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Summary

A geophysical (magnetometer) survey, covering approximately 6 hectares, was carried out on
agricultural land adjacent to Salhouse Lane, Wkroxham, prior to the submission of a planning
application for the proposed devel opment of the site. In the southern half of the site weak
linear anomalies possibly locating fields/enclosures associated with a larger area of
archaeological activity (as indicated by cropmark evidence) immediately south of the site
have been identified. The weak responses could indicate that there may be further currently
identified archaeological featuresin this part of the site. Elsewhere only anomalies due to
recent agricultural activity and geological variation are noted.
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1 Introduction

Archaeological Services WYAS was commissioned byelNPage of NPS Archaeology to
undertake a geophysical (magnetometer) surveybtidck of land adjacent to Salhouse Lane,
Wroxham (see Fig. 1), in advance of the submissfanplanning application for a proposed
development of the site. The scheme of work wagdaklen in accordance with the
guidance contained in the National Planning Pdligmework (NPPF). The survey was
carried out on March 26th and March 27th 2013.

Site location, topography and land-use

The proposed development area (PDA), centred 2985167, is situated on relatively flat
ground at about 15m above Ordnance Datum (aODjsdodated on the southern edge of
Wroxham, immediately to the west of Salhouse Lah&wforms the eastern site boundary
(see Fig. 2). The railway between Norwich and Cnoamel the A1151 form the western site
boundary. Residential housing on Keys Drive bordegssite to the north. Agricultural land
extends to the south. The PDA comprises a singld, fapproximately 6 hectares in area, that
was under arable cultivation at the time of theveyi(see plates).

Geology and soils

The underlying solid geology comprises Crag Graaqds and gravels (British Geological
Survey, 2013). The soils are classified in the WAassociation over most of the site, being
characterised as deep, well-drained coarse lodtes, stoneless In the southern third of the
PDA the soils are classified in the Newport 4 asgmn typically deep, well-drained, sandy
soils (Soil Survey of England and Wales, 1983).hBaiil types are derived from

glaciofluvial drift.

2 Archaeological background

The Norfolk Heritage Explorer web-site records aeseof fragmentary cropmarks,
interpreted as possibly being due to the remndradield system of likely Iron Age to
Roman date, immediately south of the PDA (centteldlaa2979 1652) and which are located
on the north-eastern edge of a complex of multiggecropmarks. It was also noted that the
alignment of these cropmarks was at odds with tieent field pattern. A circular cropmark,
interpreted as a possible round barrow or roundicuess also been recorded very close by
(TG 2975 1654) and may be part of the same system.

3 Aims, M ethodology and Presentation

The general aim of the geophysical survey wastabésh and clarify the nature of the
archaeological resource within the PDA.
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Specifically the survey sought to provide informatabout the nature and possible
interpretation of any anomalies identified durihg survey and thereby determine the
presence or absence and likely extent of any baneldaeological remains.

The information from the geophysical survey wilbbte further evaluation and/or mitigation
measures, if required, to be designed in advanteegbroposed development.

M agnetometer survey

Bartington Grad601 instruments were used to taidings at 0.25m intervals on zig-zag
traverses 1m apart within 30m by 30m grids so 3680 readings were recorded in each

grid. These readings were stored in the memorgefristrument and later downloaded to
computer for processing and interpretation. Gedpl@eoscan Research) software was used
to process and present the data. Further detailgiaen in Appendix 1.

Reporting

A general site location plan, incorporating theODG0 Ordnance Survey mapping is shown
in Figure 1. Figure 2 presents a more detaileds@&tion showing the processed
magnetometer data at a scale of 1:4000. The pred@sagnetometer greyscale data, the
minimally processed XY trace plot data and intetgdren figures are presented at a scale of
1:1000 in Figures 3, 4 and 5.

Further technical information on the equipment uskadia processing and survey
methodologies are given in Appendix 1 and ApperdiXrace plots of the ‘raw’ data and
data repeatability plots are included in Appendan8 Appendix 4. Appendix 5 describes the
composition and location of the site archive.

The survey methodology, report and any recommemastomply with the methodology and
guidelines outlined by English Heritage (Daetchl. 2008) and by the Institute for
Archaeologists (IfA 2010). All figures reproducedrhh Ordnance Survey mapping are with
the permission of the controller of Her Majestytatibnery Office I Crown copyright).

The figures in this report have been produced ¥ahg analysis of the data in ‘raw’ and
processed formats and over a range of differeplaldevels. All figures are presented to
most suitably display and interpret the data frbm site based on the experience and
knowledge of Archaeological Services staff.

