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Abstract 

The following paper is the final thesis of two years long experimental work conducted on two 

different collections of soil samples coming from two different Norwegian archaeological sites. In 

particular, the first collection of soil samples comes from an identified boat grave from the Viking 

Age (eg Sykehus area Kristiansand County, Vest-Agder). The second one comes also from a boat 

grave from Vestfold region in Hejmdaljordet archaeological site. Both the collections of samples have 

been analysed with geochemical methods (phosphate extraction and determination, magnetic 

susceptibility and loss on ignition), NIR (Near-InfraRed) spectroscopy and X-ray fluorescence. 

Although the contexts are different, a comparison between them has been attempted. In particular, 

the first boat grave presented a very altered and spoiled conditions because of different disturbance 

actions coming from atmospheric factors but also human actions such as looting or burning, that have 

not permitted the discovery of significant archaeological findings. Conversely, the second boat grave 

presented more favourable conditions and also a discrete preservation. In fact, it was possible to 

recover the belongs of the dead, such as fragments of the belt, a sword and the rivets surrounding the 

boat. Thanks to the wide series of analysis conducted on soil samples and to an accurate comparison 

between the two boat graves, it has been possible to detect the presence of high concentration of 

organic matter (eventual presence of the human body), a high level of magnetic susceptibility 

(eventual presence of metallic components detected in the soil), detection of specific chemical 

elements in the soil that could attest the eventual presence of items within the graves and finally, a 

general report of the possible anthropological impact by the light spectra measurements, through the 

use of spectroscopy. All the results collected have been interpreted using a forensic work strategy 

which concerns the detailed analysis of anomalies found in the soil texture and chemical composition. 

Further, a significant number of tests that could prove the presence of human body in the grave and 

the eventual reasons of  the bad preservation and lack of archaeological (most in the eg Sykehus case) 

information detected in the context (disturb actions represented by looting and burning). Finally, a 

series of maps have been created to show with clearness the results of the study. 
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Background 

Boat graves: origins, structure and function 

Watercrafts have always had an important role in Scandinavian culture. Since the prehistoric age, 

boats and ships were built to have different functions: commercial, warfare, celebrative, religious and 

funerary. The archaeological research has focused its attention on boats and ships since the end of 

19th century in Scandinavian countries where their presence in archaeological finds was high (Brink 

and Price 2008). As concern the boat graves, they could be realized directly with the funerary function 

or otherwise they could come from a previous different use. A specialised carpenter was designated 

to create these boats which presented a complex structure of wood (oak and pine in most of the cases) 

assembled with rivets and nails (Baltic Sea boat type and South Scandinavian boat type), but also 

following the sewing technique used in the late iron age (Williams 2010). This kind of burial was not 

dedicated to all the members of the society. Usually aristocratic families, warriors and merchants 

chose to be buried in boats of different dimensions that could reach also 12 meters of length. The 

deposition could be singular, double or in the ship cases it can presents more individuals. In some 

cases, during the Iron age, the dead could present symbolic objects within the grave. These items had 

the function of describing the activity of the dead when he or she was alive. In other cases, there could 

be the presence of precious objects such as jewels, coins and celebrative weapons to highlight the 

elite social position of the dead within the society (Larsson 2007). Finally, there could be the presence 

of a specific cemetery area dedicated to work classes which can afford the high cost of a boat grave 

(see the example of the merchant’s graveyard in Kaupang, Norway; Skre 2007). The burial process 

can have different ritual passages. The boat can be for example covered by a pile of wood, pushed 

then in the water and finally burned. Otherwise, it can be also just interred leaving the body intact 

(inhumation) or structuring a wood pyre on the boat grave and burn it (cremation) (Price 2002). The 

position of the dead within the grave could follow the orientation of the boat stem (usually onwards 

S-SW-W), or differently it could follow a symbolic criterion such as that one of the sunrise in the 

east. This rite was typical of Christianity because the dead had to look the sunrise and wait the second 

coming of Christ. Anyway, this sun worship has been present in Scandinavian culture since the 

prehistory because it has always had divine attributes in the folk belief (Muller-Wille 1974).  
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Case studies 

 

Figure 1: GIS map representing the two interested sites in Norwegian regions of Vest-Agder and 

Vestfold. 

Vest-Agder: Eg Sykehus, boat grave (soil samples n°18_0006) 

A high quantity of soil samples (268) have been taken from the area 23360 (Eg Sykehus, 150/1768, 

Kristiansand kommune, Vest-Agder) during the excavation in 2017 (Figure 1). According to the 

archaeological interpretation, a preserved long house and a neighbouring small building, 14 cooking 

pits, wood burial mounds and one boat grave were found and dated to early Iron Age, except for the 

boat grave, dated to the Viking Age (see Figure 3, Figure 4 and Figure 7). The sampling area 

corresponded to the Viking boat grave position (Figure 5, Figure 6). The grave was 8 m of length; it 

did not contain noteworthy grave goods that usually represent the role of the deceased within the 

society (Mjærum and Mansrud 2017). This kind of deposition is typical since the Sutton Hoo age 

(VI-VII AD) and it has been used frequently also during the Viking period (Carver 2012). This funeral 

structure could be present in burial and cremation deposition. As concern the finds which match with 

Heimdaljordet site (Vestfold region) 

 

Eg Sykehus site (Vest-Agder region) 
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the individual, there was a high number of fragments made of different materials such as charcoal, 

bone, wood, ceramic and metals found during the laboratory work after the sieving process. These 

materials could affect the soil conditions together with the organic material of dead body. The study 

of soil, in this case, could give further information about the context. The conditions of soil are acidic, 

mainly composed by marine sand and gravel (the Norwegian soil is characterized by a significant soil 

formation and a notable sediment depositing in particular from the end of “Weichselian” ice age 

11,700 years ago, sediments are in majority of marine origin considering the frequent presence of 

gravel, clay and beach sand; Arnoldussen 2005). As concern the typology of sediments present in 

Vest-Agder region, the main percentage of the composition is represented by: 30-50% of podzols, 

20-30% of lithosols, 10-20% of brown earths, 5-10% of swamp and rankerlike soils and finally, 5% 

of spots (Figure 2) . There have been numerous actions of disturbance (looting and burning) which 

have affected the context bringing to a consequent lack of finds. The collection of soil samples has 

been analysed in 2018 at Umeå University in MAL laboratory.  

 

Figure 2: parts of Norwegian soil map (European soil data centre) showing the typology of soils in 

Vest-Agder region, where the 18_0006 soil samples have been collected (picture imported from J. 

Lag & Norges Landbrukshogskole 1983). 

 

Figure 3: overview of the archaeological site in a drone's picture taken by Steinar Kristensen. In the 

left high corner, there is the boat grave indicated with a red circle (picture taken from Mjærum and 

Mansrud 2017). 
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Figure 4: vertical overview of the archaeological site in another drone's picture by Steinar 

Kristensen. The boat grave location is indicated by the red circle (picture taken from Mjærum and 

Mansrud 2017). 

 

 

 

Figure 5: vertical overview of the boat grave: drone's picture taken by Steinar Kristensen (picture 

taken from Mjærum and Mansrud 2017). 
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Figure 6: sampling process of the 268 samples for the analyses (picture taken from Mjærum and 

Mansrud 2017). 

 

 

Figure 7: General overview of the site and the archaeological discoveries as concern the settlement 

and the boat grave position (picture taken from Mjærum and Mansrud 2017). The language used in 

the picture is Norwegian (fotgrøft= drone photo; båtgrav= boat grave and branngrav= burned 

grave). 
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Vestfold: Hejmdaljordet site, boat grave (soil samples n°12_0067) 

A total amount of 191 soil samples have been collected in Hejmdaljordet harbour coastal Viking site 

(Vestfold county, Norway; Figure 9 and Figure 11). According to the archaeological interpretation, 

the site has been occupied from the 9th century until the 11th, with a seasonal frequentation (warm 

seasons). The boat grave has been found in the periphery of the residential area; this of settling 

cemeteries in periphery is common in Norway (see Figure 10). See also in this case the example of 

Kaupang for interpretations (Skre 2007). The acidic conditions of the soil, composed mainly by 

marine sand and gravel, has not permitted the preservation of the human body and the wood structure 

of the boat. However, fragments of metallic objects have been collected: a sword, part of a belt and 

iron nails in the perimeter of the boat grave. Moreover, micromorphological analysis on sediments 

have shown the presence of ferruginous wood fragments, in some cases also charred, traces of 

excrements (phytoliths and spores included) in the supposed pelvic zone of the body. The preservation 

of faecal debris in these soil acidic conditions is surprising, considered also the complete lack of 

bones within the grave. An acidophilic mesofauna present in the soil has probably contributed to 

safeguard excrement traces and ferruginous parts of the boat. A series of geochemical analysis have 

been conducted on the soil samples in 2012. The MAL laboratory at Umeå University has carried out 

this process and finally published  the results in a report and finally an article (Macphail et al. 2013; 

2016 and Linderholm et al. 2013). As regard the typology of soils in Vestfold region, also here the 

Norwegian soil map has shown the following variability of soils: 30-50% of ferric podzols and thin 

bleached layer, 20-30% of brown earths, 10-20% of lithosols, 5-10 % of swamp soils, vertic and 

gleyic cambisols; in some areas, more than 50% of vertic and gleyic cambisols in clay soils, 10-20% 

of podzols and brown earths, 5-10% of lithosols and swamp soils (Figure 8).  

 

Figure 8: parts of Norwegian soil map (European soil data centre) showing the typology of soils in 

Vestfold region where the 12_0067 soil samples have been collected (picture imported from J. Lag 

& Norges Landbrukshogskole, 1983). 
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Figure 9: the Viking site of Hejmdaljordet (red circle) is located close to the Gokstad mound where 

the famous ship of Gokstad was found in 1880 during a campaign of excavations. Picture exported 

from Macphail et al. 2013. 

