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Abstract 

This thesis aims to provide adequate analytical information on the spade shaped iron bars 

of Norrland and central Sweden. While their significance has been thoroughly debated 

for decades, analytical research on them has been confined to cases of single artefacts or 

theoretical interpretations of their value, meaning and origin. 

In this study a comprehensive approach is taken into consideration. Based on X-Ray 

fluorescence (XRF), scanning electron microscopy (SEM) and metallographical analysis 

this thesis seeks to facilitate new interpretations on quality, production centres and usage 

based on analytical results. Aiming to settle some of the long lasting questions regarding 

the artefacts while producing results which can further the discussion by raising new 

questions, previously unasked. 
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1. Introduction 

1.1 Preface 

Sweden’s soil is rich in a multitude of different ores and metals. After all, chemical 

elements such as nickel (Ni), manganese (Mn) and cobalt (Co) among 15 others were 

discovered in Sweden. Yet one metal, iron – has been Sweden’s greatest export for 

hundreds of years, shaping the country’s economy, policy and technological expertise. 

Aside from its modern role into shaping Sweden, iron has been an integral part of 

Swedish history and prehistory for more than 2000 years. 

This study, aims to showcase that this long connection between iron and Sweden is not 

only part of the country’s modern history but part of a grander timeline stretching all the 

way to the Early Iron Age or even as far back as the Bronze Age.  

Each object, every artefact made of iron. Each and every one of them share a common 

story. For each iron artefact that we marvel and analyse, there was undoubtedly a process 

leading to its final form. From the earliest large scale usage of iron in Anatolia ca. 2000 

B.C.(Tylecote 1992: 47) to the dawn of the industrial era during the 19th century (Id. 

166-167). There has been an in-between material, separating ore and object. That in-

between stage, call it an ingot, currency or iron bar has its own story to tell. A story of 

expertise and hard labour, a story that might be able to tell more about the smith, the 

culture and local production than the finalised product itself. If we seek to understand 

certain material aspects of the Iron Age, it is of paramount importance to grasp one of the 

most vital processes in iron making.  

One such in-between artefact, is the spade shaped iron bar (Swe: spadformig ämnesjärn) 

of the Scandinavian Iron Age, mostly found in middle and northern Sweden as well as the 

corresponding Norwegian province of  Trøndelag. These artefacts have been unearthed in 

hoards for the most part and while other contexts are known, of the ca. 1720 spade 

shaped iron bars unearthed in Sweden alone, the overwhelming majority were found in 

hoards or as solitary finds. Of these 1720, 1655 have been unearthed in Sweden’s 

northernmost part, Norrland (Lindeberg 2009: 26). 

Despite a considerable amount of previous research on the subject, far too little analytical 

research has been conducted to support one side or another. This study is an attempt to 

address this issue, employing several analytical methods as well as experimentation, in 

attempt - to perhaps, not settle the debate, but provide adequate information from which 

further fruitful discussion may commence.  

With this is mind, this research is seeking to make use of X-Ray Fluorescence (XRF), 

Scanning Electron Microscopy (SEM/EDS) and Metallography, in an effort to examine 
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the chemical properties of the spade shaped iron bars. Thus making a bid to uncover 

information previously unknown, in regards to the manufacture of these artefacts and 

help provide new insights in the interpretation of iron making in prehistoric Norrland. 

1.2 Aims and Research Questions 

The aim of this study is to pioneer an interpretation on the usage and origin of the spade 

shaped iron bars, by means of chemical and metallic identification. This is sought to be 

accomplished by examining 16 spade shaped iron bars, 15 of which were granted for the 

purposes of this research by the Swedish Museum of National Antiquities, while one of 

them was provided by Associate Professor Torun Zachrisson. The 16 iron bars 

chronological dating is a complex issue discussed in chapter 2.3, but for the sake of 

simplicity, they have been dated between the Roman Iron Age (1st to 4th centuries A.D.) 

through the Migration Period and Vendel Era (5th to 8th centuries A.D.). 

During the research for this study, the following research questions were formulated: 

A. What is the metallic quality and nature of the spade shaped iron bars? 

B. What can analytical results tell us of the iron bar quality and the iron ores used? 

C. What can carbon-concentrations reveal, along with their structure in spade shaped 

iron bars in regards to their usage? Were they smithable or not? 

D. Can the iron quality and composition of the artefacts be determined without 

destroying the iron bars? 

E. How do results of elemental analysis by XRF and SEM/EDS correlate to each 

other between the corrosion layer and the ferritic core? 

F. Can such results demonstrate local practises in iron making? 

1.3 Material & Methods 

The focus of this study is based on artefacts chosen by the author, while the process of 

retrieving and cataloguing the artefacts was undertaken by Associate Professor Lena 

Holmquist (this study's supervisor) and antiquarian Hilde Skogstad of the Swedish 

Museum of National Antiquities in Stockholm, on the 26th of June and 12th of 

September 2016. Reference material in form of iron ingots and ores were provided by 

Associate Professor Sven Isaksson. Micro-sampling and analysis was conducted by the 

author under the tutelage of Sven Isaksson and Maria Wojnar-Johansson respectively. 

Due to the vast geographical context where the spade shaped iron bars were unearthed, a 

sample population of 16 was chosen. While this number represents a mere 0.9% of the 

known population, the numbers chosen for each region are relative to the volumes of 

artefacts unearthed in middle and northern Sweden. Once more, even though the number 

of artefacts analysed is limited in comparison to the enormity of the context, it can be 
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argued that the sample population selected is adequate enough for a pilot 

experiment/study as a means of exploring the feasibility of such a research on iron bars. 

The list goes as follows (figure 1):  

 5 Spade shaped iron bars from Hälsingland 

SHM 10352 from Högens by (2 iron bars) 

SHM 20036 from Gåcksäters by (2 iron bars) 

SHM 11833 from Arbrå 

 4 Spade shaped iron bars from Medelpad 

SHM 17980 from Sörhångsta 

SHM 26185 from Selånger (2 iron bars) 

SHM 16829 from Njurunda  

 3 Spade shaped iron bars from Uppland 

SHM 20489 from Villberga 

SHM 27950 from Helgö 

An unregistered spade shaped iron bar from Valö 

 2 Spade shaped iron bars Gästrikland 

SHM 1006 from Alborga (2 iron bars) 

 1 Spade shaped iron bars from Jämtland 

SHM 2784 from Offerdal 

 1 Spade shaped iron bars from Södermanland 

SHM 22074 from Stuvsta 

Apart from the artefacts themselves, a number of ores and reference material were used 

and analysed to help the research. These were: limonite ore from Blekinge and 

Södermanland, iron ore from Nyköping, Hälsingland, Blötberget and magnetite from 

Norberg from Bergslagen region. Apart from the ores themselves experiments were 

conducted on modern high phosphorus steel inter alia. Additional information can be 

found in chapter 8. 

Disclaimer: It is important to note that despite the best of intentions to make use of 

artefacts in numbers which would be representative to the abundance of the spade shaped 

iron bars in their corresponding provinces some compromises were made. This study was 

unable to acquire more than one iron bar which hails from the province of Jämtland, a 

province in which the 3rd most spade shaped iron bars have been unearthed, for a total of 

478 (Lindeberg 2009: 26). While Jämtland is unmistakably of great importance to the 

context of iron making and the spade shaped iron bars (Magnusson 1986a), at the time of 

this research only one could be found in the collection of the Swedish Museum of 
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National Antiquities. The rest are curated in the Provincial Museum of Jämtland, 

Östersund (e.g. SHM 2784 has a sister spade shaped iron bar JLM 980 curated in 

Östersund). Due to time constraints and most importantly the sheer distance between 

Stockholm and Östersund the material used for this study could only be acquired from 

museums in Stockholm, thus one of the most important contexts in regards to this artefact 

type is under-represented. 

 

Figure 1 Map over Sweden and parts of Scandinavia. Each point on the map stands for the 

geographical location where the research material for this study was unearthed, for a total of 12 

locations. Courtesy of Google Maps 

Out of the 16 iron bars 13 had proportionally similar weight and dimensions. Notable 

differences being the two iron bars SHM 10352, which are both considerably smaller and 

lighter than the rest (see fig. 2) as is common with iron bars from Hälsingland 

(Lindeberg: 26).

Figure 2 SHM 10352: the smallest, lightest and most fragmented of the spade shaped iron bars 
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Another notable exception being SHM 20489, 60 cm long and weighing almost 2 kg. 

This artefact dwarfed all others, obviously a unique specimen of this type with similar 

ones found only in its original local context (Lindeberg 2009: 269). 

The rest of the spade shaped iron bars presented all but little differences in shape (see fig. 

2), length and weight, some might have a slightly wider or narrower bending but in 

general a closer look indicates that most iron bars range between 30 to 40 cm and weigh 

between 0.3 and 1 kg. 

 

Figure 3 Several iron bars presented for comparison, clockwise from the Top left: SHM 1006 

(A). Top right: "Valö 479". Bottom left: SHM 1006 (B). Bottom right SHM 2784. 

An extensive amount of analyses was conducted on the 16 artefacts, beginning with 

magnetic identification. Subjecting the artefact to a simple test where a magnet is used to 

see the level of magnetism of the objects. Followed by a XRF analysis on the corroded 

surface of the iron bars, a process which was carried out on each one of the artefacts. This 

was then followed by a micro-sampling process for 14 out of 16 artefacts, which would 

enable the extraction of pure ferritic uncorroded cores. The two iron bars not sampled in 

this way were: SHM 10352 (B) whose condition was considered too fragile and had it 

been subjected to the force of a press drill, it would most probably been damaged 

irreparably. In the case of Valö 479, the artefact was going to be sawed for a long-

section, so additional damage was thought unnecessary. 

15 samples were extracted for this study, these ferritic cores were put to use with a 

Scanning Electron Microscopic (SEM) analysis. 

Finally, a long-section of Valö 479 was scrutinized with a metallographic microscope in 

hopes of determining the physical structure and components of the said artefact.  
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All these methods are to be described in detail in chapter 3 Methods, before presenting 

the results with which this paper seeks to answer the research questions posed in the 

previous chapter. 

2. Background 

2.1 Previous Research 

Research on the spade shaped iron bars concentrated on three contexts. One being 

dominated by iron making and the background to the economic significance of the 

artefacts, a fact evident as in most studies they are called spade-shaped currency bars 

(Hallström 1928:40). A second side concentrated on the non-materialistic aspects, in 

regards to ritual, tradition and seeing the artefacts as something more than just a 

technological intermediate destined for consumption. While the third side being the side 

of archaeometallurgists, who although tend to side with the utilitarian side, concentrate 

their research on the material itself. 

Even though their existence was known and discussed, prior to the discovery and 

understanding of iron making contexts, little basis was given to an economic side of 

things (Olsson 1874).  

This changed when John Nihlén at first in 1927 and then in the 1930's would begin 

discussing the economic significance of iron bars in Sweden as a whole, concentrating on 

Gotland (1927), Småland (1932), Halland and Skåne (1939). For the better part of the 

past century Norrland wasn't even considered as the producer, Gustaf Hallström would 

suggest that the concept of the spade formed iron bar was imported from the continent, or 

more probably from the British Isles; Gotland and the more populous Mälaren area would 

then export their own version to Norrland (1934:84-88). Both suggested that the shape 

and product must have originated on the isle of Gotland, while Hallström found it 

difficult to believe that Norrland could have had iron production capable of exports 

(Hallström 1934: 89 Nihlén 1932:122). 

It was only 30 years later when smithing comes into the debate, being suggested that the 

spade shaped iron bars were used to put together cauldrons like the ones found at Högom 

(Tholander 1971). This interpretation soon became the dominant one, and as 

archaeometallurgy begun to take its steps in Sweden, the idea that spade shaped iron bars 

were a technological intermediaries, between bloom and finished product set its roots 

(Magnusson 1986: 274 Englund 2002: 302). An important role during this period is based 

on Olof Arrhenius research concerning iron ore deposits in southern Sweden, mostly in 

Småland and Skåne. Albeit, well outside the context area of this study, his research 

showcased that bogs and lakes in Sweden were rich in iron ores, which often contained 
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other mineral elements and heavy metals in high amounts, which in turn would make 

them suitable for sophisticated pattern welding (Arrhenius 1966: 89). 

Chronologies set by Nihlén would be challenged by Pär Hallinder in the 1970's during 

the Helgö excavations (Hallinder: 1978). Nevertheless, he too was hesitant to accept that 

the iron bars were produced in Norrland. In fact, he would claim that the iron bars were 

smithed on Helgö, and then exported to Norrland (Hallinder 1969:56). 

In the 1980's a drastic change would take place to challenge the dominant interpretation 

of iron making in Norrland. Gert Magnusson's research (Magnusson: 1986) would turn 

any previous notions on their head, while there were others who supported that the 

artefacts were in fact produced in Norrland. It wasn't until factual research could prove it, 

that an increasing number of researchers begun subscribing to this idea. Hallinder would 

finally agree that the iron bars were in fact not made on Helgö (Hallinder et al. 

1986:147). Magnusson, would expand on this, with theories in regards to iron playing a 

big role in the colonization of Norrland (Id. 1988, 1991). He saw the central valley of 

Lake Storsjö as a centre of power, with Frösö as a chiefly seat. Iron would be provided by 

the pioneering farmers who, during winter time, would concentrate on iron making 

(Magnusson 1991: 57). The chiefs at Frösö then, along with those of Gene and Högom on 

the coast of Norrland, would export these standardised iron bars to a wider market 

(Magnusson 1991: 154-156).  

In opposition, Per Ramqvist would claim that this was not the case. In fact this was a case 

of the coastline farmers and their chiefs at Gene and Högom, exploiting the inland 

hunter-gathering population (Ramquist 1991: 308-312, 2001: 1-5). Furthermore he would 

suggest that iron making was introduced to Norrland from the Volga-Uralic Ananyino 

Culture (Id. 2001: 3). Additionally, the mineral rich inland of Norrland along with the 

pelts that the big numbers of game could provide, would fester a conflict between the 

coastal population and those of the inland, a conflict the hunter-gatherers were bound to 

lose (Id. 1991: 311). Notwithstanding previous research (Hallinder et al. 1986a:147, 

Magnusson 1986:274), he would go on to suggest that the spade shaped iron bars were 

not made in Jämtland. The hunter-gatherers would collect the limonite ore which would 

in turn be smelt and formed into iron bars on the coast (Ramqvist 1988: 112).  

Based on this study’s research, it would seem as more plausible that this development 

happened peacefully with the introduction of trade between the agrarian and hunter-

gathering populations over a period of hundreds of years as Magnusson suggests (Id. 

1986a: 297). Adding to which, it might be suggested that the end result was a culture 

hybridisation leading to cultural influences seen in material culture from both. In the case 

of the Ananyino culture, it would be rather strange if a culture which had faded by the 3rd 

century B.C. (Halikov: 1977) was able to introduce iron to Norrland almost three 

centuries later. Even if they were responsible for introducing iron to a larger scale in 
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Sweden there are more probable theories in regards to that too (Hjärthner-Holdar 2003: 

83-86). Additionally, the existence of bloomeries and iron bars from Jämtland predating 

Gene and Högom render such arguments moot. Nevertheless the overproduction and 

standardisation of iron in Jätmland does not guarantee that it was the means to fill a gap 

in production in the Germanic tribes of the Migration Period as Magnusson would 

suggest (Magnusson 1986a). As Rome’s production even during its waning years was 

innumerably larger than Jämtland’s (Id. 1986a: 273). 

Apart from the theoretical research conducted, Lars-Erik Englund (2002) and Eva 

Hjärthner-Holdar have (Hjärthner-Holdar 1993, & Englund 2001, & Grandin 2007, 2012) 

provided ample information on the usage of bloomeries and the metallographic structure 

of spade shaped iron bars. Their research has been invaluable in terms of better 

understanding both the process of iron making during this particular time but also the 

expertise required to make one is of paramount importance. Dating the iron bars as far 

back as perhaps the 1st century B.C. (Englund & Hjärthner-Holdar 2001) and the 

identification of added phosphorus in a heterogeneous build spade shaped iron bar 

(Grandin & Hjärthner-Holdar 2007) proved extremely helpful to the interpretation of 

results for this study. 

With that said, a previous research section on the subject of the spade shaped iron bars 

without mentioning Marta Lindeberg's Järn i Jorden (2009) would be incomplete. 

Despite this research being situated on the opposite side of the debate it is unmistakeable 

that the amount and depth of research is unmatched on the subject, making a good case of 

presenting both sides while presenting her own hypotheses. Lindeberg’s doctoral thesis 

dealt with the significance that spade shaped iron bars had in Norrland and how they 

were used in different contexts. Her work dealt with how the iron bars became associated 

in their original use with ideas about the origin of the agrarian society of Norrland, felling 

the vast woodland and opening up the landscape. The bars according to her were a 

symbol of broad appeal, a symbol to a people, an object which a narrative around origins 

and identity could be based. Furthermore the numerous hoards of spade shaped iron bars 

were part of ritualized activities on the boundaries of landscape between forest and 

farmland, meant to promote fertility and regrowth.   

Nevertheless, a substantial amount of claims made about the iron bars themselves, were 

meant to fall apart with the lack of any analytical methods. Spade shaped bars are 

considered in that thesis as a bad intermediary form in iron production. Statements like, 

"Their shape is clearly unsuitable for forging most objects, apart from cauldrons." and 

"They are time-consuming to produce" coupled with the said lack of metallographic 

analysis garner strong criticism. As it is going to be presented further on, spade shape 

iron bar quality is anything but unsuitable. The fact that hardening methods were 

involved showcases that the blacksmiths were aiming to create an iron bar as good as 

technologically possible for their time. As far as time consumption goes, according to 
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Crew (1991) that might have been the case for the creation of an iron bar regardless of 

shape. 

