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Production Technology of Metal Images in Tamil Nadu
There are numerous publications dealing with the subject of the Cōḻa ‘bronzes.’2 Considering the amount of 
literature on this topic, one gets an impression that everything that needs to be said has already been said. 
But nothing can be further from the truth. Most publications discuss in detail iconography and style, leaving 
out the technological aspects, which are of less interest to art historians. Information about production 
technology, if included at all, is rarely based on scientific research. The same is true for the instructions 
allegedly found in the ancient Sanskrit and Tamil treatises on art, which are often misquoted. The results 
are incorrect, or at best imprecise, statements often repeated by several authors.

It is not possible to trace, in all its details, the production process used for making metal icons in the Cōḻa 
period, as there are several methods of direct casting. But we can assume with a high degree of probability 
that the Cōḻa images were made through the lost wax (cire perdue) method, since it is described in the 
śilpaśāstras (technical manuals in Sanskrit that deal with iconography, temple architecture and the making 
of images), such as the ca. 12th-century Mānasāra3 and the 12th-century Mānasollāsa. Cire perdue is also 
mentioned, albeit in a single sentence, in some treatises on ritual.4 The term used in these ancient texts is 
madhūcchiṣṭavidhāna.5 Cire perdue is also employed nowadays by the hereditary bronze casters of Tamil 
Nadu. 

Currently, images meant for worship, at least in Tamil Nadu, are solid cast, which means that they 
consist entirely of metal and there is no clay core inside.6 To produce a solid-cast metal sculpture by means 
of the lost wax method, a model of wax has to be made first (Fig. 1). It is identical to the intended metal 
sculpture and the better and more detailed the model, the better the cast image will be. It is impossible to 
determine what materials were used during the Cōḻa period, but nowadays the traditional bronze casters 
of Swamimalai in Thanjavur district of Tamil Nadu use a mixture of 50% beeswax and 50% resin powder.7 
The wax model is enveloped in several layers of clay and left to dry in the sun, which may take three to four 
weeks. For the innermost layer, the clay from the shore of the river Kaveri, which flows through Swamimalai 
village, is used. The Kaveri clay is believed to be especially suited for this purpose and, according to the 
casters, it has been in use since antiquity. The outer layer consists of coarse clay taken from paddy fields. 
Finally, the clay mould is tied with metal wire to prevent breakage during the wax removal. When the clay 
is completely dry, the model is heated so that the wax melts and flows out through purposely constructed 
channels (sprues), hence ‘lost wax’ technology. Smaller channels, the vents, provide the passage for air 
to escape the mould. The molten wax leaves a cavity, into which, subsequently, liquid metal is poured by 
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means of the same channels through which the wax 
left the mould. Their exact location may depend on 
the size of the image, but at least in some cases in 
antiquity the channels were attached to the back 
(sprues) and bottom (vents) of the icon as can be 
seen on a South Indian, 11th-century miscast bronze, 
now at the Victoria and Albert Museum in London.8 
Another interesting miscast bronze is the Naṭarāja in 
the collection of the Government Museum, Chennai, 
apparently cast in one go. It shows remains of three 
channels: on the rear of the head, the lower back and 
the lowermost point of the halo.9 In addition to the 
main channels, each image also has smaller ones, 
which connect protruding parts, such as arms, to 
facilitate the flow of metal. These are usually sawn off, 
but they still can be seen on some ancient sculptures 
(Figs. 2 and 3). During casting, the mould is buried 
in the sand to prevent cracking, with its sprues and 
vents uncovered and pointing upward. 

Once the metal has cooled, the clay mould 
is broken away with a hammer to reveal the cast 
image, which still must be chiselled to sharpen the 
details, and subsequently polished. There seems to 
be disagreement among authors about how much 
chiselling was used in antiquity. Some authors state 
that finishing work was limited to removing the 
connecting channels and polishing,10 while others 
believe that extensive chiselling has been practiced 
at least from the late-Cōḻa period onwards.11 The 
research on a bronze group attributed to ca. 1100 
CE proves that towards the later-Cōḻa period the 
amount of chiselling and filing required was indeed 
substantial.12 It is of course to be expected that, as 
happens today, better craftsmen produced more 
‘complete’ images, requiring less finishing after 
casting. As for contemporary practice, chiselling 
plays an important role in finishing the face, hair and 
ornaments (Fig. 4). 

