggested that human bone could have been used
in the carburizing process.

186 E.g. Pleiner 2006: 67.

187 Hansen 2007: 35.

188 E.g. Buchwald 2005: 276.

189 E.g. Buchwald 2005: 132.

190 E.g. Peets 2003: 175-178; Thilin-Bergman 1979: 105-108.

191 E.g. Miki-Rossi 1950: 50-51.

192 E.g. Miki-Rossi 1950: 53.
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While forging hot iron, the particles are shifted from one place to another and the fibres are
packed.””* Iron can also be worked by cold-forging. In cold-forging the toughness and hardness of
the forged piece increase, but the iron becomes harder to treat and more fragile.””* For example
some Viking Age swords are claimed to be hardened by cold-forging.*® The forging should be
done within certain temperatures. A temperature that is too low (i.e. below ca. 770 *C) will cause
fractures in iron. Too high a temperature combined with too forceful hammering, when the piece
is at or over the welding temperature, will also cause fragmentation of the forged piece.

During forging, a plate-like, magnetic hammer scale is formed. This scale consists of iron oxides,
and it is created when hot iron reacts with oxygen in the air.'”® This oxidation slowly eats away
the surface of the forged piece, since new oxide layers form after old ones are tossed away by the
hammer blows. The thickness of the oxidized layer is related to the heating temperature and the
atmosphere of the forge.”” The scale formation is greater at high temperatures and oxidizing
atmospheres. One way to reduce oxidation during shaping is to dip the hot piece quickly in cold

water and let the temperature shock remove all oxides.’”®

There are several basic techniques of blacksmithing, or shaping to be precise.’” These all have
their conventional terms that are widely used, following are some examples. Drawing out means
to forge an iron bar thinner, and upsetting means to make the bar thicker by hammering its ends.
Fullering means widening of iron bar with the help of convex hammer or tool. As the result of
fullering, there are one or several deep indentations in the iron, which may be smoothed by a
technique called flattening. Punching means making holes with a punch in hot iron. In drifting
the hole is being enlarged or shaped with special tools, drifts. In cuzting the hot iron is struck
with a chisel or against a so-called hardie to make a cut. Chamfering or bevelling is a technique of

hammering where a diagonal surface is hammered to the end or edge of a bar.*®

Separate pieces of iron may be joined with several techniques. In shrinking a cold piece is inserted
into a hole in hot iron. When hot iron cools, it will shrink and grasp the cold iron tightly. In
riveting the pieces to be joined have holes through which a rivet is pushed and then bradded.
Bradding then means the upsetting of the end of a bar, e.g. a rivet, to prevent it from being pulled

through a hole. Banding or collaring means wrapping hot iron around cold iron to make a joint.2"*

'The best way to join iron pieces together is forge-welding. In technical terms, forge-welding is a way
of welding by pressure, where the pressure is caused by hammer strokes.?” In forge-welding the
pieces to be welded are heated to a welding temperature, which is somewhere between 1100 and
1300 °C, depending on the carbon content of the pieces in question.”®® At this high temperature,
the pieces still retain their original shape, but their surfaces are beginning to melt. These almost
melted surfaces are joined by hammering them against each other. For this reason forge-welding
is sometimes called hammer-welding. The most essential factor in forge-welding is the estimation
of the correct welding temperature, which is done by looking at the colours of the heated metal.

193 There seems to be an endless debate over the usefulness of forging ws. so-called stock-removal method in the making
of blades. 1t is unclear whether the forging actually packs’ the crystals, and whether heat treatments normalize the
crystal structure to such a degree that the crystals would again resemble the ‘unpacked’ form.

194 E.g. Tylecote 1987: 247.

195 This claim has been made by the Norwegian blacksmith Kasper Andresen, who made copies of Viking Age swords by
hardening the edges by cold-forging.

196 E.g. Buchwald 2005: 276-277; Pleiner 2006: 110.

197 E.g. Tylecote 1987: 320.

198 E.g. Buchwald 2005: 277.

199 See e.g. Pleiner 2006: 55—65.

200 E.g. Bealer 1995: 125; Drew 1935: 22-28.

201 E.g. Bealer 1995:127.

202 Buchwald 2005: 275; Maryon 1941: 118; Miki-Rossi 1950: 136.

203 E.g. Hansen 2007: 39.
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Traditionally, pure iron should be ‘white as fat’ until it will weld, while high-carbon steel will
weld at red-heat. Some blacksmiths prefer to have a few sparks flying off the heated piece, when
the welding heat is reached.?”* However, sparks always mean that carbon in the heated piece is

burning, and there is a great risk that the piece will be partially lost.?

Forge-welding requires a so-called ffux or welding compound, which prevents the oxidation of
the welded pieces and helps to remove slag from the welding seam.?* Traditionally fine-grained
quartz sand from a river or a lake bottom has been utilized as flux.?” Fine sand will melt at a
lower temperature than iron or steel, thus forming a paste-like shell around the welding seams. In
addition, possible slag inclusions will be trapped in the molten flux. As a consequence, slag will
be easily removed during hammering while the molten flux sprays off from the welding seam. It
should be noted that it is essential to heat the welded pieces in reducing fire, since quartz sand
does not work properly in an oxidizing atmosphere.?®

There are other traditional fluxes, too. Instead of quartz sand, some kind of compound of sand and
salt could have been used.?”” Some fluxes are pastes rather than powders. One pattern-welding
experiment used a paste of pigeon droppings, flour, honey, olive oil and milk mixed together.?'
Japanese swordsmiths used a paste of fine-grained clay, powdered charcoal and stray ashes mixed
together; this paste was spread to surfaces to be welded before the heating.?'! During the Roman
Iron Ages some kind of phosphorus-rich paste was used for welding a pattern-welded blade.?*?
Also arsenic could be present in flux to prevent the diffusion of carbon from the steel edge to
the mild-steel core.?”® These traditional fluxes are almost forgotten, especially in modern-day
blacksmithing, because industrial fluxes already began to be manufactured in the middle of the

19th century.?™

3.1.4 THE HEAT-TREATING OF IRON AND STEEL

As stated above, the properties of steel may be altered by heating it at different temperatures
and cooling it at different rates. At its simplest, heat-treating may consist of heating the steel
to the critical temperature and letting it cool in the air. This relieves the internal stresses caused
by forging,?”® and therefore the method has sometimes been called normalizing. Annealing is a
process where steel is softened. It is suited to softening, for example, cold-hardened steels.?'®
Annealing is done by heating the steel again to the critical temperature, but now it must be cooled
very slowly among, for example, wood ashes etc. This procedure will soften the steel, enabling
careful cold-hammering and easier filing and grinding.

The hardening of steel is based on the transformation of austenite into hard martensite. When
cooling the steel very quickly, no cementite is formed. Instead, the iron carbides will remain as
diluted into iron, which in turn creates a hard, needle-like structure. The hardening is normally

204 E.g. Hansen 2007: 40.

205 E.g. Buchwald 2005: 281-282.

206 Hansen 2007: 39—40; Miki-Rossi 1950: 137.

207 E.g. Andresen 1994: 197; Miki-Rossi 1950: 138.

208 Buchwald 2005: 281. Quartz sand should react with wiistite (iron oxide), which is formed on the surface of heated
iron in reducing fire, creating a kind of fluid slag.

209 Peets 2003: 216.

210 Anstee {F Biek 1962: 80-81.

211 Bealer 1995: 356.

212 Rosengvist 1970: 179.

213 Rosengvist 1970: 184.

214 Maki-Rossi 1950: 138-139.

215 E.g. Buchwald 2005: 133. See Pleiner 2006: 6570 for another summary of heat-treating techniques.

216 E.g. Tylecote 1976: 166.
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called quenching or quench-hardening, because the cooling is achieved by plunging the hot object
into a liquid like water or 0il.?"” The resulting hardness depends on the carbon content of the steel:
the higher the carbon content, the harder the steel will be.?’® Also the hardening temperature and
the rate of quenching will affect the outcome.?” If, for example, the rate of quenching is too low,
no martensite is formed but only #roostite, which is nowadays known as a fine form of pearlite,
and not hard enough for edged tools or weapons. If the temperature is too low and no austenite is
formed, there will be no martensite either.?® Traditionally the temperature has been determined
with the help of a trial piece, which is a long steel bar with evenly spaced hacked cuts.?! This piece
has been heated so that the other end is in white heat and the other in red heat, after which the
whole piece is quenched. Then the bar is bent broken at the locations of the cuts, enabling the
blacksmith to determine the correct temperature according to the structure of the quenched steel.

After hardening, steel must normally be zempered. In tempering the steel is kept at a low
temperature (ca. 225-325 °C) for a short time to slightly soften the martensitic structure.”?? The
temperature is again judged by the colour of the metal, which varies from straw yellow to blue
and grey.””® Tempering can be done with several methods, because the low temperature can be
reached with alternative solutions. Probably the best way is to use warmed sand into which the
steel is plunged.?**

3.2. THE MEASUREMENT AND DOCUMENTATION OF THE SWORD
AS A WHOLE

All the following measurements were taken of each sword (Fig. 6). The numbers refer to the table

in Appendix 1.

1 - total length
2 —length of the blade
3 —length of the hilt

4 — greatest width of blade below the lower guard or shoulders of the tang

5 — width of the blade near the tip before the point (usually some 5 cm from the tip)

6 — width of the fuller near the hilt

7 — width of the fuller near the tip before the point (usually some 2 cm above the ending
point of fuller)

8 — distance of the lower end of the fuller from the tip

9 — blade thickness at the same locations as the width measures (the smaller measure is
taken near the tip; sometimes the blade is of even thickness)

10 — width of the tang at its lower end beside the lower guard or the shoulders of the tang

11 — width of the tang at its upper end beside the upper guard or pommel or the end of
the tang

12 — length of the tang or grip

217 E.g. Tylecote 1976: 167.

218 E.g. Miki-Rossi 1950: 198; Tylecote 1976: 167.

219 E.g. Miki-Rossi 1950: 199-201; Tylecote 1976: 167.
220 E.g. Hansen 2007: 17.

221 E.g. Hansen 2007: 36-37.

222 E.g. Buchwald 2005: 133.

223 E.g. Buchwald 2005: 133.

224 Hansen 2007: 50.
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13 — tang thickness at the same locations as the width measures (the smaller measure is
taken near the pommel; sometimes the tang is of even thickness)

14 — length of the lower guard
15 — height of the lower guard
16 — thickness of the lower guard

17 —length of the upper guard
18 — height of the upper guard
19 — thickness of the upper guard

20 - length of the pommel Figure 6.
21 - height of the pommel Measurements
22 — thickness of the pommel of swords as
presented in
Appendix One.
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All these measurements are given in millimetres, and it should be noted that the measurements
are those that are preserved, whereby the original measurements could have been considerably
different. The preserved dimensions are largely dependent on the methods of conservation as well
as the degree of preservation. In some cases, the measurements could have been larger, especially
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those of the blade, when thin blade edges have corroded away. Sometimes the effect is precisely
the opposite, when a thick layer of corrosion makes the measurements look much greater than
they were originally. When the object is cleaned from all corrosion products, the dimensions —
especially blade thickness — appear to be smaller than originally.

The condition of the find is defined as poor, fair or good. A find in good condition has only
small, corroded dots on its surface, and its outlines, including the ridges of the fuller and the
cutting edges, are well preserved. A find in poor condition is badly corroded and does not have
preserved outlines or original metal surface. A find in fair condition is somewhere between these
two categories; it is somewhat corroded, but some details can still be observed.

The measurements of the swords can be found in Appendix One. The statistics and features of
measurements are discussed in connection with each part of the sword (Chapters 4.1, 5.1 and
7). Because of the great diversity of the material and dissimilarities in the condition of the finds,
the measurements vary considerably. One reason for the different measurements is the different
dating, and therefore style, of the blade and the hilt. Because the measurements are those that are
preserved, they should be read together with the catalogue part at the end of this work (Appendix
Two). The drawings in the catalogue shed some light on the degree of preservation of the finds.

