DY

DUALCHAS ILE

AtAd

DUNYVAI&ASTLE

Results of the electrical resistance atige terrestrial 3D laser scan surveys

August 2017

Rob Fry, Aiji Castle and Dagkd NA 6 S DA ©

Felruary 2018



Introduction

Islay Heritagds working witha rangeof academic partners to devise multiyear archaeological
project centred on Dunyvaig Castiarting with an archaeologicalssessmenof the castle and its
environs in summeR018 The poject will addressa range ofresearch questions concerning the
origins aml the history of the castléts placeand the rolein the landscapeits maritime importance
and so onThe project wilprovide a field school fostudents and Islay volunteeandit will pave the
way towards the conservation of the monument and its better presentation to the visitors. The
starting point in this processis the modern digital survey of the castle, which has only been
professionallysurveyed once before in the 1970s by the &@ommissiorior Ancient and Historical
Monuments in Scotland (RCAHMS 1984).

In August 2017 Islay Heritage commissionddraestrial 3D laser scan survey of the castle and the
initial geophysical survey of the castle courtyard andithmediateapproach to the northeast.

Electrical Bsistance Survey

Electrical resistance surveya geophysical technique whintaps differences in the resistance to the
electrical current in the ground. It is pantilarly sensitive to the presence or absendanmisture in

the ground, whichdecreass or increases the resistance aomhductivity, respectivelyAs such, this
technique is particularly well suited to tracing stomailt features e.g.walls which contain very little
moisture in contrast to the surrounding safeposits. Howevene has to be cautious in interpreting
the electrical resistancdata, as the grounaonditionscan vary especiallyn relationto the weather
conditions, i.e. ground saturatignegetationandthe presence obedrock near the surfac®n one
hand, bo much water in the soil camasksubtle differences beteen the features which would
otherwise retain moisture for longer than the surrounding ground, such as filled in ditches, pits, post
holes,etc., and theywill go undetectedas a resultOn the other hand, if the bedrock is too near the
surface it wilshow as digh resistancarea and cold maskarchaeological feaires orcouldeven be
mistaken for artificially built walls, platforms demolition rubble spreads. Both of these factors are
an obviougdanger in the Hebridean landscape, especially on a coastal promontory such as Dunyvaig.

Electrical resistance survey was carried oualtgam from the University ofdadingled by Dr Roért

Fry. The survey was carried out using RBlelectrical resistance meter with twin probe configuration,
0.5m proke spacing, 0.5m traverse spacing and 0.5m interval spdcirgher words, the resolution

of the data collected is 0.5m in any directidime survey is conducted in 20m grid squares, one at a
time, which are thengtitched ugduring the computer processingf the results, thus giving us a
continuous plot of the survey ard&igure 2. The extent othis initial surve, which willbe extended

in 2018, can be seen in Figurdtishows the aerial view of the promontory with the plan of the castle
on the left and the geophysical results on the righte hall building or the tower, as itsemetimes
alsoknown aswas inaccessible to this type of survey amdfact,there would be a very little poirtb

it consideringt is situated on the rock stack and covered in rubble. Thus the survey focused on the
courtyard area and the ground beyond the castle walls, which is probably the most interestiitg
archaeobgical mtential islargelyunknown The resultsare presented agreyscale imags inwhich
dark areas are the areas of high resistance and the light areas the areas of low resistance.
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Figure 1 Aerial view of Dunyvaig and its environs suierimposedRCAHMS plafheft) ard electrical
resistancesurvey data (right).

Figure 2Electrical resistance survey at Dunyvaig castle. The sunjds theframe with the
resistance meter moued on the top and thelectrodegmaking contact with the ground below.



Thecourtyard

As expected, the electrical resistance was successful in detecting the outlines of thelsine
structures in thecourtyard The geoplysical data very closely matchdéte RCAHMS survey plan from

the 1970s(Figure3). It also shows an amorphous high resistance anomaly at the southern end of
buildings A and B, whidmight represent a pile of rubble from thcollapse of the adjacent inner
courtyard wall. Some fainter anomalies can be seen in the central and westemgs the interior,
which were thought to bedevoid of buildings,and it remainsunclear whether these anomalies
represent structural remains. Theear adjacent to the sea gate in the southwest part of the courtyard

is characterised by low resistance and might represent accumulation of soft organic deposits, such as
midden The interior of the buildings is low in resistance relative to theosunding walls, which might
indicate that any infilling rubble deposits might not be too substantial. The response of the outer wall
west of the entrance is of much higher resistance than to the east of the entrance and this might be
due to the east segménbeing partly hollow, which could validate the presence of a passage
containing stairs or similar, which has filled up with soil.

