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EXECUTIVE SUMMARY
A fluxgate gradiometer survey, an earth resistance survey and a ground penetrating radar
survey were carried out on the 1st and 2nd August 2014 at land next to the Burn of Swartigill,
Caithness. The survey was aimed at characterising the extent and the nature of a site being
eroded by the burn.
The gradiometer survey has highlighted an area measuring 25m x 30m, presenting strong
magnetic variation likely to be associated with anthropogenic activity and potentially the
presence of a settlement. The earth resistance suggested, within this area of enhancement,
the presence of a potential sub-rectangular structure measuring 10m x16m. The ground
penetrating radar helped clarify the nature of some anomalies visible in the gradiometer and
earth resistance survey.
Previous work on the site, including the cleaning back and recording of structural remain in
the Burn of Swartigill section produced a substantial quantity of early and late Iron Age
ceramics, and it is possible that the results of this geophysical survey may have unveiled a
late Iron Age settlement, with a ‘wag’ or a ‘figure-eight’ building, present.
There are very few examples of these sites that have been subject to geophysical survey,
and there is great potential here for further work to investigate and inform our
understandings of this type of site. It is hoped that the data gathered during the survey will
enhance the previous work undertaken by members of the Yarrows Heritage Trust and will
assist in the planning of further work on the Burn of Swartigill.
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INTRODUCTION
A geophysical survey was commissioned by the Yarrows Heritage Trust to establish the
extent and nature of a site being eroded by the Burn of Swartigil. The site is situated 1km to
the north west of Thrumster, Caithness (see Figure 1).
Three geophysical techniques were deployed on site, including a 2950sqm fluxgate
gradiometer survey, a 1400sqm earth resistance survey and a 350sqm ground penetrating
radar survey.
The survey was carried out on the 1st and 2nd August 2014.
This report has been prepared in accordance with the standards and guidance specified by
English Heritage (Geophysical Survey in Archaeological Evaluation, 2008) and the IFA
(Standard and guidance for archaeological geophysical survey, 2011).

SITE LOCATION, TOPOGRAPHY AND GEOLOGY
SITE LOCATION
The site is situated in Thrumster, Caithness at National Grid reference ND 3210 4573 and
lies in a meltwater channel at c. 65m OD (Figure 1).
The Burn of Swartigill runs along the northern edge of the meltwater channel. While both
earth resistance and ground penetrating radar survey were located within the meltwater
channel and to the south of the stream; the gradiometer survey was extended to the north of
the Burn (Figure 2).

TOPOGRAPHY AND GROUND CONDITION
The site is located in a meltwater channel measuring c.5m deep and c.40m across. The land
is uncultivated and sheep are let in for grazing but were not present during the fieldwork. The
ground is unlevel in places; a couple of hollows of unknown origin measuring c.2m diameter
and c.1m deep were present within the survey area (Figure 2). The high vegetation had been
cut down prior to the survey, facilitating the fieldwork.

SITE GEOLOGY, DRIFT GEOLOGY AND SOILS
The solid geology recorded is part of the Lybster Flagstone Formation, a sedimentary rock
which comprises siltstone, mudstone and sandstone. The drift geology is recorded as
alluvium with presence of peat to the south of the site and of Devensian till to the north.
(BGS, 2014)
Meltwater channels are thought to have been created during the recession of the ice sheet
when meltwater streams were transporting large volume of water and eroded material, with
the consequences of abrading both bedrock and superficial deposits, while depositing
allochton material. Within the channel, the drift geology is expected to be widely
heterogeneous with the possibility of large boulders, shingle, gravels and sand. These
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heterogeneous deposits can make differentiation between natural and archaeological
features difficult, especially for the earth resistance and ground penetrating survey.

