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LECTURE ABSTRACTS

INTEGRATING GEOPHYSICAL AND REMOTE SENSING DATA FOR THE
MODELLING OF GEOARCHAEOLOGICAL RESOURCES IN ALLUVIAL
ENVIRONMENTS.

Nicholas Crabb®, Chris Carey, Andy J. Howard® and Robin Jackson®
(MCentre for Earth Observation Science, University of Brighton, UK
@Landscape and Research Management, Stanmore, UK ®)Worcestershire
Archaeology, Worcester County Council
n.crabb@brighton.ac.uk

Shallow magnetic gradiometer surveys are now regularly deployed at a landscape
scale, covering 100s and sometimes 1000s of hectares, particularly prior to
infrastructure projects. The consideration of the geological, geomorphological, and
topographical context of these large areas is fundamental, and without this context it
is not possible to completely interpret these results. Moreover, in landscapes where
archaeological resources do not lie immediately below the modern ground surface
(i.e. a soil profile above bedrock), but are buried below accumulated sediments (e.g.
alluvial, colluvial, aeolian, coastal, estuarine, and lacustrine deposits), most
conventional (shallow) geophysical techniques will be largely ineffective, but this
limitation is not always explicitly acknowledged. However, through integration with
remote sensing techniques, other (deeper) methods of geophysical survey, and the
construction of geoarchaeological deposit models, it is possible to map the likely
distribution of buried deposits of archaeological interest (Carey et al., 2018). This
allows for areas of greater and lesser archaeological potential to be established,
which, in turn, enables the context of archaeological remains to be better understood
and subsequent investigations to be more focused (Historic England, 2020).

This paper will demonstrate how geophysical survey and remote sensing techniques
can be integrated within the framework of geoarchaeological deposit modelling to
provide an improved understanding of complex depositional zones, where standard
shallow archaeological prospection methods are ineffective (Weston, 2001). It
focuses on alluvial environments, as they frequently contain rich and well-preserved
archaeological and palaeoecological records, which are increasingly threatened by
development, agriculture, and climate change (Howard et al., 2015). This includes a
detailed case study centred on the Lower Lugg Valley in Herefordshire, where
previous research has recorded a complex depositional history, with closely related
human-environmental interactions, and widespread archaeological activity (Dinn and
Roseff, 1992; Dorling, 2007; Jackson and Miller, 2011). The results have implications
for applications of these methods in other complex depositional zones and it is
argued that such an approach should be adopted more widely.

Identifying archaeological potential in alluvial environments

Temperate river floodplains contain an assemblage of alluvial landforms that provide
a record of the evolution of the river system (Brown, 1997). As the likely preservation
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of archaeological resources varies according to the distribution and type of these
landforms, understanding their morphology, and sedimentary sequences is
imperative for predicting archaeological potential. For example, the presence of
palaeochannels, gravel islands, levees, bars and other bedforms exert a significant
influence on past societal choices and mapping and understanding these landform
assemblages can, therefore, offer significant insights into the distribution of
archaeological resources (Challis and Howard, 2006, 2003).

Geoarchaeological deposit models provide a visual representation of the spatial and
stratigraphic relationships between subsurface sediments, archaeological features
and palaeoenvironmental remains (Carey et al., 2018). Whilst they vary in their form
and presentation, they generally aim to improve the understanding of depositional
environments and make predictions regarding archaeological potential (Brown et al.,
2005; Carey et al., 2017; Howard et al., 2008). They are conventionally constructed
by combining pre-existing archaeological and Historic Environment Records,
geological mapping, and intrusive geotechnical data. However, they can also
incorporate proxy measurements of the subsurface provided by remote sensing or
deeper geophysical survey methods.

Numerous projects have used airborne lidar for topographic modelling of landforms
of variable archaeological or palaeoenvironmental potential (Brunning and Farr-Cox,
2006; Mozzi et al., 2018; Ninfo et al., 2011; Passmore and Waddington, 2009; Stein
et al., 2017).

However, any resources that are not expressed topographically, due to significant
alluvial deposition or agricultural activity, will not be identifiable. Whilst multispectral
data is also limited to surface measurements (e.g. spectral reflectance relating to soil
moisture or plant health), it can act as a proxy indicator of buried features, landforms
and sub-surface sediment architectures (Crabb et al., 2022). Moreover, with
reductions in costs and recent technological advancements, including the improving
spatial resolution of satellite systems and the advent of lightweight UAS mounted
instruments, these datasets are increasingly accessible for geoarchaeological
research.
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The Lower Lugg Valley, Herefordshire (UK)

In the Lower Lugg Valley, lidar was used to highlight the central, vertically accreting
portion of the alluvial corridor, together with a series of more discrete alluvial
landforms, such as palaeochannels and gravel topographic high points (Figure 1a).
These landforms were also identifiable within high-resolution satellite multispectral
imagery, but in addition, larger scale landforms (e.g. a probable gravel island) were
more apparent as variations in vegetation health (Figure 1b).

Collectively, these datasets were used in conjunction with a small number of
boreholes (Figure 2d) to produce a simple deposit model (Figure 1c). This enabled
predictions to be made regarding the distribution of archaeological resources, where
lower-lying (wetter) areas and palaeochannels were considered more likely to
contain paleoenvironmental resources, whereas higher (dryer) zones, relating to
upstanding gravel terraces or islands, are unlikely contain such remains, but were
more attractive for a range of past human activities.

