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Abstract: This paper sets out some of the key challenges faced by archaeologists when 

they need to assess and evaluate large land parcels prior to development. It then outlines 

the application of a geoarchaeological ‘landform element’ technical approach to assess-

ment and evaluation particularly in the light of current infrastructure developments. This 

approach grew out of more traditional geoarchaeological applications but has been mod-

ified directly to address the needs of large-scale construction and development projects 

where improved understanding of archaeological/palaeoenvironmental potential and sig-

nificance is required due to the huge of scale of works being undertaken, often within a 

restricted timescale. The application of this approach using a real-world case study from 

Killerby Quarry is documented. This project delivered stunning archaeological preserva-

tion of Late Glacial – Early Holocene archaeological and paleoenvironmental remains 

that were able to be appropriately excavated and analysed leading to the discovery of 

the first preserved timber tepee-like structures associated with Early Mesolithic hunter-

gatherer groups in northern Europe. The pre-determination evaluation works for this 

200 ha site were able to be undertaken at between 25–50% of the typical cost of evalu-

ation works for a project of this size and complexity. This meant that resources could be 

subsequently better targeted at the mitigation phase to maximise knowledge gain, and 

ultimately, public benefit. 
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Understanding the Problem 

Finding rapid, cost-efficient ways to effectively evaluate large land parcels for archaeological and pal-

aeoenvironmental remains in advance of development, and particularly large construction and infra-

structure schemes, forms a key challenge for archaeologists. It is widely accepted that no single ar-

chaeological prospection technique can provide the answers we need, despite an over-reliance on 

geophysical survey in some cases. Rather, a spectrum of techniques is required to assess the seen 

and ‘unseen’ potential of any given landscape. This means deploying the most appropriate techniques, 

in the most appropriate way, and in the most appropriate phasing so that the data sets can be assessed 

iteratively so as to enable identification and targeting of areas of interest and ultimately delimit and 

characterise significant archaeological and palaeoenvironmental remains present. Many non- or mini-

mally intrusive techniques are now available to us that can be used to provide a powerful battery of 
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analytical methods, often providing independent data sets, that can be combined to test different as-

pects of the landscape. These include, but are not restricted to: 

• Remote sensing (aerial photographs, multi-spectral, satellite and thermal imaging), 

• High resolution topographic survey (Lidar, SfM photogrammetry), 

• Geophysical survey, 

• Geochemical survey, 

• Fieldwalking, 

• Test pits, 

typically followed by evaluation trenching. 

In order to get the best out of these techniques and to know where and when each technique can 

contribute effectively to the analysis of any given study area or landscape unit within it, a ‘way in’ to the 

landscape is required. The starting point is some form of sampling, and it is self-evident that the effec-

tiveness of a sampling strategy is directly related to the distribution of that which is being sampled. The 

archaeologist is therefore faced with a dilemma: the distribution of that which is being sampled remains 

unknown until it is sampled. This is the ‘sampling paradox’ referred to by Mueller (1975, p. 37). So how 

do we overcome the burden of the ‘onerous sampling strategy’, and structure the investigation of land-

scape and the application of archaeological techniques? It all starts with understanding the mosaic of 

landforms that form any given study area and through geoarchaeological mapping, sediment sampling 

and characterisation a scheme of landforms or ‘landform elements’ can be produced that encompass 

the full variation of landscape facies constituting the study area (see Passmore and Waddington, 2009; 

2012; Brightman and Waddington, 2010; Howard and Macklin, 1999; Howard et al., 2008; Jackson et 

al., 2013; Carey et al., 2017). 

Renfrew has observed (1976, p. 2): “because archaeology recovers almost all its basic data by exca-

vation, every archaeological problem starts as a problem in geoarchaeology” 

These words are considered broadly correct because by applying any of the archaeological prospec-

tion techniques blindly across large landscape parcels without consideration of the geoarchaeological 

context has the potential to yield inherently flawed data. This is because different landforms have 

formed in different ways at different times, have been subjected to varying forms of landscape tapho-

nomy, have different preservational properties, different susceptibilities to different archaeological pro-

spection techniques and different histories of human land use. 

