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Summary

This report describes an assessment of the source, character and weathering style of the building
stonethat has beensed inCulzean Castle and other historic structures thawiliein Culzean

Castle& Country Park(CCCP) in Ayrshire. The assessment was conducted by the Building
Stones team of the British Geological Survey (BGS) on behalf of National Trust for Scotland
(NTS). The project was funded by Historic Scotlaaad thework has been conducted under the
Memorandum of Agreement (202D16) between Historic Scotland and Natural Environment
Research Council (NERC; as represented by BGS).

The main building stone in CCCP structures is sandstone sourced locally from the Swansha
Sandstone Formatiomescriptions of the quarries that are thought to have supplied the stone
and a brief assessment of the potential for obtaining new supplies of the same stone from these
and other quarriesare presented in sectiond? this report The results of drief review of
historical recordof local quarrying activity and building history in CCCP are tabulatednin
appendixand presented in section 3 as a O0ti mel |
sandstone is described in sectiomdd the main causes of weathering in sandstone are reviewed
briefly in section 5. The character of weatheringha stonework o€CCCP buildings, and some

of the factors that are likely to be causing accelerated stone decay, are described in section 6.
Rem mme nd at i esnhmactitépnocedaréin the longterm repair and maintenee of
stonework in CCCP are presented in sectidkey. conclusions are summarised in section 8.
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1 Introduction

1.1 PROJECT BACKGROUND

Culzean Castl& Country Park ghortened hereafter ©®CCPor 6t hiacluges Cukéan
Castle, one of the premier heritagaildings in Scotland, ananore than one hundrecther
stonebuilt structuresonstructedetweerthe " and 28' centures The stonework irall stone

built structuresin CCCP has sufferedo some degre¢ r om weat hering and
decay6), and many structurthespashave been repai

In recent decades National Trust for ScotldNd'S), which managethe park,has pursueda
policy of &6pl anned ,whicleiavelves replacing elecayed istone ana &st ¢ e ¢
mortar, and repairing rainwater shedding systems, on a cyclical (rather than reactive) basis.
However, the large numbef stonebuilt structures in the parkheir increasing age, the relative
susceptibility ofthe main building stonéo weathering and erosion, atite exposed, coastal

setting of thepark, present major challenges to teaccessful longerm conservation ofhe
buildingson this nationally important site.

Furthermorethe main building stone used in CCCPSwanshaw sandstonehas not been
quarried locally for many yearand NTS has throughout its stewardship of the paxkto use
stone sourced from elsewled¢o make epairs. h recent years it has increasingen recognised
that the practice of inserting blocks 6ff o r etong mtdexisting stonework can lead to
accelerated stone decay and other unintended adverse consequences.

NTS is now keen tdevelop its bespractice procedure for the lostgrm repair and maintenance
of structures in CCCP. Two key objectives araitalerstand more about the underlying causes
of stone weathering and to secure a supply of new Swanshaw sandstone to use in future repairs.

BGS setout to address some of these issues in 2012, in a project funded by Historic Scotland,
but the project was terminated pavay through the outcomes achieved up to that point were
delivered in a short, informal summary documente Téport presented hereescribes the
outcomes of a second project, also funded by Historic Scotland, which aims to build on the work
that was begun i8012

1.2 GEOLOGICAL SETTING

Much of the coastal fringe dECCP including the ground on whiclCulzean Castlesits is
underlain by e Carrick VolcanicFormation(Figurel), a succession of lavas and sediments that
were deposited in the early part of the Devonian Pdyedieen 419 and 393 million years ago
This formation does not produce good building st@mel the stone has been used in only a few
structures in the parlearly all of the stone structures@CCPare builtof sandgtonefrom the
Swanshaw Sandstone Formatiavhich was depositedetween the late part of the Silurian
Period and the earlyartof the Devonian Period (betweet27 and 393nillion years agg)and
now underlies much of the park aadargeswatheof the surrounding are#&igurel).
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Figure 1 Bedrock geology and key localities referred to in this report

1.3 REPORT OUTLINE

The quarries that are known or suspected to have supplied the Swanshaw sandstone used in
CCCP are described in section 2. All those that are still accessible were visited by BGS in 2012,
with the exception of Swallowcraigs quarry which wasdiscovered recently by NTS and

visited by BGS in 2014. The potential for obtaining new stone from each quarry is assessed
briefly. The Swanshaw Sandstone Formation crops out in several other parts of the Midland
Valley of Scotland, and section 2 inclgdan assessment (based on a-degkeviewof records

and a brief assessment of samples held in the BGS Rock Coljemtiwhether quarries in these

other outcrops might provide suitable stone for repairs to CCCP buildings.

Section 3 presents a O6ti melthenaed aroundtCEQRNdat i n g
building history inthe park The timeline is based on a review of historical records, including
those held by NTS and in the National Archives of Scotland.

The geobgical character of Swanshaw sandstone is described in section 4. The dexueiized

as it appears in quarries abdildings, and as it appears under the microscope. The sequence of
mineral and textural changes that have occurred in Swanshaw sandstioaeyeological past,

and which can be deduced from microscope examinatioalsesdescribed as these directly
affect the way in which the stone is affected by weathering processes today.

The main causes of weathering in sandstone are reviewed bnietgtion 5, then ehcharacter

of weathering irCCCP buildings and some of the factors that are likely twabsing accelerated
stone decayare described in section 6 using examples from the pa&k.c o mme reste d
practicé procedures for longerm rep& and maintenace of stonework in CCCP apeesengd

in section 7Key conclusions are summarised in section 8.

(@)
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2 Historical sources of Swanshaw sandstone and possible
sources fofuture building repairs

Records indicate that mogpossibly all) of the sandtone used in CCCP was sourced from
quarries within Cassillis Estate, which encompasses much of the locdiramlaeding the land
and buildings currently forming CCCP before they were bequeathed tp NTS

All of the quarries on Cassillis Estate were inaetoy the time NTS took ownership the park

(1945) Most of the stone used in repairs since then has been sourced from quarries in the north
of England that produce buff sandstone deposited during the Carboniferous (B&8dd 299

million years ago)For example, a substantial proportion of the original stone used in the Robert
Adam part of Culzean Castle was replaceddn6 by buff sandstone from Springwell quarry in
Northumberland, and stone from Stanton Moor quarry in Derbyshire has been ugmrstce
several buildingsBrown Devonian sandstone from Callow Hill quarry in Wdlasbeen useth

some recent repairs.

As part of a besgpractice approach to building conservation, NTS is keen to use Swanshaw
sandstone (rather than a different stomgctv is likely to be less compatible) in future repains
recent yearshe Trusthas begun to recycl@docks of Swanshaw sasidnefrom buildings in the

park and has sourced small quantities of fresh stone flarge blocks produced by historical
quarryng activityon the coast.

There appear to be relatively few historical records ithdicate which quarries supplied the
stone that wassed inspecificCCCP buildingdmore detail is provided igection 3). However,

there are sufficient records todicate that most, if not all, of the stone was sourced from a
handful of quarriesvithin a radius of c. 7 km of the parRll of these quarrie$ 6 Gas Hous e
Swal |l owcr ai gs, Ball ochneil, Bl a n sitfon thé ldcal Ran
outcrop of the Swanshaw Sandstone Formatiigure 1 and Figure 2¥our other quarrie$
Coralglen, Glenhouse, Dikeneuk and Camregjaaiso siton the local outcrop of Swanshaw
Sandstond-ormation(Figure 2)but are considerednlikely to have provided stonfor use in
CCCP.Brief descriptions ofill these quarrieare presented isection 2.1.The level of detail in

each description varies according to the current accessibility of the site.

The Swanshaw Sandstone Formation crops out in several other peetsraf ScotlandHigure
2), and the potential for sourcing Swanshaw sandsiame threequarries inthese outcrop$
Penning Hill Wellshieldsand Dunduffi is assessed in section 2The assessmertf potential
future sources of Swanshaw sandstoneaset on a consideration aé@ogical suitability and
quarry accessibility; issuesirroundingland ownership and permiss®for renewed quarrying
arenot considered



CR/14/114

FITUTTS 5 === (02 LIVINg SO

. U:ﬂ East Ham|lton\v
WY Stewarton Kilbride 8 \

0= StrathavenO :

AN
Kilmarnock v &
O, 1 \ Quarries

Galw ; - Gas House I

- Swallowcraigs A
- Ballochneil '
- Blanefield
- Rancleugh Burn
- St. Murrays
- Coralglen
- Dikeneuk

0 N O A WN =

9 - Glenhouse
™ Sanquhar 10 - Camregan

: ) 11 - Penning Hill
12 - Wellshields
13 - Dunduff

; New
L. Cumnock

4>

10 15 20 Kilometers

O

(4 o\

2]

Figure 2 Outcrops of the Swanshaw Sandstone Formation in central Scotland

The extents of mapped outcrops of the Swanshaw Sandstone Formation are shown in red, and
the locationsand namesf quarries mentioned in this report atgerimposed

2.1 QUARRIES IN THE AYRSHIRE OUTCROP OF THE SWANSHAW SANDSTONE
FORMATION

2.1.1 Gas House quarry

dGas Houseauarrydis an informal naménot used orpublishedmaps)given to historical stone
workings in the cliff behind a small bay forming the south end of Culzean Bay (approximate
location [NS 235 103])Thequarry takes its name from tk&as House building in CCC®hich

faces onto the small bay. Thedrock contact between ti@arrick Volcanic Formatiomand the
Swanshaw Sandstone Formationms the southern edge of the bay, #melworkings therefore
exploited the sandstone outcsajhat are closesd Culzean Castl@Figure 1).

The sandstoneliff behind Culzean Bays up to 50 metres high and extends northwards for
approximately 4 km to another contact with the Carrick Volc&woomation(Figure 1) For
much of its length the clifis heavily wooded and difficult to access, but a brief inspection
suggests stone has been quarried at several (perhaps many) Ipoptts éengthat least as far
north as Swallowcraigs quarry (seelow). Sandstone bedrock also crops out as a discontinuous
platform along thdoreshore andstone may have be@uarried here to@.e. the sukhorizontal

rock platforms within the intertidal zone in part may be fmaade) dGas House quardy
therefore réers not to asingleconventional quarry but possibly many historicalites of small

scale stone extraction around the southern end of CuBaeafirigure &,b).
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The sandstone outcrops consist of interbeddedrescale beds afiniform to bedded medium-
grained, typically orangeish bu$landstonevith occasional beddingarallel landsof cm-scale
greenishmud flakesandcm-scale orangeish browiron-rich nodulegFigure3c). The sandstone
beds typically are essentially horizontal.

The sandstone is cut in several placesdikes (discordant shedike intrusiong of dolerite
(dark grey to black igneous rock,0 met i me s k n.drkendykesgangFamharomndl)

to 20 metres wideandthe sandstone up to several metres on eitlai sifeach dykehas been

0 b a kbg thedhot magma and very hard both the dykes and the adjacent sandstone tend to
weather proud as a result. The baked sandstmne not perform in the same way as typical
Swanshaw sandstone if used as a building méteria

All of the stonethat is exposetbday is weathered to some degree, and the full colour emde
characterof unweathered stone is difficult to determine. However, most otxipesedstone
remainsstrongly cohesiveandfresh sandstone from any of te&posures formingsas House
quarryshouldprovidea good match for much of the Swanshaw sandstone that has been used in
CCCP.A small volume of stone for repairing the Waste Chute in CCCP has been extracted
recentlyby NTS masonfrom boulders on the Ga&$ouse quarry foresho(&igure 3d.

Much of this section of shorend adjacent cliffss a Site of Special Scientific Intere€SS) and

this may limit the potential for extractingew stone Nevertheless(Gas House quarry is the
closest and mostccessible historical source of Swanshaw sandstone, and has the potential to be
an important source of new stone.

