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METALS, MINERALS AND MEDICINE
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This paper concerns the descriptions contained in the early
medical and pharmaceutical texts concerned with the “killing” or oxidation
of metals as part of their preparation as medicines or salves. The treatment
of the ores of zinc, and latterly of the metal, is considered in more detail.
These descriptions are compared with the material obtained from the
archaeological excavations carried out at Zawar in Rajasthan. Material
from the early slag heaps could be interpreted as being debris from the
production of zinc oxide sublimate as described in the early texts. Latterly
metallic zinc was made on a large scale using industrial scale processes
and some of the zinc produced was also used in the preparation of pure
zinc oxide by combustion.

The investigation has been a productive integration of historical
documentation and the scientific examination of materials obtained from
the archaeological excavation of the production sites.
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INTRODUCTION

The minerals of metals have been used in the treatment of disease and
injury since the beginnings of medicine, either to be taken internally or applied as
a salve.

In the surviving early pharmaceutical or iatrochemical texts, both from the
Classical world and from the Indian Ayurvedic tradition, metals play an important
part. However, they were not to be taken or applied directly but only after various
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treatments to modify or purify them. Thus it is stated in the traditional Ayurvedic
text, the Rasa Jala Nidhi! that:

Metals, minerals, and gems do not spread through the different parts of
the body, if not properly purified. They are positively harmful, if not used
without purification and incineration.

It is also very noticeable in many treatises, both Classical and Indian, that
the treatment is basically one of burning, roasting or some chemical process that
would produce a purified oxide. Quite often it is the metal itself that is to be so
treated rather than the original mineral or ore, dug from the ground. These operations
were often referred to as “killing” in the Ayurvedic sources?.

A wide range of minerals and metals are described in the main medical
works, but it is noticeable that the precious metals, gold and silver feature
prominently. This perhaps understandable?, but it is more surprising, initially at
least, to discover the prominence given to the obviously poisonous salts of mercury,
lead and arsenic, although all three metals feature strongly in the related subject
of alchemy, especially in the production of elixirs. Much of Tantric alchemy, for
example, is based around mercury, as exemplified by works such as the
Rasarnavakalpa*, which is believed to have been compiled about 1000 years
ago. In this work the treatment of mercury itself (often with sulphur) together with
the use of mercury to treat other metals and their salts including those of zinc are
described in great detail®.

In some of the Ayurvedic texts there is a note of caution about the
administration of some of the more obviously toxic concoctions, with long lists of
persons to whom they should not be given, and even the suggestion that the
physician should be prepared to take a draft himself to reassure the understandably
apprehensive patient. Almost the only metal salts that feature in the early works
and are still used today are those of zinc. These include the familiar calamine lotion
where the active ingredient is a suspension of zinc oxide, which is a very mildly
astringent basic salt, suitable for treating and soothing insect bites and minor
wounds and inflammations such as those occurring in the eye. The physician was
on safer ground with zinc minerals, which are by and large non-toxic in small
doses. To quote from the Rasa Jala Nidhi again®:

Yasoda (zinc?) is the essence of rasaka or calamine. Literally, it means a

thing which helps the earning of fame. It is really a thing which enables
a physician to earn reputation.
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This paper describes some of the materials found during the archaeological
excavations of the early zinc mines and smelters at Zawar, in the Aravalli Hills of
Rajasthan® °&10 and attempts to interpret them in the light of the descriptions
of processes given in the contemporary pharmaceutical literature. The processes
being carried on at Zawar, being concerned with zinc, were closer to the processes
being described in the medical literature than most other metallurgical operations,
and in some cases must have been the self same operation. First it is necessary
to review the early literature for information on the treatment of zinc ores and
minerals.

