THE
GOVERNMENT
MUSEUM
CHENNAI

Special Volume on

- Conservation of
Stone Objects

Editor
Dr. V. Jeyaraj










Special Volume on Conservation of Stone Objects
Year of Publicatton: 2003
Number of Copies: 500

© Commissioner of Museums

Price: Rs. 310/-

Responsibility for statements made in the articles printed herein
rests solely with the contributors. The views expressed by
indivtdual authors are not necessarly those of the Editor or the
Government Museum, Chennai. All rights reserved

Cover Design and Book Layout

J. Abraham Dutaitaj, M/s. Hepzibah Impressions,
Chennai-600 0078.
Mobie: 91-44-3100 8198

Typestt by

Akshara,
303/7, Mount Road,
Cheninai-600 018. Ph: 2436 4303



This special volume is dedicated to
the staff of the museum — the past
and the present.

—Editor




Conservation of Stone Objects

v ®

Contents

GENERAL

1. Foreword
~-R. Kannan ix
Editonal xi
Acknowledgements v
Welcome Address
-R. Kannan xvi

5. Report on the Activities of the Chemical Conservation and
Research Laboratory

-V. Jeyaraf xviil
6. Report on the Activities of the Museumn

-R. Kannan xxvitl
7. Inaugural Address

-M. Thambidurat xXKxvil
8. Key Note Address

-M. V. Nair xl

9. Summary of the Proceedings of the Seminar
-R. Kannan

10. Valedictory Address
-Balder Raf lix

GENERAL PAPERS

1. Charactenstics of Different Stone Objects

~3. P. Moban 1
2. Geological Aspects of Rocks Used in Sculpture
—T.P.Jagan 10

3. The Prehistoric “Man” and The “Madras Museum™ at the
Cross Roads-150th Year
—N. Devasabayar 18

4. Some Functions of Stone as Gleaned from Sangam Literarare
—P.D. Ralgi 23



Contents -

.y

5. Stone Sculptures of Government Museum, Chennai

—R. Balasubramanian 28
6. Amaravati at the British Museum

—Robert Knox: 36
7. Care in Display of Stone Objects

—N. Harinargyana 50
8. Medieval Monuments of Pudukkottai: Status of Granite

—Dr. J. Rala Mohamad 56
9. Problems Related to Transportatton and Display of Stone

10.

11.

12.

13.

14.

15.

16.

17.

Sculprares tn the District Museums in Tamilnadu
—P. Sam Sathiarai 64

Stone Objects and Their Environment
—N. Sundararafan 67

Ovetview of the Legislatve Framework for the Protection of
Our Cultural Property and Suggestions for Improving
Implementation

—R. Kannan 70

International Law for Protecting Objects of Ast from Illegal
Trafficking and Theft
~C. Parantharan 84

Authenticating Stone Objects
—-A.S. Bisht 90

Authentication and Dating of Antiquittes

—C. Santhalingam 96
The Stone Sculptures of Chennai Museum

=K Lakshiminarayanan 102

The Role of Curator in Preserving Stone Sculptures
—N. Soundrapandian 107

Role of Museumns in the Preservaton of Stone Objects
=R, Kannan 111



Conservation of Stane Obyects

vie

PAPERS ON CONSERVATION AND RESTORATION

18.

19.

20.

21.

23,

24,

25.

26.

27.

28

29.

Stone Objects and Bio-Detenioration

—M.N. Pushpa 127
Lichens on Indiah Monuments; Bio Deterioration and
Remedy

—P. Balaji and G. N. Harharan 134

Microbial Deteriogens on the Sculptures at the Bandipur
National Park

—C. Mabeswaran 143
Deteriotation of Stonework and Methods of Restoradon
—M. Sekar and KP. Pavitra and Sandhya Mathews 146
. Conservation of Stone in India — Some Unsolved Issues
—O.P. Agrawal 152
Amatavati Sculptures and Their Problems of Preservation
~V. Jeyargi and R. Balasubramanian 162

Preservation of Stone Objects in the Govetnment Museutn,
Vellore

~M. Gandhi 169
Conservation of Museum Objects of Stone
=5, Subbaraman 172

Probletns of Consetvation of Stone Monuments
—B.R. Mukhbopadhyay ' 181

The Scientific Investigation and Preventive Conservation of
the Amaravati Sculptures in the British Museum

—Susan Bradley 189
Science Behind the Conservation of Stone Objects
-V. Joarg 197

Lasers for the Conservation of Cultural Heritage
—P. Stephen Fowles 212



Contenis

30.

31

32

33

34.

35.

36,

Preservation and Conservation of Stone Antiquities Using

Lasers
~P.K Palanisany 220

Chetnical Conservation of Sculptural Art in Stone in
Rajasthan — Some Case Studies
—Shashi Prabba Swami, Hotchand and A K Jagdbari 229

Restoration, of a Rare Nagini Sculpture and Its Transportation
to US.A |

—C. B. Gupta, S. P. Singh, Shyam Lal and Noopur Singh 243
Conservation of Menuments

—KT. Narasimban 249
Rehabilitation and Retrofit of Earthquake Damaged
Monuments in Gujarat

—M.S. Mathews, Arun Menon and Sregia Chandran 256

Conservation and Restoration of a Shah Jahan Period
Colonnade

—D.A. Swallow 289
Stone Conservation and Future Research — An Indian
Perspective

KK Jain 295



Foreword

o ix

Dr. R. KANNAN, PnD., 1AS.,
Commissioner pf Agrculture Phone: Off. 28193778
& Museums Res: 24341209
Government Mussum, Fax: 28193035
Egmere, Chennai - 600 008, e-mail; govimuse@mdd.vsnl.net.in

Foteword

150 years of standing of any institution is always commendable.
The Government Musenm, Chennai has completed 150 years of
service 1o the community. Having started its service in 1851, it
continues to serve in the field of educating pecple while
entertaining them. The Museum was established in 1851, but it
started the Chemical Conservaton Laboratory only in 1930 in
order to preserve the bronze icons received through the
Treasure-trove Act. It is the pioneer in this field, as this is the
first State to have started conservation activities. Dr. S.
Paramasivan, the first Curator of this Laboratory is known for
his innovations in conservation research and got D. Sc for his
innovative research by the University of Madras in 1940 itself.
His service to the Archaeclogical Survey of India from this
Laboratory was a pioneering activity.

The conservation activities of this museurn were extended from
bronzes to wall paintings and later to all other materials. In 1963,
a separate two-storied block was constructed for the Laboratory
based on the blue print of Dr. S. Paramasivan. At that time, Dr.
S. T. Satyamurti was the Director of the Museum and Mr. N.
Harinarayana was the Curator of the Laboratory. Being one of
the service sections of this museum, this Laboratory has
contributed a lot to the proper presetvaton of the artefacts of
this museum. Successive Curators contimued to setve for the
preservation of the museum antiquides as well as to consetve
cultural heritage for other instinitions.
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The Government Museum, Chennai and the distrct museums in
the State have more than two lakhs of antiquities and objects.
Preservation is a priority activity of museums. The Chemical
Conservation and Research Laboratory of the museum has done
many conservation activities in the museum in an innovative
manner. Many courses, programmes, wotkshops, seminars have
been conducted by this Laboratory. It has established a
Conservation Gallery to explain to the public the various
procedures to be adopted for the preservation of the museum
objects. It has been recognized by the Univewsity of Madras as
a research institution for conducting research leading to Ph. D.
Degree.

Dr. V. Jeyaraj, Curator of the Chemical Consetvation and
Research Laboratory of the Museum is responsible for the various
conservation activittes of this museum. As a milestone for the
museum conducting the International Seminar on Conservation
of Stone Objects with Reference to Limestone Objects during
18" - 21% December 2001. It was 2 collaborative programme
with the Nehru Trust for Indian Collections at the Victoria and
Albert Museum, New Delhi and the Indian Association for the
Study of Conservation of Cultural Property, New Delhi. This was
2 massive effort involving the entire staff and resources of the
department of museums.

The Government of Tamil Nadu have sanctioned the publication
of a Special Volume of Conservation of Stone Objects based on
the Seminar Proceedings. Dr. V. Jeyataj has edited the papers
and the volume is ready so that those interested in the
preservation can refer to this book. I hope this will be one of
the source books for Conservators, Curators, Archaeologists,
Conservation Engineers etc.

Chennai - 600 008, " 3\(;{2.003

31.3.2003, (D1 R. Kannpan, PhD., LAS.)



Edrtorial

Editorial
Special occasions like 150" Year Celebrations are very itnportant
to any organisation. The Government Museum, Chennai has
completed 150 years of service by 2001. When one turns back
and sees the past, he is able to see the milestones of activides
of the museum from its inception. When the 150" Year
Celebrations were planned by the Commissioner of Museums, Dr.
R. Kannan, [.A.S., with the museum staff, varous activites were
contemplated. One among them was the conduct of an
International Seminar on Conservation of Stone Objects with
Special Reference to Limestone Objects during December 2001.
The topic of the seminar was so named as the museum
adminiseration wanted to save the Amarapar limestone sculptures
embedded in to the walls of the museum abour 130 years ago.
Besides this, during my personal discussion at New Deihi wath
Dr. D. A Swallow, Executive Trustee of the Nehru Trust for
the Indian Collections at the Victorda and Albert Museurn at New
Dethi, she showed much interest to hold an international seminat
exclusively for getting suggestions to conserve the Amaravati
limestone sculptures in the Government Museum, Chennai and
came forward to help in organising a seminar with specialists
from the U This was the igniton point and I worked for the
Internatonal Seminar and the motvaton of Dr. R, Kannan, PhD.,
LAS., was the encouragement for me to work on the subject.
Since it included .Amararazi Sculptures, M. R. Balasubramanian,
Curator of the Archaeclogy Section of the Museum, who also
had gone to the UK to study the problems of the .Amaravat
sculptures in the British Museum, shouldered the responsibilities
with me in the organisation of the seminar. Entre staff of the
Govemnment Museum and Curators and staff of some of- the
district museums involved in organising the seminar and it was
a successful one. It was a collaborative venture with the Nehru
Trust for the Indian Collections at the Victoria and Albert
Museum at London, New Delhi, Indian Association for the Study
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of Conservaton of Culwral Property, New Delhi, which is a
forum of professionals in the field.

It was planed ahead to bring cut a Special Volume on
Conservation of Stone Objects. Therefore, chosen experts in
conservation from home and abroad were requested to contribute
to the volume. Even though, there was encugh time for the
preparation of relevant papers, many of them could not send
research papers on time. Therefore, in addition to the special
papets teceived from experts in the consetvation of stone objects,
some of the papers preseated in the international seminar also
have been included in this volume.

This book has been divided in to three parts, viz. General,
General Papers and Conservation Papers.

In the General part, information such as welcome address and
report on the activities of the Government Museum by Dr. R.
Kannan, report onthe activides of the Chemical Conservation and
Research Laboratory by Dr. V. Jeyaraj, Chennai, the inaugural
address by the Honourable Minister for Education, Dr. M.
Thambidurai, valedictory address by Dr. Baldev Raj, key note
address of the seminar by Dr. M. Velayuthan Nair, briefing of
the seminar proceedings by Dr. R Kannaa, LAS,, are included.

In the General Papers Section, papers pertaining to lterature
relevant to stone objects, geology of stone, preservation of art
and cultural heritage, role of museums in preserving stone objects,
role of curators in preservation, transporting, displaying, restoring
stone objects etc., anthentication of stone objects, collection of
stone cbjects in museums, laws pertaining to preservation etc.,
by university professors, museologists, consetvators,
archaeologists, anthropologists, conservators, lawyers,
administrators etc., have found place.

The third part of the book contains papers on bio-deterioration,
fichens on monuments and their remedy, conservaton problems,
conservation of monuments, retrofit measures in the earthquake
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affected Gujarat State monuments, Amaravati Limestone
Sculptutes in the British Museum, Mughal Colonnade in the
Victona and Albert Museum, London, Conservation Measures to
the Amaravati Limestone Sculptures in the Victoria and Albert
Museum, papers by the Curators of the department of museutns,
Government of Tamil Nadu.

Along with the running text, black and white photographs
relevant to the text are included emabling the readers to
understand the subject well. Sixteen colour plates comptising
around hundred colour photographs add aesthetics to the book.

The authors of the articles have done a good job by putting their
experience in preservation as well as conservation in a capsule. I
hope I have done full justification in editing the book,
Conservation of Stone Objects. This will be a source book in
the feld.

Chennai - 600 008,

15.2.2003. 1
. Jeyaraj)
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Welcome Address

Honou:able Mintster for Education, Dr. M. Thambidurai, Prof.

I. K. Bhatnagar, President of the Indian Association for the
Study of Conservation of Cultural Property, Dr. D. A. Swallow,
Executive Trustee of the Indian Collections at the Victoria and
Albert Museum, London at New Delhi, Mt. S. P. Singh, Secretary,
Indian Associanon for the Study of Conservation of Cultural
Property, Secretary, Colleagues from the Government Museum,
Chennai, Learned Delegates, Ladies and Gentlemen:

The Government Museum, Chennai is one of the great museums
of this world. It has the second latgest collection in India,

The 150™ Year of this Museum is 2 landmark event not only in
its history, but also in the world of museology. On this
motnentous occasion, it gives me great pleasure to welcome the
scholars from all parts of the world. This is the first international
seminar organised by this Museum. I feel extremely humble
considering the event, the institution and the gathering,

First of all on behalf of the Government Museum, Chennai and
the institutions who have joined us in organising this event viz.,
the Indian Association for the Study of Conservation of Cultural
Property, New Delhi and the Nehru Trust for the Indian
Collections at the Victoria and Albert Museum, London at New
Delhi, [ extend a hearty welcome to our Honourable Minister
for Education, Dr. M. Thambidurai, who has graciously consented
to inaugurate this semninat, special exhibiton and launch the Web
Site of this Museum amidst his busy schedule. He himself is a
scholar and academician. On behalf of the organisers of this

Seminar, I once again extend our warm welcome to you, Sit.

The Sectretaty to Government, Tamil Development-culture and
Religious Endowments Deparanent, Mr. P.A. Ramiah, LAS., who
was kind enough to agree to preside over the function, has been
called on urgent duty elsewhere. He has been a source of suppott
to this Museum.
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I wish to extend a warm welcome to Dr. D.A. Swallow,
Executive Trustee of the Nehru Trust for the Indian Collections
at the Victora and Albert Museum, London at New Delhi, one
of the co-organisers of this seminar.

I welcome Prof. I.K. Bhatnagar and Mr. S.P. Singh, the President
and the Secretary respectively of the Indian Association for the
Study of Conservation of Cultural Property, for having shared
our burdens in organising this international seminat. They are
co-hosts as well.

I wish to warmly welcome the delegates, the dignitaries and the
scholars from home and abroad who have honoured by their
patticipation in this seminat.

I, reiterate, my warm welcome to all of you here, who have come
from far and near.

Chennai-8, D:. R. Kannan, PhD, LAS.
18-12-2001,
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tt on the Activities of the

Chemical Conservation and Research
Laboratory

With the valuable collection at the Government Museum,
Chennai, it was felt necessary to treat the bronzes disfigured by
corrosive crusts in order to expose the decotative details and to
eliminate the bronze disease, which brought in added
deterioration. As a result of the discussion with various chemists,
the electrolytic restoration of bronzes was started in the museum.
The Chemical Conservation and Research Laboratory in the
museum owes to the scientific vision and foresight of Dr. F. H.
Gravely, Superintendent of the Government Museum, Madras in
the early 1930s. Dr. S. Paramasivan was appointed as the Chemist
in 1930. He was very active both in conservation and research
activities. Besides the treatment of bronze objects, ethnological,
prehistoric and numismatic objects were treated. In 1935, the
Government Museum, Madras was also of help to the
Archaeological Survey of India in the examination of wall
paintings at Tanjore, Sittannavasal etc.

In 1937, a separate Chemical Conservation Laboratory Block (Ol
Chemistty Block) was built, being the only one of its kind in
India. A two-stotied building for the Laboratory was constructed
in 1963, In 1997, the Chemical Conservation and Research
Laboratory was recognised as a research institution to conduct
research leading to Ph, D. Degtee and Dr. V. Jeyaraj, Curator of
the Laboratory has been recognised as a Research Supervisor by
the University of Madras. At present two part-time and two full
time scholars are working under him on research projects related

to conservaton.

Research Activities

One of the foremost activities of the Laboratory is to conduct
research it new methods of conservaton -and matedals of the
]
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Paramastvan, the first Curator of the Laboratory, on paintings
and metallic antiquities. The research findings were published in
leading scientific journals both in India and abroad. The research
activities are being continued successfully by the Curators of the
Laboratory till date. At present research projects such as
Fingerprinting of South Indian Bronze Icons, Holographying Musenn
Antiguities, Survey of Monuments in Tamil Nads, Conservation of Metalfic
Antiguities, Conservation of Chola Peried Coins, Conservation of Wall
Paintings, Art History and Conservation of Paintings of South India,
Conservation of Indian Traditional Textiler etc., are under progress.

The Laboratory 1s interested in the conservation research in order
to find out new techniques and materials in collaboration with
leading research institutions such as Indira Gandhi Centre for
Atomic Research, Kalpakkam; Indian Institute of Technology,
Chennai; Anna University, Environmental Engineeting Wing of
the CSIR, Chennai etc.

Publications

The publication of this Laboratory from its inception is
commendable. Leading national and international journals such as
Indian Academy of Sciences, The Cutrent Science, Conservation
of Cultural Property in India, Technical Studies, Studies in
Conservation etc., published the out come of the research works.
Besides hundreds of research and popular articles, many books
and bulletins have been published. Handbook on Conservation
in Museums, Cate of Museum Objects, Conservation of Archival
Materals, An Introduction to the Chermical Conservatdon and
Research Laboratory, Care of Records, Conservation of Temple
Objects, Conservation of Cultural Property in India, Restored
Paintings from Madras Christian College, Conservation of Cultural
Heritage, Metal Conservation etc., are some of its publications.
Many conservation repotts have been prepared by the successive
curators regularly through out the career of this Laboratory. Dr.
V. Jeyaraj, the present Curator has prepared thirty-five reports.
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Training

In order to disseminate the expertise of the Laboratory, a
refresher course on Care of Museum Objects was started in 1974. It
was well received by professionals in this field and students of
museumn related subjects. In 1995, a course on Care of Temple
Abntiguities was conducted for the Executive Officers of the Hindu
Religious and Charitable Endowments Department. In 1997, a
course on Care of Archival Marerials was conducted exclusively for
the Archivists. Students from the College of Fine Arts were given
project training for a period of 3 months on conservation of
museum objects especially paintings. Later; this course was named
as the course on Care of Art Objects. Besides these, training
progtammes are given to school and college students both in
Chennai and other districts on Care of Cultural Materials and
Preservation of Monuments. It has entered its name as the
number one in the field by introducing Internship Training for a
period of one year. Recently a series of capsule courses on
Conservation of Cultural Heritage were conducted at Chennai,
Trichy, Salem and Madurai for officials of departments such as
Museums, Archaeology, Police, Hindu Religious and Charitable
Endowments and Southern Railway to create awareness on
Conservation of Cultural Heritage.

Conservation Consultancy Services

Even though the strength of the staff in the Laboratory is
inadequate, the Laboratory has extended service to the public and
other mnstitutions interested in the preservation of objects of the
past at nominal charges. It has extended conservation services to
various temples under the Hindu Religious and Charitable
Endowments Department, Churches like St. Georges’ Cathedral
Church, St. Andrews Church, religious institutions like
Ramanashram, Maharishi Ram Sarath Kumar, Thiruvannamalai,
College of Fine Arts, Raj Bhavan, Government Eye Hospital,
Madras Medical College, Government Rovapettah Hospital,
Madras Christan College and a number of private institutions
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) [_aboratory

Opening of the Chemical Conservation Laboratory
by His Excellency Mr. Bishnuram Medhi,
Governor of Tamil Nadu.
Mr. N. Harinarayana, Curator and

Dr. O.P. Agrawal, Dr. V. Jeyaraj, Dr. 8. Paramasivan,
Mr. N. Harinarayana and Mr. G. Kesavaram with the
then Honourable Speaker, Mr. K. Rajaram during the
Golden Jubilee Celebrations of the Laboratory (1981)

D 5. T. Satyamurti, Director look on (1963)

Workshop on Conservation of Paintings (199)

Training on Care of Museum Objects (1996)

Training to the Executive Officers of the Hindu
Religious and Charitable Endowments Department

Training to the Officers of the Archives
on Care of Temple Antiquities (1995)

on Care of Archival Marerials (1996)
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and individuals. The Laboratory is not able to meet the
requirements of the museurn as well as the outside demand due
to want of staff in the Laboratory. On request the Curator
delivers lectures on conservation in various media and in various
institutions in order to populatse the subject.

Conservation Gallery

The Chemical Conservation and Research Laboratory of the
Chennai Museum has set up the Conservation Gallery in order
to educate the visitors on the preservation of the cultural and
artstic heritage of our country. It was refurbished recently. This
Laboratory is pioneer in this respect.

Staff

The Chennai Museum is a multpurpose museum having over
one-lakh objects and about 5% of them are in need of
conservation treatment. But the strength of the staff is inadequate.
At present only four members of staff man the Laboratory. One
volunteer, four researchers are helping in the activities of the
Laboratory.

Dr. V. Jeyaraj
Curator, Head of the Laboratory

J.D. Jagannathan P. Raja Balachandra

Laboratory Assistant Murugan
. Technical Assistant

Researchers Volunteer
Y.A. Divya Durga Prasad Dally Verghese
B. Livingston Jebaraj &
P. Rajendran S. Sampath
Bessie Cecil Office Assistant
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Milestones of the Chemical Conservation and Research

Laboratory

1930 Establishment of the Congervation Laboratory -
Appomntment of D S. Paramasivan the first Curator to
the Laboratory.

1931 Installation of motor generator for electrolytic restoraton
for the first dtne in India.

1934 Preservation and x-ray studies of Naggpattinam bronzes.

1935 Preliminary report on the mural paintings in the
Bruhadeswara temnple at Tanjore (June - July 1935).

1937 Study and preservation of wall paintings at Sitennavasal.

1938 Studies of the techniques of -wall pmntmgs in fifteen
well-known sites.

1939 Systematic study of the metallography of bronze objects
and prehistore implements

1944 Examination of Marathe paintings in the Tanjore Palace
and the Chols pamntings in Brabadeswara temple at Tanjore.

1946 Mr. B. Narayana Shenoy was appointed as curator.
1949 Mr. R. Subramanian was appointed as curator.

1952 LExperiments in museum climate in the National Art
Gallery and the main Museum building; experiments in the
use of latex for taking moulds of image and coins.

1953 Experiments in the use of Asiatic seaweed for preparing
moulds.

1954 Research in the treatment of metal objects in the John
Hookins University by R. Subramanian.
Special exhibidon on “Glass™
Mr. N. Hadnarayana was appointed as curator

1956 Mr. B. Ramachandran was appointed as curator

1961 Special exhibiion on “Electrolytic Treatment of Bronze
Images™.
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1962

1963

1965
1972

1973

1973
1973

1974

1974

1975

1975

1975

1975

1976

-

Preparation of three reports on “Museum Objects in
Humid and Hot Climates”, “Electrolytic Restoration of
Metals” and “Study of Stones” for ICOM Committees.
Report on the Preservation of Bronzes in the Tanjore Art
Gallery.

Mr. 8. Thangaveha was appomted as curator.

Preservation of Paintings in the Vemngopala Shrine in the
temple at Srirangam.

Preservation of Marbles in the St. George’s Cathedral
Chutch, Madras.

Preservation of Oil Paindngs in the Rajaji Hall, Madras.

Preparation of report on Conservation of Museumn Objects
tn the Pudukkottai Museum.

Examination of Ancient Pottery Specimens for the
Department of Archaeology, University of Madras.
Report on preservation of newspapers in the Swadesamitran
office.

Special exhibition on “Conservation of Iron Objects™.
Examination of paintings around the Golden Lily Tank in
the Arulmign Meenakshi-Sundareswarar temple in Madurai.
Starting the Course “Care of Museum Objects”.

Preservation of Talapakkam Annamacharye copper plates of
the Térupati Tirumala Devasthanam, Tirupati.

Examination of a temple car at Nedunoud near Pudukkottai
and report on its conservation.

Examination of paintings in Sri Varadargiasvany temple in
Kancheepurarr and report on their conservation.
Examination of salt - encrusted pillars in the temple at

Thiruvaller and report of suggested treatment sent to the
temple authorities.

Experiments on analysis of three small metal objects
through the use of isotope-excited x-ray fluorescence in
the Bhabha Atomic Research Centre, Bombay.
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1976
1977

1978

1979

1982
1982

1983

1984
1985
1986

1987
1988

1989

1990

Conservation of Stone Objects

Preservation of British prints of the Raj Bhavan, Madras.
Preservation of marble statues and tablets in the

St. Andrew’s Church, Egmore.

Mr. V. Jeyara] joined as the Curator, Chemical
Conservation and Research Laboratory.

A Special Exhibition on Conservation of Paper Prints

Preservation of Oil Paintings in the Madras Medical
College, Madras.

Treatment of Dupleix Statue, Pondicherry.
A Laboratory Assistant post was created and filled.
Golden Jubilee of the Laboratory was celebrated.

“Conservation of Textles” - All India Seminar conducted
along with an Exhibition on Conservation of Textiles.

Restoration of Marble Sculptures and Tables at St
George’s Cathedral, Chennai.

Curator, V. Jeyaraj, registered for his Ph.D. Degree.
Treating a large Vishnu stone statue at CIPET, Chennai
Setting up of Micro-analytical Corner in the Laboratory.

Conducted a Conservation Course for Madurai University
M.A. (History of Art) students.
Treatment to the Tanjore Art Gallery Bronzes.

Workshop on “Conservation of Textiles”

Treatment of old records at Simpson Company, Chennat.

Treatment of paper prints and oil paintings at Raj Bhavan,
Chennat.

Ph.D. Degree was awarded to V. Jeyaraj for thesis on
“Cotrelation between Composition, Corrosion Products
and Metallographic Structure of Metallic Antiquities” by
the University of Madras.

Treatment of palm-leaf manuscripts at Vidhya Peedam,

Sholinghur.
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1992

1993

1995

1996

1997

1998

1999
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Workshop on “Conservation of Paintings” in collaboration
with National Research Laboratory for Conservation,
Lucknow.

Treatment of 500 Chels bronzes for the Fxhibition “South
Indian Bronzes™.

N.S.S. Special Camp-Preservation of Qur Heritage.

Award of UK. Visiting Pellowship to Dr.V. Jeyaraj by the
Nehru Trust, New Delhi

Course on “Care of Temple Antiquities” for Temple
Executive Officers.

Books such as Handbook on Conservation in Museums,
by Dr.V. Jeyaraj Care of Museum Objects jointly edited
with Mr.N.Harinarayana was published.

Course on “Care of Archival Materials” for archivists.

The Laboratory was recognised as a Research Laboratory
to conduct research leading to Ph.D. Degree by the
University of Madras, Chennai.

Report on Technical Study of Coins of Arcot Nawabs,

Dr.V. Jeyaraj was recognised as 2 Guide to supervise the
work of Ph.D. Scholars by the University of Madras.

Joint project on Finger Printng of South Indian Bronzes
with the Indira Gandhi Centre for Atomic Research,
Kalpakkam was started.

Dr.V. Jeyaraj received a research grant from the Nehru
Trust for the Indian Collections at the Victoria and Albert
Museum for the study on “Directory of Museums and
Galledies in Tamil Nadu”

Conducted the Silver Jubilee Celebrations of the Course
on Care of Museum Objects.

Oratorical competition and exhibition on Conservadon of
Museum Objects were conducted One-day seminar on
Conservation of Cultural Property was conducted and the
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2000

2001

proceedings of the seminar was brought out in the form
of a book.

Books by Dr.V. Jeyaraj on Care of Archival Materials and
Care of Temple Antiquities (Tarnil) wete published by the
Saraswati Mabal Library, Thanjavur.

DreV. Jeyaraj, Curator of the Laboratory was elected as
the Vice-President of the Indian Association for the Study
of Conservation of Cultural Property, New Delhi, which
is a ptrofessional body of Conservators.

Awarded a Small Study and Research Grant from the
Nehru Trust for the collections at the V&A Museum
“Directory of Monuments in Tamil Nadu®.
Mr.B.Livingstone Jebaraj, a part-time research scholar
registered his name in the University of Madras under
Dr.V. Jeyaraj, Curator of the Laboratory to undertake
research in Conservation of Chola Coins.

DrV. Jeyaraj] was awarded the Getty Travel Award to
participate in the IIC Conference in Melbourne, Australia

Seminar on “Protection of Cultural Property” under the
auspices of the inauguration of the District Museum at
Virudhunagar.

International Seminar on Conservation of Stone Objects
with Special Reference to Limestone Cbjects.

Exhibition on Conservation of Stone Objects was
conducted.

Publication of a pamphlet on the Exhibition on
Conservation of Stone Objects and the release of the
Absttacts Book of the International Seminar were made.

Mr.A.Rajendran, a part-time research scholar on
Conservation of Wall Paintings and Ms.Y.A. Divya Durga
Prasad, a full ume research scholar on Conservation of
Paintings registered their names in the University of
Madras for Ph.D. under Dr.V. Jeyaraj.
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2002

DeV. Jeyaraj, Curator of the Laboratory was elected as
the President of the Indian Association for the Study of
Conservation of Cultural Property, New Delhi

Report on Conservation of Wall Paintings at the Thiagaraja
temple, Thiruvar was prepared. Reprinted the three
conservation books already authored by Dr.V. Jeyaraj and
authored a book on Care of Paintings.

Conservation of two large sized Thanjavur Panel Paintings
at Aruimign Meenakshi Sundereswarar Temple, Maduzai,
Workshop on Conservation of Panel Paintings at Madurai
for two weeks was conducted.

A booklet on Conservation of Thanjivur Panel Paintings
(Tamil) was published.

Capsule Courses on Conservation of Cultural Heritage at
Cheonai, Thituchirappalli, Salem and Madurai for Curators,
Archaeoclogists, Epigraphisits, Executive Officers etc. were
conducted.

Conducted an International Workshop on Metal
Conservaton incollaboration with conservation of Cultural
Property, Lucknow. An exhibition on Conservation of
Museum Objects with special Reference to the
Conservation of Metal Objects was conducted.

A brochure on the Exhibiton on Conservation of Museum
Objects with Special Reference to the Metal Objects was
published.

A monograph on Metal Conservation by Dr.V. Jeyaraj was
published.

Ms.Bessie Cecil, research scholar joined the Laboratory for
conducting research leading to Ph.ID. Degree under the
guidance of DeV. Jeyaraj.

— Dt V. Jeyaraj
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Report on the Activities of the
Museum

Report about the 150" Year Celebrations and Activities of
the Museum delivered by Dr.R. Kannan, I.A.S.,
Commissioner of Archaeology and Museums, Government
of Tamil Naduw at the Inaugural Function of the
‘International Seminar on Conservation of Stone Objects
with Special Reference to Limestone Objects’ held at the
Government Museum, Chennai on 18.12.2001.

he Government Museum, Chennai was started in 1851 A,

Surgeon General Edward Green Balfour who assumed his
position as the first Officer-in-charge of this Museum began his
wotk by otganising the geological collections of Madras Literary
Society into the Madras Central Museum. It is interesting to note
that it was the chief medical professionals, who were in charge
of this museurn for quite a long time. May be their interests were
eclectic, a far cry from the wosld of specialisms of today. Captain
J. Mitchell, Surgeon G.Bidie, Dt. E. Thurston, Dr. J.R.
Hendetson, Dt. F.H. Gravely succeeded E.Balfour as the
Superintendents of this Museum. Thete is still a2 road called
Balfour Road in Kellys in Chennai, The full ume Supenintendents
started with Dr.Thurston. They live on by their books. For
example, The Castes and Tribes of South India is still a reference
work for anybody who wants to refer to anything in this field.
Dr. A. Aiyappan became the first Indian Superintendent of the
Museum. In this Museum several world-renowned Indian
personalities like Dr. C. Sivaramamurthi, Dr. S. Paramasivan have
also served in the capacity of Curators and made memorable
contributions in their respective fields.

As timme passed the Chennai Museurmn, which started to function
with 2 mere display of geological exhibits, expanded its activities
with acquisition of materials both chronclogically and
geographically. Consequently, it became a full-fledged
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mult-disciplinary museum having several collecton sections
belonging to the disciplines Anthropology, Archacology, Art,
Nurnismatics, Botany, Zoology and Geology Sections. In addition
to these sections, a separate Chemical Conservation Section to
deal with the conservation activities was also added in 1930. The
Philately Section was started in 1960. An exclusive Children’s
Museum was carved out, during 1980s, from an already existed
Children’s Section, by modernising and reorganising it.

The museum was the Central Musevm for Madras Presidency in
the days of the Brtish Raj and then Composite Madras State.
This geographic area comprised virtaally the whole of South India
and extended up to large parts of Onssa till Cuttack. It continues
to be the premier museumn for South India, being the second
largest in the country with its collecion of nearly two hundred
thousand objects.

During 1951 A.D., the Chennai Museum celebrated its Centenary
in a fiting manner, with a sedes of activites such as ‘Spedial
Exhibitions’, ‘Release of a Centenary Souvenir’, a ‘Centenary
Celebration’ attended and inaugurated by our first Indian Prime
Mimster, Pandit Jawaharlal Nehru. On a personal note, I must
state here that my grandfather, who was an Engineer in the
Public Works Department, was assoctated with this work, which
has been graciously acknowledged by Dr. A. Aiyappan by name
in the Centenary Souvenir.

The history up to 1951 A.D. has been documented in the
Centenary Souvenir.

Since 1951 A.D,, the following important events have taken place:

1. In 1963, the galleties of Systematic Botany, Mammal,
Invertebrate, Industrial Arc were modernised on a large scale.
Further, the exhibits of the National Art Gallery were given
a face-lift in the same period.

2. In 1984, the Contemporary Art Gallety was inaugurated with
an exclusive building being built for it.
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The Children’s Section of this Museum was reorganised into
a separate Children’s Museum and inaugurated in 1988.

During January 1990, an All India Museum Camp was
organised in the Museum, which was attended by
museologists drawn from all over the country.

In 1992, the Museum Theatre was air-conditioned for better

comfort.

King Birendra and Queen Aishwarya of Nepal visited this
Museum on 9.5.1993. A Special Exhibition on the focal
theme ‘South Indian Bronzes’ was organised on 14 April,
1994. The Chief Minister, Dr. ]. Jayalalithaa inaugurated the
exhibition and released a Special Postal Cancellation Cover
of National Art Gallery.

The systematic publication of the Journal to fill up the void
caused by the cessation of publication of the Museum
Administration Reports since 1978 A.D., was started in 1996
A.D.

There was revival of the Popular Lecture Series in 1999 A.D.
with eminent scholars from India and abroad delivering the
lectures.

Outreach activities like restoration of portraits for the Madras
Medical College of the Surgeons-General of yester years and
similar restoration of portraits of the erstwhile Principals of
the Madras Christian College, nine training workshops for the
citizens of Tamilnadu in traditional paintings of various parts
of India like Madbubani etc, participation in exhibitions like
the Platinum Jubilee Celebrations of Loyola College, Chennai
are some that readily spring to the mind.

A fillip was given to new publications and reprinting of old
publications which had gone out of print from 1999 A.D.
onwards. Private sponsorship by a famous company that used
to transport Britishers from the early 19 Century A.D.
onwards of the title ‘Jain Images in the Government
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Museum, Chennai’ published in 2001 A.D., brought this
museum it line with the national policy and current
international practice of attracting sponsorships to make
museums self-sustaining.

Finger Printing of Bronzes in collaboration with the Indira
Gandhi Centre for Atomic Research, Kalpakkam was done
on the musewn bronzes.

In 2000 A.D., for the first time in this country, there was
repattiation of art objects. The Australian High Commissioner
handed the Brough Memoral Collection back to India to the
then Secretary to Government, Mr. S.Ramaknshnan LAS.

Work on the helographic gallery in collaboration with Anna
University was started in 2000 AD.

New technology for lighting was introduced in 2001 A.D. in
the Contemporary and National Art Galleries by way of Fibre
Optic and Dichroic Halogen Lamps to reduce ultra violet
and infra-red radiation and also reduce the lux levels to the
internationally accepted levels of between 40-70 lux. These
minimise deterioration and are technology demonstrators for
museums in India.

Visual Storage on the British Museum pattern of the paintings
i the Contemporary Art Gallery was introduced. These were
a first for Indian museums at the time.

Sanitation is usually a neglected area. To cater to the
international visitors, modetn lavatories have been
constructed. It is proposed to entrust the maintenance to an
NGO in the interest of proper upkeep.

A Disaster Management Plan, a first for Indian tuseums was
prepared in 2001. Training was also imparted to all personnel.
This resnlted in saving the heritage museum theatre from
certain destruction when a fire took place on 20" December,
2000 A.D.
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18. The Tanjore Art Gallery has been brought under the control
of the Department of Museums vide G.O. No. Ms.244, Tamil
Development-Culture, Hindu Religious and Charitable
Endowments Department dated 9-10-2001.

19, The Departments of Archaeology and Museums whose work
is inter-related have been brought under the control of the
same Commissioner for the first time vide G.O. No. Ms.238,
Tarmul Development-Culture, Hindu Relgious and Chantable
Endowments Depariment dated 1-10-2001.

20. So far twenty district museumns have been established at
Pudukkottai, Salem, Madurai, Tiruchirapalli, Vellore,
Cuddalore, Erode, Uthagamandalam, Coimbatore,
Kanyakumari, Tirunelveli, Knshnagin, Sivaganga, Tiruvarur,
Palani, Nagapattinam, Kancheepuram, Karur,
Ramanathapuram and Virudhunagar.

On the lines of the Centenary Celebrations, in this year 2001
AD., tt is planned to hold the 150 Year Celebrations of the
Museum. Accordingly, several activities have been planned. An
International Seminar on the focal theme of “Conservation of
Stone Objects with Special Reference to Limestone Objects’ being
inaugurated today forms the curtain raiser of all the programmes
proposed for the 150P Year Celebrations.

Launching of the Web Site of the Museum with two domain
fnames, www.chennaimuseum.org. and
www.govtmuseumchennai.org (with photographs, virtual tour,
slide show and video clippings) will be another programme of
the celebrations. A “Thematic Special Exhibition on Chola
Iconography’ is planned for January or February, 2002. A New
Gallery on Rock Art’ will be inau%urated during the end of
Martch, 2002 as part of the 150" Year Celebrations. The
Holographic Gallery will hopefully be ready before April 2002
subject to Anna University delivering the holograms.

The Government Museum, Chennai has been at the forefront of
museology. The Amaravati collecion of Buddhist artefacts, the
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Chola and other bronze collections here, the Bhattiprolu casket, the
Rosetta stone of India holding the key to deciphering South Indian
Scripts, Jam, Hindu and Buddhist images are all some of the
rarest of the rare artefacts here.

In painting, the works of Raja Ravi Varma, Jaimini Roy and other
contemporary artists are displayed here. D.P. Roy Choudhury’s
sculptures deserve special mention. In sciences, the Baleen Whale
washed ashore in 1874 ADD. is considered one of the best
preserved specimens in the world. There are collections of marine
medusae, drripedia etc. from Krusadai islands, which are wide and
varied. In fact, when the American Natural History Museum
wanted to do a research on ‘two indigenous species of spiders
(Poecilotheria regalis and Poectlotheria metalicd) acquired from Vepery
and Egmore, Chennai, the official came here all the way from
America to start the research since some specimens of these
species preserved there have disappeared. The only preserved
specimens are in this museumn.

The endemic collections of flora recorded in one of our ancient
Sangam literature, viz. Kurinii Paattn’ is also on display i this
Museum. The teak tree ring gifted by the Maharaja of Travancore
displays Dendrochronology is a noteworthy piece. Of the
geological collections, the fossilised, articulated skeleton of
rhinoceros in a well-preserved condition acquired from
Sathankalom i Tironelvell Distct of Tamil Nadu merit special
mention. The Pallavaram hand axe identified by Robert Bruce
Foote, eatning the names ‘Madrasian Hand Ase’ and Madras
Stone Tool Industry’, terracotta sarcophagi of Perumbair, Ram
sarcophagus of Sambavaram in Andhra Pradesh, megalithic bronze
and iron implements acquired from .Adichanallur, the Nilgiris,
Roman antiquities from .Arkkamedu, the Merah sacrificial post
from Khondmal of erstwhile Ganjam Agency tracts, the only
volumes speaking of the then cultural custom of human sacrifice
in British India are other unique exhibits of the Museum. It has
also pioneered technology in conservation. The electrolytic
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treatment of bronzes pioneeted in India by Dr. S, Paramasivan
was the best technology in the world at that point of time.

Technologically, also the museum continues to adopt latest
technology as was done by Dr. S. Paramasivan. Fibre Optic and
Dichroic Halogen lighting to display paintings installed in 2001
A.D. in order to minimise deterioration are technology
demonstrators for museums in India,

The Web Site itself is a technology leap for this Museum. It has
also served to document and expose the great collection for
wotldwide viewing. The crafting and creating of the Museum
Web Site is another landmark achieved by the Museum recently.
This site is one of the biggest in the wotld of museums, created
after great toil. Many creative ideas were also generated in the
process. It consists of 1400 pages of A-4 size corresponding to
122 Megabytes of electronic size. There are 52 files less than 250
Kilobytes, 15 files between 250-300 Kilobytes and 118 files of
size greater than 200 Kilobytes, the total number of files being
185 in HTML format. In addition, there are VRML files for the
Virtual Tour of the Bronze Gallery, Slide Show and Video Clips.
The clips have been provided in two bandwidths — low for Indian
viewers with ordinary telephone line connections of usually 33
KBPS capacity though the modems are usually 56 KBPS and
high for ISDN Indian viewers and foreign viewers whose
bandwidth goes up to 2 MBPS and more.

The new Rock and Cave Art Gallery on the anvil is being taken
up after thorough tesearch by undertaking painstaking field taps
to highly inaccessible rock shelters such as Vellankkotnbai and
Iduhatd in the Nilgitis by the Curators and the Commissioner.
The lives of the Curators and the staff were in peril at certain
points of the trip.

An old museum poses its own challenges. Some of the displays
are a century old. They were the best technology at the time of
installation. This was because of the close ties between this
museumn and the museums in England. This historical link was
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because the personnel were English. This link is growing weak,
as Indians have fully taken over. This has to be strengthened
with more visits to England and other developed countries by
the museum personnel here. Still we have not given up. Framless
megasize showcases with modern lighting on par with European
standards are being planned for reotpanising the old gallenes. A
Touch Screen display, a simulated cave with infra-red ray activated
son-er-lumeire etc., are planned for the Rock and Cave Art Gallery.

The Amaravati limestone sculptures, a few of which at the ground
level ate deteriomtng due to saline action as they have been
embedded in the walls for the last 130 years are being removed
from the walls. They have started absorbing moisture by osmosis
due to rise in road levels. They will be redisplayed accordingly
to modern methods.

The single thread of thought that runs through this Medium
Term Planning exercise is what started as the Mission Statement
of the Museum in 1999. It was amplified as the analysis of the
structure and activities of the museum from a management
perspective. This analysis was debated first as a Popular Monthly
Lecture delivered on 25-2-2000 and agreed. It also appeazed as
an article in the issue of this Journal for the period October 1999
to March 2000. It is this vision of a few Core personnel backed
by a lot of resources by way of capital outlay and use of the
latest technology for conserving and restoring the old heritage
buildings, electronic data processing and recording of images and
modernising display that is being implemented. This costs more
than the vsual old techniques. Like the West, it is better to have
a few excellent state of the art galleries in the museurn rather
than have a large quantity of Second Best.

This museun is fully funded by the Government of Tamilnadu.
It is their generous funding that has made the development that
I have adumbrated above possible. Prvate funding has vet to

catch on.
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I would like to conclude that every great institution has its periods
of waxing and waning. This museum 15 no exception. I must
thank all those who have made this journey possible. I am sure
this museum will reinvent itself every few years and continue to
serve the people of Chennai, Tamilnadu, India and the world
We have a long journey ahead. We pause and lock at what we
have achieved but we must press on.

The following lines of the poet Robert Frost so dear to Pandit
Nehru, who inangurated the Centenary celebration captures the
essence I feel

“The woodr are lovely dark and decp, but I have miles to go before I skep’.

— Dr. R Kannan
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Inaugural Address

Inaugural Address of the Honourable Minister for
Education, Dt, M, Thambidurai at 11.00 hours on 18"
December 2001 on the occasion of the Inauguration of the
International Seminar on Conservation of Stone Objects with
Special Refetence to Limestone Objects.

Ladies and Gentlemen,

Let me tell first that I am indeed vety happy to inaugurate the

seminar. I congratulate the museum authorities for having
organised for the first time in the history of the museum an
International Seminar on the occasion of the 150% Year
Celebrat:lons of this museum, The International Seminar is a part
of the 150 year celebrations.

This museum was established in 1851. Dr. Edward Green
Balfour, the first Officer-in-charge of the museum initated the
organization of a central museum by arranging the geological
specimens of the Madras Literature Society. Duting the Centenary
Celebrations. of the museum in 1951, Pandit Jawahatlal Nehru,
the First Prime Minister of India dedicated the Victoria Memorial
Hall in the museumn campus as the National Art Gallery to the
nation,

Similar to the Centenary Celebrations, the 150% year Celebrations
have been planned to conduct various programtnes.

The aim of the museum is to throw open to the public to derive
benefit by seeing the cultural objects antiquities while preserving
them for posterity. There fore, preservation for presentation is
the prmary acuvity of any museum. By undetstanding dus well,
a self sufficient Chemical Conservadomr and Research Laboratory
was established in this tmuseumn in 1930 itself. Since then this
Laboratory continues to conserve antiquities both inside and
outside th museumn. The First Curator of the Laboratory, Dr. S.
Paramasivan introduced the Electrolyuc Restoration in this
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country for the conservation of bronze icons. Dr. C.
Sivaramamurthi, Archaeology Curator of this museum got the
credit as the First Indian Director of the National Museum, New
Delhi.

The cultural objects in a museum may be organic, in-organic or
a complex one. Even though stone objects such as sculptures,
stone inscriptions, rocks, minerals, stone implements etc., are
believed to be stable and are not affected, actually they also
succumbed to various types of deterioration. Different soft stone
objects such as soapstone, sandstone etc., very easily got affected.
There fore, Conservation of Stone Objects with Special Reference
to Limestone Objects is the topic chosen for the seminar. Relief
limestone sculptures depicting the Jafaka stories from Amaravati
belonging to 20 Century B.C. have been embedded in to the
walls of this museum. Due to the rise of the ground level, water
is absorbed by sculptures embedded in to the lower level of the
wall by capillary action and the sculptures are damaged. These
damaged sculptures will be safely removed and subjected to
conservation treatment. When we consider that they were
embedded in to the wall 130 years ago, this effort of the planned
conservation activity is a determined and pioneering step taken
to preserve these sculptures for posterity. Today when we have
lost the Bamian Buddha sculptures, it is the best service of this
museum to the human kind to preserve the priceless Amaravati
sculptures and this i1s our duty to take action to conserve them.

I would like to share with you that this museum has got with it
the high priced Buddha and Buddhist sculptures from Gandhahar,
which is called as Khandhara in history and Peshawar. These
were brought when the British ruled India. They are being
preserved with delicacy and utmost care.

I earnestly believe that this International Seminar will resolve in
a large way the various conservation problems so far posed by
stone objects especially limestone objects. I also believe that the
scholars from various countries will be able to tell to the world
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what scientific facts from what they have collected in this aspect.
I strongly tell that the research papers on consetvation of stone
objects with special reference to limestone objects will not only
create 2 new scientific arena but also will be helpful in conserving
the stone sculptures in museums and other related institutions.

I am very happy to leam that, this museum has created 2 1400
page web site with virtual tour, video clips etc., in the age of
globalisation. This will enable any body from any part of the
wotld to see the important exhibits with details.

I wish the International seminar a grand success and I am very
happy to inaugurate the seminar, special exhibition, web site etc.

Chennai-600 008, Pr. M. Thambidurai,
18.12.2001.
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Key Note Address

Intetnational Seminar on Conservation
of Stone Objects

M. Velayudhan Nair,
Director of Archaeology, Kerala,

tone in its varied dimensions forms an important part of our

cultural heritage, as stones are used universally for the
construction of monuments, artifacts, canvas for eatly
inscriptions, sculptures etc. At present their existence also is
threatened by such universal phenomena like pollution,
urbanisation, weathering and other man made and natural
phenomena. The factors that affect the deterioraton of stone are
similar, which includes its composition, structure, surface
condition, mictoclimate and environment. With the advancement
of science and sciendfic techniques though several methods
emerged for tackling the conservation problems of stone,
solutions to several puzzles are remaining, It is a contradicton
that though stone 15 considered to be most stable and durable
material by expetience, it is this matedal, which is most vulnerable
to weathenng and has posed most serious threat to conservators.
Stone as cultural property can be in two forms. Stones as building
material and as stored in-house as museum pieces, decorative
material etc. The former presents more serious problems due to
its exposure to such forces as geophysical loads from wind,
temperature variatons, gravity loads from vibrational load caused
from vehicular traffic. To undetrstand the mechanism of
deterioration and possible control, it is essental to know the
material and the problems faced by them.

Building and Monument Stones

From time immemoral, geological avatlability of matertals has
been the principal factor affecting the techniques of construction
of monumental builldings and decorative sculptures. Almost all
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important cultures whether it is ancient or new have a special
relatonship with building stone. The stone used includes all
original rock that is mined or quarried and used for construction
and has varied constderably from one place to another.

The geological definition of stone is based on its chemistry, fabric
and mineralogy, which attributes to its ongin and basic properties.
Rocks are divided into the following genetic groups:

1. Sedimentary rocks, eg.: limestone, sandstone
2. Igneous rocks, eg: granite
3. Metamorphic rocks, eg: marble and slate.

Sedimentary

Limestone: Composed principally of calcium catbonate {calcite)
or double catbonate of calcium and magnesium (dolemite}. Easy
adaptability of limestone makes it a favoured stone for artists.
The textures vary preatly from uniform grain size and colour to
a cemented shell mass. It is seen that all imestone including those
of low porosity have relatively high intrinsic and micro crack and
bedding permeability and are susceptible to penetrating water and

gases.
Sandstones: Sandstone is consolidated sand in which the grains
are composed chiefly of quartz and feldspars of fragmental
texture and with vatious interstitial cementing materials including
silica, iron oxides, calcite or clay. Enough voids generally remain
in the rock to give it considerable permeability and porosity.

Igneous Rocks

Granite: Granites include almost all rocks of igneous origin.
Granites are alkali feldspars and quartz with varying amounts of
other minerals such as mica and hotnblende in an interlocking
and granular texture, They are dense with porosity and
permeability low with high resistance to corrosion and weathering.

&
Rholite and Andesite : Volcanic rocks are poorly consolidated but
are easy to work and have good standing strength.
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Weathering of Stone

The weathering of stone is caused by the disintegradon and
decomposition of stone matenals resulting in the formation of a
veneer that differs the original material in composition and
texture, the physical, chemical and biological reactions of
carbonates, silicates, sulphides, oxides etc., with water and
atmosphetc gases tesulting in the formation of clay minerals and
irton and aluminium oxyhydroxides. This process is termed
hydrolysis. In addition to this oxidation of ferrous iron to ferric
and carbonation reactions take place.

These actions couple with low exchange and physical and
biological alteration results in 4 marked change immediately below
the stone - atmosphere interface. Surface layers are rendered less
stable by progressive bond rupture, the removal of alkali and
alkaline carth clements and by the resultant alterations in the
structural framework of the stone.

Scenusts have proposed the following different modules for the
decomposition of silicate fich stones:

1. Straight forward dissolution of the material with the solubility
controlled by the concentratdon of silica and alumtna

b. The production of a leached layer by the exchange of cations
upward and through the interior of grains in addition to
solution at the mterface

¢. Production of amorphous precipitate rich in aluminium and
siticon that is rate controlled and dependent on pH and

d. Production of a crystalline phase dependent on solution
composition and parent solid.

Deterioration of Stone Due to Air Pollution

The primary air pollution causing damage to stone is the
formation of sulphur compounds such as sulphurdioxide. They
cziginate from conbination sources, burning coal or residual oil.
Deterioration of carbonate rock due to sulphur compounds is
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very significant. The silicate-based rocks are typically far mmore
resistant to weathering in utban climates. The reaction between
gaseous sulphurdioxide and calcium carbonate is regarded as a
two-step process:

SOz + CaCO3 -------- - (‘,3503 + COZ
CaSOy + 1/2 Oy —wemmr > CaSO,

Wet deposition involves the neutralisation of sulphuric acid found
in the precipitation
H2504+C2CO3 ——————— > CESO4+H20+C02.

The reacdon between sulphates in particulate matter deposited on
the surface and the calcium catbonate is also possible. This
chemical reacton results in a combinabon of physical changes
that disrupt the surface. Finally, the surface is removed by erosion
or washed off in precipitabon runoff, either in solution or as
suspended solids. The ultimate effect of attack by air pollution
on stone is either the accelerated rate of surface loss or, in
protected situations, the buildup of a crust of alteration products.

The physical changes associated with air pollution / stone
interactions can be viewed as a transition between the deposition
and the removal processes. The physical effects begin as
deposition takes place, but the changes may continue after
deposition ceases. On the molecular level, the transformation of
calcite to anhydride results in major changes in crystal lattice
structure. The over all process whereby atmospheric pollutants
are delivered to a stone surface forms reactive species, attack the
surface and ultimately are responsible far loss of surface matéral.

Alteration of Carbonate Rocks

The alteration of carbonate rocks is brought zbout by sclution
due to the action of rain water directly at the surface and
especially, circulating underground. This action is enhanced by the
presence of carbonic acid or other acids. The rate of this process
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of solution depends in particular, on the permeability of the rock,
the amount of water circuiating and its carbonic acid content.

At least for the great majority of a monument’s surfaces, which
are somewhat protected, the climate that weathers them is
different from the true climate of the region where they are found
in particular regarding one of the fimdamental factors that define
a climate: the annual rainfall per wnit of surface. Furthermore, in
contrast with most rocks in nature, a monument is generally
weatheted in a microclimate lke the climate of a more or less
arid region and what is most important, percolation is practically
nil. The water that comes into contact with the surface of a
building can percolate in the rock only briefly before it evaporates
or flows off. Hence the typical alterations, if monuments are
leaching, resulting in decollaion at the surface or immediately
undernieath, formation of crust, concenttation of chalk and othet
salts of moderate solubility in the crust, mote ot less short-lived
efflotescence at the sutface ete.

Investigation of the Causes of Decay

Analytical Methods

The cause course and extent of damage can be studied with
minimum amount of sample through wvarious analytical
instruments. The proper selection of the methodology depends
on

Charactensing the surface or near sutface.

2. Identfying amorphous and crystalline materials.

3. Determining spatial changes in composition (chemical analysis
for matertals heterogeneous on the micrometer level).

4. Determining the relative bond strengths as a functon of
physical and chemical alteration.

The following analytical methods become useful based on the

above critera:
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a. X-Ray Fluorescence Spectroscopy: The insttumentation used
falls into two broad types descrbed as Wavelength Dispersive
ot Energy Dispersive. The power of x-ray fluorescence lies
in its use for ¢lemental analysis.

b. X-Ray Diffraction: The crystalline powder of the stone will
produce characteristic patterns, which is an useful tool for
getting information on the crysulline phase and nature of
bonding,

¢. Electron Microprobe and Scanning Elecwon Microscope
(SEM): The eclectron microprobe and the Scanning Electron
Microscope were developed as separate instruments, the first
using a crystal or wavelength spectrometer while the second
utilising energy dispersive system for x-ray identification.
Their sirnilarities and advantages have been combined in
modern instruments for information about elefnental
compaosition, particle size orientation as well as textural details
such as packing density, void space etc,

d. Electron Spectroscopy for Chemical Analysis (ESCA): This
method uses the distribution of electrons ejected from target
material, which is itradiated with x-rays, uv or electrons. This
method becomes a powerful tool.

e. Reflection Radiometry: Insitu analysis by visible and near -
infra-red reflectance radiometry is of special interest since the
method uses the radiations reflected by the sun or an artificial
source to record the electronic (atomic) and vibration
(molecular) interaction on the surface of material gives
valuable clues about the weathering phenomena. The hand
held radiometer of the size of a suitcase finds use to
determine the depth of alteration leaching.

f. Neutron - Gamma Techniques: The method involves the
measurement of gamma rays that result from the interactions
of the material under analysis. The tnethod has been useful
in yielding information about hydrogen content and thus

leading to clues about bonding,
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Weathering - Physical Properties

Measurement of physical properties of stone becomes very
important in judging the durability and also for determining the
extent of weathering. The following properties are worth
consideration:

1.

Density: Grain density is the ratio of grain mass to grain
volume of the stone. Bulk density is mass of grains divided
by pore volume plus grain volume. Bulk density becomes
more to reliable since grain density measurements are
handicapped by incomplete saturation of inaccessible pores.

Porosity: Porosity is defined as the ratio of pore volume to
bulk volume. It is found that igneous and metamorphic rocks
have porosity less than 5 percent whereas sedimentary rocks
have high polarity to the extend of 40%. Weathering of stone
has direct bearing on porosity because they are receptacles
for fluids and soutces of weakness for ambient stresses.

Permeability: Permeability is defined by Darcy’s law in which
the flow depends on the stone and on the pressure and
viscosity of the liquid.

Q=uP/vCL/A

where Q is the discharge in cubic cm per second W is the
permeability in darcis P is the pressure difference in bars v
is the fuid viscosity in centipoises, L is the distance of flow
in centimeters and A is cross sectional area in square
centimeters.

Thermal Properties

Behaviour of stone over the changes in temperatute of the
surroundings can be significant of a microscopic scale. The smudy
of the following parameters becomes significant:

1.

Thermal Expansion and Contraction: Constituent minerals of
the stone are 1sotropic and have different thermal expansion.
The variation in temperature can cause stresses between the
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mineral grains of the stone, which uitimately results in the
microtfractures. This irreversible change can cause greater
permeability.

Thermal Conductivity: Thermal conductivity is the rate at
which heat is conducted in millicalones per second through
a 1em? down 2 temperature gradient of 1°C over 1cm length.
Thermal conductivity of stone is 20 - 50 tmes lower than
metals and 1s dependent on mineral composition and porosity
and becomes important in weathering mechanism.

Mechanical Properties

Measurement of the following mechanical properties become
relevant in understanding the extent of weathenng

1.

Hardness: Hardness reflects on the strength of the stone and
Mob’s scale of hardness can be co-related with the propertes
of stone especially building stones of monuments.

Elasdcity: The ratio of stress to strain is Young module of
elasticity and can be used to detect porosity permeability and
susceptibility changes in weathered rocks.

Compressive Strength: The compressive stength of a stone
gives 2 clear picture of its strength and the extend to which
decay has proceeded and also its capability to hold the load
in monufment.

Friability: The friability of stone is a teasutement to
determine the extent to which it can withstand breaking and
crumnbling and is determined by abrasion - hardness test. The
test becornes useful in detetmining the character of the
intergranular bonds.

Other Properties

The properties, which have indirect bearing on the decay of stone
are colour, transmittance and reflectance, electric and magnetic

behaviour etc.
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Colour of stone and its changes are reflected on the weathering
and are important for aesthetic reasons. Transmittance and
reflectance provide clues about cracks as light reflected from
mineral cleavage can be detected.

El_ecttical Properties

Permeability, saline water content and pores of the stone can be
understood by studying resistivity and dielectric strength of stone.
Resistance decreases rapidly as porosity and water content
increases.

Chemical Weathering of Ignecus and Metamotphic Silicate
Rocks

The chemica! alteration of silicate rocks involves three
sinultanieous processes.

a. Breakdown of the structure of the primary munerals and
consequent release of various cations and silica, the later in
more or less polymensed forms.

b. Removal of a part of the above mentioned constituents tn
solution.

c¢. Rebinding of the residues with components of the
atmosphere such as water, oxygen and carbon dioxide to
form new minerals that are more or less stable in respect to
the new environmental conditions.

In general, the final balance involves a reducdon in calcium,
sodium and potassium and a corresponding increase in water,
aluminum and iron. At the end of the process, the mass loss
may be 60% or even greater if the water is free to percolate and
to carry of in solution ot suspension the clements and particles
released by the chemical action of atmospheric agents.