Because every new image requires a new wax 
model and clay mould, all bronzes made by this 
method are unique pieces. As a result, there are no 
two identical Cōḻa bronzes, even though sometimes they may look very similar to an untrained eye. The 
production process is therefore long and can take up to a few months for very large sculptures. As noted, 
images made in this way are called ‘solid-cast’ bronzes, because they consist entirely of metal. It is also 

Figure 1: Wax model. Sri Jayam Industries, Swamimalai. 
Photo: Anna A. Ślączka.

Figure 2: Shiva as Tripurantaka (det.), 9th-10th century, 
Keelayur. Thanjavur Art Gallery, acc. no. 58. Photo: Anna 
A. Ślączka.
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possible to produce ‘hollow-cast’ images through 
the cire perdue method. In such a case, a clay core 
is used, which is then covered with a layer of wax, 
finished with the desired degree of detail. Pins may 
be inserted through the wax to hold the core in place; 
subsequently, the clay mould is built up around the 
wax in layers. After heating, the wax flows out, leaving 
a narrow space for the molten metal. But contrary to 
the solid-cast technique, here the clay core of the 
image remains under the layer of metal (so such 
images are not truly ‘hollow’, but they are not made of 
solid metal either). This method is cheaper, because 
less bronze is required. As mentioned earlier, hollow 
casting is not employed, at least in contemporary 
Tamil Nadu, in production of images to be used in 
temples.13 

Cōḻa Images in Secondary  
Literature: Solid Versus  
Hollow Cast
Although almost all Cōḻa utsavamūrtis seem to 
be cire perdue, solid-cast bronzes,14 some authors 
maintain that they are hollow-cast.15 Others claim 
that although the bodies of the deities are cast solid, 
their animal mounts (vāhana) are hollow. This latter 
assertion is regularly repeated and has even been 
made by important scholars such as P.R. Srinivasan16 
and R. Nagaswamy.17 Furthermore, at least one 
author claims that the halo surrounding the deity is 
also cast hollow.18 These statements are usually not 
supported by references to technological research.19 
It would perhaps be imprudent to reject these claims 
altogether, and yet very few hollow-cast images 
remain, vāhana or otherwise, from the period under 
discussion. One of them is the famous bull of Śiva 
from the Naṭanapurīśvara Temple in Tandantottam 
in Thanjavur district, already mentioned by Barrett 
just because it is unusual.20 The bull has subsequently 
been given by several authors as the (only) proof that 
vāhanas are hollow-cast.21 

Lesser known is the composition showing Śiva as 
a horse merchant (Kudiraichokkar), originally from 

Figure 3: Vishnu (det.), 16th-17th century, Eachangudi. 
Thanjavur Art Gallery, acc. no. 186. Photo: Anna A. Ślączka.

Figure 4: Final touches: chiseling and engraving. Sri Jayam 
Industries, Swamimalai. Photo: Anna A. Ślączka.
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the Jambukeśvara Temple on the Srirangam Island near Trichy, with the horse being hollow-cast with a 
burnt clay core.22 A third rather interesting example is a small seated figure, of which only the lower part of 
the body, including the legs, is hollow cast.23 Concerning the halo, to my knowledge, no (antique) hollow 
cast examples have been reported. Those around large Naṭarājas have sometimes been reinforced with iron 
armature, which was presumably directly embedded in the wax, but more study is needed to precisely 
understand the process.24 

Furthermore, several authors mention inscriptions from the period, in which images donated to temples 
are described either as ghana (thick, solid) or suṣira (hollow).25 Because the provided references are often 
incomplete, the present research has thus far traced only one such inscription, coming from the famous 
Bṛhadīśvara temple in Thanjavur and quoted by several scholars. This inscription speaks of Śiva’s bull that 
is (partially) solid and (partially) hollow.26 As far as all the remaining ‘mounts’ and haloes of the Cōḻa-period 
figures are concerned, they were either never examined, or the results have not been published.

