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'an agreement' (foedus), and Empedocles8 'a gluing together of related 
things' (collam germanorum). And the harmonious mixture9 of gold is the 
reason why it is warm and moist, and is prescribed for tremors of the 
heart and for black bile which causes melancholy, especially for [the 
disorder] that makes a man talk to himself when he is alone. It is prescribed 
for these afBictions either ground up with other things having the same 
power, or taken by itself as a powder. 

Its solidity is the reason why it does not easily stain bodies that it 
touches, and therefore it is worn in rings and other ornaments. For silver 
stains a little and the other metals a great deal; and this happens because the 
unctuous moisture is not completely separated from them; and with this 
is mixed some burnt earthiness that stains like the soot of an unctuous body. 

And the great purity of its material is the reason why [gold] is very 
rarely found mingled with any other body, but always, so to speak, pure; 
for if it were mixed with anything else, it could not retain such purity, 
and then it would degenerate into copper; and on the other hand it is 
very rarely found10 incorporated with stones. And for this reason, again, 
it is frequently found as little grains of sand;11 for anything of such great 
purity must occur only in small quantity, raised up out of the material and, 
as it were, evaporated; and therefore it is widely dispersed. But still there 
was recently found a nugget weighing a hundred marks.12 

From all this it is clear, again, why these two metals, that is, gold and 
silver, have the special property of aiding and comforting the [human]13 

constitution; and why they were adopted as material for coinage by the 
wise men of old times; for they are more durable and more noble than 
the other metals. 

8 See ill, i, 3, note 5. 
9 temperantia. Albert's remarks about medi­

cinal uses of gold are similar to those in 
Constantine's Book of Degrees (Opera, p. 348): 
'Gold is more harmoniously mixed than the 
other metals. It has the property of curing 
stomach trouble, and strengthens those who 
are fearful and who have heart ailments. 
Galen asserts that it is good for melancholia 
and mange. When surgery is necessary, if it is 
done with gold instruments, this prevents 
rotting of the fiesh.' 

10 I omit nisi, 'except (incorporated with 
stones)', as inconsistent with the facts 

11 et grana arenularum; but Paneth (p. 38) 
has ut granula arenarum. 

12 The old German mark (marcha), accord­
ing to Hoover (Agricola, De re metallica, 
Appendix C, p. 617), was equivalent to 
3009.6 Troy grains, or about one-half pound 
avoirdupois. This fifty-pound nugget was a 
remarkable find; but even larger ones have 
been recorded. 

13 homines: but editions of 1495 and 1518 
and Paneth (p. 38) have hominis. I have also 
followed the Paneth manuscript in placing this 
clause before, rather than between, the other 
two clauses as printed. 
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The substances that purify gold are sharp and extremely dry, such as 
salt, especially sea salt, and the soot of substances that are unctuous but 
dry, and brick dust.14 When gold is to be purified, an earthenware pot is 
made in the shape of a cucurbita or scutella, 15 and over this a similar one is 
placed, and they are cemented together with the stiff clay the alchemists 
call 'lute of wisdom' (lutum sapientiae). In the upper one there are many 
holes by which the vapour and smoke can escape. And next the gold is 
beaten out in thin, short sheets and arranged in the vessel in such a way 
that each layer of [gold] sheets has above and below it [a layer of] powder 
made of soot, salt, and finely ground brick mixed together. And it is 
cooked in a hot fire until it is extremely pure and the ignoble substances in 
it are consumed. The 'lute of wisdom' of which the pots are made is 
composed of ground-up pottery, remixed and baked; for such a vessel, 
when placed in the fire, does not shrink perceptibly in the fire. There are 
other ways of preparing 'lute of wisdom'16 in alchemy, but let this, which 
is used by goldworkers, be sufficient. This, then, is the method of purifying 
gold, and nothing is burnt away in it except ignoble material. And for this 
reason Hermes aptly says in his Alchemy: 'Sulphur itself, because of a 
certain affinity17 by which all metals are closely related to it, burns and 
reduces them all to ash, except only gold; for the pores [of gold] are tight­
ly closed and cannot be opened'.18 

At the present time the most abundant supply of gold comes from the 
'14 This is the ancient 'cem.entation' process 

for parting gold from silver. The effective 
ingredients are the salt and brick dust. On 
strong heating the silver is attacked by the salt 
and converted to silver chloride, which is ab­
sorbed by the brick dust, leaving the gold 
unaltered. Another method of parting, by 
means of sulphur, is mentioned in IV, 5, 
introductory note. 

15 A cucurbita was 'gourd shaped'; a 
scutella, like a 'little shield', i.e. a flattish 
saucer. 

16 'Lute of Wisdom' was a cement used for 
sealing a junction between a pot and its lid 
or an alembic. It was mostly plastic clay to 
which various ingredients were added to keep 
it from cracking during heating~gg-white, 
chopped dung, lint, or hair. But Albert (or 
his informant) seems to use the term also for 
the mixture of clay with a tempering of 

ground-up potsherds, used in making re­
fractory crucibles. 

1 7 The fint use of 'affinity' ( affinitas) as a 
chemical term has sometimes been attributed 
to Albert, but it must go further back, for 
Arnold of Saxony also gives it a& a quotation 
from Hermes: Book of Alchemy (Stange, p. 
44); and it is in the Liber sacerdotum (Berthelot, 
1893, Vol. I, p. 204). In any case, 'affinity' 
did not have the precise meaning that began 
to be attached to it in the eighteenth century, 
but seems to be merely an alternative trans­

lation for symbo(um (c£ ill, ii, I, note IO), the 
'something in common' that permits two 
things to react, combine, or be trallS,muted 
into each other. 

18 Cf. Meteor. IV, 9, 387 a 19: things are 
combustible only if they have 'pores' through 
which the Fire can enter. 
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kingdom of Bohemia; and recently in [Westphalia] in Teutonia, in the 
place called [Korbach],19 gold has been found in a certain mountain; 
and this [gold] loses less during purification than any other kind. Yet it is 
valued at a lower price than any other kind, and the reason for this is 
surely only that it is new and its value has not yet been proved by the 
buyers. 

It must be remembered, too, that gold is found of a sort of yellow­
saffron colour, and becomes redder on cooking, because the material 
principle [Quicksilver], which is white, is consumed more than the formal 
principle [Sulphur], which is red.20 And on this account alchemists 
wishing to make gold seek for the red elixir, which they call the 'medicine' 
and they seek to have four [properties]21 in it: it must impart colour, and 
be penetrating, and be indestructible in the fire, and be firmly consoli­
dated. And this they call the 'Red of the Sun' (sol, gold). And in the elixir 
for silver they seek [the ability to impart] a white colour, to penetrate, 
to be fixed in the fire, and to be very subtle. And this they call the 'White 
of the Moon' (luna, silver). And on this account Hermes says: 'This22 is 
the root on which all alchemists depend: the medicine of the Sun is red, 
that of the Moon is white.' And the shining white and saffron-red 
[elixirs] open up the gold, but a kind of cooking is needed so that it may 
absorb a [little]23 redness. 

Everything said so far throws some light on the reason why most of the 
alchemists assert that, from every substance composed of the elements, 
they are able to extract three substances, namely, oil, glass, and gold.24 

19 in Vuelvuale Teutoniae partibus in loco 
qui vocatur Turbeth: in the 1518 edition in 
Vuestvalie ••• Curbeck, which may be correct, 
since mining (for metals as well as coal) was 
important in Westphalia, though I have found 
no record of any extensive gold mining.West­
phalia, however, was a region of which Albert 
undoubtedly had considerable knowledge. 

20 The white is Quicksilver, female, supply­
ing matter; the red, Sulphur, male, supplying 
form (c£ IV, 1-2). The reference may be to re­
fining gold which originally contained some 
silver (see note 14 above), or to treating 
amalgam in which fine gold had been col­
lected. In either case the 'white' is driven off, 
and the 'red' (gold) remains. 

21 Avicenna's Letter to Hasen (Zetzner, 1613, 

s 

Vol. 4, p. 973) lists these same properties, 
adding that the elixir must also mix readily 
with other things in the liquid state. 

22 qui, which would seem to refer to 
Hermes, must be an error. Arnold of Saxony 
(Stange, p. 44) has hec enim est radix, &c., 
and the same appears in the text accompanying 
the Emerald Table published by Steele and 
Singer (p. 52). 

23 medicum; but (ed. 1518) modicum seems 
correct. 

24 This saying perhaps refers to assaying 
sulphides suspected of containing gold: First 
the sample is roasted, giving off fumes; this is 
the oil burning. Then a flux is added and the 
mass is fused; the slag that rises to the top is 
the glass. Finally, gold is left. 
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For it is clear from what has often been stated that there is a sort of fattiness 
in everything composed of the elements, which surrounds its parts; 
and since this is viscous, when the moisture of Water vanishes, [the fattiness] 
distils out of a substance set on fire and roasted; and by baking it is driven 
into the interior where it is protected longer from the fire. In every sub­
stance, too, there is a radical moisture mixed with subtle Earth, so that 
each holds fast to the other; and when this [mixture] is strongly heated, by 
subliming itself in the internal pores of the body when the external 
openings have been closed up by burning, it is divided, as it were, into 
two parts; the more gross and watery [part] floats about in the substance 
and by a very strong fire is fused into molten glass, and on cooling hardens 
into glass; but the purer [part], sublimed by heat, becomes saffron-yellow 
and is fused into molten gold, which hardens on cooling. 