Minerals are attacked by shightly acidic aquecus solutions (because
of the presence of catbonic acid) and progressively transformed
into a succession of secondary intermediate minerals that vary
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according to the original mineral and/or the prevailing
environmental conditions.

Conservation

Before proceeding to any type of intervention the following
inquiries should necessarily be made:

a. A detailed petrographical study of the stone in question with
particular attention to textural and structural features.

b. A study of the physico-technical properties of the stone such
as type of permeability, absorption and linear dilation
coefficients, cohesion, resistance to abrasion.

c. A study of the stage of alteration of the rock, especially of
its less altered parts, which are thus in the eady stages of
alteration as well as the ‘fresh’ rock to check for the possible
presence of primary alterations.

d. A check on the presence and actvity of microorganisms.

e. A microclimatic and even macroclimatic study, in much as
the vatous sutfaces of structures may not be in the same
condition in this regard.

The above inquiries are always necessary, because the type of
degradation and hence the appropriate countermeasures are never
the same from one rock to another and even for the same rock
in different micro environments. It should be kept in tmind that
as with all irreversible processes, it 1s much easier to prevent the
alteration of a rock than to cure it. While 'it is important to take
measures to preserve deteriorated surfaces it is indispensable to
protect unaltered or barely altered ones before the attack by
chemical weathering has had a chance to spread. The life of such
surfaces can be prolonged almost indefinitely by a moderate
expenditure in maintenance. That is why it is important to study
the least altered portions of monuments in ordet to intervene
before the progress of degradaton renders interventon useless.

The main problems, which have to be tackled in consetving the
stone monuments under tropical conditions (are listed below) are:
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Minimising the action of rain water and moisture.

Stoppage or reduction of leakage (moss, lichen, algae plants).
Eradication of vegetation (moss, lichen, algze).

Reduction of the effect of isclation and eroston by dusc-laden
winds. '
5. Minimising the damaging effects of atmospheric pollutants,
particulatly sulphur dioxide and particulates.

6. General consolidation and protection.

R S

7. Structural stabilisation of monuments.
Consolidation and Surface Coatings

The history of application of consolidants goes back to 1%
Century B.C., where application of wax on stone is described.

Treating with matedals that will effectively restore the bonds
between grains can restote the loss of integrity as a result of
weathering. A range of stone consolidants have emerged, which
can be grouped as:

a. Inorganic materials
b. Alkoxy silanes

c. Synthetic organic polymers

d  Waxes.

Inorganic stone consolidants work on the principle of producing
a precipitate on the void space and pores from a liquid or by
chernical reaction of the liquids with stone. Problems faced on
poot petformance of the consolidants due to less penetration
questionable ability to bind partcles of stone together and the
formation of soluble by-products etc. To overcome this
precipitaton of siliceous consolidants like alkali silicates, silico
fluorides, alkaline earth silicates etc., have been used to precpitate
silica or insoluble silicates from a homogenous solution.

Alkoxy silanes are a family or monomeric molecules, which react
with water to form either silica or alkylpolysiloxanes. They are
considered to be the most promising consolidants for siliceous
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sandstones because of deeper penetraton and also of the fact
that polymertsation can be controlled to effect deeper penetration.
Though the strength of the treated stone improves, the
weathering pattern completely differs from the ortginal stone after
treatment.

The application of synthetic polymers works on two mechanisms.

They are,

a. The polymers as solution (using appropriate sclvent) are
deposited in the void space and pores as consolidants.

b. Monomers either in pure form or as solvent are polymersed
inside the stone

Both thermoplastics and thermosets have been used to
consolidate stone. Thermoplastics like poly vinyl chlenide can be
teversibly melted for application, whereas the thermosets like
polyester and epoxy, once applied are itreversible. Waxes can be
applied either by using solvent of as molten material directly or
by melting it. Wax application is often handicapped by formation
of tarry substances and the tendency te entrap dust and dirt.

Polymers as Protective Coating

The punciple is to deposit monomers or pre-polymers on the
surface of the stone and to polymetise them to form protective
coatings to prevent erosion of stone surface. The effectiveness
depends on mechanical properties of the composite and the
stability of the interface between stone and the polymer and also
the permeation characteristics of the polymer coatings.

Several tests like accelerated ageing are available to determine the
effectiveness of consolidants or coating materials and the impact
of treatment over the stone.

Conclusions

Though we have improved our understanding on the cause and
course of stone deterioration and have advised the techniques
employed for tackling the problem scientifically still we cannot
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boast of having reached at least near the target. In India several
instituttons are engaged in the task, but we cannot claim that
even our world heritage monuments like Shore temple of
Mahabalipuram are above the danger mark. The sitmation would
have improved considerably, if there had been a coordination
between researchers in conservation with those of other
insttutions engaged in pure and applied scientfic study of stone
in CSIR laboratories, universites, IITs etc. As in other areas of
conservation, we have acute shortage of trained conservators. This
often is linked “with the status of conservators and conservation,
which we could not break the ice in India though we have made
several resolutions and recommendations in common forum like
this.

I am sure, our deliberatons, in the pioneering:laboratories of
India viz., the Chemical Conservation and Research Laboratory
of the Government Museum, Chennai, which has produced
several eminent conservators and have emerged with solutions for
various complicated problems in conservation, several specific
issues on stone deterioration will be discussed and solutions
reached.
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Summary of the Proceedings of the
Seminar on Consetvation of Stone
Objects with Special Reference to
Limestone Objects

fter the Presidential Address was delivered by Dr. R. Kannan,

Commisstoner of Archaeology and Museums who also read
out the report on the important events in the 150 years of the
Government Museum. Dr. R. Kannan gave out the size of the
Web site as 1400 A4 size pages corresponding to 122 MB
developed by M/s. Electronic Corporation of Tamil Nadu
(ELCOT) for which the Commissioner and Curators had to work
till late night for one year. He also claimed that it is one of the
biggest web sites among the museums in the world. He outlined
the medium term vision plan of the Museum. Dr. D.A. Swallow
and Dr. I. K Bhatnagar felicitated the Government Museum on
its 150 years. Dr. Bhamagar gave a brief report on the activities
of the Indian Association for the Study of Conservation of
Cultural Property (IASC). Dr. Swallow spoke about how the
Nehru Trust sponsors Curators to London. Dr. V. Jeyaraj gave
a report about the conservation activities in the Department of
Museums. The Hon'’ble Minister of Education, Government of
Tamil Nadu, Dr. M. Thambidurai inaugurated the Seminar and
the Web site and the special exhibition on Stone Objects. In his
address, the Minister congratulated the Museum for the various
activities undertaken by it and also the programmes of the 150
Year Celebrations. He also lauded the development of the Web
site and declared that the Amaravati limestone objects embedded
on the walls would be removed, conserved and redisplayed
according to modern museological standards, Mr. S.P. Singh,
Secretary, IASC proposed the vote of thanks.

The keynote address was delivered by Dr. MV. Nair, Director
of Archaeology, Kerala on Conservation of Stones as Culmural



Conservation of Stone Objects

liv e

Property ie., limestone, sandstone and how it weathers and
deterioration of stone due to air pollution, how to analyse the
properties of the stone by reflection radiometric, neutron gamma
techniques and how to analyse the physical problems due to
weathering by density, porosity etc,, and how to consetve them
after considering the thermal properties. He has advocated
consolidating and surface coating and co-ordination between
tesearchets in conservation and actual professionals.

The first technical session was presided by Dr. LK. Bhamagar
and Reporteur by Mr. P. Perumal. Prof. T. P. Jagan, on
Geological Aspects of Rocks Used for Art Objects (Sculptures),
stated the geological aspects of the sculptures. Dr. ].Raja
Mohammad, Curator for Government Museum, Pudukkottai on
Medieval Monuments of Pudukkottai: Status of Granite stated
that the deterioration and decomposition on the surface of the
granite holdings of some of the early Chola monuments and their
present status, Prof. M. 8. Mathews, Head of the Department of
Civil Engineering, IIT, Chennai on ‘Restoration of Earthquake
Damaged Stoene Monuments with Special Reference to Gujarat
Monuments’ stated that - [Mathematical Modelling] FEM Analysis
and also structures cannot be made earthquake-proof, only
resistant to earthquakes. There is a need to adopt and adapt these
internationally accepted anti-seismic retrofit and rehabilitation
techniques to conditions in India and simultaneously train
manpowet in their use, to ensure conservation of our monuments
for postenty.

The second technical session was presided over by Mr. A.S. Bisht
and Reporteur by Ms. Y. A. Divya Durga Prasad. Mr. S.P.Singh
on Natural and Manmade Disasters with Special Refetence to
Bamiyan Statues and Art Objects at Bhyy”

The third technical session was presided over by Mr. S. P.Singh
and Reportear by Mr. P. Sam Sathiaraj. Mr. K'T. Narasimhan,
Superintending Archaeologist, Archaeological Survey of India,
Chennai Citcle on ‘Conservation of Stone Monuments’. In India,
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the ancient monuments were made of three types known as
Nagara, Dravida and Vesara with special reference to temples. They
were made with wvarious media like stone, wood, brick,
stone-cum-brick etc. The Archaeological Survey of India, Chennai
Circle, Chennai during the recent years has completed
conservation of more than 100 temples successfully without
deviating from the ancient method. For doing conservation, the
conservator should have the knowledge of art and architecture,
ancient knowledge about the raw materials, well versed with
modern technique of methodology, besides capable of using
modern materials also. Mr. C.B.Gupta presented a paper entitled
‘Lime for Conservation of Limestone Objects - a report’.

The fourth technical session was presided over by Mr. K.T.
Narasimhan and Reporteur by Prof. T.P. Jagan. Dr. M. Sekar
presented a paper on ‘Detetioration of Stone Work and Methods
of Restoration’. He stated that in undertaking restoration work
of the affected structure, the sequential action suggested are
diagnosis, cleaning, pre-consolidation, consolidation, surface
protection, reconstitution and maintenance. The repair methods
range from stitching of the cracks to redressing of the stone
when the original surface has eroded. Mr. R.K. Sharma spoke on
‘Conservation of Stone Objects with Special Reference to
Limestone Objects’. Mr. N. Harinarayana spoke on ‘A Short Note
on the Preservation of the Brick-built Heritage of Chennai. He
stated that brick is similar to stone as a building material in some
respects but has its own problems concerning conservation.

The fifth technical session was presided over by Dr. M. P.
Bhatnagar and Reporteur by Mr. C.B.Gupta. Prof.
P.K. Palanisamy on ‘Preservation and Conservation of Stone
Antiquities Using Lasers’ - The intriguing properties of lasers, the
mechanism involved in the stone cleaning by lasers and also some
of the recent developments of the laser technology of cleaning
are presented in this paper. Dr. Stephen Fowles on ‘Lasers for
the Conservation of Cultural Heritage’. The development of new
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methods that are less invasive than was previously the case, an
example being laser-based techniques for the cleaning, recording,
non-contact replication and analysis of sculpture. Ms. M.N.
Pushpa spoke on ‘Stone Objects and Bio-deterioration with
Special Reference to Limestone Objects’ Dr. R.R. Deshpande and
Prof. A.D.Agate spoke on ‘Association of Specialised Microbial
Population with Rocks of Ajantha and Aurangabhad Caves’. He
stated that it is difficult to establish 2 clear cut cause - effect
relatonship. Mr. S.P. Singh and Ms. Chhavi Bhandan spoke on
‘Problems of Bats on Indian Monuments’. They stated thai the
problem of bat eradication from monuments is still unsolved. The
bat’s enuy into monuments can be controlled by putting bat
boxes along the sides of the point of entry of bats into
monuments and closing that point of entry by wire meshes for
the period tll bats actually divert their way to bat boxes.

The sixth technical session was presided over by Dr.D.A.Swallow
and Reporteur by Dr.C. Maheswaran. Dr. Robert J. Knox spoke
on Display of Amaravatl Sculptures in British Museum’. He
spoke about the problems of Amaravat limestone sculptures both
in the storage and display area. The present display system and
ait-conditioning the gallery have made the Amaravati limestone
sculptures in good condition. Mr. P. Sam Sathiaraj, on Problems
Relating to Transport and Display of Stone Sculptures in the
District Museums in Tamilnadu’ - Limitations of funds allotted
to the district museums for adapting sophisticated methods of
lifting, loading, packing and transporting the sculptures is also
another reason for the occurrence of these problems, Ms. Y. A.
Divya Durga Prasad spoke on Traditional and Modern Methods
of Poulticing in the Removal of Accretions from Stone
Sctﬂptutes’. Traditionally the sculptures are cleaned to remove oil
and other accretions by the application of flour, cooked rice and
sanclal powder paste on the sculptures by the simple principle of
capillary action. When the sculptures are brought to museum and
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stmilar places from the place of their occurrences, problems start
mncreasing,

The seventh technical session was presided over by Dr. R]. Knox
and Reporteur Mr. G.B. Gupta. Dr. R. Kannan spoke on
‘Overview of the Legislative Framework for the Protection of
QOur Cultural Property and Suggestions for Improving
Implementation’. He stated that laws have been framed to
regulate traffick in antiquities. It is illegal to trade in them or
export them without permission. Therefore, there is need to
protect them so that they do not end up in the illegal art market.
Me. C. Paranthaman spoke on ‘International Law for Protecting
Objects of Art from Illegal Trafficking and Theft’. Mr. C.
Santhalingam spoke on ‘Authentication of Stone Sculptures’. He
stated that in dating the sculptures, scholars usually rely upon the
physical features, dressing pattern and ornamentation., But
fortunately some of the sculptures are having inscriptions with
exact date and help us to fix the actual date of the sculptures.

The eighth technical session was presided over by Mr. BRN.
Sharma and Reporteur Mr. M. Gandhi. Mr. A.S5. Bisht spoke on
“Three Main Problems of the Sculptures’ - 1. Technical study of
the stones used for making these sculptures to authenticate them
and study their provenance and history of technology, 2. Scientific
study of the deteroration process resulting into crusts or erosion
or weathering. This helps in devising suitable treatment
methodology and 3. Suitable display and storage technology as to
retard their decay as long as possible. No decay should happen
of objects due to wrong display and storage techniques. Mr. Shaik
Abdul Munaf on ‘How the Young Sculptors Foresee Their
Future? - An Anthropological Study’. Ms. Ritu Jain on ‘Bringing
Conservaton to Classtoom - An attempt. Mr. M. Gandhi on-
Preservation of Stone Objects in the Government Museum,
Vellote. This paper deals with limestone, sandstone, sculptures,
the mutilations done to the objects, the type of preservation and
dowelling, which is a technique of restoration of stone sculptures.
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Mr. N. Sundara Rajan on ‘Stone Objects and Their Environment’
and Mr. N. Soundara Pandian on ‘The Role of Curators in
Preserving Stone Objects’.

Prof. Dawn Stanley spoke on Stone Structures with in Natural
Caverns: Need for Conservation and Protection. Dr. V. Jeyaraj
spoke on the Status of Preservation of the Amaravad Limestone
Sculptures in Government Museum, Chennai and the participants
were taken to the Amaravat Gallery to explain the vanous
problems. Ms. ]. Christy Veda spoke on Stone Sculptures and
Their Preservation Measures in Tamilnadu.

— Dr. R. Kannan



Valedictory Address - lix

Valedictoty Address by Dt. Baldev Raj

Conservation of Stone Objects with
Special Reference to Limestone
Objects

Baldev Raj and B. Venkataraman,

Materials Chemical & Reprocessing Groups,

Indira Gandbi Centre for Atomic Research,
Kalpakkar — 603 102, Tamil Nadu, Indsa.

ndia s a country endowed with a tich and wvaried cultural

heritage. Apart from the exquisite South Indian bronzes, the
stone and marble objects and limestone reliefs occupy a pride of
place in the country and are known internationally for their
aesthetics and uniqueness. The wonder of the world Taj Mahal,
the monolithic rock cut pambaratbas, Shore temple at
Mamallapuram, the Amarapa#i limestone sculptures and the
limestone reliefs such as “second century Mandhata the
Cakravartin” at the Government Museum, Chennai are all standing
examples to these. Apart from being the cultural assets, objects
of cultural heritage form a wvital link between the past and future
generations. They also serve as ambassador of a counery. Hence,
it 1s highly important that these treasures be characterised and
conserved for posterity.

Conservation refers to the art of preserving the originality of an
object without doing any altetation to the physical features by
applying natural, physical and chemical methods. It is distince
from repair or restoration but includes both restoraton and
preservation. Stone objects in museums are often perceived as a
material with few problems and thus requiring- the least attention.
This is not ttue. Stone is brttle and can btezk or shatter. While
stone is generally harder and tougher than many other matetials,
the factors, which cause detedoration of other museum objects
including environmental conditions also affect stone and
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limestone objects. The process of deterioraton and decay is
unavoidable and continucus and so is the process of restoration
and conservatdon, An effective conservaton measure requires a
complete understanding of the historical, stylistic, iconographic,
as well as technological and material aspects of the cultural
propetty. Precise and reliable characterisation of stone especially
limestone objects is a demanding task since one 15 required to
do a detailed and comprehensive study without violating the
antiquity of the object. This requirement calls for completely
non-destructive techniques to be employed. Conservation of these
objects is a daunting task since the mineralogical materials present
in the objects to be preserved as well as the conservation
matetials applied are very similar and allow no separation by
content or cause further deterioration.

In this paper, we briefly highlight the agents that cause
deterioration of stone espectally limestone objects and the present
day conservation measures. An international case study is
highlighted as to how an integrated approach involving the
application of scientific techniques can help in effective.
restoration and conservation.

Agents of Deterioration in Stone and Limestone Objects

The agents of deterioration that can have the most profound
effect on stone and limestone objects are the direct physical
forces. Most stone objects get chipped, cracked or broken on
being dropped while limestone objects can break or crumble.
Thus, careful handiing of these objects is required to prevent any
possible cumulative damage. Stone or limestone objects may be
housed inside museums or protective environments or may lie in
open environments. In case of objects in open environments,

(i) Dirt and dust accumulate on horizontal surfaces and in nooks
and crevices. This disfigures the object. Over a period of ume
the dirt can penetrate porous stone and cause staining. High
waffic areas will have greater accumulation of dirt.
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(@) Cyclic changes in humidity and temperature can bring salts to
the surface and cause spalling. High humidity can react with
pollutants and damage stone and limestone structures.

{1} Erosion would occur due to wind and ramn,

(iv) Atmospheric pollutants can react with water and cause
damage. Carbondioxide and water form carbonic acid that can
dissolve calcium carbonate, a major component in limestone and
marble. Other sources of acid that attack stone come from the
reaction of water with chlordes, nitrates and oxides of sulphur.
Other chemicals from car eshaust and industnal pollution react
with catbonates to create disfiguring brown and black layers on
the surface or simply adhere to stone and discolor the surface.

{v) Biodegradation occuts through active micro floral growth.
Bacteria, algae, fung and moss grow on lmestone and stone
surfaces and inside cracks pushing them further apart. These
agents also retain water and contribute to the damage caused by
water and atmospheric pollutants. Their organic waste products
can dissolve calcium carbonate. Biological agents can also cause
staining. Birds can disfigure and damage stone with their waste.

Vandalism Can Damage the Obijects

Except for erosion due to wind and rain and vandalism, objects
that are housed in musewmns or protective environments ate also
subjected to other factors mentioned above. The net result of all
these is a weakening of the structure, erosion and loss of features,
development of cracks and defects and in worst cases the loss
of the object itself. Thus effective conservation and protection
measures are needed.

Present Day Conservation Measures

The program of conservation includes cleaning the objects,
consolidation, repair and restoration. An additional step presently
emmployed is to assess the effectiveness of restoration.
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Cleaning

Cleaning is the most important step. Removal of dirt, dust and
foreign particles from the surface of a limestone object deserves
care and attention. The cleaning method should not damage or
destroy the object itself. Cleaning can be effected either by
(a) physical (mechanical), (b) chemical, (c) electrochemical/
electrolytic methods or (d) by the combination of one or more
of the above methods. Physical methods include use of simple
mechanical tools such as pin, scalpel, chisel, hammer,
mechanically operated vibro-tool, etc. Ultrasonic methods can be
used to remove the extraneous matter and adherents by
immersing the objects in a detergent solution contained in an
ultrasonic cleaner. Vibro-tool may also be used to get rid of loose
adherent soil and dirt. However, this technique calls for extreme
care, for lack of it this may damage the finer workmanship of
the artefacts. In chemical methods, usually chemicals which can
dissolve or form soluble complexes with the corrosion products
are used to remove the deleterious materials from the objects.
Only mild chemicals and very dilute solutions are used to remove
the corrosion products without affecting the limestone stone
metal beneath. Mechanical means of removing deposits have the
advantage over chemical means in that the former methods do
not introduce or leave behind any additional chemicals or
products of chemical changes on the artefacts.

One of the latest and innovative methods is laser cleaning. The
precise and well collinated laser beam engages only those areas
that need attention and has excellent removability. There is
minimal damage to the surroundings and no after effects. A
number of laser types are available, the most popular being the
Nd-Yag Laser.

Consolidation and Conservation

Limestones may lose their integrity (i.e. decay) due to a number
of factors listed above acting singly or unison. Compared to other
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stone strucrires, limestone being porous sedimentary rocks, the
problem of decay much more severe. The decay is generally
believed to result from the dissolution of the material cementing
the grains of limestone together or from disruption of the
intergranular bonds from increased tensile stresses cased by such
processes as salt crystallisation and thermal expansion. Thus to
restore the integrity of the decayed limestone object, it must be
treated with a2 material also called consohdant that will effectively
restore the bonds between the adjacent grains. Adequate care is
to be exercised in the selection of consolidant since, the
consolidant itself should not be the source of decay or damage
or discolouration of the object. Consolidant should be selected
based on adequate laboratory and field tests only. Different types
of consolidant are used for different problems.

Dilute epoxy and acrylic resin systems in hydrophilic solvents
have been used as consolidant for weak limestone while biocides
in dilute agueous solution have been applied for preventing
microfloral growth on new limestone and for controlling insitu
growth on historic limestone. Once an object has been
consolidated, it is to be conserved. Protective coatings have been
applied as part of conservation measures to prevent weathering,
In case of objects inside museum, special enclosures are made
for housing such objects. This would not only prevent the object
from being exposed to advetse environmental conditions but also
from public handling, dirt and dust. The latest research focuses
on attificially induced surface conversion of calcium carbonate to
calcium oxalate to protect Emestone from the desttuctdve effects
of acid deposition without inhibiting the natural behaviour
mechanism of the limestone.

Case Study — Restoration of Fountain of Fout Seasons at
Iowa State Universityl

This case study highlights the systematic approach adopted in the
restoration of the Fountain of Four Seasons located at the Iowa
State University, USA. This fountain had been sculpted in 1936
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by Danish born sculptor, Christian Petersen and is based on the
Osage Indian legend, which gave thanksgiving for the provision
of maize. The arrangement in the fountain consisted of four
Native American women made from Limestone, each
representing one line from the legendary chant. Accompanying
the figures were eight unglazed terracotta panels and associated
capstones and spouts, which were attached to the fountain basin.
The fountain had an exterior limestone perimeter wall.

Over the years due to neglect the fountain had deteriorated.
Improper water treatment had resulted in formaton of thick scale
deposits and biological growth over most of the limestoae figures
and the terracotta panels while advanced level of corrosion found
on the fountain’s water recirculation system resulted in disfiguring
ferrous stains on the terracotta panels. Cracks were observed on
the east-facing tetracotta panels and around the neck of the
north-facing limestone maidan. Overall, several areas in the
concrete bases of limestone sculptures and terracotta panels had
deteriorated.

The entire fountain was dismantled for the purposes of
conservation. The eight terracotta panels, capstones, downspouts,
associated pieces, and four hmestone sculptures of the maidens
were shipped to Conservation Technical Associates’ conservation
facility in Connecticut for conservation. Prior to the actual
conservation treatment, cleaning tests and material analysis were
performed on the four limestone sculptures and the central terta
cotta wall 1o ascermin the best method for cleaning and also
identify appropriate consolidants and chemicals that would be
suitable for conservation. Ultrasonic cleaning carried out to
remove surface dirt and bi(;logical growth while the hairline
cracks in both terracotta and limestone were repaired using Siéz
52 Epoxy tinted to match the colour of the surfaces. To prevent
reoccurrence of rust staining on terracotta panels and limestone
sculptures all ferrous parts within the recirculation portion of the
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fountain were replaced with 304 stainless steel rods. After
conservation, all the parts were shipped back and assembled.

Rale of NDE in Conservation

Non-desttuctive Evaluation (NDE) methods such as ultrasonics,
acoustic emission, radiography, tomography and infrared imaging
are becoming increasingly important in developing long term
strategies for scientific characterisation and preventive
conservationz. Acoustic emission/microseismic activity is a
valuable tool for diagnosis and monitoring in stone conservation
programs. One of the fundamental application areas is evaluating
the stability of the rock foundation of the monument and also
the monument itself as an architectural object. Ultrasonic and
radiographic methods have been used for characterization of the
objects and also evaluation of defects such as cracks in objects
ptior to conservation treatment. Digital documentation based on
high resolution CCID} cameras coupled with periodic monitoring
a2nd image processing with template matching have been
envisaged for revealing deterioration at a very eatly stage. In fact,
tnnovations in the field of NDE Science and technology is being
exploited for conservation applications.

Issues im Conservation

Objects of cultural heritage are the ambassadors of the country.
Many of the local and national authorities value cultural resources
primaniy for their potential to attract foreign visitors. However,
uncontrolled and unplanned tourism can cause irreparable damage
to the object itself. This coupled with the fact of poor
maintenance can result in the loss of the object itself in the long
run. The main issue that exists in many developing countries is
that while there is a desire for the ihcome generated by the
tourism industry, there is hesitancy to provide the funds necessary
for conservation and maintenance. Apart from this, the other
issues include lack of awareness among the general public, paucity
of training programs in conservation and lack of avalability of
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trained manpower. Another major handicap in developing
countties is the lack of synergism between various institutions
such as archeological bodtes, ministries, research centres and
universities.

Conservaton — Quo Vadis ?

The process of decay is continuous and unavoidable and so is
the process of conservation. The two famitliar maxims — “A stitch
in Time Saves Nine” and “Prevention is Better than Cure”
highlight the need and principles of conservation. Internationally
conservation policies have aimed at appropriate methodologies for
early detection of decay and also strategies to find the root cause
of decay. The case study on fountain of four states ts an excellent
example which highlights how conservanon of objects of cultural
heritage is an interprofessional discipline coordinating a range of
aesthetic, historic, scientific and technical methods. The issues in
consetvation clearly indicate that a paradigm shift is needed in
the approaches of developing countries and the conservation
personnel. It is to be realised that ultimately success in this
field depends on how experts from the fields of art,
architecture, material science, technology and administration
respect each others contribution and combine to form an
effective team.
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Stone is a construction term for natural rock materials, quarried

from the earth for building purposes. Both the aesthetic and
engineering qualities of stone are derived from the mineral
content of the stone and the formation processes.

To be usable as a building material, the rock must be able to be
cut and removed from the source in large enough dimensions to
be useful in the building process. Those pieces removed must be
free from fractures and devoid of minerals, which might break
down chemically or by weathering.

Strength

Very generally, stone can be considered to be a material, which
is very high in compressive strength. Stone materials in the US
range from 7000 psi as a low for sandstone to 25000 psi for
certain granite.

% Primarily used in compression - not to support other forces

% Stones are also very heavy and much of their strength in wall
construction is used to support their own dead load.

Durability

Durability is resistance to weathering, mostly. Much failure in
stone in construction is due to weathering or natural forces:
water, freeze/thaw cycles, fire. Air pollution and acid rain-rapidly
deteriorate stone structures throughout the world-major issue in
historic preservation. Stone materials for construction are very
regional in nature, tied very directly to local geology. Stone used
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in building in the past was generally closely tied to the regional
sources.

In architecture-often used for building foundations-transition
from building to ground-a solid base for the building.

In landscape-most suited to uses tied to the ground-retaining
walls, low free-standing walls-paving.

Igneous Rocks

Igneous rocks-essentially cooled molten matter. Igneous rock is
crystallised from molten matter. Examples of igneous rock
include: granite, gabbro, basalt and porphyry. The differences
between these stones are chemical composition and grain size.
Chemical composition will affect both colour and texture. The
texture of these rocks also depends on the environment in which
they are cooled-may be slowly deep in the earth’s crust or rapidly
near to the surface.

Granite

True granites are cooled deep below the earth’s crust and have
and evenly grained ctystalline texture-some are relatively

fine-grained, some quite coarse grained.

Granites have high silica (acidic) content in the magma - this
crystallises into quartz. Typically, the higher the quartz content,
the stronger for building construction.

Granite is a very hard, durable materal, which can be prepared
in a range of finishes from very rough split face to a highly
polished surface. Tends to cleave or split regulatly.

Not typically sculpted because of hardness, Very expensive to cut
or carve gramite, although it is done,

Granite is used where high strength and/or durability are needed.
It has excellent resistance to weathering and abrasion, therefore
is an ideal stone for landscape applications. At the turn of the
century cobblestones for streets were typically made of granite -
can be seen in many historic districts now.
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Basalt

A "basic” rock, very fine-grained, very dense and virtually without
crystals. Basalts are generally low in silica content and higher in
the dark minetals-hornblende, black tmica. Basalis ate the resubt
of incrusive bodies-cooled rapidly near the earth’s surface,
resulting in a very fine-grained texture.

Eugene basalt is very dark grey to black in colour. In the past
it was used in the landscape extensively for walls and flagstone
paving. Currently, it is used less frequenty.

Workability

Basalt does not split regularly - must be chiseled into shapes.
Rarely seen highly finished, especially now.

Sedimentary Rocks

The raw materials of sedimentary rocks are sediments, weathered
and catried by watet. These sits, sands and occasional skeletal
remains are deposited by the action of water (either mechanical
or chemical as in precipitation) and compressed under pressure.

Essentially - weathered rock of all derivation mixed with plant
and animal remains and compressed - often uader the weight of
water bodies or glaciers. Examples include - sandstone, shale,
limestone, dolomite, travertine and onyx. The flat layered
structure of sedimentary rock is an essential characteristic. They
also often have an uneven texture (called graded stone), in some
cases with recognisable plant and animal remains or rock within
the stone.

There are two important components to sedimentary rocks, which
define their charactenstics: the primary materals and the cement.

Texture, colout and gtain ate dependent upon the mineral
composition of the primary components and the bedding ot
layering characteristics. The sedimentary rocks generally have the
least resistance to weathering and wear, however, they are also
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generally very easy to work - easily cut or sawn and easily

sculpted.
Limestone

Rock, which consists primarily of calcium carbonate (pure
limestone is 100% CaCO;, pure clay is 0%), formed either direcdy
ot indirecdy from minerals dissolved in sea water. Chemical
limestones are formed ditectly by the ptecipitation of calctum
carbonate from water. Organic limestones, with which we are
probably most familiar, consist largely of fossilised shell bones
and plant remains. Clastic limestones result {rom the erosion
of pre-existing limestones, latet te-consolidated. Limestone is
relatively soft when it is raken from the ground and at that dme
is quite workable. As it is exposed to the air, it hardens, becoming
quite durable and weather resistant

Travertine

Travertine is a very finely grained form of limestone, often with
very visible layering - can be visually confused with matble -
appearance is halfway berween the two.

Sandstone

A sedimentary rock composed primarily of silica - either rounded
or angular grains of sand cemented together by a range of mineral
compositions such as silicas or clay-based minerals, giving
sandstones their colours, ranging from white to deep reds.

Durability and Workability

When quarried, sandstones have relatively high water conteng,
making them easy to cut and sculpt. They are relatively durable
and strong once dred, often lighter than most other stones,
however they are also much less resistant to wear and weathering.
Sandstones are infrequently used for paving for this reason,
frequently used in sculpting applications.
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Metamorphic Rocks

These are formed by the crystallisation or re-crystallisation of
pre-existing rocks, under high pressure and heat. Because of this
re-crystallisation process, the resultant rock is more stable and
generally much stronger. Also can be more visually appealing.

Examples of metamorphic rocks include: gnetss, quartzite, marble,
and slate. Gneiss and quartzite are formed from granites or
sandstones, marble is formed from limestone, dolomite or
travertine. Slate is formed from clay shale or marl

Marble

Formed by the re-crystallisation of limestone. The calcium
catbonate of the limestone is crystallised under extreme heat and
pressure to form crystals of calcite. The coloured banding typical
of many marbles (white, grey, pink, green) is caused by impurities
in the original limestone. Matbles vary widely in their durability.
Some are very durable, while others must be protected from
weathering and weat.

Slate

Clayey rocks, subjected to pressure are reconstituted in the
tnineral form of mica, which lies in very thin plates at right angles
to the pressure. Slates are usually exposed to low-grade
metamorphism, many are incompletely metamorphosed. Slates
generally do not have high strength due to the tendency to split
horizontally, however some have good weathetng characteristics.
Slates can be split into very thin sheets - as thin as ¥4". Slate
has therefore been used for roofing as well as very frequently as
a paving material. Slate is also the former matedal of blackboards
- it can be sawn or cut to specific shapes, and can be polished
to a very smooth finish. Colours are generally in the grey to

blue-grey or green-grey.
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Manufactured Stone

What is it? Stone fragments are bonded together ecither with.
Portland cement or epoxies to create materials resembling stone
In appearance.

Stonework Terminology

Forms of Stone

Stone is marketed in a number of different forms: referring to
individual elements

Rubble - in its purest sense refers to fieldstone, however, it also
is vsed to refer to non-cut stone, which might be blasted from
the quarry.

Ashlar - refers to squared stone, usually cut by sawing or
chiseling, depending upon the compositon of the stone. Ashlar
stone is avatlable in a number of finishes, depending upon the

source stone.

Dimension Stone - refers to cut stone, wholly fabricated at the
mill, ready for installation in the building. An example might be
the sills or lintels of a building or decorative details.

Paving Terms

Flagstone - a3 we might expect, refers to flat slabs, either saum,
ot broken, which are vsed for flooring or paving.

Riverstone - rounded rocks as typically found in nvers.

Cobblestone - paving units chiseled to roughly rectilinear shapes.
Stonework

Basic classes of stonework:

Rubble: Using rubble, constructing a wall with no apparent
coursing. This may be the structure of the wall and it can be
constructed either with or without mortar. It may alse be a facing
material only, in which case the stone is ted back to the wall
with metal tes,
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Coursed Rubble: Again, using rubble, the stone s laid up so
that the "bed" joints are visible as horizontal lines. Has a
significantly more ordered appearance than straight rubble
stonework.,

Coursed Ashlar: Ashlar stonework refers to the use of cut stone.
Coursed ashlar refers to coursing of the dimension stone - laying
it in horizontal beds or courses, much like standard masonry. In
stonework, it is very common not to use matching sizes of pieces
of stone.

Random Ashlar: Cut stone in random coursing.

Paving: No standard terminology specific to stone paving-borrow
from wall patterning or brick paving.

Durability: Resistance to weathering and to abrasion.

% Durability in stone for construction can be listed from 5 years
{sandstones) to 200 years (granites). But, how old are the

ancient structures now? Greece and Rome - over.2000 years.

Strength: Compressive strength and with sandstones and slates,
shales - tendencies to split or break.

Weight: For design and transportaton reasons.
Labour: Are there experienced masons to build the project?

In summary, stone is considered an expensive material to use in
landscape construction - looks ntce and it can give a very elegant
appearance to the landscape.

% It is very durable and long lived

< If regional stones are used in appropriate settings - can create
strong tes between the built and natural landscape.
% Can be inappropriately used ie. in above ground conditons,

out of the right landscape context, can be too rough or too
finished or too heavy for the context.
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Dimension Stone Granite

The Dimension Stone Granite (DSG) ranks second in exports,
next only to iron ore. India exports DSG to Italy, Taiwan,
Hong-Kong, Japan, China, USA, Germany, Belgium, France,
Spain, Middle East, Singapore etc. There are about 300 varieties
of DSG in the wotld market out of which nearly half of them
are from India. India with DSG resources of 1,690 million cubic
mettes accounts for nearly 20% of the total world DSG
tesources. Granite industry in Tamil Nadu is in constant
tequirement of good quality dimension stone blocks fot
consumptionr, both in domestic sector and in overseas matket.
Fourteen varieties of IDSG have been found in the four districts
namely Tiruvallur, Vellore, Tiruvannamalai and Villupuram, of
which black granite, black porphyry, pink/yellow, multi, desert
brown and Gingee grey are of premimum quality that are being
exploited and exported. Grey pearl and zebra white are new finds.

Selecting Stone for Conservation and Restoration Work

The first requirement when a stone building is considered for
conservation or restoration is to determine the nature of the
stone. Many histotic buildings will have archival records, which
should be scanned for references to the source. Where that does
not produce any answers a geologist should be consulted to
determine the nature of the stone. The next stage, the
determination of the ‘provenance’, the source of the stene, may
be much more difficult. Again it is best referred to a geologist
with specialist knowledge of the geology of stone for building
and decoration. It must also be recognised that stone from a
present day quarry, whilst geologically the same, may in fact
present a slightly different appearance from stone quarried in the
past. Nevertheless, to preserve the integrity of the building, the
same geological stone is always to be preferred. However, it is
not always possible to find the stone required. In that event a
geologically appropriate stone should be sought and the re-use of
odginal or reclaimed stone should be considered. Although many
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masons object to ‘second-hand’ stone, there appears to be no
scientific reasons why the material should not be re-used,
provided that bedding and other criteria are observed. The
matching of stone from a provenance other than the original is
a specialist task. Again, advice should be sought from geologists
with experience in this field. It may be necessary at this stage,
for thin-sections to be cut for mictoscopic study or for x-ray
diffraction techmiques to be used. The specialist will give
guidance.
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he knowledge of materials for a Sculptor or an Artist is the

foundation upon which real achievement is based. The
knowledge of the technical aspects, physical and mineral
properties of stones are important for an Artist and a
Conservator. The great masterpieces give us not only the
outstanding craftsmanship of the past, but also reveal the
technical knowledge of the masters in choosing proper stones for
sculptural works. It is very important that a Sculptor must have
the knowledge of materials besides craftmastership.

Definition of Sculpture

The term ‘sculpture’ is derived form the Latin word ‘saufpers and
“seulpiurd meaning ‘to carve’ or ‘cut-out stone’. The term is today
employed in a wider and more inclusive sense. Sculpture is
essentially a dimensional art concerned with the organisation of
masses or volumes. The Sculptor composes his wotk in tettns of
volumes or masses, contours, light and dark areas and textures.
Among varous materials stone, wood, metal, plastic, earth clay,
wax, wory and boue are sotne to mention. Each substance has
its individual coloutr, texture and hardness. Sculptural media are
roughly divisible into two large groups, one consisting of the hard
and relatively permanent substances such as stone, wood and
metal, which are either carved directly or beaten into final shape
and the other consisting of the soft substances such as plastic,
earth catved directly or beaten into final shape and the other
consisting of the soft substances such as plaste, earth clay and
wax.
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The materials used in carving are generally hard substances and
sculptots, both carved and modelled masterpieces, have been
produced in both forms. Sculpture consists of two major
divisions, namely carving and modelling. For purposes of
classification, we can divide sculpture into three major forms.

1. Intaglio, 2. Reliefs and 3. Sculpture in Round.
Intaglio

Intagho is a form of incised relief in which the design is sunken
below the surface. A type of incised relief employed larpely by
the Egypuans in the pyramids for architectural purposes is
referred to as BEgyptan relief. In the intagho form, the figures
do not project from the wall, but are cut into it. This sunken
relief is characteristic of Egypt and rately found elsewhere.

Reliefs

The term ‘bas refief is frequently used in a broad sense to include
all types of raised reliefs. The difference between the type or
degrees of relief is a difference of degree of projection from the
background surface or plane. Low relief is referred to as
bas-relief-"bass/relieco’ the French word and ‘basso’ the Italian
one, means ‘Tow’. This type of relief sculptutes have relative
projection from the background and have no undercuts medinm.
Relief is also known as ‘megge’ ‘refievd’ or ‘half relief. Another
type of relief is full relief known as ‘high-relief and ‘alfo-relievs’.
This is the highest type of relief. The forms in this relief]
depicting some projections such as heads or arms, may be entirely
free from the background.

Sculpture in Round

In sculpture in round, the figures of forms are free standing and
can be seen from all sides. The round sculpture gives three
dimensional forms in detail. Sculpture in the round is the nearest
and most intimate approach of the arts to life since its essence
is three-dimensionality. While a painter works on a
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two-dimensional basis and suggests the third dimension, the
Sculptor works directly with three dimensions.

The Tradition of Making Stone Sculpture

The tradition of making stone sculpture in stone can be traced
to prehistodic time, The best example of pre-historic sculpture is
the Venus of Willendorf, 28000-25000 B.C., alsc known as the
Great Mother Goddess. The Egyptian pyramids and sculptures
date back to 5000 B.C, like the Temple of Ramses II, 1257 B.C.,
Mentemhet the Governor sculpture, 650 B.C. (Egyptian Museum
Cairo) and the bust sculpture is Queen Nefertid, 1360 B.C.
Pyramids, spinx and other important monumental sculptural
works are to be found in the Middle East, India, Iran and Iraq.

Various Kinds of Rocks Used for Making Sculptures

Rocks fall into three major divisions, according to their origin.
Those that have been formed by the action of fire—the ignecus
rocks, those that have been formed by the action of water--the
sedimentary stones and those igneous and sedimentary varetes,
which have been radically changed physically or metamorphosed
by natural forces—the metamorphic rocks.

Igneous Rocks

Igneous rocks are formed by the cooling and solidificadon of
subterranean or molten masses as they approach the surface of
the earth. The igneous vaneties include diorite, polite, rhyolite
and obsidian.

The Temple of Ramses II, 1257 B.C, in Egypt, which is 60’ in
height, ts a typical example of this kind of stone sculpture. Other
~ important round sculptures in granite are the statue of Kafre and
Mentemhet the Governor, 650 B.C. Egypt.

Granite

The origin of the term ‘granite’ is not accurately known. It might
have been derived from the Latin word ‘granum’, meaning ‘a seed’
or ‘grain’, because of the granular texture of the stone. Another
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possibility is the Italian word gramie’ (gtain) referring to the
varicolored grains. The term signifies any entirely crystalline
unstratified granular rock mass of igneous origin made up
principally of quartz and a potash feldspar, which is a very hard
tnatetial. It has been extensively used for making sculpture til
date by sculptors all over the wotld The best possible quality
should always be used in any other stone selected for sculptural
use by sculptors.

The Essential Minerals of Granite
Feldsfar Group — Quartz, Orthoclase, Microcline, Albite

Accessory Minerals — Mica group - Muscovite, Biotitic,
Pyroxene
Secondary Minerals — Cholrite, Muscovite, Calcite

Sedimentary Rocks

Sedimentary tocks ate also referred to as swratified forms. They
are the result of deposition of sediment in successive layets ot
strata. When a rock mass is eroded, small particles of stone are
carried away by flowing water and are eventually deposited n
river beds or larger bodies of water such as lakes and oceans,
into which the mvulets and streams ultimately empty. Far out at
sea these patticles intetrmingle with the skeletal remains of
innumerable varieties of otganisms. Most limestones and
sandstones used by sculptors have been formed in this way.

Limestone

Another important stone largely used for sculptural work all over
the woitld is limestone. Limestone has been used as a carving
medium since the beginning of pre-historic petiod. The Egyptan
sculptors’ models were generally carved in limestone. The best
example of pre-historic limestone sculpture is the Great Mother
of Venus of Willendrof, 28000 B.C. - 25000 B.C., and the best
sculpture of the early Egyptians is Queen Nefertiti, 1360 B.C.



Conservation of Stone Objecty

14 =

In the Indian tradition of stone sculpture, the best one is from
the Indus wvalley, The Priest and Male Torso. In the later stage
of Indian art most Indian sculptures are made in limestone.

Limestones are composed of calcium carbonate (CaCQOj) and the
mineral calcite. Limestones may be physically micro crystalline or
coarsely ctystalline, generally sandy or granular in appearance.
There is a large supply of limestone available in India, which is
used for sculptural work. The himestone is usually excellent for
malking sculpture. It generally carves easily and is quite compact,
but takes a very poor finish, Lithographic stone is an extremely
fine prained linestone that is quite dense and of homogeneous
crystalline structure.

Limestone is generally buff and is the finest vatiety for grain,
uniformity of colour and texture and are generally softer than
matble. The colours of the limestone are gray to buff although
they may also be cream, yellow, blue, red, green, brown and
tinted black. The buff colour is due to the presence of iron oxide.
Tinted varietics may oxidise. The blue colour limestone may
change to yellowish or brownish buff. The presence of moisture
may cause colour changes. Indian limestones are buff and gray
colours, fairly soft and easily worked and easy to catve.

Sandstone

Sandstones are fairly porous stones of sedimentary origin, which
are marked by compactness and durability. They are composed
of fine grains of sand (quartz and silica) bound together in
varying degrees of firmness. The harder varieties are almost of
pure quality and are frequently used as grained stones for
sharpening tools. The pure siliceous stones are the most durable,
but they are also the hardest varieties and the most difficult to
carve. The important factor in sandstone i1s determining the
degree of polish, because the grains ate plucked out in the
process. Most varieties of sandstones are quite porous. Their
porosity varies berween the granules and freestone. Sandstones
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are grey, yellow, red, brown, green and black in colour. Two
forms of iron oxide are responsible for most of the red forms
of sandstone. The presence of hematite (Fe;Os) colours the
stones red to dark brown. Another iron oxide, limonite
(2Fe;03.3H,0) causes shades varying from buff to brown.

Sandstone rocks are used tnainly for catving caves in India. The
Sanchi Smpa of Asoka, 3™ Centrury B.C., the Yaki#/ statue of
Didarganj, the great Buddha statue at Bhamian Hills in
Afghanistan, the Elephenta Caves and the Ajanta Caves are some

of the great sand stone monuments.

Metamorphic Rocks

Igneous or sedimentary rock formations that have changed
radically during their existence are called metamorphic. The major
factots in formation of metamorphic rocks are pressure, heat and
chemical reaction. Extreme rocks include quartzite, gneiss, slate,
marble and soap stone.

Marble

Marble was more extensively used by the Greek and Roman
sculptors than any other forms of stone. It is more softer than
granite and has a good white colour. Therefore, it 15 easier to
carve and is more durable than the limestone and other
sedimentary formation stones.

Marbles are of metamorphic origin and are the result of the-
transformation of dolomite or limestone, by vatious natural
forces, such as pressure, heat or chemical action. They are
therefore closely related in a chemical and geological sense to
limestones. Marbles are occasionally referred to as crystallised
limestone. Chemically a marble is the same as a limestone,
wherein the carbonates are granular, whereas in a marble they
are crystalline. The fine-grained, compact varieties of marble are
the best for carving. The fine type of marble coasists of an
almost pure calctlum or magnesium catbonate in crystalline form.
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The characteristic of taking polish is responsible for the natne,
‘marble’, which is derived from the greek word ‘paovazor’, meaning
‘shining stone’. The use of creamy white marble by the ancient
Greeks started a tradition in the use of fine white marbles for
stone sculpture. This practice was continued by the Greeks and
the Romans and petrpetuated by the extensive use of fine white
marble during the Renaissance. The most ancient marble
sculpture, is a head from Arly, believed to be of God Abu Tell
Asmar, 2700 - 2600 B.C. (Traqu Museum, Bagdad). The Romans
first worked the famed marble quarries, about the year 283 B.C.
and used the marble sculpturally and architecturally in the
rebuilding of Rome during the time of Augustus Caesar.
Michelangelo, the great artist and sculptor of the Rennissance,
used to visit the marble quarries to select choice blocks and used
them for his sculptural medium. Its populanty steadily increased
dudng the succeeding centuries until a few sculptors thought in
tetins of othet vadeties of medium.

Thete ate thtee major vateties of martble. They are,
Calcite form  — Crystallised calcium grains ' i
2. Dolomite form — Catbonate or calcite, crystallised dolomite

(MgCO;.CaCOy)
3. Mixed form—Mixture of calcite and dolomite, Pure calcite or
dolomite is white. The colours of marble range from a pute
white to jet black. Some of the factors to be censidered in
choosing a block of marble for sculptural use are as follows:
1. Live stone — a stone that is well preserved or fresh from
the quarry and so suitable for sculptural use — identified by
striking, when struck with the sculptor’s stone carving
hammer.
The compactness of block
Freedom of the mass from veins or clouded areas

Uniformity of texture and fineness of grai_ning

I SN

Purity of colour.
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Tennessee marble 15 an excellent sculptural stone. Geologists
divide Tennessee marble into six groups based upon their colours:
1. Gray
2. Faintly pinkish pray
3. Pink

a. Light

b. Medium

¢ Dark
4. Fine dark red
5. Coatse dark red and
6. Vanegated.
The great masters of world art (sculpture)— Greek and Roman —
have used marble as the medium of sculpturing for several
centuries. The best contributions of Mici:lclange.lo are:
1. The statue of David (Victoria & Albert Museum, South

Kensington, England)

2. The Pieta - Madonna and Child (St. Petet’s Chapel, Rome)
3. His works at the Medici Tombs in Germany
Another preat master was Augustus Rodin whose great statue was
Thinker. Calcite and dolomite marbles have been used by the
above masters for the above great works of art.
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The Prehistoric “Man” and the
“Madras Museum” at the
Cross Roads-150th Year

N. Devasahayam,
Formerly Deputy Director of Museums,
Government of Tamil Nadu, Chennai.

he year 1851 was the most significant in geological and

prehistoric circles both in India and Europe; because it was
exactly during that year, 150 years ago, the State Museum at
Chennai (Madras) was established with a nucleus of geological
specimens. And that year somehow coincides with Putnam’s
Research, which made the wotld prehistory, to take over biblical
convictions in Europe. Subsequently in 1859, the subject of
prehistory was recognised by the Royal Society in London.
Leading British geologists and archaeologists, namely Prestwick,
Falconer, John Ewvans, Boyd Dawkins, John Lubbuck, James
Wryatt, Charles Lyell and Cyril Fox inspired the public by their
lectures and initiated further studies in prehistory in Europe.

At that time, a British geologist, Robert Bruce Foote, working in
India as an officer in the Geological Survey of India, was
influenced by the prehistoric research and activity going on in
England and he evinced keen interest to know the evidence and
availability of the antiquity of man in India. He discovered the
in-sitw stone hand axe (Palaeolith) in Paflavaram (near Chennai)
during May 1863 and the first stone cleaver tool at .Atzrampakkan:
(Chingleput District, Tamil Nadu) Kortellaiyar river terrace during
September 1863. Thus, the beginning and the establishment of
the Madrasian stone tool industry was strengthened firmly in the
Madras Presidency. Robert Bruce Foote took his first collection
of stone tools (hand axes, cleavers and scrapers) discovered in
the Madras site and exhibited them at the First Congress of
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International de Anthropologia ef d, which was held in Paris in 1867
and another at Norwick in 1868. He also read interesting papers
on his recent discoveries of stone tools in Madras site. He
discussed and distributed some of these new tools to the leading
Brtish archaeologists, namely Sir John Evans, Sir John Lubbuck,
James -Wyett, Charles Lyell and Cyril Fox for their examination,
and they finally confirmed that the tools discovered by Foote in
Madras were genuine toocls. Subsequently, Bruce Foote discovered
prehistoric artifacts from 459 sites all over India including Ceylon
and he parted with his collection of 4000 specimens at the cost
of Rs 40,000 to the Madras Museum authorities in 1904 to
augment the prehistoric collecton for display and as comparative
source material for research. ’

Later on, it was V.ID. Krishnaswamy (a student of Mortimer
Wheeler and a former Joint Director General of the
Archaeological Survey of India, New Delhi) had analysed and
classified the stratigraphy of the Madrasian Stone Age Culture,
which in due course laid z definite line to be followed, by the
archaeology students in the field explorations. The Madras
Museum was kind enough to receive a sizable number of stone
tools collected by hitn from Aftirampakkam and Vadamadurar sites,
for study and for reference purposes.

The contribution of Dr. A. Aiyappan (a student of Dr.
Malanowski and the first Indian Superintendent of the Madras
Museum) towards the collecton and study of prehistory and
ethnology cannot be easily forgotten. It was he who in 1942
extensively explored the coastal belt of Tirunelvely distnct and
collected a large number of microliths from Sawyerpuram site. The
first trial digging excavation by the Madras Museum was
undertaken by Dr. Asyappan in 1940 along with his French
archaeologist, J. Dubreutl at Ankameds in Pondicherry and through
excavated antiquities, he brought to light the Rome-India trade
telations, which were at the zenith during Sangem period. In the
same year, Dr. Aiyappan excavated two megalithic stone circles
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in Perwmal Hills in Kodaikana/ and the antiquities were added up
to the Museurn Collections.

The Madras Museum had also augmented its Indian stone tocl
collection through gifts and exchanges, notable among them are
those from Dr. B. Subba Rao (M. S. University, Baroda); Prof.
M. V. Moorthy (Andhra University, Waltair); Prof. K.P.
Chattopadhya (Calcutta University) to mention a few, at frequent
intervals. Apart from these institutes, the museum holds strong
stone tools reserve collection received from sites like Soar Valley,
Narbads Valley, Sukkar and Robr, Dbone, Giddalur, Nellore,
Vadamadurai, Manjan Karunat etc.

Gradually, the stone tool antiquities the world over on exchange
basis was successfully effected by the Madras Museum. Among
the countries and cultures thus represented are the
Rostrocarinates, (Dawn Age tools) Abbevillean and Acheulean
(Palaeoliths} and Neoliths of England; the Mousterian and
Magdalenean of France; the Palaeoliths of South Africa; the
Neoliths of Egypt and jJapan; the Tampanjan' of Malaya; the
Patjitanian of Indonesia (Javaman). The Choukoutenian of China
(China Man); and the Neoliths of the United States of America.

The coliections are not meant only for display purposes alone in
the galleries, but also essentially needed for study, research and
interpretation leading into scholarly publications. Among the
outstanding research studies in the field of prehistory undertaken
were those of V.D. Krishnaswamy’s palaeoliths of Madras
Kortellatyar tiver terrace, of Yale-Cambridge expeditions to the
Soan Valley in Punjab and of Father F. P. Manley’s palaeoliths
of Nellore. Foote, brought together and catalogued the collections
of R.B. Brantill from Mysore, Stones from Coimbaters, C. Cardew
from Notrth Arcot and Fawcett from Malabar.

Teaching the subject of prehistory through the Madras Museum
had its own innings. In 1901, the Superintendent, Dr. Edgar
Thurston was appointed as the Superintendent of the
Ethnological Survey for the Madras Presidency, in addition to his
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duties. Actually, when the Department of Anthropology at the
Madras University was established in 1945, it was chaired, frst
by Mr M. D. Raghavan, an Ethnologist drawn from the Madras
Museum; and due to untining efforts of Dr. Edgar Thurston, the
subject of anthropology was adopted as a post-graduate subject
in the University of Madras. It seems that regularly the
anthropometric measurements were taken from the visitors now
and then by Dr. Thurston in his well-equipped Physical
Anthropology Laboratory attached to his office. Till the seventies,
the subject and the practical classes in anthropology for the post
graduate diploma course were conducted in the museum and
teachers, lecturers and students awaited this opportunity. It is
surprising to know that Dr. Aiyappan, the Superintendent of the
Museum, had taken voluntary retirement from the Madras
Museum in 1958 to become the Head of the Department of
Anthropology at Utka/ University, Bbuvanesvar, Otissa. In the
eighties with the permission granted by the University Grants
Commission, certain colleges in Madras city had come forward
to introduce the subjects Archaeology - Museology up to B.A.
level thro' the Madras Musewrt Thus, the B.A. students of the
Madras Christian College, the Women’s Christian College and the
Stella Maris College, Chennai had availed the in-sitw classes at the
Attirampakkam river terrace site, regularly. Considering the wealth
of resource materials available 1 the museum, tts high standard
of research wotk, scholatly publications and qualified staff, the
University of Madras was pleased to set up a2 commission to
evaluate and declare this great institution of Madras Museumn as
a centre of research work leading to Ph.ID. degree in the subjects
of Anthropology znd Chemical Conservation in 1996.

Inspite of all these efforts to collect stone antiquities and to
popularise the subjects-Prehistory and Anthropology still in
Madras sites it is not yet possible to trace and establish concrete
finds of prehistoric man’s skeletal possible remains even in the
dense forests of the western ghats. (Except for Bruce Foote’s



Conservation of Stome Objects

22 .

rewards of the occurtence of a human tibia bone at
Attirampakkan - site). It is a hope of confidence that institutions
and organisattons like the Anthropological Survey of India or the
Archaeological Survey of India or the Museum Association of
India in collaboration with ICOM, would take up a resurvey of
the castes and tribes of Southem India with a view of zecetving
and rewnting and updating the seven volumes of Dr. Thurston’s
“Castes and Tribes of Southern India” with a special aim of
combing the dense forests in the western ghats, covering Salem,
Erode and Coimbatore hill areas, thereby still undiscovered
prehistoric man’s habitational sites like the caves, rock shelters,
valleys, ravines, river terraces, may be exposed and even may be
lucky enough to lay hands on any human fossil find! It is to be
hoped that even the Special Task Force can accelerate its
combing operations with the help of an anthropologist!
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Some Functions of Stone as
Gleaned from Sangam Literature

P. D. Balaji,
Leaturer, Department sf Ancient History and Archaeolagy,
University of Madras, Chennai-600 005,

he civilisaton of mankind had started with the use of stone

implements. As a nomad and food gatherer, the prehistoric
man with his limited knowledge, used the stones strewn around
his rock shelters and foot of the hill, for manufacturing stone
implements, that were used by him for hunting and other
purposes. Such like stone tools made out of quartzite, assignable
to Palaeolothic and Neolithic Periods are available in a number
of places in Tamil Nadu After having expertised in the tool
making technique, these people had selected softer stones such
as chert, quartz, chalcedony etc., as raw materials- for tool making
duting Mesolithic Age. During the succeeding Iron Age, the use
of stone had enlarged to a greater extent The Sangam literature
(3" Century B.C. - 3 Century A.D)), which were compiled in
the later part of Iron Age, adduce a lot of references about the
use of stone in the material life of the people. These lterary
references were further corroborated by the findings in the
archaeological excavations and explorations. Therefore, 2
pragmatic study is attempted to trace the utlity of stone in the
Sangam Period 1e 37 Century B.C. and 3 Century ‘AD. as
gleaned from the Sanganr works, the results of which are furnished
hereunder.

In the Jron Age due to the use of metals such as iron and copper,
stone had ceased to be a raw material for making implements.
However, stones were largely utlised for a different purpose
namely the funerals. Huge (mega) stones (liths) were used for
erecting burial monuments. Hence, this culture came 1o be known
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as megalithic culture. Cairn circle, dolmen, cist and menhir are
the types of megalithic burals available in Tamilagars, wherein
stones were exclusively used for its erection.

In literature, often we have also references about sadukal virakal
and fefvakal, which were perhaps herostones erected in vertical
position in memory of a dead person. Since the stone had been
in vertical position and offerings {(ba¥) been made it is referred as
neduntlaikottam in manimekalai Tolkappiyarm lays down six rules as
to how herostone has to be erected. They are (1) Katchi-probably
lying-in-state for sometime of the dead body (2} Ka/ko/ — probably
to expose the dead body as would be in excarnation
(3) mirpadaiceremonial bathing of the bone remains
(4) madukalerection of stone over it (3) perumbadai — grand food
offerings {6) saltal - adoration or worship. All these go to show
that for the first time in Tamilagam during the Sangam Age, the
stone was constdered as an object of worship, particularly in the
funetals.

Existence of kottam i.e. place of worship, is also duly attested by
these works. Pamintkotiam(temple for chastity), Vajrakottam and
Velyanaikottam(temples for Indira), Valkostam (temple for Mumga),
Urkottam (village temple), Puranilaikottom {temple outside the city)
etc., may be cited as examples in this regard. These edifices, ought
to be symbolic tepresentation of the gods, wherein as held by
many Johelars, stone was not utlised, since it had associated with
funeral customs and practices. Even the archaeological
excavations do not incline to provide any evidence contrary on
this score. In this connection, it is pertinent to mention here the
extensive use of limestone by the Satanahanas in the neighbouring
Andbradesa in the Buddhist architecture that centred around siupa,
which is yet another form of memoral for Baddbiss.

All these amplify the fact that stone was used for the erection
of memorials and not for the creation of stone icons in Tamilzgam
in the eatly centuries of Chnstan era.



