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Fingerprinting of South Indian bronze idols

Baldev Raj, C. Babu Rao and D. K. Bhattacharyq

Medieval South Indian bronze idols are famous for their aesthetic beauty and excellent

craftsmanship and are therefore prone to thefts and smuggling. Scientific and comprehensive
Jingerprinting of these idols is needed for authentic identification when they are retrieved. Such

investigations would also enrich our understanding of the metallurgical techniques prevalent in our

country during the early periods.

India has a rich and ancient history. Through the ages,
an amalgamation of different cultures and technologies
nas taken place. Many archaeological objects in India
are unique and priceless. One example is the class of
bronze idols known as panchaloha idols found in
various temples and museums in Tami}l Nadu (South
India) and other parts of the country, The idols not
only portray excellence in technological terms but
represent aesthetic qualities of form that are exquisite.
South Indian idols bear the mark of classical tradition
in smooth modelling, aesthetic decoration and sound
casting.

Protection of such idols and their conservation have
attracted attention in recent years because of rampant
loss of these idols from temples and their smuggling out
of the country. Even when such idols are traced, it is
difficult to lay claim on them in a court of law unless
adequate and accurate fingerprinting data are available.
This legal requirement apart, fingerprinting studics are
important to understand the structure and metallurgy
of these idols so that India’s rich technological history
1s understood. In addition, characterization of precious
ancient idols 1s important from the point of view of
restoration and conservation.

Attempts to characterize such 1dols have, so far been
confined mainly to artistic appreciation and classifica-
tion with respect to period, school of art, etc. It is only
recently that one has become aware of the importance
of fingerprinting these idols using modern technigues so
that these are not lost.

Scientific investigations on cultural objects

Scientific investigations on objects of cultural heritage
are aimed at understanding the style and period of the
object, assessing the condition of the object to help in
conservation and documenting or fingerprinting of the
object. In the West, objects of cultural hentage
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compnise stone sculptures and paintings, besides coins
and potteries. It is therefore paintings and to some
extent coins and potteries that have attracted consider-
able attention. Various facets of paintings like the
source of paints, the method and style of painting and
whether or not a particular painting is a forgery have
been mvestigated. Low-energy radiography provides a
good medium for understanding the structure and style
of the paintings. Microchemistry helps in understanding
the types, sources and periods of the paints used. Laser
holography 1nterferometry using sandwich technique
has been employed to detect subsurface defects and
study the bonding between pigment and the panel and
thus the health of the painting’. X-ray fluorescence has
been used to study the composition of alloys used in
ancient coins®. Neutron activation analysis has been
used in fingerprinting Altheim Pottery?,

Examples of cast metallic objects of cultural heritage
In western countrics are few. Among them is the famous
Liberty Bell. Recently when this bell developed a crack,
radiography was successfully employed to characterize
the crack before restoration work could be undertaken.
Radiography has also been employed to authenticate
Roman silverware*.

In India, stone sculptors and cast metallic idols are
important objects of cultural heritage, From the period
of Mohenjodaro/Harappa through the years of Buddha
and later the medicval Hindu periods, excellent
examples of bronze idols have been found in many
places,

Medieval South Indian bronzes

The medievial South Indian bronees differ from those of
north mainly with regard to the style. In North Indig,
the bronse woik seldom departed from conventions
adready estabhished for stone sculptures. The sculptors
in south made full use of the medium (metal) bemging
out completely different postutes with jntiicate features
These idols were made from Panchalola which refers to
a clasys of alloys consivting of copper, brass, siher, gold
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and tin3. Most of these bronzes, famous for their
acsthetic beauty. iconomctry and casting quality, are
exccllent examples of fusion of science with cultural

traditions.
Bronze castings (solid eor hollow) were made by Cire

Perdue or lost wax process®, referred to in ancient Hindu
scriptures as Madhuchista Vidhanam. Madhuchista
mcans bee wax. Wax model which served as the core of
the casting operation was ‘Jost’ or drained out before
the actual casting took place. The subject was first
modelled in wax. then coated with clay. The wax was then
melted out leaving a hollow space into which hquid
metal was poured to cast a solid image. If a hollow i1dol
was intended, it would be first modelled in clay. This
core¢ would then be coated with wax which in turn
would be covered with clay. Cire perdue, also known as
the master technique, was explained by the Western
Chalukyan king Someswara (12th century) i his
encyclopaedic work Alanasollasa in which minute
details for making a sound casting are given>.

