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Abstract 

 

Until recently, archaeology has based the identification of human occupation almost entirely on 

physical remains and artefact recovery, with a lesser focus on soil element concentrations. The 

enrichment of certain trace elements can be preserved in soils for long periods of time, serving as 

indicators of past human activity.  Multi-element analysis techniques such as ICP- AES (inductively 

coupled plasma atomic emission spectroscopy) can determine the concentrations of up to 60 

individual elements to trace levels of parts per million. Along with ethnographic and environmental 

data, this technique can help identify and determine site function or space use within archaeological 

structures. Studies from the literature focus primarily on comparisons between known context sites 

and historical records in order to accurately access the ability of ICP-AES. In this project, soil samples 

and site environmental information was collected from an Iron Age roundhouse in Wester Ross in 

order to provide an insight into site activity during its occupation, allowing for a better understanding 

of the people who lived there. Patterns of element enhancement across the site were identified for 

phosphorus (P), magnesium (Mg), manganese (Mn), boron (B), copper (Cu), cadmium (Ca), sodium 

(Na), aluminium (Al), chromium (Cr) and iron (Fe). Although enhancement does occur, there are no 

consistent trends between element signatures and their distribution, to accurately determine site 

activity. This study proves multi element analysis is effective at determining chemical elements 

however, it has not provided any additional information out with that of traditional archaeological 

techniques to help identify roundhouse function. 
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Introduction 

Background to multi-element analysis 

 

Hu a it s i uisiti e atu e has driven the need to explore and understand the history of past 

societies. The purpose of archaeology is to find, preserve and examine human evidence throughout 

time, with an emphasis on artefact discovery (Shanks, 2013). These artefacts often take the form of 

structural remains, bones, tools, jewellery, weapons and pottery, which have been used in: building; 

food consumption and preparation; defence and weapons; ceremony and ritual (Jones, 1993).  

A tefa t fi ds  a e, a d al a s ill e, a fu da e tal aspe t of a haeolog  Schlezinger and 

Howes., 2000). However, movement towards more sophisticated analysis and procedural rigour, 

with a greater emphasis placed on quantitative analysis, probability sampling and the involvement of 

many inter-disciplinary arenas is now apparent (Dunnell, 1978). The development of soil science has 

brought new scope to examining archaeological sites, as precise data on soil chemistry and its 

characteristics is now obtainable. Multi-element soil analysis techniques are now an integrated part 

of modern archaeology used to aid the identification of interested prehistoric sites (Wilson et al., 

2008; Middleton, 2010; Milek and Roberts, 2012; Drix et al., 2013). In this study a multi-analytical 

approach including archaeological, magnetic and geochemical prospection was selected to study an 

Iron Age structure in Northwest Scotland. 

Human occupation can significantly alter local environments over time and evidence of this may still 

be found in the physical stratal and chemical signatures of soils. Thus, archaeological habitation sites 

are likely to have been chemically altered by humans from that of the original natural soils (Misarti 

et al., 2010). Chemical signatures of former land use can remain well preserved in soils and 

sediments in environments such as floodplains, caves, lakes and soils (Cook et al., 2006).The 

relationship between soil chemistry and archaeology is described by Oonk et al.(2009) as the 

e i h e t a d depletio  of spe ifi  ele e ts i  the soil th ough the a t of hu a  o upatio  a d 

a ti ities .  
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The discovery was first made by Olaf Arrhenius, who noted elevated phosphorus (P) in soils 

indicated human occupation as its widespread occurrence in plant tissue, bones, faeces, urine, and 

ash made for easy detection (Arrhenius, 1929; Middleton, 2004). Phosphorus (P) analysis techniques 

became common (as its distribution could be mapped across areas) helping to aid the identification 

of human activity on archaeological sites (Provan, 1971; Conway, 1983; Schlezinger and Howes, 

2000 . O l  i  the 9 s as more emphasis placed on analysing a wider range of chemical 

characterisations due to an improvement in extraction techniques (Cook &Heizer, 1962; Middleton, 

2004). A greater interest is now placed on elements such as copper, iron, mercury, manganese, 

nickel, lead and zinc (Bintliff et al, 1990; Entwisel et al, 1998; Wells et al., 2004).  

Multi-element analysis techniques, including inductively coupled plasma atomic emission 

spectroscopy (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS) and X-Ray 

fluorescence (XRF), are relatively quick and cost-effective practices that analyse a suite of chemical 

elements.  Their purpose in archaeology is to locate and define sites (prospection) or to clarify more 

specific functions of sub-areas such as floor plans, agricultural land, and byres (Middleton, 2004; 

Wilson et al., 2007).  Many factors contribute to the selection of an analytical method, these involve: 

Sampling logistics, number of samples to be measures, concentrations of samples to be measured, 

cost of analysis, time required to generate results or the precision and accuracy require in within 

each sample (Alloway, 2013).  

The overall presence of accumulated elements in soils is important. However, it is the distinction 

between one site and another which provides information connects the site use and function. 

Element analysis techniques allow for a large suite of elements to be analysed from a small sample 

of soil (0.25g) resulting in only minor site disturbance. The equivalent procedure undertaken to 

retrieve site information includes numerous costly explorative test pits, which drain time and 

resources, often with little data in return (Misarti et al., 2010).Excavations are intrusive practices 

which result in permanent soil change and physical damage. However it should be noted that in 
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some cases, a key aim of archaeological investigations is to limit site disturbance. Often it is 

unfeasible to test pit in some sites and so multi-element analysis could provide vital information that 

cannot otherwise be collected (Misarti et al., 2010).Barbra (1992) analysed the small scale range of 

chemical elements which produced positive detection results individually. However this technique 

required tremendous effort, and so ICP-AES analysis development is a positive contribution to 

archaeological site studies as it can deliver similar results in a fraction of the time. 

For multi-element analysis to show any noteworthy results, certain criteria must first be met. 

Initially, soil content must have been influenced by human existence, resulting in a marked increase 

in element concentrations above the natural background level. Of the altered soil, the elements 

must then remain fixed over an extensive period of time in order to be identified (Entwistle et al., 

1998). The preservation of chemical elements in the soil is dependent on soil type and associated 

soil processes, underlying geology, site use and post depositional material.  If the soil conditions are 

favourable the deposition of elements from domestic, agricultural or industrial capacities may be 

preserved, as well as material deposits that have been purposefully or unintentionally placed within 

the soils (Wilson et al., 2009).Anthropogenic loading of the soil may have been influenced by the 

remains of food, hearth ashes, byres, domestic residues, industrial processes, craftwork and 

manuring (Wilson et al., 2009). A host of elements including Phosphorus (P), Magnesium (Mg) Lead 

(Pb), Mercury (Hg), Potassium (K) Calcium (Ca), Cadmium (Cd), Strontium (Sr), Titanium (Ti), Thorium 

(Th), Zinc (Zn) can all be found in elevated levels within archaeological soils.  

 

 

 

 

 

 



4 

 

Previous archaeological applications of multi-element analysis 

 

An attempt to isolate chemical enrichment and chemical variation in soils to determine 

anthropogenic activity has occurred at many sites around the world (Griffith, 1981; Misarti et al., 

2010; Parnell et al., 2002; Entwistle et al., 2000; Wilson et al., 2005, 2008; Marwick., 2005). Griffith, 

(1981) studied soil samples of a former 17
th

 century Indian village at Ontario, Canada. Through 

chemical analysis he identified a significant distinction between site areas, enabling site function to 

be determined. In this study elevated phosphorus (P) and exchangeable magnesium (Mg) allowed 

for a better soil element distinction to be made between former paths and pits, post moulds and 

longhouses. Parnell et al. (2002) also found alongside P and Mg, barium (Ba) and manganese (Mn) 

could be associated with waste disposal areas such as byres. In addition, craft production areas 

could be associated with mercury (Hg) and lead (Pb). Elevated levels of gold (Au) have been found in 

an ancient Mayan settlement (Cook et al., 2006). At Greaulin on Isle of Skye, Scotland (Entwistle et 

al, 2000) a study on former habitation sites showed elevated levels of potassium (K) was often 

associated with occupation, through general use and build-up of material. Thorium (Th) and 

rubidium (Rb) were strongly associated with habitation areas, while calcium (Ca) and strontium (Sr) 

were associated with field areas due to the discarding of bone from fish waste or shell sand material 

(Parnell et al., 2002). Studies by Wilson et al (2005, 2007) on the known use of abandoned farm sites 

across the UK revealed that a number of chemical elements are required to determine an activity or 

function, as it cannot be accurately defined by one element alone. 

Archaeological sites around the world have revealed anomalous chemical element levels that may in 

fact represent historic anthropogenic activity. Nevertheless, their source may also have formed in a 

number of ways out-with human influences. The use of results from multi-element analysis and 

chemical element interpretation to answer important archaeological questions has raised strong 

concerns. The interaction of element loading within soils over time is relatively unknown, especially 

with regard to anthropogenic inputs (Entwistle et al., 1998, 2000). Chemical element interpretation 
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becomes ambiguous and complex when there is no historic site information available charting the 

land use through time. Additionally, it is difficult to define soil baseline element levels and natural 

soil composition in order to discover anthropogenic activity impacts (Matschullat et al., 2000). This is 

because soils are characterised by regional variability, which means a valid generalisation on soil 

background levels cannot be standardised to fit all soils around the world. In order to define the 

natural geochemical background levels, a distinction must be made between the natural-compound 

and anthropogenic inputs (Matschullat et al., 2000) 

Furthermore, local environmental conditions, topography, soil type, micro climate, vegetation and 

fertiliser application are all factors that affect the residence time of elements in the soil. There are a 

great number of geochemical processes which occur within the soil that may alter the retention of 

chemical elements: adsorption, ion exchange, occlusion, isomorphic substitution, chelation and 

precipitation reactions, along with factors such as climate, pH, grain and pore size can all contribute 

towards the reduced preservation of information in archaeological soils (Oonk et al.,2009).  

