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Airborne Remote Sensing and Ground Penetrating Radar survey:

Coll and Tiree

Introduction

The Airborne Remote Sensing and Ground Penetrating Radar survey of Coll and Tiree is a
collaborative project that brings together the Department of Environmental Sciences, University of
Stirling; the AHRB Centre for Environmental History, University of St Andrews; and the Coastal
Research Group, University of Glasgow. The project aim was to test the use of Airborne Remote
Sensing to discover archaeological sites within mobile sand dune and machair areas. The study areas
were the dune systems of the islands of Coll and Tiree. In addition to collecting and examining
Airborne Remote Sensing data, field visits have been made and a survey using Ground Penetrating
Radar was undertaken. Airborne Remote Sensing data was collected by the National Environment
Research Council (NERC). NERC also provided the Ground Penetrating Radar equipment. All

fieldwork was grant-aided by Historic Scotland.

Rationale

The uncovering of coastal archaeological sites in Scotland as a result of wind and wave erosion is
common. Notable examples include the Neolithic village at Skara Brae, Orkney, revealed in about
1850 and further damaged by a storm in 1924 (Childe, 1931). The larger, multi-period site of Jarlshof,
Shetland, was partially destroyed by a series of storms in the years up to 1897 (Hamilton, 1956). There
is now widespread acknowledgement that changes in sediment budgets, sea level and storminess may
all contribute to changing patterns of erosion of the coast and dunes. This will fundamentally affect
archaeological survivability (Hansom, 1999, 2003; Hansom and Angus, 2001).

The problem posed to archaeological sites by erosion has been recognised by Historic Scotland, and
between 1977 and 1992 they sponsored the excavation of 38 major sites in advance of marine and
aeolian erosion (Ashmore, 1994). They have also commissioned a series of coastal zone assessment
surveys, which collected information on archaeological sites together. with data on geology,
geomorphology and erosion class (Historic Scotland, 1996). The recent surveys have begun to quantify
the problems facing coastal archaeological sites from erosion in specific areas. To date, approximately
20% of the Scottish coast has been surveyed (Ashmore, 2003). In every case, the surveys located far
more sites than had been previously recorded, in some cases quadrupling the existing records (Moore
& Wilson, 1998; Brady & Morris, 1998). In many cases, new sites were discovered because they were
seen eroding from cliff edges or were exposed due to storm activity.

The surveys have highlighted the difficulties of planning for the protection or excavation of threatened
coastal archaeological sites. In many cases, sites aren’t known about until they have been revealed due
to erosion. By this time, they have already started to become damaged. What is needed is a way of
being able to identify hidden sites within dunes and other areas that are subject to change, and thus to
assess the level of threat posed to archaeological remains in those areas. This project is testing the

utility of using Airborne Remote Sensing data to locate previously unknown sites within such areas.



The Study Area

The study areas selected are parts of the dune systems on Coll and Tiree, Argyll and Bute, Scotland.
The islands are in the Inner Hebrides of Scotland (fig 1) and are situated to the west of the Isle of Mull.
They lie on the Skerryvore Bank and are part of the Lewisian complex, the name given to the oldest
rocks in the UK (Fyfe et al, 1993).

The low-lying island of Coll is approximately 19 km long and 5 km wide. Data were collected from the
western half of the island, which has belts of Lewisian gneiss running in a general N-S direction. The
strongly-banded grey gneisses contain hornblende and biotite. They alternate with belts of highly
metamorphosed pre-Lewisian sediments.

Tiree lies 3 km south-west of Coll and is approximately 17 km long and between 1-10 km wide. It is
low-lying, excepting two hills in the west and south west. The highest of these hills is Beinn Hynish
which is 138m above sea level. The geology is similar to Coll, comprising bands of Lewisian gneiss
with intercalated strips of older, metamorphosed sediments.

Although bedrock outcrops in many places, it is the large sheets of blown sand that most characterise
the islands. The sand is principally composed of the pounded shells of marine invertebrates and algae.
Mather et al (1975) have calculated that of the 77 sq. km of land surface that makes up Tiree, 25.8km
(33.5 %) consists of dunes and machair, 41.5% consists of raised beach and 25% of bare rock, heath
and open water.