4 Results and Discussion

Ferrous anomalies

Isolated dipolar (‘iron spike’) anomalies have bedsmntified throughout the site. These
anomalies are typically caused by ferrous (maghetaterial, either on the ground surface or
in the topsoil horizon, which causes rapid variagian the magnetic readings giving a
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characteristic ‘spiky’ XY trace. Unless there ipparting evidence for an archaeological
interpretation little importance is normally atuiled to such anomalies, as modern ferrous
debris, such as nails, horseshoes, shotgun cas;idge common on most rural sites,
particularly those that have been cultivated fonyngears. There is no clustering to these
anomalies to suggest anything other than thatribenalies are due to the random
distribution of ferrous debris. The two pairs afga ‘spikes’ are caused by the metal cladding
around the bases of two pairs of electricity p¢ses Plate 2).

Geological anomalies

Throughout the data set are numerous discrete dissmsmall localised areas where the
magnetic readings are elevated above the genegadetia background, which are
characterised as areas of enhanced magnetic resgdmse of highest magnitude give the
data a ‘spotted’ appearance and are most previaléme northern half of the PDA. The low
magnitude and widespread distribution suggestetaeemalies probably have a geological
origin, being due to localised variations in thelertying superficial deposits and/or soils.
GoogleEarth images of the site and the immediata also clearly show a similar pattern in
the crops.

Agricultural anomalies

Linear trend anomalies, aligned north/south pdralih the long axis of the field reflect the
direction of the current agricultural regime (sé&t®1) and are interpreted as cultivation
trends. Several other weak linear trends, includimg which locates a former field boundary,
A, are also identified and are interpreted as @fyilagricultural origin.

Archaeological? Anomalies

Other vague linear anomalies are also identifiethénsouthern half of the site. The

alignment of these anomalies is at about 45° tedhnent field layout and are also very close
to the known cropmarks (see Section 2) which e déscribed as being at odds with the
alignment of the current field pattern. These arl@sare interpreted as soil filled ditches
forming part of a former system of fields and esales. On the western and southern edges
of the site anomalies forming two sides of a tvayds/enclosure® andC, are identified. To
the east two broadly parallel anomaliBsandE, may also be ditch features forming part of
the same field system — these anomalies are aldtesame south-west/north-east alignment
as the other, possibly archaeological, anoméliesdD.

5 Conclusions

Although very weak in nature, probably due to tepth and composition of the soils,
anomalies have been identified in the southerndfdtie site that are interpreted as
potentially archaeological. The alignment of theasemalies is at odds with the current field
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layout and it is considered likely that these ani@saare at the northern end of a complex of
cropmark features noted immediately to the south@kite. Given the very weak nature of
the anomalies it is considered likely that therey in@ other undetected features in this part of
the site. The potential for this part of the sei¢herefore considered to be moderate.

In the northern half of the site only anomalies tluagricultural activity and geology have
been identified. This part of the site is therefcoasidered to have a low archaeological
potential.

The results and subsequent inter pretation of data from geophysical surveys should not be
treated as an absolute representation of the underlying archaeological and non-
archaeological remains. Confirmation of the presence or absence of archaeological
remains can only be achieved by direct investigation of sub-surface deposits.
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Plate 1. General view of survey area, looking south

Plate 2. General view of survey area, looking north



Appendix 1. Magnetic survey - technical infor mation

M agnetic Susceptibility and Soil Magnetism

Iron makes up about 6% of the Earth’s crust amdastly present in soils and rocks as
minerals such as maghaemite and haemetite. Theszals have a weak, measurable
magnetic property termed magnetic susceptibilityntdn activities can redistribute these
minerals and change (enhance) others into more etiagorms so that by measuring the
magnetic susceptibility of the topsoil, areas wharman occupation or settlement has
occurred can be identified by virtue of the attenidacrease (enhancement) in magnetic
susceptibility. If the enhanced material subseduaames to fill features, such as ditches or
pits, localised isolated and linear magnetic angaalan result whose presence can be
detected by a magnetometer (fluxgate gradiometer).