The inlays were also measured in detail, including the width of the inlaid rod, the length of the
inlaid motif, and the distance of the motif from the hilt or the shoulders of the tang. The height
of the inlaid marks and letters was not measured, since it normally corresponds to the width of
the fuller. Other features observable in blades are signs of use and repair, which may be observed
in well-preserved blades.

'The documentation of the hilt included measurements, the description of the decoration, and
the way the hilt was constructed (Chapter 7). The material and technique of the decoration were
inspected superficially. No metal analyses were taken from the hilts because the focus of this work,
and also of the expensive analyses, was on the inlays of the blades and the blades themselves. Earlier
research was used to give guidelines regarding the material of hilt decorations. The decorative
techniques are compared with the help of measurements of, for example, how many grooves were
carved for the decorative non-ferrous wires, and what kind of wire was used. Also the decorative
motif itself was used to locate the hilt temporally and spatially according to its style.

The technical features, e.g. the riveting of the tang and the attachment of the pommel were also
noted. In some cases radiographs were used to reveal the construction method of the hilt, but it
was not systematically done and not even possible in all cases, since the hilts were sometimes too
massive to be X-rayed thoroughly with the used device. The construction method refers here to
the massive Viking Age hilts, which have a separate pommel and upper guard riveted together
with one or two rivets and with different solutions. In connection with swords recovered from
inhumation cemeteries, some traces of grips have been preserved. Also all traces of wear and repair
are noted, since they can give indications of the use of the sword.

Other features observable in radiographs are the fibring of the iron as well as differences of
corrosion caused by various materials, slag and welding. There are also clearly visible mechanical
and sometimes soldered joints between the parts of the hilt and the tang of the sword blade.
Moreover, the parts of the hilt are sometimes hollow, which can be seen very clearly from
radiographs, as well as non-ferrous metal wires and plates used to decorate the parts. In some
cases where the decorative metal has been lost in post-depositional circumstances, the grooves in
which the decoration was applied can still be detected.
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'The hilts are categorized with the help of typologies. The types are mainly defined according to
the Petersen typology.?” Other typologies include some of the same forms as Petersen’s system,?
but it is clearer to use Petersen’s classifications due to their accepted position in sword studies. In
addition to the classification, various parts of the hilt are measured for the sake of comparison.
Here it should be noted that not all hilts in poor condition could be classified.

Finally, it must be noted that hilts were documented firstly to give a general picture of the studied
swords, a catalogue. Secondly, hilts were used in the establishment of the chronology for the
blades and the inlaid motifs. In a broader context some features of the hilts were noted and
written down, since this kind of information from these old finds has not been previously noted
or published.

3.3. THE REVEALING OF INLAID MARKS:
RADIOGRAPHY AND MECHANICAL CLEANSING

Characteristic of the Finnish finds is a thick layer of corrosion hiding all decoration under it.
Besides a layer of corrosion, swords recovered from cremation cemeteries are sometimes coated
with fire patina, which is created by the high temperature of the cremation pyre. In addition to
these, other substances are also to be found overlaying the blade, such as wood, textile or leather
from the scabbard, in association with inhumation burials of course. In other words, the original
surface of the blade is normally lost, and the inlays cannot be seen with the unaided eye. The same
phenomenon applies to the pattern-welded blades. Corrosion can hide the patterns evident in the
blade in its original condition, in the same way as the inlays and their patterns cannot be seen.

Radiography, or the X-ray examination, is a way of examining an artefact without causing any
damage to it. At present, radiography is most often used in the conservation phase to establish
the condition of the object, but it is also much used in the examination of structures of metal
artefacts. In principle, radiography shows different densities of the materials used to compose the
artefact. Non-ferrous metals have greater density than iron, so these metals look much brighter
in radiographs.??” The shown density can then be connected to the composition of the material,
or then its thickness.?”® The thicker the examined material is, the brighter it will show in the
radiograph. In radiography the current, the potential and the time of exposure can be adjusted to

achieve the desired contrast in the picture.?”

In the case of iron, radiographs do not show the difference between irons of different types, i.e.
with different alloying elements. For this reason, very well preserved finds cannot be properly
examined with the help of X-rays. Instead, radiographs show difterences of corrosion as darker
and lighter areas in the picture. The darker areas are naturally those more corroded, while the
lighter areas have not corroded as much as the darker ones. The non-corroded areas look brighter
because more material is present than in the deeper corroded parts.

225 Petersen 1919. Main types A~A: and special types 1-20.

226 Alfred Geibig (1991: 13—19) has listed different type names used by other researchers, which correspond to his own
combination types and their variants. These also include some of Petersen’s (1919) types, but also the following:
Wheeler 1927, Jankubn 1939, von zur Miihlen 1975, Nordman 1943, Bruhn Hoffimeyer 1954, Nadolski 1954,
Oatkeshott 1960 and 1964, Dunning { Evison 1961, Seitz 1965, Stein 1967, Ruttkay 1976, Menghin 1980,
Miiller-Wille 1982, Vinski 1983a and Glosek 1984. The dates established by these different authors are discussed
below in Chapter 7.

227 E.g. Lang 1997: 53-55.
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Figure 7.

The corroded, fibrous
structure of a forged
sword blade (KM
5334:1), as shown

in the radiograph

(no. 591). The darker
streaks are either slag
inclusions or corroded
welding seams or
alterations of alloying
elements, for example
concentrations of
higher carbon contents.
Photo: Conservation
Department, National
Mouseum of Finland.

Differences of corrosion can be the result of different processes and materials. Normally corrosion
starts from the surface of the object and penetrates deeper following the direction of the crystalline
structure and welding seams.”® Forging results in a striated, fibre-like structure, which is attacked
in different ways by corrosion (Fig. 7).%%! 'This effect is simply called fiéring, and it is normally
caused by unidirectional working and forging of iron.*? Iron was folded and welded to increase
its toughness, and this too produces a wavy, striated structure.”* One reason to fold and weld iron
several times was to homogenize the structure and incorporate some additional carbon.*** Mostly
differences of corrosion are caused by slag, which increases the corrosion rate. Furthermore,
welding seams tend to corrode faster and easier than the solid material.?** Often welding seams
contain also slag inclusions, which make corrosion even faster.?*

One reason for differences of corrosion is the differing amounts of alloying elements present in
iron. As a rule, the more carbon the steel contains, the quicker it will be attacked by corrosion.?”
Pure carbonless iron is corroded at a considerably slower rate. In some cases, non-carbon iron may
contain such elements as phosphorus or nickel, both of which increase resistance to corrosion.***
It must be noted that these elements were most likely deliberately applied to create a stronger

contrast in the resulting pattern of the blade.

Besides metal, slag inclusions can be easily detected in radiographs. Slag has a different density
than iron,”* which causes the X-rays to penetrate it much more easily, resulting in black spots in
those places where slag is present. Slag is usually formed during forging and welding operations,
and may be a layer of oxidized iron or welding flux. In this way, pattern-welding, for example,
may be easily seen from a radiograph.?*® Also wood does not become recorded in the radiographic
image, because the low density of wood requires very low energy X-rays in order to be recorded
on film.?*! The only traces of wood are the remains of scabbards and grips, which of course are
situated always on the surface of the blade or the tang of the hilt.

Sword blade inlays are problematic, because the inlays of both sides of the blade will be visible
in the radiograph on top of each other (Fig. 8). Normally, corrosion has destroyed many parts of
the shallow inlaid rods, leaving much room for interpretation. Furthermore, depending on the
condition of the find and the remaining thickness of the blade and the corrosion layer, the inlays
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may be only slightly visible even in radiographs. This problem is called superimposition. All the
teatures of the different sides of the blade are shown on top of each other in the two-dimensional
image, posing challenges for interpretation. Stereoradiographs should be taken to create a kind of
three-dimensional picture of the artefact. In stereoradiography, two radiographic images are taken
of the same artefact, only changing the position of the find or the tube from which the X-rays are
emitted.*” A single radiograph is taken from straight above the object. In stereoradiography, two
images are taken, both a certain distance from the centre-line, one from the left and one from the
right. After the images are developed, they may be inspected with stereo viewers, creating a single
stereoscopic image from two separate pictures and enabling the viewer to see what is above and
what is below, i.e. a kind of three-dimensional image. This technique has been used especially in

28 In the present study, the device used was

the study of pattern-welded and inlaid sword blades.
made by Rich. Seifert & Co. in 1957, and the images were taken by moving the artefact, not the

device.

The radiograph archive of the National Museum of Finland has many individual radiographs.
In the case of inlaid blades, new stereo pairs must be taken to separate the inlays on both sides
of the blade. Correspondingly, there were many blades with stereoradiographs taken by some
other researcher or the conservator, namely Leena Tomanterd, so there was no need to take new
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Figure 8. A
radiograph of

a sword from
Pappilanmiiki in
Eura (KM 1120:1,
radiograph no. 651)
showing inlaid
marks on both sides
of the blade. The
inlays are seen on
top of each other,
with the inlays of
the reverse side
appearing upside
down. Above

and below the
radiographic image
are drawings of the
inlays, separated
on both sides of the
blade. Radiograph:
Conservation
Department,
National Museum of
Finland.




ones. Again, some of these old stereoscopic images were of insufficient quality, and new ones had
to be taken. This was mostly done when inlays were clearly present but they could not be fully
distinguished from the old images, being either too dark or too bright.

Mechanical cleansing is a destructive method, in which the surface of the artefact is cleansed from
corrosion products to bring out the original surface. The cleaned metal surface is then treated
chemically to bring out the differences in the materials used in the construction of the artefact.
'This method is very effective in revealing the original surface of pattern-welded blades.

To start with, the blade to be examined is first cleansed, normally only a small part of it. The
cleansing can be done, for example, with polishing stones, sandpaper, or electrically powered
grinding and polishing tools.?** Electrical devices generate some heat due to the friction of the
polishing or grinding wheel, which requires caution.?* This heat may destroy other information
available, e.g. the heat treatments of the blade cannot be properly defined. The cleansing should
be done in such a way that the grinding marks will not disturb the chemical etching of the surface
and as a result the interpretations and observations themselves. For this reason, the cleansed
surface should be polished to a very fine finish.

'The chemical treatment is done with an acid or reagent, which reacts differently with different
alloys of iron and steel.** Acid colours steel darker than iron. The greater the carbon content,
the darker and deeper the etching will be.?*” As in the case of corrosion, carbon acts as a catalyst
causing the acid to attack more aggressively the higher-carbon areas and thereby creating colour
differences and topography between different types of iron and steel.?*® There are numerous acids
that can be used. The most common in archaeometallurgy are probably sulphuric acid, nitric
acid, and 2 per cent nital, i.e. nitric acid in alcohol.** Nital is perhaps the most commonly used
medium for showing carbon distribution and grain structure.”®® Reagents are chemical mixtures
that act in the same way as acids, while permitting the researcher to colour different metals in
different ways than with plain acids. Oberhoffer’s reagent colours the phosphorus-rich areas to

»1 a5 is also done by Stead I reagent.* Stead I is most commonly used to

a very light colour,
show the distribution of phosphorus. The reagent Heyn colours iron dark and leaves carbon-
rich steel much lighter in colour,”* and the contrast is exactly the opposite as that achieved by
some acids. The names of these reagents come from the name of the inventor of the reagent in
question.”* The treatment of iron with acids and reagents involves some serious problems. Heyn’s
reagent, for example, causes corrosion to increase, which inevitably leads to the destruction of
the examined object.® The same can be said about all acids. After etching, the acid should be
properly neutralized with an alkali, otherwise it will continue to etch, i.e. to eat away the surface

of the object.