The misinterpretation of data can occur due to both sample error and analytical error. At present, 

geochemistry is limited in understanding how and when these factors take precedence. Additionally, 

information may be masked during multi-element analysis processes such as ICP-AES. Phosphorus 

(P) for example, comes in the form of adsorbed P phases, P precipitates and organic P which could 

individually hold information of archaeological significance (Oonk et al., 2009). ICP-AES often, but 

not always measures total P phases which could hide the true value of ancient inputs into the soil, 

resulting in sample misinterpretation. Further research is needed in chemical sequential extraction 

and element interactions to understand mineralogy and chemical composition processes.  However, 

multi-element analysis remains a valuable tool to better our understanding of archaeological sites, 

particularly when structural remains are no longer visible or present.  It provides an opportunity to 

gain quantitative data to represent the nature of archaeological sites in addition to artefacts and 

environmental data. 
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The land and climate in the Scottish Iron Age 

 

The climate in the Iron Age would have been similar to what is currently experienced in Scotland 

today, if a little warmer. Two stages of vegetation removal occurred, first in the Neolithic period and 

then during the Bronze Age when extensive tree cover was cleared for building space, agricultural 

land and use as a fuel source, which ultimately diminished tree cover. Tipping (1997) states that 

even before the invasion of the Romans in Scotland there were extensive tree clearances in the 

north - proof that significant clearance had occurred. The Iron Age landscape must be viewed with 

the Western Isles and Northern Scotland as the central hub of activity - similar to the modern 

equivalent of Glasgow - as the sea and island landscape was perfect for their daily activities (Harding, 

2004). Farming would have been undertaken near to a roundhouse building and proof of this can 

still be seen in the landscape today. However, the full extent of farming activity is unknown at 

present even through the use of pollen analysis (Tipping, 1994). 
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Scottish Iron Age roundhouses 

 

A hut circle, more recently referred to as a roundhouse, is an architectural structure built during the 

Bronze Age (2450BC-600BC) and Iron Age (700BC-450 AD), in a time of great structural expansion 

(Armit, 2006). The Scottish Iron Age differs to that of England and Wales as no exact date can be 

applied across the whole country. Literature suggests a staggered regional change occurred (Piggot, 

1966 and Armit, 1997). Hingley (1992) selected an end date of 200AD as it coincides with the known 

presence of the Romans - even though it is well documented they did not reach Northern Scotland. 

This date has ee  a tifi iall  pla ed i  o e tio  ith the ‘o a  i te lude a d so the te  lo g  

Iron Age is often used (Harding, 2004). Table1 highlights the approximated chronological length of 

the Bronze Age and Iron Age.  Defining this period also poses difficulties, as remaining early iron 

artefacts are limited, with suggestions that iron works would not have been practised alongside 

settlement areas (Harding, 2004). Similarly, the lack of burial evidence makes it hard to reconstruct 

simple characteristics of people and their communities (Armit, 1990). 

 

   Table1. Approximate Chronology of Scottish Bronze and Iron Age used in this study (ScARF) 

Label Chronological Span 

Bronze Age 2450BC-600BC 

Early Iron Age 700BC-100 BC 

Middle Iron Age 200BC- AD 400 

Late Iron Age AD 300 – 900 

 

A ou dhouse e o passes a ide a ge of i ula  uildi g st les, i ludi g si ple  o pa ati el  

odest ou dhouses a d o e o ple  B o hs, Wheelhouses, Du s a d C a ogs. Archaeologists 

have expressed extensive interest in these though a fo us o  the latte  o ple  st u tu es has 

been more prominent. This is possibly due to their visibility in the landscape and their unique 
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architecture (Armit, 2005). The building of roundhouses is thought to have been influenced by the 

availability of raw materials, as structures in the West of Scotland were often stone built (evidence 

remaining), whereas, turf built houses are found in the east and remain difficult to identify. This is 

due to the intensifying use of agricultural practices, which has removed a large portion of evidence 

(Armit, 1990).  The buildings have a circular or sub-circular shape with a raised bank of soil formed 

with stones or turf, and range between 4m and 20m in length, sometimes with one or two stone 

facings. Building designs vary from house to house, but often consist of a thatched roof with the 

support of large timber posts. Most, but not all, roundhouse entrances face towards the east or 

south east, and in some cases this would not have been the optimal location for sunlight or 

protection from the wind. 

 

Roundhouse function 

 

A roundhouse may have been used in a number of ways for habitation, industrial, domestic or ritual 

pu poses. Figu e  is a  a tist s impression of structural appearance, organisation areas and daily 

activities.  Residence in a roundhouse was first thought to have occurred over a long period of time. 

However, in a number of excavations evidence of abandonment was noted alongside extensions and 

repairs (Cowley, 2003, 2009; Halliday, 1999). Abandonment was not uncommon as an abundance of 

building materials led to the construction of new structures rather than repairing older ones. 

Furthermore, evidence of seasonal residence has been found on high pasture ground and is thought 

buildings would only have been occupied for part of the year, as winter conditions would make the 

site inaccessible (Crone, 2000).  
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Figure1. Artist s impression of Iron Age roundhouse showing a well-built double faced wall, 

thatched roof and central hearth, typical of architecture at this time (Steele, 2013). 

 

Further occupational evidence remains across the landscape, byres areas were used to hold animals 

sepa atel , although e-houses  e e fou d to accommodate both humans and animals in a 

single enclosure. Industrial-based roundhouses were built to contain craftwork and metal work 

processes with both kilns and smelting furnaces discovered in excavations (Bradley, 1991; Pearson, 

1999; Giles, 2007).The abundance of loose rock scattered across the landscape encouraged the 

formation of clearance cairns created to make space for agricultural fields. Lazy bed cultivation is still 

present today and is often found close to roundhouse structures. Ritual is thought to have played an 

important part in Iron Age culture with burial cairns, symbolic stones and treasured items found 

within settlement communities. A number of early studies (Wait, 1985; Boast and Evans, 1986; 

Hingley, 1991; Parker Pearson and Richards, 1994) regarded the orientation and space use division 

of roundhouses, suggesting life may have been structured by ritual and worship of the sun. Over a 

period of 10 years cumulative research formed the cosmological model (shown in figure 2), as a way 

of representing life the ritualistic culture that could have been undertaken by roundhouse dwellers 

(Haselgrove and Pearson, 2007). 

http://www.google.co.uk/url?sa=i&rct=j&q=impression+of+stone+built+iron+age+roundhouse&source=images&cd=&cad=rja&docid=bwO-nKsmSBAzqM&tbnid=CRr17KbM2uOB2M:&ved=&url=http://anglesey.win.rippleffect.com/timeline/&ei=G85nUYKZHcT60gWr1YGgBA&bvm=bv.45175338,d.d2k&psig=AFQjCNGz1RZ-AoZgsq7e4MkUZsYrpF7S2Q&ust=13658438684648
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Armit (2006) believes Iron Age communities were entwined in strict social and religious beliefs. The 

cosmological model (Figure 2) suggests the orientation of the circle was sun-based and could have 

represented birth to death. Living and sleeping, food preparation and storage or ritual areas were 

thought to have been organised in sunwise structure (Fitzpatrick et al., 1994; Parker Pearson et al., 

1994).  To reinforce this argument, artefact evidence in substantial roundhouses was significantly 

favoured to the right hand side and included pottery, ash, bone and burnt flint. This theory has, 

however, faced criticisms (Haselgrove and Pope et al., 2007) as the fragmentary nature of 

archaeological evidence means that it cannot accurately be concluded that ritual and beliefs 

controlled daily life. Evidence from literature suggests that a lot of information is known about 

roundhouse construction and function, but less is known about society and community structure 

that could answer the more difficult questions (Ralston and Edwards, 2003; Harding, 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Suggestions as to the function and space use of British Iron Age roundhouses, with  

Interpretations of the sunwise movement, house layout, a metaphor of the human life cycle and 

the organisation of ritual and seniority around the hearth (Fitzpatrick 1994, Haselgrove & Pope 2007). 
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Organisation of areas 

 

The organisational areas of a roundhouse are thought to have been separated depending on its use. 

Occupied houses may have included a sleeping area, workshop, animal enclosure and food 

preparation areas, with a hearth based in the centre. It is thought that timber partitions often 

divided private areas, while the central floor remained open for communal purposes (Armit, 2006). It 

can be hard to interpret floor space use as daily activities and floor cleaning alters the deposition of 

materials. Site also commonly experience post occupational influences which can alter the chemical 

balance of the soil (Armit, 2009). It is often difficult to determine daily activities and functional areas 

within a floor space even with material evidence available as its presence may be the result of later 

activity. Well defined floors have been examined at Cnip in Lewis clearly showing the construction, 

development and final abandonment in the structure and soil phases (Armit and Ralston, 2003; 

Armit and Ceron-Cerrasco, 2006) 

Excavations of roundhouses 

 

There is no published literature of roundhouse excavations in the area of Wester Ross that can be 

matched against the study site. The siting and recording of roundhouses has been limited to 

Ordnance Survey, enthusiasts, Forestry Commission and archaeologists. This means many more sites 

are yet to be identified or surveyed, with the prospect of site excavations even more limited.  

A newly discovered roundhouse found in Brodick, Arran, was partly excavated in 2005 due to site 

preparation of a leisure development.  It was well preserved and held particular interest because of 

its substantial fifteen meter internal diameter (similar to study site) and complex souterrain. 