Additionally, Lindeberg makes the case for the correlation between spade shaped iron 

bars and socketed axes, suggesting that the shape was more practical than symbolic, 

bringing as examples finds where both artefacts were found together. However, despite 

the similarities, the number of such finds are less than a handful, and spade shaped iron 

bars have been found along with shaft-hole axe heads as well (Runeson 1994: 11), the 

very type of axe that the iron bars are not supposed to represent. 

Yet, Lindeberg's work stands as the most complete on the subject. Had it been coupled 

with analytical methods it might have been able to support a great deal of the claims 

made. Without them, they lack the substance to ground them. 

In conclusion, it is obvious that this study is not aiming to re-invent the wheel. Without 

decades of hard work by exemplary researchers and scientists, none of this would have 

been possible. Each and every one of their works play a great role into understanding the 

context of Early Iron Age Norrland. 

2.2 The Archaeological Background of the 

Scandinavian Iron Age 

The Scandinavian Iron Age is divided into two major parts (Early and Late), while both 

of these eras are subdivided even further. The Iron Age is initially divided into the Early 

Iron Age (Swe: Yngre Järnålder) dating between 500 B.C. and 375 A.D. This period in 

itself is also divided, between the Pre-Roman period (500 B.C. - 0 A.D.) with what is 

thought to be the introduction of iron in Sweden ca. 500 B.C., followed by the Roman 

Iron Age (0-375 A.D.), beginning with the birth of Christ and ending in 375 A.D., a year 

set to signify the beginning of the Migration Period. 

The second period of the Scandinavian Iron Age; Late Iron Age (Swe: Äldre Järnålder) 

dates from 375 A.D. to 1050/1066. This period is divided in sub-periods as well. Starting 

with the Migration Period (375-550 A.D.) and then followed by an era dubbed as the 

Vendel Period in Sweden (Swe: Vendeltiden). Other names for it are, Germanic Iron Age 

and Merovingian Period (550-750 A.D.). This period bears the namesake of the well-

preserved boat inhumation graves at Vendel showing that Uppland was an important and 

powerful area consistent with the accounts of the Norse sagas. The area itself was 

excavated for the first time in the late 19th century. Finally, the Viking Age (750-1050/66 

A.D.) begins in the mid-8th century A.D. and culminates in the mid-11th century A.D., in 

conjunction with the early Christianisation of the Norse, thus bringing the north from pre-

history to the world of civilization and at long last, history. 
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In fact it is during this period when the people of Scandinavia, and more specifically 

Sweden, are described for the first time in Tacitus' Germania (98 A.D.). It is perhaps 

during this time when the geographical context of this study "enters" the Iron Age. While 

Magnusson suggests, based on 14C analyses, that the earliest iron production in Jämtland 

dates to the end of the 3rd century B.C. (Magnusson 1986: 121-122), Ramqvist postulates 

that the coastline of Norrland "entered" the Iron Age ca 0 A.D. (Ramquist 2001: 1-2). 

The beginning of the Scandinavian Iron Age is traditionally signified by the introduction 

of large scale usage of iron ca 500 B.C. It has been proven that iron was in actuality was 

introduced to Scandinavia during the Bronze Age, with the earliest signs of iron smithing 

dated to the late 2nd millenium B.C., ca 1200 B.C. (Hjärtner-Holdar 1996: 3). 

Nevertheless, the introduction of iron was a slow process. Evidence suggests that it is 

likely that the earliest iron smithing in Sweden was conducted by bronze smiths who 

initially tried using iron to repair bronze objects; as wholesale bronze repairing would 

require the object to be melted and re-cast. Another compelling argument is the fact that 

the few iron made artefacts produced during this period had the same shape as those 

made of bronze, this being an indicator of an individual using their knowledge in bronze 

casting in an effort to smith iron (Hjärthner-Holdar 1993a: 177, 1996).  

Furthermore pure iron has a melting point between 1535 and 1540 oC and the technology 

required to achieve such a temperature was not going to be available in Europe for at 

least two millennia (Tylecote 1992: 48). A contradictory hypothesis (Wranning 2012: 

217-228) suggests that the introduction of iron was not conducted by the previously 

mentioned bronzesmiths, whom were in contact with the continent where the metals 

would originally come from. Instead, Wranning suggests, that iron was introduced by a 

new group of people who used the emergence of iron to form a new elite which would go 

on to introduce this new metal and make it common to the majority of the locals, in 

contrast with the availability of bronze thought to be restricted to the elite. A notion 

which, although important to note, this study would suggest that there is no palpable 

evidence to support it, while previous ones by Hjärthner-Holdar command more gravity 

due to them being based on material culture. 

The problem with the periodisation of pre-history and in this case of the Scandinavian 

Iron Age, is that as previously stated, these lines are not clear cut. While iron was 

introduced around 1000 B.C. (Hjärtner-Holdar 1996, 1998) the "change" would not be 

established for another 500 years. And while half of Scandinavia progressed through the 

Early Iron Age (500 B.C. - 375 A.D.), Norrland's Early Iron Age is set between 0-600 

A.D. (Ramqvist 2001: 2) 

That said, this study would claim that during the shift between the late Roman Iron Age 

and the Migration Period, the population not only became more aware but perhaps sought 



11 
 

to exploit the rich - in bog iron lakes and streams of Jämtland and southern Norrland 

(Englund 2002: 13-16) (see figure 4). 

This abundance of material can be seen in the amount of hoards belonging to this era in 

form of, hoards of gold, weapons, bronze, glass and most importantly for this study; Iron. 

The amount of gold artefacts, found in graves and hoards, along with hoards of roman 

coins facilitate for some archaeologists to call this period "The Gold Age". All these 

objects played undoubtedly a big role in society. Some accompanied their owners to the 

grave, others sacrificed or hidden away in troubled times. In this way, they have survived 

to our day (Andersson 2011). 

 

Figure 4 On the left a map from 1977 (Hyenstrand: 50) showing the known extension where 

bloomery iron making were used during the Iron Age (cross from left to right). Crossed from 

right to left, are areas where bog iron is found in abundance, note that most areas are 

"crisscrossed". On the right map, from 1994 (Magnusson: 54); showing the known extension of 

bloomery iron making at that time. Spatial distribution according to the results of the state 

organised survey of ancient monuments. Black areas represent areas corresponding to the Early 

Iron Age. Dark grey for the Viking Age, and light grey for the Middle Ages. Dots on the map 

showcase areas with the earliest known usage of bloomeries (Englund 2002: 14-15). 

It is during this time when the northern expansion in the provinces along Norrland's coast 

(Hälsingland, Medelpad and Ångermanland) must have taken place. Longhouse-estates 
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like Gene, Ångermanland and the Migration Period burial mounds of Högom, 

demonstrate that one way or another (either by southern colonisation or local 

development, or both) the coastal population of southern and middle Norrland as well as 

that of Jämtland saw a great deal of agrarian and technologic development during the late 

Roman Iron Age and early Migration Era. In the case of Per Ramqvist he would argue 

that despite these developments in burial and agrarian practises, Norrland during the 

latter part of the Migration Period is not a society demonstrating its economic power as 

seen by similar developments in southern Sweden, but a society in crisis trying to cope 

with its larger neighbours (Ramqvist 2011, included in Burenhult: 153-154). 

Having said that, this is only one side of one specific part in the Iron Age development of 

Norrland. Forests were opened for agricultural cultivation, to provide fuel for bloomeries 

and heat. The inland hunter-gatherer/sustenance cultures still thrived and would continue 

their way of life until at least the late middle ages (Magnusson: 1986). By the early 

Vendel Period, the southern and of middle part of the coast of Norrland was culturally in 

line with the rest of southern Sweden (see fig 5). 

 

Figure 5 Map of agrarian expansion in northern Sweden and Finland during the Iron Age. In 

grey: The expansion area. Within the red circle: Geographical context of the spade shaped iron 

bars during the same time. (Noel Broadbent 2000: 177) 
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Another key thing to the late pre-Viking Period, Iron Age and especially important to the 

debate about spade shaped iron bars is the settlement of Helgö on the island of Ekerö, 

south-west of Stockholm.  

Helgö was an ancient trade and workshop settlement. The area consisted of seven groups 

of houses, five burial grounds and a fortified area. Futhermore, there are also clear signs 

that the settlement had a cultic importance (Zachrisson 2004). The settlement of Helgö 

began to emerge around the year 200 while it most probably reached its heyday during 

the Migration and Vendel Periods. The advanced bronze foundry and crafts ceased 

around the late 600's and thus Helgö adopted a more ordinary agrarian character. By the 

next century it was eclipsed completely by Birka.  

Helgö was without any doubt a special place, without any direct counterparts. It is 

thought for example, to be the only place, besides Uppåkra in Scania, where permanent 

bronze and gold workshops existed (Hjärthner-Holdar 2002: 162). 

Roman and Islamic coins have been found in large numbers but spectacularly, rich finds 

in artefacts hailing from as far as India, Ireland and a great number of luxury goods, 

commanded a great importance on the way Helgö was seen during the past few decades. 

Among the spectacular artefacts a small number of spade shaped iron bars were 

unearthed (Haglund & Hallinder 1978 V), giving rise to new interpretations in regards to 

trade and nature of the spade shaped iron bars, seen in more detail in the next chapter. 

Finally, returning to Norrland in regards to the Iron Age; questions about a possible 

cultural dualism have dominated the scene for decades. The debate has concentrated on 

whether an agrarian population on the coastline and around Lake Storsjö existed in 

parallel with the inland hunter-gathering population (Ramqvist 2007). The discussion 

often deals with the types of material culture unearthed, which can then be linked to a 

respective population. Only a fraction of previous research has addressed the agrarian 

population that might have existed inland. A population that might have played a vital 

role in the production of the spade formed iron bars and their distribution. To understand 

the spade shaped iron bars one must understand the iron works practised in Norrland 

during this time and to understand these practises one must understand the spade shaped 

iron bars. 

It is important to note, that while the period is often called “Scandinavian Iron Age”, 

Finland is not included in these eras as Finland has its own separate chronology and the 

introduction of agriculture, iron etc. come at a latter point than the rest of Scandinavia. 

Furthermore Iceland, also part of what is called “Nordic” was not discovered until well 

into the Viking Age. Thus the term Scandinavian Iron Age was thought more appropriate. 
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2.3 Metallurgical Background: From Ore to Iron Bar 

As previously mentioned, the Iron Age owes its name to the large scale introduction of 

iron-making and the replacement of bronze by iron as the common metal of a society. 

Yet despite the plethora of artefacts composed of iron unearthed in hoards, burials and 

foundations to buildings, archaeologists can't help but concentrate on those artefacts 

made of material that, in a way, does not lose its splendour as much as iron does. 

Corrosion does no justice to iron - bronze, brass, copper even silver often retain their 

form and some glimmer, while gold, gold shines forever. This natural deterioration of 

iron through the ages has made archaeologists often look down on iron. This is in spite of 

the fact that a few iron bars (weighing a couple of kilos) would certainly been at least as 

valuable as a Roman solidus. That is to say, that corrosion and muséal ideology has 

deprived iron of its true value (Herschend 1980:128). 

The value of iron was certainly understood by its contemporary people who experienced 

the labour intensive process of iron production, from the procurement of iron ore to the 

reduction of bloom from its slag and impurities (Tylecote 1992: 48). 

Iron, in contrast to copper, tin, or lead can be found naturally in several forms, some of 

which exclude the need for mining. Iron ore could be procured from black or often red, 

magnetic sands (Tylecote 1992: 49). Oxides and carbonates, iron manganese nodules but 

perhaps even sulphide nodules (like marcasite) were procured. Nevertheless, most 

importantly for Scandinavia, limonites were thought to be suitable for iron-making 

(Tylecote: 49-50). In some cases, sands might have been blended with other ores, as 

some contained high concentrations of magnesium (Mg), phosphorus (P) and arsernic 

(As) which have an appreciable hardening effect on iron alloys (Tylecote: 50). 

Experience in the use of As might even have a correlation to previous experiences from 

copper alloy smelting, something which would render even more support to Hjärthner-

Holdar's claims, in regards to the early Bronze Age iron making in Sweden (Hjärthner-

Holdar 1993a: 177, 1996). 

The use Meteoric iron was prevalent. The identification of such ores is often bound with 

the fact that meteoric irons are often rich in Nickel (Ni) and somewhat in Cobalt (Co), 

nevertheless the existence of nickel iron artefacts does not guarantee they were made of 

meteoric iron. According to Tylecote, "the level of Ni in meteorites exceeds 5% and Ni 

levels below this most probably come from Fe-Ni ores." (Tylecote: 3, 50). 

Sweden, is a country, immensely rich in iron deposits. Limonite rich lakes dot the 

landscape and while iron ore deposits are found largely all over the country. In the 

specific case of Norrland, it is seemingly agreed upon that prior to the Middle Ages iron 

was procured in the form of limonite from bogs and lakes (Magnusson 1986a+b, Englund 

1993, 2002, Esplund 2005). The process that was necessary to produce iron from limonite 
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ore is described by Magnusson in six steps (Magnusson 1986b: 119):  

"1. Collection of the raw material (in the form of ore, lake ore, bog ore or other limonite 

precipitations) and drying of the ore. 2. Collecting fuel, for the process. 3. Roasting the 

ore to burn off the organic material crystallised water, and any sulphur. 4. Charcoal 

burning. 5. Reduction of the ore in a bloomery furnace. 6. Processing of the unmelted 

lump of iron, to reduce the slag content still further. Hammering against an anvil or 

large stone."  

While perhaps not as labour intensive as mining mineral iron ores (described later in this 

chapter); the act of collecting bog iron is a short moment in the geological process 

leading to the creation of the ore. A process which is fundamentally important for the 

understanding and interpretation of early Iron Age blacksmithing. 

Even though the author of this study is under no impression of understanding the finer 

mineralogical details of the formation of limonite ore, based on the earlier works of 

Rueslåtten (1985: 31-38), Magnusson (1986a: 53-54) and Englund (2002: 211-212), this 

is a rundown of this process: 

Firstly, it needs to be made clear that not every lake, or bog/swamp is capable of 

producing limonite ore. As a matter of fact, two fundamental and almost self-explanatory 

geological conditions are required. For limonite ore to form in a lake or marsh, a rich 

mineral bedrock is a prerequisite nevertheless, for the minerals to release, it is also 

necessary that there is a connection between surface water and the ground water aquifer. 

As the mineral soil is gradually weathered and broken down, iron and manganese 

minerals are released. This process is conditioned by the oxygen-rich rainwater. As it 

falls, rainwater trickles through soil layers towards the aquifer. This, kick-starts an 

oxidizing process as well a biological one, based on the effects which plant life may have 

on soil: Such as the uptake of nutrients and micro-organisms which break down the floral 

remains. Moreover, this natural degradation of the bedrock is helped by microorganisms 

and plant life that form humic acids. These acids in turn establish the conditions required 

for an oxidized respitation to take place. Thus, by rain and a multitude of natural 

processes the bedrock aquifer receives humic and fulvic acids. This causes the water to 

become hard and aggressive to iron and manganese minerals. 

In turn, humic and fulvic acids are important metal-ion complex-builders. This, along 

with further oxidation as iron particles come in contact with even more oxygen in surface 

water, creates a precipitation, leading to a slow crystallization of iron and manganese 

oxides. In due time, this turns into a sediment-mould-pulp-like substance that will begin 

to sit on the bottom of a lake or bog, taking the form of rust or bog ore. Which, is 

generally how limonite ore will be found. 
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These ideal conditions for the formation of bog iron are usually found in what are called 

soligenous mires (a mire that receives water from rain and slope run-off) generally 

requiring them to be close to uplands (Rueslåtten 1985: 36-38). Such bogs are often 

characterised by red sands, extensive overgrowth and shallow depths (Englund 2002: 

209-210). 

According to Magnusson (1986a 50-52) limonite was most common in southern 

Härjedalen and occurs in addition to the rest of the province. In Jämtland numerous such 

mires and bogs are found close to the central and western hills, around Lake Storjsö, as 

well as in the waters of Lake Vålöjan; itself a lake situated next to hills and mountains 

both known for their soligenous nature. Limonite rich lakes and bogs are found over large 

parts of the research area, with some reservations in regards to the Northern provinces of 

Medelpad and Ångermanland. 

Having collected the ore, it was left to dry, after which point it was roasted. Such roasting 

places are seldom found, something which might be an indicator that the roasting could 

have taken place in an open fire, thus leaving no significant or palpable archaeological 

remains behind. The roasting of the ore, changes the very character of iron itself, from 

non-magnetic goethite to magnetic maghemite. With the roasting complete, water and 

organic material is finally removed, this can mean that a tangible amount of the original 

ore is lost, Lars-Erik Englund’s experimental work showcases that this loss in weight 

may amount to as much as 15% to 65% of the original weight, depending on the type of 

ore, the amount of organic material and the level of drying beforehand (Englund 2002: 

211–213, Crew 1991:34). 

In the case of mineral iron ore, the procurement process is rather straight forward. The 

ore once mined can be set in direct iron production although the process differs 

substantially. Before the roasting can even begin, the ore has to be crushed into smaller 

flints and pieces. The roasting too requires higher temperatures, which an open fire can 

obviously not reach, pits were dug and bellows were used to funnel the air, this technique 

seems to have been rather uniform during the Middle Ages (Tylecote 1992). 

Having roasted the ore, the labour intensive work was about to get even more difficult. 

Enormous amounts of fuel would be required, needing several trees to be cut down and 

turned into charcoal. According to experimental research conducted in the 1990's, it 

revealed iron bars weighing just 1 kg, would require 100 kg of charcoal and 25 days of 

work (Crew 1991). While this might be due to modern inexperience, even half of this 

amount or quarter of that, would amount to 50 or 25 kg of charcoal and several days of 

work. Next, came the bloomery. During the Scandinavian Iron Age there are three main 

types of furnaces that have been unearthed in Scandinavia in general, and Sweden 

specifically. These types of bloomeries are: A. Clay-lined pit furnace. B Clay-lined shaft 
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furnace, and C. The dry-stone walled pit furnaces (Magnusson 1986b 121). (See figure 

5). 