DEescripTioNs FRoM THE EARLY SouRces 1: ZINc MINERALS

It is perhaps appropriate to commence this section by noting how much
of our knowledge of early metallurgical procedures, especially in extractive
metallurgy, derive from sources that are primarily medical. Many years ago the
eminent archaeometallurgist, R.F. Tylecote, defined the prehistoric phase of
metallurgy as, for practical purposes, lasting right up until the 16" century AD™,
until the first detailed works devoted to the technologies of mining and smelting
were published, notably the De Re Metallica of Agricola*?. Before then such
written information as there was on metals was derived almost exclusively from
works primarily devoted to other subjects, such Kautilya’s Arthasastra, on
statecraft®® It is noticeable that in Pliny’s encylopaedic Natural History*4, compiled
in the early years of the Roman Empire in the first century AD, even in the books
devoted to metals (33-35), how much is taken up with the use of metals and their
salts in medicine. Much more information is to be found in some of the early
pharmaceutical works such as the Materia Medica of Dioscorides, who was a
Greek doctor serving with the Roman army in the first century BC®, and in
compilations such as the Rasarnava, Rasaratnakara, Rasarnavakalpa and the
Rasaratnasamuccaya in the Indian world*. For example, the only written
information on the production of brass in antiquity is contained in works primarily
concerned with medicine!’. By contrast, most ancient and medieval alchemic texts
barely mention zinc or brass. The truth is that whereas the administrators and
medical men of antiquity would have been sufficiently educated to produce a
coherent descriptive text, the miners and metallurgists would have been largely
unlettered, often living in remote, outlandish places. No one in antiquity bragged
of being a miner! This state of affairs has naturally introduced a bias into the study
of early metallurgy generally, that is often not appreciated.
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The ancient authors describe the various varieties of roasted zinc mineral
in some detail*®. Pliny described various varieties of yellow and white sublimates
of cadmea collected from the furnace walls of the silver / lead smelters®. The
name of one variety, lauritos, is especially significant, presumably linking it to the
famed Greek silver mines at Laurion near Athens where argentiferous lead and
zinc sulphides were mined. Another variety was called ‘layered” which is significant
in light of the material excavated at Zawar (see below and Figs. 3 - 6). The
collection of zinc oxide both for the production of brass as well as for pharmaceutical
use continued through the centuries as exemplified by Fig.1

Fig. 1. Workmen collecting sublimated zinc oxide from the walls of the lead / silver smelting
furnaces at the mine of Rammelsberg, Goslar in central Germany in the mid 16"
century ADSL
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The most detailed descriptions are those of Dioscorides contained in his
Materia Medica. He described the production of zinc oxides for medical use by
separate procedures from brass, and from the zinc ores, the latter to be identified
as smithsonite and sphalerite. The translations which follow are taken from John
Goodyer’s work of 1655?°, hence the archaic English (‘ye’ is a common early
printer’s shortening of ‘the’):

But Cadmia also comes from brass red hot in a furnace, the soot sticking
to the sides, and to ye top of the furnaces. Now [rods] of iron of great
bigness, called by ye metal men acestides are joined together at ye top
to ye end that ye bodies that are carried up from the brass may be held
and settled there, which also sticking ye more, grow into a body, and
sometimes one kind of it, sometimes two, or all are made. It is also made
of a burned stone called Purities digged out of a hill that lies over Solis

[Cyprus].

This arrangement of iron bars suspended over the fire to collect the
sublimate would seem to be ancestral to the many similar sublimation processes
for the production of tatiya, that is, zinc oxide, for brass making or medical
purposes which were described by the Islamic writers in medieval Persia? & 22,
as well as by the Venetian traveler, Marco Polo, at the town of Kerman in Iran,
in the 13" century AD?,

Dioscorides then proceeded to describe the production of zinc oxide from
its ores, both smithsonite and sulphidic ores:

But Pompholyx is also made from Cadmia [It is clear from other comments
elsewhere in the book that this should be interpreted as smithsonite]
purposely blown with ye bellows for ye making of it. And it is made thus.
In an house having a double roof a chimney is built, and by it towards
ye loft, a suitable window, and open at ye parts above. But ye wall of ye
house next to ye chimney, is beaten through with a small hole, into the
very furnace for ye receiving of the bellows. It hath also a proportionable
door made for ye going in, and coming out of the workman. There is joined
unto this room another room, wherein ye bellows and ye bellows-blower
work. Then the coals are put into ye furnace and kindled, afterwards ye
workman standing by doth sprinkle on from ye places over the head of
the furnace the Cadmia being beaten small. And ye servant that is under
withall doth do ye same, and casteth on more coals, until all ye Cadmia
that was laid on be consumed, so that by the burning, the thin and light
part is carried into the upper room, and sticks to the walls and to the roof
thereof. But the body that is made of those things carried up, at ye
beginning indeed is like to ye bubbles standing upon ye waters, but at
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last more increase coming, it is like to the fleeces of wool. But that which
was heavier goeth into ye places under foot and is dispersed about, some
to ye furnace, and some to ye floor of ye house. This is thought to be
worse than the thin parts, because it is earthy and full of filth by ye
gathering of it.