An Electromagnetic (EM) induction survey was carried out to test the deposit model
constructed from remote sensing and borehole data, and to better characterise the
nature and distribution of subsurface deposits and alluvial landforms (Figure 2a). The
EM survey confirmed the presence of a gravel island identifiable in both the lidar and
multispectral data, which had thinner deposits of alluvium on its surface defining a
higher archaeological potential (Figure 2d). Due to the higher and drier position of
this landform within the floodplain, a gradiometer survey was also undertaken to
identify possible archaeological features (Figure 2b and c). This defined some
tentative anomalies, predominantly concentrated upon the topographic (gravel) high
point, helping to confirm the predictions of the deposit model. However, even though
the targeted gradiometer survey was undertaken in an area of shallower alluvium,
the alluvial deposit sequences were still predominantly >1 m in depth and
consequently, are likely to have been too deep for the gradiometer to identify
features at the Pleistocene/Holocene interface at the base of the sequences. Despite
this, these results illustrate how appropriate geophysical survey and remote sensing
techniques can be integrated to provide a better representation of the nature and
distribution of archaeological resources within alluvial landscapes.
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NAUGHT BUT TRADITION REMAINS? MULTI-INSTRUMENT GEOPHYSICS AND
THE RECOVERY OF THE LANDSCAPE OF GRAND-PRE

Jonathan Fowler®
MSaint Mar y jHRalfaxCanadar si ty

jonathan.fowler@smu.ca

Grand-Pré was one of the most prosperous French Acadian settlements in Northeast
North America before it was occupied and destroyed by New England soldiers in
1755, its hundreds of residents loaded onto deportation ships and sent into exile to
the American colonies. The global reach of their subsequent wanderings became
legendary: France, England, the Caribbean, even the Falkland Islands. Many
Acadian refugees relocated to Louisiana, where they became known as Cajuns.

Their devastated homeland, later transformed by Protestant immigrants into a New
England township, eventually became a place of solemn memorialization and
pilgrimage. Grand-Pré National Historic Site of Canada and The Landscape of Grand
Pré World Heritage Site today commemorate Acadian survival and celebrate the
ingenuity of colonial-era farmers whose dykes and drains claimed the Great Meadow
(Figurel)f r om t he wor | dBleskndyR0OgH.est ti des

The American poet Henry
Wadsworth Longfellow used the
1755 Deportation of the
Acadians as inspiration for his
epic poem Evangeline: A Tale of
Acadie (Longfellow 1847). His
vivid reimagining of the Acadian
story energized modern Acadian
nationalism and stimulated
heritage development (Griffiths
1982; Fowler and Noél 2017). It
also misrepresented the
Acadians and their history.
ANaught but trad
the beautiful village of Grand-
Pré,oLongfellow sighed. But
archaeology is proving him wrong.

Figure 1: The Great Meadow (Grand-Pré) as viewed from
the north. Photo by lan McKay.

For the past 20 years, our teams have combined a range of aerial and terrestrial
remote sensing techniques with targeted archaeological excavations to recover the
tangible remains of Acadian Grand-Pré. Most of its inhabitants were not literate and
few contemporary plans or descriptions of the community survive, so the picture
emerging from our research is new. Our research also offers a valuable feedback
loop in which different instruments and survey methods have been compared and
ground-truthed through excavation.

This presentation briefly situates Acadian Grand-Pré in space and time before
outlining our multi-instrument approach and some of its main results to date.
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Techniques include electromagnetic (EM) conductivity and magnetic susceptibility
with the EM38 series of instruments by Geonics, ground-penetrating radar, aerial
photography, and aerial LIDAR (Figure 2).

Figure 2: 1760s cadastral map of Grand-Pré georeferenced and applied to 2019 LiDAR-derived bare
earth digital elevation model. Data courtesy of Province of Nova Scotia.

Our results once again demonstrate the value
of multi-instrument surveys combined with
historical research and excavation. Traditional
aerial photography, drone-based digital
photogrammetry, and aerial LIDAR identify
areas of high archaeological potential.
Extensive EM surveys follow. Magnetic
susceptibility is particularly instructive because
much of the settlement appears to have been
burned in 1755 or shortly thereafter. With the
clusters of domestic sites identified by these
methods, GPR yields more thorough, 3D
mapping, and dating evidence is obtained
though excavation. Much of the work of
mapping this storied community is conducted
as part undergraduate coursework at Saint
Ma r yJoiversity. Figure3: In-Phase results from a EM38B

with 50cm interline spacing and 10
samples per second
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GEOPHYSICS HAS ITS DAY IN COURT: THE VERDICT ON REWILDING
SURVEYS AT COURT GREEN MANORIAL SETTLEMENT, BERE REGIS

Paul Cheetham® & Dave Stewart®)
(Department of Archaeology & Anthropology, Bournemouth University, Talbot
Campus, Fern Barrow, Poole, Dorset, BH12 5BB.

pcheetham@bournemouth.ac.uk

Keywords: Rewilding, magnetometry, earth resistance, ground penetrating radar.

In its aims of restoring natural processes and increasing biodiversity, the rewilding
movement is principally datural environmentédriven, but in addition often aims to
promote and enable community access. Land acquired by Dorset Wildlife Trust
along the northern banks of the Bere Stream to the east of Bere Regis provides a
good case study of the process of gewildingdwith respect to our knowledge and
understanding of the archaeological record of an historic landscape exploited and
modified by man for over 7000 years. Entitled Wild Woodbury, the project is named
after the Woodbury univallate hillfort that overlooks the area.

Rewilding takes many forms, with the project undertaken at Court Farm being
focussed on low-input farming where the term dvilder fa r mi wowgddbe considered
more appropriate. The project will involve some areas of natural scrub and woodland
regeneration and the removal of modern drainage to re-wet parts of the landscape
(Farrington 2022). Whilst taking this area out of intense agricultural production
protects the archaeology from the ravages of the plough, allowing nature to take its
course will mean that in the future some areas may become less accessible for
undertaking effective conventional geophysical survey. There are also plans to
repurpose redundant agricultural buildings, create wildflower meadows and create a
community food forest. Some project activities encroach on the scheduled area of
the manorial settlement of Court Green and so appropriate scheduled monument
consent is required. Geophysical survey had already been successfully applied to
one area of the Court Farm manorial settlement and so it was logical to extend this
work to cover the whole of the scheduled area, which has now been completed
(Cheetham 2022). Survey involved the use of magnetometry, earth resistance and
ground penetrating radar to investigate the archaeological potential and guide the
management of the scheduled area. Despite the inherent limitations of geophysical
survey with respect to the ephemeral nature of some medieval archaeology, perhaps
fortuitously, the geophysical survey revealed that parts of the site are covered in
relatively modern overburdens. These mask, but therefore protect, some of the area
that may be affected by the changes in land use.