 

Figure 6  Varieties of shaft furnaces with a slag pit (Espelund 2005: 87) 

Since pre-historic furnaces could not reach iron's melting point (ca. 1540 Celsius) all iron 

produced during this time was in solid state (i.e. did not melt). In such conditions, clay 

furnaces also called bloomeries would be used to achieve what is called "reduction of 

iron ore". Having reached a temperature of ca. 1200 degrees Celsius (Tylecote 1992: 48) 

the bloomery furnace would only melt the slag, not the iron. In this way wrought iron was 

obtained (Magnusson 1986b: 119). This solid clot of coal, slag and iron is called 'bloom', 

albeit already malleable a bloom require further smithing as to achieve its final form and 

quality. 

The bloom would then be broken and placed on an anvil or stone, before being subjected 

to hammering to remove any excess unburned charcoal and slag (Tylecote 1992: 48-49, 

Magnusson 1986a: 18-19). Before they were reheated by fire the process was followed by 

hot hammering to clean them up once again. In some cases the bloom was too large and 

had to be cut into smaller pieces which were then smithed individually. Such an example 

being the bloom from Kråknäset in Torsåker weighing 33 kgs, which was found along 

with spade shaped iron bars (Englund, Grandin & Hjärthner-Holdar 2001:1-3, Eriksson 

2010). 

Bloomery iron is for the most part a heterogeneous clump, with carbon density varying 

from part to part. Aside from carbon, variable amounts of other elements, found both in 

the original ore or added later, can be observed (Tylecote: 49). This makes the 

interpretation of prehistoric technological level in artefacts a relative hassle. Lena 

Grandin and Eva Hjärthner-Holdar (Grandin & Hjärthner-Holdar 2010: 16) identified 

areas of steel in a cross section from spade shaped iron bar SHM 20489, and even though 

it was just one layer, while the rest of the artefact was composed of ferrite, it is easy to 

assume that the whole artefact was intentionally made this way. There are a dozen 
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different alloys that can be achieved by mere mistakes, too much coal being burned, or 

too much air bellowed (Tylecote: 49). Thus iron from a bloomery, due to its 

heterogeneous nature, creates problems in the way we interpret it. Something which 

might certainly be encountered at latter point. 

Finally, as the wrought iron was purposed to be turned into prefabricates, in shape of an 

iron bar or ingot, a great deal of other elements began to play an important role. While 

most were probably part of the ore (i.e. P, Mg, Mn, S, Ni etc.) some were probably added 

for other reasons, most important of which being As and P, for their hardening properties. 

While Phosphorus could also come from the ore itself (Tylecote: 49); it is clear that it 

was used to achieve a small amount of hardening similar to pattern welding by 

segregating P (Tylecote: 77). Analysis conducted on such artefacts showcase that a level 

of phosphorus as much as 0.27% were sufficient for this purpose (Tylecote: 78). Thus, 

although steel could not be produced by means of cementation, phosphorus was used as a 

low technological solution for the hardening of bloom iron (Id: 80). 

With all this in mind, the next section deals with the subject at hand, the metallurgy of the 

spade shaped iron bars. 

 2.4 The Spade Shaped Iron Bars 

An iron bar, is an object made of iron, smithed into a specific shape but which does not 

have a utilitarian usage other than to be processed into something else (Haglund & 

Hallinder 1978: 30). An iron bar is more or less the end product of the bloom process 

seen in the previous chapter, given a final shape in form of a technological intermediary. 

One such iron bar being the spade shaped iron bar (Swe: spadformig ämnesjärn) of 

which, despite what is thought to be its utilitarian purpose, it might have a far wider 

significance in Norrland (Lindeberg 2009). 

Having been the product of a bloomery, the iron is immediately malleable, but as stated, a 

fair deal of cleaning is required (Englund 2002: 30). During this hammering, it is easy to 

assume that an iron bar is hammered to its final shape. It has been argued that, the spade 

shaped iron bars might have been by-products made out of cast-off and broken bits, 

which in turn were put together in what is called a spade cauldron (Lindeberg 2009: 15). 

Nevertheless one thing is certain, that despite the usage they might have had, what can be 

said about the artefacts, so far, is that the ones unearthed were not used for any metal 

working. As they were dug in hoards only to be unearthed after more than a thousand 

years after the fact. This of course being the reason why there are so many of them, as 

had the spade shaped iron bars been put to use, they would have been turned into other 

objects. 
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Despite that, the sheer volume is staggering (as stated in chapter 1). There are 1720 

registered spade shaped iron bars in Sweden, while a great deal more are probably 

corroding in museum collections, having never been registered, or being unearthed before 

the Swedish Board of Antiquities had a registration system in place. A great deal of 

"axes", "iron spades", "plough irons" or even "bear spears" might very well be spade 

shaped iron bars (Lindeberg 2009: 29). During the course of this research a drawing of an 

artefact unearthed on the isle of Björkö was observed. The artefact was found in chamber 

grave no. 750 between 1871 and 1895 described as a “socketed, spatula-like object, 

probably an axe" (see figure 6). While it might very well be an axe, it would be of no 

surprise had it been a misidentified spade shaped iron bar, as socketed axes were outdated 

by the time of Birka (Arbman 1943: 272).  Another problem with older registries is the 

fact that a note left in the late 1800's might have described "ca. 50 iron bars", almost two 

centuries later, when these notes are then added into databases the ca. 50 iron bars, are 

turned into 50 iron bars (Lindeberg 2009: 27). 

 

Figure 7 SHM 107797; Bj 750: Axe (socketed axe, adze) composed of iron (Swedish Museum of 

National Antiquities) 

However even if SHM 107797 is a spade shaped iron bar, being found in a grave would 

render it an outlier, as the overwhelming majority of these artefacts are found in hoards. 

Opinions on this matter are rather split. Archaeo-metallurgists and older generations of 

archaeologists have supported that the hoards were some kind of structured deposition. 

 

The owners would bury them for safety until they could return, but for one reason or the 

other they were unable to retrieve them in the end (Thunmark-Nylén 1989:149; 
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Herschend 1991, Magnusson 1995:70, Ramqvist 2001:4, Englund 2002:300). Thus the 

spade shaped iron bar hoards were seen as a way to deposit or protect ones "capital" in 

currency. These economic interpretations were challenged from the 1990's onwards 

(Zachrisson 1998) and studies were published in concern to the placement and the ritual 

aspect of iron bar deposition (Lindeberg 2009). In contrast with previous interpretations, 

their form, placement and role in society was put into question, with non-materialistic 

ideas concerning fertility cults and regrowth (Lindeberg 2009: 17) beginning to take the 

forefront. 

 

Though both sides can concede that some hoards had a ritual purpose and vice-versa. It is 

the notion of this study, that to try and split spade shaped iron bars in ritual and non-ritual 

hoards is problematic in the long run. 

 

The second contextual problem that arose through the years is the geographic identity of 

the artefacts. While shaped spade iron bars are not solely unique to Norrland, the amount 

of these iron bars unearthed outside of Norrland is miniscule. Yet the discovery of a 

handful of such iron bars during the Helgö excavations (Häglund & Hallinder 1978: V) 

transformed the issue into one of trade, centre and periphery. That is to say, that despite 

the fact that over 95% of all spade shaped iron bars were unearthed in Norrland, it was 

argued that the artefacts originally hailed from southern Sweden, and were imported to 

Norrland (Häglund 1978, Häglund & Hallinder 1978, Hallinder 1986). Their absence 

from the area of Lake Mälaren (where Helgö is situated) was reasoned thusly: In southern 

Sweden, the iron bars were directly put to use, thus although the metal was used, the 

artefacts are simply not there (Hallström 1942: 223, Englung 2002: 300). The reason so 

many of these iron bars have been unearthed in Norrland on the other hand, is explained 

due to the added value that imported goods have had, and even more so metals, during 

pre-history. An unequal producer-contra-consumer relation was in place. Such 

interpretations cast Norrland under a light of a cultural and technological backwater and 

the people living there dependent on commerce and development from the south. Should 

the production had taken place outside of the north, it should have had left traces in the 

material culture from such places, in the same way it does in Norrland. 

 

In comparison, research has shown that production values have been heavily biased 

towards the south. Magnusson's estimations based on slag heap volumes and spilt-iron 

from known bloomeries in Jämtland, reveal that from the early Roman Iron Age to the 

beginning of the Viking Age, production levels could have amounted for 3400 tons of 

iron. An amount which would provide for as little as 4.800.000 spade shaped iron bars or 

as many as 6 or 7 million (Magnusson 1986a: 272-273). This numbers can be correlated 

with other parts of Europe during the same period as well. According to Tylecote (1992: 

62) Pre-Roman Iron Age, iron production could have amounted to a few hundred 

kilograms a year, while heaps from the Roman period measure in the hundreds of tonnes. 

Such volumes would amount for at least 4.2 tonnes of iron a year over an 800 year period 

(Magnusson: 273). While the ca. 400 iron bars unearthed in hoards in Jämtland would 

amount for just a 0.009% of the local production (Id: 274). Having said that, these are the 

numbers for just Jämtland. Medelpad and Ångermanland might have been importers of 

iron from Jämtland due to their lack of soligenous mires. Gästrikland and Hälsningland 
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on the other hand, had their own production of spade shaped iron bars, a production 

which has not been estimated yet. Even if they produced half as many spade shaped iron 

bars as Jämtland, it would still mean that millions of iron bars were produced. Based on 

these facts, this study would claim that Norrland was not the importer of these artefacts 

but in fact the major production centre and exporter. 

 

Based on this information, it could be argued, that during the Early Roman Iron Age, 

agricultural expansion into southern and middle part of Norrland (fig 4) is directly 

intertwined with mineral deposits (fig 3), leading us to an explanation for the sheer 

amount of the spade shaped iron bars found in the area (see figure 8). If these two 

previous maps are seen side by side with the geographical context of these artefacts, the 

connection becomes as clear as day. Spade shaped iron bars are a product of the 

population expansion into Norrland and the introduction of large scale agrarian 

communities, which in turn exploited the abundant natural resources needed toproduce 

these copious amounts of iron. 

 

 
Figure 8 On the left: The distribution of spade shaped iron bars (Hallinder 1978). On the right: 

Unearthed findings containing spade shaped iron bars, each dot corresponds to a unique find 

(Lindeberg 2009). 

This northward expansion has been related to iron making by previous studies as well. 

Magnusson (1986a:296, 303) suggests that this sudden explosion in iron production 

during this period is in no small part due to a colonization of northern Sweden. Ramqvist 
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(2001: 4) sees Jämtland and Norrland as a whole as an exporter of ore and even iron bars 

during this time. This "colonisation of the wild" is even seen in Lindeberg's interpretation 

of the cultic reason behind the form of the spade shaped iron bars, likening them to 

socketed axes (Lindeberg 2009: 83, 108-112). The socketed axe was greatly outdated by 

the time iron was introduced, being replaced by shaft-hole axes. Albeit, it appears that it 

survived into the Iron Age in some areas of Sweden. According to the same study, the 

shape was seen as the symbol of the agricultural tool opening the landscape from the 

thick forests of northern Sweden. It is not unheard of that such axes are in fact unearthed 

from the same hoards as spade shaped iron bars. With the stretch of the imagination, one 

might actually be able to see a likening (see figure 9). Though, most importantly what 

this study would suggest is that there is a far closer utilitarian connection. The axes 

themselves were smithed from iron bars already half way into looking like an axe, rather 

than the iron bars shaped in a way to resemble axes. 

 

Figure 9 Top Left: SHM 454174 from Gåcksäter, within the red circle an iron socketed axe head, 

along with spade shaped iron bars found together. Top Right: SHM 448451 socketed axe head 

from Lake Lillaisaren, Westerbonthia, chronology-unclear. Bottom Left: NBM 2734 found in 

Arvidsjaur, Norbonthia, dated-prior to the 7th century. Bottom Right: SHM 417641 socketed axe 

head Krankmårtenhögen, Jämtland, dated between 499 B.C. and 1099 A.D. 

Much with all else about the context of the spade shaped iron bars, there is heated debate 

regarding their chronological context. In the 1930's when a couple of spade shaped iron 
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bars were unearthed in Flos on the island of Gotland, Hallström and Nihlén suggested 

that based on shape and stratigraphy, they must have dated to the Roman Iron Age 

(Hallström 1934: 88, Nihlén: 121f, 1939: 104). A few years later, two spade shaped iron 

bars were unearthed in Valsgärde boat grave nr. 6. The grave was dated by Prof. Greta 

Arwidsson to the mid-8th century (Arwidsson 1942: 132). Decades later Prof. Birgit 

Arrhenius would change the dating to 630-640 A.D. (Arrhenius 1980:36). Pär Hallinder 

and Kerstin Haglund would base their dating from Helgö on the Valsgärde and Högs 

findings, dating them to the Vendel Era (Hallinder & Haglund1978: 34). While 

Magnusson would claim that the spade shaped iron bars of Jämtland dated around the 

Viking age (Magnusson 1994: 67). 

Keep in mind, this whole debate is taking place prior to spade shaped iron bars being 

subjected to a radiocarbon analysis. Nevertheless, it is important to remember that 14C -

analysis of iron can be highly problematic, as the carbon measured can come from a tree 

already hundreds of years old at the time of the iron production, this of course being just 

one reason out of many. 

The first 14C analysis on a spade shaped iron bar was conducted on an artefact from 

Hackås, Jämtland. The results dated the object between 774 and 941 A.D. (Possnert & 

Wetterholm 1995: 29). This would have been a perfectly acceptable results for a Viking 

Age dating. Just 6 years later, during another extensive project analysing iron bars from 

Torsåker, Gästrikland the results came back giving a dating between 60 B.C. and 150 

A.D. (Englund, Grandin & Hjärthner-Holdar 2001). This put the two results at minimum 

of ca. 600 years apart, while at maximum at a staggering 1000 years.  

On the other side of the modern border to Norway, Gjöstein Resi (1995: 131) would 14C 

analyse iron bars from Gran, Opland Norway, dating them to the Pre-Roman Iron Age. In 

contrast, cauldrons unearthed in Norway, supposed to have been made of spade shaped 

iron bars, dated based on their stratigraphical horizon to ca 350–450 A.D. (Ramqvist 

1992:196). A similar cauldron this time covering spade shaped iron bars was unearthed in 

the Högom burial ground, Medelpad. This too, Ramqvist dated to around the 5th century 

(Ramqvist 1992: 223). 

In regards to chronology, this study suggests that the form of the spade shaped iron bars 

was first created around the time iron was introduced in Norrland (ca. 0 A.D.). As seen 

by the earliest 14C dates and material culture found along with the iron bars in Torsåker. 

Despite its early creation, the explosion in iron production numbers did not take place 

until the agrarian expansion in southern Norrland and Jämtland during the late Roman 

Iron Age, Migration and Vendel Periods. This would coincide not only with the vast 

majority of the iron bars found, but also during a time when iron could be exported from 

Norrland en-masse, thus been found in richly furnished burials of the Mälaren area and 

the trading centre of Helgö. 
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Finally, in regards to shape. During several discussions with Prof. Emeritus Gustaf 

Trotzig, he suggested that since there are such big numbers of these iron bars, trading 

might have been an impersonal business. With the iron bars being transported over great 

distances, the consumer could not be certain of the quality of the iron. The bending of the 

spade shaped iron bars showcased a guarantee that the sulphide impurities were already 

hammered out and the iron bar was of good and malleable quality (personal comm. 

2016). 

3. Methods 

3.1 Hypothesis 

With this past century's scientific advances in the fields of chemistry, physics and 

engineering, archaeology has been vastly enriched. From the 1970’s onwards, the 

discipline has imbued itself with a multitude of scientific methods, making possible the 

furtherment of our understanding and uncovering information about the human past 

previously unimaginable (Heron & Pollard 2008: 7).  

All things considered, it is inarguable that - from the cosmos itself down to the tiniest 

kernels, matter is consisted of atoms of a multitude of chemical elements. With that in 

mind, every artefact by being analysed can demonstrate its very core nature. Allowing us, 

by observing the artefact’s chemical properties to interpret the level of technology 

required for such an object to be created or the very material which those ancient humans 

used to manufacture them. 

While, analytical metallography stands as the most full-proof way to analyse iron 

artefacts, it requires a substantial portion of the object analysed to be sawed off. This is 

done to allow a cross-section to be observed, which in turn can reveal vital information 

about the artefact’s composition. While metallography provides accurate information, the 

destruction of the artefact makes museums all too hesitant to provide objects for such a 

procedure. With this in mind, this study sought out to use non-destructive and micro-

invasive analytical methods for 15 out of 16 artefacts. This was done in hope of providing 

sufficient information for the interpretation of iron artefacts, without the need for major 

destructive sampling. 

Based on that assessment, a fundamental hypothesis was formulated:  

While it is evident that the metallic structure of most iron bars could not be observed, 

there is still a great amount of data that can be uncovered in regards to the ore used to 

create them. Different areas in Sweden have drastically different types of soils. This, in 

turn means that iron ores hailing from different parts of the country are equally affected. 

It is possible for iron ores from two different parts of Sweden to contain elements not 
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present in others (Frietsch 1977: 279-293). While it is unclear if the same can be said 

about limonite ores, the research plan for this study took these differences into 

consideration as the choice of methods came at hand.  