 

Figure 10: the seasonal settlement of Hejmdaljordet. The boat grave is located in the periphery of 

the site (Picture exported from Macphail et al. 2013). 
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Figure 11: sampling process of the 191 soil samples chosen for the laboratory analysis (Photo taken 

by Dr. Johan Linderholm). 
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Aims 

This paper aims to show two similar archaeological funerary contexts belonging to two Norwegian 

archaeological sites and the analysis conducted on soil samples collected within and outside the two 

boat graves found during the archaeological campaigns of excavation. The conspicuous series of 

analysis has been carried on these soil samples with the intent to answer some archaeological research 

questions which concerned the processes of dead body burying and the kind of disturbance actions 

that affected the contexts. 

This thesis has stated the following research questions: 

1. How the analysis on soil can give a contribution to the archaeological context reconstruction? 

2. In which way the study of soil and sediments can represent an alternative to the lack of 

archaeological information in the study of these sites? 

3. Considered the use of a forensic work strategy for these two study cases, how soil analysis 

results can represent a valid support in the investigation? 
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Theoretical study 

The contribution of geoarchaeology for the environmental reconstruction 

The study of sediments and soils in relation with the archaeological context has been conceived as 

branch of archaeological study. Geoarchaeology is a term that has been formed through the 19th, 20th 

and 21th century. During these centuries archaeological and geological research underwent to 

considerable development. Since the publication of the two pillars of geological research by Sir 

Charles Lyell, Principles of Geology (1830-1833) and The Geological Evidences of the Antiquity of 

Man (1863), the archaeological approach, conceived as study of the human past, has given its 

contribution to the entirety of the geological research. In particular, the prehistoric archaeology has 

fascinated many geologists because the first human impact on the environment could correspond to 

some soil formation processes and it could have influenced then the landscape setting (Pollard 1999). 

This relation between Geology and Archaeology has had its further growth in North American 

research during the 20th century. The reason of this development is mainly worth to the necessary 

collaboration between archaeologists and geologists in some archaeological campaigns of excavation 

where the discovery of really disturbed geological stratigraphy presented a strong human impact 

(Waters 1992; Rapp and Hill 1998). As concern the creation of the word Geoarchaeology, this can be 

demonstrated with the homonymous name of the scientific journal which has built its success between 

80s and 90s , where the aim was that to explain the interaction between these two disciplines following 

their two different approaches in the discovery process and results interpretation (Donahue 1986). 

One of the purposes of this interaction between these two disciplines, is the environmental 

reconstruction. In most cases, this reconstruction can start from the archaeological evidence. 

However, a series of problems can occur in this process, one of the main is the intensive and 

continuous exploitation of the landscape made by humans during the centuries. The two main 

examples are mining for metal extraction and mechanical agriculture which have always had a 

destructive impact on environment and on landscape (Franklin et al. 1978). Considered the 

complexity of environmental conditions which form an archaeological context, geoarchaeological 

research often requires other supportive investigations such as the pollen and ice cores detection 

(dating of the site and environmental changes), archaeobotanical research (charred seeds of ancient 

species of plants or  preserved fragments of wood which are often related to a human presence) and 

finally, the palaeoentomological research (insects of different species, sometimes also extinct, which 

are found in the soil and which are usually associated to human activity). This multidisciplinary 

approach in the investigation can yield significant results that give an essential contribution in context 

reconstruction (Dincauze 2000). 
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The meaning of Forensic approach in archaeological research 

Forensic Archaeology is a specialistic branch of Archaeology that collaborates often with forensic 

Anthropology and Police investigations. It was born in UK and then diffused all around the Europe 

and in USA. The main purpose of this discipline is that to study the clues within a crime scene that 

can often help the Police investigations to find the causes of a deceased. Archaeologists can detect 

traces in the soil which can refer to the victim. Many crime cases could present disturbed contexts 

where the body of the victim could have been destroyed or partially decomposed during the post 

depositional process (taphonomy phase). For this reason, the archaeologists can detects other kinds 

of hints that can be represented by personal objects belonged to the victim (clothes, jewels etc.), traces 

of organic matter in the soil (human blood, fragments of flesh or bones) but also actions of disturbance 

found in the soil coming from different factors such as weather, animals and other human individuals 

(Groen et al. 2015). Further, a forensic archaeologist could use C14 analysis for the dating of the 

localized area and DNA analysis on human bones in order to detect the age of the individual at the 

moment of death. An important difference between the ordinary archaeologist and the forensic one is 

the mandatory participation to audiences as expert witness for the crime scene reconstruction (Hunter 

and Cox 2005). Considered the specialistic skills of a geoarchaeologist, he could give an important 

support in a forensic case, when there is a lack of human body in the crime scene but only traces of it 

in the soil. 
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Methods 

The methodology used to carry out this research has been complex. In order to obtain as much reliable 

information as possible from the soil samples, a series of different destructive and non-destructive 

laboratory soil analysis has been effectuated. Considering the number of samples and the different 

analyses, the laboratory work has required more than two months to collect acceptable results. The 

collected data have been handled with geographical mapping software in order to give a general, but 

at the same time accurate, presentation of this experimental research referred to the two different boat 

graves. In 2019, the collection of soil samples has been considered again for further analysis. First, 

MS (magnetic susceptibility) measurements on not ignited soil has been redone with a modern 

magnetometer. Then, a spectra light absorbance analysis has been done on both ignited and not-

ignited samples, using a spectrometer with a broad light wavelength (350-2500 nm). Finally, XRF 

analysis conducted on those samples which have been taken from the area where the metal objects 

were laying in order to detect the presence of chemical elements interesting for the research. 

 

MS (magnetic susceptibility) 

The detection of magnetic susceptibility within the soil samples has represented one of the most 

fundamental processes of this research.  

In nature, everything is affected by a magnetic field which can be stronger or weaker depending to 

intrinsic features of the specific object. The indicator to measure the magnetization level of a material 

is called Magnetic susceptibility (MS). The first approach of scientists to the study of magnetic 

susceptibility, and then the magnetic properties of each material present in nature, has begun during 

1970 and 1980 with the introduction of a proper instrument by Bartington company (Dearing 1994). 

One of the first field of research which has been interested by the measurement of MS is Archaeology. 

In fact, this method has been applied on different contexts during field surveys, such as hearth, kilns, 

building foundations, pits, ditches but also funerary contexts like the following case of study. The 

purpose of the use of this method is that to detect the human traces and impact present within the 

investigated site. Interesting situations, environmental conditions and areas where this method can be 

applied and can obtain relevant archaeological information, are the following: the presence of burned 

places (the history of the fire that can be detected thanks to a high value of magnetic susceptibility in 

the soil), the type of land exploitation and habitation, landscape and geomorphology (Tite 1972). 

The two soil collections have been measured with a magnetometer provided with two different 

frequencies, low (0.46 kHz) and high (4.6 kHz). The value of the result is expressed in volume-

specific susceptibility (κ) or per unit mass (mass-specific or mass-normalised susceptibility, χ). In 

order to get the mass specific susceptibility, the volume susceptibility (κ) has to be divided by the 
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bulk density (ρ) of the sample (χ= κ/ρ). Further, the frequency dependence (χfd%), the percent 

difference between the two frequencies, can be used to investigate the consistence of minerals and 

the presence of eventual super paramagnetic particles (SP) in the soil. When the percentage value is 

< 2.0 (low χfd%), there is no SP presence; between 2 and 10 % (medium χfd% ), there is a mix of SP 

and no-SP grains; between 10 and 14% (high %), there is more than 75% of SP grains; more than 

14% (very high χfd), there could be rare values, measurement errors or contamination (Mullins 1977; 

Dearing 1996).  

 

LOI (Loss on ignition) 

This method has been used only on the 12_0067 (Hejmdaljordet site) soil samples during 2012 after 

the archaeological excavation of the boat grave. However, the data have represented a useful mean to 

interpret the other data coming from MS, NIR and XRF analysis done during 2018 and 2019. Loss 

on ignition (LOI), is a destructive laboratory method that is applied on different kind of sediments in 

order to determine their moisture (it usually can correspond to organic matter content), the organic 

carbon and carbonate contents. Further, LOI can help to identify different soil horizons and even 

indicators for the paleoenvironmental reconstruction such as pollen or macrofossils. This technique, 

moreover, does not require any chemical adding for its effectiveness. The only mean that is used is a 

muffle furnace to heat the samples. After the drying and the cooking process, it has been possible to 

identify the quantity of organic matter (OM%) present in each soil sample. Considered the funerary 

contexts, this method can give important results in terms of organic matter present in the soil 

(decomposed flesh and bones; fragments of wood coming from the boat but also roots or little animals 

like insects) (Robertson 2011). 

 

Phosphate analysis 

Phosphorus element is a chemical element present in the soil. It can be defined as indicator of past 

human activities because of its presence in many objects and matter which are usually related to the 

human presence. The anthropogenic phosphorus is particularly interesting for the archaeological 

research. It is forming in the soil from the decomposition of some different kind of matter such as 

bones, meat, fish, plants and ashes. High concentrations of this element (usually found as Phosphate 

ion in the soil) can be found also in archaeological deposits such as trash pits, funerary sites and debris 

coming from husbandry process (Cox 1995). The P (phosphorus) can easily bond with other chemical 

elements (Fe, Al and Ca ions), in both forms, organic and inorganic (Berg et al. 2018).  There are 

different kinds of P extraction and measuring processes which are used in archaeological research: 

extraction of available P; extraction of inorganic P (Pin); measurements of organic P (Porg) extraction 

of the total element by ICP (Inductively Coupled Plasma) analysis. In both cases, the extraction of 
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available P following the method of Murphey and Riley has been used (extraction with sulfuric acid 

H2SO4, with the addition of ammonium molybdate and reduced with ascorbic acid or citric acid 

C6H8O7). Homogenous soil samples of 1 g each has been extracted from the sieved samples. The 

samples have been mixed with a 10 ml prepared 2% citric acid (C6H8O7·H2O) aqueous solution. The 

samples have been sealed and put on a shaker for 15 hours. Afterwards, they have let to sediment for 

3 hours. Then 0.2 ml of the citric acid solution has been pipetted into a tube and 4 hours later, 0.8 ml 

of molybdenum ammonium in sulfuric acid solution has been added. Then 18.6 ml of distilled water 

and 0.4 ml of ascorbic acid solution were added. The tubes have been shaken and heated for 6 hours 

at 50 ºC. Afterwards the samples have been analysed by a spectrophotometer UV-vis (lambda 25) at 

630 nm wavelength along with reference samples and calibration samples. The calibration samples 

used standard solutions with 25, 50, 100, 250 and 500 ppm (part per million) of P in order to calibrate 

the spectrophotometer. These reference and calibration samples have been treated in the same way as 

the original samples (Holliday and Gartner 2007). It must be pointed out also in this case that the 

collection of soil samples n° 12_0067 has already been analysed as regard the phosphate 

concentration, in 2012. 