At least some of the statements quoted above may reflect contemporary practice. The much-respected 
master-craftsman, Ganapati Sthapati of Mahabalipuram, in his book on image making prescribed that ‘… 
vehicles (or vahanam) should not be solid’.27 Moreover, it appears that at least some authors witnessed the 
bronze casting process in one of the traditional production centres that still thrive in South India, such 
as Swamimalai. The hereditary bronze casters consider themselves the descendants of the Cōḻa-period 
craftsmen and claim to use the same methods as did their predecessors one thousand years ago. Still, they 
frequently use the hollow-cast method (even for entire images), which is not only cheaper – as noted earlier 
– but also easier in the case of very large bronzes. The only exceptions are bronzes meant for worship, 
commissioned by temples, which are always cast solid.28 

It is also plausible that the idea that vehicles (and haloes) should be cast hollow derives from some 
relatively late treatise on image making, or from a modern interpretation of an ancient text nowadays 
used by the casters. It should be noted, however, that the Mānasāra–the text most frequently referred 
to by contemporary bronze casters and scholars writing about Cōḻa bronzes, does not provide any such 
information. The text of chapter 68 dedicated to bronze casting is extremely corrupted and therefore 
unsuitable for any practical purpose, while its well-quoted translation by Acharya is for the most part 
based on interpretations.29 The 12th-century Mānasollāsa contains more detail and is less corrupt than 
the Mānasāra, but explains only the technique of solid casting;30 the 16th-century Śilparatna mentions 
both technologies, but does not say to which images, or parts of images, they should be applied.31 Finally, 
the Sakalādhikāra, also given as a source sometimes,32 does not seem to speak about production of metal 
images at all.33 

The Mystery of the Pañcaloha

Another controversy around the South Indian metal images concerns the alloy of which they are made. 
One often reads, in both popular and professional publications, that the images are made of the so-called 
pañcaloha, an alloy of five metals, and individual authors appear to have no doubts as to the nature of the 
alloy. Yet, the lists given by different authors vary: copper, silver and gold are always included, but there is no 
agreement about the remaining two metals. We either have brass (itself containing both copper and zinc) 
and lead34 or white lead;35 or we have brass and zinc;36 and sometimes even brass and iron.37 Interestingly, 
tin as an ingredient of the pañcaloha is rarely mentioned,38 although some authors speak of Tamil ‘high-tin 
bronzes’.39 As for the contemporary practice, the hereditary casters of Swamimalai use copper (82%), brass 
(15%), lead (3%) and small additions of gold and silver, the last two exclusively for temple images. What is 
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the pañcaloha then, and where is it explained? The term is said to have its origin in the śilpaśāstras.40 Yet, 
neither the Mānasāra nor the Mānasollāsa mention it.41 The pañcaloha is also absent from other frequently-
quoted treatises, the Viṣṇusaṃhitā and the Śilparatna.42 

Again, I do suspect the term to occur in some later-date work, or a Tamil rendering of some ancient 
Sanskrit treatise, used by contemporary craftsmen. In fact, Baldev Raj in his important study of metal 
images mentions that ‘The Tamil and Malayalam versions of the translation of this chapter [chapter 68] of 
Manasara is presently being used as the guidebook for lost wax metal casting’.43 Considering the amount 
of mistakes and omissions in the Sanskrit text, the casters probably use an interpretation of the Mānasāra, 
rather than a literally translation.44 It should be added that the few examinations whose results were 
published show considerable differences in metal composition of Cōḻa images, including those of similar 
date and provenance (the copper content is always very high, but the percentage of other metals varies). 
This indicates that the approved metal composition was not static but varied according to workshop and 
availability.45 Pañcaloha is thus an ideal, and an ideal of a later date. Which, as shown by the long and diverse 
lists of metals given by various authors, has been taken all too literally.46 