This is especially true of human hair, for this contains more of the min­
eral power, especially if it has been cut from the head. Why this is so is 
irrelevant here but is to be explained in the science of Animals.25 Evidence 
of this is that in my own time a human skull was found and seen to have 
many bits of gold dust embedded between the teeth of the sutures in the 
top of the cranium.26 

25 This curious statement is not, so far as I 
can discover, elucidated in any of Albert's 
books on Animals, though these give Aristo­
tle' s theory about hair: that it is a 'residue', 
mostly of Earth and Water, extruded through 
the pores of the skin (Generation of Animals, 
V, 3, 782 a 30 ff.); that man has more hair on 
the head than on other parts of the body, 
because he has a large, moist brain and a skull 
with many sutures through which the super­
fluous moisture escapes (Parts of Animals, 
II, 14. 658 b 2 ff.). But in alchemy (for ex­
example, Avicenna's Letter to Hasen, Zetzner, 
1613, Vol. 4, pp. 981-2) hair is recommended, 
along with eggs and blood, for making the 
elixir. One might imagine here the influence 
of magic, since all these things are symbolic 
of virility, fertility, life, &c.; but perhaps the 
alchemists were interested in them simply 
because sulphur and ammonia compounds 
could be extracted from them. On the other 
hand, these may be 'cover names' for secret 
ingredients. For instance, the Liber sacerdotum 

has a number of recipes that include hair, 
but once (Berthelot, 1893, Vol. I, p. 202) 
speaks of'the golden stone (lapis aureus) which, 
according to another authority, is the same as 
the hair of living things (capillus animancium)' 
and Arnold quotes the same from Hermes's 
Book of Alchemy (Stange, p. 44). This must 
have been a mineral occurring in fine acicular 
or capillary crystals, a habit well known in 
millerite (nickel sulphide), but also found 
sometimes in marcasite and in stibnite; the 
latter was perhaps called 'golden stone' 
because it was used in parting gold from silver 
(cf. V, 6, note 1). 

26 Prehistoric human bones have been 
found in river gravels, and if any gold were 
present, tiny particles of it could easily be 
trapped in the sutures of a skull. But Albert, 
believing that all gold grows in situ, seems to 
suppose that the material in the sutures, which 
in life would have produced hair (see note 25 
above), was here converted into gold. 
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For almost everywhere gold is found, as we have said, in the form of 
dust or grains.27 And the reason for this is that the material is subtle, and 
it is driven out and sublimed. Evidence of this is that [gold] is found [that 
looks] like hardened droplets. For in the pores of the natural vessels the con­
centrated vapour is repeatedly doubled back upon itself and converted 
into fluid which takes [the form of] rounded drops. And if sometimes they 
are hollow, elongated, and [look] as if they were made up of smaller ones, 
this is because in the neck of the natural vessel the vapour is not converted 
or hardened all at once, but a bit at a time; and thus a second [drop] is 
added to the first, and sometimes a third to the other two, just as happens 
in the formation of hail. 

This is our account, in general terms, of the nature of gold, according to 
natural science. 

CHAPTER 8: THE NATURE AND MIXTURE OF IRON 

Iron (ferrum) is a silvery white metal, with specific gravity 7.9, very soft, 
malleable, and ductile. It oxidizes readily, forming a dark crust, or disintegrating 
as rust; for this reason it was thought to be full of' dirt' and 'poorly mixed'. 

The most important iron ores are carbonate (siderite) or oxide ores (magnetite, 
hematite, goethite, limonite, &c.). After preliminary roasting, a flux was added 
and the ore was reheated with charcoal using as strong a dr~ught as could be 
managed with bellows. The slag absorbed impurities (and also a good deal of iron) 
and the ore was reduced to metal. But the temperature was too low to obtain a 
clean separation, with a layer of slag floating on liquid iron. The two remained 
mixed in a pasty mass, which had to be removed from the furnace and hammered 
to break off and squeeze out the slag and consolidate the iron. Reheating and 
hammering were repeated until the iron was considered sufficiently pure. The 
product was a 'bloom' of wrought iron. Ordinarily the metal was never really 
molten, so cast iron could not be made; and even if it was accidentally produced, 
it was not of much use, being too brittle. 

Steel (chalybs) is iron containing a little carbon, and it was made successfully 
by empirical methods for centuries before its metallurgy was understood. Iron 
from the bloomery was rather pure, so carbon had to be added to it by further 

27 Gold crystallizes in octahedra, com- rounded lumps (nuggets}, which Albert 
monly grouped in angular masses. But it called 'droplets' because he thought they were 
is so soft that transported gold is usually formed by a distillation process. 
worn into flattened scales (gold dust) or 
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heating in charcoal and hammering to mix the absorbed carbon into the iron. 
(The process was thus fundamentally different from the modern method, by which 
pig iron is first produced from a blast furnace using coke, so that the iron is high 
in carbon, and making steel requires removal rather than addition of carbon.) 
But in practice the smelting of iron ore and the conversion of the iron to steel 
might be carried out as a continuous process. 

FINALLY, there must be some account of IRON. This is more ignoble 
than the other metals, which are liquefiable; and it cannot be liquefied 
like wax, but is liquefiable only in that it can be softened. And it is made 
up of Quicksilver that is very earthy, heavy, dirty, and impure, and of 
earthy, impure Sulphur that by its power converts the Quicksilver to the 
specific form of iron. And therefore iron is very scaly, and it rusts easily 
because of the burning of its Sulphur; and it makes a stain black as soot 
on anything that it touches. And perhaps the earthy substance of its Sul­
phur is like atramentum, 1 and that is why [iron] filings impart blackness to 
ink. And also it is not cleansed of unctuous moisture, and therefore it 
burns easily. . 

Evidence of this is that anything fatty applied to it, like soap or pitch, 
opens it up so that tin2 poured over it penetrates into its substance. But 
after this penetration it becomes so brittle that it cannot be worked. 

The burning of the earthy substance in it is proved by the great amount 
of slag that is separated from it; and especially by the fact that it is fre­
quently found as black grains in earth.3 And consequently it is clear 
why it is not liquefied like other metals, but only softened. For the cause 
of this is its earthiness. And thus Hermes4 aptly says: 'The reason for the 
slow liquefaction of iron is that it has too much earthiness in its parts 
preventing its fusion'. But nevertheless, in a great fire, especially if sprin­
kled with sand and sulphur, it is distilled and purified. Because of its great 
hardness it has come to be used for making instruments such as hammers 
and anvils, by means of which the other metals are beaten out. And because 
of its dryness, sharp edges of it are strong, and therefore it is suitable for 
cutting and piercing things that have to be cut and pierced. 

1 See V, 3, note 4. 
2 Apparently a reference to tin-plating, 

which Pliny (Nat. Hist. XXXN, 48, 162) says 
was invented by the Gauls for coating bronze 
or copper vessels. I do not know why tin­
plated iron should be unusually brittle, and 

suspect that Albert is merely reiterating what 
he has already said about tin (IV, 4). 

3 Bog iron ore: see ill, i, IO, note II. 
4 From Hermes's Book of Alchemy, as quoted 

by Arnold ofSaxony(Stange, p. 43). 



BOOK IV, A SINGLE TRACT ATE 235 

Hermes also says of it that Quicksilver, which makes it almost as white 
as silver, penetrates its substance, on cooking with sulphur and tartar, that 
is, [wine-]stone.5 Sulphur, because of its burning force, and because of its 
incomplete state6 is called by Hermes the 'never-sleeping' (pervigil) and 
the 'waylayer' (insidiator)7 of all metals. Quicksilver, however, does not 
remain long in [iron] over the fire, but escapes from it, just as it does 
from the other metals, with which it mixes easily because it has a natural 
similarity to them, unless by great skill it is fixed and held fast. And because 
of its fugitive moisture, Hermes calls [Quicksilver] the 'runaway slave' 
( servus fugitivus).8 

Since, as explained above, [iron] is dry and burnt, it is effective in sooth­
ing weakness of the spleen and stomach; and therefore those who have 
such ills are ordered to drink wine and water in which white hot iron has 
been quenched.9 

STEEL is not a different specific form of metal from iron: it is merely 
the more subtle and watery part of iron extracted by distillation; and there­
fore it is harder and firmer [than iron], because of the force of the fire 
and the fine division of its parts, which become harder when heated. And 
it is whiter because more earthiness has been removed from it. But when it 
gets too hard, it breaks and shatters at a blow, because it is too much 
dried out. But different kinds of water10 produce different degrees of 
hardening. For this reason smiths search out special waters for quenching 
the iron from which they make swords. For when iron is" made white hot 

5 vivi; but editions of 1495 and 1518 have 
vini. 'Wine-stone' came from the crust in 
old wine casks and was a source of potassium 
carbonate. This sentence, too, is quoted by 
Arnold from Hermes (loc. cit.), but the mean­
ing is obscure; perhaps it is part of a recipe 
for cleaning the surface of iron before plating 
or tempering. 