The population of Tiree is larger than Coll, and 760 people live there today. The population reached a
peak in the mid-nineteenth century with 4500 people. The current population of Coll is approximately
150, far down on its peak of 1841 when 1440 people were recorded as inhabiting the island.

The climate of Coll and Tiree is generally drier, sunnier and windier than other coastal areas in
Scotland (Mather & Ritchie, 1977). Tiree is often recorded as being the sunniest place in Britain,
especially in May.

Previous Archaeological Investigation

Both islands have evidence indicating continuous occupation from the Mesolithic onwards. There are
numerous prehistoric remains, and both brochs and duns have been recorded. In addition, Tiree has
close links with Iona, and many chapels were built on the island.

The antiquarian Erskine Beveridge made successive visits to the islands between 1896 and 1901,
recording all archaeological sites that he encountered during his visits. He published his discoveries in
his book “Coll and Tiree: their prehistoric forts and ecclesiastical antiquities,” published in 1903. He
wrote chapters for each island, concentrating on the ‘Ancient Forts’; ‘Hut Circles’; ‘Sandhill
Dwellings’; ‘Prehistoric Burial Sites’; and ‘Pre-reformation Chapels and Burial Grounds’.

In the chapters on the ‘Sandhill Dwellings’ he noted that ancient hearths and kitchen middens occur in
many large groups, especially where the sand has been blown. His impression was that although the
sites were plentiful, many more must remain hidden below the ‘... high, bent covered mounds of drifted
sand, and it may be that only a small proportion are now to be traced, their exposure varying from
year to year according to the wind which most prevails’ (Beveridge, 1903 p35).

This statement is undoubtedly true, and a good example of a site undergoing the process of being

buried (figure 2) is the chapel at Kilkenneth (Grid ref. 9432 4477).









back and forth with the action of the tide and waves. Some of it gets pushed up beyond the intertidal
zone, at times of exceptionally high tide or during storms, to form the backshore or upper beach. These
storm coasts can have ramparts of sand raised over 10 metres.

[f the sand is able to dry, it acts as a reservoir which is subject to wind movement. On-shore winds can
move the sand inland to build up coastal dunes. The blown sand originally formed wedges with a steep
seaward scarp, a crest and a long landward slope. Over time, sand movement, plant colonisation and
human settlement have caused large-scale changes in the wedge-shaped profile. From the dunes, the
wind can further carry the sand to build up the machair area.

Machair

The word machair is Gaelic, meaning an extensive, low lying, fertile plain (Dwelly, 1901). The word is
now recognised as referring to a specific coastal feature, defined as a type of dune pasture (often
calcareous) that is subject to local cultivation. The organic sand neutralises the acidity of peat and the
poor gneiss soils and the machair has thus acted as a focus for settlement and exploitation for
millennia.

Machair can be used both for grazing and for cultivation. In historical times, cultivation was on a
rotational basis, helping to ensure that the most fragile areas were not cultivated, and that no part of the
machair was ever permanently exposed or completely depleted of its organic matter. In many places,
the soil was improved by the spreading of manure or seaweed.

The movement of sand

It is the wind that plays a crucial role within this mobile system. Vegetation will act as a barrier to sand
movement, but in unvegetated areas, the wind can lead to the development of blowouts (erosion
hollows) and corridors, areas where sand is excavated and carried by the wind. The blowouts at the
western end of Coll (Crossapol) are up to 40 metres in depth (figure 3).

Usually, sand does not travel great distances, but occasionally, when exceptionally windy weather
combines with a period of dryness, clouds of sand can be carried larger distances at higher levels. As
noted above, Coll and Tiree are subject to sunny, windy weather.

Historical wind blows .

The unstable nature of sand dune areas means that even without human interference, considerable and
damaging sand blows can occur. The age of the dunefield at Crossapol, Coll, is unclear, but
descriptions by Walker (1764, in MacKay, 1980) and Boswell and Johnson (1773) suggest that this
area was once fertile, but that the land was overwhelmed by sand drift during the 17th and early 18th
centurtes. Walker (1764) mentions two farms near the dunefield that had to be moved at the beginning
of the 18th century. There is a possibility that the great storm of 1697 may have played an important
role in transporting and depositing this sand.