Next to be considered are the unscheduled areas of Wild Woodbury. Archaeological
survey and excavation on adjacent areas of the south-west facing slopes of the Bere
Stream valley revealed them to be rich in archaeological activity dating from the
Mesolithic period onwards (Context One 2017), suggesting there were many sites to
be discovered in the unscheduled parts the Wild Woodbury rewilding area. Local
historian John Pitfield had also undertaken surface collection over parts of the
rewilding area, and Dorset Wildlife Trust staff, when alerted to the signs of settlement
and activity, reported several potential archaeological sites. A brief walk-over of part
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of the rewilding area by the first author revealed the tell-tale signs of flint debitage
and pottery from prehistoric sites, theburnt f | i nt fronplori Agdbdomestie r s 6
sites, and areas of medieval and early post-medieval pottery together with a few
sherds of Roman ceramics. In agreement with Dorset Wildlife Trust, it has been
proposed that parts of the rewilding area are geophysically surveyed before they
become less accessible. This will allow any archaeological sites identified to be
managed appropriately within the rewilding project. The results so far confirm that a
wide range archaeological sites exist, with work ongoing to complete the project. For
example, in figure 1, below, a randomly surveyed area reveals a palimpsest of
prehistoric and later magnetic anomalies/features located on a chalk spur
overlooking the river.
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Figure 1: This randomly selected area of magnetic survey reveals a palimpsest of ditches, pits,
lynchets and quarry pits, demonstrating the archaeological potential of the Wild Woodbury rewilding
area. Bartington 601-2, 0.25 x 1m survey intervals. Black positive, plotted -3 to +3 nT.
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EARLY RESULTS FROM LARGE-SCALE MULTI-METHOD GEOPHYSICAL
SURVEYS AT THE BATTLEFIELD OF WATERLOO, BELGIUM

Duncan Williams® 2, Philippe De Smedt®, Kate Welham® and Stuart Eve®
(MBournemouth University, Bournemouth, UK; @Ghent University, Ghent, Belgium

dwilliams1@bournemouth.ac.uk

This paper examines the initial results of large-scale geophysical surveys recently
undertaken at the Battlefield of Waterloo in Belgium (Figure 3), where Napoleon
Bonaparte was famously defeated in June of 1815 by a European coalition led by the
Duke of Wellington and Prussian Marshal von Blicher. Archaeological research
under the auspices of the British charitable organization Waterloo Uncovered have
been ongoing at the site since 2015. Geophysical surveys were trialled with
promising results at the inception of the project and have recently been scaled up to
increasingly large areas of the protected battlefield landscape, which comprises a
surface area of over 1000 hectares.

Over 100 hectares of this landscape have now been surveyed using fluxgate
magnetometry (Sensys MXPDA) and multi-receiver frequency-domain
electromagnetic induction (DualEM 21H i coil spacings of 0.5, 1 and 2m) (Figure 4,
Figure 5). Magnetometry was undertaken using a five-sensor array with 50 cm
sensor spacing and a 100 Hz sampling rate to allow for the identification of relatively
small archaeological features (>1 m) and metal scatters (Figure 6). Coarser
sampling was used for the EM surveys (2 m interline spacing at 8 Hz) to target
broader pedological variability (in particular colluvial deposits based on electrical
contrasts related to soil textural differences) (Figure 7) and larger archaeological
features. Previous attempts at using ground-penetrating radar at the site have shown
that signal attenuation is generally quite high, which is problematic in an environment
that has experienced considerable colluvial accumulation resulting in buried
archaeological deposits of interest at depths of up to 1m.

These methods were selected for their ability to provide complementary datasets on
both magnetic and electric properties at a range of depths and to enable
identification of a wide range of potential targets (e.g., hearths and other features
related to bivouacs, scatters of metal ordnance, mass graves/cremation pyres,
expedient defensive works, and other relevant landscape features such as field
boundaries, ditches, structures, and paths).

A range of areas have been sampled, including the main ridge along which the Allied
forces were deployed and where they bivouacked the night preceding the battle,
areas around several farmhouses which played pivotal roles as expedient
fortifications during the battle, and the hinterland of the village of Plancenoit which
was the site of a crucial struggle between French and Prussian forces. We present
initial results from these surveys, considering the potential advantages and
shortcomings of the methods for identifying various targets related to the battle and
its aftermath.

While geophysical surveys have been attempted at many battlefields in the past, we
believe that this survey represents the largest of its kind ever undertaken at an early
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modern battlefield. This has been enabled by mobile survey configurations, now
well-established in archaeological prospection, which have shown their value in
producing large-scale datasets for understanding vast archaeological landscapes.
Battlefield sites have long been considered challenging for archaeological
investigation due to the low-density ephemeral nature of the material evidence and
their large spatial extent. The primary methodology employed in their investigation
has traditionally been systematic survey with conventional metal detectors which,
while effective, limits the potential range of targets that are detectable. We consider
how large-scale surveys incorporating other geophysical approaches might enhance
our understanding of these ephemeral archaeological landscapes.

b oy gmoenan aniy ar
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Basemap: Craan 1816 (Brilish Library Maps 31885 (1)), Google Earth 2022 = £ T cier, e oot R Rermeesaal g

Figure 3: Map of the battle showing initial troop deployments, produced in 1816, with the protected
battlefield area outlined in red. Wellington& Anglo-Allied army (shown in red) deployed along a ridge
at the top of the map, with Napoleon& French army in the centre and south (in blue) and Blucher&
Prussian forces (in green) approaching the village of Plancenoit in the southeastern corner.
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Figure 4: Electromagnetic induction survey near the Lion Mound monument, Waterloo.