Mechanical cleansing was not used in this study to reveal the inlaid marks. Firstly, the number of
swords to be examined was far too large to be cleansed and etched. A selection would have been
necessary if only some of the swords were to be cleansed. Secondly, radiography was considered
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to be a far better alternative because of the destructive nature of the method in question. Where
more time and resources are available, the inlaid blades found with the help of radiography should
be cleansed, because radiography has many serious limitations concerning the interpretation of
the motifs and the determination of the materials of the items. Only the mechanical cleansing
of the inlaid part of the blade would accurately show what is inlaid on each side of the blade.
Furthermore, the materials of the inlays cannot be properly defined from radiographs. For example,
pattern-welded rods normally appear as diagonal darker or lighter lines. The darker areas, which
have corroded more, contain most probably more carbon than the lighter parts of the pattern-
welded rod. Of course, the number of layers in the pattern-welded rod cannot be counted in any
way. With regard to non-patterned inlaid rods visible in radiographs, their material remains even
more obscure. If the surface of the blade was polished and etched, the relative carbon contents
of the materials — both the inlays and the blade — could be deduced. The layer count of pattern-
welded rods could also be measured, or at least estimated better than from radiographs.

3.4. EXAMINATION OF INLAYS:.
MICROSCOPY

The inlays were documented and examined with as great accuracy as possible. Considering the
research, the inlays fall into two categories: those that can be seen without the help of X-rays, and
those that cannot be seen directly from the surface of the blade.

Low-magnification microscopes were utilized to examine the minute details. The nature
of examined details can vary according to the research questions at hand. Typically, traces of
manufacture and use are sought in metal artefacts. For example, traces of casting and filing can
be detected. Minor traces of use and wear can sometimes be detected only with microscopy.
Microscopes are also used for metallographic analyses, but in that case the magnification is far
greater and able to distinguish the crystalline structure of the metal.

'The low-magnification microscopes used should be stereomicroscopes, or so-called binocular
microscopes, which can create a kind of three-dimensional view. A stereomicroscope consists of
two separate optical systems, one for each eye. Stereomicroscopes usually have relatively low
magnification, typically 2.5 — 50X, which is probably the reason why they are not so appreciated
as research tools.”*® The examination of details can be made more efficient by attaching a video
camera directly to the microscope. In this way, the details of the examined object can be seen
directly on a screen, from where they can be recorded both as images or as live video. A normal
camera can also be connected to a microscope to enable the photographing of details, which was
used also in this work to document the details of inlays. Difterent kinds of transmitted, reflected
or polarized light may also be utilized to create the desired contrast in the examined piece.”’

In some cases, the inlaid blades had already been mechanically cleansed in connection with previous
research. The inlays of these blades were clearly visible as colour differences. The colours fall into
roughly two categories: shades of green and the contrast between grey and orange. Different
shades of green dominated in these cleansed blades. These shades were most likely the result of
etching with diluted nitric acid, although oxidation by water is also known to be used. The darker
the shade of green, the more the material contained carbon. Some inlays were contrasted as light
grey and orange shades. In these cases the etching medium that was used is not known. However,

256 Caple 2006: 29.
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Figure 9.

A detail from a sword blade (KM
13419:2), showing inlays as corroded
relief instead of colour differences.
The blade has corroded more than
the inlays, and thus the inlays are
slightly elevated from the bottom of
the fuller. The dark streaks around
the inlaid rods are corroded welding
seams. The inlays themselves are
pattern-welded from two alloys of
different carbon content. The layers
with higher carbon content or lower
phosphorus content have become

corroded much deeper.

2cm

according to differences of corrosion, the orange or brownish colour of the inlays
meant that the material contained more carbon than the lighter areas. The colours
themselves could originate from the corrosion process, instead of some etchant.
The lighter, grey areas were closer to iron than steel, and were left almost non-
corroded. A third kind of visible inlay is a deeply corroded one. In some cases inlays
and their patterns were visible as a relief, in which some materials were corroded
deeper than other ones (Fig. 9). Above was noted that steel corrodes faster than
iron. In the light of this fact, the areas corroded deeper had higher carbon content
than those which had survived better.

What was then noted about these inlays visible to the naked eye? Firstly, the material:
was the inlaid rod pattern-welded or not? If not, how much carbon could it have
contained compared to the material of the fuller of the blade? Joachim Emmerling
stated that the pattern-welded ribbons may be separated from each other by their
composition and tightness of twists.**® Then if the material is pattern-welded, how
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many layers does it contain? What materials are welded together? Is the pattern-welded rod
twisted, and if it is, in what direction and how tight? If the material is not pattern-welded, are
there any indications of the manufacture of the material, e.g. longitudinal slag inclusions? Could
the material be pattern-welded or twisted, if there are no internal colour differences in the rods?
Also the thickness of the pattern-welded layers can be measured in classification purposes.?* This
however, is useful only if the layers of the same pattern-welded band are of different thickness.

'The materials of the inlays were not defined with maximum accuracy. It would have become too
expensive, difficult and laborious to take samples of all the inlays, so the materials were separated
only according to the colours of different metals. Difterent materials are normally defined as ‘steel’
and ‘iron’; steel having higher carbon content than iron. ‘Iron’ could also have higher phosphorus
content than ‘steel’.

Secondly, all indications of the manufacturing technique were sought. The edges of the inlays
were examined to see what kind of rod was attached to the blade. If the edges of the inlays were
straight, the twisted pattern-welded rod must have been forged or filed even before attaching it
to the blade. Correspondingly, if the edges were wavy, the twisted rods were most likely attached
to the blade straight after twisting. These wavy edges and welding seams have also been found in
pattern-welded blades.**® The presence of dark streaks on the edges of the inlays could indicate
slag or welding flux, and in addition, could indicate bad welds or pre-cut or pre-forged grooves
for the inlays.

'The depth of the inlays was measured by the pattern evident in the inlays. Due to their patterns,
only twisted, pattern-welded rods could be measured for their depth. The pattern changes
continually from the surface of the twisted rod towards the centre (see Chapter 5.2.2.1). The
change is gradual from plain diagonal lines to a semi-circular pattern. If the pattern of the inlaid
rod was semi-circular, then half of the rod was still sunken into the blade. In these cases, however,
the depth could not be measured in millimetres, because it is impossible to say what the diameter
of the inlaid rod was and how much the inlay widened during its attachment and forging of the
blade. Another way to measure the depth of the inlays more accurately was to find an inlay that
had corroded, leaving a pit in the blade. It could also be that the welding of the inlay had failed
to some degree, and at least part of the inlay had dropped out, perhaps in post-depositional
circumstances, when the successfully welded portion of the inlay was partly corroded away. In
these two cases where the inlaid rod was missing, the depth of its pit could be measured.

'The overall placement of the inlays could also tell something about the manufacturing stage of
the inlays. For example, if the inlaid rods were not only in the fuller, but also on the bevels of the
blade, they had most likely been attached before the fuller was made, for it would be difficult to
attach iron inlays over the sharp ridge of the fuller. The corroded structure of the blade may also
tell something about the technique used to attach the inlays. If the fibrous structure of the forged
blade had become visible due to strong corrosion, this structure may be seen as altered in the inlaid
section of the blade. If, for example, the structure is bent towards the blade edges in the inlaid
section, it means that repeated hammering had taken place here. If the structure is directly under
and next to the inlays, then the inlays have not been hammered very forcefully, and perhaps the
inlays were attached into chiselled grooves.

Whenever possible, cross-sections of broken blades were examined to find signs of the forging
technologies. A limited number of broken swords were subjected to metallographic analyses
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combined with hardness measurements to find out how the blade was constructed and treated,
and from what kinds of materials. If possible, the cross-section was taken from the inlaid section
of the blade, which was broken of course. In this way more accurate statements could be made
of the inlaying technique, both of certain sword blades and in general. The analyses of ten inlaid
blades carried for this work were meant to be published in a brief article, but this article was not
released during the completion of this work.??

After the whole material was studied, the inlays were classified into different categories. The first
classification is simply based on the contents of the inlays. Different inscriptions form their own
categories, as do certain inlaid motifs and their combinations. The classification is complicated
by the fact that blades normally have inlays on their both sides. It may be that one side is similar
to some other blade, while the other side is not. This makes things even more complicated.
The second classification is material-based. Pattern-welded and non-pattern-welded inlays are
separated, and the materials in these groups are further sorted out as their own groups. Due
to radiography there will be a large number of ‘uncertain’ materials which cannot be accurately
defined. This classification will then be combined with the first, content-based classification to
see if there are any clear groups with same motifs or inscriptions combined with the same kinds
of materials.

3.5. THE TECHNOLOGY OF BLADES:
METALLOGRAPHY AND HARDNESS MEASUREMENTS

'The material of the blade was also noted whenever possible. In most cases, the blade can be said
to have a homogeneous structure, because that is what appears to be the case according to plain
inspection of the surface of the blade. In the catalogue, however, this is not stated but only the
exception when the blade is pattern-welded or proven to be laminated. Sometimes the blade
may be corroded so that the corrosion has revealed the laminated structure of the blade. The
components of this structure can be said to vary in carbon content, and thus definable as iron
or steel. Sometimes corrosion that has occurred in even stages can be observed in radiographs,
indicating a possible laminated structure.

'The lamination of the blade is in general very hard to detect from radiographic images. Lengthwise
welded pieces cannot be seen, once again due to the fact that X-rays cannot separate iron with
different alloying elements. However, strong differences of corrosion can cause the laminations to
show in radiographs. It may even be possible to see an iron sheet between pattern-welded panels in
some deeply corroded pattern-welded swords.?? Some researchers disagree with this; for example
Janet Lang and Barry Ager claim that laminated edges of pattern-welded blades could not be seen
in radiographs.?* This is true, if the blade is well preserved. Computer-aided tomography (CT)

can, however, reveal laminations with the help of several successive cross-sectional pictures.?**

In some cases ready cross-sections were available to create more accurate picture of the construction
of the blade. In the Finnish material, these were probably made by Jorma Leppdaho, as also
mechanical cleansing operations, although the results remained unpublished. In this work the
blade is in many cases defined as ‘steel’ or ‘iron’ in the same manner as the materials of the inlays
on the basis of differences of corrosion. In the classification, the material of the blade is usually
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defined in comparison with the material — or materials — of the inlays. The inlaid rod, for example,
may be pattern-welded from carbon steel and iron, while the material of the blade is somewhere
between these two, according to the colours or the difterences of corrosion.

A more accurate picture was sought with metallographic analyses. Metallographic examination
also includes the polishing and etching of a selected part of the artefact or a sample of it. After
etching, the surface is examined with a powerful microscope to reveal the crystalline structure of
the object. The crystalline structure can give information about the manufacturing processes, i.e.
heat treatments in the case of iron artefacts. Moreover, the general techniques of manufacture can
be distinguished. The polishing and etching of the object are done in the same way as in mechanical
cleansing, but in metallography only very small samples are needed. These are normally mounted
in resin or plastic to make the polishing and etching easier.?®® The etching is most often done with
Nital to bring out the grain structure.**® Metallographic analyses are extremely useful in section
cuts of edged implements and weapons. The blade is cut at some place all the way through, or only
halfway through, and then the section is polished, etched and examined. If the blade is broken, it
is easier to grind, polish and etch a section that is already broken. In this way the destruction of a
complete blade is prevented.

Under a metallurgical microscope the grain structure is shown as a network of lines presenting
the microstructure of the specimen. These patterns are then compared with specimens, whose
compositions and heat treatments are known. Metal alloys normally have several crystalline
phases, which can be distinguished from each other by the patterns shown in the microscope.
Factors affecting the appearance of the structure are the alloying elements used, the temperature
in which the metal was heated, and the rate of cooling. From these facts, combined with the
results of chemical examination, both the composition and the treatment of the metal can be

explained quite accurately.?”

