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Introduction 

One of the main preoccupations of this research was to re-evaluate the date assigned 

to each of the magnetic directions that related to Iron Age archaeology. The scope of this 

undertaking was considerable, given that there were originally over 70 sites across the 

British Isles to examine. This ended up becoming 232 directions from 98 sites across Britain. 

This gazetteer provides details of how the age ranges assigned to each of these 232 

magnetic directions was reached in the hope that it will aid any future researcher. It also 

describes how the methodology explained in chapter 4 was reached. The site of Old 

Scatness was the first site to be examined and provided a testing ground for some of the 

theories the author held about the ability to employ archaeological evidence to date a 

specific event in the archaeological record; in this case, the last use of a heated feature. 

This work is the best that the author could manage with the time and resources at her 

disposal but it in no way is it considered final or definitive and she welcomes any 

amendments. In fact associated archaeological data on sixteen directions from 10 sites are 

pending (89 The Mount, Blacksole Farm, Castlemill Airfield, Dorney, Grand Arcade, Old 

Scatness, Rose Hill, Springhead, Watlington Quarry and Wygate Park) as they are still in the 

post excavation stage and it proved difficult to track down data on 6 directions from 3 sites 

(Hants, Thanet and Castell Henylls). Otherwise this endeavour proved to be successful and 

worthwhile. At the end of this document details on the OxCal models used to examine the 

deposition of Loch Lomond, Windermere and Llyn Geirionydd are also included.  

 

In this section the results of applying the methodology outlined in chapter 4 will be 

presented. Before embarking on the results it is worth making a note on the terminology 

used. 
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 Macro stratigraphy: this is to differentiate the stratigraphy of the development 

of structural forms and the shift in focus across the site over time to the 

stratigraphy within each of the structures; 

 Micro stratigraphy: this is the development of floors surfaces, addition of 

extensions and remodelling within a structural unit. The majority of the analysis 

of the scientific dating evidence will initially focus on the micro stratigraphic 

record of each structural individually;  

 Radiocarbon determination: this is the laboratory measurement of a time-

independent level of C14 activity in the past. This hypothetical level of C14 

activity is equal to the activity of an absolute international radiocarbon 

standard, so is quoted as before present (BP) where present is taken to be 1950 

and for several reasons (see Bowman 1990; Bronk Ramsey 2008) requires 

calibration; 

 Calibrated radiocarbon date (CRD): radiocarbon determinations are calculated 

on the assumption that the concentration of atmospheric radiocarbon has 

remained constant. This is incorrect so requires calibration to provide a date is 

calendar years (BC/AD). The date ranges have been provided by using OxCal 

v4.1; 

 Posterior density estimate (PDE): this is the result of applying Bayesian 

statistics to a sequence of radiocarbon determinations (Buck et al. 1996: 18-

19), generally the date ranges provided by PDE are narrower than those 

provided by CRD; 
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  “Sample”: this is a function in OxCal which can determine the distribution of an 

event which has no direct dating information but is constrained by the Bayesian 

model (Bronk Ramsey 2001). Here it has been used to produce the independent 

measure of when each hearth was last used. This is best explained with an 

illustration, see figure 4. 

 

 

Figure 1: Image showing a sequence including a hearth, associated floors, and infilling events. If the 

hearth is bounded by two radiocarbon dates, it is possible to get OxCal 4 to calculate the date range when the 

hearth was most likely used. 

 

All analyses that utilised radiocarbon determinations was undertaken using OxCal4 

(Bronk Ramsey 2009) and calibrated with IntCal09 (Reimer et al. 2009). The calibrated 

radiocarbon date ranges or posterior density estimates will be quoted at 95% probability 

unless stated otherwise. The current date ranges assigned to each of the magnetic 

directions will also be included for comparison. All the data presented in tables follows 

traditional archaeological convention, with the oldest dates at the bottom of the sequence, 

getting younger as they reach the top. 

 

Although every attempt has been made to acknowledge the input of other workers, any 

exclusion is accidental and unintentional, therefore the responsibility for any mistakes or 
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misinterpretations in the either the gazetteer or the dataset lies solely with the author. 
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1 Scotland 

 

Figure 2: Location map for sites from Scotland.
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Site 1: Old Scatness, Shetland (HU 390 111) 

 

Contact: Steve Dockrill, Julie Bond, Zoe Outram, Julia Cussans and Daniel Bashford, 

North Atlantic Research Unit, University of Bradford 

 

Old Scatness is a multiperiod settlement mound located at the southern end of 

Mainland Shetland that was first discovered in 1975 during the construction of an access 

road for the local airport (Dockrill 1998). Due it the close proximity of this site to Jarlshof, 

also a multiperiod settlement and major type site for prehistoric and Norse archaeology 

(Hamilton 1956), a programme of excavation was instigated in 1995 as a joint project 

between the University of Bradford and Shetland Amenity Trust. This revealed that Old 

Scatness was a focus of activity on this peninsula for several millennia from evidence of 

Bronze Age cultivated soils through the Iron Age, Viking and post medieval periods with 

later buildings overlying earlier ones (Dockrill 1998). This has produced over 4 metres of 

stratified deposits containing a complex chronological sequence of substantial multiphase 

structures and provided an excellent opportunity to excavate a site with parallels at Jarlshof 

to supplement this dataset. This exceptional chronological sequence provided a unique 

opportunity to consider questions of continuity and change. In this light a research agenda 

was developed with three key areas: chronology, economy and a refined understanding of 

both Iron Age society and the Pictish/Norse transition in Atlantic Scotland (Dockrill 1998). 

Due to the archaeological parallels of the assemblage from Old Scatness with that 

recovered from Jarlshof (Dockrill et al. 2005), the decade long excavation at Old Scatness 

has provided a wealth of information that has augmented the archaeological understanding 

of both sites and the peninsula they share (Dockrill 2002). 
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A principal consideration of the excavations at Old Scatness was the establishment of 

an integrated absolute chronology. With the development of a viable chronological 

framework for the site it would be possible to address the other two areas of research: the 

economic development and social evolution of the local population. A reliable chronology 

underpins the understanding of the development of a site and the activity there over time 

so at Old Scatness a combination of dating methods were applied to targeted chronological 

problems. These included the traditional archaeological tools of typological studies of 

artefacts and the stratigraphic record and also three scientific methods: radiocarbon, 

optically stimulated luminescence and archaeomagnetic dating. The presence of floor 

surfaces preserved in situ within the buildings excavated at Old Scatness has enabled the 

scientific dates to be directly related to the structural and artefactual sequences recorded 

on site. As predicted (Batt & Dockrill 1998) archaeomagnetic dating formed a significant 

part of the absolute dating sequence produced for Old Scatness and resulted in a the 

production of an objective chronology for Old Scatness that could be applied to other sites 

in Atlantic Scotland and particularly to neighbouring Jarlshof (Outram 2005b). This meant it 

was the ideal site to use to develop and test the methodology proposed in chapter 4. 

Additionally this site would lend itself to Bayesian analysis similar to that carried out at 

Lübeck, Germany (Lanos 2004), which employed hierarchical modelling constrained by the 

stratigraphic relationships of the sampled features. 

 

Summary of the scientific dating evidence 

The collection of over 150 scientific dates from Old Scatness during the course of 

excavations (Outram 2005a) and the production of an excellent recording system (Dockrill 

et al. 2009), has enabled the full significance of the resulting independent dates to be 
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realised. Nearly sixty hearth features were sampled for archaeomagnetic dating but not all 

produced useable results, the most common issue was that the sampled material was 

redeposition ash material. The comprehensive approach adopted at Old Scatness has 

allowed the application of these chronological data to questions beyond the scope of the 

original research design. In this section the common element of the stratigraphic record 

was used to combine all the available chronological indicators to answer a single question: 

when were each of the hearths sampled for archaeomagnetism last used. The focus on this 

aspect is because it is the event that is dated by archaeomagnetic dating. The British 

archaeomagnetic reference curve has undergone a series of developments, so in order to 

avoid circular arguments by referring back to the dates provided by earlier calibration 

curves it was deemed necessary to attempt to provide a completely independent, yet 

reliable date for each of the magnetic directions selected for reanalysis. In this respect the 

excavations at Old Scatness with a long sequence of continuous occupation provided an 

ideal case study. 

 

There are currently twenty-two archaeomagnetic directions from Old Scatness in the 

British archaeomagnetic calibration curve (Zananiri et al. 2007); this is nearly 30% of the 

total data available for the first millennium BC in Britain. These data are also included in the 

International Geomagnetic Reference Field, CALS7xK, which is global geomagnetic field 

model that provides a description of field behaviour back to 5000BC (Korte & Constable 

2008). Therefore a review of the dates associated with each of these magnetic directions 

could potentially have a significant impact on our understanding of secular variation of the 

geomagnetic field beyond the ability to date fired features from the first millennium. In the 

survey that follows initially all the archaeomagnetic data with stable signals will be 

included, providing a total of 36 magnetic directions. Then taking the archaeology structure 
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by structure all the available independent scientific dating evidence relating to that 

structure will be examined, see figure 1. At this point Bayesian methods of analysis will be 

employed to allow these dates to be fitted within the framework provided by the 

stratigraphic sequence and observations of whether a context is primary, secondary or 

tertiary (Schiffer 1987: 58). Ultimately it is envisaged that an independent measure of when 

the hearth was last used will be obtained one of two ways:  

1. The most straightforward case would be if the hearth was directly dated by 

another method. An independent date available from the same context as that 

sampled to provide the magnetic direction could be used to directly date the 

last burning event. This will be applied with caution as predominantly the 

independent dating method involved will be radiocarbon, so the material 

sampled needs to be a short lived single entity, for example a charred barley 

grain, and other criteria for assessing the reliability of radiocarbon 

determinations will be observed (Ashmore 1999). 

2. If the hearth cannot be directly dated then the location of the last use of the 

hearth will be identified within the stratigraphic record and transferred to the 

sequence of dates for that structure. Then Bayesian analysis will be used to 

provide posterior density estimates for each of the dated events in the 

sequence by taking into account the restrictions imposed by the stratigraphic 

sequence (Buck et al. 1996) and finally the age range that should be assigned to 

the magnetic direction from each hearth will be calculated to within 95% 

probability. 
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Structure Form 
Number of 

radiocarbon 
determinations 

Number of 
archaeo- 
magnetic 

dates 

Number of 
Optically 

Stimulated 
dates 

Can the dates be 
related 

stratigraphically 

12 Aisled roundhouse 12 4 7 Yes 

14 Aisled roundhouse 8 6 0 Yes 

8 
Piered rectangular 

(secondary) 
3 2 0 Yes 

22 Amorphous (secondary) 2 2 0 Yes 

15 
Piered rectangular 

(secondary) 
2 1 0 No 

23 Amorphous (secondary) 1 1 0 Yes 

21 Long piered roundhouse 9 7 0 Yes 

6 Wheelhouse 6 3 1 Yes 

11 Wheelhouse 14 4 0 Yes 

5 Cellular (multi) 2 1 0 Yes 

19 Cellular (singular) 1 1 0 Yes 

20 Cellular (singular) 1 1 0 Yes 

24 Corbelled cell 2 0 0 Yes 

33 Amorphous 0 1 0 Yes 

34 Longhouse 2 1 0 Yes 

Figure 3: Table summarising the independent dating evidence that was used in the reappraisal of the 

magnetic directions obtained from Old Scatness and is presented in the results section. Note this is not all of 

the available dating evidence from the site. 

 

Before the dating evidence available for each of the magnetic directions is reviewed it is 

important to put the archaeology of the site into context. This is an essential step because 

as the occupation was continuous there are several layers to the overall chronological 

sequence. Also following the hierarchy of dating evidence as proposed by Armit (1991), if 
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no scientific dating evidence can be satisfactorily associated with a heating event then 

dating from typology and architecture will be applied. The broadest is offered by the 

developments in the architecture followed by the stratigraphic relationships recorded 

during excavation; together these form a crucial component of the overall analysis. 

Therefore in order to provide some archaeological background, a review of the types of 

structural forms that have been found at Old Scatness and their chronology is presented.  

 

Brochs 

Broch towers are a monumental architectural form that is predominantly found in 

Atlantic Scotland (Armit 2003). The Royal Commission on the Ancient and Historic 

Monuments of Scotland registers 571 candidate brochs but this is probably an overestimate 

(Armit 2003: 16). Brochs are currently defined as a specialized form of drystone Atlantic 

roundhouse with a hollow-walled construction (Armit 2005). Generally only a couple of 

metres height of walling survives but there will be evidence in the architecture of a massive 

superstructure, for example a first floor gallery. At Old Scatness a massive triangular lintel 

above the entrance with threshold stone, door pivots and jambs were found in situ. 

Furthermore two flights of an intermural stairway was discovered along with lintels and a 

scarcement ledge at first floor level, suggesting that the presence of a floor. The Old 

Scatness broch appears to form the heart of an extensive settlement; the contemporary 

buildings were all variations on the Atlantic roundhouse, which appear to have become 

progressively more complex over time. 

 

The origin and date of these structures has been debated in the archaeological 

literature for decades (Dockrill et al. 2006) but current theories advocate an indigenous 
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development from earlier architectural forms during the mid-Iron Age in Scotland, 200BC-

200AD (Armit 1991). Previously the “broch period” had been defined as 100BC-100AD and 

it had been hypothesised that it was a response to the expansion of Rome (Childe 1946: 

129). An outstanding result from the dating programme at Old Scatness is the provision of 

chronological data for the construction of the broch tower that dominated the settlement 

during the Iron Age (Dockrill et al. 2006). This seminal work suggests that the broch at Old 

Scatness was constructed around 390-200BC and abandoned after 40BC-140AD.  

 

 

Atlantic roundhouses 

The term Atlantic roundhouse is a general classification for a tradition of building 

substantial drystone structures (Armit 2005). Characteristically these structures are round, 

although not strictly circular and tend to be found predominately in northern and western 

Scotland including the islands. At Old Scatness several sub divisions have been identified 

(Dockrill et al. 2005) and the differences between them are summarised below. 

 

Aisled roundhouses 

Structures 12 and 14 are aisled roundhouses and the earliest roundhouses that have 

been excavated at Old Scatness (Dockrill et al. 2005). These large structures are 9-10 

metres in diameter, and have free standing rectangular piers. The height of these radial 

piers corresponded with a scarcement ledge suggesting that they were used to support the 

roof or an upper level (Outram 2005a: 161). A formal hearth complete with stone surround 

was placed centrally and around the internal circumference the piers were used to create 

raised cells. Later modifications involved filling the aisled piers, often blocking cupboards 
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built into the wall. In Structure 12 there is evidence that the central hearth was relocated to 

enable a central support for the roof to be installed (Dockrill et al. 2005). Both these 

structures have been extended with the construction of secondary buildings which are 

typically rectangular or amorphous drystone structures. 

 

Long piered structures 

The next phase of building contained long piered structures, these appear to be sub 

circular but their precise form is unclear. Structures 17 and 23 are difficult to separate as 

they appear to be an amalgamation of several structural elements presumably from earlier 

buildings (Outram 2005a: 168). Structure 21 is another example and it would appear the 

extended piers were used to support a flagged mezzanine level, supported by evidence of 

an external staircase. In the northern arc of Structure 21, two of the piers were heavily 

modified at some point to form a kiln structure with an associated flagged surface (Dockrill 

et al. 2005).  

 

Wheelhouses 

Wheelhouses are a distinct form of Atlantic roundhouse as the radial piers are 

triangular and the walls display evidence of corbelling (Dockrill et al. 2005). Structures 6, 11 

and 16 display these traits and they appear to be a progression in the form of the piers 

(Outram 2005a: 180) for those in earlier forms such as those seen in Structures 12 and 14. 

Structure 16 was actually built within the shell of the broch wall, whereas Structure 11 was 

probably originally constructed as a simple roundhouse with later modifications to 

rectangular, then triangular piers. These structures tended to have sunken hearths in horse 

shoe shape settings and with a small diameter, 5-6 metres, only had one floor.  
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Cellular structures 

The cellular structure is the form that appears to replace the roundhouse in the 

Northern Isles and is associated the Pictish period, traditionally 600-800AD (Ritchie 1990). 

At Old Scatness this form is represented by Structures 5, 7, 19 and 20 all of which display 

the three major characteristics of Pictish buildings (Dockrill 1998). These are: the semi-

subterranean nature of the structure, the shape of the piers and the method of 

construction (Ritchie 1990). The latter is the revetment technique; this involves digging a 

pit, which was lined with orthostats and sealed with horizontal masonry. Both single celled 

(Structures 19 and 20) and multicellular (Structure 5 and 7) structures have been 

encountered at Old Scatness and although they contained rectangular hearths the precise 

function of these structural forms remains unclear (Outram 2005a: 189) 

 

Sequence of archaeological chronology – the structural development 

Having introduced the main structural forms encountered at Old Scatness a brief 

summary of the prehistoric structural development of the site at Old Scatness will be 

presented, this forms the backbone of the subsequent analysis. All the following 

information is assimilated from work published by the site director Dockrill (1998;  2003; 

2005) and available in the primary archive (Dockrill & Bond n.d.) but has focused on the 

Scottish Iron Age and pictish periods. The earliest structural evidence is the broch tower 

and an eight metre wide revetted ditch. Whilst the broch was still in use an aisled 

roundhouse was built near to the entrance (Structure 12), which underwent a series of 

modifications culminating in the addition of a secondary building (Structure 8). A second 

aisled roundhouse (Structure 14) was constructed which linked into the first and again 

secondary extension buildings were added (structures 15 and 23). Both these roundhouses 

have features and modifications that suggest a second floor was installed during their use. 

It is likely that this complex of buildings were built over earlier structures due to the way 
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some of the walls have collapsed. Of all the structures identified at Old Scatness only these 

two have been excavated to primary floor surfaces (Structures 12 and 14), the others have 

been preserved at later phases for display to the public. Current interpretation suggest that 

once abandoned, the roofless discarded buildings were used as receptacles for ash midden; 

this practice was replicated across the site and preserved the floor surfaces in situ. The 

presence of rubble from the broch tower in the infill of the aisled roundhouse closest to the 

broch (Structure 12) suggests that the broch went out of use after the collapse of this 

structure. At some point after this the broch was refurbished with the construction of a 

secondary structure (Structure 7) within the shell of the tower. 

 

The focus of settlement then moved to the east of the broch tower and a new 

structural form, long piered structures, were constructed (Structures 17, 21, 23 and 25). Of 

these one building in particular appears to have undergone a series of alterations with the 

addition of a central dividing wall and external staircase (Structure 21). The latest addition 

to this building was a corn drying kiln within a small flagged room, however significant 

evidence for metalworking was also recovered from this structure. The next phase of 

development was to the south-east of the broch tower and is dominated by two 

wheelhouses (Structures 11 and 6). These two buildings form a complex of structures 

interlinked with passages, the largest wheelhouse (Structure 11) has evidence of corbelling 

and later modification with the addition of an extra cell. The second wheelhouse (Structure 

6) was inserted into an earlier structure and linked to a piered building (Structure 17) via a 

passageway. Around the same time that the wheelhouses were in use, a sunken building of 

a form considered to be characteristic of the Pictish culture (Ritchie 1977) was added 

(Structure 5). As with the second wheelhouse this was inserted into earlier deposits and 

some of the earlier structural features were incorporated into the new building. A second 
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cellular building of similar construction is located nearby (Structure 19) and a tertiary 

structure was built into the ruins of the broch tower (Structure 7) which is linked to the 

complex of cellular buildings by a curving, stepped passage that was probably corbelled.  
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Figure 4: Overall site plan of Old Scatness, Shetland showing the location and relationship of the structures referred to in the text. The broch tower is the largest circular 

structure that contains structure 7 and is flanked by the other, smaller structures (image courtesy of Dan Bashford © North Atlantic Research Unit). 
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Results of analysis 

In the following analysis each structure will be taken in turn and the available dating 

evidence will be assessed in light of their stratigraphy, where available, in an attempt to 

provide an independent date for each of the magnetic directions. It is worth stating that the 

site of Old Scatness is still in the process of being written up when this analysis was 

undertaken, so the interpretations as given here are based on the authors’ understanding 

of the site as recorded in the site archives and may be different to those appearing in 

subsequent publications on Old Scatness (Dockrill et al. forthcoming). However, all the 

structures relating to the Pictish and Viking period of occupation have been published 

(Outram & Batt 2010) and here the stratigraphic relationships are final, all the others may 

be subject to change. The author would ask future researchers to also refer to the 

excavators’ conclusions, although there was little difference between our interpretations 

for the Pictish material. As each hearth can be clearly related to each structure and the life 

span of a building represents an obvious unit of time, so the following discussion will be 

divided by structure. Due to the number of structures examined at this site the details on 

the OxCal models are presented at the end of the appendix for purposes of clarity. The 

structures will also be presented according to their macro stratigraphic order, starting with 

the oldest of the structures after the broch tower, Structure 12. 

 

Structure 12  

This has two phases of occupation with the archaeology providing evidence for six 

separate hearths. Each of the hearths follows a similar construction method, stone base 

with a surround, either clay or cobbles, and a layer of clay ash matrix over the hearth stone. 

One interesting aspect to this series of hearths is that the first two were placed centrally 

within the structure; then the remaining four were located east of centre and were 

superimposed over each other. The excavation notes suggest that the reason for relocating 
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the hearths was to make way for the addition of a central support for the roof (Dockrill & 

Bond n.d.). As potentially the roof was raised to support an additional floor layer. The first 

two hearths are associated with the same floor layer but the later four can all be associated 

with a separate occupation layer although the last two hearths in the sequence share the 

same kerbing. In total: 12 AMS radiocarbon dates, 4 archaeomagnetic dates and seven OSL 

dates were collected from this structure. Of these nine radiocarbon dates and the 

archaeomagnetic dates could be related stratigraphically (Outram 2005b: 256) along with 

the OSL dates relating to the infilling of this structure after it had been abandoned. 
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Figure 5: Probability distributions for the dating evidence from Structure 12, Old Scatness. 

 

This sequence shows good agreement with the exception of GU-9552, figure 5, this 

sample was a barley grain collected from a rubble context at the base of the midden infill. 

Therefore it is likely that this grain is residual from reuse of midden material so is shown in 

red. Overall these results had an agreement index of 85.9%, above the critical value of 60% 

and they imply that the hearths in this structure all date to sometime within the last 

centuries BC. 

 

Phase Hearth Dec Inc 
Alpha-

95 

Previous 
estimated 
date range 

Revised date 
range 

Secondary AM40b 358.2 66.6 5.0 329BC±372 35BC±55 

Secondary AM46 347.7 73.4 4.9 329BC±372 35BC±55 

Primary AM60 352.0 73.6 3.3 329BC±372 140BC±125 

Primary AM52 315.3 71.8 4.4 329BC±372 140BC±125 

Figure 6: Table summarising the magnetic and chronological information from Structure 12, Old 

Scatness.  

 

The impact of the radiocarbon dating is that it has reduced the date range associated 

with these magnetic directions (figure 6). AM52 and AM60 were from the primary phase 

with AM52 representing the earliest hearth but it has not proven possible to distinguish 

between these two events. AM46 and AM40b both relate to the second hearth after the 

reorganisation of the internal space and are from the clay matrix over the hearth stone and 

the clay bedding for the hearth stone respectively. This suggests that the second hearth in 
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the primary phase was not in use for long before the internal space was rearranged and 

that the second phase was comparatively short lived. It is not entirely unexpected as the 

magnetic directions AM60, AM46 and AM40b are very similar and when the errors are 

taken into account there is considerable overlap. Even so, there is a change of 11 degrees in 

declination and 7 degrees in inclination between the AM60, representing the end of the 

primary phase and AM46, presenting the second hearth in the secondary phase. According 

to the National Geophysical Data Centre the current annual rate of change in declination is 

0.15° and in inclination -0.04°. If the rate of change during the last century BC is comparable 

to contemporary values then approximately 75 years could have elapsed between the end 

of the primary phase and abandonment of the structure. Previous work examining the 

chronology of this site (Outram 2005b: 256) defined the primary occupation of Structure 12 

occurring between 210-50BC and calculated that the midden infill of the structure occurred 

between 20-390AD, here date ranges of 440-40BC and 40BC-250AD were obtained so all 

the new date ranges remain consistent with these previous findings.  

 

Structure 8 

Structure 8 is a secondary building adjoining structure 12; the function of this area 

remains unclear but contains a feature that is best described as a stone”box” positioned on 

the east wall which Structure 8 shares will Structure 12. Recent detailed palaeobotanical 

analysis of material collected from this area suggests that this was most likely an area for 

curing fish (via salting and smoking) and drying grains (Summers in prep). Similar features 

have been discovered at other sites across Britain including: Danebury (Cunliffe & Poole 

1991), Maiden Castle (Wheeler 1943), Howe (Ballin Smith 1994) and Tigh Talamhanta 

(Young 1953). In front of the “box” is a kerbed area, which had been paved and contained a 

series of hearths: AM38 below the paving, AM17&20 and AM29 above it. Unfortunately 
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only two hearths AM29 and AM38 provided archaeomagnetic directions and AMS 

radiocarbon samples were collected from one of the hearths, the floor surface and rubble 

infill resulting in three AMS radiocarbon dates. 

 

 

Figure 7: Probability distributions for the dating evidence from Structure 8, Old Scatness. 

 

This sequence of dates shows reasonably good agreement, figure 7, except with the 

case of GU8873; this barley grain was from the rubble infill of this structure so is probably 

residual. On removal this provides an overall agreement index of 75.3%. The hearth in 

structure 8 underwent two phases of use; the end of the primary use was sealed by the flag 

employed as the hearth stone for the secondary use. Although archaeomagnetic dating 

samples were collected from the latest episode of secondary use of the hearth, they did not 

produce a magnetic direction. The area of burning AM38 is associated with the surface 

from which sample AA-45409 was collected. In turn this floor surface is contemporary with 

the use of the hearth AM29. Therefore it is plausible to consider the archaeomagnetic 

directions from AM38 and AM29 as contemporaneous and the posterior density estimate 

of 190cal BC-cal AD20 from AA-45409 could potentially be used to date AM38 and AM29, 

figure 8. Examining the magnetic directions of both these features supports the hypothesis 
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that they are contemporary. The single radiocarbon date AA-45409 shows remarkable 

agreement with the slightly wider date from the interval analysis for AM29 of 285BC-5AD, 

so it should be plausible to assign the date range acquired for AM29 to both magnetic 

directions and the posterior density estimate of AA-45409 will be used.  
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Figure 8: Probability distributions showing the posterior density estimate for AA-45409, which can be 

associated with AM38 and AM29 from structure 8, Old Scatness and the date range obtained using the 

“Sample” function in OxCal 4.1. 
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Structure Hearth Dec Inc 
Alpha-

95 

Previous 
estimated 
date range 

Revised date 
range 

8 annexe AM29 358.3 72.1 3.1 329BC±372 105BC±85 

8 annexe AM38 358.7 69.9 4.6 329BC±372 105BC±85 

12 end of 
secondary 

AM40b 358.2 66.6 5.0 329BC±372 35BC±55 

12 end of 
primary 

AM60 352.0 73.6 3.3 329BC±372 140BC±125 

Figure 9: Table summarising the magnetic and chronological information from Structure 8, Old Scatness. 

 

As Structure 8 is an annexe to Structure 12 it is worth comparing the dates from these 

two structures (figure 9). As already stated the primary occupation of Structure 12 is 

thought to occur between 210-50BC (Outram 2005b: 256), with the last use of the primary 

hearth, represented by AM60, occurring between 265-20BC. The last firing event of the 

earliest hearth in Structure 8 is now dated to between 190-20BC. There is considerable 

overlap between these three date ranges; therefore it is possible to suggest that the 

primary hearth in Structure 8 was in use at the same time as the primary phase of Structure 

12.  

 

With regards to the secondary phase of Structure 12 the radiocarbon sequence suggest 

that this occurred between 110BC and 20AD (Outram 2005b: 256). There are two 

radiocarbon samples that relate to the final hearth in Structure 12, GU-11101 from the 

hearth surround and GU-9867 from burnt organic material over the hearth stone; 

combining these dates provides an overall range of 210BC-0AD. The radiocarbon 

determination from the last use of the secondary hearth in Structure 8, AA-44620, suggest 
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that it was in use around 110 cal BC-cal AD130. These two dates show some overlap, the 

ranges are quite large but it is possible that the secondary use of both structures was 

contemporary. This would make sense as the only access to Structure 8 was through 

Structure 12. It is unfortunate than no magnetic directions were available from the last two 

heating events in the respective hearths for these two structure or the “box” feature in 

Structure 8. It would have been interesting to compare the three recorded directions. 

Previous work on the dating of this structure stated that the midden infill of Structure 12 

occurred between 20-390AD (Outram 2005b: 256), and it is assumed that Structure 8 fell 

out of use during the same period. It can be concluded that Structure 8 was in use towards 

the end of the primary phase of occupation and continued to be used during the second 

phase. 

 

Structure 22 

This structure appears to be related to Structure 12 as there is a doorway leading from 

Structure 12 into Structure 22. Given that Structure 22 is located in the space between the 

broch tower and Structure 12 it is possible that this was never a covered space when it was 

in use but served as a courtyard. Even so there is evidence of a formal hearth, with the 

kerbing following the horseshoe arrangement as seen in Structure 11, see below. The 

hearth consisted of a layer of flags which were covered with clay into which the kerb stones 

were placed. This was enclosed at the western edge, nearest Structure 12, with several 

oblong stones set on their longest sides. The dating evidence from this structure consisted 

of two AMS radiocarbon dates and two archaeomagnetic dates, AM53 and AM35. Only one 

hearth was uncovered and the radiocarbon samples are from associated deposits; GU-

12026 is from an earlier deposit sealed by AM35 whereas GU-12029 is from a 

contemporary floor surface. The second archaeomagnetic date, AM53 is from an area of 
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burnt clay north of the hearth and it is unclear how this fits into the sequence. When placed 

in stratigraphic order, figure 10, the dates appears to show good agreement with an overall 

index of 100.5% but the analysis is restricted by the small number of dates available. 

 

 

Figure 10: Probability distributions for the dating evidence from Structure 22, Old Scatness. 

 

There appears to be only one phase of activity in this structure and as GU-12029 is from 

a floor surface contemporary with the hearth, it may be possible to assign this radiocarbon 

date to AM53. There is no direct link between these two events but they have been 

considered to be broadly contemporary as both radiocarbon dates suggest occupation was 

between 165 cal BC-cal AD60. The results of the Bayesian analysis of the sequence has 

provided much larger posterior density estimate for AM35 of 545BC to AD 455 and this 

reflects the issues with using a small number of dates. It is likely that although the two 

burning events represented by AM53 and AM35 occured during the same time although 

they could not be stratigraphically linked. However these date ranges are still large and 

there is a significant difference between the magnetic directions recorded by AM35 and 

AM53. This may be due in part to the large errors assocaited with AM35, on balance the 

posterior density estimate from GU-12029 will be applied to both directions. Particularly 



42 
Appendix 2: Gazetteer of sites examined 

when comparing these dates to those obtained from Structure 12, it would appear that this 

area between the broch and Structure 12 was used during the secondary occupation of 

Structure 12. The radiocarbon dates from the phase suggest that it fell between 120BC-

20AD, which agrees with the date range obtained from the floor of Structure 22. 

 

Phase Hearth Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised date 
range 

Primary AM35 17.5 61.5 7.1 329BC±372 55BC±110 

Primary AM53 347.9 72.7 4.9 329BC±372 55BC±110 

Figure 11: Table summarising the magnetic and chronological information from Structure 22, Old 

Scatness. 

 

Structure 14 

This is the second of the two aisled roundhouses to be built at Old Scatness. Three 

phases of activity have been identified and there are hearths associated with all three 

phases. The primary hearth consists of a complex series of burning events, with the use of 

flags as hearth bases, which have then been lined and relined with clay bases. The 

secondary phase has been identified through a reflagging event but this is complicated by 

evidence of later feature cutting the burnt deposits. However, the tertiary hearth appears 

to have taken the form of a “pebble hearth”, which comprises a spread of pebbles in a clay 

matrix showing evidence of heating. This overlies all the earlier hearth structures and 

respects the earliest kerbing which defined the boundaries of the primary hearth. Within 

this sequence of hearth rebuilds it is possible to identify eight separate burning events. 

There were a total of 6 AMS radiocarbon and 6 archaeomagnetic dates relating to this 

structure. All the radiocarbon dates and three of the archaeomagnetic dates: AM58; AM 33 
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and AM47 could be stratigraphically related so incorporated in a Bayesian analysis, figure 

12. Overall the sequence shows excellent agreement but one of the radiocarbon samples 

GU-11102 does not fit with the sequence. It was a barley grain collected from the baked 

clay surrounding the hearth and these results suggest that this grain is residual so does not 

date to this phase of activity. It was removed from the analysis and is highlighted in red see 

figure 12, which resulted in an overall agreement index of 144.5%. 

 

 

Figure 12: Probability distributions for the dating evidence from Structure 14, Old Scatness. 

 

For three of the archaeomagnetic dates, AM58, AM33 and AM22 there were 

radiocarbon samples that could be directly linked to each of these hearths. Conveniently, 

each of these hearths corresponds to each of the three phases identified within this 

structure, which should be able to provide an additional check on the dating for each 
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phase. In each case the posterior density estimates were applied to the magnetic 

directions. GU-12031 is from charred barley taken from ash rake out associated with the 

hearth AM58, so can use this to date the hearth to 170-45 cal BC and this overlaps with the 

result of 220-40 cal BC from the “sample” function. GU-11102 is a charred barley grain from 

the same material sampled for AM33. According to the Bayesian analysis this sample 

represents an anomolous result, however using the other radiocarbon dates from this 

phase the “sample” function provides a date range of 140-15 cal BC. AM47 is also from this 

phase of activity so the same date range can be applied. GU-9547 is a charred barley grain 

from burnt residue within the hearth material from AM22, as it is from the same context it 

should be possible to apply the date to the magnetic direction. This provides a posterior 

density estimate of 95 cal BC-cal AD60 but the “sample” function provides a date range of 

105 cal BC to cal AD75. As AM23 is from the same phase of activity the same date range will 

be applied. In all cases the date range from the “sample” function has been utilised. 
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Phase Hearth Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised date 
range 

Tertiary AM22 0.0 70.0 2.3 New data 15BC±90 

Tertiary AM23 355.6 73.1 4.0 New data 15BC±90 

Secondary AM33 2.4 72.4 3.1 329BC±372 80BC±60 

Secondary AM47 353.0 72.0 2.0 329BC±372 80BC±60 

Primary AM58 357.4 74.1 3.3 329BC±372 130BC±90 

Primary AM61 356.3 72.2 2.4 329BC±372 180BC±130 

Figure 13: Table summarising the magnetic and chronological information from Structure 14, Old 

Scatness. 

 

With regards to the first phase of activity, it has not been possible to apply radiocarbon 

dating to hearth AM61, as it lies at the bottom of the sequence so is not bounded by 

radiocarbon dates, figure 13. Previous work examining the chronology of this site (Outram 

2005b: 261) defined the period of use of Structure 14 as falling between 310-50BC and 

40BC-AD280. However, the date range of 310-50BC would significantly improve on the 

dates already allocated to the magnetic direction from this hearth. Also the date ranges 

produced here have been derived independently and utilised all the available dating 

evidence from this structure. For the second phase there is an issue regarding the reliability 

of the magnetic direction from AM33 and the dates that relate to it. This direction shows a 

difference of nearly 10 degrees in declination from AM47, which is an earlier burning event 

from the same secondary hearth. It is possible that this sample had experienced some 
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disturbance since last heating or had been affected by the tertiary hearth. From the 

excavation records the former is mostly likely, as there is evidence of later features cutting 

into this secondary hearth.  

 

Structure 15 

This is a secondary extension to Structure 14 and was robbed extensively in antiquity. 

In many respects this structure is similar to Structure 8, as the internal space of both 

structures was divided by short rectangular piers and they contained a large hearth feature. 

However, Structure 15 does not contain evidence for any stone “box” features remaining. 

The dating evidence from this structure is composed of two AMS radiocarbon 

determinations and one archaeomagnetic date, AM21, the lack of dates and ability to 

stratigraphically link the context samples severely limits the scope for Bayesian analysis. 