In general, it is the contrast between the magrseisceptibility of deposits filling cut

features, such as ditches or pits, and the magseticeptibility of topsoils, subsoils and

rocks into which these features have been cut,wtacises the most recognisable responses.
This is primarily because there is a tendency fagnetic ferrous compounds to become
concentrated in the topsoil, thereby making it moegnetic than the subsoil or the bedrock.
Linear features cut into the subsoil or geologghsas ditches, that have been silted up or
have been backfilled with topsoil will thereforeuatly produce a positive magnetic response
relative to the background soil levels. Discretatdiee, such as pits, can also be detected. The
magnetic susceptibility of a soil can also be ewbkdrby the application of heat and the
fermentation and bacterial effects associated wiitbish decomposition. The area of
enhancement is usually quite large, mainly duééaéndency of discard areas to extend
beyond the limit of the occupation site itself, apieading by the plough. An advantage of
magnetic susceptibility over magnetometry is the¢dain amount of occupational activity

will cause the same proportional change in sudaiipti however weakly magnetic is the

soil, and so does not depend on the magnetic cbitedween the topsoil and deeper layers.
Susceptibility survey is therefore able to deteeta of occupation even in the absence of cut
features. On the other hand susceptibility surgapore vulnerable to the masking effects of
layers of colluvium and alluvium as the techniqusng the Bartington system, can generally
only measure variation in the first 0.15m of plosgih

Types of Magnetic Anomaly

In the majority of instances anomalies are ternpaditive’. This means that they have a
positive magnetic value relative to the magnetickigeound on any given site. However
some features can manifest themselves as ‘negattealies that, conversely, means that
the response is negative relative to the mean ntiagreckground.

Where it is not possible to give a probable cadissmmbserved anomaly a ‘?’ is appended.



It should be noted that anomalies interpreted ademmoin origin might be caused by features
that are present in the topsoil or upper layetthefsubsoil. Removal of soil to an
archaeological or natural layer can therefore resrthe feature causing the anomaly.

The types of response mentioned above can be diviie five main categories that are used
in the graphical interpretation of the magneticadat

Isolated dipolar anomalies (iron spikes)

These responses are typically caused by ferrousrialagither on the surface or in the
topsoil. They cause a rapid variation in the magmesponse giving a characteristic ‘spiky’
trace. Although ferrous archaeological artefactdaproduce this type of response, unless
there is supporting evidence for an archaeologntatpretation, little emphasis is normally
given to such anomalies, as modern ferrous obgetsommon on rural sites, often being
present as a consequence of manuring.

Areas of magnetic disturbance

These responses can have several causes ofterassogated with burnt material, such as
slag waste or brick rubble or other strongly maigeefired material. Ferrous structures such
as pylons, mesh or barbed wire fencing and burieelspcan also cause the same disturbed
response. A modern origin is usually assumed untese is other supporting information.

Linear trend

This is usually a weak or broad linear anomalyrénown cause or date. These anomalies
are often caused by agricultural activity, eithieughing or land drains being a common
cause.

Areas of magnetic enhancement/positive isolated anomalies

Areas of enhanced response are characterised éxyeaad increase in the magnetic
background over a localised area whilst discreteraties are manifest by an increased
response (sometimes only visible on an XY tracé) o two or three successive traverses.
In neither instance is there the intense dipolgpoase characteristic exhibited by an area of
magnetic disturbance or of an ‘iron spike’ anon(ake above). These anomalies can be
caused by infilled discrete archaeological featsresh as pits or post-holes or by kilns. They
can also be caused by pedological variations ordbyral infilled features on certain
geologies. Ferrous material in the subsoil can gile® a similar response. It can often
therefore be very difficult to establish an antlogenic origin without intrusive investigation
or other supporting information.

Linear and curvilinear anomalies

Such anomalies have a variety of origins. They begaused by agricultural practice (recent
ploughing trends, earlier ridge and furrow regimefand drains); natural geomorphological
features such as palaeochannels or by infilledasmalogical ditches.



M ethodology: M agnetic Susceptibility Survey

There are two methods of measuring the magnetmegptibility of a soil sample. The first
involves the measurement of a given volume of sdiich will include any air and moisture
that lies within the sample, and is termed volupectic susceptibility. This method results
in a bulk value that it not necessarily fully repgatative of the constituent components of the
sample. For field surveys a Bartington MS2 metehwIS2D field loop is used due to its
speed and simplicity. The second technique oversdhige potential problem by taking into
account both the volume and mass of a sample ardied mass specific susceptibility.
However, mass specific readings cannot be takémeifield where the bulk properties of a
soil are usually unknown and so volume specificliiegs must be taken. Whilst these values
are not fully representative they do allow geneaahparisons across a site and give a broad
indication of susceptibility changes. This is usuahough to assess the susceptibility of a
site and evaluate whether enhancement has occurred.