Figure 5: Magnetometer survey near Hougoumont Farm, Waterloo.
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Figure 6: Example of subtle archaeological feature detected near the ridge that comprised

Wel |l ingtondés main def e nbarntedd lens amsl associated ferrocisomretmli st i ng of
fragments beneath approximately 80 cm of colluvial overburden. Borehole shown in a); different

geophysical contrasts of feature from FDEM and magnetometry surveys in b) along with borehole

location indicated by red dot; and larger magnetometry dataset in ¢) showing inset area and dipole

anomalies highlighted in red.

Figure 7: Overview of apparent electrical conductivity (1m horizontal coplanar coil pair) for entire
surveyed area. Note especially the linear resistive zones correlating well with colluvial deposits
(outlined in black, from mid-20th century soil surveys). The red outlined area is the protected
battlefield zone as shown in full in Figure 3.
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EXPLORING INTEROPERABILITY OF ARCHAEOLOGICAL AND
AGRICULTURAL GEOPHYSICS. THE CASE OF EAST HESLERTON.
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Stefano Campana®), Marco Vieri®), Victorino Mayoral Herrera(®, Victoria
Robinson®, Rob Fry®), and Philippe De Smedt(
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School of Humanities, Glasgow, United Kingdom; ®Landscape Research Centre,
West Heslerton, United Kingdom, ®University of Siena-Department of History and
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Jeroen.Verhegge@UGent.be

Introduction

Over the past decades, technological innovation has revolutionised archaeological
prospection, by enabling large-area geophysical surveys (e.g. Powlesland, 2006),
and farming practice, through proximal soil sensing (Adamchuk and Viscarra
Rossel, 2011). Hereby, both disciplines have deployed similar methodologies and
encountered comparable challenges. While mutual benefits have been identified
(Webber et al., 2019), truly interoperable archaeological and agricultural survey,
requiring common (meta)data standards and workflows, is still afar. The
Interoperable Precision Agricultural and Archaeological Sensing Technologies
Project (ipaast-czo) pursues this by integrating in-place systems, stakeholder- and
user surveys, workshops and interdisciplinary case-studies.

One case-study is East Heslerton, where Powlesland (2006) revealed an Iron age-
Roman ladder settlement, Anglo-Saxon Grubenhauser, and various fluvial features
using magnetometer survey (MAG) (Fig.1-Right). Complementing gridded borehole
survey mapped ploughsoil and sandy aeolian overburden thickness (Fig. 1-Left).
To evaluate how archaeological prospection sensor data serve agricultural
services, and vice versa, a multi method study focused on frequency domain
electromagnetic (FDEM) induction and gamma ray survey.

Methodology

While in precision agriculture FDEM sensors are often used for creating
management zones primarily based on the outputted apparent electrical
conductivity (ECa), the in-phase magnetic susceptibility (IP-MS) is often also of
interest for archaeological prospection (e.g. De Smedt et al. 2022). Because of
this common interest, FDEM was selected, despite differing field and processing
practices in both applications. Data were collected with a Dualem 21HS instrument
at 1.2 m between- line spacing, and processed following Hanssens et al. (2020) to
produce ECa and IP-MS maps. These were then used to develop a stratified
random sampling scheme (Minasny and McBratney, 2006) linking electromagnetic
variations to standard physicochemical soil properties. For all samples texture
composition, OM, CEC, CaCOg3, pH_KCI, P, K, Mg, Ca and C/N were quantified,
alongside lab magnetic susceptibility (Bartington MS2B). Based on the ECa and
IP-MS, agricultural management zones (AMZ) were defined using K-means
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Figure 1: Left: Survey areas (dashed+numbered) and thickness of the aeolian sand deposits.
Background: BGS Parent material-soil texture; Right: LRC MAG results and interpretations.
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Results and discussion

Grubenhauser appear as discrete, strong magnetic enhancements (e.g. Fig.2-
Center: MS_4), both on the slopes and sandy valley floor. Linear enclosure ditches
on the slopes (MS_5) exhibit lower IP-MS than to the drainage dyke, trackway- and
enclosure ditches of the ladder settlement (MS_9). The latter exhibit increased
ECa, indicating finer/organic infill (EC_7).

In area 1, the ECa reveals the variable bedding lithology and fault lines of the chalky
geology of the valley slopes (Left: EC_1). Locally, these have been eroded by fluvial
and/or slope processes resulting in a large dry valley with a low ECa (EC_2),
indicating a coarser texture. The IP-MS is lowest on top of a steep ridge between two
valleys (MS_1), representing a shallow/eroded topsoil. Downslope, increased IP-MS
and ECa reveal where finer deposits have colluviated (MS-2, EC_3), while the dry
valley also exhibits subtly increased IP-MS (MS_3).

In the area 2, the valley floor has very low ECa in the south, indicating the presence
of coarse, dry sands (EC_4). The northern half is more conductive, suggesting finer
and/or more waterlogged sediments (EC_5). A paleochannel contributes the highest
ECa indicating loamy/organic rich soil conditions (EC_6). The large scale IP-MS
seems to increase with a thicker sandy overburden (MS_8) compared to e.g.
MS_6/MS_7. The differing spatial variability with the ECa suggests that the sandy
sediments consist of a more magnetic overburden and less magnetic underburden.

Alternatively, the magnetic enhancement results from human land use, since it is
higher near the ladder settlement and current town.

Compared to MAG, FDEM results contribute new information layer about soil and
geology, which is valuable both in reconstructing archaeological landscapes; guiding
soil sampling and creating AMZ.

NSGG
e
M 21 AW Historic England

Near-Surface
Geophysics Group



EHBHO7

EHBHO6

3 i W3 . -,_ 7

EHBHO3
EHBHH011B)
EHBH1010A\

EHBHO02:

HCP1 ECa (mS/m) HCP2 IP-MS (ppt) ® Samples
1 [Jos2 Clusters ECa IP-MS
1575 Il 3.14 1 @1
[ 10.5 2 2
I 15.25 3 @3
I 20

Figure 2: Left: ECa dataplot in 1 m HCP coil configuration; Centre: IP-MS dataplot in 2 m HCP caoill
configuration; Right: Sample locations and delineated management zones.