 

NIR (near-infrared region) spectroscopy 

Archaeology needs chemical and spectroscopic analysis for a detailed characterization of materials 

and objects. This characterization should be done with fast non-destructive screening methods. One 

can thus examine large areas (many samples and observations) during limited time without affecting 

the examined object/material. Chemical analysis based on near infrared (NIR) is a growing field with 

a clear potential for the future (Grahn & Geladi 2007). This non-destructive method is becoming more 

and more important in archaeological research. Near-infrared spectroscopy includes the near-infrared 

light spectrum region (780-2500 nm) which is not visible to naked eye. Thanks to the support of a 

spectroscope which generates a beam of light belonging to near infrared region, the chosen object, 

when illuminated, gives a reflectance response in terms of graphical spectra. This spectrum can have 

some peaks in the range which can represent an anomaly (detection of a chemical compound which 

affects the reflectance response). The detection of chemical compounds in matter is the main feature 

of this kind of analysis. The function of NIR spectroscopy is that to detect the energetic transitions 

(mainly vibrational motions in soil) of atoms (actually of their nuclei) that cause vibration, oscillations 

and stretching of chemical bonds that link the atoms (Viscarra Rossell 2009). From the peak of the 

spectra one could determine specific energetic transitions of group of atoms, that could represent 

specific compounds present in minerals but also in organic matter (for example iron compounds in 

the soil texture that could refer to fragments of burnt soil or metallic items referred to the deceased; 

moisture traces in the soil could be caused by the presence of organic liquid traces; Chang et al. 2005).  

As concern the use of this method in Archaeology, there are many cases in which it can be adopted: 
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detection of anomalies within the complexity of soil (moisture, high organic content or relevant 

metallic compounds presence); identification of different building phases of a structure depending on 

the material used; detection of different material on objects surface (thanks to the support of hyper 

and multispectral imaging) (Geladi and Linderholm 2015). Many projects of research have involved 

archaeology since the second half of 20th century. This method is more and more developing its 

techniques and instruments in order to have precise results which can give a relevant contribution to 

archaeological research (Workman et al. 2012). Focusing on these case studies, the NIR spectroscopy 

has been used on the soil samples of both the boat graves contexts. A spectroscope has been used 

linked to a computer and a rapid analysis probe. This tool permits to take measurements in a quick 

way. It is only necessary to put the probe, which is spreading a straight beam of light, in the sample 

bag and finally, wait few seconds for the spectrum response. It will be possible to watch it on the 

screen of the computer. Before measuring the soil samples, three standard references have been 

measured in order to stabilize the light beam (hydroquinone, citric acid and clayish soil). Considered 

the huge number of samples measured (268 from the Eg Sykehus site and 191 from Hejmdaljordet 

site), the process of spectra viewing has required more time. The function of NIR spectroscopy is that 

to detect chemical compounds that could represent minerals but also organic matter (for example iron 

compounds in the soil texture that could refer to fragments of burnt soil or metallic items referred to 

the deceased; moisture traces in the soil could be caused by the presence of organic liquid traces; 

Chang et al. 2005).   

 

XRF (X-ray fluorescence) 

This non-destructive method since the 60s has given a relevant contribution to geological and then 

archaeological research. Thanks to the spread of commercial spectrometers, the use of this technique 

has become more affordable. These first tools, at that time were divided in two categories: wavelength 

dispersive spectrometer and electron microprobe. Starting from the 70s, energy dispersive 

spectrometers are present in commerce and in comparison, with the previous ones, they can measure 

the full light spectrum simultaneously (Shackley 2014). XRF analysis detects the chemical 

composition of a sample by measuring the fluorescent (or secondary) X-ray emitted from a sample 

when it is excited by a primary X-ray source. Every element present in a sample produces a set of 

characteristic fluorescent X-rays ("a fingerprint") that is unique for that specific element, which is 

why XRF spectroscopy is an excellent technology for qualitative and quantitative analysis of material 

composition. The advantages of this method in archaeology are relevant. The non-destructivity of the 

analysis on samples; the few time needed to set up the analysis process; the speed of the measurement 

for each sample (from a minimum of 2 minutes to a maximum of 5-6 minutes depending on the mass 

of the sample); a clear and easy use of the instruments and related software to extract the results; a 
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low cost impact for any kind of analysis. Otherwise, there are also disadvantages which have to be 

taken into account. A specific and limited size of the samples is required (>10 mm in smallest 

dimension and >2 mm of thickness is the ideal size); limitation of chemical elements detection; 

incapacity of the instruments to make a characterization of microscopic elements within the samples 

(Shackley 2011). As concern the analysis conducted in MAL laboratory, a selected number of 

samples has been taken in account from both the collections. These samples come from the middle 

inner part of the boat grave where, in the Hejmdaljordet case, the corroded metallic sword and other 

fragments of items have been found. The goal of this analysis was that to make a comparison between 

the metals (Fe, Mn, Sn and Cu) content in the soil coming from the area where the items were found 

and the assumed area where the items were supposed to lay in the other boat grave (Eg Sykehus case). 

An XRF spectrometer has been used to measure the quantity of chemical elements in the soil samples 

(ppm). According with the standard measurements (Hall 1960; Webster 2008).  In total, 15 samples 

from each collection of soil samples have been selected for the XRF analysis. Each bag has been 

processed by the spectrometer with X-ray frequency. After 120 seconds, the instrument has shown 

on the screen all the identified chemical elements contained in the soil composition (the results are 

indicated in part per million). Then, the data have been collected and exported in an excel file. 

 

 

GIS interpolations  

GIS mapping has allowed to show in a clear way the results of the analysis conducted on the soil 

samples. Through this data processing it was possible to represent the distribution of magnetic 

susceptibility frequency, the phosphate concentration data and the XRF results in the area of interest. 

The interpolation “predicts values for cells in a raster from a limited number of sample data points. It 

can be used to predict unknown values for any geographic point data, such as elevation, rainfall, 

chemical concentrations, and noise levels.” (ESRI 2016). This method allows to view the distribution 

of magnetic susceptibility and phosphate concentration data on the sampled area giving a graphical 

perspective of the results. There are different kinds of interpolation, divided in two categories: the 

“global”, that focuses on an extended area and it is useful for predictions for general trends in data 

and the “local”, that is based on a model starting from the original data observations. A triangular 

irregular network (TIN) interpolation has been used. It creates a surface with triangles formed by 

related points. This kind of interpolation creates surfaces that are not smooth, but ragged. This is due 

to the relation between the edges of triangles and those formed by the sample data points which 

creates discontinuous slopes that could appear confusing in the final view of the map (Conolly and 

Lake, 2006; Wackernagel, 1995). In the case of the two boat graves the interpolation can be used 

because it shows a distribution of the values in the context of Phosphate contents, Magnetic 

http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/understanding-interpolation-analysis.htm
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susceptibility at low frequency, Loss on ignition percentage and XRF spectroscopy. The difference 

among the values is visible thanks to the use of a gradual range of colours that allow to detect the 

concentration of them in the interested area (see for example  

Figure 15) 

 

 

 

Results 

Both 12_0067 boat grave and 18_0006 grave soil samples were previously analysed: in 2018 MS and 

CitP extraction as concern 18_0006; in 2012 MS, CitP extraction, LOI and MS550 as concern 

12_0067. The main reasons that justify these remake are: an accurate and more efficient measuring 

process given by updated laboratory instruments (ex. New magnetometer for magnetic susceptibility 

detection), lack of data present in the previous lab reports and measurement mistakes. The soil 

samples coming from Eg Sykehus site have been analysed only one time during 2018 and 2019. In 

this case, the soil has not been ignited, but MS at low and high frequency has been measured together 

with CitP extraction, NIR spectroscopy and XRF analysis. The samples presented a high amount of 

coarse gravel, charcoal fragments and ashes which prove the disturbance caused by burning and 

looting actions occurred during the post-deposition process (information taken from the excavation 

and micromorphology analysis reports; see Figure 12) (Macphail 2018). 

The boat grave found in Hejmdaljordet site presented some archaeological finds that the 

archaeologists have been interpreted as personal items of the deceased. A corroded sword and 

fragments of a probable belt have been found in the middle part of the grave where the body was 

supposed to lay (Figure 13). In this case, as the Eg Sykehus boat grave, no parts of human body have 

been found. However, the really high concentration of phosphate together with traces of faecal debris 

and phytoliths detected nearby the area where the assumed belt was found (pelvic area), has 

strengthened the hypothesis that the body was deposed in the middle area or differently, those faeces 

could belong to an animal that was laying on the perimeter structure of the boat (usually a horse or a 

dog; Larsson 2007). In order to spot the human body position also in the other boat grave (Eg 

Sykehus), 15 samples of 12_0067 collection, coming from the area of the grave where weapons were 

found, have been analysed with XRF, in order to detect the chemical elements content in the soil 

(ppm). In particular, those samples surrounding the archaeological finds made of metal. The same 

strategy has been applied on the other collection, in order to see if it was possible to detect an eventual 

anomaly in the soil’s chemical elements of the middle area although the lack of human body traces 

and even of archaeological finds. All the results have been collected and grouped in two excel table 

reports (see Appendix).  
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Figure 12: general GIS map representing the soil samples distributed in the sampling area; the 

remarkable finds collected from some of the samples; the indication of thin sections of soil taken 

within the boat grave for the micromorphological analysis. Most finds are represented by fragments 

of charcoal, then corroded metal fragments and finally fragments of bone, pottery and plant roots. 

The heterogeneity of laboratory finds represents a further proof of disturbed context. 

Eg Sykehus 
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Figure 13: general map showing the distribution of soil samples collected during the excavation in 

Hejmdaljordet within and outside the boat grave (collection of samples n°12_0067). Further, 

archaeological finds position is indicated within the boat grave. The archaeological finds concerned 

a corroded sword and other fragments of metal including a buckle of a belt (Macphail et al. 2013). 