Some Functions of Stome as Gleaned ﬁ'nm' Sangam Literature « 25

Laterature also adduce a lot of data with regard to various types
of precious and semi-precious stones used for ornamentations.
These stones are generally referred in the literature as &al

However its types are denoted by specific names such as
maragatham for emetald, manivarai for sapphire, palingu for quartz,
mani for gem and ke¢/ and weyiram for diamond. Numerous
references about coral and pearl are also available. The former is
mentioned as &avir, senkodi, valli, lugir, Iwtpw, tvar and pavalam
whereas the latter is referred as ksl chandraguru, taralam, nittilam,
manavu, muttarm and muttu. Would the occurrence of more than
one name for pearl and coral mean to indicate different classes
in coral and peatl? Any how, its sporadic occutrence would
endorse the popularity of these stones among the people.

There are also references as to how these stones were converted
into beads. These were a class of professionals called
manikayarrunar (1e. one who carves the bead), who converted
these stones into beads. Among these beads, good beads suitable
for ornamentation were selected. This process of selection is
referred as malam perum thirumeni. During this, defective beads were
discarded. There were different categories of defects. Defects in
diamonds are referred as Ralipaw, kakapadam and vindu where as
the defects in pearls are referred as &arrz and firwkks. Similarly
the defects in coral are mentioned as kangpafolai (a coral bored
by in sect). The traders who engaged in the selling of these stones
are referred as manivinginar. All these stand as testimony to the
flourishing stone bead industry in those days in Tamslagam. It is
very well corroborated by the presence of semi-precious stone
beads during the course of excavations in places like
Kaveripumpattinam, Arikamedu, Kudikadu, Kodumanal, Uratyur etc.,
wherein a number of finished and unfinished beads found in
assodiation with raw materials such as quartz, carnelian, agate,
beryl, amethyst etc., were collected.
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Literature also furnish a number of evidences to the structural
activities in those days, the royal palace was known as mannavan
koyi/ and the fort was known as nocchi, purisai, ka, evil, kottai, aran
and ensi. The gateway to the fort or palace was perhaps decorated
with foranavoyil. The townships were categorised and called as #r
(village), nagaram (town) and managaram (big city). Silapatikaram and
Pattinappalai eulogise the Pubaar city as having storied houses
(maadam). There were also houses with tiled roof (kurai). These
houses had stone platforms at their entrance. It is mentioned as
fert and 1t would probably served the passersby to take rest. The
kitchen is cited in the literature as madaipalli, attil, attirsalar and
adukkarai while the dinning hall is referred as amntunar salai.
Besides references to bathing ghat (&alar), granary (koettw), art
gallery (Chitramandapan), dance stage (falatkkoltanarm) place of study
(paili) underground chamber (potiyarai) and market (angadi) are also
available in the works. All these emphatically amplify that there
was a well-developed structural activity. In this connection it is
pertinent to mention here, that majority of structural remains
unearthed during the course of excavation in Tamilagam were
constructed out of bricks. In the absence of sufficient material
evidence, the utility value of stone in the construction eludes
further study.
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Stone Sculptures of
Government Museum, Chennai

R. Balasubramanian,
Chrator for Archaeology,
Government Museum, Chennat-600 008.

Art in India was never dissociated from other aspects of life

from other disciplines. This is very much evident from the
literary and archaeological evii’ nces throughout the history of
India. Sculpture manifests the vision of wholeness through a
methodology of impersonation. Indian figurative art is not
portraiture of the specific.. Each image is an embodiment of a
dominant abstracted impersonalised state of mood in a given
stance or pose evoking stillness and dynamic movement together.
Each is a complete world in itself. Stone is used as a medium
of art in India since the time of Asoka (273-232 B.C)).

Tamil Nadu, as elsewhere the underlying basis of scooping rocks
or carving relief sculptures was that every stone boulder or rock
had cosmic vitalities running through it was so much of uncarved
sculpture. Actually, this concept of energies running through
stone was begun to be realised by the Buddhists. Indian
architecture whether the stwpas or the temples or the mosques are
an archaeostration of multiple forms flowing out of and flowing
in to a centre.

The stone sculptures are the most permanent arts frozen at a
moment of time for posterity. They are shaped and formed in
the art of creation, live for the moment, the specific duration.
Each part of the relief or each micro-unit of the human figure
plays its role — the eyes, nose, ears, face, torso and limbs and
each physical gesture singly and in combination is suggestive of
an inner meaning, which in its totality suggests as impersonal
emotion and thus evokes a transcendental heightened experience.
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It seems that the Palavar were feudatoties of the Satapabanas of
Andhra. They visited the rocks of Mahabalipuram and began to
explore the possibilities of creating buoyant shrines and figures
in relief. The myriad-minded Mahendravarman’s imaginative
gesture, genius conceived cosmic-earthly creations from the huge
boulders. But it was Mamalla, the grandson of Rajasimba, created
the paradise of marvels hewn from boulders. The Pafava sculptors
surpassed themselves in creating the rathas out of monolithic
granites. "The transition from sculpture as architecture, to the
structural temple, where the carvings adorn the temples, was
brought about in Kanchipuram, under Rajasimha Paliava, during
the first quarter of the 8~ Century AD."

The positton occupied by the Government Museumn, Chennai
made it one of the pioneer institutions in the whole world. There
ate a lot of South Indian stone sculptures in its collection. The
sculptures of the dynasties that niled over the southern part are
chronologically arranged at the entrance of the Stone Scuilpture
Gallery, which enable the visitors to understand them propetly:

The Buddhist Sculpture Gallery houses some of the earliest
specimens of the art in the form of sculptures, architecture and
inscriptions, such as sculptures from _4maravai, which are most
probably the earliest existing sculptures of South India dating
from about 200 B.C. Amaravati is situated a little over twenty
miles from Gunsur and having now dwindled into insignificance
is more a village than a town. But once it had its day of glory.

The importance of the site of the Mabacartya at Amaraeari, known
locally as Dispaladinne (hill of lamps) was realised by Col. Colin
Mackenzie as early as 1797, A year catlier, a local Zamindar had
changed his residence from Chimiapalli to Amgravati and laid
foundation of the modern township around the Amareswars
temple. Many people, at his mnvitation, settléd in the area and the
building activity that ensued there after led to the spoilation of
several mounds yielding large sized bricks and limestone slabs.
The Dipaladinne didn’t escape the Zamindar’s eyes. It was ransacked
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for suspected treasures and also
pethaps for building materials. At
the time of digging some sculptured
slab came to light and the news
teached Col. Mackenzie, who at
once paid a brief visit and assessed
the potentiality of the mound. After
his visit several European scholars
visited the site and recovered many
sculptures and some best pieces
were sent to the Bridsh Museum,
London. 299 pieces were brought
to Chennai Museum and were

exhibited in the gallery.

Amaravati stone sculptures were
View of the Amaravati Gallery made of recrystallised limestone.
Most limestones are made up parts of the skeletons of sea
animals. Limestone usually consist of the same three general
groups of materials as sandstones, detritus particles, fine-grained
matrix and cement all of which may be the mineral calcite.

1. The model of the Mabacaitya after Percy Brown, was made
in plaster of Paris and exhibited at the entrance of the gallery.

)

A view of the Amaravati Limestone Sculpture Gallery.

3. A coping fragment garlands are supported by dwarfs. One
of the dwarfs, quite dull looking with elephant’s head without
its proboscfs and tusks.

This figure, Dr. Ananda K. Coomaraswamy had pointed out the

eatliest approach towards the form of Gawesa. Hence, we have

the earliest representation of the parent of the later iconographic
form of Ganesa with a prominent paunch, short and stump, limbs,
elephantine head and ears. It appears almost cut off and
foreshortened front view of his head without a trunk (proboscis)
is so superb that-it baffles one to know how the sculptor
managed to imagine and such a figure, which is datable to 200
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- 100 B.C. Indeed, the creation of so curiously blended figure, a
stroke of genius on the part of the sculptor, who was also a
stroke of luck for his model. We have no doubt that the image
itself contributed largely to the fame of the god.

Subjugation of Nalagii

The Buddba had a cousin called
Devadatta, who impelled by sheer
jealousy wanted to do away with
the Buwddha. Having failed in
many  attempts, Devadatia
conspired with the palace
mahouts and succeeded in letting
loose the fierce elephant, Nalagri
to attack him. But the fierceness
of the animal vanished at the
sight of the Buddha before whom

it crouched in all humility. The Subjugation of Nalagiri, (Limestone)
Amaravat, Andhra Pradesh

umbrella and architectural
features such as the gateway,
towers and balcontes are noteworthy. It belongs to about 150
AD.

Casing Slab

It is fortunately very well
preserved and shows a typical
stupa flanked by dbarmachakra
pillars and with a frieze at the
top. A railing surrounds the sfupa.
Three of its gateways are shown.
The plinth, pillars, crossbars,
coping stones and guardian lions
are shown clearly. A puarmakalasa
is shown on either side of the

gateway. The drum, ayaka pillars

Casing Slab (Limestone) Amaravati

and the casing slab with
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sculptures 1s shown behind the rails. A harwika surrounds the
dome with umbrellas at is two corners. Devas and dwarfish yakshies
adore the stpa with offering in freyp.

The dbharmachakra pillars on either side stand behind empty
thrones suggestive of the Buddha. Above the wheels, dwarfs and
devas play on musical instruments. The frieze at the top shows
three important scenes from the life of the Buddha.

Sujata Feeding the Buddha

Swata was the daughter of
Senani, a rich man of
Uruvela. She promised rich
offerings to a Nigrdha tree,
if her wishes were fulfilled.
Things happened as she
prayed for. She accordingly
made preparation to fulfil
her promise. When the
Bodbisativa went to the

' Urnpela forest and sat under
Sujata Feeding the Buddba (limestone) Amaravats tha Bodbi

tree, ‘the

surrounding place was
illuminated. Having heard of this, she went to him offered him
the specially prepared porridge, which he accepted.

In the sculpture, the headless Buddha is seen seated on a throne
and Swata is standing with a jug in her hand. The porridge,
Supata’s son is also seen here. It belongs to about 200 - 250 A.D.

Slab with a Drawing

Slab with incised outline of seated figure opposite the former. It
is important as it is showing the method of carving. It belongs
to about 200 - 250 A.D.

The sculptures of the Tamil country dating from the Tth Century
AD. are simpler in treatment than those from the Deccar. "In
the lines of its figures, in its treatment of eyes and the absence
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of canopies, these sculptures
resemble the Amaravati period, but
it has more rugged strength than
the  _Amaravati and Gupta
sculptures”. The poses of the
figures are treated less heavily than

in the Chalukyan specimens.

Vishnu's crown, which is based on b T e —
the earlier type of Sakra’s Kinta, is Amaravati

quite elongated in the Pallava period

and continues this shape right through. The earlier short
cylindrical kirita of sakra, as seen in Satavahara, Kushana, Gandbara
sculptures at Amaravati, Mathura and Taxzla respectively, is
transformed into a long cylindrical type unlike the cone-shaped
kiritas of other deities. The face is slightly taller than broad, with
flat nose and double chin. The front of the totso is almost flat.
Draperies tend to be heavy. Emblems are naturally held in the
hands or just about them and are without flames. The sacred
thread is ribbon like with a broad
fastening over the left breast.

Ganesa (Eastern Chalukyan Period)
Bezwada, Andhra Pradesh.

Seated with two hands with modakar in
both the hands. His trunk toying with
the sweetmeat in his right hand. This is
a superb representation of the God of
Eastern Chalukyan period in a real
elephantine face. The size 1s amazing but
it 1s weather beaten.

Ardhanarisvara (Early Chola period)
Thiruchinnampoonds, Tamil Nadu.
Standing in trbhanga pose, this endrogyne

image is a representation of marvellous execution of art of the

Ganesa, (Granite) Begwada
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Tamil country. The matted hair 1s superbly
done. The face is tilted to the left. Wearing a
makara kundala in the right ear and the patra
kundala in the left, lips are slightly parted. Face
is round. Two rows of necklaces are visible.
Right lower arm is resting over the head of the
bull, while the upper right is holding an axe.
Left hand holds a flower. The breast is
proportionately done. While the #ial is quite
naturalistic. The under garment is beautiful. It
is made up of granite stone.

Dhakshinamurti
Kaveripakkam, Vellore District, Tamil Nadu.

Siva is considered to be
the pastmaster in ygga,
music and dancing and an
inspirer of the mystic
truth by his  mouna
(silence). He is very

Ardbanarisvara,
(Granite)
Thiruchinnanpoondi

popular in South. His exposition of jnana
was a unique one of unbroken silence with
eloquent gesture of the right hand in chin
mudra, which the sages understood. This fact
is explained in Thimanaika Puranam as:

" pibrosurh Geuguul Gmflw Shomis sl

SDeNTS SaT ELPED L RIGLD 2 eTEnIOaWLIS

Diatshinamers (Granie) i i
B e Oiioemes s o-am> ApungrCre”
estrict #

Further, Indian art is great for its subtlety and range of

suggestion.
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" seDeUneSlerT Ljemi_WIDNGE] HTsTLOENM
D (pse) spp Gasal
EUEDEVMTSET [FTEVEUTSEELD LbTErmTLOmit
LOEDDESLD HLILITEOML

sTeDsUMDIML gyeveva LT BlmEssemar
Bopsuy Bopa en-d

Clemsbsunon Glemsisungene Klanamumnos)
Hleensg LsusClsn Sms Clasieums”

This sculpture under reference is greatly
admired by Prof. K. Nilakanta Sastri in his
"Colas". Here the vastra yajnopavita is
beautifully done. The stone is a granite variety.

Durga
Cuddalore District, Tamil Nadu

Standing elegantly on a buffalo’s head in
tribhanga pose this Durga is a classical example
of Viayanagar period in green schist. This
figure tends to be formal with elaborately
conventionalised draperies. The face is
somewhat expressionless with prominent nose
and chin, The abdomen is rounder than the
earlier period and droops forward. The navel
is overemphasised by horizontal and vertical
rays.

Durga
Bibliography Chuddalore District
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Robert Knox
Keeper, Department of Oriental Antiquities,
The Bretish Museum, London.

he British Museum’s collection of sculptures from the Indian

subcontinent i1s world-famous for its great size and the
enormous variety of wonderful material that it contains. Great
pieces from Buddhist Gandhara in the North West, a superb
array of stone and metal sculptures from Eastern India of the
Pala period, many unique and wonderful things from Central and
North India and a small but very distinguished body of sculptures
from South India in both stone and metal characterise this
collection. What makes the British Museum’s Indian holdings
probably the greatest outside the subcontinent itself, however, 1s
the large group of limestone carvings from Amaravati that have
been its glory since the year 1880.

Excavated in the 1840s by Sir Walter Elliot, these pieces (with a
very few from the group removed by Col. Mackenzie) came to
the UK in 1860 where they were placed varously by the East
India Company Museum (later the India Museum) in a number
of situations in London. With the abolition of that venerable
institution, they found a
final resting place in the
British Museum 1 1880
and from that year to the
present, whether on
display or not, have
formed the greatest single
coherent collection of

‘SCUIPtL}ll‘CS frorn a Siﬂglﬁ

Indian site, outside India

- N ) The Amaravati Scuipture on the Great Staircase of
itself. When they came to the Britich Museurs (1880-1939)
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the British Museum, the .Amaravati or the Elliot marbles as they
were then called, soon found a home on the wall behind the
landing of the Great Staircase just inside the front entrance of
the British Museum. Mounted behind glass-fronted cases with
mahogany surrounds by the then Keeper of Antiquities, Mr AW,
Franks, with the assistance of Sir Walter Elliot himself and James
Fergusson, who wrote about the sculptures so eloquently, the
Amaravari marbles stayed in place until the beginning of the
Second World War. These great sculptures were for som: sixty
years at the heart of the Museum and did all visitors to the
building see the first things. Their influence in design terms was
considerable. The _4maravati sculptures were in their own way of
influence too and elements from their complex reliefs can be
seen at certain places in England, notably at a country house
called Compton near Guildford in Surrey outside London where
a mortuary chapel, dedicated to the memory of George Frederick
Watts, a great painter of the Victorian period, incorporates
Amaravati decorative motifs into its otherwise Celtic and Art
Nouveau interior. The Amaravati sculptures were mounted in the
Museum in a position anterior to all the other great works of art
and culture it held.

With the coming of the Second World War in 1939, it was clear
to all concerned that the Amaravati sculptures
had to be dismounted and put in a place of
safety. They were dismantled by Basil Gray, g
Keeper of the Department, and placed out of
harm’s way in basements deep in the Museum.

Out of sight for the duration of the war, the
Amaravati sculptures remained secluded for a
further period until it was again possible to

consider re-mounting them in a public place in T—
. 3 The Amaravati Railing
the Museum. They were established in an area .71 she Fronr Hot

of the Front Hall, just to the left of where the  of the British Museum

old entrance to the famous Round Reading @7220)
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Room of the British Museum used to be, the railing erected,
free-standing and self supporting. Panels from the drum and from
the dome of the ancient stupa at Amaravati were mounted on the
walls of the Front Hall behind the railing. Parts of the sculptures
lost in antiquity were made up with cement additions and infills
to permit all this reconstruction to stand securely.

It did indeed stand and remain in place for a period of about
three years until, in the early 1950s, a very unpleasant
phenomenon was noticed. Small, almost dust-like fragments of
stone were noticed to be dropping of the surface the ‘marbles’.
The cumulative effect of this erosion over time was going to
cause very serious damage to the sculptures if action were not
taken at once. The Museum authorities called our Research
Laboratory to investigate this process and discovered that it was
the result of changes in the stone itself, brought on, in simple
terms, by the contact of the stone with the damp and heavily
polluted climate of London in those times. At the request of
the British Museum, this process was
investigated at the same time by
colleagues in Madras and the same
conclusions drawn. In simple terms,
certain salts in the body of the stone
combine with moisture and sulphurous
pollutants in the air to form larger
crystals than are present in the
composition of the stone itself. These
crystals act to push off tiny particles of
the surface of the stone. Further, the
sculptures were themselves cut 1n
antiquity with their ‘bedding planes’ (i.e.
the ‘grain’ of the stone) arranged

vertically for ease of sculpting. This

vertical arrangement serves now only to  The Bodbisattva Manjusri (British
Musewrr 1880.7-9.125),
Photographed in 1859 by Captain
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assist any process of erosion of the stone surface that may be
taking place.

The sculptures had resided on the Great Staircase of the Museum
for sixty years, kept behind glass in cases so accurately made that
they acted to produce a sealed atnosphere, protecting the stones
for all of that time from any damp and pollution damage. It is
clear now that their surfaces are, in many cases, different from
the condition in which they were originally found and then,
before they were sent to London, photographed at Madras and
published in the 1830s by Captain Linnaeus Tripe. These
differences in surface quality are certainly due to contact by the
Amaravati imestone with the atmosphere of London dudng the
* period 1860 to 1880, before they came to the British Museum.

A basement chamber dedicated to the .Amaravati marbles was
constructed, the arrangement in the Front Hall of the Museum
demolished and the sculptures taken to their new home. The
atmosphere of that room was conditioned by a complex air
cleaning and drying process. All sulphur-bearing chemicals in the
polluted ordinary air of urban London were removed and the air
in the chamber de-humidified to a constant optimum level of
45%. In this condition the Amaravati collection at the Britsh
Museum rematned for nearly fifty years, safe, seen by a handful
of dedicated students, scholars and a few lucky private visitots,
but entirely out of the eye of the general public. The period of
the 1950s to the early 1990s was a sad, rather lonely time for
the Amaravati collection though the Department of Oriental
Antiquities and the Trustees of the Museum constantly expressed
the desperate need to get these precious sculptures back on
exhibition. What always stood in the way of this re-exhibition
was the absolute requirement for rephcation in any new -gallery
dedicated to these treasures of the reladve humidity-controlled
and pollution filtered atmosphere of the then current Amaravats
basement. Air-treatment of a space dedicated to these pieces
would have cost a tremendous amount of money and,
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furthermore, there was never during that time any space available
to the department for such a display to be mounted.

The New Amaravati Gallery

In 1989/90, plans for
the complete
refurbishment of the
Oriental Gallery at the
British Museum along
with a total
re-organisation of the
permanent display of
the Museum’s Indian
and Chinese COHEC&OHIS The Glass Wall Separating the Asahi Shimbun Gallery
wete started. With this of Amaravati Sculpture at the Brtish Museun: from the

Rest of the Permanent Asian Display in the Sir Joseph
Hotung Gallery of Oriental Antiguities

great plan, a scheme to
redevelop the West End
of the Oriental Gallery for a permanent exhibition of Amaravati
sculptures was developed as well. The first requirement of this
new Amaravati room was that it be air-conditioned to the standard
just described. Such a need could only be achieved by the
installation of an effective complex of machinery capable of
handling all the processes necessary for the task and by a means
of isolating the Amaravati space from the rest of the gallery, itself
as long as a football pitch, though not neatly as wide. The latter
task was achieved by the construction of a huge glass screen
separating the Amaravati room from the rest of the space to
provide an area controllable mn atmospheric terms.

This new scheme for the Amaravati sculptures required vast
finance to cover the very considerable costs of the project. It
was hoped from the beginning of the fund raising for this area
that a grant from a grand Indian source might be forthcoming
to support work on a project that was probably, in the world
outside the Sub-continent, the most important display of Indian
sculptures possible. In the end, funds from the Japanese
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Newspaper Company, the Asahi Shimbun, were secured for the
putpose and out plans for the gallery were put into place. This
area 1s now called the Asazhi Shimbun Gallery of .Amaravati
Sculptures.

Our first purpose was to provide an environment for the
collections from India, South East Asia and China worthy of the
superb objects displayed in the gallery and of the world
importance of the cultures they reflect. The walls of the gallery
are covered not with. paint or paper but with pure gold-leaf
lending a unique splendour to a place containing some of the
great artistic achievements of mankind.

The Brtish Museum believes in placing these objects in their
ancient context if possible and to offering an explanation of them
as far as can be achieved. From the beginming, it was clear that
the Amaravati sculptutes were not going to be exhibited simply
as examples works of ancient art.

The British Museum recognises the need for explanation and
interpretation in its work both in permanent galleries, temporary
exhibitions, and in its published, scholarly work. The grand
displays reflect this thinking in what is called the Hotung Gallery,
named after the main benefactor of this great room, Sir Joseph
Hotung. The Indian collectons in the Museum, both sculptural
and ritual, mostly illustrate the religions of India. Religion in
general terms is practised by vittually all the people of India and
for that reason, Indian relipions ate used in this rocom to assist
in explaining a part of what is important and unique to India.

The gallery begins with a short historical background leading
quickly on to an explanation of the great ancient religions of
India: Buddhism, Hinduism and Jainism. The principal deities are
dlustrated in sculptural form, along with explanatons of religious
ritual, iconographic principles, the temple, swpar and relics,
pilgrimage and festivals, coinage, the orpin and development of
ancient Indian wnbng and many more such didactic matters.
Along with these rather thought-provoking issues, using a wide
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range of Indian material from many places and periods, are a
series of grand regional displays (ancient Kashmir, Eastern India,
Onssa, South India, St Lanka and the cultures of Southeast Asia)
all illustrating issues of religion germane to our main purpose.

The display of the Amaravati marbles in our new gallery follows
this view precisely. The sfwpa is reconstructed in schematic form.
Some of the most important pieces such as railing, lintels and
certain cross bars are set
high up on the summits of
the rail pillars themselves,
making access to them less
eﬂs}" than lf thf}u' WeEere
displayed individually at
ground level. The sculptures
it bore were not made to be

works of art.

The Display of Amaravati Sculpture in the New
Permanent Gallery at the British Museum

The Amaravati sculptures in
this new arrangement
become, therefore, much more than just a collectivity of art
objects. In the monumentality that is
expressed in this room, they become the
equal of anything that was produced in
the rest of the ancient world. The
western world is fed from the cradle on
a diet of the art and culture ancient
Rome, Egypt and Mesopotamia and so
these great ancient cultures have
dominated the old museums of the world
since their various foundations. What
the British Museum lacked during the
war years and in the time from the eatly

1950s to 1992 was the Indian alternative,

The Railing of the Amaravati
Stupa as Displayed in the British a rare phenomenon that was present in
Musenm

the old, pre-war Museum in the flat



Amaravati at the British Musenm

= 43

displays on our Great
Staircase but which put
Indian art and architecture
physically before that of
the classical Mediterranean
wotld creating a kind of

artistic or cultural hierarchy

not valid by any real

Dome Slabs from the Amaravati Stupa Displayed in  measure of such matters,
the British Museum

though better than none

at all.

In the middle of the _Amaravati
room is a great plinth, which
supports the remains of part of
the railing complex. To the west
of this feature is a series of drum
slabs and pilasters mounted on a
deep wooden box in imitation of
the supporting platform of the
original building. Above this
arrangement on the west wall of
the gallery are a series of ‘dome
slabs’ in imitation of the sculptural
system at the base of the dome of
the old s#pa. Herte and there in
the Amaravati room are pieces of
spare sculptures and on one wall

is a reconstruction of a railing et 4 Pusion of an Early Version of the

of an earlier period, Railing from the Amaravati Stupa as
Displayed at ipe British Musewm

Mounting and Conservation

With the problem of control of the atmosphere in the new gallery
settled by the installation of a modern system of air conditioning
and pollution control, the main issue for our mounting and
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conservation specialists at the
British Museum was how to
transport the stones from their old
quarters to the new gallery, how
to mount them in place and how

to ensure their permanent and
S W o
The Iron Rack Used to Support the
Amaravati Railing Arangement on
Display at the British Musenm gallery, a massive iron' rack was

stable positioning. For the railing
arrangement in the middle of the

designed. It consists of a series of uprights and crossbars all
designed to hold up the ancient limestone parts of the railing.
As the fragments of the railing were put in place, the iron
crossbars and all the other paraphernalia of mounting stone were
bolted into position. The tallest
of the rail pillars was given its
own iron module, which was used
to transport the piece from the
old basement and finally to act as
its permanent frame in the new
railing display. Special ski-like iron
slides were devised to allow this
piece to be moved easily in its
iron frame in the upright position
into place in the rail arrangement.
All these heavy stones were
hauled up from the lower floor
of the Museum to the new gallery
via a huge trapdoor cut in the
floor of the gallery. This opening
is now sealed up but if for any
reason pieces from the gallery

need to be moved away, it can be 1y, 1, Moduke Used both 1o Move the

used again for the same purpose. Tallest of the Amaravati Railing Pillars the
Britich Museum and to be Its Display
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The mounting of slabs on the walls
of the gallery required. careful
planning of the final placement of the
pieces in drawn form. When it was
clear where each piece was to go the
wall was drilled and strengthened by
installing hard concrete, in the old
and rather weak structure of the brick
wall, into which were set iron corbels,
which would support the stones when
they were in place. The floor of the
gallery was found to have been made

from a composition consisting for the
most part of clinker and which would
not tolerate any excavation into it for

The Amaravati Gallery at the British ‘ ;
Musewm During the Mounting of the ~ any purpose. Such an invasion of

Sculptures. the floor would 'have resulted in it

being dangerously weakened. The pillars from the great railing
at Amaravati are mounted directly on to the floor of the gallery,
therefore. They are, as a consequence, higher in configuration
than they were in their original position. This cannot be helped.
The arrangement of the stones in this gallery is schematic in any
case and this issue of railing height needs to be seen in that
context.

During the mounting of the sculptures, the gallery was, quite
literally, filled with scaffolding in order for the sculptures highest
up on the walls to be placed in position first. A forklift truck
was lifted up to this level as well and used in the mounting of
the highest slabs. With these sculptures in place (the dome slabs
in particular) the scaffolding was gradually reduced and the pieces
closest to the floor installed. This hugely delicate and complex
process, requiring a very serious planning period long in advance
of the work itself, was achieved without even the slightest damage
to the fragile stonework we were mounting. In such a process,
it is quite clear; planning of the task is at the heart of the
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successful realisation of the project. The planning for our new
gallery in its entirety certainly took the greater part of a year and
the rebuilding and mounting itself more than a further year. The
excellence of the results, however, certainly justifies the massive
investment in time spent planning for them.

Cleaning and conservation of the
sculptures was in the main a simple
matter. No chemicals were used in this
process. For practically all the cleaning
work that was done by our stone
conservators, water and cotton swabs
were the only equipment. The stones
were dusted, of course, and where old
cracks and joins needed mending that
work was done up to the highest
modern standards with the notion of the
reversibility of any apparently permanent
process being uppermost. One brilliant

] . . d
piece of work involved the copying of o x‘gﬁﬁi I;:-:mj";gm o

the side of the face of one of our lions Amaravati (British Museur

in order to provide a replacement for  1880.7-9.103) on Display at the

half of it lost in antiquity and cut flat

and sharp in stark contrast to the remaining profile. The intact
side was copied in a rubber-like compound, a cast taken in a
resin; that attached to the head and then carefully painted to
form a complete face.

Continuing protection of the Amaravati marbles involves a fairly
simple set of issues. The relative humidity and air pollution levels
must be kept to a standard established long ago by our scientists.
Monitoi:ing devices take care of those issues. The British Museum
had a different experience with a complicated computer-
dominated ‘building management system’ installed to control air
conditions in our Japanese Gallery complex in the late 1980s. It
was so sensitive and so technically complex that it had to be
tgotganised and heavily scaled down in complexity. It now works
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admirably. When the new _Amargperi air-treatment plant was
being planned, engineers doing that part of the work were asked
to design a device probably no more complex than that available
in the 19530s, though with a few essential modem features
brnging the system technically into the late 20™ Century. With
this sort of relatively simple arrangement in place, working
steadily now for nearly ten years and subject to constant
momnstoring, the system has proved to be a complete success.

An issue most threatening to the long life and preservation of
the Amaravat# sculptures is that of protecting their delicate
surfaces from the touch of visitors. Measures have been taken in
the British Museum to prevent human touch with the sculptures.
Low bronze railings provide excellent protection for surfaces that
can be kept beyond arm’s length. When anyone, including
Museum staff who frequently wave their arms about as they
explain the arrangement to visitors, breaks the electronic beam
installed between object and visitors a lond alarm sounds and a
wardetr ot guardian tushes to the place and the person prevented
from touching the stone. The sound of the alarm 1s enough in
the overwhelming number of cases to scare off even the most
foolish of wvisitors.

Amuravari in the Modern British Museum

With the addition of the Amaravati stone sculptures to the Hotung
Gallery of Oriental Antquities at the Briish Museum, we have
restored to our presentation of the art and culture of India one
of the most convincingly grand arguments in favour of the
importance of India in ancient times. Our pride in this gallery,
dedicated to the use of religious artefacts and architectural
elements in stone for this purpose, is that it is now used as well
for a wide range of creative and highly popular educational

putposes.

The Amaravati sculptures are, in a real way, reverting now to
something like their original purpose. They no longer adom the
now ruined great mupe at Amaravati but they do, in their
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iconographic and narrative content, act m the modern wotld as
‘brilliant teaching and intérpretative aids. The labels and
information panels in the .Amaravati Gallery contain basic
information about the histoty of the discovery of the stones, the
architecture of the s#upa, the various components of the complex
itself and & basic explanation of the iconography and chronology
of the sculptures. With all this material a new catalogue of the
Amaravai collecion appeared at the time of the opening of the
gallery neatly ten years ago. In this wotk, the emfire collection is
llustrated for the first tme. _Amaravati 1s now freely available in
London in the public exhibition and the entirety of the Batsh
Museum collection accessible to the outside wotld via the
catalogue. Huge numbers of visitots see the Awmaravatf room every
year and with people from Buddhist countries it is an essental
patt of any visit to the British Musenm. The next step to be
taken in connection with our holdings of Amaravasi matenal is to
arrange for the digitisation of the sculptures and theit placement
on the internet and so completely available to all people with
access to that facility. We are heavily engaged in this process at
the British Museum in connection with our holdings of paintings
from the Buddhist caves at Dumbuang. They are superbly
reproducible in this form and small details of these paintings can
be magnified hugely, just as would details of the .Amaravas
sculptures, if done in this way. Our aim is to provide as complete
access 10 this body of material as can be achieved All lovers of
great art, the people of India and the rest of world need a clear
route to at least visual access to the British Museum’s .Amaravati
collection, an aim genuinely achievable in the short term.

Cutators frequently take people around the . Amararati Gallery just
as Buddhist monks in ancient times may have done with pilgrims
to the stwpa at the height of its glory. They explain the history
of the Amaravati School of Sculptural Art along with the
principles and symbolism of the Buddhist religion, the traditions
and myths attached to the life of the historical Buddha and his
previous lives and many other issues. People are drawn to this
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new display by its capacity to teach them about the Buddhist
tradition of art, architecture and religion and they are excited as
much as anything by the novelty of seeing sculpture of
exceptional beauty and quality in the context of what we czll a
‘world museury’, It is a matter of great satisfaction to the British
Museum that India fnally takes its rghtful place, via this gallery,
in the great pantheon of the architectural achievements of the
cultures of the ancient world, examples of all of which are
accessible in the rooms of the Brtish Museum.
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Care 1n Display of Stone
Objects

N. Harinarayana,
Formerly Director of Museums, Tanul Nadu.

The letter from the Commissioner of Museums inviting papers

for the Special Volume on Conservation of Stone Objects in
museums expresses concern about the condition of the sculptures
in the Amaravati Gallery of the Museum and attributing it to the
method of display employed in 1878. Even at that time, scholars
expressed serious reservations about embedding the sculptures in
walls and the use of Portland cement for fixing them to the wall
Dr. Burgess, archaeologist and later Director General of the
Archaeological Survey of India, made a scathing attack on the
display method used. The sculptures should have been kept inside
glass cases as had been done in the Briish Museum, he said.
Encasing the sculptures in Portland cement was wrong for they
can never be extracted from them. “Few museums have received
so important a collection of sculptures, none has showed itself
so unworthy of such a wanton and vigorous abuse of such a
trust”.

Dr. Bidie had the task of defending himself to Government. “The
slabs were so heavy and brittle in the opinion of the Consulting
Architect to be etected without fitting up the interspaces with
cement”, said Dr. Bidie. He defended himself further: “In fact,
scientific visitors from various parts of the world have already,
not once but often, expressed their approval of this collection as
now stands”. Dr. Bidie’s views prevailed with the Government.

Since then, the recent reorganisation of the Amaravati Gallery in
the British Museum has stirred fresh thinking about the display
of these sculptures in the Madras Museum. In the 1878
preservation, a slightly curved masonry wall was built to simulate
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the wall of the onginal swpe and many slabs were fixed in
positton, which they might have occupied conjecturally in the
original supa. It is an attempt at recreating the context of the
sculptures.

Display of stone objects depends on several of their
characteristics as material. The first characreristic is that most of
themn are heavy and big, Small objects of stone are few and far
between and whatever small sculptures exist are those made of
semi-precious stones. These have to be kept naturally inside
showcases. One method of keeping them outside showcases and
without being embedded in walls is to keep them on wooden
pedestals the top of which is suitably cut out to make a proper
fit for the sculpture. The pedestal is also to be suitably suong
and heavy to carry the heavy sculpture on top. This nethod has
been used in several museums.

But, for heavy and huge sculptures, which are above 5 feet n
height or width or length, there seems to be no other way, except
to build low masonry pedestals and fix them with cement, care
being taken to see that the cement mix does not spread to any
decorations on the sculptere. Whether the sculpture is to be fixed
against a wall or mounted in the middle of the gallery in a
random arrangement that enhances the appearance of the gallery
is our choice. A mix of small stone sculptures on wooden
pedestals and a few huge stone images on masonry supports,
tastefully spread owt, can make the gallery attractive.

Another characteristic of stone objects is their comparative
stability against degradation. Even metals are more prone to
deterioration than stone. Chemically most stones are made of
coordinate compounds, which are not easily decomposed
chemically. The exceptions are marbles and limestones, which are
easily affected by acidic substances. Stone objects kept indoors in
galleries are even less liable to deterioration than those kept
outdoors, where regular changes of temperature, constancly
blowing winds and rainfall during the rainy season causes surface



5 . Conservation of Stone Objects

damage cailed weathering. In a survey of marble in the Salar Jung
Museum, the present author noted three types of deterioration
of the stone exposed to the atmosphere: a roughening of the
surface accompanied in some cases by the formation of mat
opaque patches, formation of tny pits all over the image and
development of large polygonal cracks. It must however be
mentioned that most of these marbles wete exhibited in the open
or in open verandahs at spots near the open end of the
‘verandahs. What they were showing were symptoms of
weathering softened by the fact that they were only partially
exposed to the sky and the elements.

The problems of stone objects kept fully indoors are much less
than those objects in the open. Temperature changes are
minimised. Wind effect is almost ruled out. Polluton is lessened.
Biodeteriotadon is almost nil. Dust is the only latge problem
found by them. In a tropical country like ours, fine dust gets
into the intetior of tooms and settles on exposed stone objects.
Cobwebs springing up due to spiders, which have a way of their
own in thriving and weaving their webs.

It is in countering these factors that care should be exercised in
display of stone objects. Since dust is a big problem, the display
room should be without open windows. If there are windows,
they may be plazed to let light in and keep dust out Then the
room may become sultry and a system of instaliing fans should
be devised so that there may be air circulation in all parts of the
rcom. Diffused even lighting may be installed for viewing the
stone objects. Excessive humidity during the rainy season may be
teduced through dehumidifiers.

It is in the display of stone objects in the open that utmost care
has to be taken. Here the objects are exposed to all the elements
all the time and take all the problems, which monuments face.
Since these objects in a museum would be moved about, it is
best that the space above them is covered and that they are not
directly in the open unless it is inevitable. A cover above them
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reduce the effect of damaging factors a great deal, but sdll utmost
care has to be taken to see that they ate {ree from the effects
of pollution and biological agents like algae, fungi, lichens etc.
The spots for installing the stone objects should be so selected
that direct sunlight does not fall on them or falls for the least
time. Regular cleaning of the objects should be done, especially
for removal of dust and cobwebs. In the case of objects exhibited
in the open, a suitable surface coating may be given. After
considerable study of preservative coatings for sometime in
historical monuments in Thailand, Josef Riederer and Prasartset
Chompernet concloded that “the combined application of ethyl
silicate and hydrophobing materials, either by commercial
mixtures of these compounds or by a consecutive application of
ethyl silicate and a hydrophobing material produces 2 durable
protection against weathering”. Poly methyl acetate solution in a
mixture of toluene and acetone, which had been largely
recommended for a timme as a coating for stone objects has not
been found sc effective as expected. O. P. Agrawsal, Ashok
Kumar Pandey and A. K. Verma in a paper in the restoration
of statues and marble canopy, state that for all the objects, finally
a protective layer of silicon resin was given. Ethyl silicate is valued
as a protective coating of stone objects because it is decomposed
by the influence of humidity and subsequenty gives off silica,
which acts as a consolidant for the stone on which it is coated.
So ethyl silicate can be combined with silanes permittng a
conselidating and a hydrophobing treatment by just one
application {Riederer and Prasertset). Manju Singh & 2/ observed
that the mechanical strength of khondalite samples increased
considerably in the case of their treatment with silanes.

Considering all these facts, 2 mixture of ethyl silicate and a silane
would be a good protective coatng for stone objects. Franco
Piacenti enumerates in his paper the characterisdcs expected of
a protective coating for a stone object: “lack of colour, chemical
stability, stability to ultra violet irradiation and to heating, must
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be insoluble in water and usual organic solvents, provide
treatments permeable to water vapour and gases and also
reversible. Materials today in use for the consolidation of stone
are: ethyl silicate, alkyl alkoxi silanes, acrylic resins, epoxy resins.
Ethyl silicate is the oldest and is still widely used. It is effective
and very stable. Due to the formations of silica as aggregating

agent, it is not however ideal for use on carbonatic rocks”.

Various factors, which are at the back of display of stone objects,
have been enumerated. Stone objects inside rooms are
comparatively free of problems of deterioration. Embedding in
wall has been discounted as a process of display for reasons of
deterioration, which the wall and its humidity may induce in the
sculptures secured in it. Air conditioning has not been suggested,
as it will not be effective unless properly carried out and is
expensive to boot. Stone objects can do without it mostly. If
air-conditioning is still to be done for the sake of showing our
concern for masterpieces, it should be thorough air conditioning,
not the room conditioning variety, which merely draws air from
outside, cools it to the temperatute set and blows it into the
room. Good house keeping methods are essential for any stone
sculpture to prevent accumulation of dust, cobwebs and salt
blown in with the air.

The question of the colour of the walls of the pedestals and of
any background in showcases have to be thought of carefully.
Pastel colours, colours that do not obtrude on the eye when
viewing the sculpture, are to be selected. A lightly textured, a
light coloured cloth may be good background material against
which the small sculptures are to be fixed.

It is not unusual to have big stone sculptures installed in sculpture
galleries. In that case, the sculptures are to be mounted on
masonry, the underside of which is to be covered with
waterproofing material to prevent seepage of water from the
ground. Such sculptures are to be given protective coatings as
given to monuments to keep these in good condition.
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Care has been taken to see that only the display aspect of stone
objects is mentioned though inevitably conservation facts have also
crept in. Sculpture in stone has a certain presence about it, which
fascinates one and care in displaying it should bring this out best
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Medieval Monuments of
Pudukkottai: Status of Granite

J. Raja Mohamad,
Curalor, Government Museum,

Pudukkotiai-622 002, Tamil Nadu, India.

udukkottai lies between latitude 9° 50’ -30° N and 10° 44” N

and longitudes 78° 25" —5”E and 79° ~16 E and is bounded
by Tiuchirappall, Tharjavur and Sivaganpai districts’. The district
has small range of hills in many places. These rocky hillocks are
archaeans, a hard rock, which are formed between 3000 - 600
million years ago composed of gneiss, schist and crystalline
metamorphic rocks?. This type of stone is the so called granite.
The term granite is more general in India, for all crystalline rocks
as long as they ate tolerably compact, granular, crystalline and
speckled in colour. Granite had been principally composed of
quartz, feldspar and mica, either as a ternary compound of these
minerals or as binary compound of two of them’. The granite
in Pudnkkettai is pink or black in colour. Robert Bruce Foote
would say the stone in the hillocks of the district is banded
micaceous granite gneiss var:iety4. Granite is extensively used in
the construction of temples in South India, since it 1s wonderfully
susceptible of fine carving. The quarries in Pudukkottai district not
only supplied the materials required for the structural enterprises
of the district but zlso to the adjoining Thanjerur and
Thiruchirappali and hence Pwdnkkottai is termed as the “Cradle of
Granite” of the regions.

Historically, the Pudukkottai tract was the meeting ground of the
boundaries of the famous Tamil kingdoms, the Paflava, Chola, and
Pandya and later of the Viayanmagar empire. It has been
consequently, a land of battles and battlements. But if it suffered
from an excess of the ‘rush of horses and waving of flags’, it’s
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better location also led to the area benefidng from the cultural
traditions of the early kingdoms. In s small area (about 1700
square miles) Pudugkorrai has a collection of the main
representative styles of South Indian architecture. The Palava,
Chola, Pandya and Vijaynagar styles are all present here at an
optimal level of excellence. Thus Pudukkottai presented an open
ground to all these dynastic styles for experimentation,
demonstration and competitive display. Pudskkoitai district has the
distinction in having the largest number of ancient monuments
in Tamil Nadu and they attest to the mastery of local craftsmen.

The Cholar right from the beginning in the 10th Century, erected
temples in this district. Artistically the best kmown Chols
monument in the district is the Muvarkot! at Kodumbalur. In
elegance, proportion and ormamentation it is a lovely execution.
Historically perhaps the most notable is the Viayalayacholirvaram
at Narthamalar, which combines Pallava serenity with Chola form.
' The Imkkuvel and Muthaniya chiefs have achieved the art and
technique of construction of these temples in hard stone in the
eatly Chola period.

Kodumbalur is a place of ancient renown. The Muvarkor! is the
centre of attraction here. The Musarkord/ was built by the Irukkuve!
chief Bhun' Vikramakesari, a feudatory of Sundara Chola (C.956-973
A.D.). These structural temples are of great beauty and most
outstanding monument of South India. Originally there were three
shrines facing west in a row in north-south direction. But only
the central and southern are now intact and the basement of the
north alone remains. Each shrine s 21 feet square at the base,
32 feet height. They are built completely from basement to finial
of well dressed gneiss blocks neatly and accurately fitted. The
walls are five feet in thickness. The plinth of each of the three
shrines rests on a lotus base. The walls are decorated with a
series of tetragonal pilasters and niches in the middle. The simana
is of two ters. The sculptures in the wall niches and the simars
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are frnest creation of Tamilian art. Some of them are now housed
at Government Museum, Pudukkottai and Chennai.

Vijayalayacholisvaram is a striking structure in the Pudukottas
district. It is located on the top ledge of a hill The main shrine
facing west is built from basement to finial of well dressed gneiss
block, consisting of the wimana and a square ardbamandapa. The
spite of the vimana is unique in style. It has four storeys in circular
form, The shikara is dome shaped (circular) and constitute a single
vesara of the type in Tamil Nadu. There are sculptures on the
vimana and parapet wall of the ardhamandapa. This temple is
datable to mid %th Century AD.S and buil by Muthariya Chief.
No doubt that these monuments are the land marks in the art
history of Tamil Nadu. The stone for the construction of those
temples might have come from the quarries near the temple sites
themselves. They are of granite gneiss vanety. But they have
suffered the wrath of weathering due to the action of various
agencies, since they are exposed to open sky for a thousand years.
The present status of the granite in these temples are discussed
in this paper.

The stones for the construction of the temple are examined and
selected carefully, as per the nomms prescnbed in sifpa sasira texts,
to withstand the test of time. A detalled study of the qualities of
the S_Peciﬁc stones, their marks etc., are descrbed in various sijpa
texts . Even before the stone is quarted, the suitability of the
stone for temple building is ascertained by ngorous tests. The
colour, sound, shape etc., are well studied. Stones with cleavage,
rays, black spots and from saltish water area are discarded.
Selected stone is severed from the rock and taken to the building
site, seasoned suitably for building and carving. The Hindu temple
is the sum total of rites performed on the basis of it’s myth.
Since stone is quarried by force they have been rent from their
Lving context, so, the raparhy and astrologer go to the quany
and propitdate the spitits, gods and garas who live in the stone,
with the request to change their abode and depart quickly. Then~
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only the stone is removed to the temple site workyard and is
kept for about six months, seasoned (as wood) by putting in
water and tzken out, dried and carved. So the stones for temple
building were very carefully selected.

The modern scientific method also envisages to test the durability
of the stone for architectural purposes. First, it is examined in
is natural ledge and then quarried. The stone is put in water
and if it does not gain water it is considered as a good one’. It
will be seen that the knowledge is a continuing process.

In spite of such best selection by the sigparbis, the granite in these
monuments of our study show decaying trend. The stones are
flaking in layers in many parts of these temples. Some of the
sculptures have lost their carving on the front face and lost their
identity. The Archaeological Survey of India has taken best efforts
to protect their structural beauty. But the decay in granite has
occutred over the years and this may be due to the action of
various agencies such as mechanical, chemical and natural

Sources of Weakness

An average granite affords silica 72.07%, alumina 14.81%, iron
oxides 2.52%, lime 1.63%, magnesium 0.33%, potash 5.11%, soda
2.79%, water 1.09% (=100.35). The gneiss is also similar in
constituents and colours but the ingredients are arranged more
or less in layers, easily paving way for slabingg.

The durability of the granite depends mainly on it’s degree of
porosity and the presence of minerals of easy destruction. The
porosity may be general in the rocks oz different along different
planes and laminae and it increases due to rifts and cracks.
Porosity may allow water and air to gain access together, with in
the rock, disintegration and decomposition will be going on
whatever the rock. Further presence of some weak minerals
makes the granite less durable. For example, when minerals such
as alkak or lime is present in the granite, it looses it's potash
through the infilirating waters, changes to clay or kaolin, starts



60 = Conservation of Stone Objects

crumbling. The iron contents oxidise destroying the black mica
arrd the stone is reduced o sand or rusty earth, Iron combined
with sulphur oxides in to sulphuric acid causing discolouration
and decay. Such chemical changes push the grains of the stone
apart and creates or extend nfts. So porosity, rifts and cracks
speed up the destruction of the granite by the above chemical
actions. These are some common evils in carelessly selected

building stones.'”

Alternate heating and cooling from changes in temperature
between exposures to sunshine and shadow, day and night, warm
season and cold, sun’s heat on rocks dunng the day and cold
waters and so on, causing expansion and contraction and hence
superficial disintegradon of granule after granules take place. The
unequal expansion caused by a given amount of heat in different
minerals present in the granite is supposed to enhance the
disintegration effect. The growth of microscopic life in rifts and
pores widen them. In granite the less mica the more durable the
rock, because mica tends to increase porosity. When polished
usually grantte resist all weathering agencies, because polished
surface has no depression to catch and held of water but dries
altnost immediately after wetting“.

Status of Granite

This being the general nature of the story of disintegration of
granite, now let us focus on the status of the granite in our
monuments under study.

The Muvarkoil at Kodumbalur is well preserved structurally. Bur the
granite is flaking in layers like plates in many places. The same
is the case in some sculptures where the layers in the granite
have fallen in patches. For example the Ardbanarisvara in the
eastern wall of the central shrine, Gangadara in the east, and
Vinadara Dakshinansrti on the south, in the southern shrine are
a few to cite. These beauriful sculprires are loosing their fine
carving due to flaking, The flaking may be due to the acton of
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water on the weak
chemicals there in as
described  supra and
weakening the bond of
successive layers. Detailed
study is necessary to
prevent further flaking and
peeling of the granite layers.

It is surprising to see that
the sculptures of Sie on
northern wall niches of both the shrines have nearly disintegrated
beyond identification, as if they are made of clay or kaolin. How

Muvarkoil at Kodumbalur

these two sculptures alone worst affected so much? Incidentally
there is a sculpture of Siwa from Kodumbalur (Bikshdanamurti) at
Government Museum, Pudukkottai, in similar condition. I am of
the opinion that this sculpture may belong
to the north niche of the northern shrine,
now completely lost. It is curious to
observe that the sculptures in the northern
wall of the three shrines have suffered
disintegration alike. Will it be due to the
excessive force and action of monsoon,
wind and water? It is difficult to think that
the stone for these sculptures alone might
have brought from different site. But 1t is
due to saline action.

Some of the sculptures excavated in a site

adjacent to Muvarkovi/, ate now exhibited at
12

the Government Museum, Chennmi" and

Mauvarkovil Kodumbalur Siva in
R ) the North Devakoshta in the
the granite is in good state of preservation Northern Shrine

and has no sign of decay. Is it due to the
fact that they were buried under the earth for a long time? Some
of the loose sculptures from Koduwmbalur that are housed at

Government Museum, Pudukkottai, also show some point of
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decay like flaking. Any how, the Kodwmbalur Muvarkovi/ is an
interesting site to conservation practiioners. It is for them to
suggest appropriate chemical treatment according to the nature
of the pgranite and defects there in. It may not be out of place
here to mention that a recent research has shown that ethyl
silicate with acrylic resin will be a good preservattve to bind and
consolidate such flaking and granular disintegration of stone
sculptures”.

Narthamalai 18 a small village and has nine hillocks in ifs fold
and supply fine variety of granite for architectural purpose even
this day. The Viayalayachoksvaram heze is located on the castern
ledge of 2 hill. Hence the action of wind may be minimum, but
weathering has niot spared this temple also. The sculptures on
the parapet wall of the ardbamandapa and Vimana have lost their
fine carving due to weathering and action of disintegrating
agencies and continuous exposure to heat and cold. Among the
Dyarapalakas in the entrance of the ardbamandapa, the one on the
northern side shows more signs of disintegratton. This is again
an interesting point with reference to the cordinal direction and
preservation status of building materfals and sculptures. The
stones in some parts of the temple are flaking in patches. The
structural beauty of this temple is well preserved but the granite
shows disintegrating trend. But it can be said that the effect of
disintegration is lesser than Kedumbafur monument.

Though the disintegration noted in these monuments, which are
aged a thousand years is motre due to the natural, chemical,
mechanical agencies. However detailed investigation and tests by
conservation etc., may be helpful to minimise the harmful effects
of these glorious monuments with original artistic beauty.
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Problems Related to
Transportation and Display of
Stone Sculptures in the District
Museums in Tamilnadu

P. Sam Sathiatraj,
Curator,
Government Musewm, Madurai.

The Department of Museums, Government of Tamilnadu has

20 district museums, most of them located in the district
headquarters. The district museums are of multidisciplinary type
with a fairly good collection of stone sculptures. Even though
the collection is good, the district museum Curator encounters
with many problems during the process of acquiring, transporting
and the display of stone sculptures. Some of the problems are
dealt with in this paper.

Problems During Acquisition

In the district museums, the stone sculptures are mainly acquired
as stray finds. The Indian Treasure-trove Act, 1878 defines that
anything underlying the earth or anything, which is unclaimed
belongs to the State. If it is more than 100 years old, it is declared
as an antiquity. Whenever a sculpture is declared as a
treasure-trove, the District Collector allots it to the concerned
district museum. Even though these procedures are over, when
the Curator goes to collect it at the locality, he sometimes faces
problems. For instance, the villagers refuse to part with the
sculpture claiming that the sculpture is under worship.

Problems Related to Loading of Sculptures

Sculptures ate acquired from the respective district or from the
nearby districts. In some cases, the sculptures are found in
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different elevations. Vehicles cannot go to the spot where they
are found., Therefore, creating 2 motorable path up to the vicinity
is necessitated. More labourers and materials are involved in this
process, which is practically unaffordable for a distrct museum.
Arranging sophisticated elevators is also a costly process, since
most of the district museums face financial crunch. The most
commonly used implements for lifting the sculptures are simple
tools like iron rods, crowbars. Wooden planks are used as inclined
plane and ropes are used for lifting them up. Dunng the process
of lifting, sheer negligence of the labourers, causes damages like
breakage of sharp protrusions of the valuable sculptures and some
times even severe damage. Proper padding of the sculptures is
very much essential during lifting and loading.

Problems Related to Transportation of Stone Sculptures

The rutal roads are not proper and hence the difficulty in
transportation. Damaged and improper roads cause damages to
the loaded sculptures, if they are not properly padded.
Overloading of sculptures in a vehicle also causes damages. Some
district museums are organised in the upper floors of buildings.
Lifting heavy sculptures to the galleries 15 also a tedious process.
The Curators have to plan accordingly for the safety of the
sculptures. A participatory approach of the museum personnel,
engineers and labourers is needed for the safe transport of
sculptures. :

Problems Related to Display of Stone Sculptures

Most of the district museums in Tamilnadu are housed in rented
buildings. Some buildings are small. It is very difficult to display
all the stone sculptures inside the galleries. Therefore, the
sculptures kept outside the building get deteriorated due to
physical, chemical and biological factors. Some district museums
are located in the vicinity of seashore. Salt encrustation is noticed
in these areas. Most of the stone sculptures are displayed by
embedding into the masonry pedestals. In order to avoid entry
of salt laden water, a barrer should be provided in between the

10
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sculpture and the masonry platform. It also helps the sculptures
from cracks due to earthquakes. The wvisitors to the museum
always touch the sculptures. The graffiti marks made by the
mischievous visitors and prolonged touch made by them reduce
the aesthetic value of the sculptures. Prolonged exposure to
sunlight and rain also cause deterioration to sculptures kept
outside the museum building. Salt encrustation and leaching will
lead to the weathering of stone sculptures. Pollutants affect them.
The major pollutants ate oxides of catbon, sulphur and nitrogen.
Biclogical agencies like algae, fungl, moss and lichens cause
deterioration to the sculptures kept outside the museum building.

Conclusions

It is evident from the facts that proper display and conservation
measures must be taken to avert the problems mentioned above.
Curators must be aware of the basic conservation techniques so
that they can easily solve these problems. Nowadays, the district
museum Curators are given in-service training in chemical
conservation. Awareness is essental in the preservation of stone
sculptures because they reflect the history and culture of the past
society. We can increase the life expectancy of the stone
sculptures by providing a frendly environment.
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Stone Objects and Their
Environment

N. Sundararajan,
Curator,
Government Musenm, Cuddalor.

Industt'ies and transport system are very essential i the modern

wotld. Factories exhaust many gases. Especially motor vehicles
(automobiles) emit oxides of carbon and sulphur. Now the Taj
Mahal, the marble miracle, is severely affected by fumes of
refineries, The stone sculptures of the monuments at
Mahabalipuram are very much affected by salinity. We can classify
the environmental factors into two categories: viz. () Natural
factors and (i) man-made factors. This paper discusses about the
friendly environment to the stone scﬁlptu.rcs.

Natural Factors

Sea breeze along with fine sand blowing from the sea-shore
severely attacks the stone sculptures.

If it is 2 museum in 2 sea shore, it is better to shift the museum
from near the sea to a distant place. If it is a monument, chemical
conservation is the only solution. Sand blast from the shore may
be arrested by building huge walls and vegetation around it for
unremovable sculptures.

Sun-rays and Rain

Sun-rays and rain affect stone sculpturs. Sun-rays produce heat
on the stone sculptures. Showers spoil the upper layer of stone
sculptutes.

Such stone sculptures should be exhibited and displayed safely

and protected from showers and sun-rays.
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Earthquake

Recent earthquake in Gujarat has raised the question for
protection of stone sculptures. Earthquakes and tremors give
sudden jolt to the stone sculptues. Stone sculptures should not
be placed directly on the cement platforrn or embedded on the
wall A plastic buffer element provided in between the sculpture
and cement platform will protect the sculpture from cracks duning
earthquakes. Wooden pedestals are best for stone sculptures,
which avoid direct contact on the floor. These are the natural
factors, which affect stone sculptures. Providing friendly
environment to the stone sculptures can curtail the factors, which
are caused by nature.

Industries

Industrial revolution is a milestone in modetn life. Because it
improves the national income, offers placements for unemployed
and raises the standard of living, but at the same time industral
emissions such as sulphur-di-oxide, nitrogen oxide, hydrogen
sulphide and other cotrosive gases not only cause diseases to
human beings but also affect stone sculptures and stone
structures.

Shifting of such industry or museum is the only way for
preventing stone sculptures and structures from man-made
pollution. In the case of the Taj Mahal, ban on such industries
is essential.

Transportation

Transpost and polluting vehicles are the other man-made
problems to the musenms, which are located on the roadside
noise pollution and chemical pollution by motor vehicles very
much affect the environment of the museums, which ate near
the roadside or on the highway.

Vibrations made during movement of heavily loaded motor
vehicles traffic will cause development of cracks in the stone
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sculptures. To -provide a friendly environment to the stone
sculptures is to divert heavily loaded transport vehicles from the
road adjoining the museum building and the blowing of horns
may also be banned for protecting weak stone sculptures from
noise hazards, making no-entry zones near museum is equally
essential.

Shifting Stone Sculptures to a Newly Constructed Building

Recent experiments proved that newly constructed concrete
structures will expel very minute particles. These finest particles
will affect stone objects. Using such new buildings after
completion of two years from the date of construction or after
passing two summer seasons the building will provide a friendly
environment to the stone sculptures.

Fire

Outbreak of fire can be natural or due to human error also.
Switching off the electricity all the galleries after visiting hours
will prevent fire accidents in locked galleries. Refilling the
extinguishers in time will help to control fire.

Conclusions

Stones are inorganic materials, more stable than metal icons. Even
though they are stable, polluted environment spoils the sculptures.
In our country museums are mostly associated with stone
sculptures. The stone sculptures reveal their age, culture and
historical value of the past society. We can extend their life span
by providing a friendly environment.
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very country is justly proud of its cultural heritage. India is

especially blessed in this regard due to its having been the
cradle of civilisation for the past 10,000 years. This has given rise
to several heritage structures due to the building activity of
successive monarchs. Therefore, conserving and restoring heritage
monuments and sites to their original state has become important.
There is a legislative framework for protecton of monuments
whose custody has been taken over by the Union or State
Govemnments. The high value that the antiques command
especially in the illegal art market is due to the poor prospects
of their being replicated. The masters who produced them have
died long ago. Laws have been framed to regulate traffick on in
such antiques. It is illegal to trade in them or export them without
permussion., Therefore, there is need to protect them so that they
do not end up in the illegal art market.

Role of Museums in Generating Public Awareness

Government Museumn, Chennai plays its due role in making the
public aware of the need to conserve and protect our rich cultural
hericage. The subject was dealt with exhaustively in a seminar on
“Qur Role in Protecting Cultural Heritage” held in this museum
on 22-3-2001. A souvenir has also been brought out in which
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the papers contributed by the leading experts who participated
and the consensus that was arrived at are presented. The views
expressed have been duly conveyed to povernment. I am sure
museums and archaeologists elsewhere must be acting as similar
Think-Tanks.