One of the radiocarbon dates GU-8875, is from the rubble infill marking abandonment of 

this structure; a previous assessment of these dates (Outram 2005b: 269) found that GU-

8875 was probably residual and so not reliable to use a Bayesian analysis. The other date, 

GU-9584, is from material raked out from the hearth sampled to produce the 

archaeomagnetic date AM21. It was therefore decided to use GU-9584 to date AM21 as 

these events can be considered broadly contemporary, figure 14. 
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Figure 14: Probability distribution of the calibrated radiocarbon date GU-9584 from Structure 15, Old 

Scatness. 

 

Hearth Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AM21 9.8 72.7 5.6 329BC±372 10BC±120 

Figure 15: Table summarising the magnetic data from Structure 15, Old Scatness.  

 

Structure 23 

Only two dates were obtained for this structure, one archaeomagnetic direction and 

one radiocarbon sample. Conveniently both samples were taken from the same deposit, 

ash over a layer of flags, so could be associated with the same event. 
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Figure 16: Probability distribution of the calibrated radiocarbon date GU-9544 from Structure 23, Old 

Scatness. 

 

Phase Hearth Dec Inc Alpha-95 
Previous 

estimated date 
range 

Revised date range 

Primary AM36 5.1 33.8 37.9 Not in curve AD130±105 

Figure 17: Table summarising the magnetic and chronological data from Structure 23, Old Scatness.  

 

Unfortunately the errors (alpha-95 value) associated with this magnetic direction are 

very large and it is based on only 3 specimens, typically at least 8 are required see figure 17. 

Although a total of 12 specimens were collected, many were rejected as they showed 

negative inclinations, which suggest that this deposit was not in the same position as when 

it was last heated. Therefore it is likely that this represented an ash dump rather than a 
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hearth so these data will be included into the database but may not be used to construct 

the SVC. 

 

Structure 21 

Structure 21 has proven to be a complicated building with several rebuilding events. 

This is mostly due to the construction of a central partitioning wall has created several 

stratigraphically isolated areas and it is currently unclear at what stage in the use of the 

building it was divided. A total of seven AMS radiocarbon dates and six archaeomagnetic 

dates have been produced from this structure. The magnetic directions from two of the 

archaeomagnetic dates, AM25 and 42 were combined as the same feature was sampled 

over two consecutive seasons. What can be gleaned about this structure’s history is that at 

some point Structure 21 had two hearths, represented by AM56 and AM50. During this 

time a corn drying kiln was inserted, represented by AM43. Then north-eastern corner was 

marked off with three short walls, the area was paved and a raised heating area was 

constructed, sampled as AM34. Finally as these went out of use, the area was sealed and 

the median wall was constructed and that corner became a focus of industrial activity with 

a sunken bowl where intensive heating occurred, AM25&42. 
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Figure 18: Probability distributions of the dating evidence for Structure 21, Old Scatness. 

 

Generally there is good agreement between the radiocarbon dates, figure 18, with an 

overall agreement index of 88.5%, so the general pattern of use suggested above may be 

plausible. However as there are no direct stratigraphic relationships between these events 

it is worth checking these results with other lines of enquiry. Fortunately AMS radiocarbon 

dates have been obtained from charred barley sampled from contexts associated with the 

other hearths: AM43, AM34 and AM25&42. With regards the two central hearths: AM50 a 

small hearth in the dividing wall and AM56 the lining of a kerbed hearth, there were no 

radiocarbon dates that could be directed related to these hearths. AM43 was from a corn 

dryer and GU1110 is burnt material from within the kiln so it is very likely that these two 

events are contemporary, however Bayesian analysis suggest that GU-1110 is out of 

sequence. When excavated the corn dryer had a significant amount of grain still inside, 

which was sampled and provides a posterior density estimate of cal AD30-235, it is possible 
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that the dryer was never completely emptied so this material may be residual. AM34 was 

from fired clay is a burnt surface within a raised feature that was contemporary with an 

area of paving, so the ash over the paving probably originated from use of the raised 

heating area and it is believed that they both originate from the same phase of activity. GU-

9543 is charred barley from this layer of ash, with a posterior density estimate of cal 

AD260-530. This agrees with the archaeological information available from rebuilding 

events within the structure. Finally, AM25&42 was an extensive area of burning described 

as an industrial structure in front of one of the corbelled cells and GU-9549 is from deposits 

containing moulds associated with the burnt area. This is arguably the latest burnt feature 

associated with this structure. The posterior density estimate from associated deposits 

containing moulds for making bronze pins provides a date range of cal AD330-545. Due to 

the poorly constrained stratigraphy, the “sample” date ranges for the hearths in Structure 

21 are all considerable larger that the posterior density estimates form associated 

radiocarbon determinations so with the exception of AM50 and AM56 the posterior density 

estimates of associated radiocarbon determinations will be employed. 
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Hearth Dec Inc Alpha-95 
Previous estimated 

date ranges 
Revised date ranges 

AM25&42 359.6 73.3 4.8 329BC±372 AD435±105 

AM34 353.2 52.6 19.7 329BC±372 AD395±135 

AM43 344.1 75.3 3.5 329BC±372 AD130±100 

AM50 339.1 73.4 8.5 329BC±372 AD150±175 

AM56 1.1 68.9 4.4 329BC±372 AD150±175 

Figure 19: Table summarising the magnetic and chronological information from Structure 21, Old 

Scatness.  

 

With regards to AM50 and 56, these two features have ended up with the same date, 

which would seem unlikely given the difference in their magnetic directions; although this 

difference may be due to problems with AM50. It has previously been classified as 

undatable as it plotted a long way from the Clark calibration curve and had large errors 

(Outram 2005b: 210). Previous studies examining the archaeology of Structure 21 did not 

provide an overall sequence of dates due to the difficulties in determining the stratigraphy 

alluded to above (Outram 2005b: 273). However, the relationship between AM43 and the 

burnt material is a potential example of an ideal scenario; the burnt material remained in 

the kiln from the last firing event. Yet the Bayesian analysis suggests that the individual 

grain sampled may have been residual, which could be due to the dryer not being 

completely emptied after each use. Furthermore there are unresolved questions on 

whether the magnetic direction from this feature experienced some refraction effects due 

to the shape of the feature and the apparent evidence for intense heating, as some authors 

suggest that this can be a problem (Tarling et al. 1986). 

 

Structures 11 and 34 
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These two structures have been considered together as there are close links between 

the modifications that are preserved in the remains and the chronology of these structures 

(Outram & Batt 2010: 114-117). From the excavation notes it became apparent during 

excavation that these structures relate to the late Iron Age and Viking interface. As 

Structure 34 is superimposed directly over Structure11; the close relationship between 

them can be exploited to benefit dating. Structure 11 is the first of two wheelhouses and 

within it are four hearths and floor layers. These are sealed by a rapid infilling event, and 

then there is evidence of two further burning events. These last two represent Structure 34 

and little else remains of this structure as it was robbed in antiquity. A total of fourteen 

AMS radiocarbon samples and five archaeomagnetic dates were collected for these 

structures. One important point is that this structure has not been fully excavated; there 

may be earlier floors and hearths below what has been referred to here as the primary 

hearth. Excavation ceased in 2002 so that Structure 11 could be preserved for public 

display. Generally the sequence shows excellent agreement figure 20, with an overall 

agreement index of 73.4%. 
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Figure 20: Probability distributions of the dating evidence for Structures 11 and 34, Old Scatness. 

 

GU-11099 was collected from the same context as AM45, the hearth material 

associated with the primary hearth with horse shoe kerbing, so they could be considered 

contemporary. Therefore the posterior density estimate of cal AD720-880 could be applied 

to this feature, this agrees with the “sample” date range of cal AD720-885. This is related to 

another early feature the box hearth AM30, this is a reduction of AM45 still placed centrally 

in Structure 11 and lies immediately to the south of the original hearth within the kerbing. 

So in theory AM45 and AM30 should not have the same date for last use and this is 

reflected by the “sample” date range for AM30 of cal AD750-905.  
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AM27 represented a secondary hearth that respects the same hearth settings as for 

AM30 but is separated by layer of flagging was laid within the kerbed area. The results of 

the Bayesian analysis show overlap between the primary hearth, hearth extension and the 

secondary hearth, which is consistent with continuous occupation of this structure. When 

considered in sequence the magnetic directions suggest an erratic pattern of change but 

there are no obvious anomalies in the dataset. However as the last two hearths in Structure 

11 were not sampled for archaeomagnetic dating it is not possible to see if this continued. 

GU-9586 is from the same black ash deposit within the central hearth and provides a 

posterior density estimate of cal AD780-930 which shows agreement with the “sample” 

date range of cal AD810-950. This also makes sense archaeologically as AM45 is associated 

with the primary hearth of Structure 11 and hearth AM11 is in Structure 34, after the 

infilling of Structure 11. 

 

GU-8376 was collected from the floor surface that is contemporary to AM11, so they 

both could be considered to belong to the same phase and this produces a posterior 

density estimate of 830-970AD, and an “sample” date range of cal AD870-1025. Finally AM8 

has an “sample” date range of cal AD875-1025, which agrees with the overall dates for the 

other hearths in the sequence and overall the work here does confirm the findings from 

previous work had found that the earliest occupation reached probably dated to between 

670-1020AD and that the occupation after the infilling event was dated to 780-1020AD 

(Outram 2005b: 280). 
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Structure Hearth Dec Inc Alpha-95 
Previous 

estimated date 
range 

Revised date 
range 

34 AM8 359.8 68.8 5.0 New data AD950±75 

34 AM11 22.7 76.2 3.7 New data AD945±75 

11 AM27 18.8 76.0 4.1 New data AD880±70 

11 AM30 32.8 74.5 2.4 329BC±372 AD800±80 

11 AM45 356.2 80.2 5.2 329BC±372 AD800±80 

Figure 21: Table summarising the magnetic and chronological information from Structures 11 and 34, Old 

Scatness. 

 

Structures 19 and 20 

Both these are single celled structures dominated by a large central hearth. However, 

the position of both these structures suggests that they were additional cells added to the 

shell of an earlier structure (Outram & Batt 2010: 117). As with the relationship between 

Structures 12 and 8, Structure 20 could have only been accessed through Structure 11, 

suggesting they were contemporary. There is a stratigraphic link between these two 

structures in that Structure 20 was constructed before Structure 19, furthermore, if this 

form of architecture is considered to be contemporary, then these two structures can be 

analysed together. These assumptions received some validation as when modelled together 

the overall agreement index was 100.2%. This enabled “sample” date ranges to be 

calculated but the lack of data restricted the analysis. Only two dates were obtained from 

both these structures. From Structure 19 only one radiocarbon, GU-8874 and one 

archaeomagnetic date, AM16 were obtained. As both of these samples were collected from 

the hearth context they can be considered contemporary. From Structure 20 a radiocarbon 

determination GU-9870 and an archaeomagnetic direction AM32, both were collected from 

the same context, meaning that both dates could be considered to belong to the same 
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phase of activity so the calibrated radiocarbon date ranges, figure 22 could be used to 

provide a date for the magnetic directions, figure 23. 

 

 

Figure 22: Probability distributions for the dating evidence from Structures 19 and 20, Old Scatness. 

 

Structure Hearth Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

19 AM16 22.4 74.6 6.8 New data AD835±160 

20 AM32 8.9 71.9 4.5 329BC±372 AD750±85 

Figure 23: Table summarising the magnetic and chronological information from Structure 20, Old 

Scatness. 

 

Structure 6 

This is the second of the wheelhouses and contained four floor surfaces, each with their 

own hearth (Outram & Batt 2010: 118-120). The primary hearth is central to the 

roundhouse, rectangular and defined by oblong stone set on edge. The next two hearths 

are superimposed over the primary hearth, following the same shape, placement and 
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orientation. The final stage of Structure 6 saw some reorganisation of the entire structure 

but with regards to the hearth, it becomes elongated and aligned east-west. The earlier 

kerbing is replaced with a row of small stones and the overall area of the hearth is 

increased. This latter phase has been identified with Viking activity so this is possibly a 

Viking “long hearth”. In total six radiocarbon dates, one optically stimulated luminescence 

(OSL) date and three archaeomagnetic dates were obtained. The three archaeomagnetic 

dates AM14, AM12 and AM7 were from the earliest three hearths with only a radiocarbon 

date GU-8373 from the final hearth. There was sufficient stratigraphic information to 

perform a Bayesian analysis on the dates. Overall this sequence of dates provides excellent 

agreement, with an index of 145.6% and suggests that Structure 6 was in continuous 

occupation for at least 300 years. 
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Figure 24: Probability distributions of the dating evidence for Structure 6, Old Scatness. 

 

For the three hearths with archaeomagnetic dates other independent dates were also 

obtained from either the same context or one that can be considered to be contemporary. 

AM14 is the earliest hearth identified during the excavations. There are no radiocarbon 

dates from this feature but the hearth context was also sampled for OSL, which provided a 

date range of 626-718AD (68%). AM12 is the next hearth in the sequence and this can be 

related to a floor surface from which GU-8377 was collected, providing a posterior density 

estimate of cal AD680-760. AM7 is the third hearth in this sequence and a radiocarbon 
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sample, GU-8375, was collected from a sample of the hearth material. As both samples are 

from the same context, it is possible to suggest that they represent the same phase of 

activity which has a posterior density estimate of cal AD715-980. These all agree with the 

“sample” date ranges for each hearth. Furthermore all these dates fall within the overall 

dates of occupation for Structure 6 as obtained from earlier work (Outram 2005b: 285). 

These are that occupation commenced between AD550-780 and the structure was 

abandoned sometime between AD690-940, which again reinforces the reliability of the 

model used. 
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Phase Hearth Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Tertiary AM7 7.8 81.2 3.2 329BC±372 AD730±45 

Secondary AM12 2.0 76.3 3.5 329BC±372 AD720±40 

Primary AM14 358.8 75.2 3.2 329BC±372 AD695±65 

Figure 25: Table summarising the magnetic and chronological information from Structure 6, Old 

Scatness. 

 

Structure 5 

This is a classic example of the cellular structure associated with Late Iron Age/Pictish 

architectural form (Ritchie 1977), where the structure is dominated by a large hearth 

contained within a horseshoe form kerb. From here two radiocarbon determinations GU-

8370 and GU-9856 were collected from the floor surface the hearth was sampled for 

archaeomagnetic dating, AM3. As Structure 5 was constructed by digging down into a thick 

layer of accumulated midden, this implies that the floor of the structure will have probably 

originated from the underlying midden and more importantly construction will definitely 

have disturbed and redistributed residual material (Outram & Batt 2010: 112). Taking this 

into account the overall agreement index for all the dating evidence in stratigraphic order is 

96.7%, figure 26. However, the date range that is currently applied to the distinctive Pictish 

architecture provides greater resolution at the moment, AD600-800 compared to cal 

AD360-910 from the “sample” date range. Therefore the architectural date range will be 

applied to AM3, see figure 27. 
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Figure 26: Probability distributions for the dating evidence from Structure 5, Old Scatness. 

 

Hearth Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AM3 12.5 82.9 7.8 329BC±372 AD700±100 

Figure 27: Table summarising the magnetic and chronological information from Structure 5, Old 

Scatness. 

 

Structure 7 

This is a multi-cellular structure that was built into the broch tower sometime after the 

main use of the broch. The piers were a distinctive triangular shape that curved into the 

wall face and the rectangular hearth was central to the structure and surrounded by an 

area of flagging defined by horseshoe shaped kerbing as seen in the primary hearth in 

Structure 11. A total of two radiocarbon dates and three archaeomagnetic directions AM48, 

AM24 and AM19 were obtained from this structure. Unfortunately the dating evidence 

relates to three isolated areas of the structure. However, placing the evidence in 

stratigraphic sequence provides an agreement index of 98.4%, figure 28. As with Structure 

5, comparison of the “sample” date ranges to that known from this distinctive type of 

architecture shows some overlap and again the architectural date ranges of AD600-800 



63 
Appendix 2: Gazetteer of sites examined 

provide better precision at this point so will be applied to all the three archaeomagnetic 

directions, see figure 29. 

 

 

Figure 28: Probability distributions for the dating evidence from Structure 7, Old Scatness. 

 

Hearth Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AM24 357.6 79.9 6.2 329BC±372 AD700±100 

AM19 21.2 74.7 6.8 329BC±372 AD700±100 

AM48 4.3 71.8 5.4 329BC±372 AD700±100 

Figure 29: Table summarising the magnetic and chronological information from Structure 7, Old 

Scatness. 

 

Structures 24 and 33 

Structure 24 has been described as the best preserved structure at Old Scatness 

(Outram 2005: 172). It was an almost complete corbelled cell, with the roof and capping 

lintels still in situ. There is a clear stratigraphic relationship between this and Structure 33 
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as the floor surface of Structure 33 was sealed by the construction of Structure 24. Two 

radiocarbon determinations were obtained from hearth material in Structure 24, GU-9556 

and GU-9553 also an archaeomagnetic determination was collected from Structure 33, 

AM57. Placing this evidence in stratigraphic sequence provides an agreement index of 

96.2%, figure 30 suggesting that the “sample” date range can be applied to AM57, figure 

31. 

 

 

Figure 30: Probability distributions for the dating evidence from Structures 33 and 24, Old Scatness. 

 

Hearth Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AM57 352.5 80.9 3.0 329BC±372 365BC±485 

Figure 31: Table summarising the magnetic and chronological information from Structure 33, Old 

Scatness. 

 

Summary of results 

The comprehensive approach adopted at Old Scatness with the collection of over 150 

scientific dates (Outram 2005a) and the production of an excellent recording system 

(Dockrill et al. 2009; Dockrill & Bond n.d.), has resulted in the sampling of almost sixty 
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hearth features for archaeomagnetic dating. These data have been used to answer a single 

question: when were each of the hearths last used. The focus on this aspect is because it is 

the event that is dated by archaeomagnetic dating but this research has attempted to do 

this without referring to a geomagnetic SVC. The common element of the stratigraphic 

record was used to combine all the available chronological indicators. As the occupation at 

this site appears to have been continuous there were several layers to the overall 

chronological sequence, identified here as the macro and micro stratigraphic record. 

Together these formed a crucial component of the overall analysis. The macro stratigraphy 

traced both the developments in the structural forms that have been found at Old Scatness, 

which appears to follow the patterns observed elsewhere in Atlantic Scotland (Armit 2003) 

and also aspects unique to this site as buildings are constructed, collapsed with some 

elements preserved in later structures. The micro stratigraphic relationships represent the 

stratigraphy within each of the structural units: floors surfaces, rebuilding events and 

additions. They provide a tiered system of chronology and enabled the independent dating 

evidence to be examined in detail.  

 

In this survey a total of thirty-six magnetic directions were examined to determine if 

they could be dated independently of any reference curve. Of this total, 17 magnetic 

directions were not currently included in the SVC (Zananiri et al. 2007) so represent 

additional data. For around 50% of the magnetic directions it was possible to determine an 

estimated date range for the last use of a hearth via more than one method. This was by 

exploiting the independent dating evidence in different ways, i.e. calculating the most likely 

date range for an undated event given the stratigraphic sequence or the posterior density 

estimate for an individual radiocarbon determination. Review of all these different date 

ranges has suggested that although there was usually little difference between the results 
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of the different approaches, the “sample” results were probably the most reliable. So in 

circumstances where there was a choice of several date ranges the “sample” results were 

used here as the new date ranges for each of the magnetic directions. This has been further 

enhanced by the inclusion of stratigraphic relationships of the hearths within each structure 

following the procedure outlined by Lanos and Schnepp (2004; 2009). There were three 

magnetic directions from Old Scatness that were not utilised in this research: AM15, AM63 

and AM65. This is because during the course of this research this site was still in the process 

of final compilation before writing up for publication. In particular, the research team were 

still waiting for the radiocarbon determinations associated with these hearths to be 

processed. The application of the data from this site to the construction of the revised SVC 

will be enhanced by the inclusion of stratigraphic relationships of the hearths within each 

structure following the procedure outlined by Lanos and Schnepp (2004; 2009). This will 

constrain the date ranges associated with each of the hearths but will particularly benefit 

the dates for AM48, AM24 and AM19 from Structure 7. 

 

Conclusions 

The objective of this detailed work was to determine if it was possible to combine all 

the available chronological indicators from an archaeological site to answer a single 

question: when was a hearth last used. This was of paramount importance for the success 

of this research as it was necessary to demonstrate that it was possible to obtain a valid 

estimate of the date range associated with a magnetic direction without referring to a 

geomagnetic SVC. Old Scatness was selected as a case study as this long-term research 

excavation had undergone a rigorous dating programme and over 150 scientific dates had 

been obtained from samples collected during excavation, therefore the Old Scatness 

archive potentially provided a “best case scenario“ to enable the application of Bayesian 
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logic to address this issue. It has proved possible to obtain an estimate of date for each of 

the magnetic directions obtained for Old Scatness, and typically resulted in significantly 

reduced age ranges associated with each of the magnetic directions from those currently 

assigned to them. Furthermore, the new date ranges match the archaeological record more 

closely and on the whole compare well with previous and ongoing work on the chronology 

of this site (Outram 2005b; Outram & Batt 2010). This has been taken to imply that the 

method of obtaining an independent date applied here is successful and yields consistently 

reliable dates. 
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Site 2: Mine Howe, Orkney (HY 510 060) 

 

Contact: Nick Card and Jane Downes, Orkney Archaeological Trust 

 

At the site of Mine Howe a substantial stone built structure was excavated within 

Trench E. This structure showed two main phases of activity and displayed extensive 

evidence for use as a workshop where metal objects were manufactured (Card & Downes 

2003; Card et al. 2005). The central hearth in the workshop was sampled for 

archaeomagnetic dating, MH2. Sequences of radiocarbon determinations were 

collected during excavation of this workshop and these have been divided into the 

phases that are associated with different activity layers identified at the site. The 

dates from Phase E2 represents the earliest use of the structure, Phase E4 are from 

contexts contemporary with the use of the structure associated with the central hearth that 

was sampled for archaeomagnetic dating, Phase E4.3 contains contexts that are directly 

related to the last use of the hearth MH2. Phase 7 represents later contexts relating to the 

final use and sealing of the structure. Another feature was sampled for archaeomagnetic 

dating at Mine Howe, MH1. This was believed to be a furnace structure and was located 

away from the main structure in a test trench. Representation of these archaeological 

relationships in a Bayesian model is shown in figure 32. 

 

However, from a total of 38 radiocarbon determinations associated with the 

occupation of the workshop, 11 were found to be potential outliers as they did not match 

the model developed from the stratigraphic sequence and are listed in figure 33. Generally 

these eleven posterior density estimates were later than would be expected from the 
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stratigraphic position of the contexts sampled. A closer examination of these contexts 

suggests that the material retrieved for radiocarbon determination was not recovered from 

secure contexts in these 11 cases. Although short lived species or single entity samples 

were collected, these particular contexts are highly likely to contain either residual or 

intrusive material, due to the taphonomic processes that would have created them; 

thereby making it possible on archaeological grounds to exclude these 11 determinations 

from the Bayesian model. Once removed the model shows excellent overall agreement, 

with overall agreement index of 132%, well above the critical value of 60.0%. 
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Figure 32: Probability distributions for the radiocarbon determinations from Trench E, associated with 

MH2 at Mine Howe. 
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Phase 
Laboratory 
reference 

Context 
number 

Material 
sampled 

Reason highlighted 
as an outlier 

Reason for exclusion 

E7 GU-15101 102 
Willow 

charcoal 

Too young for 
stratigraphic 

position 

Context was midden 
enriched agricultural soils 

so sample material is 
probably intrusive 

E6 GU-15618 661 
Charred 
barley 

Too old for 
stratigraphic 

position 

These contexts are 
associated with decay 

related to a hiatus in the 
use of the workshop so the 
samples may be re-worked 

material 
E6 GU-15609 644 

Charred 
barley 

Too old for 
stratigraphic 

position 

E5 GU-15625 770 
Charred 
barley 

Too old for 
stratigraphic 

position Both these contexts are 
associated with the final re-
use of the workshop after a 
hiatus so it is likely that the 
sample is residual material 
from a previous phase of 

use 

E5 GU-15105 695 
Charred 
barley 

Too old for 
stratigraphic 

position 

E5 GU-15615 695 
Charred 
barley 

Too old for 
stratigraphic 

position 

E4.4 GU-15613 754 
Charred 
barley 

Too old for 
stratigraphic 

position 

This context was associated 
with the dismantling of 

recess/entrance F626 so is 
likely that the sample is 

residual 

E4.4 GU-15109 791 
Willow 

charcoal 

Too old for 
stratigraphic 

position 

Context was rich in metal 
working debris so material 
sampled was likely to be 

residual 

E4.3 GU-15112 977 
Willow 

charcoal 

Too young for 
stratigraphic 

position 
Context was a trampled 

occupation surface material 
sampled was probably 

intrusive material 
E4.2 GU-15614 1700 

Charred 
barley 

Too old for 
stratigraphic 

position 

E2 GU-15620 786 
Charred 
barley 

Too young for 
stratigraphic 

position 

Context was laminated 
midden so material is 

probably intrusive from re-
working and redeposition of 

midden material to level 
surfaces 

Figure 33: Details of the potential outliers highlighted red in figure 32 and archaeological rational behind 

their exclusion as they did not match the model developed from the stratigraphic sequence from Mine Howe. 
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Figure 34: Posterior density estimate for the burning event as calculated within the sequence of events 

recorded in the workshop at Mine Howe. 

 

Sample Dec Inc 
Alpha-

95 
Previous estimated 

date range 
Revised date 

range 

MH1 334.0 59.9 14.8 AD300±200 AD300±200 

MH2 351.7 73.7 5.2 AD300±200 30BC±35 

Figure 35: Table summarising the results of re-evaluating the dates associated with the central hearth in 

the workshop at Mine Howe. 

 

The posterior density estimates suggest that the workshop was in use from between 

275-60 cal BC and had been abandoned by sometime around cal AD140-385. Furthermore 

from the sequence of posterior density estimates it has been possible to calculate the most 

likely date range for the last use of the central hearth. This is estimated as occurring 
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between 30 cal BC and cal AD35, see figure 34. This provides a discrepancy between the 

date range provided via radiocarbon dating and the archaeological date range of 1st to 5th 

century AD provided by typological assessment. Both could be used to provide an 

assessment of last date of use for the central hearth, MH2. The archaeological date range 

was derived from typological sequencing of a mould fragment used to produce a doorknob 

spear butt (Card et al. 2005); as this was recovered from the latest phase associated with 

the final use and sealing of this structure, so considered contemporary with the last heating 

event. The new evidence from radiocarbon dating suggests that this form of spear butt may 

be earlier than previous estimates allowed. On balance this attempt to independently date 

this magnetic direction has successfully yielded more a precise estimate of the associated 

date range. So the date range from the analysis of radiocarbon dates from the workshop 

will be applied to the magnetic direction MH2 and this new data will be incorporated into 

the revised SVC. 

 

The second magnetic direction from the furnace, MH1, has been more difficult to 

independently date since there were no associated radiocarbon samples or typologically 

diagnostic artefacts. Furthermore, as the feature is stratigraphically isolated from the main 

structure, it is difficult to determine with any confidence if they were in use at the same 

time. Typically errors need to be below 5° for dating purposes and the error associated with 

MH1 is three times that, figure 35. Furthermore the magnetic direction itself appears to be 

anomalous; as if both the workshop and the furnace were contemporary the material 

should have recorded similar magnetic directions. Other than a difference in concentration 

of magnetic minerals present within the matrix of the material leading to different 

stabilities of the signal, there should be little difference but MH1 and MH2 have clearly 

recorded different magnetic directions. This was confirmed using statistical procedures 
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developed in palaeomagnetic studies (McFadden & Lowes 1981; McFadden & McElhinny 

1990). Generally the changes in inclination values are more subtle, so as the largest 

difference between these two directions is in the inclination values, it is suggested that the 

furnace experienced some post firing slumping or redeposition. Therefore the data for MH1 

cannot be reliable estimate of the geomagnetic field and since it is not possible to 

determine at which point in time it was last used, these data will be excluded from the 

revised SVC. 
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Sites 3, 5-9 and 11: Vitrified hillforts 

 

This class of sites presents some unique challenges when attempting to date the last 

heating event, so they are dealt with separately in chapter 4 of the main thesis. This short 

summary is included here for completeness. Comparison of the date ranges suggested by 

the radiocarbon determinations to those suggested by TL as presented in figure 36, 

supports the idea that these sites were set of fire as an act of destruction or “sealing” the 

monument when it is abandoned. Although these two date ranges do not agree, they do 

show some overlap, at least for those examples that fall within the Scottish Iron Age: 

Langwell, (NC 410 009) Craig Phadrig (NH 640 452) and Finavon (NO 507 557), with the end 

of the range estimated from radiocarbon overlapping with the beginning of the range 

estimated by TL Therefore given the close association between the mechanisms that record 

magnetic directions and trigger TL, the estimated date ranges provided by the TL dates 

could be applied to the magnetic directions at Langwell, Craig Phadrig, Finavon, Knockfarril 

(NH 505 585) and Tap O’Noth (NJ 485 293). Although this would provide Bronze Age date 

ranges for the magnetic directions from Knockafarril and Tap O’Noth. This is not 

improbable, as it only provides a date range for the vitrification process, so perhaps with 

these examples vitrification was part of the construction process or that vitrified hill forts 

are much more ancient than has been previously assumed. After all, the “Celtic” origin for 

these monuments lies with assumption that they were built to defend against the Roman 

invasion at the beginning of the first millennium AD. Furthermore, some researchers have 

already suggested that the origin of British hill forts may extend into the second millennium 

BC (Avery 1976: 34; Piggott 1982: 65) so it may be speculated that these sites represent 

early examples that had a prolonged or repeated use. With regards to Dun Skeig (NR 758 

572) this site is unexcavated so there is neither an associated artefactual assemblage nor 

the recovery of any other chronometric dating to provide any estimate of date. This makes 
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re-assessing the dating evidence for this sites particularly challenging as there does not 

appear to be any obvious patterning to the dating of this monument from the limited data 

available. The date ranges currently ascribed to these magnetic directions by Zananiri (et al 

2007) appear to still be based on the suggestion by Childe that these sites appeared by 

200BC (Childe 1935: 222f). It is therefore suggested that these magnetic directions are not 

included in the data used to construct the updated reference curve. 

 

This leaves the site of Dunnideer (NJ 612 282), when the original archaeomagnetic work 

was undertaken this site had not been excavated meaning that there was no associated 

dating evidence. This site was also not included in the program of TL dating and the 

archaeomagnetic direction obtained by Gentles was scattered, meaning it could not be 

calibrated to get a calendar date. This site had been allocated the same broad age range as 

Langwell, although it is unclear why. Fortunately in recent years this site has undergone 

keyhole excavation by a team of volunteers led by Oxford Archaeology (Cook in press). This 

also provided an opportunity more vitrified material to be sampled for archaeomagnetic 

dating (Harris & Hounslow 2010). The more recent work suggests that perhaps Gentles’ 

inadvertently sampled material that had slumped or collapsed something that may not 

have been apparent as the site was not being excavated when the samples were collected. 

Additionally the direction was calibrated using a Europe wide magnetic field model which 

was derived from a much larger database of information so is potentially more precise and 

it avoids any potential relocation errors. Although calibration with the British SVC (Zananiri 

et al 2007) does not give significantly different results 625-245BC as opposed to 605-255BC 

from the European curve (Pavòn-Carrasco et al 2009). These excavations also collected 

samples for radiocarbon dating and recognised that any structural timbers must pre-date 

the construction and hence the vitrification, so potentially may form a terminus post quem, 
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so hazelnut charcoal recovered from within the wall, with the assumption that the hazel 

was cropped no more than 10 years before the burning event. Happily, the new 

archaeomagnetic and radiocarbon dates show some overlap. 

 

The magnetic directions from the vitrified hill forts are included in the current 

archaeomagnetic reference curve (Zananiri et al. 2007) but the date ranges ascribed to 

them appear to have been based on now outmoded theories on the chronology of these 

sites. The aim of this research is to not necessarily reduce the age ranges associated with 

each of the magnetic directions but to assign date ranges that more accurately reflect the 

archaeology, although it is argued that adhering to the latter will lead to the former. In light 

of this and the possibility of magnetic refraction effects when heating large features 

(Tarling et al. 1986; Clark et al. 1988) that are still poorly understood, it would be prudent 

to exclude all eight of these magnetic directions from the dataset that are used to 

reconstruct the calibration curve until further research is carried out on these monuments. 
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Figure 36: Table summarising the magnetic and chronometric data available for the seven vitrified 

structures in the current database. 

Site Dec Inc 
Alpha-

95 
Date in 

Zananiri curve 

Date range 
suggested by 
radiocarbon 

dating 

Date range 
suggested by 

thermolumine-
scence 

References 

Langwell 359.1 68.7 2.2 150BC±250 500BC-AD100 AD25-385 

(Megaw & Simpson 
1979; Sanderson et 

al. 1988; Gentles 
1989) 

Craig 
Phadrig 

353.2 74.3 4.6 500BC±100 800BC-AD600 340BC-AD85 

(Megaw & Simpson 
1979; Sanderson et 

al. 1988; Gentles 
1989) 

Dunnideer 
(a) 

347.1 61.2 11.3 150BC±250 - - 
(Cotton 1954: 82; 

Gentles 1989) 

Dunnideer 
(b) 

1.3 74.1 0.9 New data 390-160BC - 
(Harris & Hounslow 
2010; Cook in press) 

Dun Skeig 355.1 66.7 4.2 225BC±175 - - 
(Childe 1946; 
Gentles 1989) 

Finavon 353.2 73.4 2.5 50BC±50 

800-200BC AD510-770 

(MacKie 1969; 
Sanderson et al. 

1988; Gentles 1989) 

Finavon 350.4 72.8 0.8 400BC±100 

(Aitken & Hawley 
1967; MacKie 1969; 

Sanderson et al. 
1988) 

Knockfarril 357.1 71.5 3.8 225BC±175 - 1430-820BC 
(Sanderson et al. 

1988; Gentles 1989) 

Tap O’ 
Noth 

347.3 68.0 3.5 225BC±175 - 2570-1750BC 
(Sanderson et al. 

1988; Gentles 1989) 
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Site 4: Cladh Hallan, South Uist (NF 735 221) 

 

Contact: Mike Parker Pearson, Sheffield University  

 

At the settlement site of Cladh Hallan on the island of South Uist, excavation revealed a 

series of sunken floor buildings dug into the calcareous sand up to 1 metre below ground 

level (Marshall et al. 1998; Parker Pearson et al. 2001). Collectively they contained evidence 

for around millennia of continuous occupation the ceramic assemblage suggests that was 

during the Later Bronze Age to early Iron Age transition (Marshall et al. 1998). Although 

there was some evidence for metalworking and pottery manufacture recovered from these 

structures, most of the finds were not chronologically diagnostic. The programme of 

radiocarbon dating employed at this site appears to focus on dating the human remains 

deposited within the houses rather than the occupation of the houses themselves (Parker 

Pearson et al. 2005), so has a limited application to this research. However optically 

stimulated luminescence (OSL-601) samples were collected from the base of sand core of 

the shared walls of houses 1370, 401 and 801 (Gilbertson et al. 1999: 447 figure 5) so the 

first phases of activity within each house would have occurred sometime between 2505-

545BC. 

 

Three of these houses (Houses 1370, 401 and 801) were built as a single unit with the 

sub-floor layers in each of these houses displaying evidence for a complex of post holes 

presumably used during the construction process. In addition human remains were inserted 

from the level of the floor after the primary wall was constructed but before the floor was 

laid (Parker Pearson et al. 2005). These “foundation deposits” differed in each house: in the 



82 
Appendix 2: Gazetteer of sites examined 

northern house (1370) two adults (male and female) were interred yet in both the central 

(401) and southern (801) house a child was buried. In House 401, around 180 sub floor 

features were recorded. It was decided to proceed with an attempt to utilise the 

radiocarbon dating to identify the most likely date range for the last use of the hearths 

sampled for archaeomagnetic dating from Cladh Hallan. As is it not possible to directly link 

the radiocarbon determinations to the last use of any of the hearths, the resulting dates are 

doubtful but worth considering and are the best that can be provided at the present time. 

This site would lend itself to Bayesian analysis similar to that carried out at Lübeck, 

Germany (Lanos 2004), which employed hierarchical modelling constrained by the 

stratigraphic relationships of the sampled features. 