2.1.2 Swallowcraigs quarry

Swallowcraigs Quarris sited on the densely wooded cliff behind Culzean Bay, approxintately
km northeast ofCulzean Cate at [NS 2424 1085]Unlike Gas House quarry, the site has the
form of a conventional quarry with a substantial worked face.

The site is on two levels with the upper level apparently forming the main quarry.

The lower level consists of a northwdatingvertical face up to ~8 metres high antb~-metres
long, the base of which is within I0etres of the beadmd 23 metres above {Figure3e€). This
face may have been quarried in the paspboibablyless recently than the upper level.

The upper level &s a northwesftacing, curved (concave) back wall ~25 metres wide, ~8 metres
deep (within the curve), and ~9 metres h{glgure 3f). The back wall is nearertical and
consists entirely ofxposed rock. A narrow, roughly level path provides access dierfgase of

the back walland a heavily vegetated talus slope beneath the path terminates in the cliff forming
the lower level. The base of the upper level back wall is roughly 20 metres above beach level.

The worked face of the upper level is nearticd but irregular in detail, comprising variably
protruding and recessed beds and blocks of sandstone. All of the stone has a patina of light
brown dust, probably precipitated from rainwater-afih The face contains the remains of many
vertical drill holes(presumably part of the quarrying process), and is intersected by bedding
joints and steep joints that are typically spaced at intervals of 0.5 to 2 metres. There are no
obvious markshat would suggest blasting has been used to extract stone

The stone &s the character of typical Swanshaandstone.The festest stone surfaces are
generally greenishuff but in detailcandisplay alternating centimetiseale bands (parallel to
bedding) of olivegreen and greyish buff stone. Bands up to ~20 centimefidsahdrich in
gravel to cobblegrade, greenisigrey mud flakes occur infrequently.

The sandstone beds typically dipry gently ¢109 towards north but locally are essentially
horizontal. The beds range up to around 1 metre thick and the tops of some beds consist of a
mudstone layer up to ~10 centimetres thick. The sandstone can be thinly to thickly -parallel
bedded or croskedded, andccasionally displays contorted or slumped bedding.
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All of the exposed stone is weathered (producing a dull thud when struck with a hammer).

At the north end of the curved quarry face the sandstone is cut by a cluster of moderately steep
granulation seamsgthin bands of crushed sandstone representing a small geological fault).
Granulation seams were not seen in the main part of the quarry face.

Swallowcraigs quarry is reasonably accessible on foot and has the potential to provide sandstone
that is a good nteh forthe buffSwanshaw sandstone that has been used in CCCP. However, the
lack of a vehicle track, the steepness of the worked faces and the slopes above and below them,
the densely wooded environment, and the weathered nature of the exposed stotiegahaean
substantial effort would be required to obtain a significant supply of fresh new stone from the
site. Much of this section of shorand adjacent cliffs is a Site of Special Scientific Interest
(SSSI); Swallowcraigs quarry may sit within the boundafryhe SSSI and this might limit the
potential for extracting new stone.

2.1.3 Ballochneil quarry

Ballochneil quarrysits entirely within an area of woodland on the south side of Milton Burn,
approximately2 km southwest of Kirkoswald ¢rid reference [NS 2250650]).

The quarry consistsf a single broadly senruircular pitc. 120metres long50 metreswide, and
up to c. 30 metresleep The floor and the steep sides and baekl are almost entirely
concealed beneatBpoil heapsand dense vegetation.te8p slpes on three sides and an
unbridgedstreamon the northsidepreclude easy access to the site.

Exposed bdrock isrestricted almost entirely to justo small parts of the quarry: an area on the
steep back wall approximately metreswide by 3 metreshigh (Figure 3g), and anover
deepened part of the floapproximatelyé metreswide and 3.5 metres higfirigure3h).

The stone exposeid both theseareas is similaand typical of Swanshasandstonepurplish
grey to greenish grey and buff, faintly bedddohe- to mediumgrained sandstone with
occasional purplish grey mud flake¢db10 cm in size. The sandstone beds are typicaibund

1 metre thick and include crosseddedand parallel beddedayers In places, the stone has
weathered to orayeish buffand purplish brown.

Ballochneil quarry is still accessibta foottoday and has the potential to provide a substantial
guantity of Swanshaw sandstone that would be a good match for much of the stone used in
CCCP. However,anewed extraction of sandstonethis quarry would be challengingThe

quarry is around 100 metres from the A77 road and separated from it by woodland and a stream
several metres widdhere is currently no vehicle track the quarryand no bridge over the
stream. Furthermore, signifint quantities of soil, vegetatioguarryspoil and weathered stone
would need to be cleared gain access twesh bedrock.

2.1.4 Blanefield quarry

Blanefield Quarry is recordegls a gravel piin the BGS Database oMines andQuarries élso
known @8stPitd h @ a § anth issdoeation is placed at [NS 2486 079W)mediately
south of the A7‘androughly halfway between the hamlet of Blanefield and Kirkoswald village.

Today, no trace of either a stone quarry or gravel pit can be seen on the grougtatrial
photographshow what could be the outline of a former quarry c. 150 x 150 metres in plan in a
field at this location;it must be concluded thahe quarryhas been filledThe quarry is not
shown on anyOrdnance SurveyOS) maps dahg back to1859, suggesty it had beerilled

before that dateThe site is within the outcrop ohé Swanshaw Sandstone Formation, and
dimension stone sourced from Blanefield Quaslikely to have hadhe characteristicsof
typical Swanshawandstone.

There isessentiallyno potential for renewed extraction of stone fiBlanefield quarry.



CR/14/114

2.1.5 Rancleugh Burn quarry

Rancleugh Burmuarry consists of acoopc. 20 x 20metres in plarwhich has been cut inthe
steep slope forminthe north side of Rancleugh Bumatgrid reference [NS 2657 1133].

The site is now heavily overgrown and difficult to acagsgure 3). Within the scoop, bedrock
is still exposed in aertical quarried faceof around 5x5metres and this idikely to have been
the focus ohistoricaldimension stone extraction

The exposedstone is highly weathered but appears to have the characteristiypicl
Swanshawsandstone Most of the stonels orangeish buff buthere are also beddirgarallel
layers of reddish brown and greenish gretone The sandstonéorms crossbeddedlayers
throughout the exposuravith foresets typically 1480 cm thick (Figure 3). Mud flakes, iron
nodules, andlasts of quae and granite are present.

Rancleugh Burn igdentifiedas a dimension stone quarrythe BritPits databaseand is marked
on the 1859 OS map as a Af r e essggesta the stpoeamay y O .
havebeen used to supply local neexndy (e.g. bridges and houses).

The quarry is around 300 metrigem the A719 road and can be @essed on foot eithdrom

the norththrough a pasture fieldr from the east along the side of Rancleugh Blihe quarry

has the potential to provide Swanshaw sandstone that would be a good match for much of the
stone used in CCCP. However, producingeaspnable quantity of fresh stone would require
vehicular access and the removalsoibstantialamounts of vegetation, weathered stone and
overburden

216 St Murrayds quarry

St Mu r r a ys®rs thegnaridwest side of the B7024 road, approximately 1 kntmof
Maybole at grid reference [NS 3046 1132]. The site tanmsists ofa large pitoccupyng an
area of c. 100 80 min plan and boundedn all sides (other than at the access tragkjertical
rock facesup toc. 10m high (Figure 3. OS maps show a secondarryaround 100 metres
north of the mairsite, with a single eastfacingworked face approximately 50 metres long. The
secondquarrysits entirey wi t hi n St M with m@opvdosis medns af dceetsi anth
aerial photographshow it to be densely woodedcliéarlyhas been disused for some time.

The mainquarryis listedin the BritPits databasss a dimension stone quarand it isobvious

that a large volume of stonbas been extracted in the padist of the exposed o& faceis

covered in aelativelythick patina ofdust and organic mattemaking it difficult toexamine the

stone The stone is generally reddish grey apart from a relatively small section of exposure on the
west side of the quarry where the st@mpeas to be predominantlgreyish buff. Unlike other
quarries in the Swanshaw Sandstone Formdtiahhave been visited as part of this projdue
stone in St Murraydéds quarry has a generally
thecharacer i sti cs of typical Swans h abe censiderddsat o n e
generallyreddish grey variant of Swanshaandstone

The sandstone beds are typically anlthick, broadly horizontal, and alecally crossbedded
and finely laminatedSmall geological faults (which manifest as sets of closely spatedply
inclined, narrow ribs thatend to standlightly proud of the sandstorad are sometimes known
asgranulation seams mud flakes and coloured spbotedulesare all developetbcally (Figure
3I).

Access to the quarry is straightforward; a track from B7®24 road leads into the quarry
through a locked gatehe quarry floor is gravelledver so vehicles potentiallyan be driven
directlyto the quarried fase The site is cuently used as a shooting range by a local rifle club.

Renewed extraction of stone at St Murrayds (
the other quarries visited as part ofstetudy, given the good accessd lack of vegetation
obstructimg the rock faceHowever,stone with the character 8ft Mu r r ahpstbeen gsedo n e
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in only a small number of buildings in CCCP, notathlg Victorian additions forming the east

and west wings oCulzean Castlethe OrangeryCamellia Housgand Filter House Reddish

brown sandstone elsoa componendf somerubble walling for examplan Swan Pond Cottage
andGas Housgthisreddish brows t one may not come fr ombuSt Mu
St Mu guaraystanavould probablybe a good substite.

Many of the sandstone buildings in the town of Maybotsist ofreddish topurplish grey
Swanshawsandstone Much of this probably came from Coralglen quarry (see below), though
some is |likely to bAnynktwstongprdiacedddmiStMay ¢ s ydusamqmuy
mightfind a ready market ibuilding repairs in Maybole (and the surrounding area).

2.1.7 Coralglen quarry

Coralglen quarry wadocated in the town of Maybolat grid reference [NS 2960 0967];
however,the quarry has been filled for mayears and the site is now occupied by housing.
BGS has no samples of stone fr@oralglen quarryand no record of when the quarry was
active. However,ite main building stone in Maybole sandstonevith a more intense reddish
brown colour than stone fno St Mu r r aandihés staneisaprobaplyfrom Coralglen
quarry.

Other than some of the stone blocks used in rubble walling, none of the buildings in CCCP
contain stone with the intense reddish brown colour that appears to be characteCistaigbén
quarry.Most of the sandstonduildings in Maybole postlatenearly allthe buildings in CCCP,

and Coralglen quarry may haveopened after most of the buildings CCCP had been
constructed.

Coralglen quarry is no longer accessible and theessentlly no possibility of obtaining new
stone from the site.

2.1.8 Dikeneuk quarry

Dikeneukquarry( whi ch is al so referred t loeasdodtBey k e n e
coastat Chapeldonan, c. @n north of Girvan (grid refrencegNS 1910 0046])Thesite, which

is no longer active, is identifieds a dimension stone quarrythe BGS BritPits databasédut

BGShas no samples of stone from the quaritye quarrysitswithin the main Ayrshireoutcrop

of the Swanshaw Sandstone Formation and therefag have produced stone difroadly

similar characteto thatusedin CCCP.

The site which was not visited as part of this studgnsistsof threebroadly circular pits, each
roughly 30metreswide. The pits are now flooded and it isliely thatthe site cald provide a
significant source of new stone.

2.1.9 Glenhousequarry

Glenhousequarry isaround 2 km soutkeast of Turnberry, nedtittleton Farm and Chapelton
Burn (grid referenceglNS 2164 0445]).The site, which was not visited as part of this stusly,
identified as a dimension stone quarrythe BGSBritPits databasebut BGS does not hold any
samples of the stonderial photographs suggetste siteconsists of amallworked outcrop on
the south side of the woodédnksholding Chapelton Burn, and is likekp have supplied stone
for local use only; the site appears to be still accessible, though overgrown.