SITE BACKGROUND
ARCHAEOLOGICAL BACKGROUND

Caithness comprises a landscape rich in all archaeological periods and especially dense in
Iron Age sites.
Upstream of the Burn of Swartigill, at c. 1km to the west lies the monument known as
Thrumster. This late Iron Age settlement comprises the remains of building of the type locally
known as a 'wag' which are post-broch structures mainly found in Caithness and
characterised by two rows of orthostats forming a central aisle. The settlement takes the
form of a low mound about 20m across, in the top of which are visible the remains of solidly
constructed drystone wall footings, perhaps for turf buildings (Canmore 210956, HER
MHG30667, NMRS ND34NW42).
Also found within 3km of the site are at least six brochs. The closest being the Broch of
Thrumster Main located at 1.3km to the South East of the site (Canmore 8963, HER
MHG2043, NMRS ND34NW1). The Broch of Yarrow (Canmore 8982, HER MHG1937,
NMRS ND34SW1) located on a spur of water on the edge of the Loch of Yarrow 2.5km to
the South East is a significant example. It comprises a range of complex secondary
structures including ‘wags’.
The Burn of Swartigill site is located in proximity to two medieval farmsteads. These sites
and the associated medieval farming landscape features are jointly recorded as Canmore
site 271492, HER MHG48275, NMRS ND34NW66:
-

-

-

The first farmstead, Swartigill’s North settlement, is located on the northern edge of
the meltwater channel, c. 30m to the North West of the burn site. This steading
comprises a range, a smaller building and a set of run rig cultivations. Both buildings
were heavily robbed.
The second farmstead, Swartigill’s South settlement, is situated on the southern edge
of the meltwater channel, c. 160m in the East South East of the burn site. This
steading comprises a building which was also heavily robbed and an enclosure
immediately to the east. To the East and South of this farmstead a field system
composed of a series of thick banks, some of which interconnected and have
buildings or pens attached.
The burn site was included in the same record. It was originally thought that these
remains were likely to be associated with a mill dating from the same period as the
Swartigill’s township. It was only during 2012 investigation of the burn section that
members of the Yarrows Heritage Trust uncovered Iron Age ceramics bringing
uncertainty as to the origin of this monument.

2
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PRE
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ge Geophys
sical Unit (noow Orkney
Researrch Centre for
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enetrating R
Radar surve
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ed and recorded a smaall section of the
site. The results fro
om this Gro
ound Penetrrating Rada
ar survey showed stronng reflection
n from
the spre
ead of stonyy material but
b it wasn’tt possible to
o assess if this was asssociated witth either
archaeo
ologically significant material or na
aturally occ
curring stone
es (CFA Arcchaeology, 2007).

P
Plate 1 Cle
eaning back
k and recorrding of Sw
wartigill Bu
urn section
n (YHT 2012
2)
In 2012
2, members of the Yarrows Heritag
ge Trust cle
eaned back the sectionn and record
ded the
full erod
ding section
n. A significa
ant quantityy of pottery was recove
ered from thhe section ra
anging
from the
e early Iron Age to the late Iron Ag
ge, possibly
y of the Picttish period. The early iron Age
pottery was found close to the
e eastern w
wall. Members of the Ya
arrows Herittage Trust
entated on th
he similarity
y in the dou
uble skinned
d nature of the
t wall andd the type of
o stone
comme
esembled th
he wall of the Thrumste
er Main Broc
ch (Yarrows
s Heritage T
Trust, 2012).
used re

FIELDW
WORK AIM
MS AND OBJECTIVES
B
S
mmissioned
d by the Yarrrows Herita
age Trust too establish the
t
A geophysical survvey was com
and nature of
o a potential site asso
ociated with walling and
d rubble vissible in the Swartigill
S
extent a
burn ba
ank. A previous Ground
d Penetratin
ng Survey was
w able to detect distuurbance ass
sociated
with the
e stone and rubble visib
ble in the ba
ank but no clear distinc
ction could be made be
etween
the walll and rubble
e.
During this survey,, three geop
physical tecchniques we
ere used to best characcterise the potential
site.
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A magnetometry survey was conducted; it is a fast and efficient method of locating
archaeological features. It can identify a wide variety of archaeological feature such
as in-filled ditches, pits and thermoremant features (ovens, kilns, and hearths).
Where structures are built with non-magnetic materials, magnetometry does not
detect wall footings directly, but it can in some circumstances detect associated
enhanced material.
An earth resistance survey was carried out as it is particularly suited to detect
masonry.
A Ground Penetrating Radar was also conducted. Although the previous GPR survey
was not successful at tracing the wall, used in conjunction with both magnetometry
and earth resistance techniques it will help in narrowing interpretations and offer
information relative to the depth of the features found.

