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Chemical weathering of archaeological monuments and their conservation –  J. S. Bhargav
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Physical weathering is caused by para-
meters such as water, temperature varia-
tions, salt laden winds etc
� Water : It acts as a good solvent and

transporting agent. Capillary rise of salt
solutions from ground into the stone
surface gives rise to crystallization of
the salts within the stone pore. The
increase in volume of the crystallized
salt, builds up stress and thus ruptures
the rock. Contact of the stone surface
leads to loss of stone minerals leaving
the stone surface more porous and
rough. At sub zero temperatures, the
water within the pores can freeze and
expand to about 9% thus leading to
rupturing of the stone.

� Air: Strong winds laden with sand
particles have an abrasive action on the
monumental stone surface. It also acts
as a transporting agent for the dust,
micro flora, pollen micro soot etc.

� Temperature: It is an ever existing
factor accompanying almost all
processes and bearing on several
properties. A rock is a poor conductor
of heat and hence the differential
thermal expansion between the surface
and the crust leads to exfoliation and
micro cracks.

Chemical Weathering occurs because
rocks and minerals are seldom in
equilibrium with near surface environment.
The general reaction

Primary minerals + Attacking solution →
Secondary minerals+Leaching solution

The nature of the secondary mineral
formed and the type of geochemical process
involved depends on

1 The nature of the mineral subject to
weathering

2 The nature of the attacking agent

Depending on the nature of the attacking
agents the reactions have been classified
as Hydrolysis, Acidolysis, Alkynolysis,
Oxidation etc. The attacking agents which
are mainly the acidic gasses could be either
natural or anthropogenic. Carbondioxide

“The necessities lead the human life
from barbaric Stone Age man to the modern
scientific man and the aesthetic sense of man
left many monumental, architectural,
pictorial and many other remains”.

Therefore if monuments portray the
extent of intellectual heights to which a
civilization has reached, the effort to protect
these masterpieces for posterity shows the
inherent values that are still deep rooted in
the society. Scientists have made many
advances in the field of conservation of
stone monuments, still leaving much scope
for improvement.

Conservation

The effort to conserve the monument
starts with the study of the architecture,
building material used, environment and its
effect on the monument. Various physico-
chemical factors contribute to the
degradation of the monument. The
degradation manifests itself into various
forms which can be broadly classified into:
1. Structural deterioration.
2. Deterioration of execute fine carvings.

Structural deterioration deals with
damage of the structure as a whole. It is
generally caused due to factors like
disturbances or instability in the main
foundation of the structure and growth of
plants on the monuments.

Structural Deterioration
A. Disturbance or Instability in the

foundation is generally caused by the
subsidence and unequal settlement of
the structure due to loose soils and
natural calamities like earthquakes,
floods etc.

B. Growth of plants in the joints of the
structure should be attended to as the
growing plant expands its size thus
widening the joints consequently
developing cracks in the structure.

Deterioration of Execute Fine Carvings

Deterioration of execute fine carvings
is a weathering phenomenon and hence be
further classified into physical weathering
and chemical weathering.

finds its origin both from the nature as well
as through man made sources. Other highly
acidic gasses such as NOx and SO2  and
alkaline agents like NH3 are mostly
anthropogenic in nature.

The nature of weathering taking place
on the stone monument and the attacking
agent can be identified using various
analytical methods, which include both
classical as well as instrumental techniques,
can be used to identify the agents
responsible for the damage caused. The
subsequent step is the conservation of the
monument, which involves cleaning and
preservation.

Cleaning and preservation of the
monuments is done by skilled personnel
under the supervision of a scientist. Suitable
chemicals and cleaning agents can first be
tested in the laboratory on an experimental
basis specially using a similar stone
specimen- the result of which can be
extended to the monument on site. Similarly
protective agents like siloxanes, Polyvinyl
acetates, epoxy resins and other polymeric
coatings can be applied to the monument
based on the experimental results or the
experience of the scientist. The preservation
step includes:

1. Consolidation which increases the
cohesive strength, improves upon the
mechanical characteristics and leads to
adherence of altered layers to the main
stratum..

2. Protection which prevents the
environmental parameters from
damaging the stone.

The objective of the whole procedure
is finally not to make the monument look
fresh but to bring it to its original / natural
form.

A collaborative effort by archaeologists,
geochemists, geologists and engineers
can save our past to present it to our
future- Let us share the responsibility.

Summary of the lecture to be delivered at
the monthly meeting of the Geological

Society of India on 25 July 2012.

148 NEWS  AND  NOTES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