Glenhouse quarry ilecorcedon the 1859 OSmapi t h t he wor ds A OInd Qua
outline of thepit indicating its shape and sienotshown These details suggest that it was not
of a significant size and was already disusethieymid19" century
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2.1.10 Camregan Quarry

Camregan Quarry iaround 3 km nortleast of Girvanin Camregan Glengfid referencgNX

2147 9884]).The site, which was not visited as part of this study, is identifieddas@nsion
stone quarry in the BGB8ritPits database, but BGS does not hold any samples of the stone.
Aerial photographs suggest the site consists of a small wotketbp on the nortleast side of

the wooded banks of Killoup Burn, and is likely to have supplied stone for local use only; the
site appears to be still accessible, though overgrown.

Camregan Quarris recordedon the 1859 OS maith the wordsii Fr e e@Uu arnrey 0 , w h
may suggest that it was active at this tira.outline of the pit, indicating its shape and size, is

not shownon the mapThe 1897 OS map does not feature the quauggestingxtractionhad
ceasedy this time

2.2 QUARRIES IN OTHER OUTCROPS OF THE SWANSHAW SANDSTONE
FORMATION

The BGS BritPitgdlatabase contains records for two former dimension stone quarries in outcrops
of the Swanshaw Sandstone Formation in other parts of Scoflaagde quarries are too distant
to have been a source of #tene used in CCCRleitherquarrywasvisited as part of this study.

Only quarriesbelieved to haveproduced dimension storfestorically have been considered in
this assessment. The BritPits database contains details of other quarries that produskdvbwan
sandstone for a different or unidentified use, and these coutdrsideed as part of a wider
assessment.

2.2.1 Penning Hill quarries

Stone fromthe Swanshaw Sandstone Formatwas formerly produced from several pas
PenningHill, which is around® km southeast of Darvel in East Ayrshirgr{d reference [NS
583 356]); the pitsrae ref erred t o colgdercrtiievsed y as O6Penn

Aerial photographs of thsite show numerous rock outcrops with associated pits and delves
spread across the hillsidehd terrain is rainly open moorlandat around 250 metres elevation,
and the workings appear to be relatively free of vegetation. A roefitle track leadsto the
quarries from Tulloch farm

The BGSRock Collectionincludes five sample®f sandstonérom Penning Hill quarriesandthe
adjacentground Three of these are closely similand consist ofdark purplish greyfine-
grained sandstonejthis stoneis significantly finergrained and darker thathe Swanshaw
sandstonaused inCCCP. The two othersamplesare strongly cohesivereddishgrey sandstong
the character of this stone suggestsimy h av e b e enearbyintrusikne df agnebug
rock

The Penning Hillquarries might provide a relatively accessible source of Swanshaw sandstone,
butthe stonas unlikely tobean idealmatchfor most of the stone used in CCCP

2.2.2 Wellsheildsquarry

Stone from the Swanshaw Sandstone Formation was formerly produced from Wellsheilds
quarry, which is around 4 km south of Lanark in South Lanarkshire (grid refefd&c8156
3999).

Aerial photographs of theite show a single square pit c. B0x 20metres which appears to be
partly overgrown bytrees, grass and shrubExposed rockon the east side presumably
represents a quarried rock face. The quarry is mé&@esfrom a pavedroad and has no obvious
access track
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The BGSRock Collectionincludes one sample of sandstone from Wellshields quarry; the stone
consists of bluish greycoarsegrainedsandstone and is unlikely fmovide a goodmatchfor
mostof thesandstoneised in CCCP.

2.2.3 Dunduff quarry

Dunduff quarry,2 km southeast of Kirkmuirhill in South Lanarkshigrid reference [NS 7790
4100]), is the only quarry that is currently extracting stone from the Swanshaw Sandstone
Formation. The quarry is large amlcurrently operatedas an aggregate quarby Patersons
Quarries Ltgd however, the BGS Building Stone collection contains several samples of stone
from Dunduff quarry, suggesting it previously produced dimension stbnme&y be possible to
obtain dimesion stone block from the quarry operator on request.

The BGS Rock Collection includes six samples from Dunduff quarry. They are all closely
similar and consist of dagurplishgrey, finegrained, strongly cohesive sandstonee §tone is
significantly finergrained,darkerand generallyless permeabl¢han tle Swanshaw sandstone
used in CCCP, and therefor® unlikely to be an ideal match for mosf the stone used in
buildings iInCCCP. Swanshaw sandstom@as been used f@avingin some parts of CCCP, and
stone from Dunduff quayrmay be a suitable substitute for stone used in this way

10



CR/14/114

Figure 3 Quarries in the local (Ayrshire) outcrop of Swanshaw Sandstone Formation

aandbd Typi cal areas of worked for meai Bdfea cl i ff
sandstone with scattered greenish grey mud flakes and several large orange (ferruginous) patches
developed on &eshbedding plane surface revealed in a recently worked boutdiredbeach

at Gas House quarrg.i Boulders on the beach at Gas House quarry; the boulders were

probably detached from the natural cliff fab&d@enin the trees) during earlier (original)

workings at the quarry; fresh surfaces on the two bouldergipttbtograph are the result of

recent trials by NTS masonsdetermine whether suitable stone to use in CCCP can still be
obtained from this site.
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Figure 3 continued

el Swallowcraigs quarry, lower levdli Swallowcraigs quarryypper level.

g1 Bedrock exposed on the steep back wall of Ballochneil quairydedrock exposeth an
overdeepened part dfie floor of Ballochneil quarry.

12
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k

Figure 3 continued

i T Rancleugh Burn quarry; the quarry is choked with bilaslirees and other vegetation; the
main remaining worked face is faintly visible in shadow, immediately to the right of the image
centrej 1 Crossbedding and colour variation in Swanshaw sandstone exposed in Rancleugh
Burn quarryk i The northsideoSt Mu r argy ymais pit the quarry anslorked faces

are readily accessiblei Par t of the exposed worked face
Swanshaw sandstone with granulation seams (narrow ribs that stand proud) andiscattere
pebbles of quartand granite.

13
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3 Constraining the timing of quarry activitaround
CulzeanCastle & CountryPark

3.1 INTRODUCTION

Knowing which quarries produced the stone that has been used in CCCP buildings, and when
they did so, is important for two reasons: it aaiorm efforts toidentify potentialnew sources

of suitablestone to use in repairs, amdcan provide interestingetail about thesocial and
economic histoy of CCCPand the surrounding arearhis section of the report describes the
outcomes of an attempt to prod e a  Ointdgratimdbuilding €onstruction dates in CCCP

and active periods in nearby quarrieased on historical records.

The timeline is presented Figure4. The list of built sites in CCCP and their construction dates
were supplied by NTShe list of sites is comprehensive and the construction dates are in most
cases well constrained. Far less is known about quarrying activity, and this study has focused
nearly entirely on thtaspect of the timeline.

Two main types of record have been reviewed: written accounts, for exétgtistical
Accounts of Scotlandnd Memoirs of the Geological SuryegndOrdnance Survey (OS) maps

A list of all the ecords that havieelpedto constrain the timing of quarry activity presentedh

Table 1 Unfortunately the OS map editions extend back only as far as 1856, but eagh editi
provides an indication afuarry status at the time; for example, a quarry will usually only be
shown on a mapif it formed a significant topographic feature at the time, and the maps
commonly includean annotation such as the quarry name (which, if present, usually indicates
the quarry was at least locally significant and was, or had recently been, active)6 Ol d qu a
(which would indicate the quarry was inactive at the time the map was published).

A comprehensive review of all availablecords(that could include, for exampléhe archive
store at CCCRecords held centrally OMTS, and the Nationd&ecords of Scotlarydvouldbe a
substantiatask,requiring considerably more work than has been possible Adist of relevant
referencesources, including those examined in this study and thibse could be includedn a
more comprehensiveview, is presentedn Appendix1.

3.2 CONSTRAINTS ON QUARRY ACTIVITY DATES

A range of reference sources was trawled for information relatinpaoc t i ved and 6
periods inthe seven quarries describedsections 2.1.1 to 2.1.Details of the variousvritten

reference sources and the information gleaned from them are summarfsggemdix 2. The
information has been used on Figdrto indicate the periods in which each quasknown to

have beemctive or inactive.

Unfortunately, his review has identifiedelatively few records that help to constrain the timing
of quarry activity and \ery little evidencehat links individual quarriedirectly to specific built

sites in CCCP (Figure 4and Appendix2). Broad references to quarrying activity are more
common but still rare. Consequentlyhe periods) in which each quarry was active most
casegemairs poorly constrainedThe review of records was not exhaustive, and more research
may improve the precision of the timelirdome of the more relevant bits @fformation are
summarisedn sections 3.2.1 to 3.2.&additional details, and details of the source references
(indicated below in parentheses) can be foundigpendix2.

14



CR/14/114

17 C18th C19th C20th
Quarry Elas ‘8‘8‘,‘2‘8‘8 8‘8‘8‘8‘8‘8‘8‘2‘8‘8 8‘3‘8 8
SIS [SS|SSS2EIS2SE2(SE122(21S2
Ballochneillguarry
Blanefieldquarry
Coralglen quarry
Gas Houseguarry/ Swallowcraigguarry
RancleughBurn quarry
St. Murray'squarry
17 C18th C19th C20th
Built site name* Date of construction* 2|3 g [3[3[=[=z[g[S[SlElsl2leRlelzgEElEs
SIS [SSSSSEESEE1SSEIS|2(2(12)12(2(S
CUZz/01a |Castle 1777%1792; 1879 (W wing, E porc
cuziol Culzean (in_cluding CuUZz/01b Wes_t Wing.FIanking Walls ) . c.1787
West Wing) CUZ/01c |Carriage Ring Walls, De Avise La Fing c.1787
CUZz/01d [Runnel 1780's-1790's
CUZ/01le |Mortar and Steps
CUZ/01| Carriage Ring |CUZ/01f |Viewing Platform c.1780's
CUZ/01g |Urn Garden
CUZz/20 |Fountain 1876
CUZz/02a |Orangery 1814
Ccuz/02 Fountain Court [CUZ/02b |Upper Terrace Including Stair Tower 1652, ¢.1780 additions
CUZ/02c |Lower Terrace Including Stair Tower 1652, ¢.1780 additions
CUZz/02d |Ha Ha (built from ¢.1811 Cat Gate 1961
CUZz/03a |The Coach House €.1808
CUZ/03b |Education Room
CUZ/03c |Clocktower Cottage
CUZ/03d |WVS Cottage 1750s
Clocktower CUZ/03e |Royal Attillery Cottage
Cuz/03
complex CUZ/03f |Clocktower
CUZ/03g |Lock-up Garage (5No.) 1750 with 1780's additions
CUz/03h [Lower Store
CUZ/03i |The Garderobe 1750, 1780s alteration
CUZ/03j |The Gun Room and Stores between 1792 and 1852
CUZ/04a |Dolphin House 1840
. CuUz/38 |Plunge Pool
cuz/04 D°Lp(:‘r'1:‘p'|'éiuse Cuz/38  |Round House 1816
CUZ/04b |Cisterns Age not known
CUZz/05 |Bath House 1816
CuZ/06 Segganwell  |CUZ/06a Segganwell Cottages (North & South) Pre 1856
Cottages CUZ/06b |Segganwell Wash House 1856
CUZz/07 | Firbank Cottages|CuUz/07 |Firbank Cottages (North & South) Mid-late 19th century
CUZ/08a |Shop / Display / Audio Visual Area
CUZ/08b |Restaurant
CUZz/08c |Public Toilets
Cuz/08 Home Farm |CUZ/08d |Stores €.1780, 1970s conversion
CUZ/08e |Stone Barn Conference Room
CUz/08f |Country Park Office
CUZ/08g |Home Farm House
CUZ/09a |Viaduct and Ice House
Viaduct and Ruine|CUZ/09b |Ruined Arch
cuz/os Arch CUZ/09c¢ |Flanking Walls to Carriage Ring c.1787
CUZ/09d |Approach Walls to Ruined Arch
CUZ/10a |Old Stable Post 1856
CUZ/10| Gazebo Court |CUZ/10b |Gazebo 1790
CUZ/10c |Court Walls 1790
CUZ/11a |Gas House
CUZ/11b |Gas Manager's House
CUZ/11c |Gas Court Walls c.1849
cuzit Gas Court CUZ/11d |Gas Court perimeter wall
CUZ/11e |Gasometer Pit and Yard
CUZ/12 |Sea Wall and Access Steps post 1945
CUZ/13 | Main Drive Walls |CUZ/13 |Main Drive Walls Unknown
. . CUZ/14a |Stone Chute Post 1856
cuzna| Seee BV | cuziap |Upper Service Drive Walls 17801795
CUZ/14c |Lower Service Drive Walls 1652, additions 1780
CUZ/15 | Hoolity Ha Lodge|CuUz/15 |Hoolity Bridge c.1818
CUZ/16 | Ardlochan Lodge gﬂ;ﬁzz gr:tfvi:?ln Lodge 1830, €.1900 extension
CuUzZ/17 Cat Gates CuUz/17 |Cat Gates €.18111816, restored 1996
Cuz/18 West Wall CUZz/18 |W Wall at S side of W green pre-1814
CUZ/19 Orangery CUz/19 |Orangery 1814, restored 1998
CUZ/22| Terrace Walls |CUZ/22 |Terrace Walls 1652, ¢.1780 additions
CUZ/23| Camellia House |CUZ/23 |Camellia House c.1818
* Site names and dates of constructionarefromd T® Schedul e of Stone Structures
Historical record indidcaes quarry is 6activebd
Hi storical record indicates quarry
Date of construction of built site
Date of alteration of built site

