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Basic propertiesof minerals:

Å solid

Å non-metallic, non-organic

Å usuallypolar Ą affinity to polar liquids(e.g. water)

Å either covalentor ionicbonds, or combinationsof bothĄ varyinghardnessandchemicalstability

Å usuallycrystallineĄ often anisotropic

Mineral materials= compositesof minerals

Natural stoneςmortarςceramics-ΧΦ

Å consistof numeroussinglemineralgrains, usuallyof different nature, shapeandsize

Å areoften porous, i.e. they haveemptyspacesbetweenthe mineralgrains

Å arecharacterizedby their mineral
contentandtheir specifictextures



Mineral (geo-)materialspossessmanyimportantαmacropropertiesά ΧΦΦ
ΧΦ theycanbemeasuredfor test bodies(cubes, prisms, cylinders) by meansof standardizedprotocols

Å Surface hardness
Å Drill restistance
Å Peeling test
Å Ultrasound transmission(on drill cores)
Å etc.

Values refer to the bulkof the
test bodies, usuallyacross
severalcentimeters- they
assumehomogeneous
materialsaccrossthe diameter

Values describedepthprofilesς
they considermaterial gradients

Å Chemical & mineralogicalbulkcomposition

Å Petrophysicalproperties
Å Porosityandporesize

distribution
ÅWaterabsorptioncoefficient
ÅWatervapourpermeability
Å Dryingrate

ÅMechanicalproperties
Å Compressionstrength
Å Tensile& bendingtensile

strength
Å Modulusof elasticity
Å Hydric& hygricdilatation
Å Thermal dilitation



Mineral (geo-)materials are never homogeneous as 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 understand macropropertiesand predict failure

Weathering often forms steep gradients of properties which require high enough spatial resolution of 
investigative methods ςthe same holds for conservation treatments

BUT:

AND:

MicroscopicsectionStone cube

macro-failure

micro-failures



Weatheringof rocksin the nature



What is specific?

Tolerance: lossesof smallvolumesor lossesof a few tensof millimetersfrom the
surfacemayresult in a total lossof artisticor historicvalue!

Weatheringof stonein architecturalandsculpturalcontext

α{ƘƻǊǘ distanceeffectsά: due to the small
dimensionsof mostartefacts, oppositesides
of exposedobjectsaresubjectedto very
different conditionsanddevelopdifferent
material properties(e.g. Dissolution/precipi-
tation horizonsarecloseto eachother)



crust shale loose zone void sound stone

typical 
weathering 
profile of porous 
carbonate stones



ICOMOS- Illustrated glossary on stone deterioration patterns

Main categories detaileddecaypatterns

Crack anddeformation fractureςstarcrack ςhair crack ς
craqueleςsplitting

Detachment blisteringςburstingςdelaminationς
disintegrationςfragmentationςpeeling
ςscaling

Features inducedby material loss alveolisationςerosionςmechanical
damage

Discolorationanddeposit crustςdiscolourationςefflorescenceς
encrustation

Biological colonisation

https://www.icomos.org/publications/monuments_and_sites/15/pdf/Monuments_and_Sites_15_ISCS_Glos
sary_Stone.pdf

Most of thesepatternscan
be observedunderthe
microscope!



unevenfractureor
surfaceof sample

polished
crosssection

polished unpolished
thin-section

transmittedlight
parallel/crossedpolars, 
brightfieldor darkfield

polarizingmicroscope/ digital microscope

Incident(reflected) light
brightfieldor darkfield

SEM/BSE
EDX

stereomicroscope
or

digital microscope

incidentlight darkfield

SEM/SE
EDX

Waysof sample preparationand possible methodsof microscopy

Abbreviations:
SEM=scanningelectronmicroscope(SE=secondaryelectrondetector, BSE=back-scatteredelectrondetector); EDX=energy-dispersiveX-rayspectrocopy



stereomicroscopy
5 x to ca. 100 x

digital microscopy
ca. 30 x to 1000 x

incident/ transmittedlight, (incl, darkfield) andpolarizingfacilities



Scanning electronmicroscopy(SEM)

ωSecondaryelectrons(SE): unevensurfaceswith high depth of
focus, up to about10.000x magnification)

ωBack-scatteredelectrons(BSE): mainlypolishedsurfaces

ωX-rayspectroscopy(EDX):
Spots or definedareasof
the sample



Polarizingmicroscopy(PLM) of thin-sections

Å identification of minerals, and
Å study of the fabric and texture

Comment: Particularly the texture is linked to the physico-
mechanical properties. It thus contains the most important 
ǇƛŜŎŜǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΧ
Åto understand material properties
Åto interpret decay phenomena
Åto predict material failure
Åto understand the working technique (especially for 
mortars)



A material
sample

... isvacuum-embedded
in resin(to whicha dye

isadded)

...gluedonto a glassslide,

After setting, sample is
cut t̂o surfaceand 

ground,

...groundto < 25 µm thick-
ness and polished.

Ready for transmittedand 
incidenttechniquesof

observation

PETROGRAPHIC THIN-SECTION

Togeologists, thin sectionsarethe greatestthing sinceslicedbread
A. Alden

Thin-section: ca. 25 µm = 0,025 mm thick slice whichisusuallyobservedin transmittedlight (most
componentsare transparent at 25 µm)  --- whenpolished, it canalso be observedin incidentlight or e.g. 
by electron-optical techniques



Typicaltexturesof clasticsedimentaryrocks(e.g. sandstones)

quartzarenite (bio)calcarenite

The bindermineralsareof greatimportancefor
technicalpropertiesand durability

kaolinite



Delamination
(slate)

Granular 
disintegration
(marble)

microstructuraldefectscausedby weathering



Chemical weatheringς
blackcrusts
(gypsum)

Microbiology+/- etching

The texture of weatheredstoneasa key to understand microstructural defects



Marblewith strong granular 
disintergration& gypsumas
secondaryproduct



WAC = 1,3 kg/m² h0,5

WAC = 10,8 kg/m² h0,5

Sandstoneof varyinggrainsizeandWAC