It is interesting to note that after an idol was cast its
mould would be destroyed, with the result that no two
idols look alike even M they were created by one and
the same artist. This approach gave the idols rare
individuality. Sthapatis prepared these idols by contem-
plating on hymns known as dhyanaslokas describing
e:aborately the forms of individual idols. The aesthetic
part was contributed by the personal experience and
connoisseurship of each metal worker according to his
capacity. Some ol the finest bronzes, thus fashioned,
excited wonder and admiration.

The cire perdue process in Western Europe during
the same period (Sth century A.D-17th century A.D)
produced spongy or unsound castings. It was difficult
to work with these castings or finish them properly for
intricate shapes. Medieval Indians however successfully
achieved this as a matter of routine’.

Characteristics of bronze idols

Dimensional characteristics and casting defects contri-
butc to the individuality of an idol. To a lesser extent,
chemical composition and physical parameters are also
important. The dimensional details correspond to
iconometric measurements, major and minor sculptural
details, precise contouring of prime features, etc.
Casting defects occur duning solidification of the casting
and are random in nature. These defects, if present.
cannot be duplicated, however similar the casling
conditions might be. In chemical composition, minor
and trace element spectra are unique fingerprints of the
idol. They also reflect the nature of the metaliurgy
employed. Physical parameters correspond to physical
characteristics like thermal electromotive force, electri-
cal resistivity, microstructure, residual stress distri-
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bution, etc. It should be emphasized that if two
specimens have the same physical parameters, they need
not neccessarlly be of the same matcrial. However, if
they differ in values that cannot be accounted for by
statistics, then they are undoubtedly different. Finger-
printing should incorporate (1) a document acceptable
in a court of law, and (1) a document giving detailed
scientific account of the historical and technological

aspects of an 1dol.

Techniques for characterisation of bronze idols

Physical description

This should give broad details of the idol and identify
various parts. Photographs of an i1dol from various
viewing directions (front, rear, left, right and top) along
with marker scales should accompany this description.
Each photograph should be divided mnto a labelled
reference grid. Thus, by referring to the gnd coordi-
nates, one should be able to refer to a particular
location in the actual idol. This is essential 1o describe
the investigated defects unambiguously and identify
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Mcrostructure of the surface of one of the idols (16th
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Figure 1.
century)

Figure 2. Radwgraph showing the alignment studs at the jout of

two sections
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Figure 3. Radiograph showing the repair in the leg region of one of
the idolbs (9th century).

these locations for laier rcference. The prnd chosen
should be such that it is casily construcied cither on to
a photograph or a radiopgraph. Microphotographs of
intncate sculptural details should be taken. Features
like minute curves and relative positions of ornamental
contents are unique for cach ol Nepatives of the
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photographs should be stored under recommended
conditions.

Bench mark dimensions of the idol measured
manually may not be of much use if alterations can be
done on the idols. However alterations are not done
everywhere on the i1dol and therefore accurate profiles

of those regions which contribute to the intrinsic value
of the idol are necessary.

Holography
Three-dimensional characterization

Hologram is a three-dimensional record of an object
and holography is a convenient tool for displaying art
objects. Valuable objects can be safely preserved and
their holograms made available for public display
enablhing a larger exposure of rare and valuable obiects
and preventing theft and vandalism. In the event of an
idol being stolen and later retrieved, holograms enable
an art expert to establish its identity. Since the
reconstructed image of the hologram is equivalent to
the onginal, 1t can be compared with the object (idol)
under question. Apart from visual comparison, quanti-

tauve point-to-point dimensional measurements are
also possible.