Artefacts included two coal rings and a spiral bronze ring, highlighting its use in manufacturing and 

local craftsmanship, which is suggested to represent a high status settlement in the area (Mudie, 

2005). 
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An excavation at Culduthel Mains Farm on the southern outskirts of Inverness revealed a large Iron 

Age settlement consisting of seventeen roundhouses, with the largest and most elaborate 

measuring twenty meters in external diameter (Murray, 2006). Five of the roundhouses contained 

iron-smelting furnaces identifying the structures as craft-orientated industrial areas. Across the site 

over 171 iron artefacts were recovered along with wood, decorative objects and leather remains. 

A large eighteen and a half meter Late Bronze Age and Early Iron Age roundhouse was discovered in 

Bancroft, Buckinghamshire by Williams and Zeepvat (1994). It hosted three post-rings and a drainage 

gully with artefact recovery such as ceramics and pig bones. Webley (2007) compared large 

roundhouses in Southern England with wheelhouses in Scotland, as artefacts are often found on the 

right hand side of the floor, relative to activity areas, whilst the left hand side is associated with 

sleeping and composes of fewer finds. However, artefact placement has not followed this pattern 

universally across Britain and does not seem to follow a trend from earlier Bronze Age Settlements 

(Dawson, 2006). Webley (2007) addresses substantial roundhouse structures excavated at 

Longbridge (Chadwick Hawkes, unpublished), Houghton Down (Cunliffe and Poole, 2000) and 

Dunston Park (Fitzpatrick et al., 1995)that were all significant structures (11m-18m) noted to detail 

artefact concentrations on the left hand side. 
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Project aims and objectives 

 

This study aims to demonstrate the effectiveness of using multi-element analysis as a tool to identify 

functional areas within a roundhouse, in order to determine past human activity. This study has two 

main objectives. 

 Analyse soil chemistry to determine past human activity. 

 Review and evaluate ICP-AES analysis as a tool to aid the interpretation and prospection of 

data in an archaeological context.  

Methods 

Location of study 

 

The study site is a Late Bronze Age/ Early Iron Age roundhouse located in Gairloch, Wester Ross, 

Ordnance Survey grid reference NN 80599 77130 

 

Figure3. Auchtercairn roundhouse located by purple circle (map courtesy of EDINA,2013) 
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Regional setting 

 

The region of Wester Ross is scattered with the remains of built structures such as roundhouses, 

o hs a d du s. A  i itial alk o e  su e  o side ed si ple  ou dhouses i  A hilti ue, St athai  

and Lochbroom to review the similarities and differences occurring at each site across the landscape.  

It was noted each site had varying characteristics of size, location and structure, suggesting that 

roundhouses may not have been solely used for occupation. 

Table 2. Characterisation of round structures examined during walk over study. 

 

History of Auchtercairn land use 

The land above Auchtercairn holds significant evidence of past occupation of varying time periods in 

the last 3000 years. The settlement as a whole consists of at least 10 roundhouses - varying in size 

from 6-20 meters in diameter. It comprises an impressive 19
th

 century fank, field and wall systems, 

evidence of agricultural rig and furrow and old transport roads (See Appendix 1). Today, a major 

woodland scheme has planted over 2 million native trees on the area in and around this site. Such a 

diverse, well preserved location has drawn the interest of archaeologists who hope to better 

understand past human activities in the area. 

 

 

Location 

of 

roundhous

e 

Construction Terrain 
Entrance 

Facing 

Diameter 

(M) 
Landscape 

Present 

Vegetation 
Features 

Auchtercair

n 
Stone build 

Flat 

slope 
S/E 17 

500m from 

sea Loch 

Heather and 

bracken 

Reddened Soil. 

Three defined 

soil layers 

Strathain Stone build 
steep 

hillside 
S/E 8 Inland Grazing 

Build on 

platform. Black 

floor deposit 

Rhue, 

lochbroom 
Stone build hillside S/E 10 

50m from  

sea loch 
Heather 

Possible hearth. 

Collapsed wall 

Achnahaird Stone build hillside N/A 8 
5m from 

seashore 
Bracken 

Sand Dune lazy 

bed remains - 

post glacial soil 

Loch Raa Stone build hillside S/E 10 
6m from 

loch 
Bracken 

Drainage ditch. 

3Hearths.   

Cooking trough 
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Study site 

 

The study site is an abandoned Bronze Age or Iron Age roundhouse situated on the south-west slope 

of Torrna h-Ulaidhe and positioned above the village of Gairloch (OS reference, NN 80599 77130). 

The roundhouse itself spans 17 meters in diameter with an inside diameter of 13 meters, and is 

positioned across an area of naturally flattened topography.  Evidence of later occupation remains 

within the north-east quadrant of the circle and was likely to have been a shieling. A similar shaped 

structure is also located out with the circle to the south-east. This roundhouse holds particular 

interest due to its large size in relation to structures of the same period that are more commonly 

smaller built at around 7-10 meters in diameter.  

  

Geology and site environment 

The Lewisian Complex form is the underlying metamorphic rock in Wester Ross with meta-basalt of 

the Loch Maree group (Amphibolite schist) found within the Auchtercairn site. Torridonian 

sandstone was later deposited over 1200-900 million years ago though this can only be seen as 

erratic boulders due to glacial action 30,000 – 15,000 years ago. The Wester Ross Re-advancement 

(WRR) interrupted the retreat of the marginal ice sheets by reforming during an interim period of 

climate cooling, leaving behind fragmented moraine that defines the limits of the ice sheet 

movement (Ballantyne and Stone, 2012). After the ice sheets retreated, the surface deposits were 

removed revealing bedrock, while coastal zone uplift created raised beaches that produced fertile 

land. An unpublished study by Welti (2011) revealed roundhouse locations are often related to 

glacial moraine deposit areas, which would have supported crop cultivation and provided a source of 

building materials. 
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Field work 

 

The roundhouse was marked out in a grid like system with seven lines positioned in an east-west 

direction and one positioned north-south. The single north-south line was placed off centre to 

ensure excavation work on the central test pit was not disturbed. An initial site survey took place to 

review the magnetism of the soil through a magnetic susceptibility meter, and a hand held GPS was 

used to locate the exact roundhouse position as it is not marked on an Ordnance Survey map. Auger 

samples were taken from the top soil to a depth of 0-20cm at one meter intervals along the central 

lines, thereafter at 2m intervals on the remaining 6 lines. Where large rocks were present the soil 

sample was taken as close to the area as possible or not taken at all. At the entrance to the 

roundhouse 10 augers samples were taken and marked on the plain table sheet. Protective gloves 

were used while removing soil from the ground into sealable bags in order to reduce contamination. 

Test pits 1 meter x 1 meter were dug to allow soil profile analysis at each level down to the 

occupation layer or natural ground layer, both in the centre of the roundhouse and positioned 5 

meters out with the structure. Up to 5 samples were taken around the central test pit and one 

sample from each soil layer. A soil trench was also dug across the exterior wall to characterise its 

construction.  

Laboratory work 

 

Soil samples collected from the study site were weighed then air-dried in a greenhouse for 5 days.  

The samples were re-weighed to calculate the soil moisture content, then disaggregated by a mortar 

and pestle and individually passed through a 2mm aperture stainless steel sieve to remove stones 

and larger organic matter. From the prepared samples 16 were selected at random to test the 

magnetism of the soil using an MS2 Bartington magnetic susceptibility meter, recording the high and 

low frequency magnetism. To determine soil pH, 20 samples were selected at random and tested in 

1 part soil to 5 parts water.  Nitric acid (5ml) and 0.25g of soil were digested in a CEM Mars 
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microwave for 1 hour then filtered through Whatman No2 filter paper. Deionised water was added 

to take the filtrate to 100ml. A Perkin Elmer 3300RL ICP-AES analysed the diluted samples for 24 

elements in each prepared solution. Following analysis, all glassware was washed in the dishwasher 

and rinsed with distilled water. Altogether 107 soil samples were collected and analysed in this 

project. 

In a spread sheet format the soil chemical element values were collated to work out the mean, 

standard deviation and the limit of detection values. The limit of detection value then represented 

the background element concentration of the soil, with any tested chemical element values falling 

below this being discarded. 

 

Data analysis using Geographic Information System (GIS) 

 

The roundhouse site was located on Google images using an OS grid reference then three icon 

markers were positioned on the image to identify known locations on the map, such as buildings or 

field boundaries. Using remote sensing software ENVI 4.8 the image was geo-corrected along with 

the OS map icons in order to accurately locate the roundhouse. This information was imported into 

ArcMAP10 (details shown in appendix 3). The Google image of the roundhouse was blocky due to 

the images pixilation and could therefore not be annotated further. A detailed plan of the 

roundhouse was scanned, geo-corrected and imported into ArcMap10 in order to mark the exact 

location the soil samples were removed from. The chemical element results from the ICP-AES 

analysis were attached to the attribute table in ArcMap and more specifically to the associated map 

sample points. A digital representation of each chemical element across the roundhouse was 

created. 
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Statistical analysis 

 

Using Minitab statistical software a Multivariate Factor Analysis test was used to evaluate the 

outcome of 24 chemical elements. It is designed to transform the original variables into new 

uncorrelated variables, and displays the variable in a linear format. Factor analysis is a data 

reduction technique that explains observed variances in the data. 
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Results 

 

Soil test pits were used as an aid to evaluate the soil profile and its changes over time. They were 

dug th ough the a th opoge i  ased la e s do  to the atu al  la e  that ep ese ts the 

underlying geology. The aim of this explorative work was to discover buried structures and artefacts, 

and to better understand the original undisturbed soil processes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above figures 4 and 5are annotated photographic representations of the soil profile taken from 

two 1 meter x1meter test pits on site. Figure 4 is the off-site soil test pit dug 5 meters away from the 

perimeter of the roundhouse in order to evaluate soil formation through time. The horizons have 

been marked out by white tabs and show soil formation down to the underlying base level. Similarly, 

figure 5 represents the on-site central test pit and its associated layers. The photograph is positioned 

to consider the stone floor and reddened soil. The large stone in the middle of the pit is thought to 

account for the later built shieling structure. 