Human activity can accelerate rates of aeolian erosion. During phases of population pressure, over-
exploitation of the resources provided by sand dune areas greatly increases the risk of serious sand
blows (Dodgshon, 1998). Turnbull’s survey of Tiree in 1768 listed some of the main contributory
factors for sand blow, and included over-grazing and over-cultivation of the machair; pulling bent for
ropes and baskets; and collecting plants for dye. These plants were pulled up roots and all and led to

the recommendation of drastic punishments for those caught continuing the practice.
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He also demonstrated that dune movements can be rapid and was able to show that at certain places
there has been significant vertical dune accretion. In extreme cases, examples of several metres of
vertical dune accretion over the last several decades were noted, usually linked with progressive
erosion of the dune toe. At Crossapol, Coll, a telegraph pole was recorded as being almost completely
buried by wind-blown sand.

Implications to archaeological remains

It is the rapid rate of Shoreline retreat that is most worrying to archaeologists. Sites covered by sand
within areas of stable dune may not be visible, but are not under immediate threat from aeolian erosion.
However, the rapid rate of Shoreline retreat means that they may soon become threatened by

encroaching coastal erosion. This project attempts to locate some of these sites before they are lost.

Aerial prospection

The use of aerial photography for archaeological prospection has become increasingly more common

over the last century. It provides the ability to discover sites prior to large-scale infrastructure

construction or destruction by natural erosion processes. Aerial photographs often allow the detection
of buried archaeology through small-scale topographic changes or by discoloration of the overlying
soils or vegetation (Wilson, 2000) and allow large areas to be surveyed within short time-scales.

Archaeological features may only be detectable using aerial photography under certain conditions and

circumstances:

e Small-scale topographic variation is most usually observed when sun altitude is low and features
can be picked out by the strong shadowing effects created under these conditions.

e Crop marks are dependent on buried features either enhancing or reducing the growth of overlying
vegetation by increasing or reducing moisture availability. Deep, soil filled trenches often allow
enhanced moisture retention and availability within soils, whilst buried stone usually causes a local
increase in drainage efficiency thereby reducing moisture availability for crops. These subtle
effects are often only evident in aerial photographs under extreme drought conditions when
moisture availability is critical.

e Soil marks are where past activity has led to variations in the colour and character of the top-soil
and are only evident when fields have just been ploughed.

The timing of aerial photography campaigns for archaeological prospection is therefore crucial and

often, the optimal conditions for detection may not occur for many years.

Remote Sensing

The advances in remote sensor technology over the last 20 years have provided new opportunities for
detecting buried archaeological remains that could not have been discovered using conventional aerial
photography, or for features that are only evident under certain conditions. Remote sensing involves
detecting electromagnetic energy which has been reflected from a ground surface. In passive remote
sensing, the energy source in question is the sun and this energy is transmitted through the atmosphere
until it interacts with the ground surface where it is either absorbed, transmitted or reflected. The
degree to which the energy is absorbed or reflected over the wavelength range will be dependent on the
physical and chemical characteristics of the ground surface. The reflected energy is then transmitted

back through the atmosphere and is detected by the remote sensing instrument which records the



incoming signal electronically. The intensity of reflected energy is recorded as a digital number for
each pixel, corresponding to a squared area on the ground. Multi-spectral sensors record the reflected
energy for a number of sampled wavelength ranges - from the visible part of the electromagnetic
spectrum, through near, short and middle infra-red to thermal infra-red.