Contour mapping by Moire fringes

Contour map 1s specific for a particular idol.
Comparison of an original contour map with an idol
(under tnal) helps in identification. To contour the idol
surfaces, Moire methods are convenient. They are
already In use to contour the human body for
diagnostic purposes’. (See box for details).

==

Moire conlouring

Moire contounng 1s @ method of quanuaing the depth of an
object Mowre in French means watered silk. Moire fnnges
are smilar in appeasance 0 gray patches observed on
watered silk fabric. Here the pre-requisite 15 a transparent
grating which shows the obhque view ol equally spaced
hnes. When this grabng s projected at a corresponding
angle onlo a flal screen, again an equidisiant grating
resulls Fust an exposure of this grating s made on a
photograpiuc film. Then the screen is replaced with the
object which modulates the puojected hnes and a second
exposure 1S made on the same film. The resultant image ol
the objecl s supenmposed wilth linges, called Aore
Innges These lnnges are contours of constant depth trom
the reference plane The depith tesolubon 1S appropnately
gven by LJIS where L s the dislance lom cameed 1o
ohject, d the graung pilr-h and § 1he distance lom Canera
10 Jnojecior

e ==
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Figure 4. Moire contours on 2 9th century idol,

Analysis of chemical composition

Non-destructive methods like X-ray energy spectro-
metry (XES) or methods like laser-excited emission
spectroscopy, neutron activation analysis (NAA) and
mass spectrometry, where the sample required is only
a few micrograms, are suitable for this purpose. These
samples can be taken from inconspicuous parts of an
idol. However during casting, segregation could take
place and therefore the samples may not always truly
represent the whole idol. Also these techniques give
information on surface layers prone to alteration by
deliberate or natural means. To overcome Ssuch
sampling difficulties, whole region techniques ltke X-ray
energy spectrometry (see box) and neutron activation
analysis techniques can be adopted.

XES is ideal for fingerprinting the chemical compo-
sition of the idol. It has speed and qualitative and
quantitative information about an idol can be easily
obtained. It is thus useful for studies on the evolution of
metallurgy by providing valuable information on the
chemical composition of the idols and at different
Jocations of the same idol.

INAA provides information on the origin of the ore
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X-ray energy spectrometry (XES)

In XES, the specimen is excited with high energy primary
rachation The primary radiation induces characteristic X- {
rachation These are detected by sulable detector and therr
energy 15 analysed by a multichannel anatyser [MCA) In

portable configuration of the equipment, a radwachve

isotope. in the form of an annular nng, acts as source for

excitng pnmary radiabons The detector 1S placed at the
centre The speciaily designed holder serves as a shielding
duning handhing arnd between the detector and pnmary
| radiation. X-ray spectra are msensiive to chemical or
I phys:ical state of the atom. X-ray energy spectrometry 1S
completely non-destruchve and the spectra are relatively
simple to analyse It needs mirimum sample preparation
and can analyse a wide range of elements Also the range
of measurable concentrabion s wide (100% to 01 ppm)
With the advent of semiconductor detectors and personal
compuier-based mullichannel analysers, mterfacing the
system with a computer 1s straightforward
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Figure 8. Schematic of portable XES system.

and the cxsting metallurgical processes and 1s
therefore useful for trace analysis. NAA of sampies
taken from idols can be carried out in a laboratory where
a neutron source is available. Specific instruments can
ensure uniform neutron fluence to activate the material
of the idol for whole body NAA. An essennal
requirement for reliable estimation of chemical compo-
sition for whole body NAA is calibration for non-
uniform activation due to thickness variations of the

idol.