 

Figure 4. Showing off-site soil pit with horizons 

marked in white tabs. Associated vegetation 

cover of heather and rough grass. 

Figure 5. Showing roundhouse central pit with stone 

slabs and evidence of oxidised soil. Surrounded by 

grass vegetation.  
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Figure 6.Showing off-site test pit and soil layer markers with surrounding heather 

and grass vegetation. Pit dug down to natural floor layer. Attached is a table 

with additional information regarding the soil profile.  

 

The soil horizons of the off-site test pit are annotated on figure 6 to highlight the changing soil 

characteristics over time. H1 is the youngest layer showing the decomposition of organic matter and 

the presence of vegetation roots. H2 presents a dark soil that is peat forming and contains mineral 

deposits within the soil.  H3 details a lighter brown soil with a red hint to it. The fourth horizon H4 

represents the oldest layer with a yellow/olive tinge and mottling soil and the presence of larger 

unsorted rocks.  

 

Horizon 
Munsell 

Colour 
Colour Feature 

Stone 

Size 

H1 7.5YR 
Brown/ 

Yellow 

Organic matter and 

roots 
limited 

H2 7.5YR 
Darker 

Brown 
mineral flecks Small 

H3 7.5YR Loamy Sand Reddish tinge Medium 

H4 7.5YR Yellow/Olive Mottling Large 

H1 

 

H2 

 

H3 

 

H4 
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Figure 7. Soil profile of the central test pit indicating four horizons down to the natural 

layer, with an attached table detailing characteristic features of the soil profile. 

 

The central test pit shown in figure 7 shows horizons marked out by a white tab and annotated to 

distinguish each layer. The youngest layer represents H1 showing a dark brown root and organic 

matter layer. H2 is a loamy soil and was associated with large flat slabs that could be related to the 

shieling structure remains still present in the roundhouse. In H3 the soil is an orange and brown 

colour which could represent the oxidisation of iron minerals, possibly the result of intense heating. 

The final layer H4 indicates the local soil in compacted clay, similar to that of the off-site floor layer.  

The results from both soil test pits can be compared against each other to indicate layers influenced 

by anthropogenic activity and this will be discussed in the following section. 

Horizon 
Munsell 

Colour 
Soil Feature Stone Size 

H1 7.5YR Dark Brown 
Roots, bracken 

matt 
Total 20% 

H2 7.5YR 
Black and 

loamy 

Related to North 

Shieling 
Slab paving 

H3 7.5YR 
Orange/ 

Brown 

Heat affected 

stone, ash soil 
Large slabs 

H4 7.5YR 
Compacted 

Orange clay 
Local soil Medium 

 

H3 

 

H4 

 

H1 

H2 
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ICP-AES concentration maps 

 

The results from ICP-AES analysis were input into ArcMAP in order to illustrate chemical element 

concentration variations across the roundhouse floor space. A plan of the roundhouse shape and 

stone position formed the base layer of the maps. The sample points represent the location of 

removed soil and all associated data with annotations of the central test pit, wall trench and line 

transects included. Of the 12 elevated elements 6 are represented in the results and include 

chromium, phosphorous, aluminium, sodium, copper and boron. Maps 1-6 show a select variety of 

results that represent the whole range of element concentration results as a clustering of results was 

found. The elevated concentrations shown on each map are above background levels and vary 

between elements.  Groupings of phosphorus, magnesium, iron and manganese identified highly 

elevated concentrations in the south-east section within the structure, whereas chromium, 

aluminium, boron, sodium and copper are distributed in a random pattern throughout the structure. 

The trends vary in each map and show elevated concentrations. However, they are not significant 

enough to be able to denote accurate comments on their occurrence and anthropogenic 

associations.  
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Chromium (Cr) distribution is concentrated around the entrance points and easterly wall, with the 

highest value of 246ppm located at the inner wall on the south side of the roundhouse. Low 

concentrations are found in the centre and northern wall. Although not shown on the map, boron 

(B) concentrations followed a similar distribution pattern across the site. Overall Cr distribution is 

quite random across the site as three lines present significantly low values. 
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Phosphorous (P) concentrations are highly concentrated in the south side of the roundhouse with 

the highest value of 4000ppm recorded, with a second enhancement area sited alongside the central 

test pit. The chemical element concentration in this section was also true of magnesium (Mg), 

manganese (Mn) and Iron (Fe) although not shown in the results section. Remaining site 

concentrations represented in yellow and green show low levels of enhanced P in the majority of 

areas across the site. This concentration pattern is unusual and could be the result of a number of 

factors, but overall these results do not significantly define anthropogenic activity on site. The 

chemical element concentration in this section was also true of magnesium, manganese and iron 

although not shown in the results section. 
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Aluminium enhancement (Al) across map3 is found to be high on the central transect line at 

11473ppm with the lowest on site reaching 660ppm. The enhanced concentrations occur in a very 

linear pattern and do not appear naturally spread across the site, which may be due to a number of 

factors, which will be discussed in a later section.  Enhancement of Al occurs off-site in the south-

east corner of the roundhouse at the shieling building, whereas samples from the entrance points 

(south-west section) and transect points inside the structure show considerably lower values. 
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The sodium (Na) concentrations shown in map4 vary across the site with high value enhancement up 

to 1590ppm shown in purple. Low concentrations at 177ppm are found around the central test pit 

and to the north. This pattern of enhancement is not evenly spread across the site. Sodium 

concentrations are present across the majority of the site, with high concentrations occurring at 17 

sample points in total. 

 

 

 

 

 



27 

 

 

 

 

 

 

 

 

 

 

 

Map 5 shows the concentration of boron (B) throughout the roundhouse with a high value of 

216ppm and a low value of 11ppm. High value concentrations of boron have separated into three 

distinct sections across the site. Low concentrations are present in the most northerly transect, as 

well as on the north to south transect.  No significant levels of elevated boron are found around the 

central test pit area.   
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Copper (Cu) enhancement shown on map6 is identified around the entrance point and southern wall 

close to the excavated trench, with high concentrations across the central transect line and north-

east quadrant of the roundhouse. The areas represented in green fall under detection limits with the 

lowest at -97ppm. The concentration trends are significantly spread over a large area of the internal 

structure, but large areas still represent undetectable concentrations. 
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pH and magnetic susceptibility 

 

The pH results of twenty random soil samples shown in table 3 indicated a mean value of 3.84 with 

the lowest value at 3.6 and the highest value at 4.6. There is not a significant variation in soil pH 

across the site and remains strongly acidic throughout. However, the highest value was taken from 

the central pit, an area likely to have been influenced by anthropogenic activity. 

Table 3. Result of pH measurements 

 

 

 

 

 

 

 

 

 

 

 

The laboratory tests of magnetic susceptibility (Table 4) were taken from 16 random soil samples 

from the test site and indicate a low range frequency of 1.3-4.08 and a high frequency 9.04 - 12.04. 

On-site test results are not included in the test results as they varied significantly across the site 

without showing any patterns or trends.  

pH Measurements 

Sample 

Line 
pH 

8 3.87 

5 4.10 

1 3.9 

7 3.6 

4 4.1 

7 3.75 

5 4.13 

6 4.06 

2 4.17 

6 4.27 

8 4.08 

10 3.78 

10 3.82 

4 3.77 

1 3.85 

3 3.77 

5 3.86 

8 3.83 

5 4.5 

Pit 4.6 

Average 3.84 
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Table 4. Summary of magnetic susceptibility measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis using multivariate factor analysis 

 

Multivariate Factor Analysis was selected to analyse the complete set of element data to identify 

underlying correlations of varying degrees.  Each of these factors is expressed in a linear 

combination of observed variables and is represented in a graphical format. Factor analysis takes 

large data sets which are difficult interpret and identify underling relationships that occur. It then 

presents them as a number of features, without losing important information.  Table 3 and table 4 

determine the results from Minitab analysis showing the variables of 12 chemical elements and their 

connection relationship. Nickel (Ni) was removed from the analysis as its activity within the soil was 

not well represented by Geographic Information System (GIS) maps as most of the samples were 

below detection levels.  

 

Magnetic Susceptibility Reading  

Random 

sample  

Pot 

Weight 

(g) 

Soil 

Weight 

(g) 

Low 

Frequency 

High 

Frequency  

1 3.34 10.1 2.93 10.87 

2 3.67 9.87 2.2 10.16 

3 4.01 10.03 1.84 9.88 

4 4.2 10.01 2.28 10.24 

5 2.76 10.03 3.76 11.58 

6 2.92 10.2 2.4 10.43 

7 2.72 10.2 2.58 12.04 

8 2.86 7.82 2.35 10.3 

9 2.22 10.2 4.08 11.96 

10 2.72 10.05 2.75 12.14 

11 2.72 9.19 1.39 9.04 

12 2.68 2.68 1.66 9.67 

13 2.73 10.31 3.36 11.12 

14 2.72 10.12 1.57 9.56 

15 2.72 10.2 1.89 9.81 

16 2.37 10.1 1.99 9.84 
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Figure 8. Sample results of Factor Analysis showing the distribution of two variables across the graph. Two 

clear sample point clusters as represented in green circle with three outliers occurring between factors 3-7. 

The blue linear lines represent each chemical element sampled. 

 

The biplot result of multivariate factor analysis shows the data sample points in red and the 

stretched element in blue. Two clear clusters have formed, one in the upper section 0-1 and the 

other around (0 to -1) in the lower section. These two clusters represent a divide in the data set and 

have appeared to show a marked difference. The elements are stretched in two main directions, to 

the right are Fe, Mg, Mn, Al, P and Cr, and downwards are Ba, B and Cr. The remaining elements Cu, 

Na and Ca are shorter in length and closer to the centre.  
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Figure 9. Loading plot result of Factor Analysis showing detailed representation of individual element 

directions. Two clear clustering groups occur (represented by green circle) with the remaining 

smaller lines less stretched. 