K-means clustering of the IP-MS and ECa classified each field in to three clusters,
usable as AMZ (Fig.2-right). Texture analyses of the samples revealed textures from
sand to clay-loam. A relatively good correlation (R=0.71, p=0.071) was observed
between low frequency MS and Phosphorous content (Fig. 3) within area 2, but was
absentin area 1. The s a mp Imséaogy is under analysis to determine the origin,
but this suggests IP-MS as phosphorous proxy.
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Conclusion

This project demonstrates how a

single multi-use dataset can be y=-23+0046 x
collected by surveying at a high - R=0.71,p=0071
spatial resolution, employing
appropriate calibrations, and
integrating physiochemical soll
analysis.

Importantly, precise drift removal
enabled archaeological IP-MS
interpretations and established
IP-MS as a possible predictor of P

P (mg/100g)

content. Furthermore, Figure 3: Linear regression plot between Low
soil/geological variability is mapped Frequency MS and Phosphorous content of the
in ECa and IP-MS, making gridded area 2 samples

augering or sampling superfluous

for mapping these variations. Instead, these should be implemented in a targeted
manner.

This highlights the potential practical benefits of a collaborative approach: sharing
costs between stakeholders in agriculture, environment and archaeology could make
acquiring higher resolution, better quality soils data practical for all.
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MUNICIPAL GARDEN WASTE COMPOST: ITS EFFECT ON MAGNETOMETRY
RESULTS

Roger Ainslie @
(MAbingdon Archaeological Geophysics, Abingdon, UK,
archgeophys@hotmail.co.uk

Figure 1: Air photo of Andersey Island with Abingdon bridge.

Summary

This compost appears to contain material which introduces a speckled appearance
to magnetometry results. This may well lead to remains not being as clearly
detectable by this method.

Background

We have surveyed the same area near
Abingdon several times as we live
nearby. The area concerned is at 51 deg
40'N 1degl16'27"W, on a fairly level
gravel terrace near the Thames.

0 metres 150

Figure 2: Part of the main survey area

e
24 A Historic England

Near-Surface
Geophysics Group


mailto:archgeophys@hotmail.co.uk

Figure 3: Detail of 30 metre grids surveyed with a Bartington Grad 601/2 gradiometer.

Results

We appear to have gone from 1 piece of, (presumably ferrous), speckle in the south
westerly round barrow area in 2006, to 6 in 2018 and 16 in 2021. The farmer has
advised that this area has had municipal green compost from the Local Authority
depot at Sutton Courtenay used on it 3 times, at a rate of 10 tonnes per hectare each
time. He has stopped using it as it contained too much plastic.

Discussion

This study might enable a view to be taken on whether ferrous material should be
removed before such compost is used, although this may carry little weight in the
overall scheme of things. The alternative is to have fields surveyed before this
material is deposited. Landfill sites are recorded for methane and heavy metal
contamination aspects, so perhaps areas where municipal compost has been
deposited should similarly be in the public record.

James Gerrard and others put an article into Archaeological Prospection ® showing
the masking effects of this substance and also giving detail of the amount of
contamination it was permitted to contain. As this is a paywall journal it seems not to
have had the circulation it deserves. Metal detectorists were also concerned and
there was even an item on the BBC Countryfile TV series about it, but nothing
appears to have been done to recognise and address the problem.

Why it matters. A high amount of this contaminant can conceal almost everything. As

sometimes remains are identified by the location of pieces of iron in the ground, a
random scatter of it can stop remains being identified.
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The amount of plastic in this compost is the thing which most people see and are
concerned about. It may have been seen as a good idea to reduce landfill by taxing
biodegradable waste at almost £100 per tonne compared to £3 a tonne for inert
waste. In terms of gas production this is probably carbon dioxide in aerobic
conditions and methane for anaerobic situations. This material may be best put in
capped tips, where they can collect the methane and use it to generate electricity,
and the taxation adjusted accordingly.

This compost may belong to the category of good ideas gone bad such as asbestos
insulation, high alumina cement, pitch fibre pipes etc.
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EVALUATING METHODOLOGIES FOR MAGNETOMETER SURVEYS IN
WOODED AREAS

Armin Schmidt®, Werner Weber®
(MDr Schmidt i GeodataWIZ, Remagen, Germany, @Active Pensioners Parish of
Eisenach, Germany

a.schmidt@geodatawiz.com

The Iron Age banked enclosure in the wooded area of the Messbusch of Eisenach,
Rhineland-Palatinate, Germany, is clearly visible in the LIDAR data, with a size of 40
m x 37 m inside its banks (Figure 1). Although overgrown with trees and shrubs the
topographic changes are still evident on the ground. Inside other Iron Age
enclosures in Germany and the UK magnetometer surveys had previously identify
various internal features (Becker 1985; Marshall 1999; Marshall 2001; Berghausen
2014) and a magnetometer survey was hence selected to provide further information
for this site. However, due to the dense vegetation a new survey methodology had to
be developed and its results were compared with data obtained using conventional
survey practice.