To this end, analytical methods can demonstrate the amount of purity or impurities in 

iron bars, allowing one to approximate the mineral nature of said artefacts. Did the 

ancient blacksmiths use limonite ores? Or perhaps rock-iron-ores like magnetite and 

hematite; or even, mixed different ores to achieve a superior alloy? This is made possible 

by observing the percentages among a varied selection of chemical elements often 

associated it with iron ores and ferrous metallurgy. In turn, this leads to an interpretation 

of the results them within the context. Allowing one to attribute certain elements to 

specific ores. Such interpretations may be determined by notable percentages of P, Mn 

and S, Ni, Mg, among other elements. Furthermore, as the iron bars hail from a wide 

geographical context, it could be hypothesised that local differences in source material 

might be observed. The lack of such differences could raise questions in regards to a 

single production centre or origin from a single geographical area, either for the ore, or 

the creation of the artefacts themselves.  

Additionally, it has been argued in previous research, that the quality of the spade shaped 

iron bars is poor and wanting, thus, not suitable for smithing, rendering their role in iron 

making, moot. Analytical methods could provide results to showcase the potency in iron 

and purity thereof, while carbon percentages could be observed in absence of a structural 

phasma. Such results can demonstrate once and for all that spade shaped iron bars were 

made good quality iron bars or merely re-shaped bad quality pig iron. Finally, as 

presented in chapter 2.3. As and P are known for their hardening qualities. Thus it could 

hypothesised that the existence of As and a high P content could be relevant in regards to 

interpreting ironmaking techniques. 

Based on this hypothesis, the combination of methods presented in the following sections 

were elected and conducted to provide results, thought sufficient to resolve the research 

questions raised, while proving one way or the other if the hypothesis raised has any 

basis. 

3.2 XRF (X-Ray Fluorescence) 

X-Ray Fluorescence has been commercially used in geology and metal industry from the 

late 1950's (Shackley 2011: 7, 10) while the earliest application of XRF, has primarily 

been based on the work of Prof. Edward Hall on a WXRF (Wavelength-dispersive X- 

Ray Fluorescence) at Oxford's RLAHA (Research Laboratory for Archaeology and the 

History of Art). Hall, in his article: X-ray fluorescent analysis applied to archaeology 

(1960) examined Roman coinage and their chemical composition while noting the effects 

of patination on these coins. 
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X-ray fluorescence (XRF) is an elemental analysis method with a broad application in 

archaeology (Heron &Pollard 2008: 38-45, Shackley 2011). XRF is based on the 

principle that individual atoms emit X-ray photons of a characteristic energy (or 

wavelength) when excited by an external energy source. This very reaction is caused due 

to the change of energy levels within the atom. When the artefact is analysed, atoms in 

the area of interest are irradiated with X-rays, becoming unstable. In turn, this excitation 

leads the atoms to release one of their electrons. Electrons ejected may hail from different 

atomic layers of the inner electron shell (labelled as K and L, while the outer shell is 

composed of M and N electrons) corresponding to the shell from which the electron was 

initially removed. K electrons hold the highest energy, followed by L and then M, when 

this inner ejection takes place an outer layer electron takes its place. The cascading 

reaction achieved, causes the atom to emit a continuous X-Ray spectrum for as long as it 

is being excited (Heron &Pollard 2008: 38-39). This emission is called fluorescence. By 

counting the number of photons of each X-Ray emitted from a sample, the elements 

detected are identified and quantified as the emitted energy is characteristically 

proportional for each element’s excitation geometry (Shackley 2011: 16). 

The instruments can reach detection limits of a few parts per million (ppm) depending on 

the nature and preparation of the sample, as well as the particulars of the XRF instrument 

used (Heron &Pollard 2008: 44, Shackley 2011: 19). To achieve high levels of accurate 

detection, prior to analysing the samples themselves, it is wise to analyse the 

measurements of certified reference materials (CRMs). These objects stand as standards 

of known composition, based on which, the user can observe abnormalities in the results 

provided by the instrument. This is pratcised to ensure the detection of the instrument 

does not deviate in regards to the quantity of elements and detection levels (Shackley 

2011: 21).   

The Archaeological Research Laboratory at Stockholm University is home to a portable 

Olympus Delta Premium DP-6000-CC equipped with a max 4 Watt Rh-anode X-ray tube 

coupled with a docking station. This allows the instrument to be used in situ, stationary 

and for the analysis of small artefacts in a sealed environment. 

Most Importantly, XRF analysis' are non-destructive, thus enabling us to conduct several 

"runs" of the evaluation on the same artefact without causing any damage and ensuring a 

more statistically accurate result, by lowering the standard deviation. In the end, all 16 

artefacts were subjected to XRF analysis, along with iron ores and modern steel as 

reference material. 

Based on these facts, it can be summarised that X-Ray Fluorescence is a fast, easy, non-

destructive method which requires minimal preparation and is cost effective (Shackley: 

8-9). 
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Nevertheless, X-Ray Fluorescence is not a flawless method. A fair deal of criticism has 

been garnered through the years (Frahm & Doonan: 2013) and yet much of it has to do 

with not understanding the limitations of the method and the instruments used. Three of 

the paramount drawbacks of this method are: Firstly, a limited range of detectable 

elements. This range varies from configuration to configuration, but in broad terms, an 

energy dispersive XRF instrument would detect a range of elements from Na to U, whilst 

a wave length instrument can extend this range to Be. These limits may render some 

results unclear in regards to lighter elements detected in the sample matrix, since heavier 

elements will have better detection results (Shackley: 25). Secondly, the sample analysed 

must be >2mm thick, as to ensure that the X-Rays shot at the artefact are not going to 

shoot through and thus create a backscatter (Id: 10, 21) thus rendering the results even 

more blurred. Finally, heterogeneous samples can prove taxing if analysed in-situ, as 

results might differ drastically based on the geometry of the analysis when taken over 

several spots. Despite this, in the confines of a laboratory, heterogeneous soil samples can 

be reduced with a mortar and dried before being placed in specific holders of equal 

weight and displacement. Allowing for more accurate analytical geometry, which in turn 

allows for a lower standard deviation. 

Based on all of these assets and liabilities presented, it was concluded that the use X-Ray 

Fluorence as the first method of identification is preferred. A more detailed description of 

the analysis follows in section 3.5 Sample Preparation and Analysis. 

3.3 SEM (Scanning Electron Microscope)  

Following this previous method, came the usage of a LEO 1455 VP scanning electron 

microscope coupled with an energy dispersive spectrometer and an Oxford INCA 300 X-

Sight analytical detector. Also housed in The Archaeological Research Laboratory at 

Stockholm University. 

Since the very first application of the scanning electron microscope (SEM) by 

paleoecologist Jonathan Pilcher (1968) to examine modern and fossil pollen, the usage of 

this analytical instrument became widespread and by 1985, about 13,000 SEMs had been 

sold worldwide (Frahm 2014). Since then, SEM has been used by archaeologists to 

examine a great number of artefacts and ecofacts, such as bone and teeth, fibbers, 

botanical remains, lithics, and metal alloys, among other things (Heron & Pollard 2008: 

20-21). 

Electron microscopy (SEM/EDS), can be approached by two different angles. One being 

all too similar to previously presented X-Ray fluorescence, namely being an elemental 

analysis instrument. The second approach being that of microscopy; as it can provide 

higher resolutions than optical microscopy (Heron &Pollard 2008: 45-48, Frahm 2014). 
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In short, a SEM is an instrument which allows high magnification of a scrutinised object 

while providing an accurate estimate of the object’s chemical composition. 

Within the vacuum-sealed chamber of a SEM, an "electron cannon" is situated above the 

sample, producing an electron beam which is then accelerated towards it. The instrument 

focuses the beam towards the area of interest with the help of magnetic lenses (Heron 

&Pollard 2008: 46). 

As the electron beam is shot at the sample, a multitude of reactions are achieved, two of 

which are of vital importance for this study. Much like with X-Ray fluorescence, the 

superfluous energy that is shot at the atoms composing the sample excites them. Based on 

the same reaction, the atoms release some of their electrons. In this case, electrons from 

both the inner and outer atomic shell are released. Lower energy electrons of the outer 

layers unable do much more than simply escape from their atomic structure when 

excitation takes place. The intensity of the reactions taking place across the sample 

surface is detected by the instrument, thus reflecting the sample's topography. Based on 

this outer layer activity, the basis of image formation process in electron microscopy is 

achieved (Heron &Pollard 2008: 46-47). Depending on the instrument, a 200.000X 

magnification can be achieved. Apart from high magnification, a larger area can remain 

focused while being scrutinised, something which gives an edge to SEM over visual 

microscopes (Frahm: 2). 

As an analytical instrument SEM works in the same way as an XRF. As electrons are 

released from the inner nucleii, the atom gives out a characteristic X-Ray emission 

proportional to the atomic weight (and therefore atomic number), enabling for the 

determination of the artefact's elemental composition (Frahm: 3, Heron & Pollard: 47). 

One major positive difference from an XRF instrument, is the fact that a SEM can 

analyse a much smaller area and by using line scans (the electron beam is moved slowly 

across the surface of the sample) enabling the production of a more accurate result. 

Nevertheless, despite its advantages, this instrument is hampered by the small size of its 

vacuum sealed chamber, limiting the size of a sample (Hogmark, Jacobson & Kassman-

Rudolphi 1998: 10-11). This means that while the method itself is non-destructive, 

sample preparation for any object that can't fit in the chamber is going to require for a 

piece of the artefact to be removed and sampled. Furthermore graphite tapes meant to 

safely hold the sample in the chamber while being analysed may interfere with C results 

if the sample is of particular slight thickness (Heron & Pollard: 48-49). 
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3.4 Metallography 

While corroded, iron objects do not differ much when seen with a naked eye. 

Microscopic structures composing the object tell a tale of technological level and metal 

working. Metallography is more than a single method. It is a conjunction of several 

different methods, poised to reveal the nature of metals by the microstructural features 

visible only under the scrutiny of a microscope (Pinasco et al. 2007). The innermost shell 

structure of a metal object can reveal cases of deformation, thermal treatments, surface 

chemical treatments and modifications as a consequence of an iron working process. All 

this can be seen by identifying the chemical and mechanical properties found in a metal 

object (Pinasco et al.: 554).   

In a strange way it could be argued that metals have "memory". Each hammer strike, 

every change in high temperature (overheating), oxidisation and corrosion, or drastic 

change in general, is bound to leave its mark on the very microstructure of the object. 

This principle is called "thermomechanical history" (Pinasco et al.: 554f). 

The interpretation of all these results, is based on modern scientific observations of iron 

making. As we can produce iron of varying qualities and properties, we can then create 

samples with which it becomes possible to trace an artefact's composition and 

manufactural history (Id. 555). 

To achieve first-rate results during sampling, it is sound for an early X-Ray radiograph to 

be conducted. The radiograph reveals the amount of wholly corrosive areas, not suitable 

for sampling (Id. 557). Following this, sampling commences; a cross-section is required 

for the microscopic analysis. This can arguably be this method's most sound 

disadvantage. As the sawing not only renders this method destructive but to such a degree 

that might irrevocably change the form of an artefact. Following the cross section, a 

lengthy polishing and etching procedure is followed before finally setting the cross 

section under an optical metallographic microscope. 

Scrutinising the sample under a microscope reveals traces left by the thermomechanical 

history inside the metallic structural matrix and allows interpretations in regards to the 

creation of the object. Apart from structures, non-metallic inclusions and slag can be 

identified as well, furthering an understanding of the production processes. Furthermore, 

observations regarding how homogenous or heterogeneous an alloy is, along with 

observing inclusion of other elements such as P and Ni are also possible. 

In conclusion, metallography is the most destructive of the methods used during this 

study and yet it is also the one that provides the most tangible and accurate results when 

it comes to metal alloys and archaeometallurgy. 
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3.5 Sampling and Analysis 

As this study was focused on a number of spade shaped iron bars, it was evident from the 

beginning that an overarching sample and analytical strategy was needed. The very first 

step taken when the artefacts were retrieved was to subject them to magnetic 

identification. Simply put, a magnet was placed near or on the artefacts. While rust and 

corrosion usually only occur on the surface layer of an object, the rest will be just as 

magnetic as it ever was. Nevertheless, this is only possible as long as the artefact hasn't 

corroded through and through. When the magnet was placed next to each artefact it 

immediately attached itself on the objects, so it was summarised that all 16 of them are 

highly magnetic. 

As the next step of this research approached, it became evident that the thick 

conservation layer present on 12 out of the 16 spade shaped iron bars, might interfere 

with the XRF analysis (thus presenting higher light element values) and later on, when 

micro sampling occurred, it would most certainly contaminate the core samples. 

The idea behind using both XRF and SEM was simple. All 16 spade shaped iron bars 

were found either in hoards or as solitary artefacts. While a XRF analysis would give us 

an approximate result on the composition of the iron bars, whatever elements were found 

(excluding iron) could very well be due to the thick corrosion layer, enrapturing elements 

found in the soil where the iron bars were unearthed. Furthermore, had the analysis being 

based only on XRF, elements such as Al (Aluminium being a known bi-product of iron's 

corrosion process) would have interfered with results seeking to identify the composition 

the artefacts had when made, or as close as possible to that. 

It was based on these observations that these two methods would thus be coupled. Not 

only ensure that both the corrosion layer and iron core could be analysed separately, but 

on a methodological level, how the results of the two instruments compared with one 

another.  

All 16 artefacts were analysed by a portable XRF instrument. Prior to analysing them, the 

instrument was set on its GeoChem instrumentation. GeoChem uses two beams, the first 

beam, shot for 30 seconds with 40 kV and a second one for 30 seconds at 10 kV, for total 

analysis time of 60 seconds. Before analysing the artefacts themselves, a set of industrial 

standards were analysed and calculatory tests were conducted. These were meant to 

observe the instrument’s functionalities while making sure that results produced were 

accurate as industrial standards can show if the instrument deviates. Each artefact was 

analysed on 3 areas (on the edge, middle and bending of the iron bars), while each area 

was analysed three times. Ergo, results from each artefact base their standard deviation 

from at least 9 separate runs of the XRF instrument, this was done in order to calculate a 

standard deviation of the results. Every 20 to 40 runs, the standards were re-analysed 
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before proceeding to the next batch of 40. When results from SHM 26185 A, SHM 

20036 A & B and SHM 1006 A, showcased a lower and irregular iron potency than other 

artefacts, they were subjected to a conservatory process to remove the wax and other 

substances that coated their surface. They were at first placed within a metal conservation 

oven, with a stable temperature of 60 Celsius. The wax that melted was brushed off at 

first using paper, and later an electric brush to scrape off the microcrystalline wax 

structure. The washing of both the tools used and the artefacts themselves was done using 

deionised water. Following this, the spade shaped iron bars were once again analysed 

with a XRF instrument, precisely as with the previous attempt. Having analysed all 16 of 

the artefacts, reference materials were analysed, in form of iron ores, of both mineral and 

limonite origin. These were analysed 3 times on a single spot. 

With the completion of the XRF phase, all spade shaped iron bars, excluding SHM 

10352 and Valö 479 were secured on a press drill and were drilled using a Bosch HSS-G 

3mm drill bit. Prior to the drilling the sample areas were once again scrapped off to 

remove any wax or other conservatory residue. Additionally, the drill bit itself was 

analysed to observe its chemical composition. As modern steel alloys contain a great 

number of elements outside the reach of ancient blacksmiths. It was determined that if 

such elements were found in the micro-samples, this would entail that contamination took 

place during drilling. While it was hoped that only a single drilling would be required to 

retrieve a sample from the metallic core of each artefact, difficulties in the extraction 

proved monumental, leading to a second and in few occasions a third drill hole. By the 

end of this process all iron bars subjected to drilling had provided sufficient material for 

an analysis. 

This was performed by using a scanning electron microscope. The samples were divided 

on groups of 4 and placed on holders. Graphite tapes were attached to them, meant to 

hold the micro-samples in place as the instrument would rotate the holder from sample to 

sample.  

In the case of XRF the instrument presents results as they are quantified, meaning results 

produced are presented as they are detected with no additional selection other than the 

original program, in this case being GeoChem. In the case of SEM, the results of both 

spectrum and line scans are worked in a second stage. Able to choose which elements the 

instrument is going to look for, as individual peaks in the spectrum can help determine 

the existence or lack of these elements. 

For this study the following elements were chosen to be analysed using SEM: Mg 

(Magnesium), Al (Aluminium), Si (Silicon), P (Phosphorus), Mn (Manganese), Fe 

(Iron), Ni (Nickel), As (Arsenic), S (Sulphur), V (Vanadium), Cr (Chromium), Co 

(Cobalt), Cu (Copper), Zn (Zinc), Ba (Barium) and Mo (Molybdenum). These choices 

were made based on previously conducted chemical analyses of iron artefacts and slag 
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from Sweden (Andersson & Lena Grandin 2008, Stilborg & Grandin 2010, Grandin & 

Willim 2013, Grandin 2013, Hjärthner-Holdar & Grandin 2014 Karlenby et al. 2016: 

115). Elements such as Mg, P, Mn, Ni and S have important mechanical functions in iron 

alloys while at the same time present an important role in identifying types of iron ores. 

On the other hand, traces of V, Mo and Ba among others, might not be sufficiently potent 

enough in ancient iron artefacts to affect the alloys, but some of them are found 

exclusively in one type of iron ore, or another. Thus making an interpretation of the type 

of ore used more plausible.  

All results were then quantified, calculating the average content for each element found 

in every artefact, followed by a calculation of the standard deviation. Thus producing the 

final results presented in the next chapter, containing both average content and standard 

deviation. Results from reference materials, while quantified did not present much 

variation and the analyses conducted on them were few, thus standard deviations are not 

included. 

Finally, chemical contents bereft of individual peaks in the analytical spectrums were 

removed, unless the percentages were too high to ignore. This decision was argued upon 

the fact that chemical elements sometimes might share a peak, or have their own peak, 

very close to iron's. When iron percentages exceed that of 90%, other metals may become 

gobbled up in that peak, rendering these results muddy. One such occurrence was the 

detection of Terbium (Tb) a rare earth element, found it trace levels. Nevertheless, since 

no individual peak was ever present it was decided that it should be excluded. 