FIELDWORK METHODOLOGY
In addition to the geophysical survey, the location of existing survey reference point and the
implantation of new reference point were carried out using a GPS with a centimetric level
accuracy. A plan and a table of the reference points coordinates are presented in Appendix
1.
The table below summarise the equipment and methodology used in the field. Detailed
explanation of the methodology is presented in Appendix 2.
Set out
Instrument
Type of correction

Trimble 5800/R8
RTK / VRS

Magnetometer survey
Instrument
Grid size
Sampling along the traverses
Traverse intervals
Collection mode

Bartington Grad601-2
20x20m
25cm
1m
Zig-Zag

Earth resistance survey
Instrument
Grid size
Sampling
Array

Geoscan RM15 with multiplexer
20x20m
0.5x0.5
Twin probes

Ground Penetrating Radar Survey
Instrument
Frequency
Traverse intervals
Collection mode
Distance measurement

GSSI SIR-3000
400Mhz
0.5m
Parallel
Survey wheel
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MAGNETOMETER SURVEY RESULTS
The magnetometer results are presented in a greyscale plot of the raw survey data (Figure
3) and a greyscale plot of the processed data (Figure 4.a). Anomalies referred to in the
following text are presented in an annotated interpretation diagram (Figure 4.b).
An area (1) measuring 25m by 30m contains a cluster of magnetic responses. This area of
increased magnetic responses is likely to be associated with a deposit of magnetically
enhanced material deriving from human activity. It contrasts greatly with an otherwise very
quiet magnetic background. To the north of (1), on the other side of the burn, another area
(2) presents some variations which stand out from the background. Due to the gap in the
dataset, where the burn runs, it is not possible to say if (2) is the continuation of (1). The
anomalies displayed within (2) are weaker in strength. This would be consistent with
archaeological material buried under colluvium.
A well-defined linear anomaly (3) is present to the west of the area of enhancement. This is
reflecting the western edge of enhanced soils.
Some amorphous positive and negative anomalies of moderate strength (4), (5) and (6) are
present within area (1). The shapes of these anomalies are inconsistent with archaeological
structures but are likely to be associated with anthropogenic occupation. Enhanced material
such as burnt material and midden are likely to be incorporated within occupations levels and
to be the origin of these variations. Although these anomalies are amorphous, they appear to
be organised along some east to west trends, this is especially visible with anomalies (4). A
tentative interpretation is that what can be seen in the magnetometry dataset is the result of
ridge and furrow cultivation having truncated and re-arranged pre-existent enhanced soils/
possible archaeological structures. Ridge and furrow associated with the Northern Swartigill
settlement were recorded by the YHT members in 2007 and can be seen in the northern part
of the survey as weak linear anomalies (7).
Two positive anomalies (8) and some weak trend are visible at the northern extremity of the
survey and are associated with the northern Swartigill’s township.
Disturbance due to the proximity of ferrous objects are visible around a bird feeder and to the
south of the remains of a footbridge. A small number of ferrous objects which are the source
of small dipolar anomaly are also visible scattered across the survey.