Note there is a clear distinction between the purity of the sublimed material
collected from above the furnace and the material remaining in and around the
furnace, the “filth’ probably being a reference to an enhanced lead content. A
somewhat similar arrangement was illustrated in the De re Metallica®, over 1500
years after Dioscoride’s description (Fig 2).

Fig. 2. Vaulted chamber built over silver-smelting furnaces to collect the sublimates of zinc
oxide forming in the flues®.



METALS, MINERALSAND MEDICINE 215

The final description concerns the treatment of what must be sphalerite
ores®:

They which are over these works putting ye stone called Pyrites into a
furnace, they burn it as chalk for many days. But when the colour becomes
Rubrica-like they take it out and set it up. But some say that ye aforesaid
is made of ye only matter that doth perfect brass stone, when being
roasted in ye said ranges it is carried thence into the ditches (flues?), and
is there burnt, for it takes up ye place round ye ditches, and it is found
nevertheless after taking away of ye stones.

This reads like a conflated description of the roasting followed by the
smelting of a sulphidic zinc ore again to produce a sublimate of zinc oxide *around
the ditches’, which are probably to be interpreted as the furnace flues.

The Roman physician Galen also briefly described the production of zinc
oxide for medical usage on Cyprus in the 2nd century AD%, where the zinc
minerals, this time from a copper mine, presumably that mentioned by Dioscorides
three hundred years before, were thrown onto the fire and the resulting sublimate
of zinc oxide was collected from above.

The early Indian medico-pharmaceutical works also frequently mention
zinc ores (rasaka)?’ and specify which ailments etc they were suitable to treat,
although for the archaeometallurgist they are more important as containing the first
descriptions of the preparation of metallic zinc by distillation (see below). In most
modern translation, rasaka etc is usually translated as ‘calamine’, the redundant
term for smithsonite zinc carbonate. Smithsonite is infact rather rare in South Asia
and where an ore is referred to it is much more likely to be sphalerite zinc
sulphide, either its mined state or roasted, that was intended. The Rasarnavam
Rasatantram, which was probably complied sometime in the 11™ to 12" centuries
AD, contains what are probably the earliest detailed descriptions of the various
zinc minerals that were used as ores of the metal®®. These include:

Martica rasak, which is said to be ‘of the very best quality and like
yellow coloured soil’. This almost certainly really is calamine, that is smithsonite,
the zinc carbonate, ZnCQ;, or just possibly zinc oxide, zincite, ZnO.

Gud (Jaggery) rasak is said to be ‘of medium quality and the colour of
treacle’ This is probably sphalerite, zinc sulphide, ZnS.

Pasan rasak which is “of the poorest quality and is like stone’. This could
be hemimorphite, hydrated zinc silicate, Zn,Si,O, (OH),. H,0, as originally
suggested by L.K. Gurjar®.
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These were to be treated with a variety of alkaline aqueous solutions for
periods extending to months in order to oxidize them prior to their reduction to
produce metallic zinc. These treatments seem unnecessary where a simple roasting
would suffice to produce an oxide suitable for reduction.

The Rasaratnasamuccaya describes two varieties of rasaka
kharpara® & 3t

Rasaka is of two types, viz, dardura and karavellaka. The one which has
layers, is called dardura and the one devoid of layers, is karavellaka. The
former dardura is best for sattvapatana where as the karavellaka is
useful in medicinal applications.

Sattvapatana is normally understood as the production of a metallic
oxide or in this instance the production of the metal by sublimation or distillation,
and the sattvapatana process described following this passage is that of reducing
the dardura in a closed crucible or retort to produce metallic zinc. The reference
to a layered variety of zinc mineral is again highly significant with respect to the
material excavated at Zawar although these pieces belong to the period before the
distillation of zinc on an industrial scale commenced (see below and Figs. 3 - 6).

