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Mirrors: Metal Mirrors from India

SHARADA SRINIVASAN

Mletal mirrors have a long antiquity in varlous paris of
the Old World and Asia. Mirrors have had considerable
magico-religious and aesthetic significance in parts of
Asia, for example in China and India. The English word
speculation” comes from the Roman words meaning
magic for telling the futore by looking in a mirror
(speculum), and mirror divination is s41] taught in the
lihetan Buddhist radition. The motit of the celestial
maiden. deity or dancer adminng herselfin a mimror is an
enduring ong in Indian sculpture, as exemplified by a
Kushan sculpture of a Yakshi or tree nymph from
Sanghol (first and second century CL).

Fine bronze mirrors with fipurines on the “lang” or
the shank that fit onto their handles are found from
ancient Egypt. Early flat, circular or tanged mirors
come [rom Harappan contexts in the northwest of the
Indian subcontinent at Quetta and Harappa in Pakistan
(. 2000 BCLE) and Dhaolavira in Gujarat, India. These
would have been made of bronze with a low-tin content
(i.e. less than 10%w).

Subsequently bronwe mirrors of & higher tin content
came info vogue in various parts of the ancient world,
Low-tin bronze consists of the coppery-tomed solid
soulution of fin in copper, known as the alpha phase,
which enhances its strength. However, il has limited
rellectivity, whereas cast bronze with higher amounts
of tin has inereasingly higher reflectivice. This is due to
the formation upon conling of higher tin bronee of an
alpha plus dela cutectoid phase; i.e. a fine mixture of
two solid components, the alpha phase and the dela
phase which a silvery white intermetallic compound of
copper and tin. [owever, sinee this delta phase com-
ponent is also highly embrittling, as-cast higher tin
bromze mirrors were uswally leaded. Such examples of
cast bronze mirrors with 20—-23% tin and 5 10% lead
are widely found from Ian China and the Roman world
from the Christian era (Meeks 1993}, Bronze mirmors
have been one of the most prolific and exolic of Chinese
abjers o ari. The addition of lead improves castability,
but lead is an opaque material that is not soluble in
copper and may bhave compromised the reflectivity.

At the villape of Aranmula in Kerala in southern
India, a unique mirror making traditiom survives, Here,
a casl high-tin bronze mirror of 33% tn of highly
specular or reflective properties is made which is
comparable 1o, if not better than, modern mercury slass
coated mirrors ({Fig. 1) This is done by oplimising
the presence of the brittle silvery-white delta phase of
bronze while eschewing the use of lead. Tn an anthro-
pological study, Mukherjee (197%) hriefly mentioned

the cralt of making metal mirors al Aranmula, while
sludies were also made by Thomas 1991, Srinivasan and
Pillat et al. (1992). The author decumented the making
of metal mirrers from Aranmula in 1991, followed by
derailed technical and micro-structural stodies on
equipment purchased in early 1992 by Dr. Tan Glover
fram mirror makers hailing from Malaldara, also in
Kerala (Srinivasan and Glover L9935, 1997 1998). These
comprehensive metallurgical investigations on frap-
ments of the mirror allovs established that uniguely,
these were made of a binary alloy of copper with 33%
tin. This may be describad as ahigh-tin delta bronze due
toy 1ts elose mateh with the composition of the pure delta
phase of bronge, an intermetallic compound {Cus, Sng)
ot 32.06% tin and the rest capper. It is this composition,
approximating to a pure delta phase, which yields
properties ideally suited for a mirror, since it 1% a hard,
stable and silvery compound, which can be polished
with great retlectance. The entire micror manufacturing
process seems geared fo aptimising the presence of this
delte phase, which the copper-tin phase diagram
indicates firms only within a narrow compesition range
ul’ bronze of 32 34% tin at non-equilibrium room
temperatures (Scott 1991: 85), While this silvery
metallic alloy sharters quite easily like plass, this
brittleness 15 offset not by adding lead but by casting a
very thin blank. no more than 3-mm thick, which would
thus cool quickly with fewer heterogeneities. Then the

Mirrors: Metal Mirrors from Tndia, Fig. 1

Iraditicnal
metal mirror of east high-tin delta bronee (3% iin) made at
Aranmula, Kerala.
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Mirrars: Metal Mirrors from India. Fig. 2 Cast
oval mirror blank of silvery delta bronze mounted on
wooden polishing hoard.