Figure 4 'Timeline' integrating dates of built site construction in CCCP and dates of
quarry activity/inactivity

Possible links between quarries and buildings are revealed by comparing aatestafctiorand quarry activity.
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Date of construction of built site
Date of alteration of built site

17 C18th C19th C20th
Quarry HER ‘8‘8‘,‘2‘8‘8 8‘8‘8‘8‘8‘8‘8‘2‘8‘8 8‘3‘8 8‘8
SIS [SSSSS|REED S E1SEEE2(212])S12
Ballochneillguarry
Blanefieldquarry
Coralglen quarry
Gas Housejuarry / Swallowcraigsuarry
RancleughBurn quarry
St. Murray'squarry
17 C18th C19th C20th
Built site name * Date of construction * 3|3 3 [3[2[e[a]g [slclglglgglglelglslslelkIgle
SIS S SESES(REEE2EER2E 22222
ICUZ/26 |Garden's House
ICUz/47 [Garden's Cottage c.1815
ICUZ/24a Vinery 1859
ICUZ/24b |Grotto 1903
ICuz/27 [Stores and Potting Sheds 1815
ICUz/24c [North Garden
cuzz4 Waéls%ﬁ:;den ICUZ/24d [South Garden c.1815
ICUZ/24e Herb Garden Gateway 1906
lcuz/25 [Slip Dyke c.1820's
ICUZ/24f [Spine Wall
ICUZ/24g [North Garden Wall pre-1815
ICUZ/24h [South Garden Wall
CUZ/27 | Sunnyside Mill [CUZ/28 [Sunnyside Mill pre-1856
Cuz/28 Water House [CUZ/29 ater House c.1877 (?)
Cuz/29 Filter House  [CUZ/30 [Filter House 1884
ICUZ/31a |Aviary and Toilets
ICUZ/31b [Swan Pond Cottage
CUZ/31 |Swan Pond Building . c.1816, restored 1991
ICUZ/31c [Catering Area
ICUZ/31d [Catering Stores
ICUZ/33 |Puck House
ICUZ/34 [Swan Pond Bridge c.1811
Cuz/31 Swan Pond
ICUZ/37 [Ice House
ICUZz/31 [Hogston Gate Pillars pre-1828
CuUz/35 Pagoda lCuz/35 [Pagoda 1814, reconstructed 1997
CuUz/36 Powder House |CUz/36 [Powder House 1815
CUZ/39 | Morriston Bridge |Cuz/39 [Morriston Bridge c.1894
ICUz/53 [|Lower Bridge (Whitestone Bridge) Between 1758775
CuUz/40 Glenside ICuz/54 (Glenside Old Bridge pre-1770
ICUZ/40 [Glenside Railway Bridge c.1894
Cuz/44 Frameyard lCuz/a4 [Frameyard Walls Unknown
ICUz/46a (Shop Area
ICuz/46b [Upper North Flat
CUZ/46 [New Stables BuildinCUZ/46¢ [Lower North Flat 1869, alterations1998
ICUZz/46d |Upper South Flat
ICuz/46e [Lower South Flat
ICUZ/52a [Stable Caves 17th century
Cuz/52 Caves ICUZ/52b [Castle Caves Unknown
ICUz/52¢ [Drain Outlet and Retaining Wall c.1766
* Site names andatles of constructionarefromh e 6 NTS Schedul e of Stone Structures a
Hi storical record indicates quarry is O6activebd
Historicalr ecor d i ndi cates quarry is O6inactivebd

Figure 4 (continued)
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3.2.1 Gas House quarry

Hayles & Bluck (1994 ecor ded t hat the fAbasal structur .
ori gi-mladn @ Lt ower ) Awas built during the Twel
beneath Home Far m, facing the sea, o fhist he

ckarly refers to the sirfotunaielytheba@leos didHrmotitetked g u a
source of tkir information.

The earliestidentified records pertaining tbuilding stonein CCCP are from the latE8th

century andappear ind T h e Re g ip®uerments anfEntdiled Estates, Inventory of Ayr
Sheri f fThek®ewrotras refer to 6l eading stones fr.
quarrying stoneséat Cul | ean ( ghe gationplithe r y 6
quarry site (or sit® is not hinted at until 1826 with thmentiono f dquarrying an
stmes upon the shore6 suggest®/Clua/l ®)a;mapreigrivsaadly /s c r |
t o the sGasHousequargneidn 6t.hi s report

None of the OS map editiogsves any hint of former quarrying operations at this site.

3.2.2 Swallowcraigs quarry

No historical record$rave been identified that unambiguousihk Swallowcraigs quarry to
CCCP.However, in describing the source ®ft one used i n Ot ICastlegast|
Camp (see Appendix 33 t at e dit hashledn suggested that stone also came from
Swallowcraigs; unfortunately the author did not cite the source of this information.

All editions of the OS map show a besvlh ap e d 6scoopb on oft he é
Swal |l owcraigs quarry, with the nameHows&ev,al | ov
the site is not identified as a quarry (either by name or map ornament) on an&f thaps

3.2.3 Ballochneil quarry

The earliest identified reference tdBallochreil quarry is in 1829 (SC672/8), when it is
mentionedn association wittdetails ofinfrastructural element®(g.paving)in Cassillis estate.
500 tons ofktone was being produced annudlym the quarry in the mid 185@slunt, 1857).

The siteimamedand denti fi ed as a O6fr e® ©3mapandignamedr y 0
(and may therefore have been active) on both the 1897 and 1911 editimuresry is not shown
onany ofthe presentlayOS mars.

3.2.4 Blanefield quarry

No historical recordinking Blanefield quarry to CCCRave been identified. Both Cani®90

and RowanX992)i ndi cated that the quarry may have ¢
unfortunately neither author cited the source of their informatWorked ground aBlanefield
appeared for the first ti me o0 navaenl w&Secondadp i n
It seems possible therefore that a 6Bl anef i e
been infilled by the time of the first OS map (1856) @ second (possibly unrelated) Blanefield
guarry producing gravel opened subsequently, and was active around 1911. There is no obvious
sign of any previous quarrying activity at the site today gleetsection 2.1.4).

3.2.5 Rancleugh Burn quarry

No historicalrecords linking Rancleugh Burn quarry to CC&ve been identified. The site is
recorcd as a Ofreestone quarryo asaquarrhanarhebtt st  (
not labelled on the 1897 map, and was labefiéd d q wa the1910 edition Rancleugh

Burn guarryis still shown but not labelledn the current OS map.
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3.26 St Murrayds quarry

The earliest recordbat mentiorSt  Mur ray 6s quarry | ink the quz¢
1832) ando cope stonesisedon a o6wal | a t2/11) 18864 an ¢he dadsilli§ 3taté./ 7
There is no record darm buildings being under construction in CCCP at this tsoét, is not

clearif these sites arwithin preseniday CCCP; howevethe record may relate torapair (see
Appendix 2). 5,000tone f st one was being produced annua
mid 1850s (Hunt, 1857); this is the largest recorded tonnage of any quarry between Ayr and
Girvan at this time.

Both pits on the St Mur r arg ghewn qrubkditiong of the @ ( s
map of the area. The north pit was disused by the time of the first edition (1859) map. The main
(south) pit is recor dadapakuton alioldeuedidothdit ismamed h e
and may therefore have been active {rwmously or discontinuously) from at least 1859 until
1938.The change inthe mappedx t ent of St Murrayds quafry o
the OS maghow that the quarry grew significantlyring this period

3.2.7 Coralglen quarry

No historical record linking Coralglen quarry to CCCRave been identified. The site is
recorded as a O0freestone quarryodé6 on the fir:
second (1897) edition.
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Table 1 Reference sourcesisedto constrain periods of activity in quarriesaround CCCP

Quarry |Written record Ordnance Survey maps
Edition Sheet Quarry shown Map annotation
1856 Ayrshire 44 Yes '‘Ballochneil Quarry (Freestone
Ballochneil. 1829 (SC6/72/8) 1897 Ayrshire 44SW | Yes 'Ballochneil Quarry'
(Ballochneill) 1911 Ayrshire 44SW | Yes ‘Ballochneil Quarry'
1857 (Hunt)
Current NS20NW No none
1856 Ayrshire 44 No none
Blanefield None 1897 Ayrshire 44SW | No none
1911 Ayrshire 44SW | Yes ‘Gravel Pit'
Current NS20NW No none
1859 Ayrshire 44 Yes '‘Coralglen Quarry (Freestone)
Coralglen None 1897 Ayrshire 44NE | No none
1911 Ayrshire 44SW | No none
Current NS20NE No none
1786 (SC6/72/1)* 1856 Ayrshire 44 No none
Gas House | 1788 (SC6/72/1)* 1897 Ayrshire 44SW | No none
1911 Ayrshire 44SW | No none
125 (S 2) Current NS21SW No none
1859 Ayrshire 44 Yes 'Freestone Quarry'
1897 Ayrshire 44NE | Yes none
Rancleugh i
Bumn None 1910 Ayrshire 44NE | Yes 'Old Quarry'
1938 Ayrshire 44NE | Yes 'Old Quarry'
Current NS2LSE Yes none
1859 Ayrshire 45 Yes (north pit) 'Old Quarry (Sandstone)’
1859 Ayrshire 45 Yes (south pit) 'St Murray's
1897 Ayrshire45NW | Yes (north pit 'Old Quarry'
1832 (SC6/72/10) yrshi (north pit Quarry
1897 Ayrshire 45NW | Yes (south pit) 'St Murray's Quarry'
St. Murray’s 1836 (SC6/72/11) 1911 Ayrshire 45NW | Yes (north pit) 'Old Quarry'
1845 (Gray) 1911 Ayrshire 45NW | Yes (south pit) 'St Murray's Quarry'
1857 (Hunt) 1938 Ayrshire 45NW | Yes (north pit) 'Old Quarry'
1938 Ayrshire 45NW | Yes (south pit) 'St Murray's Quarry'
1885 (Groome) _ _
Current NS31SW Yes (north pit) '‘Quarry (disused)'
Current NS31SW Yes (south pit) '‘Quarry (disused)'
1856 Ayrshire 44 No none
. 1897 Ayrshire 44SW | No none
Swallowcraig| None
1911 Ayrshire 44SW | No none
Current NS21SW No none
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4 Geological character of Swanshaw sandstone

Swanshaw sandstonernsoderatelyariable, particularly in terms of colour, and presents a wide
range of responses to weathering processdhofdughassessment of the geological character

of the stone is key to understandimath the variability in its appearance arttie varied response

to weathering A description of the stone based on macroscopic and microscopic assessments is
presented in this section of the report. A full, detailed assessment ideally would include Scanning
Electron Microscopy (SEM) analysis, but that is beyond the scope of thestpro

The names of buildings referred to in this and later sextbrihe report are taken from the
NTSSchedul e of Stone Structur esThadameGanegz@a n C
usedin Figure4. A description of the location and charactetled buildings in CCCP is beyond

the scope of this report.