 

 

 

 

 

 

 

 

 

 

Hejmdaljordet 
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CitP extraction results 18_0006 (Eg Sykehus site) 

The organic phosphate content in the soil has been extracted and most of the ultimate values are 

higher than 200 ppm (Figure 14). It means that in those areas where the concentration of organic 

matter is so high, there could be the presence of decomposed flesh, rests of bones, rests of animals or 

simply dump spots. As  

Figure 15 shows, the distribution of high values is quite homogeneous in the upper and central area 

of the boat grave. A lower phosphate concentration is present in the lower part of the grave where, 

anyway, most of the values are higher than 200 ppm. 

 

 

Figure 14: histogram which shows the level of phosphate (ppm) values (X axis) corresponding to the 

number of samples with the same value (Y axis). The red arrow indicates the 200-ppm level of 

phosphate concentration that usually represents the standard value for human impact on the soil 

(Holliday and Gartner 2007). The majority of 268 samples shows a concentration of CitP in the range 

of values 200-400 ppm (73% with respect to the total). The highest values have been detected in those 

samples that contained charcoal fragments and ashes (burned soil usually generates high 

concentration of inorganic phosphate; Berg and al. 2018). 
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Figure 15 A and B: GIS maps which show TIN interpolations of CitP ppm values distribution within 

and outside the boat grave area. Map A shows the inorganic phosphate concentration distributed in 

the sampled area. The white spots indicate the lowest values of phosphate (ppm), while the dark blue 

ones indicate the highest values. The rest of the values is indicated by the light blue colour which 
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represents the majority because the other values have similar quantity of phosphate (ppm)among 

them. Map B includes also the soil samples position. Every sample belongs to a specific category that 

indicates a range of phosphate values detected in the soil. As already indicated by the histogram, the 

dominant range of values is 201-400 (darker shade of blue). These samples contained many fragments 

and ashes of charcoal that could indicate burning actions made on the wood structure of the boat 

(they have been taken from the area corresponding to the perimeter of the grave). However, this 

charcoal could also come from the wood of a fireplace located in that area in a successive period 

after the burial process.    

 

12_0067 (Hejmdaljordet site) 

The same kind of method has been used for the detection of phosphate in the soil samples coming 

from Hejmdaljordet boat grave. In this case, the results were clearer and more homogeneous than the 

first case (Figure 16). In particular, a really high concentration of phosphate has been detected in 

those samples corresponding to the area where the mineralised faeces have been found (probably 

nearby the pelvic area of the deceased in the middle-lower part of the boat grave; see 

 

Figure 17; Macphail et al. 2013). 
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Figure 16: histogram which shows the level of phosphate (ppm) values (X axis) corresponding to the 

number of samples with the same value (Y axis). The orange arrow indicates the 200-ppm level of 

phosphate concentration that usually represents the standard value for human impact on the soil 

(Holliday and Gartner 2007). The majority of 268 samples shows a concentration of CitP in the range 

of values 250-500 ppm. The highest values have been detected in those samples that contained 

mineralised parts of faeces, ferruginous parts of wood and iron nails coming from the boat and 

finally, phytoliths (Macphail et al. 2013). 
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Figure 17 A and B:  GIS maps which show TIN interpolations of CitP ppm values distribution within 

and outside the boat grave area (Hejmdaljordet site). Map A shows the inorganic phosphate 

concentration distributed in the sampled area. The darkest blue spots indicate the highest values of 

phosphate (ppm), while the white ones indicate the lowest values. The rest of the values is indicated 

by the light blue colour which represents the majority because the other values have similar quantity 
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of phosphate(ppm)among them. Map B includes also the soil samples position. Every sample belongs 

to a specific category that indicates a range of phosphate values detected in the soil. The dominant 

range of values in this case is represented by the range 201-500. The highest values represent the 

isolated case of mineralised faeces discovery and for this reason have not been indicated with a 

category but with their value. Moreover, these samples contained many fragments of ferruginous 

fragments of wood together with corroded metallic fragments probably coming from the nails of the 

boat structure (Macphail et al. 2013). 

 

 

 

 

 

 

 

 

 

 

MS results 18_0006 (Eg Sykehus site) 

 

The MS high and low frequency measurements on not ignited soil samples have given convincing 

results as regard the level of MS in some parts of the boat grave area. However, the highest and the 

lowest values, for both the frequencies, have been detected in the part surrounding the perimeter of 
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the grave as it possible to see in 

 

Figure 19 . Some MS results have been considered and then associated to XRF analysis results 

(middle part of the grave where the body deposition was supposed to be and external perimeter of the 

boat grave where usually metallic nails coming from the boat structure could be found). Figure 18, 

shows a histogram that indicates the level of magnetic susceptibility in the selected soil samples. 

 

 

 

 

 

 

 

 

 



35 

 

 

 

Figure 18: Histogram which shows the level of MSlf values (X axis) corresponding to the number of 

samples with the same value (Y axis). A moderate homogeneity in the distribution of the values is shown 

by the graphic. The data can be described by a normal distribution with an average value of 100 k and a 

standard deviation of about 36 k. The range 70-140 k is that which involves the major % of the MSlf values 

in the soil samples (72%). These high values could be referred to the burning traces found in the soil. 

However, the highest values have been detected in those samples located in the perimeter of the boat grave 

which contained ashes and fragments of charcoal but also concretions of corroded metal. 
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Figure 19: GIS maps which show TIN interpolations of MSlf values distribution within and outside 

the boat grave area. Map A shows the MSlf k distributed in the sampled area. There is an alternation 

between light and dark intensity of red colour that shows the variability of quantity values distributed 

within and outside the boat grave. Darker red spots indicate higher values contained in some of the 
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samples instead of lighter red spots that indicate lower values of MSlf (k). The lightest spot represents 

the lowest values while the darkest spot represents the highest ones. Map B includes also the soil 

samples position. Every sample belongs to a specific category that indicates a range of MSlf (k) values 

detected in the soil. The highest values (170,173 and 198 k) have been detected in those samples 

located in the top part of the grave nearby the perimeter (traces of charcoal and black ashes have 

been found in these samples). As a matter of fact, the other high values represented by red diamonds, 

are distributed mostly around the perimeter of the boat.  

 

12_0067 (Hejmdaljordet site) 

The soil samples coming from Hejmdaljordet have been measured already with a less accurate version 

of the magnetometer in 2013. In order to improve the validity of the results, the measurements of 

MSlf have been taken again in 2019. The results obtained were similar to the previous measurements. 

According to the values of MSlf, there is a difference with the Eg Sykehus boat grave (Figure 20). 

Considered the absence of burning actions made on the soil where the grave was found, the values of 

MSlf have not been altered by the heating like in the previous case. The only anomalous values have 

been detected in those areas where the corroded metallic items were laying (

 

Figure 21). The dominant range of values in this case is only one, 10-20 k. They correspond to those 

samples taken from the perimeter of the boat (ferruginous wood fragments together with traces of 

corroded metal) and also within the grave mostly in the middle-upper part where it was supposed to 
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find the deceased (corroded metal objects such as the sword and the fragmented  buckle of the belt). 

The highest value, 35 k  has been detected in those samples where the mineralised faeces have been 

found together with ferruginous fragments of wood and corroded parts of metal (Macphail et al. 

2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Histogram which shows the level of MSlf values (X axis) corresponding to the number of 

samples with the same value (Y axis). A moderate homogeneity in the distribution of the values is shown 

by the graphic. The range 5-15 k is that which involves the majority of the MSlf values in the soil samples 

(about 94%). The data can be described by a LogNormal distribution, i.e. a normal distribution of the 

logarithmic value of the data. The highest values (35 k) could be referred to the burning traces found in 

the soil. However, the highest values have been detected in those samples located in the middle-lower 

part of the boat grave which contained fragments of metal, together with roots and ferruginous fragments 

of wood, but also concretions of corroded metal). 
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Figure 21 A and B: GIS maps which show TIN interpolations of MSlf values distribution within and 

outside the boat grave area (12_0067 collection). Map A shows the MSlf k distributed in the sampled 

area. There is an alternation between light and dark intensity of red colour that shows the variability 

of quantity values distributed within and outside the boat grave. Darker red spots indicate higher 

values contained in some of the samples instead of lighter red spots that indicate lower values of MSlf 

20-30 

30-35 
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(k). The lightest spot represents the lowest values while the darkest spot represents the highest ones. 

Map B includes also the soil samples position. Every sample belongs to a specific category that 

indicates a range of MSlf (k) values detected in the soil. In this case, no traces of burning action have 

been detected in the soil. For this reason, the MSlf (k) values are lower than the previous case 

(Dearing 1994 about the causes of MSlf (k) high values in the soil).  

 

LOI results 12_0067 (Hejmdaljordet site) 

According to the results, the middle area of the grave where the items have been found presented the 

highest percentage of organic matter (OM%). As Figure 22  shows, the highest percentage is about 

4.5%. However, this percentage is contained in few samples instead of the range 1-1.7% that is present 

in most of the percentage of soil samples (about 57%). The results of  LOI  have been distributed in 

the context  through the use of a GIS map (Figure 23). 

 

Figure 22: Histogram which shows the percentage of loss on ignition (LOI) in the soil (X axis) 

corresponding to the number of samples with the same value (Y axis). The highest percentage (4.5 

%) of organic matter (OM%) has been detected in those samples taken from the middle part of the 

boat grave, where the corroded sword has been found. However, the dominant range of percentage 

(1-1.7%) has been detected in those samples taken from the inner part of the boat (Macphail et al. 