Figure 5: . Large metal bull facing the sanctum in the Mayuranatha Temple, Mayiladuturai. Photo: Anna A. Ślączka.
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Conclusion
The often-contradictory statements found in 
publications demonstrate that there is a need for 
a thorough technological examination of Cōḻa 
bronzes. Unfortunately, except for a few isolated 
examples, very little research has been done to date. 
Furthermore, results of investigations that did take 
place remain frequently unpublished, rendering any 
evaluation and comparison of the (old and new) data 
difficult or impossible. The paucity of technological 
research is surprising: we do possess concrete 
evidence, in form of ancient statues, that can help 
us enhance our knowledge of the past societies that 
created them. And yet, there are at this point not 
only unanswered questions, but questions that have 
never been asked. Where exactly were the sprues 
located, were large images cast in one go, and how 
many images from the period are truly hollow cast? 
Why, in around 900 CE, did hollow-cast images go out 
of fashion in the Tamil area? The same uncertainty 
concerns popular terms, such as pañcaloha, which 
somehow managed to become an accepted part of 
our vocabulary but has never been questioned. 

To address these gaps in our knowledge, the 
Rijksmuseum set up an interdisciplinary project 
aimed at tracing the production process of bronze 
images from the collection. The first object to be examined was a monumental Naṭarāja bronze (153 cm), 
dating from about 1100 CE. This image has been in the Netherlands since the 1930s (Fig. 6). The preliminary 
results of the ongoing project were shared during the 2016 ICOM Metal congress in Delhi.47 

Notes
1.	 This article is a revised and updated fragment of an article by Marzenna Czerniak-Drożdżowicz and Anna A. 

Ślączka, ‘Cōḻa Bronzes in the Context of the History and Culture of Tamil Nadu’, Art of the Orient 5 (2016), pp. 109-
146.

2.	 ‘Bronzes’ is a term usually used for the sake of convenience. In fact, though, Cōḻa-period images are made of 
almost pure copper with only very little, if any, tin. 

3.	 The Mānasāra is incorrectly ascribed to the Gupta period by its translator (see: P.K. Acharya, Architecture of 
Manasara, Translated from Original Sanskrit (London: 1934), pp. lvi-lix) and, subsequently by several authors 
discussing production of metal images in India, such as: Ruth Reeves, Cire Perdue Casting in India (New Delhi: 
Crafts Museum, 1962), p. 29, and Dilip K. Chakrabarti and Nayanjot Lahiri (eds.), Copper and its Alloys in Ancient 
India (New Delhi: Munshiram Manoharlal, 1996), p. 144. The text, however, does not appear to predate the 12th 
century.

Figure 6: Nataraja, ca. 1100 CE. Rijksmuseum, Amsterdam, 
acc. no. AK-MAK-187. Photograph courtesy of the 
Rijksmuseum, Amsterdam.
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4.	 For example, in Viṣṇusamhitā 14.65 and Aṃśumadkāśyapa 56.2. See, Viṣṇusaṃhitā, ed. by M.M.T. Ganapati Sastri 
(Delhi: Sri Satguru Publications, 1990, [orig. pub. 1925]) and Aṃśumadkāśyapa (Kāśyapaśilpa), Institut Français 
de Pondichéry T1, paper transcript of the Keelvelur palm-leaf manuscript (by Neelakanta Sarma), completed 
24.05.1958.

5.	 See Mānasāra 68 and Mānasollāsa 1. For editions see, Prasanna Kumar Acharya, Mānasāra on Architecture and 
Sculpture (London: Oxford University Press, [ca. 1934]); and S.K. Sarasvati, ‘An Ancient Text on the Casting of 
Metal Images’, Journal of the Indian Society of Oriental Art, 4.2 (1936), pp. 141-144. 