Methodology: Gradiometer Survey

There are two main methods of using the fluxgaaeliggmeter for commercial evaluations.
The first of these is referred to mmgnetic scanning and requires the operator to visually
identify anomalous responses on the instrumentadigmanel whilst covering the site in
widely spaced traverses, typically 10m apart. istrument logger is not used and there is
therefore no data collection. Once anomalous resgsoare identified they are marked in the
field with bamboo canes and located on a base plas.method is usually employed as a
means of selecting areas for detailed survey wingnaopercentage sample of the whole site
is to be subject to detailed survey.

The disadvantages of magnetic scanning are thiairésathat produce weak anomalies (less
than 2nT) are unlikely to stand out from the magnieackground and so will be difficult to
detect. The coarse sampling interval means thatetesfeatures or linear features that are
parallel or broadly oblique to the direction ofviease may not be detected. If linear features
are suspected in a site then the traverse direstionld be perpendicular (or as close as is
possible within the physical constraints of the)sib the orientation of the suspected
features. The possible drawbacks mentioned aboea that a ‘negative’ scanning result
should be validated by sample detailed magnetivesuisee below).

The second method is referred tadesiled survey and employs the use of a sample trigger
to automatically take readings at predeterminedtpptypically at 0.25m intervals, on zig-
zag traverses 1m apart. These readings are stoted memory of the instrument and are
later dumped to computer for processing and ingtapion. Detailed survey allows the
visualisation of weaker anomalies that may not Haeen detected by magnetic scanning.

During this survey a Bartington Grad601 magnetadg@meter was used taking readings on
the 0.1nT range, at 0.25m intervals on zig-zageirsas 1m apart within 30m by 30m square



grids. The instrument was checked for electronit mechanical drift at a common point and
calibrated as necessary. The drift from zero wadagged.

Data Processing and Presentation

The detailed gradiometer data has been presentagsireport in XY trace and greyscale
formats. In the former format the data shown isv/'naith no processing other than grid
biasing having been done. The data in the greysteges has been interpolated and
selectively filtered to remove the effects of dniftinstrument calibration and other artificial
data constructs and to maximise the clarity anerfmetability of any archaeological
anomalies.

An XY plot presents the data logged on each travassa single line with each successive
traverse incremented on the Y-axis to produceackstd’ plot. A hidden line algorithm has
been employed to block out lines behind major ‘epiland the data have been clipped. The
main advantage of this display option is that tieringe of data can be viewed, dependent
on the clip, so that the ‘shape’ of individual aradi®s can be discerned and potentially
archaeological anomalies differentiated from ‘ispkes’. Geoplot 3 software was used to
create the XY trace plots. The same program was wasproduce the greyscale images. All
greyscale plots are displayed using a linear inereai scale.



Appendix 2: Survey location information

The site grid was laid out using a Trimble VRS eliéintial Global Positioning System
(Trimble 5800 model). The accuracy of this equipmemetter then 0.01m. The survey grids
were then super-imposed onto a base map providduebsiient to produce the displayed
block locations. However, it should be noted thedr@nce Survey positional accuracy for
digital map data has an error of 0.5m for urbanfeatiplain areas, 1.0m for rural areas and
2.5m for mountain and moorland areas. This poteatrar must be considered if co-
ordinates are measured off hard copies of the mgppther than using the digital co-
ordinates.

Archaeological Services WYAS cannot accept responsibility for errors of fact or opinion
resulting from data supplied by a third party. Archaeological Services WYAS cannot accept
responsibility for errors of fact or opinion resulting from data supplied by a third party.



Appendix 3: Raw XY trace plot data
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Appendix 4. Data repeatability



Data Repeatability

JOB NUMBER

4044 SITE CODE

SRN13

JOB NAME

Salhouse Road, Norfolk.

26/03/2013 Grid surveyed at 09:00 and 15:30
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Appendix 5: Geophysical archive

The geophysical archive comprises:-

» an archive disk containing compressed (WinZip @sfof the raw data, report text
(Microsoft Word 2000), and graphics files (Adobledtrator CS2 and AutoCAD
2007) files; and

» afull copy of the report.

At present the archive is held by Archaeologicavises WYAS although it is anticipated
that it may eventually be lodged with the Archaggl®ata Service (ADS). Brief details may
also be forwarded for inclusion on the English ke Geophysical Survey Database after
the contents of the report are deemed to be ipubéc domain (i.e. available for
consultation in Norfolk Historic Environment Recrd
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