 

The results of the loading plot offer a clear representation of each element stretched across the 

graph. Two clear clustering groups have formed with Fe, P, Mg and Mn moving to the right of the 

graph, whereas, B, Cr and Ba are moving downwards with Cu and Na in a shorter stretch. The Plot 

suggests that some form of relationship exists in the right hand cluster.  

 

 

 

 

 

 

1.00.80.60.40.20.0-0.2

0.00

-0.25

-0.50

-0.75

-1.00

First Factor

S
e

c
o

n
d

 F
a

c
to

r

P1859

Na 5895
Mn 2593 Mg 2795

Fe 2395

Cu3247

Cr 2835

Ca 4226

Ba 4934

B 2497

Al 1670

Loading Plot of Eleven Chemical Elements

Cluster 1 

Cluster 2 



33 

 

Discussion  

 

The results demonstrate that multi-element analysis has detected element enhancement across the 

site that may be the result of anthropogenic activity. Of the 24 elements analysed, 12 produced 

concentrations detectable above the background levels, and included Ag, Bi, Cd, Co, In, K, Li, Pb, Sr, 

Ni and Zn. However, no clear elemental patterns or trends become apparent that could accurately 

determine site activity. Interpretation of chemical element enhancement requires careful analysis to 

ensure viable conclusions can be drawn, as chemical input and the natural geochemistry of the soil 

must both be considered as well as, an understanding of how metals become bound to various 

horizons in the soil. Anthropogenic element evidence cannot be ruled out, but the effect of soil 

processes, vegetation changes and geological variation through time will alter present chemical 

characterisation. 

 

Soil properties 

 

The soil pH ranges from 3.7 to 4.1 with a mean value of 3.85, represented in table 3. The strong acid 

soil and vegetation (predominantly heather and bracken) occurs uniformly across the site with no 

significant trends emerging, other than a slight rise in pH around the central test pit area. The low pH 

values are typical of peat and gley forming soils found in Wester Ross –as a result of the persistent 

cold and wet climate. The results of soil moisture loss shows across the range a reduction is water 

content between 16% to 66% with an average sample loss of 36%.This is a small volume considering 

peaty soils have the ability to hold considerable quantities of water and may be indicative an dry 

period experienced in the region prior to sampling.  

 



34 

 

During the walkover study, on-site magnetic susceptibility readings were taken to assess soil 

magnetism across the site. This technique offers a non- destructive technique for rapid 

measurements of soils, in a simple manner. The readings varied significantly from random point to 

point and changed when placed on top of underlying rocks. The results in table 4 show no significant 

magnetic variation between the random sample points tested in the laboratory. It might have been 

expected that the central hearth areas would have shown higher values due to material deposition 

over time. Magnetic variation in a study by Peter et al. (2000) noted enhanced areas around the 

hearth and middens, giving indications of anthropogenic activity. At this site however, the influence 

of varied geology skews the values of enhanced soil magnetism resulting in inconclusive results. 

Excavation work on the off-site test pit (Figure 6) reveals the natural development of soil over time 

and can be used as a control against the on-site test pit. This method allows for inter comparison 

between the two pits and may reveal anthropogenic activity or artefact finds.  The on-site central 

test pit (Figure 7) shows four soil horizons moving from dark brown organic layer in the upper 

profile, down to a lighter brown, then an olive sand colour of the natural bedrock. Throughout the 

soil profile flecks of charcoal were located in horizon 2, although, these may post date the 

roundhouse and relate to the more recently built shieling structure. Archaeological excavations of 

roundhouses have uncovered occupation layers that define the residence time and subsequent 

abandonment of structures (Church, 2002; Armit and Ralston, 2003; Armit, 2006; Jones et al., 2010). 

However, no occupational layer or artefact evidence was recovered from this site. Red oxidised iron 

rich soil and stones (shown in figure7) were found in horizon 3 possibly representative of intense 

heating of the soil from the above shieling layer but may have also occurred over time, similar to 

that found by Longworth et al. (1987). 

Bracken (Pteridium aquilinum) is an aggressive growing fern that disrupts archaeological soils.  It 

effectively tolerates acid conditions, grows rapidly and produces strong rhizomes in the soil. Not only 

does it conceal archaeological remains above ground, it does considerably more damage 
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underground (Scottish Natural Heritage, 2011). They can displace finds and destroy the stratigraphy, 

as the soil layers cannot be read. Further disruption occurs when plants are uplifted from a site, as 

this also disrupts layering patterns. The Auchtercairn roundhouse is situated in an upland acidic 

environment prone to bracken growth. The vegetation patterns on the site may well have altered 

the stratal layers of the soil at the Auchtercairn roundhouse however, in depth plant analysis was 

not a substantial contribution to the overall study. As this site was previously covered in bracken and 

heather it prior to the roundhouse discovery, disturbance of the soil during vegetation removal may 

be a contributing factor to soil stratal mixing. 

Soil chemistry characteristics 

 

Total soil elements concentrations include ions bound in crystal structures of primary minerals; while 

secondary minerals are absorbed on the surface include clays, oxides and carbonates. Others are 

bound in a solid organic matter, free ions and soluble and inorganic complexes in the solution 

(Alloway, 2013).  These forms include the a aila le  ele e ts although the  o l  ep ese t a 

fraction of the element form and in this study the total element concentrations were analysed. If 

anthropogenic activity is not altering the soil composition at this site then it likely two fundamental 

soil processes are at work: soil leaching and element redistribution or comparatively, the retention 

elements that remain in the soil. Positive charged free hydrogen ions bind with negative charged 

exchange sites on organic matter and clay particles, displacing such ions as Mg, Al and Ni. Leaching 

occurs moving the displaced elements down through the soil profile resulting in the reduced 

availability of nutrient content to vegetation. The fundamental principle of how vegetation alters the 

chemical composition and mineral dissolution has been yet to clarified, as little is known about the 

effects on soil change and chemical weathering through time (MacCarthey). Residual matter present 

of soils is built up of organic matter and geology, formed with underlying weathered bedrock such as 

gneiss and quartz.  
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Phosphorous distribution and interpretation 

 

Phosphorous (P) has played a large role in detecting human activities on ancient settlements for 

close to a century. The concentration of P represented in map 2 shows three sample points in the 

south-east quadrant which have high values up to4000 ppm, with a second cluster of enhancement 

around the central hearth area. The trends remain difficult to interpret, as samples immediately out-

with the high values dramatically drop, which is unlikely to be exclusively the result of natural or 

anthropogenic processes. Phosphorus in itself is never found as a free element naturally occurring in 

the soil, apart from orthophosphate ions which represent 0.1% of the total soil solution. Cultural 

inputs of P are relatively stable in the soil at scales of hundreds of year, but apparently less so at tens 

of thousands of years (Holliday et al., 2010). The element itself comes in three phases, organic P, 

inorganic phosphate or total P which can be analysed individual or altogether as they may hold 

different forms of information. The elevated levels could have originated from bone matter, food 

inputs, organic animal matter or through the underlying natural geology and soil processes, although 

it is unusual to find such high concentrations in the one location coupled with an immediate drop 

across the remainder of the site. Similarly, magnesium (Mg), manganese (Mn), Iron (Fe) 

concentration are elevated at the same location, the results may be showing the effect of ion 

exchange and redistribution throughout the soil. Alternatively phosphorous is highly responsive in 

the environment and reacts with oxygen to form phosphates, as they are now negatively charged 

they bind strongly with clays and Fe oxides, reducing the tendency to be leached, thus detectable in 

through soil analysis. 

Acid soils are greatly affected by water through precipitation, overland and underground flow, which 

will aid the leaching and weathering processes in the soil (Kumar et al., 2012). It can be suggested 

that an accumulation on P has occurred on this site. However its presence is not evenly distributed, a 

possible artefact of anthropogenic activity could also be representative of many other factors. On 

the other hand, Multi-element analysis by Wells et al. (2000) showed calcareous soils retain 
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phosphates for a very long time, which is significantly different to the interactions found in peat acid 

based soils. 

 

Aluminium distribution and interpretation 

 

Aluminium (Al) concentrations have been regarded as a proxy for natural chemical element levels 

within the soil due the conservative nature of lithogenic elements that bind to clay minerals (Oonk et 

al., 2009). It becomes mobilised under acid conditions and is considered phytotoxic at pH <4.5, 

which will have an effect on vegetation growth (Jones and Kochian, 1996). The results from map 3 

indicates aluminium (Al) concentrations are high across the central transect line and around the 

shieling structure, with a notable rise off-site to the north to east. If these results represent the 

natural soil element accumulation then a more widespread occurrence would be expected, as total 

available aluminium concentrations in clay soils would be significant. However, distribution appears 

to be linear and could represent sampling or analytical error. Soil samples taken across the site 

varied in volume and organic matter content due to the presence of underlying rocks. This may have 

affected the element accumulation and leaching of soils over time. In the laboratory the analysis 

took place in two stages, resulting in ICP-AES element detection parameters fluctuating slightly 

between analysis, and as the accumulation concentrations are so small it is enough to show 

distribution variations. In the literature Al does not appear to contribute to anthropogenic activity 

and enhancement. Middelton (2004) found Al, Mg, Fe and Mn enhancement may be better 

explained through geochemical process. 
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Sodium distribution and interpretation 

 

Sodium (Na), although not associated as an anthropogenic indicator in soils, it is a standard element 

for determining sea water influence in precipitation and is considered a significant contributor to the 

base cation content of soils (Whipkey et al., 2000). As the roundhouse is located on the slopes above 

a sea loch and coastal environment deposition of salt could occur. Result on map 4 shows the 

distribution of Na across the site, no significant patterns have emerged with enhancement seemingly 

random. As the prevailing wind direction is from the south-west, accumulation across the site would 

be expected to be evenly distributed with higher values around the wall structure. Overall sodium 

concentrations do not reveal any notable patterns or trends that can be accurately define any 

activity whether anthropogenic or naturally occurring.  