In-situ metallography

In-situ metallography can be carried out at convenient
locations not detrimental to the sculptural value of the
idol. Either portable microscope or replica technique
can be used to understand the probable metallurgical
procedures adopted in making these idols. The micro-
structure of the identified region in the idol is a unique
fingerprint. [see box for details]
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in-sity metaliography

Normalify microscopiC examination is carried out on cut |
L specimens, which are then polished and etched with |
suitable etchant, either by swabbing or electrochemical
means, to bnng out the microstructure. However, it 18
possible to extend this technique to large objects without
cutting any specimen out of it. Here the surface is prepared (
for miCroscopy using a pertable polishing unit similar to
Hexible hand-heid abrasive wheel but with better cortrol on
speed. Also, provision 1§ required to interchange different
grade abrasive wheels. Thus, the same unit can be used till
the final polishing % achieved. A repihca of the surface is
taken using cellulose acetate fiim. The film is softened in a
suitable solvent (acetorne) and is evenly pressed aganst
the etched surfatce. The surtace ot the film igkes the

contours ang shapes of the micropstructure. The film is
peeied off after the s0vent {s dried off and cbserved under
a microsCope. Alternatively, the microstructure can be
observed duectly with 8 micrascope. Quality portable
microscopes are now avaitable which can pe positioned

conveniently on the obect itsell.
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Physical parameters

Physical parameter of an object is a function not only
of the constituents but also of the condition under
which the parameter js measured. Therefore, only
parameters that are less sensitive tO experimental
conditions and 1n which measurement conditions can
be controlled to get unambiguous results should be
employed for fingerprinting. Thermal electromotive
force, electrical conductivity and hardness are examples.
Physical parameters, though less important for finger-
printing, are stdl useful as the data can supplement
other investigations and heln towards better under-
standing of the metallurgy of the jdol.

Radiography

Radiograph is a two-dimensional projection image of
an object using penetrating beams such as X-rays,
gamma rays and neutrons. Digital image processing
extends the radiographic capability to three-dimensional
imaging (tomography). Portable conventional X-ray
units up to 450 keV are availlable which can examing
bronze idols up to 100 mm thickness, Microfocal X-ray
radiography systems can extend the detectable size of
defects down to 10-25 u, Gamma radiography using
higher energy sources like **2Ir, '*'Cs and “°Co is
suitable for thicker regions of atr idatl.

Idols normally have intricate shapes and larpe
thickness differences. Various combinations of current-
voftage-exposures are necessary to -ensure  adequate
sensitivities and for detecting defects in the regions of
interest, Onee internal features have been detected using
conventional radiography, suitahle parameter contbi-
pations cupn be used (0 record hipgh definttion imapes by
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using microfocal radiography and digital image process-
ing.

Our experience

The present authors investigated and fingerprinted
bronze idols of different perieds (9th century to 16th
century) by optimising many techniques. Precision
photographs were taken using a monorail large format
camera. The photographs and sculed grids super-
imposed on them were used for reference in all
subsequent tnvestigations. Holography has been found
to be useful in order to compare the actual object with
the reconstructed image.

Very small quantitites of material samples were
collected from tnconspicuous regions of these idols for
chemical analyses. Some of the results are presented in
Table 1. Contrary to popular belief, no trace of gold
was found in these idois. Copper was found to be
present in pure form {99%) in samples as early as the 9th
century. Also, there had been a gradual increase in the
addition of alloying elements presumably to improve
casting quality and to get the desired finish.