Sometimes metallographic analyses can lead to misinterpretations. The most problematic in the
case of iron and steel artefacts is the identification of the welding seams. If they are not properly
identified, the hypothesis of the manufacture of the artefact will be completely incorrect. For
example, some blades have higher carbon content in the cutting edge than in the centre of the
blade, which has led to conclusion that the blacksmith forged the artefact from a single lump
of iron in such a manner that the carbon-rich areas ended up in the edges rather than in the
middle.?*® In these cases the absence of any clear welding seams has led to false conclusions. In
reality, the blade was most likely laminated so that the carbon steel edges were welded to an iron
core. There have been attempts to solve this problem of almost invisible welding seams by creating
lists of attributes for welding seams. Jerzy Piaskowski has suggested that a welding seam can be
recognized from at least one of the following attributes: the seam is clearly visible, slag inclusions
are trapped in the seam along its whole length, carbon or other elements change suddenly, or
the direction of slag inclusions changes suddenly.*” Radomir Pleiner has criticized these views
with the argument that these above-mentioned attributes were defined with the help of modern
materials, which do not necessarily correspond to prehistoric ones.?”® Individual factors also have
an effect on the appearance of the welding seams in the finished piece.
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In addition to the earlier cross-sections, metallographic analyses focused on selected finds,
including macro- and microanalyses as well as ratios of elements present. The cross-sectional
analysis placed some requirements on the condition of the find, and thus only broken blades could
be analysed. The broken blade must be in such good condition that the surface of the blade must
be slightly corroded. In other words, there must be as much material as possible remaining in the
blade. If the blade is badly corroded, there would be no surface layers any longer but only the core
of the blade. The analyses require a piece approximately five millimetres in length so that it can
be mounted in plastic, polished and properly analysed. The samples for cross-section analyses are
selected in such a manner that the cross-sections would show not only the structure of the blade
but also the method with which an inlaid mark is attached. This would also tell of the inlaying
technique and the materials of the inlays.

The materials of some blades have been analysed by other researchers. The British
archacometallurgist Alan Williams carried metallographic analyses of several blades, in addition
to hardness measurements using the Vickers scale.”’! The results of these analyses and their
critique are discussed below (Chapter 4.5.1). Hardness measurements, however, are also included
in the present study in connection with cross-section analyses. On the whole, it can be stated that
measuring the hardness of blades is a relatively new method of examining them. For example, in
the case of a sword blade, measurements are taken from many parts of the sword, from the centre
and from the cutting edges, to create an overall picture of the hardness of the blade.

'There are several methods to measure hardness, the three most common ones being the Rockwell,?”
Brinell % and Vickers tests. The last-mentioned test is most widely used among metallurgists.
In the Vickers test the hardness value is calculated on the basis of the indentation of a pyramidal
diamond indenter. The value is given as the Vickers Pyramid Number (HV). This test is most

commonly used in metallographic analyses and done to a polished surface of the object.?”*

All these above-mentioned methods of measuring always leave small traces on the object. Modern
technology, however, has made possible portable hardness testers, which normally use some kind
of acoustic resonators.?”” These devices enable the measuring of hardness in different scales, and
also without any traces on the object to be measured. The values of different scales of hardness can
be compared and easily converted.?

Hardness measurements can give hints of the manufacturing technique, and in the case of iron
and steel blades, information about the heat treatments done on the blade. Furthermore, the
quality of the material can be speculated. For example pure iron is around 100 HV, eutectoid
steel around 250 HV, and quench-hardened eutectoid steel is somewhere between 600 and 800
HV.#7 Hardness measurements are most effective when combined with metallographic analyses.
Together these two methods can produce very accurate descriptions of the materials and how they
were worked. The problems here are possible depositional or post-depositional alterations in the
materials, and the poor condition of the finds that are examined. For example, a badly corroded
blade no longer has its outer layer, and the readings have to be taken from the visible, corroded,
inside parts of the blade, which are often of different material than the outer layer of the blade.
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In connection with technology and trade, the provenance of the swords can be the subject of
speculation. One way to determine the provenance of iron is to analyse the composition of so-
called trace elements. Trace elements are present in very small quantities, and they vary from one
source of material to another. They can be measured in several different ways.?”® In the case of iron
— as for all metals — the suitable methods are the chemical analysis, spectroscopy, spectrometry
and isotopic analysis.?”” These methods will of course also explain the general composition of the
material.

'The provenance of the iron ore that is used can in some cases be geologically located on the basis
of the trace elements and their ratios.® One way to speculate the provenance of certain types
of iron ores to is calculate so-called F-ratios from the slag inclusions. For practical purposes,
the F-ratio is that of the amount of silicon dioxide (SiO,) divided by the amount of aluminium
dioxide (ALO,). This ratio is slightly different in various geographical areas of Europe. Some
calculated ratios are 1-5.5 in Norway, 2-5.2 in Sweden and 7-16.2 in Denmark.” A simpler way
is to look for local concentrations of various trace elements.

Central European ore probably originated from the region of ancient Noricum, which was a
province already in Roman times, when it was known for its good-quality iron.?*? The ores have
been documented as also in use during the Late Iron Age.?® In the lower Rhine region especially
vanadium-, manganese- and copper-rich Siegerland ore was used to make good steel, and
phosphorus-rich iron could have been obtained from Wallonia.?®* The Noric siderite ore in the
Erzberg region and the Austrian Alps contains typically distinctive amounts of manganese (over
5 %) and magnesium, as well as some calcium.?® The level of phosphorus is very low, making the
ore well suitable for steel-making. Manganese increases the hardness of iron and does not prevent

the diffusion of carbon.?®

In contrast, Scandinavian lake and bog ores contain variable but still distinctive amounts of silicon,
manganese, aluminium and phosphorus in oxide forms.?” Phosphorus, in particular, makes these
ores unsuitable for steel-making, since phosphorus prevents the absorption of carbon.?®® To be
more accurate, at least 0.2 % of phosphorus is needed to prevent the diffusion of carbon, smaller
amounts do not alter the diffusion rate.® Danish ores seem to be striking in their very high
amounts of phosphorus, approximately ten times that of ores in Sweden, Norway and Finland.?*
Finnish research literature mentions high phosphorus contents of lake and bog ores, as well as
their cold-brittleness.”! Belorussian ores have similarly high phosphorus content, ca. 2.95-9.64
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%.%? In comparison, low phosphorus contents have been found also from Latvian ores®” as well
as from Kievan Rus , where the content is below 1 % on average.**

Swedish ores contain two to three times more aluminium than Danish ores, while Danish ones
have more calcium than Swedish ores because of chalk and tertiary limestone.?® Buchwald has
stated that during the period from ca. 700 to 1300 AD iron was not produced in Denmark in large

26 Of course, the ores in the territories of modern-

amounts, but was imported from elsewhere.
day Denmark vary, for example those of western Jutland are rich in phosphorus whereas those of

central Jutland contain more potassium, calcium and magnesium than in western parts.

Norwegian iron is rich in manganese and titanium, but poor in phosphorus, making excellent
pearlitic or pearlitic-ferritic steel.?”” This perception makes them appear to be very close to Noric
ores in composition. To make things complicated, also Spanish ores are known for their high
manganese content and very low phosphorus content, but they also contain some copper. Finnish
lake and bog ores contain some manganese and phosphorus making them somewhat unsuitable for
the production of good-quality steel.?”® To mention some geographically more distant examples,
ores from the British Isles are also rich in manganese, and some are also rich in phosphorus. As a
generalization, lake and bog ores contain larger amounts of phosphorus than mined iron.*’

Phosphorus-rich iron was used all over Europe, since phosphorus-rich iron ores were widespread.*®
According to Olof Arrhenius, mined ore contains less than 0.25 % phosphorus, and ores from the
bottom of lakes and bogs contain over 0.25 % phosphorus.*® Ores associated with phosphorus,
however, are relatively widespread; the production technology of iron affects to the partitioning
of phosphorus between iron and slag, and phosphorus may be considerably diftused during

the smithing stage.’*

One particularly interesting phenomenon is the appearance of so-called
phosphor-tongues during the 11th century. These contain roughly 0.2-0.8% phosphorus, making
them suitable for pattern-welding.*®® On the other hand, pattern-welding starts to cease at this
time, and these tongue-like currency bars were probably used for other purposes. Also the arsenic
content of iron could indicate a certain type of ore; arsenic is commonly found in metallographic

analyses around the welding seams.**

It has also been stated that the determination of provenance according to trace elements seems
almost impossible, because the smelting process of iron causes drastic chemical changes.’®
Furthermore, the same artefact made from the same material, may have different amounts of
trace elements in its different parts, because forging and welding may change the amounts of the
elements present. Thin pattern-welded strips, for example, can be hard to analyse, because the
strips may have been contaminated by absorbed trace elements from the adjacent layers.** In
theory, the used iron ore can be located also by small slag inclusions present in the iron. These
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slags may originate from the smelting phase, and can reflect the chemical composition of the
smelting slag, in turn reflecting the composition of the used iron ore that can be geologically
located.3””

In the case of laminated and pattern-welded iron artefacts, it should be remembered that different
types of iron used to compose the complete object could originate from different sources.**® For
example in pattern-welding, the steel may be of local origin, but the phosphorus-rich iron could
have been imported from elsewhere, or the other way round. As a material, iron can be forged and
welded from one shape into a completely different one, whereby the possibility of reused material
is also present, which makes it very difficult to determine provenance, at least if the origin of the
object itself is sought.

3.6. CATALOGUE
AND DRAWINGS

All the documented swords were photographed and drawn in scale with the AutoCAD program.
A digital image of the sword was imported in AutoCAD, after which its outlines and the most
important details were drawn with lines. The inscriptions and inlaid motifs were also drawn
with AutoCAD to gain maximum accuracy in the measurements and appearance of the inlays.
'These inlays were drawn separately, either from a digital image, or from a drawing made from a
radiograph. The drawings of inlays were finally fitted to their places in the drawing of the whole
sword.

All the drawings are included in the catalogue section of this study. The drawings are schematic,
showing only the outlines of the swords and the most important features, e.g. outlines of the
inlays and the decoration of the hilt. If the sword was strongly bent in one or multiple places, the
flat sides of the sword were drawn straight while the picture from the side of the edge was drawn
bent.

The pattern-welding of both the sword blades and the inlays were drawn by hand to create a
realistic picture of the patterns. The darker areas of the patterns represent steel with higher carbon
content than white iron. The carbon content of the blades was not illustrated in the pictures of the
catalogue to avoid making the images too complicated and unclear.

The catalogue also contains information about find contexts and references to literature with
information about the sword in question. The swords were also weighed and, whenever possible,
the balance point was measured to form a picture of the way the sword was handled. The balance
point is somewhere in the upper part of the blade, and it is measured as the distance from the
lower face of the lower guard or the shoulders of the tang. Balance points were normally measured
from complete swords with all parts of the hilt still in place, but in some cases the poor condition
of the find prevented the measuring.

307 E.g. Blakelock et al. 2009; Lyngstrom 2003: 22.
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4. BLADES

This chapter deals with the blades on which the inlays were attached. As with hilts, also the
blades have been the subject of typologies relying on classification on the basis of the form
attributes and ratios of measurements. The blade typologies are mainly aimed at arranging
various blade forms chronologically. Presented here is the categorization of the studied blades
according to existing typologies, as far as possible.

Swords with ferrous inlays were forged in various ways and methods of construction, the most
common technique being lamination. There are also pattern-welded blades, which means that
the inlays are attached on top of the pattern-welded mid-section of the sword blade. In the case
of pattern-welding, the method of blade construction is quite clearly seen, sometimes even with
the unaided eye, though more commonly with the help of radiographic images. Lamination
is harder to observe, but in some cases it may be presumed. More accurate information can be
obtained with cross-section analyses, as well as data on the chemical composition of the blade
parts, both of which were done also for this work.

A comparison can be made with foreign published finds which are sufficiently studied and
analysed. Is the find material studied in this work similar to or different from foreign finds?
Some categorization may be made also on the basis of the construction and the material of
blades, in addition to inlaid motifs and materials of inlaid rods. In this chapter, references to
previous research have been divided according to the inlay-based classification presented in the
next chapter.

'The blades also have much more potential to show signs and traces of use, namely battle damage.
'This is also discussed here, critically, since damage may also be due to other factors, such as the
burial custom and the way in which the sword was recovered. The remains of scabbards are also
mentioned whenever their remains have been found accompanying or adhering to the blades.

4.1. MEASUREMENTS

'The inlaid blades can be roughly divided into two categories by their dating: pre-Viking Age
and Viking Age blades, and later ones from the Crusade Period or possibly even later. The later
blades were generally of more slender shape, which is of course natural considering the general
development of blade forms. As becomes evident later, this division cannot be taken as a rule,
since there are also some exceptions to it.