A geoarchaeologically-driven solution 

For those areas where there is little pre-existing remote sensing data or which have geolo-

gies/soils/ground conditions unfavourable to crop or soil mark formation, and/or have restricted scope 

for geophysical survey, other approaches to drive evaluation of these areas need to be found. Follow-

ing an in-depth study in the Till-Tweed basin (Passmore and Waddington, 2009; 2012) a geoarchaeo-

logical methodology was devised, termed the ‘Landform Element’ approach, whereby the evaluation 

of a given land parcel is initially geoarchaeologically mapped, cored/trenched and surveyed in order to 

partition the landscape of interest into a series of discrete landforms. For each of these landforms their 

geological character is ascribed, together with the dominant geomorphic activity, together with known 
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archaeological associations and implications for the types of methods most appropriate to their evalu-

ation (see Table 1 for an example). 
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Case study: Killerby Quarry 

 

Fig. 1. Location map showing Killerby Quarry, UK (© Archaeological Research Services Ltd). 
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This paper outlines a real-world application of this approach to a new ‘super quarry’ that was de-

ployed from its earliest planning stages, through Environmental Impact Assessment, determina-

tion, construction and now its operation. The site is called Killerby Quarry and it is located in North 

Yorkshire, UK, and lies immediately east of the A1M motorway (see Figure 1). Together with the 

adjoining Ellerton extension the site extends over c. 200 ha. The site straddles a range of land-

forms including the so-called ‘Leeming moraine’ which is characterised by a variety tills and de-

glaciation features such as kettle holes, enclosed basins and a palsa bog which form an undulating 

landscape of low lying wetland basins surrounded by steep bluffs and ridges formed from glacio-

fluvial sands and gravels with organic sediments, peats and paleosols surviving in the wetlands 

and kettle hole fills, as well as sealed below colluvium at the base of the bluffs. The flatter or gently 

sloping tops of the bluffs and ridges are free draining and have much lighter, tractable soils than 

those covering the enclosed basins which tend to be more peaty, much wetter and heavier. The 

soils on the ridges currently support cultivation and cereal production while the soils in the low-

lying wetlands support pasture, primarily for sheep. The eastern part of the site is younger in age, 

being the Holocene alluvial valley floor which has a series of palaeochannels preserved across its 

surface, albeit buried by the topsoil, and which in turn is flanked to the east by the current course 

of the river Swale. 

 

Fig. 2. Initial landform element map of the Killerby Quarry area used to drive the fieldwork evaluation strategy (© Archae-

ological Research Services Ltd). 

The first stage of work was to undertake a highly detailed desk-based assessment that included a 

detailed geoarchaeological landform map (see Figure 2) and which was set up in the project’s GIS 

and which included the currently available lidar data and detailed analysis and digital transcription 
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from aerial photographs to understand the morphology, identification and extent of landforms and 

any observable archaeological associations. This was followed by a phased programme of evalu-

ation that included targeted sediment coring, range finder dating and assessment of palaeoenvi-

ronmental proxies on a range of deglaciation features that included enclosed basins and kettle 

holes, as well as palaeochannels on the Holocene floodplain. An extensive fieldwalking survey 

was then undertaken at close-spaced intervals to maximise finds recovery with a particular em-

phasis on chipped stone artefact recovery. Following on from these studies highly targeted geo-

physical survey and evaluation trenching was undertaken. Once this site received planning per-

mission archaeological mitigation took place based around a scalable watching brief through to 

strip, map and sample condition, together with the targeted sample excavation of specific kettle 

hole and enclosed wetland basin features (see Figure 3) – one of the first times any such features 

had been targeted for archaeological excavation as opposed to just palaeoenvironmental sampling 

in British commercial archaeology. 

This approach was selected for use on this project as it provided an appropriate method for rapidly 

and accurately assessing a large land parcel in advance of large-scale development that required 

a high level of digital information to inform the planning decision and to give confidence to the 

developer of the scale and cost of the post-permission mitigation that might be required. The ap-

proach allowed what was considered to be significant about this previously unknown and unstudied 

landscape and the type of archaeological and geoarchaeological records it contained to be tar-

geted from the outset, whilst avoiding the need for digging several hundred evaluation trenches 

across this landscape and which would almost certainly have failed to identify the most significant 

archaeology surviving in this study area. This meant that there was virtually no impact on surviving 

sub-surface archaeology during the evaluation phase, large scars in the field surface were 

avoided, speed of work was high, the quality of the archaeological information to inform decision-

making and to understand this landscape was considered superior to that which would have re-

sulted from typical geophysical survey followed by trenching, and the cost of the works was con-

siderably less than a typical geophysical survey-evaluation trenching approach. This geoarchaeo-

logically-driven and digital approach to evaluation was therefore considered by all parties to be 

good value for money. This meant that the greater bulk of the financial resource could be spent on 

creating new and significant information during mitigation rather than expending large amounts 

during pre-determination landscape reconnaissance and evaluation that would in turn reduce the 

resource available to create value and new information during mitigation. 