With the second analytical method concluded, Valö 479 was X-Ray radiographed with a 

HP Faxitron 43805N X-ray system, a rather old non-automated instrument. Despite the 

age of the instrument, the radiograph allowed to determine which areas of the iron bar 

still held an iron core and which had corroded completely reverting to an iron oxide state. 

Based on this radiograph, a sampling area was selected and with no complications or 

additional damage to the iron bar, a 4,8cm-long, and with a varying thickness between 

8mm and 3mm, long section was achieved. This, long section was then gradually 

polished by using a wet sandpaper rotator and polishing creams, before finally etching the 

sample with 10% Nitric acid in 98% Ethanol for 30 seconds (all prior analysis on the 

cross section was conducted prior to polishing and etching). With this, the cross section 

was placed on a metallographic optical microscope and its phase and structures observed, 

classified and transcribed. As the microscope is not equipped with a digital camera, any 

ocular results could not be acquired. 

With this, the final act of the analytical part of this study was concluded. 

Another side of this research being worked on, was an experimental study on phosphoric 

steel corrosion. On February 2016, a piece of modern phosphoric steel was sawed off in 3 
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parts, analysed with XRF and placed in small ceramic pots containing soil. These 

uncorroded samples were then placed within an incubator at 37 degrees Celsius. To 

stimulate rain and other humid conditions, every week, a minimum of 50ml deionised 

water with plant nutrients was poured on each pot while another 50ml were poured on the 

tray that held the pots themselves. This pattern was broken twice to represent drier 

periods. These periods were July 29th to October 15 and January 5th to 14th of February.  

The first sample was removed from the incubator on the 30th of May 2016, the second on 

the 19th of September 2016 and the last one on the 28th of March 2017. All three were 

XRF analysed before and after their corrosion and apart from removing the soil with a 

brush and deionised water, the corrosion layer was not scraped off.  The samples 

retrieved in May and September 2016 were drilled for micro-samples along with the 

spade shaped iron bars, thus being analysed with both XRF and SEM. 

The purpose of this side project within this research was to study the effects corrosion 

plays on the latter identification of elements by analytical methods. Observing if Fe and P 

(among other elements) values were the same prior to corrosion or changed substantially 

enough as to alter the interpretation one would have, had they only analysed the corroded 

samples. 

Having gone through the motivations and now the methods used for this study, the 

following results might fall into place with greater ease. 
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4. Results 

4.1 Legend 

The following legend is meant to ease the understanding of different chemical elements 

and their abbreviations: 

 Al = Aluminium 

 As = Arsenic 

 Ba = Barium 

 Ca = Calcium 

 Co = Cobalt 

 Cu = Copper 

 Cr = Chromium  

 Fe = Iron 

 K = Potassium 

 Mg = Magnesium 

 Mn = Manganese 

 Mo = Molybdenum 

 Ni = Nickel 

 P = Phosphorus 

 S = Sulphur 

 Si = Silicon 

 V = Vanadium 

 Zn = Zink 

 C.E. = Chemical Elements 

 SD = Standard Deviation  

 LE = Light Elements (elements which are outside XRF’s detectable spectrum) 

Elements not shown on one or the other list signify complete absence from the result 

material. 

 

 

 



35 
 

4.2 Analytical Results of Spade Shaped Iron Bars (SEM 

& XRF) 

4.2.1 SHM 11833 

SEM SHM 11833  XRF SHM 11833  

C.E. Average % SD C.E. Average % SD 

Mg  0.2 0.2 Mg  0.32 0.196 

Al  0.6 0.05 Al  1.4 0.185 

Si  0.31 0.1 Si  2.02 0.72 

P  0.15 0.03 P  0.16 0.07 

Mn  0 0.83 Mn  0.037 0.012 

Fe  96.82 1.0 Fe  81.68 4.98 

Ni  1.2 0.28 Ni  0.53 0.19 

As  0.03 0 As  0.07 0.01 

S 0.01 0.04 S  0.21 0.05 

Cu 0.05 0 Cu 0.083 0.03 

Zn 0.1 0.2 Zn 0.78 0.61 

Co 0.45 0.08 K  0.21 0.08 

V 0.08 0.03 Ca  0.51 0.2 

Cr 0 0 LE 11.96 3.30 

Ba 0.02 0    

Mo 0 0.02    

 

4.2.2 SHM 16829  

SEM SHM 16829  XRF SHM 16829  

C.E. Average % SD C.E. Average % SD 

Mg  0.18 0.14 Mg  2.86 1.76 

Al  0.41 0.09 Al  1.35 0.24 

Si  0.06 0.1 Si  0.49 0.28 

P  0.16 0.04 P  0.09 0.04 

Mn  0.1 0.007 Mn  0.037 0.05 

Fe  97.44 2.41 Fe  83.7 3.7 

Ni  0.06 0.01 Ni  0 0 

As  1.15 0.08 As  3.75 0.7 

S 0.04 0 S  0.1 0 
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Cu 0.03 0.06 Cu 0.005 0 

Zn 0.08 0.05 Zn 0 0.61 

Co 0.19 0.03 K  0.02 0.01 

V 0.03 0.08 Ca  0.41 0.15 

Cr 0.02 0 LE 7.19 3.49 

Ba 0.01 0.04    

Mo 0.05 0.09    

 

4.2.3 SHM 20489  

SEM SHM 20489  XRF SHM 204892  

C.E. Average % SD C.E. Average % SD 

Mg  0.42 0.89 Mg  0 0 

Al  0.95 0.18 Al  1.7 0.17 

Si  0.32 0.04 Si  2.03 0.73 

P  0.53 0.14 P  0.26 0.12 

Mn  0.25 0.02 Mn  0.01 0.04 

Fe  97.18 1.83 Fe  81 2.6 

Ni  0 0 Ni  0.02 0 

As  0.08 0.08 As  0.07 0 

S 0 0.81 S  0.7 0.4 

Cu 0 0 Cu 0.4 0.2 

Zn 0.06 0.01 Zn 0.07 0.02 

Co 0 0 K  0.13 0.1 

V 0.05 0.03 Ca  0.6 0.2 

Cr 0 0 LE 12.76 3.5 

Ba 0 0    

Mo 0.16 0.02    

 

4.2.4 SHM 1006 A 

SEM SHM 1006 A  XRF SHM 1006 A  

C.E. Average % SD C.E. Average % SD 

Mg  0.03 0 Mg  0 0 

Al  1.38 0.13 Al  1.03 0.18 

Si  0.5 0.04 Si  1.15 0.20 

P  0.09 0.1 P  0.53 0.04 
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Mn  0 0 Mn  0 0.01 

Fe  97.61 5.60 Fe  77.15 4.00 

Ni  0 0 Ni  0.01 0.02 

As  0.04 0.02 As  0.15 0.01 

S 0.17 0.06 S  0.2 0.04 

Cu 0 0 Cu 0.43 0.05 

Zn 0.09 0.07 Zn 0.71 0.07 

Co 0 0 K  0.23 0.02 

V 0.09 0.04 Ca  0.62 0.08 

Cr 0 0.04 LE 17.7 4.46 

Ba 0 0    

Mo 0 0.05    

 

4.2.5 SHM 1006 B 

SEM SHM 1006 B  XRF SHM 1006 B  

C.E. Average % SD C.E. Average % SD 

Mg  0.29 0.81 Mg  0.87 0.49 

Al  0.45 0.04 Al  1.63 0.10 

Si  0.79 0.06 Si  1.87 0.38 

P  0.1 0.20 P  0.98 0.22 

Mn  0.02 0.03 Mn  0 0.01 

Fe  98.15 2.91 Fe  92.1 1.41 

Ni  0 0.01 Ni  0.01 0 

As  0.04 0 As  0.15 0.02 

S 0.03 0.01 S  0.4 0.06 

Cu 0 0 Cu 0.44 0.08 

Zn 0.04 0.03 Zn 0.74 0.12 

Co 0 0 K  0.27 0.06 

V 0.09 0.02 Ca  0.48 0.04 

Cr 0 0 LE 0 - 

Ba 0 0    

Mo 0 0    
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4.2.6 SHM 2784 

SEM SHM 2784  XRF SHM 2784  

C.E. Average % SD C.E. Average % SD 

Mg  0.19 0.08 Mg  0.35 1.05 

Al  1.12 0.17 Al  1.73 0.19 

Si  0.25 0.019 Si  0.54 0.11 

P  0.11 0.06 P  0.23 0.04 

Mn  0.04 0.04 Mn  0 0.01 

Fe  97.8 0.92 Fe  89.95 5.55 

Ni  0 0 Ni  0.01 0 

As  0 0.01 As  0.09 0.02 

S 0.17 0.04 S  0.102 0.02 

Cu 0.14 0.1 Cu 0.1 0.04 

Zn 0.05 0.0 Zn 0.13 0.07 

Co 0.04 0.02 K  0.025 0.02 

V 0.06 0.03 Ca  0.2 0.03 

Cr 0.01 0 LE 6.5 5.74 

Ba 0 0    

Mo 0.09 0.05    

 

4.2.7 SHM 10352 A 

SEM SHM 10352 A  XRF SHM 10352 A  

C.E. Average % SD C.E. Average % SD 

Mg  0.01 0.04 Mg  0 0 

Al  0.16 0.22 Al  1.81 0.38 

Si  0.66 0.47 Si  2.08 0.49 

P  0.22 0.11 P  0.5 0.22 

Mn  0.01 0.04 Mn  0.2 0.10 

Fe  98.08 7.61 Fe  72.18 4.74 

Ni  0 0.27 Ni  0.21 0.11 

As  0.13 0.06 As  0.04 0.02 

S 0.64 0.15 S  0.14 0.04 

Cu 0.03 0.03 Cu 0.09 0.04 

Zn 0.01 0.04 Zn 0.2 0.09 

Co 0.02 0 K  0.1 0.05 
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V 0.02 0.07 Ca  0.61 0.08 

Cr 0.01 0.01 LE 21.73 3.99 

Ba 0 0    

Mo 0.004 0    

 

4.2.8 SHM 10352 B 

XRF SHM 10352 B  

C.E. Average % SD 

Mg  0 0 

Al  1.78 0.34 

Si  1.30 0.33 

P  0.28 0.12 

Mn  0.03 0.10 

Fe  81.74 3.58 

Ni  0.07 0.01 

As  0.07 0.01 

S  0.16 0.01 

K  0.05 0.04 

Ca  0.47 0.18 

Cu 0.06 0.06 

Zn 0.09 0.02 

Le 13.8 3.05 

 

4.2.9 SHM 17980  

SEM SHM 17980  XRF SHM 17980  

C.E. Average % SD C.E. Average % SD 

Mg  0.08 0.02 Mg  0.32 0.98 

Al  0.51 0.31 Al  1.53 0.27 

Si  0.23 0.02 Si  1.97 1.08 

P  0.01 0.05 P  0.36 0.10 

Mn  0.06 0.08 Mn  0.07 0.04 

Fe  96.09 4.16 Fe  79.282 9.56 

Ni  2.18 0.61 Ni  1.35 0.45 

As  0.21 0.08 As  0.11 0.02 

S 0.07 0.03 S  0.24 0.04 

Cu 0.04 0 Cu 0.49 0.15 

Zn 0 0 Zn 0.13 0.03 
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Co 0.37 0.08 K  0.11 0.08 

V 0.05 0.04 Ca  0.32 0.15 

Cr 0 0 LE 13.72 6.47 

Ba 0.02 0.01    

Mo 0.08 0.1    

 

4.2.10 SHM 20036 A 

SEM SHM 20036 A  XRF SHM 20036 A  

C.E. Average % SD C.E. Average % SD 

Mg  0.18 0.16 Mg  1.05 1.57 

Al  0.4 0.02 Al  1.54 0.07 

Si  0.31 0.08 Si  1.47 0.18 

P  0.07 0.05 P  0.16 0.03 

Mn  0.02 0.11 Mn  0.015 0.01 

Fe  98.2 0.71 Fe  91.091 3.35 

Ni  0.5 0.09 Ni  0.32 0.02 

As  0 0 As  0.08 0.01 

S 0.01 0.02 S  0.13 0.02 

Cu 0 0 Cu 0.07 0.03 

Zn 0.02 0.01 Zn 0.11 0.04 

Co 0.23 0.08 K  0.08 0.01 

V 0.06 0.03 Ca  0.28 0.02 

Cr 0 0 LE 3.53 2.82 

Ba 0.02 0    

Mo 0 0    

 

4.2.11 SHM 20036 B 

SEM SHM 20036 B  XRF SHM 20036 B  

C.E. Average % SD C.E. Average % SD 

Mg  0.25 0.19 Mg  0 0 

Al  0.98 0.3 Al  1.79 0.17 

Si  0.32 0.07 Si  1.78 0.04 

P  0.19 0.1 P  0.17 0.01 

Mn  0.13 0.04 Mn  0.03 0.01 

Fe  97.3 2.06 Fe  87.54 3.82 
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Ni  0.4 0.02 Ni  1.01 0.39 

As  0.08 0.03 As  0.14 0.09 

S 0 0.01 S  0.16 0.03 

Cu 0.03 0.02 Cu 0.1 0.09 

Zn 0.01 0 Zn 0.21 0.02 

Co 0.2 0.06 K  0.086 0.06 

V 0.04 0.04 Ca  0.32 0.02 

Cr 0.02 0 LE 6.54 7.51 

Ba 0.01 0.02    

Mo 0.05 0.02    

 

4.2.12 SHM 22074  

SEM SHM 22074  XRF SHM 22074  

C.E. Average % SD C.E. Average % SD 

Mg  0.09 0.10 Mg  0.61 1.49 

Al  0.53 0.41 Al  1.9 0.16 

Si  0.17 0.09 Si  0.64 0.07 

P  0.02 0.06 P  0.071 0.01 

Mn  0.03 0.15 Mn  0.03 0 

Fe  98.8 0.94 Fe  88.7 3.35 

Ni  0.02 0.04 Ni  0.64 0.53 

As  0.07 0.07 As  0.1 0 

S 0.09 0.1 S  0.2 0.01 

Cu 0.05 0.02 Cu 0.06 0.02 

Zn 0.04 0.02 Zn 0.01 0.01 

Co 0 0 K  0.03 0 

V 0.04 0.08 Ca  0.15 0.01 

Cr 0.02 0 LE 7.2 3.02 

Ba 0.05 0.01    

Mo 0 0    

 

 

 

 



42 
 

4.2.13 SHM 26185 A 

SEM SHM 26185 A  XRF SHM 26185 A  

C.E. Average % SD C.E. Average % SD 

Mg  0.13 0.08 Mg  1.0 1.54 

Al  0.61 0.207 Al  2.4 0.77 

Si  0.67 0.20 Si  3.9 2.18 

P  0.03 0.08 P  0.3 0.02 

Mn  0.05 0.04 Mn  0.03 0.01 

Fe  97.79 1.02 Fe  77.15 3.13 

Ni  0.13 0.170 Ni  0.07 0.04 

As  0.01 0.03 As  0.09 0.01 

S 0 0 S  0.5 0.08 

Cu 0 0.02 Cu 0.08 0.02 

Zn 0.05 0.01 Zn 0.03 0.004 

Co 0.06 0.10 K  0.2 0.08 

V 0.06 0.09 Ca  0.7 0.06 

Cr 0.03 0 LE 13.37 2.44 

Ba 0.08 0.10    

Mo 0.29 0.03    

 

4.2.14 SHM 26185 B 

SEM SHM 26185 B  XRF SHM 26185 B  

C.E. Average % SD C.E. Average % SD 

Mg  0 0.13 Mg  0.58 1.18 

Al  0.65 0.09 Al  1.89 0.24 

Si  0.14 0.28 Si  3.29 0.42 

P  0.04 0.06 P  0.41 0.10 

Mn  0.07 0.10 Mn  0.03 0.01 

Fe  97.16 4.90 Fe  75.9 2.17 

Ni  0.51 0.05 Ni  0.21 0.096 

As  0.17 0.10 As  0.09 0.02 

S 0.13 0.05 S  0.84 0.11 

Cu 0.15 0.08 Cu 0.18 0.06 

Zn 0.19 0.1 Zn 0.04 0.01 

Co 0.23 0.07 K  0.18 0.05 
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V 0.02 0.04 Ca  0.61 0.05 

Cr 0.02 0 LE 15.42 3.17 

Ba 0.03 0.04    

Mo 0.49 0.12    

 

4.2.15 SHM 27950  

SEM SHM 27950  XRF SHM 27950  

C.E. Average % SD C.E. Average % SD 

Mg  0 0 Mg  0 1.43 

Al  0.29 0.06 Al  1.2 0.33 

Si  0.09 0.02 Si  1.6 1.58 

P  0.15 0.17 P  0.28 0.19 

Mn  0.01 0.05 Mn  0.02 0.01 

Fe  97.81 1.30 Fe  92.8 8.68 

Ni  0.84 0.08 Ni  0.37 0.03 

As  0.07 0.02 As  0.09 0.01 

S 0.03 0 S  0.21 0.40 

Cu 0 0 Cu 0.01 0.09 

Zn 0.01 0.06 Zn 0 0.04 

Co 0.71 0.27 K  0.33 0.10 

V 0.01 0.04 Ca  0.22 0.23 

Cr 0 0 LE 3.2 6.09 

Ba 0 0    

Mo 0 0    

 

4.2.16 Valö 479  

SEM Valö 479  XRF Valö 479  

C.E. Average %   SD C.E. Average % SD 

Mg  0.49 0.52 Mg  0.91 0.71 

Al  0.76 0.06 Al  1.21 0.23 

Si  0.43 0.01 Si  0.01 0.06 

P  0.05 0.06 P  3.23 1.48 

Mn  0.05 0.01 Mn  0.28 0.15 

Fe  97.82 0.25 Fe  90.21 2.30 

Ni  0 0 Ni  0.09 0 
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As  0.12 0.17 As  0.09 0.02 

S 0.17 0.11 S  0.01 0 

Cu 0 0 Cu 0.16 0.03 

Zn 0 0 Zn 0.00 0 

Co 0 0 K  0.08 0.07 

V 0 0 Ca  0.12 0.02 

Cr 0 0 LE 3.6 6.89 

Ba 0.04 0.02    

Mo 0.10 0.04    

 

4.3 Analytical Results of Reference and Experimental 

Material (SEM & XRF) 

4.3.1 Bog Iron from Kjällby 

XRF B.I. Kjällby 

C.E. % 

Mg  0 

Al  1.40 

Si  1.71 

P  1.13 

Mn  0.11 

Fe  47.06 

Ni  0.00 

As  0.02 

S  0.22 

K  0.00 

Ca  0.46 

Cu 0.00 

Zn 0.00 

LE 47.8 
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4.3.2 Iron Ore from Nyköping 

XRF 

I.O. 