In this paper along with the legal framework, we look at the
practical problems in enforcement New suggestions for dealing
with antiquites and hentage structures have also been made.

Legal Framework in India

The pioneer attempt in this direction was by Lord Curzon, who
got the Ancient Monuments Preservation Act, 1904 passed. This
Act provides for protection of and preserving of ancient
monuments, which where considered important and of objects of
archaeological, historical and aesthedc interest. Control on traffic
in antiquities and over the excavation in certain places was also
provided for. This act was not effective. The penalty provided
was a fine of Rs.500/-, which was not adequate. It is not
proposed to trace the entire history of legislation and evolution
of thought, since that is not the objective of this paper. Only
the curtent laws and the past laws that have a beantng on cutrent
laws are dealt with.

Protection of Monuments and Other Heritage Structures

There were other legislative measures for the protection of
historical monuments in course of time. As of now the legislative
framework is supplied by the Ancient Monuments and
Archaeological Sites and Remains Act, 1958 administeted by the
Archaeological Survey of India (ASI). The ASI notifies important
monuments, excavation sites and temples as protected under this
Act. Once notified, it appoints watchmen to safeguard the
heritage monument or site. Other agencies of private persons
cannot undertake any repair or exerctse any manner of control
over the monument except with the permission of the ASI. There
is a counterpart Act in Tamilnadu under which the State
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Department of Archaeology functions. This is the Tamilnadu
Anctent and Historical Monuments and Archaeological Sites and
Remains Act, 1966 (Tamilnadu Act 25/1966). Under Section 3(3),
the final notification is made after making a preliminary
notification under Section 3(1) invitng objections. This is done
in the Fort St. George Gazette by the Government of Tamilnadu.
The powers are roughly the same as given to the ASL. The State
government takes control of monuments, which are not
considered of sufficient national or international importance for
the ASI to take control and maintain them. In respect of new
excavations, permission has to be sought from the ASI under the
Ancdent Monuments and Archaeological Sites and Remains Act,
1958, Thus, all aspects of heritage monuments are brought under
the conwol and regulation of the Union or State governments.
Laws Dealing with Antiquities

In a country with a long history like India, layer upon layer of
civilisation is found. Antiquities in large numbers are found buried
in the earth. The Indian Treasure-trove Act, 1878, was passed to
acquire the treasure or antquity found buried for the government.
Under this Act, it is obligatory for the finder whenever he comes
across any unearthed antiquity, whose value exceeds Rs.10/=
(Rupees ten only) to report the matter to the government. The
Sute Governments were empowered to frame rules under the
Act. The government of Madras (now Tamilnadu) has framed a
set of tules known as Board Standing Order 197, Appendix II,
para 8, under which the treasure-trove objects are being dealt
with and disposed. All land belonged to Government was a
theory invented in the Rystwari System in Baramnahals district by
Col MacKenzie and Reid to get over the confusion regarding
the land tenure systems. They said only the surface rghts belong
to the property owner. This is a relic of feudalism. Therefore,
the finder or owner was not endtled to anything found under
the surface of the soil
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When the treasure is acquired by the government, the finder and
the owner of the land from where the treasure has been
unearthed are paid compensation by the government. The finder
gets 75% and the owner of the place gets 25% of the metal
value of the objects, plus one-fifth of its value. The Act has been
helpful to large extent to acquire objects of antiquarian and
priceless art treasures, but it is not free from defects. There is
noc method to ensure that such discoveries are reported. The
penalty for not reporting to the government under the provisions
of the Act is the confiscation of the share of the finder and cne
year’s imprisonment ot fine or both. There was no provision
under this Act to check the illegal export of antiquities.

Under this Act, the antiquities, which have been in existence for
not less than one hundred years, are to be registered: Stone
sculptures, terracotta, metals, ivory and bone, paintings,
manuscripts and wooden sculptares are also covered.

Regulation of Trade in Antiquities

James Burgess, the then Director General of Archaeology wanted
to stop the activities of art dealers and collectors. But it was only
in 1947, Parliament passed the Antiquties (Export) Control Act,
which was repealed and the Antiquittes and Art Treasures Act,
1972 was passed. An antiquity is defined as object more than
100 years old. It regulates the export trade in antiquities and att
treasutes. All exports bhave to be authorised by the Government
of India. The AST is the authorised agency to give such clearance
in practice. A commuttee regularly meets in Fort St. George at
the ASI office under the Superintending Archaeologist to give
such clearances. But it does not allow the export of antiquities.
Internal trade in antiquities is regulated by licensing etc.
Registration of antiquities in the possession of private petsons
and institutions is compulsory. Government of India can
compulsorily acquire antiquities and art treasures held with private
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persons. Stdngent penaltes for offences in contravention of the
provisions of the Act have been provided

The works, paintings, sketches, diagrams and the like and the
objects of plastic art of the following artists are declared as
art-treasures for the purposes of this Act. The authors of these
works of art are not alive,

Rabindranath Tagore, Amrita Sher-Gil, Jaimini Roy, Nandalal
Bose, Raja Ravi Varma, Gajendranath Tagore, Abanindranath
Tagore, Salloz Mukherjee, N. Roesich

The works of artists like Raja Ravi Varma have been recendy
declared as national treasures.

Current Position of Art Theft

The figures of art theft and illegal export started rising when art
became a method of storing huge illegal wealth. This explains the
rising trend of art theft. The important effect of the Act of 1972
is that it would help in tracing the missing antiquities within India
and help to chim them back from any foreigh country in the
event of smuggling on the basis of documentary evidence, since
it would be now registered as a result of the Act. But there are
other tendencies like the smuggling of antiquities along with
recently manufactured artefacts as art treasures, handing back of
treasure trove objects to villagers, which increases the prospect
of fllegal traffic.

Intellectual Property Rights

Intellectual property rights, which are intangible, are as important
ot even more tmportant than physical property since they earn
repeat revenue for commercial interests. It is possible to
misappropriate the symbols of one culture like the Natergiz figure
by comnmercial interests fot their commercial exploitation.

The right to copy information, the right to copy designs and
inventions was also controlled leading to the Patents & Designs
Act, 1970, Trade and Merchandise Marks Act, 1958 ete. The laws
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ensured that no person who had registered his design, copyright
or tradematk would be deprived of it except by law. In other
wotds, it became a form of intangible property. The Copyright
Act, 1957 protects authors from copying of their published works
till 50 years after their death. In the case of government
publications it is 50 years from date of first publication or
republication. In the case of patents, it is usually for 30 years.
This ensures that knowledge becomes free after a certain length
of time.

Recent Changes in Laws

Patents were wsually for products under the old regime before
the World Trade Otganisation system was inttoduced. Therefore,
products with variations on the originals could be produced
without infringing patent laws. Now after World Trade
Organisation (WT'O) and TRIPS (Trade in Intellectual Property
Rights), Process patenting has also been introduced. This
adversely affects developed Third World Countties like India
because free use of technology even with variations is not
permitted. After many debates, Patliament has passed the new
laws in 1999. The new Act will conform to WTO protocol.

Steps suggested to protect and conserve heritage monuments and
prevent illegal rraffic in annquities and art objects

Protection of Heritage Structures and Monuments

It has become a practice to indiscriminately declare all ancient
structures as hertage monuments. It is treated as an anti-poverty
programme. Such an approach by spreading resources thin will
only ensure even deterioration of these protected monuments.
Only a few important monuments must be declared as protected,
but by concentrating resources they should be conserved so well
that they become models and attrace heavy toutist traffic, thereby
penerating revenue. This makes them self-sustaining,
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In other cases, those who demand that a monument be declared
protected may be licensed to protect and maintain it according
to hedtage principles. The ownership will however, vest with the
government. They may be even licensed to collect entry fee at
an agreed rate by government. State intervention has to be
minimal and regulatory in nature rather than be the ‘Great
Provider or Doer’.

Creation of Legal Antiquities Market

In a situation where there is no legal place to buy and sell
antiquities, sellers and buyers are forced to deal furtively. This
gives rise to illegal sale and purchase. When a person who owns
an antquity wants to sell due to his need for money etc, he
must have a place like Sotheby’s or Chrsty in London where he
can sell. There must be a licensing and regulatory mechanism to
regulate such trade. The antiques must be certified as legally
saleable, for example sale within India. Then trade, which is at
present underground, will become repulated. It will also fetch
huge revenue to the government as sale tax, income tax, capital
gains tax etc. It is easier to regulate a given area than police 2
widespread area.

Reward to Finders and Owners of Treasure - ttoves

Some people argue that in several countries it is legally mandatory
to part with treasure troves to the government Therefore, they
argue for suict enforcement with deterrent punishment rather
than fewards to the finder/owner.

A mote sensible view appears to be that a Carrot and Stick Policy
alone will work. Some part must be kept with the State and some
part must be parted. After all, what are we are parting with? We
found a gold haul somewhere found by a muwf. We are piving
the gold price not the antique value, which is kept by the State
for itself. If you take a penchaloha idol, the antique value is worth
crores of rupees, whereas the metal vaiue will be a few hundred
or thousand rupees. In fact, this is itself acting as an inducement
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to a person to conceal what he has found. Nobody can really
police every square feet of this vast country. It is ideal to expect
that everybody will be a Harischandra (Indian monarch famed for
telling the truth). In the modern market economy, stick alone will
not work. More Carrot than Stick is required. Therefore, I believe
that the government should do a little more to induce people to
report finds by at least parting with a part of the antique value.
The honest ones should be given some recognition - some

certificate.

There is a tendency in recent years for certain vested interests in
villages to induce a law and order problem to prevent the idols
and bronzes recovered as Treasures being taken out of the village
and deposited in museums. District Collectors are also not
enforcing the provisions of the Treasure-trove Act in such cases.
The plea made is that they are needed for worship. According
to Agama Sastras (rules regulating worship in temples) such idols,
which are usually defective in some respect should not be
worshipped. In fact, such idols are supposed like a dead person
in the ground. Therefore, the demand for keeping them for
worship is a cover for illegal activities. Substitution of antiques
by fakes as in the Sivapuram Nataraja case happened only due to
such a practice.

Check at Exit Points of the Country

There are several exit points in our country. Cent percent check
of baggage/cargo has become impracticable. But, random check
has to be done. Recently, in a diplomatic baggage a huge quantity
of idols was recovered.

Usually, the Customs Department and Idol Theft Wing of the
State Police have brought to our notice that while stuffing
containers along with recent copies of idols or other artefacts,
some antiques are mixed and sold. The latest trend to give an
antique look to bronzes makes matters more difficult for the
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enforcement authorities. They have to seek expert opinion of the
Museum or Archaeological Department personnel.

Finger Printing

Finger printing of all important images (i.e.) early, typical and rare
bronzes has to be taken up. Finger printing of the pedestal has
to be done to correlate it with the main image when discovered.
This may be slowly extended to other varieties. The results of
these findings are to be ‘stored in the Government Museum,
Chennai and the Idol Theft Wing of the Tamilnadu Police. This
will enable ready access.

Registration by Electronic Means

A paradigm shift in documentation from paper to paperless digital
form has occurred by the use of the computer. Steps have been
taken in the Government Museum, Chennai to electronically
document the collection. The collection starting with the
important objects classified as ’AA’ and ’A’ are to be put out in
CD-ROMs.

Documentation of objects in villages, similarly, has also to done.
Each Taluk Office has now got a computer. They can easily
therefore register such objects in the village. The antiques in the
villages should be put on CD-ROMs. These should be available
for sale. This will generate revenue besides ensuring transparency.
If knowledge is widespread, then misdeeds cannot be done easily.
It would have been easier to deduce that the Sivapuram Nataraja
was replaced by a fake, had the knowledge about it been
widespread. Substituting by a fake can be detected, not necessanly
by a government official, but also by a foreign tourist or an
Indian tourist. They can inform the police or the media so that
such theft is detected.

There should also be a system of annual inspection of the places,
where idols and antiques are stored. There must be a test check
so that any officer who goes on tour from the archaeology
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department, from the museums or even the revenue department
or police will check up whether the antiques are there. If they
are substituted with fakes or totally misplaced but there wil be
some one to blow the whistle.

I stressed on the need for registration under Copyright Laws to
prevent such misappropriation. Photographs by digital methods
and documents on computer can be made into CD-ROMs so
that everybody knows what is in the collection in Chennai
museum and other museums of the Department of Museums, all
the two hundred thousand to two hundred and fifty thousand
artefacts that we have. If the cutrent old manual Accession
Registers are lost, no one will know what has been lost.

This topic is also exercising the Government of India judged by
their insistence on documenting the important artefacts in digital
form.

Insuring of artefacts is a new concept. The principle of
mrdemnificaton 1s modified to the agreed value indemnification
in the case of rare art antiquities. This was stated in a presentation
in the seminar on “Our Role in Protecung Cultural Hertage™.
This presentation gave a new insight into insurance stnce the
concept of insurance has yet to catch on in the field of
museclogy. I do not know whether we can afford to pay this
kind of premium for example Government Museum, Chennai has
two hundred thousand artefacts. Can we afford to pay or can
any government afford this kind of payment?

Problems Due to the New Laws on Intellectual Property
Rights

We have to be very careful that a piquant situaton that atose
like the patentng of Neem or Turmeric or Basmat in USA does
not occur,

Museums, art galleries, manuoscript library authoriges etc., must
get all the art and ancient objects and manuscripts in their
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collection registered with Copyright{Patents/Trade Mark
authorities to ensure that their intellectual property rights are not
stolen by others. They may even force the original owners to pay
for their use. E.g. A Natsrgja statue can be photographed and
registered as a trademark or design in U.S.A. Then the museum
where the icon is onginally on display will have to pay to the
new Ametican owner. This calls for a common approach either
for mass registration or registration only with the consent of the
original owner. Another point is that the museurn or library may
not have sufficient funds to fight the case in U.S.A., some
method of ommibus registration of all such collections by Indian
authorities has to be thought of to prevent such a potentially
hazardous situation from' developing.

In the case of manuscripts dealing with medicines etc., the
situation calls for attenton even more. Here millions of dollars
are involved. Our own Indigenous Technical Knowledge (ITK)
can lead to drug formulations, which are sold back to us at a
high price.

Similarly in the case of paintings, it is conceivable that a design
based on a2 Rga Rayi Varma painting can be registered abroad
and commercially exploited. The situation will lead to the original
museum ot owner not being able to exploit it or display it in its
brochures.

Our rapgas or dance forms like Bbharatanatyam can also be patented

by persons who change the name and claitn it as their own.

Remedies

In order to avoid this potentially dangerous situaton, we may
need to do the following:

1. Create awateness among all the staff and people who deal
with our heritage and even the general public on Intellectual

Property Rights.
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2. The collections in our public and private museums, which
are already entered in the Accessions Registers, registered -
either by an omnibas clause or by specific registration.

3. Make it legally impossible to register designs or Indian objects
abroad without notice being first issued to the concerned
Indian owner of the orginal object/manuscript.

Participatory Approach

A Participative Approach in the Participatory Rural Appraisal
{PRA) mode of learning from and with the stakeholders like
owners of tanuscripts, paintings, practitioners of indigenous
medicine, museologists, archaeologists will enable us to learn more
and implement the suggestions for safeguarding our tangible
antiquities and intangible cultural property rights. In the field of
conservation of heritage monuments, a committee of the agencies
involved in this feld like the Archaeological Sutvey of India,
academic experts from Indian Institute of Technology, the State
Departments of Archaeology and Museums, serving and retired
personnel of these departments who have acquired specialised
expertise over the years must be associated in the conservation
of these monuments on proper latest principles of conservation.
However, carte must be taken not to include those who
masquerade as experts without real knowledge.

Steps Taken by Govemnment of India

It has been seen above that the Government of India is insisting
on registraton of the valuable artefacts in museums classified as
‘AA’ and ‘A’ in electronic form with their photographs.
Dr.Vaidyanatha Ayyat, the then Secretary, Department of Culture
had meetings with the Secretaries in charge of Culture of the
States and Directors/ Commissioners of Museums on this subject.
A CD-ROM containing the programme called ‘Nafrg? and a
template for recording data and photos of important objects has
been sent to leading museums. The work of documentation in
respect of this museum is complete.

bR
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Conclusions

We have seen in this paper the need to protect the ancient
monuments and heritage structures that our old culture has given
tse to. The legislative framework, which operates in India and
Tamilnadu, has been gone into. It is seen that the legal framework
has evolved as a tesult of the msing levels of awareness on the
need to protect and presetve our past hentage. Current market
forces like illegal art sale have also played a patt. The need for
an institutional framewotk for the antique market has been
stressed. The need to evolve new laws to regulate and encourage
pooling of expertise and pivate initiatives in conservation of
heritage structures is another new arca covered, The need to
enforce compulsory registration of antiquities, their electronic
documentation for easy retrieval has been stressed. Finger printing
of btonzes is a hi-tech inittative taken by this museum in this
regard. Intellectual Property Rights on antiques and hetitage
structuzes is another greenfield area, which has been analysed and
measures for protection of rights suggested. Along with rigid law
enforcement, a more market oriented practical approach has been
suggested to ensute tecovery of treasute-trove objects. The need
for a regulated market is in tune with this market oriented
approach. It is hoped that this new approach will not horify the
traditionalists in this field, but they will approach these new ideas
with an open mind. The present economic scenario dictates this
new approach if protection of out culture has to be done
effectively. No amount of laws without enforcement and people’s
support will succeed.
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nternational Law provides measures protecting art and cultural

objects from theft and illegal trafficking. The reasons are many.
This paper discusses various conventions agreed at the
international level among member countries. Agreed convention
are being implemented by member States and they are solved. In
this paper special reference is made to the Indian laws and the
need to introduce penal provision such as rigorous imptisonment
for theft and illegal trafficking cases and the same should be
deterrent. Without knowing the root cause for this problem, it is
very difficult to safe-guard monuments and heritages even at
international sphere.

Reasons for Theft and Illegal Trafficking

In the case of illegal trafficking, the loss suffered by an institution
or a nation may prove to be a gain to the end receiver
organisation or country, but it is a total destruction. Due to
advancement of science and technology, the modus operandi are
also changing in a sophisticated manner apart from the traditional
methods.

The reason for increase in this sphere especially in the developed
countries, where there are vast opportunities for international
marketing, it is deemed to be a highly profitable and and lucrative
one. If theft and illegal trafficking are not checked and stopped,
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in the long tun, a country’s hetitage, culture and civilisation wAill
also be gradually ruined.

Intetnational Law and Conventions

In order to protect the world heritage, the UNESCO extends help
by way of conventions and recommendations to the member
States. UNESCOF first convention was Convention of Cultural
Property in the Event of Armed Conflict - 1953.

The Recommendations of International Prihciples

Applicable to Archaeological Excavation 1956, starting from 1953,
the last convention is the UNESCO’s 17 Session held at Pass
from 7 October to 28® November 1978, recommended the
protection of valuable movable cultural property. This is one of
the most important aspects. Apart from this, the International
Council of Museums (ICOM) and the International Council of
Monuments and Sites (ICOMOS} provide certain relevant and
useful guidelines.

The General Conference of the UNESCO, at its Ninth Session
held in the year 1956 at New Delhi, adopted the
recommendations on Internataional Principles Applicable to
Archaeological Excavations.

The most unportant recommendation of the New Delhi
conference states that in the higher interest of the common
archaeological heritage, each member State should consider the
adoption of regulations to govern the trade in antiquities so as
to ensure that this trade does not encourage smuggling of
archaeological materials or affect adversely the protection of sites
and the collection of materials for public exhibition.

Foreign museums, in order to fulfill their scientific and
educational atms should be able to acquire objects, which have
been released from any restriction due to the laws in force in
the country of orgin.
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In the year 1970, at Paris, in its sixteenth Session, another
convention laid emphasis on the means of prohibiting and
preventing illicit import, export and transfer of ownership of
cultural property and this was adopted by the General

Conference.

Pakistan’s Antiquities Act of 1968 considers counterfeiting any
antiquity by itself as an offence. Iraq’s Antiquities Law prohibits
forgery and the preparation of casts or moulds requires
government’s permission.

The oldest law in this field for protecting any cultural property
has been enacted Py France in the year 1809 by enforcing
controls on the transfer of fine or rare properties from the State
Archives.

The ICOM, in the year 1974, compiled a handbook on National
Legislation, for elucidation and appreciation of the offenses that

may emanate from any clandestine transaction.

Almost in all the countries export regulations are made rigid and
very restrictive. In countries like Algeria, Austria the legislations
for export of rare type of art or cultural articles or properties
are stringent. Yet, some countries adopting liberal policy, do not
follow a serious set of rules and regulations for obvious reasons.

In most of the countries, having rich cultural heritage, the export
of such properties is prohibited, except without a valid permit or
license.

A study of laws etc, in the European countries, reveals that
liberal export policy is likely to begin with the U.K. Here a license
is needed for the export of cultural materials and works of art
manufactured or produced at least one hundred years before. In
the UK, a reviewing committee specially scrutinises objects of
national importance and it may refuse license and re-acquire those
objects for any national collection.



International Law for Protecting Objects of Ar

Laws in India

The first Act in this area enacted in the year 1878 was “The
Indian Treasure - trove Act, 1878”. The preamble of the Act
states that the law relating to art objects being smiippled every
where is bad and ineffective and gives every inducement to
offenders to conceal or make way with their discovedes and yet
there is 2 good deed of treasure buried in India and much of
these are very antiquarian and of historical interest.

The salient feature of this Act is that the ‘finder is to give notice
to the District Collector of the discovery of the treasure and
either deposit the treasure with the Government Treasury or give
secutity for keeping it. The next one is the Ancient Monuments
Preservation Act, 1904. This Act was enacted to provide for the
preservation of ancient monuments and objects of archaeological,
historical or artistic interest. This Act empowers the Central
Government to issue notification specifying boundares of the
area protected. Section 20 provides that governtnent can acquire
the protected area. The penal provision of imprisonment for
those who violate is 3 months and or fine upto Rs.5000/- or.
with both.

The Ancient Monuments and Archaeological Sites and
Remains Act, 1958

This enactment provides for the preservation of ancient and
historical monuments and archaeological sites and remains of
national importance for regulating of archacological excavations
and protection of sculptutes, carvings and other ke objects,
which had been in existence for not less than 100 years.
Section 33 of this Act provides impfisonment, which may extend
upto 3 months or with fine of Rs.5000/- or with both in case
of violation.

The Ancient Monuments Presetvation Act, 1904

The preamble of the Act provides for the preservation of ancient
monuments and of objects of archaeological, historical or artistic
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interest. Section 17 deals with “Trafficking in Antquities” and
the power provided to Central Government it control trafficking
in antiquities.

The Antiquities and Art Treasures Act, 1972

The Central Government may give notification in the offical
gazette prohubiting or restricting the sale or removal of antiquities
to the detriment of India or any neighbourng country. Any
person who brings or takes, attempts to bring or make any
antiquities notified in the gazette into or out of the territories in
contravention of the said notification, shall be pubishable with
fine, which may extend to Rs.500/-. For offences referted to in
sub Section 12 of the Act, the offender shall be liable to
confiscation. An officer of Customs ot an officer of Police may
search any vessel, cart or open any baggage or package. Under
Section 19 of the Act, the Central Government is empowered to
compulsorily acquire antiquities and art treasures.

Penal Provision of the Act

Imprisonment for a term not less than 3 months, which may be
extended to 3 years and with fine.

Important Cases
Om Prakash Narang and another Vs. Delhi Administration

On 31" March, 1967 two sand stone pillars of great antiquity
and beauty were stolen from Suraj Kind Temple in village Amin,
District Karnal, Haryana. These antiquities belonged to 2nd
Century B.C. and their value at that tine was said to be around
US $500,000.

During the pendency of the case, Mr. Narinder Nath Malik
approached the Magistate alleging that he is a research scholar
and he needed the pillars for a detailed study and took custody
of the pillars. Later on he handed over fake pillars to the court.
This came to the knowledge only when the originals were traced
and found in the London Warehouse of M/s. Spink & Co. Two
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cases of conspiracies were registered against Mr. Nannder Nath
Malik for the offence alleged in the first case U/s. 120 B read
with Section 420 and Section 406 of TPC and the second case
U/s. 120 B and Section 411 and Section 25 of the Antiquities
and Art Treasures Act, 1972 and this was challenged. The
Supreme Court of India held that the Magistrate had taken
cognizance of the offence and the right of the police to
investigate upon fresh information and two conspifracy cases wete
maintainable.

Conclusions

All the above enactments relating to ancient properties and
monuments, historical and archaeological Acts followed in
member countries require a thorough review for the purpose of
introducing objective machinery to sternly deal with the offences
relating to illegal trafficking and theft of art objects so as to
enable the authorities vested with the required powers to
investigate, prosecute and attach even the personal properties of
the offenders, treating them as anti-social gangsters.
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Authenticating Stone Objects

A.S. Bisht,
Chief Restorer (Retd.), National Museum, New Delbi — 110 071.
B-3/67 A Keshav Puram, Delbi-110 035.

The importance of authenticity having been highlighted at the

Nara conference on authenticity (1-6, Nov.1994) museum &
cultural institution has become extra vigilant. Authenticity by
definiion means state of being true or of truthfully established
origin and provenance. Therefore, authenticity of a work of art
depends on the relation between the work itself and the place,
the artist or period to which it is attributed. Authenticity can also
be defined as of original creative source that sustains and proves
itself. It could also be understood as a condition of the heritage
resource, legally valid, reliable, original and genuine etc.
Authenticity has to be maintained of the existing heritage
resoutces from the past. They will form a reference for future
memory and will, therefore, need to be conserved with due
respect for the relevant issues. In order to keep their authentic
creative capacity, we need the dynamic, well thought of
conservation management and planning. This includes minute
examination and documentation made before restoration /
replacement, the quantity of replaced parts is minimised, the size,
quality and the species of new material are the same as the
previous ones, the workmanship is the same and the report is
published after the work, the replacement / restoration would
never violate authenticity. On the other hand, the provenance of
a work of art depends on the place where it has been made and
the source from which it has originated. It does not relate to
time or period, since these may vary. For example, a Gupia
sculpture may belong to the kingdom of Guptas, which is
demarcated geographically but it may be early therefore, has to
be specific to the various sources of production of Gupia



Auithenticating Stone Objects - 01

sculptures. The places thus may vary but within that demarcated
areas of their kingdom. It could, therefore, be from that region,
which could be specified accordingly.

Doubtful Authenticity

The persistence of traditional crafts, which are not converted into
modern creation, is one of the basic reasons of doubtful
authenticity. Lack of histofical sense leads to belief that using the
same materal and technique as in the past is a correct way of
saving the taditions. But, traditional crafts were the authentic
expressions of a traditional society; they can no more be the
authentic expressions of the present. This results into faking,
which is unfortunately encouraged by mass toudsm and demands
for artefacts of the past. The permanence of the craft is in itself
not enough to safeguard authenticity and hence the problem.
Reconstruction are also very often due to the wrong views of
some concerned people who intend their knowledge to be
materialised on the object instead of past documentation in the
form of drawings ot models, which conserving the authentic
remains without reconstruction, could lead to unfaithful revival
The real notonal values of such artefacts stay within the
authenticity of the mradition, which could be rediscovered, studied,
safeguarded and not to be carried away by over enthusiasm.

Problem

There have been cases, where we have not been able to prove
quickly that particular stone sculpture or sculptures belonging to
India especially in the absence of proper documentation records,
which could prove our legal ownership having claimed their
return to India. It is needless to say, that a large number of our
heritage in the form of sculptures have not been documented on
scientific lines and hence the problem. Authentication of artefacts
has to be on the basis of their documentation records prepared
for their characterisation done on the basis of a detailed technical
study, which we often term as fingerprnting, Such a study done
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on a object itniediately after its acquisition or discovery through
excavation or having been part of a standing monument would
be most significant in this endeavour so as to authenticate them
initially or if and be at a later date. It is a huge task considering
our vast cultural heritage and soonex we start it, better it would
be.

Documentation

Very often most of the museums rely on stylistic documentation
on the basis of personal judgment of Scholars / Curators since
they neither have any facility for any in-house documentation nor
do they feel its importance making the situation still grave. The
textual, graphic and photographic (visible radiation and mvisible
radiation) documentation has to be completed in respect of each
and every stone artefact in a collection. This has also to be
supported by specific observation made on their chemical
composition, photogtaphic examination, radiography, macro
photographic studies besides Scanning Electron Microscope
(SEM) studies done to fingerprint the inner structure
crystallographic detatls including the inclusion in-between various
crystals, if any. This would leave no loopholes, which could be
manipulated by fakers to mislead the scholars, museologists in
general and conservation scientists in particular. Any surface
deposits of soil etc., irrespective of stone sculptures recovered
from excavation could also substantiate the claims of owmership
on the basis of the soil composition by comparison of the
residual deposits and the soil of the site from where it was
recovered.

Scientific Study

Such a scientific study can deter their replacement, later repair in
case such a stone object breaks accidentally while on display, in
storage and / or during transit. It would also help in retrieving
them back for the country in case of a theft or smugpling so
that their legal ownership could be proved in a court of law.
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Instances are thete when it became very difficult to establish
ownership for example Amin Pillars and their provenance etc.,
which tavelled to UK. and copies were transplanted in their
place in situ besides a copy was seized by the Customs at
Mumbai. It is needless to say that authentication studies have to
be done on the stone objects in situ, at their new location and
if possible on the stone at a nearby quarry near the monument
/ site from which a particular stone artefact has come. T am sure
the fakers cannot match all their characteristics and are bound to
make mistakes on which ‘we may encash at the time of
authentication. This would also monitor their health over the
centuries / years and could help in adopting conservation
techniques accordingly.

Plans for Fingerprinting

We must prepare petrographic / microphotographic slide
collection of known images from a particular site for comparison
and if need be, to authenticate these images or prepare a SEM
examination recotds, which could be compared with slides of
known objects. This could also help in the smdy of the inner,
which a faker cannot match. Chemical compbsition could also
lead to conclusion in this tegard, if large number of comparison
slides is prepared. Such a si:ucl-yr could further be supplemented
by wking microphotographs of various parts of stone image
Graphic documentation could also record the details on the
suzface, which would be too difficult to match but an expert eye
can not be cheated while comparing the scientific details thus
prepared. Exact nature of the stone used in making a particular
image cannot be falsified under expert evaluation of the problem.

Stone from Anwrravan

As regards Amaraeard litmestone sculptures are concerned these are
spread in three major museums, as known to me, of the country,
the Victoria & Albert Museum, London and some may be
clsewhere also besides at the original site museumn at Amaravari,
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It is necessary to include all of these locations in the
comprehensive project to authenticate them as per plans stated
above. The big question is how far we are serious about
authenticating our collection especally of stone objects, are our
institutions technically ready, financially sound and ethically ready
for such a comprehensive project on the basis of their in-house
infrastructure or possible collaboration with appropnate scientific;
institution in the country or abroad? Moreover, even if we have
the technical know how, do we have the necessary urge for such
a study on priority basis? Let us not be caught unaware and wait
for such a study tll any future mishap actually occurting, when
pethaps, it could be too late.

Restoration Vs Authentication

There are a large number of stone sculptures of which either
arms or legs or head are missing such as the armless torso of
Mathura Bweddba in the collection of National Museum, New
Delhi, which look aesthetically petfect even in the present
condition. Large scale reconstruction would go against their
authentiﬁty and the missing parts may be left as found onginally
otherwise there 15 no end of rcconstmcﬁon, which would be
misleading art historically and could give rse to falsificadon. It
could also betray the style, period and provenance of the stone
inage. Reconstruction therefore leads to complication such as
faking replacement and deception. It could also betray the histotic
sense, moral and ethical values of the profession. In short, such
stone sculpture would never be the same again. Repair /
restoration needed for providing physical strength to the object,
if reversible, would stand on the grounds of scientific
conservaton if needed for safe display or storage. Repairs, which
would not affect the authenticity, may be considered collectively
by all concetned.
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Conclusions

In the end, I would like to mention that it may be possible to
authenticate stone images also on the basis of the scientific data
thus prepared, which could easily be produced in a court of law
in the country or abroad to prove legal ownetship. Such a study
would also be a useful addition to knowledge besides safeguarding
this priceless heritage resource for all times to come. All
institutions should help and collaborate in this project to make
it a success.



Authentication and Dating of
Antiquities
C. Santhalingam,

Archaeological Officer,
State Department of Archaeology, Madurai.

ny scholar who deals with sculpture or any other art object

must have the required knowledge in authenticating and
dating of the object. One has to authoritatively define the identity,
style, date and regional variation of the particular specimen. For
such careful study, one should rely upon aqgmic texts on
iconography, literature, local legends, puranas, inscriptions etc. The
scholat’s personal expetience also will be helpful in some rare

cases.
Problem of Identification

Problem in identifying sculptures arises where they are in groups.
For example, in the identification of each goddess of
Sapthamatrikas, one has to get clue either from the iconographical
features like weapons in hands ot wabanas related to each
sculpture. We face the same problem in the identification of
Rishaba Vabana, Rishaba Aruda and Rishaba Anthika sculptures.
Some identify them in general as Rishaba VVahana Deva. 1f Lord
Siva with Parvathi is simply standing before a bull, it is named as
Rishaba Vahana. When they are riding on the bull, it is called as:
Rishaba Aruda. But where the bull is absent but Lord Siva is
shown so as his right elbow is placed on the bull, then it is
identified as Rirhaba Anthika. This minute difference could not
be known to all who deal with sculptures.

In rare sculptures where controversy persists on the identification,
literature, experience and the scholarship of the researcher lead
to a solution. For example there is a sculpture at Darasuram with
three faces and eight arms. Previously it was identified as
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Ardbanarisvara. Dr. R. Nagaswamy convincingly identified it as
Vishnu Maya ot Maba—M@a (Devi, the Sister of Vishnu and
consott of Siva). In the same manner, a rare tanttic sculpture

found at a temple of recent origin at Dara.mnm was 1den11ﬁed by
Dr. Nagaswamy as Chak@ft and dated to 12 Century AD’.

Identification of Chocka Ravuthar Sculpture

Sl controversy prevails in the identification of a sculpture, found
at the entrance of the Thousand Pillared Manigpe at Madurai
Sundaresvara temple. It was identified as Dalavay Ariyanatha Mudali
who served as great general and minister for the first three Nayak
tulets and caused to construct the thousand-pillared mantgpa. But,

now it is identified as Lord Sundaresvars himself who came as a
horse teader in disguise to protect his dcvotec Marnikka Vasaka.

Locally now it is called as Chockka Ravuthar® (a Muslim horse
trader). This identification is artived by the scholar with the help
of a jackal figure found on the base of the sculpture, which leads

ones memoty to Thimwvilaiyadal Puranam. Although the conversion
of ]ackal into horse is mentioned in the Appar’ Devaran® itself
(7 Century A.D.), the story is executed in stone only during
160 Century A.D. Not only that, this was the period when pwranic
heroes were portrayed in sculptures such as Harischandns,

Chandramathi and other folk people like Kwravan Kurathi, Snake
Charmer and so on. These types of sculptures are found in
Vijayanagara and Nayak maniapas elsewhere in Tamilnadu. On this
basts too, we can identify the horse fider as Chocks Ravuthar, the
heto of an episode in Thimwilaiyadal Puranam.

Authenticity an Style and Dating by Ornamentation

Any stone sculpture or bronze image can be differentiated from
other by its style and ornamentation. For instance, if the
Yagrobhavitha of a sculpture crosses upon the tght arm it is
considered to belong to eatly Pallava or eatly Pandya style. If it
passes below the arm, it is assigned to Chols or later Pandya style
More ovet, if the ornaments are very simple and minimum in

12
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number, the figure may be dated to early Pandya or eatly Pallava
period. Rich ornaments, cluster of dresses, and massive and
physical features like muscles age found in a sculpture and then
it could be dated to the Naguwk period.

Authentication by Inscriptions

Inseriptions are the most reliable tools for not only writing history
but also fixing exact date of any art object. Even in identification
of sculptures also inscriptions help us with exactitude. For
example, a dwargpalaka sculpture found now at Art Gallery,
Tanjore in Tamilnadu contains 2n inscription on tts pedestal. It
gives us the full information regarding the dwargpalaks sculpture
that it was brought by the Chols King Viaya Rajendra Deva
(Rajudhi Raja 1 1018-1054 A.D.)) as a war trophy when he
destroyed Kabanapira, the Western Chalukya Capital’. From this
inscription we come to know exactly the name, style, orgin and
date of the sculpture.

Likewise, some foundation- inscriptions are also found in some
places from which the sculptures within that particular temple
could be dated. For instance, an inscription dated to 773 AD.
revesls the installation of Dwrge and Jyestha sculptures in the cave
temple at beﬂ?oarmkmm by one Nakkan Kori, the wife of a
military general”. In the same manner an inscription at Asaimalas
near Madurai dated to 770 A.D. gives the authentic information
about the execution of the Namwbima Cave Templeg. The
foundation inscripton at the Great Temple, Tanjore, which
appeats as the personal statement of the King Rafa Raja I stands
testimony for ‘the dating of the sculptures. At least twelve
sallptures from a Siva temple. at Kilmathur near Madurai are dated
to 122 Centu.ty AD. on the basis of inscriptions found in the
tcmple Not only that, from these inscriptions the existence of
the Paihm -Pandya art link was’also discussed at length by the
scholag’!
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But we cannot depend completely on the foundation inscripion
in dating the sculptures within the temple complex. Some missing
links are also witnessed in certain places. Two insctiptions in
Kuralmani Isvaram (Now it 1s called as Minakchi Chockanatha temple)
at Amppukkottai, Virndbunagar district in Tamilnadu, mention
about the installation of sculptures Lingapurana Deva and Dmgam
in their respective niches during 1190-1216 A.D. But the two
sculptures found today in the niches are not the original ones.
Some how, they seem to have been replaced with the later period
specimens (17- 18 Century A.D.).

Much care should be taken in such instances. In some rare
instances, the name of the sculpture is engraved on the pedestal
itself, which provides authenticity in identification. We get such
specimens from Rajakkal Mangalams in Tirunelveli district in whlch
names like Sathakrathabu, Kujaka and Budhaha are engraved

Inscribed Sculptures

Fortunately, a handful of sculptures have been found so far in
the Pandya region in which inscriptions are engraved on the base
of the sculptures. These inscriptions provide more authenticity in
identifying and dating the sculptures. Recently, in one the
explorations, an inscribed wandhi (bull) sculptute is found at
Neeravi village in Kamudbi taluk, Ramamt.bapwam district. The
inscription is in Vaffeluthu character datable to 10" Century A.D.
and reads as “Sv Kwththadi
Kavithi ~ Senthan — Vaippitha
Ishabam'*. This nandbi wras
installed by Sewthan, a
dancer by professlon who
was conferred with &avithi
title. Previously an inscribed

stone slab has been

discovered!® in the same

place in which the existence  Insoibed Nandbi Scutpture 10th Century A.D.

of a Siva temple during the Neeeass, Ramenathapuram District
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period of Virgpandya who took Chola’s head (946-965 AD.) is
known. We can fix the date of the inscribed nandhi also
corresponding with that inscnpton.

A Jain Thirthankara sculpture also contains an inscripton on its
base, which provides information when and by whom that image
was installed'®. The image is found at Pandalkuds village situated
in between Ampprkkotior and Ettapyapuram in Termmelveli district.
From this inscription, the date of the sculpture is fixed
authentically as 1007 A.D. and Puka/ Sadiyan, a Revenue Officer,
installed it.

An inscribed lion figure, Vabana of Durga, is found in a village
Thoppilakkarai in Virudbunagar district. This inscription also gives
the date and the person who installed that figure. This lion figure
was installed by Vimn Sadeikkan alias Dharmavithakan duting the
28 regnal year (1098 AD) of the Chola King Kulothunga 1'.
An inscribed sactificial altar, bed pitam, wras also found nearby the
lion fpure, which can be dated to about hundred year later than
the lion. It was instituted by Iruttaimuvan alias Tamilatharayan
during Kulasekara Pandya’s reign, 13 Cenmury AD',

Two more sculptures, one wandbi and an altar are discovered at
Maravar Perymkudi in Vindbunager district in a recent sunreyw.
On the pedestal of the mendhi figure, the information regarding
the installation is engraved from which we came to know that
the figure was placed during the 31 regnal vear of Maravarman
Sundara Pandya | who took the Chola county (1218 AD.). The
inscription engraved on the altar found near the mandhi figure
mentions that the altar was installed by Pirama Varyar of that
village. Pirana Variyar tefers to a group of personal security force
of the king. This inscription can be dated to 13% Century A.D.
on palaeographic grounds. Stll there is much scope to discover
such inscribed images in the same Pandys region in the future
explorations.
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Conclusions

By the above-discussed facts, it is confitmed that inscriptions are

the most reliable, authentic source than any other literary,

legendary and ggamic sources. Not only the identification and

dating of the sculptures are arnved, but also inscriptions can draw

the social history and art history. Proper steps are to be taken

in tapping the inscriptional sources to reconstruct our history in

all possible areas. By all means these sculptures should be

preserved for posterity.
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Some Farly Period Stone
Sculptures of Chennai Museum

K. Lakshiminatayanan,
Assistant Director,
Government Museum, Chennai-600 0086.

he Government Museum, Chennai has a good number of fine

stone sculptures, coﬂected from various art centers of South
India. They range from g Century B.C. to 18 Century A.D.
and represent most of the leading major and minor South Indian
Art Schools. These sculptures are made with a varities of rocks
found in South India. Recrystallised limestone, granite, quartzite
— feldspatic rocks, green stone, chlorotic schist and magnesian
schist have been used to sculpt the statues.

A rmaravati Sculptures

The _Amaravati Sculptures housed in the Buddhist Gallery in
Chennai Museum fotm the cream of its sculpture collection. This
soft, fine-grained rock is pale green in colour and is referred as
“Palnad Marble” by the Indologists and art historians. These type
of rocks are composed of calcite. Richard Newman of Harvard
University has conducted a sample survey of Indian rocks. From
his study we learn that the grain sizes in the Amaravati sculptures
are in the range of 0.01 — 0.03 mm. Their neighbouring crystals
show irregular polygonal grain boundaries. They contain quartz,
mica and zircon: grains.

Pallava Sculptures

The fine life size seated Vishnx and a bust of a horned
Dyarapalaka from Kaveripakkam in the Pallava bay in the Main
Buildings are good specimens for the Pallava Art School.
Kaveripakkam near Kanchipuram yielded a good number of Pallava
and Pallava — Chola transitional period (8- oth Century A.D.)
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Sculptures. The  Padmanidhi
Sanganidhi and friezes of dwarfs all
from Kaveripakkam are excellent
works. Seated Dakshinamurti from
the same place is another good
Pallava image. The Saptamatrika
group of sculptures from
Satyamangalam, displayed in the
Hindu Sculpture Gallery also
belongs to this period. The small
sculpture of Gajalakshmi again
from Kaverippakkam is unique for
its iconographical features. The
figure of Gajalaksbmi is carved on
a slab. She is flanked by two
elephants, two lamps and two
nidhis (Sanganidbi and Padmanidhi)
are also shown. Thus we find a
combination of many auspicious Dakshinamurti
objects along with the figure of goddess Lakshzi. The hands and
legs of these goddesses are shown as curled up at sides and thus
the form of Srivatra is symbolised.

St. Thomas Mount and the adjoining hills seem to be the source
for the Pallava sculptures. Though Pallavas prefetred sandstone for
their temple construction, charnokite rocks also had been used
by them to carve freestanding sculptures.

Kanchipurdm Sculptures

The Paflava period sculptures, in the Chennai Museum have been
collected from places like Kanchipuram, Mababalipuram and
Kaverjpakkam and their surrounding areas. Kanchipuram was the
capital city of the Pallava kings. Even after the hegemony of
Pallava kings, Kapveripakkam continued to enjoy the status of
cosmopolitan city and a great cultural centre. The Kaumari
sculpture in the Hindu Sculptute Gallery is considered as one
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that has come from Kanchipuram
area. On stylistic grounds, the
image is assignable to early Chola
period (c.9th Century A.D). The
seated image with four hands
identified as Kawmari belongs to
the group of eleven sculptures of
Saptamatrika set of a temple
complex. Prof. Gabrial Jouveau
Dubreuil (1885 —1945) and his
associate, M. Thangavelu found
these sculptures in 1926 in the
environs of Kanchipuram close to a
tank. Prof. Jouveau Dubreuil and
R.B. Whitehead had identified the

Kaumar

female images of this group as Akasakannigais on the basis of
folk tradition provided at that time among the villagers of Tamil
Nadu. But scholars of later period tend to see them as of Yoginis

of tantric cult.

Sapthamathrikas

Except Kaumari
sculpture in the
Government Museum,
Chennai, all other
sculptures collected by
Prof. Jouveau
Dubreuil near the tank
in  Kanchipuram were

shipped by him to

Pars in the late 1920. From Paris they were widely dispersed to
various museums in Europe and U.S.A. Now they are found in

the following places.

1. Detroit Institute of Art, (Detroit, Kansas City. U.S.A.)
2. Minnepolis Institute of Art, (Minnepolis, U.S.A.)
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Museumn of Fine Art, (Boston. U.S.A)
Arthur M. Sackler Collection, (US.A.)
Braash Museum, (London, U.K.)

Musee Guimet, (Paris, France)

Royal Ontario Museum, (Toronto, Canada)
Rielberg Museum, {Zurich, Germany).

i I L

Richard Newman of Harvard University has studied one of these
Kanchipuram Saplamatrika set of sculptures to discern its
petrographic details. The Cherzai (Jeyshta) sculpture of Arthur M.
Sackler Collection given on loan to Brooklyn Museum was
studied by him. Richard Newman has identified the kind of stone
used to sculpt the image of Cheffar, as green schist, a
metamnorphosed basic igneous rock. Green schist is otherwise
referred as green stone. The Chennai Museum Kasmars sculpture
also seems to be made of green schist

Chola Sculptures

Chennai Museum has a good number of Cholz sculptures in the
Chola bays, in the ground floor of the main building and in the
Hindu and Jain Sculpture Gallerdes. They wete collected from
areas in South Arcot, Thanjavur and Pudukkottai districts.
Though the image of Sabramanya in the Eatly Chols bay is badly
mutilated, it does not fail to teveal the richness of its carving.
The Bhikrhatana and Trparaniaka with Tripurasundari are the best
examples for Early Chols period workmanship.

Most of the Chola sculptures in the museum are sculpted in
granulite {metamorphic rock consisting of quattz and / or
feldspar and dark coloured magnesium - iron silicates, formed
under very high temperature and pressure conditions). Granulites
are otherwise known as charnokite. In composition it ranges from
granite — granodiorite to monzonite to diorite.
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The Role of Curators in
Preserving Stone Sculptures

N. Soundrapandian,
Curator,
Government Museum, Ooty.

useums preserve art and cultural heritage for posterity.

Curator in a museum has multifarious activities including
taking care of the collection. He has to interact with consetvators
for the proper upkeep of the objects incase they need
conservation care. Among the various medium, any museum has
mote collection of stone objects.

Normally, stone objects are very durable, but in unfavourable
citcumstances even they can detetiorate. Presence of soluble salts,
absorption of water, growth of moss and lichen, careless handling
are some of the factors dangerous to them.

Salt action is very dangerous to stone objects. Salts absorbed by
stone objects get recrystallised and crumbling of surface takes
place.

As a precaution against rise of water by capillary action, stone
objects should never be displayed by embedding parts of them
in the ground or in brick and cement masonry pedestals as water
finds its way from the ground to the stone.

Though sculptures are durable as they appear, they start
crumbling and showing signs of cleavage. The Curator is often
baffled. Protective coatings and location of the stone sculpture
are going to help, unless the root cause ie., the direct passage
of salt water to the sculpture is remedied. Extraction of salts
from the stone will not be of any help either, because they will
reappear again in solution with the rising capillary water.
Therefore, wooden pedestals are better, because they prevent the
rise of moisture.
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Stone sculptures can be placed on brck and cement masonty
pedestals, if 2 moisture — barrier, like a plastic sheet or lead sheet
is inserted in to the pedestal just above the ground

Stone sculptures often pet accumulated dirt or stzins. Loose dust
can easlly be brushed off. But even for stone, a soft brush is
recommended and the practice of whipping a stone sculpture with
a duster cloth should not be allowed. Plain water can wash away
most of the accretions. Sometimes, 2 mild detergent in water can
be used. Acids should never be used. to clean stone, except by
a trained conservator, who understands their action on wvarious
types of stone. Grease, oil, paint or wax can be cleaned with

organic solvents of appropriate type.

There may develop a deposit of moss and lichen on stone objects
especially those, which have remained in the open for some time.
Such a deposit is not only ugly in appearance, but also produces
pits in the surface of the stone and may weaken its structure. A
trained conservator should be able to remove the moss and algal
deposits easily. A collection Curator should not try to do this job
himself as it involves the use of chemicals, which are dangerous.

The question whether to coat a stone object with a protective
coating is often raised. Normally it is not advisable to apply any
such coating, unless absolutely necessary.

Handling of stone sculptured pillars and other objects and thesr
shifting from one place to another is probably more difficult than
that of other types of material because of the weight

The best way to hift heavy objects is by mechanical fork-lifts and
to move them by trolleys. A fork-lift however is costly and all
museums may not be in a position to own one. As an alternative,
strong ropes may be tied around the object and required number
of petsons may lift it to the trolley and even catry it suspended
using a pole. In that case it is absolutely necessary to have proper
admissible padding between the rope and the object otherwise it
will be abraded.
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Care should be taken to cover stone objects with sheets of
polythene or atleast cloth sheets, so that no paint drippings splash
on them. Very often it is difficult to remove paint stains
completely from the stone as it penetrates into its pores.

Curator has to understand the nature of stone and stone objects
should never be piled one over the other. Scratches will be made
and sometimes they may be damaged severely.

Sculptures, Role of Curators in Preserving Stone Sculptures,
Pottery and Ceramics

Always use gloves while handling marbles, pottery and ceramics.
Special attention is needed in lifting and cartying these using
sufficient soft padding,

Examine for any powdery formation or salt formation on pottery,
it may be salt, consult a chemist about it immediately, otherwise
it may be harmful to remain on it

Marble is easily stained, hence packing and padding materials
should be dry and cleaned.

Although the shape of every individual sculpture will dictate the
safe position in which it should be moved, yet the sculptures are
transported generally in horizontal position and not in upright
position.

Any chipped off or broken fragments of a sculpture must be
stored for further restoration.

While dusting or cleaning do not whip or rub cloth on marble,
pottery etc., as it may go deep into grains, hence only gentle
feather brushing or vacuum cleaning should be done.

Do not undertake cleaning or joining without proper expert
consultation or trained hand attending to it.

Pollutants

Industrial waste gases contain oxides of sulpbur, carbon and
nitrogen, which are extremnely harmful to museum objects. Paper,
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textiles, leather, even metals and stones detetiorate more rapidly
in a moist atmosphere containing oxides. These gases are is
converted into acids, which damage most materials. The only
effective way to remove oxides from museum air is to pass the
air through an activated carbon filter or through a water spray.
This is possible only when the building is air-conditioned.

Conclusion

The care taken by a Curator is very important for the safety of
the museumn objects. Therefore, collection Curators must have a
good knowledge of consetrvation ptinciples. He should know the
material science of the medium of objects for their preservation
to posterity.
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Role of Museums in the
Preservation of Stone Objects

R. Kannan,
Commissioner of Museurs,

Government Museum, Chennai - 600 008.

museum was defined in the 1970s and even in the 1980s as

a non-profit making permanent institution in the services of
the society and of its development and open to the public, which
acquires, conserves, reSearches, communicates and exhibits for
purposes of study, education and enjoyment of the material
evidence of man and his environment (the Statutes adopted by
the 1% General Assembly of ICOM (Copenhagen, 140 June
1974), the 15® General Assembly (Buenos Aires, 4™ Nov. 1986).
But nowadays, museums are making profits just to ensure survival
and development. The Metropolitan Museum, New York has
started having exhibitions even on cosmetics just like
multi-national corporations. Therefore, marketing has become an
important part of museology. Museums are varied according to
their type, historical, science, textle etc., and their activities are
also varied.

Activities of a Museum

Collection, acquisition, documentation, preservation, conservation
and display are the important activities in relation to objects.
Education, research and publication are offshoot of the main
activities relating to objects. A museum exists to preserve the
objects of the past to see, enjoy and preserve them for the future.
Preservation for display forms the most important activity in a
museum. This activity is not only the duty of the staff of the
conservation laboratory or conservators and restorers, but also
the duty of every one employed in the museum.
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Collection of Objects

Collection of objects is an important activity of a museum. There
are vatous methods of collection. Each musenm has its own
collection policies depending upon its nature and management.
Archacological museums, anthropological museums, geological
museums, multidisciplinary museums etc., have in their collections
objects made of stone. The collections of stone objects in Indtan
museums are detalled here.

Methods of Collection

The many ways of collection of museumn objects vary. Field
collection, treasure-troves, gifts, purchase, loan, exchange,
confiscation, transfer etc., ate some of the common methods of
acquisiion of objects for a museum.

Field Collection

Field collection is very important in the sense that the locality of
the object is known. The archaeology depattments or the
anthropological departments make an area survey. Surface
collection is made in most of the areas. A good rain will reveal
many objects such as coins, beads and potsherds.

An anthropologist surveys tribal areas and collects objects. A
geologist collects minerals, rocks, slags, fossils etc., as surface
collection from different areas. Depending upon the interest, the
coilection increases through field collection. Archaeological
collections such as sculptures, stone inscriptions can be collected
only by government museums, as the permission has to be got
from the Collector of the distdet under the Indian Treasure-trove
Act. A group of students may be taken to the field for practical
study and objects collected. Visiting various quarries and regions
where specimens are available also makes for good geological
collections, Fossils ate also available sometimes when digging in
the quarnes.






Report on the Activities of the
Chemiical Conservation and Research 1aboratory

Mr, C.5, Jayaramasundarm, Former Assistant Mr, C, §. Jayaramasundaram, Former
Supenntending Archaeological Chemist, Mysore Assistant Superintending Archaeological Chemist,
Delivers a Lecture on Chemical Cleaning of Stone Mysore Teaches Chemical Cleaning in a Temple

Monuments. Dr. R. Kannan, Mr. K. Lakshiminarayanan
and Dz, V., I]c}'arn:: are in the Dais

Officials are Chemically Cleaning Stone Officials are Chemically Cleaning
Pillars ina Temple Moss and Lichen Affected
Temple Compound Wall

NSS Students Clean Stone Sculptures in the Internatonal Workshop on Metal Conservation
Archacological Gallery
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Excavations

Excavation 15 a scientific method of revealing the buned objects
under earth. Excavation is one of the methods of acquisition of
stone objects in the museums. Some museums are empowered
by the Government of India to undertake excavation if they have
qualified archaeclogist and add the objects thus obtamed m the
collection of the museum. Chennai museum once excavated and
objects were acquired. In India, no department can undertake
excavation unless permission is obtained from the Director
General of Archacological Survey of India.

Treasure-trove

According to the Indian Treasure-trove Act, the buried objects
when found belong to the government. The Collector informs
the head of the department of museums who acquires it for the
museum after examination. Compensation is given to the person
who found the treasure as well as the owner of the land. Such
facilities are available only to the government museums. The
Government Museurn, Chennai is augmenting its collection
through the Treasure-trove objects. The important additions to
the bronze collection are the Buddhist sculptures from
Nagappatiinarm, Velankanni Natargia etc.

Gifts and Bequests

The British Museun came into existence by the bequest of Sir
Hans Sloane. Fitz Wiliam Museum was bormn by the bequest of
the Count Fitz William of Cambridgeshite. It is difficult for any
progressive museum to fulfil the desite of the donor to exhihit
all his material at one place or to keep them on display at all
tmes. Salar Jung Museun is 2 museum established out of the
collection of Salar Jung III and the gifts from well wishers and
art collectors of the area. In Tamil Nadu, many gifts are received
from local supporters and benefactors to the museums. Some
otganisations also collect objects and gve them as gifts.

13
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Purchase of Objects

Museums enrich their collections by purchase. The Curator
purchases objects of the mnterest of the museum when he
undertakes tour to different places. Larger museums have an Art
Purchase Committee. Any object to be bought has to be
evaluated by the Committee for its genuineness and value.

Transfer of Objects

Most of the government buildings possess antiquities. There 13
no provision for the preservation of the antiquities mn their
possession and also no trained personnel to preserve them.
Therefore, government transfers the antiquities in buildings to the
government museurmns.

Confiscation of Objects

Art and cultural objects from temples and other sites are ilegally
removed by contraband dealers and sold to foreign agencies,
These objects are legally confiscated by the Idol Wing of the
Police Department and handed over to the Court. Finally they
are handed over to the museums department in Taml Nadu. In
this way the Department of Museums in the near past has
received hundreds of bronze icons, sculptures and coins from the
CBCID department.

Deposits

Museurns at times get objects as deposits from the courts i
India. Whenever antiquities are stolen from temples or private
collections and are abandoned police take charge of the objects
and are handed over to the Court. The Judge deposits the objects
to the nearest museumn. If the objects are ownerless, then the
objects become museum property.

Loan of Museum Objects

Museums often receive objects both as short-term and long-term
or permanent loan for a fixed period or indefinite period. The
borrowing tnstituttons have to maintain the objects in
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good-condition and send an annual report on the condition of
the objects. The borrowing institutions also inspect the condition
of the objects loaned by its officers. The objects on short-term
loan are for specific purpose such as special exhibitions or touring
exhibitions. Some objects are loaned 1o other institutions on long
term. In government museurns, the loan is given only after getting
necessary permission from the pgovernment concerned. Some
stone objects from the Govemnment Museum, Chennai are with
the Raj Bhavan, Chennai on loan. Similatly some objects ate
loaned by the Archaeological Survey of India to the government
museums,

Preservation Measures

Collecnon of objects itself is a preservation measure. If the
objects are left in the place where they are found, they are likely
to be lifted and sent abroad or damaged.

Acts to Preserve Antiquities

In 1863, when Lord Canning was the Governor General of India,
the first Act to empower the government to prevent injury to
and preserve buildings noted for their antiquity or for their
historical ot architectural value was passed. In 1878, the Indian
Treasure-trove Act was” enacted when Lord Lytton was the
Govemnor General of India. In 1904, during the reign of Lord
Curzon as Governor General of India, the Ancient Monuments
Preservation Act, 1904 was enacted by the Government of
Bengal. It was to provide for the preservation of ancient
monuments, for the exercise of control over traffic in antiguities
and over excavation in certain places and for the protection and
acquisition in certain cases of ancient monuments and of objects
of archaeological, historical or artistic interest. There were other
Acts in the intervening years. '

In 1972, the Antiquities and Art Treasures Act, 1972 was passed
on September 9th, 1972 in order to cope up with the high
occurrences of theft and illicit traffic in antiquities, which the
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Antiquities {(Export Contrel) Act, 1947 could not control.
Following that, the Antiquities and Art Treasures Rules, 1973
dealt with a term “Art treasures”, which are not antiquities within
the meanung of the same legislaion. The Antiquities and Art
Treasures Act along with its Rules was enforced from 5 April
1976. An ordma.nce amending certain provisions of the Act was
promulgated on 4 June 1976 and was made into an Act later
in the same year without effectng any change in the provisions
of the Ordinance or incorporating any new clause.

Museum Security

Museum security is a mechanism that provides for the protection
of collections. Security is not only the job of security persennel but
also it concerns every one who works at the museum and who
visits the museum. Security 1s not just for the publicly accessible
parts of the institution, but all other parts as well Vandalism by
visitors is a problem in the Government Museumn, Chennai. Graffid
is written on the walls and periodically removed by the swff. Fines
are imposed when the vandals are caught Thankfully, no. objects

have been damaged so far.

Photography

Photography is one of the methods of preservation of any object
in 2 museumn. There are different types of photography viz. Black
and white, colour, slide, x-ray, infra red, laser etc. The record of
objects is very important. In case of theft of objects these photos
will be of use to get them back.

Authentication

Antiquities are nowadays stolen and sent abroad. There are many
examples of theft and exportng them to developed countries.
Authentication is a very important aspect of preservation. There
ate many methods of authentication like x-radiography, making
fringe pattern on objects etc. By all these means, internal defects
in the objects are made as the mark of identification, The culprits
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cannot identify the defects and even if they identify, they carnot
create it in the new object they made replacing the ancient one.