Mirrors: Metal Mirrors freom India. Fig. 3 Healing of
erucible-cum-monld in g hearth fuelled by coconut husks,

blank is reinforced by mounting it with resin on a
wonden mount for the polishing process (Fig. 2). A
finished mirror from Aranmula consisted of 32.5% tin,
approximating  the composition of the pure delta
compound of 32.6% tn. Thus, it is remarkable that
merely by using traditional ‘low-tech’ methods and
materials a rather sophisticated “high-tech’ metallurgical
end product is achisved.

At the workshop of Janardhan Achari of Aranmula, a
cleverly mude jug-shaped crucible-cum-mould of clay
15 used for the casting process. The lower portion
consists of a two-piece clay mould which is connected
le the neck. consisting of a hollow cup whersin the
metal pieces to be cast are placed and sealed with clay.
Then this closed clay crucible-cum-mould is heated
neck down on a hearth (Figs. 3 and 4), wherchy the
metal melis in the neck. and then the jug-shaped
crucible-cum-mould is tipped over so that the molten
metal flows into the narrow gap between the oval two-
picee mould so that 1t solidifies inlo a thin 3 mm owval
metal blank. The cast hlank, which is retrieved by
breaking the mould, is mounted onto & wooden handle
and polished over several days with hessian and velvel

Mirrars: Metal Mirrors from India. Fig. 4 Heaed
inverted crucihle-cum-mould being remeved from heerh
with the lower part containing the metal to be cast, When the

Jug-shaped crucible-cum-mould i fpped aver the mollen

metal Neews into a narrow hollow space fir the blank created
by two flat dise moulds.

Mirrars: Metal Mirrors from India. Fig. 5 Polishing
of cast blank on hessian cloth wsing (the powdersd brinle
miirrer alloy itself for polishing.

cloth to get a mirror finish (Fig, 5). The hardness of the
delta bromze alloy was found to be between S00-540
VPN, which is harder than normal steel, and thus the
thin mitror blank could be polished almost entirely free
of distortion. Ingeniously, the hard mirror alloy is itself
used to give the mirrar a final polish sincs it can be
easily powdercd, as it is highly brittle, This would
usefully serve to smooth out and i1l m any defects m
the cast blank with the same alloy to give the hest
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Mirrors: Metal Mirrors from India. Fig. 6 Micro-stotemurs
of as-cast 32.4% tin-bronze mimor Fagment from Malakkara
showing o marmix of silvery-whie delta phase with a fine
network af bluish alpha plus delia eutectoid (10000,

possible mirror finish. The microstructure of un as-cast
mirror ffragment recently made ar Malakkara with 33.4%
tin showed a stmeture consisting predominantly of a
matrix of whitish delta phase interspersed with a bluish
network of the alpha plus delta eutecioid (Tig. 6).

Such mirrors vield a precise poinl image, as they do
not suffer from blurring due to refraction through glass
encomntered in standard glass mirrors. The eolours
seem to be reflected even more brilliantly, For many
high-tech applications, the type ol refraction that oocurs
through glass mirrors is unacceptable and “front-facing
mirrors’ are used, such as those, which consist of a
layer of sofier reflective aluminium under a thin
protective quartz material. [owever, as pointed out by
1. Poston, the hard Aranmula mirror alloy has compara-
ble reflectivity to these front-tacing mirrors and does nol
seratch easily; unlike a layered surface, it can be
repolished. Although the mirrors made these days have
a blank which is no more than 7—10 cm along its aval
length, in 1998 the elderly Janardhan Achari, perhaps one
of the lust of the meticulously traditional praclioners,
showeed g metal mirror with a 30-cm long blank made in
his heyday. (Large modern front-facing mirrors are a
major challenge to make by the deposition weehnology).

Fig. 7 shows an old metal mirror from Kerala with the
insignia of the Travancore Royal family of Kerala, which
may date to the seventeenth and eighteenth century.
Metallurgical invesigations on tiny [ragments of the
mirror undertaken by the author at the Department of
Conservation and Scientific Rescarch, Freer Gallery of
Art, Smithsonian Institation in 1998 indicated that the
mirror consisted of almost pure crystals of silvery white
delta phase {32.6% tin bronze) (Fig. §) with practically no
cutcetoid [as agreed by T. Chase, personal communica-
tion]. The ahsence of the eutectoid sugeests that the blank
may have been rapidly cooled. This indicates the high
lewel of technological accomplishment in isolating the
reflective internetallic delta compound. This is no small
feat even in modern metallurgical terms. The structure of
the delta phase is that of gamma brass and contains

Mirrors: Metal Mirrors from India. Fig. 7 Old metal
mirror from Kerala showing instgnia ol the Roval family
{sevenwenth and eighteenth ceniuries).