0 50 100 m
P

Figure 1: LiDAR data of the Iron Age enclosure in Eisenach (LPG LPO, Geobasisinformation of the
Vermessungs- und Katasterverwaltung Rhineland-Palatinate, Germany, interpolated to 0.5 m x 0.5 m)

The only viable option for a magnetometer survey appeared to be using a handheld
single sensor instrument, for which a Geoscan FM256 fluxgate gradiometer was
chosen. Due to the small size of expected features a spatial survey resolution of at
least 0.25 m x 0.5 m was deemed necessary. Stationary measurements (i.e. holding
the instrument still at each measurement position) would therefore have been too
slow and it was necessary to collect data while moving through the vegetation.
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The survey area was subdivided into 25 data grids of 10 m x 10 m using tapes and
ranging rods since no reliable signals could be obtained from GPS or Total Stations.
The start and end positions of each 10 m survey line were marked with small flags of
matching colours to help with the orientation while moving through the woods. To
avoid obstacles (mostly trees) the start and end positions were then adjusted slightly
in such a way that straight lines could be walked, all in the same direction
(unidirectional survey; NE to SW). The root-mean-square (RMS) deviation from the
correct positions was 0.12 m and 0.36 m for start and end points, respectively
(Figure 2). Due to the varying vegetation a constant walking pace could only be
maintained for each individual survey line, not for all of them, as is required in
conventional survey practice. Therefore during data recording both start and end of
each line had to be marked with a handheld trigger, similar to the methodology
frequently used with caesium magnetometers. To accomplish this with a Geoscan
gradiometer a larger length was selected for the data grids (20 m) and when the
recording was stopped, reaching the end of a line, the remaining wnusedédata
pointsweref i | | ed wi t h ¢ Haohrstorgd sunewlide hangescontained a
different number of valid measurements.

&
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Figure 2: Excerpt of the survey area showing the deviation of start and end positions from a regular
raster.

This adjusted data collection methodology required new processing schemes. First,
the actual x/y position of each measurement was calculated from the known start
and end position of each survey line, and the resulting data set was then interpolated
to a regular grid of 0.125 m x 0.125 m. Second, given that the deviation of the survey
lines from the correct position was small (see above) the recorded data were re-
sampled to 0.125 m and then stored as regular survey lines for further processing in
Geoplot, ignoring their slight slanting. A comparison of the results from these two
processing schemes showed only small changes in the shape and position of
anomalies and the simpler second approach was chosen for further analysis.

In an area where vegetation was low enough to use the standard fluxgate
gradiometer survey procedure (same walking pace for all lines) a comparison was
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made between the new adjusted methodology, and the usual uni-directional and bi-
directional collection. There were no discernible differences in the data.

The final survey data for the site were dominated by many small and weak
anomalies (Figure 3a) that are presumably caused by ammunition, since the woods
were used as a shooting and training area for the Belgian army after the Second
World War. Due to the strong screening effect of these ferrous anomalies there are
no anomalies visible that could be attributed clearly to Iron Age habitation remains,
even when masking all those weak anomalies that have peak values in the range 1-3
nT (Figures 3b and c).

0 10 20 m

Figure 3: (a) Overview of all data; (b) excerpt; and (c) excerpt, anomaliés with peak values between 1-
3 nT masked in grey.
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LARGE SCALE GEOPHYSICAL INVESTIGATIONS OF THE MEDIEVAL MANOR
OF AUSTRATT IN MID-NORWAY i COMBINING METAL DETECTING, GAR AND
MAGNETOMETER SURVEYS
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(MThe NTNU University Museum, Trondheim Norway - Department of Archaeology
and Cultural History, The National Museum of Denmark, University of Aarhus,
Denmark Department of Geoscience

arne.stamnes@ntnu.no

Introduction i metal detecting assemblages from Austratt

The Manor of Austrattisone of Norway 6 s ol dest manors and has b
a long line of chieftains, earls, noblemen- and women dating back to the 10t

century. Recent archaeological discoveries indicate that its history predates written

sources and stretches back to the older Iron Age.

In 2015 and 2018, the county archaeologists in Trgndelag, in collaboration with

@rland Municipality, initiated metal detecting rallies focusing on the manor gardens

and the fields surrounding the main manor buildings down to the present-day

shoreline towards the Trondheim Fjord. This resulted in the discovery of about 450

artefacts dating back to the older iron age until the early 18™ century. About 80 were

older than the late Middle Ages and involved iron brooches, a folded runic letter in

lead, finger rings, a Viking-age key, a rod for a scale weight, led weights and a

weapon crest from the 15"-century archbishop Bolt and his family. All of these tell a

varied and long tale of activity indicating possible trade, burials, settlements and

more. However, it is hard to discern purely based on the artefacts what kind of

activity the finds might represent. This is why this site is chosen as one of several

case study areas for the research project nP
Norwegian

Research Council.

The PastCoast-project i using geophysical methods to understand metal
detecting assemblages

The PastCoast-project is a multidisciplinary project funded by the Norwegian
Research Council, investigating coastal Iron Age site known from metal detecting
assemblages. Ultimately the project aims at studying changes and breakpoints in
the utilisation of prehistoric marine coastal environments, identifying possible causes
for changes and creating an interpretive framework to identify possible human
responses to changing environmental settings (Stamnes, 2022). There is an
untapped potential to use large-scale geophysical surveys combined with small-
scale excavation to understand sites known mainly from metal detecting
assemblages. One of the main objectives of the PastCoast-project is to survey a
series of sites known mainly from metal detecting assemblages by large-scale
highresolution GPR and Magnetometer-surveys, and investigate 1. If we can detect
subsoil features at these sites, and interpret them from an archaeological
perspective, and 2. Determine if there is a spatial relationship i both in a local and
regional perspective, between the finds assemblages and subsoil features. This will
help characterise these sites and improve our cultural-historical understanding of
their context and significance.
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Geophysical Surveys at Austratt i surveys and results

The geophysical investigations
performed at Austratt involves both
large-scale GPR and magnetometer
surveys. All in all, about 5.4 hectares
of GPR data has been collected
using the Kontur (previously 3d-
radar) GPR with a ground-coupled
antenna array with an inline and
crossline spacing of 7.5 centimetres.
A 3.4 hectare magnetometer survey
then followed this up with a crossline
spacing of 25 centimetres using a
towed 16 channel Sensys MXPDA
magnetometer array.

Figure 1: GPR surveys at Austratt. Photo: Arne
Anderson Stamnes

The GPR investigation revealed a

wide range of geophysical responses, where some are clearly of cultural-historical
significance, while others are more difficult to interpret. The surveys also reveal
many modern features in the form of infrastructure and drainage patterns.
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Figure 2: GPR results and interpretation from Austratt.
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At least four anomalies are interpreted as house-foundations, where one is assumed
to be the remains of the old medieval manor house. This geophysical response is
about 12x7.5 meters, and have a signature typical for stone-built walls. These must
have been significant in size and height, as they are from 1 to 2 meters wide in
some places. This area also has a significant magnetometer-response. A key dated
to Viking- or early medieval times was found nearby.