An increas¢ In hardness was observed towards the
later periods. Measurements of physical parameters like
hardness, electrical conductivity and thermal electro-
motive force ndicate that the majin body of the ido)
was treated differently compared to g pedestal or other
ancillaries ke prabhavali (ornamental arch). Radio-
graphy and in-sity metallography also corrobaorate thig

South Indian bronzes

| Images of deities in South Inchan temples are of twd types

namely sthirabera (tixed vmage) and chalabers {moving |
image). The former, an image of the deity in sanclum.
cannm rmove and has 1o be seen and worshipped in the cal),
Sthwabera is usually carved out of sione. Chalabera s
intepded fo be taken outl in procession during festivals.
These mages are made of a metal called panchiloba
Almost alt South indian temples teem with these bronye
wdots. Panchalohag is an admxiute of tive metals copper,
brass. tn, suver angd gold. Thus the expected mayor
constituent elements will be copper, zinc, N, silver, gold
and perhaps lead associated with conpsponding ores No |
partcular compgosiion of these themenis can be fned,
since it has evolyed from time to tma and depends on
wherea Ibe dlloy (Panchaioha) s employed il also dependgs ]
on the ongin O the ore and the extont of rehiing done to
oblain e constiuent elements Though siver and gold
are  astnbed as  constituents, theg perdenlage was
msigrudicant i the Shedcimen @ Whuch chemuc gt analyss
wds Carted oul (Tabfe 1] Those Specimns wete collectod
from InconLpHCUGUS Pladas of the idoly Dunimg inteldehon

e added in b mel whde powih) into e Lice Cer it O ]
the gashing
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Table ). Chemical compoutions of some 1dols

Sth [3th [3th 16th
century cefitury ceniury century

tdol 1do} sdol dod
Elements pedestal  pedestal prabhacalt pedestal
Cu{w!®e) 98 60 94 50 94 50 89 40
Sniwt?a) 088 [ 10 I 80 340
Ph(wt®a} (34 t 00 335 288
Fe(wt®s) 0.13 0.05 Q.10 0.52
Inippm) 15.00 4.00 10300 2646 00
Shippm) 476.00 1747 00 3305.00 3098 00
Agippm) 541 00 596 00 165% 00 8§23 00
As{ppm) 129500 178800 3341.00 1394 00
Ni{ppm) 436.00 41800 552.00 636 00
Bi(ppm} §8.00 164.00 503.00 35000
Co{ppm) 45.30 135.00 100.00 114 00
Mn{ppmi 580 < 080 < 0.80 1.80
Total 100.20 97.10 93 %0 27.1¢

Copper was analysed by electrogravimetry, lead, un and iron by
atormic absorption spectroscopy, and all trace elements by inductively
coupled plasma, mass spectrometry.

phenomenon. It was establisiied that the main body of
the idol was given greater importance. Radiographs of
the main body showed slight defects compared to those
of ancillaries, where the defect density was high.

Most microstructures reveal typical cast structures
(Figure 1) and the presence of large shrinkage cavities
in anciffary structures. This indicates that the casting
quality of the main body was better compared to
ancillaries.

What might have been the quality indicators to the
sthapatis of this bygone era? It is an interesting
question that should be investigated and discussed.

Interestingly the present authors found that some of
the idols were made from a larger number of sections
than expected. Radiography reveals the presence of
alignment studs for some of the idols (Figure 2). These
would have been extremely useful while handling hot
metal structures during welding. An ingenious design
feature indeed!

A unique repair region was discovered in one of the
idols 1 which one of the legs was found to be
repaired/mended. This is evident in Figure 3 showing
that the optical density was different and that an alloy
of lower density was empioyed for repair.

450

Data and records management

The vast data generated and the associated records
(photographic, holographic, radiographic etc..) contain
valuable technical and legal information. These have to
be preserved for posterity, and therefore, need to be
compiled systematicaily for easy retrieval and preserved
under adequate conditions and security.

Concluding remarks

Several non-destructive techmiques useful to charac-
terize South Indian bronze idols have been discussed.
Our studies establish the importance of scientific and
comprehensive fingerprinting of bronze idols which are
part of our rich metallurgical heritage. Such investi-
gations could enrich the understanding of our history
and enlighten the world about the metallurgical
technology that existed in ancient and medieval India.
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