As the Rasaka minerals had both been roasted, the karavellaka variety
intended for medicinal use required little further treatment beyond powdering and
heating with mild alkaline or acidic aqueous solutions.

INFORMATION FROM THE SCIENTIFIC EXAMINATION OF THE MATERIAL
ExcAVATED FROM ZAWAR

The very considerable remains of ancient mines and smelting debris existing
at Zawar in Rajasathan® & * at first sight present something of an enigma. There
are huge underground workings dateable to the last centuries of the first millennium
BC, worked by the Mauryans, but the huge heaps of retort debris from the
production of zinc above ground date only from the second millennium AD, and
were worked by the state of Mewar. Fortunately for the credibility of the whole
project there are also large opencast mines running along the tops of the deposits
above the older deep workings, contemporary with the production of zinc, and,
more significantly for this project, small slag heaps contemporary with the deep
workings.

There are always problems in ascertaining which mineral, even which
metal, was being worked at any given stage in the history of an ancient mine, and
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this is certainly true of Zawar. The remaining mineral in the ancient galleries are
not always helpful, after all what was left behind was presumably what the miners
did not want. At Zawar the metal mineral deposits remaining in the walls of the
ancient galleries are of sphalerite, with small quantities of galena and marcasite,
FeS with a very little of the cadmium sulphide mineral, greenockite, CdS. The
minerals contain only tiny quantities of silver and there is no evidence that any
silver was produced at Zawar before the Post Medieval period. Furthermore, the
geologists of Hindustan Zinc who work the deposits at Zawar are confident that
the mined deposit would have been of a similar make up to that remaining.

One of the reasons that zinc production developed apparently only at
Zawar but apparently at none of the other lead /zinc deposits in India, is that at
Zawar it was possible to separate the sphalerite and galena mineral manually by
hand picking from the crushed ore. Thus it would have been relatively easy to
prepare reasonably pure sphalerite with just a little galena and marcasite ready for
heat treatment to oxidize it.

The evidence from two of the small early slag heaps that were excavated
as part of the Zawar project were again initially puzzling and apparently
contradictory. First, the heaps are very small, in no way commensurate with the
scale of the contemporary mine workings. The slags themselves are rich in lead
and zinc, seemingly from the smelting of the lead component of the ore under
reducing conditions. But the lead mineral smelted was clearly not the original
galena, but an oxidized lead mineral. There was no need to roast galena before
smelting it and the later Post Medieval lead slags at Zawar, were from the smelting
of unroasted galena, as were the early slags at the other huge mines of Rajpura-
Dariba and Rampura- Agucha, also in the Aravallis where the lead/ zinc deposits
were worked by the Mauryans primarily for silver they contained.

This was initially puzzling as the ore at Zawar was also galena and there
was no need to oxidize it. Furthermore in amongst the slags were fragments of
furnace lining coated with crusts of partially vitrified quartz with zinc and lead
oxides and some primary sulphides, strongly suggesting that these crusts had
formed during a high temperature oxidation process, that is a roasting. In addition
there were also fragments of flat plates of mineral (Figs. 3 — 6) made up of dense
layers of zinc oxide, together with some lead oxide and very little else, and
significantly, no sulphidic material. Some of the plates could be re-fitted to form
a single flat sheet of maximum dimensions of about 9 cm by 6 cm, but as the
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Fig. 3. Flat plate predominantly of layered zinc oxide, BMRL 27388R from Zawar. The
maximum length is about 9 cm. (A. Milton / British Museum)

Fig. 4. Flat piece predominantly of zinc oxide, BM 27394V, from deposits radiocarbon dated
to the end of the first millennium BC. Note the layered structure, recalling the
layered dardura of the early Ayurvedic literature (A. Milton / British Museum)

Fig. 5. Layered piece, also from site 2, approximately 5cm in length. (A. Milton / British
Museum)
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Fig. 6. SEM micrograph of a section through the flat plate. The grey areas are of ZnO,
the light area to the right is PbCO,, the black particles are mainly holes, but with
some quartz grains. The dark area on the far right is ceramic. The scale bar is 300
microns.

edges were broken on every side the original sheet must have been considerably
larger (Fig. 3). This suggest that the zinc oxide had collected against a flat surface,
very different from the curved surfaces of the clay furnace fragments in the heap,
which indicated an internal diameter in the range of only 25 to 30 cm. The contact
surface of the large re-assembled flat plate has many grooves or indentations and
in a very few places burnt ceramic is still attached, suggesting the original surface
against which the metal oxide sublimate condensed was of clay, heavily tempered
with straw that would have produced the rough surface which would have helped
adhesion. Thus it is postulated that the debris of at least two quite separate
processes, one of oxidation and one of reduction are contained in the slag heaps.