6 I omit argentum vivum here, as obviously 
im~rted from the following sentence. 

These are 'cover names' indicating that 
sulphur is always ready to attack metals. 
Arnold (Stange, p. 44) quotes the saying 
from Hermes's Book '!/'Alchemy; it is also in the 
Book of the Priests (Berthelot, 1893, Vol. 1, p. 
202). 

8 This also may be from Hermes's Book of 
Alchemy, though not quoted by Arnold. It is 

found in other alchemical books, e.g. Book of 
Alums and Salts attributed to Rhasis (Steele, 
1929, p. 25). 

9 Constantine, Book of Degrees (Opera, p. 
377) says that this treatment is recommended 
by Dioscorides and Galen. 

10 The notion that the quenching water 
affects the quality of the steel is very old 
(Pliny, Nat. Hist. XXXN, 41, 144). Although 
the natural waters of different regions do 
undoubtedly differ, it is much more probable 
that regions famous for their steel owed 
their success not so much to their water as to 
their local iron ores, which happened to 
contain small amounts of manganese, nickel, 
chromium, &c. But 'artificial' waters were 
concocted for the same purpose (see II, iii, 2, 

note 10). 
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and plunged into water it is hardened because the heat flees from the cold 
of the water into the interior of the iron and burns up the moist material 
in it; and as [the moisture] is consumed, the steel becomes harder and 
harder. 

Let this, then, be all that we have to say about iron, and about the other 
metals, either individually or collectively. 



BOOK V 
MINERALS THAT SEEM TO BE 

INTERMEDIATE BETWEEN STONES 
AND METALS 

A SINGLE TRACT A TE 

CHAPTER 1: THE GENERAL PROPERTIES OF INTER­
MEDIATES 

In this final book, Albert deals with 'intermediates' (media)-minerals that are 
neither stones nor metals but 'something in between'. This classification seems 
to be his own, and he begins by def ending it against the fourfold classification of 
Avicenna, since his own scheme is nearer to Aristotle's science, which defines 
'intermediates' in terms of 'extremes'. We may detect here a groping after the 
notion of chemical composition: the statement that 'intermediates are under­
stood by their extremes' means, in the language of today, that compounds are 
understood by isolating and identifying their constituent elements. But such 
chemical analysis was beyond the power of alchemy. 

Yet the media are important reagents in alchemy because, as Albert argues, 
being 'neither the one thing nor the other', they may be influenced by laboratory 
treatment more readily than substances in which the specific form is fully de­
veloped. All these minerals were known and used in antiquity; but there is no 
continuous tradition here, as for the descriptions of 'stones' (II, ii). Albert drew 
his information from a number of books on medicine and alchemy. 

IN this fifth book on minerals there still remains the investigation of the 
nature of those things that seem to be intermediate in nature between stones 
and metals. For although A vicenna1 has divided mineral bodies into four 
groups-stones, fusibles [that is, metals], sulphurs, and salts-yet it seems to 
us that Sulphur is in itself more [a part] of minerals than Quicksilver; 
for it becomes part of the material, [changing] one thing into the other.2 

1 De congelatione (Holmyard and Mande­
ville, 1927, p. 49): 'These mineral bodies are 
divided into four kinds-stones, fusibles, 
sulphurs, and salts.' 

2 The point seems to be that Sulphur is 

present not only in metals (as explained in 
Books ill-IV) but also in other minerals. 
This is correct, since atramentum and alumen 
(V, 3-4) are sulphates, and marchasita (V, 6) 
sulphide minerals. 
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In speaking of intermediates, therefore, let us discuss first the nature of 
intermediates in general, and afterwards touch briefly on some of them 
individually, and with this we shall fulfil our intention in this book. 

Everything, then, which in some ways shares the passive [properties] of 
stones and in other ways those of metals, we call an intermediate. For it is 
a property of stone not to be fused, and a property of metal, depending 
on its material, to be fused by dry heat. Hence stones belong to the group 
of dry things and of Earth, but metals to the group of moist things and of 
Water. Intermediates, therefore, are those things that in some respects 
are earthy and in others watery; and those that are [closer]3 to Earth 
solidify by dry heat; but others are closer to Water, and from these 
Water is distilled by dry heat-for instance [rock salt].4 Furthermore, 
intermediates are any substances that fuse by dry heat and afterwards tend 
to solidify not only by cold but even on the fire, if boiled dry. For they 
would not fuse unless they were to some extent watery, but they would not 
solidify by boiling unless they were to some extent earthy, as may be 
gathered from the teaching of the Meteorology.5 Moreover, an intermedi­
ate is anything. that is composed of both [stony or earthy and watery or 
metallic] substances, even though it does not fuse in dry heat. Thus all 
slags that are smelted out with the stony parts of ore minerals are inter­
mediates. And so is all marchasita, 6 which, like stones, does not fuse in the 
fire; but nevertheless its very colour and weight show its metallic nature. 
And also all crumbling substances, which in solutions are very effective 
in hardening and contracting things, have something of an intermediate 
material-such as all kinds of alumen.1 And also all kinds of atramentum8 

seem to be intermediates, since something stony is found in their substance. 
These intermediates have been produced by the mixture, in a vaporous 

condition, of the material of stone and the material of fusibles or metals. 
For a moist humour having something of the nature of Quicksilver is 
mixed with much Sulphur; and the humours and vapours and the other 
materials are combined by nature into some kind of intermediate. For 
wise and diligent nature, fulfilling the potentialities of all matter, does not 
pass from one extreme to the other, according to Aristotle,9 without 
completing all intermediate [stages]. Therefore [nature] has made many 

3 interiora: but in 1518 edition vidniora 
as in the following clause, 'nearer to Water'. 

4 gemma: in 1s18 edition sal gemma: see V, 
2, note 3. 5 Meteor, IV, 6, 383 a 14 ff. 

6 Metallic sulphides (V, 6). 
7 Alum minerals (V, 4). 
8 Vitriols, natural sulphates (V, 3). 
9 References in notes 11and14 below. 
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things intermediate between infusible stones and fusible metals, that she 
might demonstrate harmony in everything and show her own desire 
for the good, so that everything that is possible in all kinds of matter might 
reach completion. 

But the nature of intermediates is especially noteworthy in the transmu­
tation of metals. For on these substances depends most of the science of 
those who endeavour to convert one [metal] into another. The intermedi­
ates are, as it were, the raw material, and, as we have shown above, 
anyone who makes a proper attempt to convert one metal into another 
must first reduce it to prime [matter]10-that is, very close to the generic 
character of metal. Then, according to its aptitude, with the help of the 
powers acting on it, it easily takes on the nature and true specific form of 
the metal that is wanted. 

The scientific reasoning that has been demonstrated in the Physics11 

shows that there is no motion12 from one extreme to the other except 
through an intermediate [stage]. But it is a property of all [intermediates]13 

that their specific forms seem to be incomplete; and therefore they are 
capable of being converted into anything at all; for an intermediate, 
strictly speaking, possesses only in an unformed state that nature which in 
the extremes is distinct and perfect, as will be explained in the science of 
The Senses.14 The extremes are in some manner present in the intermediate 
but only in confused forms. And for this reason the extremes are brought 
out, by skill or by nature, from the intermediates, when the power of 
one extreme is concentrated over the other. 

Let such be our account of intermediates in general. It is unnecessary 
to say more, because the intermediates are understood through their 
extremes. 

10 ad naturam primam, probably should 
read ad materiam primam. See ill, i, 9, note 3. 

11 Phys. I, 5, 188 b 22 ff.: all intermediates 
are made up of extremes (all colours, for 
instance, of white and black, &c.); and V, 1, 

224 b 29 ff. (even more explicitly): change 
may move from one extreme (or contrary) 
to the other, or may begin with an inter-

mediate, in which case the intermediate is in a 
sense opposed (as a contrary) to either extreme. 

12 motion here means change. See I, i, s, 
note2. 

13 metallorum, but the context plainly 
requires mediorum 

14 The Senses, 6, 445 b 24 ff. 
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CHAPTER 2: THE NATURE, FORMS, AND KINDS 
OF SALT 

Albert's classifi,cation of salt (sal) is similar to that of Constantine of Africa in the 
Book of Degrees (Opera, p. 387): 'There are four kinds of salt. There is salt 
made in salterns, that is, common salt. There is also sal gemma. And there is 
sa1 indicum, which is blackish in colour, but clear and hard. And there is another 
kind called nauticum, which solidifi,es from well-water.' All these were probably 
'common salt' (sodium chloride) and the apparent differences were due to im­
purities or to different methods of preparation. 