 6.	 Information on contemporary casting technology in Tamil Nadu is based on interviews with Mr D. Srikanda 
Sthapathy, a hereditary bronze caster and owner of the Sri Jayam Industries (‘S. Devasenaspathy Sthapathy Sons’) 
in Swamimalai, Tamil Nadu, conducted in February 2011 and 2014. For a more detailed description of contemporary 
bronze casting processes in Swamimalai see, M.V. Krishnan, Cire Perdue Casting in India (New Delhi: Kanak 
Publications, 1976); Baldev Raj, C. Rajagopalan, C.V. Sundaram, Where Gods Come Alive (New Delhi: Vigyan Prasar, 
2000); and especially, Thomas Evan Levy, Alina M. Levy, D. Radhakrishna Sthapathy and D. Srikanda Sthapathy, 
Masters of Fire: Hereditary Bronze Casters of South India (Bochum: Deutsches Bergbau-Museum, 2008). For other 
bronze casting centres in India, see Krishnan.

7.	 Details, such as the composition of the wax or clay used may vary in different regions of India, and perhaps even 
in different workshops, as shown by Krishnan, p. 11 and pp. 13-14.

8.	 Ben B. Johnson, ‘Krishna Rājamannār Bronzes: An Examination and Treatment Report’, in Krishna: The Cowherd 
King, ed. by Pratapaditya Pal (Los Angeles: LACMA, 1972), pp. 45-58 (p. 48). Despite the title of the publication, the 
image in question is presumably Sambandar and not Krishna, these two representations being very similar; see 
also, Sharada Srinivasan, ‘The Art and Science of Chola Bronzes’, Orientations 37.8 (2006), pp. 46-54 (p. 52), who 
referring to an image from the British Museum (acc. no. 1958.7.15.1) writes: ‘As revealed…, the casting technique 
was one where the mould was placed at a horizontal incline; and the main sprue at the base of the spine was then 
cut off, leaving behind a protrusion. The back of the arms bears traces of runners which were once attached to the 
main image to aid the flow of molten metal and then sawn off ’. In contemporary practice, the main sprue and vent 
might be attached to the feet of the image (or to the pedestal, in case of smaller sculptures), see Krishnan, pp. 13, 
23-24 and 74).

9.	 I would like to thank Dr V. Jeyaraj from Chennai for making me aware, and showing me a photograph, of this 
image.

10.	 Vidya Dehejia, ‘Chola Bronzes: How, When and Why’, in The Sensuous and the Sacred: Chola Bronzes from South 
India, ed. by Vidya Dehejia (New York: America Federation of Arts, 2002), pp. 11-27 (p. 12): ‘In Chola times, only the 
barest minimum of finishing work, like removing the channels of bronze connecting hands to torso… remained 
to be executed; the product of a well-encased wax model needed only be polished’; and Srinivasan, ‘The Art and 
Science of Chola Bronzes’, p. 52: ‘The best Chola bronzes did not need much finishing as suggested by the details 
that stand proud of the surface.’

11.	 R. Nagaswamy, Masterpieces of Early South Indian Bronzes (New Delhi: National Museum, 1983), p. 5: ‘An 
examination of Pallava bronzes also makes it clear that the artist paid greater attention to even minute details in 
the wax stage itself so that there was little chiseling to do after casting the image. By contrast from about the 12th 
century, the wax model was fairly rough made and extensive chiseling had to be resorted to after final casting’. A 
similar statement is found in Vijaya Ramaswamy, ‘Metallurgy and Traditional Metal Crafts in Tamil Nadu (with 
Special Reference to Bronze)’, Indian Journal of History of Science, 29.3 (1994), pp. 465-476 (p. 471).

12.	 Johnson, p. 46. For the dating of the group of sculptures, see Pal, p. 33.
13.	 The exceptions are images of ‘village deities’, such as Ayyanar, which may sometimes be hollow-cast. This is 

also true for images of village deities dating from about the 18th or 19th century. See Anna A. Ślączka, ‘Temple 
guardians and “folk Hinduism” in Tamil South India: A bronze image of the “black god” Karuppannasamy in the 
Rijksmuseum’, The Rijksmuseum Bulletin, 64.1 (2016), pp. 62-82 (note 74).