 

Chromium, Copper and Boron distribution and interpretation 

 

Boron is a naturally occurring metal in the soil and is adsorbed by plants in small quantities; high 

levels can results in toxicity which does not promote vegetation growth. Map 5 represents its 

distribution across the site with the highest value reaching 216 ppm and three areas of elevated 

concentrations.  Similarly, chromium shown in map 1 follows a similar distributional pattern with 

three clear divisions based around the entrance, eastern wall and southern wall. Altogether in the 

site three transect lines do not show any enhancement, especially around the central pit area.  This 

trend is very uniform and is unlikely to be the result of natural element distribution in the soil. By 

comparing both boron and chromium results the trends suggest sample or analytical error as both 

distributions are similar. The central east-west line shows no enhancement at all, even though it 

runs directly through the centre of the house, it would be more rational had some enhancement 

been detected. 
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Copper (Cu) is a common metal found naturally throughout the environment in rock or minerals and 

is transported in wind-blown particulate, decaying vegetation, sea spray and forest fires (Flemming 

and Trevors, 1989). Once in the soil it binds to organic matter and minerals, and can stay bound in 

the soil for a long time (Niragu, 1979). The results of Cu in the distribution again show a similar 

spread throughout the site as B and Cr. As there is a small variation between the concentration 

values the distribution output may be highlighting the purple coloured points as significantly higher 

when actually there may not be a variation and could be the result of ICP-AES analysis. The statistical 

test for multivariate factor analysis in figure 10 shows two clear clusters of data which on further 

analysis represent a division between the two sample sets tested through ICP-AES, which has 

therefore altered the element concentration values within each test set. Figure 9 shows the 

elements directionally stretched across the graph with two clustered arrangements. Cluster 1 shows 

the pull of Mg, Fe, P and Mn which is representative of the data as accumulation of these elements 

follow similar on site patterns. Cluster 2 pulls the elements B, Cr, Cu and Na altogether in a 

downwards direction which, again follows the elemental patterning across the site which are shown 

on the maps throughout the results section.  
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ICP-AES advantages and limitations 

 

The soil samples removed from the roundhouse underwent analysis through ICP-AES, a technique 

which uses the intensity of light emitted at a particular wavelength to determine the concentration 

of a chemical element in a sample. The light emitted is related to the de-excitation of the electrons 

in atoms of the element (Malainey, 2011). A number of advantages are offered by ICP-AES method 

including rapid sample testing and cost-effective process. It has the ability to detect trace element 

limits to parts per million more than previous techniques such as AAS (Atomic Absorption 

Spectroscopy) and test kits in a field laboratory (Terry et al., 2000). The instrument is superior in 

analysing trace elements of archaeological soils, in comparison with methods- based approaches.  

In archaeological soils the properties of many single elements become ambiguous for the purpose of 

defining a function or activity, as they remain vague and cannot accurately define a single process 

without empirical evidence (Middleton, 2004). Multi-element analysis along with selective extraction 

techniques would provide a greater insight into site function and the organisation of space than 

traditional excavation or single element analysis alone. It is a minimally invasive technique that 

requires very small samples in order to detect trace elements. 

A notable trend found in archaeological ICP-AES literature is that studies took place at locations 

where a previously known context regarding function and spatial organisation occurred, allowing for 

comparative chemical analysis to confirm associated enhancement. Entwistle et al.(1998) studies 

floor plans of a small farming community on Skye, Wilson et al.(2005) conducted studies on 18
th

 

century farmsteads, while Middleton (2004) led studies of houses occupied between in the mid-18
th

 

and 19
th

 century. The roundhouse in this study is estimated to be around 2000 years old and notably 

older than the study sites aforementioned. The substantial age difference between sites is likely to 

have a marked effect on the retention of anthropogenic signatures, as geochemical processes, 

atmospheric deposition and subsequent land use are all contributing factors to altering soils. 
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The procedure of element extraction differs between studies as some use weak or strong acid 

digestion techniques. This is an important decision as digestion ultimately makes available the 

elements for detection (Middleton, 2004). Further study is needed to determine the most effective 

technique to use for archaeological sites. As previously discusses ICP-AES in this study, determines 

the total concentration of an element such as P, when part of the element may hold more historic 

information. 

 

Site characterisation and function 

 

The accumulation of information from this study allows some assumptions to be made on 

determining the function of this Bronze Age or Iron Age roundhouse.  As there is no previous data or 

records known to exist for this site, all information is based on evidence gathering and an 

accumulation of information. The discovery of a central hearth is the only proof of anthropogenic 

activity as the ICP-AES analysis proved insufficient at identifying associated anthropogenic element 

signatures and no artefacts were found. Similarly, no occupational evidence was recovered from the 

central and off-site test pits. This may be the result of natural soil mixing processes or roundhouse 

occupation on site may have been short-lived.  A well-maintained floor would have encountered 

regular sweeping and reduced the ability of elements to accumulate or build-up over time (Armit, 

2006). Comparatively, occupation layers have been revealed at a number of sites in Wester Ross by 

Welti (2011). This is backed up by the element analysis results as no emergent patterns highlight 

domestic or industrial use. 

The most striking feature of the roundhouse is its size (17meter diameter), as simple structures are 

often built considerably smaller.  As the element results are vague and cannot determine site 

function, observations can be made on site function due to its architecture and location. The 

entrance to the roundhouse is uncharacteristically large and could relate to the impressive vista 
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across undulating land and sea loch. The prevailing winds in the area drive in a south-westerly 

direction which would not be the optimal position due to exposure, and could therefore lead toward 

a ritual or community structure based around the movement of the sun. Amateur archaeologists 

have suggested that during winter solstice the sun is positioned directly in line with the roundhouse 

entrance (Wildgoose and Welti, 2012). 

Ritual in the Iron Age is thought to have played an important role (Haselgrove and Pope, 2007) and 

may reflect the direction and size of the structure.  The presence of a central hearth is indicative of 

site activity, however elemental analysis does not provide any enhancement in this area or evidence 

of domestic activities throughout the site and so ritual patterns may be considered. The settlement 

as a whole is unenclosed, implying there could have been a community based structure (if 

roundhouses all date to same period). Therefore, the large roundhouse was used as communal area 

and not as a fully occupied house. The ICP-AES results relate to this suggestion in some way as no 

anthropogenic occupation layer was present as a result of long term occupation and may only have 

been used on specific occasions . 

Webley (2007) suggests that large roundhouses in England were built in a select time period, 

resulting in the small numbers of similarly constructed houses, later abandoned in favour of new 

designs. However, it is possible to compare structures found in Southern England to those in 

Northern Scotland? Similarly knowledge on community structure throughout Iron Age is known to a 

lesser extent. Auchtercairn appears to have been an unenclosed settlement which could indicate an 

open community or an association of authority within the site.  

There are a number of potential points of weakness associated with this study. The sampling 

strategy could be improved by taking more samples out-with the structure to be used as a 

comparison between element concentrations found inside the roundhouse soils. Multi-element 

analysis is accepted in the academic literature as a beneficial addition to archaeology, although 

concerns regarding the depth from which samples are collected, method of analysis undertaken, and 
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the interpretation of results are still present (Entwistle et al., 2007. )Depositional and soil formation 

is likely to have occurred over the last 2000 years which may have hidden the chemical signature. 

The effects of vegetation on the soil may also have been a contributing factor to soil stratal 

characteristics.  

Conclusion 

 

ICP-AES multi- element analysis techniques makes for a powerful tool in aiding the understanding of 

functional areas space organisation at archaeological sites. This technique expands the repertoire 

available to archaeologists in studying important sites, with the provision of quantitative data that 

was once unobtainable. Results obtained from this project have remained inconclusive as element 

enhancement across this site was not significant enough as to distinguish accurately soil origins 

from, anthropogenic, natural or analytical means.  

A shortage of site records or information undoubtedly presents major challenges to answering 

unknown questions about the prehistoric past. However, the accumulation of explorative and 

analytical data from the Auchterchairn roundhouse allows for suggestions to be made in regards to 

its possible function. The central test pit soil accumulation did not substantially differ from the off-

site control pit, and no evidence of an occupational layer existed, which could be related to the sites 

later activity, soil mixing, a very short occupation period or regular clearing and sweeping of the 

floor. Soil sample analysis shows significant enhancement of P, Mg, Mn and Fe concentrations were 

elevated across the site but significantly in the south-east corner, with B, Ca, Cu and Na following a 

wider distributional pattern across the site, which is likely related to the natural geochemistry of the 

soil.  Overall site function suggestions at present, relate to a community based structure that was 

possibly used for ritual or gatherings. This is because of the uncharacteristically wide entrance, 

unique structure size, site location with magnificent views and lack of significant occupation layers in 

the soil. No artefacts were recovered from the test to support or disprove this theory, but further 
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site excavation work may reveal more. Other than the large size of the roundhouse, no similarities 

between previously excavated roundhouses have been revealed. 

The mystery behind the function of this roundhouse may be unveiled in the future through more 

extensive excavation work. Further work is indeed necessary to identify the chemical characteristics 

of Iron Age roundhouses, especially through the use of multi-element analysis, as no known 

(published) studies have been conducted. Data collected from a range of comparable sites can then 

be modelled to assess the similarities and differences between sites, and may lead to better 

prediction rates that determine site function. 
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Appendix 1 

 

The figures below show the settlement of Auchterncairn and  associated roundhouses with a layout 

plan of the roundhouse study site. Areial photograph of Auchtercairn settlement showing 

roundhouse sites in yellow, farming wall systems in orange and old rig and furrow in a sand colour. 