 

House 401 

Of these three houses, house 401 displayed the most complex stratigraphy and had 

sequences of multiple floor layers interspersed with make-up fills to an overall depth of 1.3 

metres. The grave of the 10-14 year old child buried as a “foundation deposit” was cut into 

by three other pits before the floor was lain. Then a total of eight major phases of 

renovation were identified, each with a distinctive group of internal features and artefacts. 

A particularly curious episode during phase four involved the insertion of two dog burials 

(with evidence that these animals had met a violent death) into the floor surface. Of all the 

phases, only the final phase 8 showed no evidence of a hearth (Parker Pearson et al. 2001) 

and all seven hearths were sampled for archaeomagnetic dating from this structure(AM74, 

AM75, AM76, AM124, AM125, AM128 and AM129) (Batt 2000; Batt & Outram 2001). From 

this structure the only independent dating available was the construction layer dated by 

OSL and the “foundation deposit” by radiocarbon dating. Bayesian analysis of this sequence 

shows reasonable agreement, see figure 37, with an overall agreement index of 68.7, above 
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the critical value of 60.0%. This demonstrates that the dating evidence matches their 

stratigraphic positions. However, this model only suggests that this structure was built 

between 1200-1 cal BC. Taking into account the other archaeological detail on the site, this 

suggests that occupation at this site spanned between 1200 – 200BC(Parker Pearson et al. 

2005: 532) and that house 401 was in use to around 400BC (Parker Pearson et al. 2009). 

Therefore it is only possible to provide an estimate of date of last use as between 1200-

400BC. Therefore although there is good stratigraphic relationships between the six hearths 

in this structure it is not possible to provide a more precise estimate of date given the 

associated archaeological evidence available at this time. 

 

 

Figure 37: Probability distributions for the radiocarbon determinations from house 401 at Cladh Hallan. 
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Plot() 

 { 

  Sequence("House 401") 

  { 

   Phase("Foundation") 

   { 

    R_Combine("10-14 year old") 

    { 

     R_Date("GU-9840", 2845, 50); 

     R_Date("GU-10490", 2940, 40); 

    }; 

   }; 

   Boundary("start"); 

   Phase("Central construction") 

   { 

    C_Date("OSL-601", -1550, 1005); 

   }; 

   Boundary("end"); 

  }; 

 }; 
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House 1370 

The northern house, 1370, contained five phases of activity again each of the floor 

surfaces were associated with a hearth. Between the second and third floor surfaces there 

was a layer of aeolian sand, suggesting a hiatus in occupation. This was followed by the 

burial of an infant before occupation resumed with patchy evidence for three more 

occupation surfaces. Of the series of hearths from this structure only the hearth from the 

second phase of activity was sampled for archaeomagnetic dating (AM127) (Batt & Outram 

2001). Bayesian analysis of this sequence shows excellent agreement, see figure 38, with an 

agreement index of 88.9% above the critical value of 60.0%. This demonstrates that the 

dating evidence matches their stratigraphic positions The evidence from house 1370 was 

perhaps the most successful as the hearth sampled from this structure AM127 marked the 

end of the second phase of activity before the hiatus and insertion of the child burial GU-

9836, which suggests that it was last used sometime between 1245-745 cal BC, see figure 

38. This is poorly constrained as there is only date above it in the sequence and the amount 

of time that had lapsed between the last use of the hearth and the insertion of the burial is 

unknown. 
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Figure 38: Probability distributions for the radiocarbon determinations from House 1370 at Cladh Hallan. 
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Plot() 

 { 

  Sequence() 

  { 

   Boundary("Start 1"); 

   Phase("Foundation") 

   { 

    R_Combine("GU-9837, 10488") 

    { 

     R_Date("GU-9837", 3305, 55); 

     R_Date("GU-10488", 3155, 60); 

    }; 

    R_Combine("GU-9854, 10491") 

    { 

     R_Date("GU-9854", 3105, 50); 

     R_Date("GU-10491", 3135, 55); 

    }; 

    R_Combine("GU-3839, 10491") 

    { 

     R_Date("GU-9839", 3025, 55); 

     R_Date("GU-10489", 2950, 35); 

    }; 

   }; 

   Boundary("Transition 1/2"); 

   Phase("Construction") 

   { 

    C_Date("OSL-601", -1500, 1005); 

   }; 

   Boundary("Transition 2/3"); 

   Phase("First floor") 

   { 

    R_Date("GU-10647", 2915, 40); 

    R_Date("GU-10648", 3000, 40); 

   }; 

   Boundary("End 3"); 

   Phase("End second phase") 

   { 

    R_Date("GU-9836", 2905, 50); 

   }; 

   Boundary("End 4"); 

  }; 

 };
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House 801 

The southern house was the smallest and the shortest lived with only one phase of 

activity, which was concurrent with the first phase of occupation in house 401 (Parker 

Pearson et al. 2009). After this first phase the structure was allowed to fill with wind-blown 

sand then turned into a field for ploughing. There was only one hearth this was sampled for 

archaeomagnetic dating (AM162) (Batt & Outram 2001) and very few artefacts present. As 

with structure 401, the only independent dating evidence relates to the construction of the 

roundhouse, so it is difficult to obtain an independent estimate of the last use of this 

structure. The only potential method is to assume that the first phase of activity in the row 

of round houses had the same duration in all three houses. This would permit the 

application of the dating from phase 1 in house 401 to house 801. Bayesian analysis of this 

sequence shows excellent agreement, see figure 39, with an agreement index of 65.4% 

above the critical value of 60.0% but only confirms that occupation in houses 401 and 801 

started around the same time. Without more precise information the date range 1200-

200BC representing the span of occupation at this site will be applied to AM162. 

 

 

Figure 39: Probability distributions for the radiocarbon determinations from House 801 at Cladh Hallan. 
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Plot() 

 { 

  Sequence() 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    R_Date("GU-9844", 2865, 55); 

    R_Date("GU-9841", 3070, 50); 

   }; 

   Boundary("Transition 1/2"); 

   Phase("2") 

   { 

    C_Date("OSL-", -1950, 1005); 

   }; 

   Boundary("End 2"); 

  }; 

 }; 

 

House 1500 

With regards to House 1500 the only “scientific” dating evidence is represented by the 

archaeomagnetic dating (AM126) (Batt & Outram 2001). It is therefore difficult to assign a 

date to this magnetic direction as the artefacts are not chronologically diagnostic and the 

lack of independent dating evidence available, although the occupation of house 1500 is 

contemporary with the 6th occupation layer in house 401. Furthermore the magnetic 

direction recovered from this structure was unstable as it had an alpha-95 value of 29.2°, 

typically values of 5° or under is considered suitable for dating purposes (Clark et al. 1988). 



90 
Appendix 2: Gazetteer of sites examined 

Closer analysis of the original data suggests that the material sampled was not in situ 

therefore this magnetic direction will be excluded from further analysis. Figure 40 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

AM74 48.3 73.4 2.4 New data 800BC±400 

AM75 45.0 70.7 2.3 New data 800BC±400 

AM76 32.3 74.4 1.2 New data 800BC±400 

AM124 23.9 65.9 6.0 New data 800BC±400 

AM125 19.7 70.0 3.4 New data 800BC±400 

AM127 17.8 70.6 4.8 New data 995BC±250 

AM128 2.3 71.0 3.5 New data 800BC±400 

AM129 7.0 74.7 4.4 New data 800BC±400 

AM162 23.3 74.7 2.6 New data 700BC±500 

Figure 40: Table summarising the magnetic and chronological information from Cladh Hallan that will be 

included in the archaeomagnetic master curve. 

 

The stratigraphic information from Cladh Hallan is unique in that seven consecutive 

hearths are present within a single structural unit, so it was decided to investigate the 

pattern of magnetic directions represented by this structure. This was done by comparing 

the magnetic directions utilising the statistical procedure developed in palaeomagnetic 

studies (McFadden & Lowes 1981; McFadden & McElhinny 1990), which revealed some 

interesting patterning. Most of the magnetic directions were significantly (95% confidence) 
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different to all the others with the exceptions of two pairs of magnetic directions: 

AM74/AM75 and AM128/AM129. Interestingly these pairs represent the second and third 

phase of occupation (AM128/AM129) and the two latest hearths (AM74/AM75). This 

suggests that towards the beginning of occupation in house 401 either the geomagnetic 

field was changing slowly or that the second and third phases were relatively short lived; 

this pattern was repeated at the end of the use of this structure, so the same two 

possibilities exist. Of more relevance to this study is the difference in the magnetic 

directions for the main sequence of occupation in house 401. Given the precision of the 

measurements, this suggests that there was a rapid change in the geomagnetic field during 

this time and the archaeological details suggest that this occurred between 1200-400BC. 

This is consistent with the evidence of palaeogeomagnetic secular variation from lake 

sediments. Furthermore, a rapid change in the geomagnetic field has already been 

observed in the British lake data from this period (Turner & Thompson 1981) so the 

magnetic directions from Cladh Hallan appear to be following the same pattern, see figures 

41 and 42. The British master curve for palaeomagnetism is based on the compilation of 

three British lake sediment sequences: Windermere, Loch Lomond and Llyn Geirimond, 

which provide a continuous record of the secular variation in the geomagnetic field for the 

last 10 000 years (Turner & Thompson 1981;  1982) but there are issues with the dating of 

these sequences, see chapter 5. The changes in inclination appear to show a better match 

between the two records and suggest that the hearths were last heated between 800-

500BC. The patterns described by declination are not as convincing but the pattern does 

appear to fit between 500-150BC. These date ranges still fall within those suggested by the 

archaeological evidence but they do not appear to overlap. 
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Finally in order to determine if it is valid to assign dates derived for magnetic direction 

from house 401 to those from the other houses, it was decided to compare the magnetic 

directions. If the archaeological record suggested that two hearths belonged to the same 

phase of activity, then they should both record the same magnetic direction. Using 

statistical procedure developed in palaeomagnetic studies (McFadden & Lowes 1981; 

McFadden & McElhinny 1990) it was possible to demonstrate that the magnetic direction 

from AM127 from house 1370 showed no significant difference to AM125 from house 401, 

which agreed with the overall archaeological phasing. It could therefore be possible to 

apply the same date range from the phasing from house 401 to AM127. The same was 

found for AM125 from house 401 and AM162 from house 801 implying that it was valid to 

assume that these phases of activity finished around the same time. The application of the 

data from this site to the construction of the revised reference curve will be enhanced by 

the inclusion of stratigraphic relationships of the hearths from this site following the 

procedure outlined by Lanos and Schnepp (2004; 2009).
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Figure 41: Graph showing the inclination values from the Cladh Hallan hearths compared to the British Master curve (Turner & Thompson 1981). All data have been 

corrected to Meriden (φ = 52.43° N, λ = 1.62° W).



94 
Appendix 2: Gazetteer of sites examined 

 

Figure 42: Graph showing the declination values from the Cladh Hallan hearths compared to the British Master curve (Turner & Thompson 1981). All data have been 

corrected to Meriden (φ = 52.43° N, λ = 1.62° W)
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Site 10: Knowes Farm, East Lothian (NT 680 786) 

 

Contact: Derek Hamilton 

 

The Traprain Law Project was a large scale project that targeted six prehistoric 

settlements in the East Lothian region. Of these Whittingehame Tower, Standingstone and 

Knowes Farm underwent full excavation and East Bearford, Foster Law and East Linton 

were evaluated. As part of this project a meticulous radiocarbon dating strategy was 

developed for each of the sites during the post excavation process. The aim was to date the 

major phases of activity for the three excavated sites and the major features of the 

evaluated sites (Hamilton & Haselgrove 2009). Of the three sites that were excavated, 

archaeomagnetic dating was only undertaken at Knowes Farm where the oven (context 

261) in the western scoop settlement (F128) was sampled (Hounslow & Karloukovski 2004). 

There was a single radiocarbon determination from a barley grain in the oven (SUERC-

10586) that provided a calibrated date range of cal AD 1-220 at 95% confidence. In addition 

to the archaeomagnetic date of F128 at total of 25 radiocarbon determinations were used 

to construct a detailed chronology for Knowes Farm. The probability distributions based on 

Bayesian modelling of the stratigraphic relationships was performed by Hamilton (Hamilton 

& Haselgrove 2009, figure 9.5) according to the modelling SUERC-10586 dates to cal AD20-

130 at 95% probability (Hamilton pers comm.). Overall this sequence shows excellent 

agreement, with all the agreement indexes well above the critical value of 60.0% and has 

produced a posterior density estimate for the last use of this feature of cal AD20-140. As it 

is possible to assume direct relationship between the event dated by the radiocarbon 

determination and the heated feature, the posterior density estimate for SUERC-10586 will 
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be used. Figure 43 provides details of the magnetic and chronological data recovered from 

this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

estimated date 
range 

Revised date 
range 

Context 261 342.1 65.9 14.5 New data AD75±55 

Figure 43: Table summarising the magnetic and chronological information from Knowes Farm that will 

be included in the archaeomagnetic master curve. 
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2 Northern and Central England 

 

Figure 44: Location map for sites from Northern and Central England.
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Site 12: Keay’s Lane, Carlisle, Cumbria (NY 680 563) 

 

Contact: Mike McCarthy, University of Bradford and Jo Mackintosh, Cumbria County 

Council 

 

An extensive series of excavations were undertaken within Carlisle in advance of 

development work to the city centre by Carlisle Archaeology Unit between 1977 and 1982 

(McCarthy 1990;  1991;  2000). Carlisle Archaeological Unit was established in 1977 within 

the City Council’s Planning Department and was tasked with investigating major urban 

schemes. With nearly 29, 500m2 being demolished during a five year period, including 

Blackfriars Street, 32-40 Castle Street and The Lanes, and the position of Carlisle as a 

frontier town from Roman times, the opportunity to investigate this large archaeological 

resource was unprecedented. Due to a variety of factors, not least the scale of the 

excavation work, some of the results remain unpublished. This includes the excavation that 

relates to the archaeomagnetic samples collected from Keay’s Lane as part of the The Lanes 

project, Carlisle during 1979-82. 

 

A length of v-shaped ditch was revealed at Keay’s Lane at the northern end of The 

Lanes. This ditch was aligned roughly north-south and was approximately 2 metres wide by 

1.3 metres deep. The section revealed pebbly clay at the bottom and black clay at the top 

(Hammo-Yassi 1983: 135). A total of 15 samples were collected from this feature for 

archaeomagnetic dating, the reference for this sampling was given as A689 (Hammo-Yassi 

1983) but this is not consistent with the excavation records (McCarthy pers comm.), it is 

suggested that the context number had been transcribed incorrectly. From the description 
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of the material sampled it is most likely to be context D589 from area D in Keay’s Lane 

(McCarthy pers comm.), however this must be used with caution as there is now no way to 

confirm this. As material from a ditch was sampled the magnetic direction captured by the 

sediment was recorded by a mechanism called depositional remnant magnetisation; 

therefore the event being dated is when the ditch was filled in. It is thought that this ditch 

was open between AD100-150 (McCarthy pers comm.). The overall site chronology 

suggests that the northern end of The Lanes was abandoned around the same time that 

Hadrian’s Wall was abandoned in AD139 (McCarthy 2000: 56), so the two strands of 

evidence, the use of the ditch and abandonment of the area are consistent. Although the 

evidence is fragmentary, it is believed that this area was returned to in the mid second 

century, sometime after AD163 (McCarthy 2000: 59). Taken together it can be suggested 

that the ditch could have been filled in due to abandonment sometime between AD140-

170 but the cautionary notes mentioned above must be kept in mind. Figure 45 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

D589 358.9 59.6 7.4 200BC AD155±15 

Figure 45: Table summarising the magnetic and chronological information from Keay’s Lanes, Carlisle 

that will be included in the archaeomagnetic master curve. 
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Site 13: Piercebridge, Durham (NZ 290 149) 

 

Excavations in the vicinity of Piercebridge discovered a Roman fort and bridge that is 

thought to have been built by the Roman army around AD70. Over the next fifty years of 

Roman occupation a bakery and copper working industry were established in Toft’s field, 

near Dere Street. Sometime between AD130-170 the bridge ceased to exist, probably due 

to flooding of the river Tees and it is assumed that the nearby settlements were also 

abandoned at this time. The fort was re-established around AD270 and several phases of 

activity have been identified (Goodburn 1979: 285; Rankov 1982: 345-346). A complete kiln 

was revealed north of the road leading to the east gate of the fort, which was sampled for 

archaeomagnetic dating (Hammo-Yassi 1983). It was a single-flue updraught type, 1.1m in 

diameter and 2.6m deep, with perforated floors unsupported by central pedestal (Grew 

1981: 327-328). This has been classified as a Trajanic kiln and grouped with other kilns 

types found adjacent to military garrisons (Swan 1984: 87). A selection of ceramics was 

found in the vicinity but it is unclear if any were recovered from within the kiln (Grew 1981: 

327-328). All the products recovered are consistent with a general Trajanic date range of 

AD96-133, which is also consistent with the postulated abandonment of the area due to 

flooding sometime after AD130. Therefore a date rang of AD130-170 will be applied to the 

magnetic direction obtained for the kiln, which is surprisingly consistent with the previous 

age estimate of AD150 (with no error ranges quoted). Figure 46 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Kiln 356.0 64.9 4.4 AD150±0 AD150±20 

Figure 46: Table summarising the magnetic and chronological information from Piercebridge that will be 

included in the archaeomagnetic master curve. 
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Site 14: Crab Lane (Crossgates) North Yorkshire (SE 366 348) 

 

Contact: Ann Finney, MAP Archaeological Consultancy Ltd 

 

In advance of a residential development on a 20 acres plot owned by Persimmon 

Homes, MAP Archaeological Consultancy Ltd carried out a series archaeological evaluations 

over a period of ten years from 1989-1998 (MAP 1989;  1990;  1999). Phase I uncovered a 

possible late Bronze Age settlement, which comprised of three buildings, phase II identified 

a Romano-British enclosure and phase III found two Neolithic graves, a square barrow and 

excavated four structures within the interior of the enclosure system (MAP 2001). Within 

the enclosure a kiln (context 41180) was excavated, it was surrounded by four clay lined 

pits was located adjacent to Structure 2. In addition a possible malting oven (context 5054) 

was discovered between Structures 2 and 4. These two heated structures, the kiln and 

malting oven, were sampled for archaeomagnetic dating (Noel 1999c;  2001c) and only 

bone samples from the two Neolithic burials were sent for radiocarbon dating. Therefore it 

was necessary to look to the ceramic assemblage to date last use of the heated features. 

 

There was no direct stratigraphic evidence to link kiln 41180 with Structure 2, however 

there was evidence of a small fence, possibly a wind break, surrounding the south side of 

the kiln and it appeared to join or at least stops at the wall of Structure 2. This suggests that 

these structures are contemporary. The ceramic assemblage recovered from Structure 2 

dates to 1st -2nd century AD. The oven 5054 is not directly related to any other feature 

within the enclosure as it is isolated at the south-eastern corner of the enclosure. It is 

reasonable to suppose that this feature would have been used during the main phase of 
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occupation for this enclosure which is described as flourishing in the 1st century BC to 1st 

century AD but abandoned before the end of the 2nd century AD. Figure 47 provides details 

of the magnetic and chronological data recovered from this site as they will be incorporated 

into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised data 

range 

Context 
41180 

354.2 72.1 4.8 New data AD100±100 

Context 
5054 

353.8 70.5 4.0 New data AD1±100 

Figure 47: Table summarising the magnetic and chronological information from Crab Lane that will be 

included in the archaeomagnetic master curve. 
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Site 15: Kingsdale, North Yorkshire (SD 713 800) 

 

Contact: Arthur and Anita Batty, Ingleton Archaeological Group 

 

The site at Kingsdale, near Ingleton, North Yorkshire was discovered and subsequently 

excavated by Ingleton Archaeological Group between 2005 and 2006. Within Trench 2 at 

Kingsdale a substantial circular depression was revealed that showed evidence of being 

used for heating. To the immediate north of the depression there were a row of three 

upright stones and an area of flagging (Batty & Batty 2007). Taken together this assemblage 

of features is similar to those found associated with burnt mounds in Ireland; such 

structures are believed to be prehistoric in date and their function is unclear with 

suggestions including cooking, saunas (O'Drisceóil 1988; Armit & Braby 2002) or producing 

lye (Batty & Batty 2007: 75-76) perhaps even a similar function to the “box” in Structure 8 

at Old Scatness of curing fish (see page 44). A total of two radiocarbon dates (GU 14118 and 

GU 14119) and one archaeomagnetic date (AM79) were collected from this trench. Placing 

this dating evidence in stratigraphic sequence can enable more precise estimates of the 

date ranges to be obtained. 

  



104 
Appendix 2: Gazetteer of sites examined 

 

Figure 48: Probability distributions for the radiocarbon determinations from Trench 2, associated with 

AM79 from Kingsdale. 

 

Overall this sequence shows excellent agreement, see figure 48, with an overall 

agreement index of 108.6%, well above the critical value of 60.0%. This demonstrates that 

the radiocarbon determinations match their stratigraphic positions and the assumptions of 

the chosen model are valid. The latter is particularly important as the relationship between 

the mateiral sampled for radiocarbon dating and the burning event is unclear. GU-14119 

was a fragment of charcoal recovered from the area of flagging, whereas GU-14118 was a 

fragment of bone recovered from contexts above that had experienced some disturbance 

due to animal activity. Therefore in both cases it is difficult to find a direct relationship 

between the available radiocarbon dates and the last firing event of the feature. Using the 

radiocarbon dates in sequence it is possible to suggest that the last use of the burnt feature 

was between 1530-1390 cal BC see figure 49. Figure 50 provides details of the magnetic 

and chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 
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Figure 49: Posterior density estimate for the burning event within the sequence of events recorded in 

Trench 2, Kingsdale. 

 

Sample Dec Inc 
Alpha-

95 
Previous estimated 

date range 
Revised 

date range 

AM79 19.4 73.8 2.8 New data 1460BC±70 

Figure 50: Table summarising the magnetic and chronological information from Kingsdale that will be 

included in the archaeomagnetic master curve. 
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Plot() 

 { 

  Sequence() 

  { 

   Boundary("Start 1"); 

   Sequence("1") 

   { 

    R_Date("GU-14118", 3220, 35); 

    Sample("Event 213"); 

    R_Date("GU-14119", 3150, 35); 

   }; 

   Boundary("End 1"); 

  }; 

 }; 
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Site 16: Judges’ Lodgings, Lancashire (SD 478 618) 

 

Contact: Sean McPhillips, Oxford Archaeology North 

 

In advance of consolidation work to the wall to the rear of Judges’ Lodgings, Castle Hill, 

the Lancashire County Property Service commissioned a programme of archaeological 

investigation. These works were carried out by Oxford Archaeology North (McPhillips 

forthcoming) and as part of this investigation five test pits were excavated adjacent to the 

rear wall in order to determine if any Roman stratigraphy remained survived intact. This 

would enable the chronological sequence of a series of Roman forts that were believed to 

have occupied Castle Hill to be determined. With respects to the Roman archaeology it was 

possible to identify at least two distinct phases of Roman activity up to the third century 

AD. No samples were retrieved for radiocarbon determination but two ovens were sampled 

for archaeomagnetic dating (Karloukovski & Hounslow 2003).  

 

In total four possible ovens structures were identified during these excavations: Ovens 

417, 202, 311 from phase 2 and Oven 532 from phase 1. Ovens 417 and 311 were sampled 

for archaeomagnetic dating (sampled JLB and JLA respectively) and these belonged the 

second phase of the Roman activity as they sealed earlier activity. A coin recovered from 

the clay wall of oven 417 yielded the only coin recovered; a sestertius of AD71. This 

provides a convenient terminus post quem for the construction of this oven. Although no 

other chronologically diagnostic artefacts were recovered from this phase of activity the 

assemblage as a whole has lead the excavator to suggest a date sometime after AD120 but 

no later than the second half of the second century AD. Given the proximity of these two 



108 
Appendix 2: Gazetteer of sites examined 

oven features and that they are believed to fall within the perimeter of a Roman fort it is 

not unreasonable to suggest that their use was contemporary. This supposition is 

supported by the similarity displayed in the magnetic directions. Using establishing 

statistical procedures for comparing magnetic data (McFadden & Lowes 1981; McFadden & 

McElhinny 1990) these magnetic directions are found to be indistinguishable at 95% 

confidence interval, therefore the same date range will be applied to both magnetic 

directions. Figure 51 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc 
Alpha-

95 
Previous estimated 

date range 
Revised 

date range 

Oven 
417 

345.7 67.4 5.9 New data AD120±50 

Oven 
311 

348.4 64.2 6.9 New data AD120±50 

Figure 51: Table summarising the magnetic and chronological information from Judges’ Lodgings that 

will be included in the archaeomagnetic master curve. 
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Site 17: Scots Dyke, North Yorkshire (SE 603 516) 

 

Contact: Elizabeth Huckerby, Oxford Archaeology North. 

 

In advance of a road improvement scheme, archaeological excavations revealed a short 

alignment of 18 pits near Scotch Corner. A feature interpreted as a dyke was sampled for 

both optically stimulated luminescence dating and archaeomagnetism (Karloukovski & 

Hounslow 2006a; Durham 2007). In addition, carbonised plant material from the primary fill 

of one of the pit was sampled for radiocarbon dating (GU-12369) (Huckerby 2009 pers. 

comm. 12/02/09). Given that the same material was sampled for both the OSL and 

archaeomagnetic dating, the OSL date ranges although large will be applied to the magnetic 

directions obtained from this site. Figure 52 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Section A 4.6 69.3 2.2 New data AD510±135 

Section B 0.0 69.9 1.9 New data AD65±240 

Figure 52: Table summarising the magnetic and chronological information from Scots Dyke that will be 

included in the archaeomagnetic master curve. 
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Site 18: Ferrybridge, South Yorkshire (SE 481 242) 

 

Contact: Ian Roberts, WYAS 

 

Ahead of major infrastructure works to upgrade and divert the A1 in West Yorkshire, 

large scale archaeological excavations were undertaken at Ferrybridge. An area in excess of 

20 hectares was investigated due to its proximity to the Scheduled Ancient Monument site 

of Ferrybridge Henge (Roberts 2005: 1). These excavation yielded evidence that this area 

has been important from the late Neolithic when it was a focus for ritual activity at the 

henge monument, through to domestic settlements during the Iron Age ending with Iron 

Age enclosures and burials. Archaeomagnetic dating was carried out on a fire pit, (feature 

2044) found on an Iron Age settlement (enclosure C) and a Romano-British corn dryer, 

(context 1632) in the succeeding settlement (enclosure D) (Noel 2002b). 

 

The first archaeomagnetic data were collected from pit 2044, a sub-rectangular pit 1.35 

metres deep (Roberts 2005: 109f). Due to the lack of associated artefacts its’ function 

remains unclear but there was considerable evidence for in situ burning. From the nature of 

the fills it is suggested that this pit was sealed by a timber structure, whether this was just a 

series of planks or something more elaborate that had collapsed into pit 2044 it is not 

possible to determine from the evidence available. Samples for radiocarbon dating (GU-

11033 and GU11033R) were collected from the burnt remnants of the wood that had 

collapsed into pit 2044. As the radiocarbon determinations were repeat measurement from 

the same piece of wood they were combined before calibration and the results of the χ2 
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test confirm the validity of combining these samples and calibration of the combined data 

provides an age range of 400-200BC, see figure 53. 

 

 

Figure 53: Weighted mean for the combined radiocarbon determinations (GU-11033 and GU11033R) for 

the burning event in pit 2044 from Ferrybridge. 

 

The second set of archaeomagnetic data from this site was collected from a Romano-

British corn dryer. This was composed of a sub circular stoke-hole at the northern end, a 

linear fire-box placed centrally and a large rectangular drying area at the southern end 

(Roberts 2005: 117ff). Although substantial quantities of carbonised organic material were 

recovered from both the stoke-hole and the fire box from the last firing event, no samples 

were sent for radiocarbon dating. There was evidence that the dryer was regularly cleaned 

out so the ceramic assemblage recovered from the rake out in the drying room was 



112 
Appendix 2: Gazetteer of sites examined 

considered to be contemporary with the last use of this feature. This included Black-

burnished ware and South Yorkshire Greyware. From other deposits relating to the 

abandonment of the dryer fragments of Dressel 20 amphorae were recovered. Taken 

together this has led to allocation of the date range AD120-160 for the last use of this 

feature (Roberts pers com). Figure 54 provides details of the magnetic and chronological 

data recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Feature 
2044 

13.8 67.1 3.7 New data 300BC±100 

Feature 
1632 

30.4 44.6 17.7 New data AD140±20 

Figure 54: Table summarising the magnetic and chronological information from Ferrybridge that will be 

included in the archaeomagnetic master curve.
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Site 19: Methley, Yorkshire (SE 380 242) 

 

Contact: Ann Finney, MAP Consultancy 

 

Four large open area excavations were undertaken just outside Methley as a 

continuation of the excavations by WYAS at Moss Carr Wood, see Site 20 (MAP 2006a: 

144,figure 4.93). MAP Archaeological Consultancy labelled these areas sites 4 through to 8 

to relate to the earlier excavations by WYAS. Only the evidence recovered from site 4 will 

be considered here as this showed evidence for a late Iron Age to Romano-British 

settlement. Site 4 was identified through the appearance of a substantial boundary ditch. 

Excavations revealed a four phase enclosure with associated pits and post holes. The pits 

were divided into six different grouping depending on their morphology. Three of the pits 

were identified as hearths (pits 1151, 1156 and 1186) due to the evidence for in situ 

burning and all of them can be related with negative features that appear to have held 

some associated superstructure. Initially it was believed that slag was associated with these 

pits but this has now been identified as fuel ash slag from high temperature oxidising fires, 

therefore related to a non-metallurgical process (MAP 2006b). Pit 1151 was a rectangular 

pit with bright orange clay lining and appeared to be within Structure 1, a roundhouse with 

a gully construction. Pits 1159 and 1186 were in pit group 2, these were sub rectangular, 

steep sided with flat bases and were situated in close proximity to single postholes. Pit 

1156 is associated with a sub-rectangular Structure 6, possibly a windbreak and pit 1186 is 

within Structure 3, a tentative circle of post holes that has been interpreted as an unroofed 

windbreak. Of these pits with evidence of in situ heating, the lining from two of these 

“hearths” were sampled for archaeomagnetic dating (pits 1186 and 1156) (Noel 1996).  
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There were no direct stratigraphic relationship between any of these three features 

although they are all grouped together just outside the boundary ditch to the southeast of 

the main site. However each of the structures respects the boundaries of the others so it is 

possible that they were contemporary but this cannot be proven. No diagnostic finds were 

recovered from any of the structures and this area was phased as Iron Age due to the 

circular nature of Structure 1 and that pit 1151 bears some similarity both in morphology 

and placement within the structure to Type 1 hearths at Danebury (Cunliffe & Poole 1991: 

231). Although the charcoal was recovered from the fill of all three hearths and samples for 

thermoluminescence dating were collected from pits 1186 and 1151, those also sampled 

for archaeomagnetic dating, no other scientific dating methods were applied to these 

features. 

 

Given the lack of chronologically diagnostic artefacts associated with these three pits 

the best estimate of their last use available at the moment for these features is to assume 

that they may be contemporary and apply the hearth typology from Danebury (Cunliffe & 

Poole 1991: 144,figure 4.93) to all the burnt pits. This dating presents some problems as the 

dates for the internal phases at Danebury were transcribed from the dating of the 

ramparts. Samples for radiocarbon dating were collected but were not submitted “on the 

grounds that the results would tend to be repetitive and would be unlikely to provide a 

more precise system of dating” (Cunliffe & Poole 1991: 239), which is frustrating but then 

hindsight is a wonderful thing. Furthermore although most of the Type 1 hearths at Daneby 

belonged to Phase 7, some belonged to structures from earlier phases. The large error 

estimate associated with the magnetic direction from pit 1186 also prevents any 

determination of whether these two features were last heated at the same point in time. 
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However, this is the interpretation that MAP has settled with so will be applied here. Figure 

55 provides details of the magnetic and chronological data recovered from this site as they 

will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Pit 1156 355.6 70.4 2.6 New data 200BC±100 

Pit 1186 339.8 64.5 13.3 New data 200BC±100 

Figure 55: Table summarising the magnetic and chronological information from Methley that will be 

included in the archaeomagnetic master curve. 
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Site 20: Moss Carr Wood, Yorkshire (SE 380 242) 

 

Contact: Ian Roberts, WYAS 

 

Three large open area archaeological excavations were undertaken at Moss Carr, just 

outside Methley in advance of open cast mining in the area (Roberts & Richardson 2002). 

The excavations at Methley, undertaken by MAP Consultancy see Site 19, are a 

continuation of these excavations. Three sites were excavated but only the evidence 

recovered from excavations at site 1, which targeted two enclosures will be considered 

here. Enclosure A was the smaller and better defined of the two, with four internal 

structures and an elaborate entranceway. Enclosure B was immediately south of enclosure 

A and less well defined with probably three internal structures. Although the full extent of 

these two enclosures were not defined and no direct stratigraphic relationships were 

identified, it has been presumed that these enclosure were contemporary (Roberts & 

Richardson 2002: 13). This hypothesis is borne out by the radiocarbon dating (Roberts & 

Richardson 2002: 36, table 2), which suggests that these two enclosures were in use 

between 400-200 cal BC, see figure 56. The sequence shows excellent agreement, with an 

overall agreement index of 93.8, well above the critical value of 60.0%. This demonstrates 

that the radiocarbon determinations match their stratigraphic positions and that enclosure 

A and B were most likely in use at the same time. 

 

Hearth 6003 was located between enclosure A and B and was sampled for 

archaeomagnetic dating (Noel 2001a). As the event of interest is the date of last firing and 

it is assumed that the hearth is associated with the use of enclosures A and B it was hoped 
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that the four radiocarbon determinations could be used to provide an estimate of date 

using Bayesian logic. The posterior density estimate suggests that hearth 6003 was in use 

between 375 cal BC and cal AD200, see figure 57. The lack of precision is due to the lack of 

stratigraphic relationships between the features sampled for radiocarbon dating. Whilst 

this posterior probability distribution provides a date range consistent with the small 

artefactual assemblage recovered from the site, the latter cannot help to refine this broad 

date range. Figure 58 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

 

Figure 56: Probability distributions for the radiocarbon determinations from Moss Carr Wood associated 

with the hearth 6003. 

 



118 
Appendix 2: Gazetteer of sites examined 

 

Figure 57: Posterior density estimate for the burning event as calculated within the sequence of events 

recorded at Moss Carr Wood. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Hearth 6003 4.9 61.5 4.9 New data 88BC±285 

Figure 58: Table summarising the magnetic and chronological information from Moss Carr Wood that 

will be included in the archaeomagnetic master curve. 
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Plot() 

 { 
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   Boundary("Start A"); 

   Phase("Enclosure A") 

   { 

    R_Date("AA-49622", 2230, 35); 

    R_Date("AA-49623", 2210, 35); 

   }; 

   Sample("Hearth 6003"); 

   Boundary("End A"); 
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  Sequence() 
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   Boundary("Start B"); 
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   { 

    R_Date("AA-49624", 2280, 40); 
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   Boundary("End B"); 
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Site 21: Dragonby, Lincolnshire (SE 927 124) 

 

Contact: Tom Lane, APS 

 

Archaeological excavations in advance of quarrying planned by Byfield Ironstone 

Company uncovered a substantial later Iron Age/Romano-British settlement with evidence 

for craft and industrial activities along with more typical agricultural activities. Excavations 

to rescue the archaeology ahead of quarrying took place between 1964 and 1973 also 

revealed some evidence for earlier activity during the Mesolithic onwards and some later 

activity into the Saxon and Medieval periods (May 1996).The evidence for craft working 

took the form of five kilns discovered at the site. They were all located at site 1, previous 

work in the same area had discovered three pottery kilns (Stead 1976) and two more, kilns 

4 and 5 were uncovered during the extensive rescue excavations. Only kiln 4 was sampled 

for archaeomagnetic dating and no reference is made to any samples for radiocarbon 

dating collected from Dragonby. Twenty ceramic samples recovered from the Iron Age 

ditches were selected for thermoluminescence dating. Although these cannot be directly 

related to the operation of the kilns, they may provide a broad estimate of when the site 

was occupied, but examination of the data suggests that there may be a systematic error 

within the results, most likely due to uncertainties with the rate of water uptake by the 

ceramics during burial. 