14.	 Interestingly, the hollow-cast method was known in the south of the subcontinent for a long time and was allegedly 
employed in the ‘Amaravati bronzes’, some Keralan and Sinhalese bronzes. To use the solid-cast method was thus 
a conscious choice by the patrons and the casters.
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15.	 See, for example, Gerald W. R. Ward (ed.), The Grove Encyclopedia of Materials and Techniques in Art (Oxford: 
Oxford University Press, 2008), p. 70: ‘The Chola bronzes were usually of leaded tin bronze, and the major figures 
were hollow castings’.

16.	 See, Pullur Ramasubrahmanya Srinivasan, Bronzes of South India (Madras: India Press, 1994, [orig. pub. 1963]), p. 
140: ‘In fact, animal figures are generally cast hollow’; see also p. 355, about the bull from Tiruvanmiyur, Chingleput 
District: ‘Just as in the case of other Nandis [a popular term for Śiva’s bull] this is also probably [my italics] made 
according to the hollow-cast process.’ It should be stressed that very few metal icons of Śiva’s bull found their 
way into museums, in any case far less than the Vṛṣabhavāhana or Ardhanarīśvara images, which were originally 
accompanied by a bull-figure. Metal-cast bull images can still be seen under worship in temples around Thanjavur 
and Kumbakonam (Fig. 05).

17.	 Nagaswamy, Masterpieces of Early South Indian Bronzes, p. 8: ‘The metal images meant for worship in temples 
are cast solid including the large size Naṭarāja images, except the mounts like bulls, which are cast hollow’. On 
the other hand, the only bull described in the book (originally from Korukkai and now in Thiruthuraippundi, 
Thanjavur District; see p. 132) is not said to be hollow-cast.

18.	 Ramaswamy, p. 465: ‘Solid casting has been preferred… and it is only the pedestal (pīṭham), the halo (tiruvāśal) and 
the animal mount (vāhana) which are made through hollow casting’ (the same is repeated on p. 470). Regrettably, 
he gives no examples.

19.	 The difference between solid and hollow-cast bronzes is easy to establish by checking the weight of the image: 
hollow-cast images should be lighter than the solid ones. But this might not be a precise enough method to 
examine small, not always easily detachable, elements (such as the halo), and very small images. In such a case, 
other methods should be applied, for example X-ray radiography of the image. Although, it should be noted that 
if core material is present, exposure to radiation can render Thermoluminescence dating useless.

20.	Douglas Barrett, Early Cola Bronzes (Bombay: Bhulabhai Memorial Institute, 1965), p. 25. The bull is standing 
(which is rare), and his rather long legs show several breaks and cracks in the metal, so there is no doubt that 
it has been cast hollow (or, at least, the legs). For a photograph, see R. Nagaswamy, ‘South Indian Bronzes,’ in 
Indian Bronze Masterpieces: The Great Tradition, ed. by Karl J. Khandalavala and Asha Rani Mathur (Delhi: Brijbasi 
Printers, 1988), pp. 142-179, fig. 13. The bull is dated to the last quarter of the 10th century by Barrett and 900-950 CE 
by Nagaswamy (op. cit.).

21.	 See: Srinivasan, Bronzes of South India, p. 140; and Nagaswamy, Masterpieces of Early South Indian Bronzes, p. 134.
22.	 Ca. 1250 C.E. See Nagaswamy, Masterpieces of Early South Indian Bronzes, p. 134. There is one more Kudiraichokkar 

described in the same publication (p. 133), but here Nagaswamy does not say anything about the casting technique.
23.	 Raj et al., p. 84 and figs. 88a-b; Apparently it is a ‘small size icon’, but it is not further identified by the authors 

and no information concerning date, provenance and present location are given. The image is allegedly in the 
collection of the Government Museum in Chennai (Dr V. Jeyaraj, personal communication 2017).

24.	See for example the Naṭarāja at the Victoria and Albert Museum, London (IM.71-1935), http://collections.vam.
ac.uk/item/O25011/shiva-nataraja-lord-of-the-bronze-sculpture-unknown/, accessed 20th March 2017. See 
‘Production Note’.