The measurements taken were as follows. The length of the edged portion of the blade was
measured from the lower face of the lower guard or the shoulders of the tang to the tip of the
blade, or to the broken part of the blade. The width of the blade was measured first near the
hilt or the tang shoulders, and then near the tip, approximately five centimetres from the tip.
If the measurement is made any closer to the tip, it would be too small since the tip begins to
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Figure 10.

Chart showing the
lengths of complete
swords among the
studied finds.

become sharper quite markedly. If the blade was broken, the smaller width was measured from

the broken place naturally. The fuller was also measured in similar fashion: its length as far to the

tip as it was preserved, its greatest width near the hilt, and its smaller width ca. two centimetres

before the fuller starts to end, or in the broken part of the blade. The fuller usually tapered

towards the tip in the same proportion as the blade. The thickness of the blade was measured

from the same locations as the widths of the blade.
Figure 11.
Lengths of the edged
portion of the blade.

'The length of the whole sword, whenever measurable, varied between 65.3 and 117.4 cm (Fig.
10). In 56 cases the length of the whole sword could be measured within sufficient accuracy,
since many swords were otherwise complete, but the tip was corroded.’®” Here the total length
means that the pommel has been preserved, from which the distance to the tip can be measured.
The length of the edged portion of the blade varied between 49.8 and 100.8 cm (Fig. 11). Blade
lengths could be measured from 64 blades, since the hilt or the tang did not have to be preserved
for this to be done. The length of the blade was generally between 70 and 85 centimetres, and
the whole sword between 85 and 100 centimetres. The extremities in connection with both blade
lengths and complete sword lengths can be easily explained. The shortest measures were those
taken from shortened blades. They could have been shortened from the tip, because the inlays
were on the average in a normal position. The longest measures are explained by chronological
matters; these were taken from narrow blades with hilts datable to the Crusade Period. These
narrower blades were normally longer than their Viking Age predecessors.

The greatest width of the blade varied between 4.3 and 6.4 centimetres, while the greatest
width of the fuller was between 1 and 3.3 centimetres (Fig. 12). The figure shows clearly that

309 In four cases this measurement was taken from a previous publication O?nds KM 18000:3880, Al 337:1 06, AL
337:229, and AL 337:528).
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Figure 12.
Chart showing
the correlation
between blade
and fuller
widths.

the generalization that
the fuller is about one
third of the blade width is
not completely true. The
widths of both the blade
and the fuller could be
measured from altogether
114 swords.

The thickness of the blades
does not vary dramatically.
In normal cases the
thickest part of the blade
was near the hilt, and the
blade tapered in thickness
turther towards the tip.
The blades were normally
four to six millimetres thick
near the hilt, tapering to
a thickness of about two
to four millimetres, as
measured  approximately
five centimetres from the
blade tip. This is a perfectly
normal phenomenon
considering the handling
properties of the blade.
'The weight must be shifted
towards the hilt from the
tip with the help of distal
taper, both in width and
thickness, otherwise the
whole sword will feel rather
clumsy due to the division
of the weight.

4.2. BLADE TYPOLOGIES

A typology of sword blades, concerning mainly medieval ones, has been drawn up by Ewart
Oakeshott.’® He classified the blades according to their proportions and changes in the fuller.
Oakeshott’s main typology is the one based on blades, since he maintained that the parts of
the hilt were not strictly dependent on the blade form. Despite this, Oakeshott also made
classifications of different pommel and crossguard types independently, mentioning always those
commonly occurring with certain blade types. These in turn are called ‘families’, corresponding
quite closely to the definition of a certain ‘type’ in other typologies. As a further note, illustrations
and depictions in art of the period were used as an aid to establish dates for the types.

310 Oakeshott 1964 and 1991.
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Oakeshott classified thirteen blade forms (X-XXII). Of these thirteen types, seven include
additional sub-types marked with letters in alphabetical order, raising the number of form
variants to altogether twenty-four. The time span of these blades is from 950 AD to roughly
1600 AD, and it is obvious that only small part of the blade forms may be associated with the
blades studied in this work. With regard to the single-handed swords of the Viking Age and
Crusade Period, the noteworthy types are X (950-1200 AD), Xa (1000-1300 AD), XI (1000—
1175 AD), XIa (1100-1175 AD) and XII (1170-1350 AD).*"! 'The other types are equipped
with either a hand-and-a-half grip or a two-handed grip. Furthermore, other forms with a
single-handed grip also exist, but the blade form is clearly later and difterent from those studied
here. A highly notable feature of these later or rarer single-handed sword blades is the fuller,
which terminates already half way on the blade or even earlier. Also the cross-section of the
blade may be different, i.e. of diamond shape, since some of the single-handed types have a
blade with a central ridge.

'The Polish scholar Marian Glosek has classified the blades in Central European swords from
900-1500 AD according to Oakeshott’s typology, as he also did with the hilts.*®* As pointed
out in connection with the hilts, the chronology must be noted here, since the material used
by Gtlosek difters spatially from Oakeshott’s material. Glosek dated Oakeshott’s type X blades
to 900-1225 AD, i.e. to a longer time span than originally proposed by Oakeshott. Finds of
type XI date from 1000-1300 AD, a time-span almost twice longer than Oakeshott suggested.
Similarly, type XIa is dated between 1050 and 1225 AD by Gtlosek, again to a longer time span.
Interestingly, Glosek has noted that type XII blades occur in two temporally separate phases.
They were first used between 1100 and 1325 AD, after which they disappeared and were taken
into use again for a short period between 1400 and 1425 AD. The dating given by Oakeshott for
this type corresponds somewhat to the first period of use as defined by Glosek.

In addition to classification of hilts, Alfred Geibig also prepared a typology of blades.’™® All in
all, Geibig separated fourteen main types and five sub-types of blades from between 650 and
1200 AD, the latest types being used also after the latter date. The typology is quite versatile,
because it is based on the metrical characteristics of blades, relationships of measurements of
different blade elements, and methods of construction and decoration, including inscriptions
and other inlays. All the types are worth considering while classifying the blades in this work,
except only one. This is type number fourteen, which is a single-edged blade, dated to between
650 and 800 AD according to Geibig. No single-edged blades have so far been found to have
inlays of any type. Since the types are numerous, as in the case of Oakeshott’s typology, more
accurate depictions are found in connection with the analysis of the finds (see below), and only
for those noted in the finds studied for this work.

'The French researcher Marc Maure has also carried out a very simple classification of blades,
in which one-edged blades were distinguished as four different types (A-D) according to their
length and width.** Correspondingly, also four types of double-edged blades were classified
(E-H).*> Of the double-edged blades, type G was the most common and type H comes as
second. Blades of type G are 75-80 cm long and 5-6 cm wide, whereas type H blades may be

five centimetres longer and over 6 cm in width.*'® Like the Maure’s hilt classifications, the blade
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categorization only shows some frequencies of certain-sized blades, and his classifications are
not referred to in this work.

A problem with blade typologies is that in most cases the blades are so badly corroded that no
classifying attributes can be distinguished.’'” There is, however, the possibility of classification
on a structural basis. This has not been systematically done, because it would need the help of
radiography, thus being expensive and laborious.**® In addition, radiography always leaves room
for difterent interpretations, and accordingly this kind of structural division may also end up
being totally incorrect, especially in the case of non-pattern-welded blades, the laminations of
which may not be seen at all in radiographs.

It must also be taken into consideration here that it may be very difficult to apply both the blade
and the hilt as principles of classification. It has even been suggested that a one-sided typology
relying on hilts alone may be more valid than a combined one that also considers the blade.’"”
It seems clear that many swords were combined from a blade from one source and a hilt from
another, and considering all the facts that may have an effect on the use and chronology of

certain sword parts, the typology may become incoherent.

4.3. THE CATEGORIZATION OF THE EXAMINED BLADES
ACCORDING TO TYPOLOGIES AND MEASUREMENTS

The types referred to in this work are those proposed by Oakeshott and Geibig. This has been
done firstly to keep things simple. Referring to all possible blade typologies complicates the
picture too much and is also somewhat useless, since the aim here is to distinguish between
various blade forms and to use them as an aid in the dating of the swords as a whole. Furthermore,
because it is difficult to classify the badly corroded and fragmentary finds, other typologies could

not create any more reliable information than the two that are used here.

Of all the examined 151 swords, 58 could be classified according to their blades. In many
cases, however, the definition of a given type is not perfectly clear, since the third of the blade
near the tip is in many cases more badly corroded than the rest of the piece. Therefore, the
crucial measurement of the ending of the fuller is in some cases quite difficult to carry out.
Good examples of this are blades of Geibig’s types two and three, which are sometimes hard to
distinguish from each other if the last part of the fuller is too corroded. It must also be noted that
some complete swords recovered from inhumation graves are in good condition in principle,
since the shape of the blade, i.e. the cutting edges, has been preserved quite well. On the other
hand, these finds have not been conservated in some cases, while in others corrosion has taken
place despite the conservation process. Since the blade is then covered by layers of rust, no
fuller can be detected, and the blade type remains unclear. One may of course speculate, but
the overall shape is in many cases of post-Viking Age type, making the definition of the fuller
crucial in regard to classification.

In three cases (KM 370 from Himeenlinna, KM 708 from Himeenlinna, and KM 11063:283
from Eura) the blade has been shortened. Both swords from Himeenlinna have a Petersen
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type V hilt, while the sword from Eura is possibly of type N. These blades do not fit into any
of above-mentioned categories, having been intentionally made originally shorter, or shortened
for some other reason and having originally been of greater length. They are dealt with later in
accordance with marks of use (Chapter 4.8).

A well-preserved pattern-welded blade without a hilt from Vehmaa (KM 2022:1) resembles
Geibig’s type one, which is somewhat short in form and had parallel or almost parallel cutting
edges and a steeply curved tip. Characteristic of this type is the lack of a fuller, or the fuller is
very shallow. Owing to the clumsy geometry, these blades have a heavy feel, having their balance
point closer to the tip than any other type of blade. The length of the blade varies from under
70 centimetres to 90 centimetres. The greatest width of the blade is 4.7-5.7 centimetres. Geibig
dates this type to approximately 650-800 AD.

The most common type is the one resembling Oakeshott’s type X and Geibig’s type two. There
are twenty-four well-preserved blades, which can definitely be connected to this type. Geibig’s
blade type number two is a developed form of the almost parallel and heavy type one. Blades
of type two have a slight taper towards the tip, and the fuller mirrors the shape of the blade by
tapering at the same ratio as the blade. The fuller ends very close to the tip. Geibig has separated
three variants of this type. Variant A is the heaviest one, having also the broadest fuller, over 2.3
centimetres at its greatest width. Variant B is somewhat slimmer (1.9 cm as the greatest width
of the fuller), while variant C falls in between these two. The blade width near the hilt varies
from 4.8 to over six centimetres, and the blade length is between 70 and 83 centimetres. Type
two was in use from ca. 750 to 950 AD.

Geibig’s type two closely corresponds to Oakeshott’s type X, which is also a broad, tapering
blade, having a wide fuller, commonly one third of the blade width. The fuller ends about 2.5
centimetres from the tip, and the average length of the blade is roughly 79 centimetres. The tip is
normally rounded. The dating is approximately 950-1200 AD according to Oakeshott.’**® What
are striking here are the consecutive datings established by Oakeshott and Geibig for similar
kinds of blades. The reason for this is due to the nature of the find material used to establish the
typology. Geibig concentrated on earlier finds than Oakeshott did, whose aim was namely to
classify swords of the medieval period. Furthermore, Oakeshott began his classification, i.e. type
X (ten) to run consecutively from the late Viking Age onward.