Nyköping 

C.E. % 

Mg  1.09 

Al  2.96 

Si  29.11 

P  0.82 

Mn  0.20 

Fe  5.56 

Ni  0.00 

As  0.02 

S  0.86 

K  2.1 

Ca  5.0 

Cu 0.00 

Zn 0.00 

LE 51.78 

 

4.3.3 Iron Ore from Bodås 

XRF I.O Bodås 

C.E. % 

Mg  0 

Al  0.6 

Si  8.06 

P  0.00 

Mn  0.20 

Fe  41.04 

Ni  0.00 

As  0.02 

S  21.37 

K  0.0 

Ca  4.68 

Cu 0.28 

Zn 0.02 

LE 23.74 
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4.3.4 Iron Ore from Blötberg 

XRF I.O Blötberg 

C.E. % 

Mg  1.44 

Al  2.32 

Si  19.95 

P  1.03 

Mn  0.20 

Fe  66.9 

Ni  0.00 

As  0.04 

S  0.64 

K  0.0 

Ca  1.50 

Cu 0 

Zn 0.02 

LE 5.78 

 

4.3.5 Bergslag Hematite  

XRF Hematite 

C.E. % 

Mg  3.1 

Al  1.0 

Si  18.6 

P  0.00 

Mn  0.20 

Fe  66.3 

Ni  0.00 

As  0.04 

S  0.1 

K  0.0 

Ca  0.1 

Cu 0 

Zn 0.00 

LE 10.78 
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4.3.6 Bosch HSS-G 3mm drill 

XRF 

Bosch 

Drills 

C.E. % 

Mg  0.0 

Al  0.5 

Si  2.3 

P  0.11 

Mn  0.15 

Fe  82.25 

Ni  0.00 

As  0.02 

S  1.80 

K  0.17 

Ca  0.049 

Cu 0.05 

Zn 0.08 

LE 0.00 

V 1.50 

Cr 3.04 

Mo 2.97 

W 4.93 

 

4.3.7 Experimental Corrosion of Modern Steel 

XRF 

Original Iron Feb. 

‘16 

Corroded 1 May 

‘16 

Corroded 2 

Sep. ‘16 

Corroded 3 March 

‘17 

C.E. % % % % 

Mg  1.4 2.28 0.49 0.45 

Al  1.1 1.21 1.43 1.31 

Si  0.5 0.79 2.53 1.0 

P  0.1 0.2 0.91 0.92 

Mn  1.18 1.0 0.9 0.89 

Fe  94.42 89.17 85.25 70.86 

Ni  0.00 0 0 0 

As  0.02 0 0 0 

S  0.0 0.14 0.09 0.11 

K  0.8 0.21 0.12 0.07 

Ca  0 4.52 4.85 4.24 

LE 0.00 0.43 4.0 19.8 
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4.4 Metallography 

Legend 

Ferrite Iron = A form of iron with magnetic properties and low carbon percentages 

(almost carbon free). Ferrite iron has a melting point of 1539 oC.  While it is 

characterised as soft iron due to the lack of carbon, other minerals can be used for 

hardening purposes or to bind carbon on the ferritic structure. 

Pearlite Iron = Is a form of iron composed of lamellar layers of Ferrite and Cementite. 

While not carbon free, Pearlite has low percentages of carbon. Nevertheless, Pearlite can 

be hard and strong, often used for knives and other cutting edges. 

Limonite Ore = A type of iron ore, often procured from lakes, mires and swamps. 

Elements present always reflect the composition of the bedrock in the area. Additionally, 

Limonites (bog irons included) are formed by a geo-biological process, as described in 

chapter 2.3. 

Hematite Ore = A mineral iron ore, bereft of magnetic properties but with high 

concentrations of iron oxides. This ore can solely be found in mineral form. Its 

procurement is achieved only through mining. Hematite’s name hails from its the red-

ochre like colour (Gre: Hema for blood). 

Magnetite Ore = A mineral iron ore, with high ferromagnetic properties and highest 

concentrations of iron. Magnetite can be solely found in mineral form. And can be only 

procured through mining. 

Disclaimer: The metallographic microscope used was not equipped with a digital camera 

and the film required is no longer available. Results produced by ocular observations are 

to be presented in written form. Furthermore, reference images acquired on-line are to be 

presented, thought to resemble the ocular results as closely as possible. All observations 

made were based on David Scott's Metallography And Microstructure Of Ancient And 

Historic Metals (1992), Ádám Thiele & Jiří Hošek's Estimation of Phosphorus Content in 

Archaeological Iron Objects by Means of Optical Metallography and Hardness 

Measurements (2015) and Michael Ashby & David Jones' Engineering Materials I an 

Introduction to Their Properties &  Applications 2nd edition (2006, 2009). Ocular results 

were further checked by third parties to make sure that what was seen was not affected by 

the author’s bias. With this said the following result description is striving to be as 

accurate as possible: 

The 4,8cm long section sample is largely composed of metallic iron, with only a thin 

outer layer mostly made of corrosion. A smaller corroded area vertically runs as a thin 

layer in the middle of the section, dividing it in almost two equal parts.  

Under microscopical scrutiny the sample revealed small inclusions of slag in form of 

glass-like crystals, all of them no bigger than 1µm. The majority of these were situated in 
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the corrosion patch in the middle of the sample, with a lesser amount on one of the sides. 

Inclusions of larger size were of irregular shapes and were largely sporadic. The majority 

of the inclusions were in the form of long thin “lines”.  

After the etching, the iron structure of the section was observed. The largest amount of 

the sample was composed of a light ferrite structure featuring fine pearlite colonies, while 

being almost enclosed on both outer layers within a layer of perlite. The structural 

content was largely uneven. One side had a higher percentage of perlite structures and 

colonies dotting the ferrite structure, while on the other (opposite to the corroded middle) 

the structure was largely composed of a light ferrite structure, with smaller pearlite 

colonies and with a far thinner layer of pearlite (see fig. 10). 

 

Figure 10: Photographic representation of the ocular results of Valö 479. This image is largely 

identical to the structures of the artefact, with a stark difference being the colouring of the iron 

itself. Valö 479 instead of having a white-grey colouring had a strong white-ochre-like taint 

across the section, making evident the high percentage of phosphorus (photographic material 

retrieved from: Callum O'Dwyer webpage) 

A high phosphoric content could easily be observed after etching the section. This is due 

to its highly coarse-grained structure, having a light appearance spreading through the 

entirety of the metallic structure in a dendritic like shape.  

Finally the slag contained in the sample follows the same orientation as the banded iron 

structure. The structure and texture in the sample had a layer of higher carbon content 

with a phosphorous-ferritic core.  

Based on these observations and following the reference descriptions word by word, it 

can be summarised that Valö 479 had an unusual ferritic-pearlite structure with some few 

cases of martensite. The carbon contents range between 0.2-0.4% C while the shape and 

form of the structure showcases that the spade shaped iron bar was heat treated and 

quenched. Thus revealing a high quality smithable iron. 
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5. Discussion  

5.1 Understanding the Role of Minerals in Iron Alloys 

In the previous chapter a large number of elements were presented next to content 

percentages, before this study moves on to interpret the contextual meaning and 

importance of the results, it is critical to present and interpret what at least few of these 

elements/minerals do and what role they play in iron alloys. Especially, when it comes to 

light and heavy metals as well as other chemical elements. As every element depending 

on its percentile values can change the nature, hardness and elasticity of an iron object. 

Magnesium (Mg) is largely the most common element bound with iron. Small amounts 

of it can be found in both terrestrial water bodies and the ocean, this element can be 

safely said to be found in both mineral and limonite ores (Tylecote 1992: 171). 

Nevertheless, higher percentages of this specific element can very well point towards a 

mineral ore origin (Grandin & Hjarthner-Holdar 2010: 7).  

In alloy-mechanical terms. Magnesium provides a small amount of corrosion protection 

as it can bind iron with another light metal easily, namely aluminium (Ashby & Jones: 

2006: 101 Ashby & Jones 2009: 242). 

Aluminium (Al) is a light metal, used for its strong deoxidising nature during the 

alloying process (Ashby & Jones 2009: 228). Aluminium, like phosphorous, can greatly 

reduce iron's melting point as a phase stabiliser (Ashby & Jones 2006: 23, 47). This tends 

to come at a cost. The hardness of the iron object is weakened, as aluminium plays a big 

role in the formation of weaker and smaller grains in the object’s iron structure (Scott 

1992: 7). Most importantly, the temperature required to melt iron decreases by about 40 

°C per 0.1% aluminium added. This probably made the inclusion of aluminium rich iron 

ores desirable during a time when bloomeries could not reach the melting points of ca. 

1500+ degrees (Scott 1992: 38, Ashby & Jones 2006: 47). 

Despite these properties, aluminium was most certainly unknown as a metal during 

prehistory and its inclusions must have come based on other mineral rocks; often found in 

copper rich rocks (Tylecote 1992: 01). Another reason for higher percentages of 

aluminium is its role as a common soil mineral this way, Al might be detected as it may 

be incorporated in the corrosion layer of an iron artefact. Thus resulting in higher 

percentages in corroded objects than the content they had prior to their degradation. 

Silicon (Si) is a non-metalic element (at normal pressure). Just like aluminium, Si is also 

an element which can reduce iron’s melting point. Nevertheless, this element has effects 

in the structural hardness of iron objects as well (Scott 1992: 37). Its uses besides that, are 

rather limited. Silicon is mostly found in slag, due to Si’s nature in soil and other quartz-



51 
 

like minerals (as quartz is largely composed of silicon). Hematite deposits of middle 

Sweden are known to contain high amounts of quartz (Frietsch 1977: 284) which in turn, 

when analysed with SEM or XRF, would be identified as Silicon. With that said, an 

identification of ores based on those results would be nigh impossible. Furthermore, as 

quartz and quartzites among other silicate minerals are found abundantly in soil, Si 

percentages can be affected by the inclusion of these minerals in the artefact’s corrosion 

layers, just like the previously mentioned case of aluminium. 

Phosphorous (P) is beyond doubt one of the most important elements in early iron 

making, second only to Manganese and of course Carbon. Phosphorous is also a 

stabilising element which lowers the melting point of iron. In some cases with limonite 

ore usage it can produce a low quality Grey Cast Iron, which has a melting point of 1200 

degrees (Scott 1992: 37). In large amounts, P inclusions wound render the iron produced 

too brittle and of sufficiently bad quality. Thus blacksmiths would try to remove as much 

as of it, just like with sulphur. 

On the other hand, phosphorous is a great solution for hardening carbon-poor iron as 

described in previous chapters (Tylecote 1992). Furthermore, phosphorus helps against 

corrosion in large amounts. This is evident by the large usage of phosphorus in early 

pattern welding seen in Anglo-Saxon and Scandinavian swords. This added content of P 

compensated for the low amount of C in ferritic alloys (Tylecote 1992: 66). Phosphorus 

is largely found in iron ores themselves so the procurement of this mineral was not too 

difficult (Tylecote 1992: 7, 50). 

Manganese (Mn) is arguably the second most, if not the most important element in early 

alloying. Firstly, as seen in chapter 2.3, it forms the basic original bond in limonite ores. 

Fe-Mn oxides, carbonites and sulphides are among the earliest and most used iron 

nodules. Manganese, by binding with sulphur it forms a precipitation, preventing sulphur 

from sitting in grain boundaries (as seen in iron sulphide) thus neutralising sulphur’s 

detrimental effects on iron. 

Manganese forms finer grains in ferrite iron and substantial lamellar divides in higher 

carbon alloys like pearlite, austenite and cementite forming finer blocks (Scott: 37). This, 

not only increases the strength of the alloy, but reduces the brittleness which other 

inclusions might have increased. All in all, manganese was of paramount importance to 

early iron making, and its abundant existence in limonite ores might explain their usage 

for so long. 

Nickel (Ni) is yet another important heavy metal which is often bound with iron oxide, 

hydroxide and carbonite forms, while modern inclusions in iron come from mineral ores. 

Based on research by Olof Arrhenius (1966: 89), few mires and lakes in the southern 

province of Småland, Sweden are known to be rich in Nickel. While meteoric iron is 
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known to contain Ni, as previously mentioned, the Ni contents of meteoric iron tend to 

exceed 5%. 

Furthermore, Nickel is an exceptional stabiliser (Scott: 37), reducing the melting point 

temperature. Instead of weakening the structure Ni has a hardening effect, thus often 

found in austenitic steels. It is evident that fine iron swords of the Middle Ages would use 

Ni laminations as a form of pattern welding to make low carbon steel (Tylecote: 79). 

Something which, O. Arrhenius notes in his 1966 article as a reason on why Fe-Ni alloys 

might have been valued and important to procure. 

These properties are an effect of nickel inclusions in low carbon-iron alloys (ca 0.1% C). 

This results in a significant refinement of the alloy's grain-size and reduction of the 

oxidisation properties. While Nickel is not as good as manganese in structure-building, it 

has properties which facilitate an easier production of low-carbon steel (in contrast with 

manganese carbonates). 

Arsenic (As) has properties all too similar to P. While knowledge of arsenic's hardening 

qualities were known all the way back to the Bronze Age (Tylecote 1992: 58), it appears 

that its usage continued during the Early Iron Age. Perhaps bronze casters, being already 

familiar with the addition of arsenic in copper alloys, began experimenting with ways to 

make iron harder, thus adding arsenic during the bloom process. Even though the usage 

of arsenic is hazardous for one’s health, it could be used as mineral to help join two iron 

objects together. According to Tylecote (1992: 81), Migration period iron and steel is 

found to contain values of As ranging around ca. 1%. An examples being, Scandinavian 

swords and axe heads, which showcase signs of mending where two pieces of iron or 

steel were joined. "When iron is heated in the smith's fire the arsenic that it contains 

accumulates in the outer layers of the iron under the scale, so that when the smith comes 

to weld, for example, a piece of steel to a piece of iron to make a hard cutting edge he 

incorporates a layer of high arsenic metal. White lines' arising from this effect are often 

visible in the structure of the finished artefacts and show the joins in the various pieces 

that make up the tool" (Tylecote: 81). 

Thus, it can be argued that arsenic was either used as a means to harden iron, when other 

minerals were not present or perhaps during earlier parts of the Iron Age, when a smith 

wanted to repair tools or weapons. 

Sulfur (S) is the bane of iron working. Its inclusion is generally bad news when it comes 

to iron alloys. When ores are melted or heated up, iron structures cannot dissolve the 

sulphur and iron sulphides are formed. This causes a violent reaction in form of heat 

shortness, rendering the end product, iron, of extremely poor quality. A fact which almost 

certainly forced the ancients to consider iron reducing practises during smelting. 

Unfortunately, as sulphur is a basic component of limonite and bog iron ores, it was not 
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so easy to remove from the alloy. It was in cases like these, when elements such as 

manganese would prove to be invaluable in their role to neutralise sulphur. 

Vanadium (V) is a trace element. Its role is perhaps all too modern to subscribe to 

ancient iron and steel. Nevertheless it is found in trace form in a plethora of iron artefacts 

in Sweden. This has prompted a great deal of research to pose questions in regards to the 

origin of the ore containing it (Andersson & Lena Grandin 2008, Stilborg & Grandin 

2010, Grandin & Willim 2013, Grandin 2013, Hjärthner-Holdar & Grandin 2014 

Karlenby et al. 2016: 115). Most seem to agree that Vanadium as it is often bound to 

Chromium is part of mineral iron ores. 

Chromium (Cr) is an element which often binds with iron. It is found in artefacts almost 

exclusively due to the fact that it was in the same ore as the iron used to create the object 

analysed (Tylecote: 50). It is also found in trace amounts in Sweden, all based on the 

studies previously cited. Nevertheless, chromium does have extreme anti oxidization 

values, often used in stainless steel forging (Ashby & Jones 2009: 228). Chromium 

contents as low as 1.1% can cause a passive oxide layer on the surface in low-carbon 

steels. In turn, this works against oxidizing reagents, providing some corrosion resistance 

(Ashby & Jones 2009: 229-30). Although chromium is often found in ores containing Ni, 

it is far too rare to constitute a rule, rather an exception. 

Cobalt (Co) is a bad stabilizer, yet it is often found along with Nickel. There is in fact 

evidence to support that its use arose from non-ferrous smelting. Having a low melting 

point, it could have been used for joining (Tylecote: 81). It is important to note that large 

amounts of Cobalt deposits are found in Hälsingland, this lead, during modern times to 

the exploitation of the said deposits, in Loos' cobalt mine. 

Cu (Copper) & Zn (Zinc) are classed together as quite often they are naturally found 

together. While their metallic properties are known and traces of both are found in iron 

artefacts, they too, are often a signal for mineral ores, contra limonite or bog iron ones. 