 

The magnetic directions from Dragonby are already incorporated into the 

archaeomagnetic reference curve for the UK (Zananiri et al. 2007); the purpose of this 

research is to re-evaluate the date attributed to each magnetic direction that relates to the 
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portion of the curve that describes the section from 1000BC-AD100. There are two 

directions from the same feature, as one includes samples from the wall and floor, where 

as in one the floor samples have been excluded. The reason is to determine if there were 

any significant magnetic diffraction effects experienced in the feature due to the high 

temperatures involved. A comparison of the two mean using standard statistical 

procedures for magnetic directions (Palaeomag-Tools version 4.2 provided by Mark 

Hounslow, Lancaster University) has determined that there is no significant differences 

between these two directions at 95% confidence (McFadden & McElhinny 1990) suggesting 

that no magnetic diffraction effects due to heating were observed with this feature.  

 

Kiln 4 was discovered during the first season and even though particular emphasis was 

placed on identifying associated structures no other features could be linked with kiln 4. 

The date range currently in the database is AD50-100, from the dating suggested after the 

first season of excavation when the samples were collected. A considerable quantity of 

pottery was recovered from within the furnace chamber, flue and stoke holes but no 

mention is made of any charcoal or ashy material (May 1996: 103-106). Of particular note is 

the observation that none of the ceramics types recovered from within the kiln were 

represented elsewhere in the excavated areas of the site. The variety and fine quality of 

these ceramics and relatively specialised nature of the assemblage, for example cheese 

presses and tripod vessels suggests it was produced for a specific customer, presumed to 

be military (May 1996: 576).  

 

In order for the magnetic directions from this kiln to be included in the reference curve 

it is necessary to obtain an estimate of the when they were last used. As no samples for 
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radiocarbon dating were retrieved from kiln 4 and due to the lack any associated features 

with the kiln, the ceramic assemblage was utilised to provide an indication of when the kiln 

was last used. Whole pieces or wasters found within kiln structure were presumed to relate 

from their operation so it was possible to use the ceramics to provide a terminus ante quem 

for these kilns. Any material that appears to be intrusive can provide a terminus post quem 

for backfilling of the feature. This involved determining the overall date range for the 

assemblage of ceramic fragments associated with kiln 4. Furthermore examination of the 

composition of the ceramic assemblage recovered and the state of preservation was used 

to identify intrusive material. The results from the potentially problematic 

thermoluminescence dating suggest that the ceramics were fired sometime between 125BC 

and AD180; this has been directly applied to date when the settlement at site 1 began. 

There are taphonomic problems with this approach but this general date range is consistent 

with the archaeological details from the site. It does not help to refine the chronology but 

then how could when a piece of ceramic was fired help when there is no evidence to 

suggest it was produced at this location? Results from the analysing the complete ceramic 

assemblage suggest that an appropriate date range is AD70-90. Mainly due to the 

hypothesis that kiln 4 was used to supply ceramics for the legionary fortress established at 

York in AD71 so this revised date range will be applied to magnetic directions from 

Dragonby. Figure 59 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Kiln 4 wall 2.7 61.9 3.6 AD75±25 AD80±10 

Kiln 4 wall & 
floor 

359.1 65.6 5.2 AD75±25 AD80±10 

Figure 59: Table summarising the magnetic and chronological information from Dragonby that will be 

included in the archaeomagnetic master curve. 
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Site 22: Easington, East Yorkshire (TA 409 181) 

 

Contact: Rodney Mackey, University of Hull 

 

The site at Easington underwent rescue excavation in 1965 which revealed a Bronze 

Age round barrow and earlier Neolithic settlement (Mackey 2001). A hearth from the 

Neolithic settlement was sampled for archaeomagnetic dating (Aitken & Hawley 1966) and 

a series of sixteen samples for radiocarbon determination were also collected from both 

the settlement and the round barrow. A sample of bulk charcoal from the hearth (BM-268) 

provided a date of 3380-2500 cal BC at 92.6% probability, see figure 60. The choice of 

sample material has probably contributed to the wide age range but due to the close 

association this new date range will be applied to the magnetic direction from Easington. 

The revised date range is larger but more accurately reflects the associated archaeology. 

Figure 61 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 
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Figure 60: Probability distribution for the radiocarbon determination BM-268 from the Neolithic hearth 

at Easington. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 
in database 

EA 337.6 73.5 2.4 1400BC±150 2940BC±400 

Figure 61: Table summarising the magnetic and chronological information from Easington that will be 

included in the archaeomagnetic master curve. 
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Site 23: Grand Arcade, Greater Manchester (SD 584 005) 

 

Contact: Ian Miller, Oxford Archaeology North 

 

Excavations at Grand Arcade revealed two features that were sampled for 

archaeomagnetic dating by Lancaster University (Karloukovski & Hounslow 2005a).These 

excavations were not completed in time for the any assessment to be made on the date 

ranges that could be applied to these magnetic directions. Therefore these data will not be 

included in the current update but will wait until after the excavation is reported. 
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Site 24: Gunhills, South Yorkshire (SE627 046) 

 

Contact: Ian Roberts, WYAS 

 

Various small scale field projects were undertaken at Gunhills, just outside Armthorpe 

in advance of an industrial development in the area. The surrounding area contains an 

extensive archaeological landscape and from the evidence revealed during the excavations 

six phases of activity were identified based largely on the evidence of pottery and 

stratigraphic relationships (Richardson 2008: 7). Here only the archaeology relating to the 

archaeomagnetic directions will be considered. Phase 2, the pre-Roman Iron Age, consisted 

mainly of industrial activity in Area C, where five ovens were recovered. Oven 1319 showed 

evidence of relining and the association of several post holes suggests that it was roofed 

during use. The independent dating for Area C consisted of two radiocarbon determinations 

and an archaeomagnetic direction. Samples were collected from oven 1319 for both 

archaeomagnetic (Context 1266) and radiocarbon dating (GU-9510) (Richardson 2008: 52, 

table 3). Sample GU-9510 was of a wooden (crataegus sp. or pyrus sp.) peg, probably 

hawthorn as the wood is resistant to rotting. As both of these samples were collected from 

the oven context they can be considered contemporary and calibration of GU-9510 

provides an age range of AD20-235, see figure 62. 
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Figure 62: Calibrated radiocarbon date of the radiocarbon determination GU-9510 from Gunhills. 

 

Examination of the pottery evidence revealed that the pre-Roman Iron Age and early 

Roman ceramics makes up less that 1% of the entire assemblage. As this research is 

attempting to obtain an assessment of the date for the last use of the oven, pottery 

associated with the disuse deposits can be considered i.e. phase 3. The pottery associated 

with the disuse of the ovens in Area C consisted of South Yorkshire greyware, typical of 

Hadrianic to Antonine period, so dated to the 2nd – 4th centuries AD. This suggests that the 

last use of oven 1319 was probably towards the earlier end of the date range provided by 

the calibrated radiocarbon date, possibly AD70±80. Without further stratigraphic details it 

is not possible confidently determine the probability of this age range so the data entered 

into the master curve will err on the side of caution. Figure 63 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Context 
1266 

359.6 71.1 3.8 New data AD125±105 

Figure 63: Table summarising the magnetic and chronological information from Gunhills that will be 

included in the archaeomagnetic master curve. 
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Site 25: 89 The Mount, York (SE 571 549) 

 

Contact: Steve Timms, On Site Archaeology 

 

Excavations at 89 The Mount revealed a feature that was sampled for archaeomagnetic 

dating by GeoQuest Associates (Noel 2005a).Due to issues with funding the post-excavation 

stages these excavations were not completed in time for the any assessment to be made on 

the date ranges that could be applied to these magnetic directions for inclusion in this 

thesis. Therefore these data will not be included in the current update but will wait until 

after the excavation is reported. 
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Site 26: Raymouth Lane, Nottinghamshire (SK 586 799) 

 

Contact: Colin Palmer-Brown, Pre-Construct Archaeology (Lincoln) 

 

Excavations were undertaken to investigate a crop-mark enclosure of a potential late 

Iron Age to Romano-British settlement on former agricultural land prior to a combined 

residential/commercial scheme (Palmer-Brown & Munford 2004). The only structural 

feature identified within the enclosure was a Romano-British pottery kiln discovered within 

the ditch section along north side of the enclosure. The kiln had a tongue pedestal and cut 

through a series of earlier fills in the ditch. The base was lined with a deep layer of charcoal 

rich deposit and full of Romano-British pottery sherds. The back-fill contained the 

disarticulated remains of a juvenile below 12 years in the stoking area and a complete 

puppy skeleton was recovered from the flue. The only independent scientific dating 

evidence was an archaeomagnetic date recovered from the kiln fabric (Noel 2004b). 

Therefore it is necessary to look to the ceramic assemblage to date this feature, as it is 

possible that the child and puppy could have become trapped in the kiln many years after 

the kiln went out of use. 

 

The bulk of the ceramic assemblage recovered from the site was located in the 

northern section of the enclosure, probably due to the proximity of the kiln. Overall 23% of 

the ceramics were recovered from the kiln deposits (Palmer-Brown & Munford 2004: 37-

51). Examination of these 248 fragments from within the kiln suggests that it contained a 

mixture of types, some of which were not manufactured at this particular kiln. The overall 

date range for occupation at this site from ceramic evidence is suggested to range from 
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50BC-AD50 into the 4th century AD. The pottery recovered from the kiln was clean, 

unabraded with adjoining sherds, therefore most likely to have been manufactured at this 

locality, all dated to mid-late 2nd century AD. Figure 64 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Context 
268 

2.3 68.2 1.9 New data AD175±25 

Figure 64: Table summarising the magnetic and chronological information from Raymouth Lane that will 

be included in the archaeomagnetic master curve. 
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Site 27: Beeston Castle, Cheshire (SJ 537 592) 

 

In 1959 Beeston Castle was placed under the guardianship of the Ministry of Public 

Buildings and Works (now English Heritage) and underwent a campaign of consolidation 

and preparation for public display (Ellis 1993: 13). This led to a series of targeted 

archaeological investigations, the initial excavations from 1968-73 were to remove modern 

material and display more of the medieval structure. From 1975-85 a second series of 

excavations were undertaken prior to the construction of new access routes to the castle 

and mechanical clearance of the inner ditch. These excavations revealed evidence for 

activity on Beeston crag that extends back to the Bronze Age; however this account will 

focus on phase 3 particularly the evidence associated with the destruction of the rampart 

by fire. As part of the Outer gateway there was a succession of ramparts constructed, 

period 3a and 3b, there was evidence for very intensive in situ burning within the body of 

period 3b rampart structure (Ellis 1993: 29). It is generally accepted that this region was 

mostly aceramic during the Iron Age and the regional ceramic assemblage, Cheshire VCP 

(very coarse pottery), that has been identified is not particularly chronologically diagnostic. 

Most of the ceramics recovered from Beeston was in small pieces and fragmentary with no 

real differences observed between the phases and may be seen as “one homogeneous 

assemblage of Late Bronze Age ceramics, which are found in all the rampart phases” (Royle 

& Woodward 1993: 74). A total of 17 radiocarbon determinations and one 

archaeomagnetic direction AML-873704-5 (Clark et al. 1988) were obtained from these 

excavations. Examination of the context of each of the radiocarbon determinations 

suggests that five of them were displaced or intrusive material (Ellis 1993: 86) and it has 

been necessary to take these factors into account during the following analysis. The 

magnetic direction from this site is already included in the British archaeomagnetic 

reference curve (Zananiri et al. 2007) but has been assigned a generic date range of 700BC-
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AD43 as this phase of the site is Iron Age (Ellis 1993: 89f). In order to be used in the 

reference curve, it is necessary to have an assessment of the date the feature was last 

heated that is independent of it. It is hoped that re-assessing the associated dating 

evidence it may be possible to improve on the current data. 

 

 

Figure 65: Probability distributions for the radiocarbon determinations from Beeston Castle, the 

calibrated radiocarbon determinations identified as outliers are shown in red. 
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Bayesian analysis of the radiocarbon determinations in stratigraphic sequence shows 

excellent overall agreement with an overall agreement index of 162.7%, see figure 65, but 

suspicions raised about the residual nature of some of the material sampled were 

confirmed and they were identified as outliers. This demonstrates that the radiocarbon 

determinations match the general site phasing developed for the site (Ellis 1993: 16-18) 

with the exception of HAR-6459. Given that HAR-5610 was considered to be displaced (Ellis 

1993: 86), it is likely that HAR-6459 was also out of sequence as they were both sampled 

from the same context, Outer Gateway 323. Due to the association between the timbers 

from feature 624, sampled for radiocarbon dating (HAR-6465) and context 634, sampled for 

archaeomagnetic direction, it may be possible to use the radiocarbon dates to date the 

burning event. Bayesian analysis of HAR-6465 recovered from context 634 provides a 

posterior density estimate of 715-395 cal BC; however, as it lies within one of the 

“plateaus” in the radiocarbon calibration curve it may not be possible to improve on this 

date range. In addition as HAR-6465, like all the samples from Beeston Castle is not a single 

entity sample, making it is difficult to directly relate the radiocarbon date to the 

archaeological event of interest. Therefore this date alone cannot be used to provide an 

age assessment for the archaeomagnetic direction. As the rampart was constructed of 

several wooden and timbers (Ellis 1993: 28ff) and an adjacent timber, feature 621 was 

sampled four times for radiocarbon dating (HAR-6464, HAR-6486, HAR-6469 and HAR-6503) 

it may be possible to improve on the precision of these dates. The results from Bayesian 

analyses and combining these four dates suggest that the wood for feature 621 was felled 

between 515-360 cal BC see figure 66, and this shows some overlap with the date from the 

heat affected feature 624. Due to the choice of material sampled these dates only provides 

a terminus post quem for the construction of the rampart and for this research it is 

necessary to obtain an assessment of when the rampart burnt down. It is possible to 

estimate the end date of a phase but it requires the assumption that all the samples are 
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likely to be representative of this period. Although this is not strictly true for this site, this 

approach provides an estimate of 515-360 cal BC for the end of the rampart phase. Without 

any other information to the contrary this date range will be applied to the magnetic 

direction from context 634, although it should be used with caution. Figure 67 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the revised archaeomagnetic master curve. 

 

 

Figure 66: Posterior density estimate for F621, this is the combined results from HAR-6464, HAR-6486, 

HAR-6469 and HAR-6503 as they were all collected from the same piece of timber at Beeston Castle. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AML 
873704-5 

9.6 72.1 2.0 329BC±372 435BC±75 

Figure 67: Table summarising the magnetic and chronological information from Beeston Castle that will 

be included in the archaeomagnetic master curve. 
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Plot() 

 { 

  Sequence("Beeston") 

  { 

   Sequence() 

   { 

    Phase("1") 

    { 

     R_Date("HAR-6461", 5330, 110); 

    }; 

   }; 

   Sequence() 

   { 

    Phase("2b") 

    { 

     R_Date("HAR-4405", 2860, 80); 

    }; 

   }; 

   Sequence("Rampart") 

   { 

    Phase("3") 

    { 

     R_Date("HAR-4406", 2280, 80) 

     { 

      Outlier(); 

     }; 

     R_Date("HAR-4401", 2620, 90); 

    }; 

    Phase("3a") 

    { 

     R_Date("HAR-8102", 2480, 70); 

    }; 

    Phase("3b") 

    { 

     R_Date("HAR-6462", 5140, 90) 

     { 

      Outlier(); 

     }; 

     R_Date("HAR-4402", 2380, 100) 

     { 

      Outlier(); 

     }; 

    }; 

    Boundary("Start of rampart"); 

    Phase("Rampart") 

    { 

     Combine("F621") 

     { 

      R_Date("HAR-6503", 2350, 70); 

      R_Date("HAR-6469", 2370, 80); 

      R_Date("HAR-6468", 2290, 70); 

      R_Date("HAR-6464", 2300, 80); 

     }; 

     R_Date("HAR-6465", 2430, 70); 

     R_Date("HAR-5610", 1890, 120) 

     { 
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      Outlier(); 

     }; 

     R_Date("HAR-5609", 2400, 70) 

     { 

      Outlier(); 

     }; 

     Interval("Period of rampart"); 

}; 

     Boundary("End of rampart"); 

    }; 

    Sequence("Destruction") 

    { 

     Phase("4") 

     { 

      R_Date("HAR-8101", 1230, 90); 

      R_Date("HAR-6504", 2310, 70) 

      { 

       Outlier(); 

      }; 

      R_Date("HAR-6459", 2480, 100); 

     }; 

    }; 

   }; 

  }; 

 }; 

       

 



138 
Appendix 2: Gazetteer of sites examined 

Site 28: Trent Vale, Staffordshire (previously Stoke-on-Trent) (SJ 880 

450) 

 

During 1955-1957 a series of trial excavations were undertaken on land belonging to 

Trent Vale Brick and Tile Company by local volunteers under the guidance of the City 

Museum, Stoke-on-Trent. The quarry was targeted as Roman finds had been previously 

been recovered and a kiln with evidence for an associated workshop (Site A) and an area of 

occupation (Site B) (Mountford et al. 1968). The site is now covered by a factory (SMR-

00068). Only a single archaeomagnetic direction was obtained from the kiln revealed at Site 

A (Aitken & Weaver 1962).  

 

An up-draught kiln associated with concentration of ceramics was recovered from Site 

A; the latter included: flagons, platters, cooking pots (and lids) and lamp holders. The 

domed top to the kiln superstructure appeared to have collapsed during its’ last use sealing 

inside at least 8 gravel faced cooking pots with their lids. The size and form of the kiln 

structure suggest that it was a Roman introduction to Britain (Swan 1984: 87), placing it 

after AD40. The typology of the ceramic assemblage recovered from within the kiln is 

typical of a Romanized assemblage of coarse ware with the form of the cooking pots 

derived from “Belgic” prototypes (Tyers 1996: 64). Analysis of the ceramics recovered in the 

immediate vicinity to the kiln by the authors lead to the general conclusion that they are 

Neronian (Mountford et al. 1968), so date to AD54-68 (Swan 1984: 158). Taking into 

account all the archaeological information at date range of AD50-100 will be applied to this 

feature. Figure 68 provides details of the magnetic and chronological data recovered from 

this site as they will be incorporated into the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous 

archaeological date 
range 

Revised data 
in database 

Site A 358.6 68.3 1.4 AD60±10 AD60±10 

Figure 68: Table summarising the magnetic and chronological information from Trent Vale that will be 

included in the archaeomagnetic master curve. 
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Site 29: Sharpstones Hill, Shropshire (previously Weeping Cross) (SJ 

508 105) 

 

The collection of Sharpstones Hill sites underwent rescue excavations during 1965-

1971. These five sites (A-E) had previously been identified through aerial photography but 

their circumstances for investigation varied: Sites A-C were the first to be excavated in 

advance of a housing development, this was followed later by Site D and finally with Site E 

the land had been earmarked for development as a golf course but a more suitable site was 

later purchased (Barker et al. 1991). Most of the sites showed evidence for prolonged 

occupation, through prehistory through to Medieval, however as these sites were “flat 

gravel sites” there was little stratigraphy and few finds making interpretation and dating 

tentative at best. Two radiocarbon determinations were obtained from samples collected 

from Site B and an archaeomagnetic direction from an area of burning in Site A (Aitken & 

Hawley 1966), so the following discussion will focus on the archaeology from Site A. 

 

Many of the features recovered from Site A were difficult to interpret, a minimum of 

129 were recorded providing a main sequence of two ring-ditches with cremations (two 

with urns) succeeded by a rectilinear enclosure containing roundhouses. These were 

divided into two phases of activity: a Bronze Age cemetery followed by an Iron Age 

farmstead with rebuilding into the early Roman (up to second century AD) (Barker et al. 

1991). The feature sampled for archaeomagnetic dating was F12, which was interpreted as 

a funeral pyre. F12 was central to one of the ring-ditches and consisted of an oval area of 

burnt clay surrounding a D-shaped posthole, which was postulated to be a post to which 

the body was tied. The cremated remains of an adult male in a Collared Urn (F22) were 

discovered within the ring-ditch close to F12. Of the two cremations in urns discovered at 
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this site F22 was the most complete with most of the skull and facial bones present. If the 

pyre and cremation are related this would make a promising target for retrospective 

radiocarbon dating of this phase of the site. The rite of burial and choice of urn suggest a 

date range of 2050-1700BC (Needham 1996) and in the absence of any other dating 

evidence this range will be applied to this burning event. Figure 69 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 

 

Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

F12 354.8 64.1 2.4 650±50BC 1875BC±175 
Figure 69: Table summarising the magnetic and chronological information from Sharpstones Hill that will 

be included in the archaeomagnetic master curve. 
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Site 30: Morton Fen, Lincolnshire (TF 097 240) 

 

Contact: Dale Trimble, APS Archaeology 

 

As part of a wider landscape investigation into the development of prehistoric and 

Romano-British salt production in the Fenland area, excavations at Morton Fen uncovered 

evidence for a saltern hearth (Trimble 2001). The base of the hearth (MF1) was sampled for 

archaeomagnetic dating (Linford 1995) but no other independent dating evidence was 

recovered. The pottery assemblage associated with the hearth suggest that this feature was 

in use between the late first to middle second century AD (Trimble 2001: 157). Figure 70 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

MF1 0.7 63.7 2.2 New data AD113±75 

Figure 70: Table summarising the magnetic and chronological information from Morton Fen that will be 

included in the archaeomagnetic master curve. 
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Site 31: Wygate Park, Lincolnshire (TF 232 232) 

 

Contact: Dale Trimble, APS 

 

Excavations at Wygate Park revealed several heat affected features and one, a salt 

making hearth (context 285), was sampled for archaeomagnetic dating by Lancaster 

University (Karloukovski & Hounslow 2005b). Due to the complexity of this site, the post-

excavation analysis was not completed in time for any assessment to be made on the date 

range for these magnetic directions which was independent of the calibration curve used 

by Lancaster (Clark et al. 1988). Therefore these data will not be included in the current 

update but will wait until after the excavation is reported. 
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Site 32: Cowbit, Lincolnshire (TF 261 180) 

 

Contact: Tom Lane, APS Archaeology 

 

A variety of field projects were undertaken in the Lincolnshire Fenland area during the 

1990’s to record and better understand the archaeology of this region. The surrounding 

area contains an extensive archaeological landscape and during the excavations at Cowbit a 

series of features were identified that represented the full range of processes associated 

with Iron Age or Roman salt making (Lane 2001). The remains of a heated structure, feature 

164, were uncovered and was sampled for archaeomagnetic dating. Unfortunately as this 

feature had been subjected to plough damage the magnetic directions were too scattered 

for dating purposes (Linford 1992). However, the magnetic data could still be included in 

the UK archaeomagnetic master curve if it was dated by other means. There were abundant 

quantities of charcoal in feature 164, which was sampled for radiocarbon dating (UB-4026 

and UB-4027). These determinations were placed in a phase together and the this 

sequence shows excellent agreement with an agreement index of 94.2% and provides a 

posterior density estimate of 175-55 cal BC, see figure 71. Figure 72 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 
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Figure 71: Probability distributions for the radiocarbon determinations UB-4026 and UB4027 from 

feature 164 at Cowbit. 

 

Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

Context 
1266 

9.6 74.1 6.2 New data 115BC±60 

Figure 72: Table summarising the magnetic and chronological information from Cowbit that will be 

included in the archaeomagnetic master curve. 
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3 Wales and South West England 

 

Figure 73: Location map for sites from Wales and Southwest England.



148 
Appendix 2: Gazetteer of sites examined 

Site 33: Cefn Cwmwd, Anglesea (SH 411 789) 

 

Contact: Richard Cuttler, Birmingham Archaeology 

 

Excavations in advance of a road development uncovered part of a Bronze Age 

cremation cemetery and a long lived settlement at Cefn Cwmwd (Roberts et al. 

forthcoming). The settlement was more extensive than expected with up to sixteen 

structures identified in varying states of preservation. Two structures were particularly well 

preserved and from the associated artefactual assemblage it is suggested that this 

settlement was occupied from the late Iron Age through to 4th century AD. Several 

radiocarbon dates (Roberts et al. forthcoming) and a single archaeomagnetic direction 

(Noel 1999b) were obtained from this site but the following commentary will focus on the 

archaeology associated with the feature sampled for archaeomagnetic dating, F387. 

Structure 6 was a circular building with stone capped drains and evidence for several 

occupation surfaces. It was possible to identify three phases of activity, the first contained 

evidence for metalworking, the second displayed signs of the internal space being re-

arranged and a change in the use of this structure. Although the final phase contained the 

most artefacts, it appeared to be mostly related to sealing of the structure. The hearth 

sampled, F387 was part of phase 1 and this phase has been dated by the recovery of a 

cereal grains from pits providing radiocarbon determination, WK-9282 cal AD 20-340. 

However it is possible to constrain the date range provided by WK-9282 as a Romano coin 

of Gallienus dated to AD253-268 was recovered from phase two occupation levels. Figure 

74 provides details of the magnetic and chronological data recovered from this site as they 

will be incorporated into the archaeomagnetic master curve.  
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Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

Context 
F387 

357.9 69.2 4.1 New data AD128±108 

Figure 74: Table summarising the magnetic and chronological information from Cefn Cwmwd that will be 

included in the archaeomagnetic master curve. 
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Site 34: Cefn Du, Anglesea (SH 411 789) 

 

Contact: Richard Cuttler, Birmingham Archaeology 

 

Excavations at Cefn Du near Gaerwen on Anglesea between February and June 1999 

revealed a Neolithic pit cluster and Romano-British farmstead (Cuttler forthcoming). In total 

12 structures were revealed and of these, four structures comprised a Romano-British 

farmstead. The focus here will be on the two structures targeted for archaeomagnetic 

dating, Structures 1 and 3. A series of samples were collected for radiocarbon 

determination and two archaeomagnetic directions were obtained from these excavations 

(Noel 1999b). Structure 1 was the best preserved feature and was identified as a domestic 

roundhouse, complete with stone lined drains and hearth. It appeared to be central to the 

complex and had three separate phases of activity; initial construction and use, a second 

phase where the internal arrangement of the structure altered and a final phase of 

abandonment. The hearth from the first phase, F401 was sampled for radiocarbon dating 

(WK-9277) (Cuttler forthcoming), the hearth from second phase F290 was sampled for 

archaeomagnetic dating (Noel 1999b), the final phase contained 2nd century AD Roman 

ceramics and material understood to be the roof material was sampled for radiocarbon 

dating (WK-9279). The balance of evidence has led the excavator to suggest that the 

building went out of use towards the end of the second century AD. Structure 3 was 

identified as an out building, which contained evidence for non-ferrous casting that 

operated on a small scale so was potentially a workshop. The use of Structure 3 is 

associated with phase 2 of Structure 1. A bulk environmental sample from contexts 

contemporary with the use of Structure 3 (4266) provided wheat grains and chaff, which 

were submitted for radiocarbon dating (WK-9274). This suggests that the workshop went 
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out of use when it burnt down and the burnt floor (4168) was sampled for 

archaeomagnetic dating. Although no chronologically diagnostic finds were recovered from 

this structure, it is likely that use of the workshop was contemporary with the occupation in 

Structure 1. Figure 75 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

Context 
4168 

357.9 65.6 2.9 New data AD150±50 

Context 
4106 

358.8 60.3 3.6 New data AD150±50 

Figure 75: Table summarising the magnetic and chronological information from Cefn Du that will be 

included in the archaeomagnetic master curve. 
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Site 35: Crawcwellt, Snowdonia National Park, Gwynedd (SH 576 722) 

 

Crawcwellt is a large upland settlement not far from Bryn y Castell with extensive 

evidence for iron-working and was excavated over 13 years (Crew 2002) culminating in over 

12 months work on this site. It was possible to identify two phases of activity, with earliest 

phase in areas J and H which started after 300BC (Crew 1998), based on a radiocarbon 

determination from contexts earlier than the furnaces (SWAN-18, 755-210calBC), see figure 

76. The second phase was in area A which is understood to have continued in use to around 

AD50 on the basis of a glass bangle, as not many chronologically diagnostic artefacts were 

recovered. The estimated date range associated with the bangle was based on analysis of 

the chemical composition to around AD1-50, as it was considered to pre-date the Roman 

occupation of the area by Agricola AD74-78, (Crew 1989). A fragment of glass bangle was 

recovered from Bryn y Castell with a similar composition so it is suggested that there is 

some overlap in activity between these two sites but that Bryn y Castell continued to iron-

working after Crawcwellt was abandoned (Crew 1989). A total of ten archaeomagnetic 

determinations were recovered from Crawcwellt but due to the lack of other associated 

dating evidence it is only possible to suggest that all these magnetic directions date to 

between 300BC-AD50. Figure 77 provides details of the magnetic and chronological data 

recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. 
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Figure 76: Curve plot showing where calibrated radiocarbon date SWAN-18 from Crawcwellt falls. 
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Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

F41 352.2 78.1 8.8 25BC±75 125BC±175 

F10 352.5 70.4 4.5 25BC±75 125BC±175 

F04 359.9 71.0 5.0 New data 125BC±175 

F61 5.9 72.6 7.3 New data 125BC±175 

C207 355.4 69.7 6.8 New data 125BC±175 

C292 354.5 71.6 4.0 New data 125BC±175 

C285 351.6 66.3 4.1 New data 125BC±175 

CA 7.6 68.5 5.4 New data 125BC±175 

CB 352.8 75.9 4.3 New data 125BC±175 

CH 355.8 63.4 6.5 New data 125BC±175 

Figure 77: Table summarising the magnetic and chronological information from Crawcwellt that will be 

included in the archaeomagnetic master curve. 
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Site 36: Bryn y Castell, Flintshire (SH 700 419) 

 

Byn y Castell is a small hillfort located in north-west Wales which was excavated 

annually from 1979 to 1986 by students of the Pas Tan y Bwlch, the Snowdonian National 

Park Study Centre (Crew 1986). A total of 12 archaeomagnetic directions were collected 

from furnaces at this site, five from within the hillfort and seven from an extramural site, 

Site A. Excavations suggest that at Site A there were two phases of activity. The first phase 

is associated with activity at the hillfort and the second phase continued after the hillfort 

ceased to be used. The archaeological record suggests that there was a hiatus in iron 

production during the history of this site due to the lack of Roman finds, and it has been 

attributed to the building and use of a Roman fort at Tomen y Mur 100m from the Bryn y 

Castell hillfort between AD70-140 (Crew 1986). This area has also been subjected to a wider 

landscape study which resulted in three radiocarbon dated pollen cores being collected 

from peat and lake deposits in the vicinity of Byrn y Castell hillfort (Mighall & Chambers 

1995). The resulting pollen diagrams indicate that there was localised impact of human 

selectively exploited Quercus and Alnus during the period 2050-1700BP. Experiments have 

suggested that charcoals from these tree species would have been suitable fuels for 

operating furnaces (Mighall & Chambers 1995). This implies that the hillfort and Site A was 

operational between 100BC-AD250. Taking all the evidence together it is possible to 

suggest that phase 1 probably dates to 100BC-AD70 and phase 2 to AD140-250. Figure 78 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous 

estimated 
date range 

Revised date 
range 

AF41 0.2 64.5 1.7 50BC±250 AD195±55 

AF37 1.0 60.8 3.6 50BC±250 AD195±55 

AF49 357.8 61.6 5.2 50BC±250 AD195±55 

BRY/E3 1.5 69.0 2.2 AD50±50 25BC±85 

BRY/G2 0.8 68.8 1.5 AD50±50 25BC±85 

BRY/G 358.6 70.1 1.2 AD50±50 25BC±85 

BRY/A 1.5 69.5 1.5 AD50±50 25BC±85 

BYC 344.2 71.0 9.6 AD25±125 25BC±85 

BRY/E 1.6 70.6 2.7 AD75±75 25BC±85 

BRY/F 0.0 69.0 1.4 AD100±100 25BC±85 

CF28 3.2 57.7 6.7 AD100±100 25BC±85 

BRY/E2 1.0 69.2 5.4 AD100±100 25BC±85 

BRY/H 357.0 68.5 2.0 AD100±100 25BC±85 

Figure 78: Table summarising the magnetic and chronological information from Byrn y Castell that will 

be included in the archaeomagnetic master curve. 
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Site 37: Moel y Gerddi, Gwynedd (previously Harlech) (SH 583 312) 

 

Two late prehistoric settlements were excavated by Gwynedd Archaeological Trust in 

advance of upland pasture improvement, Moel y Gerddi and Erw-wen (Kelly 1988). Both 

sites were circular enclosure hut circle sites on the western slopes of Rhinog Mountains. 

Moel y Gerddi revealed evidence for early Neolithic activity and comprised a substantial 

timber round house enclosed by a roughly circular timber palisade. A second phase of 

activity probably in the mid first millennium BC saw the timber structure consolidated with 

stone then abandoned. Erw-wen showed similar a similar signature but had no Neolithic 

phase and contained evidence that this site was re-used in the Medieval period. A total of 

10 radiocarbon determinations were acquired; seven from Moel y Gerddi and three from 

Erw-wen and two archaeomagnetic directions were collected, both from Moel y Gerddi 

(Hammo-Yassi 1983). Previously only one set of data from this site was incorporated into 

the British archaeomagnetic reference curve. 

 

Two hearths were discovered at Moel y Gerddi, Hearth 1 (feature 1) was a large piece 

of fine grained sandstone where the upper surface had burnt red. The hearth stone was 

placed within pit 51 and two samples of charcoal were collected for radiocarbon 

determinations (CAR-398 and CAR-529). Hearth 2 (feature 48) was sealed by the floor of the 

central roundhouse just inside the east entrance. Charcoal from within the hearth feature 

was collected for radiocarbon determination (CAR-528). As there are radiocarbon 

determinations that directly relate to the use of the hearths these will be used to date the 

magnetic directions. However, due to the choice of sample material all the available 

radiocarbon determinations were placed in stratigraphic order to make the most of the 

available information. Overall this sequence shows excellent agreement, see figure 79, with 
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the overall agreement index of 107.1%, well above the critical value of 60.0%. This 

demonstrates that each of the radiocarbon determinations match their stratigraphic 

positions. These posterior density estimates suggests that Hearth 1 was in use between 

730-205 cal BC and that Hearth 2 was in use between 2880-2370 cal BC at 95% probability. 

Figure 80 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 

 

 

Figure 79: Probability distributions for the radiocarbon determinations from Moel y Gerddi. 

 

Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

Hearth 1 355.5 79.5 2.7 435BC±15 468BC±263 

Hearth 2 345.5 73.2 2.5 New data 2625BC±255 
Figure 80: Table summarising the magnetic and chronological information from Moel y Gerddi that will 

be included in the archaeomagnetic master curve. 
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Plot() 

 { 

  Sequence() 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    R_Date("CAR-525", 4760, 70); 

    R_Date("CAR-397", 4590, 80); 

    R_Date("CAR-527", 4540, 70); 

    R_Date("CAR-528", 4030, 80); 

   }; 

   Boundary("End 1"); 

   Boundary("Start 2"); 

   Phase("2") 

   { 

    R_Date("CAR-398", 2350, 70); 

    R_Date("CAR-529", 2290, 70); 

    R_Date("CAR-526", 2250, 110); 

   }; 

   Boundary("End 2"); 

  }; 

 }; 
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Site 38: Trelystan, Powys (SJ 256 008) 

 

This site was targeted for archaeological investigation as continual ploughing of two 

round barrows just onside the Welsh border eventually gave rise to their total excavation 

during 1979 (Britnell 1980).This project was undertaken by the Clwyd-Powys Archaeological 

Trust and was jointly funded by the Ancient Monuments Branch, Welsh Office and the 

Manpower Services Commission (Britnell 1982). A total of eight radiocarbon 

determinations and an archaeomagnetic direction were obtained from these excavations. 

The earliest activity is represented by a pit grave and two stake walled structures. These 

structures are associated with Grooved Ware ceramics so probably represent a late 

Neolithic settlement. These were in turn sealed by a Bronze Age barrow and cemetery. 