The application of a geoarchaeological approach from the outset to drive all subsequent prospec-

tion and mitigation resulted in a coherent programme of work resulting in notoriously ‘hard to find’ 

archaeology being identified and recovered. The works were undertaken using the following se-

quence: 
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Fig. 3. Map showing detail of archaeological works within Killerby Quarry (© Archaeological Research Services Ltd). 

Desk-based assessment 

 

Geoarchaeological landform mapping (including analysis of aerial photographs, Lidar data, satellite 

imagery, GIS modelling) into discrete ‘landform elements’ and then assessing the potential of each 

landform element, the landscape as a whole and which techniques to deploy where. 

 

Targeted sediment coring was undertaken on what were thought to be both Late Glacial and Holo-

cene features with range finder radiocarbon dates acquired for most sequences together with as-

sessment of potential of the deposits to contain palaeoenvironmental proxies. 

 

Close spaced fieldwalking was undertaken over all parts of the site available for fieldwalking with the 

focus on chipped stone tools of the Stone Age. 

 

A small amount of geophysical survey was undertaken where aerial photographs suggested some 

anomalies could be present and which was followed up by very limited and targeted evaluation 

trenching. 
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 

Planning application submitted with full Environmental Statement chapter for cultural heritage deal-

ing with other issues such as impacts on ‘setting’, and crucially, with the full scheme of archaeological 

mitigation set out as part of the application. 

 

Planning permission given subject to usual conditions. 

 

Archaeological mitigation works undertaken as quarry construction and operation progressed includ-

ing: targeted sample excavation of a kettle hole, targeted sample excavation of wetland basins, strip, 

map and sample excavation of non-wetland areas and targeted geoarchaeological sediment sam-

pling and analysis. 

The results have been stunning and have added genuinely new knowledge and data to our under-

standing of the Late Glacial and Early Holocene in northern Britain. The earliest evidence for human 

activity identified at Killerby was from palaeoenvironmental deposits in kettle hole (KB5) which pro-

duced extraordinarily high abundances of microcharcoal within a deeply stratified and sealed or-

ganic-rich clay silt radiocarbon dated to 10958–10764 cal BC (95.4% probability), or probably 

10873–10794 cal BC (68.2% probability) (SUERC-79304 (GU79304)) (Hunter and Waddington, 

2018) during the latest phase of the Younger Dryas. This proxy evidence is further supported by the 

chipped lithic evidence that include an unusual tanged point, a backed blade, as well as broad and 

heavily patinated blade implements recovered from both the fieldwalking and the excavations (Wad-

dington et al. 2009, p. 5). More spectacular has been the discovery of three Early Mesolithic pond-

side camps with the structural timbers of tepee-like dwellings (see Figures 4 and 5), one with an 

internal hearth, surviving in remarkable condition despite dating to the 91st century cal BC (see Figure 

5).  

These camps represent a behavioural practice that continued in this locale over several centuries 

whereby short-stay camps were made around a sheltered pond using locally available alder growing 

on the on the wetland margin. They appear to have been occupied for short stays and formed part 

of a wider pattern of hunter-gather mobility around the wider landscape comprising episodic use of 

this hummocky wetland area close to the routeway of the River Swale, possibly for resource acqui-

sition that included lithic raw materials (e.g. the locally available chert), as well as riparian resources 

and the taking of animals watering and nesting around the various wetlands. 

A substantial Late Mesolithic timber platform dating to c.5,500 cal BC was discovered extending out 

into a small pond inside the kettle hole KB5 (see Figures 6 and 7) and this had evidence for cattle 

teeth, chipped flints, a stone rubbing tool, as well as posts, postholes and other features that have 

led to its interpretation as a platform for processing animal skins and potentially curing hides in the 

pond. This site also had successive occupation in the Neolithic and Bronze Age stratified above the 

Mesolithic remains. In the cases of both the Early and Late Mesolithic archaeological structures 

these well-preserved remains also had preserved alongside them a continuous palaeoenvironmental 

sequence of deposits rich in environmental proxies that could be linked to landscape development 

and human activity in the immediate landscape surrounds (see Figures 8 and 9) as well as lithic 

material of various types (see Figure 10).  