2013). 
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Figure 23: GIS map which shows the quantity of loss on ignition (LOI) in terms of percentage within 

the boat grave. Thanks to the graphical support of TIN interpolation, it is possible to detect those 

areas in the boat grave where the percentage of loss on ignition and then the quantity of organic 

matter is present in the soil. The assumed position of human body in the middle part of the boat grave 

can be justified not only by the presence of personal objects but also by a significant quantity of 

organic matter. 
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NIR results 18_0006 (Eg Sykehus site) 

Considered the capacity of the spectrometer to involve both visible (350-780nm) and near infrared 

(780-2500 nm) light spectra regions, the large amount of results has been interpreted by the 

representation of absorbance-wavelength graphs. The peaks of the spectra can show eventual 

anomalies in the light spectra referable to different factors, such as the common noise, that usually 

disturbs the absorbance, and reflectance responses, but also traces of moisture (low peaks; OH 

groups) or the presence of strong chemical bonds in the soil that could be identified as mineral 

compounds or metal traces (Clark 1999). The NIR usually identifies traces of organic traces that can 

be referred to plant nutrients but also traces of heavy metals and other contaminants that can be 

deposited in the soil. On the contrary, the visible region can detect traces of moisture in the soil 

(Stenberg et al. 2010). The following figures display the obtained results dividing the area of interest 

in 6 zones: north outer and inner part of the boat, medium outer and inner part of the boat, south outer 

and inner part of the boat. 

 

 

 

Figure 24 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the north inner part of the boat as reported in map C (yellow dots). As highlighted by the 

red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1400 nm, around 1900 nm, around 2200 and around 2350 nm. The peaks of the 

visible spectra usually indicate the predominant colour of the soil’s minerals, the presence of the 

organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate the presence 

of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 
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Figure 25 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the north outer part of the boat as reported in map C (yellow dots). As highlighted by the 

red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1400 nm, around 1900 nm, around 2200 and around 2350 nm. The peaks of the 

visible spectra usually indicate the predominant colour of the soil’s minerals, the presence of the 

organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate the presence 

of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 

 

 

 

 

 

 

 

 

 

 

 



44 

 

 

 

 

 

 

 

Figure 26 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the medium inner part of the boat as reported in map C (yellow dots). As highlighted by 

the red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1400 nm, around 1900 nm, around 2200 and around 2350 nm. The peaks of the 

visible spectra usually indicate the predominant colour of the soil’s minerals, the presence of the 

organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate the presence 

of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 
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Figure 27 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the medium outer part of the boat as reported in map C (yellow dots). As highlighted by 

the red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1400 nm, around 1900 nm, around 2200 nm. The peaks of the visible spectra usually 

indicate the predominant colour of the soil’s minerals, the presence of the organic matter and of iron 

oxides. Whereas, those ones of NIR region, usually indicate the presence of bonded and unbonded 

moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 
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Figure 28 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the south inner part of the boat as reported in map C (yellow dots). As highlighted by the 

red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1000 nm, around 1400 nm, around 1900 nm, around 2200 nm and 2350 nm. The 

peaks of the visible spectra usually indicate the predominant colour of the soil’s minerals, the 

presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate 

the presence of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 

2009). 
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Figure 29 A B C: figures A and B display the visible and the NIR spectra, respectively, of the soil 

samples in the south outer part of the boat as reported in map C (yellow dots). As highlighted by the 

red vertical lines, in figures A and B, the following peaks can be observed: around 480 nm, around 

600 nm, around 1400 nm, around 1900 nm, around 2200 nm. The peaks of the visible spectra usually 

indicate the predominant colour of the soil’s minerals, the presence of the organic matter and of iron 

oxides. Whereas, those ones of NIR region, usually indicate the presence of bonded and unbonded 

moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 
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12_0067 (Hejmdaljordet site) 

In this case, visible and NIR spectra were collected on soil samples before and after their ignition. 

The following figures display the obtained results dividing the area of interest in 6 zones: north outer 

and inner part of the boat, medium outer and inner part of the boat, south outer and inner part of the 

boat. 

 

 

 

Figure 30 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the north inner part of the boat as reported in map E (yellow dots). Figure C 

and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As highlighted 

by the red vertical lines, in figures A, B, C and D, the following peaks can be observed: around 480 

and 500 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 2350 nm. The peaks of 

the visible spectra usually indicate the predominant colour of the soil’s minerals, the presence of the 

organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate the presence 

of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 2009). 
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Figure 31 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the north outer part of the boat as reported in map E (yellow dots). Figure C 

and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As highlighted 

by the green and blue vertical lines, in figures A, B, C and D, the following peaks can be observed: 

around 480 and 530 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 2350 nm. 

The peaks of the visible spectra usually indicate the predominant colour of the soil’s minerals, the 

presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate 

the presence of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 

2009). 
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Figure 32 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the medium outer part of the boat as reported in map E (yellow dots). Figure 

C and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As 

highlighted by the green and blue vertical lines, in figures A, B, C and D, the following peaks can be 

observed: around 480 and 530 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 

2350 nm. The peaks of the visible spectra usually indicate the predominant colour of the soil’s 

minerals, the presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, 

usually indicate the presence of bonded and unbonded moisture, clay minerals and again iron oxides 

(Viscarra Rossel 2009). 
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Figure 33 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the middle outer part of the boat as reported in map E (yellow dots). Figure 

C and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As 

highlighted by the green and blue vertical lines, in figures A, B, C and D, the following peaks can be 

observed: around 400 and 530 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 

2350 nm. The peaks of the visible spectra usually indicate the predominant colour of the soil’s 

minerals, the presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, 

usually indicate the presence of bonded and unbonded moisture, clay minerals and again iron oxides 

(Viscarra Rossel 2009). 
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Figure 34 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the south inner part of the boat as reported in map E (yellow dots). Figure C 

and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As highlighted 

by the green and blue vertical lines, in figures A, B, C and D, the following peaks can be observed: 

around 400 and 530 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 2350 nm. 

The peaks of the visible spectra usually indicate the predominant colour of the soil’s minerals, the 

presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate 

the presence of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 

2009). 
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Figure 35 A B C D E: figures A and B display the visible and the NIR spectra, respectively, of the not 

ignited soil samples in the south outer part of the boat as reported in map E (yellow dots). Figure C 

and D display the visible and the NIR spectra, respectively, of the ignited soil samples. As highlighted 

by the green and blue vertical lines, in figures A, B, C and D, the following peaks can be observed: 

around 400 and 530 nm, around 1400 nm, around 1900 nm, around 2200 nm and around 2350 nm. 

The peaks of the visible spectra usually indicate the predominant colour of the soil’s minerals, the 

presence of the organic matter and of iron oxides. Whereas, those ones of NIR region, usually indicate 

the presence of bonded and unbonded moisture, clay minerals and again iron oxides (Viscarra Rossel 

2009). 
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XRF results 18_0006 (Eg Sykehus site) 

Considered the great action of disturbance present in the context and the lack of relevant information, 

the XRF analysis has permitted to get results about the quantities of main chemical elements in those 

soil samples (15 for each collection) taken from those areas where it has been assumed the presence 

of metal objects. Following previous researches related to these kinds of funerary contexts where the 

XRF method was used, it has been possible to understand which elements, if detected in massive 

quantities, could attest the presence of artefacts. Iron (Fe), copper (Cu), manganese (Mn) and tin (Sn) 

for the eventual research of objects (Figure 36Fel! Hittar inte referenskälla.). According to the 

results, the proportion of Fe is dominant in all the analysed samples (see Appendix). 

 

 

 

 

Figure 36 A, B, C, D: GIS map showing the distribution of XRF analysis results for some of the 

chemical elements found in the soil samples. Tin (Sn), Manganese (Mn) Copper (Cu), and Iron (Fe), 

The dominant chemical element present in the soil is the iron (Fe).  
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12_0067 (Hejmdaljordet site) 

The XRF analysis for this collection has been made to detect the quantity (ppm) of some chemical 

elements that can refer to archaeological finds such as metal objects (weapons, coins, jewels etc.). 

For this reason, 4 main elements, Tin (Sn), Manganese (Mn), Copper (Cu) and Iron (Fe) present 

naturally in the soil, have been taken in account for the analysis considered also the presence of 

metallic items found in the grave (corroded sword and fragments of a belt) that could contain these 

elements in their composition (Figure 37). The selected samples for this kind of analysis come from 

the middle part of the grave where the items have been found. According to the soil texture, mainly 

composed by sand and gravel, a high level of metals in the soil was expectable. However, only the 

iron and manganese resulted dominant in the analysis compared to copper and tin (see also 

Appendix). 

 

 

 

Figure 37: GIS map which shows the distribution of XRF analysis results for some of the chemical 

elements found in the soil samples. In particular, 4 different chemical elements have been chosen: 

Tin (Sn), Manganese (Mn) Copper (Cu), and Iron (Fe), The dominant chemical element present in 

the soil is the iron (Fe).  
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Discussion 

The Eg Sykehus case 

 The more complex case of Eg Sykehus site has not many parallels in Norway considered its poor 

preservation. However, a preliminary investigation made on the field and then a more accurate 

analysis of soil made in the laboratory, has permitted to formulate some hypotheses concerning the 

eventual presence of human body within the grave, the kind of disturbance actions and even the 

funerary technique (cremation or inhumation). This kind of research aims to find something that is 

not directly identifiable trough the study of its related evidence. Although the case of study does not 

involve the police or a crime scene, the methodology and the approach used on this boat grave can be 

defined as forensic (Blau and Ubelaker 2009). Traces of human deposition within the boat grave seem 

to be poor and not clear. However, the results of multiple analysis conducted on soil together with 

the collected finds during the sieving process, have permitted to at least make a hypothetical 

reconstruction of the context in different phases. The first phase should be referred to the burial 

process of the human body. In this case, the high values of magnetic susceptibility, a high 

concentration of inorganic phosphate and finally, fragments and ashes of charcoal found in many soil 

samples could imply that the boat grave was burned following then the cremation process (Schönbäck 