Figure ZElectrical resistance data plot of the castteirtyardcompared with the RCAHMS plan

4

The approach

In the absence of detailed topographic and archaeological survey @rdzeto the northeast of the
castle, i.e. the approacit,is much more difficult to corroborate the results of tearvey The results

are dominated by lamg high resistance anomalies in the north part of the survey extent. Three
separate high resistance linear anomalies diverge frontctstlecourtyardtowards northeastThese
linear high resistanceanomalies could asily be mistaken for walldhiowever, theycorrespond to the
footpaths, as can be seen when thatais compared to the aerial photograph (Figude 4
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Figure 4Aerial view of Dunyvaig and its environs vétlperimposedRCAHMS plafheft) ard electrical
resistancesurvey datawith marked layout of the footpath@ight).

It appears that the foot traffic hasompressedhe vegetation and the groundurfacealongthe
footpathsto the level that they show up as high surface resistanoeontrast to the surrounding
ground where taller vegetation has retained excess moisturke source of other high resistance
anomalies is uncleaThey are very extensive andi# possible that some of them could be the
responseo the bedrocknear the surfacer, equally, further distinctionbetween theshort and long
vegetation On the other handat least some of them could be area of rubble, where structures or
enclosuredhavestood in the pastWithout ground truth trenching to investigate the source of some
of these anomaes it is currently impossible to have a meaningful interpretation of the results in the
area outside the castle walls. However, once corroborated by trenching, the results could prove
incredibly valuableln August 2018, Islayetage will be conduing further assessmenof the
environs area, which will include continuation of the electrical resistance subtgyalso other
geophysicatechniquesthat might be less susceptible to the ground conditions, such as magnetic
gradiomety and ground penetrating radain addition weare planningarchaeologicaévaluationof

the castle and its environs by trenchjngroviding we aresuccessfuin obtaining the Sweduled
MonumentConsent from HistoriEnvironmentScotland.

Terrestrial 3D laser scan survey

The terrestrial Laser Scann@igure 5kollects coordinat@&ata of its surroundingdt emits a rotating

laser beam that can capture 120,000 points a second. It colours this data from panoramic photographs

or alternatively provides colourless topographic 3D moHakh scan takes approximately 15 minutes.

Oncea scan is complete, the equipment is movediaet up again ready to scdBach scan is then
WNEIAAGSNBRQ (23SUKSNJ dzaAy 3 O2 Y Yoyhatdhing gedmet@ | G A 2 v 3
(40-60%).This creates a very accurate virtual model of site. The 3D lasesurvey at Dunyvaig was

conducted by Aiji Castle from Topcon.



Figure 5 Termrial laser scanner survey btinyvaig castle

Thel97@RCAHM®easuredsurveyprovides the foundation for all subsequent survey and research
at the castligfRCAHMS 1984)t the time, the survey was conducted manuallyhvihe help of tapes,
plane tablesand dumpy leveland, crucially, it includesurveyo® interpretation of the architecture
and other featuresWith the help of digital instruments, such as 3Bdascanner and digital cameras
and photogrammetrysoftware today we can carry out much more detailed and accurate sunvegs
fraction of the timeand present the resultas a 3D modeidr similar. Neveiieless the interpretation
principles of the survey remaithe same Another importantthing to remember is that the
monumentsin the landscape&lo not remain static, as the time pses they are subject tilne weather
and theactions ofpeople which affect the level of preservation and theirvironment For example,
our surveyshows that the site is much more overgrown tham the 198s, perhaps as a result @
change ingrazing regimegFigure 6)The increased vegetation has affext on thelaser scapnand
althoughthe measurementsnight not be asacairateas on bare walls, the survey doasrespondo
the true state of the monument at this period of time.

Figure 6View of thebuildings in thecourtyard photographedfrom the hall in1983 (left Canmore
image 157861) and 2017 (right)



Figure 7 View of the inner face of tbeuthernwall of the hall building in 1983dp) and a still image
from the 3d laser scan survey in 20bdt{om).

The pasage of time can also be seen in the preservation of the upstanding walls, which have
deteriorated in the last 20 years or so (Figure 7). Comparison between the photographs held by the
Historic EnvironmentScotlandand the 2017 survey shows that certain parts of tall face have
crumbled away and the walls are maaéfectedby the vegetation and the roots whiadrtumbleaway

the mortar and loosed the stones.

The 3D laser scan data can also provide a detailed topography of the swagabest visible in the
courtyard(Figure 9) The area beyond the castle walls was not in the brief for this particular scan, and
although the topography of the surrounding area appears etgiled it is only a byproduct of the
castle scan and, hence, not very reliable. Nevertheless, saneedsting featuresan te discerned

in the data. In summer 2018 we will be conducting much more detailed survey of the environs of the