The processes can be reconstructed as follows. First, the sphalerite-rich
zinc ore would have been crushed and the majority of the lead and iron mineral
physically removed together with the other gangue material. The concentrated
zinc mineral would then have been roasted to convert the sulphides to oxides. The
furnace fragments including rim fragments coated with both sulphide and oxidized
mineral are to be interpreted as coming from the roasting installations, with some
of the original charge of sulphide mineral still adhering to the upper walls amongst
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the oxidized material from the second stage of the process, that made up the bulk
of the material adhering to the walls.

When the oxidation was judged complete the conditions were changed in
the furnace to make it reducing. Under these conditions and at temperatures in the
region of 1100-1200°C the zinc oxide was reduced to a vapour of elemental zinc
that would rise and promptly oxidize in the furnace flue to form clouds of white
fumes as described by Dioscorides®. The majority of this would be condensed
onto the flat ceramic baffle plates that would have been placed immediately above
the furnace, building up by successive operations the flat layered plates of zinc
oxide that were found on the excavation. Some of the zinc oxide would condense
on the upper parts of the furnace as observed.

The oxidized lead in the charge would also be reduced to metal, and the
gangue together with some of the lead and zinc minerals would form the observed
slag. Most of the lead would have collected in the molten state at the base of the
furnace, but at the high temperatures necessary to reduce the zinc oxide lead has
quite a high vapour pressure and a significant vapour of lead would have
accompanied that of the zinc. This would also have oxidized and deposited on the
upper furnace walls and on the plates®. Thus the zinc oxide so produced could
still contain an appreciable lead content as evidenced by some of the layers in the
excavated plate fragments. It is possible that these are not typical, but were
rejects because of their high lead contents, and this is why they finished up on the
slag heap.

As the lead content of the original ore was probably rather low and much
of the galena would have been physically removed at the beneficiation stage, the
amount of lead mineral in the charge was likely to have been quite small, not much
lead smelting slag would be expected and this would explain the small size of the
heaps relative to the mine workings. The primary product was zinc oxide suitable
for alloying with copper to make brass and possibly already used as a white
pigment, as well as for pharmaceutical use.

To produce pure zinc oxide it was necessary first to condense the zinc to
a solid metal, thereby minimizing the lead content and then to burn or otherwise
‘kill’ this to produce the oxide®. This development seems to have taken place on
an industrial scale in India at some time before the end of the first millennium AD
at the latest, and was already being noted by commentators from outside India
(see below).
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DESCRIPTIONS FROM THE EARLY SoURCES 2: Zinc METAL

There are a succession of references to metallic zinc and its production
given with ever increasing detail occurring uniquely in the Indian iatrochemical
literature over the past 2000 years or more. It is noticeable that the descriptions
become steadily more detailed through the centuries, and latterly were clearly
being written by people with close experience of the operations.

The earliest reference to a metal which could be identified as zinc occurs
in the Caraka Samhita, a medical treatise compiled in early Buddhist times,
probably no later than the 5 century BC . In Chapter 26 there is a description
of how puspanjan, which forms the basis of a salve for the treatment of the eyes
and open wounds, is to be prepared by heating a metal in air. The identification
with zinc seems very likely as there is no other metal that would react in air to
produce an oxide suitable for such medical usage®.

The greatest of the early Indian scientists was Nagarjuna who probably
lived sometime in the second to fourth centuries AD. His main works were
collected in the Rasaratnakara which was probably compiled in the 7" or 8t
centuries AD. As well as the cementation process for making brass it also gives
the first description of the making of zinc metal®:

Rasak (zinc ore) should be treated with dhanyamiya (a fermented spirit
similar to toddy), alkalis and ghee and then mixed with wool, lac, harad
(or harra) (Terminalia chebula), kenchua (earthworm, very often to be
associated with the earth that the worm had excreted rather than the worm
itself) and suhaga (borax). Upon heating it yields an extract which is white
shining, like tin: of this there is no doubt.