4.1 MACROSCOPIC CHARACTE R OF SWANSHAW SANDSTONE

This description of the macroscopic character of Swanshaw sandstone (i.e. how the stone looks
to the unaided eye) is based on observations of the stanpeiry faces, in stone structures in
CCCP, and in hand samples collected from quarries and buildi#agel samples collected by

BGS for the current project and the 2012 project have been included in the assessment, together
with several hand samples suppl in recent years by NTS (to support commercial BGS
Building Stone Assessment studies) and several samples held in the BGS Rock Collection.

The Swanshaw Sandstone Formation consists dominantly of sandstone but includes subordinate
proportions of mudstonand conglomerate. All of the stone used in CCCP is sandstone and the
following description refers only tthat rock typeIntact beds of mudstone and conglomerate

were not observed in any of the visited quarries, thanghre localised caseshigh densty of
mudstone flakes the sandstonsuggests a thin bed of mudstomasdisaggregateth situ by

an unusually strong current

The sandstone iypically mediumgrained(individual sand grains are mainly in the range 0.25

to 0.5 mm in diameter), but gtaslocally towardsfine-grained(<0.25 mm)and coarsgrained

(>0.5 mm).Granulesand pebbles of quartz, chegraniteand other rock typeeccur locally,

though rarely in sufficient concentration or abundance to form pebbly sandstesk.stone is
typically strongly cohesive and moderately permeable. Weathering tends to reduce cohesion and
can increase or decrease permeability.

The primary sedimentary structure (or fabri€)iwe stone typically varies om range of scales.
At the sale of a masonry block the stone can be parhabelded, crosbedded, laminated or
uniform (Figure 5a,h

The colour of the freshest stone ranges famangeish buff to greenish buff and purplish grey
but the stone weathers am even broader range oflaorsincluding reddish brown, orange and
green Figure 5¢.

Orange to brown spots armhtches which range from less than 1 mm up to several 10s of
centimetres across and typically occur in clusters, are a common feature of théFgjare
5a,b,d. Thee are likely to be local concentrationsimn oxideminerals left when airon-rich
carbonate mineratlissolved (see below and Appendi8); these are referred to below as
ferruginous spotsindpatches Thin, straight to curved, orange to brown lines thatthe stone
locally are likely to be former veins of irenich carbonatdrom which the carbonate mineral has
been dissolved leaving an iron oxide resi¢igure 54.

Thin veins of white quartz cut the sandstone locally; th@eee observed in some of the
stonework of Home Farrand maybe a feature only of stone from Gas House quarry. Sets of
very thin, usually anastomosingracturesrepresenting small geological faults are developed
rarely;examples were seen in Swallowcraigsuqy am in some masonry blockBigure5e).
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Fragments of grey to green and purple to brown mudstone are relatively caifigomre 5).
Theseare typically up to several centimetres long a@h be isolated but they usually are
concentrated in beddirngarllel bands up to several 10s of centimetres thick. Grey to green
mudstone typically occurs in buff sandstone while the purple to brown mudstone typically occurs
in purplish stone.

The stone in individual quarries and outcrops, and in many individualitgsldn CCCP,
commonly displays some or all ofeHeatures andariability described abovewhich in most
cases means it is not possiliée conclusively relate the sandstone blocks in a building to a
particular quarry without supportinigistorical informéion. The Swanshawsandstoneused in
CCCPis thereforebestconsidered to be a single building stahigplaying a range of colour and
other characteristics

In general, stone from Gas House quarry, Ballochquaitry and Rancleugh Buguarry cannot
be diginguished easily on the basis of geological character ainaee from St Murraygquarry,

while still displayingessentially similar characteristisemost respectsnay be consided to be
a distinctive purplislgrey to reddish browmariant of Swanshawsandstone.

4.2 MICROSCOPIC CHARACTE R OF SWANSHAW SANDSTONE

Microscope examination of stone samples allows the most detailed description of the stone in its
current form, and an assessment of the processes that have occurred duringgisadjdadtory.

A thin section (an ultrghin slice of the stone that is thin enough to be transparent) for
microscope analysis was prepared from each of seven samples of stone collected by BGS. Four
of these are from quarry sources: Gas House quarry [safipl1209), Ballochneil quarry
(ED11211), St Murrayods quarry (ED11214) and
represent most of the colour range of Swanshaw sandstone, and the stone in each case is in a
relatively fresh (unweathered) state. Thenaiing three thin sections represent samples from
buildings in CCCP: one (ED11215) is from a piece of moderately weathered stone that had
detached naturally from Ruined Arch. The two others (ED11359 and ED11360) are pieces of
greenish, stronglweatheredandstone collectedom the NTS stone yard in the park; these are

from blocks of stone that have been replaced in repaired stonework, and refivestwatracter

of themostweatheredtone in the park

Sandstones consist of two main categories of matepanular (or detrital) constituentsand
intergranular canstituens. Granular constituentsre the sand grains (and, in some cgsieses

of plant matter and sheltagmens) that were deposited by water or wind to form the layer of
sand from which thesandstone ultimatelyofmed. Intergranular constitusninclude any
minerals that formed on or between the granular constituents after they were depoditaialy
space between the granular constituents that is not occupied by minerals; the latteet tieefe
as pore spacePore space isommonly consideretb beé e mpt y butip ia taet dlways
occupied bya fluid such as wat, oil, natural gas or air

Prior to preparing the thin sections, each sample of stone was impregnated under vacuum with a
blue resin; the resin fills all the accessible pore spaces in the stone, and these appear blue in thin
section. The thin sectionaere examined using a standard optical (polarising) microscope.
Simplepetrographiadescriptions for the seven samplieeluding photographs of each sample in

hand specimen and thin sectioare presentedn Appendix 3. In the following summary
descriptions lhpercentagegassigned to individual estituentsare estimads of the proportion of

rock volume that they occupiased ora simple visual assessmaiitthe thin sectionsThe thin

section photographs presented in FiguredGhouldbe consulted while reading the following
description.
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4.2.1 Granular constituents

The two maintypes of granular constituemt all the Swansha sandstonesamples arguartz

(281 36%) androck fragmentg14i 37%). Feldspar which is the third maigranular constituent

in many sandstones, is a minor component in the Swanshaw sandstone samples, comprising only
1i 4% of rock volume. Theserelative proportions ofthe maingranular constituentsmean that
Swanshaw sandstoean be classified dghic-arente.

Grains of quartz typicallyconsist of fragments of single quartz crystalge. they are
monocrystalling and the rock fragments consist almestlusively of small pieces of volcanic
igneous rockand mudstonethese characteristics are typical many sandstong depositedin
Scotlandduring the Devonian Period (between 419 and 359 million years Hyggjuartz grains
are typically angular or vgrangular (i.e. they havsuffered little abrasion during transport,
which suggests they did not travel far befdeposition). Both of the common mica minerals
muscovitgwhite mica) andiotite (brown to black mica) are present in small proportie(total
mica = 15%) and form elongate flakes that are usually aligned parallel to the bedding
orientation. Fakes of muscovite are usually fresh and flakesrofvn biotite commonly have
been replaced bgreenchlorite. Rounded fragments of the miner&dsrmaline, zircon apatite
and, rarelygarnetform a tiny (<<1%) proportion of each sample.

4.2.2 Intergranular constituents

The Swanshaw sandstosamplesontain evidence for a moderately complex history of mineral
growth and mineral dissolution in theengranular spaces of the stone.

Many of the detrital quartz grains have thin overgrowths oftgubat formed during buriathe

quartz overgrowthsomprise 14% of the rock volumeln t he sampl e from St
the quartz grainkave a veneer afon oxide(probably the minerahematiteor goethitg. This is

a feature that is commonly observed in sandstdeessited in a desert (as opposed to figer
seabed) environment, and is likely to la¢ least partly responsible ftre purplish tobrownish
appearance of St Murrayds quarry stone comp
quarries.Some grains of feldspar have thin overgrowths of feldspar, but these are much less
common than the overgrowths on quartz grains.

Carbonate mineral comprise up to 12%f rock volume though their proportion varies
considerablyin different samplesTwo carbonate minerals are presardlicite (CaCQ) and an
iron- and manganesgch carbonate mineral. The latter mineral is likely to #&ekerite
(Ca[FeMg,Mn][CaCQ;],), thoughferroan dolomite(which has a similar chemical formula to
ankerite) osiderite(FeCQ) may be pesent instead or additionally.

Carbonate minerals are susceptible to dissolution in groundwater, so the proportion that is
present inthe stone today depends on how much formed in the geological past and how much
has survived subsequedissolution Ankerite is rich in iron and manganese, and it typically
grows in sandstone pore spaces as clusters offeveled rhomboidal crystals. Whemkerite
dissolves it commonly leaves a residue of inmanganese oxide minerals, which appear black in
thin section and commonly preserve the shape and outline of the oagkeaitecrystals. Even

if all the ankerite has dissolveduch residuescan provide good evidence that it was there
previously. Calcite is more likely to form poorly shaped crystals, and typically contains little or
no iron and manganese, so calcite can dissolve completely from sandstone and leave little
evidene that it was therpreviously.

The thin section evidence indicates thatkerite and calcitevere previously important
intergranular costituents in all the Swanshaw sandstorsamples but haveypically suffered
moderate tosubstantial dissolutioriThe sampld r o m St s ghvluryisr tleeyodly one that
contains no carbonateineraltoday, butron-manganese oxide residues throughout the gtine

24% the largest proportion in any sampijlicate that ankerite was formerly an impant
mineral cement that hamwd i ss ol ved compl etel y. Ther e 1 s n
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indicatethat calcite was previously present, bamparison with theamplesfrom other quarries
suggestst is likely to have been presefdrmerly. Ankerite originally developed in all lte
samplesbut to varyingdegrees i n t he St Murrayoés sample it
the stone; in the Ballochneil sample it may have been concentrated in bands; atiteimthlér
samples it appears to have formmadinly as scatteredsolaed nodules and spots. Theange to
brown spots, patches and veins descrilledsection 4.1are likely to bepatches ofaltered
ankerite.

Where it is preserved,atrite typically forms isolated'sometimes corroded) smaitystals or
largerpatches that caenclose several to maegndgrains.

A clay minera) probablykaolinite (Al,Si,Os[OH]4), forms between 2 and 14% of the rock
volume in all the samples. The clatypically forms clusters of very small crystals filling
intergranular spaces.

Intergranulampore spacds a significant component of all samples, forming between 6 and 13%
of the rock volume.

4.3 DIAGENETIC HISTORY

Sandstone can undergo a long history of mineral and textural changes that are related to the
physical and chemical processes that occtin@deposited sanid buried (sometimet® a depth

of severalkilometres or more)converted to rockand upl i fted back to E
changes are referred to collectivelyddagenesisand the sequence of changes isdiagenetic

history. Diagenesis does not incluggocessesand effects related taeathering which occur

when the stone is exposed to atmospheric age
shallow subsurface.