Mirrors: Metal Mirrors from India. Fig. 8 Microstructure
of fragment of above old miroe showing thal it consists
almast of pure delia phase crystals with very little
inter-granular blwish eutectuid phase (540 X,

icosahedral clusters; the icosahedron being the most
symmetric of all vbjects (Srinivasan and Ranganathan in
press). Metaphorically speaking, it is as if the inner beauty
of the intermetallic compound mirror stares back at the
onlooker gazing into it (Fig. 9). The shadowy whitish
patterns in thar image (Fig. @) are in fact the erystals of the
predominant delea phasc.

This waning handicrall teadition of Aranmula his nol
only lechnological significance but also considerable
sacred meaning. The Aranmula mirror (valfannadi in
Tamil and Malayalam), was onc of the eight auspicious
articles or ashtamangalvam sel that traditionally made
up a bride’s wedding trousseau from the Nair and
Namburthri communities (Thurston and Rangachar
1909). A Kushan period Jain votive tablet (first and
second century CF) (illusirated in Cruma 1985) depicls
a mirror as part of the gshtemaongalyam set. Fig. 10
shows a celebrated sculptural bracket figure ol a
madanifa or wemple dancer holding a mirror in the
steatite temple ol Belur, Kamataka of the Hoysala period
(twelfth cenlury), and such depictions are also [ound in
the eleventh and twelfth cenluties sandstone temples of
Ehajuraho. [Such mirrors uncannily resernble the thick
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Mirrors: Metal Mirrors from India. Fig. % Srinivasan
demonstrating image reflected in Arnmoala mirmor with
whitish crystals of predeminant delta phase being seen in the
backgrownd.

wooden polishing board with a rear handle from
Aranmula onto which the mirror blank is fixed with
resin for polishing, Indeed. one might speculate that this
could have itself been used as a tfinished mirror as an
alternative to the cument traditional practice ofmounting
the mror blank mnto g tanged brass frame]. Metal
mirrors are also worshipped in Kerala, where they arc
known as fanmadi binsba. In a subsidiary shrine al a
temple complex dedicaled 1o the Goddess Bhagavati in
Lrmakulam, Kerala, an old large metal miror is
worshipped as a form of the goddess.

The manufacture of the Aranmula kannadi has besn
a zealously puarded secrer of all but a handful of
surviving master crafismen known as gachaeis. Thscos-
sions with them indicate that they believe the cratt has
an mdigenous origin. Local legends link the history of
the Aranmulas mirror W the Parthasarathy lemple o
Krishna at Avanmula, one of Kerala’s [ive most sacred
shrines. One lively story of the origins of the Aranmula
metal mirror was reported in 1992 1o Glover by mirror
maker Janardhanan Achari (Srinivasan and Glover
1995y, Some bronze craftemen are said to have
originally migrated from Tamil Made to make artetacts
lor the Parthasarathy tomple, The Raga of Aranmula

¥irrors: Motal Mirrors from India. Fig. 10 Scolpund
bracket figure from Belur, Karnamka showing madasiba
ur dancer with mirror which resembles the Aranmola
wooden mount for pelishing mirror blanks,

had threatened to evict, since they had grown fat and
lazye. Acwidoras, Parvatl Aammmal, came o their rescue as
she dreamt that Lond Parthasarathy or Kishna had
revealed the scerel of making an unusual reflecting
melal, In oan interesting twisl, not only was the king
placated by the crown made of this material but he alse
exhorled the artisans (o make mirroes for the auspicions
asfiamangalyam wedding sets of brides-to-be from
this alloy dreamt up by the widaw.