The Rasarnavam Rasatantram, already referred to above in connection
with the description of zinc ores, describes their reduction to zinc*:

The rasak powdered by the wise vaidya and put into a cloth bag is
dipped into a container of women’s urine for seven nights. The soaked
powder is then treated with juices of yellow and red flowers (saffron,
Acacia catechu), lac tree (Terminalia chebula) and dhak (Butea frondosa),
and then treated repeatedly with alkaline, neutral and acidic solutions
respectively. Then wool, lac, turmeric (Curcuma roxob), harra (Terminalia
chebula), kenchua (earthworms), suhaga (borax) and grahdhoom (possibly
soot) are mixed together and added to the treated ore. The product is then
placed in the mak musa (retort) and heated strongly. The extract released
on heating has a diamond-like shine which is undoubtedly zinc. (VII 33-6)

The Rasaprakasasudhakara of Yasodhara, compiled in the 12%" or 13®"
centuries AD gives the following account of zinc production®:
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Extraction of zinc: Rub calamine [likely to be a roasted ore] with turmeric,
the marking-nut tree, bhilawa (chebulic myrobalans), resin, salts, soot,
borax and one-fourth its weight of Semicarpus anacardium, and the acid
juices. Smear the inside of a tubular crucible with the above mixture and
dry it in the sun and close its mouth with another inverted over it, and
apply heat; when the flame issued from the molten calamine (actually it
would be the molten zinc, not calamine) changes from blue to white, the
crucible is caught hold of by means of a pair of tongs and its mouth held
downwards and it is thrown on the ground, care being taken not to break
the tubular end. The essence possessing the luster of tin, which is
dropped, is collected for use.

The Rasaratnasamuccaya, which was probably compiled sometime in
the 14" to 15" centuries AD, is the most detailed description of the operations
as well as of the apparatus required. By this time the production of zinc was
taking place at Zawar by what was clearly the scientific laboratory process as
described here in the literature scaled up to an industrial operation. The retorts are
described thus and are a more or less exact description of those excavated at
Zawar from the same period “(Fig.7).

Fig. 7. Simple section through a typical zinc-smelting retort of the medieval period at
Zawar. The stick was inserted in the centre of the retort and condenser to stop the
charge from falling out before the process had got underway. (B.R. Craddock)®.
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Prepare a brinjal (aubergine)-shaped crucible or retort of clay, and put
onto it a tube eight or 12 anigulas (inches) long, which opens out like a
thorn apple flower (Datura stramonium) at one end. The tube should be
hollow and have a circumference at the expanded end of eight arigulas.
Such crucibles are known as vrantak musa and are used for the distillation
of kharpar (zinc ore) etc.

The retort was then loaded with the reactants*:

Take equal parts of lac, bark of the papal tree, hara, myrobalans (Terminalia
chebula), turmeric, haldi (Curcuma longa), treacle, resin, rock salt, borax,
and the zinc ore. Bind them together and bake with cow’s milk and ghee.
Then make into balls and put into a vrantak musa and heat strongly. The
contents are then poured onto a slab of stone- the essence of kharpar
of the appearance of tin is to be used.

The instruction to prepare the ore into balls with sticky organic material
is interesting and was done at Zawar, although probably with cow dung rather
than with the more expensive materials specified here. Another smelting arrangement
is also described that recalls that used at Zawar®*:

Dig a hole in the bottom of a kosthi (furnace) and place inside a water-
filled vessel with a perforated plate over its mouth. The fix the vrantak
musa in an inverted position over the perforated plate. Put charcoal of the
jujube tree (Ziziphus jujube) over and around the vrantak musa and heat
strongly with the help of bellows. On heating the zinc extract descends
and is collected in the vessel bottom, and should be used in medicine.

P. R. Ray in his 1956 edition of the History of Ancient and Medieval
Chemistry in India (which is a revised ed. of A History of Hindu Chemistry
by P. C. Ray, 2 vols) envisaged the arrangement of the retort and collecting vessel
as shown in Fig. 8. The contemporary industrial version, not even hinted at in the
iatroliterature is reconstructed in Figs. 9 & 10.