The electromagnetic spectrum

The visible and in particular the infra-red parts of the electromagnetic spectrum are extremely sensitive
to changes in vegetation type, vegetation moisture and nutrient status. The response of vegetation in the
visible wavelengths (400 — 700nm) are determined by the compositions and concentration of
chlorophylls a and b, caretenoids and xanthophylls (Tucker and Garrett, 1977) which will vary
depending on vegetation type and nutrient status. The response in the near infra-red wavelengths (700 —
1300nm) are a function of the number and configuration of air spaces that form the internal leaf
structure (Danson, 1995) and the moisture content of the plant tissue. The wavelengths between 1350
and 2500nm are also affected by internal leaf structure but more importantly are strongly affected by
water concentration in the plant tissue. The thermal infra-red part of the electromagnetic spectrum is
more sensitive to variations in soil/ground moisture (Davidson and Watson, 1995) as well as very small
variations in topography which result in aspect related temperature variations.

Remote Sensing for archaeologists

The very subtle effects of buried archaeology on variations in ground surface vegetation, topsoil and
topography are often not detectable using visible light alone. By using the infra-red part of the
electromagnetic spectrum, our chances of detecting these subtle patterns are greatly enhanced. In
addition, a combination of pre-dawn and mid-day thermal images can be used to determine variations
in the thermal inertia of the ground surface (Tabbagh, 1976, 1979) which may be strongly affected by
buried structures and/or moisture differences in the soil. Bewley et al (1999) highlight the considerable
potential of thermal inertia mapping for detecting buried archaeology, although such studies have, so
far, been limited.

A study by Powlesland et al (1997) compared single date multi-spectral imagery with data derived
from a 10 year oblique aerial photography campaign. The study found that features which barely
showed on vertical aerial photographs and were not present at all on oblique aerial photographs, were
evident on the multi-spectral imagery. In addition, the ability to digitally enhance the multi-spectral
data greatly improved the identification and interpretation of sites. They conclude that the usefulness of
multi-spectral imagery for detecting sites invisible using conventional means is proven beyond doubt.
While the usefulness of multi-spectral imagery for detecting crop marks in agricultural land is
undoubted, the range of conditions under which the technique has been tested is limited. One of the key
objectives of this study was to test the usefulness of multi-spectral imagery in mobile biogenic dune
sand as well as in biogenic sand-derived agricultural soils.

Data collection

The airborne data was acquired from specific coastal locations (figure 4) using the NERC ARSF
(Airborne Remote Sensing Facility) Dornier 228-101 research aircraft flying at a height of 750m.
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Daedalus Airborne Thematic Mapper (ATM) data was collected on 6th of April 2002 at around solar
noon and again pre-dawn. Both the daytime and night-time images had a spatial resolution of
approximately 2m per pixel. The weather during data collection was near-perfect, with cloud-free and
low-haze conditions. The resulting images are of excellent quality.

The ATM data-set samples reflectance in 11 spectral bands. Table 1 shows the spectral wavelength

bands collected by the ATM.

Band Number Spectral wavelengths | Description
(nm)
1 0.435-0.45 Blue
2 045-0.52 Blue — green
3 0.52-0.605 Green
4 0.605-0.625 Red
5 0.63-0.69 Red
6 0.695-0.75 Near infra-red
7 0.76 -0.9 Near infra-red
8 0.91-1.05 Near infra-red
9 1.55-1.75 Short wave infra-red
10 2.08-235 Short wave infra-red
11 85-13 Thermal infra-red

Table 1 Spectral bands and corresponding wavelengths for ATM data

Typically, band 1 is noisy and so not used as part of the data analysis. Bands 2, 3, 4 and 5 sample the
visible blue, green and red parts of the spectrum respectively. Bands 6 to 10 sample in the near and
short wave infra-red parts of the spectrum and are particularly sensitive to changes in vegetation type,
moisture content and nutrient status. Band 11 samples in the thermal part of the spectrum and is
directly related to ground surface temperature.

The night-time ATM data-set will only record data in the thermal part of the electromagnetic spectrum
as this is the only band that doesn’t rely on incoming solar radiation. Much of the night-time thermal
image collected for this project was badly affected by image striping (figure 5). This has limited the
usefulness of the images and ways of rectifying the striping are being sought.

Real-time GPS data was collected simultaneously with the image data. This allowed post flight image
correction for geo-referencing purposes and to correct for the pitch and roll of the aircraft motion.
Coincident ground temperature measurements were taken for both the daytime and night-time flights.
Ground temperature was measured at a depth of 2cm using an electronic temperature probe. The
temperature was recorded at 11 different locations on Coll.