Sal ammoniacum or armoniacum (which Constantine mentions later) was 
also originally sodium chloride, brought from the Egyptian desert near the oracle 
of Jupiter Ammon. But the Arabs, by about the tenth century, began to use this 
name for ammonium chloride (which is still known as sal ammoniac). This is 
much less common, as a natural mineral, than sodium chloride, though it occurs 
in some volcanic regions. The alchemists' interest in it grew as they learned to 
prepare it from organic materials such as urine. It is not always possible to tell 
which kind of $alt is meant; for instance, in the Book of Alums and Salts 
(Steele, 1929, p. 16), 'sal ammoniacus, noblest of all, not fleeing in the fire', 
is presumably the old 'salt of Ammon', sodium chloride, but the sal ammoniacus 
(op. dt., pp. 18-19) that is 'subtle, penetrating, a fugitive spirit' must be the 
volatile ammonium salt, especially since it is said to be obtained 'from dung and 
animal fluids'. 

LET us now speak of each of the intermediates individually. 
And the first of these is SALT, of which we already know in general, 

from the science of Meteorology, 1 that it is made of gross, earthy material, 
burnt and afterwards mixed with watery moisture. That is why all salt 
tends to dissolve in cold Water and moist Air. 

There are many different kinds of salt. There is sea salt (sal marinum) 
or that which is extracted from salt water. And there is rock salt (sal 
gemma)2 which is like transparent crystal and is found in great abundance 
in Hungary, and is composed of an earthy mixture and therefore easily 
crushed to powder. It is not made of earthiness alone, however, but also 
contains a watery substance that has been hardened by cold and union 

1 Meteor. II, 3, 356 b 4 ff. See Appendix A, 
4. 

2 Sal gemma, 'gem salt', is halite which 
occurs in almost colourless transparent masses 

or as large cubic crystals. But Albert can 
hardly have been very familiar with the 
natural occurrence: see note 9 below. 
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with the Earth; this is why it is transparent, and also why it liquefies in 
hot moist [Air],3 and Water distils from it, leaving its earthy material 
behind. Again, there is the salt called sal naphticum, 4 which is black from 
the naphtha it contains; but when it is distilled the naphtha liquefies and 
separates from it, and then it becomes white. And again, there is [Indian] 
salt, 5 which is black in itself from the intense burning of the Earth in it. 
Furthermore there is salt of Ammon (sal ammoniacum), which is clearer and 
almost transparent. 

And perhaps there are other kinds of salt beside these, found in different 
lands. For sea salt in the Mediterranean near Italy is of one kind, and that 
in the Northern Ocean near Flanders and Germany is of another kind. 
For that of the Mediterranean is produced at low tide where the tide ebbs, 
or in pits where the sun's heat reaches the bottom; and this is in coarse 
grains like snow mixed with hail. But that of the Northern Ocean [is 
produced] by boiling earthy materials from the sea bottom. There are 
salt springs, too, in different parts ofTeutonia, and their waters are boiled 
into good salt as fine as flour. Salt is also made from urine, especially that 
of boys, by the alchemical operations of sublimation and distillation.6 

But whatever the method of production of salt in general, it is neverthe­
less all one in nature, being composed of something earthy which is 
moistened and mixed with something burnt. And because it has been 
mixed with moisture, it is white after being burnt. And the more it is 
burnt, whether by boiling dry or by roasting, the whiter· it becomes and 
the more bitter. For the taste of salt is mixed with bitterness, as will be 
shown in the science of The Senses.7 

3 Salt exposed to air may become moist and 
sticky, but this is not due to distillation of 
moisture from within, but to absorption of 
moisture from the air. Pure sodium chloride 
does not take up much water in this way, but 
salt made from sea water (including 'fossil 
salt' in sediments) commonly contains other 
salts of calcium and magnesium, which are 
strongly hygroscopic. 

4 sal naphticum (Constantine's sal nauticum) 
is named from its association with naphtha, 
liquid petroleum. Oil geologists now recog­
nize a common relation between salt domes 
and structures containing petroleum; and salt 
springs or wells often occur with oil seepage. 

5 sal radicum seems to be an error for sal 

indicum in the 1sI8 edition and in Constantine 
(loc. cit.). Halite occurs in many colours, 
including black and dark blue. But if sal 
radicum, 'salt of roots', is correct, it may refer 
to salt made by burning twigs or roots; 
Pliny (Nat. Hist. XXXI, 39, 82) mentions 
salt made in Germany, Gaul, and Spain by 
throwing brine on burning wood. This 
product would contain charcoal, some 
potash salts from the wood ash, as well as 
whatever salt was in the brine. 

6 Probably ammonium chloride, though 
it is not clear that Albert realized that it was 
really different from the other salt mentioned. 

7 The Senses, 4, 442 a 17-20: all tastes are a 
mixture of sweet and bitter, and 'salt is almost 
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Because of its earthiness all salt is found [to be] styptic, and because of 
its dryness it is itself drying, and prevents putrefaction. Because it is, at the 
same time, both hot and dry, it is cleansing, and because it has a penetrating 
sharpe taste, it seasons food. The crystalline kind is especially active in 
consuming gross vapours, but any of the hotter [kinds] is able to dissolve 
hardened humours in mixed bodies. And all salt has this [property] more 
or less. 

In the same way, because of its dryness, together with the irregular 
arrangement of its pores9 -an irregularity due to burning, which has 
deranged the order of the pores-salt is one of the many kinds of things 
that can be broken into little pieces. 

CHAPTER 3: THE NATURE AND SUBSTANCE OF 
ATRAMENTUM 

This chapter deals with a whole group of minerals, neither clearly dijf erentiated 
nor accurately named in the Middle Ages. They are all products of the weathering 
of sulphide ores, mostly of iron and copper. Alkadidis (Arabic qalqadis, from 
Greek chalcitis) was a white or yellowish crust of oxidation products, mostly 
sulphates. Assurie (Arabic al-suri, from Greek sory), was red oxide of iron. 
Alkofol is evidently the same word as our alcohol, originally meaning 'finely 
divided' or 'subtle'; but here it seems to be an error for colcothar (Arabic 
qalqatar), also known as crocus Martis, 'yellow of Mars' (yellow iron oxides). 
The nameless blackish-grey material with a glint like gold dust is what the 
Greeks called misy, with still undecomposed bits of pyrite or other sulphide 
minerals (Cf. Pliny, Nat. Hist. XXXW, 29-JI, 117-22; and Avicenna, De 
congelatione, Holmyard and Mandeville, footnote, p. 37). But the substance 
to which atramentum was more strictly applied was alacantum (Arabic 
qalqant, from Greek chalcanthon), which included hydrous sulphates of both 

the same as bitter'. Crude salt, especially 
sea salt, commonly contains magnesium salts 
that are bitter. 

8 Cf. Constantine, Opera, p. 387: 'All salt 
is hot and dry in the fourth degree, but not 
equally so, for some is hotter and drier than 
others. But salt universally preserves bodies 
and keeps them from decaying .... It dissolves 
and dries up gross, hardened humours.' 

9 Meteor. IV, 9, 386 a 9-18 and 387 a 2-5: 

fissility is due to pores arranged in rows (as in 
the grain of wood); things which are not 
fissile lack this alignment of pores and so break 
irregularly or crumble. But this explanation 
does not really apply here, because halite 
has an excellent cubic cleavage (mentioned by 
Pliny, Nat. Hist. XXXI, 39, 79). We should 
expect Albert to know this if he had ever seen 
large masses of natural halite (note 2 above). 
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copper (chalcanthite, 'blue vitriol') and iron (melanterite, which is green). The 
name copperas, still used for the latter, shows how persistently the iron and 
copper minerals have been confused. 

Being very soluble, these sulphates are carried in ground or surf ace waters, 
from which they can be crystallized by evaporation. They were also prepared 
'artificially' by leaching the half-decomposed sulphides in water, concentrating 
the solution by boiling, and setting it aside to crystallize (Pliny, Nat. Hist. 
XXXW, 32, 123-5; Agricola, De re metallica, Hoover, pp. 572-5). 

THE nature of ATRAMBNTUM is peculiar to itself, a homeomerous1 mineral 
substance that can be dissolved by boiling in water, mixed with a stony 
substance that is not dissolved at all, even by strong boiling. The original 
kind of atramentum is undoubtedly liquid, and it has solidified of its own 
accord. But all atramentum, according to its kind, is characterized by having 
a foul taste,2 and in being styptic and very irritating; and therefore when 
it is applied to things it thickens and hardens them. 

There are several forms: one kind is white, which the Arabs call alka­
didis; one red, which they call assurie; and one yellow, which they call 
alkofol [colcothar?]; and there is a green one which they call alkacantum; 
and a greyish one tinged with black which is almost stony. The green 
[kind], which some people call vitriol (vitreolum) 3 and classify as a sort of 
ink,4 is more firmly solidified than the yellow, and has thicker outside 
coatings. 5 And the most efficacious among the greyish [kind~] of atramentum 
is that showing a sort of golden glint, as if there were gold dust sprinkled 
through it and dimly gleaming. 