Much of this metallic zinc so produced must have been used in the
production of brass, the last reference to the cementation process using zinc oxide
having been made several centuries earlier, but a substantial proportion must
have continued to be burnt to form purified zinc oxide for pharmaceutical use. The
Persian author Abu Dulaf, in his al-risalat althaiya, compiled in the 10™ century
AD, seems to have been the first writer outside of India to mention metallic zinc*.
In that work he described the various varieties of zinc oxide or tatiya available
for medical purposes, and concluded that the best were from India because they
were prepared from the vapour of ‘tin” (whilst zinc was unknown outside India
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Fig. 8. The condensation of zinc as envisaged by P.C. Ray from the description given in
the Rasaratnasamuccaya®*.

it was often referred to as tin or Indian tin)*. This trade must have continued as
Marco Polo on his return voyage home from China called at the famous port of
Broach on the Gulf of Cambay in Gujarat (which, incidentally, is the nearest major
port to Zawar). There he described one of the principal items of trade as being
tutty, clearly derived from tatiya. This could be translated here as zinc metal, but
it is more likely to be zinc oxide as Polo had already used the term when
describing the production of zinc oxide at Kerman in Iran on his outward journey
(see above)*.

The later pharmaceutical literature from the beginning of the second
millennium AD on, regularly describe the “killing’ of Yasoda, metallic zinc, as
exemplified by the following descriptions given in the Rasa-jala-nidhi®°.

Second Process

Zinc is to be kept in an iron pot over fire, and heated highly, even after
it is melted. A leaf of nimba tree is then to be thrown upon the molten zinc,
which is to be rubbed with the leaf by means of an iron rod. This is
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Fig. 9. Exploded view of the medieval zinc-smelting kosthi as excavated at Zawar®.

Fig.10. Reconstruction of loading of the bank of zinc-smelting 7 kosthi at Zawar, being
charged with a total of 252 retorts. This was a level of industrial sophistication that
was not mentioned in the contemporary scientific texts. (B.R. Craddock)®.
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followed by the rise of flames upon the molten zinc and the incineration
of a part of the metal at the spot where the rubbing is carried on. Fresh
nimba leaves are to be applied and the rubbing to be continued. Wherever
there is rubbing, there is incineration. The part which is incinerated may
be sifted out and the remaining part of the zinc again incinerated in the
same way. The powder, thus prepared, should be freed from the ashes of
the nimba leaves by being washed off with water. Zinc, thus incinerated,
is found to be beneficial to eye-sight and may be used as a collyrium. It
is not recommended for internal use.

This is a reasonably straight forward description of the combustion of the
zinc. The burning leaves would promote the controlled combustion, and the ash
would be largely water soluble. The treatment which follows is more complex.

Third Process

Fine leaves of zinc are incinerated, if they are subjected to heat by
Gajaputam for once only. After having been smeared with a paste made
of kajjavali (mercury and sulphur, combined in equal parts), one fourth
in quantity of the zinc, rubbed separately with the juices of the kanya
(aloe) and nimbu (Ilemon).

Gajaputam is a general term for a preparation made by roasting in a
closed crucible. The zinc could either form a mixture with the mercuric sulphide,
or possibly if the mixture was heated in the closed vessel an amalgam of zinc
could form, although this is unlikely.

CoNCLUSION

The study of the history of science is dominated by textual evidence.
Archaeological excavations of the early production sites can produce complimentary
evidence of the processes referred to in the early texts. It is sometimes possible
to identify the specific types of crucible or retort as described in the texts. From
Zawar the retorts, shaped like aubergines, survive with their condensers attached,
still sitting on their perforated plates exactly as described in the
Rasaratnasamuccaya, centuries ago. There is something very satisfying actually
holding such items, and furthermore the scientific examination of the material
remains can provide additional parameters of the processes that are not given in
the texts. Such direct correspondence is so far almost unique in both the study
of early metallurgy and of medicine, and has enabled both the archaeological
remains and the early texts to be more satisfactorily understood. It is to be hoped
that the interaction will be extended to other materials and processes.
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