Barium (Barium) is a rare heavy metal with high chemical reactivity. Often found in 

trace levels in the previous studies mentioned. Furthermore, based on personal contact 

with Associate Professor Eva Hjärthner-Holdar and Bo Sundelin a steel expert for SSAB 

it was suggested that Barium is an element not thought to be connected with limonites or 

bog iron ores (personal comm. 21-04-2017). 

Molybdenum (Mo) is a heavy metal found in traces in iron objects and even though it 

has strong properties in regards to strengthening steels and irons, such observations 

became evident much later, only during modern times (Tylecote 1992: 168).   
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C (Carbon) is the most important element in iron making other than iron. This is due to 

the fact that it is the element which largely defines the type of iron or steel at hand. At the 

start of this study it was hoped that the carbon contents of the spade shaped iron bars 

would be analysed. Nevertheless, it would appear that the graphite tapes used to hold the 

micro-samples in place, while they were being analysed, interfered with Carbon content 

results. This was probably due to the small and nimble character of the samples, which 

most probably caused the electrons to shoot through the samples and backscatter 

information from the carbon rich tapes. Thus carbon contents and their role cannot and 

will not be discussed. 

5.2 Interpreting the Results 

This section is aiming to put forward the author’s interpretations in regards to the objects 

analysed. It is certain that interpretations may vary. It is hoped that based on the results 

presented and the explanations given during these past chapters, not only most are going 

to interpret these results in the same way, but see the connections between those and the 

logic behind them. 

Having analysed 16 spade shaped iron bars, a great deal can be interpreted in regards to 

their nature, the ores used, their origin and perhaps usage. 

Firstly, going after the most important result uncovered. We can safely say, with high 

certainty, that spade shaped iron bars had several production areas. Based on these results 

a minimum of two can be identified. One centred on the coast of Norrland with the 

provinces of Medelpad and Hälsingland as a focus here; and a southern around 

Gästrikland and Uppland. 

Five out of seven spade shaped iron bars from Medelpad and Hälsingland have high to 

very high percentages of nickel and cobalt. Six out of seven have noticeable or high 

concentrations of cobalt. SHM 11833, SHM 17980 and SHM 20036 A & B, SHM 

26185 B share high nickel and cobalt contents and while cobalt cannot be identified by 

XRF, every SEM result showcasing high values of nickel could be corroborated and 

reproduced by the XRF instrument. What is even more interesting in this case, is the fact 

that the existence of Ni and Co in iron related contexts from Norrland is not something 

new. Already in the 1960’s results from iron artefacts hailing from Norrland revealed 

similarly high values of Ni and Co (Thålin 1967, 1973). Nevertheless, it seems the 

questions raised were not taken into consideration until recently. The Geoarchaeological 

Laboratory conducted analyses on slag and iron fragments unearthed from a smithy in 

Gene, Ångermanland one of the most important iron age chiefly estates in Norrland 

(Hjärthner-Holdar & Grandin: 2014). Results from this study showcased high 

concentrations of both Ni and Co. Additionally, earlier studies from bloomeries in Valbo, 

Gästrikland (Forenius et al. 2007) and Pre Roman Iron Age slags from Neder Kalix, 
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Norrboten (Grandin & Stillborg 2010). Showcase that specific ore/ores containing Ni and 

Co were used at large during the Early Scandinavian Iron Age. 

This study cannot point to a single location where the ore material came from. This in 

itself would be most unlikely. Nevertheless, it is important to remember that most of the 

spade shaped iron bars hailing from Medelpad and Hälsingland were unearthed between 

70 and 150 km away from an early modern nickel and cobalt surface mine in Los, 

Hälsingland. Of course it is not suggested that this was the specific origin of the ores 

used, alas. It is easy to imagine that perhaps similar veins or surface deposits were known 

as early as the Roman Iron Age. Given that the blacksmiths understood the beneficial role 

these two ores played, it could be argued, that spade shaped iron bars from Medelpad and 

Hälsingland were infused with these minerals. While this study would claim that 

percentages as high as 2% in Ni and well above trace levels signify that in this particular 

case there was an infusion of mineral ores. It is important to note that this is merely one 

interpretation out of many. 

These high levels of Ni and Co might very well be due to a high amount of mineral 

concentration in the iron ores themselves or perhaps, coming to the iron bars, from within 

the clay lining of the bloomery furnaces that reduced the bloom. Whatever the case, 

either knowingly or unknowingly, the existence of these two elements in the northern 

group of the spade shaped iron bars constitutes a major discovery. Garnering further 

scrutiny and research in regards to its origin and iron working practises. 

What is even more interesting with the results of this study in regards to Ni and Co, is the 

fact that the single iron bar from Helgö, Uppland (SHM 27950) has similar contents in 

both Ni and Co as those hailing from Medelpad and Hälsingland. Based on this and the 

fact that by now we can admit that the spade shaped iron bars originally hailed from 

Norrland. This study would claim that SHM 27950 was in fact an imported good, much 

like other precious artefacts unearthed on Helgö, hailing from different parts of the world.  

If this is thought to be farfetched, the facts are as clear as day. There is no doubt that this 

northern group of spade shaped iron bars were made in some way to contain these two 

elements in high percentages. And SHM 27950 is largely identical to these percentages. 

These results, stand in stark contrast to the rest of the iron bars analysed, hailing from 

closer geographical areas. 

With this in mind, the southern group is comprised of spade shaped iron bars from 

Gästrikland and Uppland. SHM 20489 and Valö 479 shared the highest percentages of 

magnesium, well above any others. So high in fact, that when previous research was 

conducted on an iron bar and slags from Uppland, similar percentages were thought to 

represent artefacts made of mineral iron ores like magnetite and hematite (Grandin & 

Hjärthner-Holdar 2010: 7, 20).  
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XRF results from SHM 1006 A&B had similarly high values but SEM results, detect 

these elements down to trace percentages. This could be argued to be due to the sampling 

area. As the micro samples were drilled from the edges of the iron bars, it is highly likely 

that these areas have been largely corroded and fragmented, resulting in lower 

percentages of magnesium. On the other hand XRF analyses were conducted on the 

whole length and breadth of the artefacts. Perhaps a case of sampling and heterogeneity 

of alloys is at hand, with different areas of the spade shaped iron bars having different 

iron qualities. 

Yet another major difference, is the percentages of phosphorus in the southern group, 

being far higher than those from Norrland. In its own, this could have been interpreted as 

a stabilising inclusion (phosphorus’ attributes have been brought up earlier). Nonetheless, 

the noticeable sulphur percentages might be showcasing a correlation of P and S in 

regards to ore, rather than latter phosphoric inclusions. 

This would once again strengthen the idea that the southern spade shaped iron bars were, 

in fact, made of mineral iron ore and not limonites or bog iron; or perhaps a mixture of 

limonite and mineral ores. This is based on the fact that mineral ores from Uppland are 

known sulphides with high P values (Frietsch: 1977). In addition, mineral ores like 

magnetite and hematite have higher melting points, thus ancient smiths could not have 

been able to remove these sulphur inclusions completely. 

Furthermore, these claims can be further substantiated based on the results of the iron ore 

from Bodås, Gästrikland (section 4.3.3) just a few kilometres away from Torsåker, 

Gästrikland a known spade shaped iron bar production centre. The ore itself has no 

existent Ni values while containing high P and S percentages. While other sources of iron 

could have been procured this one most definitely fits the interpretation at hand. 

The last two groups are not groups per say. Both SHM 2784 from Offerdal, Jämtland and 

SHM 22074 from Stuvsta, Södermanland are outliers in their “normality”. Due to the fact 

that only one artefact hailing from Jämtland was analysed it is difficult to say if the 

sample population was similar to those of Medelpad and Hälsingland, or if the local 

Jämtlandish production differed. Based on the results of SHM 2784, it can be argued, 

that it differs with great margins, but it is impossible to argue anything of the sort based 

on the results of a singular iron bar. In the case of SHM 22074 being outside the core 

geographical context it is difficult to interpret this artefact one way or the other. It could 

be connected most evidently to the southern group of Gästrikland and Uppland and found 

its way to Södermanland as a tradeable object. 

Having established these different production cultures, it is important to ponder on the 

fundamental quality of the spade shaped iron bars. 
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The first observations that can be made are that SEM and XRF, although not exact to the 

point, can complement each other in a way of substantiating the results for one another. 

Having said that, these differences and similarities are to a large extent the main 

arguments for the second to last research question. How do results of elemental analysis 

by XRF and SEM/EDS correlate to each other between the corrosion layer and the 

ferritic core? 

Coupled with the very first: What is the metallic quality and nature of the spade shaped 

iron bars? 

As seen in chapter 2.1 Previous Research, the quality of the spade shaped iron bars has 

come into question. Their role merely relegated to symbolic meanings, something which 

this study has been highly critical of. Their usage described as restricted to assembling 

cauldrons or meant as symbolic axes. This “bad quality” has in large extent been argued 

due to thick layers of corrosion and the bad state in which most of these artefacts are 

found. Furthermore, as the majority of the spade shaped iron bars have corroded 

completely since they were unearthed, it has facilitated a mistaken notion that these 

objects were bad quality pig iron, not meant for usage. In fact if one takes only the XRF 

results at hand, such interpretations are in fact, possible.  

High contents of calcium, potassium, phosphorus, sulphur and light elements are anything 

but encouraging. Coupled with low iron values, only generally higher than those of the 

iron ores analysed. Such results may very well support notions which cast the spade 

shaped iron bars under a bad light. 

Yet all it took was to “scratch the surface”. SEM results reveal not only that spade shaped 

iron bars are composed of extremely high iron purity but it is possible that blacksmiths 

behind their production were well aware of both positive and negative properties which 

certain minerals have on iron alloying. Scanning electron microscope results showcase 

that despite over a thousand years of corrosion and oxidisation, the cores of the iron bars 

are still as pure as they were when first smithed. While this is far from certain, this study 

would argue, that when these iron bars were uncorroded, they must have been iron of 

exceptionally good quality. An outstanding quality which raised their value 

exponentially. In turn, this could have likely played a big role in depositing the artefacts 

in hoards, be it symbolic or not. Nevertheless, discussions in regards to original 

uncorroded qualities are highly speculative, so this should be seen as the author’s own 

interpretation. 

Nevertheless one thing which the results from both SEM and XRF couldn’t answer were 

the carbon contents of these artefacts. In part due to X-Ray Fluorescence’s inability to 

detect carbon. In the case of SEM, it was due to bad sampling (the micro-samples were 

too small and thin) and analytical practises (the graphite tapes composed almost 
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exclusively of carbon mudded carbon results). Despite that, the metallographic analysis 

conducted on Valö 479 revealed it had a strong light-ferrite structure, banded with 

regular pearlite colonies and even with a layer of pearlite surrounding the ferrite core.  

Thus it can be said that in the case of SEM and XRF, the third research question was not 

applicable: What can the carbon-concentration along with their structure in spade 

formed iron bars reveal in regards to their usage? Were they smithable or not? Yet in the 

case of Valö 479 it can be said that the iron bar was most definitely of smithable quality 

as its carbon contents and structures revealed that heat treating and quenching took place. 

These results, along with the metallographic analyses of spade shaped iron bars 

conducted previously, showcase that all the spade shaped iron bars analysed to this day 

have been smithable (Thålin: 1967 and Grandin & Hjärthner-Holdar 2010). A trend 

which this study would suggest is at large the majority for the quality of most spade 

shaped iron bars. 

In regards to the positive and negative effects some elements have on iron and the 

correlation of the said elements to the blacksmiths behind the spade shaped iron bars, two 

examples can showcase expertise and knowledge of what was needed to be done. In the 

case of SHM 16829 from Njurunda, Medelpad it is unmistakeable that arsenic was used 

to strengthen iron. Several other iron bars have traces or small percentages of arsenic, 

which can be interpreted the same way. Nevertheless, they are nowhere close to the 

amount of arsenic found in this specific artefact. Interestingly, the artefact contains no Ni 

like the ones in its group (Northern Group) but a small amount of Co was in fact, 

detected. 

Based on these high amounts of As and the usage it had during prehistoric times (used to 

conjoin pieces of iron), it could be argued that in this case, claims concerning the spade 

shaped iron bars having been made from cast off bits and then put back together could 

have a basis (Lindeberg 2009: 99). Nevertheless, it is much more likely that arsenic was 

used in this case to harden the iron in the absence of phosphorus. On the other hand, in 

case that this spade shaped iron bar dates to the Early Iron Age. Arsenic contents could 

be interpreted as an indicator of a coppersmith, trying to forge iron. Arsenic was used in 

copper alloys so the smith might have been trying to do something similar with iron, 

lacking the knowledge or minerals, otherwise used. 

Secondly, a prime example of uniformity is the case of SHM 20036 A&B, as both where 

found together it is easy to assume that they were in fact produced together. With no prior 

analyses on the other hand, that would only substantiate as a guess. The results 

nonetheless, showcase unequivocally that these two iron bars were smithed out of the 

same bloom. Sharing almost identical elemental values while both contained Ni and Co 

in similar percentages. Something which goes to show that perhaps ancient blacksmiths 

not only could recreate their work, but produce iron of equal quality time after time. 
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In regards to elemental and heavy metal traces it is evident that their interpretation 

challenging. Detected contest would vary and sometimes not go along with previous 

conceptions. In case of Ba (barium), thought to be a mineral ore indicator, it raised more 

questions than answered. Vanadium on the other hand can be said with high certainty that 

it can be found in both bog iron as well as mineral ores. The three elements which could 

point towards mixing of different ores and minerals are, copper, zinc and molybdenum as 

their highest contents could be identified in artefacts with Ni and Co. Supporting yet 

another time an interpretation in regards to ore and mineral mixing or perhaps some sort 

of mineral ore used during the iron making process. 

Finally, in regards to corrosion and the effects it might have on analytical results. The 

corrosion experiment on modern steel is an unequivocal proof on the matter. In little 

more than a year the iron contents of the original steel samples were reduced by 24%, 

while magnesium and manganese levels nearly evaporated. On the same time sulphur and 

phosphorus levels saw a spectacular rise. Thus, it can be argued that XRF results in cases 

of these vital elements can be rather problematic, if there’s pre-analytical preparation of 

the sample analysed. In regards to the interpretation of quality in metal artefacts, direct 

analyses on corrosion layers can severely skew the mineral information that the results 

produce. Thus, this study would suggest that the only way to produce adequate and 

palpable results using a pXRF is by lightly removing thick corrosion layers, or 

conservatory substances from the areas selected to be analysed, prior to analysis. 

Based on these results it could be argued that Mg and Mn contents in the iron bars were 

originally higher (as argued in regards to SHM 1006 A&B) only to be reduced by the 

passage of time and the deteriorating effects of corrosion, yet this is to say without an 

absolute certainty. All the while, P and S percentages which could raise doubts in regards 

to quality and malleability could have been significantly lower or even non-existent, only 

reaching present values after eons of corrosion and crusting of high phosphoric and 

sulphide soils. 

While this might cast pXRF usage in a bad light one needs to remember that these 

hesitations presented here are based on the results provided by analysing corroded 

modern steel without removing any degree of the corrosion layer. When used properly, 

results produced can adequately represent values worth interpreting outside the margin of 

error. As this study showcased, just removing the thickest of corrosion (without reaching 

the metallic core or damaging the artefact) can exponentially help in a more accurate 

analysis on the surface of the artefact. Nevertheless, it is important to remember and take 

these changes into account when dealing with these specific elements and the changes 

which corrosion might have had in their percentile values. 
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5.3 Further Research 

Despite the fact that sporadic scientific analyses have been conducted on spade shaped 

iron bars in the past, most of them have concentrated on singular finds or around a small 

geographic area. What is needed in this case, is a research similar to Lindeberg’s but one 

which focuses on the analytical side of things. 

As this study has showcased, there are a multitude of different aspects that could be of 

interest. From furthering into the ores used and trying to find specific ores that provided 

for the high Ni, Co values in Medelpad and Hälsingland, to analysing a greater number of 

spade shaped iron bars from Jämtland and Gästrikland. Seeking to uncover if there are in 

fact production groups adhering to some local uniformity. As results from this study 

prove, substantial information can be achieved with minimal amount of destructive 

invasion. While with known Ni contents and the fact that XRF instruments can detect Ni, 

invasive sampling might not even be needed in the future. 

Furthermore, additional analytical methods can be included to allow for greater data 

accumulation. As recent studies revealed, the usage of neutron diffraction scanning, 

allows for the metallic structure of a thin iron object to be examined without the need for 

a cross or long section (Fedrigo et al. 2017). Such a method, could allow for partial 

metallographic analyses to be conducted en masse without fear of destroying the artefact 

during sampling. 

Additionally, similar analytical research on objects closely related to the spade shaped 

iron bars will settle the debate on their usage once and for all. Analytical research on 

cauldrons, speculated to be made of spade shaped iron bars will probably reveal contents 

of minerals that this, or future studies will associate with the iron bars. While artefacts 

found in hoards along with spade shaped iron bars can be analysed to reveal similarities 

between them and the spade shaped iron bars.  

Did ancient blacksmiths further refine the metal by trying to remove these mineral 

inclusions? If they are indeed found, does this mean a lack of technology to achieve such 

a refinement, or in fact a determined inclusion of say, Ni and Co by the blacksmiths 

themselves?  

In terms of location similar studies as those of Magnusson about Jämtland (1986), could 

be conducted to the coastal provinces. In turn such studies could reveal the amount of 

iron production centres and the amount of iron produced during the Iron Age. 