Careful observation of mineral textures in thin sei@allows the various changes that occur
during diagenesis to be placed in ord&he following diagenetic historyfor Swanshaw
sandstondias been interpreteeginning with the earliest event

1. Thedeposited sanduffeed compaction as itvas buried toprogressively deeper levels
by continuing depositionf newsandat the surfaceCompactioncauseghe sandyrains
to press into each other with the effect that sofeins (notably some of the rock
fragments and the mica flakea)e squeezed between hardgrains (mainly quartz)
causing them to deformmica flakes in particular become twisted and kinked by
compaction deformation. A substantial proportion of the primary pore space is lost during
compaction, and the sedimegdins cohesion (becométhified) as the sand grains are
pressedigainsteach other.

2. Grains of quartz and feldspar suféer pressuresolution at grain contacts, releasing
silica and other ions into the pore water aalowing overgrowthsof quartz to form o
most quartz grains andvergrowths of feldspar to form osome feldspar grainsThe
overgrowths act to bind the sand grains together more strongly, foenstigngmineral
cement. The Swanshaw sandstone samples contain evidence for at leastdvedians
of quartz overgrowthdevelpment, perhaps related to separate phases of .burial
Compaction of the stone and the development of quartz overgrowths reduce the size of
individual pore spaces and tlo@erallvolume of pore space.

3. The fragments of volcanic rock l@ygto suffer chemical lgeration. This happens as
burial increases the temperature and changes the chemical composition of the
groundwater. Thenain effect of alterations that susceptible minerals in the volcanic
rock fragments (including feldspaamphibole, pyroxene and mijcare replacedy the
minerab chlorite (an ironmagnesiuraluminiumsilicate mineral)and iron oxide This
processof alterationprobably continues throughoutuch of the subsequent geological
history.
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4.

Crystals of ankeritggrew in some of the remainingope space Clusters of small, well
formed rhomboidalankeritecrystalslocally form scattered small spots, larger patches,
discrete bands, or a continuous mineral centéaitite may crystallise after the ankerite
crystals as part dhe same diagenessent.

Crystals of kolinite (clay mineral) gew in most of the remaining pore spack
sandstoneskaolinite typically forms through thehemical alteration of feldspaand
mica; the clay particlesan replace tlee mineralsn situ or they cancrystallisein pore
spacs.

Ankerite dissolvel locally. This createdl new pore spaceofirannd a
manganes®xide minerals. The oxide minerals can preserve the original shape of the
ankerite crystals and can also enclose patches of relict fresh ankerite

. Crystals of @lcite grew in some of the remainingope space This happead partly in

pore spaceand partly by direct replacement of other minefalstably feldspar). The

result isanintergranular calcite cemetftat typically formsdiscretespots orpatches up

to several millimetres across

Crystalsof calcitedissolvel. Calcite is present today in most of the examined samples,
suggesting that calcite dissolution (at least as a diagenetic process) is generally limited
However, the complete absencecof | ci t e from the St Murray
the mineral may have dissolved completely from some parts of the Swanshaw Sandstone
Formaton i to6s not c¢clear i f this .was a result

Subsequent eventslated to weathering atescribedn sectioné.
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e

Figure 5 Macroscopic character of Swanshaw sandstone

a - Block of greemsh Swanshaw sandstone showing crbedding,ferruginousspotsand soft

bed erosionRuined Arch, south towgrbi As hl ar from St Murrayo6s q
bedding and crossedding with ferruginous spots and patcf@slzean Castl&/est Wng). ¢ -

Rubble wall showing the typical range of colour in Swanshaw sandsswme blocks
particularly green stonshowlocally significant material loss behind raleely recent repointing

mortar (New Stables, west elevatipnd - corner block ofweathered ®anshaw sandstone
showing contorted bedding, hairline veins, wrich spos and salt efflorescen¢®uined Ard:

south limh. e 7 Small fault (granulation seam) showing minor offset of beds in Swanshaw
sandstone (Home Farnf)f Amul | i on of pinkish grey sandsto
scattered grey to reddish brown mud flakes (Camellia House).
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Figure 6 Microscopic (thin section) character of Swanshaw sandstone

ail Typical stone from Gas House quarry (sample ED11200) ypical stone from Ballochneil
qguarry (sample ED11211). The field of view in both images is aroumach2vide. In both

images: white grains are quartz, light brown grains are mainly feldspar and mottled green to grey
grains are rock fragments (fhggrained volcanic rock); black patches are iron oxide, mottled pale
blue areas are kaolinite clay and darkebdweas are pore spaces. A small proportion of fresh iron
carbonate mineral is contained within the iron oxide in the sample from Ballochneil quarry. In
both samples the iron oxide shows evidence that it has formed from the dissolution of iron
carbonate,ncluding preserved mouldic pore spaces.
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Figure 6 (continued)

ciTypi cal stone from St Muddi Srgnglgweatherad ry ( samp
Swanshaw sandstone recovered fabwilding in CCCP (sample ED11359). The field of view

is around 2 mm wide in the top image and 1 mm wide in the bottom image. In both images:

white grains are quartz, mottled green, brown and grey grains are mainly fragments of fine

grained volcanic rockhbugh a small proportion are feldspar; black patches are iron oxide,

mottled pale blue areas are kaolinite clay and dark blue areas are poreBgaees. St Mur r ay
stone(c) has a large proportiorf @on oxide and no carbonate mineralpuhdic pore space

after dissolved rock fragments are commibime strongly weathered sample @)ows green

chlorite developingon many grain boundaries aabng widered gaps between the sand grains;

the green mineral is the cause of the increasingly green colour dflgtveeathered stone, and
thewidespreadjaps between sand grains are the cause of granular disintegration.
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5 Causes of weathering in sandstone

Weatheringrefers to the processes that cause rocks and minerals to change when they are
exposed to atmospheric agé s and organic matter at Eart
subsurfacg the colour, composition, texture, permeability, density, cohesion and strength of
stone can all be affected by weatheriMgeathering occurg sity, and is thus distinct from
erosion which involves the movement of rock and mineral fragmdnytsvater, icewind and

gravity, however, the two processes commonly work togeihestonework ages addcay.

Two classes of weathering can destinguisked: physical (or mechanicgl weatheringand
chemical weatheringPhysical weathering, which involves processes dikmsionand freeze

thaw action, is commonly accentuated in cold or dry environments, whereas chemical
weathering, which involves chemical reactidimsthe presence of water or airy usually most
intense in warm, humid environmenthe two classes of process usually work together to some
degree particularly in temperate environments

The character and causes of weathering in sandstone are g@g\ngefly below, to provide
context for later sections of this repoRhotographsillustrating some of the featuremre
presentedn section 6Numerous publications provide more detail on the character and causes of
weathering in sandstonsome of thenore commonly referencqaublicatiors include Smith &
Turkington (2004), Prikryl & Smith (2007), an@OMOS-ISCS (2008)

5.1 NATURAL WEATHERING PROCESSESTHAT CAUSE STONE DECAY

The main weathering agetd affectsandstonés usuallywater.Most of the sandste exposed
at Eart hos snearlf all buddind stonecshndstbnas)germeald to some degeg
and both liquid water and water vapour are able to penetrate thevet@omnected pore spaces
between the sand grains anid cracks,joints and othefractures A range of natural weathering
processes can occunaewateris in (or on the surface ofhe stoneand in contact with minerals:

1 mineral alterationi some minerals undergo chemical reaction that leads to the formation
of new mnerals; for exampldeldspar can be replaced kgolinite (a clay mineral)and
iron oxide can be replaced by iron oxyhydroxide

1 mineral dissolutiori some minerals are prone to dissolve in weathering environments
which case their constituent chemicalements may be removed completely in
percolating water or precipitated elsewhere in the stone as new niinsagienate
minerals (such as calcite, dolomite and ankerite) are particularlgestilde to
dissolution

1 minegal growth i some minerals, includgsalt and ice, can grow in sandstone pore
spacesn weathering environments

Most of the effect®f weatheringn sandstone are a direct consequence of one or more of these
grain-scale processes. Some of #feect that are commonly visible in stonewate described
below.

5.1.1 Discolouration

Mineral alteration and mineral dissolution can lead to the precipitation of new mineralsaeither
the same locatiolor at another locationin the stonework where the chemical environment is
suitable; the precipitatioof new mineralscan discolour stone. For example, the alteration or
dissolution of arbonate mineralsommonlyresults inthe precipitabn of iron and manganese
oxide minerals these minerals argypically orange, brown or blackand even verysmall
proportionscancause stone to become significantly discolourgdich of thecolour variability
displayed bySwanshaw sandstone is due to the varying degree to which iron roxeeals
haveformed in intergranular spaces following the dissolutioarofrorrrich carbonate mineral.
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The growth of white salt crystals on exposed stone surfaadisefflorescengeis another cause
of stone discolouration.

5.1.2 Case hardening and scaling

The contrast between the chemical environments inside and outs@soay block can create a
chemical gradientvithin the stone. Such gradients typically devegbgppendiculato the surface

of the block and can cause chemical elements released by mineral dissolution or mineral
alteration to movdrom interior parts of a stee blocktowards the surface of tH#ock where

they can precipitate as new miner&sse hardening in which the neasurface parts of a stone
block hardendue to mineral precipitatiowhile the stonebehindthe hardenedtonebecomes
weakerdue to mineal dissolution and alteraticinis a common consequence of this process in
sandstonanasonry Sandstone blocks that have suffered case hardening are typically prone to
contour scaling whereby flakes and platy fragments of stone detach from the blocl alon
fractureghat develop parallel to the block surfaceha band of weakened stone

5.1.3 Granular disintegration

The bonds between sand grains in sandstamebe welkened by weathering processést
example, mineral alteration or mineral dissolution waaken oremove some of the framework
grains and mineral cements, and crystals of ice or salt growing in pore spagqase apart
formerly cohesive sand grain$tthe bonds become sufficiently weakdividual sand grains can
become detached from tlsairface of a stone blocknd removed by erosiprthis process is
known aggranular disintegration

5.1.4 Soft-bed erosion and coving

Sandstone is deposited in layerspeds and each bed may differ slightly in characempared

to those above and below (g. in terms ofgrainsize, or theamount and typef granular
constituentsand intergranular costituentg. This commonly leads to differences in the
weathering susceptibility afach bed, with the effect that some beds become more weathered
than othersthis produces weathering effect knowassoftbed erosio. Extreme erosion due to
granular disintegration can produtarge concave depressions in block surfaces, known as
coving

5.1.5 Delamination

Beddingsurfaces and beddinganes(the surfaces thateparate successive layers of deposited
sedimen} in sandstonecan be particularly prone to weathering gparting. Parting along
bedding surfaces (which typically manifests
the stone) is known aelamnationor splitting along bedding

5.2 ENVIRONMENTAL FACTORS THAT CAN ACCELERATE STONE DECAY

The followingfactorsrelated to environment and settiogn influence theate at which natural
stone(and stonework3}uffers weatheringelateddecay

5.2.1 Exposure and apect

The degre¢o whichstonework isexposed taain, wind and surcan have a major impact on the
dynamics of moisture ingress anegress For example,elevated, protruding, soufacing
stonework idikely to receive more sun and more wind thaoessednorthfacing stonework
and hencenay beless prone tahronicwater saturation.

5.2.2 Salt weathering

Salt derived through evaporation of seater can be transported onshanean aerosol (a
suspension of fine solid or liquid particles in air), and in this form can enter the pore structure of
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sandstonetonework(this includespore spaces within the stone, withire mortar, andh gaps
between stone and morta@rystals of salcan grow in the pore structurethe host material
subsequently dries auih some ases the expansive forcegrbwingsaltcrystals can prisapart
constituentcomponentsn the stone/ork, promoting granular disintegration the stone and
widening any gaps between stone and morté@dveolisation also known ashoneycomb
weathering is the most distinctive weathering style that is likely to berdamly to salt, though
other factors including case hardening may play a role in producing the distialv@éadi. The
stone buildings on a coastal siteuth as those at Culzgaaspeciallythose adjacent to the sea,
will be potentially more susceptible tdtsaeatheringhan inland buildings.