Data processing

The raw ATM data were received from the NERC ARSF unit in June 2002. The real-time GPS data

was provided along with the raw data. The data was geo-corrected using AZGCORR program
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Field surveys
After the images had been scanned, two visits were made to the islands in order to check the

interpretation for features identified in the images. The Access database was used to prioritise those
sites that needed to be visited. Printouts from the database were made of the selected sites, and these
were used in the field. Co-ordinates were taken from the database and entered as waypoints onto a
handheld Garmin GPS (Global Positioning System). The GPS was used to navigate to the sites and was
found to be very accurate. The site visits were undertaken by the two authors and by Dr. Richard
Tipping of the University of Stirling. Field notes were made regarding the sites, and these notes helped
with future sessions spent analysing the image data.

With experience, the ability to distinguish between possible archaeological sites and natural features
was greatly enhanced. The first images to be analysed, and the first sites to be checked in the field,
were those of Coll. Numerous anomalies on the images had been identified as potential archaeological
sites. The field visits showed that other factors had caused some of the anomalies. Most frequently, it
was ollicrops of bedrock or small topographic features which had led to the misinterpretation. With
experience, it was possible to identify features of this type by comparing images of various band
combinations. It was noted, however, that the collection of LIDAR data at the same time as the other

Remote Sensing data would have avoided many of the misinterpretations.

Examples of images

In order to give an idea of the resolution of the images, the following pages illustrate complete runs of
data. This is followed by ‘zoomed in’ images illustrating particular site types. It should be noted that
the quality of the printed images is not as good as when viewing the images on the screen. Loss of
quality has been caused by converting the data into JPEG format, and by the process of printing.
However, the printed examples display the range of information and site types detectable through this
technique.

Figures 7 - 9 show examples of different band combination of data collected for the western end of
Coll. The band combinations illustrated are 4, 3, 2 true colour composite (figure 7); 9, 7, 3 false colour
composite (figure 8); and daytime thermal image (figure 9). B

Figures 10 — 13 show examples of different band combinations of the data collected for the western
coast of Tiree. The band combinations illustrated are 4, 3, 2 true colour composite (figure 10); 9, 7, 3
false colour composite (figure 11); daytime thermal image (figure 12); and night-time thermal image
(figure 13).

Examples of sites located through Airborne Remote Sensing

Figures 14 - 23 show examples of site types identified during the analysis. This is not a complete list of
the sites, but is intended to highlight the potential of the technique. Further interpretation of the images
is given in the Discussion section, below. The examples demonstrate that by examining several images,

it is possible to build up a more accurate idea of the type and nature of the sites located.
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Discussion

The following discussion is based on the images (Figures 14 —23) and GPR Profiles (1-6) displayed in
this report.

Figure 14 shows an area where a chapel is known to have existed. A graveyard, badly affected by
coastal erosion, still exists close to the sea. A flat area of improved machair exists around the farm at
Crossapol. This is easily distinguishable on the 9, 7, 3 false colour composite from the area of dunes to
the east and the boggier land to the west. The daytime thermal image helps to highlight a wall running
across the improved land. It also shows areas of disturbed ground on either side of the wall. A field
visit indicated that there was rabbit disturbance within the area, but pottery was found within the rabbit
scrapes. The area was subjected to a GPR survey. This detected the buried wall and the area of
disturbance. It has not yet been possible to characterise the nature of the disturbance, but there is a
possibility that it relates to the lost chapel.

A GPR survey was also carried out within the known graveyard (Profile 5). A line outside the
graveyard wall was also surveyed, and this indicated that the area of burials extends beyond the present
graveyard boundary (Profile 6).

Figure 15 shows a former area of cultivation within a dune field on Coll. No houses exist today in this
area. The 9, 7, 3 false colour composite is again good at showing areas of improved land from the
surrounding dunes and areas of bog. The daytime thermal image is very good at highlighting low grass-
covered walls that form the enclosures and other boundaries. The night-time image helps to
differentiate between ditches, tracks and walls, not easily done on the other images.