Furthermore, the 2 spade shaped iron bars found along with SHM 27950 on Helgö could 

be analysed to further corroborate this study’s claims in regards to their Norrlandic 

origin, or present information which would alter this interpretation.  
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Finally, as the spade shaped iron bars were produced for a period of almost 1000 years 

with little change in their appearance, it is important to re-examine the dating of various 

artefacts in correlation with their chemical composition. Can arsenic, nickel and cobalt 

inclusions be identified through the entirety of these 1000 years? Or did iron making 

practises change drastically during this time? Perhaps mineral iron ores began being used 

much earlier than previously thought. With recent advances in 14C dating of iron objects, 

the method has become more accurate in regards to dating, when previously radiocarbon 

dating was uncertain to say the least. 

While this study answers the research questions raised in the beginning, its results can 

facilitate for a great number of future questions and research. 

6. Summary 

This study deals in part with the chemical identification of spade shaped iron bars. A 

large amount of which tend to be context-lacking solitary finds, dating from Early to Late 

Iron Age, Sweden. The nature, function and origin of these artefacts has been the subject 

of a long standing debate for almost 100 years, with copious amounts of research having 

been conducted in the past in regards to these aspects. Nevertheless, this study sought to 

conduct a comprehensive research over a sufficient amount of artefacts from a large 

geographical area, in hopes of uncovering information about the spade shaped iron bars 

as a whole and not a case by case research. 

To answer the research questions raised, an analysis of 16 iron bars by means of X-Ray 

fluorescence, scanning electron microscopy and metallography was conducted. This was 

done to determine the quality, chemical composition and structure of the spade shaped 

iron bars. Based on the results produced, connections to different ores, similarities and 

differences among the artefacts from this large geographic area were established. In 

addition an experiment was conducted on modern steel to demonstrate the role corrosion 

can play on results of chemical analytical methods. 

Results showcase that the spade shaped iron bars are indeed, iron pre-fabricates of high 

iron purity most certainly meant to be used for production of iron tools and weapons.  

In addition, high percentages in nickel, cobalt and magnesium, among other elements 

allow for localisation of these artefacts to take place. Two main material groups were 

identified, largely connected with possible local iron making practises: 

A northern group centred on the provinces of Medelpad and Hälsingland, characterised 

by high Ni and Co percentages, this group can also be augmented by previous studies 

extending it to the northernmost provinces of Sweden like Norrbotten (Stilborg & 

Grandin 2010 Hjärthner-Holdar & Grandin 2014). Analyses on iron artefacts containing 

Ni and Co that hailed Gästrikland (which may well place this region in the first group) 
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were conducted in the 1970s (Thålin 1973). Nevertheless, more recent studies showcased 

that blooms and slags from Torsåker and spade shaped iron bars from Valbo contained no 

traces of nickel or cobalt, with only small amounts found in the bloomer unearthed 

(Forenius et al. 2007 p. 81). The same research cites previous unpublished analyses, but 

even then of the 12 spade shaped iron bars from Torsåker, analysed, only one contained 

Ni and no traces of Co (Id. p. 81). Based on these evidence, this study would suggest, that 

in so far there is no conclusive evidence to suggest that Ni and Co contents in regards to 

the spade shaped iron bar context, extend outside the borders of middle and northern 

Norrland. 

Secondly, a southern group centred on the provinces Gästrikland and Uppland featuring 

substantial amounts of Mg and noticeable levels of P and S. Even further, based on these 

results and production groups identified, it can be established that SHM 27950 unearthed 

on Helgö, Uppland was most certainly imported to this Iron Age trade hub from Norrland 

quite possibly even, from Medelpad and Hälsingland. These results were corroborated by 

analysing limonite and mineral ores from middle and southern Sweden to establish a lack 

of these elements. Based on these results the nature of the said artefact became even more 

evident. These high values of Ni, Co and Mg probably showcase the mixing of different 

minerals and ores while in the case of the artefacts from Uppland, their high Mg, P and S 

percentages could very well mean that mineral iron ores were used in their creation 

instead of, or along with, limonite iron ores.  

In terms of quality and usage, the metallographic results of Valö 479 showcase that this 

spade shaped iron bar was composed of fine smithable, low-carbon, phosphoric steel. 

This result coupled with the high percentages of iron detected by the analytical methods, 

showcase that the spade shaped iron bars were pre-fabricates of pristine quality and were 

most probably valued highly. Moreover, analyses based on corrosion experiments 

conducted for this study, showcased the effects which this natural degradation has on an 

artefact when subjected to analytical methods such as XRF and SEM. This has previously 

lead to conflicting interpretations based on how corroded an artefact is. Any previous 

notion that these iron bars were bad quality iron are moot and can be easily be explained 

away, based on results from the experimental corrosion conducted during this study.  

Finally and most importantly, due to the spectrum of this study, new information 

regarding metallurgy in Norrland can fall into place. Substantiating previous speculations 

and theories in regards to the material culture in this most northern part of the Nordic 

countries. 
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8. Artefact Catalogue 

8.1 SHM 10352 A & B 

 

SHM 10352: Högens by, Bergsjö parish, Hälsingland. 

Contents: 2 Spade Shaped Iron Bars and 1 Iron Dagger. 

Extant: 2 Spade Shaped Iron Bars (SHM 10352). 

Condition: SHM 10352 A: Intact. SHM 10352 B: Defect-Fragmented. Red dots 

represent the areas where the artefact was drilled for micro sampling (2 drill holes on B). 

Size: 24.5 x 7.7 cm (SHM 10352 B is too fragmented to ascertain a proper size). 

Context: The two spade shaped iron bars were unearthed in 1897 on the periphery of a 

burial mount. The burial mount itself was previously unseen/unknown (even though the 

village was named “mount” in Swedish a common name to signify the existence of burial 

mounts) with thick overgrowth covering it. It was discovered during a road expansion 

through the village of Högen. While several burial mounts were originally catalogued 

(RAÄ 272) there are no extant ones today, most probably destroyed during a latter 

broadening of the said road. (ATA Bergsjö sn, utan Dnr; 1897, Lindeberg 2009). 
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8.2 SHM 20036 A & B

 

SHM 20036: Gåcksätter, Hög parish, Hälsingland. 

Conents: 14 Spade Shaped Iron Bars. 1 Socketed Axe. 1 Socketed object (Adze?). 

Extant: 14 Spade Shaped Iron Bars (SHM 20036). 

Condition: Both A and B are largely intact although A features two holes in the bending, 

probably during a previous unknown sampling. Red dots represent the areas where the 

artefact was drilled for micro sampling (3 drill holes on B and 1 drill hole on A). 

Size: 22.5-31.5 cm 

Context: The artefacts were unearthed sometime during the 1920’s by Olof Andersson, a 

mason and Per Andersson a crofter. The iron bars arranged in a pile, found on the side of 

a boulder deep under the roots of a spruce which fell during a storm (ATA 0666/32). One 

of the Andersson’s kept the artefacts for some time until a local school teacher advised 

him to send them to the Swedish Museum of National Antiquities in Stockholm.  

The area is known for its rich Iron Age context, with burial mounts, stone-wall enclosures 

and remains of dwellings, being situated close to the areas central Iron Age centre, 

Hälsingtuna. (Lindeberg 2009). 
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8.3 SHM 11833 

 

SHM 11833: Norränge, Arbrå parish, Hälsingland. 

Conents: 102 Spade Shaped Iron Bars. 

Extant: 3 Spade Shaped Iron Bars (SHM 11833). 

Condition: Intact. Red dots represent the areas where the artefact was drilled for micro 

sampling (2 drill holes). 

Size: 25.6 cm 

Context: Unearthed in 1901 on Lissbro estate by the owner Erik Äng during the 

construction of earthworks. Äng, then contacted Erik Oldeberg of the Swedish Museum 

of National Antiquities in Stockholm, who pointed out that the iron bars where unearthed 

in a stone-free agrarian field during plowing. The artefacts themselves were buried under 

a thin layer of soil placed on top of each other without creating a soil elevation. Next to 

the field itself, runs a deep stream placing the artefact hoard close to its modern bank. A 

few hundred meters from the area a small bridge crosses the stream giving the name to 

the estate (Swe: bro for bridge). ATA Hallström’s nr. 48, (Lindeberg 2009). 
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8.4 SHM 17980 

 

SHM 17980: Sörhångsta, Torp parish, Medelpad. 

Contents: 31 Spade Shaped Iron Bars. 

Extant: 1 (SHM 17980). 

Condition: Largely intact, barring a sawed off section on the edge of the artefact. Red 

dots represent the areas where the artefact was drilled for micro sampling (3 drill holes). 

Size: 27 x 9 cm 

Context: Unearthed during the turn of the 20th century during the construction of a barn, 

the artefacts themselves were unearthed dotted around the plot of land with no singular 

concentration. Sörhångsta lies on the southern bank of river Ljungan, the area has 

supposedly no Iron Age remains, being exploited at latter periods. In a map from 1845 

the area is shown to be heavily forested. Along with the artefacts a number of slag were 

unearthed, pointing towards a context of iron production. It is interesting to note that on 

the northern bank of the river two spade shaped iron bars have been unearthed (M20 & 

M21). ATA 700/26, (Lindeberg 2009). 
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 8.5 SHM 26185 A & B 

 

SHM 26185: Valla, Selånger parish, Medelpad. 

Contents: 9 Spade Shaped Iron Bars. 1 Iron Cauldron. 

Extant: 9 Spade Shaped Iron Bars. 1 Iron Cauldron. 

Condition: Intact. Red dots represent the areas where the artefact was drilled for micro 

sampling (2 drill holes on A and 1 drill hole on B). 

Size: 30.5 x 10 cm. 

Context: Unearthed in the 1950’s during plowing by farmer Nils Wallmark. The iron 

bars were found under an up-side down iron cauldron close to the remains of a 

longhouse. According to the finder there were no signs of coal or slag. Several 

archaeological invenstigations were conducted later on, revealing the remains of the said 

longhouse, with slag and an anvil stone found nearby. Nevertheless the chronological 

results of the investigations were inconclusive. The area surrounding Valla is extremely 

rich in both material remains and artefacts unearthed, with a certain concertation of Iron 

Age contexts. The region is thought to have had a central character during Iron Age and 

hoards unearthed in connection to burial amounts dotting the landscape support these 

notions. ATA 5914/58, (Lindeberg 2009). 
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8.6 SHM 16829 

 

SHM 16829: Solberg, Njurunda parish, Medelpad. 

Contents: 11-13 Spade Shaped Iron Bars. 

Extant: 11 Spade Shaped Iron Bars (10 MF 70-80, 1 SHM 16829). 

Condition: Defect. The iron bar has obvious signs of prior corrosion which lead to the 

edge been broken off, furthermore a drill whole can clearly be seen, although it is 

unknown when it was taken (per SHM’s notes). Red dots represent the areas where the 

artefact was drilled for micro sampling (2 drill holes). 

Size: 27.5 x 8.4 cm. 

Context: The conditions and place and time where and when the iron bars were 

unearthed are rather unspecific. Nevertheless from what is known, the iron bars were 

unearthed prior to 1922 from a cavity-like-sink in a field under a thin layer of pit by the 

owner of the field Nills Ullberg. 

Solberg is known for several burial grounds and for at least one remain of a terraced 

longhouse. In the nearby village of Häljum a big gold ring ornate with a snakehead was 

unearthed from a mount burial in 1786 and dated to ca 200 A.D. Furthermore along with 
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a multitude of several burial mounts and terraced longhouses slag and smithies have been 

known to have been unearthed around Häljum and Solberg. (Lindeberg 2009). 

 

8.7 SHM 20489 

 

SHM 20489: Villsberga, Biskopskulla parish, Uppland. 

Conents: 21 Spade Shaped Iron Bars. 

Extant: 20 Spade Shaped Iron Bars (9 EM 1262, 10 SHM 20489, 17908, 1 privately 

owned). 

Condition: Intact. Red dots represent the areas where the artefact was drilled for micro 

sampling (2 drill holes). 

Size: 60 x 10.5 cm. 

Context: Unearthed in 1911 somewhere around the village of Villsberga (further 

information is unknown) during ploughing the iron bars were unearthed in a single layer. 

One of the iron bars were found to contain charred remains of wood in the bending like 

“socket”. The area used to be an inner-sea bay during the Bronze and Iron Age. While no 

big concentration of antiquities is known to exist around Villsberga the nearby village of 

Garn is known for the large number of slag and iron fragments unearthed and analysed 

(Grandin & Hjärthner-Holdar 2010, Lindeberg 2009).  
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8.8 SHM 27950 

 

SHM 27950:8876: Helgö, Ekerö parish, Uppland. 

Contents: 3 Spade Shaped Iron Bars. 

Extant 3 Spade Shaped Iron Bars (SHM 27950:8876). 

Condition: Intact, albeit heavily corroded and conserved. Red dots represent the areas 

where the artefact was drilled for micro sampling (2 drill holes). 

Size: 33 x 11.2 cm. 

Context: The spade shaped iron bars were unearthed in 1966 in a hole covered within a 

ditch right under a hill on which terrace VIII (trench A 63-64) was found. Helgö’s 

importance is well known as an island trading hub between Lake Mälaren and the Baltic 

Sea, during the first millennium A.D.  

Excavations were conducted on the island between 1954 and 1978 while the majority of 

habitual and burial remains have been excavated a number of them is still undisturbed. 

Excluding the iron bars themselves a great number of well-known and valuable artefacts 

have been unearthed.  

Finally terrace VIII in which house groups 2 & 3 are situated have been interpreted to 

have had some sort of production character, perhaps playing the role of workshops. For 

bronze smelting, gold and iron smithing among other activities (Thålin 1973:31-33, 

Hallinder 1978). 
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8.9 Valö 479 

 

Valö 379: Sångarbo, Valö parish, Uppland. 

Content: 1 Spade shaped Iron Bar. 

Extant: 1 Valö 479. 

Condition: Defect and heavily corroded. The red line represents the areas where the 

artefact was sawed for a long section. 

Size: 32.5 x 9.8 cm. 

Context: Unearthed ca 1984 by Bernth Ryde while he used a metal detector around his 

parent’s summer house in Sångarbo. The location of the unearthing was between Orrdal 

and south west of Valö’s church. Ryde, chose to go looking with a metal detector based 

on rumours he had heard concerning ancient iron furnaces having existed in the area. 

From whom, he got this information, Ryde could not remember, yet the artefact remained 

in his home on Lidingö until 2014, when it was passed on to Associate Professor Torun 

Zachrisson, who at first identified the artefact and then contacted the appropriate 

authorities. It was decided that, the artefact would be kept in the Archaeological 

Department, Stockholm where during autumn a conservatory bachelor study would be 

conducted on it under the supervision of Associate Professor Lena Holmquist in the 

Archaeological Research Laboratory at Stockholm’s University. A year later the artefact 

came to be included in this present study for further analysis. 
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The North-Eastern coast of Uppland is known for a plethora of antiquites yet little has 

been researched in regards to iron production. 

Finally with the completion of this study Valö 479 is to be given to a museum as to enter 

the antiquarian registry in proper (personal comm. Torun Zachrisson 29/03/2017). 

8.10 SHM 1006 A&B 

 

SHM 1006 A&B: Valborga, Valbo parish, Gästrikland. 

Conents: 58 Spade Shaped Iron Bars. 

Extant: 6 (SHM 1006). 

Condition: B Intact, A largely intact with a few defects. Red dots represent the areas 

where the artefact were drilled for micro sampling (1 drill hole on A and 1 drill hole on 

B). 

Size: A 32.5 x 12.3, B 35 x 12.9 
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Context: Unearthed in 1842 with a connection to mounts found in a burial ground 

outside the village of Alborga. Farmer Lars Larsson, owner of the plot of land unearthed 

these 58 artefacts during ploughing, then mistaken as iron weaponry of similar sizes. 

These early descriptions postulate that the artefacts were unearthed within or near a burial 

ground, though they themselves were not funerary artefacts but a separate hoard.  

The parish of Valbo is one of the richest in antiquities and objectively it must have made 

up the centre of Iron Age Gästrikland, of the 118 spade shaped iron bars unearthed in 

Gästrikland, 103 of them were unearthed in Valbo parish (ATA dnr 2321/46, Lindeberg 

2009). 

8.11 SHM 2784 

 

SHM 2784: Offerdal parish, Jämtland. 

Conents: 60 Spade Shaped Iron Bars. 

Extant: 3 (2 JLM 980, 1 SHM 2784). 

Condition: Intact excluding a drill whole which can clearly be seen, although it is 

unknown when it was taken (per SHM’s notes). Red dots represent the areas where the 

artefact was drilled for micro sampling (2 drill holes). 

Size: 30 x 11 cm 

Context: Unearthed in 1850 during ploughing of a pastures near a barrack of allotted 

soldiers somewhere between the villages of Ålfo and Offerdal. The artefacts themselves 

were found to be gathered in pile with a thick layer of dark soil on top of them. While 
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little is known of the area’s antiquities other than some solitary finds unearthed connected 

to burial mounts now gone. The nearby village of Djupbäcken is known to have had areas 

connected with iron making contexts, containing slag and remains of bloomeries along 

with hunting traps (Swe: Fångstgruppar). All these have largely been dated to the Early 

Iron Age (Magnusson 1986, Lindeberg 2009). 

8.12 SHM 22074  

 

SHM 22074: Stuvsta, Hudinge parish, Södermanland. 

Contents: 1 Spade Shaped Iron Bar 

Extant: 1 (SHM 22074). 

Condition: Defect. Heavily corroded and conserved, with thick layers of a wax-like 

substance coating the artefact. Red dots represent the areas where the artefact was drilled 

for micro sampling (2 drill holes).  

Size: 28.2 x 9.9 cm. 

Context: Unearthed in 1937 on street Myrängen in Stuvsta. The artefact itself was found 

under a thin layer of soil just 15cm from ground-level. On the same owners back yard 

there were a few medieval artefacts unearthed prior to the spade shaped iron bar. 

Additionally the area features a stone-wall enclosure dating to the Iron Age but due to the 

heavily build nature of the area (urban) what other antiquities might have previously 

existed are destroyed by now and their existence unknown (ATA 3130/38).  
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