Both structures contained rectangular structures, centrally placed and edged with upright 

stones. The hearth sampled for archaeomagnetic dating was the better preserved of the 

two hearths from Structure B, which was beneath the western side of Barrow I. This hearth 

was sealed by a thin deposit contained hazel nut shells, charcoal and Grooved Ware 

ceramics (Britnell 1982). A hazel nut shell from this deposit was submitted for radiocarbon 

determination (CAR-274). In addition a further four radiocarbon determinations were 

retrieved from the Neolithic structures (CAR-272 and CAR-273 also from Structure B; 

CAR275 and CAR276 from Structure A) and three from the Bronze Age Barrow (CAR-277, 

279 and 279). 

 

Taking all this dating evidence in stratigraphic sequence it should be possible to 

produce posterior density estimates for the heated feature. Overall this sequence shows 

excellent agreement, see figure 81 with an overall agreement index of 82.5%, well above 

the critical value of 60.0%. This suggests the radiocarbon determinations match their 
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stratigraphic positions. Due to the proximity of sample CAR-274 to the hearth and that this 

sample is the only single entity unit the radiocarbon determination from this sample will be 

used to date the hearth. The posterior density estimate for CAR-274 suggests that the 

hearth in Structure B was in use between 2840-2355 cal BC at 95% probability, see figure 

82. This is consistent with the presence of Grooved Ware ceramics within the structure so is 

an improvement on the previous estimate of date range associated with this magnetic 

direction. It was decided not to use the “sample” function in this situation due to the 

quality of the material sampled and the lack of clear stratigraphic relationships between the 

features sampled. As they all belonged to the same phase, modelling the last use of the 

hearth would produce an estimate of date with larger errors. Figure 83 provides details of 

the magnetic and chronological data recovered from this site as they will be incorporated 

into the archaeomagnetic master curve. 

 

 

Figure 81: Probability distributions for the radiocarbon determinations from Trelystan. 
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Figure 82: Posterior density estimate for the hearth in Structure B as calculated within the sequence of 

events recorded at Trelystan.  

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

TRE 358.5 60.1 2.6 1900BC±100 2600BC±240 

Figure 83: Table summarising the magnetic and chronological information from Trelystan that will be 

included in the archaeomagnetic master curve. 
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Plot() 

 { 

  Sequence(Treylstan) 

  { 

   Boundary("Start Neo"); 

   Phase("Neolithic") 

   { 

    R_Date("CAR-272", 4260, 70); 

    R_Date("CAR-273", 4135, 65); 

    R_Date("CAR-274", 3985, 70); 

    R_Date("CAR-275", 4050, 70); 

    R_Date("CAR-276", 3955, 70); 

   }; 

   Boundary("End 1"); 

   Boundary("Start 2"); 

   Phase("Barrow") 

   { 

    R_Date("CAR-277", 3455, 70); 

    R_Date("CAR-278", 3500, 60); 

    R_Date("CAR-279", 3750, 70); 

   }; 

   Boundary("End Barrow"); 

  }; 

 }; 
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Site 39: Gaer Clyro, Herefordshire (previously Hay-on-Wye) (SO 228 

423) 

 

Excavations at Gaer Clyro during 1964 uncovered a series of ditches with evidence for 

two phases of activity. (Jarrett 1964), this area had been thought to be a temporary Roman 

camp but the existence of rock cut ditches and a metalled road suggests that it was more 

permanent (Jarrett in Nash-Williams 1969: 77-79). Within the enclosed area no structures 

other than three ovens were found (Jarrett 1964), so it was proposed that the occupation 

took place in tents. Two of the ovens were excavated and one was sampled for 

archaeomagnetic dating (Aitken & Hawley 1967). All the artefacts recovered from the 

excavations are pre-Flavian so although dating remains uncertain it is most likely that it 

belongs to the period AD50-70. Figure 84 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc 
Alpha-

95 
Previous estimated 

date range 
Date in 
curve 

DAN/4 355.0 63.2 6.2 AD55±15 AD60±10 
Figure 84: Table summarising the magnetic and chronological information from Gaer Clyro that will be 

included in the archaeomagnetic master curve. 
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Site 40: Castell Henylls, Pembrokeshire (SN 181 462) 

 

Contact: Helen Whitear, Dyfed Archaeological Trust 

 

Despite extensive searching and repeated requests for information it has not been 

possible to either track down the original magnetic data, archaeomagnetic report or even 

clarify any details on the area of excavation where the magnetic directions come from. The 

magnetic data will remain in the archaeomagnetic database with the same chronological 

information until the corresponding archaeological details can be confirmed. Although as of 

2010, it is understood that publication is advancing both on the monograph of Castell 

Henllys itself and on a co-authored paper with Ken Murphy on the collaborative project on 

enclosed settlements in the region, funded by CADW (Mytum pers com). Therefore it 

should be possible to review these data in the future. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

CH1 346.5 68.2 13.4 New data AD150±250 

CH2 355.3 60.3 2.8 New data AD150±250 

CH3 0.4 61.0 6.6 AD150±250 AD150±250 

CH4 7.2 69.2 11.5 AD150±250 AD150±250 

Figure 85: Table summarising the magnetic and chronological information from Castell Henylls that will 

be included in the archaeomagnetic master curve. 
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Site 41: Dan-y-Coed (a) and Woodside (b), Llawhaden, Pembrokeshire 

(SN 510 264) 

 

Following the formation of Dyfed Archaeological Trust the Small Enclosures Project was 

initiated in 1979 to investigate the archaeology represented by small enclosure sites in 

Pembrokeshire (Williams 1998b: 1). Particular attention was focused on the Llawhaden 

area as the majority of the sites were being badly reduced by ploughing and financial 

support for this project was provided by Manpower Services Commission and CADW. Six 

threatened sites were identified via aerial survey and underwent geophysical survey and 

trial excavation these were: Broadway, Pilcornswell, Woodside, Dan-y-Coed, Bodringallt 

and Drim Camp. Drim Camp, Woodside and Dan-y-Coed were selected for extensive 

excavation and three samples for archaeomagnetic dating were collected from the latter 

two sites (Tarling 1991), so the following commentary will concentrate on the archaeology 

from Woodside and Dan-y-Coed. 

 

At Woodside, there was some evidence for a Bronze Age cemetery and a multi-phased 

enclosed settlement with evidence for seven roundhouses and six four-post structures 

(Williams 1998c). Dan-y-Coed is also a multi-phased enclosed settlement with evidence for 

seven roundhouses and six four-post structures (Williams 1998a). These two settlements 

are in close proximity to each other so it has been assumed that activity commenced 

around the same time, the second or first centuries BC although these early phases are 

aceramic at both sites (Williams 1998b). However, radiocarbon dates and ceramic 

assemblages from later phases suggest that occupation at Woodside ended around the 

second half of the 1st/ early 2nd century AD, whereas there is evidence to suggest that 

occupation at Dan-y-Coed continued toward the end of the second century AD. A total of 
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eight radiocarbon determinations were collected from Woodside Camp and 12 from the 

Dan-y-Coed enclosure(Williams 1998b: 14 table 2). It has proven difficult to relate the 

radiocarbon dates to the features sampled for archaeomagnetic dating as context numbers 

for the archaeomagnetic samples are not available. Furthermore dating and detailed 

relationships between various areas of these sites are uncertain so no attempt was made to 

construct a Bayeisan model for these sites at this time. Additionally the hearth sampled at 

Dan-y-Coed could possibly to relate to two different phases of activity and this 

inconsistency does not appear to have been resolved. Therefore other evidence recovered 

from the excavations will be used to estimate the date of last use for the magnetic 

directions obtained from these sites.  

 

Two of the archaeomagnetic directions were collected from Dan-y-Coed, DAN/1 and 

DAN/2, the former was from a hearth in Area IX, this hearth could potentially be associated 

with two different phases of activity at Dan-y-Coed, but as both phases are related to 

Period 2, the date for Period 2 (mid to late second century AD) will be applied to DAN/1. 

This date range was obtained from the associated ceramic evidence. DAN/2 was collected 

from a heavily burnt pit associated with the final phase of occupation at Dan-y-Coed. A 

radiocarbon determination was also collected from material within this pit CAR-1262, which 

provides an estimated date range of cal AD1170-1395, which is much later than the 

suggested occupation in this settlement, see figure 86. Only a single archaeomagnetic 

direction was obtained from Woodside, DAN/3 and this was from material associated with 

the later phases of Roundhouse I. The later phases were dated by ceramic evidence to the 

first century AD. Figure 87 provides details of the magnetic and chronological data 

recovered from this site as they will be incorporated into the revised archaeomagnetic 

master curve. 
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Figure 86: Calibrated radiocarbon date range for CAR-1262 from Dan-y-Coed. 

 

Site Sample Dec Inc 
Alpha-

95 
Previous estimated 

date range 
Revised 

date range 

Woodside DAN/3 353.7 62.4 5.1 AD70±15 AD50±50 

Dan-y-
Coed 

DAN/2 353.5 63.9 4.6 AD70±15 AD1285±115 

Dan-y-
Coed 

DAN/1 9.8 62.8 5.2 AD930±630 AD175±25 

Figure 87: Table summarising the magnetic and chronological information from Dan-y-Coed and 

Woodside that will be included in the archaeomagnetic master curve. 
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Site 42: Guiting Power (a), The Park and Bowsings (b) Gloucestershire (SO 

952 221) 

 

Contact: Alistair Marshall 

 

In the Gloucestershire Cotswolds near Guiting Power two Iron Age enclosures, The Park 

and Bowsings have been identified and excavated (Marshall 2007). The Park, a non-

defensive farmstead, was occupied during the mid-Iron Age and was superseded in the late 

Iron Age by The Bowsings, a ditched stronghold enclosure, about 100 metres upslope. The 

independent dating from each site comprised of an archaeomagnetic date and two 

radiocarbon dates. At The Park the archaeomagnetic date was from a limestone hearth 

sealing the upper fill of the exterior ditch (feature 110); the radiocarbon determinations 

were bulk charcoal samples from the hearth in Hut 1 (RCD-20) and charcoal from the mid 

fill of the silo in the habitation sub-enclosure (RCD-21). The archaeomagnetic samples from 

this site were collected from a basal slab so could have moved slightly since abandonment 

of the site (Marshall pers comm.). At The Bowsings the archaeomagnetic date was from a 

Roman T-shaped grain dryer (feature 5) located in the entrance of the defended enclosure. 

The radiocarbon determinations were both from the enclosure ditch one representing the 

foundation of the stronghold (RCD-728) and the other the abandonment of the defended 

structure (RCD-727).  

 

Examination of the ceramic assemblage suggests that The Park was occupied between 

the 5th-2nd centuries BC. The rest of the material culture is a middle Iron Age assemblage 

typical for this region of Britain. Finds from The Bowsings shows a range of material that 
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suggests it was in use between 100BC to AD100 with some early Severn valley ware and 

Oare-Savernake ware. The presence of 29 coins of fourth century date suggests that there 

may have been around four centuries of activity; however they were all low denomination 

bronze coins. The distinctive form of the grain dryers suggests that this could provide a date 

and previous research on the structural forms of Roman agricultural buildings has 

suggested a 2nd-4th century AD date range (Morris 1979: : 20). The general discussion of this 

site suggests that the limestone hearth at The Park was actually in use during occupation of 

The Bowsings. Furthermore the placement of the T-shaped grain dryer in the entranceway 

of the The Bowsings suggests that it was in use after the main period of occupation at The 

Bowsings (Marshall 2007).  

 

Taking all this dating evidence in stratigraphic sequence it should be possible to 

produce posterior density estimates for the two heated features. Overall this sequence 

shows excellent agreement, see figure 88, with an overall agreement index of 96.0% well 

above the critical value of 60.0%. This demonstrates that the radiocarbon determinations 

match their stratigraphic positions. The posterior density estimate suggests that Feature 

110 was in use between 150 cal BC and cal AD60, see figure 89. Given that 

archaeomagnetism is dating the last use of a heated feature this date compares well with 

the archaeology which suggests that this settlement was abandoned in after the second 

century BC. The posterior density estimate for the T-shaped grain dryer (feature 5) suggests 

that this was last used between 145 cal BC and cal AD225, see figure 89. Again, this shows 

some overlap with the dating from the material culture recovered from the site and 

previous work on the dating of this type of feature (Morris 1979: 20). Figure 90 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 
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Figure 88: Probability distributions for the radiocarbon determinations from Guiting Power associated 

with the hearth (feature 110) and grain dryer (feature 5). 
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Figure 89: Posterior density estimates for the burning event as calculated within the sequence of events 

recorded at The Park-Bowsings complex, top is feature 5 and bottom is feature 110.  
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Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Feature 5 351.5 59.7 2.9 New data 40AD±185 

Feature 110 351.0 70.4 2.6 AD100±200 50BC±100 

Figure 90: Table summarising the magnetic and chronological information from Guiting Power that will 

be included in the archaeomagnetic master curve. 
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Site 43: Brean Down, Somerset (ST 297 561) 

 

In 1983 two late Bronze Age gold bracelets were discovered eroding out of the coast at 

Brean Down, which led to a rescue excavation of five metres of deposits taking place 

between 1983-1987 (Bell 1990). These deposits contained evidence for five distinct phases 

of prehistoric occupation; each separated by horizons of blown sand and eroded soil. 

Twenty samples for radiocarbon determination were collected from these excavations in 

addition to two samples for archaeomagnetic dating, a heated feature (AJC-18) and a 

sediment column (AJC-19). Although the sediment column provided 21 magnetic 

measurements of suitable quality to be useful and is believed to cover a period of 2000 

years (Clark in Bell 1990: 116), without the original data it has not been possible to progress 

any further with these data. Particularly as it would have formed a useful set to refine the 

data from the British master curve. The following commentary will focus on the 

archaeology that directly relates to the hearth sampled from this site, AJC-18. 

 

The hearth sampled belonged in Unit 5 which contained a major occupation horizon, 

Unit 5b (Bell 1990: 37ff). This unit contained a number of stratigraphic horizons included 

Structures 59 and 95. Structure 59 was a roundhouse surrounded by a drip gully; about a 

third of the structure survived and was being activity eroded by the sea during excavation 

but would have originally been around 4m in diameter. Structure 95 was larger at 6m 

diameter with a crescent shaped stone wall (context 131) and had a level floor (context 60) 

with a central hearth (context 134) surrounded by a particular concentration of ashy 

material (context 93). The entrance to Structure 95 was cobbled and this sealed a pit 

containing hearth clay and ash (context 103), which was interpreted as used to fill a hollow 

worn in the passage. Due to the nature of this rescue excavation it has proven difficult to 
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find direct stratigraphic relations between many of the samples collected for radiocarbon 

dating. It is possible to relate the contexts mentioned above so samples from the pit (HAR-

7016), floor surface (HAR-7017), wall (HAR-7019) and hearth spread (HAR-7018) were 

subjected to Bayesian analysis. Overall this sequence shows excellent agreement, see figure 

91, with an overall agreement index of 101.2%, well above the critical value of 60.0%. This 

demonstrates that the radiocarbon determinations match their stratigraphic positions. 

Given that the material sampled for HAR-7018 was ash rake out from the hearth, this 

implies an intimate relationship between this material and the context sampled for 

archaeomagnetic dating. Therefore the posterior density estimate from HAR-7018, figure 

92, will be used to date the hearth. Figure 93 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

 

Figure 91: Probability distribution of the radiocarbon determinations from Structure 95 at Brean Down. 
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Figure 92: Posterior density estimate of HAR-7018 from the charcoal spread associated with the hearth in 

Structure 95 at Brean Down. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AJC-18 2.1 68.6 2.5 New data 1055±215BC 

Figure 93: Table summarising the magnetic and chronological information from Brean Down that will be 

included in the archaeomagnetic master curve. 
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Site 44: Old Burrow, Exeter (SS 78 49) 

 

The site of Old Burrow is situated on the north Devon coast, it is believed to be one of 

paired Roman “fortlets” (Fox & Ravenhill 1965). The other being Martinhoe as both are on 

either side of the seaside town of Lynmouth. At Old Burrow there was a feature interpreted 

as a field oven, which was unusual in that it was enclosed and large (nearly 5m2), which was 

believed to be sufficient capacity to cook for a Roman garrison. Although the site does have 

some parallels with Gaer Clyro as it was suggested that the garrison would have camped 

here as well but at this site there was evidence for potential tent peg holes. The floor of the 

oven was sampled for archaeomagnetic dating (Aitken et al. 1963) and the associated 

ceramics coupled with a denarius of Tiberius and Claudius lead the authors to suggest that 

the occupation of the Old Burrow was in the late Claudian period (AD40-54). Figure 94 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

OB 355.2 63.3 4.8 AD60±10 AD47±7 

Figure 94: Table summarising the magnetic and chronological information from Old Burrow that will be 

included in the archaeomagnetic master curve. 
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Site 45: Sherracombe Ford, Devon (SS 559 332) 

 

Contact: Lee Bray, Exmoor National Park 

 

As part of the on-going “Earlier Iron-working on Exmoor Project”, the site of 

Sherracombe Ford has been surveyed and undergone some limited excavation. The aim of 

this project is to explore the nature of the exploitation of local iron ore resources prior to 

the 19th century (Juleff 1997: 4). At the pilot stage of the project twenty-three pre-19th 

century sites were identified, of which Sherracombe Ford is one of the largest and best 

preserved prehistoric smelting site. During survey and field walking samples were collected 

for radiocarbon dating (BETA- 98972), from a cleaned section of slag deposit (context 4 

Heap A). This sealed layer had become exposed during the cutting of a forestry track (Juleff 

1997: 23) and provided a date of 160 cal BC to cal AD120 (95% confidence), see figure 95, 

which was substantially earlier than the mediaeval date range suggested by the character 

of the slag. During subsequent excavations at Sherracombe Ford a large iron smelting 

furnace was uncovered which had evidence for several phases of re-lining. The youngest 

(context 248) and oldest (context 1001) contexts were sampled for archaeomagnetic dating 

(SFA and SFB respectively) (Karloukovski et al. forthcoming). It is difficult to directly relate 

the radiocarbon determination to the use of the furnace but given the preliminary 

interpretation of the site (Juleff 1997: 22f) it is feasible to assume that the slag heap relates 

to the use of the furnace. What is more problematic is that it will be applied to two 

magnetic directions that relate to the beginning and end of use of the furnace. Using 

statistical procedure developed in palaeomagnetic studies (McFadden & Lowes 1981; 

McFadden & McElhinny 1990) it was possible to demonstrate that the magnetic direction 

from SFA was significantly different to SFB, which suggests that either a significant period of 
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time elapsed between these two events or the geomagnetic field was changing rapidly 

during the use of this feature. Unfortunately the radiocarbon date is the only dating 

evidence currently available to assign to these magnetic directions. Figure 96 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. . The application of the data from this 

site to the construction of the revised SVC will be enhanced by the inclusion of stratigraphic 

relationships of the hearths within each structure following the procedure outlined by 

Lanos and Schnepp (2004; 2009). By including details of the relative ordering of these two 

directions will constrain the date ranges associated with each of the furnace linings. 

 

 

Figure 95: Calibrated radiocarbon date of the radiocarbon determination BETA-98972 from Sherracombe 

Ford. 
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Sample Context Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

SFA 248 348.5 67.2 1.7 New data 20BC±140 

SFB 1001 12.0 70.5 2.5 New data 20BC±140 

Figure 96: Table summarising the magnetic and chronological information from Sherracombe Ford that 

will be included in the archaeomagnetic master curve. 
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Site 46: Maiden Castle, Dorset (SY 669 885) 

 

Contact: Niall Sharples, Cardiff University. 

 

Due to the public importance of the site, Maiden Castle was re-excavated during 1985-

1986 via a select programme of excavation and survey to better understand this prominent 

site (Sharples 1991: 3). A total of 11 phases of activity have been identified at Maiden 

Castle, starting with a Neolithic enclosure with the last phase representing the excavations 

by Sir Mortimer Wheeler at the beginning of the twentieth century. Here only the phases 

which contained structures sampled for archaeomagnetic dating will be considered. Phase 

6 represents the extension of the hilltop settlement during the Iron age and begins with an 

increase in the enclosed area and the boundary earth works were remodelled and 

elaborated (Sharples 1991: 61). This phase has been subdivided into 12 sub phases: A- K 

(Sharples 1991: 45   figure 34) and of these, phase 6F sees the beginning of domestic 

occupation and all the ovens and hearths were found in either this phase or 6H. All of the 

occupation evidence related to phase 6 was located in trench IV where evidence for at least 

13 houses were related to phases 6F-6H (Sharples 1991: 75-86). It was possible to 

determine the boundary of ten houses associated with phase 6F and in phase 6G at least 

two new houses were constructed Phase 6H marks the end of organised settlement within 

the boundary ditches and only one convincing structure associated with this phase, house 

6856 (Sharples 1991: 98). Phase 7A represents the late Iron Age sequence between the 

gates of the eastern entrance. 
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Within trench IV house 5959 (Sharples 1991: 86 figure 84) was central to the excavated 

area with a diameter of 9.3m was one of the best preserved houses excavated at Maiden 

Castle. However most of the structures were constructed with stone lined walls whereas 

house 5959 was the only example with a gully to hold the foundations of the walls and no 

internal post holes were found. The centre of the structure contained a complex of two 

stratigraphically related hearths and an oven. Of these two hearths the latest one, hearth 

6841 was sampled for archaeomagnetic dating. This central area was surrounded by a 

spread of charcoal and ash and the entire structure was sealed by rubble derived from the 

decay of the superstructure. It was noted that the hearth had weathered before it was 

sealed but this is not reflected in the quality of the magnetic data, as the associated errors 

are an alpha-95 of 1.5°, well within the limits of 5° deemed suitable for dating purposes 

(Clark et al. 1988). House 6856 (Sharples 1991: 75 figure 73) was in the south-eastern area 

of the trench and less than half of the structure was revealed by excavation. It has a 

diameter of roughly 5.6m and was defined by a hollow cut into the chalk with a line of chalk 

blocks defining the wall. Hearth 6843 appears to have been located close to the east wall 

and was cut by a later pit 5150. Finally occupation in trench VI commenced with a house 

that had been exposed during Wheeler’s excavations. This area was re-investigated and it 

was discovered that this had been sealed by a series of three distinct layers of 

metalworking activity, probably secondary processes including welding and forging 

(Sharples 1991: 100). The house layers were not fully investigated but samples were 

collected from the hearth 7124 for archaeomagnetic dating. 

 

In all fifteen hearths and one oven were discovered at Maiden Castle (Sharples 1991: 

88f), all were located in trench IV and four types were discovered: clay hearths (5), chalk 

base (4), limestone slabs (3) and in situ combustion without any associated structure (3). Of 
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these two clay hearths were sampled: hearths 6841 (phase 6F) and 6843 (phase 6H). The 

excavations carried out by Wheeler uncovered a hearth 7124 (phase 7A) and this was also 

sampled for archaeomagnetic dating when this area was re-opened. Twenty-six samples 

were collected for radiocarbon determination (Ambers et al. 1999). The sampling strategy 

for the radiocarbon dating program aimed to obtain a date for the construction of the Bank 

Barrow ditch and the primary enclosure ditches. The results of this is that they cannot be 

used to directly date any of the later Iron Age occupation from within the centre of the 

enclosure; therefore it is necessary to turn to the archaeology and associated artefactual 

assemblage to obtain an independent assessment of when the hearths were last used. 

Most of the Iron Age assemblage was obtained from trench IV but very little chronologically 

diagnostic material was collected from contexts in phase 6F. Taken together the ceramic 

assemblage suggests a late second century BC date for phase 6F and that occupation in all 

the houses in this phase was contemporary (Brown 1991). By contrast phase 6H is perhaps 

the only phase of Iron Age activity with any quantity of chronologically diagnostic finds. The 

majority of the assemblage is Durotrigian forms, suggesting a 1st century BC date and other 

forms include Armorican and Dressel 2-4 imports which extend into the first century AD 

(Sharples 1991: 241ff). This phase is sealed by a selection of Roman objects but these are 

chronologically undiagnostic and the context of these finds suggest that they are residual so 

difficult to apply to the dating of this phase. A date range of 100BC to AD100 has been 

applied to phase 6H, in the absence of any evidence that can be directly related to the end 

of occupation of house 6856 a date range of AD1-100 will be applied to hearth 6843. With 

regards to phase 7A, although some features in phase 6H are contemporary with the 

activity in trench VI, phase 7A, the absence of Dressel 2-4 has been used to suggest that this 

activity had a shorter chronological span than phase 6H. Furthermore the ceramic evidence 

from trench VI suggests that this assemblage was a pre-conquest assemblage. Therefore a 

date range of 100BC-AD1 will be assigned to hearth 7124. These directions are currently in 
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the British reference curve and this re-evaluation has not made any improvement to the 

associated date ranges but has corrected a typing error. Figure 97 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Hearth 6841 359.9 68.8 0.7 150BC±50 150BC±50 

Hearth 6843 341.1 67.2 6.0 AD50±50 50BC±50 

Hearth 7124 0.7 63.4 1.5 50BC±50 AD50±50 

Figure 97: Table summarising the magnetic and chronological information from Maiden Castle that will 

be included in the archaeomagnetic master curve. 
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Site 47: Trelowthas, Cornwall (SW 893 475) 

 

Contact: Jacky Nowakowski, Cornwall County Council 

 

Geophysical survey in advance of the construction of the Probus Bypass revealed a 

circular ring ditched feature in a section of the proposed road corridor (Nowakowski 1995). 

A rescue excavation of the site and its’ immediate vicinity was undertaken in 1995 which 

revealed an extremely well preserved barrow. A total of four samples were collected for 

radiocarbon determination (Nowakowski 2007;  forthcoming) and an area of burning, 

context 32, was sampled for archaeomagnetic dating (Davis & Tarling 1996). The barrow 

has two distinct phases of activity and the radiocarbon dates suggest a time depth of 

activity within the barrow spanning 2000-1500 cal BC (Nowakowski 2007: 106). One of the 

radiocarbon determinations AA-29733 was recovered from the same context that was 

sampled for archaeomagnetic dating. Therefore AA-29733 will be used to provide an 

estimated date range for the last firing of context 32. This provides a calibrated date range 

of 1260-925 cal BC, see figure 98. Figure 99 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 
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Figure 98: Calibrated radiocarbon date range for AA-29733 from Trelowthas. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Context 
32 

1.6 67.1 16.2 1300BC±1200 1090BC±165 

Figure 99: Table summarising the magnetic and chronological information from Trelowthas that will be 

included in the archaeomagnetic master curve. 
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Site 48: Gwithian, Cornwall (SW 590 423) 

 

Contact: Jacky Nowakowski, Cornwall County Council and Derek Hamilton 

 

The site at Gwithian, as one of the few remaining underdeveloped sandy landscape 

along the southern coastline, has provided a series of excellently preserved archaeological 

sequences. The deposits contain evidence for occupation from the Mesolithic, through the 

Bronze Age to the early medieval period. This site has received attention from a series of 

archaeologists during the 20th century, which has recently been reappraised and new 

fieldwork undertaken (Nowakowski et al. 2007). Three hearths were sampled for 

archaeomagnetic dating, Structure 1642 in Site XV; Structure 724/725 in Site X and 

Structure 1134 in Site IX. The most recent project submitted twenty carbonised residue 

samples from the interior surfaces of ceramic sherds; the results highlighting the relative 

merits of retrospective dating programs. Additionally during the re-visiting of the site in 

2005 new samples were collected for Optically Stimulated Luminescence (OSL) dating. 

Despite difficulties in reconciling the different recording procedures within the Gwithian 

archive, it has been possible to use these data to independently date hearth features 

sampled during the late 1950’s. Bayesian analysis of the independent dating from the 

Bronze Age was able to demonstrate that the general stratigraphic order recorded in the 

earlier excavations was correct but not enough information was available to develop a 

statistically robust model (Hamilton et al. 2007). In light of this, a different approach was 

required to independently date the hearths sampled for archaeomagnetism. 
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Structure 1642 in Site XV represents the earliest evidence for a permanent settlement 

and was built on a terrace in the hillside. Re-examination of the archaeological sequence 

suggests that this structure was single use with evidence of ongoing repairs (Nowakowski et 

al. 2007: 25). Bayesian analysis of the two radiocarbon determinations (OxA-14568 and 

OxA-14490) from this structure demonstrated that they were not concordant and suggests 

that OxA-14490 should be excluded. Therefore as the material sampled was burnt residues 

from a ceramic, OxA-14568 was used to provide a date for the last use of this structure and 

by association the hearth. This provided a calibrated date range of 1885-1620 cal BC, see 

figure 100. 

 

 

Figure 100: Calibrated radiocarbon date for OxA-14568 associated with structure 1642 at Gwithian. 
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Site X represents phase 5 of the activity at Gwithian and is more complex. There are 

three structures: 724/725, 730 and 1134, of these only two were sampled for 

archaeomagnetic dating. A total of seven radiocarbon determinations relate to phase 5 and 

given the difficulties encountered in producing a posterior density estimates it was decided 

the best use of these data would be to calculate an age range for the use of the structures. 

Bayesian analysis demonstrates that SUERC-6161 is out of sequence, once this data point is 

eliminated from the analysis the sequence shows excellent agreement, see figure 101, with 

the overall agreement index of 80% above the critical value of 60.0%. This demonstrates 

that the remaining radiocarbon determinations all belong to the same phase of activity and 

provides a date range for this phase of activity between 1480BC and 760BC. A summary of 

the artefacts from this phase in light of the radiocarbon dating has allocated a date range of 

1380-900 cal BC to the ceramic sequence from which the radiocarbon samples were 

obtained (Nowakowski et al. 2007: 35). It can be assumed that the last heating of the 

hearths would be closely followed by the abandonment of the houses, however in the 

model presented here two houses are being modelled together but they could have been 

abandoned at different times. Sample OxA-14590 was retrieved from the hearth in 

Strucutre 1134, so the posterior density estimate for this sample will be used to date that 

hearth. Whereas for the hearth in Strucutre 724, the end boundary of 1110 - 70 cal BC will 

be used. Both of these estimates fall within the date range proposed for the ceramic 

sequence but are much more precise. Figure 102 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 
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Figure 101: Probability distributions of the radiocarbon determinations from phase 5 domestic contexts 

from Gwithian. 

 

Sample Dec Inc Alpha-95 
Previous 

estimated date 
range 

Revised date 
range 

Structure 1134 
Site IX 

11.5 64.3 2.6 1650BC±50 1020BC±100 

Structure 724 Site X 
House 2 

11.5 61.0 2.6 975BC±25 935BC±175 

Site XV Structure 1642 7.1 64.4 5.0 925BC±25 1750BC±140 

Figure 102: Table summarising the magnetic and chronological information from Gwithian that will be 

included in the archaeomagnetic master curve. 
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Plot() 

 { 

  Sequence() 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    R_Date("OxA-14525", 2946, 29); 

    R_Date("OxA-14527", 2878, 29); 

    R_Date("OxA-14589", 2944, 33); 

    R_Date("OxA-14590", 2836, 32); 

    R_Date("SUERC-6161", 3430, 35) 

    { 

     Outlier(); 

    }; 

    R_Date("SUERC-6163", 2980, 35); 

   }; 

   Boundary("End 1"); 

  }; 

 }; 
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Site 49: Little Bay, Isles of Scilly (SV 931 154) 

 

Contact: Charlie Johns and Steve Hartgroves, Cornwall Council 

 

The site of Little Bay was first exposed during storms in 1891, which caused 

considerable destruction to the north-eastern coast line of St Martin’s (Neal 1983). The site 

was rediscovered in 1951, resulting in the excavation of two buildings during 1952-53. It 

became exposed again in 1973 and the following year the remains were recorded as 

exposed in the cliff face (Butcher 1974). Two sites were identified, A and B, where A is 

considered to be the principal settlement. In 1980 excavation revealed that Site A had four 

buildings, two of them were those excavated in 1952/3 (Neal 1983) and Building 2 in Site A 

was completely excavated. A total of three radiocarbon determinations (Jordan et al. 1994) 

and an archaeomagnetic direction (Clark et al. 1988) were collected from these 

excavations. However, there is a discrepancy with regards to the archaeomagnetic data, 

Clark states that the samples were collected from “Sandy dark soil above site” during 1974 

(Clark et al. 1988: 649 table 1), however the only mention made of archaeomagnetic 

sample collection in the site reports are of twelve samples taken from hearth and that 

dating was unsuccessful (Neal 1983: 54). It is generally agreed that the magnetic data in the 

database refers to the results of the samples taken from hearth A (Johns 2009 pers. comm. 

30/07/09) and not from elsewhere on site. The following commentary will focus on Building 

2 where most of the relevant dating evidence was retrieved. 

 

Within Building 2 four phases of activity can be identified the first phase relates to Pit 

65, which is sealed by the construction of Building 2. The subsequent phases all relate to 
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Building 2, which was a stone built roundhouse. In phase two this structure had a stone 

kerbed central hearth that was replaced four times, hearths A-D and radial internal 

partitions. Phase 3 is represented by a change in the layout of the internal space and 

contains evidence in the form of a ring of stake holes and a large spread of clay without 

kerbing that the central hearth was replaced by an oven structure, hearth E. In the fourth 

and final phase the floor was levelled by a layer of clay over 20cm thick that respected the 

existing internal partitions and hearth F belonged to this period. The three radiocarbon 

dates were obtained from Pit 65, HAR-4324; Hearth A, HAR-1715 and Hearth F, HAR-1726 

respectively. Bayesian analysis of this sequence shows excellent agreement, see figure 103, 

with an overall agreement index of 100.4%, well above the critical value of 60.0%. This 

demonstrates that the dating evidence matches their stratigraphic positions, although 

smaller age ranges may have been possible if material other than oak charcoal had been 

available for sampling. Due to the limited number of radiocarbon determinations in the 

model the event function was only able to provide a date range of 1790-1180 cal BC, see 

figure 104. This has less resolution than applying the posterior density estimate from a 

sample retrieved from the hearth material of, 1695-1265 cal BC. Therefore the latter date 

range will be applied to the material from hearth A. Although this is no more precise that 

the previous estimated date range, it does more accurately reflect the associated 

archaeology as these structures and the ceramic assemblage are locally known to reflect 

the late Bronze age (Neal 1983). Figure 105 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 
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Figure 103: Probability distributions for the radiocarbon determinations from Building 2 at Little Bay. 

 

 

Figure 104: The posterior density estimate for HAR-1715, this is the sample of charcoal from hearth A at 

Little Bay.  
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Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

Hearth A 353.4 66.2 3.1 329BC±372 1480BC±215 
Figure 105: Table summarising the magnetic and chronological information from Little Bay that will be 

included in the archaeomagnetic master curve. 
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   { 
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4 Southern and Eastern England 

 

Figure 106: Location map for sites from Southern and Eastern England.
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Site 50: Spong Hill, Norfolk (TF 982 196) 

 

The site of Spong Hill is perhaps most well-known for the presence of an extensive 

Anglo-Saxon cemetery but excavations over eleven seasons have revealed that it was 

occupied extensively at several points in prehistory (Rickett 1995). With early prehistoric 

occupation from the Mesolithic to the early Bronze Age followed by a sequence of 

occupation from the Iron Age through the entire Roman period, up to the 4th century AD 

before the entire area was utilised as a cemetery during the Saxon period. The excavations 

were funded by English Heritage and most of the post-excavation work was undertaken by 

Norfolk Archaeological Unit. Three samples for radiocarbon determination (Jordan et al. 

1994)were collected from the prehistoric contexts and a single feature was sampled for 

archaeomagnetic dating (Clark et al. 1988). 