EARTH RESISTANCE SURVEY RESULTS
The earth resistance results are presented in a greyscale plot of the raw survey data (Figure
6.a), a greyscale plot of the processed survey data (Figure 6.b) and a greyscale plot of highpass filtered data (Figure 6.c). Anomalies referred to in the following text are presented in an
annotated interpretation diagram (Figure 6.d).
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A series of high resistance anomalies (a) were revealed by the survey to the south of the
burn at proximity of the walls showing in the burn bank. High resistance is usually associated
with higher content of stone or dryer areas. It is possible that these high resistance
anomalies relate to masonry remains. These anomalies are demarking a sub-rectangular
area (highlighted with a dashed line) measuring 10m by 16m, the size and shape of which is
consistent with the presence of a structure. The discontinued nature of this anomaly
suggests that the possible structure could have been heavily disturbed. Looking at both
dataset together the positive magnetic responses (4) are approximately located within the
gap between anomalies (a), this can suggest that ridge and furrow could have truncated the
possible building.
Lower resistance (b) has been recorded within the sub rectangular area defined by
anomalies (a). This potentially indicated an area where moisture can be trapped and/or with
a higher clay content.
Overall, an area of higher resistivity is present along the stream bank (c). This can be
explained by the proximity of the burn ant it acting as a drain so the burn’s banks are dryer
than soils located further inside the meltwater channel.
Within the area of higher resistance (c) situated along the burn bank, the higher resistivity is
more pronounced in the area directly to the south of the walls visible in the burn’s bank. This
is the results of the presence of stones and rubble bellow the ground surface. However, it
isn’t possible to differentiate the walls from the rubble spread. Anomaly (d) of high resistance
is aligned with (a). The discontinuity between (a) and (d) is best seen in the high pass filtered
plot but is although visible in the raw data.
The rest of the dataset present little variation in earth resistance:






A large area of lower resistance of possible natural origin, where less stone is present
in the soil (e).
A small, high resistance anomaly (f) is of uncertain origin
A response (g), located over the depression visible to the south of the survey. It is
composed of a high resistivity part where some rock could be felt below the surface
and lower resistivity located within the depression itself where soils and moisture
must be accumulating. This depression is of unknown origin.
Numerous weak curvilinear trends are present across the survey area. They are likely
to be of natural origin, potentially associated with water processes generating
variations in soils properties.