25.	 See, for instance, Ramaswamy, p. 470; and Nagaswamy, ‘South Indian Bronzes’, p. 146.
26.	The inscription is in Tamil and published by E. Hultzsch, V. Venkayya and H. Krishna Sastri, South Indian 

Inscriptions. Vol. 2 (Madras: Superintendent Government Press, 1916), Part 2, no. 46.  See especially lines 26-27 
(text on p. 178, translation on p. 187): kaṉapoḷḷalākacceytaṛṣabha[m]oṉṟu, ‘One bull (ṛishabha), (partially) solid 
(and partially) hollow’. Literally: one (oṉṟu) ṛṣabha made (ceyta) solidly and hollowly (kaṉam+poḷḷal+āka).The 
inscription is mentioned by T.A. Gopinatha Rao, Elements of Hindu Iconography (Delhi: Motilal Banarsidass, 1985 
[orig. pub. 1914]), p. 51; Sirkali Ramaswamy Balasubrahmanyam, Middle Chola Temples. Rajaraja I to Kulottunga I 
(A.D. 985-1070) (Faridabad: Thomson Press, 1975), p. 45; G. Kuppuram, Ancient Indian Mining: Metallurgy and Metal 
Industries, Vol. 1 (Delhi: Sundeep Prakashan, 1989), p. 118; Calambur Sivaramamurti, ‘South Indian Bronzes,’ in A 
Souvenir Released on the Occasion of the Exhibition on South Indian Bronzes, ed. by M. Raman (Madras: Government 
Museum, 1992), pp. 1-7 (p. 3); and, presumably, Nagaswamy, Masterpieces of Early South Indian Bronzes, p. 134, with 
the authors (except Balasubrahmanyam who only gives the translation) re-Sanskritizing the Tamil kaṉam into 
ghanam. I would like to thank Emmanuel Francis for his help in tracing and interpreting this inscription.
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27.	 V. Ganapati Sthapati, Indian Sculpture and Iconography: Forms and Measurements (Pondicherry: Sri Aurobindo 
Society, 2002), p. 220.

28.	Unfortunately, the casting methods practiced in Swamimalai are often presented as the ‘original Cōḻa’ ones, 
sometimes including details which would be impossible to verify even by examination using the best of 
technologies. Exceptions are publications by Raj et al., and Levy et al., whose authors do mention changes in the 
casting process. Ramaswamy, p. 465, ascribes these changes to the expanding tourist industry and subsequent 
growing demand for bronze images.

29.	Prasanna Kumar Acharya, Architecture of Mānasāra: Translated from Original Sanskrit (London: Oxford University 
Press, 1934), pp. 633-636. See also Vincent Lefèvre, ‘L’application de la norme dans les bronzes de l’Inde du sud: 
aspects techniques’, in La norme et son application dans le monde Indien, ed. by Marie-Luce Barazer-Billoret and 
Jean Fezas (Paris: École française d’Extrême-Orient, 2000), pp. 221-233. Unfortunately, I only learned about this 
article after writing this paper. I would like to thank Vincent Lefèvre for sharing the article with me.

30.	The full text of the Mānasollāsa was not available to me. Instead, I used the transcription of the chapter on bronze 
casting given in Sarasvati, Raj et al., pp. 23-24, and Krishnan, pp. 1-8.

31.	 See Part II, chapter 2.32-53 in, The Silparatna of Sri Kumara, ed. by K. Sambasiva Sastri (Trivandrum: Superintendent, 
Government Press, 1929). It is interesting that the Śilparatna appears to be the only early Sanskrit text to describe 
hollow casting in detail (solid casting is only briefly mentioned at the end of the chapter). The Śilparatna is 
believed to originate from Kerala where, contrary to the Tamil country, hollow casting was applied on a larger 
scale and it is plausible that the text describes the existing local tradition of bronze casting.

32.	 Ramaswamy, p. 465; Sakalādhikāra, however, deals mainly with making clay images, such as those seen nowadays 
in the village temples of Tamil Nadu. It is surprising, as the deities described in the first part of the text are orthodox 
Brahmanical gods, including some typically South Indian forms, such as Somāskanda and Liṅgodbhava, nowadays 
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