1983). However, the boat grave was found nearby two other mounds, and probably it was originally 

a mound with a boat grave deposition (see the better preserved case of ship burial found underneath 

a mound in Sutton Hoo site. Bruce-Mitford 1975; 1978). These burning traces and the lack of items 

and human body could then be referred to a second phase where the mound was destroyed and the 

grave looted (Figure 38 B). Moreover, the percentage of MS frequency dependence obtained from 

some of the indicated samples, has shown more than 10% of SP minerals (possible presence of 

corroded metal in the soil). However, the reliability of frequency dependence results has not been 

considered so convincing, in the Eg Sykehus case because of probable erroneous measurements 

during the MS analysis. According to the profile of the stratigraphy found within the boat grave, the 

soil texture had traces of shifting from a lower to an upper layer (hints that the grave was excavated 

previously). Moreover, the charcoal fragments have been found in an upper soil horizon in 

comparison with the ashes that were found in a lower soil horizon. This difference could mean that 

there could have been different burning phases and that the charcoal found could refer to timber used 

for fireplace and not to the wood of the boat structure (see Appendix 1a). The response of 

spectroscopy measurements could represent a valid support in the interpretation of the traces found 

in the soil. Probable traces of moisture (using both the visible and NIR spectra regions) have been 

detected in those samples with a low magnetic susceptibility taken from the perimeter area and the 

inner part of the boat grave. The presence of moisture is deducible by the peaks around 1400 nm, that 
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in this case may represent the stretching of water’s O-H bond (De Gruijter 2002). Whereas the peaks 

in visible region (around 480 and 600 nm) may be referred to part of organic liquids coming from the 

decomposition of human tissues and from the organic components of wood coming from the boat 

structure (Skre 2007). The peaks near 1900 nm and the others in the region 2000-2400 nm are usually 

referred to traces of iron compounds (the most common are iron oxides that could derive from metal 

items or natural structure of the soil) (Linderholm et al. 2013). Finally, The XRF results comparison 

made between the two contexts have given interesting results. The samples of the collection 12_0067 

taken from the area where the metal objects were laying and measured with XRF; however, the same 

number of measurements has been taken from the samples of the collection 18_0006 that correspond 

approximately to the same area of the items position in the other boat grave. The quantity (ppm) of 

iron (Fe) in 18_0006 samples resulted even higher than the 12_0067 samples, although no metal 

object was found in the grave. However, corroded fragments and concretions of metal have been 

found in that area. Moreover, those samples contained also charcoal fragments and ashes that refer to 

burning traces in the soil. In conclusion, the high presence of iron in the soil, as reported by both XRF 

and spectroscopy results, may be referred to metal items of the deceased or metal components of the 

boat; whereas, the heterogeneity of magnetic susceptibility could be caused by actions of disturbance 

such as lootings and burning.  
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Figure 38 A B: the two pictures show two GIS maps representing two hypothetical reconstructions 

of the Eg Sykehus boat grave context. Map A shows an eventual burning process which has affected 

all the area of the boat grave according to the ritual process of cremation. This process was supposed 

to affect the boat grave destroying the boat structure and the human body with its tissues. However, 

the conditions of the context presented burning traces only in some parts of the grave (according to 

fragments of charcoal and the high values of MS more in some areas than in others). For this reason, 

a second hypothesis has been formulated. Map B shows another scenario happened in the post 

depositional phase: the grave has been probably profaned with loots (lack of any trace of human 

body and his personal items) and burning actions (fragments of charcoal present in high  quantities 

in only some areas within and without the boat grave) (Macphail 2018; Mjærum and Mansrund 

2017). 
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The Hejmdaljordet case 

Although both the boat graves have not presented any clear trace of human body, but only some 

fragments of personal items that could be referred to it, a series of  comparisons with other Norwegian 

better preserved boat graves, has permitted to strengthen the assumption of a burial in these two boat 

graves. For instance, the items presence within the grave, is one of the main traces that usually 

indicates a human presence (personal objects such as weapons or jewels that can even identify the 

social status of the deceased). Recently, a boat grave has been discovered in the market square of 

Trondheim. The archaeologists have found a boat grave 4 meters long with north-south orientation. 

The boat grave has been dated to early Viking age. This case has many features in common with the 

Hejmdaljordet boat as concern the scarce preservation of the wood structure. However, a relevant 

number of rusty nails and other metallic fragments have been found within and outside the grave 

(Macphail et al. 2013). The context did not present actions of disturbance (looting and burning) like 

in the Eg Sykehus case, and for this reason much clear traces of human body have been found. Two 

human bones have been dug out and preserved for a future DNA analysis. On the top of one of the 

bones there was a piece of bronze corresponding to a not yet identified object. Furthermore, a key 

and spoon have been found beside the two bones (information taken from Norwegian Institute for 

Cultural Heritage Research, NIKU, Wrigglesworth 2017). As this case has shown, the personal 

belongs can be found beside the human body, then they could represent relevant evidence for human 

body position and identification. However, in some cases, other items can be placed in a different 

area of the grave such as the top or the bottom (the items can have a different symbology and value 

depending on their position within the grave) (Arrhenius 1995). The complete decomposition of 

human tissues and bones could mean that the acidic soil conditions and a bad preservation of the 

grave have contributed to enhance this process in Hejmdaljordet boat grave. However, debris of 

faeces that are more perishable than bones, have been found within the grave in a mineralised state 

(faeces that could come from human body or animal one; see Fel! Hittar inte referenskälla.). This 

extraordinary, but at the same time, unusual discovery in boat graves (see the similar case of the 

Viking grave found in Hesby; Viklund et al. 2013) could be related to chemical bonds created between 

the soil chemical elements and those present in the faeces (Macphail et al. 2013). The study of boat 

graves in Norway can not exclude the Kaupang case (Vestfold region) (Skre 2007). One of the most 

important archaeological discoveries occurred in this country. This site corresponded to an ancient 

harbour and a settlement inhabited by merchants in majority but also a minority represented by 

aristocratic warriors. The site has been dated from late VIII century to the half of X century AD. The 

site presented also different funerary areas. In one of these graveyards 46 different boat graves have 

been detected with single or multiple deposition. A sensational discovery that is considered the largest 
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in Scandinavia as regard the boat graves. Most of the graves were structured following the inhumation 

technique. However, a minor part of the graves was burned with cremation process (Figure 38 A). 

The good preservation of the graves has permitted to distinguish the gender of the deceased and 

his/her social status. Although this cemetery is located in the same region of Hejmdaljordet boat 

grave, the environmental conditions were more favourable considered the collection of more 

archaeological information (traces of clothes tissues, bones and wood fragments together with better 

preserved metallic items). This preservation could be referred to a stronger and more protected 

structure of the grave. For instance, one of the boat graves found in the southern part of the cemetery, 

presented a clear and well preserved structure of the grave (the good preservation of the wood 

structure has allowed even the identification of the oak as used wood species)  together with the items 

belonged to deceased (probably he was a warrior, considered the fancy sword decorated with a 

hourglass-inlay and the buckle of the belt made of copper-alloy). The archaeologists have found traces 

of a further structure that was covering completely the long 7 meters boat. This structure could 

correspond to a chamber that was expressly built to protect the grave from future actions of 

disturbance such as looting. However, the chamber structure is referred to royal ship graves that are 

longer than boat graves and more important in terms of social status. It is possible that the deceased 

was occupying an important role within the society and he could afford the construction of a chamber 

for his grave (Skre 2007). In conclusion, it could be assumed that the boat grave found in 

Hejmdaljordet site could contain the body of an important member of society considered the presence 

of a corroded sword and also here buckle fragments of a belt and a dedicated boat grave (perhaps a 

warrior; see similar cases in Svanberg 2003; Schönbäck 1983 and Ljungkvist 2008). The presence of 

a human body can be also supported by the clear results coming from LOI and phosphate analysis 

which indicate a high percentage of organic matter (OM%) and phosphate concentration in the soil. 

Finally, the spectroscopy analysis has given back interesting results as concern the spectra responses 

for both visible and NIR detecting probable traces of moisture (visible spectra) and also iron 

compounds (infrared spectra) in the soil (Stenberg et al. 2010). The presence of moisture, however, 

could be confirmed by the low results of MSlf found in all the samples, and also deducible by the 

peaks around 1400 nm, that in the case of not ignited soil may represent the stretching of water’s O-

H bond, whereas in the other case (ignited) may represent the O-H vibration of iron oxides present in 

clay soils  (De Gruijter 2002). The comparison between not ignited and ignited NIR spectra show two 

important differences: (i) the drying process caused a shift down of the whole spectrum, (ii) the slight 

peaks between 2000 and 2400 nm present in the ignited case, disappeared in the not ignited one. A 

possible interpretation of these variations might be the influence of moisture (De Gruijter 2002). This 

moisture could come from natural moisture of the soil, debris of plants but also from human tissues 

(Skjemstad et al. 1997). The NIR spectra’s peaks referred to iron oxides may be related to metal items 

referred the deceased or to boat metal components. 
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Figure 39 A B: the two pictures show two GIS maps representing two hypothetical reconstructions 

of the Hejmdaljordet boat grave context. Map A shows a deposition orientated with the head to S-SW 

(orientation of the boat’s keel; Larsson 2007) and the sword could lay beside the body, in this case, 

with the hilt orientated towards N-NE (Macphail et al. 2013; Price 2002). The probable position of 

the body was supposed to be in the middle area of the boat (according to LOI results and the laying 

of the corroded sword and the other fragmented items). Next to the assumed body, parts of 

mineralised faeces have been found (identified as faeces according also to high concentration of 

phosphate where this matter has been found; Macphail et al. 2013). This discovery had between the 

external perimeter and the inner part of the boat grave could let assume that another body laied  next 

to the human body (probably a horse; Skre 2007, Schönbäck 1983). Map B represents the same 

scenario of the previous one except for the orientation of the human body that could have been 

deposed within the grave following the Christian way (the head orientated towards N, NE where the 

sun rises; Crumlin-Pedersen and Munch Thye 1995). Moreover, the sword could lay beside the body, 

in this case, with the hilt orientated towards S, SE (Macphail et al. 2013; Price 2002). 
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Conclusion 

The interpretation of a significant amount of data taken from two different collections of soil samples 

has required a long and intense work lasting two years. The integrity of the boat grave coming from 

Hejmdaljordet site, has been taken as an example to make comparisons with a more disturbed context 

represented by that one of Eg Sykehus site (Kristiansand community; soil samples n° 18_0006). 