Tomography is a method of Finger Printing of Bronzes used in
the Government Museum, Chennat

Conservation of Stone Objects

Conservation is the job of a Conservator and the same can be
done by a well-experienced collection Curator also. Every body
in a2 museum has a role to perform in preventive conservation.
It starts from a sweeper to the head of the department including
the ministerial staff. The public has also some responsibility.
Some objects are found damaged when they come to the museum
or they get damaged in a museum. It is the duty of the collection
Curator to interact with the Conservator or Conservation Curator
and ensure that further damage does not take place. Sometimes
the defects are rectified. This brings, therefore, the present
philesophy of conservation rather than the philosophy of
restoration, which prevailed earlier,

Thete are both physical and chemical means of conservation
followed in the museumn and it is the Conservator’s job. Even if
the museum does not have any laboratory, it can be done through
private restorers, though the cost is prohibitive usually.

Limestone, Granite, Schist, Gneiss and Marble Objects

In the collection of the Government Museum, Chennai there are
precious objects like the hmestone sculptures from Amaravathe,
Andhra Pradesh. They get affected in the rainy season by
moisture absotption due to osmosis, as they are embedded in the
walls for the past 130 years. This is due to the rise in road levels
in recent years. The museumn has been using paper pulp treatment
to treat such objects. Objects, which get affected beyond a point,
are removed from the walls. It is proposed to shortly remove all
these sculptures from the walls and remove them to safe storage
and treatment. Then they will be redisplayed as in the Aszhi
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Shimbun Gallery in the British Museum, London using modetn
portable display stand techniques. This measure was mooted in
the 1980s but has not been put into operation so far. Modern
wooden or metal showcases preserve them from damage almost
totally. However, a Curator of the British Library who was on a
visit stated duning the course of her lecture at the Govemnment
Museum, Chennai that they were in much better condidon than
those in Britain since those in London had been exposed to the
unfrendly English weather and smogs earlier.

Granite objects are very hard and do not present many challenges
for their preservation. They have been embedded on the walls
ot short special platforms. They have suffered no damage in the
past 140 years. They are also displayed in the open-air Sculpture
Park, a method now adopted in musenms abroad. Though
exposed to the elements, there 1s no deterioration dll now. Oil
accretons are however removed annually.

Mutilated sculptures present a different problem. Some like the
famous Balakrishna of Hanpi on which I have written eatlier are
presented in their mutlated form. This is because the missing
portions are not tracezble. In other cases, where the missing parts
are available they have been reconstructed, as they would have
orginally looked bike. In earlier periods, missing pordons were
reconstructed using visually similar looking material as in the case
of the Hoysala carved doors and cornices. The original is of black
schist, which is softer than normal granite, but the partial
replacement is of wood, ebony. It is impossible to detect unless
closely examined physically. The present philosophy i1s not to
make such look alike replacements.

Like the Hoyradz schist, there is a Jain Tirthankara sculpture,
which is also black and looks similar. However, the stone in this
case 1s gneiss. We have Buddha sculptures collected in present
Afghanistan (Gandhara or Kandahar) and Pakistan (Peshawar etc). In
both the cases, there is no perceptble deterioration on the scale
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comparable to the limestone objects. There are no notable
sandstone or soapstone objects in our collection.

'I'he matble objects in our collection belong to the 19% and early
20" Centuries. There are only a few pieces like statues. They are
in the reserve collection. There has been no deterioration of the
stone. But some pieces are slightly mutilated. No reconstruction
has been done in tune with the modern philosophy of eschewing
such intervention.

Training

The first signs of deterioration are noticed by the collection
Curator and his staff. Therefore, they should know elementary
procedures of conservation. In our museum, cleaning is done
periodically and any deviation from standard is reported to the
Conservation Curator. The collection staff can also perform
treatment like paper pulp treatment in consultation with the
Conservation Section. This is a result of the training imparted to -
staff and others in preservation and conservation procedures. The
Government Museum, Chennai is conducting many training
programies to give awareness on conservation among the
museum personnel, Archaeologists, Executive Officers of the
Hindu Religious and Charitable Endowments Department,
Archivists, Libradans, students ete. Many wortkshops like this and
seminars are conducted in museums. It is also a coincidence that
the Max Mueller Bhavan has chosen a similar theme as that of
the Government Museumn, Chennai, which is conducting an
International Seminar on Conservation of Stone Objects with
Reference to Limestone Objects.

Chemical Cleaning of Stone Temple Walls and Sculptures
in Lieu of Sand — blasting

This department has developed technical expertise in the area of
chemical deaning and made it available to other departments. The
Hindu Religious and Charitable Endowments Department of
Tamul Nadu is 2 major department, which takes care of over
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30,000 temples. Most of the temples are ancient and the walls
of the temples are clad with granite stone slabs. Pillars,
sculptures etc., are mostly made of granite. Between the inner
and outer veneer of granite slabs, the in-filing is made up of
brickbats. The inscriptions, catvings, wall paintings, paintings on
ceilings etc.,, are damaged by white washing, soot formed by the
burning of camphor and lamps etc, application of oil, ghee,
butter etc. Due to the leakage and seepage of water, moss and
lichen and other cryptogrammic plants affect the walls, ceilings
etc. When they dry, they appear black and affect the stone by
the acid formed due to the cryptogrammic plants.

During the kumbhabishekarm, a festive ritual renovation that is done
usually once in 12 yeats, as a part of renovation of the temple,
these accretions are removed by the temple authorities by
sand-blastng. Sand-blasting removes the accretions along with the
stone, paintings etc., besides damaging the stone. Once
sand-blasting is done, the skin of the stone is removed. Further
deterioration thereby diminishing the life of stone takes place.
The Commissioner of the Hindu Religious and Charitable
Endowments Department was .requested by the author to
abandon sand-blasting and use chemical methods of cleaning as
an alternate safer method. The Commissioner of the Hindu
Religious and Charitable Endowments Department, Mr. M.A.
Gowrishankar, L.AS., studied the problem and instructed his
subordinate officers to stop sand-blasting and adopt chemical
cleaning as an alternate for sand-blasting, This order has saved
hundreds of temples and Tamil hertage for posterty.

In order to prowide technical expertise to the officials of the
Hindu Religious and Charitable Endowments Department, it was
decided to involve the Curators and Atchaeologists of both the
Department of Museums and the Department of Archaeology in
extending consultancy or supervision of chemical cleaning of
monuments. A week long Capsule Course on Conservation of
Cultural Hentage was conducted at four centres namely, Chennai,
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Madurai, Salem and Tiruchirapalli. The participants of the course
were mainly from Hindu Religious and Charitable Endowments
Department, Department of Museums, Department of
Archaeology, Southern Railway and Police Department. The
trainees were exposed to vatious conservation principles related
to antiquities and monuments, Acts pertaining to the protecton
of monuments and practical training on conservation of
antiquities and monuments. The result of the chemical cleaning
of walls, pillars and sculptures in the temples was excellent when
compared to sand-blasting. This author personally participated
in the manual cleaning. This programme was inaugurated at
Chennai by Mr. P.A. Ratniah, LAS., Sectetaty to Govetntent,
Tamil Development-Culture and Religious Endowments
Departnent and the Valedictory Address was delivered by Mr.
. Nanchil Kumaran, IPS, Additional Director General of Police,
{(Economic Offences) at Madurai. The training was organised by
Dr. V. Jeyaraj, Curator, Chemical Conservation and Research
Laboratory of this Museum with the co-operation of experts like
Mr. N. Harinarayana, Retd. Director of Museums, Mr. C.S.

Jayaramasundaram, Assistant Superintending Archaecological
Chermist (Retd.), Archaeclogical Survey of India, Mysore, Mr. K.T.
Narastmhan, Superintending Archaeologist, Archaeological Survey
of India, Chennai Circle, Mt. K. Lakshminarayanan, Assistant
Ditector, Government Museum, Chennai and Mr. M.S. Ashok
Dheen, Chemist, State Department of Archaeology, Chennai. A
ist of consultants consisting mostly of retired archaeological
chemists of the Archaeological Survey of India has been made
available to the Hindu Religious and Chantable Endowments
Department for giving technical advice for doing the work
whenever any renovation takes place.

Conclusions

Museums have a very important role to preserve ov~ art and
heritage especially the stone objects to leave them without any
defect to posterity to enjoy and preserve. The public also has
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some responsibility to preserve them and give a helping hand to
bring them to the museums and protect them. I believe that such
seminars and workshops really make us to think further, to
ponder into the subject to find out newer methods of
preservation Or CONServation measures tO pPIESELVE OUr LIEASULES
for an extended petiod of time.
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uitable environmental condition and a good housekeeping

protect the objects from the decay that would otherwise occur.
Proper storage and display preserve any collection. To prevent
deterioration of any object, the following should be taken care
of:

For Inorganic Objects Like Stone

1. Climate — affected by wet, dry or hot climate.

2. Temperature — makes the object to expand or shrink or split.
3. Growth of Biological Agencies — algae, fungi or lichens.

4. Air Pollution — presence of gaseous pollutants.

5. Pollutants — Natural - seashore, suspended particles of salt,

fungal spores. Man made — domestic, industrial, automobile.

Any deterioration of materials by biological agency 1s known as
bio-deterioration. Stone objects are prone to be affected by
lichens and bryophytes, which are biodeteriogens. E.g. moss,
liverworts. These produce the brown coloured rusty spots, called
Joxing, which is treated by bleaching. Chemicals such as potasstum
permanganate, oxalic acid, hydrogen peroxide or calcium chlonde
is used for the removal of foxing, depending upon the materials.

Factors Causing Deterioration
1. Physical Agents — light, heat, dust particles.

2. Chemical Agents — acidity, gaseous pollutants.
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3. Biological Agents

a. bacterme - grow on organic and inorganic
materials

b. Algae — grow on inorganic materials

c¢. Pungi — grow mainly on organic materials

d. Lichens — grow on inorganic materials

e. Liverworts — grow mainly on organic materials

4. Accidental Agents — flood, fire, earthquake
Apatt from dhis, thete are two main factots:
1. Internal Factors — Cracks, acidity, flaking, raw handling

2. Extetnal Factors — Climatic condition, atmospheric pollution,
light, physical factors, biological agents mainly algae, fung
and lichens

Stone occurs in nature as rocks, which are classified into:

1. Metamorphic Rocks — eg marble
2. Igneous Rocks — &g granite
3. Sedimentary Rocks - eg limestone

Rocks are aggregates of minerals. They are either
1. Monomineralic (calcite) — marble or 2. Bimineralic — granite
(quartz + potassium feldspar). Limestone are non-elastic and
marble is non-foliated.

Research in the field of Lichenology has revealed that stone
objects and marbles are affected by lichens. Though lichen looks
like a single organism, it is actually a symbiotic association
between a photosynthetic organism e.g. a green algae or a
cyanobactertum and a fungus, which is most often an ascomycete.
In some lichens, in the tropical regions, the fungal partner i1s a
basidiomycete. As part of the lichen, the fungus produces the
fruiting bodies. Most lichens produce lichen acids as secondary
metabolites, which belong to chemical groups called depsides.
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Crustose lichens are of primary importance and the acid produced
by them brings about the disintegration of rock surface.

Lichens are remarkable group of primitive plants. Lichens are
biological and not systematic group and each is basically a stable
self-supporting association of a fungus (mycobiont) and an alga
or cyano bactetiom (photobiont). The dual nature of the lichen
thallus was first proved by the Swiss Scientist, Schwender
(1867-1868) and the relatonship of the two composites was
termed by him as hefotiim, where the alga was the slave providing
food to the funpgal master.

There are approximately 15,000 - 20,000 lichen species. About
lfSth of all fungi are lichenized. Lichens are ubiquitous i.e.
omnipresent plants that occur in a varety of habitats from the
Arctic to the Antarctic regions of the wotld. They may grow on
the bare rocks in the deserts, on tree trunks and on the grounds.
They grow both in tropical and temperate climates.

Lichens, which colonise rocks, are called Saxicolous species. This
lichen otherwise known as Crustose lichens are probably
instrumental in initiating soil formation, either by secreting
organic acids that weather the rocks on which they grow, or
mechanically by the destruction of the rocks ditectly by the
physical action of the lichen thalls

Biology of the Symbiont

The dominant member of the lichen symbiont is usually the
fungus and there is usually one fungus and one algae forming
the lichen thallus. Tons dissolved in rain and from the deposition
of dust meet the minertal requirements of lichen fungi. The fungus
in return forms the outer cortex layers of a lichen thallus and
also forms the rhizoidal hyphae, which absorbs water from the
environment and then transfers it to the algal layer. Close coritact
between a fungus and an alga was seen and intra-membranous
haustorial penetration of the algal cells was demonstrated in
Usnea rockii.

14
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Lichens are organisms formed by symbiotic association and
integration between a fungus and an alga. The lichen thallus
shows no resemblance to either partner. Their complex
integration eluded Scientists for long, which considered them as
single autonomous organisms. Lichens are identified and named
by their own morphology and not on the basis of the component
algae or fungi. Since the fungi and algae that form the lichen are
organisms in their own right and genetically themselves, they
deserve their rightful place in fungal and algal taxonomy.

The lichen symbiosis is mutualistic. The fungus derives
carbohydrates from the algal partner, which in turn receives water,
minerals and protection against desiccation and lethal light
radiations from the fungus. Some however, believe the lichen
association to be a case of controlled parasitism. The association
involves complete integration and formation of a morphologically
new thallus. The two components are individually incapable of

free existence in nature.

Distribution of Lichens

Lichens grow in varied types of environments including such
extremes as hot deserts and chilly mountain tops. One example
of their resistance to extreme cold is the report (Scholandner ef 4/
1953) that specimens frozen in liquid oxygen at -183°C for 18
hours respired after thawing. Similar resistance is reported by
Large (1953) against extreme heat and prolonged drying. Cladonia
pocillum could survive exposure to 101°C. Lichens survive long
periods of drought. Lichens cannot withstand air pollution and
therefore by their absence they serve as indicators of air pollution.
Lichens colonise rocks.

Identifying lichen fungi is a difficult task, as they do not produce
spores. Compared to other fungi, lichen fungi grow extremely
slow in culture. The fungus is a Pyrenmycete in a few lichens
and a Basidiomycete in one or two species.
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The Lichen Thallus

The fungal parmer apparently plays the major role in determining
the form of the lichen. On the basis of their forms they are of
four major types:

Crustose lichen : They are thin flat, crustlike thalli lying closely
oppressed to the substratum (trees, rocks or soil) Eg. Graphis.

Foliose lichen: It is a flat thalli with leaf-like lobes Eg. Physcia,

Parmelia.

Fruticose lichen: Highly branched or cylindrical and are either
erect of pendent. Eg. Cladonia, Usnea

Squamulose lichen: They are scale-like composed of many small
lobes or squamules. Any particular growth form ts not necessarily
confined to a genus. In Cladonia, the basal part of thallus is
squamulose, from which arise fruticose, simple or branched
structures on which are borne the ascocarps.

Conditions that Favour the Growth of Lichens

The lichens need a low light intensity, cool temperature and
moisture, The thalli behave like agar gel and absorb moisture
from the humid envitonment in amounts up to 100-300 times
more than their dry weight. The symbiotic relationship is much
more advantageous to the fungus than to the alga and this kind
of symbiosis where one of the partners stands to gain to a greater
degree than the other one is known as Helotism.

The order Graphidales tncludes mostly tropical lichens, forming
Crustose thalli with green photobionts. The Deuterolichens are
mostly sterile lichens in which sporocarps are unknown. The
thallus varies from Crustose to Squamulose. These are found
growing on soil rocks and trees.

Crustose lichens are the slowest to grow whose size and general
appearance, remained unchanged for rwenty years. Maximum
yearly growth of 4.5. cm per year has been recorded for Peltigo,
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paretextata, a foliose lichen. The slow growth of lichens are said
to be due to the following:

The environmental factors to which they are exposed, permit only
brief periods for optimal metabolic activity. 2. The intrinsic slow
growing nature of the component symbionts.

Reproduction in Lichens

Asexual Reproduction

1. By fragmentation of the thallus, which may be natural
2 By Sotedia, which consists of few algal cells wrapped in hyphae.
These are disserntnated by wind.

3. By Isidia: These are stalked outgrowths of the thallus, -which
are separated only by accidental breakage

4. By Conidia: Their role in forming new thalli is negligble.

Sexual Reproduction

Several lichens of Physcia, Parmelia, Usnea and Cladonia form
distinct apothecia born on long stalk. The fate of the Ascospores
is not known. The algal partner does not show sexual

reproduction.

Lichen Acid

Most lichens (except gelatinous and some others) produce lichen
acids as secondary metabolites. The distinctive colour of lichen
thalli is due to some of these acids. In sections, coloured lichens
show crystals of these acids deposited on the fungal hyphae,
which are easily extractable, Most of the lichen acids belong to
chemical groups called depsides and depsidones, which are
condensation products of 2 or 3 phenyl carboxylic acids, mainly
orsellinic or B-orsellinic acids, held together by an ester linkage.
It is known that these aromatic acids are formed by the
mycobiont and the ester linkage is provided by the Phycobiont’.
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Importance of Lichens

Crustose lichens are of primaty importance in the colonisation of

rocks. Acids produced by some of them bring about

disintegraton and erosion of rock surface. Minerals that are

released are utilised by the lichen, which get a foothold on the

barren rock. Their death and decay provide nutritive ground for

the growth of other lichens and mosses, which extend the

colonisation, Thus lichens have long been the subject of biological

investigations becanse of the intriguing nature of the association

between a fungus and an alga,
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onuments are the few relics of our past that have defied the

destructive forces of nature due to their strength and
tenacity. They form part of our history and speak about our
cultural heritage. These monuments are invaluable assets of the
country they belong to. The UN has declared nearly 721 sites
world over as World Hentage Sites and 23 of them occur in
India and 16 of them are of archaeological interest. These sites
are protected by international treates, The recent destruction of
Bamiyan Buddha statues by the Afghan rulers received wortldwide
condemnation. These reflect the world's commitment and interest
on the historical monuments. And for these reasons, the
monuments in different locations of the country must be
protected from all the damaging factors. We have inhented these
monumental assets from our forefathers and i1t 1s our prime
responsibility to pass it on intact to our futute generations.

The main threats to these cultural heritages are from the
biological agents especially higher plants, algae and cyanobactetia,
fungi, lichens and bryophytes growing on them. The first and
foremost invasion on these subjects of archaeological interest is
from the lichens. Lichen species use monuments as their
substrates. The role of lichens in transforming rocks to soil is
considered as a beneficial process in soil formadon. However, 1t
1s a threat and not welcomed on monuments. Since the outer
surface of menuments nieeds to be preserved in its original form,
the outer surface seldom receive white washing etc., as well as
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litde disturbed. Thus kchens colomse and grow luxumantly on
these surfaces. Eradication of lichens from monuments minimises
damage to them.

The Lichens

Lichen is a symbiotc association between an alga or a cyano
bacterium {photobiont) and a fungus {mycobiont), the resultung
phenotype neither resemble the partners. The symbiotic nature of
ichens has provided them certain advantages like ability to
colonise, vast spectrum of habitats and substrates, adaptive
growth forms, effective reproductive and dispersal mechanisms,
prolonged longevity, slow growth rates and an array of secondary
metabolites with specific ecological functions. Lichens with these
adaptations are able to colonise and grow on substrates that are
relatively stable and monuments provide them the excellent
substrates to grow., Normally, lichen growth is indicative of
unpolluted atmosphere, but on monuments it becomes unwanted
because it causes damage and deterioration.

The lichens disfigure monuments by over growing and spoil the
aesthetics, disfigure finer details due to physical damage and
interact with their secondary metabolite constituents on the
substrate and solublise them.

The crustose lichens, for their firm attachment and intimate
connection with the substratum are very efficient and dangerous
rock corroding agents. They are lable to cause greater degree of
bicdeteriotation to monuments than foliose and fruticose forms.
The crustose lichens attach themselves by mycelium penetrating
the substratum. Crustose species belonging to Physciaceae,
Teloschistaceae, Lecanoraceae, Peltulaceae etc., cause extensive
damage to the substraturn. Lichen species Caloplaca has a
characteristic corange — yellow colour that modify the original
colour of the monument’s surface. Species of this genus can
withstand high light intensity and heat due to the presence of
Trebouxioid photobiont and light screening compounds like
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patietin within them (Platel, figs.1&6). This substance s also
known to solublise the rock particles.

The foliose lichens belonging to Physciaceae, Parmeliaceae, etc.,
were able to colonise and cover vast surface area of the statues
and monuments with root like structures called rhizines. They are
loosely attached to the substratum and can be easily removed
using scalpel or a sharp knife other than using chemical agents
to remove the lichen thallus. These lichens also leech out lichen
acids in to the substratum and disfigure them

There are only a few reports on lichen-induced damage to Indian
monuments {Singh & 2/ 1999). Studies reveal a number of
disfipured statues by lichens, many a tmes the finer details of
statues, delicate carvings and inscriptions being obliterated. Some
- cases of biodeterioration of monuments also has come to light.
The monuments were found undergoing physical and chemical
damages by the lichen growth. The list of lichens colonising
Indian monuments are given in the following Table 1.

Tablel: List of Some Important Lichen Taxa Observed on
Indian Monuments (Bajpat ¢f 2/ 1999; Singh & 2/ 1999 and

Chatterjee and Singh, 1999)

Lichen taxa Family

Buellia posthabita Physciaceae
Buellia sp. Physciaceae
Caloplaca sp. (4 types) Teloschistaceae
Candelaria concolor Candelariaceae
Cladgnsa yamulosa Cladoniaceae
Coccocarpis palmicola Coccocarpiaceae
Diploschistes euganear Thelotremataceae
Dirinaria confluens Physciaceae
Dirinaria consimilis Physciaceae

Dirinaria papillulifera Physciaceae
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Buellia sp., Physciaceae, Lichens, a Mutualistic Association of
St. Thomas Mount Fungi and Algae or Cyanobacteria
Sometimes Occur as a Colourful though
Crusty Growth on Bare Rock Surface

Caloplaca sp. Chrysothrix chlorina



Lichens on Indian Monuments:

terioration and Re
' G. N, H:

Placodium sp. Pyxine sp.
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Endocarpon nanum
Endocarpon pusilium
Heterodermita hypocasia
Hoeterodermia incana
Heterodermia lencomela
Heterodermiia wiicrophyila
Lecanora sp. (5 types)
Lepraria sp.

L aprogtum indicum
Leptogium pichneun
Parmelinells wallichiana
Peltula enplaca

Peltula peteliata

Phylliscam indicum
Phyllisaun tenue

Physeia phaca

Physcia tribacoides

Pysane cocoes var. cocoes
Pyxcine cocoes var. promimula
DPyxcine petricola var. petricola
Pyxine petricola var. pallida
Roccella montagnei

Vetrucadaceae

Verrcariaceae

Physciaceae
Physciaceae
Physciaceae
Physctaceae
Lecanoraceae

Leprariaceae

Collemataceae

Collemataceae

Partneliaceae
Peltulaceae
Peltulaceae
Lichinaceae
Lichinaceae
Physciaceae
Physciaceae
Physciaceae
Physciaceae
Physciaceae
Physciaceae
Roccellaceze

Dominant Lichen Families and Growth Forms on Indian

Monuments

The lichen family Physciaceae mainly spedes belonging to Physia,
Dirinaria, Pycine and Burellia are dominant over the Indian

monuments. These lichens are equipped with secondary
metabolites like atranorin, lichexanthone, norstictic acid,
divaricatic acid etc., and Trebouxicid photobionts to withstand
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high light intensity as well as to grow under extreme heat and
difficult substratum like that of stones (viz. monumental surfaces).
Verrucariaceae and Teloschistaceae are also prefer to colonise the
monuments. Only few species belonging to the lichen families
Candelaniaceae, Roccellaceae etc., colonise the monuments. The
foliose lichens are dominant on monuments followed by crustose
and squamulose forms. The leprose and fruticose forms were less
on Indian monuments.

Dunng our field visit to the monuments in Tamil Nadu like
Rock-cut Temples of Mahabalipuram (near the by-pass road),
Tirukkalukkundram (Orukal Mandapa Rock-cut Swae Temple of the
tme of Mabendravarman 1, A. D. 610-640), Gingee Fort (Gingee is
famous for its 13™ Centuty Fort between Tindivanam and
Tiruvannamalai in Tirmwannamala: disttict on the 3 different hills
summit covering 3 km boundary area; terracotta work of Ayanar
temples in Pudukottai district and few local ancient temples in
and around Chennai city we were able to observe the following
lichen species on these monuments (Table 2).

Table 2: Lichens of Tamil Nadu (India) Monuments
{Refer Plate 1& 2)

Location Lichen Family Photobiont

Mahabalipuram | Acarospora sp. | Acarosporaceae | Trebouxia

Mahabalipuram, Buellia Physciaceae Trebouxia

Tirukkalukundram | hemispherica

Mzhabalipuram, Buellia Physciaceae Trebouxia

Tirakkalukundram |serorioides

Titukkalukundram | Buellia sp. Physciaceae Trebouxia

Mahabalipuram Caloplaca Teloschistaceae | Trebouxia
polioteta

Mahabalipuram, Pyxine minuta | Physciaceae Trebouxia
Tirukkalukundram
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Location Lichen Family Photobiont
Gingee Pyxine sp. Physciaceae Trebouxia
Gingee, Peltula patellata | Peltulaceae Cranobacteria
Mahabalipuram,
Tirukkalukundeam
Gingee, Phylliscum Lichinaceae Trebouxia
Mahabalipurarm testudineum
Tanjore Cheysothrix Chrysothrcaceag Trebouxia

chlorina

Tirukkalvkundram | Lecanora sp. Lecanoraceae | Trebouxia
Tirukkalukundram | Pertusaria sp. Pertusartaceae | Trebouxia
Mahabalipuram Pertusaria sp. Pertusariaceae | Trebouxia
Temples of Phylliscum Lichinaceae Cyanobactena
Chennat testudinenm
Temples of Buellia sp. Physciaceae Trebouxia
Chenna
Temples of Vertucaria sp. Vermcanaceae | Trebouxia
Chennai
Terracotra work | Placodium sp. | Parmeliaceae Trebouxia
in Pudukotrai Verrucaria sp. Vernicariaceae
distnict

Mocode of Action

by the Lichens on Monuments

Physical damage to monuments occurs mainly due tw the
growth of crustose and squamulose species. These species
undergo shrinkage and expansion of thallus in different meisture

regimes. During expansion of the lichen thallus, it adheres closely
to the substrate particles, and during contraction these particles
get pulled out from the substratum and flown away by wind
action. In initial stages this physical damage may not be visible
but in prolonged stages the damage is greater. The common
lichen species found on monuments of Tamil Nadu are Buellia,
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Caloplaca, Lecanora, Pertusaria {crustose), forms like
Endocarpon, Peltula and Phylliscum (squamulose), Physcia
and Pyxine {foliose).

Overgrowth of Lichen Species on Monuments occur as
colonies of Parmelia sp. and Phyda sp. form matts over the
monumental surfaces. This matt masks the sculptural external
details of the monuments. However, some consider that this
overgrowth also act as a protection from excessive sunlight and
stnilar external factors. Since the lichen species thriving on lime
or cement plaster of walls and roofs of buildings have, on the
other hand, not only remained unaffected by atmosphetic
pollution and change of cltimatic conditions of the city but have
shown marked tendency for an increase in their populadon. It is
because of the invaston by these lichens on the largely increased
substratum area provided by continuous building activity. This
anomaly can be explained in the light of the observations of
Leblanc & Rao (1973), who have shown the significance of
substratum on the metabolism of lichens. They mention that
lichens growing on alkaline substrate are protected from the ill
effect of acidic gases that form considerable part of pollutants of
the atmosphere. In this regard, they state, such a substrate in
SO; polluted environment may represent a special niche, which
though physically exposed to pollution, possess an in-built
chemical protecton from it (Stngh and Upret, 1984).

Secondary Metabolite Mediated Damage

Many lichens produce secondary metabolites that are acidic in
nature. These substances like lecanodc acid, oxalic acid etc,, have
the ability to corrode the substratum. Almost all the lichen spectes
listed in Table T & 2. contain a rich array of secondary
compounds.

Eradication of Lichen Growth on Monuments

Physical Removal: The foliose and fruticose lichen species can
be removed easily by using a sharp chisel or a scalpel. However,
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cate should be taken while removing the thallus from the
substratum without any damage to the monuments. The regular
maintenance of the monuments like cleanings the outer surface,
white wash and painting help to prevent further recolonisaton
of lichen growth over the monuments.

-Chcmical Treatment

Lichen growth can also be eradicated by spraying common
biocides used in agriculture. Some of the effective biocides to
control lichen growth were given in Table 3 (Bajpai ef 2/ 1999).

Table 3; Effective Biocides to Control Lichen Growth

Biocides Crustose Foliose Fruticose
Paraquat dichloride 1.0 {40%) 1.0 1.0
Polycide 1.0 1.0 0.5
Diuron 1.0 (40%) 1.0 No effect
Benzatkonium 1.0 1.0 0.5
chloride

Sodium penta 0.5 0.5 0.1
chlorophetrate

Other than the biocides, a very few chemicals are used to resist
the lichen growth on monuments; they are liquid ammonia (5%)
and zinc silico fluoride solution (2% and 4%). These commercial
chemicals used in the conventional conservation practice in India
for eradication of the general organic growth thus seem to be
quite effectve against lichens also (Bajpai er &/ 1999). These
chemicals were tested over the lichen sp. like Parmnoirema nepalensis,
Usnea subflorida, Parmotrema tinctorum, Heterodermia dissecta var. koyana
and Aspicilia almorensir and found to be effective.

Conclusions

The outer surface of the monuments provides ideal substrate for
lichen growth leading to bio-deterioration. The growth of lichens
even on modern buildings can make them unsightly, at least to
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the architects. There are about 40 species known to colonise on
Indian monuments. It is estimated that 40 species represent a
small fraction of lichens discovered from the monuments studied
from Qnissa, Maharastta and Karnataka alone. Studies on the
monuments of Tamil Nadu yet to receive the attention of the
concerned authorities including researchers. A detailed research
on the above subject will provide vital information on the lichen
diversity and its impact on monuments of Tamil Nadu. This
research will also be wseful in evaluating suitable eradication
methods to conserve the monuments from further degradation.
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enerally, art objects tend to deteriorate continuously due to

physical, chemical and biological processes. Stone objects are
also not an exception to this general order of the nature although
they are misconstrued as sturdy ones. Broadly speaking, the decay
in the stone objects owes to many physico-chemical and
biological factors such as dampness, soluble salts, temperature
variations, atmospheric pollution, biological activity. And
consequently, the stone objects undergo change in colour,
strength, coherence and dimensions.

Stone objects that are kept in the open-air tend to deteriorate in
a relatively faster pace than those presented within a closed arena.
For instance, the stone sculptures garden likely to undergo more
deterioration than their countetrparts that are presented in the
galleries.

In this paper, it is attempted to present an account of the
bio-deterioration that has been taking place on the stone
sculptures that are on open-air presentation at the Bandipur
National Park of Karnataka State in South India.

Stains of the Stone Sculptures at the Bandipur National Park

The Bandipur National Park is located within the Nilgiri
Biosphere Reserve, which in turn lies in the trijuncture of
Tamilnadu, Karnataka and Kerala. 17 stone sculptures (mostly of
herostones and a few folk deities) and a rare Tamil inscribed

stone slab-all dated back to 15™ — 16" Century A.D. (that have
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been collected frotn various intertor pockets of the National Park
arena of Bandipura, 2 small hamlet in the Chamrginagar district of
the Karnataka State, by the authorities of the Bandipur National
Park) are kept in open-air presentation in the foreground of the
National Park.

Many of the stone sculptures that are in the open-air presentation
here are seen overgrown with microbial growth of mosses, algae
and lichen. Owing to the often-changing environment with
salubrious wind the stone sculptures at this area under study are
subjected to constant danger of being wiped out forever. The
secondary metabolites, which are acidic in nature, produced by
the lichens covering the stone sculptures accelerate the
bio-deterioraton.

Lichens as Biodeteriogens of Bandipur Stone Sculptures

Of all the microbial bio-deteriogens, the lichens cause
bio-deterioration constantly and continuously, due to the
symbiotic co-existence of algae and fungi within them. While the
algae {one of the co-partner microbes) disappear on scorching
sun durng summer. the hyphae of the fungt (the other co-partner
microbe of the lichens) that remain over the stone sculptures
sprout again in the congenial environmental milieu that succeeds
this vicious cycle effects constant and continuous
bio-detetioration of the stone sculptutes in open-air presentaton
at Bandipur National Park.

Limitations of the Present Study

1. The bryophyte bio-deteriogens, viz., mosses and liverworts in
the area under study are not included in this present study
owing to the availability of scanty data on this line.

2. Even the lichen specimens that have been studied were not
subjected to taxonomic identificaton-although typological
identification of them into folicose and crustose was done —
due to the non-availability of taxonomists of specimens as
well.
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3, As the third type of lichens, namely, frutcose did not remain
constantly over the body of the sculprures, their effects have
been not studied i detail.

4. Foxing, the brown coloured rusty spots that appear over the
stone sculptures were also not studied in this paper for the
same reasons attributed in the earlier context,

Suggestion Proposed
As the secondaty metabolites produced by the lichens are acidic

in nature, the constant accretion of acidity over the stone surface
of the sculptures reacts with the atmospheric chemicals resulting
into formation of salts and this in tun effects disintegration of
the stone sculptures in the long run. Hence, it is suggested that
the stone sculptures at the Bandipur National Park need to be
subjected to both curative and restorative measures of
conservation. And this could be achieved by adopting the
following two steps:

1. Figst, the microbial biodetediogens at the area under swmdy
have to be collected and subjected to taxonomic
identficaton.

2. Secondly, the authorities, concerned at the Bandipur Natonal
Park may be informed to adhere the measures of chemical
conservation suggested to them by the conservation chemists
and to present and protect the priceless stone objects bearng
the cularal and heritage values of Karnataka, in particular
and India, in general

15
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Y I *he deterioration in stone work is the result of various agencies

acting on it. When stone work gets deteriorated, restoration
should be done in order to bring them back to their original
form.

Attack by Polluted Water

Rain water, made acidic by dissolved atmospheric gases such as
oxides of carbon and sulphur have severe action on stonework,
particularly standstones and limestenes. For example, sulphur
compounds with moisture tend to dissolve limestones to give
them a rough and weathered texture. When stonework is not
frequently washed by rain but merely remains moist, a hard skin
of calcium sulphate is formed which develops into surface
blistering,

Atrtack by Soluble Salts

All types of soluble salts affect building stones in some way or
another. The trouble starts with the migration of scluble salts by
capillary action in the unprotected porous stone. Crystallisation
takes place by evaporation of water from the surface and this
sets up forces that can cause damage to the stonework. This
damage is in the form of efflorescence, exfoliation and spalling.

Frost Action

The vulnerability of stones to frost action in temperate countries
is related to the poor structure of the stone. Generally,
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smail-pored stones have a greater capillary effect so that large
pored stones do not hold as much water as their small-pored
counterparts. Much damage is caused to buildings as a result of
frost following wet weather. The volume change is about 2% but
is enough to generate expansive forces harmful to stonework.

Thermal Stress

Duzing the day, the surface temperature of the stonework is
warmer than its inner mass. At night, the condition is reversed.
The stonework, therefore, is always subjected to a constant cycle
of differential thermal stress between its sutface and inner mass.
Thus the stonework suffers fatigue, which leads to contour scaling
and spalling.

Erosion

There is a tendency for soft stones to be eroded by strong winds.
In coastal regions, erosion is accelerated b§ winds carrying sand
grains.

Lichens, Moulds, Algae and Other Growth

Stonework, which is attacked by these growths contain unsightly
stains, which are characteristically green, brown or black. These
organisms thrve best in damp conditions, particularly outdoors.
The strength of stonework is not affected but its appearance is
marred.

Physical Action of Water

Humidity of different regions is one of the most important
agencies harmful to stone. Building stones in monuments are
porous materials and are characterised by a wide range of porosity
upto 50%. Major portion of water, which penetrates into porous
stone, comes from the outside environment during rain. Another
way by which water penetrates is as nsing damp by means of
capillary absorption. The deterioration process takes place largely
during the drying phase. Absorption, condensation and
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evaporation are the processes by which physical action of water
takes place.

Absorption

The amount of water absotbed by a porous stone depends on
the relative humidity of surrounding air and is called the
hygroscopic moisture content. This is related to the partial
pressure of the water vapour of air surrounding the body.

Condensation

When water vapour teaches the maximum concentriton possible
at a given temperature and it arrives on the surface where the
temperature 15 equal to or lower than the dew point of the water
vapour of the surrounding air, condensation occurs. Interstitial
condensation occurs when the temperarute of the surface facing
the internal environment is above the dew point temperature.
Also the relative humidity of air in the pores is higher than that
of the external air close to the surface. Evaporaton from the
surface of a porous body 15 governed by external factors such as
temperature, relative humidity of the attnosphere and the velocity
of air flowing near the surface, The structure of the materal
affecting the movement of water to the surface also influences
rite of evaporation.

Crystallisation of Soluble Salts

Water moving inside stone can contain a wide variety of
substances, originating from the atmosphere, the soil or which
contained in the original stone itself. Such subtances crystallise as
unsightly deposits on the surface of the stone, scientifically
termed as ‘efflorescence’. This occurs due to the low rate of
ventilation, which causes an evaporation rate lower than the rate
of replenishment of water by capillary migration from inside the
wall The salts are brought to the surface in soluton during the
wetiung phase and most of the evaporation from the surface takes
place during the drying phase forming salt crystals on the surface.
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If the surface evaporation takes place for a relatively short tme,
salts are deposited internally, which is termed as ‘sub flotescence’.

Air Pollutants

Oxides of carbon, sulphut, nitrogen etc., are pollutants, which
deteriorate stone. These exides absorbing moisture become acidic
and dissolve the chemical consutuents. Hydrogen fluonde is a
strong acid, which affects both limestone and siliceous stone. It
occurs near industrial areas. Hydrogen chloride is a strong acid,
which transforms calcium carbonate into calcium chlotide.

Stages of Stone Restoration

Diagnosis is the first step to catry out an in-depth smdy of the
causes and mechanistn of the decay process and the history of
the object in need of restoration. Cleaning is the physical,
chemical and mechanical removal of weathering crusts and
deposits on the surface of the stones. Pre-consolidation means
the superficial consolidation of stone and is applied before
cleaning in case of advanced decay where direct cleaning may
cauge considerable irreversible loss of stone. Consolidadon is the
in-depth treatnent of stone that has lost its cohesion to such a
degree that its physical survival is imperiled. This consists of the
impregnation of the weathered stone as well as a substantial part
of the undetlying sound layer of the stone. Surface protection i1s
the applicadon of a superficial film on unweatherd stone, which
acts as a barrier towards atmospheric pollutants and rain water.
Reconstitution involves the assembly of parts of old, consolidated
stone by means of adhesives or even of subsamte parts of new
artificial stone. Maintenance by petiodic inspection of stone
monuments to assess the state of conservarion and the efficiency
of a particular treatment is importaht.
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Repair Methods
Repair of stonework involves one or more of the following:

% Stitching of cracks caused by structural defects to be carried
out after underpinning,

# Grouting of cracks not likely to wotsen its structural condition.

¢ Repointing of mortar joints to improve appearance, reduce
water penetration and unify the stones.

% Catting and removing the defective stones and replacing them
with compatible ones from similar sources as far as possible.

¢ All metal anchorages should be examined and the corroded
ones to be replaced with bronze or stainless steel.

% Redressing of stonework when original surface has eroded.

% Creepers and other plants are to be removed by a weed killer
that does not have adverse effect on the stone.

Cleaning Methods

For aesthetic reasons, the stone buildings need tc be cleaned
periodically, since the dirt may retain harmful substances and
camouflage decay and structutal defects. The choice of cleaning
methods depends on the cost, speed and convenience to the

occupants of the building.

Washing is a simple method invelving washing away the
accumulated dirt with a water spray and brush. This is a cheap
and least harmful method but is also the slowest. This method
is not effective in removing when dirt has stuck on to the stone
for a long penod.

Dry blasting is adopted under pressure to blow away the dist,
The gtits of sand and flint are used for abrasive cleaning. This
should be controlable.

Wet grit blasting ermploys a wet grit mixture for blastung. This is
less harsh on the surface, but generates slurry, which is

troublesome.
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Mechanical cleaning involves abrading media such as
carborundum stone, grinding and polishing discs, rotary brushes
etc, For omamental works, hand tools such as chisels, stainless
stee]l wire and small abrasive blocks are used.

Chemical cleaning is done with bases, which will evaporate along
with a detergent.

Cleaning by laser is an expensive method requiring highly skilled
application. The light energy (500 millfjoules maximum) delivered
by the laser beam is absorbed by the dark coloured staining on
the surface and vapourised into plasma. The resultng shock wave
removes the remainder of the stain by mechanical acdon. The
very short duration of the laser pulse (60 nano seconds) prevents
the heat from diffusing into the substrata. The fiting frequency
is controlled between 1 Hz and 60 Hz.

Preservatives

The preservatives that can be used for the maintenance of
stonewotk should constitute a screen against atmospheric
pollutants, dust etc. They should have a low thermal expansion
and the physical and mechanical properties, which will allow them
to adapt to the stone without damaging it. Alkoxy silanes, epoxy
resins and waxes are applied as the main preservatives on
stonework. However, the application of such preservatives
requires skill in diluting and to make them cover the surface
uniformly and also to penetrate into the stone.
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Stonc is one of the most important building materials. In early

stages of civilization, caves were hewn in rocks, and were used
as dwellings, monastries, temples, palaces and other purposes.
Caves of Ajanta, Ellora, Kankeri and the Bagh are some of the
famous examples. Quite often, these caves contained decorative
elements like sculptures, carvings and wall paintings. In the
second stage of civilisation, stone blocks or slabs were cut
according to need were used for construction of buildings and
sometimes for cladding as a veneer. Of this category there are
thousands of examples. Stone was also used for making
sculptures, tools of various types, utensils, etc. Such objects are
also found in thousands in museums, palaces, hawelis and

residences.

With such an abundant use of stone, it is obvious that stone
objects are available everywhere in plenty. Their deterioration is
sometimes quite severe. Comparatively, stone is more durable
than other types of materials, but it also has several limitations.
The process of detetioration of stone depends on the nature of
stone and on the deterioration and damaging factors to which it

is subjected.
Nature of Stone

Stone is mostly heterogeneous in nature and is composed of
different types of minerals and chemicals, with varying texture.
For this reason, their basic properties, even within one type of
stone differ considerably. Consequently, their durability and
resistance to deterioration factors are not consistent. Broadly,
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rocks are igneous, sedimentary and metamorphic. Within these
main groups there are sub groups to define the properties of
stone (Kumar, Anuradha, V., 2002).

By and large igneous rocks are more durable than the sedimentary
rocks, or metamorphic stones. Sedimentary rocks, which are
formed by the settlement of sediments, are more delicate. In
comparison, the metamorphic rocks are stronger. However, there
is such a large variatdon within one type, that any general
statement is not of much consequence. It is therefore imperative
that for a proper assessment of their deterioration process, the
properties of different types of each stones are studied in detail

Factors of Deterioration

There are various factors of deterioration, which can be
" categorised as:

a) Chemical b) Physical and c) Biological

These are only broad headings and never affect the matedal in
isolaton. It is the combination of various factors, which 15 crucial.
In the Indian context, our knowledge of deteriorating factors and
their action 1s also very limited. Some institution should take it
up as a serious programme of research to understand the
fundamental nature of deterioration and its effect on Indian
building stones. Needless to say, stone objects and buildings
suffer from many problems. We can deal with many of the
problems but stll there is a lazge numbet, which remain unsolved.
I shall mention here a few of them.

Problems
Surface Erosion

Sirice a building is in the open and is exposed to sun and rain,
its exterior surface gets eroded and quite often pitting is formed
on it. It is necessary to assess the cause of erosion. In the absence
of in-depth studies, wrong conclusion can be drawn. Having
undetstood the cause of erosion, the next important issue is how
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can the surface erosion of stone be
stopped, or at least retarded. There
are various types of coatings but
as yet none of them is a perfect
solution. Each one of them is
having some deficiency or the
other. In practical terms, it is not
desirable to block the pores of a
stone. Very often, it 1s more
harmful than the erosion itself. We
have yet to find a solution, which
will consolidate the surface but will
not stop the migration of water
vapour from inside the stone,
because otherwise it may cause

Seudpture Affected by Erosion

eruption of the stone surface.

Effect of Sea Breeze

Sea breeze, which is always salt laden is extremely injurious to
stone. On account of salts, the surface of the stone gets eroded
and it becomes powdery (Lehmann, Janusz, 1970). The classic
example is that of the Shore Temple, Mahabalipuram and the
Sun Temple, Konark.
On account of salts
contained in the air
the stone also gets
saturated with salts. It
s not an easy job to
extract the salts. Even
if one succeeds in
removing the salts,

they again reappear

o

because the source is ; ;
Sculptures Affected by Sea Breeze

perpetual. One has to
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find a solution to this important problem of salt laden air and
: avoid it.

Exfoliation of Stone Layers

Quite cften, we find that layers of
stone, particularly of the
sedimentary rock like sandstone
separate out and split. Sedimentary
rock, as we know, i1s composed of
multi-layers. This type of damage
can be seen at many places, for
example in the spotted red stone
of Mathura sculptures (Agrawal,
O.P., 1973). In these sculptures,
the layers of which the stone is

composed are separating and in

Esfoliated Stone _rugfm many a case have already fallen

apart. The separation is on account
of the loss of the strength of
binding material between the
layers. In order to rectify the
situation one should introduce
fresh binder between the layers.
First of all we are not sure which
binder would last for a long time.
We know that organic binders
have a limited life. Apart from that
when we introduce a chemical or
a soluton it does not penetrate
deep inside. As such the binder
binds the edges of the layers while
from inside there is a void. As a
part of a research project, we tried

several methods at Mathura but

none of them is satisfactory. More Cracked Stone Sculpture
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research is needed to find a
solution.

Formation of Cracks

Very often cracks of various
dimensions develop in the stone of
all types. In the Taj Mahal marble,
there are cracks all over the
studied the
phenomenon of cracks in the
matble slabs of the Taj Mahal in
great detail (Agrawal, O.P., six etal
1986). We came to the conclusion
that the cracks had developed on
account of vatious reasons, but
mainly due to the weight of one
slab over the other.

surface. We

As a result of the change in the

Cracked Stone Surface

temperature there is shrinkage and expansion of the slab, and the

result is the formation of cracks.

The problem is very acute and it can be stated as follows:

(1) To put 1t very mildly, we have no control on the various

situations. The
building slabs are as
they are, and we
cannot change their
weight or their
position. Similarly, if
there is a variation in
the day and the night
temperatures, we have
no control on the

climatic conditions.
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(i) Once the cracks are formed, we cannot fill any chemical or
solution inside them. Very often there is no space for the
chemical to go inside. On the other hand the rainwater may seep
inside.

(i) In some types of stone, for example in marble, there are
inclusions of different materials like minerals (Pirsson, Louis,
1957). At these places, black or brown spots or mineral veins are
formed. These spots or veins are the weak points in stone. But
they are intrinsic part of the stone
and cannot be changed.

Thus remains a problem to which
one has to find a solution.

Control of Micro-organisms

In our country, with a tropical
climate, having heavy rainfall and
plenty of moisture, the growth and
development of different types of
microorganisms on stone 1s very
natural. We can see presence of
algae and moss over every type of
building, including monuments
and historical buildings. These

microorganisms grow very quickly

4 % .
and cover the surface of the Sculpture Affected by Micro-organisms
building. There are several

techniques, including the use of ammonium hydroxide to clean
the sutface of the monument. We notice that during cleaning
some amount of stone surface gets eroded. If the cleaning has
to be done time and again, the loss could be very substantial
Thete are now biocides available, which can take care of the algae
using a mild brush. Also there is no biocide known, which can
prevent the growth of microorganisms for a long duration. As a

result, once algae for example, are cleaned off, they again grow
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very rapidly in 2-3 years time. They have to be cleaned off once
again. Thus this cycle has to be repeated of and on (Agrawal,
O.P., 1981).

The problem in respect of microorganisms is therefore two fold:

(1) Development of a suitable cleaning agent, which would
remove the microorganisms and clean the surface of the stone
without much rubbing with a brush.

(i) Development of a suitable biocide, which once applied on
the surface of the stone would remain on the surface for a long
duration, at least 15-20 years. It is not so very easy to clean the
surface of the building every year, not only because of the danger
to the stone but also because of the cost involved in a high
building. Scaffolding has to be erected before one can think of
cleaning the dome and other areas, which are at a height. It is
not possible to erect a scaffolding every year or even every
alternate year. Needless to say the
biocide must be of a type, which
would not harm the stone in any
manner.

High Rise Statues

In our country, there are many
statues, which are quite high.
Examples are the statue of Bahubali
at Shravana Belebola, statue of
Bhagwan Adinath at Bawan Gaja,
Statues of Jain thirthankara in
Gopanchal in Guwalior. There also are
a large number of monolithic
decorative or inscribed pillars, for
: : example the Jain Manustambh at
Menolithic Sculpture Kabun in Depria District in U.P.
There are a large number of
Asokan Pillars also.
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These statues
and pillars
suffer from
almost the same
type of damage
and deterioration
; as found in the
Monalithic Carved Stone Surface historic

buildings.
However, the difference is that while the buildings
have a broad base, the statues’” bases are narrow.
Apart from that, the sheer height of the statues
is a problem. To reach the top of the statue
scaffolding has to be erected, which would
surround the statue on all the sides. Since some
of the statues are free standing there is a danger
of their toppling down,

Furthermore, many of the statues and pillars are
under worship. As a result use of chemicals is
sometimes not permitted on account of religious
belief. One cannot ignore the religious sentiments
for the sake of conservation. One has to find out
such solutions, which would not be objectionable
from the point of view of religion. This is
therefore a special area, which needs our attention.

Water Repellency

Some types of stone, for example sandstone, are
very porous and absorb a lot of moisture, which
gives rise to several types of ills including the
growth of microorganism. With the absorption of
moisture, the action of salt is also increased. It
would be a very desirable property, if the stone
could be made water-repellent by the application
of a or protective coating on the surface of the

= 159
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Stone Pillar
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stone. Eventhough, there are many
chemicals, none of them is an ideal
solution. There are several
conditions, which must be fulfilled
before a protective coating could be
called ideal. Some of these are:

1. It should not change colour.

2. It should not make the stone
completely impervious to the
exchange of moisture.

3. It should not form a crust on
the surface.

The need therefore is to develop a
protective coating, which would
meet the requirements.

Conclusions

Porous Sandstone Sculpture

We have mentioned some of the outstanding problems, which

we meet in the conservation of stones, whether in buildings or

in the museums. They can be solved only by concerted research,
which must be not only in the laboratory but also in the field.
Quite often, certain materials and chemicals succeed in the
laboratory but fail in the field, because the conditions in the field
are quite different to those simulated in the laboratory.
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he Government Museum, Chennai is a multi-disciplinary

museumn established in 1851 with a total of about a thousand
geological specimens. But today this museum is consisting of
various collection sections like Anthropology, Archaeology, Art,
Botany, Children’s Museum, Chemical Conservation, Geology,
Numismatics and Zoology and supporting sections such as
Chemical Conservation, Design and Display and Education
Sections.

Introduction to the Annravan Gallery

The _Amaravati
sculptures are
the Piece de
resistance of the
Chennai
Government

Museum on
account of !
their artistic

masterliness " 1‘110;:" of Amaravati Stupa
and historical

significance. They are dated to a period spread over five centuries
from i Century BC to 5t Century AD. They are parts of a
huge Buddhist s/#pa that had been constructed over this period
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of time, and so their artistic style varies from part to part. “he
stupa is stated to have been well looked after for some centuries,
after which it fell into neglect. So serious was the neglect that
all awareness of the stupa’s significance was lost and the local
people are said to have used parts of the limestone slabs, which
fell off the main structure for preparing slaked lime. It was in
this state of ruin and neglect that Colonel Mackenzie, then
Surveyor General, discovered them in 1801 in a trench 10 feet
wide and 12 feet deep near the village of Amareswaram or
Amaravati, on the banks of the tiver Krishna, 45 miles west of
Vijayawada. He is stated to have recognised the value of the slabs,
made some excavation on the spot and in 1815 published an
account of his proceedings. In 1830, Mr. Robertson, Collector of
Masulipatam, brought
some of the
Amaravati sculptures
to Robertsonpet near
Masulipatam named
after him. He kept
them in the
marketplace for
beautifying it. In
1835, Sir Frederick

Adam, Governor of F R
Madras visited Embedded Limestone Sculptures

e

Robertsonpet and saw the sculptures and ordered the same to
be brought to Madras kept with the Madras Literary Society.
After Surgeon Balfour took over as Officer-in-charge of the
Madras Museum, he made efforts to serve them for the Museum.
As a result, the first batch of sculptures arrived in 1856. Most
of them were sent to London in 1859 and now they are in the
British Museum at London where they form now one of its fine
galleties.
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Batches of these sculptures continued to come from Amaravati
as more and more digging was done. One was a group of
sculptures sent by Sir Walter Eliot in 1865, which were also sent
to London after lying neglected in the fort for sometime. There
were still several sculptures lying in neglect in the museum and
in Mr. Alexander’s house at Masulipatam. It is these that Bidie
collected in 1877, brought them to the Madras Museum and put
them on display.

Dr. Bidie displayed them in a gallery, long and broad. The slabs
were quite heavy and he thought it best to embed them in walls
or place than on raised brick supports. He also built a single wall
of Portland cement to simulate a part of the structure of the
stupa by embedding slabs in what might have been their original
position on the si#pa wall. At one part in the gallery, there is a
trench below ground level where also the slabs were embedded.

Condition of the Ammravar’ Lime-stone Sculptures

The .Amaravati sculptures are prone to salt action and
deterioration by atmospheric pollutants. The moisture present in
the air dissolves the acidic vapours
and gasses and the acids thus
formed adhere to the surface of
the lime stone sculptures and make
the sculptures to disintegrate. The
surface of the limestone sculptures
takes very easily the ugly looking
oily accretions because of the
human touch. The salt absorbed
by the limestone sculptures is
removed by poulticing using moist
and neutral paper pulp applied to
the surface of the sculpture. In the
case of the affected loose
sculptures, after all the salt present

Affected Lamestone Scufpture

is removed by immersion in
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distilled water a preservative coating of 2% solution of poly vinyl
acetate in acetone was applied. Since these sculptures are
embedded on to the brck lime constructed walls of the gallery,
they showed further crystallisation of salts. In 1989-90, the
Govemment of Tamil Nadu sanctioned a sum of Rs. 8,00,000
for the new Amaravati Gallery along with air-conditioning the
gallery. Since there was some delay in the execution of wotk, the
project was given up. In 1994, the first author studied the
problem of conservation of the Amarapati limestone sculptures in
the Gowvernment Museum at the British Museum, Both the
authors prepared a project report for the establishment of a
Buddhist Centre in the Government Musewn, Chennai in the
model of the mpa and financial assistance was expected from the
Govemment of Japan, After persistant requests, the Secretary to
Government, Department of Culture set up a Committee
comprsing Dr. Te) Singh of the Natonal Research Laboratory
for Conservation of Cultural Properiy, Lucknow and Dr. R. K
Sharma, Director (Science) of the Archaeological Survey of India,
Dehradun to study the problem of the Amaravati Sculptures in
the Government Museum and 1o suggest the restoraton measures
with the help of the authors of the paper, Dr. R Nagasamy,
Former Director of Archaeclogy, Dr. B. Natasimiah, Former
Superintending Archaeologist, Archacological Sutvey of India,
Chennai Circle etc. The report of the comimittee was sent to the
Govermument asking financial assistance for the establishment of
the New _4Amaravati Gallery. The report specifically requested for
the removal of the embedded sculptures from the walls of the
gallery, conserving them, redisplaying in the properly designed
galiery with all modern display equipments for increasing the life
of the Amarapati limestone objects. There was no reply from the
Government of India but the Government of TamilNadu
provided a token sanction for the removal of the sculptures from
the walls of the gallery. Since the Nehru Trust for the Indian
Collections at the Victoria and Albert Museum was interested in
arranging the experts from London, an International Seminar on
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Conservation of Stone Objects with Special Reference to the
Limestone Objects was arranged in the Government Museum,
Chennai in collaboration with the Indian Association for the
Study of Conservation of Cultural Property, New Delhi and the
Nehru Trust for the Indian Collections at the Victoria and Albert
Museum, London of New Delhi in December 2001. The
International Seminar on Conservation of Stone Objects will be
useful to formulate the strategy for conservation of the Amaravats
limestone sculptures in the museum. Both the authors have
visited the Amaravati limestone sculptures in the British Museum,
London and their knowledge in this will be made use of in the
conservation and display of the Amargvati limestone sculptures in
the museum.

Removal of Sculptures from the Wall

Since the removal of the lime
stone objects from the wall was
the most sought after suggestion,
it was decided in the beginning to
remove the affected limestone
sculptures from the wall of the
gallery. As such 134 sculptures
have been identified for remowval

by the use of power tools with the
help of the Atrchaeology Limestone Scufpture Before Rensoval
Department, Government of Tamil

Nadu.

Proposed Conservation Treatment

The limestone sculptures are found with dissolved salts as they
are found embedded on to the walls. The ingression of water
carrying dissolved salts are the main reason for the salt action, it
has been decided to remove the salt by dissolution and or by
poulticing with neutral paper pulp with distilled water. 134
sculptures have been identified to be removed from the wall
After their removal, the cavities in the walls will be filled with
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similar lime motor to match the
environment. All conservation
measures will be taken to redisplay
them 1in the proposed New
Amaravati Gallery in the museum.

Conclusions

Amaravati limestone sculptures in
the Government Museum, Chennai

are the rarest collection of the

View of the Scouped out Wall After the .
ngm:_,d/‘g;m Scubpture Y country and all possible measures

to conserve them will be taken as

soon as we get best information from the conservators who have

participated in the International Seminar on Conservation of

Stone Objects with Special Reference to Limestone Objects. We

hope to save the deteriorating Amaravati limestone treasures of

the museum for posterity.
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Preservation of Stone Objects
in the Government Museum,

Vellore

M. Gandhi,
Curator,
Government Museur, 1Vellore-632004.

ultural objects help to trace history and culture of a country or

a race. Therefore, it is the duty of Curators to preserve the
artifacts of bygone days for posterity. Our forefathers carefully
carved sculptures, constructed religious and secular monuments
and installed carvings. Many images carved out of stone were
erected and worshipped. Further, our ancestors left for us pamntngs,
woodcarvings, coins, metal objects, bronze icons and weapons.

Stone sculptures, architectures, epigraphs of earlier ages bear
witness for culture and history of contemporary rulers and people.
Therefore, new findings, excavations of art objects and epigraphs
change the history of the dynasties and kings. Further new
cultural facts come to light. In some findings similar cultural
objects are unearthed in distance places. Ornaments and weapons
have similar pattern even though found in different countries
reigned by different dynasties and kings. They show that they had
cultural contacts and trade links among different dynasties of the
contemporary world. This paper deals with preservation of stone
objects in the Government Museum, Vellore.

Stone Sculptures

This museum has a very good collection of granite stone
sculptures collected from both Vellore and Thiruvannamalai
districts. Sthapathis carved and chiseled sculptures out of granite
with the patronage of kings, traders and local people. Religion
was the main thrust to produce sculptures and construct religious
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edifices. Due to some reason or other
those structures were damaged,
mutilated and blurred. Hence it is our
duty to restore these art treasures for
posterity.

The collection of stone objects to this
museum is interesting. The majority
of the collection in this museum was
the contribution of Dr. V. Jeyaraj and
myself through field collection and as
treasure-trove finds. Most of the best
collections of stone sculptures are
displayed in the museum itself and
objects like pillars, hero-stones etc.,

are displayed in the Sculpture Garden Restored Herostone 9th Centurry
A.D. Venmans, Polur Taluk
Tiruvannamalai District

L

of this museum. I acquired some
architectural parts of an early Chola
temple of Manikandisvara from Tirumalpur, Arakkonam taluk to
the Government Museum, Vellore. Among a number of pillars
two of these structural parts were found to be the broken pieces
of a stone pillar. But shape of the broken faces gave clue that
they might be the parts of a pillar. Dr. V. Jeyaraj, then Curator
of the museum and the present Curator of the Chemical
Conservation and Research Laboratory of the Government
Museum, Chennat had restored two hero stones, which were
acquired by him during his tenure as Curator in this museum.
They are the hero stones from Vemmani and a hero stone from
Marupatty, Vaniyambadi taluk. In the broken faces of the pillar,
small holes were made and inserted a steel rod to hold other
broken part above it. The steel rod was fixed with the help of
a synthetic resin. This method of dowelling joined two broken
parts to erect as a single pillar. Originality was maintained and
the details of the pillar were found as a whole. Same type of
stone pillars were used in Siva temple at Kattumannarkudi during
the eatly Chola period.
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Conservation Treatment

Curator’s job is to collect, document, preserve, present, do
research on the objects etc. The Department of Museums,
Government of Tamil Nadu is aiming at making its Curators to
have the knowledge of conserving the objects also. Two of the
stone sculptutes on acquisition were found smeated with tar. One
hero stone of artistic wealth, depicting a hero and his spouse was
spoiled due to tar. Kerosene soaked cotton was left over the
affected areas for three to four hours to soften the smeared tar.
The area was brushed with aylon brush. This treatnent was
tepeated untl tar was removed from the hero stone.