It is plain that almost all kinds of atramentum are made of Earth and 
Water. At first they were liquid and afterwards solid, and still they can be 
redissolved, by heat and moisture. Their [colour]6 depends to a greater or 
lesser degree on the fine division of the earthy material in them and the 

1 See I, i, 1, note 8. 4 Atramentum is 'shoemakers' black'; the 
2 All descriptions of these minerals empha- iron sulphate combines with tannin to form 

size the rancid, vile, or nauseous taste and a black colour that was used for dyeing 
smell. The decomposition of the sulphides tanned leather or making ink (for which oak 
released hydrogen sulphide, which smells like galls supplied the tannin). 
rotten eggs. The sulphates have a disagreeable 5 tunicas. Crystals of chalcanthite and melan­
mctallic taste, and taken internally act as terite kept in dry air lose some of their water 
emetics. (Cf. II, ii, II, Medius.) of crystallization and become coated with a 

3 vitreolum, 'glassy', refers to the transparent white powder. 
crystals, which Pliny calls 'glassy berries like 6 calorem, 'heat'; but it should be colorem, 
grapes', when crystallized on strings in a vat since the context recapitulates the theory of 
(Nat. Hist. XXXN, 32, 123). colour given in I, ii, 2. 
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thorough cooking of the moisture, and on the larger or smaller amount of 
Air that is mixed in when the Earth was being cooked in the Water. 

[Atramentum] is thus an intermediate between stones and metals because 
it has the constitution of stone and sometimes the lustre of metals. 

CHAPTER 4: THE NATURE AND KINDS OF ALUM 

Alumen included a number of minerals, mostly hydrous sulphates containing 
aluminium; but precise identification is impossible, because the alumenfound in 
nature was impure, probably contaminated by, and to some extent confused with, 
other sulphates, some of which (vitriols, atramenta) have been described in the 
preceding chapter (V, 3). Some of these minerals occur in fibrous or plumose 
forms, the schiston or trichitis of Pliny {Nat. Hist. XXXV, 52, 186). Kalinite 
and alunogen are white, or tinged with grey, yellow, or red; halotrichite is 
yellow. The most 'earthy' or 'stony' kind was probably aluminite, found in 
alunschiefer (alum shale or slate) in central Germany. 

Alum minerals, like vitriols, are very soluble in water, so that they can be 
prepared by leaching alum deposits and boiling to produce a saturated solution 
(Albert's 'moist' or 'liquid alum'), which is then allowed to crystallize. Alum was 
used in medicine, and was very important in the dye industry, which Albert does 
not mention. 

ALUM is of an earthy constitution. Its Earth is of a kind that is gross and 
solidified by moisture; it lacks Quicksilver among its ingredients and yet 
somehow approaches that [substance]. And it seems to have been hardened 
by some force which, although not that of Sulphur, yet has some relation­
ship to Sulphur. Alum is most commonly white in colour, and when it 
is roasted by dry heat a kind of Water distils from it, almost as it does 
from rock salt.1 

[The kinds] most frequently occurring and most useful are three, 
namdy: the long and cleavable kind, which appears feathery on the cleav­
age surface and has a colour like silver; and second, that which is dry and 
round, like a soft stone; in its silvery lustre and whiteness this is little 
inferior to the preceding, but it is less efficacious than that is; and some 
people call this 'round alum' ;2 and the third is dry and, as it were, stony, 

1 See V, 2, note 3. 
2 When alwn is heated, it mdts and swells, 

giving off water of crystallization, and on 
cooling solidifies into a rounded porous mass, 

'round alwn' (Pliny's strongyle (Nat. Hist. 
XXXV, 52, 187), or 'burnt alwn', which is 
less astringent than other kinds. 
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with a colour tinged with yellow. All three can easily be reduced to 
powder. The first two are hot and dry, very active in drying and causing 
contraction. The third is not [so efficacious as] a styptic, although it is 
stony. Water which has been used to wash the first kind, when it is well 
aged, and has been repeatedly strained through it, becomes excessively 
effective in consolidating and hardening all sorts of bodies. On this account 
the alchemists make use of it in the liquid they call 'virgin's milk' (lac 
virginis) which we have mentioned elsewhere and shall mention further.3 

It is said that there is found a 'moist alum' and that it is like unctuous 
bitumen,4 very easily consumed by fire; and in this property and in being 
unctuous, it is very like Sulphur, but lacks its odour. And this form of 
alum some people call naphtha. 

CHAPTER 5: THE NATURE AND KINDS OF 
ARSENIC UM 

Arsenicum includes two arsenic sulphides, yellow orpiment and red realgar, 
which on heating in air change to the oxide, white arsenic. This chapter is a 
duplication of II, ii, 6, Falcones, where notes will be found. 

ALTHOUGH ARSENICUM sometimes [occurs as] a kind of stone, which 
we have mentioned in the second book on minerals, nevertheless, since 
several kinds of it are found, it ought to be better treated here. It is un­
doubtedly of an earthy nature, burnt, and having something of the unctu­
ous character of Sulphur, for it is related to Sulphur. The moisture of 
Sulphur is very active in penetrating metals because it is related to them, 
and it burns them; and since arsenicum is even sharper, it is even more 
effective in burning them. It is friable, hot and dry, but more hot than dry; 
and thus it is very active in causing disintegration and eating things away. 

Three kinds are found, namely white; and yellow, which is commoner 

3 Already mentioned in II, iii, 2, and also in 
Albert's The Senses, ii, 2. 

4 bitumen is asphalt, a solid or semi-solid 
residue of petroleum, and naphtha is the light 
fraction, sometimes produced by natural 
distillation processes. But this has nothing to 
do with alum. Possibly the only connexion 
is the mere juxtaposition of the two in Pliny 
(Nat. Hist. :XXXV, 51, 178-82, bitumen; 52, 

183-90, alumen) and Isidore (Etym. XVI, 2, 1, 
bitumen; 2, alumen), whence they were 
copied together, as one item, into some 
compilation that Albert used. But possibly 
Albert accepted the connexion because he 
knew of some pyritic coal or oil shale, in 
which weathering had produced alum 
minerals. 
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as well as more friable and paler, than the others, and is called orpiment; 
and red. The best kind is that which is saturated with the red, but has 
streaks of other [colours]. And perhaps many other kinds are found, 
according to differences in the material. 

CHAPTER 6: THE NATURE AND MIXTURE OF 
MARCHASITA 

This group of minerals has already been dealt with in II, ii, 11, Marchasita; 
see also 14, Perithe, 19, Virites, but this chapter gives the clearest statement of 
Albert's belief that marchasita is a sort of 'unfinished' metal: it has already 
attained such properties as colour, lustre, and weight, but has not yet reached the 
specific form, which implies such distinctive metallic properties as fusibility and 
malleability. Marchasitae 'look like' ores, but they always disappointed prospec­
tors or assayers, who were unable to extract any metal from them by the methods 
then is use. Most of them were sulphides, although the native metals arsenic, 
antimony, and bismuth may have been included, since these are brittle, and seem to 
'evaporate' in the fire. Albert's only criterion for recognizing different kinds was 
colour, so identifications are very uncertain, but the following are possibilities: 
'golden', pyrite; 'silvery', marcasite; 'tinny' or 'leaden,' arsenopyrite, cobaltite, 
smaltite, stibnite, bismuthinite. When these were heated in an open furnace, 
sulphur or arsenic would be driven off as disagreeable fumes, and the residue 
would be an earthy calx of metallic oxides. 

MARCHASITA we have already mentioned in the second book on this 
science, but a more detailed discussion must be inserted here, since in 
truth marchasita has the nature of both stone and metal; and therefore it is 
neither the one nor the other, but more truly an intermediate. For it has 
the earthy substance of stone, which cannot be liquefied by dry heat, and 
it is reduced to a calx in a strong fire, as stone is. But it has the weight and 
lustre of metal, and is very heavy. And yet no metal is ever smelted from 
it, but rather [the metal] evaporates in the fire, and then the stone is con­
verted to a calx. The reason for this, indeed, is that the metal in it has not 
completely attained its specific form. For if golden marchasita had the 
specific form of gold perfectly developed, the gold would not evaporate, 
but would be smelted out ofit. Therefore it has the material and the colour 
of metal, but not the specific form; and thus it vanishes by evaporation 
when assayed by strong heating. 
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Marchasitae are of as many kinds as there are species of metals: For it is 
golden and silvery; the golden kind is rare but the silvery one is often 
found; the tinny and leaden kinds are also rare. But whatever the kind of 
marchasita, it has something in its nature and constitution beyond the nature 
of stone and belonging to the metal it resembles in colour. And yet it is 
hard and heavy-its hardness due to the hardness and baking and roasting 
of the stone, its weight due to the impurities not yet purged out of it. 

The natural scientists of antiquity call this stone adestrum, which means 
'stone of light' (lapis luminis) because of the aid that it brings to the sight, 1 

especially the golden marchasita. Its natural quality is hot and dry, and its 
effect is to cause contraction, heating, ripening, and opening; and these 
effects are strong. It is said that, suspended from children's necks, it makes 
them fearless. 

In alchemy, this stone is the principal food with which Quicksilver is 
fed2 , for [making] the White elixir from the silvery, and the Red elixir 
from the golden marchasita. 