 

Unfortunately, none of the radiocarbon dates can be relate to the kiln structure 2223 

that was sampled for archaeomagnetic dating. The kiln was a sunken kiln with La Tène III-

derived features complete with rectangular pedestals and prefabricated fire bars, which are 

typically dated to the first few centuries AD (Swan 1984: 55-57). No ceramics were 

recovered from within the kiln structure but it is understood to belong with the Roman 

Phase 2 activity, where the landscape was remodelled and an enclosure with several 

paddocks and a droveway were laid out (Gurney in Rickett 1995: 17-22). The Roman activity 

is believed to represent a rural farmstead that was eventually sealed by the Anglo-Saxon 

cemetery. Two sets of archaeomagnetic samples were collected from this kiln, from the 

walls (2223) and from a pillar within the kiln (SPO). Comparison of the magnetic directions 

utilising statistical methods developed in palaeomagnetic studies demonstrate that these 

two directions are the same at 95% confidence, therefore it is valid to apply the same date 
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range to then both. The original raw data was not available for these magnetic directions so 

it was not possible to combine these data. Figure 107 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

2223 358.7 64.4 3.4 AD97±54 AD75±15 

SPO 1.2 66.2 2.3 AD95±55 AD75±15 

Figure 107: Table summarising the magnetic and chronological information from Spong Hill that will be 

included in the archaeomagnetic master curve. 
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Site 51: Watlington Quarry, Norfolk (TF 603 033) 

 

Contact: David Whitmore, NAU 

 

Excavations at Watlington Quarry revealed three features that were sampled for 

archaeomagnetic dating by GeoQuest Associates (Noel 2005b). Of these only one provided 

magnetic data suitable for inclusion in the reference curve. Due to issues with funding the 

post-excavation stages these excavations were not completed in time for the any 

assessment to be made on the date ranges that could be applied to these magnetic 

directions for inclusion in this thesis. Therefore these data will not be included in the 

current update but will wait until after the excavation is reported. 
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Site 52: Hanson Brick Quarry, Cambridgeshire (TL 138 975) 

 

Contact: David Gibson and Matt Brudenell, Cambridge Archaeological Unit 

 

Excavations at Hanson Brick Quarry revealed a single feature that was sampled for 

archaeomagnetic dating by GeoQuest Associates (Noel 2001b).The report on these 

excavations was in the process of being written up during this research. Although the final 

assessment was not completed in time for the any assessment to be made on the date 

ranges that could be applied to these magnetic directions the radiocarbon data was made 

available (Brudenell pers comm.). Two radiocarbon dates were obtained from Middle Iron 

Age material recovered from this site: the burnt residue from a Scored Ware vessel (Beta-

262621) and a seed recovered from a pit full of smithing debris (Beta-262622). The latter pit 

feature, F597, was near to and assumed to be associated with the furnace, F571, which was 

sampled for archaeomagnetic dating. Therefore it seems plausible to apply the calibrated 

date range from the radiocarbon determination to obtain an estimate of when the furnace 

was last used, see figure 108. There are some issues with assuming that the seed is secure 

and not intrusive to the pit but the date supports the suggestion that the furnace is part of 

the Middle Iron Age phase of activity at this site. Figure 109 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 
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Figure 108: Calibrated radiocarbon date range for sample Beta-262622, recovered from feature F571 at 

Hanson Brick Quarry. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 571 0.2 74.3 5.2 New data 225BC±135 

Figure 109: Table summarising the magnetic and chronological information from Hanson Brick Quarry 

that will be included in the archaeomagnetic master curve. 



204 
Appendix 2: Gazetteer of sites examined 

Site 53: Priors Hall, Northamptonshire (SP 9285 9010) 

 

Contact: Rachel Hall, APS and David Greenwood, University of Bradford 

 

On the outskirts of Corby planning permission was granted for the mixed use 

development of 183 hectares of land by Bela Partnerships (Hall 2008a). In keeping with the 

archaeological conditions of the planning permission the area was striped mapped and 

recorded with trial trenching over anomalies identified by geophysical survey. The 

investigations in 2006 revealed evidence for a late Iron Age industrial landscape with nine 

well-preserved iron smelting furnaces excavated, one bowl furnace, one D-shaped furnace 

and seven sunken shaft furnaces (Hall 2008b). Of these, six furnaces were sampled for 

archaeomagnetism and all three types of furnaces were represented (Clelland & Batt 2006; 

Greenwood 2007). Around 100 samples were collected, and laboratory analysis by David 

Greenwood revealed that 94 had a measurable remanence and all of the samples showed a 

high degree of stable magnetisation, and the directions of magnetisation displayed good 

clustering. The results were consistent with the material having been fired in situ to a 

sufficient temperature allowing the features to be dated by archaeomagnetic techniques, 

and comparison to the current calibration curve (Zananiri et al. 2007) provided date ranges 

that supported the provisional dating to the Late Iron Age/Romano-British period, although 

other possible date ranges were also obtained (Greenwood 2007). All the furnaces sampled 

for archaeomagnetism were within the same area of the site, which contained no evidence 

for any non-industrial activity (Hall 2008a figure 15). They have also been assigned to the 

same phase of activity, period 3 – late Iron Age (100BC) to second century AD (Hall 2008a: 

11). A Roman villa, Weldon villa, to the south of the furnaces is understood to have been 

constructed between AD70-80 and it was occupied continuously until around AD400. The 
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lack of a clear relationship between the villa and the furnaces has lead the excavators to 

believe that the furnaces were out of use by the time the villa was constructed (Hall 2008a: 

3). Therefore the construction of the villa could provide a convenient end point for the use 

of the furnaces, providing a potential age range for the furnaces of 100BC-AD80. 

 

Furnace 1 was the bowl shaped furnace and is further away from all the other furnaces. 

This feature was sampled as 1a and 1b, as they different part of the furnace had been 

allocated different context numbers. In the final report this has been interpreted as patches 

of repair to the furnace wall. Therefore both 1a and 1b should both record the same 

magnetic direction. Using statistical procedures developed in palaeomagnetic studies 

(McFadden & Lowes 1981; McFadden & McElhinny 1990), it was possible to demonstrate 

that the magnetic direction from 1a and 1b showed no significant confirming this theory 

and enabling the data to be combined. There was no other dating evidence associated with 

this isolated feature. 

 

Furnaces 2, 3a, 3b and 4 were all sunken shaft furnaces and located in close proximity 

to each other with furnace 3b cutting into the wall of furnace 3a. All four contained late 

Iron Age ceramics within their shaft, grog and shell tempered wares typical of the area (Hall 

2008a). All were exceptionally well preserved, except furnace 4 which showed some 

medieval plough damage to the wall. Therefore two areas of this furnace was sampled, an 

apparently undisturbed section of the wall (4a) and the floor (4b). Comparison of the 

magnetic directions from 4a and 4b shows no significant difference between them, which 

suggests that they can be combined. It also suggests that in this case no magnetic refraction 

effects were observed between the wall and floor of the furnace. Comparison of the 
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magnetic directions from furnaces 2, 3a, 3b and 4 reveal that they are all indistinguishable. 

From the stratigraphic evidence 3b is later than 3a (3b truncates 3a) so can assume that 4, 2 

and 3a were in use at the same time with 3b being slightly later. 

 

Furnace 5, the D-shaped furnace was to the west of the main group of sunken shaft 

furnaces and had evidence for at least 9 relining events. The outer lining, presumed to be 

the last relining, was sampled for archaeomagnetism. Again the same grog tempered late 

Iron Age ceramics were found within the furnace along with a cordoned urn with 

corrugated neck, which suggests a late Iron Age date for the end of use of this feature. 

 

In this study comparison of the mean magnetic directions of all the six furnaces using 

statistical procedures developed in palaeomagnetic studies (McFadden & Lowes 1981; 

McFadden & McElhinny 1990) revealed that Furnace 1 (bowl furnace) and Furnace 5 (D-

shaped furnace) are different, both to all the others and each other. These two features 

were also separate to the main cluster of furnaces, Furnace 1 was at far eastern edge of the 

excavated area and Furnace 5 was west of the main group. However there is insufficient 

differentiation in the associated ceramic assemblage to provide anything other than a 

relative order of use for these furnaces. From the associated archaeological details (Hall 

2008a;  b) it is only possible to provide an age range of 100BC-AD80 to all the furnaces. 

Figure 110 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

AM98 356.3 57.4 4.2 New data 10BC±90 
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AM99 358.2 67.4 2.3 New data 10BC±90 

AM100 355.3 65.4 1.9 New data 10BC±90 

AM80 348.7 65.6 3.5 New data 10BC±90 

AM101 2.8 64.1 3.6 New data 10BC±90 

AM102 11.3 66.7 5.1 New data 10BC±90 

AM103 355.4 71.2 3.3 New data 10BC±90 

Figure 110: Table summarising the magnetic and chronological information from Prior’s Hall that will be 

included in the archaeomagnetic master curve. 
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Site 54: Flixton Park Quarry, Suffolk (TM 285 855) 

 

Contact: Stuart Boulter, Suffolk County Council 

 

Excavations at Flixton Park Quarry were undertaken as part of ongoing assessment in 

advance of sand and gravel extraction by Cemex Ltd (Boulter 2004). During these 

excavations two kilns were uncovered in the area excavated as FLN 062 and both were 

sampled for archaeomagnetic dating. FLN 062 was an area of approximately 2.25 hectares 

and the archaeology recovered has been attributed to fourteen phases (Boulter 2006: 78f, 

table 7). Both kilns have been allocated to Period IIb, early second century to late third 

century AD, on the evidence of the associated pottery assemblage (Boulter 2006: 92). 

Figure 111 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Context 
0016 

356.6 66.4 2.5 New data AD200±50 

Context 
0014 

3.7 64.0 3.7 New data AD200±50 

Figure 111: Table summarising the magnetic and chronological information from Flixton Park Quarry 

that will be included in the archaeomagnetic master curve. 

 



209 
Appendix 2: Gazetteer of sites examined 

Site 55: West Stow, Suffolk (TL 641 634) 

 

Contact: Jess Tipper, Archaeological consultant to West Stow Anglo-Saxon village, 

Suffolk County Council Archaeological Service 

 

This site of West Stow, on the north bank of the River Lark, was discovered in the 

1940’s when two Romano-British Pottery kilns were excavated, this was followed by larger 

scale excavations in the locality during the 1950’s. This area was excavated again for the 

Department of the Environment between 1965 and 1972 and revealed a multi-period site, 

yielding evidence for a Mesolithic industry, Neolithic cemetery, Iron Age settlement, 

Romano-British ceramic industry and an Anglo-Saxon settlement (West 1985;  1990). A 

total of 12 samples for radiocarbon dating(Jordan et al. 1994) and one feature was sampled 

for archaeomagnetic dating (Clark et al. 1988). At least ten Romano-British pottery kilns 

have been found in this general area, most of these were discovered during the excavations 

before 1960 (West 1955). Potentially three different kiln typologies can be recognised at 

this site and although each kiln contained ceramic fragments they tended to contain soot 

and ash but no charcoal. 

 

In order for the magnetic directions from this feature to be included in the reference 

curve it is necessary to obtain an estimate of the when they were last used. As most of the 

samples collected for radiocarbon dating related to the Anglo-Saxon settlement, the 

ceramic assemblage was utilised to provide an indication of when the feature was last 

heated. Whole pieces or wasters found within structure were presumed to be from its’ last 

use, so it was possible to use the ceramics to provide a terminus post quem for the heated 
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structure. This involved determining the overall date range for the assemblage of ceramic 

fragments associated with the fired feature sampled for archaeomagnetic dating. The 

magnetic direction from West Stow is already incorporated into the archaeomagnetic 

reference curve for the UK (Zananiri et al. 2007), the purpose of this research is to re-

evaluate the date attributed to each magnetic direction that relates to the portion of the 

curve that describes the section from 1000BC-AD100. The date range currently in the 

database is AD100 (with no error range quoted), from the dating suggested in the 1952 

excavation report. Results from the analysing the complete ceramic assemblage have 

suggested that this date range is extended from AD100-120 to AD80-150 (West 1990: 92), 

so this revised date range will be applied to magnetic direction from West Stow. Figure 112 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

18 358.0 67.2 3.2 AD100±0 AD115±35 

Figure 112: Table summarising the magnetic and chronological information from West Stow that will be 

included in the archaeomagnetic master curve. 
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Site 56: Whitehall Farm, Northamptonshire (SP 660 584) 

 

Contact: Dr Stephen Young, University of Northampton 

 

Since 2000 the site of Whitehall Farm in Northamptonshire has been excavated over 

successive summers by a mixture of experienced and amateur archaeologists. This area was 

targeted for excavation as geophysical survey over 5 hectares of farmland had revealed an 

extensive area of archaeological features, which were interpreted as field systems. The 

excavations are still on-going but to date a collection of Iron Age roundhouses, a Roma villa 

and bathhouse complex and an Anglo Saxon hall, farmstead and cemetery have been 

uncovered, which shows considerable continuity of settlement. Two features were sampled 

for archaeomagnetic dating samples: context 104, a stoke hole in the Praefurnium within 

Bath house 1 and context 101, a stone slab from the base of one of the post holes for a post 

Roman structure. Both of these contexts showed evidence for in situ heating so considered 

suitable for archaeomagnetic analysis. In order for these magnetic directions to be included 

in the reference curve it is necessary to obtain an estimate of the when bath house 1 was 

used for the last time and for when the post Roman timber structure burnt down.  

 

Although the human remains from the cemetery were sampled for radiocarbon dating, 

no other organic material recovered from the structures was radiocarbon dated. 

Chronologically diagnostic pottery was recovered across the area of the timber structure 

and bath house 1 (Young 2005). This suggests that there was an association between these 

two structures. This is supported to some extent by the archaeomagnetic directions, as 

they are very similar. Although the magnetic direction from the timber structure (context 



212 
Appendix 2: Gazetteer of sites examined 

101) was scattered suggesting that the stone sampled had experienced some movement 

since it was last heated; generally an alpha-95 value greater than 5° is considered too 

scattered for dating purposes (Clark et al. 1988). So, although the date from context 101 

cannot be considered reliable, the magnetic direction can be used in the reference curve. 

The assemblage of pottery recovered from contexts sealing both Bath House 1 and the 

post-Roman timber structure suggest a terminus post quem for these structures of the 6th 

century AD. This use of the dating evidence may not fall in with the current interpretation 

of the development of this site. It would be possible to address any issues if there was any 

chronologically diagnostic evidence recovered from below post Roman timber building, for 

example in the drains or if there was a direct stratigraphic relationship between these 

buildings and any of the burials. Figure 113 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 104 4.0 69.2 2.8 New data AD550±50 

Context 101 4.8 71.6 7.8 New data AD550±50 

Context 204 
& 205 

349.4 60.2 6.2 New data AD550±50 

Figure 113: Table summarising the magnetic and chronological information from Whitehall Farm that 

will be included in the archaeomagnetic master curve. 
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Site 57: Former Bridgeman Joinery Works, Bedfordshire (SP 950 567) 

 

Contact: Mike Luke, Albion Archaeology 

 

Excavations at the Former Bridgeman Joinery Works revealed a series of keyhole 

shaped features, interpreted as a drying or malting ovens (Luke & Preece forthcoming). 

From the overall shape of these features, previous work suggests that it was in use during 

the 3rd and 4th centuries AD (Morris 1979: 20). However, at this site the ovens were 

assigned to Phase 3 of this site and examination of the archaeological assemblage 

recovered from this phase suggests that it dates to 1st-3rd centuries AD. Two ovens were 

sampled for archaeomagnetic dating, G69 and context 2708. Feature G69 contained an 

assemblage of spelt wheat, emmer wheat, oats and barley but these were not submitted 

for radiocarbon dating so only the evidence from the ceramic assemblage was available to 

date the last firing event of these ovens. Figure 114 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Date in curve 

G69 1.3 64.5 2.8 New data AD200±100 

Context 
2708 

348.2 66.2 15.1 New data AD200±100 

Figure 114: Table summarising the magnetic and chronological information from Former Bridgeman 

Joinery Works that will be included in the archaeomagnetic master curve. 
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Site 58: Castle Mill Airfield, Bedfordfordshire (TL 049 497) 

 

Contact: Jeremy Oetgen, Albion Archaeology 

 

As part of a large scale project at Willington Quarry, several smaller sites were 

excavated including Castle Mill Airfield, Octagon Farm, Dog Farm and Willington Quarry 

North (Albion-Archaeology 2004). Three kilns were revealed at Castle Mill Airfield, which 

were sampled for archaeomagnetic dating (Noel 2006). Associated ceramic evidence 

suggested that these may have been used during the late Roman period, AD200-400, 

however, until the assessment of the pottery has been completed (Albion-Archaeology in 

prep) the dating remains provisional. The validity of the assumption that all three kilns were 

last in use at the same time was checked by comparing the magnetic directions utilising the 

statistical procedure developed in palaeomagnetic studies (McFadden & Lowes 1981; 

McFadden & McElhinny 1990). This revealed that all three kilns recorded the same 

direction (at 95% confidence), which supports the suggestion that they all went out of use 

at the same time. Figure 115 provides details of the magnetic and chronological data 

recovered from this site but they will not be incorporated into the archaeomagnetic master 

curve at this time. This is at the specific request of the excavators because the post 

excavation work is still on-going and it would be premature to include these data as 

presented here. 
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Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 11127 353.8 69.3 4.5 New data AD300±100 

Context 11131 356.8 68.7 5.1 New data AD300±100 

Context 11244 354.4 66.5 2.3 New data AD300±100 

Figure 115: Table summarising the magnetic and chronological information from Castle Mill Airfield, 

these data will not be included in the archaeomagnetic master curve at present. 
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Site 59: Rainsborough, Northamptonshire (SP 453 403) 

 

Contact: Andy Chapman, Senior Archaeologist, Northamptonshire Archaeology. 

 

Rainsborough is an Iron Age fort located in South Northamptonshire and is arguably 

one of the earliest forts to display a stone faced rampart (Cunliffe 2005: 359). This first 

rampart was later replaced by a double rampart and ditch complex (Avery et al. 1967: 

210f). This re-working of the outer perimeter into a double rampart has been classed as 

phase 2a. During this phase two stone-lined, C-shaped rooms were set into the return of 

the inner entrance and as one was placed on either side they have been interpreted as 

“guard houses”. The occupation of these guard houses is phase 2b, and during this phase 

the “guard room” floors were remade. Phase 3a marks the end of use of the “guard rooms” 

when the fort was deliberately burnt and the roof of these rooms collapsed inwards. The 

excavation record suggests that subsequent occupation at this site ignored the guardroom 

entrance (Avery et al. 1967). A total of five radiocarbon dates have been obtained from this 

site (Pearson & Pilcher 1975: 228), two of them relate to the guard rooms at the entrance 

of the hill fort: one from the northern guard room (UB-737) and from the southern guard 

room (UB-853). Both these dates were obtained from wood charcoal so it is likely that the 

radiocarbon dates are distinctly earlier than the use of the guard rooms in which they were 

eventually incorporated. In addition one set of archaeomagnetic samples were extracted 

from the hearth in the north guard house (Aitken & Hawley 1966). The archaeomagnetic 

event being dated is the last use of the hearth; this can be assumed to be concurrent with 

the burning down of the fort.  
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It has been argued that the construction of the double rampart and ditch dates to the 

fifth century BC (Cunliffe 2005: 357) but this is based on using individual radiocarbon dates 

which cannot be directly related to the construction of the rampart or use of the guard 

houses. The other associated dating evidence can be interpreted in several ways so 

definitive dating of the double rampart and ditch complex remains unproven. The original 

phasing of the site (Avery et al. 1967) places phase 3a, the deliberate burning of the 

entrance as occurring during 450-300BC. This dating is based on the discovery of a broken 

bronze ring in the ash near the hearth in the north guard room. Although at the time there 

were no direct parallels for this ring in Britain, a 4th century BC date was reached by 

considering the technique of manufacture of this object, leading to the conclusion that it 

was at least Halstatt period. By considering aspects of the design it was suggested that it is 

La Tène, mainly due to the spiral motif (Avery et al. 1967: 288). However, it should be 

possible to incorporate the radiocarbon dating evidence (Pearson & Pilcher 1975) and the 

stratigraphic details available (Avery et al. 1967) and model the events that created the 

archaeological record. Then by applying Bayesian logic calculate the most likely date range 

that the hearth was last used given all the other stratigraphic relationships, called a 

posterior density estimate.  

 

The results of using the archaeological information in this way is provided in figure 116. 

Overall this sequence shows excellent agreement, 91.8%, above the critical value of 60.0%. 

This demonstrates that the radiocarbon determinations match their stratigraphic positions. 

The posterior density estimate for the hearth suggests that the hearth in the north guard 

room was in use between 750 and 490 cal BC at 95% probability, see figure 117. However, 

this does not overlap with the date range for the end of use of the guard house proposed 

by Avery of 450-300BC but has been obtained using the radiocarbon determinations of 
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mature charcoal. Furthermore, it is not possible to improve the precision any further for 

two reasons: firstly the nature of the material sampled for radiocarbon dating and secondly 

the lack of a direct relationship between the hearth and samples UB-854 and UB-855. The 

stratigraphically earliest of the samples submitted for dating were wood timbers from the 

construction of the guard houses. It was possible to apply a correction to UB-853, as this 

sample was of 25 year old ash wood but this was not possible for the oak timber sampled 

for UB-853 as there was no estimate of the age of the tree. It is difficult to relate the cutting 

down of a tree to the use of a building but these dates were more likely to represent the 

construction of the guard houses. The model suggests that this happened between 1020-

500BC. Only one sample UB-736 could be directly related to the destruction of the entrance 

as it was sampled from debris from the burning. Finally the last two samples UB-854 and 

UB-855 had no direct stratigraphic relationship to the hearth in the north guard room. 

Figure 118 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 

 

 

Figure 116: Probability distributions for the radiocarbon determinations from Rainsborough. 
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Figure 117: Posterior density estimate for the burning event as calculated within the sequence of events 

recorded at Rainsborough.  

 

Sample Dec Inc Alpha-95 
Previous estimate 

of date range 
Revised date 

range 

RA 357.6 67.1 2.8 375BC±75 620BC±130 

Figure 118: Table summarising the magnetic and chronological information from Rainsborough that will 

be included in the archaeomagnetic master curve. 
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Site 60: Gloucester, Gloucestershire (SO 829 187) 

 

Contact: Phil Greatorex, Gloucester County Council 

 

There are two instances of Roman sites excavated in Gloucester city centre during 

1966, at Market Hall and the New College of Art, Brunswick Road. The reports and archives 

of either site do not mention any archaeomagnetic dating (Greatorex 2009 pers. comm. 

30/07/09) but three kilns were discovered on Brunswick Road, outside the east ditch of the 

Roman fortress and one of these was sampled for archaeomagnetic dating (Aitken & 

Hawley 1967). These kilns were believed to be late first century AD from the associated 

artefact assemblage and by drawing parallels to the assemblage recovered from Market 

Street (Hassel & Rhodes 1974). It is not possible to refute the age range currently allocated 

to these directions without any further information and they appear to reflect the 

associated archaeology so shall remain unchanged. Figure 119 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. Both directions are from the same kiln, “Kiln” includes 

samples from the floor, wall and pillar whereas “Kiln floor” just includes samples taken 

from the floor  

 

Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

Kiln 2.7 64.9 2.6 AD70±10 AD70±10 

Kiln floor 359.3 62.5 0.6 AD70±10 AD70±10 
Figure 119: Table summarising the magnetic and chronological information from Gloucester that will be 

included in the archaeomagnetic master curve. 
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Site 61: Ascott-under-Wychwood, Oxford (previously Ascott) (SP 300 

188) 

 

A Neolithic barrow at Ascott-under-Wychwood was excavated during 1965-1970 due to 

the planned straightening of the B4437 that bent around it, threatening the barrow 

(Benson 1971). The barrow appeared typical of the Cotswold long barrow, total length of 50 

metres and trapezoidal in shape, 15.8 metres at one end and 7 metres at the other. Yet this 

barrow was unusual in that a row of megalithic chambers was discovered at the “wrong” 

(i.e. narrow) end of the barrow. There is evidence in the method of construction that the 

barrow was constructed in a single phase of activity. Upon empting, the remains of at least 

23 individuals were recovered and all three burial rites were represented: internment, 

excarnation and cremation. Underneath the long barrow at least two phases of activity 

were identified. There was also evidence of a potentially Neolithic settlement via the 

distribution of finds in regular, concentrated grouped across the site. Although the outline 

of any structures was not recovered, this patterning sealed under the barrow suggests that 

several permanent structures were involved. A total of seven radiocarbon determinations 

and a single archaeomagnetic direction were obtained from this Neolithic site (Aitken & 

Hawley 1967; Burleigh et al. 1976). 

 

Bayesian analysis of the radiocarbon determination demonstrates that the sequence 

shows excellent agreement, with the agreement index of 82.5%, well above the critical 

value of 60.0%, see figure 120. The sequence suggests that not much time elapsed between 

the end of the Neolithic occupation and the construction of the barrow, this may be an 

illusion created by the choice of sample material, as all samples were of unidentified 

charcoal. On the immediate pre-barrow surface there was a single hearth which provided 



223 
Appendix 2: Gazetteer of sites examined 

samples for both archaeomagnetic and radiocarbon dating. As both samples were retrieved 

from the same context the posterior density estimate for BM-491b will be used to provide 

an estimate of the date for the magnetic direction, see figure 121. In 2003-4 a further series 

of 37 samples were submitted for AMS radiocarbon dating and these were incorporated 

with the earlier determinations into an interpretative Bayesian framework (Bayliss et al. 

2007). The results from these did not contradict either the original interpretation that the 

use of the barrow was short lived or the overall date range it’s’ use. The re-assessment did 

provide an age estimate that was consist with the previous radiocarbon dates but provided 

far greater precision for the construction of the barrow around 3760-3695 cal BC. Figure 

122 provides details of the magnetic and chronological data recovered from this site as they 

will be incorporated into the archaeomagnetic master curve. 

 

 

Figure 120: Probability distributions for the radiocarbon determinations retrieved from Ascott-under-

Wychwood. 
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Figure 121: Posterior density estimate for BM-491b retrieved from the hearth at Ascott-under-

Wychwood. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

AW 9.9 71.2 1.2 3250BC±750 3728BC±35 

Figure 122: Table summarising the magnetic and chronological information from Ascott-under-

Wychwood that will be included in the archaeomagnetic master curve. 
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Site 62: Peldon, Essex (previously Red Hill) (TL 997 252) 

 

Many sites exist along the Essex coast that were involved in salt production during 

antiquity; they are characterised by reddened earth so are locally known as Red Hills 

(Sealey 1995). During 1973 red earth was noticed in the walls of a sea wall erected 300 

years previously. This instigated some archaeological investigations by Colchester 

Archaeological Group on the seaward side of the dyke during 1973-1976 (de Brisay 1978). 

Two large tidal basins were discovered and a quantity of britquetage. Although excavation 

in a tidal zone was challenging, evidence for three evaporation tanks and a solid platform of 

reddened material, referred to as the “western hearth” was uncovered. The hearth 

contained fire bars, container rims, carbonized wood and lumps of green glazed clay, given 

its’ proximity to the sea the excavators hypothesised that this was salt manufacturing site. 

Three samples were taken for radiocarbon determination (Jordan et al. 1994: 134) and the 

hearth was sampled to obtain an archaeomagnetic direction (Clark et al. 1988). 

 

Only a limited assemblage of ceramics was recovered, but a half a Belgic butt-beaker of 

Camulodunum type 115-118 was recovered from three different find spots (de Brisay 

1978), which is generally dated to the end of the first century AD (Tyers 1996: 64). A survey 

of other Red Hill sites in the area suggest that salt production in this area was centred on 

the period AD10-70 and that the presence of any later Roman material is related to re-used 

of the landscape for sheep management to support textile industry (Sealey 1995). All of the 

radiocarbon determinations from this site (HAR-1832, HAR-2073 and HAR-2390) had 

evidence of bark and are from the base of the hearth, so below the contexts sampled for 

archaeomagnetism. This has two implications, that although mature timbers were sampled, 

the material represented new growth and that these radiocarbon dates can only provide a 
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terminus ante quem for the hearth. When placed in stratigraphic order the sequence of 

determinations shows excellent agreement with an overall agreement index of 95.3%, well 

above the critical value of 60%, see figure 123. By placing these determinations into a 

model it is possible to calculate the most likely date range for the end of the sequence, in 

this case these posterior density estimates suggest that the base of the hearth was sealed 

sometime between 20 cal BC and cal AD180 at 95.3% confidence. 

 

 

Figure 123: Probability distributions for the radiocarbon determinations from Peldon. 

 

Taking all these different strands of information together it is possible to suggest that 

AD10-70 is a likely date range for the last use of this hearth. Figure 124 provides details of 

the magnetic and chronological data recovered from this site as they will be incorporated 

into the archaeomagnetic master curve. 

 

Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

Hearth 1 356.0 68.5 1.3 AD22±21 AD40±30 
Figure 124: Table summarising the magnetic and chronological information from Peldon that will be 

included in the archaeomagnetic master curve. 
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Site 63a: City Farm, Oxfordshire (SP 439 143) 

 

A series of archaeological sites were excavated during a decade of gravel extraction by 

John Brown Ltd. from a strip of terrace gravel between Eynsham-Stanton Harcourt between 

1955 and 1964. Most of the archaeology had been previously identified in aerial 

photographs and numerous archaeological observations during large scale quarry in the 

region since 1930 (Case et al. 1965). Due to limited resources only selected rescue 

excavations were undertaken by Ashmolean Museum with a significant proportion of the 

work undertaken by the Oxford University Archaeological Society. 

 

Sites 1-6 appeared to have been a series of ring ditches containing Bronze Age burials 

and it was postulated that these belonged to successive generations of the same 

population. There was evidence recovered that suggests these monuments were re-used as 

a focus for an Anglo-Saxon cemetery. Two Iron Age settlements were also discovered in the 

vicinity, one, the “Eastern Settlement” contained evidence for iron-working but neither 

showed any evidence for continuity into the Roman period (Case et al. 1965). The 

archaeomagnetic sample was collected from a small oven or fire pit from the “Western 

Settlement”, either pit 81 or 95, it is not clear from the excavation report as both are 

described as small oval hearths which match the description given by Aikten (Aitken & 

Hawley 1967). Although some radiocarbon determinations were obtained for the Bronze 

Age ring-ditches none were recovered from the later settlements. The artefactual 

assemblage recovered from the “Western Settlement” is limited but the ceramic evidence 

suggests a date range of late 3rd to 2nd century BC. In the absence of other evidence the 

date range suggested by Dennis Harding’s assessment of the West Settlement assemblage 

(Case et al. 1965: 79-87) will be used to date the hearth from City Farm. Figure 125 provides 
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details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc 
Alpha-

95 

Previous 
estimated date 

range 

Revised 
date range 

CF 357.5 72.3 3.1 75BC±25 175BC±75 
Figure 125: Table summarising the magnetic and chronological information from City Farm that will be 

included in the archaeomagnetic master curve. 
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Site 63b: Tuckwell’s Gravel Pit, Oxford (previously Long Hanborough) 

(SP 418 141) 

 

Contact: Susan Lisk, Oxfordshire County HER 

 

This site comprises of two kilns that were salvaged during gravel extraction in 

Tuckwell’s Pit during 1959 (Sturdy & Young 1976). Kiln 1 is a variant of the updraught kiln, a 

deeply set kiln with clay lining and central pedestal with a stoke hole at the base of a 

chimney like superstructure. Kiln 2 was a single chambered kiln with long flue and integral 

pedestal but both are believed to relate to local imitations of La Tène technology (Sturdy & 

Young 1976). These represent the earliest known kilns in the Oxford region and appear to 

have supplied local demand for ceramics (Swan 1984: 102-104). Both kilns contained a 

considerable amount of kiln furniture and pottery and the range of ceramic types from both 

kilns is very similar. It is not clear from the report which of the two kilns was sampled for 

archaeomagnetic dating, but the similarities in the ceramic assemblage recovered from 

them both and their apparent isolation indicates that their use would have been 

contemporary. The most chronologically diagnostic find was of platters derived from terra 

nigra form Camulodunum 16 in Kiln 1, which is placed at AD40-85 (Tyers 1996: 164, table 

51). Detailed analysis of the ceramic assemblage has lead the excavator to suggest that the 

ceramics all date to after the conquest and that it was largely based on the pottery already 

produced in the region. Details on the precision of the magnetic direction were not 

included in the report, so an arbitrary value of 5° has been used as this is the limit of 

precision deemed suitable for dating (Clark et al. 1988). It is highly probable that the actual 

precision was higher than this but in the absence of the original data, this should be 
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sufficient. Figure 126 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

archaeological date 
range 

Revised data 
in database 

LH 349.0 71.4 5.0 AD50±25 AD65±25 

Figure 126: Table summarising the magnetic and chronological information from Tuckwell’s Pit that will 

be included in the archaeomagnetic master curve. 
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Site 64: Yarnton, Oxfordshire (SP 469 109) 

 

Contact: Paul Linford and Peter Marshall, English Heritage 

 

Evidence for a variety of prehistoric activities, ranging from Neolithic funerary to later 

Iron Age settlements has been revealed during archaeological excavations in gravel 

extraction pits in the Upper Thames valley (Linford et al. 2005). The independent dating 

from this site comprises an archaeomagnetic date and two radiocarbon determinations 

(OxA-10707 and OxA-10708) recovered from a feature originally interpreted as a boundary 

ditch. The radiocarbon determinations were both from macro-fossil samples of aquatic 

plant material recovered from organic material at the base of the ditch fill. Although these 

two determinations are from the same context they have not been combined, as it is not 

possible to know that the organic material was living during the same year or even decade. 

Therefore they were modelled as belonging to the same phase overall this sequence shows 

excellent agreement, see figure 127, with an overall agreement index of 95.8%, well above 

the critical value of 60.0%. The archaeomagnetic samples were of the same sediments at 

the base of the ditch that had acquired a concentration of remanence carrying magnetic 

minerals derived from magnetotactic bacteria. 
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Figure 127: Probability distributions for the radiocarbon date from Yarnton. 

 

The presence of magnetite magnetsomes derived from magnetotactic bacteria is 

considered indicative of a micro-aerobic environment and can represent a possible proxy 

for changes in climate (Snowball 1994; Maher & Hounslow 1999). As the radiocarbon 

determinations were sampled from the basal organic rich layer that contained the 

magnetosomes it should be possible to use the radiocarbon determinations to provide a 

date for the archaeomagnetic direction. This application of the radiocarbon determinations 

assumes that the conditions favourable for magnetotactic bacteria were short lived. As the 

aquatic plants would have thrived in an oxygen rich open ditch but the magnetotactic 

bacteria would have thrived in oxygen depleted buried environment. Therefore the event 

dated by radiocarbon is the change of environment toward that favourable to the 

magnetotactic bacteria, which in turn would only have recorded the contemporary 

geomagnetic field after death. Given the precision with the age errors can be determined 

these events are considered to be contemporary in this situation so a date range of 345-

115 cal BC obtained from the phase boundaries will be applied. Figure 128 provides details 

of the magnetic and chronological data recovered from this site as they will be incorporated 

into the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

YARN 3.4 70.2 2.0 New data 230BC ± 115 

Figure 128: Table summarising the magnetic and chronological information from Yarnton that will be 

included in the archaeomagnetic master curve. 
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Site 65: Glebe Place, Wiltshire (SU 200 924) 

 

Contact: Donna Young, Avon Archaeological Unit 

 

Archaeological excavations were undertaken at Highworth near Swindon in advance of 

redevelopment of an area of the town occupied by a 1960’s shopping precinct and car 

parking. Excavation was carried out in light of the results from a desk based assessment and 

was designed to record a sample of the archaeology present within the footprint of the 

proposed residential area. Within the small plot of land evidence for occupation from 

Roman through the post medieval periods was recovered (Young 2008). 

 

A small brick kiln was uncovered in Phase 11.2, the second phase of post-medieval 

activity and was sampled for archaeomagnetic dating. The kiln had been sunk into the clay 

substrate so was mostly subterranean. It had been backfilled with a series of mixed 

deposits, which mostly consisted of brick wasters. Datable artefacts recovered from the fill 

included an Anglo-Saxon annular loomweight, in three fragments, and post-medieval locally 

produced redware sherds. Cartographic results from the desk based assessment suggest 

that brick making at this location had ceased by the late 18th century as the land is recorded 

as a vacant plot on a 1779 enclosure plot; thus providing a terminus ante quem for the kiln. 

The brick wasters were dated by typology to mid-17th to mid-18th century and the presence 

of local ceramics in the infill of the suggested a date range of 16th -18th centuries. Taking all 

these strands of evidence together it is possible to suggest that the kiln was most likely last 

used sometime between the mid-17th and mid-18th centuries AD. Figure 129 provides 
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details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 
1002 

0.8 70.8 1.2 New data AD1700±50 

Figure 129: Table summarising the magnetic and chronological information from Glebe Place that will be 

included in the archaeomagnetic master curve. 

