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Basiqropertiesof minerals
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usuallypolar A affinity to polarliquids(e.g.water)
either covalentor ionicbonds or combinationsof both A varyinghardnessand chemicalstability

usuallycrystallineA often anisotropic 0 | y (o
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Mineral materials= compositesof minerals

Naturalstone¢ mortar ¢ ceramics X ®

A
A
A

consistof numeroussinglemineralgrains usuallyof different nature, shapeandsize
are often porous i.e.they haveempty spacedetweenthe mineralgrains

are characterizedy their mineral I
contentandtheir specifictextures ' 2] /
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Mineral (gee)materialspossessgnanyimportant omacropropertiesx X ® @
X @hey canbe measuredor test bodies(cubes prisms cylinderg by meansof standardizedorotocols

A Chemical &mineralogicabulk composition

A Petrophysicaproperties
A Porosityandporesize

distribution

A Water absorptioncoefficient

A Watervapourpermeability Valuegeferto the bulk of the

A Dryingrate test bodies usuallyacross

A Mechanicaproperties ___ | severalcentimeters- they

A Compressiorstrength assumehomogeneous

A Tensile& bendingtensile materialsaccrosghe diameter
strength

Modulusof elasticity
Hydric& hygricdilatation
Thermaldilitation S

Surfacehardness

Drill restistance Valuesdescribedepth profiles¢

Peelingtest | | they considermaterial gradients
Ultrasoundtransmission(on drill coreg

etc. _
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BUT Mineral (gee)materials aranever homogeneouss they consist of different minerals and empty spaces

(pores) arranged in a specific way (microstructure, texture

- their macropropertiesare related to the microstructure
- Studying the microstructure is useful to understandcropropertiesand predict failure

AND: Weathering often formsteep gradients of propertiesvhich require high enough spatial resolution of
investigative methodsg the same holds foconservation treatments

micro-failures

macrofailure

Stonecube Microscopicsection




Weatheringof rocksin the nature




Weatheringof stonein architecturaland sculpturalcontext

What isspecifi@

Tolerancelossef smallvolumesor lossesf a few tensof millimetersfrom the
surfacemayresultin a totallossof artistic or historicvalue!

a { K diskaficeeffectsx dueto the small
dimensionf mostartefacts oppositesides
of exposedobjectsare subjectedto very
different conditionsand developdifferent
materialproperties(e.qg. Dissolutiorgrecipt
tation horizonsare closeto eachother)
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crust SR':\Ie loose zone void sound stone

typical
weathering
profile of porous
carbonate stones



ICOMOSllustrated glossary on stone deterioration patterns

https://www.icomos.org/publications/monuments_and_sites/15/pdf/Monuments_and_Sites_15 ISCS_Glos
sary_Stone.pdf

Crackanddeformation fracture ¢ star crackc hair crackc
craqueleg splitting
Detachment blistering¢ burstingg delaminationg
disintegratiorg fragmentationg peeling Most of thesepatternscan
¢ scaling be observedunderthe
Featuresnducedby materialloss  alveolisationc erosion¢ mechanical microscopé
damage
Discoloratiorand deposit crustc discolourationc efflorescencet
encrustation
Biologicakolonisation




Waysof samplepreparationand possiblanethodsof microscopy

stereomicroscope
or
digital microscope

incidentlight darkfield

AN

unevenfracture or
surfaceof sample

g
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Abbreviations

SEMscanningelectronmicroscopg SEsecondaryelectrondetector, BSE=bae&catteredelectrondetector); EDXenergydispersiveX-ray spectrocopy

polarizingmicroscope/ digital microscope

Incident(reflected) light transmittedlight

brightfield or darkfield parallel/crossedpolars
brightfield or darkfield
polished polished unpolished
crosssection thin-section




stereomicroscopy digitalmicroscopy
5 xto ca. 100 x ca. 30 xo 1000 x

incident transmittedlight, (ncl, darkfield) and polarizingfacilities




Scanningglectronmicroscopy(SEM)

wSecondanrglectrons(SE)unevensurfaceswith highdepth of
focus up to about 10.000xmagnificatior)
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Eye piece Eye piece focus adjustment

Polarizingmicroscopy(PLM)of thin-sections

-~
A identification of mineralsand /
A study of thefabric and texture

Tint plate inserts —- Analyser

Rotating
nosepiece

Objectives 7/1 ’

Stage ] ” Specimen
N\ /

Aperture stop

Rotatable
polariser .

Condenser

Comment: Particularly the texture is linked to fite/sice
mechanical properties. It thus contains the most important
LIASOSE 2F AYTF2NXNIGA2Y X

Ato understandmaterial properties

Ato interpretdecay phenomena

Ato predictmaterial failure

Ato understand thevorking technique(especially for
mortars)




PETROGRAPHIC THIRCTION

Thinsection ca. 25 um = 0,025 mthick slicewhichis usuallyobservedn transmittedlight (most
componentsaretransparent at 25 pum)-- whenpolished it canalsobe observedin incidentlight or e.g.
by electronopticaltechniques
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A material ...isvacuumembedded After setting, sampleis
sample in resin(to whicha dye cut” to surfaceand
isadded ground

{

Readyfor transmittedand
incidenttechniquesof

observation ...groundto <25 umthick-

ness angolished

...gluedonto aglassslide,



Typicaltexturesof clasticsedimentaryrocks(e.g.sandstoney

quartzarenite S & F . ; 5T Oy ra' . ._., qm‘) (bio)calcarenite

Theblndermmeralsare of greatlmportancefor
technicalpropertiesand durability
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microstructuraldefectscausedoby weathering

Delamination
(slate)

Granular
disintegration
(marble)



The texture ofweatheredstone asa key to understand microstructural defects

Chemicalveatheringg
blackcrusts

0,05 mm Microbiology+/- etching
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Marble with strong granular
disintergration& gypsumas
secondaryproduct
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