5.2.3 Freezethaw action

The transformation of liquid water to iceascompanied by an increase in volume, so repeated
freezethaw cyclespromote granular disintegration and cragkleningin wet stoneworkand as
suchare an i mportant cause of physical weat he
h ol | ie Nkalydo suffer more freezéhaw cycles than stonework in exposed areas, tbues
structures on coastal sites and {lyimg sites generally will suffer fewdreezethaw cycleghan

buildings in inland and/or upland sites.

5.2.4 Biogenic growth

Stone surfaces thateamoist or wet for long periods of time can provide a good environment for
biogenic growthto develop. Bacteria, algae, lichen, mosses, fandievenhigherorder plants
growing on stone surfaces are conmiyoa sign of longerm wetnessThe development of
biogenic growthwill usually exacerbatea wetnessproblem because thelant matterretairs
moisture and prevesthe stone surface from drying out.

5.2.5 Subsidence or structural instability

Fractures that develom individual stone blocks or transect stonework (e.decause of
subsidenctstructural instability can act as conduits through which water can penetrate quickly
into thefabric of the stone/stonewark

5.3 MAN-MADE FACTORS THAT CA N ACCELERATE STONE DECAY

A range ofhuman factorgan(ofteninadvertently increase moisture ingress inhibit moisture
egressn stoneworkthereby inceasing the risk of accelerategathering andtone decaylhey
include the following.

5.3.1 Using inappropriate materials to modify or repair buildings

Any materialthat isinserted into or placed on stonework, and is less permeable than i will
some extentinhibit moisture transfer anthe free exchange of moisture and air with the
atmosphere, with the common result that the stonework is unable to dry ouvelffeGuch
materials include stone that is bss permeable than the original stoneortar that is less
permeable than the stone onderlying mortar, paint, render and other coatingpplied to
exterior surfacesand paint, plasterboard, insulatingaterals andany other materialsused to
coverinterior stonework surfaces

5.3.2 Block shape and tooling character

In general termsyeatherings likely to proceednore slowly onsurfaceswith asmalker surface
areathan on surfaces with larger surface areasothe shape and surface texture of masonry
blocks can play an important role in determining the rate of weathd3logks with angular
corners and lbcks with carved or tooled surfacdsereforewould be expected toweather more
rapidly than those with flasmooth surfaces and curved or rounded edd@sever,it should be
borne in mind thabther factorgincluding exposure and aspect, whether or not scaling occurs,

30



CR/14/114

and the extent and character of biogenic growth) uspély acontributoryrole in deternining
the rate and style of weathering on block surfaces.

5.3.3 Face bedding

Sandstone blocks are usually placed in a stone wall withs#melstonebeds orientated
horizontdly. Blocks of sandstoni whichthe bedding orientation is verticahd parallel to the
wall surfaceare said to béace beddedsuch blocksare prone talelaminationwhich can in turn
accelerate the rate of weathering and stone decay.

5.3.4 De-icing salt

De-icing salt laid on carriagewagurfacesan enter adjacent permeabteneworkby dissolving

in rainwater that is drawn into the stooye capillary actionThe stone is then susceptible to-salt
weathering(whereby the expansive force of growing salt crystals can ppset constituent
components in the stonework, promotigiginular disintegration in the stone and widening any
gaps between stone and mortar)

5.3.5 Ineffective or poorly maintained rainwater goods

Poor maintenance déatures designed to remove rainwater from sqobpes skews,flashings,
guttering, drainpipes) ahprevent water from flowing acrosglling surfaces (cornices, string
coursesranreduce their effectivenesim such casemainwater can flow ont@and intostonework
leading to prolonged wetting in focussed areas

5.3.6 Increasingthe humidity within buildings

Increasingthe humidity inside buildingswithout providing adequate ventilatiocean create
condensation ankkad to damp stoneworln increase in interior humidity is often associated
with a change in building use (for example converting a twaendwelling house).
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6 Causes of watheringn thestone structuresf Culzean
Castle and Country Park

Every example of theffect of weathering on stonework is the result of a complex interplay
betweenmaterial properties, weathering agemisysicalandchemical(x biological processes,
environmentnd settingandtime.

In this sectionsome of the factors thdtave producel the range of characteristic weathering
styles in CCCP, and those considelikdly to be causingcceleraté stone decgyare desgbed
using examples from the parkhis assessment of weathering featuresthant causes is &sed
on a brief examinatiorof buildingsin different parts of the par&aver a period ofthree daysit
should not be consideréd beacomprehensivevaluation

An assessment of the decay mechanisms oper a
Bal c ony 0 -fagimg elevatien of Gulzean Castle is presented in Hayles (1998) and Hayles

& Bluck (1994; 1995a,b). The study examined stone from glesiocality using higkresolution
analytical techniques not employed here; the conclusions appear to be broadly in line with those
presented here.

Some of the termgsed to describe weathering effecishis section are defined gection 5

6.1 SHAPE AND SURFACE TEXTURE OF MASONRY BLOCKS

Perhaps the twanost striking characteristics of weathering in CC&®: (i) the widespread
occurrence of scalingparticularly in ashlar blocks (rather than rubble blocks); dnjll a
relationship between weathering intépsiand stone colourwhereby relatively weakly
weathered stone surfaces typicadlse orange brown or purpletones whilethe most intensely
weathered stongypically is green This study has shown thtitese features may be related, and
thatbothmay be a consequencetbéoriginal shape and surface texture of masdriocks.

6.1.1 Scaling

Both ashlar and rubble blocks are used extensively in CCCP; some structures consist entirely (or
nearly entirely) of ashlar while others have ashlar dressings (gustriTey courses, cornices,
window surrounds etc) and rubble wallings a general ruleashlar blockshave suffered
considerably more from scaling than have rubble blocks

The ashlar blockgin their original form)are characterised by essentially planasually
perpendicularsmoothsawn surfaces; however, coarse to fine droving (usually in horizontal but
sometimes inclined or verticabws) is a common feature of much of the ashlar in the park.
Many ashlar blocks, particularly those with exposed cor(gussh as quoins) have suffered
substantially fromscaling(Figure7a,h. This is likely to be (at least in part) because the regular
chemical gradient in the stone that is needed to create haakmed zone and behind it a zone
of weakened stone alonghich fractures can readily form (see sectmf.? develops most
easily behind #lat, planar surface.

The stonework facades of several structureshe park(e.g. the archways leading onto Home
Farm courtyardFigure 73 have beercut back ande-dresed within the last few decades,
probably because the ashlar had suffesederelyfrom scaling Weathering ridgegFigure 7¢
and corner fracturegFigure 7¢g may developon the corners of some ashlar bloakse to
contemporaneouscaling on twadjacenperpendicular surfaces.

By contrast, rubble blocks (in their original form) are characterised by rdwgidworked
surfaces, commonly with stugging. Though the exposed surfaces of such blocks may be broadly
planar overall, in detail they each consist ainy differently angled elements. The lack of a
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smooth, planar surface behind which a regular chemical gradient can form is likely to be the
reason that rubble blocks appear to have suffered relatively little scaling.

Stone from St Mu r readyyaddentifieduim CCCRH buildings bycitelatively
even,reddish grey colouris much less prone to scaling th&wanshaw sarstone from other
quarriesIndeedt he surfaces of all (ashl ar and rubbl
essentidy/ unaffected by scaling antb have weatheed instead by granular disintegration
without first having suffered scaling.g. Figure 5p This suggests that calcite, which is present

in stone from all the examined quarries except St MuGgsee sectiod.2.2), is the keyfactor

in determining whetheor not Swanshaw sastbne is prone tease hardening amslibsequent

scaling Where it is present at the time of buildingetcalcite may dissolve locally in the
weathering environment to form zones of weakened stone gmekcipitate (as calcite and/or
othercalciumbearingmi ner al s such as gypsum) to form zo

6.1.2 Development of intensely weathered, greestone

The most strongly weathered and eroded stone in CCCP buildings is comgresty
(sometimes tending to dark grewnd the intensity of this coloimcreases with the intensity of
erosion (Figure 5a,c and Figure 7b)e,fThis can be interpreted in dwways: either green
Swanshaw sandstone is more susceptible to weathering, or the stone becomes green(er) as it
weathers.

First impressions of some of the buildings in CCCP suggest that stone blocks of different colour
were used for different purposes ithgy construction; specifically, it can appear that green stone

has been used fashlardressings andifferently colouredmainly orange) stone has been used

for rubble walling(Figure 79 . This was referred to as o6col
deliverable from the work done in 2012.

However, new observations suggest that o | o u r issnetlresmonsible forbthapparent
colour differenceswve see todayOne line of evidence comes from the quarries: as far as can be
determined, none of the quarripsoducedstonethat was green in its fresh statibe stone
samplescollected from Swallowcraigs quarry are greenish buff, but the stone is somewhat
weatheredand likely to be buff in its fresh stgteA second, more compelling, line of evidence
comes from thehin section examinatiornlike the samples of fresher stone frboth quarries

and buildings, ta two most weathered sample$ stone(ED11359and EM136Q both from
buildings; sed\ppendix3) contain a venfine-grained green mineral that has formed along grain
boundariesas part of the weathering proce3fie mineral is likely to behlorite or a chlorite

like mineral such asorrensite(in which layers of chlorite are interstratified with layers of a clay
mineral) and its development is almost certainly the reason why strongly weathered stone
becomes increasingly greefhe new mineral (referred to hereafter as chlpgtthough it has

not been idetified unambiguously appears to form through a chemical reaction between
kaolinite and iron oxidéWhere the chlorite is presemigw pore spaces typically have developed
between the chloetand adjacent grain boundarsesd the stone as a whole is tadly friable

and suffering granular disintegratidifigure 6). This suggests thathé¢ chlorite undergoes
volume expansion as igrows or when it is saturated with water, leading to granular
disintegration.The chemicalreaction also results in an increas pore space as kaolinite is
consumed.

The fact that intensely weathered, green stone has in most cases developed in ashlar blocks
suggests there is a relationship with scalingother words, e reaction that produces chlorite in

the stonemay be trggered only (or particularlyyhen scalingoccurs, perhaps due to the
suddenness with whigbreweathered stone is exposed to the elements.

Thefollowing sequence of events is proposed.

1 Ashlar blocks su€r case hardening and scaling.
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1 The scaling revealsieakened, preveathered stone that is susceptible to water ingress
andgranular disintegration.

1 Under these conditions, chlorite forms along grain boundaries through a reaction
involving kaolinite and iron oxide.

1 The chlorite expands as it grows (or wheromes into contact with water), leading to
the widening of grain boundary fractures aapid granular disintegration.

1 The pre spaces created by expansigmanular disintegration andonsumptionof
kaolinite increase the permeability of the stomeaking more of the stone subject to
weathering anahlorite growth

Once underway, the process may be-getpetuating and the rate at whitlspreads through a
stone blockmay increase over time. The procesay explain why some stone blocks appear to
suffer dramatically increased rates of granular disintegration associatethwittevelopment of
an increasingly intense green colgkigure 7ef.

Corner blocks of ashlar are in general more susceptible to scaling and subsequent intense
weathering than bloskenclosed by other blocksresumablybecause atheir largersurface area
relative to volumeRKigure 7Hh.

By contrast, the roughness of the surfacegulfble walling stone may largely preclutiee
development of case hardening ahd associated develmgnt of weaker stone within blocks
and scaling Instead rubble blocks have in general weathered more slowly; material loss has
occurred mainly through granular disintegratiah exposed surfacesnd (generally orange)
discolouration of surfaces teiiemainlyto oxidationof iron (Figure 7g.

6.2 SHAPE AND STYLE OF BUILDING ELEMENTS

The connected network of pore spaces in Swanshaw sandstone medhsddhdike water,
water vmiptrdd and éirbcan migrate through the stameresponse tachanges in
temperature, humidity arair-pressureand by capillary actiarif the mortar joints in satstone
stonework aralsopermeablethesefluids will alsobe able to migratacrossmasonryjoints (i.e.

from block to block as well as along jointdn this way, fluid that entersstonework at one
location can migrate throughit via many blocks and joints before escaping at emtirely
different location. The shape and style of buildings and building elements will be amongst the
range of factors that control th#nreedimensional shape of fluithigration gradients in
permeable stonework. Some examples are described below.