 



238 
Appendix 2: Gazetteer of sites examined 

Site 66: St Martin in the Field, Trafalgar Square, London (TQ 300 804) 

 

Contact: Alison Telfer, MoLAS 

 

A tile kiln, context 1424, was sampled from the site of St Martin in the Field (Noel 

2005c). It was constructed of Roman floor tiles suggesting that it was of Roman date. There 

was collection of burials and a settlement of 5th century date 50 metres away to the north-

west and north respectively. Unfortunately there were no artefacts or other features 

directly associated with this feature but the dating directly above the features appears to 

6th century AD (Telfer pers comm.). As it had been sealed below the concrete floor of a 

Victorian vault it is difficult to assign a terminus post quem for this structure. In light of this 

the only recourse at the moment is to assign a sixth century AD date to this feature until 

other information comes to light, see figure 130. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 1424 11.6 71.3 2.6 New data AD550 ± 50 

Figure 130: Table summarising the magnetic and chronological information from St Martins in the Field 

that will be included in the archaeomagnetic master curve. 
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Site 67: Moor Hall Farm, Essex (previously Rainham) (TQ 520 822) 

 

Contact: Pam Greenwood 

 

In the advance of gravel extraction by Cawoods Aggregates Ltd., total excavation of a 

crop mark site was carried out by the Passmore Edwards Museum during 1979-1981 

(Greenwood 1982). Trial trenches had been opened in 1977 to rescue some of the areas 

under immediate threat; all the excavations were funded jointly by the Department of the 

Environment and the London Borough of Newham. Although evidence for occupation from 

the late Bronze Age through to the late Roman and 19th-20th century, the main reason for 

excavating this site was to examine the triple ditched enclosure that dominated the 

cropmark (Greenwood 1982: 189). Samples from the ditch sediment were taken for 

archaeomagnetic dating (Clark et al. 1988) and although the magnetic directions recovered 

are scattered, typically an alpha-95 value less than 5° is deemed suitable for dating 

purposes (Clark et al. 1988); these data are in the database used to construct the current 

British archaeomagnetic calibration curve, so are worth re-evaluating. Detailed work on the 

ceramics recovered from inside the enclosure has suggested that the settlement was in use 

during the late Iron Age but was abandoned around AD40-50. Given that the magnetic 

direction from the ditch represents the silting up of this feature, a date of AD40-100 will be 

applied to these data. Figure 131 provides details of the magnetic and chronological data 

recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. 

 

Sample Dec Inc Alpha-95 Previous estimated Revised date 
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date range range 

RAI/M 3.1 64.9 11.3 79BC±122 AD70±30 

Figure 131: Table summarising the magnetic and chronological information from Moor Hall Farm that 

will be included in the archaeomagnetic master curve.
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Site 68: Mucking, Essex (TQ 674 806) 

 

The site of Mucking is on a gravel terrace overlooking the Thames estuary. Excavations 

have revealed an extensive continuity of settlement from prehistory through to the Saxon 

period (Clark & Hamerow 1993). Excavations were begun by the Mucking Excavation 

Committee but the remaining three quarters of the area was excavated by the Central Unit 

from 1978 onwards. A total of 17 radiocarbon determinations (Jordan et al. 1994: 115-118) 

and two magnetic directions were obtained from this site (Clark et al. 1988). The discussion 

below will focus on the archaeology that relates directly to those features sampled for 

archaeomagnetic directions, sediments from the North Ring earthwork (Jones 1977a) and 

from a pit believed to have been involved in salt manufacture (Jones 1977b; Jones & Bond 

1980). 

 

Samples were retrieved from the North Ring for both radiocarbon determinations, HAR-

2911 and HAR-2893 (Jordan et al. 1994) and archaeomagnetic direction, MUC/2 (Jones 

1977a). All the material sampled belonged to Phase 5 but the radiocarbon samples were of 

charcoal from mature timbers. When these two determinations are placed in stratigraphic 

order, HAR-2911 is from the primary fill of the re-cut ditch and HAR-2893 is from 

immediately above the primary fill of the re-cut. When placed in stratigraphic order the 

sequence shows excellent agreement with an overall indexes of 119.1%, well above the 

critical value of 60%, see figure 132. By placing these determinations into a model it is 

possible to query the model and calculate the span of time elapsed between the primary 

and the secondary fills in the North Ring. This suggests a period of 380 years elapsed 

between these two deposits. Taking the period of overlap between the two posterior 

density estimate that spans 380 years provides date range of 1040-660 cal BC; given that 
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the material sampled was mature wood it is not possible to be any more precise. In this 

case the magnetic direction was recorded by the DRM mechanism. Therefore the event 

being dated in this case is when the ambient geomagnetic field was recorded by the ditch 

sediment and there is some debate regarding how well defined this phenomena is 

(Nourgaliev et al. 2005). Although imprecise, this date range agrees with the ceramic 

assemblage recovered from the North Rings described as Late Bronze Age (Jones & Bond 

1980). 

 

 

Figure 132: Probability distributions for the radiocarbon determinations from Mucking. 

 

With regards to the magnetic direction from the clay-lined pit containing artefacts 

associated with salt manufacture (Jones 1977b), no radiocarbon determinations were 

retrieved from this feature so this leaves typological dating from the artefacts recovered. 

The closest parallels to the cupped ended rods are European examples which have been 

given a date from the Bronze Age through to Hallstatt (Jones & Bond 1980). However, it 

was noted by the excavators that the magnetic direction from this pit was very close to the 

hearth from Weston Wood, Surrey (see page 150 (Jones & Bond 1980: 480, see Note 1)). 

This claim was investigated by comparing the magnetic directions utilising the statistical 

procedure developed in palaeomagnetic studies (McFadden & Lowes 1981; McFadden & 
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McElhinny 1990), which revealed that the magnetic directions from Weston Wood and the 

pit from Mucking (MUC/1) were not significantly different (95% confidence). Therefore 

given that the archaeological assemblages from both sites suggest a Late Bronze Age/Early 

Iron Age date and they are from adjacent geographical regions, it would seem reasonable 

to apply the date ranges from the Weston Wood hearth to the Mucking pit as originally 

suggested by the excavators. Figure 133 provides details of the magnetic and chronological 

data recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

MUC/1 31.0 68.0 5.1 800BC±200 590BC±230 

MUC/2 2.0 64.9 2.0 100BC±25 850BC±190 

Figure 133: Table summarising the magnetic and chronological information from Mucking that will be 

included in the archaeomagnetic master curve. 
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Site 69: Bury Wood Camp, Wiltshire (ST 751 647) 

 

The site of Bury Wood Camp is a bivallate hillfort that was excavated during the period 

1964-1967 by the local Excavation Club (King 1969). The earlier stages of the excavations 

focused on investigating the nature of the ramparts and the two entrances to determine 

the building technique. Within Cutting XX in the south east corner of the camp an irregular 

circle of blackened stone interpreted as a hearth was uncovered. This was associated with 

an assemblage of ceramics that are representative of the Later Iron Age, locally the Iron 

Age B group (King 1969: 41f). This feature was sampled for archaeomagnetic direction 

(Aitken & Weaver 1962) and in the absence of other evidence, the associated ceramics will 

be utilised to date this firing event. Figure 134 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 
in database 

BC 349.9 65.4 4.3 150BC±50 150BC±50 

Figure 134: Table summarising the magnetic and chronological information from Bury Wood Camp that 

will be included in the archaeomagnetic master curve. 

 



245 
Appendix 2: Gazetteer of sites examined 

Site 70: Savernake, Wiltshire (SU 222 651) 

 

Excavations at Savernake Forest were undertaken from 1957-1961, initially by Mr 

Annable of Devizes Museum (kilns 1 and 2) and latterly by Rev. Steele (kilns 3 to 7) (Luckett 

1970; Anderson 1979). During these excavations a total of seven kilns were revealed and 

one, kiln 3, was sampled for archaeomagnetic dating (Aitken & Weaver 1962). All the kilns 

showed evidence of re-lining and tended to fall within one of two types, circular with a 

single flue or oval shaped with two flues at either end. The ceramic assemblage suggested 

that all seven kilns were broadly contemporary dating to the end of the first century AD 

(Luckett 1970). The recovery of a coin of the emperor Domitian (AD81-96) from the stoke 

hole of kiln 2 supports an approximate date range of AD90±10. Kiln 2 and 3 were single flue 

kilns and the ceramics recovered from kiln 3 was identical in form and fabric to kiln 2 so the 

same date range will be applied. Figure 135 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Kiln 3 9.3 62.4 2.9 AD70-110 AD90±10 

Figure 135: Table summarising the magnetic and chronological information from Savernake that will be 

included in the archaeomagnetic master curve. 
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Site 71: Wallington, London (TQ 323 653) 

 

Contact: Clive Orton, University College London Institute of Archaeology 

 

Excavations were undertaken during 1976 in the front garden of 32 Burleigh Avenue 

after the discovery of a human skull in the front garden (Orton 1980). The area that is now 

Mr and Mrs Robinson’s back garden had previously been the location of Wallington Chapel, 

demolished in 1797, the remains of which were excavated in 1921 before the house was 

built. During the 1976 excavation on behalf of the Beddington, Carshalton and Wallington 

Archaeological Society, two inhumations, an oven and a possible floor surface were 

uncovered. The oven was sampled for archaeomagnetic dating but otherwise dating was 

based on the associated ceramic assemblage. Although individual sherds of Iron Age and 

Roman ceramic were discovered within a primary fill in the oven, these were believed to be 

residual as there is known Roman activity in the vicinity. The typology of the oven structure 

has been identified as either early Roman or Saxon and on balance the excavator has 

interpreted this and associated contexts as Saxon activity (Orton 1980 and pers comm). 

Figure 136 provides details of the magnetic and chronological data recovered from this site 

as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

archaeological date 
range 

Revised data 
in database 

WAL 0.4 61.0 6.6 No date range given AD738±330 

Figure 136: Table summarising the magnetic and chronological information from Wallington that will be 

included in the archaeomagnetic master curve. 
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Site 72: Springhead, Kent (TQ 602 689) 

 

Contact: Andy Crocket, Wessex Archaeology. 

 

The first serious excavation at Springhead was conducted between 1951-1963, by the 

Ministry of Works (MOW) (Penn 1958;  1959;  1960;  1964) as it was believed to be the 

location of the site of Vagniacae. Furthermore a walled cemetery, baths and a kiln had been 

found at the site during earlier investigations and road widening. The MOW excavations 

concentrated on a small area in One Tree Field and revealed a complex of five temples and 

shops associated with Watling Street. During the course of the MOW excavations 12 

features were revealed that were suitable targets for archaeomagnetic dating: hearths in 

Temples 1 (Penn 1959) and IV (Penn 1964), a furnace in the later phase of Temple I when 

the building was re-used as a smithy (Penn 1959) and a cluster of nine ovens parallel to 

Watling Street (Penn 1964). The area has recently been reinvestigated by Wessex 

Archaeology (Crocket pers comm.) and is in the final stages of compilation before 

publication. 

 

These later excavations at Springhead revealed a feature that was sampled for 

archaeomagnetic dating by English Heritage (Linford 2002). Due to issues with funding the 

post-excavation stages these excavations were not written up in time for the any 

assessment to be made on the date ranges that could be applied to these magnetic 

directions for inclusion in this thesis. Therefore these data will not be included in the 

current update but will wait until after the excavation is reported. 
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Site 73: Blacksole Farm, Kent (TR 149 576) 

 

Contact: Paul Wilkingson, Swale & Thames Archaeological Survey Company 

 

Excavations at Blacksole Farm revealed two features that were sampled for 

archaeomagnetic dating by GeoQuest Associates(Noel 2008b). These excavations were not 

completed in time for the any assessment to be made on the date ranges that could be 

applied to these magnetic directions. Therefore these data will not be included in the 

current update but will wait until after the excavation is reported. 
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Site 74: Potterne, Wiltshire (SU 004 613) 

 

Contact: John Dillon, Wessex Archaeology 

 

The recovery of a gold bracelet in a civic graveyard during grave digging in 1982 

prompted a series of excavations, which revealed 5 hectares of midden. This deposit was 2 

metres deep and covered an ancient surface containing numerous post holes and other 

associated features (Gingell & Lawson 1985). A hearth that related to pre-midden 

occupation was sampled but there is no mention of any datable objects or features that 

directly relate to this phase of occupation. All the ceramics recovered from the excavation 

dates to the late Bronze Age early Iron Age (English-Heritage 2007a). Many of the 

fragments recovered can be refitted (Gingell & Lawson 1985), suggesting that there has not 

been significant reworking of these deposits. The previous date range assigned to this 

magnetic direction is due to the results of 750BC (no error ranges quoted) produced from 

calibration by Tony Clark (English-Heritage 2007a). Without further supporting evidence the 

revised date will have to rely on the date provided by the ceramic assemblage. Figure 137 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date range 

18 42.9 70.2 2.7 850BC±50 850BC±150 

Figure 137: Table summarising the magnetic and chronological information from Potterne that will be 

included in the archaeomagnetic master curve. 
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Site 75: Bigbury Camp, Kent (previously Bigberry hillfort) (TR 149 

576) 

 

This site is a univallate hillfort with a northern annexe, currently interpreted as a cattle 

compound (English-Heritage 2007b). The last archaeological investigations were carried out 

between 1978-1980 and were funded by the Society of Antiquaries and the Kent 

Archaeological Society (Thompson 1983). The objective of these excavations was to 

determine when this hillfort, and by association others in the vicinity (Thompson 1979), 

were constructed and abandoned. Previously this site was believed to have built as an 

obstacle for Caesar after his second landing in Britain during 54BC (Jessup & Cook 1936). 

During excavation the main defences, the annexe and the cross dyke were sectioned and 

the internal area was subjected to geophysical survey where a total of 17 anomalies were 

identified, of these eight were examined in detail, providing evidence of occupation within 

the area of the hillfort. Two features were sampled for archaeomagnetic dating, the silt at 

the top of a clay lined water hole, CG/S and a small hearth, BIG/H; these were both 

anomalies that had been identified by the geophysics and were adjacent to each other 

within trench 1.  

 

Upon excavation it became apparent that the water hole had been deliberately filled. 

There was an abundance of pottery sherds present; many were from the same vessel, in 

addition to several iron and bronze metal artefacts. Collectively the artefact assemblage 

suggest a date of second to first centuries BC (Thompson 1983: 250-251). Charcoal samples 

were recovered from ash which formed the primary layer that had been deliberately tipped 

into the water hole and these were sent for radiocarbon determination, BM-1530 and BM-

1768N (Clark & Thompson 1989). Although original analysis of these samples suggested 
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that they could be combined (Clark & Thompson 1989) this is now only accepted in specific 

circumstances. These determinations were placed in a phase together and the this 

sequence shows excellent agreement with an agreement index of 107.9% and provides a 

posterior density estimate of 175-5 cal BC, see figure 138, which is in agreement with the 

date range estimated by the archaeological assemblage. Unfortunately, the choice of 

material sampled for radiocarbon dating prevents a more precise estimate of date. 

Regarding the hearth, other than its location within the same trench as the water hole, no 

other datable artefacts were reported within the feature. It seems reasonable to assume 

that the last use of this hearth would be contemporary with the filling in of the water hole. 

Comparison of the magnetic directions from these two features using the statistical 

methods developed by palaeomagnetic studies (McFadden & Lowes 1981; McFadden & 

McElhinny 1990) suggests that they are the indistinguishable at 95% confidence interval, 

leading support to the notion that they are recording the same ambient field. However, the 

hearth material sampled was from the “unstable” rim of the hearth (Clark in Thompson 

1983: 275) and this is reflected in the large error estimate associated with this magnetic 

direction, see figure 139, so the results from the statistical analysis are not entirely 

unexpected. Typically values less than 5° are deemed suitable for dating purposes (Clark et 

al. 1988) but in the absence of any other evidence the date range applied to the water hole 

will also be applied to the hearth. Figure 139 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. This analysis will be augmented by the inclusion of 

stratigraphic information in the dataset that is used to construct the revised reference 

curve. As the magnetic signal recorded within the water hole would have happened after 

the last firing of the hearth following the method suggested by outlined by Lanos and 

Schnepp (2004; 2009). 
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Figure 138: Probability distributions for the radiocarbon determinations BM-1530 and BM-1768N 

retrieved from the deposits in the waterhole at Bigbury Camp. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

CG/S 2.0 71.3 2.1 50BC±50 90BC±85 

BIG/H 5.7 66.4 9.1 85BC±15 90BC±85 

Figure139: Table summarising the magnetic and chronological information from Bigbury Camp that will 

be included in the archaeomagnetic master curve 
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Site 76: Thanet, near Margate, Kent (TR 371 611) 

 

Contact: Sarah-Jane Hathaway, Kent HER 

 

Despite extensive searching it has not been possible to either track down the original 

magnetic data, archaeomagnetic report or even clarify which excavation of potential 

Bronze Age sites the magnetic directions from Thanet come from. This is one of two 

“Mystery Sites” that will have to be left to future researchers, the other being Hants. The 

magnetic data will remain in the archaeomagnetic database but will not be used in the 

calibration curve until the corresponding archaeological details can be confirmed.  
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Site 77: Rose Hill, Surrey (TQ 253 502) 

 

Contact: Rob Poulton, Surrey County Council and Phil Jones 

 

Excavations at Rose Hill revealed a feature that was sampled for archaeomagnetic 

dating by GeoQuest Associates (Noel 2004a).The post–excavation analysis was not 

completed in time for the any assessment to be made on the date ranges that could be 

applied to these magnetic directions and included in this thesis. Therefore these data will 

not be included in the current update but will wait until after the excavation is reported. 
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Site 78: Weston Wood, Surrey (TQ 053 485) 

 

In advance of quarrying for sand outside Albury, Surrey during the 1960’s a site was 

discovered immediately above the sand pit. The rescue excavations were carried out over a 

series of years and revealed evidence for a small homestead (Harding 1964). This comprised 

a circular structure interpreted as a house with two other potential structures to the south, 

one four poster structure containing a quern stone set into the floor and the other a 

rectangular structure with four “fires” and a pit. To the north of the “house” was evidence 

of two plots showing evidence of cultivation in the sandy substrate. At the western most 

edge of the excavated area was a large pit containing a substantial quantity of grain, 

predominately six row barley (Hordeum sp.). One of the grains from this pit was 

radiocarbon dated Q-760, which provides a calibrated age range of 825-360 cal BC (Godwin 

& Willis 1964: 126), see figure 140. The excavator believed this range fits well with the 

regional ceramic assemblage and associated finds recovered from this site. The hearth 

sampled for archaeomagnetic dating was one of those in the rectangular structure (Aitken 

& Hawley 1966) and although not directly related to the pit, it has been interpreted as 

belonging to the same phase of activity so this calibrated radiocarbon date will be used to 

provide a date for the hearth. The excavator had reason to suspect that this “homestead” 

was only occupied for a short time, perhaps only a year (Harding 1964: 16). If this 

interpretation is accepted as plausible, it is reasonable to apply the radiocarbon date from 

the grain to the magnetic direction from this site particularly as the date in question is so 

imprecise. Figure 141 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 
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Figure 140: Plot showing the calibrated date range for the radiocarbon determination from Weston 

Wood. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

WW 33.5 65.1 5.5 510BC±110 590BC±230 

Figure 141: Table summarising the magnetic and chronological information from Weston Wood that will 

be included in the archaeomagnetic master curve 
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Site 79: Holmbury Camp, Surrey (TQ 060 390) 

 

This site is a multivallate hillfort with double ramparts and ditches forming most of the 

circuit and triple along the southern arc. It encloses an area of 3.6 hectares and was initially 

excavated in 1930 when La Tène III ceramics were recovered (SMR-02 2009). Re-analysis of 

the ceramics form these excavations suggest that they are La Tène II (Thompson 1979: 

265). This site was reinvestigated during 1974 following a geophysical survey of the internal 

area; both the survey and subsequent excavations were hindered by tree cover over most 

of the site. At this site the focus of the excavations was on what was considered to be the 

original entrance and five of the nine magnetic anomalies identified in the interior of the 

enclosure (Thompson 1979: 263-269). Material from context 24 interpreted as primary silt 

from the main ditch, which was V-shaped in section for archaeomagnetic dating. A 

decorated jar was sealed beneath the rubble collapse in the main ditch (Thompson 1979: 

300) which the excavator has used to suggest that the site was abandoned sometime 

between 200-50BC. A re-investigation of the ceramic assemblage from this site (Thomas 

2010) suggests that the duration of settlement was longer lived but does not refute this 

general estimate of when the site was abandoned. This date range does show some 

agreement with the evidence from the magnetic data, see figure 142, where comparison of 

the magnetic directions from the ditches of these three hillforts demonstrates that 

although both Felday and Holmbury are not significantly different to Hascombe, they are 

significantly different to each other at 95% confidence interval (McFadden & Lowes 1981; 

McFadden & McElhinny 1990). This suggests that Holmbury is likely to be earlier than 

Felday, which is concurrent with the re-evaulation of the archaeological date ranges 

prescribed to the magnetic directions at Felday, even though it was only possible to 

determine relatively large age ranges. Figure 143 provides details of the magnetic and 
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chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

 

Figure 142: Scatter plot showing the distribution of magnetic direction from three hillforts: Felday, 

Hascombe and Holmbury. 

 

Site Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Holmbury Context 24 350.4 64.8 3.0 75BC±25 125BC±75 

Felday FELD 0.4 66.1 3.1 AD22±21 15BC±85 

Figure 143: Table summarising the magnetic and chronological information from Holmbury and Felday 

that will be included in the archaeomagnetic master curve. 
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Site 80: Felday Hillfort, Surrey (TQ 060 390) 

 

A previously unrecorded hillfort was discovered during field survey and excavations 

during 1984-1985 by Surrey Archaeological Society (Field 1989). This C-shaped promontory 

enclosure consisted of a bank and ditch cutting off a north facing Greensand spur with the 

ditch and bank extending around the northern and western sides of the spur. The interior 

of the enclosure was re-used as a prisoner of war camp from 1914-1918 for civilian 

internment (Field 1989). Four trenches were laid out across the earthworks, trenches A to 

D. The objective in trenches A and B across the southern arc of the earthwork was to 

determine its nature and provide some date of construction. Trench A crossed the ditch 

and trench B investigated the interior. Due to a perched water table, these trenches 

repeatedly flooded so trenches C and D were laid out on the north-eastern arc in order to 

collect environmental and magnetic evidence. Sediments from the silting of the ditch 

exposed in Trench C were recovered for archaeomagnetic dating (Clark et al. 1988). The 

only dating evidence recovered from this site was retrieved from the ceramic assemblage 

recovered from Trench A. Collectively these ceramics had a lifespan of around 100BC 

through to AD70 but their position in the ditch was secondary, this lead the excavator to 

believe that the silting event dates to the first century AD.  

 

The ditch deposits from two other hillforts in the vicinity were also sampled for 

archaeomagnetic dating: Holmbury and Hascombe. Comparison of the magnetic directions 

obtained from these three ditches utilising the statistical procedure developed in 

palaeomagnetic studies (McFadden & Lowes 1981; McFadden & McElhinny 1990), revealed 

some interesting patterning, see figure 144. The magnetic directions from Hascombe and 

Holmbury showed no significant difference, which agrees with previous research on these 



260 
Appendix 2: Gazetteer of sites examined 

sites suggesting that they are broadly contemporary. Similarly the directions from Felday 

and Hascombe showed no significant difference but Felday and Holmbury were significantly 

different to each other (all at 95% confidence). These results are probably mostly due to the 

large errors associated with the magnetic direction from the ditch at Hascombe but could 

suggest that the ditches at Holmbury and Felday silted up at different times, which carries 

an implication for dating purposes, namely that Holmbury silted up before Felday. This is 

concurrent with the re-evaluation of the dating evidence from both these sites, although 

there is some overlap in the age ranges. Figure 145 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

 

Figure 144: Scatter plot showing the distribution of magnetic direction from three hillforts: Felday, 

Hascombe and Holmbury. 
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Site Sample Dec Inc Alpha-95 
Previous 

archaeological date 
range 

Revised data 
in database 

Felday FELD 0.4 66.1 3.1 AD22±21 15BC±85 

Holmbury Context 24 350.4 64.8 3.0 75BC±25 125BC±75 

Figure 145: Table summarising the magnetic and chronological information from Felday and Holmbury 

that will be included in the archaeomagnetic master curve. 
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Site 81: Rookery Farm. Hampshire (SU 791 383) 

 

Contact: Tom Sunley, Hampshire County Council 

 

A series of archaeological excavations were undertaken on land at Rookery Farm near 

Alton in advance of sand extraction. Evidence for activity over a prolonged period was 

recovered but the most substantial was the discovery of three kilns with associated ceramic 

assemblages. All of the kilns were single chambered, twin-flued, updraught kilns, typical of 

the Alice Holt industry in the area (Wessex 2008). The only independent dating evidence 

was archaeomagnetic samples collected from kilns A and B (Noel 1999d). Too little of kiln C 

survived in situ for archaeomagnetic dating and it lay 60m north of the other two kilns. 

 

The northern stokehole of kiln A had completely truncated the south-eastern stoke of 

kiln B, suggesting that the smaller kiln B was earlier than kiln A. Although, on the basis of 

the magnetic directions errors, the associated errors mean that it is not possible to 

distinguish between them. The basal fill from kiln A was believed to have related to the final 

firing contained substantial quantities of ceramics, some 89kg. They were all coarse 

greywares from the 3rd to 4th century AD, or later Alice Holt /Farnham industry of this 

region’s pottery chronology (Tomber & Dore 1998: 138). Kiln B contained similar deposits 

to kiln A but less pottery. Large scale production of Alice Holt ceramics is understood to 

have taken place from AD60 to the 5th century AD and reached a peak in the mid-4th 

century (Lyne & Jefferies 1979). The report suggests that the bulk of the ceramic 

assemblage and therefore pottery production at this site can be dated to the 4th century 

AD, however a Langton Down brooch (AD1-50) was recovered from the fill of the stokehole 
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of kiln C. The only other useful chronological indicator referred to in the report was the 

presence of a white or black firing slip that was supposedly introduced around AD270. 

Other than highlighting this, no mention is made whether any of the sherds from this kiln 

assemblage have this feature, or if this differed between the kilns. The excavators state that 

there is potential for recognising a chronological sequence by comparing the ceramic 

assemblages between the kilns but have not undertaken this level of analysis. Therefore the 

entire date range for this particular set of ceramics will be applied to the magnetic 

directions from both kiln A and B until further details come to light. Figure 146 provides 

details of the magnetic and chronological data recovered from this site as they will be 

incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 
2108 

358.6 64.6 3.0 New data AD300±100 

Context 
2101 

354.6 66.3 1.6 New data AD300±100 

Figure 146: Table summarising the magnetic and chronological information from Rookery Farm that will 

be included in the archaeomagnetic master curve. 



264 
Appendix 2: Gazetteer of sites examined 

Site 82: Hascombe Hillfort, Surrey (TQ 005 386) 

 

This site is a univallate hillfort scarped on three sides with a carefully planned stone 

revetted entrance to the north-east. It encloses an area of 2.5 hectares and was initially 

excavated in 1931 and although the number of finds recovered from these first excavations 

was not large, a number of La Tène III ceramics were recovered (SMR-676 2009). A second 

series of excavations were undertaken form 1975-1977 which included a complete 

gradiometer resistivity survey of the earthworks. These latter excavations tended to focus 

on the anomalies highlighted by the geophysics and the entrance (Thompson 1979: 269-

294). A total of two archaeomagnetic directions T77/2 and T77/7 (Clark et al. 1988) and 20 

radiocarbon determinations were obtained from this site (Jordan et al. 1994). 

 

One of the 12 anomalies identified turned out on excavation to be a burnt kidney-

shaped pit 77/2 which was sampled for archaeomagnetic dating (Thompson 1979). This pit 

contained ceramics dated to 150-50BC and an adjacent pit, 77/6 contained a similar 

ceramic assemblage (Thomas 2010) but also yielded 3 class I potin coins dated to 60-50BC, 

which provides a terminus post quem for the second pit. It has been assumed that the 

occupation at this site was short so these two pits can be considered contemporary (Clark & 

Thompson 1989). This pit also contained a substantial quantity of burnt grain and other 

organic material which provided eleven of the radiocarbon determination from this site. It 

is difficult to determine the stratigraphic relationship between the burnt pit and the other 

material sampled for radiocarbon dating so just the material from the pit will be used to 

estimate a date range for the burning event. Of the pit samples BM-1224a, HAR-2076, HAR-

2809, HAR-2817 and HAR-2818 are from grains, so these single entity samples will be 

utilised in preference to the mixed charcoal used to produce the other seven 
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determinations. Bayesian analysis of this sequence shows excellent agreement, see figure 

147, with an overall agreement index of 102.1%, well above the critical value of 60.0%. This 

demonstrates that the dating evidence matches their stratigraphic positions and that in this 

case that all the grain represents a single phase of activity. This analysis reveals that the 

span of this event could cover a long period of time. Whilst overall date range is consistent 

with previous estimate of abandonment of the site, such a large date range does not 

correlate with the archaeological evidence, which suggests a short occupation. Therefore if 

it is assumed that both pits belong to the same phase of activity, so enable the 

incorporation of the dating evidence from the coins, it is possible to obtain a posterior 

density estimate of 65 cal BC – cal AD35 at 95% confidence for the use of the pits. With the 

latter approach the determination HAR-2817 and BM-1244b do not agree with the 

sequence so were excluded from the analysis. This is acceptable as due to nature of 

radiocarbon dating it is likely that some determinations will provide an incorrect estimate 

(Bowman 1990). 
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Figure 147: Probability distributions of the dating information retrieved from Pit 77/2 plotted against the 

calibration curve, assuming that it is contemporary with pit 77/6 from Hascombe. 

 

The second archaeomagnetic direction, 77/7, was collected from the exterior V-shaped 

ditch that defined the interior of the site. The only artefact recovered from this area was a 

“characteristic bead rim Wealden vessel” (Thompson 1979: 272). Locally this is understood 

to date to around 100BC-AD43 and the author believed that Hascombe was abandoned 

between 200-50BC (Thompson 1979: 300). Given that the archaeological interpretation of 

Pit 77/2 was that it was quickly filled as the site was abandoned (Thompson 1979: 279), 
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therefore it is reasonable to compare the magnetic direction from the pit to the silting of 

the ditch represented by 77/7 as they should be broadly contemporary. Comparison of the 

magnetic directions obtained from these three ditches utilising the statistical procedure 

developed in palaeomagnetic studies (McFadden & Lowes 1981; McFadden & McElhinny 

1990), revealed that although these magnetic directions had different precisions there is no 

significant difference between them at 95% confidence level. In the absence of any 

contradictory information it would appear sensible to apply the same date range to both 

directions, see figure 148. Figure 149 provides details of the magnetic and chronological 

data recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. This analysis will be augmented by the inclusion of stratigraphic information in the 

dataset used to construct the reference curve. As the magnetic signal recorded within the 

ditch would have happened after the last firing of the hearth following the method 

suggested by outlined by Lanos and Schnepp (2004; 2009). 

 

 

77/2 

77/7 
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Figure 148: Scatter plot showing the similarity of the magnetic directions from Hascombe. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 
in database 

T77/7 352.1 66.1 5.8 75BC±25 15BC±50 

T77/2 351.4 65.3 3.4 55BC±5 15BC±50 

Figure 149: Table summarising the magnetic and chronological information from Hascombe that will be 

included in the archaeomagnetic master curve. 
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Site 83: Hants, Hampshire (SU 561 337) 

 

Despite extensive searching it has not been possible to either track down the original 

magnetic data, archaeomagnetic report or even clarify which excavation the magnetic 

direction from “Hants” come from. The only possible clue that has not been fully explored 

at this point is the sample reference M3R4/3. This may potentially refer to excavations in 

relation to the construction works related to the M3 corridor. The M3 motorway runs from 

Sunbury-on-Thames, Surrey to Southampton, Hampshire. It was originally conceived as the 

“London to Basingstoke Motorway” and was started in the late 1960’s (Hansard 1967) but 

only completed in 1995. The Hampshire section was the first section to be opened in 1971. 

This would appear to be the best remaining lead for this site. This is one of two “Mystery 

Sites” that will have to be left to future research, the other being Thanet. The magnetic 

data will remain in the archaeomagnetic database but will not be used in the calibration 

curve until the corresponding archaeological details can be confirmed. 
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Site 84: Dorney (Eton rowing lake), Buckinghamshire (SU 930 780) 

 

Contact: Tim Allen and Ken Walsh, Oxford Archaeology and Julia Wise, Buckinghamshire 

County Council 

 

Excavations at Dorney revealed a feature that was sampled for archaeomagnetic dating 

by English Heritage (Tarling & Linford 1998). Due to issues with funding the post-excavation 

stages these excavations were not written up in time for the any assessment to be made on 

the date ranges that could be applied to these magnetic directions. Therefore these data 

will not be included in the current update but will wait until after the excavation is 

reported. 
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Site 85: Pippingford, East Sussex (TQ 471 335 

 

Pippingford lies within the Army Training Area of Pippingford Park which is owned by 

the Ministry of Defence. In 1969 an iron-working site was discovered in 1969 by members 

of the Wealden Iron Research Group, which was only 650 metres south of the oblong area 

of earthworks excavated as Garden Hill (Tebbutt & Cleere 1973; Money 1977). During the 

excavations the furnace was emptied of slag but otherwise left intact and back filled. A 

piece of charcoal from the furnace was sampled for radiocarbon determination, BM-685 

(Tebbutt & Cleere 1973), the furnace (PIP/2) and associated smithing hearth (PIP/1) was 

subsequently sampled for archaeomagnetic directions in 1978 (Clark et al. 1988). 

 

The furnace revealed at Pippingford was a domed shaft furnace, so the size and form of 

the kiln structure suggest that it was a Roman introduction to Britain, placing it after AD40 

(Cleere 1972). A collection of ceramics were recovered from the associated slag heap and 

the assemblage was dominated by jar forms which is typical of the Augustan-Tiberian 

period, 25BC-AD37 (Tyers 1996). Professor Cunliffe reviewed this collection (Tebbutt & 

Cleere 1973: 36-38) and suggested that this collection was representative the local wares 

during the date range AD40-60. Given the amount of regional variation present in the 

archaeological record and the evidence of the furnace morphology, collectively this 

evidence suggests a 1st century AD date range is most likely. Additionally a small bronze 

brooch was also recovered from within the slag heap. This was identified by Mr Hull as a 

“long-armed Colchester” or in his terminology a type 91, providing a terminus ante quem of 

AD70 (Tebbutt & Cleere 1973: 38), although not helpful when attempting to date the last 

use of a feature it does still fall within a 1st century AD date range. Unfortunately the 

radiocarbon determination from charcoal recovered from within the furnace structure 
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provides a calibrated date range of cal AD255-540, see figure 150. This is much younger 

than the associated evidence and cannot be explained by the sample choice of mature oak 

charcoal. The judgement in this situation is that it is more likely that the single radiocarbon 

date is incorrect, particularly as it is so contrary to the rest of the available data. There is 

always a 1 in 20 chance that any given radiocarbon determination is completely aberrant 

(Bowman 1990), alternatively in this case it is probable that the material sampled was 

intrusive (Tebbutt & Cleere 1973). 

 

 

Figure 150: Calibrated probability distribution for the charcoal sample collected from the furnace at 

Pippingford. 

 

Finally, it may be worth considering the proximity of this furnace to Garden Hill. To this 

end the magnetic directions from these two sites were compared using the statistical 
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procedure developed in palaeomagnetic studies (McFadden & Lowes 1981; McFadden & 

McElhinny 1990), which revealed PIP/2 has the same direction as AML-850027 at 95% 

confidence. Although not conclusive it does suggest that these two features may have gone 

out of use around the same time, which is not an unreasonable assumption. Interestingly, 

PIP/1 from the furnace does also shows the same magnetic direction as the smithing hearth 

at 95% confidence, which is to be expected given the proximity of these two features. 