The types of hilts found on the twenty-four blades of type Geibig two/Oakeshott X are as
follows: Petersen’s types B (one find), H (seven finds), I (two finds), S (one find), V (three finds
of which one is not certain), Y (two finds), Later variant of type X (one find), special type one
(one find), and also the silver-plated type (one find). In addition to Petersen’s types, one hilt is
of the so-called Mannheim type, which is comparable to Geibig’s type number three. Also one
earlier type can be found, in particular Behmer’s type VI or Helmer Salmo’s Late Merovingian

type-321

Four blades may be categorized as Geibig’s type number three, also being close to Oakeshott’s
type X (finds KM 6923 from Sakkola, ceded Karelia, KIM 7332 from an unknown locality, KIM
9243:2 from Sauvo and KM 10372:1 from Kurkijoki, ceded Karelia). Of these the tip of KM
7332 has been possibly re-forged. Of these four swords, only KIM 6923 and KM 9243:2 have

320 Oakeshott 1964: 28-29.
321 1In this connection only the datings for the blades are presented, and the chronology of various hilt types is discussed
below in Chapter 7.
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a hilt, in these cases of Oakeshott’s type A and Petersen’s later variant of type X, respectively.
Type number three is almost similar in form to type two. Although type three is slightly shorter
on average, it tapers more towards the tip. The proportions are also slightly different, since the
tuller tapers more than the blade, terminating further away from the tip than in the blades of
type two. The blade width is between five and 5.7 centimetres, and the blade length is roughly
the same as in type two. Type three is somewhat later than type two, ca. 775-975 AD.

Of particular interest is the blade of find KM 13419:1 from Turku. The fuller of the blade is
pattern-welded, and the type falls into Geibig’s type three, but also into Oakeshott’s type Xa,
according to its narrow fuller. Oakeshott’s type Xa of is a sub-type of X, having a narrower fuller
and a slightly longer blade, being in used from approximately 1000 to1300 AD. In combination
with a pattern-welded blade and a Petersen type E hilt, the blade hardly belongs to Oakeshott’s
category of Xa, but only resembles it.

Eleven finds may belong to either Geibig’s types two or three. The problem of definition lies in
the tip or point section of the blade, which has either corroded away, or the ridges of the fuller
are so corroded that its tapering and termination point can no longer be seen. The hilts of these
ten swords are as follows: Petersen’s types B (two finds), C (one find), E (one find), H (two
finds), V (one find), later variant of type X (one find), and a pommel of a later variant of type X
combined with a lower guard of type R or S (KM 9164:3).

One blade clearly belongs to Geibig’s type four according to its measurements and proportions:
KM 27141:1 from Himeenlinna with a Petersen type R hilt. This blade is apparently smaller in
its dimensions and more tapering than blades belonging to types two and three. In general, type
tour blades are also somewhat similar to types two and three. In type four, the cutting edges have
an almost straight taper, while the tapering of the fuller may vary. Essential features are a very
steep taper as in type five (see below), and the shorter length of the blade when compared with
types two and three. The length of the blade varies from under 70 to 83 centimetres. The blade
width falls between 4.5 and 5.1 centimetres. Geibig dates this form to 950-1050 AD.

A distinctive group of blades consists of Geibig’s type five, close to Oakeshott’s type Xa
presented above. Altogether five blades can be definitely classified in this group, whereas in
three more cases the type may be defined as Geibig’s type five, but the tip is either missing
or badly corroded. Four of these swords have a pommel of brazil-nut form, while one has a
silver-plated hilt. Geibig’s blades of type five are slim and long, tapering continuously in a
convex shape towards the tip, instead of a straight taper. Geibig has distinguished two variants,
the first having fullers of uniform width, and the second having a tapering fuller. The fuller in
both variants does not reach the rounded tip. The length of the blade falls between 83 and 91
centimetres, and the greatest width of the blade is ca. 4.8-5.1 centimetres. The dating of this
type of blade falls roughly between 950 and 1075 AD.

Two blades may be classified as belonging to Geibig’s type six, resembling Oakeshott’s type XI
(finds KM 8723:165 from Koylio and the sword from the Church of Huittinen). The sword
from Koyli6 has a disc pommel of Tomanterd’s type A, while the pommel of the sword from
Huittinen is of Tomanterd’s type B. The tip of the sword from Koyli6 is corroded. In general,
Geibig’s blade type six is very close to type five. Also type six tapers continuously towards the
tip, but more steeply than type five. The fuller does not reach the tip. Two variants may again
be distinguished. The first has continuous taper to the tip, while the second has a triangular tip
section, i.e. the taper is straight along the lowest third of the blade. The width of the blade is
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4.6-5.6 centimetres, and the blade length is 83-91 centimetres. The dating is approximately
1050-1150 AD. Quite similar to this Geibig type, Oakeshott’s type XI is longer and narrower
than type X, and equipped with a narrower fuller. The edges are straight for the two topmost
thirds of the blade and then narrow to a rounded point. The length of the fuller is four fifths of
the blade.’*

The blades of two swords (KM 9419 from Salo and KM 12687:1 from Turku) can be classified
as Geibig’s type five corresponding to Oakeshott’s type Xa or to Geibig’s type 6 corresponding
to Oakeshott’s type XI. Owing to corrosion a more specific type definition is impossible.
'The pommel of the first-mentioned sword is disc-shaped and belongs to Tomanterd’s type A
corresponding to Oakeshott’s type G. The other sword has a silver-plated hilt.

One blade may be categorized as Geibig’s type thirteen or Oakeshott’s type XI (KM 3631:1
from Rovaniemi with a disc-pommel of Tomanterd’s type B), although the tip of the blade has
been reworked and reshaped. The fuller continues to reach the tip, in which case only Geibig’s
type thirteen has such a fuller that is long enough. Geibig’s type thirteen is a very long and
narrow blade, having a continuous straight taper from the hilt to the tip. The fuller does not
reach the tip, and is 1.2 centimetres or even less in width. The greatest width of the blade is
between 4.3 and 4.5 centimetres. Actually, no blade of this type catalogued by Geibig had the
actual point preserved, and thus the shape of the tip remains unclear. Despite this, the preserved
blade lengths fall between 91 and 100 centimetres. According to Geibig, type thirteen dates
from 1200 AD onwards.

4.4. METHODS OF
BLADE CONSTRUCTION

4.4.1. GENERAL POINTS OF VIEW

'The following presentation of the forging technologies of blades is based on multiple sources.
'The analyses of blades with ferrous inlays have been conducted earlier, but the results have never
been compiled. In other words, the articles dealing with the analysis of swords, most often a
single sword, do not refer to analyses conducted by other researchers. Here, I seek to collect all
the related information to achieve an overall picture of the situation of how the inlaid blades
were forged and treated.

In addition to earlier studies, the finds studied for this work are of crucial importance. Already
some information can be gained by the naked eye and a stereomicroscope, especially in cases
where the cross-section of the blade has been previously evened out and polished, but the results
have remained unpublished. Also the features present on the surface of the blade may give
indications of materials, and even the construction technique, especially in the case of blades
with a completely pattern-welded mid-section.

In most cases the blades seem to be made of homogeneous steel. It is a traditional assumption
that all blades from the mid-Viking Age onwards were made of homogeneous steel.’*”® This
assumption is based on the appearance of the blades, where no traces of pattern-welding can

322 Oakeshott 1964: 31-33.
323 E.g. Oakeshott 1960: 43.
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Figure 13.
Possible laminated
structures as seen
on the surface of
corroded sword
blades. 'The higher-
carbon outer layer
of the sword has
been corroded
away, revealing
an iron core, which
has not corroded as
much. From left to
right: KM 3601:2
and KM 11198.
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be seen — except of course the inscriptions and inlays. Furthermore, each blade is assumed to
be constructed of the same, hardenable steel of nearly equal quality.’* This is hardly the case,
since most of the previously analysed blades were laminated from various materials (see below).
Also, the lamination cannot necessarily be seen on the outside, neither from a new, polished
blade nor from under a thick corrosion layer covering the find. In some cases though, corrosion
has revealed structures that could indicate a laminated structure. The thick corrosion layer of
these finds has been cleaned away. For example, an ULFBERHT sword from Hollola, Finland
(KM 3601:2) has a large corroded area, beneath which there is a completely different-looking
even surface (Fig. 13). It may well be that the steel surface of the blade has corroded away
and revealed an iron core. In the illustrations in Chapter 4 these kinds of blades with layered
corrosion are marked as possibly laminated.

'The laminating of blades was done mainly on functional grounds.’” A blade laminated from soft
iron and hard steel remains flexible after hardening and still retains a hard cutting edge. Apart
from the blades, the tangs are sometimes made of soft iron and welded onto the steel blade,**
which was probably done to save precious steel for the blade itself.

Ten blades with ferrous inlays were subjected to a more detailed analysis for the present study.
'The aim was to identify the materials and forging techniques used for the blades and the inlays.
For this purpose the blades were examined from their cross-sections.*?’
to select blades with different inlaid motifs and inscriptions, dating from over a wide period of

time. Instead, the blades were selected according to their condition. Since there was desire to cut

'The original aim was

any complete blades in half, the analyses were conducted on blades that were already broken and

324 E.g. Tylecote 1976: 67.

325 E.g. Tylecote & Gilmour 1986: 249.

326 Oakeshott 2002: 10.

327 The detailed results were meant to be published also in a separate article (see Moilanen 2015).
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in which the point of breakage was in the Figure 14a.
middle of an inlaid motif. A total of eight Drawings of the
blades of this kind were documented when it five analysed blades

was time to conduct the analyses. Two more

as seen also on the

blades were added to provide a total of ten catalogue part of this
analyses as permitted by the National Board work. The part from
of Antiquities of Finland. which the sample

J was taken is marked
The analysed blades were quite different, KM 2548:196 with a line. The
despite the method of selection for the scale marked next to
analyses (Fig. 14). One had letter-like marks the drawings is ten
(KM 2548:196 from Laitila), four had the z\ n - L centimetres.
inscription ULFBERHT either in complete (7 = | B ORI )
or fragmentary form (KM 2548:277 from i VT e T
Laitila, KM 3423 from Vesilahti, KM = il' )
5960:3 from Himeenlinna, and KM ¢/ [ = fro s
9164:3 from Eura), and two had geometric )
motifs (KM 2979:8 from Mynidmiki and KM 2979:8

KM 9142:8 from Nousiainen). Having

both geometric motifs and ULFBERHT

inscriptions, sword KM 9832 from Laitila

has only a cross and a vertical line left in the

blade. A sword from Hattula (KIM 8120:1)

had a unique motif consisting of lattices and

the letters DU four times and alternately Fo

reversed. Another sword from Eura (KM L T T e
9164:2) had the poorly executed inscription
AMENI and a variation of the text IN
NOMINE DOMINI. All but one find can
be dated to the Viking Age, while sword
KM 9142:8 is more likely from the Crusade
Period.

KM 5960:3

Of these ten blades eight were broken in the
inlaid portion. Of these eight specimens,
six were analysed in such a manner that a
complete cross-section was cut from the
broken location, consisting of both the KM 9142:8
cross-section of the blade and the inlay.
In two cases out of these eight, the broken
part was corroded too thin to be properly
analysed, and as a result other means were
used. A triangular piece was sawn from the
edge of find KM 3423, showing a half cross-
section of the blade as well as the inlay. Find .
KM 2979:8 was experimentally analysed by (=] | —

drilling a small, round knob from the centre -
of the fuller, including the cross-section of

the fuller and the inlaid mark. KA 9164:3
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KM 9832

The two finds from Pappilanmiki in Eura
(KM 9164:2 and KM 9164:3) were selected
for various reasons. It must be noted here that
these specimens were used to establish the blade
structure, since they could not be cut from the
inlaid portion. Firstly, they were broken, albeit
near the tip, but still a cross-section could be
taken from the broken location. Secondly, the
ULFBERHT sword (KM 9164:3) has been
previously analysed, but only using a very small
sample from the edge.*”® The purpose was then
to verify the earlier results. Thirdly, the swords
originate from an inhumation cemetery, meaning
that the crystal structure of the blades was not
altered by the heat of the pyre, and thus displayed
the original treatments done on the blade by the
smith. Fourthly, sword KM 9164:2 was selected
to accompany the ULFBERHT sword, because
the inlays on it appear obscure, and the sword
originates from the same cemetery.