However, further analysis such as new MS measurements, NIR spectroscopy analysis and XRF 

analysis (only for selected samples) have been performed during 2019 for both the collections. Then 

it has been possible to find an answer to the research questions. The soil analysis has given a relevant 

contribution to the archaeological reconstruction, although the preservation of the two boat graves 

(mostly that found in Eg Sykehus site) was poor and the presence of finds was minimum or even 

absent. The series of different results coming from different methods of laboratory analysis, has been 

combined to get as much information as possible from the soil. After all, it has been at least possible 

to assume where the body was laying after the burial process, thanks to a literature study of similar 

or better preserved cases; analyses on soil which identify organic matter or moisture such as 

phosphate extraction (CitP ppm), loss on ignition (LOI) and NIR spectroscopy, that could be related 

to the human body tissues. The study of this kind of soil has permitted to find relevant archaeological 

information that the two contexts could not directly give back because of their bad preservation. For 

example the traces of wood found in the perimeter of the boat together with the fragments of corroded 

metal have permitted to assume that there was a wood boat structure which contained the deposition 

instead of a stone coffin to surround it (see the examples of bronze age and early iron age; Crumlin-

Pedersen and Thye 1994). The study of soil and sediments has given further information about the 

post-deposition process. The traces of burned soil (traces of charcoal fragments and ashes) together 

with the heterogeneity of stratigraphy and the lack of any kind of archaeological find, has permitted 

to assume the probable actions of spoiling and looting made on the Eg Sykehus boat grave in a second 

phase. The strategy adopted during this study could be forensic although the absence of a crime scene 

or the collaboration of police authority. This forensic approach consisted in collection of many clues 

to finally discover the proof that the human body deposition had been altered and desecrated. This 

paper has shown the importance of soil study and analysis for the archaeological research. It could be 

a valid support but sometimes even essential in the interpretation of the site when there is a complete 

lack of archaeological finds. Although geoarchaeology is a specialistic branch of Archaeology, it 

should be present in the basic background of every archaeologist because it permits to develop an 

even deeper accuracy in the research detecting all information in a detailed way during the context 

reconstruction. 
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1. Appendix 

This appendix contains all the data collected from the analysis process performed on both classes of samples. 

 

Table xx. 18_0006 (Eg Sykehus boat grave) 

MALNo MSlf (-) CitP (ppm) Sn (ppm) Sn Error Mn (ppm) Mn Error Cu (ppm) Cu Error Fe (ppm) Fe Error 

18_0006_001 108 210                 

18_0006_002 122 288                 

18_0006_003 80 202                 

18_0006_004 110 270                 

18_0006_005 109 262                 

18_0006_006 108 355                 

18_0006_007 72 262                 

18_0006_008 144 313                 

18_0006_009 146 293                 

18_0006_010 114 252                 

18_0006_011 73 328                 

18_0006_012 86 252                 

18_0006_013 115 286                 

18_0006_014 130 385                 

18_0006_015 49 319                 

18_0006_016 20 560                 

18_0006_017 117 738                 

18_0006_018 99 329                 

18_0006_019 88 259                 

18_0006_020 69 229                 

18_0006_021 56 205                 

18_0006_022 119 289                 

18_0006_023 104 426                 

18_0006_024 127 394                 

18_0006_025 79 358                 

18_0006_026 24 542                 

18_0006_027 36 405                 

18_0006_028 114 463                 

18_0006_029 116 365                 

18_0006_030 90 349                 

18_0006_031 76 272                 

18_0006_032 93 279                 

18_0006_033 110 324                 

18_0006_034 118 364                 

18_0006_035 53 401                 

18_0006_036 111 348                 
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18_0006_037 61 347                 

18_0006_038 29 501                 

18_0006_039 102 283                 

18_0006_040 120 402                 

18_0006_041 137 420                 

18_0006_042 117 296                 

18_0006_043 93 359                 

18_0006_044 75 266                 

18_0006_045 85 378                 

18_0006_046 126 446                 

18_0006_047 141 346                 

18_0006_048 131 412                 

18_0006_049 75 399                 

18_0006_050 81 258                 

18_0006_051 61 440                 

18_0006_052 118 399                 

18_0006_053 134 756                 

18_0006_054 101 396                 

18_0006_055 89 296                 

18_0006_056 136 342                 

18_0006_057 83 465                 

18_0006_058 134 381                 

18_0006_059 132 286                 

18_0006_060 136 395                 

18_0006_061 113 441 32 16 977 79 27 13 23287 277 

18_0006_062 78 219                 

18_0006_063 121 405 29 16 288 51 < LOD 19 22993 273 

18_0006_064 116 335                 

18_0006_065 110 367                 

18_0006_066 120 401                 

18_0006_067 96 398                 

18_0006_068 85 339                 

18_0006_069 119 370                 

18_0006_070 99 459                 

18_0006_071 140 392                 

18_0006_072 122 398 37 16 270 49 24 13 20421 253 

18_0006_073 109 307                 

18_0006_074 69 184                 

18_0006_075 36 256                 

18_0006_076 114 351                 

18_0006_077 82 463 < LOD 21 1395 88 23 13 20641 255 

18_0006_078 116 419                 

18_0006_079 127 373                 

18_0006_080 73 395 53 18 4202 160 28 14 40185 385 

18_0006_081 91 321                 

18_0006_082 125 359 28 16 1223 85 34 13 19605 252 

18_0006_083 112 394                 
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18_0006_084 119 313                 

18_0006_085 118 371                 

18_0006_086 106 338                 

18_0006_087 21 280                 

18_0006_088 27 232                 

18_0006_089 76 220                 

18_0006_090 130 353                 

18_0006_091 121 273 40 17 670 67 32 13 22110 267 

18_0006_092 114 340                 

18_0006_093 102 297                 

18_0006_094 99 289                 

18_0006_095 40 414                 

18_0006_096 91 276 29 17 984 80 22 13 30391 316 

18_0006_097 136 411                 

18_0006_098 117 324                 

18_0006_099 111 318                 

18_0006_100 117 283                 

18_0006_101 121 328                 

18_0006_102 51 296                 

18_0006_103 147 239                 

18_0006_104 100 307                 

18_0006_105 103 330                 

18_0006_106 114 328                 

18_0006_107 117 373 30 16 720 69 25 13 19466 251 

18_0006_108 125 330                 

18_0006_109 105 558 34 17 1105 83 < LOD 19 25243 289 

18_0006_110 81 510                 

18_0006_111 20 437                 

18_0006_112 101 596                 

18_0006_113 135 365 43 16 513 59 20 12 17428 234 

18_0006_114 154 297                 

18_0006_115 135 317                 

18_0006_116 138 212                 

18_0006_117 126 590                 

18_0006_118 104 354                 

18_0006_119 31 248 28 16 323 49 < LOD 17 14317 207 

18_0006_120 126 532                 

18_0006_121 131 293                 

18_0006_122 116 266                 

18_0006_123 118 312                 

18_0006_124 154 292                 

18_0006_125 124 212                 

18_0006_126 75 536                 

18_0006_127 23 405                 

18_0006_128 34 347                 

18_0006_129 134 208                 

18_0006_130 126 241                 
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18_0006_131 130 242 42 16 484 58 26 13 15986 226 

18_0006_132 129 258                 

18_0006_133 107 273                 

18_0006_134 70 235                 

18_0006_135 31 235                 

18_0006_136 149 165                 

18_0006_137 114 320 29 16 440 59 < LOD 19 22070 269 

18_0006_138 107 206                 

18_0006_139 131 218                 

18_0006_140 116 184                 

18_0006_141 119 229                 

18_0006_142 93 218                 

18_0006_143 42 262                 

18_0006_144 116 259                 

18_0006_145 136 217                 

18_0006_146 132 198                 

18_0006_147 137 181 28 16 403 56 < LOD 19 19013 248 

18_0006_148 124 254                 

18_0006_149 162 245                 

18_0006_150 13 251                 

18_0006_151 42 153                 

18_0006_152 127 179                 

18_0006_153 141 199                 

18_0006_154 112 209                 

18_0006_155 132 275                 

18_0006_156 123 261                 

18_0006_157 126 268                 

18_0006_158 20 334                 

18_0006_159 44 377                 

18_0006_160 142 248                 

18_0006_161 129 248                 

18_0006_162 132 316                 

18_0006_163 133 214                 

18_0006_164 86 112                 

18_0006_165 101 106                 

18_0006_166 16 209                 

18_0006_167 69 197                 

18_0006_168 107 211                 

18_0006_169 119 287                 

18_0006_170 119 242                 

18_0006_171 129 186                 

18_0006_172 120 363                 

18_0006_173 129 306                 

18_0006_174 54 393                 

18_0006_175 198 284                 

18_0006_176 133 406                 

18_0006_177 137 373                 
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18_0006_178 107 388                 

18_0006_179 138 354                 

18_0006_180 141 260                 

18_0006_181 129 224                 

18_0006_182 109 208                 

18_0006_183 142 283                 

18_0006_184 170 304                 

18_0006_185 156 463                 

18_0006_186 152 430                 

18_0006_187 142 399                 

18_0006_188 173 390                 

18_0006_189 69 324                 

18_0006_190 93 382                 

18_0006_191 121 390                 

18_0006_192 136 380                 

18_0006_193 134 272                 

18_0006_194 143 425                 

18_0006_195 128 434                 

18_0006_196 61 251                 

18_0006_197 55 395                 

18_0006_198 121 460                 

18_0006_199 120 439                 

18_0006_200 118 630                 

18_0006_201 136 709                 

18_0006_202 113 446                 

18_0006_203 104 395                 

18_0006_204 68 354                 

18_0006_205 56 391                 

18_0006_206 101 380                 

18_0006_207 101 347                 

18_0006_208 131 413                 

18_0006_209 139 366                 

18_0006_210 130 487                 

18_0006_211 44 324                 

18_0006_212 107 321                 

18_0006_213 64 327                 

18_0006_214 83 396                 

18_0006_215 114 378                 

18_0006_216 129 446                 

18_0006_217 133 553                 

18_0006_218 109 309                 

18_0006_219 78 187                 

18_0006_220 100 258                 

18_0006_221 87 390                 

18_0006_222 108 389                 

18_0006_223 117 381                 

18_0006_224 102 351                 
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18_0006_225 23 303                 