Therefore using a combination of all the available evidence a date range of AD70-100 is 

probably the most representative. Figure 151 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous 

archaeological date 
range 

Revised data 
in database 

PIP/1 7.5 62.5 5.3 AD72±29 AD85±15 

PIP/2 0.8 64.7 4.1 AD72±29 AD85±15 

Figure 151: Table summarising the magnetic and chronological information from Pippingford that will be 

included in the archaeomagnetic master curve. 
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Site 86a: Jewry Street (the Discovery Centre), Hampshire (SU 479 295) 

 

Contact: Steve Teague, Oxford Archaeology North  

 

As part of a series of excavations at Staple Gardens in Winchester between 2004 and 

2006, investigations undertaken on Jewry Street revealed a variety of evidence for Roman 

occupation in this area (Teague et al. forthcoming). Two hearths were sampled for 

archaeomagnetic dating (Karloukovski & Hounslow 2006b), hearths 1665 and 1567. As no 

other independent dating evidence was retrieved from these excavations an estimated 

date range for the last use of these two hearths was obtained from the site phasing. Hearth 

1665 was assigned to Phase 2.1 (AD 43-133) on the basis of stratigraphy. The pottery 

recovered from the feature was dated AD150-410 but given that archaeomagnetism 

provides a date for last use of a feature and that the excavators believe that start date of 

the pottery may well be a decade or two earlier, these date ranges are not entirely 

inconsistent. Hearth 1567 is in Phase 2.3 (AD 267-366) in this case the pottery and ceramic 

building material from the feature is definitely late Roman (i.e. AD 270-410), so shows good 

agreement. Figure 152 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

JSA 346.7 64.9 2.4 New data AD88±45 

JSB 359.3 66.9 2.0 New data AD316±50 

Figure 152: Table summarising the magnetic and chronological information from Jewry Street that will 

be included in the archaeomagnetic master curve. 
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Site 86b: Northgate, Hampshire (SU 479 295) 

 

Contact: Steve Teague, Oxford Archaeology North  

 

As part of a series of excavations at Staple Gardens in Winchester between 2004 and 

2006, investigations undertaken near Northgate House which revealed a variety of 

evidence for Roman occupation in this area (Teague et al. forthcoming). A single feature 

was sampled for archaeomagnetic dating, a spread of burnt soil, context 5188 (Karloukovski 

& Hounslow 2005c). On stratigraphic grounds, this “hearth” has been assigned to Phase 2.2 

(AD 134-266) as it is cut by postholes dated to Phase 2.3. Pottery recovered from the 

feature is late Roman (AD 270-400) but the excavator considers this material to be intrusive 

(Biddulph 2009 pers. comm. 11/08/09). Figure 153 provides details of the magnetic and 

chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

Context 
5188 

352.5 71.6 1.9 New data AD200±65 

Figure 153: Table summarising the magnetic and chronological information from Northgate that will be 

included in the archaeomagnetic master curve. 
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Site 87: Little Furnace Wood, Sussex (TQ 585 269) 

 

Contact: Jeremy Hodgkinson, Wealdon Iron Research Group 

 

Evidence for a Romano-British Ironworking site was uncovered during excavations at 

Little Furnace Wood. Three features were identified to have been associated with 

metallurgical processes, a bloomery furnace (context 3), an ore roasting hearth (context 98) 

and second bloomery furnace (context 135). A total of seven independent dates were 

collected from these three contexts (Butler & Hodgkinson forthcoming); four were 

radiocarbon determinations: GrN-28444 from context 3, GrN-29609 from context 98, and 

SUERC-17259 and OxA-18598 from context 135. In addition each context was sampled for 

archaeomagnetic dating as each feature had evidence for in situ heating. The magnetic 

directions from the ore roasting hearth and iron furnace (contexts 98 and 135) were 

scattered suggesting that the material sampled had experienced some post–depositional 

disturbance since it was last heated. Generally an alpha-95 value greater than 5° is 

considered too scattered for dating purposes (Clark et al. 1988); so, although the dates 

from these features cannot be considered reliable, the magnetic directions can be used in 

the reference curve. In order for the magnetic directions from these three contexts to be 

included in the reference curve it is necessary to obtain an estimate of the when they were 

last used. As samples for both radiocarbon determinations and archaeomagnetic directions 

were obtained from the same context in all three cases, the radiocarbon determinations 

can be used to provide an assessment of the date of last firing. This assessment will be 

independent of the current archaeomagnetic reference curve so will enable these magnetic 

directions to be incorporated into it. 
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Looking at the results from the radiocarbon dates, figure 154, it suggests that as all the 

material sampled was charcoal, then the wood used to manufacture it was cut between cal 

AD 80-230 at 95% probability, with the exception of the sample from the ore roasting 

hearth, which provides a date range of cal AD130-245. This implies that all these dates 

belong in a phase together and this can be modelled in OxCal, see figure 155. This sequence 

shows good agreement with an overall agreement index of 82.5%, well above the critical 

value of 60% but this only supports the suggestion that all the wood was cut during the 

same period, therefore it does not necessarily follow that all the archaeological events 

belong in the same phase. Typologically the two bloomery furnaces were of different size 

and design (Hodgkinson pers com), so this could mean that they do not belong in the same 

phase of activity or were constructed by different groups of people. The original dates for 

the archaeomagnetic directions were obtained by calibration via the “Clark curve” (Clark et 

al. 1988) and support this interpretation suggesting that context 135 is later than context 3 

(Noel 2008a). Our current understanding of the behaviour of the geomagnetic field during 

the early/mid Roman period suggests that there is a rapid change in the inclination 

component of the direction. Unfortunately examination of the magnetic directions has not 

helped to clarify this position due to the large errors associated with context 135 the two 

magnetic directions show considerable overlap so it is not possible to differentiate them on 

these grounds. 
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Figure 154: Calibrated radiocarbon dates for GrN-29609 from context 98 the ore roasting hearth; GrN-

28444, from context 3 the first bloomery furnace; SUERC-17259 and OxA-18598 from context 135 the second 

bloomery furnace at Little Furnace Wood. 

 

The results from this analysis suggest that the charcoal recovered from this ironworking 

site was mostly likely produced between cal AD80-230. Without further stratigraphic details 

to constrain these date ranges it is not possible to be any more precise using only 

radiocarbon dating. With all these radiocarbon samples it is possible that the charcoal was 

manufactured sometime before it was used in the furnace. However, the ceramic 
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assemblage associated with these features suggests that they were in use towards the 

earlier part of the Roman period, which is consistent with the radiocarbon determinations. 

On balance this suggests that perhaps charcoal was being manufactured on demand at this 

particular location. Given the level of precision available from these radiocarbon dates, the 

application of this assumption means that the magnetic directions from contexts 3, 98 and 

135 will all be assigned the same date range. Figure 156 provides details of the magnetic 

and chronological data recovered from this site as they will be incorporated into the 

archaeomagnetic master curve. 

 

 

Figure155: Probability distributions for the dating evidence from Little Furnace Wood. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 3 2.5 68.8 1.5 New data AD155±75 

Context 98 336.2 52.1 19.8 New data AD155±75 

Context 135 1.1 63.3 9.2 New data AD155±75 

Figure 156: Table summarising the magnetic and chronological information from Little Furnace Wood 

that will be included in the archaeomagnetic master curve. 
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Site 88: Wickham, Hampshire (SU 510 264) 

 

Contact: Tom Sunley, Hampshire County Council 

 

During the laying of a water mains pipeline between Hoads Hill and Wickham, by 

Portsmouth Water plc., a Romano-British settlement was discovered. This was partly 

excavated by Development Archaeology Services (Hunter & Pine 2003) and yielded a 

concentration of Roman archaeology within the immediate vicinity of the proposed pipeline 

route. Evidence for a two phased roundhouse with three hearths was excavated. All 

hearths were sampled for archaeomagnetic dating (Noel 1999a) and no other independent 

dating evidence was recovered from this site. The three hearths were contexts 96, 364 and 

365. Contexts 364 and 365 were stratigraphically related with context 364 cut by the later 

context 365. Context 96 was located two metres north of the other two hearths with no 

direct relationship to them other than being located within the confines of the roundhouse 

structure. The report on the excavations suggested that the size of these hearths: 0.8 x 

0.6m; was too small for industrial purposes and so suggests that crop processing was 

undertaken in this structure. This theory is supported by the fact that the hearths were 

sealed by deposits rich in pottery and this ceramic assemblage was dominated by storage 

jars and amphora. From the excavation reports it has proven difficult to determine which 

contexts were contemporary with the hearths and which seal them, furthermore the 

hearths were not excavated, other than to have archaeomagnetic samples recovered from 

them. The discussion has been further complicated by the use of the archaeomagnetic 

dates as dating the construction, rather than the abandonment of the roundhouse. 
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The ceramic assemblage is dominated by heavy Rowlands Castle beehive and Dressel 

20 amphora. The appearance of the latter on British sites is generally restricted to post-

conquest site, so are generally dated to AD43-250 (Tyers 1996: 87f). Rowlands Castle is a 

local ceramic tradition that originated in the Iron Age and continued to be made and used 

in the region so is not particularly diagnostic. Even though the archaeology hints at some 

potential for more refined dating from the ceramic assemblage recovered, here the entire 

date range for the Dressel 20 amphora ceramics will be applied to the magnetic directions 

from all three kilns until further details come to light. Figure 157 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. The application of the data from this site to the 

construction of the revised SVC will be enhanced by the inclusion of stratigraphic 

relationships of the hearths within each structure following the procedure outlined by 

Lanos and Schnepp (2004; 2009). This will constrain the date ranges associated with the 

hearths 365 and 364. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Context 96 355.9 64.5 6.7 New data AD125±125 

Context 364 0.6 59.6 2.8 New data AD125±125 

Context 365 359.6 59.4 3.0 New data AD125±125 

Figure 157: Table summarising the magnetic and chronological information from Wickham that will be 

included in the archaeomagnetic master curve. 
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Site 89: Garden Hill, East Sussex (TQ 44 31) 

 

Garden Hill lies within the Army Training Area of Pippingford Park which is owned by 

the Ministry of Defence. In 1968 an oblong area of earthworks were discovered on the hill, 

which were believed to be an Iron Age hillfort (Money 1977). Five years of excavation 

revealed a late Iron Age and Romano-British iron-working settlement complete with a bath 

building. The late Iron Age is represented by a roundhouse, Structure D, but no diagnostic 

finds were recovered from this feature. The main focus of the excavations was on the 

Romano-British archaeology, where there was evidence for a roasting hearth, smelting 

furnace forging hearth and two “metallurgical hearths”. A total of seven archaeomagnetic 

directions were obtained from these features along with two other hearths, one above and 

one beneath the ramparts which enclosed the site. In addition two samples of charcoal 

were sent for radiocarbon determination (HAR-2816 and 2819) to check the calibration of 

the archaeomagnetic dates for the site but this proved to be inconclusive due to the nature 

of the material sampled as it was mature charcoal recovered from the slag (Jordan et al. 

1994: 72f). There was a scatter of 1st century AD ceramics from the earliest rectangular 

structure, Structure C which is later than Structure D. A denarius of Vespasian (AD70-72) 

was recovered but it is not clear from where on the site. This only provides a terminus post 

quem, that the end of the settlement was AD72 or later. This is supported by the second to 

early third century AD ceramics recovered from within and near the vicinity of Structures A, 

B (bath houses) and E (Money 1977: 349). Structure E is a rectangular structure located 

between the two concentrations of metalworking activity present on the site. Given that 

the scatters of ore respect the boundaries of Structure E it is probable that the use of this 

structure is contemporary with the metal working activity. 
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Examination of the magnetic directions suggest that within the precision of the 

measurements all the hearths that relate to the iron-working probably went out of use at 

the same time, see figure 158, therefore it is postulated that the date for use of Structure E 

is applied to these five directions. The magnetic directions from the two other hearths 

above and below the rampart are probably different. This implies that the last use of AML-

850027 will date to the construction of the rampart and the best estimate of the date range 

for this is early first century AD based on the earliest ceramic assemblage from structures 

that are later than the ramparts (Money 1977). The excavator assumed that the ramparts 

were constructed as defence against the Roman invasion, but here the entire first century 

AD will be given as the date range for this magnetic direction, GAR-436. However, the 

situation is more challenging as it is only possible to state with certainty that it dates to 

after the rampart was constructed. If it is assumed that this hearth relates to the end of use 

of the rampart, this has been dated to around AD175±50. In reality it is only possible to 

state that the hearth was used after AD70-72, due to the presence of the Vespasian 

denarius in the vicinity and that it was last used at a different time to the rest of the metal 

working features. On balance it is not possible to confident provide an independent 

assessment of how much earlier or later magnetic direction GAR-436 was recorded based 

on the archaeological information alone, so an age range of AD70-225 will be applied as this 

is the best that can be obtained with the data available but its’ reliability is extremely 

doubtful. Figure 159 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 
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Figure 158: Scatter plot showing the distribution of magnetic directions from Garden Hill. Note that they 

all overlap with the exception of one direction GAR-436, this relates to a hearth on top of the rampart. AML-

850027 could also be considered an outlier and this direction was from a hearth beneath the rampart. 

 

Sample Dec Inc Alpha-95 
Previous estimated date 

range 
Revised date 

range 

AML-
850027 

2.7 69.4 4.1 225BC±175 AD50±50 

AML-
860050 

347.5 64.4 3.4 50BC±50 AD145±75 

AML-
860052 

358.3 62.1 3.5 AD10±100 AD145±75 

AML-
860049 

350.6 63.4 5.3 600BC-AD410 AD145±75 

GAR-346 346.4 68.8 3.3 95BC±505 AD145±75 

GAR-490 8.9 57.2 1.8 50BC±50 AD145±75 

GAR-436 350.2 63.1 5.5 300BC±400 AD150+75 

Figure 159: Table summarising the magnetic and chronological information from Garden Hill that will be 

included in the archaeomagnetic master curve. 

GAR-436 

AML-850027 

Hearths related to bloomery 
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Site 90: Maddison Street, Southampton (SU 425 113) 

 

In advance of re-development within the bailey of Southampton Castle during the 

1980’s, excavations were undertaken in the area that had been a car park since 1969 (Smith 

1984). Previously this area had been open gardens since the castle’s destruction in 1822 

and the aim of the excavations undertaken between 1980 and 1981 were to investigate the 

use of the medieval castle bailey. The discovery of Iron Age material, much disturbed by 

later medieval activity was fortuitous but not unexpected due to the variety of Iron Age 

finds spots within the city of Southampton. The Iron Age layers contain evidence for 

domestic occupation during the middle-late Iron Age and the ceramics appeared to fall 

within the St Catherine’s Hill/Worthy Down type although much of the material may have 

been of local manufacture. In 1984, during the course of building construction it became 

possible to return to a previously unexcavated post hole, 1072. This was found to contain a 

layer of in situ fired clay which was sampled for archaeomagnetic dating (Clark et al. 1988). 

No other diagnostic artefacts were recovered from the feature so the general date range 

for the Iron Age layers from this site will be attributed to this feature. This date range was 

applied to the Iron Age phase and was determined from ceramic evidence recovered from 

the site (Smith 1984). Figure 160 provides details of the magnetic and chronological data 

recovered from this site as they will be incorporated into the archaeomagnetic master 

curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 

range 

1072 5.7 68.9 1.8 329BC±372 150BC±150 

Figure 160: Table summarising the magnetic and chronological information from Maddison Street that 

will be included in the archaeomagnetic master curve. 
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Site 91: Stanton Harcourt, Hampshire (SU 564 003) 

 

During the course of commercial gravel extraction by Amey’s Aggregates a series of ring 

ditches were uncovered and excavated by the Oxford University Archaeological Society 

between 1960-1961 (Hamlin 1963). In total four ring ditches, three inhumations, associated 

with typical Beaker grave assemblage, seven cremations and a nearby Iron Age settlement 

were excavated. The settlement was dated by the ceramic assemblage and a single hearth 

was sampled for archaeomagnetic dating (Aitken & Weaver 1962). Although a few 

fragments of Romano-British ceramic were recovered from both the ring ditches and 

surrounding the settlement, these were understood to be residual and not indicative of 

continuous settlement into the first centuries AD. Figure 161 provides details of the 

magnetic and chronological data recovered from this site as they will be incorporated into 

the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

SH 353.0 65.5 3.6 329BC±372 500BC±150 

Figure 161: Table summarising the magnetic and chronological information from Stanton Harcourt that 

will be included in the archaeomagnetic master curve. 
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Site 92: Bestwall Quarry, Dorset (SY 923 873) 

 

Contact: Lilian Ladle 

Excavations undertaken at Bestwall Quarry revealed evidence a settlement displaying 

continuity from the later Iron Age through into the later Romano-British period (Ladle 

forthcoming). This site is unique by displaying substantial evidence for a prolonged period 

of pottery production on an industrial scale. It provided an unprecedented opportunity to 

identify vessel types and forms from a manufacturing site with 200 year period of use 

(Ladle forthcoming, see chapter 12). The production centre comprised a total of 34 features 

and was located in the south-east corner of the site. With this vast assemblage of features 

it was possible to categorise the 25 kilns excavated by phase and type and it was possible to 

date most of the kilns by the pottery associated around and within each kiln (Ladle 

forthcoming, see chapter 4). Of the 25 kilns excavated, seven were sampled for 

archaeomagnetic dating (Noel 2002a) but only three provided magnetic directions with an 

alpha-95 value below 5°, kilns 822, 184 and 873, so would be considered stable enough for 

dating purposes (Clark et al. 1988); although the dates from the other four features cannot 

be considered reliable, the magnetic directions can be used in the SVC. In order for the 

magnetic directions from these three contexts to be included in the SVC it is necessary to 

obtain an estimate of the when they were last used. As no other independent scientific 

methods of dating were applied at this site the ceramic assemblage will be utilised to 

provide an indication of when each kiln was last used and is summarised in figure 162. Kilns 

184, 388, 873, 905 and pot dryer 887 were all associated with ceramic fragments, whole 

pieces or wasters presumably from their use so it was possible to use the ceramics to 

provide a terminus ante quem for these kilns. Regarding kilns 822 and 872 an estimate of 

the date of last use was obtained by examining the date ranges associated with other kilns 
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with the same morphology and taking the widest possible age range. Given that there 

appeared to be a change in the form of the kilns over the 200 year period, with 6 distinct 

classes (and 2 sub classes) of kilns identified; it seemed plausible to assume that all kilns 

with a similar morphology were in use at the same time. Details of the kiln typology 

developed for this site and the dating from the associated ceramics are presented in detail 

in the excavation report and will not be repeated here (Ladle forthcoming). Figure 163 

provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Kiln Type Comment 

822 5A No associated ceramics, use date based on kiln typology 

887 Pot dryer Ceramic terminus ante quem 

184 2A Ceramic terminus ante quem 

388 3A Ceramic terminus ante quem 

873 3B Ceramic terminus ante quem 

905 6B Ceramic terminus ante quem 

872 3B No associated ceramics, use date based on kiln typology 

Figure 162 Table summarising the typology associated with the kilns sampled for archaeomagnetic 

dating and the source of the dating evidence. 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised date 

range 

Kiln 822 0.5 67.4 4.5 New data AD335±35 

Kiln 887 341.5 53.8 31.3 New data AD360±10 

Kiln 184 356.9 63.0 4.5 New data AD275±15 

Kiln 388 351.7 
6

8.5 
8.3 New data AD310±50 

Kiln 873 355.0 68.0 2.9 New data AD315±35 

Kiln 905 354.4 61.5 6.6 New data AD375±25 
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Kiln 872 0.5 62.6 7.8 New data AD395±25 

Figure 163: Table summarising the magnetic and chronological information from Bestwall Quarry that 

will be included in the archaeomagnetic master curve. 
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Site 93: High Rocks, East Sussex (TQ 584 395) 

 

The site of High Rocks, near Tunbridge Wells was discovered in 1939 and some 

preliminary investigative excavations were undertaken in 1940 (Money 1968). It is bivallate 

hillfort positioned on an escarpment and the earthworks make extensive use of the natural 

geography. A second set of excavations was undertaken by Sussex Archaeological Society 

and Kent Archaeological Society who raised the funds to finance these works, between 

1957 and 1961. Initially the excavations focused on the earthworks and the eastern 

entrance. In 1959 attention turned to the interior with a magnetometer survey of sections 

of the area bounded by the ramparts, thirteen magnetic anomalies were identified and 

after excavation two, Sites V and BB, were found to be hearths. In the subsequent years 

attention returned to the eastern entrance and it was discovered that the earthworks were 

constructed in two phases, initially a single bank and ditch with a simple gated entrance. In 

phase two an additional bank and ditch were constructed, it was all revetted with stones 

and palisaded. The two hearths were sampled for archaeomagnetic directions, Pm9 (Site V) 

and Pm12 (Site BB) (Aitken & Weaver 1962). 

 

The hearth in site BB was associated with slag from a bowl furnace and several iron 

objects. Unfortunately the signal from this feature was two scattered (Aitken in Money 

1968: 200) and so is not included here. No occupation material or structural remains were 

recovered from vicinity of the hearth in site V although there was evidence of the clay base 

being relined twice and there was a substantial quantity of oak charcoal. The only other 

dating evidence recovered from this site was the ceramic assemblage which led the 

excavator to suggest that phase 1 began around 200BC and occupation continued until the 

end of phase 2 around the end of the first millennium BC (Money 1968). Figure 164 
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provides details of the magnetic and chronological data recovered from this site as they will 

be incorporated into the archaeomagnetic master curve. 

 

Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 
in database 

Pm9 14.7 53.9 3.3 329BC±372 100BC±100 

Figure 164 Table summarising the magnetic and chronological information from High Rocks that will be 

included in the archaeomagnetic master curve. 
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Site 94: Ringlemere Farm, Kent (TR 293 569) 

 

Contact:  Keith Parfitt, Canterbury Archaeological Trust and Stuart Needham, British 

Museum. 

 

The site on Ringlemere Farm was first discovered in November 2001 when Cliff 

Bradshaw discovered a spectacular gold vessel, the RInglemere Cup in on the farm’s potato 

fields. The similarities of this vessel to the Rillaton gold cup led Mr Bradshaw to suspect that 

there may be another unrecorded prehistoric burial at this location (Parfitt 2003). 

Excavations started in 2002 with grants form English Heritage, the British Museum, the BBC 

(who filmed the excavations in 2003) and the Kent Archaeological Society. The site has 

since been excavated annually by Canterbury Archaeological Trust and a where the gold 

vessel was found Bronze Age barrow has been uncovered although only the base of the 

mound now survives. In addition to the funerary complex there was evidence that activity 

at this site extended into back to around 2600BC and after an apparent hiatus was also 

used extensively in the Anglo-Saxon period, again as a funerary complex with over 50 

inhumations. Before the 2004 season commenced a hearth feature was sampled for 

archaeomagnetism (Linford & Martin 2008). The finds recovered in the vicinity of the 

sampled hearth included several Mesolithic adzes (c. 8000-4000BC) a collection of artefacts 

that suggest the main activity for the site was sometime around 2600-1600BC (Parfitt & 

Corke 2008). Figure 165 provides details of the magnetic and chronological data recovered 

from this site as they will be incorporated into the archaeomagnetic master curve. 
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Sample Dec Inc Alpha-95 
Previous estimated 

date range 
Revised data 
in database 

RM 352.4 62.3 3.2 New data 2100BC±500 

Figure 165 Table summarising the magnetic and chronological information from Ringlemere Farm that 

will be included in the archaeomagnetic master curve. 
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5 British lakes 

 

Figure 166: Location map for the British lakes included in the British Master Curve for palaeomagnetism 

in blue: Loch Lomond (top), Windermere (middle) and Llyn Geirionydd (bottom); red marker indicates location 

of Meriden where data from all three lakes were relocated to.
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Loch Lomond deposition model 

 

Plot() 

 { 

  P_Sequence("Loch Lomond") 

  { 

   Boundary(start); 

   R_Date("GU-912",7832,131) 

   { 

    z=4.42; 

   }; 

   Boundary("brown gyttia"); 

   R_Date("GU-911",9694,156) 

   { 

    color="red"; 

    Outlier(); 

    z=3.72; 

   }; 

   R_Date("GU-910",6293,102) 

   { 

    z=3.32; 

   }; 

   Boundary("marine phase"); 

   R_Date("GU-909",4205,59) 

   { 

    z=2.72; 

   }; 

   R_Date("GU-908",3542,55) 

   { 

    z=2.47; 

   }; 

   R_Date("GU-907",2712,78) 

   { 

    z=2.21; 

   }; 

   R_Date("GU-906",1730,59) 

   { 

    z=1.92; 

   }; 

   R_Date("GU-905",1838,59) 

   { 

    z=1.47; 

   }; 

   R_Date("GU-904",1294,69) 

   { 

    z=1.1; 

   }; 

   Boundary("fine grained gyttia"); 

   z=0.88; 

   R_Date("GU-903",231,55) 

   { 
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    color="red"; 

    Outlier(); 

   }; 

   R_Date("GU-902",1627,51) 

   { 

    color="red"; 

    Outlier(); 

    z=0.72; 

   }; 

   R_Date("GU-901",1815,78) 

   { 

    color="red"; 

    Outlier(); 

    z=0.47; 

   }; 

   R_Date("GU-900",643,52) 

   { 

    z=0.22; 

   }; 

   Boundary("discontinous"); 

  }; 

 }; 

 

 

Geirionydd deposition model 

 

Plot() 

 { 

  P_Sequence("Geirionydd 2") 

  { 

   Boundary(); 

   R_Date("SRR-1278",11470,330) 

   { 

    Outlier(); 

    z=4.7; 

   }; 

   R_Date("SRR-1277",5770,65) 

   { 

    z=3.65; 

   }; 

   R_Date("SRR-1276",3750,55) 

   { 

    z=3.15; 

   }; 

   R_Date("SRR-1275",3120,60) 

   { 

    z=2.85; 

   }; 

   R_Date("SRR-1274",3025,60) 

   { 
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    z=2.35; 

   }; 

   R_Date("SRR-1273",1835,65) 

   { 

    z=1.85; 

   }; 

   R_Date("SRR-1272",1585,65) 

   { 

    z=1.35; 

   }; 

   R_Date("SRR-1271",1115,60) 

   { 

    z=1.1; 

   }; 

   R_Date("SRR-1270",830,60) 

   { 

    z=0.85; 

   }; 

   Boundary(); 

  }; 

 }; 

 

 

Windermere deposition model 

 

Plot() 

 { 

  P_Sequence("Windermere") 

  { 

   Boundary(Start); 

   R_Date("SRR-1453",3520,110) 

   { 

    z=1.56; 

   }; 

   R_Date("SRR-1452",2680,140) 

   { 

    z=1.26; 

   }; 

   R_Date("SRR-1451",1930,120) 

   { 

    z=1; 

   }; 

   Boundary(End); 

  }; 

 }
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6. Old Scatness OxCal models 

Old Scatness – 
Structure 12 

Plot(Old Scatness) 

 { 

  Sequence("Old 
Scatness Str 12") 

  { 

   Boundary("Start 1"); 

   Phase("pre str 12") 

   { 

    R_Date("GU-12032", 
2390, 35); 

   }; 

   Boundary("Transition 
1/2"); 

   Phase("primary") 

   { 

    Sample("AM52"); 

    R_Date("GU-12030", 
2075, 35); 

    R_Date("GU-11103", 
2050, 45); 

    Sample("AM60"); 

    R_Date("GU-12028", 
2085, 40); 

   }; 

   Boundary("Transition 
2/3"); 

   Phase("secondary") 

   { 

    R_Date("GU-11862", 
1995, 35); 

    R_Date("GU-11861", 
2010, 35); 

    Sample("AM46"); 

    R_Date("GU-11101", 
2080, 45); 

    Sample("AM40b"); 

    R_Date("GU-11104", 
1940, 70); 

    R_Date("GU-9867", 
2110, 55); 

   }; 

   Boundary("Transition 
3/4"); 

   Phase("infill") 

   { 

    R_Date("GU-9552", 
2160, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    R_Date("GU-8380", 
1975, 45); 

    R_Date("GU-8379", 
1935, 50); 

    C_Date("X106", 8, 
164); 

    C_Date("X105", 8, 
164); 

    C_Date("X123", -25, 
152); 

    C_Date("X104", -65, 
180); 

    C_Date("X103", -
136, 172); 

    C_Date("X102", -
217, 132); 

    C_Date("X101", -
185, 156); 

   }; 

   Boundary("End 4"); 

  }; 

 }; 

 

Old Scatness – 
Structure 8 

Plot() 

 { 

  Sequence("Old 
Scatness Str 8") 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    R_Date("AA-45409", 
2030, 45); 

    R_Date("AA-44620", 
1990, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    Sample("AM38_29"); 

   }; 
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   Boundary("Transition 
1/2"); 

   Phase("infill") 

   { 

    R_Date("GU-8873", 
2095, 40); 

   }; 

   Boundary("End 2"); 

  }; 

 }; 

   

 

Old Scatness – 
Structure 22 

Plot() 

 { 

  Sequence("Old 
Scatness Str 22") 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    R_Date("GU-12026", 
2060, 35); 

    Sample("AM35"); 

    R_Date("GU-12029", 
2015, 35); 

    Sample("AM53"); 

   }; 

   Boundary("End 1"); 

  }; 

 }; 

 

Old Scatness – 
Structure 14 

Plot(Old Scatness) 

 { 

  Sequence("Old 
Scatness Str 14") 

  { 

   Boundary("Start"); 

   Phase("1") 

   { 

    R_Date("GU-12031", 
2060, 35); 

    Sample("AM58"); 

   }; 

   Boundary("Transition 
1/2"); 

   Phase("2") 

   { 

    R_Date("GU-12027", 
2090, 35); 

    R_Date("GU-11102", 
2185, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    R_Date("GU-9550", 
2080, 45); 

    R_Date("GU-9868", 
2065, 50); 

    Sample("AM33"); 

    Sample("AM47"); 

    R_Date("GU-9551", 
2040, 55); 

   }; 

   Boundary("Transition 
2/3"); 

   Phase("3") 

   { 

    R_Date("GU-9555", 
2010, 50); 

    Sample("AM22"); 

    R_Date("GU-9547", 
1995, 55); 

   }; 

   Boundary("End"); 

  }; 

 }; 

   

 

Old Scatness – 
Structure 21 

Plot(Old Scatness) 

 { 

  Sequence("Old 
Scatness Str 21") 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    Sample("AM56"); 

    R_Date("GU-12025", 
1880, 35); 

    R_Date("GU-12024", 
1840, 35); 
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    Sample("AM50"); 

   }; 

   Boundary("Transition 
1/2"); 

   Phase("corn dryer") 

   { 

    R_Date("GU-1110", 
1900, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    Sample("AM43"); 

    Sample("AM34"); 

    R_Date("GU-9548", 
1755, 55); 

    R_Date("GU-9537", 
1420, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    R_Date("GU-9549", 
1630, 45); 

   }; 

   Boundary("Transition 
2/3"); 

   Phase("3") 

   { 

    R_Date("GU-9543", 
1650, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    Sample("AM25"); 

   }; 

   Boundary("End 3"); 

  }; 

 }; 

 

Old Scatness – 
Structures 11 & 34 

Plot() 

 { 

  Sequence("Old 
Scatness Str 11 & 34") 

  { 

   Boundary("Start 11"); 

   Phase("1") 

   { 

    R_Date("GU-11098", 
2025, 45); 

    R_Date("GU-11864", 
1960, 35); 

   }; 

   R_Date("GU-13720", 
1295, 35); 

   R_Date("GU-11865", 
1250, 40); 

   Boundary("Transition 
1/2"); 

   Phase("2") 

   { 

    Sample("AM45"); 

    R_Date("GU-11099", 
1290, 45) 

    { 

    }; 

   }; 

   Sample("AM30"); 

   Boundary("Transition 
2/3"); 

   Phase("3") 

   { 

    R_Date("GU-9910", 
1120, 50); 

    R_Date("GU-9586", 
1135, 35); 

   }; 

   R_Date("GU-9909", 
1110, 50); 

   Sample("AM27"); 

   Boundary("Infilling"); 

   R_Date("GU-9542", 
1185, 45); 

   R_Date("GU-9538", 
1175, 45); 

   R_Date("GU-9545", 
1120, 45); 

   Sequence("Str 34") 

   { 

    Boundary("Start 
34"); 

    Phase("4") 

    { 

     Sample("AM11"); 
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     R_Date("GU-8376", 
1180, 50); 

     Sample("AM8"); 

     R_Date("GU-8371", 
1115, 45); 

    }; 

   }; 

   Boundary("End"); 

  }; 

 }; 

   

 

Old Scatness – 
Structures 19 & 20 

Plot() 

 { 

  Sequence("Old 
Scatness Str 20 & 19") 

  { 

   Boundary("Start"); 

   Sequence("Str 20") 

   { 

    R_Date("GU-9870", 
1250, 50); 

    Sample("AM32"); 

   }; 

   Boundary("Transition 
Str 20/19"); 

   Sequence("Str 19") 

   { 

    R_Date("GU-8874", 
1270, 40); 

    Sample("AM16"); 

   }; 

   Boundary("End"); 

  }; 

 }; 

 

Old Scatness – 
Structure 6 

Plot() 

 { 

  Sequence("Old 
Scatness Str 25") 

  { 

   R_Date("GU-13723", 
1630, 35); 

   R_Date("GU-13722", 
1660, 35); 

   R_Date("GU-13721", 
1615, 35); 

  }; 

  Sequence("Old 
Scatness Str 6") 

  { 

   Boundary("Start 1"); 

   Phase("1") 

   { 

    Sample("AM14"); 

    C_Date("XO98", 670, 
90); 

   }; 

   Boundary("End 1"); 

   Boundary("Start 2"); 

   Phase("2") 

   { 

    Sample("AM12"); 

    R_Date("GU-55160", 
1285, 40); 

    R_Date("GU-51159", 
1280, 35); 

    R_Date("GU-51158", 
1375, 35) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    R_Date("GU-51157", 
1300, 35); 

    R_Date("GU-13719", 
1235, 35); 

    R_Date("GU-8377", 
1265, 50); 

    R_Date("GU-8378", 
1250, 45); 

   }; 

   Boundary("End 2"); 

   Boundary("Start 3"); 

   Phase("3") 

   { 

    R_Date("GU-8375", 
1175, 45) 

    { 

     color="red"; 

     Outlier(); 

    }; 

    Sample("AM7"); 



314 
Appendix 2: Gazetteer of sites examined 

   }; 

   Boundary("End 3"); 

   Boundary("Start 4"); 

   Phase("4") 

   { 

    R_Date("GU-8373", 
1270, 45); 

    R_Date("GU-8372", 
1255, 45); 

    R_Date("GU-8374", 
1290, 65); 

   }; 

   Boundary("End 4"); 

  }; 

 }; 

   

 

Old Scatness – 
Structure 5 

Plot() 

 { 

  Sequence("Old 
Scatness Str 5") 

  { 

   Boundary("Start"); 

   R_Date("GU-8870", 
1695, 60); 

   Sample("AM3"); 

   Phase("1") 

   { 

    R_Date("GU-14785", 
1120, 35); 

    R_Date("GU-14784", 
1105, 35); 

   }; 

   C_Date("Athelstan 
coin", 950, 20); 

   Boundary("End"); 

  }; 

 }; 

   

 

Old Scatness – 
Structure 7 

Plot() 

 { 

  Sequence("Old 
Scatness Str 7") 

  { 

   Boundary("Start"); 

   Sample("AM48"); 

   Phase("Central area") 

   { 

    R_Date("GU-8877", 
1470, 45); 

    Sample("AM19"); 

   }; 

   Boundary("Transition 
central/cell"); 

   Phase("Cell 2") 

   { 

    R_Date("GU-8876", 
1215, 40); 

    Sample("AM24"); 

   }; 

   Boundary("End"); 

  }; 

 }; 

 

Plot() 

 { 

  Sequence("Old 
Scatness Str 20 & 19") 

  { 

   Boundary("Start"); 

   Sequence("Str 20") 

   { 

    R_Date("GU-9870", 
1250, 50); 

    Sample("AM32"); 

   }; 

   Boundary("Transition 
Str 20/19"); 

   Sequence("Str 19") 

   { 

    R_Date("GU-8874", 
1270, 40); 

    Sample("AM16"); 

   }; 

   Boundary("End"); 

  }; 

 }; 

 

Old Scatness – 
Structures 24 & 33 
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Sequence("Old 
Scatness Str 33 & 24") 

 { 

  Boundary("Start 1"); 

  Sample("AM57"); 

  Phase("1") 

  { 

   R_Date("GU-9553", 
2010, 45); 

   R_Date("GU-9556", 
1820, 45); 

  }; 

  Boundary("End 1"); 

 }; 

 

 