CHAPTER 7: THE NATURE OF NITRUM 

This is a duplication of II, ii, 12, Nitrum. The name nitrum was used for a 
number of d!lferent substances, probably least often for what we call nitre or salt­
petre. It included borax (Arabic baurac, tincar), but most of it was some form 

1 Stibnite (sulphide of antimony) was used 
as a cosmetic for the eyes. Constantine 
(Opera, p. 381) recommends it for this and 
other purposes, calling it 'hot and dry in the 
fourth degree'. Stibnite, however, is not 
'golden', but steely or silvery grey with a 
brilliant metallic lustre. Perhaps the epithet 
refen to the well-known use of stibnite in 
parting gold from silver: on fusion with 
antimony sulphide the silver combines with 
the sulphur, while the freed antimony, along 
with the gold, forms a metallic button in the 
bottom of the crucible. The button is removed 
and roasted to oxidize and drive off the 
antimony, leaving pure gold. This method is 
fint clearly described in the Bergwerk- und 
ProbierbchUlein, published about 1500, so it 
seems to have been in use in the fifteenth 
century. But if it was really mentioned in any 

T 

work current in Albert's time, it must have 
been in 'veiled language' and he did not 
understand it. Or perhaps his subsequent 
remarks refer again to pyrite. 

2 'Feeding' quicksilver is described in the 
Book of Alums and Salts (Steele, 1929, p. 26: 
Cibatio mercurii cum corporibus) as dissolving 
gold or silver in an amalgam that could be 
used for gilding or silvering other metals. 
But 'feeding' with pyrite seems to indicate 
the amalgamation method for extracting 
small amounts of gold or silver from pyritic 
ores. The crushed mineral was stirred with 
mercury, in which any free gold or silver 
would dissolve. Mterfiltering off, the mercury 
was distilled away, leaving the precious 
metals. The alchemists believed that the 
mercury, 'fed' on pyrite, had spontaneously 
produced the gold or silver. 
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of sodium carbonate-natron or trona-or caustic soda. Not only was the name 
used loosely, but the substances themselves were impure,frequently containing salt, 
calcite, or gypsum. Thus all old descriptions of nitrum and its uses in medicine 
and technology seem to the chemist of today to abound in inconsistencies. For 
example, Constantine, {Opera, p. 384) mentions its value for cleansing (borax 
and 'washing soda'), as a disinfectant, especially for the eyes and ears (boracic 
acid), and for stomach troubles (bicarbonate of soda). 

Nitrumfrom Armenia (also mentioned by Constantine) was probably borax; 
Armenia, however, was not the source, but merely a place on the caravan route 
by which the Arabs brought borax from Central Asia. African nitrum came from 
Egypt, collected from natural deposits of trona and natron, or 'manufactured' like 
salt, by leaching alkali soils and evaporating the solution. In Teutonia, mineral 
springs such as those of Carlsbad and Seiters contain sodium carbonate, but the 
mineral Albert saw at Goslar was probably not nitrum (see note 7 below). 

NITRUM is named from the island of Nitrea1 where it was first fowid. 
The Arabs call it baurac {borax).2 It is a kind of salt, darker than rock salt, 
yet nevertheless transparent; but it is in thin plates.3 It can be roasted in the 
fire, and, after losing all its superfluous watery substance, the more it is 
burnt the drier it becomes; and then the salt itself will be sharper .4 

The forms [of nitrum] are distinguished according to the place where 
they originate. Three kinds are fowid among us, namely, those of Armenia, 
and Africa, and Teutonia. [The last] is fowid abwidantly in the place 
called Goslar: for as rain falls upon the mowitain5 which is full of copper 
ores, and the rain water percolates through the mowitain, when, at a 
distance of a hwidred paces, 6 it reaches the excavation made by the miners, 
then the water seems to be converted into nitrum. The natives believe this 
is rock salt, but I myself have proved, by sight and touch, that it is nitrum. 
And it occurs in the hollow of the mowitain in the same manner and shape 
as the icicles that form on roofs from the water dripping off them in 
freezing weather; 7 this is not in plates, but rowid. 

1 Isidore (Etym. XVI, z, 7) mentions 
Nitria, but he does not call it an island, 
merely 'a town or region in Egypt'. It was 
probably the place later called Wadi Nitrum, 
north-west of Cairo. 

2 See also tinchar (V, 9, note 1). 
3 Probably trona; but perhaps borax, or 

even salt with good cleavage. 
4 On heating, trona or natron gives off 

water of crystallization and then carbon 
dioxide, and is converted into caustic soda. 

5 The Rammelsberg, which rises abruptly 
just south of the town of Goslar. The mine 
openings are high up on the mountainside. 

6 Evidently not the depth of a shaft but the 
thickness of the mountain above the mine. 

7 Zinc sulphate, 'white vitriol', now called 
'goslarite' from this locality. In the sixteenth 
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The African nitrum is, in comparison with the other forms of nitrum, as 
nitrum is to salt. All 'foam of nitrum' (spuma nitri), sometimes called 'flower 
of nitrum' (flos nitri)8 is more subtle in substance and power than nitrum 
itsel£ The best 'foam' is that approaching the colour of marble, and it is 
very friable. All nitrum is hot and dry, and therefore its effect is to cause 
splitting,9 cleansing, peeling of the skin, and corrosion; the African kind, 
especially, is sharper than the others. 

CHAPTER 8: THE NATURE OF TUTTY 

Tutty (tuchia) is zinc oxide, obtained as 'furnace calamine' during either the 
making of brass with calamina (see W, 6) or the smelting of copper ores with 
which zinc ore was accidentally mixed. Such mixture was likely, since at many 
places in Germany (including Goslar) pyrite, chalcopyrite, galena, and sphalerite 
occur together. Sphalerite is zinc sulphide, but it is dark brown or blackish, with 
none of the 'metallic look' of the other associated sulphides. Its old name, 'blende' 
(from German, to 'blind' or 'deceive'), records the fact that attempts to get a metal 
from it were unsuccessful. This was because zinc has a low boiling-point (918° C.) 
and during the smelting it distilled off, was reoxidized, and deposited in the 
upper part of the furnace, or in flues or chambers built above the furnace to collect 
it. Zinc was not recognized as a metal, or given its name, until the sixteenth 
century (Agricola, De re metallica, Hoover,footnote, p. 409 ). 

The di.fferent kinds of tutty differed only in purity. That swept up from the 
floor of the collecting chamber was mixed with soot and dirt, from which it could 
be at least partly freed by washing. The red and yellow kinds were contaminated 
with oxides of iron or lead. Re-subliming any of these produced pure, white, 
zinc oxide. All these were known in antiquity, but the nomenclature has always 
been somewhat confused. Pliny (Nat. Hist. XXXW, 22-23, 100-5; 33, 128) 
used cadmia or cadmea both for the earthy ores of zinc {which Albert calls 
century Agricola {De re metallica, Hoover, 
footnote, p. 572) described it almost in Al­
bert's words, as occurring 'at Goslarintheform 
of icicles' (that is, stalactites). It was formed 
by oxidation of the zinc ore (sphalerite, zinc 
sulphide) and deposited by ground water in 
the old workings. 

8 Either a natural efBorescence of soda 
minerals, or else caustic soda, as a fine im­
palpable powder. 

9 inscissivum. Bartholomew, in his descrip­
tion of nitrum (De proprietatibus rerum, XVI, 
70) has scissilis, 'cleavable'; and this might 
have been miscopied by a scribe looking ahead 
to the following lavativum, excoriativum, 
corrosivum. But inscissivum may be correct: 
savage remedies, such as burning with caustic 
soda or quicklime, were resorted to in 
desperate cases. 
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calamina, W, 6), and for the furnace products; but he supplies additional names 
for the latter-pompholyx for the best and whitest kind, and spodos for what 
Albert calls succudus. 

TuTTY (tuchia), which is frequently used in the transmutation of metals, 
is an artificial, not a natural, compound. It is made from the smoke that 
rises upwards and solidifies by adhering to hard bodies, where copper is 
being purified from the stones and tin1 which are in it. And a better kind 
is made by re-subliming this; and next [best] is that which during sublima­
tion sinks to the bottom; this is [cadmia] 2 which some people call succudus.3 

There are many kinds of tutty, for it is white, and yellow with a tinge 
of red. When tutty is washed something like a black sediment of tutty 
sinks to the bottom, and this is sometimes called [Indian]4 tutty. The 
difference between tutty and succudus is what we have said-namely, that 
tutty is what is sublimed and succudus is what sinks to the bottom of the 
channel, and is not sublimed. The best kind is voltatile and white; next, 
the yellow; and next, the red. When it is fresher it is more efficacious 
than when it is old. All tutty is cold and dry; and that which has been 
washed is more powerful in its actions. 5 

CHAPTER 9: THE NATURE AND PROPERTIES OF 
ELECTRUM 

Gold and silver form a continuous series of solid solutions, and native gold nearly 
always contains some silver. If the silver content is around 20-50 per cent. the 
alloy has a brilliant pale yellow colour, and was in early times regarded as a dis­
tinct metal, electrum. A more logical place for this chapter would have been in 

1 Probably not tin but zinc, since the copper 
ores of Germany are much more commonly 
associated with zinc than with tin ores. 
Metallic zinc may actually have been obtained 
occasionally by accident, if some fault in the 
smelting process produced a reducing instead 
of an oxidizing atmosphere in the furnace. 