The annotations indicate a site that has been highly active through time and only recently has 

farming declined to allow for tree growth and development. 

 

Figure 1. Areial photograph of Gairloch roundhouse and surrounding settlement  (Sourced from 

Welti, 2011 unpublished) 

 

 

 

 

 

Study Site 
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Figure 2. Roundhouse structure and directional position, with two additional structures highlighted 

in blue. 
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Appendix 2 

 

Table 1. Raw data containing chemical element concentrations that were above background detection limits in parts per million (ppm).  

Al 1670 B 2497 Ba 4934 Ca 4226 Cr 2835 Cu3247 Fe 2395 Mg 2795 Mn 2593 Na 5895 Ni 2216 P1859 

3513.2 216.88 47.52 1822 247.08 29.28 108280 10424 5724 789.6 29.36 4016 

3654.4 132.36 132.36 1653.2 152.16 85.44 66760 7680 2558.8 789.2 20.68 2413.6 

3774 122.36 44.6 1698 135.68 135.68 60240 7708 5404 760 20.68 2754.8 

3287.6 49.52 20.36 1365.6 53.04 6.68 28576 2832.8 1368.8 789.6 8.08 975.6 

11708 53.92 32.64 2006 57.6 9.88 26952 3360 1442.4 387.44 10.84 907.6 

10420 51.6 18.96 1084.8 54 34.72 25852 3204 1292.4 325.52 8.88 810.4 

11496 58.92 26.08 1448.4 61.08 23.44 34096 3718.4 2515.6 668 9.6 1063.2 

3167.2 46 31.52 1631.2 45.76 25.96 26048 2846.92 923.6 657.6 6.84 1052 

3916.8 62.72 12.32 1086.4 66.92 38 35124 3276.8 650.4 465.2 8.44 867.2 

6852 42.64 179.2 1160.8 43.76 26.6 20688 2401.2 455.6 298.2 6.12 638.8 

9228 56.2 29.092 861.6 57.36 14.36 30660 2559.2 684.8 234.12 7.6 581.6 

3472.4 48.4 7.72 1498 42.28 3.6 26284 2234.8 409.6 401.2 6.12 720.4 

1554 11.2 8.72 1203.2 8.76 8 29124 854 32.88 599.6 1.92 783.6 

3565.2 43.52 13.44 1808.8 27.56 4.04 23360 2788.4 642.4 485.2 7.48 884.4 

4280 56 13 1245.2 55.48 35.32 31076 2756.4 608.4 313.08 66 643.6 

2428 112.24 102.28 900.4 150.64 97.76 26700 2216 995.6 661.2 62.52 879.6 

3740 40.32 145.6 1034.8 38.52 28.24 21444 1867.6 978.4 220.44 5.04 483.2 

2222.4 25.2 11.6 1990 20.76 5.56 30660 1788.8 141.36 830 2.96 876 

1046.4 11.24 14.76 2039.2 6.4 8.44 26284 1616.8 98.12 1085.6 1.72 781.6 

4488 50.48 12.92 567.6 53.32 23.2 28080 2380.8 1754.8 361.96 67.6 938.8 

4552 50.64 15 560.4 53 46.96 28320 3010.4 1262 173.16 10.56 1119.2 

2861.6 17.12 36.48 537.6 18.24 6.72 8552 1431.2 363.92 176.56 3.2 318.68 

4612 55.48 11.84 718 56.68 4.72 30448 2527.2 952 530.4 7.2 751.2 

4724 63.52 15 842.4 63 38.36 35176 2374.8 600.4 199.2 7.2 872.8 

4392 50.08 18.64 1516 45.44 13.84 26376 2689.6 1282.8 435.2 7.12 852 

4468 56.6 8.8 778.8 51.28 36.68 30112 2024.4 912 320.64 5.48 673.2 

4672 54.24 14.72 1044.4 55.44 5.64 30096 2232.4 971.2 363.24 5.96 768.8 
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5080 62.28 19.04 887.6 70.72 44.68 34528 3318.8 2380.4 277.52 6.16 949.6 

4580 42.76 11.32 701.6 46.2 28.2 23276 2270.8 1752 284.8 6.8 668.4 

4824 59.04 28.76 1674.8 56.48 7.92 30672 3444.4 2260.8 351.44 8.04 1056.8 

4652 58.04 10.96 1177.6 56.36 6.6 30912 3128.4 1476.4 441.2 7.8 855.2 

5076 64.76 14.4 853.2 68.28 7.8 35356 3351.6 1168 351.68 9.08 972.8 

4420 53.12 18.2 1366.8 46.28 27.44 28036 2757.6 1127.6 426 6.48 822.8 

5652 65.12 45.92 1218 87.08 76.04 36044 6000 1210.4 235.8 15.64 2043.6 

5568 67.6 73.52 1890.4 71.96 78.16 32968 8304 2173.6 335.92 58.52 2854.4 

5052 39.2 29.96 1151.2 43.12 33.96 21540 2261.2 903.2 332.44 7.8 837.2 

5148 52.56 22.84 1070 55.28 16.76 28280 2836.4 1975.2 503.2 77.6 988 

5728 147.36 100.28 1190 150.12 99.44 26300 2904.4 612.4 398.44 -64.04 580.8 

4060 130.48 105 1568.4 125.12 98 16600 1995.2 336.4 924.4 -67.6 744.8 

3069.2 122.04 101.68 1554.4 118.8 95.84 13660 1582.4 91.72 584 -66.8 762.4 

5944 157.44 102.52 1280.4 156.12 97.8 31864 3139.6 1282.8 528.8 -6 874 

5680 146.32 102.12 1030.4 146.72 97.32 26416 2968.4 936.8 467.2 -66.2 710.4 

5528 138.8 101.36 922.4 141.76 96.88 23000 2186 641.6 468.4 -69.08 721.2 

6424 188.96 183.88 1806 146 111.52 20476 3062.4 691.6 486 -53.84 1267.2 

5952 146.96 104.52 975.6 152.56 102.08 26316 3435.6 1684.4 437.6 -64.12 844.4 

5964 139 114.8 1489.6 147.76 118.56 22236 4416 1862.8 838.4 -61.04 1091.2 

6108 163.28 107.52 1366.4 167.16 100.96 34716 4324 1614.8 1018.4 -62.36 1284 

6052 151.64 98.76 970.4 159.76 -5.96 29192 3633.6 1544.8 544.8 -60.92 982 

5844 145.16 98.36 970.4 150.16 98.16 25952 3122 1610 398.08 -64.88 862.8 

5764 146.68 96.28 967.6 152.64 97.88 27076 2974 784 405.2 -67.48 913.6 

5544 144.48 106.4 1214.8 147.28 95.84 25348 2965.2 1327.6 568.4 -64.72 944.8 

5436 141.04 115.96 1557.2 141.48 98.56 23412 3123.2 2301.2 402.8 -66.64 962.4 

5448 148.24 102.04 1768 145.56 99.24 27064 3150 874.4 470 -54.52 1051.6 

4600 133.6 105.92 1244 130.92 -21.8 19716 2000 666.8 437.6 -65.12 937.2 

5160 146.44 146.44 1026.8 145.28 95.24 26136 2403.2 1002.4 725.6 -64.12 654.8 

4752 138 99.8 1194 136.72 94.04 21736 2207.2 772.8 599.6 -67.44 648 

1517.6 158.76 101.92 1018.8 162.2 98 30840 3156.4 1356.8 398.36 -64.08 646 

1695.2 162.48 98.36 1035.6 167.56 103.72 34208 3880 1215.6 444.8 -61.8 818 

1580.8 147.32 96.8 980.8 144.88 96 24952 2600 885.6 623.6 -65.36 780 

656 116.56 105.24 1612.4 111.84 98.08 8768 1320.8 128.88 578.8 -69.4 873.2 

1281.2 127.6 98.44 1025.2 123.64 92.88 15460 1463.2 287.12 385.4 -68.4 528 

2072.4 148 102.6 1111.6 144.92 98.12 24628 2580 2580 452.4 -65.76 710.4 
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2231.2 142.32 113.08 1007.2 142.08 103.12 22996 2356 1316 484.4 -64.28 713.6 