Figure 16 also shows an area of former cultivation on Coll. In this image the 9, 7, 3 false colour
composite clearly indicates areas of agricultural ridging. A group of cairns was found within this area,
and these are detectable on the daytime thermal image. By comparing the thermal image with the 4, 3,
2 true colour composite it is possible to distinguish them from areas of bare sand.

Figure 17 shows and abandoned farmstead that now exists only as a series of low, grass-covered
humps. The farmstead is shown on the First Edition Ordnance Survey map as a ruin. It is detectable on
all images, but it is the daytime thermal image that gives the greatest definition, allowing individual
buildings to be seen. The GPR was used to confirm the size and nature of the buried farmstead.

A buried track, also known from the First Edition map, shows up on the night-time thermal image in
one field. It is not visible on any of the other images within this field. Its visibility on the night-time
thermal image is due to the type of vegetation cover within the field at the time that the image data
were collected.

Figure 18 shows the course of an old field boundary within a ploughed field. Very few fields were
ploughed at the time that the image data were collected. The boundary shows up clearly on the daytime
thermal image. GPR was used to determine the nature of the boundary. It was not able to detect any
buried stone, suggesting that it was not stone-built.

The image also shows numerous drainage ditches. Some of these are still in use, others are not. The
night-time thermal image clearly shows which of the ditches contain water.

Figure 19 shows the area around the Kirkapo! chapels. A wall running from the chapel to the graveyard

was confirmed by GPR survey. The survey also suggested the presence of several burials in the area.
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1-3). The detection of cairns within such an area is difficult, due to the blown sand forming mounds. It
is suggested that the cairn is detectable by looking at a combination of images. It appears warm on the
daﬁime thermal image, as do surrounding humps. On the night-time thermal image it appears
uniformly cold. The uniformity of its temperature may be a result of it being stone-built. Other humps,

formed of wind blown sand, display a warm side, (facing south) and a cold side (facing north).

Conclusions

The Airborne Remote Sensing project of Coll and Tiree has demonstrated that the technique can be
very useful for locating archaeological monuments in areas of sand. As the researchers gained more
experience in interpreting the images, so the number of actual sites detected (as opposed to natural
features) increased. The features detected ranged from walls, to enclosures, to farmsteads, to individual
buildings, to cairns.

Viewing the images on the computer allowed rapid scans of complete areas of landscape to be made.
Having a set of different windows open meant that different band combinations could be viewed
simultaneously. Larger features, such as field enclosures (figures 15 and 16) were easily detectable,
especially on the daytime thermal images. Once a feature was identified the image could be ‘zoomed
into’ allowing greater detail to become apparent. As the images were geo-referenced, co-ordinates for
all identified features were immediately available. Ordnance Survey landline maps were also added to
the images to allow checking of target location against a map.

The dunes are problematic areas for recognising features, partly due to the nature of the topography.
The numerous bumps and hollows display warm (south facing) and cold (north facing) sides, where the
sun has had a chance to warm up the ground. This is apparent even in the night-time thermal images. It
is thought that by combining the ATM data with LIDAR, it will be possible to make compensations for
this effect. Having said that, features were visible within the dunes, examples being the buried wall
(figure 22) and the cairn (figure 23).

It is felt that this a very worthwhile technique, but that further work is needed to determine whether
other factors play an important role in the ability to locate archaeological features. One factor may be
the time of year that the image data are collected. A prolonged spell of cold weather followed by a
couple of warm days may encourage thermal differences to become more apparent. Time of year will
also have an affect on vegetation cover, and flights flown after long dry periods towards the end of
summer will allow the 9, 7, 3 false colour composite to show up vegetational stresses before they
become apparent on conventional aerial photography. Flights flown on sunny days will enhance the
effect of the sun shining on south-facing slopes, so perhaps dull days would show more differences.
The amount of information contained within the images is enormous, and further analysis of the
collected data will be undertaken. Attempts will be made to clean up the night-time thermal images,
and other researchers will review the images. Having said that, this initial review of the evidence has
demonstrated that the use of Airborne Remote Sensing is appropriate for the large sandy areas around

Scotland’s coast.
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