2 climia, probably an error for cadmia or 
ca lamina. 

3 succudus may be derived from succumbere, 
'to fall down'; or it may be a corruption of 
spodos. 

4 Inda: perhaps for Indica, since Constantine 
(Opera, pp. 370, 383) says that both spodium 
(Pliny's spodos, Albert's succudus) and cadmia 
came from India; but his descriptions do not 
sound like tutty. 

5 Tutty was used for 'transmuting' copper 
to brass (IV, 6), and in medicine was prescribed 
for various purposes, some of them the same 
as those for which zinc oxide is used today­
as powder or ointment for sores, pimples, and 
skin diseases. 
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Book IV, since Albert himself understands that electrum is a mixture of two 'real' 
metals, and not an 'intermediate' in the sense in which he de.fines that term in V, 1. 

MANY of the ancients placed ELECTRUM not among the intermediates 
but among the metals. The Arabs call it tinchar and some people have also 
called it the 'binder of gold' (capistrum auri).1 Its colour is that of a mixture 
of gold and silver, and thus there are two kinds of this metal, for there is an 
artificial [kind] made by mixing together silver and [gold] ;2 but the other 
kind is a natural mineral, which the ancients declared to be the best of all 
metals. I do not know why, unless because they attributed to it this effect: 
if poison is put into a drink in a vessel made of such electrum3 [the cup] 
emits a sound like that of nitrum4 when vinegar is poured on it. Since elec­
trum has the colour of gold and silver mixed, no doubt it has the properties 
and nature of both [these metals]. 

In this way, then, [ends] our account of mixed bodies that are homeo­
merous, but not organized or alive.5 For, on the basis of what has been said, 
anything else that has not been mentioned here can also be readily 
understood. 

1 This sentence is confused and appears to 
be an over-abbreviated reference to the solder­
ing of gold. Tinchar is borax, used as a Bux; 
but the solder itself would be a gold-silver 
alloy with a melting-point lower than that of 
gold. So in this sense the alloy might be called 
the 'binder of gold'. 

2 nitro, 'soda', but ISIS edition reads auro, 
as sense requires. 

3 That is, the natural electrum, which was 

the only kind that had this property, according 
to Pliny, the original authority for this tale 
(Nat. Hist. XXXIII, z3, 81). 

4 nitrum here is certainly sodium carbonate 
which effervesces with' acids. 

5 non complexionatis neque animatis (c£ I, i, 
1, note 2). Plants and animals are treated in 
great detail in a series of works, which come 
after the Book of Minerals in Albert's course on 
natural history. 
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APPENDIX A 

ARISTOTLE 

ARISTOTLE (384-322 B.c.) was born at Stageira in Thrace. His father, Nicho­
machus, was physician at the royal court of Macedonia, and Aristotle was 
brought up in that country. At about eighteen he went to Athens for further 
education and was associated with the Academy until Plato's death in 346. 
The next few years he spent in Ionia, chiefly at Assos and Mytilene; and then, 
in 343, returned to Macedonia as tutor to the young son of King Philip II, 
Alexander (356-323). After Alexander became king and embarked on his brief 
career of world conquest Aristotle went back to Athens and founded his own 
school, the Lyceum. This was very successful until 323, the year of Alexander's 
death. But then anti-Macedonian feeling in Greece forced Aristotle to leave 
Athens. He turned over the Lyceum to his friend and colleague, Theophrastus 
(seeAppendixB, 1) and retired toEuboea, where he died thenextyear. 

Aristotle is known to have written philosophical dialogues, perhaps modelled 
on those of Plato, but little of these survives. What has come down to us seems 
to be a collection of teaching materials-treatises, lectures, notes on researches, 
&c.-preserved by a strange series of chances, and edited and 'published' orJy 
in.the first century B.c. These were not finished literary productions to begin 
with, and they pose peculiarly difficult problems for scholars who have tried to 
determine the authenticity of each one and its relation to the development of 
Aristotle's thought. These problems are, for the most part, irrelevant here, since 
the schoolmen of Albert's time accepted without much question anything that 
came to them bearing the great name of Aristotle. 

Neither is it relevant here to attempt a summary of Aristotle's philosophy. 
The works mentioned below are those on natural science with which Albert 
concerned himself, according to his own statement (Phys. I, i, 4) ; and the points 
selected for mention are those that seem to be important for the argument 
of the Book of Minerals. English versions of these are available in the Oxford 
translation of The Works of Aristotle (edited under the direction ofW. D. Ross), 
and in the Loeb Classical Library, accompanied by the Greek texts. 

I. The Physics (Latin Physica or De physico auditu) has little in common with 
the science bearing that name today. As Cornford says, in his General Intro­
duction to the Loeb Library translation: 'Lectures on Nature, the alternative title 
found in editions of the Greek text, is more enlightening. But Principles of 
Natural Philosophy (as the term would have been understood in the eighteenth 
and earlier nineteenth centuries) would be better still.' 
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The Physics stood first in the traditional order of Aristotle's scientific works, 
and Aristotle himself seems to have regarded its subject matter as fundamental 
for all the other sciences. It opens with the statement (I, 1, 184 a 10 ff.) that 
although the study of nature must begin with concrete, particular instances, its 
object is the discovery of abstract, general principles which 'explain' the ob­
served phenomena; and we are satisfied that we understand a thing when we 
know its 'causes'. The English word 'cause' is an inadequate translation of the 
Greek aitia (causa in Latin). Aitia is that which underlies, or is responsible for, or 
is the essence of, anything. Thus Aristotle says (II, 3, 194 b 16 ff.) that the ques­
tion How? or Why? may be answered in four ways, 'explaining' a thing in 
terms of: (1) the matter of which it is made (material aitia); (2) the process or 
agent by which it is made (efficient aitia); (3) the inherent nature or form, 
which makes it what it is (formal aitia); and (4) the end or purpose for which it 
was made (final aitia). Historians of philosophy refer to these as the 'four causes'. 
The final cause-that for the sake of which a thing exists-is understandable 
if we think of an artifact (a saw is made 'for the purpose of' sawing), or of an 
animal (which is provided with certain organs 'in order to' live a certain .kind 
of life, &c.); but it is not always easy to distinguish from the formal, or even the 
efficient, cause. And Aristotle admits (II, 7, 198 a 25 ff.) that these three often 
seem to coalesce; but they are different from the material cause. The fundamental 
distinction, perhaps, is that between form and matter; though the natural scientist 
must still try to take into account the action or motion involved, and the 
purposiveness of nature. 

Nature (physis) includes all things that move or change. Later physicists speak 
of matter and motion; but Aristotle in the Physics does not treat matter and mo­
tion as of equal importance. He assumes a material 'substrate' our of which all 
things are made, but his detailed discussions of the properties of matter are found 
in The Heavens, Generation and Corruption, and Meteorology. The Physics deals 
at length with motion, and with such problems as arise in connexion with the 
study of motion-continuity, infinity, place, time, void, &c. Aristotle distin­
guishes three kinds of motion: local, quantitative, and qualitative 0J, 1, 225 b 
5 ff.). Thus beside locomotion, change of place, we have motion in the sense of 
change in amount or size, and change from one condition to another. 

In discussing motion Aristotle made some statements that were to cause 
much trouble for his later followers: for example (VI, 1, 241 b 24 ff.), anything 
that is in motion must be kept in motion by something (a mover); and (VII, 2, 

243 a 3 ff.) the mover must be in contact with the thing moved. But these 
principles are essential to his view of the universe, which is developed in Book 
Vill (and also in The Heavens.) The universe is eternal and eternally in motion. 
But every motion requires a mover, and, since there cannot be an infinite series 
of moved movers, there must be at last an unmoved mover, setting all the rest in 
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motion (VIII, 5, 256 a 4 ff.) by causing a rotation of the outermost sphere of the 
heavens (VIII, 8, 265 a 8 ff.; 9, 265, b ff.), but itself having no magnitude, parts, 
or position (VIII, 10, 267 b 8 ff.). This unmoved mover, outside all place and 
time, is beyond the scope of natural science (physica), and is further considered 
in the Metaphysics (XII, vii, 7, 1072b15 ff.) as pure self-thinking thought, that is, 
God. 

2. The Heavens (De caelo, De celo et mundo), however, has little to say about 
the unmoved mover. In fact, Aristotle's various accounts of the heavenly 
motions are somewhat inconsistent, and it is possible (as Guthrie suggests in his 
Introduction to the Loeb Library translation) that The Heavens records an earlier 
stage in Aristotle's thinking, when he hesitated between the Platonic doctrine 
that the Cosmos is a living creature, and its motions are 'self-caused', and his 
own view that the motions are 'natural', inherent in different kinds of matter. 