18_0006_226 39 393                 

18_0006_227 105 269                 

18_0006_228 99 320                 

18_0006_229 85 387                 

18_0006_230 82 242                 

18_0006_231 77 262                 

18_0006_232 50 303                 

18_0006_233 89 368                 

18_0006_234 87 309                 

18_0006_235 106 454                 

18_0006_236 70 409                 

18_0006_237 24 402                 

18_0006_238 20 678                 

18_0006_239 47 525                 

18_0006_240 93 439                 

18_0006_241 96 405                 

18_0006_242 66 328                 

18_0006_243 53 279                 

18_0006_244 44 229                 

18_0006_245 127 350                 

18_0006_246 96 370                 

18_0006_247 111 324                 

18_0006_248 16 425                 

18_0006_249 37 507                 

18_0006_250 113 398                 

18_0006_251 118 431                 

18_0006_252 65 399                 

18_0006_253 107 231                 

18_0006_254 105 309                 

18_0006_255 39 565                 

18_0006_256 31 395                 

18_0006_257 36 472                 

18_0006_258 72 519                 

18_0006_259 158 271                 

18_0006_260 32 307                 

18_0006_261 94 315                 

18_0006_262 103 256                 

18_0006_263 22 273                 

18_0006_264 22 433                 

18_0006_265 43 314                 

18_0006_266 101 347                 

18_0006_267 125 282                 

18_0006_268 82 335                 
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Table x. 12_0067 (Hejmdaljordet boat grave) 

MALNo MSlf (-) CitP (ppm) LOI Sn (ppm) Sn Error Mn (ppm) Mn Error Cu (ppm) Cu Error Fe (ppm) Fe Error 

12_0067_001 13 291 2.5                 

12_0067_002 12 312 2                 

12_0067_003 15 605 4.4 34 16 200 45 29 13 14905 219 

12_0067_004 12 279 3                 

12_0067_005 8 478 1.1                 

12_0067_006 12 235 2.9                 

12_0067_007 11 491 1.6                 

12_0067_008 10 482 1.7                 

12_0067_009 8 413 1.2                 

12_0067_010 8 429 1.5                 

12_0067_011 9 392 1.5                 

12_0067_012 9 346 1.6                 

12_0067_013 12 294 2.7 < LOD 23 269 48 < LOD 18 13405 209 

12_0067_014 11 341 1.5                 

12_0067_015 11 384 1.6                 

12_0067_016 13 528 2.8                 

12_0067_017 13 440 1.8                 

12_0067_018 10 318 4                 

12_0067_019 9 410 1.4                 

12_0067_020 9 464 1.5                 

12_0067_021 7 231 1.6                 

12_0067_022 9 298 1.8                 

12_0067_023 11 260 2.8                 

12_0067_024 13 402 3.5                 

12_0067_025 10 327 1.9                 

12_0067_026 8 218 1.2                 

12_0067_027 17 190 3.2                 

12_0067_028 35 252 3.3 116 18 294 50 32 13 14782 219 

12_0067_029 8 449 1.3                 

12_0067_030 7 368 1.1                 

12_0067_031 8 454 1.2                 

12_0067_032 10 297 1.7 < LOD 22 236 45 20 12 11131 186 

12_0067_033 9 299 1.3                 

12_0067_034 15 514 1.4                 

12_0067_035 12 369 1                 

12_0067_036 18 702 1.5                 

12_0067_037 16 389 2.9 34 16 250 48 26 13 15485 223 

12_0067_038 15 300 1.9                 

12_0067_039 13 493 2.1                 

12_0067_040 9 497 1.2                 

12_0067_041 7 439 0.9                 

12_0067_042 11 251 2.3                 

12_0067_043 11 766 3.3 44 16 236 46 < LOD 18 13137 207 
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12_0067_044 18 234 2.1                 

12_0067_045 10 681 1.3                 

12_0067_046 10 291 3.2                 

12_0067_047 8 436 1.1                 

12_0067_048 9 494 1.4                 

12_0067_049 14 653 3.4 31 16 209 44 30 13 13034 203 

12_0067_050 11 591 2.7                 

12_0067_051 7 531 1.1                 

12_0067_052 13 349 1.9                 

12_0067_053 12 331 1.3                 

12_0067_054 11 362 1.1                 

12_0067_055 10 182 2.5                 

12_0067_056 13 562 1.4                 

12_0067_057 12 248 2.7                 

12_0067_058 9 829 1.6                 

12_0067_059 9 526 1.3                 

12_0067_060 7 423 1                 

12_0067_061 10 405 2.4                 

12_0067_062 14 310 2.5                 

12_0067_063 7 608 1.3                 

12_0067_064 11 617 2.7                 

12_0067_065 9 564 1.4                 

12_0067_066 9 638 1.1                 

12_0067_067 9 330 2.7                 

12_0067_068 8 491 1                 

12_0067_069 10 405 1.8                 

12_0067_070 13 364 2.4                 

12_0067_071 9 424 1.4                 

12_0067_072 9 255 1.6                 

12_0067_073 11 260 3.4                 

12_0067_074 8 363 1.2                 

12_0067_075 13 208 2.9                 

12_0067_076 13 222 3.1                 

12_0067_077 10 334 1                 

12_0067_078 9 385 2.1                 

12_0067_079 18 843 1.5                 

12_0067_080 9 399 1.3                 

12_0067_081 15 380 1.2                 

12_0067_082 12 295 2.5 29 16 200 44 < LOD 18 12267 199 

12_0067_083 8 301 0.9                 

12_0067_084 12 270 2.9                 

12_0067_085 11 313 3.3 40 17 304 51 < LOD 19 14610 220 

12_0067_086 11 497 4.2 40 17 259 50 < LOD 19 16638 237 

12_0067_087 8 228 1.9                 

12_0067_088 8 295 1.3                 

12_0067_089 10 388 1.5                 

12_0067_090 17 464 1.3                 
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12_0067_091 10 348 2.7                 

12_0067_092 9 283 1.3                 

12_0067_093 10 291 1.7                 

12_0067_094 8 373 1.2                 

12_0067_095 8 326 1.3                 

12_0067_096 13 395 2.2                 

12_0067_097 8 492 1.3                 

12_0067_098 7 437 1.1                 

12_0067_099 10 508 1.4                 

12_0067_100 8 529 1.4                 

12_0067_101 7 438 1.5                 

12_0067_102 8 344 1.2                 

12_0067_103 9 261 1.7                 

12_0067_104 11 380 2 36 16 196 43 < LOD 18 11432 191 

12_0067_105 8 858 1.6                 

12_0067_106 8 299 1.3                 

12_0067_107 12 286 1.4                 

12_0067_108 12 443 1.3                 

12_0067_109 8 475 1.2                 

12_0067_110 7 439 1.2                 

12_0067_111 10 442 1.6                 

12_0067_112 8 394 1.4                 

12_0067_113 9 218 1.6                 

12_0067_114 10 265 1.4                 

12_0067_115 15 270 3.1                 

12_0067_116 10 228 3.1                 

12_0067_117 17 594 1.7                 

12_0067_118 7 510 1.2                 

12_0067_119 8 553 1.1                 

12_0067_120 7 494 1.1                 

12_0067_121 8 478 1.2                 

12_0067_122 9 297 1.1                 

12_0067_123 9 369 1.5                 

12_0067_124 12 358 1.3 35 16 242 47 25 13 12202 199 

12_0067_125 12 409 1.8                 

12_0067_126 13 200 2.5                 

12_0067_127 11 402 2.7                 

12_0067_128 14 613 2.1                 

12_0067_129 16 427 1.9                 

12_0067_130 8 523 1.7                 

12_0067_131 8 1493 2.5                 

12_0067_132 8 259 1.3                 

12_0067_133 8 414 1.6                 

12_0067_134 9 352 1.1                 

12_0067_135 11 389 1.1                 

12_0067_136 11 406 1.1                 

12_0067_137 7 456 1.1                 
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12_0067_138 11 390 2.5                 

12_0067_139 8 503 1.4                 

12_0067_140 9 839 2.3                 

12_0067_141 9 568 1.5                 

12_0067_142 12 351 2.5                 

12_0067_143 10 416 2.7 31 16 238 46 26 13 13804 212 

12_0067_144 8 332 1.3                 

12_0067_145 8 347 1                 

12_0067_146 19 556 2                 

12_0067_147 11 370 2.9                 

12_0067_148 12 319 3.4                 

12_0067_149 20 640 1.3                 

12_0067_150 10 429 1                 

12_0067_151 8 519 0.9                 

12_0067_152 13 197 2.7                 

12_0067_153 14 218 3.4                 

12_0067_154 9 358 1.6                 

12_0067_155 10 320 1                 

12_0067_156 10 243 2.1                 

12_0067_157 20 420 1.5                 

12_0067_158 14 270 2                 

12_0067_159 9 552 1.1                 

12_0067_160 9 461 1.2                 

12_0067_161 14 490 2.9                 

12_0067_162 10 279 1.9                 

12_0067_163 10 280 1.7                 

12_0067_164 12 342 1.4                 

12_0067_165 8 497 1.1                 

12_0067_166 19 475 4.6 31 16 246 50 25 13 18899 253 

12_0067_167 8 534 1.7                 

12_0067_168 9 443 1.7                 

12_0067_169 9 526 1.6                 

12_0067_170 19 2556 3.7                 

12_0067_171 10 268 1.7                 

12_0067_172 10 405 1.1                 

12_0067_173 7 253 1.3                 

12_0067_174 14 382 2.9 52 17 290 50 34 13 15174 224 

12_0067_175 13 271 3.1                 

12_0067_176 11 362 1.1                 

12_0067_177 10 457 1.2                 

12_0067_178 14 450 2.5                 

12_0067_179 12 525 2.4                 

12_0067_180 8 497 1.1                 

12_0067_181 8 486 1.3                 

12_0067_182 12 249 1.8                 

12_0067_183 8 256 1.2                 

12_0067_184 8 294 0.8                 
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12_0067_185 9 268 2                 

12_0067_186 11 250 3.2                 

12_0067_187 13 340 2.4                 

12_0067_188 13 330 1.3                 

12_0067_189 13 449 1.6                 

12_0067_190 7 487 0.9                 

12_0067_191 10 645 1.3                 

 



79 

 

 

1. Appendix 1a 

This second part of the appendix shows the profiles of the stratigraphy coming from the excavation 

of 2017 coming from Eg Sykehus site. The drawing shows the complexity of stratigraphy that appears 

as disturbed because of burning and looting actions had in the grave after the deposition process. The 

numbers indicate the order of layer deposition (Mjærum and Mansrud 2017). 

 

 

 