As indicated before, the unledded delta bronze
mirrars of Aranmuola are  technologieally  distinet
from mirrors elsewhere, such as the leaded specolar
bromze mirrors which were common in Ching. Rather,
the Aranmula high-tin delia metal mimor seeins Lo draw
from  lomgstandmyg  ndian Gmiliarity with making
arlelacts of unleaded binary high-tin bronze which
had previowsly been livle recognized. Metallurgical
investigations were made by the author on vessels from
Iron Age burials and megaliths such as from the
Milgiris and Adichanallhar in Tamil Madu, datable o the
early to mid first millennium BCE (Srinivasan 19594
Srnmivasan and (Flover 1995, 1997) and one from
Adichanallur by Parsmnasivan (1941}, These were (o be
wroughl and guenched high-tin beta bronze with
around 23% tin, ranking amongst the earliest and most
finely wrought and elegant examples known in the
world, with some having rim thicknesses of no mere
than 0.2 mm and with a range of decorations frem
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Auted ar carinated (shaped like the keel or prow of a
ship) shapes, or ringed and floral motils. Due to the
formation at high wmperatures of a plastic hem
inlermetallic compound phase of a composiion of
22.8% tin (and the rest copper), these specialised alloys
can be hot forged considerably between 6007007,
Thereatter, quenching in water resulls in the retention
of the high-temperature beta phase in a rapid
martensitic ransformation, akin to that found in steel,
which is characleristic by needle-like stuctures in
the metallic microstructure as seen the quenched
structure of an lron age bow] from Adichanalluy, This
yields improved propertics of golden lustre, musicality,
toughness and corrosion resistance, Also, quenching
prevents the {ommation of the low-temperature alpha
plus delta euteetnid phase which due to its embrittling
effect was undesirable in this case.

Vessels and cymbals of wrought and quenched high-
tn beta bronze are still made in Kerala, bearing
similarities in design to the megalithic vessels docu-
mented by the author in 1991 and with (Nover in 1995,
Mirrors were amongst the eollections rom the Nilgiri
cairns (of about 40 vessels cach in the Bridsh Museum
and the Government Museum, Chennai) and Adicha-
nallur burials from Tamil Nado of the early o mid first
millennium BCF. One such sample of unleaded 30%
tin bronze was reported [rom the Nilgini caims by
Breeks (1873: 63, 156). L'rom Somepur in castern Tndia
an carly lustonie period metallic specimen of 32.4%
lin-bronze was reported (Biswas 1996; 187). Minor
occurrences of Lin have been reported in parts of
[ndia such as Hazarbagh in cast-central India and in
Karnataka in southem Tndia. while the authar repunted
old slags from co-smelting copper and tin ores from
the Kamataka region (Srinivasan 1997} which might
suggest that minor local tin reserves could have
heen exploited in southern antiquity. Indeed, Malomey

(1975: 26) suggests that tin was one of the items of

export from the Karnataka coast by Solomon’s amy
along with peacocks, irom, ivary, apes, pold and silver.
Two unleaded bronze samples of 22% and 26% tin
were repotted from the Indus Valley site of Mohenjodaro
(ca. 2500 BCE) (Mackay 1938: 480 213, although
without a metallographic study it is not passible to
conclude if these were inlentionally quenched beta
bronzes. From the Bhir mound in Taxila in Pakistan,
a binary high-tin bronze mirtor of 23% tin was uncovered
(Marshall 1951: 567 9). A vessel examined by the
author from the Vidarbha megaliths of Maharashtra,
carbon dated to aboutl the eighth century BCE, was a
quenched high-tin bromee with 21% tin, ag was unother
with 24% tin from the Candharan CGrave Cullure of
Pakistan of the carly fitst millennium BOFE. Rich finds
of high-tin beta bronze vessels and bracelets have heen
tound from Ban Don Ta Thailand. fourth century BOUE
(Rajpitak and Seeley 1979; Bonnett and Glover 1992,

These show similurities with the Nilgin and Adicha-
nallur veszels in the ringad and koob-hased decora-
tions. although metallurgical comparisons indicate that
the south Indian bowls were much more cxtensively
bot forged prior 10 quenching. While trace clement
compurisons do nol suggest common metal sources,
it is possible that Indianised stylistic influences were
comman Lo southeast Asia logether with other cultural
influences sueh as Buddhism in the Tatter first millen-
ninm BCE. In the medieval Tamil text, drrichantiva
Puranam, fanjongm 18 used to describe a shining
mirror whilst this word is also used to describe cymbaly
(Tamil Lexicon), conveyving the metallic lustie of high-
tin bronzes. Thus, it is probable that the Aranmuly
mirror making process evolved ou of longstanding
metallurgical traditions prevalent in the Indian subcon-
tinent for the use of hronzes of w high tin content.
Simificantly, in recent vears this skilled and quaint
mitor crafl [rom Avanmula has heen awarded a
Creographical Indicator (G patent i India,
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