A

etal detector results - Modern Ditch Strong reflections Mangnetometer survey

°  Unknown o Unknown Infrastructure - Point objects (stones?) . High = 43nT
®  Migration period ®  Viking Period Fish pond Cairn Low : -15nT
O  Medieval GPR Interpretation Possible pit Stone filled pit

- Archaeology? \ Wall/building \ Road

I Pit

E— 0 5 10 20
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Figure 3: GPR interpretation, magnetometer plot (+-15 nT, black is positive), and distribution of metal
detecting finds surrounding the possible manor-house.
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The investigations also resolved the location of a medieval fish pond. Several other
larger responses interpreted as ponds were located, and prominent garden-
archaeological features, including footpaths, trackways, and pits from renaissance-
shrubberies later removed. The survey from the garden area also revealed a circular
ditch shape enclosing an area of approximately 19m in diameter, possibly from a
previously unknown iron age burial mound.

A total of over 300 possible pits were interpreted, of which 30 were classified as
stone-filled pits. Such reflections at other surveys often revealed prehistoric cooking
pits (Gustavsen, Stamnes, Fretheim, Gjerpe, & Nau, 2020). Some of these have a
distinguishable magnetic response supporting this interpretation.

Summing up i comparing metal detecting finds and geophysical survey
results

The geophysical surveys revealed many interesting reflections and geophysical
responses, some of which reflect the presence of significant archaeology. The
survey results indicated several previously unknown building remains, any of which
reflects the Medieval and more recent Renaissance activity on site. Combined with
the metal detecting assemblages, they tell a story of trade, settlements and
prominent landscape reshaping in the form of the renaissance garden. However, in
addition to this is the identification of a possible ring ditch from a burial mound.
Several iron age brooches tell a tale of iron age burials and settlements in the
landscape. This gives the site an additional time depth of at least 4-500 years, dating
back to the 5™ century or possibly older. The stone-filled pits, if cooking pits, might
be of the same age or older.
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AFTER THE BIBLICAL FLOOD: MAGNETOMETER PROSPECTING AT FARA
(IRAQ) TO ASSESS THE EXCAVATIONS AT ANCIENT GU R U P P FROM 120
YEARS AGO

Sandra E. Hahn®, Jorg W. E . Fassbinder®, Adelheid Otto® and Berthold Einwag®
(MDepartment for Earth & Environmental Sciences, Section Geophysics, Ludwig
Maximilian University, Munich, Germany; @Department for Ancient and Modern
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Introduction

The modern site of Fara, appears at first glance rather Ampressivefi but it hides the
remains of one of the major Sumerian cities of Mesopotamia of the third millennium
in plain sight: ancient Guruppak. Guruppak is named as the seat of the last dynasty
defore the flooda Its King Utnapigtim / Ziusudra, biblical Noah, is said to have built
the ship to evacuate his people to save them from the AMesopotamian Floodq the
biblical Deluge, which is mentioned in the Sumerian King List. Findings date it back
to the Jemdet Nasr period around 3000 BC with a continuous occupation until the
end of the Ur Il period around 2000 BC. Fara was first explored and excavated by
the Deutsche Orient-Gesellschaft in the years 1902 and 1903 under the direction of
Walter Andrae and Robert Koldewey. Multiple excavation trenches with lengths up to
900 m transected the 1 km? wide pear-shaped mound and are still visible today.
Unfortunately, thousands of deep looting pits are also present covering the majority
of mound. Though the German excavation unearthed 1000 cuneiform tablets, some
guestions are still open today: Did a city of this importance really had no city wall?
Where was the temple of the city goddess Sud? These were the reasons to
commence magnetometer prospecting at Fara in the framework of the Fara Regional
Survey Project FARSUP (Otto & Einwag, 2020).

FARA

.....

Area A

Figure 1: 1903& overview map of Fara, the excavation trenches and architectural findings, modified
after Heinrich & Andrae (1931) with the locations of our magnetograms.

Method
The magnetometer survey in Fara was conducted in 2018 with two total field
magnetometers Scintrex Smartmag SM4G-special magnetometer and a Geometrics
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G-858 magnetometer, applied in duo-sensor configuration, as well as a Foerster
Ferex vertical vector gradiometer instrument. Each survey area was separated into
three adjacent segments which were surveyed by a different magnetometer at the
same time. The resulting data sets were merged into one magnetogram during the
data processing: First the total field data were corrected for the diurnal variation and
an image high-pass filter (R=10) was applied which removes larger spatial
wavelengths. By multiplying the data of the gradiometer by a factor of two, we
compensated for the lack of signal strength of the gradiometer compared to the total
field magnetometer. The output of this method is a visually uniform magnetogram
which significantly simplifies our visual interpretation since features were easier to
trace and compare over the different segments.

om 40m 8om 120m 160 m 200m 240 m 280 m 320m 360 m X

40m &

HPF/Gradion

om

Figure 2: Magnetogram of Area A.

Results and Discussion

Area A lies to the south, 5 to 10 m distant from trench Il (see Fig. 1). Both, the
magnetogram (Fig. 2) and the drone images after rainfall show streets and the
ground plans of houses with several rooms and courtyards. It is therefore puzzling
why there are no descriptions by Andrae of the architectural structures found in
trench Il or on this eastern mound in general, or why the excavation trench stopped
at this eastern point. With our results, though, we have the answer to Andrae®
posed question, whether the search trenches extended far enough into the periphery
of the tell to trace the city wall' They missed the city wall by a few meters only. It is
traceable over a length of 140 m in the magnetogram, oriented south-west to north-
east and has a slightly convex curved shape. The width of the city wall& anomaly
ranges from around 6 m to 11 m. The city wall seems separated in different sections
by transversal interruptions in the feature, forming a pattern comparable to either a
Kastenmaueroor a casemate.