The samples were cut from the blades with an
electrically-operated diamond saw, cooled by
water to avoid overheating the samples. The
samples were then cast inside transparent plastic
discs, in which they were ground, polished and
etched. Since the largest disc diameter was four
centimetres, the wide cross-sections had to be
turther chopped by sawing, and this was done
from one bevel of the sample. Before etching, the
samples were investigated in a scanning electron
microscope, and the elemental analyses were made
by using energy-dispersive X-ray spectroscopy
(EDS). The elements were analysed from the
iron or steel itself, and also from slag inclusions
and welding seams. After etching, the samples
were investigated with a stereomicroscope and
a metallographic microscope to discover their
crystal structures. Finally, hardness measurements
were made of various parts of the samples, with
the results given on the Vickers scale (HV).

As a result, combining the analyses of the ten
blades and the results of other analyses found
in the research literature, the methods of
construction of iron inlaid blades are divided into
five crude categories, ranging from the simplest
to the most complex. The simplest method was to

328 Williams 2009: 127-128, 153.
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forge the blade from the same material throughout. A slightly more complicated method was to  Figure 15.

pile the blade from layers of different materials. The next step was to add separate cutting edges — Cross-sections

to a layered core. In previous studies blades with a soft core and a ‘wrapped’ steel case have been  of swords KM
found. The most complicated method here is pattern-welding, meaning that the ferrous inlays  2548:196 and KM
were attached on top of the pattern-welded mid-section of a blade. It should be noted that no 9832, both folded
analyses were conducted here on pattern-welded blades with ferrous inlays, nor have they been  and forged from
done earlier either. With regard to the quality of the blades, the carbon content is of crucial  asimilar kind of
importance, along with the manner in which the heat treatments were done, if they were done  material.

at all.

4.4.2. BLADES FOLDED FROM
SIMILAR KIND OF MATERIAL

Ultimately the simplest way was to forge the blade into its shape from the same material.
Although the blade structure seems homogeneous, in reality the material is somewhat diverse
here and there, since the iron and steel produced during the Iron Age was not of very even
quality.’® The blades made in this manner exhibit welding seams as a result of folding and
welding to possibly homogenize the structure to some extent, and to create a larger blade blank
from smaller pieces.

Two of the metallurgically analysed Finnish finds belong to this group (Fig. 15). Swords KM
2548:196 and KM 9832, both from Laitila, were made in this manner. Both show asymmetrical
layers of what may be interpreted as the same material, folded a few times on itself and forge-
welded solid. The first-mentioned sword had letter-like marks on its blade, while the second had
only a cross and a line left, indicating a number of alternatives.

The blade with a Petersen type Q_hilt, KM 2548:196, was folded from the same low-carbon
(approximately 0-0.3 % C) material. Its microstructure shows areas of ferrite and pearlite, in
addition to some coarsely ferritic spots. The hardness of the blade material varied between 99 and
195 HV, being on average 131 HV. The microstructure indicates that the blade was thoroughly
annealed, and no traces of other heat treatments are visible any more, if they even existed. Most
likely the annealed structure was caused by the cremation pyre, since the sword was found in a
level-ground cremation cemetery.

KM 9832, a sword with a Petersen type H hilt, was also folded from the same material. The
carbon content is slightly heterogeneous, displaying low and medium-carbon structures. Notable

329 See Chapter 3.1 for further references.
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Figure 16.
Cross-sections

and information
on analysed iron
inlaid blades
belonging to group
one, which were
Jforged and folded
Jfrom a similar kind
of material. The
drawings were
made according

to information
presented in

the previous
publications
mentioned in the

illustration.
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teatures are the large slag inclusions inside the blade, located in the welding seams that were
most likely created when folding the material for the blade blank. The welding appears to have
been poorly done in places. The hardness of the blade parts is on average 168 HV (147-188
HYV). The microstructure was annealed, i.e. heated to ca. 800 °C and then slowly cooled about
10-15°C per hour. Optionally the blade was heated in approximately 730-750 °C and kept at
this temperature for a minimum of half an hour, preventing further cooling from affecting the
structure. Although the sword is a stray find, it may have belonged to a cremation burial, and
the blade had cooled slowly in the ashes of the cremation pyre.

Similar kinds of blades can be found in earlier studies. So far the most exhaustive metallographic
study of weapons has been conducted by Ronald Tylecote and Brian Gilmour.* Among their
material were three inscribed swords, all inlaid with possibly different lattice patterns identified
from radiographs. One of these blades was assembled from two pieces of the same medium to
high-carbon steel, having an average carbon content of ca. 0.8 % (Fig. 16).% The blade has not
been hardened but it was annealed at below 700 degrees Celsius for a considerable time to make
the blade slightly tougher. The hardness readings were between 138 and 239 HV in both parts
of the blade. The sword was found from the River Thames, near Waterloo Bridge in London
(catalogue number A 3670 in the Museum of London).

The most extensive analysis concerning the materials of inlaid blades is made by British
archaeometallurgist Alan Williams, who was concentrating on ULFBERHT swords.’* These
swords have been a subject of interest since they have appeared as the most common inlaid
swords, and they have a clearly readable inscription instead of symbolic motifs and figures.
Williams conducted the analyses of very small samples removed from the blades. Based on the
microstructure of these samples, Williams presented the carbon content of the blades as well
as the applied heat treatments, if there were any. Hardness measurements were also taken of
almost each blade.

Complete or half cross-section of an ULFBERHT blade was described by Williams in three
cases. In the case of an +VLFBERH+T sword from Rakvere, Estonia (Virumaa Museum, RM
587/A21) was forged from a single piece of quite uniform pearlitic-ferritic steel with a carbon
content of 0.4-0.9 %.%% The surface of the blade was slightly decarburized and the structure
appeared to be annealed, both of which may be due to a cremation burial.*** The surface hardness

of the blade was 160-320 HV.

330 Tylecote & Gilmour 1986.

331 Dylecote & Gilmour 1986: 224-227.
332 Williams 2009.

333 Williams 2009: 128-129, 155.

334 Williams 2009: 129.
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There is a blade somewhat similar to the Finnish examples presented above from Gnezdovo, Figure 17.
Russia. This blade was analysed by B. A. Kolchin and found to be of a similar kind of iron, i.e.  Cross-sections of
ferrite, in structure.® Kolchin suggested that since the very edges of the blade were corroded  three analysed
away, the blade may have originally had thin, separately welded cutting edges. In this case, Finnish swords
however, the edges were very thin, if they ever existed. The blade itself was inlaid with letter-like  with a piled blade.
marks on one side and a lattice weave on the other.**

4.4.3. BLADES PILED FROM LAYERS OF DIFFERENT MATERIALS

'These blades were made by welding layers of different kinds of iron and steel on top of each other,
and then by forging the blade into shape. The structure of the blade thus resembles a sandwich.
Among the analysed blades of this study, two or perhaps three belong to this category. Clear
cases are swords KM 9164:2 from Eura and KIM 9142:8 from Nousiainen. KM 9164:2 has a
hilt of the later variant of Petersen’s type X, and the inlays are variations of Christian phrases.
KM 9142:8 is a hiltless blade fragment with small geometric designs on both sides of the blade.

KM 9164:2 was piled of the same kind of low- or medium-carbon steel, except one phosphorus-
rich layer (Fig. 17). The hardness of phosphorus-rich layer is 232 HV, while other layers are
206 HV on average (194-221 HV). In this light, the sword blade in question may also belong
to the first, above-mentioned category of a single piece of folded steel or iron. It is possible
that the smith piled two kinds of material to produce a blade large enough. According to the
microanalysis, the blade was cooled slowly after hardening, and then normalized or annealed
afterwards. Another alternative is that the blade was at least partly hardened and then tempered
in too high a temperature of ca. 700 °C. The sword has not been very good in use, since tempering
in too high a temperature has taken place after possible hardening, producing a blade that was

335 Kolchin 1953: 133—-134.
336 Kainov 2012: 28, 30. See also chapter 5.3.4.2.
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Figure 18.
Schematic drawing
of the cross-section
of the sword KM
2986:4 from
Tampere, as well
as two examples
of similar kinds

of piled blades
published during
earlier studies by

other researchers.

Williams 2008: 138-139, 179

too soft. Since the sword was recovered from an inhumation cemetery, the treatment of the
blade is most likely original that done by the smith.

Sword KM 9142:8 was piled of three layers on top of each other. The order of the layers is quite
interesting, since one of the outer layers is of better steel than other ones. Normally it would
be best to make the centremost layer of best steel, so it would naturally form the cutting edges
when the blade is forged to shape. Perhaps in this case the purpose had been to extend this
outer layer beyond the centremost one, as can be observed in the other bevel of the blade, but
this has not been successful in all places due to the forging process, at least not in the analysed
part of the blade. The centremost layer has an average hardness of 316 HV (286-346 HV),
while the averages for the outer layers are 276 HV (252-302 HV) and 564 HV (517-617 HV),
indicating low- and medium-carbon steels respectively. The carbon content is at its highest
on one flat of the blade, while the lowest content occurs on the other flat, the centre falling
somewhere between these two. Despite the unorthodox method of piling, the blade had been
tully quench-hardened in 850-900 °C and tempered in a low temperature to produce as good a
blade as possible.

At this point find KM 2979:8 from Mynimiki must be taken into consideration. The hilt of this
sword is interesting, since the pommel and the upper guard are of Petersen’s type Z, while the
lower guard resembles a silver-plated type. The motifs are geometric on both sides of the blade.
'The small knob-like sample drilled from the fuller of the blade shows the same kind of material
piled and welded on top of each other. The average hardness of the sample is 278 HV (256-292
HV), and the microstructure consists of a mixture of ferrite and pearlite, giving an indication of
a medium-carbon steel. No further conclusions can be made since the sample was only a small
disc in the middle of the fuller, and therefore nothing can be stated about the construction or
materials of the blade bevels and cutting edges.

A hiltless fragment of an INGELRII blade from Tampere (KIM 2986:4) had a readily polished
and etched cross-section, although covered by conservator’s wax. The sword had been broken
in prehistoric times, and the breakage point was ground and polished most likely by Jorma
Leppiaho.*” The blade seems to be laminated from several layers of iron and steel so that the
harder layers of steel have formed the surface of the blade (Fig. 18). More accurate analyses and
observations could not be made at that point.

Two more cases of similar kinds of piled blades are found among the previous analyses. Both of
them can be found in the publication of the Latvian researcher Aleksis Anteins (see Fig. 23).3%
A Petersen type H sword from Saaremaa, Estonia (IIE-K 85:129) bearing lattices and letter-
like inlays was piled from three layers, the centremost being lower-carbon steel (ca. 0.2-0.4 %
C), while the outermost layers had a higher carbon content between 0.4 and 0.8 %.%* A strange

337 1t should be noted that of the examined finds, also swords KM 8911:91 from Myndmiki and KM 8120:1 from
Hattula were prepared in the same manner. They have both been analysed later, the first-mentioned by Alan
Williams (2009), and the second by the present author.

338 Anteins 1973.

339 Anteins 1973: 53.

MARKS OF FIRE, VALUE AND FAITH SWORDS WITH FERROUS INLAYS IN FINLAND DURING THE LATE IRON AGE (CA. 700—1200 AD)



phenomenon is that the centremost layer reaches the cutting edges, making them soft while the
flats are harder. All structures showed ferrite and pearlite.

Another sword analysed first by Anteins** and later by Alan Williams**! was found in Randvere,
Saaremaa, Estonia, and bears the inscription +VLFBERH+. It was made in similar fashion as
the above-described sword. The blade was laminated from 0.15 % carbon steel sheet between
two 0.4-0.8 % carbon steel layers in such a manner that the low-carbon core reached the cutting
edges, creating a soft and dull blade. The hardness of the core layer was between 130 and 190
HV, consisting of only ferrite and pearlite.

4.4.4. BLADES WITH SEPARATELY WELDED CUTTING EDGES

These types of blades show a further development towards an increased functionality. Normally
the core was layered in such a manner that the softest, more flexible parts were assembled closest
to the core. The cutting edges were prepared from another, in most cases hardenable, steel
material, and were butt-welded to the core that was assembled first. These blades are the most
numerous among the examined finds. There were five Finnish blades exhibiting this kind of
solution, and they included different variants according to their materials (Fig. 19).