2164.8 150.4 97.44 1243.6 146.76 -17.6 25172 2466 704.4 467.6 -70.04 654 

2429.2 156.36 105.24 1254.4 155.8 99.12 28320 3006.8 1812 804.4 -64.32 959.2 

2398.4 142.36 109.28 832 145.12 103.96 22388 2180.4 2101.2 407.6 -65.12 707.2 

2610 140.24 123.16 1340.4 140.32 6.84 20628 2346.8 4628 600.8 -64.52 1370.4 

2150.8 140.84 97.72 1076 138.8 -22.84 21556 2216 1200.4 562 -66.28 757.6 

2693.2 137.6 120.72 1384.8 138.24 116.48 20004 2214.8 853.6 559.2 -64.04 759.2 

2403.6 144.44 104.44 1442.8 141.24 99.16 23400 2750.4 945.2 633.2 -65.16 898.4 

2683.2 151.92 99.56 794 147.76 97.36 26672 2259.6 709.2 410 -64.84 779.6 

2102.8 131.72 101.52 1109.2 128.84 -29.2 17308 1506.4 54.52 655.6 -68.52 508.8 

2642 143.28 109.12 1404 136.44 98.8 22120 3056.4 1783.6 416.4 -65.2 944.4 

2610 141.8 115.56 1795.6 97.92 106.56 21772 3300.8 1892.8 498 -67.32 1115.6 

2758.8 143.16 106.92 1508 139 100.52 21652 2990.4 1942 473.6 -65.08 978 

1447.2 110.52 99.32 1576 132.36 -25.32 19376 2712.8 539.2 817.2 -52.64 894 

1769.6 106.8 100.28 918.8 131.72 -26.84 16916 1514.4 592 367.88 -65.4 421.2 

2363.6 114.72 106.48 1224 162.6 102.24 30664 3189.6 1346.4 1171.6 -58.04 1065.6 

2424 112.64 107.32 1523.2 158.16 -9.04 28240 3426 2132.4 412.4 -82.8 930.8 

1291.6 113.96 102.88 1156.8 159.24 103.04 27448 3426 1070 1590.8 -59.08 969.6 

2294 115.04 109.24 1860.8 153.04 -98 28628 3420.8 439.2 1080 -71.04 772 

1762 107.04 114.08 1662 131.6 96 18364 1734 400 1486.8 -77.72 1004 

2510.4 24.08 15.4 1542 21 17.44 13032 1504.4 124.36 422.8 3.2 614 

2406 111.08 105.4 1169.2 140.6 104.76 22148 2331.2 2010.4 536.8 -66.92 1172 

2495.2 107.4 119.2 1007.6 141.24 111.12 19024 3758.8 2295.2 606.8 -60.68 1010 

1724.4 106.16 104.8 1263.2 126.96 100.76 17400 1663.6 1139.2 576.8 -64.84 975.6 

2460.8 107.2 107.2 1665.2 151.84 -16.76 28276 3386.8 1603.6 504 -64.8 963.6 

2169.2 110.2 146.4 1993.6 138.52 100.36 20304 2842 1022 650 -67.32 874.4 

2362.8 115.24 101.88 1352.8 147.08 103.4 25552 2953.6 1061.2 693.6 -73.92 849.6 

2297.6 112.68 105.28 1638.8 146.04 145.2 24880 3056.8 649.6 626.4 -67.72 783.6 

2189.2 112.48 105.44 1355.2 141.68 -23.44 23924 2367.6 339.56 376.44 -72.6 634 

2297.6 112.68 100.32 1638.8 146.04 94.52 24880 2984.8 649.6 626.4 -61.8 783.6 

2348 111.76 102.56 975.6 148.08 105 24832 2398 2258.4 752.4 -62.76 954.8 

2267.6 116.36 112.8 2231.2 99.08 99.08 31152 3712.4 549.6 779.6 -69.68 1268.8 
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Table 2. Data from each soil sample showing the moisture loss content from the to dry weigh 

 

 

Wet Weight (g) Dry Weight (g) Mass Moisture Loss (g) Total Moisture loss 

(%) 

NS 420 118.87 90.4 28.47 24 

NS520 108.96 82.21 26.75 25 

NS620 159.86 115.31 44.55 28 

NS720 93.61 78.92 14.69 16 

NS1020 93.51 64.21 29.3 31 

NS1120 159.51 106.55 52.96 33 

NS1220 109.79 69.7 40.09 37 

NS1320 56.21 31.61 24.6 44 

NS1420 142.57 83.5 59.07 41 

NS1520 166.12 127.07 39.05 24 

NS1620 150.24 85.13 65.11 43 

NS1720 40.3 22.14 18.16 45 

NS1820 78.49 33.69 44.8 57 

8L0 55.93 32.65 23.28 42 

8L2 79.59 47.76 31.83 40 

8L4 45.03 19.87 25.16 56 

8L6 68.34 45.06 23.28 34 

8L8 61.88 25.04 36.84 60 

8L10 20.02 8.44 11.58 58 

CTX1 29.57 13.52 16.05 54 

CTX2 29.68 15.09 14.59 49 

CTX3 31.33 8.16 23.17 74 

NS820 132.04 79.07 52.97 40 

NS920 97.89 66.52 31.37 32 

5L0 78.53 52.81 25.72 33 

5L2 93.78 68.97 24.81 26 

5L4 85.57 57.13 28.44 33 

5L6 149.34 116.53 32.81 22 

5L8 87.49 56.26 31.23 36 

5L10 83.51 63.14 20.37 24 

5L12 59.93 38.49 21.44 36 

5L14 50.49 22.33 28.16 56 

5L16 72.95 32.79 40.16 55 

CTX4 119.76 89.43 30.33 25 

CORE 89.67 43.21 46.46 52 

CP1 108.41 78.95 29.46 27 

CP2 112.36 73.63 38.73 34 

EW2 221.84 179.21 42.63 19 

EW5 29.81 17.04 12.77 43 

EW6 65.69 52.19 13.5 21 

EW7 166.72 115.63 51.09 31 

EW8 147.7 110.07 37.63 25 

EW9 149.72 119.71 30.01 20 

EW10 116.03 79 17.7 32 
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EW12 76.81 33.55 43.26 56 

EW13 120.53 77.18 43.35 36 

EW14 130.13 95.35 34.78 27 

EW15 242.25 164.48 77.77 32 

EW16 184.76 150.67 34.09 18 

EW17 83.33 37.04 46.29 56 

EW18 22.08 13.86 35.92 37 

EW19 76.83 48.82 28.01 36 

EW20 113.26 82.72 30.54 27 

7L0 77.06 40.27 36.79 48 

7L2 86.07 61.95 24.12 28 

7L4 82.22 49.12 33.1 40 

7L6 99.51 70.59 28.92 29 

7L8 57.1 25.37 31.73 56 

7L10 20.93 16.39 4.54 22 

4L0 73.95 52.12 21.83 30 

4L2 123.79 83.21 40.58 33 

4L4 151.51 97.28 54.23 36 

4L6 52.39 32.13 20.26 39 

4L8 43.85 24.16 19.69 45 

4L10 94.76 56.76 38 40 

4L12 63.75 38.06 25.69 40 

4L14 78.54 42.11 36.43 46 

6L0 77.43 65.24 12.19 16 

6L2 62.55 28.99 33.56 54 

6L6 84.26 45.15 39.11 46 

6L12 105.1 84.37 20.73 20 

E1 62.69 51.48 11.21 18 

E2 50.19 33.51 16.68 33 

E3 32.49 20.29 12.2 38 

3L0 67.19 22.89 44.3 66 

3L2 145.96 93.13 52.83 36 

3L4 153.71 100.11 53.6 35 

3L6 131.96 66.44 65.52 50 

3L8 216.29 175.72 40.57 19 

6L10 42.41 12.63 29.78 70 

3L12 62.96 22.1 40.86 65 

Outside 87.14 71.02 16.12 18 

CP4 127.89 113.87 14.02 11 

CP3 126.18 90.48 35.7 28 

E4 31.16 22.4 8.76 28 

E5 61.53 45.98 15.55 25 

E6 20.76 10.9 9.86 47 

E7 82.09 63.85 18.24 22 

E8 81.08 51.46 29.62 37 

E9 119.46 84.76 34.7 29 

E10 66.66 44.09 22.57 34 

3L14 112.01 92.74 19.27 17 
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Appendix 3 

 

The pictures below are screen shots taken to show the process involved in producing the GIS maps. 

The Google image was geo-corrected along with Ordnance survey maps, then imported into ArcMap 

software.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Yellow icon placed on known points around 

Auchtercairn in order to geo-correct rounhouse position. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 showing Google Earth image of roundhouse location, with  
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sample points shown by small yellow circles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Roundhouse location geo-corrected with Google Earth, Ordnance  

Survey, Structual plan and soil sample points. 
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Time sheet 

Please complete the time sheet each time you carry out some work on your Honours project. This 

includes all lab and field work, preparation of materials and equipment, travelling to and from field 

sites and all data analysis. It does not include background reading or writing the dissertation. For 

each session give the date, start and end time plus a description of the work. Each time you 

complete a line please add the duration to your running total so you can keep a track of the time you 

have invested on your practical work. 

 

Date 
Start 

Time 

End 

Time 
Total 

Running 

Total 

Hours 

Description 

1st June 12 4 4 4 Organising field work trip 

Travel 

Both ways 
9 5 8 12 Travel 

10th June 10 12 2 14 
Meeting and equipment 

collection 

14th-16h 

June 
9 5 8 22 

Travel to Ullapool and walk 

over study of roundhouses. 

17th-18th 

June 
9 5 8 30 

Gairloch- Field sample 

collection 

19th June 9 11 2 32 Field sampling 

22nd June 11 4 5 37 Sample preparation 

23th June 10 4 6 43 
Sample preparation – drying 

out 

28thJune 10 4 6 49 
Sample preparation – 

Sieve/label 

29thJune 10 4 6 55 
Sample preparation – 

Sieve/label 

1st July 10 4 6 62 
Sample preparation – 

Sieve/label 

3rd July 12 3 3 65 
Sample prep – second set 

dry out. 

9th July 11 2 2 67 Soil pH and Mag sus testing 

27th July 2 3 1 68 Equipment Training 
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30th July 9 5 8 76 Sample analysis 

31th July 9 5 8 84 Sample analysis 

1st Aug 9 5 8 93 Sample analysis 

12th Aug 7 5 10 103 Glasgow Library 

26th Sept 10 12 2 105 ICP- AES 

27th Sept 12 4 4 109 Data interpretation 

1st Nov 9 5 8 117 Data input 

2nd Nov 9 5 8 125 Data input 

9th Jan 9 5 8 133 GIS 

12thJan 9 5 8 141 GIS 

13th Jan 9 5 8 149 GIS 

15th Feb 9 5 8 157 GIS 

22nd Feb 9 5 8 165 GIS 

1stMarch 9 5 8 173 Data Analysis 

3rd March 9 5 8 181 Data Analysis 

4th March 9 5 8 189 Data Analysis 

9th  March 10 5 7 196 Statistics 

10th March 12 7 7 203 Statistics 

11Match 12 8 8 211 Scatterplot and statistics 

12 March 9 5 8 219 Resource room 

18th Feb 7 4 8 227 Glasgow Uni library 

19th Feb 9 4 7 239 Mitchell Library Glasgow 

20th Feb 8 6 10       249 Edinburgh Uni library 

Meetings 9 12 3 

 

252 

 

Meetings with Clare 
altogether 

Total 252     

 