1 In many structures in CCCP the most strongly weathered and eroded stone occurs in a
crudely horizontal band within the body (rather than atapeor bottom) of the structure.
This is manly (or perhapgust more obviously)a feature of frestandingor largely
detahedstructures like arches (Figur®, gate posts (Figurg) and stair towers (Figure
7K). Thestrongly weathered and erodednd is usually between 1 and 4 metres above
the ground surface, but this is not always the cBise.reasotfor this arrangemens not
obvious, but one possibility is thtdte strongly weathered bandseat the meeting point
between moisture migragndown from the top of the structure and moisture migrating
up from the basemoistureaccumulatesat the meeting poinfcausing weathering and
stone decayandcan only be removed by transferring laterally and evaporating from the
side of the structure

1 Vertical zones of accelerated decay associated with moisture egress commonly develop
on one of the two surfaces of ashlar corner blocks. The zones typically deve&lOpc©
from the corner and typically manifest as rougher, slightly concave surfacesmemeti
with a white band of salt efflorescence along one edge (e.g. Figurg). The reason
why these features form, and the conditions that determine which surface of the
stonavork they form on, are not clear, though aspect and exposure are likely tanplay
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importantrole. The zones extend vertically across the horizontal joints separating, blocks
suggesting that moisture and air migrate pervasively through the stonework

1 Weathering and erosion may proceed more slowlyoumd structures (e.dhe round
tower in Figure 7ithanin angular structures.

6.3 BED ATTITUDE

The bedding in sandstone typically gives it a fanar fabric (though stone displaying cross
bedding or convoluted bedding has a more complex fabric). Stone blocks are usually placed in
stonewaok with the bedding fabric aligned horizontally. Blocks in which the bedding fabric is
tited away from horizontahre in generalmore susceptible to weatheringhis is probably
because the varying susceptibility to weathering of different beds leads tbedoérosion,

which in turn causes water to become channeile@roded beddeadingto more intense
weatheringof those bedsBlocks placed in stonework such thiéite beddingabric is steep to
vertical, for example irarchways (Figur&o) and facebedded blocks (Figuréd), commonly
displaywell-developedexamples of sofbed erosion.

6.4 REPAIRS OR ADDITIONS USING INCOMPATIBLE STONE

Placing blocks of sandstone witbontrasting pemeability next to each other stoneworkcan
impede the transfer of moisture and air through the stonevemdt canlead some blocks
(usually the more permeabtmes) to suffer accelerated decdvidence of inhibited moisture
transfer and ecelerated deayin blocks of Swanshaw sandstone that adg@cent taepairsor
additions made using different stone suggest the new stoneigmélostone are incompatible.

This study has identified a number of examples in CCCP where apparently incompatible stones
have been placed agairSivanshaw sandstone. Perhapshkist example is on the edating

elevation ofDolphin Housewhere a large area of damp stonework and kapiedingblocks of
Swanshaw sandstowecur in the lower part aiwall in whichlarge aeas of original stonework

have been replaceelatively recentlyby new blocksof Stanton MoorDerbyshire)sandstone

(Figure 7p,q,). The spatial association of these features suggestsidbks ofnew stoneare
preventing adjacent blocks ofSwanshaw galstone in particular those that are partially
surrounded by the new storfer om O br eat hi ng6 amtw staneworkvasy ; h c
inserted at around the same time ashhiéding use was change@nd thesituationmay have
beenexacerbatetly increaedhumidityinside the buildingssociated with the change of use.

Blocks of Swanshaw sandstone apparently suffering acceleratay adjacet to new blocks of

different sandstone were also observed imall adjacent to a section of Culzean Castle liaat

beensubstantially replaced by Springwell sandstdrigre 73 and inthe east limb of the south
arch at Home Farm courtyard (Figuig.

Swanshawsandstone sourced from different quarries (or different parts of the same quarry) is
likely in mostcases to be broadly compatible. However, if weathering affectdlock to a
significantlygreater degree than adjacent blocks (for example, if a block of ashlar suffers scaling
and subsequent intense wearing and adjacent blocks doththe changes ithe affected block

over timemay mean that it effectively becom@scompatiblewith adjacent blocks and starts to

affect them adverselyrhere are many examples in CCCP of stone dapagrentlyd s pr ea di n ¢
from block to block through stonewqrkpresumablyas a result of weatheriigduced
incompatibility (Figure 7u,v,w,X

Powder House is an example of a structure that is in a relatively exposed setting beside the coast
but in which the stone throughout the structure has survived in a relatively weakiyered

state. The absence of strongly weathered stone in this case is probably due tm thart
geologicaland geometricaliniformity of the stone blockaghlar has been used throughout), but

will also reflect other factors such as the absence gklaindows openings and the good
condition of the roof and cornice
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6.5 INCOMPATIBLE MORTAR | N POINTING AND PATCH ING

Incompatible mortal(usually caused by very low permeabilitgpan have the same effect on
stonework as incompatible stoneDamp stone and/orceeleratedstone decay adjacent to
repointing mortars a widespread problem in CCQPigure7y,z,aa,ab,ac,ad

Stonework affected by weathering commonly suffers from loose or lost mortar, and very often
the responsesimply is to repoint the stonework without addressing the root cause of the
weathering.In some cases, the area of weathesffgcted stonework may be the egress point
for moisture that entered the stonework elsewh#reahe mortar used for repointing is
incompatible, it will exacerbate the problem, anihin a short time may need to be replaced
again. In other cases, the original mortar may have decayed through agepaimding with an
incompatiblemortar may be thprime cause of stone decayhistory of multiple attempts at re
pointing can make it difficult to judge the extent to which the current mortar is the cause of
dampness and weatherimgstonework; however, gap between the mortar and adjacent stone is
usuallya sign that the mortar and stcare incompatible (e.g. Figure 7ab).

OPl astic repair 6 usbased matar bas beeis usedatb tonceakt mdhye n t
weathered stonework in some buildings, and there is evidence that this material is incompatible
(probably very low permeability)nal locally causing damage to adjacent stétiguie 7.

6.6 ASPECT

Several structures in CCCP display good examples of the effect of aspstcinemweathering
rate. For examplethe N-facing elevation of éoundarywall adjacent to Culzean Castle is
significantly more weathered than thd&ing elevation, probably reflecting differing exposure
over many years to wind, salt aerosol, and sunl{§igure 7ae,gf Other similar examples
include: the NW-facing and SEfacing elevationsof Cat Gatesithe N-facing and Sfacing
elevationsof the Walled Garden main entrance arch; and MW/-facing and SEfacing
elevatiors of Ruined Arch.In each case thdevation with a dominantly northeraspect is in
general weathered more strongly.

6.7 SALT

The coastal locationf CCCPmeans that many (possibly all) of the buildirage exposed to
significant quantities ofsaltbearing aerosolHoneycomb weathering (alveolisatipnyhich
presentsthe most obvious example of the effect of salt, is developed in a number of CCCP
buildings that are situated close to the sea, includo¢phin House(Figure 7ag, parts of
Culzean Castle, and parts of the Clock Towdainy of the stone blocks in Dolphin House also
display well developed covingFigure 7al), and this may also be a conseqgce of salt
weathering.Stone blocks forming the Round House, which sits within the intertidal zone, are
coated with small crystals of salt (Figurai). Previous repairs to thRound Housdnclude
sneckandmortar pocketshathave been inserted intarge gaps created bgubstantiamaterial

loss (probably greatly enhanced by sadeathering in what was formerly probably ashlar with
tight joints(Figure7aj).

6.8 FAILING RAINWATER GOO DS

The condition of rainwater goods was not a priority of this assessimgnsome examples of
defective features were obseryattluding the following selectiorgreen biogenic growth with
associated mortar loss and incipient stone decay are developing on an area of wettened stone
beneath a defective gutter on the Powder déq&igure 7akK); large area of damp, decaying
stonework hae developed beneath what appear tddfective skewon large stone sheth the

Walled GardenKigures 7ac/ad; and stone discolouratiobjogenic growth, mortar lossalt
efflorescenceand incipient stone decaye developingn replacement Springwell sandstate
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several locations on theoutheast elevation of Culzean Castle, as a result of inadequate
rainwater managemerfigure 7al,am

CamelliaHousepresent a good example afomeof the effecs of water ingress to stonework at
rooflevel The structure, which is built entirely
the past fromdefective pointing angossibly other issuest roof level,as evidenced bgtreaks

of discobured stone and bands ofweathered stoneevelopedon both exterior and interior
walling surfaces direbt below verticalmasonryjoints at rooflevel (Figure7an,ad. Some repair

work to the buildingvas carried out in 2012 and it is not clear if the eaud water ingress were
addressed at that timAs describedn section6.1.], t he St Murrayds ston
case hardening and scaling; instead, most of the weathering seems to involve localised granular
disintegration. Inside the building, some of the most weathered stonearsdoadjacent tthe

surfaces of carvedolumns and recurved arches that are well below the roof Fiigeire ap.

These intricately carved stonework features present a large surface area over which evaporation
can occur, and it is inferred thatoisture has migrated through the stonework ipaase to a
humidity gradient between the moisture access point at roof level and the egress area around the
carved features.

6.9 BIOGENIC GROWTH

Biogenic growth on stonework in general appears to be a minor problem in CCGeemnsl
(currently at leastjo hawe little impact on weatherind.ichens are the most common and most
visible manifestation of biogenic growth, and they can play a significant role in the visual
appearance of stonework at a range of distarkigare 7aq,gc

In most casedichensappeato cause little or no significant damaigethe underlying stondout

one species of light grey lichen clearly plays a role in causitej stone decayin most cases

these lichens sit flat on the stone surface and appear to be essentiallljomesver in some
exampleghe central part of the lichen has sweltaat from the stondo form a blisterand n

many cases the surface of the blister has split open oedudfl revealinguinderlyingstonethat

has sufferedgranular disintegratiorand in somecases has eroded to form a pit up to one
centimetre or so deefood examples of this phenomenon are displayedhe soutHacing
elevation of the main gate into the Walled Garden (Figaea)l andin de Avise La Fine arch

The cause of the blistering and stone decay is not obvious, but lichens can secrete acid
compoundsnd this may be a factor.

Different species of lichen are tolerant of different environméatsl microenvironmentsko
the distribution of lichen species a stonework surfaogill in some caseeflectthe condition
of the underlying stonePerhaps the most striking example of this in CCCP isctimemonly
observedransition from black lichen tbight grey lichen to yellow lichen and then to no lichen,
which follows the transition from weakly to strongly weatherexhstvork (Figure 7ac,ad,aju
Typically, the black lichen siton stongork that is in relatively goodweakly weathered)
condition and thelight grey lichensits on slightly more weatheredstone Strongly weathered
stonehas no lichen (presumably because stene surfae is suffering granular disintegration
and is therefore too unstaldesubstrate for lichgnandyellow lichensitsin a (usually narrow)
bandbetween thdight grey lichen andhe stone with no licherit may be possible to usbe
distribution of lichen species as an indicator of stonework health; for exabiatk lichen
seems generally to form on healthy stomet a clear transition from black tght grey lichen
may pointto stonework that is suffering incipient weathering and decay.
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Figure 7 Character and causes of weathering in the stone structures of CCCP
Figure captions on pagd9to 53.
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Figure 7 continued

Figure captions on pagd9to 53.
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Figure 7 continued
Figure captions on pagd9to 53.
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Figure 7 continued
Figure captions on pagd9to 53.
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Figure 7 continued

Figure captions on pagd$Sto 53.

42



CR/14/114

w X

Figure 7 continued
Figure captions on pagd$Sto 53.
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