A nandi stone sculpture was also found to have been stneared
with tat before its acquisiion. Cleaning with kerosene and nylon
brush was carried out to remove the smeared tar. This museum
besides preserving all types of objects, conserves and restores
stone att object 106 in order to make them to have their orginal
artistic feanures.

Conclusions

All types of preventive conservation is carried out in the museum
itself by the Curator and the technical staff of this museurn. If
any problematic case is found, then the help of the Chemuical
Conservation and Research Laboratory is sought. Besides these,
Conservation training programmes were arranged in the past for
the staff as well as to those interested in the rauseumn.
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Conservation of Museum
Objects of Stone

S. Subbraman,
Retired Superintending Archaeologica! Chemist,
Aprchaeological Survey of India, Bangalore.

Stone is one of the most durable of building materials and has
been used in the construction of monuments and carving of
sculptures from times immemorial. Even such a material,
however, is not completely immune to the effects of environment
and other decay-causing factors. The physical and chemical
alterations takirg place in stone exposed to the weather and the
process of slow deterioration resulting over long periods of time
is aptly termed as weathering. Rapid deterioration is also possible,
when stone is subjected to certain conditions. Physical erosion
caused by sand-laden winds and constant impact of rain water;
the deleterious effects of salt spray on monuments on the
sea-shore; the damage caused by acid rain on urban structures
and the effects of soluble salts present in the stone are some of
the examples of deterioration that can take place in a
comparatively short time.
Conservation of stone monuments and objects consists in
(1) identifying and eliminating the sources of deterioration
(i) reversing as far as possible the adverse alterations that have
taken place due to the above factors and (iii) taking measures for
preventing future deterioration as far as possible.

From the conservation point of view, a stone object kept in the
sheltered conditions of a museum is evidently much better placed
than a monument or sculpture exposed to the elements. Stone
objects preserved in museums, however, are often originally from
monuments and excavated sites and it 1s possible that some of
them might have acquired deterioration-causing factors from their
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original location. It is necessary, therefore, to examine the
condition of each object and take suitable conservation measures
before putting it on display in the gallery or keeping it in storage,
as the case may be

Conservation Problems of Stone Objects in Museums

1. Surface Deposits

When a stone object is first brought into a museum, it is more
often than not found to be covered with a deposit or incrustation.
This could be soil if the object is recently recovered from an
excavation. The deposit could be just dust and dirt if the
sculpture or object was eatlier kept in uncontrolled conditions. If
the sculpture was earlier in a temple, it is likely to be covered
with patches of oily matter. The practice of whitewashing entire
surfaces of walls and even sculptures, as a part of temple
tenovation, is in vogue in some places. The temple sculptures
could therefore be covered with lime-wash. Similarly patches of
oil paints or other types of paint are sometimes found on
sculptutes through inadvertent contact.

2. Stains

Stains could form on stone surfaces due to prolonged contact
with extraneous matter in the presence of moisture. The sk is
greater in the case of sedimentary rocks like sandstone, limestone
(including marble) etc., because of their porous structure, making
their complete removal almost impossible.

3. Soluble Salts

When a stone object is buried under ground, it can absorb soluble
salts like sulphates, nitrates and chlorides from the soil. When
the object 15 recovered after excavation and exposed to the
atmosphere, the salt solutions within the potes of the rock
migrate towards the surface during evaporation and after the
water has evaporated, form a whitish salt incrustation on the
stone surface, damaging the surface of the rock
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In wet weathet, the salt can re-dissolve and re-inter the pores
and with the next advent of dry weather, re-crystallise due to
evaporation either within the pores or on the surface. This
process can continue with changing weather cycles and due to
the repeated dissolution and re-crystallisation of the salts within
the pores of the rock, the pores are subjected to memendous
strain because the formation of salt crystal from the soluton
involves appreciable increase in volume. In practice, rocks
suffering from salt action have been found to become extremely
friable, even being reduced to powdery condition in extreme
cases. Soluble salts can pass from the soil into the foundation
rocks of monuments through capillary action and migrate
gradually upwards. Salts present in the atmosphere can deposit
themselves on the stone surface and seep inwards.

In the case of museumn objects, soluble salts may be already
présent within the object when it is brought to the museum.
Cases have also been tecorded of stone objects in museumns
absorbing soluble salts from masonry pedestals or walls on which
they have been mounted.

It may be noticed in this connection that salts that are not scluble
in water, when present in the rock are not harmful because they
cannot get into soluton and therefore cannot react with the rock
either chemically or physically through crystallisation.

Conservation Methods

1. Cleaning

Cleaning of stone sculptures is necessary both for aestheric
reasons and for protecting the stone from any harmful effects
that the deposits or incrustations may be having on the surface
through chemical or physical reaction. Choice of the cleaning
agent has to be done with care. It has 1o be safe besides being
effective. At the end of the cleaning, all traces of the chemicals
have to be removed by thorough rinsing with soft water.
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(a) Dust and Dirt

For the removal of dust and dirt, dry brushing with a soft brush
is first done to remove as much of the loosely adheting deposit
as possible. Then a 1% solution of a non-ionic detergent is
applied followed by brushing and rinsing with water. The process
is repeated, if necessary unul the cleaning is complete. If the
surface is also greasy, a few drops of liquor ammonia are added
to the detergent solution. If the dirt is strongly adhering, a warm

solution of 40-50°C may help.

(b) Oily Matter

Patches of oily matter on the stone surface can be removed with
the help of organic solvents like dichloro-ethylene or carbon tetra
chloride. Great care has to be exercised in the uses of such
solvents since their fumes are toxic. Old and hardened oily
incrustations may need stronger methods. A warm 5% solution
of washing soda (sodium carbonate) has been found to be useful
In more difficult cases, a 2% solution of caustic soda (sodium
hydroxide) may have to be used. Since this is a strong alkali
much caution is required in its use. Gloves may be used to avoid
physical contact. In all cases, brushing and thorough nnsing wath
water is necessary. Repeated rinsing for the removal of all traces
of the chemicals is needed when strongly reactive reagents like
caustic soda are used.

{c) Paint

For removal of oil paint streaks and patches, solvents like
isopropyl alcohol, cellosclve, acetone, amyl acetate, either
individually ot in mixture, may be used. When a slightly stronger
method is called for, amines like butyl amine or tdethylamine or
a 5% solution of ammonia may be useful. For removal of very
old and tough paint coatings, a 5% solution of caustic soda may
have to be used,. observing the usual precauﬁons.
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{d) Whitewash

Removal of limewash coatings from stone sculpture is rather
laborious and time-consuming, especially when the surface is
rough and the coating is firmly adhered.

Since lime is alkaline, the cleaning solution needs to be acidic in
nature. Strong mineral acids like hydrochlotic and sulphuric acids,
though likely to be very effective, are not advised because if some
traces of the acids remain in the stone at the end of the cleaning,
they will react with the minerals and cause deterioration. The
chloride ion is particalarly active and mobile and has to be stricdy

guarded against.

To begin with, as much of the coating as can be removed
physically by careful chipping off, is removed by this method. A
5% solution of acetic acid is applied on the remaining coating
and allowed to react for 12-15 minutes. The slightly softened
coating is now brushed off, using hard aylon brushes. Tooth
brushes may be used for minutely carved areas. Under no
circumstances should wire brushes be employed, since they are
likely to scratch the stone surface. The cleaning is finished by a
thorough rnsing with water.

{e) Special Methods

Cleaning of Marble

Marble can easily acquire stains because of its fine-grained
structure and its light colour sets off the marks or stains
prominently. Great caze is needed in the cleaning of marble since
the glossy surface has also to be preserved.

A dilute solution of a non-ionic detergent like Teepol 1s used for
general cleaning. A few drops of ammonia may be added when
the surface is greasy. Since ammonia volatlises and will not
remain on the surface, it can be safely uvsed.

Sepislite is a clayey material used to clean marbles.
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The chemical composition of Sepiolite is magnesium silicate and
it is greyish in colour. A paste of the required consistency is
prepared by mixing it with distilled water.

(i) Removal of Stains

In marble and limestone sculptures, removal of stains is a rather
tcklish problem. Stains -are usually caused due to prolonged
contact with the soil and often contain iren oxides derived from
the same and hence the stains are uwsually reddish brown in

colour.

A suggested method is to apply EDTA {ethylene diamine tetra
acetic acid) in the form of a paste made with carboxy methyl
cellulose. The paste has to remain in close contact with the stain
for a few hours. If necessary, a second or even third application
can be made. As much of the stain as possible may be removed
and the rest may be camouflaged with chalk powder or some
other suitable mmaterial. For retnoval of persistent greyish stains
left by moss growth or strongly cemented dirt etc., a 5% solution
of sodium bicarbonate is found to be effective.

2. Extraction of Soluble Salts

The highly deleterious effects of soluble salts like chlotides
sulphates and nitrates present in the stone have been described
above. OF these, chlorides are patticularly harmful for reasons
also mentioned above. When these salts are present in a stone
object, 1t is necessary to remove them completely.

Neutral paper pulp mixed with distilled water is applied.

What happens in this process is that first, the disdlled water wil
pass into the pores of the rock, dissolving the salts present. Next,
during evaporation, the salt soludon will migrate to the surface
and be absotbed by the paper pulp. If the process is sufficiently
repeated, the salts are completely extracted. At the end of this
treatment, the surface of the sculptures, rendered fnable earlier
by the salt action, was consolidated and strengthened (by methods

17
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to be described in the next section). The sculptures were finally
remounted on wooden pedestals in the gallery.

3. Consolidation and Strengthening

It may sometimes happen that a stone object, received in a
museum, might have lost its strength and cohesiveness due to
reasons such as salt action, leaching of soluble minerals through
. prolonged contact with moisture etc. Suitable steps for
consolidating and strengthening such an object will be necessary
so as to avoid damage.

The choice of the consolidant to be used for this purpose is
crucial. Epoxy resins have several good properties (such as
strength, chemical stability, ease of application, absence of
dimensional changes after setting etc.) to recommend them. The
only point against their use is that once they set, it will be
practically impossible to remove them with solvents and this
militates against the principle of reversibility, which is a highly
desirable parameter in any conservation procedure. Polymethyl
methacrylate has been found to be suitable. It has the requisite
strength, while remaining soluble even after a long time. It is
perfectly colourless and transparent and does not alter the
appearance of the stone in any way.

(a) Polymethyl Methacrylate

A 5-10% solution of polymethyl methacrylate (PMM) in toluene
is used. For consolidation of small objects, the technique of
vacuum impregnation may be used. In this, the consolidant
penetrates deep into the object and achieves the strengthening of
the entire object. The object is placed in the PMM solution in 2
beaker placed inside a desiccator. The air inside the desiccator is
evacuated with the help of a vacuum pump. After about half an
hour, the object is taken out and dried at room temperature, The
above method is not practicable for large objects. In this case,
the solution is applied on the sutface with a brush, aiming to
achieve as much penetration in to the object as possible, which
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is facilitated by keeping the stone surface warm with the help of
infrared lamps, before each application. Four to five such
applications may be made.

(b) Ethyl Silicate

For siliceous rocks like sandstone, ethyl silicate has been used
successfully for surface consolidation. Ethyl silicate mixed with
water is applied on the affected surface. Ethyl silicate undergoes
hydrolysis, releasing minute silica particles that fill the gaps in the
friable surface and consolidate it. This is also an irreversible
process but since the consolidating material is the same as the
original constituent of the rock, the method is considered
permissible.

(c) Limewater

Friable surfaces of limestone objects can be similarly consolidated
by repeated application of limewater. The lime is gradually
converted to limestone due to reaction with atmospheric carbon
dioxide, resulting in the strengthening of the surface.

4. Repairs

For repairs of stone objects, epoxy resins have been found to be
very effective. They are available under the trade name of Araldite
marketed by CIBA GG, in different grades. The required grade
has to be selected for the parncular use we have in mind. The
resin can fill minute cracks directly. A mixture of stone powders
{the same variety as the object) and the resin may be used for
filling wider cracks and gaps. For joining parts of stone sculpture,
dowelling has to be used Repaits carnied out with the help of
epoxy resins have been found to be almost permanent.

5. Application of Preservative

While it is now an accepted procedure to preserve stone
moenuments and outdoor sculptures by the application of
preservative coatings, the queston may atise whether such a
coating is necessary for objects kept in a museum. When we
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consider the present levels of atmospheric pollution 1n urban
environments, particularly the level of sulphurdioxide and oxides
of nitrogen, it may be concluded that it will be safe to protect
museum objects also with a preservative coat.

The coating has to be chemically stable, should be celoutless and
perfectly transparent and should not react with the rock surface
in any way. It should form a tough and elastic film. Above all,
it should remain soluble even with the passage of considerable
tume so that we should be able to remove it with solvents at any
time it deern necessaty. Polymethyl methacrylate (PMM) sadsfies
all these conditions. A 1-2% solution in toluene may be applied
with brush or by spraying. A mask has to be used while spraying.
The preservative coating enhances the appearance of the
sculpture, besides protecting it from the atmosphere. There 1s the
additional advantage that any future deposition of dust ete., will
be on the coating and not directly on the stone surface. Future
cleaning therefore will involve fjust the removal of the coating
with a toluene / acetone mixture, followed by the application of
2 fresh coating,
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Stone Monuments

B.R. Mukhopadhyay,
Assistant Superintendenting >Archaeological Chemist,
Southern Zone, Chennai-600 009.

he weathering of stone is a common problem to all building

materials. With the advancement of science, modification has
become necessary for devising ways and means to preserve our
cultural heritage. No stone is permanent to withstand the
onslaught of atmospheric changes indefinitely as well as other
deteriorating agents due to changes in the ambient conditions and
the cycle of changes occurring so rapidly.

The stones used as building materials generally are of a variety
of composition and in geological language may have been derived
from (i) Igneous rocks (ii) Sedimentary rocks and
(iif) Metamorphic rocks. -

Igneous Rocks

These rocks are formed by cooling and solidification of molten
rock i.e. magma. These are very hard, non-porous and very stable.
These are divided as acidic, basic and intermediate rocks based
on the percentage of silica in the rock.

Name Types of Rock |Content of Silica (%)
Granite Acid rock 66-75%
Diorite Intermediate 52-66%
Basalt Basic 45-52%

The above terminology is actually based from the fact that silica
makes acid solution with water whereas alumina is amphoteric
1.e. neither acidic nor basic. The other oxides are bases.
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Sedimentary Rocks

Any rock exposed to surface undergoes disintegration through
physical, chemical and biological processes-what we call it as
weathering. The tiny particles of these disintegrated rocks are
being transported by water, wind and by movement of ice. When
these transporting medium is unable to carry load, the mineral
grains are deposited either on ground or under the sea and slowly
sediments by layer by layer, which in turn forms sedimentary
rocks. e.g. sandstone, limestone and shale, which are porous in
nature.

Shore Temple From Western Side, Mababalipuram

Metamorphic Rocks

These are formed due to physical and chemical changes
undergone by the rock through the influence of heat and pressure
or both. Thus, granite becomes gneiss, sandstone to quartzite and
limestone to marble. The type of rock of some important Indian
monuments have been examined petrologically by Archaeological
Chemists and classified as follows:
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Shore Temple, Mahabalipuram —-  Granite/Granite
gneiss/porphydc
granite
Kailasanatha Temple, Kanchipuram -— Brownish sandstone
Brihadeswara Temple, Thanjavur -—  Granite gneiss
Gometeswara Statue, -~ Biotite granite
Sravanabelagola
Thousand Pillared Temple, --- Dolerite
Hanamkonda
Sun Temple, Konarak --- Khondolite
Thaj Mahal, Agra -—- Marble
Khajuraho Group of Monuments  -— Sandstone
Red Fort, Delhi --—- Red sandstone

It is necessary to find . out the chemical changes, which have
occurred due to reaction of chemical ingredients present in the
stone and combining with other atmospheric materials have
changed themselves resulung in weathering of stones. Thus, the
work involves is 4 massive one and will be the combined efforts
of a group of dedicated workers in various disciplines like
micro-biologist to identfy the presence of micro-biological agents
on stone, petrologist to study the rocks through thin sections,
geologist to study the stone matedals for rock formation takes
place with time and physicist to use the properties of materials
under study with instruments. Thus, the whole process becomes
a bio-chemico-petrological phenomenon involving
multi-disciplinary and inter-disciplinary approach. The study of the
climate, the location of monument, ambient air quality, humidity
and temperature evoluton followed by chemical analytcal data to
assess the extent of damage to a stone with time forms the basis.
The secondary part then comes is the treatment, consolidation,
anti-biological treatment and finally the preservation.
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The disintegration of the stone monuments and stone objects
may be due to the various factors as follows:

1. Micro-biological factors
2. Inherent weakness of stone fabric

3. Deterioration due to physical weathering, air, sand, pollution,
humidity, temperature etc. and

4. Chemical weathering.

Microbiological Factors

This is the most dominant form as the monuments are lying in
the open. The microbiological agents in the form of biophytes,
algae and pteriophytes etc., are found on the surface of the stone
and causes the biochemical decay or alteration of mineral grains.
Since, their nature is to grow, they penetrate the pores of the
stone fabric, produce either in cracking or weathering of the stone
and act chemically and mechanically. The stone monuments thus
become patchy and ugly with the formation of green and black
colour. Much research has been done by various scientists to
determine the effects of nitrifying and sulphur forming bacteria.
The ultimate end product is acid in each case, which in turn
decays the stone.

Inherent Weakness of Stone Fabric

At the tme of formation of rock, various factors like physical,
chemical and mechanical are involved, which produce
non-homogenous material and also not having uniform
mechanical strength all over. These are due to weak spots
produced in the stone, which is known only after stone is
exposed to the atmospheric conditions. One of them is the rock
of Sedimentary nature and having different structural
composition. The second and much noted one is the presence
of shakes and vents, which ate called micro-cracks in the stones.
Since the ingredients of the stone materials are of different
chemical mineral as well as of composition, the co-efficient of
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contraction and expansion also vary resulting in the formation of
bigger cracks.

Deterioration Due to Air, Sand, Pollution and Other Relative
Factors Like Humidity, Temperature ete

Air pollution 1s one of the most important agencies, which causes
the decay of many monuments by way of producing oxides of
nitrogen, parficulate matters, acidic rains and metallic fumes due
to industrial developments, The action of wind has its own
devastating source resultng in the erosion caused to different
monuments. The air contains a large number of solid particles
of silica, resinous materials, metallic particles and allied matters.
When the wind speed is much it strikes the surface of the
monuments producing erosion by mechanical action as it happens
in case of monuments in Mahabalipuram, Konarak etc. The
monuments located at seashore are affected by saline winds.
Granites are particulatly susceptible to mineral disintegration due
to co-efficient of expansion and contraction on account of
difference in temperature than sandstone.

The salts have their own deteriorating effect, The soluble saits in
soluton get in to the pores of the stones while sand grains abrade
the surface. The physical weathering of stones takes place due to
vagious factors like wind, rain, solar radiation and the cumulative
effect of all these. Due to high humidity, the soluble salts go
into solutton and penetrates the pores of the stones but when
the humidity is less and mote evaporation takes place, the soluble
salts come out on the surface causing damage to the stone.

Chemical Weathering

Chemical weathering is due to the reaction of the materals of
which the monuments are made and the constituents present in
the atmosphere. Chemical decay is associated primarily with
materials, which are having calcium carbonates and decay in
non-calcareous materials may resuit due to absotption of the
decomposition products of calcareous materials.
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In the air, the ptincipal decaying agents are oxides of carbon,
sulphur and nitrogen. In damp leaching of soluble materials,
oxygenated and carbonated water are the main factors for
deterioration. Soda and potash are released by hydrolysis of
feldspar and go into as carbonates, which are potent source for
dissolving the silicate rocks. In tropical condition, hydrolysis,
oxidation and carbonation produce residual products of diversified
nature. Complex alumino-silicates are decomposed with the
formatton of kaolin. In case of further decay, the above reaction
does not stop at hydrated aluminium silicates but continues
further with elimination of silica and accumulation of hydrated
oxides of iron, manpanese and aluminium. e.g. Shore temple,
Mahabalipuram is made of granite rock, which is coarse-grained.
Mineral alteration has taken place. Kaolinisation of feldspar,
limonitisation on 1ron and chlorinitisation of biotite are some of
the important occurrences. Salt laden winds further aggravate the
situation.

Stone are mote susceptible to deterioration physically than
limestone in humid atmosphere. Schists are broken down by
mechanical action. Basalts are to be the most resistant to
carbonated water. Quartz are also most resistant.

Since we have made tremendous progress in conservation
techniques, which go a long way in atresting these process of
decay — chemical disintegration, physical disturbance, gravity
factors, mineralogical and petrological alterations, biclogical and
entomological decay, disintegration can be slowed down and
perhaps be stopped, if preventive and curative measures can be
taken in time.

Conservation

The main objective behind the consetvation is to keep the stone
monuments in a good state of preservation for posterity and to
reduce the rate and incidence of decay in addition to the chances
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of disintegration and disfigurement. Generally the conservation of
stone implies the following:

1. Cleaning,

2. Consolidation and
3. Preservation.
Cleaning

Cleaning of monuments
involve the use of different
chemicals, which are inert to
stone matrix but react at the
surface to remove the
unwanted resultant materials

due to minerals alterations

or deposits due to air
pollutants, causing more
damage to the underlying
stone matrix. In addition to this, there are harmful effects such

Excterior South Wall of the Shore Templ,
Mababalipuiram Being Powlticed by Paper Pulp

as soluble salts, soot, particulate matters, vegetation and
microbiological growth. Our main aim is to relieve the stone with
the above without damaging.

Treatment with water and a surface detergent followed by
selective techniques of preservation is the usual trend in cleaning.
Paper pulp and absorbent clay-packs have given the best result.
Sepiolite and attapulgite having similar composition and rectangular
structure have been used for removal of encrustation and other
unwanted materials. These clays are mixed with solvents and
applied in paces on the surface to be cleaned. This method is
very useful in case of greasy and waxy surfaces. For soluble salts,
water based packs are used. Techniques, which produce harmful
effects and also injurious are to be avoided. Mechanical method,
which produces superficial temperature change, may not be used
at all. Water mist technique and urea glycerin — Bio-pack method -
can be used for cleaning of marble.
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Consolidation

Consolidadon is the second part of the process, which increases
the cohesive strength, improves upon the mechanical
characteristics and leads to adherence of altered layer. Porous
materials are very well consolidated due to in depth penetration.
However, viscosity of the consolidant has to be adjusted so that
maximum cohesion could be achieved or formation of scum
would take place leading to dangerouns results.

Both organic and inorganic materials are used as consolidants and
they have their own advantages and disadvantages. Inorganic
matetials are more durable than organic one but they are
non-elastic. However, organic ones are better suited in improving
the treated stones resistance to mechanical stress. Some of the
good consolidants are ethyl silicate, acrylic resins, siiconates and
vinyl resins.

Preservation

When the above-mentioned two steps are complete, the
preservation ie., protection against climatic condition comes in
or otherwise problems would arise. If it is envisaged to use the
same protective coating as consclidant, it should be done to
reduce the source of environmental deterioration and to provide
surface protection, A large number of coatings are now available
but care has to be taken to use only those, which have been
tried and tested in different climatic conditions. Generally a
coating with fungicide is used before giving a final coar of
preservative on the stone surface. zinc silico fluoride or sodium
penta chlorophenate are often used as fungicides on stone
monuments, Poly methyl methactylate is one of the acrylates,
which is generally used as preservative coating. In recent times,
use of double components like potassium methyl siliconate plus
PMMA in toluene has become very successful on stone
monuments,
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British Museum

Susan Bradley,
Head of Conservation Research, Department of Conservation,
The Britich Musenm, London.

Thc site of the Great Stupa of Amaravali was excavated between
1797 and 1909. Sculprures from the excavation undertaken in
1845 by Sir Walter Elliot were taken first to Madras and then to
London and the British Museum. Sculptures from the site are
also to be found in the Government Museum in Chennai and in
other museums. The sculptures are exceptionally fine examples
of Indian carving, with a large amount of details. They are carved
in a green tinged, pardally metamorphosed limestone, commonly
known as Palnad marble’, which was imported to the site of the
Stape,
In 1808, a large format photographic record and dialogue on the
sculpturesl, “Tree and Serpent Worship’, was published by James
Fergusson. The photographs show that the sculptures were not
in petfect condition, but that many of them exhibited less signs
of detetioration than were appatent in the middle of the 20t
Century. In the interim surface flaking and powderdng, and on
some sculptures the loss of a whole face parallel to the carved
surface had occurred. The pattern of loss was observed to be
the same on sculptures in the collection of the British Museum
and 1n the collecdon of the Government Museum, Chennai.

In 1960-61, the Government Chemist of the Archaeological
Survey of India and the Keeper of the Department of Research
Laboratory in the Briush Museum, undertook investgatons into
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the cause of the deterioration of the sculptures. The chemistry
of the stone and the prevailing environmental conditions at the
site of the swpa at Amaravati, Madras and London wete
considered. The investigations indicated that the higher relative
humidity in Madras and London were the likely cause of the
deterioration, In 1972, analysis of a small group of the sculptures
in the British Museum suggested that sulphation of surfaces had
occurred and that this, combined with a large acid insclible
component in the stone was responsible for the deterioration.

In 1983, British Musewm scientists catried out a fuller
investigation of the chemistrty and geology of the stone from
which the sculptures were carved. This study was carried out as
a co-operation between the Department of Conservation and the
Departinent of Reseatch Laboratory, now the Department of
Scientific Research. This study resulted in a much fuller
understanding of the majotr deterioratdon mechanism of the stone.
In particular the investigation suppotted the view that the cotrect
methed for preventing detetioradon of the sculptures was to keep
them in a controlled environment

In 1994, Dr. V. Jeyaraj of the Government Museum, Chennai
spent three weeks in the British Museum Department of
Conservation working with the Conservation Scientists and
Conservators, focussing on the sciearific examination and
conservation of the Amaravati sculptures. During this period at
two half day meetngs all of the potental sources of damage to
the sculptures and possible methods of ensuring their long term
preservation wete discussed. The approach taken at the British
Museum to the conservaton, storage and display of all porous
stone sculptures in the collection was found to be applicable to
the Amaravati sculptures.

Scientific Investigations 1960-1972

In 1960, an investgation into the alteration of the sculptures in
Madras and in London was carried out. Reports were produced
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by S. Paramastvan, Government Chemist with the Atchaeological
Survey of India and by A.E.A. Werner, Keeper of the Research
Laboratory at the British Museum. In his report dated 24 May
1960, Paramasivan states™

‘..when the sculptures are removed from their original home o
places like the Madras Government Museum or to the Indian
Museumn, Calcutta, they loose their greenish unge and develop a
white incrustation. They loose the sharpness of their deroratve
detatls and the aesthetic appeal, which they have always for us.
The white incrustation has developed on all the sculptures, which
were removed from Amaravati and other places and transferred
to Madras and Calcurta etc. Some of these sculprures are subject
to exfoliation, whereby the disintegration becomes even more
rapid.’

The report attributes the alteraion of the stone surface to the
high relative humudity in Madras, Calcutta and London when
compated to that at Amaeravati and to dissolution and
re-precipitation of the limestone by the chemical action of carbon
dioxide and water. It also suggests that the sculptures in London
may have been affected by the industral environment resulting
in sulphation of the surface.

In a report dated 21° April 1961, Wermer l_:;rescnted the results
of analysis of the white powdery incrustation™. By micro chemical
analysis, it was found to be calcium carbonate and was confirmed
as present in the mineral form calcite by x-ray diffraction.
Chlorides and sulphates were found to be absent. The whte
powder was also reported to be present in areas of fresh
fractures. Wetner concludes:

‘These observations indicate that the deterioration, which these
sculptures exhibit is not due to the presence of either soluble
salts in the stone or the action of atmospheric contaminants such
as sulphuric acid. It would appear that the stone has an inherendy
weak strucrure due to incipient metamorphosis of the limestone.
This might explain why the stone remains stable at .Amararar,
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but starts to detedorate when exposed to different atmospheric
conditions in which there are fluctuations in the relative humidity
and temperature.

It is recommended, therefore, that these sculptures should be kept
under stable atmospheric conditions in which the relative
humidity is not allowed to exceed 50% so as to reduce the
solvent action of atmospherc carbon dioxide,....

Further analysis uwsing different, more sensitive techniques was
carried out on five of the sculptures in 1972. The % of acid
insoluble (non calcium catbonate) content and the % of soluble
chlotide content of the stone were determined. The % of sulphate
present in surface scrapings was also determined. The acid
insoluble matter content was in the range 7.4 - 10.6%. The
soluble chloride content was in the range 0.52 - 0.66%. The
sulphate content of surface scrapings was determined with less
accuracy, but was found to be approximately 5% on two of the
sculprures, and 20-30% on three others. There was no direct
correlation between the extent of apparent sulphation and the
condition of the surface. At this time there was no possibility of
identifying the acid insoluble matter, but it was considered likely
to be a clay and the potential for the clay to hydrate with an
associated volume change was a likely contributor to deterioration.

Based on these analyses, 10 years apart, Werner recommended
that the sculptures be kept in an environment with the relative
hurnidity controlled to 30-40% and the air filtered to remove
sulphur dioxide.

Scientific Investigation 1983

In 1983, a fuller investigation of the chemistry and geology of
the stone and the nature of the clay was undertaken, together
with further analysis of deteriorated surfaces’. A IMACLOSCOPIC
examination of some of the sculptures and a hand sample of the
stone, indicated that much of the surface loss and splits had
occurred along cleavage planes in the stone. Particularly greatest
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loss was apparent on sculptures where the stone had been carved
parallel to the cleavage plane. A petrological examination was
undertaken by Dr. Ian Freestone, Batish Museurn Department of
Scientific Research. A polished thin section was prepared at right
angles to the cleavage planes from a hand sample of the Amaravast
stone. Viewed under a petrological microscope the directional
nature of the stone was apparent, presumably resulting from
pressure and heat during 2 low grade metamorphism. The stone

was composed predominately of fine grained calcite, ¢ 20 |,
across; with coarser aggregations of calcite and quartz present.
Thin folia of a third mineral phase, a mica or clay mineral were
present at a frequency of greater than one major folia per
millimeter. These layers represent planes of weakness in the stone
and are responsible for the cleavage.

The nature of the acid insoluble matter content of the stone was
invesdpated using x-ray diffractometry and scanning electron
microscopy (SEM). By x-ray diffractometry three minerals were
identified as present, quartz, chlorite and illite. The thin section
was examined in the scanning electron microscope and two types
of clay mineral were seen to be present in the folia. In one, the
elements potassium, aluminium and silicon were present,
corresponding to the illite detected by x-ray diffractometry. In
the second, the elements potassium, aluminium, silicon,
magnesium and iron were present, most probably corresponding
to a biotite mica. Small quantities of chlotite sometimes associated
with quartz were present throughout the stone, this green silicate
mineral being responsible for the green colour of the stone.

In 1989, acid insoluble matter samples from the 1983
investigation 'were re-analysed and the possibility that the illite
could be muscovite was raised. In 1994, three more of the
sculptures in the British Museum collection, and three from

Madras were analysed. Both x-ray diffractometry and SEM .
analysis were carried out The improved analysis facilities on the
SEM, allowed a ratio of elements present to be determined atd

18
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the ratio of potassium to aluminium in the clay previously
identified as illite indicated that the clay was in fact muscovite’.

Samples were taken from the surface of six sculptures for analysis
by x-ray diffraction. All of the samples contained calcite and
quartz and three contained gypsum, indicating that sulphation had
occutred. However, there was no evidence of continuous layers
having formed on the surface of these sculptures or of continuing
sulphation. SEM examination of several samples taken from
fracture surfaces of sculptures suggested that dissolution and
re-precipitation of calcite may have occurred. As with sulphation,
this would have contributed to the powdery nature of the surface
of some sculptures.

Environmental Conditions for Preservation

The results of the scientific investigations suggested that there
were five potential causes of deterioration of the sculptures.

# The cleavage planes created by the folia cause the stone to
split readily when knocked hard and hence subject to damage
from poor handling.

% The clay minerals in the stone are subject to softening and
possible volume change at high relative humidity, causing
separation of folia close to the surface and flaking of the stone.

% Soluble chloride in the stone is subject to dissolution and
re-crystallisation cycles with fluctuatons in relative humidity
causing disruption at the surface of sculptures.

% Calcite is subject to dissolution and re-precipitation by reaction
with carbon dioxide and water at high relative humidity causing
disruption at the surface of the stone.

% Calcite reacts readily with the pollutant gas, sulphur dioxide in
the air forming calcium sulphate (gypsum) and creating a
powdery surface.

To control the deterioration mechanisms, the Amaravati sculptures
in the British Museum collection were stored in an
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air-conditioned room with filtration to remove sulphur dioxide
and a temperature range of 18 - 20°C, and relative humidity raage
of 30 - 40%. Under these conditions, the sculptures remained
stable. There has been no loss of surface or further sulphation
of the surface. When the sculptures were put on exhibitien in
the Asahi Shimbun Gallery of Amaravati sculptures, these
conditdons were adopted.

Building and Access Considerations

Apart from the potential for handling damage because of the
cleavage planes in the stone, four of the potential damage
mechanisms are promoted by water.

There are many sources of moisture in buildings and these must
also be controlled since massive deterioration can be caused if
the sculptures become wet and remained wet. Good building
maintenance 1s important. If possible, walls should be constructed
with a damp course or a chemical damp course inserted. Pointing
of walls should be in good order. Gutters and drain pipes should
be well maintained. Water should be drained away from the base
of a bulding.

Within the museum whenever a sculpture is fixed to a wall, a
damp proof membrane, or lead sheet, should be placed between
the sculpture and the wall This prevents ground water from
moving through the wall into the sculpture. Cement or plaster
of Paris should not be used in the fixing of sculptures because
they are both sources of water and soluble salts. As they dry
water migrates from cement and plaster of Paris into the
sculpture carrying salts with it, mobilising soluble salts already
present in the stone and hydrating clay minerals. Polyester or
epoxy resins can be used to fix or repair sculptures in place of
cement or plaster of Pans. Dust should not be allowed to build
up on the surface of sculptures because it can hold water onto
the surface of the stone, promoting decay. The public should not
be allowed to touch the sculptures since moisture, soluble salts
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and dirt can be transferred from hands to the sculpture surface.
All of these factors have been taken into account in setting up
the Asahi Shimbun Gallery of Amaravati Sculptutres.

Conclusions

A well maintained building and a controlled environment have
provided good conditions for the preservation of the .Amaravati
sculptures in the British Museum. However the tight
environmental control, which can be achieved in a temperate
climate is not always possible in climates where extremes of
temperature and humidity prevail. The most important factors for
the preservation of the sculptures are good handling protocols;
maintenance of the building to prevent ingress of water;
separation of the sculptures from the fabric of the building to
avoid migration of ground water; removal of plaster of Paris
repairs from the sculptures because these cause local decay; and
a stable relative humidity to prevent crystallisation cycles of the
soluble chloride and hydration cycles of the clay minerals.
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Science Behind the
Conservation of Stone Objects
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Stonc has taken an important part of our culture as most of

the art pieces are chiseled in stone and we are in the danger
of loosing them. Stone have been used by ancient people for
recording, embellishing, preserving facts of their lives and spiritual
and artistic visions as well as satisfy their practical needs for
shelter, protection and secure storage. Most of the authentic
records of the history were carved in stone. Stone were used in
construction of buildings from very ancient times. Temples,
tumuli, pyramids and other edifices and sculptures made of stone
are contributions of vanished societies. These seem to be
compellingly awe inspiring and thrilling to many generations since
their creation. Stone is a durable material and remains in good
condition for a long time. Despite being durable, stone objects
deteriorate due to age and they need to be preserved. There are
various methods of conservation and restoration. This paper deals
with the science behind various deterioration and methods of
conservation and restoration.

Sources of Stone Objects

Building stones, stones for inscriptions, stones for making
sculptures and other tools used by the ancient are obtained from
rocks. The rocks are made up of grains of one or more minerals.
Minerals can be defined as naturally occurring homogeneous,
inorganic substances having fairly definite chemical and physical
properties. The properties of rocks are then governed by the
properties of minerals present in its structure. Rocks differ in
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appearance and other properties on account of constituents
present, their abundance, their size and arrangement pattern etc.

The stone objects in the Government Museum, Chennai are
received through various means such as field collection, gifts,
loans, confiscation, transfer, as stray finds under the
Treasure-trove Act etc. The Government Museum, Chennai came
into existence with the collection of a few hundreds of geological
specimens in 1851. The Archaeology section of the museum has
a very good collection of stone sculptures, metal sculptures and
terracotta figurines. The sculptures range from 2" Ccntury B. C
to 15" Century A. D. and are rare in many aspects. The Chemical
Conservation and Research Laboratory of the Museum is tackling
the problem of their preservation.

Stone Sculptures

The sculptures belong to wvarious periods, vary in styles and are
made of different types of stones. Stones are parts of rocks.
Rocks and minerals are in abundant and consist of silicate units.
The main silicates are of sodium, calcium, magnesium rocks and
aluminium. There are various viz., Igneous, Sedimentary and
Metamorphic rocks in the earth’s crust.

Igneous rocks are formed by the solidification of molten magma
inside the earth. Examples of igneous rocks are granite, basalt.
They are generally stable under a variety of conditions. Granite
contains over 66% of silica and is an acid rock. There are various
granites like granite gneiss, biotite, granite and dolerite.

Sedimentary rocks are formed by the deposition of products of
weathering on the pre-existing rocks. Examples of these rocks
are limestone, sandstone, shale etc. The Stupa of Amaravathi was
made of limestone. The National Art Gallery building of the
Government Museum, Chennai has been cladded with red
sandstone from Sathiavedw in Andhra Pradesh

Metamorphic rocks are formed by the change of character of the
pre-existing rocks, The igneous and sedimentary rocks are
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changed in character when they are subjected to great heat and
pressure. Examples of this vatiety of rocks are gneiss, marble,
schist, quartz, slate etc. The Taj Mahal is made of marble. Most
of the sculptutes are cut out of gneiss.

Based on the chemical propertes, the rocks can be classified as

follows:

Siliceous Rocks

Rocks, which centain maximum amount of silica, are called
siliceous rocks. E.g. Granite, quartzite.

Argillaceous Rocks

Rocks, which contain argil or clay predominantly, are called
argillacecus rocks. E.g. Latenites, slates.

Calcareous Rocks

Those rocks, which contain calcium carbonate predominantly, are
called calcareous rocks. E.g. Limestone, marble.

Reasons for Deterioration

Materials of nature deteriorate continually as a result of physical,
chemical and biological processes. The stability of stone is mainly
dependent on its internal structure and petrographic composition
and also to the environment to which it is exposed The decay
may be due to the following reasons:

Decay Due to Quareying: The decay in the stone objects can
be due to the methed of quarrying or dressing. The microcracks
developed will further deteriorate the stone objects.

Due to Dampness: Dampness is one of the agents of the
decay in stones. The moisture absorbed will help the stone to
take in the salts, which result in surface damage of the stone
objects.

Decay Due to Soluble Salts; The salt absotpton by the stone
objects creates surface crumbling of the objects due to the
crystallisation internally.
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Decay Due to Temperature Changes: Rapid changes of heat
due to sun and the sudden rain cause strain between the outer
and inner portion of the rocks or stones, which results in
breaking of the specimens.

Decay Due to Atmospheric Pollution: Atmosphere consists
of pollutants such as carbon-di-oxide, sulphur-di-oxide, nitrogen
oxides, hydrogen chloride, hydrogen fluoride, hydrogen sulphide,
aerosol, suspended particulate matter get dissolved in the moisture
and are absorbed by stone objects once again resulting in the
ctystallisation thereby in the surface crumbling. Much disfiguration
of stone buildings occurs by the accumulation of soot deposits.
The tarry matter present in soot, causes it to adhere tenaciously
to any material with which it comes in contact. Hence in towns,
particularly, much disfiguration of buildings occurs due to the
accumulation of soot deposits. With the limestone, slow erosion
occurs in the areas, which are exposed to the prevailing winds.
This prevents the retention of the soot and only the sheltered
sides become blackened. In an average sample of household soot,
Kneckt found 10.7 % of ammonium sulphate and 10. 9% of acid
constituents. But in addition to its blackening effect, soot also
contributes to chemical decay, because it carries with it free acids
and soluble salts, which it brings into contact with the stone. The
absorption of the soluble salts by stones is through the capillaries.
When the salts get crystallised, they appear at the mouths of the
capillaries and make the surface at the mouth to crumble. Buried
objects absorb soluble salts and when the salts crystallises, the
stones disintegrate.

Decay Due to Moss and Lichen: The decay due to moss and
lichen etc., is caused only in the case of stone objects exposed
to rain. Acids generated by moss and lichens not only damage
carbonaceous stones but also attacks silica and cause damage on

the surface.

Deterioration Due to Growth of Vegetation: The growth of
vegetation causes damages only in the case of structures and
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exposed stone monuments. The vegetation growth withdraws
water and retains the moisture inside the structure there by
damage 1s created to the stone monuments. The deterioration of
stone objects under the influence of atmospheric conditions,
usually starts by graying of the stone, often followed by crusts
and further destruction by scaling etc. For efficient cleaning and
preservation our knowledge about these external layers must be
as complete as possible. The crusts arose from environmental
effects in the case of marble primarily from sulphur dioxide.

Condition of the Anmravati Lime-stone Sculptures

The soluble salts absorbed by the limestone sculptures in the
Amaravati Gallery of the Government Museum, Chennai were
removed by poulticing using moist and neutral paper pulp applied
to the surface of the sculpture. In the case of the affected loose
sculptures, after all the salt present are removed by immersing
the sculptures in de-ionised water and a preservative coating of
2% solution of poly vinyl acetate
in acetone was applied. Since these
sculptures are embedded on to the
brick-lime constructed walls of the
gallery, they showed further
crystallisaion of salts due to the
absorption of moisture by seepage
and leakage and external wetting
of the walls due to rain. The
seepage is more due to the high
level of water table in the area due
to the presence of a water tank
near the building. Therefore, now
a days no coating is given but
these affected sculptures are

removed off the salt by poulticing

with paper pulp. Action is being  Limedone Scuptrec Evbedded into the Wall
taken to remove the sculptures
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from the walls. Now three pieces have been removed from the
wall on an experimental basis. This was successful. The removal
of the sculptures is a laborious process. The conservation process
has been started to remove the soluble salts by immersion in
pure water. i

Marble Sculptures

Marble is a strong variety of stone, which basically consists of
calcium carbonate. It is a metamorphic rock and also a calcareous
rock. The Government Museum, Chennai has only a few of
marble sculptures. They are not on display except one in the
anthropological gallery. They have only accumulated dust on them
and they have been very easily cleaned with the help of a
detergent and ammonia solution. The detergent softens the dirt
and removes it. Ammonia accelerates the softening and easily
evaporates soon after it softens the dirt. The loose dirt is
removed with cotton swabs. This laboratory handled many marble
sculptures in the St. Andrew’s Church, Egmore, Chennai and St.
George’s Cathedral, Chennai. In the conservation work done in
the St. George’s Cathedral students from Stella Maris College
were used. In the cleaning of the marble sculptures and tablets
Teepol, ammonia and oxalic acid were used to remove superficial
dirt, stain and iron stain respectively. The surface was dried and
no coatings were given as they are well with in the church.

Granite Sculptures

Granite is one of the igneous rocks. There are over 500 granite
sculptures in the Government Museum, Chennai .both in the
reserve collection and on display. Granite sculptures are affected
by dirt, oily accretions, salt action etc. Due to human touch
effected by the visitors, most of the sculptures have been
blackened at certain specified spots. Even though those areas are
resistant to water percolation and vulnerable to chemicals and
pollutants, these spots completely mar the aesthetic beauty of the
sculptures. Sometimes the oily accretions are so deep that it is
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very difficult to remove them if allowed to
remain on the surface. Especially the sculptures
in temples are affected by the application of oil
and associated materials used during the
worship of the sculptures.

Traditionally, different types of preservative
methods were used to clean the oily accretions
formed over the surface of the granite stone
sculptures in temples. They are flour
preservation, sandal preservation etc. They are
nothing but the poulticing practiced to day.
Even though some traditional procedures are
good in preserving the organic materials, some
procedures are deleterious to stone objects.
Sometimes people, who want to preserve the
objects in their possession, damage them

without proper knowledge about the

conservation. Whitewashing the stone walls, A;db;mfﬁwm{(;mm}‘e
; : o Sculpture on Masonry

whl_ch have the _scn_ﬂptured portions, arises due Padsiial

to ignorance. Oil is poured or ghee is placed

on the sculptures, which are absorbed by stone and this attracts

dust etc., and the stain is permanent.

The Chemical Conservation and Research Laboratory of the
Museum has helped the Central Institute of Plastic and
Engineering Technology, Chennai to preserve a large sized Sua
sculpture made of granite by poulticing by paper pulp and coated
with 2% solution of poly vinyl acetate dissolved in acetone as
the sculpture is under a tree out side the institute but inside the
campus. Stella Maris Csllege history students were involved in
cleaning a temple in Chennai and in the Government Museum,
Chennai. Students from the Madras Christian College, Chennai
were provided with a short traming in Conservation of Stone
Objects and were involved in the cleaning of the stone sculptures
during the 150" Year Celebrations of the Government Museum,
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Chennai. The Chemical Conservation and Research Laboratory of
the Museum took up a special conservation work at the
Paadaleeswarar Temple, Cuddalore with the help of the public and
students with the supervision of the conservation team of the
Chemical Conservation and Research Laboratory of the Museum.

Sculptures Made of Schist

Schist is one of the metamorphic rocks. This
type of stone is easy to carve out sculptures
but are not strong enough and are not durable.
The deterioration is faster. The binding between
the layers get easily lost and hence the
disintegration. Some of the sculptures from
Peshawar and Gandbara displayed in the
Sculpture Gallery of the Museum are in good
condition. But some are badly damaged and few
have been restored, conserved and saved for
posterity. These sculptures are coated with lime
and appear white in many spots. This has
preserved the sculptures from wvarious outside
agencies of deterioration. Furacn cement and
Mendex were used in those days to restore the
broken sculptures

The Chemical Conservation and Research

Gandbara Buddha

Laboratory of the Museum once conserved one
schist stone object of Vishnu. The disintegrated layers were fixed
with the help of poly vinyl acetate and it is maintained well for
the past fifteen years. Normally, the salts present in small
sculptures are removed by immersion in distilled water. In case
they are embedded into the walls, the absorbed salts are removed
by poulticing. Now a days different types of silanes are available
and the suitable silane is used as it simulates the characteristics
of the stone.
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Soapstone Sculptures

The temples at Belr and Halebid in Andhra
Pradesh are made of soapstone. Some of the
sculptures from Belur in the Chennai Museum
are made of soapstone but they are in good
condition. Only problem is that they are
scratchable. In one of the soapstone objects, a
very careful restoration has been done very long
back using heartwood, which simulates
soapstone. Unless told, it is very difficult to find
out the trestoration.

Conservation Treatment

There are different types of consetvation
treatment. They are

Well Polished

% Physical treatment and Thirthankara Seulpture
) (Soapstone)

% Chemical treatment

Same methods cannot be adopted to clean all types of objects.

Depending upon the nature of the stone and type of decay, the

treatment of stone objects differ.
Physical Treatment

Stone objects, which are covered with dust etc., are cleaned by
soft brush. If the dust has become dirt, then little of moistute
is used to remove the dirt. In case .of well-adhered dirt, Teepo/
Labolene, Extran, etc., solution may be used to soften the dirt. In
case of fine stones, which are affected by moss and lichen they
are normally removed by sand blasting in our country. This
affects the stone by removing layers of stone along with the moss
and lichen deposit. Removing the deposits by hard metal brush
by all means should be avoided.

In case of the stone objects, which were found buried and
affected by salts, poulticing by neutral paper pulp or Sepiviite
removes the soluble salts. This is a very good method. Immersion
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of small objects iIn pure water cleans soluble salts from the
affected sculptures. The washings should be tested for the
presence of salts, especially sodium chloride. The stone objects
in temples are sull traditionally preserved by methods called
“Maakkapps” (flour preservation), “Sambanakkaapps” (sandal
preservation) etc. These methods are nothing but poulticing. Now
& days various matetials such as Fulers’ earth, paper pulp, Sepioloite
etc., ate used in the chemical conservation laboratoties in
removing the oil accretions along with solvents.

Steamn cleaning is also done in some laboratories both in hot and
cold conditions. This softens the dirt and removes it by wiping
out with cotton. Detergents are used to remove the dirt in certain
cases,

Laser Cleaning

The major disfiguring deposits on outdoor statues are generally
crusts of black carbon particles from vehicle and power station
emissions. On Limestone and marble statues, acid rain builds a
layer of gypsum as it converts the calcium carbonate in the stone
to calciurn sulphate, Laser tools work because laser energy leads
to localised heating of the crust, which then breaks away without
damaging the stone below. This is better than sand-blashng and
chemical cleaning and other methods of physical cleaning.

Cleaning Methods

Cleaning of stone objects or monuments, sculptures, inscrptions
ot structural edifices in stone is required not oaly to have
aesthetic look but also to ensure better preservagon of stone
objects. Cleaning methods can be classified according to the
prnciples or the techniques involved in the method.

Water-based Methods: Water sprinkling, water spray with or
without pressure, or very fine water spray along with brushing
and washing. Poultcing is also a water-based method. Water acts
as a very important agent in cleaning of stone objects.
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Steam Cleaning: Either cold steam or hot steam with pressure
can be used to remove the surface accretions from the stone
objects. Dirt is very easily removed from limestone and marble
sculptures and structures by steam cleaning.

Mechanical Methods: Both wet and dry grits can be used to
blast off the accretions. They are wet grit blasting, dry-grit
blasting, micro blasting and sand-blasting. Sand-blasting is
now-a-days widely practiced in Tamil Nadu by the temple
authorities to remove the white washed layers from the stone
walls.

Chemical Methods:
Chemicals are required to
remove the stains from the
sculptures. It is better
always to use very dilute
solutions of the chemicals.
Care should be taken before
any chemical is used. Some

of the chemicals will cause

T

Removal of Mass and Lichen from Stone Seculptures

permanent scar on the
sculptures. Whitewash mark
are removed by the gentle application of very dilute solution of
acetic acid using cotton swabs and removing them with ammonia
after physical abrasion.

Maoss, algae and lichen-affected sculptures need chemical cleaning.
The black patches from sandstone slabs are removed with the
help of zinc silico fluoride mixed with few drops of hydrofluoric
acid. Citric acid 1s used to remove the black and green patches
found on the marble monuments. Hydrogen peroxide solution or
ammonia with gentle brushing with a tooth brush will remove
the deposit. Washing with water removes off the dark solution
from the stone objects. A 1 % solution of zinc silico fluoride
coating over the stone sculptures will avoid further plant growth.
Application of organic solvents like rectified spirit removes very
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easily the oily accretions from the stone sculptures. Morpholine
removes the soot from the sculptures. Droppings of birds are
removed using physical methods and washed with organic
solvents and cleaned with detergent solution followed by
thorough washing with distilled water and drying.

Restoration of Stone Objects

Restoration is often
necessary for reasons of
safety of the stone objects
and is carried out using
modern materials in a
manner sympathetic to the
existing structure, but not
necessarily identical with it
Dowlling can be done in the
case of broken stone objects

Restored Stone Elephant (Sandstone) Bhubaneshwar

by joining the pieces by means of stainless steel headless rods.
The stone objects should never be in contact with the ground.
A moisture barrier should be kept in between the masonry
structure and the objects. In the museums in Tamil Nadu both
wooden and masonry structures on the floor of the galleries are
made to display the large and heavy sculptures.

Consolidation

When stone sculptures are very weak and fragile, consolidation
is required. Consolidation is nothing but fixing the loose materials
together. A 5-10% solution of poly vinyl acetate in acetone serves
as a very good consolidant. Silanes are also used as good
consolidants. After the stone objects are treated, it is better to
give a protective coating of poly vinyl acetate over them. Once
in two years, the protective coating may be given. Consolidation
of weak stone objects can be done with the help of acrylic resins
like perspex, polyester, epoxy resins like poly vinyl acetate, poly

vinyl chloride, Araldite, which are some of the consolidants in






Students of the Care of Museum Objects Affected Limestone Sculprure in the Amaravat
Poultcing at the Shore Temple with Paper Pulp Gallery is being Poulticed with Paper Pulp

Off Who Attended the Capsule Course on Officials Cleaning Limewash from a Temple at
Conservation of Cultural Heritage are Cleaning a Thiruchengodu, Salem District
Temple Wall Chemically.

Stone Sculpture before and after Restoration Amaravati Sculpture Conserved by Treating with
Distilled Water
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use. Recently Paraloid B72 is very commonly used. Organosilanes
are largely used in the consolidation of stone objects.

Normally, dilute solutions of epoxy resins have been used
successfully in the past to consolidate deteriorated porous stone
objects. By this method, the resin darkens and they are proved
to be deterrent to the wider use of these materials by the
Conservators. But, solvent washing to remove surface deposited
resin and exposute to sunlight are effective methods for restoring
the original visual appearance of consolidated outdoor stone.

Conclusions

With the idea of preserving our cultural heritage, the Government
Museum, Chennai is giving training to those in charge of cultural
heritage on Care of Museum Objects. Recently a training
progtamme for the Executive Officers of the Hindu Religious
and Charitable Endowment Department was also conducted to
take care of the monuments and antiquities under their charge.
Besides these, the Chemical Conservation and Research
Laboratory of the Government Museum, Chennai has undertaken
many traliing cum conservation programmes in tempiles. In 1996,
the Madras University has recognised the Chemical Consetvation
and Research Laboratory as a research laboratory to conduct
research leading to Ph. D. Degree. Those who ate interested in
conservation may approach the museum to avail such facilities.
A Consetvation Gallety is set up in the museum to create
awareness on conservation and preservaton of our culmral and
art objects. Let us preserve our treasures for posterity.
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Lasers for the Conservation of
Cultural Hentage
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Le laser 1s now in every day use for a range of applications

due to the special properties of laser radiation. A laser is a
soutce of electromagnetic radiation, which is directional and
unlike most light sources, monochromatic (has a single
wavelength). The applicatons of lasers in conservation rely on
the properties of absorption and reflection of the beam of laser
energy. Techniques such as laser cleaning make use of light
absorption to selectively remove layers of unwanted matemal. On
the other hand, techniques such as holography and laser scanning
make use of the light reflected from the surface of an object.
This paper aims to provide an introduction to the use of these
optically based techniques in the conservation of stone objects.

Laser Cleaning

Laser cleaning was first used in art conservation during the 1970s.
The results obtained were very impressive, but unfortunately
further work was limited by the technology and the high cost of
lasers. In recent years, interest in laser cleaning has been revived
as lasers have become more reliable, portable and affordable. This
has led to successful research into the use of lasers for cleaning
a wide range of artefacts, including objects made of stone,
terracotta, bone, ivory, vellum and some metals®. The laser is
now no longer a research tool and is used in the every day work
carried out at the studios of the Conservation Centre of National
Museums and Galleties on Metseyside INMGM).
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Lasers are normally named after the materal used to produce the
laser enetgy. In the case of art consetvation, the most commcnly
used cleaning laser is the NA:YAG laser. This laser produces
pulses of infra-red energy that are directed on to the surface to
be cleaned, usually by means of either msrrors or optical fibres.
The laser energy is absorbed by foreign material, which is then
gjected from the surface. The laset pulses used are of very short
duraton, which ensures that the cleaning effect is localised to a
precise region and does not damage surrounding areas. The
precise and immediate nature of the technique gives the
Consetvatot 2 degree of control over the cleaning process not
previously possible, thereby allowing for the preservation of
delicate surfaces and patinas. In many cases, such as the cleaning
of limestone® and marble* sculpture, the process of laser cleaning
stops as soon as the dirt layer has been removed. This
‘self-limiting” action operates because the black dirt or pollution
layer strongly absorbs the laser radiation while the surface beneath
reflects the beam harmlessly away. Problems of over-cleaning can
therefore be avoided The laser system is maost effective when
there is a distinct difference berween the absorption properties
of the accretion layer and the substrate layer. When this does not
occur, then great care must be taken during cleaning to avoid
damage to the substrate. The laser affects only the surface of the
object being treated and therefore is unlikely to give satsfactory
results when atrempting to remove material trapped within the
matrix of the substrate, so for example, while the laser may be
cffective at removing salts from the surface of a stone object, it
will leave untouched any salts within the cbject.

Laser Cleaning

The laser cleaning system is capable of operating both in the
conservation studic and #n sit# for architectural sculpture. The
figure shows a matble relief during the process of laser cleaning
in the conservation studios of NMGM.



214 =

The main benefits of laser cleaning
are detailed below:

»,
o

>,
o

Conservation of Stone Objects

Control: The laser provides the
operator with unrivalled control
over the quality, degree and rate
of the cleaning process. Unlike
chemical methods of cleaning,

the effect of laser cleaning is

Laser Cleansng of o Marble

immediate and stops the instant
the beam is removed from the
surface.

Precision: The laser beam is delivered through a pen-like
handpiece, so that the laser cleans only where directed. By
controlling the working distance of the handpiece it 1s also

possible to obtain precise control over the size of area cleaned.

Non-contact: The laser cleaning technique requires no
physical contact with the surface of the object, allowing even

very fragile surfaces to be cleaned.

Speed: The use of lasers provides two advantages over
traditional cleaning techniques. Firstly, the user can control the
number of laser pulses per second allowing either rapid or
careful cleaning. Secondly, the laser is easily portable and
requires very little time to set up.

Environmentally Friendly: The laser cleaning process
generates a minimum of waste products, the dirt ejected from
the surface can be easily collected using an extraction s;.-’stems‘
No hazardous chemicals or solvents are used in laser cleaning
so that the only protective items necessary are safety glasses

and a face-mask.

Reliability: The laser is reliable, easy to use and requires very

little maintenance.
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Laser Scanning

In additon to the need for careful conservation treatments, the
unpredictable nature of the world means that there 1s a pressing
need for proper records of artworks to guard against their loss
from forces as diverse as pollution and terrorism. For many years
the method of recording three-dimensional (3D} objects has been
dominated by photography. The principal problem has always
been one of trying to adequately represent such 3D objects using
2 2D method. Now, however, the acquision of 3D data is
possible using 3D digital cameras and laser scanners’. These
devices create ‘clouds’ of data points that map out the surface
of an object and can provide a record of a 3D surface down to
fractions of a mullimetre. The recorded data is stored on computer
and may be viewed by means of software that can translate this
quantifiable information into a visual representation.

The laser scatner comprses a low power laser that is directed
onto the surface of an object and off-axis positon sensor for
collecting the reflected light. A position measurement is carried
out by a simple application of wigonometry, determined by the
ge_omer_ry of the laser beam relative to the sensor. The laser beam
is moved across sutface of the object and the resulting dense
cloud of data points provides a digital representaton of the
object. For a complex object, it is often necessaty to carty out
measurements from several different directons and angles,

Laser scanning provides many advantages over traditional
recording techniques. It is not, however without problems. For
the scanning process to be effective the object sutface must be
sufficiently reflective to enable accutate recording, To cortect this
problem, laser power and detector sensitivity can be increased or
a laser emitting light of a different wavelength could be used.
The topography and size of the object to be recorded also
mfluence the ease with which an object can be scanned. Complex
objects with undercuts tend to obscure parts of the sutface of
the object while large objects tend to produce correspondingly
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large computer data files, which can be difficult to store and
manipulate. The problem of topography can often be overcome
by making multiple scans from different directions and then
linking the scanned data within a computer. Computer software
can also be useful in reducing the size of data files collected by
allowing the user to vary the resolution of the scan according to
the level of detail in an area.