For Area C (see Fig. 3) we compare our results with the details of the building
excavated in trench Il a-c and its drawing. The approximate location of the building
is provided by Andrae® overview plan, and with the help of the anomalies featured in
the magnetogram we were able to georeference the drawing. Andrae already
mentioned the uniqueness of the building, as all its walls were built with baked
bricks, which explains their good visibility in the magnetogram. Apparently though,
the visibility of features also depends on the state of preservation of the walls. For
example Room 1: the southern wall is traceable in the magnetogram in its entire
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Figure 3: Comparision Area C of the map of the building in trench 11l a-c (Heinrich & Andrae, 1931, Tafel
5) with the magnetometry. The numbers refer to the room numbers given by Andrae and are displayed
here enlarged. The blue dots serve as visual reference points which have the same geographic
coordinates.

length. The small wall segment in line with this longer wall is also recognisable in the
magnetogram. Andrae sketched these two walls in his drawing as constructed
throughout with small bricks. This implies a good preservation upon excavation and,
based on the magnetogram, a good survival until today. The western wall of the
room was only hinted by Andrae with a few bricks. Its traces are barely visible in the
magnetogram. These facts together imply a less good state of conservation even in
Andrae® time. The magnetogram complements the excavation results with some
further features, among others, a road.

Conclusion

The case study of Fara shows, that magnetometer prospection can offer new
insights into already partly excavated sites and can, like here, answer a hundred
years old question regarding the existence of a city wall. The comparison to the old
excavation reports and maps shows good correlation with our magnetometry results,
especially regarding intact baked brick walls, proving a good preservation of these
features and vice versa. The results of the magnetometer survey bear testimony to
the accuracy and richness of details of the excavation maps drawn by Walter
Andrae. The continuation of the magnetometer survey at Fara has the potential to
add further and more detailed insights into the settlement structure, which will
hopefully be complemented by future excavations.
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3D GPR SURVEY IN THE RECOGNITION OF RELICS OF PRE-WAR BUILDINGS
FOR THE RECONSTRUCTION OF THE SAXON PALACE IN WARSAW
(POLAND)
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Krogulec®

(MFaculty of Geology, University of Warsaw, Poland; @School of Archaeological and
Forensic Sciences, University of Bradford, UK.
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Research background

In terms of spatial resolution and data acquisition speed, multi-channel GPR systems
offer incomparably greater possibilities than the single-antenna GPRs which are
most commonly used in Poland (Gaffney et al., 2018; Trinks et al., 2018; Verdonck,
Launaro, Vermeulen, & Millett, 2020). The urban environment is one of the most
challenging for the GPR method. Various sediments and deposits might cause signal
attenuation or scattering, not to mention the omnipresent sources of electromagnetic
fields, logistic issues or obstacles disturbing the GNSS positioning. However, even in
such unfavourable conditions, the GPR method has proven its usefulness (Kay et al.,
2021).
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Figure 8: The location of the GPR survey overlaid on the calibrated 1945 aerial picture of razed
Warsaw. The northern polygon marks the Br ¢ h | 0 s sed?om dnd tbeesouthern marks the sector of
houses at Krolewska Street. Coordinates are given in the Polish National CS92.

5789600

An example of the high effectiveness of the 3D GPR method applied in such
challenging city-centre conditions is the results of the research conducted by the
team from the Faculty of Geology, University of Warsaw, in Spring 2022. The
research was carried out in the area of the planned reconstruction of the Saxon
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Palace, in the very city centre of Warsaw. It aimed to recognise the potential remains

of the buildings razed by Nazi Germany during World War II, namely the Br¢, h | 6 s
Palace (pre-war building of the Polish Ministry of Foreign Affairs) and tenement
houses at Krolewska Street (Figure 1).

Method

The measurements were carried out using the ImpulseRadar Raptor-45 3D GPR
system (450 MHz). The system comprises an array of five transmitters and four
receivers, allowing simultaneous measurement of eight GPR profiles with a crossline
between them of approx. 8 cm. Sampling along the profiles was set to 4 cm. The
measurements were recorded along with their location provided by the GNSS RTK
800-channel Art-Geo Sirius receiver. The survey was carried out in Spring when
trees were still leafless. This allowed us to keep the measurements being carried out
mostly with a fixed solution, despite the Saxon Park offering not the perfect
surveying conditions due to the trees. Samples collected with floating or DGNSS
solutions were later rectified in postprocessing with ImpulseRadar Condor
processing software.
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Figure 9: Calculated depth slice of the results from the Br ¢ hl 6 s setar| mesented in
OspreyView visualisation with a central depth of 110 cm. In the top right, a pre-war picture of the
entrance gate to the palace is shown. The red arrow indicates the perspective of the picture.

Results

The research was carried out in two areas of the present Saxon Park in Warsaw - in
Krélewska tenement houses and the Bruhlé $alace sectors. The high-fidelity GPR
survey revealed zone and linear reflections, which allowed us to delineate not only
the searched structures but also contemporary and old infrastructure (Figures 2 & 3).
The quality and resolution of the data allowed us to distinguish even very small-scale
structures, like the possible remains of the arcade of one of the outbuildings of
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Br¢, hl 6 s . PFhahnksato the considerable depth of prospection (up to 3 m below
the surface level) it was possible to indicate the preserved basements of Br ¢ hl 6's
Palace.

Figure 10: Calculated depth slice of the results from the Krélewska tenement houses sector,
presented in OspreyView visualisation with a central depth of 160 cm. In the bottom left a pre-war
aerial picture of the houses is shown. The red arrow indicates the perspective of the picture.

Conclusions

In both areas, the 3D GPR method proved to be effective, both in the identification of
underground relics of the pre-war building remains, as well as linear infrastructure.
Despite the challenging survey conditions (i.e. the presence of trees, contemporary
infrastructure and tertiary sources of electromagnetic fields) 3D GPR has proven to
be an effective tool for pre-development archaeological research even in the city
centre.
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