GROUND PENETRATING SURVEY RESULTS
Selected example of ground penetrating radar results are shown in Figure 6 and 7.
“Horizontal slices” obtained from the ground penetrating dataset are displayed in Figure 6
and vertical radargrams are presented in Figure 7.
The GPR slice 7 is a computed display of the reflection comprise between a depth of 57cm
and a depth of 71cm. An area of strong reflections (i) correlates with anomaly (a) visible in
the earth resistance survey and is likely related with stony material potentially masonry. At
6
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the centre of (i) is an area of low reflections (ii) which correlates with the anomaly of lower
resistivity (b).
The deeper slice 11 combined information from a depth of 95 to 109cm. An area of strong
reflection (iii) is visible below the area of low reflection (ii). This would suggest that within the
potential structure a spread of rubble is present but at a slightly deeper depth, at a depth
where it wasn’t picked up by the earth resistance survey. This is particularly visible in the
annotated radargram 6 (Figure 7).
Slice 16 combined information at an even greater depth (143 to 157cm); the area of strong
reflector potentially associated with a rubble spread (iii) is seen to carry to these deeper
depths.
To the west of these anomalies and at all depths some strong reflections (iv) can be seen.
These strong reflectors are likely to be associated with more rubble, stones or a level of
occupation. All of these are comprised within the area of enhancement (1) visible in the
magnetometry data. At the eastern end of the survey area the intensity of reflection become
gradually weaker. This suggests that similarly to the magnetometry, the area of
archaeological interest is larger than the main area of focus depicted by the earth resistance
survey.
Anomaly (3) depicted in the magnetometry result was of special interest. Looking at the
magnetometry alone it could have been interpreted as a potential ditch but neither earth
resistance nor ground penetrating result validates this hypothesis. Anomaly (3) being the
limit of magnetically enhanced material is therefore a preferred interpretation.
Although no significant magnetic anomalies are visible in the gradiometer dataset where the
earth resistance survey is showing some high resistance anomalies (a), it was possible to
depict some weak trends in the magnetometry which correlate with the resistivity results. It is
common for walling made of stone with low magnetic property, to not be properly detected by
the gradiometer survey.
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DISCUSSION
The magnetometry survey demarcated the extent of a potential site by indicating an area of
increased magnetic responses (1) most likely associated with anthropogenic activities. It is
unlikely that the site is of an ephemeral or funerary nature, as weaker and more discrete
responses would have been expected were this the case. Alternatively, if the site was of an
industrial nature, the presence of kilns and furnaces would produce stronger responses. The
preferred possibility is that the results reflect the presence of a settlement where
anthropogenic material, for example midden, produces such signatures.
Within the extent of the site, the earth resistance survey picked up what resembles a subrectangular structure. This interpretation should be taken with care as the effectiveness of
the technique can be limited by the complexity of sub-surface remains. The Ground
Penetrating Radar shows evidence of this complexity across the site. However the form and
dimensions of the potential building highlighted by the survey is convincing. The sub
rectangular shape is slightly narrower in the northern end and the presence of high
resistance anomalies at the centre could suggest the presence of internal feature or
partitioning.
Taking into account the quantity of Iron Age ceramic recovered during the cleaning of the
burn section by the Yarrows Trust Members in 2012, it is highly possible that the site dates to
this period.
Across the North of Scotland understandings of Iron Age settlement have been
overshadowed by the study of broch sites, traditionally a focus for excavation due to their
monumentality and their predominant situation within the landscape.
During the Late Iron Age other sorts of structure have also been identified. In Caithness, Late
Iron Age sub rectangular structures known as ‘wags’, and ‘figure-of-eight’ buildings, are
found commonly on, and post-dating, broch settlements (Harding, 2004). Such examples
exist at the Broch of Yarrows (NMRS ND34SW1) and the Wag of Forse (NMRS ND23NW1).
Research on Iron Age settlement in northern Scotland, such as that of Andrew Baines, draws
attention to the distribution of Late Iron Age sites that are not associated with brochs and
which are in topographic locations similar to Swartigill’s burn site. As an example the late
Iron Age settlements found in Glen Loth, sit on or just above the valley floor itself (Baine,
1999). Another example is the Thrumster site (NMRS ND34NW42), consisting of an isolated
‘wag’ located near the Burn of Swartigill a kilometre to the West.
The scale and positioning within landscape of these Late Iron Age structures is comparable
to that of the potential building highlighted by the earth resistance survey. The site itself
doesn’t occupy a predominant place in the landscape; encased in a meltwater channel it
would have been fairly hidden. However, the stream located so near to the site must have
played an important part in the choice of the location.
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CONCLUSIONS AND RECOMMENDATIONS
The aim of the geophysical survey was to establish the extent and nature of the Burn of
Swartigill site. Although the earth resistance survey wasn’t able to locate the walls recorded
during the cleaning back of the section in 2012, it suggested that a large spread of stone
extended in a South East direction, where a possible structure was depicted. More generally
the magnetometer delineated an area of enhancement related to anthropic activities.
It is likely that the site dates to the late Iron Age and is a ‘wag’ or a ‘figure-of-eight’ structure,
similar to that located a kilometre to the west. Whilst these structure are unusual they are
more common in the northern parts of Scotland- Caithness and Sutherland, and where
present, often are not found in isolation, but can be clustered together in groups, such as at
the Wag of Forse, or as in this case, with other similar settlements nearby in the landscape
(Pers.comm. Martin Carruthers).
It is hoped that the data gathered during the survey will assist in the planning of further work
at the Burn of Swartigill. There are very few examples of these sites that have been subject
to geophysical survey, and there is great potential here for further work to investigate and
enhance our understandings of this type of site. Further investigation into the site and its
relation to the nearby Thrumster ‘wag’ would allow for a more enhanced insight into the Late
Iron Age landscape of the North East of Caithness.
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Figure 4.a. Greyscale plot of processed gradiometer survey results

Figure 4.b. Interpretations of gradiometer survey
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Figure 5. Earth Resistance survey
results and interpretations
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Figure 5.c. Greayscale plot of high pass filtered resitistivity results

Figure 5.d. Interpretation of resitistivity results
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Figure 6.a. GPR slice 7 (57-71cm)

Figure 6.d. GPR slice 7 interpretations (57-71cm)
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Figure 6.b. GPR slice 11 (95-109cm)

Figure 6.e. GPR slice 11 interpretations (95-109cm)
N

N

iii
l
ig il
a rt

l
igil

w
fS

B

o
urn

iv

no

r

Bu

rt
wa
S
f

Figure.6. GPR slices and interpretations
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Figure 6.c. GPR slice 16 (143-157cm)

Figure 6.d. GPR slice 16 interpretations (143-157cm)
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APPENDIX 2 METHODOLOGY

Metric Survey – Set out/Referencing
The survey area was sub-divided into 20m x 20m grids. The corners of each 20m grid were
set out using a Trimble 5800/R8 GNSS using instantaneous VRS correction providing an
accuracy of c.2-3cm.
The position of reference points was recorded using the same equipment. Recorded points
were downloaded with Trimble Business Center and exported as shapefiles to Autocad 3d
map 2013.