While four of these five blades had clearly intentionally selected materials for the edges and the
core, find KM 5960:3 was of particular interest, since both the core and the edges seemed to
be of the same low or medium-carbon material. The hardness of the piled or folded core is on
average 177 HV (138-221 HV), and the average hardness of the cutting edges is similarly 177
HV (107-235 HV). Although the carbon content seems quite low, it is still hardenable to some
degree. The microstructure indicates a high tempering temperature of about 600 °C, having first
been hardened below 730 °C and only partly at 800 °C. It is essential is that the blade became
unevenly hot after the heat treatment. Considering both the microanalysis and the find context,
the most probable interpretation is that the blade had been cooled in air after heating, i.e. in the
ashes of the cremation pyre.

Swords KM 2548:277 from Laitila, KM 3423 from Vesilahti and KM 8120:1 from Hattula
are made in a considerably better fashion. An ULFBERHT sword KM 2548:277, having a
Petersen type H hilt, has two butt-welded cutting edges of an average hardness of 644 HV
(419-839 HV). The edges were welded to a layered core, which can be divided into coremost
parts and surface parts. The core parts have an average hardness of 264 HV (244-286 HV),
while the surface layers gave an average of 352 HV (247-445 HV). All the hardness readings
seem to increase close to the outer layers of the blade, the very core being the softest part of the
blade. Excluding the very core, the parts are medium- and high-carbon steel, although quite
heterogeneous in composition. The microstructure is martensitic indicating quench-hardening
and tempering. The edge shows signs of complete hardening followed by tempering to a low
temperature of perhaps 150 °C, or no tempering at all. The parts of the blade core are much
softer indicating higher tempering temperature. Either this blade had been thoroughly hardened
and the centre parts properly tempered, or only the steel edges were hardened allowing the core
to be cooled more slowly.

A possible ULFBERHT sword, KM 3423, also having a Petersen type H hilt, or lower guard

to be more precise, has a core piled from low- and medium-carbon materials. The inner layer

340 Anteins 1973: 48.
341 Williams 2009: 138—139, 179.
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Figure 19.
Analysed blades
with separate
cutting edges
welded to a

layered core.

of the core, also piled itself, has an average hardness of 198 HV (156-259 HV), while the outer
layers are harder, ca. 475 HV on average (256-736 HV). The hardness of the cutting edges is on
average 329 HV (308-362 HV). The microstructure is annealed, meaning that either the blade
was hardened at too low a temperature, i.e. below 730 °C, or the blade was partly hardened
and then tempered at a temperature of 250-300 °C. Once again, this annealed structure may
have come about in the heat of the cremation pyre, and the blade had originally been properly
quench-hardened.

KM 8120:1 is a fragmentary sword with a hilt of later variant of Petersen’s type X, and a unique
motif on the blade consisting of the repeated letter combination DU and geometric patterns.
The core of this blade is piled from three layers, the ferritic one situating in the middle. The
ferritic core has an average hardness of 266 HV (195-310 HV), while the outermost higher-
carbon steel layers forming the surface of the blade are of average hardness of 386 HV (343-421
HV). The cutting edges gave an average hardness of 522 HV (489-566 HV). The sword had
been partly hardened in such a manner that the edges had cooled more rapidly than the other
parts of the blade. After hardening the blade was tempered at a low temperature. All in all, the
workmanship is very good, resulting in a blade that was both hard and flexible.
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The fifth blade of this type, KIM 9164:3 may be paralleled to find KM 5960:3. This blade has  Figure 20.

an ULFBERHT inscription, and the hilt is a combination of two types. The lower guard is  Schematic drawings
of Petersen’s type R or S, while the secondary pommel is of the later variant of Petersen’s  of the cross-sections
type X. The core is laminated from four parts, having separately attached cutting edges. It is  of blades with
interesting to note that all the parts seem to be of the same high-carbon material. The hardness  separate cutting

of the core parts is on average 355 HV (249-470 HV), and the separate cutting edges are of an  edges as evident in
average hardness of 363 HV (260-447 HV). According to the microstructure, the blade was  earlier publications
fully hardened and tempered at a moderate temperature. The hardness of the core is naturally &y other authors.
then lower than that of the surface and thin cutting edges of the blade.

In regard to work by other researchers, Tylecote and Gilmour included two similar kinds of
inlaid blades.**? The first one was found in the River Thames near Reading (Reading Museum
112.66/1), bearing geometric motifs on its blade (see Fig. 20).3* The core of this sword is of a
single piece, but the scarf-welded bevels of the blade were assembled from various parts. One
bevel is sandwiched from three parts: two being of the same material as the core (approximately
0.6-0.8 % C), and the middle part being ferritic and carbon-free, and thus considerably softer.
The ferritic laminates are situated in the direction of the thickness of the blade, so they do
not have an effect on the cutting properties of the blade in question. The martensitic cutting
edge had an average hardness of 762 HV, while the other parts were softer. According to the
microstructure, the blade was most probably quench-hardened from 725-750 °C.

Another sword published by Tylecote and Gilmour, found in the River Thames at Brentford
(Museum of London A24419), had also geometric figures on its fuller.>** The core was piled
from two layers of low-carbon steel (ca. 0.2 % C), having two scarf-welded cutting edges with a
carbon content of approximately 0.8 %. The average hardness of the cutting edge was 325 HV.
'The blade was air-cooled after forging, and no attempt at hardening was detected.

342 Tylecote & Gilmour 1986.
343 Tylecote & Gilmour 1986: 218-220.
344 Tylecote & Gilmour 1986: 234-236.
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0.8% 0.1% 0.5-0.6 % low-carbon steel

Térnblom 1982; 25 Edge & Williams 2003: 194;
Williams 2009: 132, 163

0.8 % 0.4-0.6 % 0.5 % 0%
SRMESS AL S0 5S Williams 2009: 141-142, 181

Figure21. A hiltless sword from Hulterstad, Oland, Sweden (SHM 3104, Statens Historiska Museum)
Cross-sections was compiled of a heterogeneous core (0-0.6 % C) and higher-carbon edges (0.7-0.9 % C),
of blades with ~showing a structure of fine pearlite.** This particular sword had the fragmentary inscription +V1
lower-carbon FBERH+T.

cores combined

with a bigher- A sword analysed by Alan Williams, bearing the inscription VLFBER(CH)T and kept at the
carbon steel Wirttemberg Landesmuseum in Stuttgart, also has a piled core and separate cutting edges.**
wrap. 'The edgemost parts show a microstructure of pearlite and cementite, having a carbon content
of ca. 1 %. They were welded to a core with multiple parts. The actual core seems to be of
similar high-carbon steel as the edges, around which possibly four parts were welded. The
additional laminates have a carbon content of approximately 0.7 %, and consist of pearlite and
some cementite. The blade was cooled in the air after forging, and there had been no attempt

to quench it.

Also two swords from Mikulcice, the Czech Republic, were found to have a piled core and
welded-on cutting edges. Both of these had letter-like marks on their blades. A sword from
grave 438 had a piled core, the coremost part being 0.1-0.35 % carbon steel (115-228 HV'), and
the surface parts being 0.7 % carbon steel (376-466 HV). The welded cutting edges were of 0.77
% carbon steel with a hardness of 458495 HYV, indicating an attempt of quench-hardening.3*
A sword from grave 723 was similarly piled from steels of 0.45 % carbon and 0.7 % carbon,
the softer core steel having a hardness of 131-185 HYV. The cutting edges were made from 0.7
% carbon steel (259—-413 HV), showing that only the lower portion of the blade was quench-
hardened.**

A sword with inscription +ING....IT, with the last T turned upside down and possibly
belonging to the group of INGELRII swords was discovered in Gnezdovo, Russia.** B. A.
Kolchin analysed this blade from two separate locations: one cross-section from the place of
the inlays and one below them. The blade has a ferritic iron core, which has separately welded
cutting edges with a carbon content of ca. 0.85 %.%*° The crystal structure of these edges is finely
martensitic, indicating successful quench-hardening.

345 Thilin-Bergman & Arrhenius 2005: 100-101.

346 Williams 1977: 81-84.

347 Kosta & Hosek 2014: 131-134. Collection number 594-2978/57. The hilt is of Petersen’s type X. See also Fig. 20.
348 Kosta & Hosek 2014: 185-191. The hilt is of Petersen’s type N.

349 Kainov 2012: 46-51. See also Chapter 5.3.2.

350 Kolchin 1953: 133—-134, 242.
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Figure 22. Twisting of rods
Construction methods of Total number . )
pattern-welded blades with Catalogue number of reuds Side A Side B Layer count
iron inlays from the research ]
KM 293 3] T (3iron, 4 steel
area. The ‘undefined’ layer % m ( )
count means that the layers  |KM 2022:1 variable (see Fig. 4.16) 7 (4 iron, 3 steel)
¢ be counted.
CnmoESe IR 1km 2939:1 1 RN undefined
KM 3336:31 4 Sy LLLLEL | 7(4iron, 3 steel)
KM 3575:1 214 = = undefined
KM 6482 6 LRI04 undefined
KM 6746:49 4 % % 7 (4 iron, 3 steel)
KM 7703:2 2/4 % % undefined
KM 77521 4 = ——— undefined
KM 10369:3 4 - 27 | 11 iren, 6 steel)
KM 11063:283 6 K eatraat) 9 (5 iron, 4 steel)
KM 134191 4 % % 9 (4 iron, 5 steel)
KM 22964:3 5 oIS R undefined
SatM 12563 2 T T undefined
AL 337-528 214 oy undefined
AL 345:113 2/4 % undefined

4.4.5. BLADES WITH A LOW-CARBON CORE AND A ‘WRAPPED’
STEEL CASE

The blades belonging to this category are found only in previous studies (see Fig. 21). They

normally state that a steel case had been wrapped around a softer core.®!

'The publications do not,
however always note the presence of the welding seams, of which there should at least be one, if
a steel sheet had been wrapped and welded around a core part. It can also be doubted whether
they were to be included in the previous category of separately welded cutting edges, since there
may well be welding seams between edges and a layered core. If the welding seams are well
executed, they may be hard to notice without a very careful examination. For example, sword KM
8120:1 categorized above as having welded-on cutting edges, looks like a ‘wrapped’” one in the

photograph of the only previous publication of the find.**

A total of four wrapped blades of this kind have been documented according to earlier research
on the subject. In only one case were welding seams observed and the information published.
This is a hiltless sword found from Mynimiki, Finland (KM 8911:91) with the inscriptions
CONSTMIITNS (that is, a version of the name CONSTANTINUS) and REX.%? The cross-
section revealed that the blade of this sword was made from ferritic iron core with a 0.5 % carbon
steel outer wrap welded around the core. It seems that the case steel was too small, since the
cutting edge of the other side had been separately welded. The blade was not quenched.

351 For an example of the technique, although with an undecorated blade, see Gopak & D’yachenko 1984.
352 Leppiaho 1964b.
353 Williams 2009: 141-142, 181.
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Figure 23.
Geograpbhical
distribution of
pattern-welded

sword blades with

Sferrous inlays.

'The other three swords with wrapped cases presented here do not exhibit any welding seams, or at
least their existence was not mentioned in the publications. Alan Williams has analysed another
blade with similar construction, this time with the inscription VLFBERN+T, originating from
a private British collection.* According to Williams, this blade has an low-carbon steel core of
mainly ferritic structure, and a medium-carbon steel outer wrap (0.5-0.6 % C), which had been
quench-hardened to an average hardness of 467 HV (423-540 HV). The average hardness of
the core is 236 HV.

A Swedish sword with the inscription ULFBERHT+ from Alands (SHM 907) has been
analysed by Mille Térnblom.* This sword was said to have a low-carbon core (approximately
0.1 % C) surrounded by a higher-carbon steel outer wrap (ca. 0.8 % C). The core consisted of
coarse ferrite and small patches of pearlite, while the wrap consists of fine-grained ferrite and
pearlite. The low-carbon core itself was piled from