The scanned image represents a comprehensive record of an
object, which is permanent, versatile, accurate and above all, the
technique causes no damage to the onginal object. A scanned
image records the physical condition of an object at an instant
in tme, The data set tepresenting the object is far more portable
than the real cbject and can be an invaluable tool for academic
smdy7. The reproducibility of the technique also makes possible
the monitoring of the physical condition of an object with time.

Non-contact Replication

The replication of 3D works of art has not changed in concept
for many years. Traditional techniques rely either on the creation
of a mould from the surface of artwork or on copying by eye
by a sculptor ot craftsman. Both techniques are however fraught
with potential problems.

The use of moulds requires considetable contact with the surface
of the original artwork, In many cases this can not be considered
safe practice since the surfaces of many artworks ate not only
fragile but may contain important detail or remnants, which
provide an art lustorical context for the piece. It is therefore of
the utmost importance that the surface of artworks should only
suffer contact when no other optons remnain. The use of moulds
is also- limited by two other factors. Firstly, the range of materials
available, which can be used to cast replicas is limited and may
possibly not be sympathetic to the original Secondly, when a
mould is used, there will inevitably be shrinkage in the casting



Lasers for the Comervation of Cultural Heritage - 217

material leading to a slight but distinct size difference between
the original and copy.

The copying of artworks by eye does not have the problems of
contact associated with moulding. It 15 however not an accurate
technique but depends on the skill of the sculptor and is therefore
a re-interpretation rather than a replica.

What is required then 1s a method of non-contact replication that
provides an accurate but flexible method for the replication of
3D works of art, The advent of digital measurement systems and
modemn manufacturing techaiques provides a potential solution to
these problems. At the heart of the problem of non-contact
replication 1s the ability to translate objects in the virtual space
of the computer into 3D. This is a well-known problem in a
modem industrial context, for example in the automotive and
aircraft industty, where many complex 3D objects exist as
computer models and physical prototypes must be made prior to
production. There are many automated devices that can translate
3D computer models into a tangible form. The most common
1s Computer Numetical Control (CNC} manufacture that involves
machining, using a multiple axes lathe or laser, nto a wide variety
of materials. In many cases, CNC manufacture provides an
excellent solution to the problems of non-contact rep]jcationﬁ and
replicas can either be cut into traditional materials (e.g. marble,
limestone, wood) or modern matenals (e.g. resin, plastic). Replicas
can be machined very accurately using scanned data and if
required, in material, which is sympathetic to the original.
Advances in computer technology and engineering techniques
now mean that it 15 possible to achieve sub-millimetre accuracy.

There are cases where CNC manufacture cannot easily provide a
solurion, such as when there are very complex forms and
undercuts, which occur in many sculptural works, A different kind
of industrial process could provide an answer to the requirements
of nnn-contact replication, this process is known as layer
manufacture. The development of laver manufacturing rechniques
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grew out of a need to reduce time scales for the production of
physical prototypes of computer models. This is stll a relatvely
new area of technology that emerged in the mid 1980s. The
computer data is sectioned into a number of adjacent
cross-secttons or layers. The cross-sections are then systernatcally
created through the solidificaton of either liquids or powders and
combined into a 3D form. The range of materials 15 wide and
is also rapidly increasing and includes plastics, wax, sand, resin
and paper. The main drawbacks of the technique are that there
are sdil limits on range of materals available, restricted production
volumes and high costs.

Conclusions

The laser provides the Conservator with a cleaning tool of
exceptional precision and control In a number of conservation
studios across Europe, laser cleaning is now considered routine
and sits happily alongside more conventional techniques, such as
steam cleaning and solvent cleaning,

The technique of laser scanning has a wide range of applications
in the field of conservation. In additdon to applications such as
replication, the building of librares of scanned images offers
excidng possibilities for the creation of virtual museums and
oppottunities for academic study at a distance,

It is now possible, using the latest technology, to create high
accuracy replicas. Computational and technology requirements are
high and therefore costs are also likely to be correspondingly high
in the short term. Further developments will be necessary before
large-scale architectural sculpture may be routinely replicated.
Nevertheless, the capacity for accurately recording and replicating
wotks of art is now broadening as technology advances. It is
clear that replication techniques will become increasingly
important, as today’s hostile environment increasingly requires the
removal and replacement of important architecrural sculprure.
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Historic preservation and conservation are complex fields, a

blead of art, history and science. Diverse applications can
stretch from pest control in historic homes to pigment
examination in a Japanese painting, from consolidation of a friable
archacological shred to storage of a video montage. Such a
multitude of materials and techniques has given rise to a wide
variety of terms across the preservation and conservation
disciplines. Cleaning 1s a critical part of the conservation process.
It serves not only to improve the aesthetic appeal of an object
or building but also to reveal its true conditon so that appropriate
action can be taken to ensure that it sutvives for many future
generations to enjoy.

Conventional Methods of Sculpture Cleaning

Untl the mid-1960s, painting Conservators led the whole field of
conservation with their technical expertise and experience. Today
that imbalance has shifted and it is in the field of sculpze
conservation that many of the most complex and exciting
technical developments are taking place. During recent yeats,
there has been increasing concern over some of the mote
conventional methods of cleaning used on sculpture and
sculptural decoration on historic buildings and partly to the rapid
development of more sophisticated synthede resins for use in
repair.
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Careless and inapproprate use of techniques, such as air-abrasive
and steam cleaning, can lead to severe damage of the underlying
stone surface. The loss of surface detail by over thorough
cleaning can reduce the visual appeal of a surface and in extreme
cases can even lead to its accelerated decay. Even if cleaning 1s
cartied out very carefully, techniques such as air-abrasive cleaning
will result in some loss of material from a surface, particularly
from a decayed crumbling surface, simply because abrasive
particles cannot discriminate between the soiling and the stone
surface. The removal of black encrustation from limestone
sculpture is usually accompanied by removal of the patina, which
develops on the surface over a pedod of tune and within which
the original surface relief is preserved.

Chemical-based cleaning techniques also have associated
problems: chemicals often leave residues within the stone, which
can cause problems later on, and once they have been appled
their reaction cannot be suitably controlled. In Glasgow, some
sandstone buildings, which were chemically cleaned a few years
ago are tutning green at an alarming rate since ideal conditions
tor algae growth have been created on the surface.

The realisation that the heritage of stone sculpmure and buildings
might not tetnain in a recognisable form for more than another
50 yeats has stimulated an interest in the conscrvation of
sculptures that would not have occurred were the problems
merely confined to museum collections. New pressures also are
being exerted on museums. As the main centres of consetvation
expertise, they are called upon to lend their aid to the
otganisations dealing with these problems in cathedrals, churches
and historic houses. They also act as places of refuge for
endangered sculptures. The scale of the problem (the rapid
increase in zir pollution worldwide and the vast number of
sculptures involved) have caused the profession of sculpture
conservation to develop rapidly. Although i1t has been possible to
borrow from painting conservadon, many surface cleaning
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techniques for use on terracotta, plaster and polychrome wood
sculpture, very few of these techniques are suitable for marble
and limestone, with their particular susceptibility to damage from
water and soluble salt migration.

Problems in Sculpture Cleaning

The main problems facing the stone conservator are stabilisation,
consolidation and further protection against pollutant gases and
soluble salts. Stone is extraordinarily unstable in the modern
environment. Once it has been attacked by pollutant gases, such
as sulfur dioxide, or migrating salts, such as niteates or chlorides,
it is difficult to return the stone to a stable condition, even when
it is placed in a museum environment. Although some temporary
stability may be achieved by putting a damaged sculpture in a
temperature-and humidity-controlled glass case, it is commonly
found that degradation will continue and in certain instances, even
accelerate,

To have any hope of halting saltation, the stone Conservator
must interfere with the deep structure of the stone, sealing it
against moisture movement and stwrengthening it against salt
damage to the porous structure. Probably, the most popular
means of stabilising stone is the introduction of a consolidant.
In the past, consolidants such as wax and shellac have been tried.
These do not penetrate deeply into the stone and often aggravate
the problem. Vatrious synthetic resins, such as acrylics, epoxies,
polyesters and silicones, have been used with greater success. By
far the most successful, however, have been the alkoxy-silanes.
These have several distinct advantages over other consolidants.
They penetrate deeply into the stone (two to three inches in some
limestone} and they deposit a hard, almost indestructible network
of silica in the porous structure of the stone, which waterproofs
and strengthens it.

Thete are many forms of alkoxy-silanes in use and many ways

of applying them. The commonest methods are simple brushing,
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spraying and vacuum impregnation. Of these, the first is the most
conttollable and delicate approach, while the last is the least
controllable and most potentially dangerous.

The full treatment-of a sculpture must, of course, include
cleaning. Any consolidation treatment or attempt to remove salts
from stone must be carefully integrated with an appropmnate
cleaning system. In the past, the most common way to clean and
desalinate stone was to immerse it in a tank of water for a period
of weeks or months. This process can cause considerable damage
because it loosens friable stone and pigment from the stone
surface. A better method was developed in the 1960s, by which
a clay poultice (magnesium silicate and deionised water) is used
to suspend a thin layer of water over the sutface of the sculpture,
like a cosmetic mudpack, sucking out both dirt and salts. This
treatment minimises the contact with water and also does less
harm to the fragile surface of the sculpture. The use of
sophisticated tools and techniques such as ultrasonic dental
descalets and abrasion by air-blasted microscopic glass beads
helps to give the Conservator much greater control over the
cleaning process. Lasers were first used for removing pollution
deposits from stone in 1970. The development of laser-based
techniques during the past few years has been a significant
advance in making consetvation methods less mtrusive and more
controllable. Improved laser technology, decreasing cost and the
concurrent development of fibre optics suggests that it may soon
be possible to produce a flexible precision tool that is capable
of removing dirt and other encrustaton from the surface of
sculpture by vaporisation, without harming the stone itself.

Laser as a New Tool

Since their invention in the early 1960s, lasers have found
widespread application in metallurgy, medicine,
telecommunications and entertainment. Less well known has been
their application in the world of historic preservation, where lasers
are just beginning to reveolutionise the conservadon of wotks of
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art. The term “laser” is an acronym for “light amplification by
stimulated emission of radiation.” A laser is the device that
produces a highly directional beam of light in the infrared, visible
or ultraviolet region (depending upon the type of laser) of the
spectrum. The laser beam can be focused by a lens that
concentrates the power on a very small region of the target.
Depending upon the intensity of the light, it may be used to cut
mezal or to selectively remove a thin film of material layer by
layer.

This technology has great potential for the cleaning of art works.
Many works of art have been subjected to decades, if not
centuties, of exposure to the elements, such as atmospheric
pollution both inside and outside musenms. This has led to a
harmful accurmulation of grime and other surface encrustation that
obscure the underlying surface. Traditionally, art Conservators
have cleaned paintings and other works of art with scalpels,
abrasives and solvents applied as swabs or poultices, Recent
advances in laser technology have yielded new tools for selectively
removing unsightly or harmful surface accretions while preserving
the undetlying surface.

Advantages of Laser Cleaning

From a practcal standpoint, the laser offers distinct advantages
over traditional chemical cleaning methods:

% Selectivity: The laser may be tuned to interact with specific
substance. '

% Environmental Acceptability: No dependence on hazardous
chemicals or solvents,

% Non-contact: The process is amenable to automation and
offers freedom from contact wear.

% Preservation of Surface Relief: Photons de not distinguish
between peaks and valleys. The material and profile are
preserved.
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% Versatility: Optical flux intensities are achievable that can
renove any tmaterial.

% Localised Action: The laser action cleans only where directed.

% Controlled Removal: A specific thickness of materdal can be
removed.

These intriguing properties of lasers, coupled with recent
reductions in size and costs of many commercial laser systems,
has led to an increased interest in the potental benefits of laser
technology to art conservation,

Thete is little evidence to begin assessing the long-term impact
of laser cleaning, except on architectural stonework. Sull, it is
almost obvious that stone should be faitly resistant to the effects
of lasers; after all, one seldom sees rapid deterioration of stone
sculptures undet the influence of light alone. Thus one would
expect that any damage caused by a laser would be the result of
secondary effects such as localised heating or plasma formaton
rather than by exposure to light. With careful control over the
process, many of these secondary effects can be significantly
moderated. But the potennal of light to directly damage or alter
other materials, especially organic materials, is well known. And
while light damage is often seen in the immediate effects of
bleaching, fading or yellowing of matenals, the long-term effects,
especially the breaking of chemical boands, may. not be easy to
detect. Careful study of these factors is essential to build
confidence in the feasibility of using lasers in art conservation.

Mechanism behind Cleaning of Stones by Lasers

The most common laser used in conservation at the moment ts
the Q-switched Nd:YAG laser, which provides short pulses
(typically 5-10 ns long) of near infrared radiation at a wavelength
of 1.064 Um (or 1.064 x 10_6m). Their short pulse length prevents
heat from being conducted beneath the soiling into the stone
surface. The process of cleaning 15 self-limiting since once the
dirt has been removed, further pulses will have no effect on the

2Q
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surface as insufficient enerpgy is zbsorbed to cause any damage.
The Nd:YAG laser is also extremely reliable, easy to maintain,
relatively compact and robust

One of the commercial lasers cleaning systems avatlable is with
jointed articulated arm in which the beam emerges through a
pen-like hand-piece within which a lens 1s used to produce a
diverging beam. The Conservator controls the cleaning effect
through adjustments to the enerpy in each pulse, the number of
pulses fired per second (tepetition rate) and the distance berween
the tool and the surface {which controls the intensity or spread
of the beam). In another system, instead of articulated arm an
optical fibre is used to deliver the beam.

Cleaning Parameters

The most tmportant cleaning parameter is the energy density, or
fluence of the laser beam, which is defined as the enerpgy per
unit area incident on the surface (energy per pulse/beam size at
the surface) and is usually measured in jounles per squate
centimetre (J/ cmz}

At low fluence ( < 1 ]/ crnz), strong absorption of energy leads
to rapid heating and subsequent expansion of a dirt particle. Since
the pulse length is so short the expansion happens so quickly
that the resuitant forces generated are sufficient to eject the
particle from the surface. This is 2 very selective process. If the
fluence is increased slightly, then some material will be heated to
a suffidently high tetnperature to cause vapousisation. At higher
fluences stll {above approximately 1.5 ]/cmz; values depend on
the properties of the soiling} the removal mechanisms become
more complex and involve the formation of a plasma just above
the surface and generation of a shock wave. This mechanism is
less selective and can result in damage to the underlying substrate.
* Cleaning should therefore be carried out at the lowest practical
fluence so that the more selective mechanisms operate,
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Enhancement of Cleaning by Water Coating

Water can sometmes be used to enhance the cleaning effect. By
brushing or spraying a thin coating of water onto the dirt surface
immediately prior to irradiation, stubborn deposits of dirt can be
removed without having 1o increase the fluence to unacceptably
high levels. Dirt particles become coated with a thin film of
water, which is also able to penetrate into cracks and pores within
the dirt layer. Absorption of the laser beam-by the dirt layer
occurs as normal and rapid heating at the dirt/water interface
leads to explosive vapourisation of the water molecules, which
exerts forces on and within the dirt layer sufficient to eject further
material from the surface. The addition of water usually increases
the cleaning rate significantly.

Some of the Disadvantages of Laser Based Cleaning

Laser cleaning does not work on everything. The cleaning of
polychrome sculpture poses problems since different pigments
absorb different amounts of radiation, certain types being very
sensitive. For example, a single low-energy pulse will be suffictent
to turn vermilion from red to black. In cases where there is
evidence of pigment on a stone surface cleaning is vsually carried
out in such a way that the area is not exposed to laser radiaton,
unless it is known to be stable at the fluence being used.

Although laser cleaning of sculpture is usually much quicker than
cleaning by the more sensitive conventional techniques, the large
scale laser-cleaning of buildings cannot, at the moment, compete
in terms of speed with techniques such as got-blasting, It does
however leave the stone surface intact.

The relatively high inttial cost of purchasing a laser system is seen
by some as a disadvantage. This shounld be set against the low
cost of maintenance and the savings that are made on time taken
to complete a job. The development of laser systems is so rapid
that it might not be too long before large-scale laser cleaning
systems become avatlable. Purchasing a laser cleaning system is a
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long-term investment. In the short term it might make mote
sense to hire an appropriate system for a particular job.

Recent Developments

Ultra violet laser ablation is the result of the combined action of
thermal, photochemical and mechanical processes. The laser light
vaponises 4 black crust but does not damage the underlying stone
because it 15 almost completely reflected. When the laser is used
in the Q-switched operation mode, with very short and intense
pulses, it is necessary to take into account effects such as blocking
of the laser light by the dust plume and the mechanical effects
generated by the expanding plasma and the rapid heating of the
tatget materizl, In the UV laser ablation photochemical effects
also have to be considered. In this case energetic UV photons
are able to break molecular bonds in the target material.
Thickness of the layer removed is very small when UV lasers are
used. Hence researchers are concentrating in the use of UV lasers
to stone cleaning. The main problem of using laser ablation
technique lies in the discoloration of the material beneath the layer
removed and the long-ten effects subsequent to laser action.

Conclusions

In a country like India, which houses a variety of precious

sculptures and monuments, implementation of laser cleaning can

prove tc be promising in preserving and conserving our assets.

Lasers are being widely used in many industres and research

laboratories. Recent joint venture of laser scientists and

conservators ts likely to yield fruitful results in the near future
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ajasthan is surprisingly rich in sculptural art in stone. They do

speak of a long history of art and architecture and also about
their deterioration due to onslaughts, utter neglect and reckless
renovation in subsequent times. The panoramic facades,
bas-reliefs, carved-out sculptures of the monuments in the internal
segments viz., vestibule, assembly hall and ceiling; usually create
the fervour to look into them as excellent creation of the past.
These are, in fact our cultural inheritance, which deserve to be
preserved for posterity. Various methods were adopted for their
preservation and restoration, as and when required even in earlier
times. Several monuments in the world over are brought to nearly
their original pride even after deplorable conditions caused due
to*human ot natural calamities. Astonishingly, quite a good
number of old and dilapidated architectural edifices studded with
relief panels and of divinity or lovely damsels have been preserved
in bye-gone days by means of plastering and through layers of
white wash. The monuments in remote areas, exposed to natural
and manmade disasters, during ravages of time, have resulted at
a greater length into their disintegration. The problem of the
preservation of this theatre of history is intricate, complex and
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involves chiefly (a) sttuctural conservation and (b) chemical
conservation.

The conservaton and scientific treatment, incorporating physical
and chemical methods after assessing the extent of deterioration
and their true causes is, thus, the greatest need of the day so
that historical heritage can be saved for times to come.

This article deals with some case studies of chemical conservation
of sculptural art in stone belonging to the Government Museums
of Rajasthan State sitmated at Jodhpur, Sikar, Hawa Mahal and
Amber (Jaipur). It also includes "chemical conservation of fine
carvings and bas-reliefs in a group of temples of early historic
petiod in Osian District, Jodhput and Neks# Mats Temple in Jat
Bhawanipura District, Jaipur.

General Causes of Deterioration

The stones commonly used in monuments are mostly granite,
sandstone, limestone, schist, marble, quartzite, basalt, laterite etc.
Temples, forts, palaces, cenotaphs, mosques and havelis are
generally embellished in stone with sculptures, floral motifs,
catvings etc., and at times with painted walls as well. These are
categorised as inorganic or of stable nature as they are less prone
to be effected easily by handling or due to display. Constant
exposure and neglect, however, naturally lead to various causes
of decay. More so no single particular cause can be made
responsible for the gradual dis-integration except neglect,
mishandling or onslanghts - both human and natural. Besides
natural factors such as rain, sun, humidity, dust etc,, the materials
used in the formation of these monuments are equally responsible
and sometimes cause deterioration. They include poor quality of
stone, use of improper adhesives, the rusty iron nails in joints
and the like which, indeed, prove fatal and reduce the life of the
moiument and so also its art. The effect of rain and moisture
not only to the wall entablature but to the entire building results
into the natural growth of moss, lichen, algae and vegetation
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leading to the disfigurement and these are commonly termed as
bio-deterioration.

Impregnation of salts in contact of humid air in the porous veins
of the stone also result into the efflorescence of salts, splitting
of the stone into separate layers and chipping off into pieces.
Atmosphenic gases like oxides of carbon, sulphur, nitrogen etc,,
are indeed, found harmful in contact with moisture and sweeping
wind. These cause weathering in the form of hard crusts of
gypsum on the surface popularly known as stone cancer.
Excessive heat results into de-hydration and contraction in the
constitntion of the stone with the result the joints are widened.
Some soft stones are susceptible to thermal expansion and show
cutling on account of it. Accumulated dust particles from the
suspended particulate matter are absotbed in the pores of the
exposed monuments tarning it into yellowish colour with brown
stains. Soot and smoke, emerging out of burning of the oil or
fuel, is found in maost of the old edifices in the form of a hard
layer on the surface of the built heritage making it black, ugly
and faint in lock.

For reason of taste, ignorance or expediency of the people ot
the owners, the art and architecture of the sculptural art is found
covered and blotted out by a layer of some opaque wash of lime
ot oil paint, in plaster beneath. Thus the monument abandoned
for a long time to unfavourable climatic conditions are, in general,
ptone to decay and deterioraton. Their treatment is often fraught
with difficulty.

Methods of Chemical Conservation

In case of the dilapidated condition of any built heritage such as
temple, fort or palace, conservation involves structural repair as
well as chemical treatment. It is advisable to provide first
protective measures such as strengthening of the basement, repair
of joints of the various architectural members, attending to the
leakage in the roof, maintenance of sun shades, improvement of
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drainage system for disposal of rain water and the like. The
plastering on the extedor of the building unknowingly proves
beneficial as they are meaningful protection against rain and heat.
Various kinds of screens also work effectively as measures of
protection.

Fot etadication of lichens, algae and moss etc., the scientific
treatment consists in swabbing the affected surface using dilute
ammonia solution. The cleaned surface is then impregnated with
1-2% aqueous zinc silico fluoride. This treatment of fungicide is
repeated after an interval of about a week, Finally the porous
surface 1s provided with a protective coating of poly vinyl acetate
or polymethyl methactylate. When plants and trees are found
growing on the monuments, deep roots are cut off and the
stumnps injected by means of a synnge with sodimmn arsenite
solution or sulphuric acid or tree-killer.

Otganic growth may be removed economically by means of
brushing off the stone with a 2% solution of zinc silico fluoride
or alternatively by solution of zinc or magnesium chloride. A hard
layer of old algae s best treated, at first, with formalin vapours,
which facilitates the removal of desiccated tissues.

Certain kinds of stains seem to defy all chemicals and can only
be taken away by using a plastc stopping film. The process
consists of the use and application of a viscous fiim of
nitro-cellulose. Insoluble crusts of foreign matetial causing local
damage to polished marble can also be removed by means of
scrapping with a scalpel or riffler file followed by judicious
polishing with suitable stone or powder. The removal of insoluble
incrustation depends on their chemical composition. Acids
decompose catbonates, The greatest care must be taken to localise
the action of the reagent used in such a manner so as to soften
the incrustaton followed by mechanical erasing. The atea should
then be immediately washed with water. Hydrefluornc acid has
advantage in its applicadon, as it dees not leave any damage’
caused by salt after impregnation as compared to hydrochloric,
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citric or oxalic acids. Incrustations of calcium sulphate or gypsum
have the tendency to be dissolved slowly in water, It is generally
a more effective method of treatment to decompose incrustations
by desiccating with an electrically heated spatula and further
erasing it mechanically.

Fragments of stone are joimned by using the polyesters or epoxy
resins as they are more resistant to heavy matenrial. Excellent kind
of cement can be prepared out by the mixture of sand, powdered
stone and polyester or epoxy resin. It helps in adjusting the
ingredients of the stone. In case of wider joints and cavides,
which is causing disfipurement or weakening of the surface, filling
is done with mortar prepared from lime, stone powder or plaster
of Paris mixed with feriw!

Chemical Conservation of Stone Sculptures

Almost every museum has a good repositary of stone sculptures.
The Department of Archaeology and Museums, Rajasthan, has a
collection of about 7000 sculptures of various kind, acquired in
its 20 museums and 2 galleries all over Rajasthan. Out of them
about one third objects are on display while two thirds are kept
in the reserve. In order to fulfill the requirement of establishing
of a new gallery or at the time of an exhibition, objects, related
to either the region where the new museum or gallery is to be
opened or thematic display in an exhibition, are selected and
brought at the site. During the last decade, quite a few
deliberations have been made where the necessity of chemical
conservation of such exhibits was found with foremost
significance and yielded a good show.

The Archaeological Gallery at Virat Nagar, Museumn at Sikar, Art
Gallery in Amber Palace and an exhibitton in Jawahar Kala
Kendra and Government Central Museum, Jaipur are considered
significant. While the art connoisseuts and museum experts
highlight these manifestations in the light of magnificent art
treasure and these master pieces in their aesthetic glory and
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chronology, the chemists and consetvators accomplish the duty
to preserve this art treasure for the posterity by providing
conservation treatment.

These wortks of art have a long history of their preservation.
These are recovered either from exploration, excavation or as
reminiscent from ancient temnple sites. Ravages of time have great
role in making their look blemished and gloomy by incrustations
like lime and algal deposits, smoke and soot layers, sindur and
paint, oill, dust and water marks. Exposed and isolated objects
show symptoms of salt efflorescence, discolouration, stone cancer
{depostts of thick gypsum crust), etosion effect, chipping off and
splitting into layers by layers etc. These require conservaton
treatment involving cleaning and consolidation. First-aid measures
in chemical consetvation of such objects selected for a new
gallery or an exhibition is considered to be urgent and foremost
important.

Exhibits in museuns are usually displayed on the pedestals made
of wood or cement. These are exposed to temperature variation,
light, human activides like touching, engraving, birds excreta, dust,
dirt, dampness and water percolaton during rains. These require
petiodic cleaning. Stains of whitewash or enamel paint are
sometimes observed on the displayed exhibits probably due to
negligency by the wotkers who are engaged to paint wail, doors,
windows and pedestals. Elaborate erasing of such stains is done
by washing with aqueous detergent or non aqueous solvents.

A marble sculpture is easier to be cleaned with a paste of bentonite
ot jelly of sodium salt of carboxy methyl cellulose (CMC)
containing a 5% ammonia and Labokse. Shining of edges or
chipping off can be given uniformity by applying a thin coat of
epoxy resin. A composite stone sculpture of Haribar, Pitamah
(Beahma) and Martandz (Sun) belonging to Government Museum,
Sikar was badly affected with dust, ditt, sindur, oily accretions and
hatd deposits of lime. Deposits of lime were removed
mechanically. For removal of dust, dirt, oily accretions and sindxr,
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a solution coataiming 5 ml of liquor ammonia, 5 ml Labosene and
5 gms of sodium salt of carboxy methyl cellulose i 1000 ml of
water was used. After thorough washing with water, a preservative
coating of 3% paly vinyl acetate in toluene was given to protect
it for posterity.

Yet another sculpture of Mabeshwari (Mairikd) belonging to
Government Museum, Jodhpur (find place-Devangan) was
covered with a thick layer of lime and gypswm deposit. Hard
deposits of lime were cleared by mechanical means using various
tools. Then the sculprure was given chemical treatment with a
solution: of 5% Labolene and 5% liquor ammonia in water to clean
it. Finally, it was given a presetvative coating of 3% poly vinyl
acetate in toluene.

It is noteworthy that there is no one factor, which may be made
responsible for the deterioration of these exhibits, hence, there is
always need for a group of chemicals for conservation treatment.
To prevent the exhibits from deteriorations, which have
detrimental effect of their disintegration, frst-aid measures are
necessaty. Stores should be made free from dust, dirt, hurmidity
and air pollutdon. Exhibits should be covered with polythene
sheets in stores. Small objects should be displayed within glass
showcases.

Chemical Conservation of Nakti Mata Temple

Nakr Mata temple is situated in the village Jaf Bhawanipura, at a
distance of 22 Kms from Jaipur city. This temple was built in
9" Century AD. duting the regime of the Pratibars in North
India. The temple is declared protected monument of the
Department of Archaeclogy and Museums,. Rajasthan, Jaipur by
notification under Rajasthan Monuments, Archaeological Sites and
Antiquities Act, 1961. The red sandstone structure of this temple
resembles characteristically with the temples at Jodhpur Osian
district and at Barmer, Kiradu district in Rajasthan.
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The Jagati of the temple stands about 3.4 meters high from the
ground level. The stones of the platform were found broken and
lying scattered around it. The temple was found in a dilapidated
state due to weathering, rain, neglect and human and animal
vandalisms.

Due to these reasons, this temple required to undertake structural
and chemical conservation. The temple had following parts to be
attended for chemical conservation work :

1. Podium (lower level)
2. Sanctum sanctorum with a porch.
3. Spire door jamb, pillars, lintels.

The surface area to undertake chemical conservation work was
about 110 sq. metres.

Conservation Status

% Naki#i Mata Temple was built
more than 1000 years ago.
From close examination, it
seems that some conservation
works had been done earlier
using plain stones in the gaps.
Brick structure erected as

support for this temple has
helped to prevent it from
extensive damage in its fabrics.

Stane Sculpture Before Chemical Treatment

However, signs of some
deformation in its structure are
visible. The hollowness inside
the brick structure has made a
thorough passage for
percolation of rainwater in side
the temple. The upper section

of the spire is broken and

displaced from its original
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place. One of the pillars in antaral is found broken and replaced
by a plain stone at the height where keechak is missing. A portion
of the front part is also restored by uncarved stones. Some holes
and gaps in one corner of antaral are resulted due to water
erosion. Some tilting effect 15 visible at the joint of lintel and
pillar in the antaral due to development of gaps. Since the temple
is under worship, but it was being ignored and victimised with
the result portions like porch, steps and platform were found
missing. Most of the exquisite carvings in the relief work of
antaral were damaged.

Inner walls of Garbba-griba wete found completely darkened with
deposits of smoke and soot. A black sculpture of Kai Mata has
been installed inside on a platform at half-meter height. Devotees
had coated sinder, oil, milk, etc; on vadous parts of the deity.
Different parts of sanctum-sanctorum like door-jamb, lintel, pillar,
ceiling etc., are also found thickly coated with oil, dust, lime,
smoke and salts. These incrustations have obliterated the entire
carving. Exposed portions viz.; spire and sanctum-outer are
affected with rain water. Vegetational and algal growth along with
lime deposits are the main causes of deterioration.

Trends of Chemical Conservation

Before starting the work of chemical conservadon, full photo
documentation on its state of conservation was made, The
following problems of chemical conservatdon treatment were
attended:

Cleaning of

() Deposits of algae, moss and lichen

(i) Deposits of lime, gypsum and whitewash
(iliy Deposits of smoke and soot

(tv) Vegetational growth

(v) Deposits of oily accretions, sindur etc.

(vi) Dust, dirt and water marks
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Protection against

®

Micro-organisms

(i) Atmospheric pollution, rain etc.

Restoration of

(1) Joining parts
(i) Filling of gaps

Technique of Chemical Treatment

(i

®

For the removal of smoke and soot, use of a solution
containing 5 ml. of Labolene, 5 ml. of liquor ammonia and 5
gms of sodium salt of carboxy methyl cellulose in 500 ml.
water was made. This solution was applied 2-3 times with
soft hairbrush and washed out each time with the help of
water after brushing with nylon brush thoroughly.

Use of a solution containing 5 gms of sodium bicarbonate,
5 gms of ammonium bicarbonate and 5 gms of sodium
carboxy methyl cellulose in 500 ml. of water was made as
above for better results.

(iif) For removal of algal growth in the exposed portions, use of

a solution containing 5 ml of Labokne, 5 ml. of liquor
ammonia and 5 gms of sodium carboxy methyl cellulose in
500 ml. of water was made. The solution was applied on the
affected area and then covered with tissue paper. After 3
hours, the surface was cleaned with water using a brass wire
brush.

(iv) Hard incrustations of lime and gypsum were removed by

mechanical means, using various tools.

(v) One percent zinc silico fluoride was used for prevention of

algae and moss growth.

(vi) Use of 3% poly vinyl acetate in toluene was made as surface

preservative against weathering effect.

(vil) Powdered stone mixed with poly vinyl acetate emulsion was

used for filling up the small gaps.
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(vit) Epoxy resin mixed with stone powder was used for joining
some of the broken stones.

Chemical Conservation of a Group of Temples at Osian

A group of temples at Osian generally belonging from gt . it

Century A.D. were declared protected monuments by the
Department of Archaeology and Museums, Rajasthan, Jaipur and
henceforth, management of their conservation and development
remained in the purview of this Department. The monuments
are neglected and exposed to the natural and man-made disasters
during ravages of time thereby resulting in disintegration. The
problem of preservation of these edifices of historical importance
is intricate, complex and involves chiefly (a) structural and
(b) chemical conservation. Here, a report on chemical
conservation of a group of temples at Osian (Jodhput) is
described.

Conservation Status

There are a dozen of ancient
temples in 4 Kms area of the
town, Osian (ancient name
Ukesd), 65 Kms away from
Jodhpur on way to [aiselmer
(via-Phalodia). Out of these

Nartakies, 13th Century A.D.
Before Conservation

temples, Mabaveer Jain temple
and Sachiya Mata temple are
living temples, which are under
worship. Therefore, they are
constantly maintained with
regard to their cleanliness and

Nartakies, 13th Century A.D. also to the repairs of broken
P Coppmiaing and dilapidated architectural
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patts. Other temples viz. Harihar temple, Sun temple, Piplad Mara
temple, Vishnu temple and Jhiv temple were found to stand
uncared so far.

All these temples are significant examples of sculptural and
architectural weasure of art constructed during the early medieval
period. Red sandstones, used in the construction of these temnples,
have become dirty and blemished due to accumulation of tarry
material from weathenng and dusty winds common in sumer.
Exposed relief panels of the porch and assembly hall are darkened
owing to the deposits of algal and lichen growth. Hard
incrustations of soluble and insoluble salts were noticed on the
portal of the sanctum obliterating details of the embedded
sculpture. Oily dust is accumulated along with smoke caused
through buming of lamps. This deposit was hardened as a result
of interaction with water during its seepage through ceiling, While
in constant neglect, the epidermis of the exposed stone is eroded
and sedimented with salt incrustations and hardened as stone
Hard incrustations of lime are a big problem for conservation
treatment.

Conservation Treatment

There is a large scope for chemical conservation in each one of
the temples at Osian. Haribar temples, Sun temple, Vishnu temple
and Piplad Mata temple were considered to be attended for
treatment in two phases as these were showing signs of extensive
deterioration. Deposits of lime, algal growth, oily soot and smoke
were main causes of their decay. Chemical conservation of these
temples involves use of chemicals, tools and main power. The
treatment of affected portions viz. door-jamb, pillars, lintels,
vestibules, ceilings, roofs was done as follows:

i} Surface dust and dirt were removed by washing with a spray
of water followed by brushing with nylon brushes.

(i) Mechanical method of using pointed and sharp tcols like
spatala, surgical knife, steel pins, screw driver, scalpel etc.,
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helped in removal of thick deposits of lime inside the carved
portions. Nonetheless it was necessary to let them swelling
and loosening with the help of water and aqueous solution
of different chemicals.

(iif) Dark and green patches of algal growth wete removed by

treatment with a 5% aqueous solution of Labolkne, liquor
ammonia and sodiuin salt of carboxy methyl cellulose. This
solution was applied 2-3 times and then allowed to remain
covered with two sheets of tssue paper for a day by
moistening intermittently. Hard tooth brush, brass wire brush
and hair brush were used while washing with water till all
the salts and unused chemicals were cleaned.

(iv) Hard incrustations were locally treated with a solution

\s

containing 1% hydrofluoric acid, 5% sodium salt of carboxy
methyl cellulose in water. Alternatively, a 5% hydrofluoric
acid neutralised with 5% sodium hydroxide in water was used
locally to clean calcareous deposits.

Use of strong chemicals for cleaning the affected portions
was made cautiously as these dissolve and decrease their
binding forces. Neutralisation as well as thorough washing of
unused chemicals, paper pulp of poultice of inert material
moistened with water was applied to prevent the stone from
stde effects of the chemicals. Mechanically scraping of loose
deposits help in the cleaning treatment.

A 1% zinc silico fuonde or polyade was applied to prevent
gtowth of micro-organisms, which otherwise show rapid
regeneration even after cleaning treatment is done.

(vi) A 3% poly vinyl acetate in toluene or 2 10% silicone soluton

was applied for prevention of rapid salt effect.

Conclusions

Preventive measures are more useful than curative measures, Use
of excessive chemicals should be possibly restricted as they react
with the matrx of the object and result in abrasion, salt effect,

21
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efflorescence and intensify cracks, porosity and erase out the
surface details, sheath or epidermis i.e. loss of certain materials
from its consttuent

It is necessary to keep in mind that whatever is the conservation
treatment adopted, it will last only for a ptrotracted penod. The
only way to prolong the life of the monument is to ensure regular
inspections {(once a year) and appropriate maintenance as soon as
new damage is detected. Even if such activities are expensive,
timely and regular maintenance is the only successful strategy of
conservation.
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Restoration of a Rare Nagini
Sculpture and Its
Transportation to US.A.

C. B. Gupta, S. P. Singh, Shyam Lal and Noopur Singh
National Museurn, New Delhi-110 011,

Nagini, a rare and life size sculpture made in spotted sand
stone, belongs to pre-Kushan period, 1% Century A.D.,

originally from the place Nandan near Mathura in U.P. and is at

present in the collection of the National Museum, New Delhi.

The sculpture of Nagn: is one of the very rare objects. There
are only 3 Naginies from pre-Kushan period in the world, one is
with Tokyo Museum, Tokyo, Japan another 1s with Nelson Alkins
Museum of Art, U.S.A. Kansas city and the third is with National
Museum, New Delhi, India. All the three Naginies belong to the
same place, are made up of same material i.e. sandstone and apart
from these similarities, they are even damaged from the same
portion.

This Nagini was requested on loan by the Nelson Atkins Museum
of Art, Kansas city, US.A for its incorporation in the exhibition
accompanying the “symposium” on the Cusp of an Ear: Art in
the Kushan Worked”, which was inboard for Rs. 1 crore.

The sculpture at that tme was kept on storage in the National
Museum, New Delhi leaning against the wall, both for the
security reasons and due to damaged wooden base.

The sculpture was broken into two pieces, which were held
together by their own weight and by a wooden support in the
back fixed by an iron clip. In this position, it was considered
that the object was not fit to be sent abroad for exhibition. A
team of conservators and photographers from Nelson Atkins
Museum of Art, U.S.A. visited the Natonal Museum, New Delhi
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to examine the condition and
status of the sculpture. They sent
a report in which they had
suggested to construct a mount for
the Nagini at the exhibition venue,
which did not involve the use of
any permanent attachments or
additional pinning. Further, the use
of any vertical pins between the
main fragments were not
advisable, as the stone was
inherently less strong in this
direction.

Examination

Upon the repeated request, the
sculpture was examined in detail to
assess its condition and state of
repair and status report was
prepared by conservators of the Upper Part of Nagini Sculpture
National Museum Laboratory

(NML). The sculpture was found

broken in to two major fragments with a complex shape at the
waist, which were placed perfect over each other and held
together by their own weight without the use of any dowel or

adhesive.

The window in the rear of the base afforded a limited view of
the ankle fracture. From this, it was clear that the sculpture
extended only a compel of inches beneath the upper surface to
the base and had no permanent attachment. The sculpture was
not capable of standing on its own.

Ancient loses existed due to abrasion between bedding places in
areas of the belly, face of breasts, small fragments from the wrist
and rear of the waist break are missing. The broken surface of
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the sculpture are covered with calcareous accretion of a light tuff
colour and coloured spots were also visible.

Two fragments from adjacent to the cut in the right breast had
been reattached.

Restoration

The two pieces of the sculpture were joined together by drilling
6 inches deep hole in the upper torso and 8 inches deep hole
in the lower portion in such
a way that the two holes
corresponded petfectly with
their axis. This was done
with utmost precautions, as
this stone is sedimentary in
nature and inherently weak.

A single stainless steel
dowel of the size
14 inches X Y5 inches  was
purposely made rough.
Epoxy resin (Araldite) was
used for fixing the dowel as
well as the two pieces
together. A mixture of
sandstone powder and
Araldite was used for filling
and further strengthening
the gaps between and
around the two joints.

Besides this, the minor

surface fracture on the right

breast and on the left side St

sk 4

dra pesy had been Lower Part of Nagini with a Dowel

consolidated.
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The slashes of white and
colour had been removed.

Calcareous accretions of
buff colour were allowed to
remain, as they are the
evidence of the sculpture’s
burial history as well as they
seemed to strengthen the
surface.

Packing

The responsibility of
packing and transportation
was ﬂssigned to Star
Worldwide Movers by
Nelson Atkins Museum of
Art under the supervision
of the Conservators of the
National Museum Central
Conservation Laboratory,
New Delhi.

To ensure the safety of the
sculpture, keeping in view

of its size, weight, fragility
and importance, the Alter Restoration
National Museum

Laboratory decided to get the object packed by Double Crate
Method as utmost precaution was to be taken, while handling,

packing and transportation of the object.

The wooden base of the sculpture was removed after resting it
against the wooden panel of 2 inch thickness, which was padded
with the cushioning material (super foam), proportionate to the
thickness of the sculpture and held at an angle. Then together
with the wooden plank the sculpture was placed in the horizontal
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orientation. This assembly was further covered with wooden
board on all sides to form a base and was filled with cushioning
materials like foam and thermocol to prevent the movement of
the sculpture during transit. This box was finally covered with
wooden board.

This box was then encased in an outer box with cushioning
materials filled in between. The inner box was given the necessary
provision to facilitate its liftng.

This kind of packing effecdvely protected the sculpture from
movement and externally transmitted shocks and vibration.

Transportation

The packed object was then loaded on truck for aitport transport
at New Delhi by Star Worldwide Movers (SWM) under the
supervision of the Conservators of the National Museum
Laboratory. The box was tted up with a rope to resist movement.

In the presence of Conservator, Mr. C. B. Gupta, from the
National Museum Laboratory and a representative of Star
Worldwide Movers, the object was embraced in horizontal
onentation on the Pars bound flight.

The object was disembarked at Patis and again embatked on the
Chicago bound flight under the vigilance of Star Worldwide
Movers and Me. C. B. Gupta.

At the Chicago Airpott, the object was disembarked from the
aircraft and placed on the truck to reach its destinanon, Kansas
city. The truck was having metal supports on both the sides with
groves. To resist the movement of the assembly, that is, the
scuipture with its packing, the metal rods were fixed in the
grooves along the length and height of the packing.

Display

Upon reaching the Nelson Atking Museum of Art, the object was
unloaded by the use of a lift and placed in the security room for
a day for cooling,
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On the second day, the packing was opened and the object was
inspected to study its condition. The sculpture was found to be
perfectly intact as it was before being packed.

“Nagin?” was displayed on the metallic pedestal made up of
stainless steel. Since the feet of the sculpture were missing, it was
not capable of standing on its own. It was made to stand over
the pedestal made of plastic resin of putty like consistency, which
upon drying conformed to the shape of the break. Resin was
hardened to form a support with no direct bond or contact with
the stone cbject.

The sculpture was supported at the back by a steel rod screwed
to the pedestal and under the breast by a metallic rod to prevent
any occurrences of abrasion.



Conservation of Monuments

K.T. Narasimhan

Superintending Archaeologist,

Archaeological Survey of India,

Chennai Circle, Fort St. George, Chennai-600 009.

Our cultural heritage is the best and most valuable treasure to

us. As such it is the first and foremost duty of every Indian
citizen to protect and preserve it, so as to pass on the same to
the generations to come. The monuments are standing testimony
of our age-old tradition, art and archaeology. Hence, the
Archaeological Survey of India, which is a body of the
Government of India is taking care of the monuments of national
importance.

What is a Monument?

A structure, which is not less than one hundred years old, is
called as a monument. In our country monuments are being taken
care of by various agencies such as private, hereditary trustees,
State and Central Governments. It can be classified as A, B, C
& D based on the importance of the monument in question.
Apart from the age, the structure can be classified by its art,
architecture, epigraphy and stylistic features etc. If a monument
is rare of its kind and of national importance, such ancient
structures are declared as monument of national importance by
1958 Act, and being looked after by the Archacological Survey
of India. As on date, there are 17 circles and two mini circles
functioning throughout the country under the Archaeological
Survey of India for conserving/preserving around 5000

monuments/ ancient sites.
What Are the Principles of Conservation?

The word conservation is not merely indicating only structural
repairs, but imply upon the archaeological principles on this
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subject, which are quoted in the Archaeclogical Wotks Code.
Hence the conservation means volume of principles to be
adopted while executing the consetvation work. Conservation of
a structure can be of two types, structural and chemical. What 1s
structural conservation? As stated earlier, the conservation of
monument means treatng the structure in question after having
made a thorough study of the same The Conservator has to
understand properly the existing problems as well as its remedy
too, before laying his hands on that. Otherwise, it is impossible
to preserve any ancient structure, despite of all expertise and
availability of the men and material. Hence the Conservator needs
an expert’s guidance.

How to Conserve?

The Conservator has to approach his task in a systematic way,
by understanding the following facts:

He has to study and know the type of monument, whether it
belongs to sadha (made out of one corematerial, example stone)
ot misra {combination of stone and brick as core material) or
sankeerna (using more than one materials as core). For example a
rock-cut cave temple as Padlava/Pandyas, where only one material
exists as core ie. stone. If one takes a Cholz/ Vijayanagara
structures wherein one does find stone and brick as core
materials. Similatly for example of the third vadety, one can cite
Fort Saint George, Chennai wherein stone and brick and wood
are used as core matenials. Hence, the Conservator has to pay
his first and foremost attention to classify the type of the
monument, which he is going to conserve. Then comes its age
and tmethod of consttucdon. In other words, the Conservator
should know how the builder onginally built it. Unless he 1s aware
of this fact, it is not possible for him to choose the correct
method of conservation.
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What Are the Works to be Carried Out before Conservation?

Though the conservation is the ultimate aim of the Conservator,
he has to carry out some other minor, but important works
before he touches the structure. The monument, which is going
to be conserved should be documented in all respect, such as
photographic recording from various angles especially the fallen
portion, out of plumb area, vertical or horizontal cracks and
missing members etc., are to be recorded properly. In addition
to this, all members (stones) are to be numbered with cardinal
indication, row and stone numbers etc., before dismantling of the
dilapidated structure. If it is not done or over looked by the
Conservator, he cannot restore that monument as it was before.
Therefore, in the conservation of ancient structures, it is not only
the service of the mason or sgpathy is required, but also the
services of photographer, modeller, marksman and surveyor etc.,
are required before commencing actual work.

Once the problems are understood and salvation method or
approach is finalised, the Conservator should look further deep
and find out the combination of the building materials, which
were used in the past. This is inevitable aspect to prepare similar
combination of materials, so that the structure will not loose its
colour and character etc., which are very important in
archaeological conservation. In India, only preservation is
accepted and allowed, but not restoration or total reconstruction
of any monument. However, partial restoration or underpinning
is permitted to safe-guard the parts of the fabric. On this line,
Sir John Marshall issued a conservation manual first in 1907 and

again in 1924.
Identification of Enemies of Monument

The first and foremost enemy is the human agency whose
religious bigotry of one community often leads to the disfiguring
of monuments of their rivals. Similatly age, negligence, vegetation,
rainwater, sub-soil water, salt laden air, smoke etc., are noteworthy
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to mentdon. Hence, the Conservator should give proper attention
to study, understand and idenufy the real enemies of that
monument. Otherwise, the structure cannot be brought to its
orginal glory, even after doing necessary conservation.

Methods of Conservation

Alexandar Cunningham started a systematc survey of ancient
monuments in 1861. Some important monuments such as Taj {in
1808), Fatehpur Sikri and Sikandsra (in 1815), Quth (in 1826),
Abmednagar (in 1867) and Thatta (in 1885) were conserved.

Vegetation and Its Removal

Owing to heavy rainfall, ancient monuments become the home
of vegetation. Among those, the Indian pipal and banyan trees
are in particular most destructive in nature. As the roots expand,
disintegration is accelerated, resulting in easy penetration of
rainwater and vegetation into the cote thereby augmenting the
substance upon which it thrves and looks like a hanging garden.
Hence, the Consetvator should cut the stems and pluck off the
roots, then pour any corrosive acid or tree killer into the holes
before plugging with mortar. If any lapse 1s there in the process,
the very purpose of vegetation clearance will be defeated and
plants and mushroom will grow over the monument immediately.

Raking out Joints — Filling and Pointing

While the wall or dome or any other structural sutface has got
cracks or voids that should be completely raked out to remove
dirt and loose dead mortar. The area should be thoroughly
washed with salt free water with the help of a hosepipe or garden
— syringe. This will make the area clean and wet so that the
pointing material will go into the voids or cracks and settle
properly. The required liquid mortat has to be poured through
an appropriate tool either in the form of liquid or solid dli the
cavity is completely filled. Besides this, a sunken pointing should
be made with matching colour and texture of the old work.
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Wall Tops and Rough Packing

Wall tops, which are exposed to the nature, should be
waterproofed so as to prevent any percolation of water or
moisture into the core of the wall. The upper coarse stones or
bricks, which normally found loose, are to be refixed properly
with combination mortar and joints should have sunken pointing.
Similarly, when the core is exposed, such as broken wall-faces
and wall tops need rough packing, This sort of conservation
reproduces the originality of the existing core; at the same tme
the rough packing does not lock obstructive.

Grouting

Grouting is a sort of treatment to fill up the voids and cavities.
For this work, the liquid mortar is usually prepared with
combination of sand and lime or sand and cement. This treatment
can be made either manually or mechanically. Hand grouting
suffices for small fractures and voids created while dismantling
of the structure or removal of vegetation. While applying this
method, the work should be executed from the top, so that no
air pockets are formed. When this technique is adopted through
a machine, it should be carried out on the gravitaton-prnciple
ot under pressure, the latter process being taken recourse to,
when the structure is of assured solidanty. This type of grouting
was successfully carried out to conserve the Qutab-Minar av Delhi
in the recent past.

Temple Conservation

The conservation of an ancient temple looks very easy, but in
fact it is very tough and challenging one, when the execution
takes place. As stated earlier, all pre-requisite works such as
documentation in all respects, survey, examination etc., are to be
completed before the Conservator lays his hand on the
monument. Once dismantling starts, the temple members are to
be stacked properly and separately accotding to the division such
as adhirhiana, pada, prastara and vimana porton.
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This will enable the Conservator to find out the missing stones
for teconstruction. Following this principle, we have successfully
conserved temples at Velore, Nattery, Ernkekampattu, Styamangalam
ete, in Velore and Thiruvannamalai districts.

Secular Building

In India, apart from temples, churches, mosques, gerwdwarar and
other religious places, a number of secular buildings were also
built through the centuries. During the colonial period also some
outstanding secular buildings were built in all the metros and
cities. One among thetn is the Old Connemara Library building

inside the museum campus.

As per the tablet in the library building, it was declared open by
His Excellency Sir Arthur Elibank Havelock on 5" December
1896. This uvnique building was built as a Public Library.
Unfortunately, the Conservator while carrying out the earlier
conservation did not properly understand the architectural
intnicacy. With a result, the reading gallery turned into a dark
room, because all the glass tiles were replaced with ordinary
Mangalore tles.

This building has got a two-tier system of roof The upper roof
was covered with Mangalore tiles, whereas the lower roof was
originally covered with tmported glass tiles for allowing the
daylight to the reading gallery (first floor) through the
semi-domical wall, which is fixed with stained glasses.
Unknowingly, glass tiles in the lower roof were replaced with
Mangalore tles as and when they got broken. This has prevented
the daylight or natural light into the gallery.

This buiding has flanking lower Madras terrace roof althrough.
Due to age, it was profoundly leaking. The symnetrical floral
designs made of pure lime with brick chgiis has got severe
damage.
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The Archaeological Survey of India, Chennai Circle, Chennai has
taken up this monumental conservation work as a civil deposit
work and cutrendy the work is in progress.

Conclusions

In nutshell, I have cutlined the paonciples of conservation, which
are accepted and adopted by the Archaeological Survey of India.
Hence, any Conservator who takes up the assignment of
conservation of any ancient monument, should give due respect
and thought to the points, which are discussed in this paper to
achieve success in his mission.
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atthquakes pose a serious threat to atchitectural heritage,

predominantly composed of unreinforced masonry. Factors
such as age and weatherng of building materals, exposure to
past seismic events and the inherent weakness of masonty in
carrying tensile stresses amplify the vulnerability of masonry
monuments to future seismic events. The 2001 Bhuyj earthquake
at Gujarat in India hit a region with a rich cultural hentage. The
Bhuj earthquake of 1819 A.D. measuring close to 8 on the
Richter scale was responsible for loss of numerous monuments;
the Bhuj earthquake of 2001 A.D. has only been a continuation
of the saga. Earthquakes are recurring features and it is relatively
simple to assess the vulnerability of a particular region to seismic
activity. Once the seismicity of a region is established, there are
innumerable ways in which cultural property can be preserved.
Worldwide there are as many as twenty anti-seismic strengthening
and retrofitting measures that can be applied to masonry
monuments. The latest advancements include smart materials like
the Shape Memory Alloys for retrofitting monuments and the use
of Base Isolation Technique to protect valuable moauments.
Extensive use of computer modeling to analyse the structutal
behaviour of the building under various loading conditons is
another field of immense contribution to Conservation
Engineering, internationally.
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Makti Mata Temple, Jaipur before Chemical Nakti Mata Temple, Jaipur after Chemical
Consarvation Conservation

Frontal Mantapa of Amman Shrine, Frontal Mantapa of Amman Shrine,
Pushpavaneswara Temple, Puvalakudi, Pushpavaneswara Temple, Puvalakudi,
Pudukkottai Dsitrict before Structural Pudukkottai Dsitrict afrer Structural Conservaton

Conservation of Soundararajaperumal Temple, Conservation of Soundararajaperumal Temple,
Irumbanadu, Pudukkottai District before Irumbanadu, Pudukkottai Districe after Structural
Structural Conservation Conservation
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Alfred High School, Bhuj Damaged Minaret of Achyut Kuki’s
Mosgue (15th Century A.D.) Amedabad

Rao Lakha Charrri ( 18th Cenrury AD)), Rao Lakha Chater ( 18th Century A.D.),
Bhuj before Earthquake Bhuj after Earthquake

Partially Damaged Rajolati Chattri, Bhuj Dutch Tombs (17th Century A.D))
Affected by Earthquake
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Earthquakes, Their Causes, Ground Motion and Effects on
Structures

Ground motion generated by sudden displacements within the
earth’s crust, resulting in shock waves that travel through the
earth is called an earthquake. Earthquakes are caused by various
natural phenomena such as tectonic processes, volcanic eruptions,
sudden failure of parts of the ground, as well as by human
activities such as large excavations in mines, explosions and large
water reservoirs. They develop appatently as a result of elastic
rebound of rocks when strain energy is suddenly released. 'Lhe
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energy builds slowly in a fault zone untl the stored stresses
become greater than the rocks can withstand and then the
earthquake occurs.

Two types of seismic waves are generated at the slippage zone.
Since they propagate within the rock of the earth’s crust, these
two types of seismic waves are called body waves. The two types
of the waves P-waves and S-waves as they propagate through the
stratified formations of the earth’s crust get transformed into
surface waves. These surface waves propagate on the earth’s
surface in two-principal forms as L-waves {after Love) and
R-waves {after Raleigh), which vibrate in an elliptical form in a
plane perpendicuiar to the earth’s surface. The seismic waves
generated in the focus, propagate through different layers of rock
and soil. On their way to the surface, they reflect and refract,
and also change their amplitude and frequency of oscillaion. The
waves are filtered and amplified or attenuated when passing
through vanous layers of rock and soil with different mechanical
properties. When the seismic waves finally reach the surface and
induce vibration to buildings, they reflect apart from the
characteristics of the earthquake source and mechanism, the
characteristics of the bedrock and soil on the path of propagation
to the building site. These waves ultimately cause the devastation.

In the case of Gujarat, an ea.tthquake of M, 7.7 struck the Kutch
region of Gujarat on the 26 January 2001 at 846 a.m. The
epicentre of the earthquake was at 23.36°N and 70.34°E. The
hypocentre depth was between 17 to 22 km on a fault plane that
strikes about N60® E and dips 60° to 70°. Strong ground motion
lasted about 85 seconds and lower level shaking lasted several
minutes. The closest ground motion recordings are from
Ahmedabad, where peak ground acceleration was 0.11g,

The response of a structure to ecarthquake loading is dictated by
the dead weight of the structure, its fundamental period of
vibration and its efficiency of energy absorption. The dead weight
of the structure has a direct bearing on the force effect caused
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by motion. The period of vibration of the structure is determined
by its mass, stffness and size; the energy absorption efficiency
depends on the elasticity of the structure, stiffness of supports,
number of independently moving parts, ngidity of connections,
etc. Dunng an earthquake, there is random motion of the ground
surface generating lateral forces, which has the most damaging
effects on a stationary structure primarly designed to carry gravity
loads acting vertically downwards. The horizontal drift or
deflection of the structure, which is' a structural deformadon is a
means of pacdal dissipation of energy of the seismic force acting
and &s favourable to the structure up to a certain extent. Excessive
drift may be objectionable to building occupants and could cause
damage to components of the building. In 2 lateral resistive
system, the compenents first exposed to horizontal forces are the
spanning elements of the roof and floor system. Lateral forces
collected by the horizontal spanning elements tansfer the load
on to the vertical bracing elements, mainly walls, and finally the
vertical bracing system in turn transfers the load to the
foundation system. Solid walls have varying stiffness in different
directions depending on the direction of the lateral load acting
on its surface. Walls are relatively flexible perpendicular to their
plane and quite stiff in their own plane.

Lateral forces acting in the plane of the wall cause diagonal sheat
cracking and the classical ‘x-cracking’ observed in masonry
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structures is a result of repeated and reversed action of lateral
forces in the plane of the wall. The ‘x-cracking’ is seen normaily
in wall patiels between two floots and twe opentngs. Out-of-plane
bending is induced when lateral forces act perpendicular to the
plane of the wall panel whose boundaries are restrained When
the stresses exceed the internal resistance of the material of the
structure, the wall plane fatis either by propagation of cracks or
‘pushing out’ of the critically stressed parts. In cases where the
boundaries of the wall are not restrained, out-of-plane-flexure may
produce larger damage or even collapse. High seismic actions can
cause local damages, petmanent deformations or even complete
detachment of the facade from the adjoining wall

Damage to Monuments in Gujarat

Gujarat has a large number of historical monuments spread across
its vast landmass. During the earthquakes almost 90% of heritage
buildings in Gujarat State were affected in some form or the
other, especially in Kutch district. A number of national
monuments, under the judsdicion of the Archaeological Survey
of India in the Ahmedabad region, suffered moderate to extensive
damage. The State Archaeological Department lost a number of
its monuments dating back to the 9% and 10% Century spread
over the Kutch district. The principal author had undertaken an
extensive survey of quake-affected regions ad studied 28
monuments damaged by earthquake in Ahmedabad, Patan and
Kutch. The architectaral hetitage of Gujarat presents a rich blend
of Hindu, Jaina and Islamic building traditions with the
indigenous art of woodcarving. The minatets of the mosques of
Gujarat and 1its step walls are unique struoctures. Most of these
monuments are made of sandstone from quatries of Dbangandbra
in Gujarat. The minarets of Gujarat, victims of several earlier
earthquake events are a diminishing heritage. The minarets of
Shah Alam’s Rawga, Achynte Kuki'r mosque and Bibi: Ma.y:a' have
cotne a cropper this time. A number of 15" and 16™ Centuries
AD. structures, the Mausoleum of Syed Usman, Isanpur Mosque,
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Sarkhe group of monuments and Bhadra fort are some of the
other monuments damaged. Kutch has lost a number of its gth
and 10" Centuries A.D. structures like the Jain temple and Surya
Mandér at Kanthkot, and Ras Lakha Chatri at Bhyj 19% Century
A.D. A twypology of damage for typical structures has been arrived
at, depictng all the possible damage and collapse mechanisms.
Based on the European Macro Setsmic Scale, a damage chart for
a typical monumental structure in Gujatat has been developed as
presented below:

. Name of the Monument: Jami Magid at Ahmedabad

Grade of Damage: 1

Natute of Damage: Widening of joints in the domes, 2. Damage
to stone traceries in wall openings.

Reason for Damage

1. Excessive lateral displacement of supports during ground
motion, 2. Excessive out of plane pending

Suggested Repair Measures

1. Grouting of widened joints with combination mortar and
strengthening of plane sheat and out-of-plane bending of
tracery panel corbelled dome with intrados reinforcement of
FRP tendons to improve flexural behaviour.