Gradiometer Survey
Instrumentation
Gradiometer survey was undertaken using a Bartington Grad601 gradiometer. The
gradiometer comprises two fluxgate sensors mounted 1m apart on a vertical axis. Each
sensor measures the earth’s magnetic field, in nano-Tesla (nT), and the instrument records
the difference between the observed readings for each sensor. By measuring the magnetic
field in this manner, the dependency of fluxgate sensor upon the angle between the sensor
and the earth magnetic field, the variations due to large-scale geological variations and
diurnal fluctuations are filtered out. By doing so the instrument is recording subtle changes or
anomalies in the earth’s magnetic field caused by material in the top metre or so of the
earth’s surface.
Fieldwork
Data were collected at 0.25m intervals along traverses 1m apart, in ‘zig-zag’ fashion i.e. the
direction of the traverse alternating between adjacent traverses, within a series of 20m by
20m grids which were later merged together.
Data processing
The data were processed using geoplot 3.0.
‘Zero mean traverse’ corrections have been applied to all the data. This process sets the
mean of each line to zero. These corrections remove discontinuities between adjacent grids
and striping effects within grids caused by ‘zig-zag’ collection of data.
De-stagger has been applied to the data to remove positional errors in the data caused by
collecting data in a ‘zig-zag’ fashion. This function shifts the data along even lines until it
visually matches with the data in odd lines.
The processed data has been interpolated twice in the Y direction to create a ‘square’ data
set. This has the overall effect of smoothing the data.

Electric Resistance Survey
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Instrumentation
The earth resistance survey was undertaken using an RM15, system manufactured by
Geoscan Research. This device as up to 6 probes mounted on a fixed frame (mobile), 3
were used during this survey. Two additional (remote) probes are place in a fixed position.
The console of the RM15 allowed automatic reading when the contact is made with the
ground and the multiplexer MPX15 dispatch the current between probes configuration using
a pair of electrodes. For each reading two probes are used to inject the current and the two
other are used to measure the voltage. The measurement is then used to determine the
apparent resistivity.
Fieldwork
Readings have been collected using the twin parallel configuration allowing the collection of
two parallel traverses continuously. The use of this configuration involves positioning two
fixed remote probes at a distance of 30 times the mobile electrode separation. This probe
separation used during this survey being 50cm the remote probes have to be kept at least
15m from the survey area.
Data were collected with a probe spacing of 50cm, at 50cm interval along traverses 50cm
apart, in ‘zig-zag’ fashion.
Data Processing
The data were processed using geoplot 3.0.
Despiking is generally applied to the data to remove individual extreme value called “spikes”.
Spikes are mainly due to poor contact with the ground during collection.
The data have been interpolated in both X and Y directions, producing a smoother
appearance.
High pass filter has been applied to remove large variation and highlight archaeological
feature.

Ground Penetrating Radar
Instrumentation
The GPR used was a SIR3000 system manufactured by Geophysical Survey System Inc.
(GSSI). The transmitter antenna generates electromagnetic pulses which travel through the
ground. Then the receiver antenna measure the time elapsed between the transmission of
the original pulse and the recording of reflections. The amplitude of these reflections
depends on the contrast of conductivity and of dielectric permittivity present between
different material present in the ground. Trace obtain at regular spacing are concatenated
into GPR profiles. Those profiles can be stacked together to generate a 3d volume in which
horizontal slice can be extracted.
Fieldwork
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The radar survey was carried out with a 400Mhz antenna. Data were collected across
traverses each of 50cm. A survey wheel was used to automatically trigger 50 scan/m.

Data Processing
The data were processed using GPR slice 7.
Data were imported into GPR slice. The radargrams were resampled and the depth of
penetration was calibrated. A 3d volume and some horizontal slice were generated.
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