International Conference on Cultural Heritage and New Technologies | Vienna | 2021 

 Advances in Archaeological Prospection 219 

 

Fig. 4. Aerial view of Wetland Basin 1 (dark peat-filled basin) exposed after topsoil strip inset within a relict palsa bog (© 

Archaeological Research Services Ltd). 

This has meant that the cultural and environmental archives can be directly integrated to provide a 

much fuller and more accurate understanding of past human activity in this remote period of early 

human activity in this region (Hudson et al., 2023). Elsewhere on the site archaeological remains 

from the Neolithic, Bronze Age, Late Iron Age, Romano-British and early medieval periods was also 

discovered, although their significance is much less than the rare Stone Age archaeology. 

Although other archaeological remains have been found as well, these are remarkable discoveries 

that have been found as a result of the application of a specific evaluation technique and innovative 

mitigation whereby palaeoenvironmental deposits were targeted for archaeological sampling and 

excavation. They were not found by chance. The Killerby project has ground-tested the approach in 

a real-world setting on a large scale and has proved effective in recovering what was significant 

about the archaeology of this area, as well as in directing the best-use of spend at the right times in 

the discharge of the planning process. 
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Fig. 5. View of one of the well-preserved Early Mesolithic camp structures with long poles for a tepee-like structure col-

lapsed over the fireplace and radiocarbon dated to the 91st century cal BC, directly contemporary with the earliest phase 

at Star Carr, also in North Yorkshire (© Archaeological Research Services Ltd). 

 

Fig. 6. Aerial view looking west of kettle hole KB5 (dark peat-filled egg-shape) exposed after topsoil strip with initial evalu-

ation filled with water (© Archaeological Research Services Ltd). 



International Conference on Cultural Heritage and New Technologies | Vienna | 2021 

 Advances in Archaeological Prospection 221 

 

Fig. 7. Late Mesolithic timber platform emerging during excavation in the fill of kettle hole KB5 under light snow conditions 

(© Archaeological Research Services Ltd).  

 

Fig. 8. View of section through kettle Hole KB5 deposits showing the well-preserved and sealed stratigraphic sequence 

during recording and sampling of the deposits (© Archaeological Research Services Ltd). 
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Fig. 9. Plan and section of archaeological remains and sedimentary sequence in kettle hole KB5 (© Archaeological Re-

search Services Ltd). 

 

Fig. 10. Heavily patinated flaked flint axehead found in the Mesolithic palaeosol around Wetland Basin 2 (© Archaeological 

Research Services Ltd). 
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Conclusions 

The archaeological and geoarchaeological works undertaken at Killerby Quarry represent an inno-

vative approach to both evaluation and mitigation, that have resulted in the recovery of stunning and 

rare discoveries that will inform future methodologies, as well as contributing significantly to under-

standing the Late Glacial and Early Holocene archaeology and palaeoenvironment in Britain and 

north-west Europe. On the basis of the application of the approach outlined here to a large-scale 

real-world case study the following conclusions can be drawn: 

• The geoarchaeologically-driven approach allowed for what was archaeologically significant 

to be targeted from the outset and without recourse to digging up and disturbing soils and 

buried deposits across large tracts of landscape 

• The evaluation phase was relatively swift and inexpensive with the evaluation works esti-

mated as costing between 25%-50% of the typical costs associated with a geophysical sur-

vey and percentage-based evaluation trenching approach 

• The archaeological result was considered better than a ‘normal’ approach reliant on geo-

physics and evaluation trenching, and which resulted in the discovery of very rare and highly 

informative archaeological and palaeoenvironmental remains 

• The bulk of the archaeological expenditure was made in the post-permission mitigation phase 

linking it directly to the phase when most benefit was delivered (ie. knowledge gain, preser-

vation by record, public visits and talks, dissemination of information, environmentally sensi-

tive quarry construction and extraction and sustainable economic benefit in terms of local 

jobs) 

• GIS was utilised from the outset as the key digital means by which data was stored, analysed 

and articulated and its ease of visual comprehension assisted the planning application itself 

as well as for easily comprehensible understanding of the archaeological and palaeoenviron-

mental potential of the site with non-archaeological specialists and planners. 
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