2. After repointing of joints, strips of FRP laminates at the
joints on either sides.

2. Name of the Monument. Ahmed Shab's Mosgue, Ahmedabad
Grade of Damage: 1

Nature of Damage: Falling off of metlon and cornice stones in
the front facade

Reason for Damage: Excessive vibration of these elements as
cantilevers and toppling due to lack of positive connection or
fixiry.
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Suggested Repair Measures

Insertion of stainless steel rods, 7.5 cm into the supporting base
and one-thirds into the above. Rods can be embedded in cement
mortar.

3. Name of the Monument: Achyur Kuki’s Mosgue, Ahmedabad
Grade of Damage: 4
Nature of Damage: Partial collapse of a minaret.

Reason for Damage: Excessive vibration of vertical cantilevers in
bending and torsional mode.

Suggested Repair Measures

1. Reconstruction of the damaged segments with cement mortar
in the joints.

2. Circular prestressing with steel or FRP tendons at close
intervals.

3. Vertical prestressing with steel cables and rock anchors.

4. Suitable strengthening of openings.

4. Name of the Monument: S Sayyed Mosque, Ahmedabad

Grade of Damage: 1

Nature of Damage: Widened joints of stone tracery panels.

Reason for Damage: Excessive out of plane bending.

Suggested Repair Measures: After repointing of jolats, strips of
FRP laminates at the joints on either sides.

5. Name of the Monument: Sidi Basheer's Mosque, Ahmedabad
Grade of Damage:

Nature of Damage: Dangerous vertical cracks and widened joints
on the minar,
Surface cracks and flaking of central shaft of spiral staircase of

minar

Reason for Damage: Excessive vibration of the cantilevers in
bending and torsional modes.
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Suggested Repair Measures

1. Reconstruction of the damaged segments with cement mortar
in the joints.

2. Circular prestressing with steel or FRP tendons at close
intervals.

3. Vertical prestressing with steel cables and rock anchors.

4. Suitable strengthening of openings.

6. Name of the Monument: Shah Adam’s Mosgue, Ahmedabad

Grade of Damage: 5

Nature of Damage: Total collapse of 4 pillared pavilion. Collapse
of two storeys of minaret.

Reason for Damage

Excessive lateral displacement and poor diaphragm action by the
structure as a whole.

Excessive vibration of vertical cantilevers in bending and torsional
mode.

Suggested Repair Measures

1. Archaeological reconstruction with the application of
anti-seismic tneasures,

2. Reconstruction of the damaged segments with cement mortar
in the joints.

3. Circular prestressing with steel or FRP tendons at close
intervals.

4. Vertcal prestressing with steel cables and rock anchors.
Suitable strengthening of openings.

7. Name of the Monument: Sarkbe Monuments

Grade of Damage: 3

Nature of Damage

1. Supporting columns out of plumb in 16 pillared, domed
pavilion. Structure unstable.
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2. Detachment of pters from walls in tomb.

3. Damage to stone tracery panels in openings.

Reason for Damage

1. Displacement and rotation of column relative to the pedestal
and bracket caused by excessive torsional force of enmre
structure.

2. Excessive out of plane bending forces resultng in detachment
of the two structural components.

3. Out-of-plane bending of the tracery panels,
Suggested Repair Measures

1. Alignment of columns after jacking up of roof. Easure
positive connection using FRP or steel tendoas at the bracket
level to ensure homogenous action.

2. Grouting of space between the wall and the pier with cement
mortar after steel rod stitching between the pier and wall
along the length of the pier ensuring positive connection.

3. After repointing of joints, strips of FRP laminates at the
joints on either sides.

8 Name of the Monument: Iranpur Mosgue
Grade of Damage: 2

Nature of Damage

1. Falling of sunshade slabs.

2. Widening of joints in the dome masonry.
3. Detachment of piers from walls.

Reason for Damage

1. Excessive vibration of cantilevers leading to slippage from
bearing due to insufficient fixity.

2. Excessive lateral displacement of supporting structure of the
dome.

3. Excessive out of plane bending forces resulting in detachment
of the two strucmral components
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Suggested Repair Measures

1. Replacement of the cantilevered slabs and introduction of
stainless steel rods, 7.5 cm into the supporting base and
one-thirds into the stone block above. Rods can be embedded
in cement motrtat.

2. Grountng of widened joints and reinforcement of intrados of
the dome with circular FRP tendons to improve tensile
resistance.

3. Grouting of space between the wall and the pier with cement
mortar after steel rod stitching between the pier and wall
along the length of the pier ensuring positive connection,

9. Name of the Monument: Teen Damagza, Ahmedabad
Grade of Damage: 1

Nature of Damage

1. Widened joints in stone masonty.

2. Collapse of canmnlevered segments of oriel window.

3. Falling of decorative stone element from the parapet wall
Reason for Damage

1. Due to excessive vibrations leading to detachment of
sandstone facing and brick hearting,

2. Slippage of the cantlevered stone elements is a result of their
excessive vibration and simultaneous lack of fixity or positive
connecton.

3. Excessive vibration of wvertical cantilever and absence of
positive vertical connection led to the toppling.

Sugpested Repair Measures

1. Groudng of small gaps in masonry joints with combination
mortar (Cement: Lime: Pozzolan — 60%: 30%: 10%).

2. Ensuring positive connection between facing stones and brick
core in case of delamination as a strengthening measure.
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3. Reconstruction of cantilevered segments with introduction of
stainless steel rods, 7.5 cm into the supporting base and
one-thirds into the stone block above. Rods can be embedded

in cement mortat.
4. Replacement of the stone element and intervention same as
in 2.
10. Name of the Monument: Syed Usman’s Tomb, Ahmedabad
Grade of Damage: 4
Nature of Damage
1. Collapse of three columns, corresponding beams and arches.
2. Widening of joints in dome masonty.
3. Flaking at column bases at column—pedestal juncton
Reason for Damage

1. Excessive lateral force on the columns bearing the central
dome, large shear force acting on beams.
Excessive lateral displacements of the supports of the dome.

3. Cyclical rocking of the column on the pedestal resulting in
delamination of sandstone sutfaces along weak planes.

Suggested Repair Measutes

1. Reconstruction of damaged sectiuns with new material. Tying
of the circular ring beam using steel or FRP tendons to act
homogenously.

2. Tensile reinforcement of the dome by introduction of FRTP
laminates on the intrados.

71. Name of the Monument: Farid Kban's Tomb, Patan.
Grade of Damage: 5

Nature of Damage: Total collapse of strcture.
Reason for Damage

Insufficient diaphragm action and excessive lateral displacement
must have led to the collapse of the stucture.
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Suggested Repair Measures

Archaeological reconstruction with anti-seistnic measutes.
72. Name of the Monument: Daich Tombs, Ahmedabad
Grade of Damage: 4

Nature of Damage

1. Dangerous cracks m the dome.

2. Flaking of column bases.

3. Vertical cracking of plinth.

Reason for Damage

Excessive lateral displacement of the supporting columns of the
dome accentuated by local soil serdement. Cyclical rocking of the
column on the pedestal resulting in delamination of sandstone
surfaces along weak planes. Local soil settlement and subsequent
foundation disturbance must have caused the cracks.

Sugpested Repair Measures

Reconstruction of the structure is recommended due to the
extensive damages. Improvement of diaphragm acten at roof
level using steel wes.

73. Namne of the Monument: Baipur Gare, Ahmedabad
Grade of Damage: 3
Nature of Damage

Delamination and collapse of facade stones from the core
masonty.

Reason for Damage

Loss of bond between the facing stones and the inner brick core
due to excessive flexural vibration.

Suggested Repair Measures

Stamless steel dowel pins for positive connection between the
facing stone units and core masonry. Bed jointing with cement
mottar and steel rods.
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Grade of Damage:

Nature of Damage

1. C(‘)u?lpse ()f lﬂrge segn‘lcnrs OF southern concﬂ:ntric C}-'lli]']dricﬂl
tOWers.

2. Vertcal cracks at the centre of stone lintels.

Reason for Damage

1. Heavy inertial mass has attracted large forces; excessive tensile
stresses induced in masonry due to to and fro vibrations.

2. [Excessive tensile stresses at the bottom fibres of the lintel
beam.

Suggested Repair Measures

1. Reconstruction with RCC bond beams. Bed jointing with

steel rods every 70 e¢m. Circular prestressing of cylinder with

steel or FRP tendons at 3 m intervals.
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2. After supporting and reducing deflection, grouting of the
crack has to be followed by pasting of FRP laminates at the
soffit and lower one third portion of the lintel on the sides

to improve tensile resistance.

75. Name of the Monument: Khan Sarovar Gate, Patan
Grade of Damage: 3
Nature of Damage

1. Collapse of wall panel and decorative cornice above the
arches.

2. Collapse of roof slabs at the entrance gateway.
Reason for Damage
1. Excessive vibration of vertical cantilevered portion of wall.

2. Vertical acceleration responsible for displacing the roof slab
and bringing them down.

Suggested Repair Measures

1. Reconstruction of collapsed segments with new masonry and
with the introduction of positive connections using steel
dowel pins between masonry units.

2. Replacement of stone slabs for the roof and introduction of
steel connectors with the support for stiffening the diaphragm
action.

3. Strengthening of the arches by introduction of ties or

prestressed cables.
76. Name of the Monument: Kanthkot Gate, Kanthkot
Grade of Damage: 4
Nature of Damage: Partial collapse of wall adjoining the gate.
Reason for Damage

Very heavy inertial mass attracting large seismic forces.
Deterioration of binding mortar has aided the failure.

Suggested Repair Measures

Reconstruction of collapsed segment with anti-seismic measures.
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17. Name of the Monument: Zaveri Haveli, Gandhi Nagar

Grade of Damage

Nature of Damage: Constructed after the earthquake. This
relocated po/ house 1s an initiative to conserve the woodcraft of
ancient residential quarters of Ahmedabad in a new masonry
structure.

Reason for Damage
1. This form of mult-storeyed brick masonry structure with

wooden floors and roof is an excellent case for seismic
strengthening.

2. Masonry structures of this type are highly vulnherable to lateral
forces due to inadequate connection between floors or roofs

and walls.
Suggested Repair Measures
1. Connecting the wooded floots to the masonry at all floors.

2. Seating the roof truss over an RCC bond beam with positive
connection using bolts.
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3. Repointing the bed joints with FRP or steel reinforcement
to improve the flexural behaviour of the wall.

4. Strengthening of wall panels between floors and between
openings with steel cross braces.

78. Name of the Monument: Pryg Maba/, Bhuyj
Grade of Damage: 4
Nature of Damage

1. Partal collapse of the uppermost floor of the structure and
towers.

2. Severe widening of joints in the Ashlar masonry in upper
stories.

Reason for Damage
1. Excessive vibraton has led to the collapse of segments of
the upper storey.

2. Lack of sufficient diaphragm action from the floors at all the
levels has resulted in severe vibration and deformation of the
mult-storeyed structure.

Suggested Repair Measures

1. Reconstruction of collapsed segments with new or reusable
masonty followed by tying up of the floors with the masonry at
the edges, for lateral resistance. 2. Bed-joint repointing of the
Ashlar masonry with steel rods and cement mortar to improve
flexural resistance.

72, Name of the Monument: Vadi Medi, Nakhatrana
Grade of Damage: 4
Natwre of Damage

This post and beam structure is ruins of a palace. Excessive
displacement of beams and collapse of some beams and columns
is observed.
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Reason for Damage

The structure is incomplete and hence there is no possibility of
any homogenous action. The beams are simply supported and
have no fixity. The structure is very unstable against lateral loads.
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Suggested Repair Measures

If the structure is to be preserved as a ruin, all beam-column
junctions have to be strengthened by means of positive
connections like steel rods. This way homogenous action may be
ensured in case of lateral loads.

20. Name of the Monument Afied High School, Bhuj
Grade of Damage: 5
Nature of Damage

1. Ashlar Masonry structure that has suffered extensive damage
in the uppermost storey.

2. Collapse of many segments

Reason for Damage: This form of multi-storeyed masonry

structure with wooden floors and roof is highly wvulnerable to

latetal forces due to inadequate connection between floors or
roofs and walls.

Widening of joints between masonty units is as a result of

excessive flexural stresses induced by vibrations.

Suggested Repair Measures

1. Connecting the wooded floots to the masonry at all floors.

2. Seating the roof truss over an RCC bond beam with positive
connection using bolts.

3. Repointing the bed joints with FRP or steel reinforcement
to imptove the flexural behaviour of the wall

4. Strengthening of wall panels between floots and between
openings with steel cross braces.

21. Name of the Monument: Kutch Musens, Bhnj
Grade of Damage: 5
Nature of Damage

1. Near total collapse of the first storey of this stone masonry
structure.

2. Push out of wall segments is seen

23
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Reason for Damage

Excessive out of plane bending in unreinforced masonry structure

with poor connection between floors or roofs and walls.

Suggested Repair Measures

1. Connecting the wooded floors to the masonry at all floors.

2. Seating the roof truss over an RCC bond beam with positve
connection using bolts.

3. Repointing the bed joints with FRP or steel reinforcement
to improve the flexural behaviour of the wall.

4. Strengthening of wall panels between floors and between
openings with steel cross braces.

22. Name of the Monument: Ras Iakha Chatri, Bhuj

Grade of Damage: 5

Nature of Damage

Total collapse of superstructure, except the plinth.

Reason for Damage

Very high inertial forces attracted by the mass of the numerous
subsidiary solid domes crushed the supporting frame of beams
and columns.
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Sugpested Repair Measures

1. Archaeclogical reconstructions with anti-seismic measures.

2. Reduction of inertial mass of the structure by replacing the
sold domes with hollows.

23, Name of the Monument: Rajolati Chatri, Bhuyj
Grade of Damage: 3
Nature of Damage

Widening of masonry joints in the corbelled dome. Damage and
separation of corners of the supporting walls.

Reason for Damage
1. Excessive cychcal lateral displacement of the supporting frame.

2. Excessive thrust by the comer colunns on to the corner of
suppotting walls leading to separation.

Suggested Repair Measures

1. Reconstruction of the dislocated segments using .cement
mortar for bonding.

2. Groutng of widened joints in the dome and strengthening
of the dome by FRP laminates on the intrados.

3. Steel or stone stitching of the corners of the walls.

4. Wrapping of the exterior facade of the wall to improve
flexural resistance.

24, Name of the Monument Shiv Temple, Kera
Grade of Damage: 5
Nature of Damage

1. Monolithic stone element at the top of the spire fallen. Partal
collapse of the spite,

2. Extensive damage to the walls of the mandapa
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Reason for Damage

1. Excesstve vibration of the
spire leading to dislocation of
the heavy element.

2. Vulnerability of the spire was
high because of deterioration
in the bond between masonry
units and also due to the high
inertial mass.

3. Damage to the walls triggered
by the falling stone blocks
from the spire.

Suggested Repair Measures

Archaeological reconstruction
with anti-seismic measures.

25, Name of the Monument: Shiv Temple, Nakhatrana
Grade of Damage: 5



Rehabilitation and Retrofit of Earthguake Damaged Monuments in Gujarat . 277

Nature of Damage

Partial collapse of segments of the mandapa, walls.
Reason for Damage

Inherent instability to lateral forces.

Suggested Repair Measures : Archaeological reconstruction with
anti-seismic measures.

26. Name of the Monument: Jain Temple, Kanthkot.

Grade of Damage: 5

Nature of Damage: Total collapse of the temple structure.
Reason for Damage
Factors for the total failure are:

1. Inherent instability to lateral forces.

2. Deterioration in strength of lime mortar and sandstone used
in the masonry as binding material.

Suggested Repair Measures

Archaeological reconstruction with anti-seismic measures
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27. Name of the Momument: Swrya Mandir, Kanthkot

Grade of Damage: 5

Natutre of Damage: Total collapse of the temple structure.

Reason for Damage

Factors for the total failure are:

1. Inherent instability to lateral forces.

2. Deterioration in strength of lime mortar and sandstone used
in the masonry as binding matetial

Suggested Repair Measures

Archaeological reconstructdon with anti-seistnic measures.

28. Name of the Muaument Ram & Var, Patan

Grade of Damage: —

Nature of Damage: No noticeable damage to the subterranean
structute,

Reason for Damage: The subterranean structure has remained
intact due to the confining effect of soil as generally seen in

foundations of quake-effected zones.

In comparison to the width of the step well (20-25 feet) the
wavelength of the seistnic waves is longer and hence there is ne
drastic effect and the entire structure must have moved in phase.:

Sugpested Repair Measures: —

Anti-Seismic Rewrofit and Rehabilitation

Strengthening of historical buildings is a compromise between
requirements of structural engineering and conservation of
historic monuments. Intervention must be “as much as necessary,
as little as possible” and reversible to give room for better
solutions in the future.



Rebabikitation and Reirofit of Earthgnake Damaged Momepents tn Gujarat

= 276

Repair refers to post earthquake repair of damages caused by
seismic ground motion that does not increase the seismic
resistance of the structure beyond its pre-earthquake state. Seismic
strengthening comptises technical interventions in the structural
system of a building to improve its seismic resistance by
increasing its strength and ductility. Strengthening a building
before a seismic event is called ‘rehabilitation’ and strengthening
after the earthquake is called ‘retrofit’ (Tomazevic, 1998). In
seismic areas, the basic criterion for repair and strengthening is
based on the correlation of the expected seismic loads with the
resistance of the structural system, ie. on seismic tesistance
vetification. Seismic resistance analysis will define the causes of
potential damage and indicate the parts of the structure that needs
to be strengthened. In case of seismic strengthening, good
petformance of the whole structural system has to be ensured,
therefore both lateral resistance of the sttucture and its ductility
and energy dissipation capacity charactetistics need to be verfied.
About 25 anti-seismic techniques developed in European
countries like Italy and Germany are applicable to the Gujarat
case.

These anti-seismic retrofit and rehabilitation techniques have been
classified as:

Methods to Strengthen Masonry Components

Different methodologies are available for strengthening of
different types of masonry walls. The type and quality of the
masonry material and 2 building’s structural integrity is the main
criteria 1o be considered when choosing the method of
strengthening.

Repair of Cracks

Cracks can be repaired by anyone of the following methods
depending on the crack width.
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Crack width |Recommended procedure

< 1.0 mm Injection with epoxy

0.3 to 3 mm |Cracks should be injected with cement grout
that contains admixtures against shrinkage.

> 10 mm Damaged atea should be reconstructed with
bricks.

Repointing

The resistance of a wall to lateral and wvertical loads can be
considerably improved by replacing parts of the existing mortar
in bed-joints with mortar of better quality. This 1s applicable
where bed-joints are level and mortar is of poor quality and the
masonty units are good.

Reinforced-Concrete Jacketing

In case of seriously damaged brick masonry walls, or where there
is a need to strengthen the entire structure, the application of a
reinforced cement concrete jacket on both sides of the wall is a
way of improving tts lateral resistance and energy dissipation

capacity.
Grouting

Systematically filling the voids by injecting a cementidous grout
is an efficient method of strengthening. After hardening the
injected grout will bond the loose parts together into a solid
homogeneous structure. A cementitious mix (90% Portland
cement and 10% pozzolans) is injected into the wall through
injection mbes and nozzles built into the joints between the
stones uniformly over the entire wall sutface at 0.5 to 1.0 m
mntervals and grouting proceeds from the bottom. Both tensile
sttength and ngidity of the stone-masonry is greatly enhanced
after grouting,
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Prestressing

The shear resistance of the wall is determined by the maximum
principal tensile stresses, which develop in the wall at ultimate
state. As the principle tensile stress is a function of the stress
state in the wall, the critical situation at ultimate state is improved
by presitessing the wall vertcally and/or horzonully. Holes are
drilled through the central part of the wall at uniferm distances
so that after prestressing uniform additional compression is
induced in the wall’s vertical or horizontal sectdon thereby
increasing its lateral resistance. Steel tendons or bars are placed
in the holes and anchored on steel plates after prestressing.
Tendons and ptestressing bars can be removed from the walls
in case a better solution for strengthening is developed.

Strtengthening Using Fibre Reinforced Plastics

Fibre Reinforced Plastics or FR.P. are used extensively where
strength has to be combined with lightweight and durability. High
mechanical strength, resistance to chemical agents and
impermeability to watet are their other advantages. F.R.P. is used,
as an adhesive material is non-invasive and completely reversible,
a favourable feature for historic buildings.

Strengthening Using Shape Memory Alloys

Shape Memory Alloys are metals endowed with very unusual
thermo-mechanical properties associated with reversible
crystallographic transformation from Austenitic to Martensitic
phase. In effect two different types of §. M. A. devices
application are possible for seismic strengthening. (1} In series
with conventional steel tendons for masonry post-tensioning, to
increase in-plane shear and flexural capacity of masonry sttuctural
elements. (2) In series with horizontal conventional steel tes, to
improve out-of-plane behaviour.
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a) Methods to Improve Structural Integrity of the Structure
as a Whole.

To fully unlise the potential resistance and energy dissipation
capacity, the monolithic behaviour of masonty structures should
be ensured. The possible vibration modes of a masonry building
during an earthquake depends on how the building is
interconnected and anchored at floor and toof levels. Thetefore,
oesides strengthening of individual structural components, the
structural system.as a whole needs to be strengthened to ensure
structural integrity. The various methods suggested for improving
structural integrity are:

Tying of Walls with Steel Ties

Steel ties are to be introduce immediately under the floor
structure. Reinforcing bars with threaded ends to be bolted at
the ends of the walls on anchor plates, are used.

Intetventions in Floor and Reoof Structutes

One of the main reasons for poor seismic behaviour of existing
masonry structures is a lack of proper horizontal diaphragm
action of floor structures and roofs and connection of the
horizontal diaphragm to the structural walls. If adequately
anchored to the walls, rigid floor diaphragms and tie beams
prevent the out-of-plane vibration and possible collapse of walls.

Repair of Comers and Wall Intersections

Wall comers and intersections are frequently damaged during
earthquakes even if they are ded with steel ties at floor levels.
The wall intersections ot corners are strengthened by means of
stone stitching stones or metal stitching.

Strengthening of Walls by Confinement

By confining plain masonry walls with vertical confining elements
like tie columns placed at wall comers, intersections and vertical
borders of large openings the lateral resistance and energy
dissipation capacity of a masonry building is greatly improved.
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Brick masonry structures with hodzontal 1. ¢. tie beams and rigid
floors are suited for this kind of an intervention.

Strengthening of Structural Elements

Dry stone masonry offers very high strength in compression, but
their joints provide limited shear and tensile resistance as they
depend only on friction. A positive connection between the stone
blocks may be required in some cases and this can be achieved
using dowels, cramps, bars, special tie bars or structural
connections inserted through specially prepared heles in the joints
without being visible from outside.

Strengthening of Secondary Elements

Repair to secondary elements like cornices, parapets, merlons,
sunshades, facing stone slabs, etc., primarily involves the
reestablishment of effective connections, using metheds such as
mnsertion of pivots, nails, dowels, clamps, strrups, anchorages, etc.
Grouting of the holes drilled to accommodate connectors will
improve effectiveness of the system.

Methods to Isolate Seismic Waves from the Structute
Reducdon of the Transferted Energy

This is a complicated and costly, but radical solution that isolates
the structure either at the foundatdon level or at the floor level
from seistnic movements being transferred to it

The remedial action consists of cutting the structure to create a
jont to allow certain relative movement. These movements are
partdy restrained by special devices that act in the one or both
of the following ways:

Dissipation of Energy
Changing the Natural Period
Base Isclation Technique

Seismic Isolation, including Base Isolation (B.I.) and passive
Energy Dissipaton (E.ID), 15 a relatively new technique, which
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has already been applied to the seismic protection of historic
buildings.

Base Isolation reduces the seismic loading on the structure by
interposing a hotizontal flexible layer between the foundation and
the superstructure.

Reduction of Induced Forces

A reduction of induced forces can be achieved by the following

ways:

1. By reducing the masses especially at upper levels

2. Reducing the planimetric asymmetries that may produce
torsional effects in the structure and increased stresses in
walls and connectdons.

Mathematical Modelling

The purpose of analysis of historic structures under static and
dynamic loading to understand their behaviour is essential for
safety assessment and design of retrofitting measures. Unhke
modern engineered structures, analysis of historic structures
ptesents complexities due to various reasons. Historic structures
ptimarily are constructed out of brick or stone masontry with lime
mortar bed jointing. Unreinforced masonry displays a complex
non-linear machanical behaviour characterised by low tensile
strength and high stiffness.
Generalisation of historic structures becomes difficuit due to the
following reasons:
1. Variability of tnatetial properties due to the use of locally
available constructon matetials,
Varying degree of workmanship
3. Additions and alterations, both structural and cosmetic over
a period of tme.
In the present wotk SAP2000 NL software has been used to
model the structural behaviour of a small symmetrical Chasri in

Bhuj, partally damaged in the carthquake and the results are
compared to the actual damage. The Chesrr is a small, domed
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sandstone structure, symmetrical in plan. The dome, constructed

by the corbeling technique rests upon 12 sandstone columns.

The entire structure stands on a raised plinth of sandstone.

The salient fearares of this model ate:

1. The engineering properties of material — sandstone are as
follows: Young’s Modulus of Elasticity = 7 x 10° KN/m’
and Poisson’s rato = 0.17 (from experimental values). The
supporting walls of the srructure have been modelled with
shell elements.

2. The columns and beams have been modelled with frame
elements.

3. The hemispherical, hollow dome has been modelled with shell
elements.

4. The sunshades and flat roof slabs are modelled as uniformly
distributed load in the negative Z direction acting on to the
cotresponding beams.

5. All the six degrees of freedom are restrained (fixed boundary
condition) for the lowermost nodes of the structure.

6. All other nodes in the model have all six degrees of freedom
activated.

7. Frame releases for moment (i.e. no moment transfer) in the
Z direcdon have been provided for the beams and columns.

Shown below, in figure is the Graphical User Interface or G.UL
of SAP2000 showing the three-dimensional stuctural model of
the symmetncal structure. The use of shell elements for the
supporting walls and the dome and frame elements for the beams

and columns can be seen.

The following figure shows an output of the dynamic analysis
under the natural frequencies of the structure. The deformation
of the structure is seen along with the undeformed wire shadow
of the structure. The period of vibradon for the structure in the
first mode is 0.6855 seconds.

First Mode Shape for Vibration Analysis on SAP2000 GUI
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The following figure shows the stress outputs for the svructure
under earthquake ground acceleration by the response spectrum
method. Response Spectrum Case 1 is characterised by the
following parameters in this model:

1. Damping Coefficient of 0.

2. Response Spectrum Function UBC9453 (Response Spectrum
for Scil type 3 — Loose and Cohesionless soil, Uniform
Building Code}

3. A combination of acceleration along X-direction (100%) and
global Y-direction (30%).

Stress cutput for shell elements of the structure under eatthquake

ground acceleration on SAP2000 GUI

The following were the promment damages observed in the
structore as a result of the seismic forces:

1. Widening of joints in the masonry of the corbelled dome.

2. Dislocaton of masonry blocks from the comer of the support
walls.
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The widening of the joints in the cotbelled masonry dome 15 due
to the excessive deflection induced in the supports of the dome.
SAP2000 GUI shows evidence of tensile stresses in the lower
areas of the dome.

Excessive forces taken by the comer colmmn are responsible for
dislocation of the masonry units. SAP2000 GUI shows the
distribution of stresses in the support walls. High compressive
stresses are observed in the region being discussed.

Conclusions

Sttuctures cannot be made earthquake proof, only resistant to
earthquakes. There is a need to adopt the internationally accepted
anti-seismic retrofit and rehabilitation techniques to the conditions
in India and simultanecusly train manpower in their use, to ensure
conservation of our monuments for posterity.
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Conservation and Restoration
of a Shah Jahan Period

Colonnade

D. A. Swallow,

Curator,

Indian and Southeast Asian Collections,
Victoria and Albert Museurm, London.

he Indian collections at the Victoria & Albert Museum (V&A)

bring together a substantial part of the original Indian
Museum, founded by the East India Company at the beginning
of the nineteenth century and transferred to the India Office in
1858 and collections built up by the South Kensington Museum
from its own inception following the Great Exhibition at the
Crystal Palace in 1851. These now form one of the most
comprehensive collections of their kind in the world and with
the collectons at the British Museum and the British Library,
make London the most important centre for the study of Indian
art outside India itself. The V&A’s collection comprises
architectural materials, sculptures, paintings and a wide range of
the decorative and performing arts.

Sadly, since 1955, when the Indian galleries leased by the Museum
since 1879 were demolished to make way for Imperial College,
only a relatively small part of the collection has been on
permanent display. But in 1988, the Museum started a programme
to re-display its Indian collections and in 1990 opened the Nehru
Gallery of Indian Art. Over the past twelve years, the Museum
has actively made its collections accessible to public and scholars
alike, both national and international, displaying and publishing
them and welcoming visitors to the reference collections. Now,
it plans to increase this accessibility still further, both through a
programme of digitisation and web access and by rturning its

24
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attention again to achieve a larger area of public display within
the Museum as part of an overall South Kensington master-plan.
The collection includes a number of large architectural pieces,
which represent particular conservation and display challenges.
One such is a serpentine colonnade from a royal pavilion at
Ajmer, dating to the reign of the Mughal Emperor, Jahangir. This
was displayed as part of the Indizn Heritage exhibition of 1982
and is now installed in the Nehm Gallery. A second is a gateway
made in Gwalior for the Calcutta exhibition of 1883, partly built
into the wall structure of the V&A’ Raphael Gallery and partly
in store. A third is a set of columns and atchitraves, which wete
parts of a colonnade from Agra.

The Histoty of the Colonnade

This colonnade was originally part of a marble pillared hall, which
fronted a bath complex in the Agra fort, constructed in the early
years of the reign of the Mughal Emperor, Shah Jahan, as part
of his extensive rebuilding of Akbar’s original fort. Shah Jahan,
the great architectural patron of the Mughal dynasty, drew on the
most advanced trends adopted by his father, Jahangir and
grandfather, Akbar and developed a new aesthedc and a siyle,
which was a major influence on the architecture of the
subsequent two centudes. Amongst other features, the use of
white matble and a vety fine, highly polished white stucco from
Gujarat {chuna) became the favourite veneer of imperial buildings.

By the carly 19 Century, the baths at Agra fort were reported
as being in “ruinous condiion” and the Marquis of Hastings,
Govemor Genetal of India fiom 1813 to 1837, started to make
arrangements for the marble cladding of the bath complex to be
stripped and sent to Calcutta, with the intention of presenting at
least part of it to the Prince Regent (the future King George
IV). In the event, the marble was never dispatched, but was sold
at auction by his successor, Lord William Benunck and dispersed
without trace.
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The portico itself, which
consisted originally of a
columned hall with trabeated
arches on its three outer sides,
was not part of this sale and
most of its constituent parts have
now been located. Two
fragments still lie in the fort; a
shaft and capital and two
columns are now in the Taj
Museum; and two shafts of
capitals and two shafts of half
columns are to be found built
into the porch of the Agra

Circuit House. The largest known
section, consisting of five Part of the Colonnade insitu on Display in
columns (4.2 metres high), which e Yromd Monm

form four intercolumniations (of

2.6 metres) with architraves supported by consoles (c. 5 metres
in total height), was acquired in 1886 by the South Kensington
Museum (now the Victoria & Albert Museum) from Sir Alfred
Lyall, Lieutenant Governor of the North West Provinces (1881-7)
and Member of India Council in London (1887-1902). It had
been sent by Lyall, in his capacity as a committee member to
the Roval Colonial and Indian Exhibition held in London that
year, on the condition that it should be presented to the South
Kensington Museum at the close of the exhibition. After the
exhibition, it was installed in the galleries on Exhibidon Road,
which were then the home of the ‘Indian Museum’ and remained
there until 1955. Then like much else in the collection, it went
into storage, awaiting the time when space could be found and
it could be cleaned, conserved and redisplayed.

Stylistically, the colonnade demonstrates the continuity and the

eclecticism of late Mughal art and architecture. It continues the
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constructional mode of the earlier Mughal period, which imitates
forms and techniques of wooden construction, which themselves
derive from both Hindu and Muslim forms. But its particular use
of marble is typical of the work of Shah Jahan’s reign at the
height of the Mughal period. Its extensive floral decoration in
polychrome stone intarsia (the Italian technique of pietra dura) is
both a reflection of the refinement in craft techniques by this
period and a demonstration of the influence of forms and
methods, which originated in Renaissance Europe. The inlays
include carnelian, beryl and both black and variegated marbles
from diffetent sources in Rajasthan.

Conservation and Restoration

At present, the overall condition of the colonnade is surprsingly
good, although the marble has become rather dirty over time and
the inlay has suffered from a visually unpleasant restoration in
which much of the inlay has been replaced with coloured plaster,
which is no substitute for the original scheme. If the marble were
fully cleaned, the old plasters removed and the semi-precious
stone inlay carefully restored, the colonnade could almost be
returned to its original magnificence.

Although the Museum’s notmal attitude to the conservation of
fine stonework would be one of careful preservation (accepting
previous losses and damage) rather than restoration, there is some
justification in this case for adopting a restoration approach. The
colonnade depends almost entirely for its visual effect on the rich
contrast between the semi-transparent white marble for the
architecture and the gleam of semi-precious stones (such as
carnelian and beryl) of its decorative inlay. If this contrast is not
fully exploited, then much of the chatacter of the colonnade will
be lost when it is finally displayed.

In the mid 1980s therefore, as part of a scheme to redisplay the
Indian collections in the Museum, the V&A asked a company
(Herbert Read Ltd of Exeter), which had considerable experience
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in the restoration of fine stonework, to quote for the full
restoration of the inlay and the installation of the colonnade in
the proposed gallery, using stainless steel fixings throughout. The
plan was for the work to be supervised by the Museum’s
conservation department and much of the cleaning would be also
carried out by our own stone conservatots.

Full conservation, restoration and installation in the gallery was
estimated to cost at that time in the region of £200,000. To start
the project, the Museum allocated £13,000 for the financial year
1985-6 and embarked on the work on one of the five columns.
The marble on this column was fully cleaned, the old plasters
removed and the semi-precious stone inlay carefully restored.
Unfortunately, in the intervening time, the proposals for the new
gallery and its design were fundamentally changed, the smaller
Ajmer colonnade was incorporated into the design of the new
Nehru Gallery of Indian Art and the fund-rasing for the Agra
colonnade was put on hold. Now, after a gap of several years,
the Museum is once again reviewing the project to restore the
colonnade.

One of the most compelling reasons for advancing a full-scale
conservation programme for this important architectural
composition is the serious threat that now exists to other pretre
dure buildings that remain #r-siftw or in unprotected locations in
Agra. As India has becotne mote industrialised, emissions of
damaging pollutant gases such as sulphur dioxide are tising and
these are causing noticeable degradation in the fragile white
marble and semi-precious stone inlay of these unique buildings —
matter that is of concern to all the relevant authorities m India,
who are working to address the problems, both by controlling
emissions and by seeking methods of dealing with the local issue
of marble decay.

Over the past twenty-five years there has been a noticeable
change of colour in many buildings in Agra. The cleatest
symptom of pollution attack is the discoloration of white matble,
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so that in the 1980s, in those areas that were not washed by
rain, it was gradually mirning into a rather dirty brownish yellow.
This change in colour presaged the rather mote setious damage
that could be expected from acid depositon. Already by the mid
1980s, there were signs that the surface of the Taj Mahal was
being etched by the weak acid solutions created by the mixtuse
of pollutant gases and rainwater, as the acids ate deep into the
matrix of the matble, dissolving the calcium carbonate, which
bonds the marble together.

Indian white marble is particularly vulnerable to attack. Like many
Greek marbles, it has a very large crystalline structure, which
degrades rather faster than the fine grained marbles of Carrara
with their tendency to powder away slowly. The very crystalline
marbles tend to lose large clusters of crystals in dramatic bursts
when attacked by acids.

During the past twenty years, there has been a great deal of
research on the nawre of stone decay and the means by which
it could be prevented or halted. Although certain treatrnents had
been developed by the mid 1980s (the V&A had been deeply
involved in this work), no honest conservator or scientist
pretended that there was a method by which deterfiorating stone
outdoors could be stabilised for more than twenty years at the
most. This remains true even though there are now exciting
possibilities opening up with the use of lasers for cleaning and
of experiments to grow marble crystals and rebuild the surfaces
of objects. For the foreseeable future, therefore, when we have
the opportunity to keep stonework indoors, in an environment,
which will not only help to preserve it but also make it easily
accessible for future study, we feel that we have a unique
opportunity. Historical circumstance has placed an umportant
architectural compositon in our custody, in an environment for
the present safer than its oripinal one. We have a strong
obligation to maintain and display it to the best possible
advantage and are now secking the means to do this.
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tone has been one of the basic building materials used in India

since very early tmes. Being seemingly durable in nature, a
wide variety of stones, depending on their availability workability,
were used to build houses, memotals, palaces, forts, places of
worships and also for carving out sculptures. Since geological
topography varies considerably in the counrtry, a variety of stone
types were used for these purposes. The examples of
craftsmanship in stone are evident throughout the length and
breadth of the country. This vast cultural heritage, though of
durable nature, has started showing signs of decay manifested in
many forms over the period, thus necessitating search for suitable
methods and materials for checking this onslaught. Some work
has already been done in this fleld in India but there is clearly
a need for far more greater and concetted effort involving vatious

disciplines of science.
Common Indian Stones Used in Northern Region

Sandstone, matble and quartzite are the most common types of
stone used here. A varlety of sandstones are available in the
region and have been used for buildings and sculptures, especially
in the regions of Agra, Mathura and Delhi. The Jaisalmer fort
was constructed out of yellow sandstone. Marble was used as a
veneer for Taj Mahal Qauartzidc stone rich in mica had been
used extensively in the temples of Garhwal and Almora.



Conservation of Stone Objects

296 =

Table 1: Types of Stones Used in Indian Monuments

Monument / Historical Building Stone

Sandstone

Red fort, Agra: Khajuraho temples: Jama Masjid, Delhi; Qutb
Minar, Delhi; Rameshwaram temple; Fathepur Sikri; Sun temple,
Modhera; Rani-ki-vav, Patan; Sanchi stupa; Sikandara, Agra;
Mathura sculptures; Lingraj temple; Puri; Udaigiri Caves,
Khandagiri caves, Orissa; Bagh Caves; Portuguese fort, Diu;
Asokan pillars; Rajasthan monuments; Bibi ka Makbara,
Aurangabad; Victory Tower, Chittorgarh; Sibsagar temple, Assam.
Marble

Taj Mahal, Agra; Moti Masjid, Agra; Etmad-ud-Daulah, Agra;
Jaswant Thada, Jodhpur; Dilwara temples, Mt. Abu; Victoria
Memorial, Kolkata.

Granite

Gomateshwara, Sravanbelgola; Thousand pillared temple,
Hanamkonda; Vivekanand rock memorial, Kanyakumari
(Charnockite); Shore temple, Mahabalipuram (Charnockite);
Brihadeswara temple, Thanjavur; Vidhan Saudha, Bangalore;
Golkonda fort, Hyderabad; Chausath Yogini temple, Kahjuraho
Basalt Kailash temple, Ellora; Ajanta caves; Elephanta, Mumbai;
Bhaja caves; Carla caves.

Khondalite

Sun Temple, Konark; Puri temples.

Laterite

Churches and covents, Goa; Kerala monuments.

Quartzite

Almora temples; Qutb Minar, Delhi, Chamba monuments, Himachal.
Lime stone

Dwarka temple, Monuments at Avantipur, Kashmir.
Limy-shale

Pushpagiri temples, Cuddapah.

Soapstone

Hovyasaleswara temple, Halebid; Chenna Kesava temple, Belur.
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Sculptures of Mathura region were carved out of buff, red and
spotted sandstone.

Stones Used in Eastern Region

Sandstone and
khondalite were the
chosen stone types
used here. A large
number of
monuments in this
region were built of
sandstone available in
plenty locally. Sun

temple at Konark & . : :
and a number of  Bewifly Carved Wall of Khondalite Stone in a Temple
temples at Puri were in Eastern Part of India

built out of khondalite

stone. Both sandstone

and khondalite were also used for making sculptures.

Stones Used in Western region

Sandstone, marble, basalt and limestone were used at different
places in this region. For example, the cave temples at Ellora and
sculptures at Elephanta were carved’ out of basalt rocks.
Limestone was used
in the Dwarka
temples. Dilwara
temples at Mount
Abu and Jaswant
Thada at Jodhpur
exhibit extensive use
of marble. Laterite
stone has also been

used in some
churches of Goa.

Granite Rock-cut Cave at Mamallapuram, Tamil Nadu
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Stones Used in Southern Region

Granite is the most commonly used stone in southern part. A
variety of granites like white, red and black have been used for
the purpose. The examples are Shore Temple at Mahabalipuram
(charnockite), gigantic sculpture of Gomateshwara at
Sravenbelegola, Vivekananda Rock Memorial at Kanyakumari. In
some places like Halebid and Belur, steatite or soapstone has
been used for constructing temples.

Stones Used in Central Region

Sandstone has been used quite frequently in this region. Examples
are groups of temples at
Khajuraho, Buddhist s#ipa at
Sanchi, etc. A list of some
of the important
monuments and the stones
used for these has been
presented in Table 1.

Types of Deterioration
and Their Causes

Observations made by
several scholars cleatrly
indicate that the Indian
heritage in stone is
susceptible to all three types
of decay, viz. physical,
chemical and biological.
Depending upon the
climatic condition of the
region. where these stones
are present, any one of
these factors of decay could

PlaY an important role in Sphitting of Layer is a Major Problens in Sandstone
their deterioration. However,
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the extent of decay also
depends upon whether the
stone is present inside or
outside. Usually, the rate of
decay is more outside
because human intervention
in controlling the action of
different deteriorating
agencies 1s more effective
inside. A wvariety of
problems like - soiling of
surface, formaton of cracks
and splitting of layers,
crumbling of surface into
powder, crust formation,
staining and erosion of surface, growth of biological agencies like
algae, moss, lichens, higher plants etc., have been observed by

Sotling Surface Can Spoil the Beantiful Surface of
Marble

several workers.

The reasons are also quite varied. The presence of soluble salts
causes efflorescence resulting in crumbling of surface. The
presence of air pollutants such as sulphur dioxide and SPM results
in the formation of surface crusts. The inherent impurities present
in stone like clay minerals or minerals, which get easily attacked
or dissolved by moisture, result in the formation of stains, cracks
and erosion of surface. The continuous presence of moisture may
result in the growth of algae or moss. In relatvely unpolluted
environment, lichen growth is quite common. Human vandalism
resulting in physical damage is also quite common in India. Many
a time an improper treatment could also lead to further
aggravation of the problem. Use of incompatible materials during
construction like iron clamps or dowels can also be responsible
for the damage.
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Conservation Measures - Past and Present

The history of conservation of stone materials in India, about
100 years old, is the history of preservation of its monuments.
Although there are some instances of repait of monuments earlier
to this also. For example, thar of Taj Mahal in 1808, Fatehpur
Sikri and Sikandara in 1815, Qutub Minar in 1826 and
Ahmednagar Fort in 1867. However, regular conservation could
be ascrbed to Sir John Marshall who prepared a Conservation
Manual for Archaeological Survey of India. At present, most of
our monuments and historic buldings are looked after either by
Archaeological Survey of India or by State Archaeology
Departments depending upon their historical significance. Many
important structures are also under the care of chartable trusts
and public insututons.

A large number of important monuments and sites such as Taj
Mahal, Fatehpur Sikri, Sun Temple at Konatk, monuments at
Mahabalipuram, some churches and convents at Goa, temples at
Khiajuraho, Hampi monuments, Brihadeshwara temple at
Thanjavur etc., have been included in the World Heritage List to
give due importance to their conservation. On account of a very
large number of monuments and limited resoutces, the
conservation interventions have centred mostly around
replacement of defective stone, strengthening of foundations,
stoppages of leakage of water and occasional removal of dust,
dirt and biclogical growths. The stone sculptures are generally
cared for by different mnseums controlled by Central
Government, State Governments or in many cases even by
private trusts. Here the treatments have focused mainly on

cleaning of surface and joining of broken parts.

In some cases, attempts have been made to remove soluble salts,
different types of accretions and consolidation of fragile surface

etc.
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Researches Done in the Past

Although, India possesses a very vast cultural heritage in stone
and the problems posed by these are also of varied nature, the
stone conservation research as a discipline has not received the
attention that it deserves. At best the efforts made so far could
be described as occasional and piecemeal, as most of the earlier
efforts were directed mainly towards arresting the decay with
available means with little or no attention towards systematic
stone conservation research. Another important reason for this
dismal state of affairs is the dearth of scientific community
interested in this field, which requires multi-disciplinary approach.
Nevertheless the field has seen some growth in recent years with
many groups trying to contribute by presenting general and
specialised articles on various topics related to stone conservation.
These articles can be classified into three main categoties - articles
deaﬁng mtl'l Vari[)us problcms ()E stone detcﬁoradoﬂ in gencral
or with reference to a particular monument, articles describing
the treatments provided to stone monuments or sculptures and

m

Victoria Memorial Hall, Kolkata Constructed omt of Marble
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articles based on scientific studies done in the laboratory either
to characterise the stone to understand the mechanism of
weathering or to test the efficacy of deferent Oproducts which
could be used for conservation. Several articles' 1 have discussed
in general the problems faced by some important Indian
monuments. Problems of individual monuments have also been
highlighted by several workers. Taj Mahal being one of the most
widely known monuments of India, its conservation status has
been a subject of several studies' !>, The problems of
detertoration of Shore temple, Mahabalipuram because of its
proximity to sea, also received the attention of several
1617 The problems of monuments situated in colder
climates were discussed by Fonia'® and Gupta et Y The
deterioration of stone in Indian monuments as a function of
building designs and functlonal environment was discussed by
Sharma et 4/, Agarwal drew attention towards the
detetioration of marble used in Victoda Memortal, Kolkata, He
also reported the corrosion of copper and iron clamps to be
responsible for the presence of green and reddish-brown patches
over the matble and consequent decay of marble. Kamalakar o
al* studied the problems of Pushpagiti (A.P.) monuments made
up of kimy-shale stone having iron inclusions.

The problem of detenoratlon of composite inlay stonework was
addressed by Shamma es al®. Besides studying the deterioration,
problems of important monuments, conservation problems of
stone sculptures were also studied. Thus, factors responsible for
the exfoliation of sandstone, which is one of the most commonly,
used stones in India, were listed by Rawat™ , Agrawalzs and
coworkers?S reported the various types of deterioration observed
in sandstone sculptures of Mathura. In a comprehensive review
of the subject, Jain & &7 discussed the types and problems of
sandstone as well as the work done around the globe for its
conservation. Similasly, _]eyarajzs highliphted the problems of
Amaravati limestone sculptures housed in Government Museum,
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Chennai. From the above-mentoned studies, it can be concluded
that various types of physical and chemical detenoranon could
be observed in Indian stones. On account of tropical climate, the
problem of bio-deterioration 15 also quite comimon in India and

has recetved the attention of some scholarszg'h.

Thus, the role played by bacteria and flmgi32 in the deterioration
of sione and that of higher plants in the detenoration of historic
bu:.lclmgs was discussed by Mishra & 2/ Control of algal growth,
a very common problem on monuments and sculptures rcsent
outdoots was discussed by Mishra and ]aln Jain et al>”
Saxena & 2/°% discussed in great detail the mechanisms mvolvcd
in biodetetioration of stone. With growing industrialisation of
country, the phenomenon of air pollution has affected all walks
of life, giving rise to the thought that the materials of cultural
heftage might have also got affected by it

The phenomenon got due attention when doubts were raised
about the effect of gaseous ermussions like sulphur dioxide released
by Mathura refinery on the marble of Taj Mahal Studies> were
then conducted to study the deterioration of Taj marble because
of air pollution and consequently a number of steps were taken
to reduce the pollution around Taj Mahal. After a decade,
studies’® on Taj Mahal were again carried out to study its
detetioradon. Fortunately, so far the fears regarding the decay of
Taj Mahal due to pollution have not been found true but the
problem had acted as a catalyst to raise the issue of detenoratlon
of cultural heritage on account of air po].luuon” , which is
bound to grow with tncreasing developmental activittes. The
mechanism of decay of stone because of air pollutants has been
explained in detail by several workers such as Jain e ai** * and
Aslam™ %%, In order to save the cultural heritage in stone, John
Marshall long back prepared a detailed manual outlining the
principles and techniques of conservaton. Recently, Grover!
again recounted some of these prnciples. But in the past, most
of the efforts were directed towards attending to the most
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tmmediate problems of weathering as the task at hand was
enotmous and very limited skilled personnel were available to
look after the very latge number of hertage in stone. Literature
mentions some of these efforts.

The problem of stabilisaion of foundation of Qutub Minar was
described in detal by Saxena e 2/>? and Batra>. Sharma et al°*
descobed the conservation work done at Sutya Natanyan temple
in Lord Jagannath temple complex involving deplasteting and
replacement of damaged stone. Supgested conservation measures
in respect of Shore temple, Mahabahpuram were reported by
Subramanian® and Subbaih ef 4/ Sharma ef 2/ found the use
of PMC grouts suitable for structural strengthening of Ashlar
masonry at Lord Jagannath temple, Pun. Raghavendra Rao and
coworkers®® described the steps taken at Ajanta to consolidate
the weak and friable stone with dilute epoxy resin and filling of
gaps with epoxy mixed with rock powder. Bhatia> gave an
account of the conservation work done at Hamid Manzil, Raza
Library, Rampur. Similarly, some other workers have reported the
conservation work done b them on different monuments®
According to Singh e al® good results were obtained by using
clay pack method for the cleaning of Taj Marble. Pandey 6 and
Agtawal ef 4% recounted the methods and materials used in the
conservation of marble statues and canopy at Raj Bhawan,
Lucknow. Sharma®® narrated his experiences in the remowval of
discolouration from ancient marble and plasters. Agrawal ef 2%
described the conservation treatment provided to sandstone
sculptures of Mathura Museum. Upadhyayaﬁg described the
preservation of Asokan pillars at Bihar. Bisht e 4" used Meyer’s
cement for joining sculptures but noticed the problem of
appearance of stain under high humidity conditons.

Conservatien problems of kankar stone sculptures were discussed
by Hasan ¢ 2"}, Tandon > reported successful use of a varety
of chemicals like Samiobrire, zince silico fluoride, benzalkonium
chionde, Thaltox-B, Thiomerse/ etc., for the removal of biological
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growths from Khajuraho temples. ]aiﬂ.F3 also used zinc silico
fluoride for the removal of biclogical growths on Vishvanath
temple at Khajuraho. Besides attending to the vazious demands
of conservaton wotk in the field, laboratory studies were also
made from tme to tme to understand the basic nature of the
stone/tock, weathering products, the mechanism of weathering
and alse to test newer methods and materials for conservation.
The stones used in some important Indian meonuments were
reported by Gaﬂgc:-]:'r;,tdh}my-M and Mathur . Agrawal et i
studied the nature of red and buff spots on Mathura sandstone.
The lithic materials used in Victotia Memonal with regards its
conservation were studied by Agarwal Lal”’ studied the
weathering of some monuments in basalt & tff, granite and
khondalite by determining the leaching index and suggested that
chemical weathering takes place due to kaolinisation of feldspars,
limonitisation of garnets and desilicification of silicates as well as
leaching of alkalies followed by accumulation of sesqui-oxides.
Bhargav e# al’® carried out petrology, x-ray diffraction and
chemical analyses of stone samples from monuments at
Bhubaneswar and compared the results with quarry samples to
conclude that besides physical weathenng, chemical deterioration
has taken place in these monuments due to leaching of minerals
and transformation of feldspar (orthoclase) to kaolinite through
illmenite. Petrological studies of samples from Shore temple,
Mahabalipuram and Gomiteshwara statue, Sravanabelegola were
carded out by Singh & 4" to explain the deterioration in both
the cases. Detetioradon of monuments because of cotrosion of
dowels was stadied by Jain & 2l

The discolouration of Taj Mahal marble was studied by Agrawal

and -'.:()\:vor:kvs:rs81

, Who gave various reasons for it. They also
observed the preserice of calcium oxalate in the crust. Sharma ef
32 also concluded that the yellowing of Taj Mahal marble was
due the deposition of SPM. From their studies, Sharma e %

concluded that a patina of oxalic acid over marble is protective

25
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in nature and further™ studied the metasomatic action of
ammonium oxalate on matble to conclude that this could help
in stopping further dissolution of eroded surfaces. Veeraraghvan
et 4% and Sharma er @ swudied the accumulation of dust on
floors of buildings in Red Fott as a result of wvisitors. The
characteristics of accretionary deposits on stone surface as a result
of changes in the environment around monuments was also
studied by some workers® . Kamalakar and coworkers™ suggested
that the ntual of applying limewash on granite walls of temples
resulted in thetr deterioratdon through formation of gypsum
leading to. pitting of surface ultimately. Cleaning of surface is an
important step in the conservation of stone surfaces and from
tme to tme a variety of methods and chemicals have been used
for the purpose. Based on their laboratory studies, Singh and
cowotkers® have waned against the use of commercial washing
‘powders . for cleatiing of stone surfaces especially in case of
historic buildings. For removal of rust stains from marble surface,
a problem commonly noticed in Taj Mahal, attempts were made
to find out suttable chemical formulations for its removal without
damage to stone surface by Saxena e >

Tandon ef ! also suggested the use of soda water for removal
of lime from a sculpture. Hotchand e a2 reported a method
for cleaning of marble surface, which according to them was
yellowed on account of air pollution. For controlling algal growth
on stone surfaces, Mishra and ]ain34 reviewed the various
chemicals used by different workers in the past. Mishra & %
also described methods for collecting algal samples in the field
by conservators. Weathered and unweathered stone samples from
Khajuraho were analysed by Tandon'? who also measured
meteorological parameters and studied the biological growths
found on the stone surface. According to him, lichen acid and
oxalic acid were involved in the biodeterioration of these temples.
Jain et al®* studied the effect of biogenic acids viz. oxalic,
succinic, malic, lactic and a-ketoglutaric on marble, sandstone,
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khondalite and coral stones and concluded that calcareous stones
are more susceptible to damage by biogenic acids and the damage
is also directly proportional to available surface area. Lichnes are
quite frequently found on stone surfaces specially in unpolluted
atmosphere. Some studies were made to determine the pattern
of their growth and their relationship with deterioraton of
monuments. For example, studies to identify-the various species
of lichens %rowmg on Lucknow monuments were conducted by
Singh et a.”". From their studies, they ruled out the possibility
of chemical deterioration in these monuments and suggested
physical decay only. The growth of higher plants like pipal has
been responsible for extensive damage to several monuments.
The mechanism of decay, methodology and materials required for
their eradicaton have been chscussed in detal by Agrawal and
coworkers in ther monogtaph Keeping in mind the problem
of air pollution, some workers made laboratory studies to

determine the effect of different acidic gases over marble’” %8,

Over the years, the use of synthetic polymers has increased
globally for the conservation of stone. A vatiety of these polymers
are available in the market and have been used for different
purposes like consolidation and water repellency. Sharma’’
discussed the limitations of present day water repellents and the
requirements of an ideal treatment for historic buildings. Based
on laboratory studies, Singh & al!® concluded that organo-silanes
gave better account of themselves as consolidant for khondalite
stone among 2 group of polymers used in the study. Consideting
the l1m1tat10ns of organic polymers, Ganorkar 1M 2nd
coworkers'? developcd some inorganic polymers for use on
marble surface against sulphur dioxide attack and found the
results to be satisfactory.

In many instances, conservation treatment involves restoration of

parts of historic buildings. In the absence of sufficient scientific
1 104

data on ancient materials and methods " , fnany a2 tme use

has been made of cement mortar in monuwmnents and historic
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buildings. Considering the unsuitability of cement mortar for
restoration purposes because of its tendency to give ont salts, the
possibility of using lime based mortars having organic additives
as mentioned in ancient Indian literature was explored by some
workers 0108 Though the studies are preliminary in nature, the
results are promising and require extensive laboratory and field
trials before this type of mortar could be put to use. Besides
curative treatment, some preventive measures hke growin% of
trees around the monuments have also been recommended'®

Areas for Future Research

Considering the wide variety of stone types used in the country
clearly the conservation work done so far is not adequate and
requires extensive researches. Some of these areas could be
outlined as follows:

Characterisation of Stone

Since a variety of stones have been used and no two pieces of
stones are exactly simnilar, it is impottant to prepare a data bank
of different types of stone used for historic buildings and
sculptures making use of latest techniques of analyses and
charactetisation. Needless to mention that a wide variety of such
techniques ate now available. Along with the stone used in the
histotic buildings and sculptures, it is important to characterise
the quarry stone. It will obviate the unnecessary repetition of
characterisation work done by different schools of workers from
time to time. The presence of such a data bank may also help
tn determining the mechanism of weathering. Studies should be
made to correlate the type of stone with mechanism of
weathering so that the studies related to a particular monument
could be useful for other monuments made of similar stone.

Standardisation of Description of Decay and Measurement
of Its Extent

There is a great need to standatdise the various terms being used
for describing different types of decay. Efforts are also to be
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made to quantify the extent of decay to a reasonable degree of
accuracy.

Study of Weathering Mechanism

In order to take appropriate preventive and curanve measures, it
15 important to identfy the weathering mechanism. This may be
achieved by studying the various weathering products and factors
of decay.

Development of Suitable Cleaning Methods and Materials

Cleaning of stone surface is one of the most common treatments
required in most of the cases. A varety of methods with or
without chemicals have been recommended by conservators. The
efficacy of these methods vis-a-vis their cost effectiveness is to
be established for Indian monuments and sculptures. The most
effective methods need to be standardised sc as to get consistent
results keeping in mind the ethics and aesthetics of conservation.

Search for a Suitable Consclidant

The different types of decay ultimately lead to loss of materal
from the body of the stone thus requiring consolidation at one
or the other stage. A number of organic and inorganic
consolidants have been tested in the developed countries. Some
of these products have been claimed to show good results but
thete is a need 1o test whether these will behave similarly under
altogether different sets of conditions found in the tropical
countries like India.

Development of a Suitable Gap Filling Material

Ancient Indian literature suggests the use of a variety of organic
additves in lime mortar, which has been used in several of our
historic buildings. Theoretically, for restoration and gap filling
putpaoses, it would be better to use the same combinaton. But
since not much information is available regarding the proportion
and properties of varicus additives in the mortar, it 1s of urmost
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importance to develop a suitable gap filling materal and test its
properties in the laboratory, followed by field trials.

Protection of Surface

Rain and water have a deleterious effect on the stone surface as
is evident in many of our monuments. A number of chemical
products are available in the market, which are claimed to act as
water repellent. It is of therefore paramount importance to test
the efficacy of these products in the laboratoty.

Eradication of Biological Growth

Biological agencies like moss and algae not only make the surface
unsightly, which requires eradication but the growth of higher
plants and trees on monuments is 4 major problern in tany cases.
The problem becomes acute in case of buildings, which are huge
in size and are less frequented by the visitors. A variety of
chemicals and methods have been used by workers for their
eradication but there is a clear need for standardisation of
materials and methods. Development of a suitable biocide, which
is harmless to the surface but quite effective in eradicating the
growth and keeping it in check for considerable period of time
is the need of the hour.

Removal of Birds and Insects

In several unattended historic structures, the inhabitance of
pigeons, bats etc., causes great nuisance by way of fouling the
atmosphere and soiling the sutface through their excreta, which
might be harmful to the stone surface It is important not only
to know the harmful effects of these excreta on different types
of surfaces, but also to develop suitable methods for repelling
these birds from the structures and for cleaning the soiled surface.

The presence of beehives in some tmonuments is ah eye sote.
The temoval of these bees is not easy. There is a need to develop
techniques, which could repel bees from their hives without
harming the wvisitors and the stone. In this respect flavanones



Stone Conservation and Future Research — an Indian Perspective’

# 311

have shown great promise but require further studies before their
application on onuments.

Inhibition of Corrosion of Dowels

In many of our monuments, dowels and clamps mainly of iron
have been used for anchoring stone slabs. With time, these
become corroded and damage the stone. Therefore, it is
important to develop techniques for locating these dowels
beneath the surface and passivate them in simu.

Conclusions

In order to safeguard our rich heritage in stone, it is imperative
that a systematic approach to the problem is adopted. This will
provide information about the mechanistn, methods and materals
of treatment. Some information is now available but there are
clear gaps in our knowledge, which need to be filled as early as
possible. The work requires multi-disciplinary approach.
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