Be this as it may, the theme of'natural motions' and 'natural places' dominates 
the argument of The Heavens. The cosmos is represented as a vast though finite 
system of concentric spheres, the outer ones composed of a special kind of 
matter-the 'first body', or Ether (aither)-unchanging and imperishable (I, 3, 
270 b 1 ff.). The natural place of Ether is 'above' the other four 'elements'; it 
is neither 'light' nor 'heavy', and its natural motion is circular (I, 2, 269 a 30 ff.). 
Ether is the matter of the heavenly bodies (II, 7, 289 a 11 ff.), which are carried 
around on concentric spheres (II, 8, 289 b 30 ff.). In The Heavens Aristotle 
merely alludes to this machinery, but in the Metaphysics (XII, viii, 4, 1073 a 26 
ff.) he gives details (based on the work ofEudoxus and Calippus). The scheme 
requires forty-nine spheres, each in contact with, and transmitting motion to, 
the next within, in order to account for the courses of the fixed stars, planets, 
sun, and moon. 

The inner spheres, below the moon, are made up of the four other 'simple 
bodies' or 'elements', Fire, Air, Water, and Earth. These differ from Ether in 
that they are not unchanging and imperishable, being continually destroyed 
and re-created from each other (III, 6, 304 b 23 ff.; also Generation and Corruir 
tion). Their natural motions are in straight lines, either 'downwards' towards the 
centre of the universe or 'upwards' towards itS circumference, since they are 
inherently 'heavy' or 'light' (IV, 1, 307 b 28 ff.). Accordingly, when in their 
natural places, Fire, the lightest, is at the top, next to the lunar sphere; below 
this is Air, then Water; and Earth, the heaviest, is at the bottom or centre. 
In this way Aristotle accounts for the distribution of atmosphere, sea, and land, 
and for the fact that the earth is a sphere 'at rest' in the centre of the whole 
system (II, 14, 296 b 7 ff.). 

3. Generation and Corruption, or Coming-to-be and Passing-away (De genera­
tione et corruptione), deals further with the elements. Aristotle examines and 
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rejects theories about the nature of matter offered by his predecessors, including 
Leucippus and Democritus, who spoke of 'atoms moving in the void' (I, 8, 325 
a 23 ff.). For Aristotle the universe is a plenum and every material thing is, at least 
in theory, infinitely divisible. He again discusses change (as defined in the Phy­
sics)-local, qualitative, and quantitative; yet in any specific case the coming-to­
be of one thing (for instance, a fire) is a part of the same process as the passing­
away of something else (fuel). Thus matter is potentiality that assumes actuality 
only inform; and material substances are both matter and form (I, 4, 320 a 2; 
s. 322 a 28; 7, 324 b S ff.). 

These changes in form (including what we call chemical change) come about 
by 'mixing', a reciprocal relation in which the potential ability-to-act (Latin 
actio) and the potential capacity-to-be acted-upon (passio) are equally important. 
The substances so reacting must be in contact with each other (I, 6, 322 b 22 ff.); 
and the reaction takes place through their 'contrary' properties (I, 7, 324 a 3 ff.) 
The simplest forms of matter must therefore be defined in terms of' contraries', 
which are the hot and the cold (said to be active qualities), and the moist and the 
dry (passive qualities). But since the same thing cannot be both hot and cold, 
or both moist and dry, the possible pairings of qualities give only the four 
'elements': dry ... hot, Fire; hot-moist, Air; moist-cold, Water; cold-dry, Earth 
(II, 3.330 a 30 ff.). 

These are not chemical elements in the modern sense, since they are continu­
ally being transmuted into each other (II, 4, 33 I a 7 ff.). Transmutation is easiest 
between two elements that have one quality in common. For example, Water 
(cold-moist) by reacting with the 'contrary' of cold, which is hot, becomes Air 
(hot-moist); and this explains the boiling away of liquid into vapour. More 
difficult, though possible, is the reaction of two qualities in succession, as when 
Water (cold-moist} changes into Fire (hot-dry). 

Since the elements are arranged (as explained in The Heavens) in concentric 
spheres according to their 'lightness' or 'heaviness', and these transformations 
are for ever going on between adjacent spheres, the elements are always chang­
ing their places in a perpetual cycle. This is the cause of many natural phenomena 
(described in the Meteorology). But the transmutations themselves must have a 
cause, and this (efficient cause) is the annual movement of the sun along the 
ecliptic circle (II, IO, 336 a IS ff.); seasonal changes in heat and moisture effect 
the transmutation of the elements; and the resulting changes in the atmosphere, 
sea, and land surface control the life cycles of plants and animals. 

4. The Meteorology (Greek Meteorologica, Latin Meteora, or De meteoris) falls 
into two distinct parts, Books I-III and Book IV, which were probably written 
as two separate treatises. Some scholars have doubted whether this is Aristotle's 
own work (especially Book IV); but if not, it was composed by a close follower 
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of Aristotle, thoroughly familiar with the Physics, The Heavens, and Generation 
and Corruption. The title Meteorology is misleading in English, and even in 
Greek is not strictly accurate: meteors means 'things high up in the air', and such 
phenomena (meteorology in the present-day sense) form only part of the sub­
ject matter, even in Books I-III, to which the title may really belong. 

The first three books take up again the elements and their natural places, 
introducing another aspect of their transmutation (I, 4, 341 b 6 ff.), the two 
'exhalations' drawn up by the heat of the sun from the surface of sea and land; 
one is moist and vaporous, the other dry and smoky. The former mingles 
with the Air; the latter, being hotter and lighter, rises into the sphere of Fire-a 
region hot and dry and potentially inflammable, where are produced all those 
'lights in the sky' supposed to belong to the sublunary world-meteors and 
shooting stars, the aurora borealis, comets, and the Milky Way (I, 4, 341b24-8, 
346b 15). 

In the sphere of Air the moist vapour cools, condenses, and produces clouds 
and rain, dew, hoar frost, hail, and snow (I, 9, 346 b 16-12, 349 a 12). Haloes, 
sun-dogs, and rainbows result from the reflection of light on mist and cloud 
(III, 2, 371b18--6, 378 b 6). Winds (II, 4, 359 b 27--6, 365 a 14) are caused by the 
dry exhalation; when it is trapped in masses of cooling air, forced downwards 
and ignited, tornadoes and thunderstorms occur; and the Fire in it appears as 
lightning (II, 9, 369 a lo-III, l, 371b18). 

In the spheres of Water and Earth the two exhalations account for many 
phenomena now classified as geological. The origin of springs and rivers 
{I, 13, 349 b 3-351 a 18) is partly rainfall and partly condensation of vapour in 
the earth. The sea (I, 14, 351 a 19-II, 3, 359 b 26) is fed by rivers, but its saltness 
comes from the dry exhalation: this contains a sort of 'burnt earthiness' that 
mingles with the moist exhalation in the Air and falls as brackish rain that 'salts' 
the sea. Earthquakes, tidal waves, volcanic eruptions (II, 7, 365 a 14-9, 369 a 9) 
occur where excessive amounts of the dry exhalation burst out violently from 
underground. And finally, the exhalations are responsible for the formation of 
minerals, the dry smoke producing infusible earths and stones, the moist vapour 
all kinds of metals. This short passage at the very end of Book III (6, 378 a 12-
378 b 6) is the only attempt to explain minerals, and the implication that it will 
be elaborated elsewhere is not followed up, at least in any of Aristotle's extant 
writings. 

Book IV has been called the 'chemical treatise'. It reconsiders the four 'ele­
ments', Earth, Water, Air, and Fire in terms of their qualities-hot or cold 
(active) and moist or dry (passive)-in order to explain such processes as putre­
faction (IV, 1, 379 a 1 ff.), 'cooking' (heating in various ways), hardening, 
softening, drying, melting, and solidification (IV, 2, 379 b 10-7, 384 b 23). 
There is also discussion of the relation between the elemental constitution of 
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different substances and their physical properties, such as plasticity, malleability. 
fissility, inflammability, &c. (IV, 8, 384 b 24-9. 388 a 9). Most of the substances 
mentioned are considered to be relatively simple 'mixtures' of elements: 
Aristotle's term is homeomerous (IV, 8, 384 b 31 ff.; 12, 390 b 2 ff.} for things 
that seem to be 'homogeneous' or 'uniform' throughout, like oil, stone, metal, 
wood, bark, blood, bone, &c. In living things the homeomerous parts are what we 
call tissues, which are further combined into the anhomeomerous (non-uniform) 
parts (organs), like flower, hand, eye, &c. These are to be further considered in 
the works on plants and animals. 

5. The Soul (De anima} is the first of the biological treatises. This position 
may seem strange if we accept its modem designation as a 'Treatise on Psy..;. 
chology', but it is logical enough within the frame of Aristotle's philosophy. 
The Greek word psyche (Latin anima} is difficult to translate, since the English 
word 'soul' has acquired theological associations that are not in Aristotle. In this 
work psyche is 'life' or 'vital principle' -that which distinguishes living from 
dead matter. Therefore a discussion of it is a necessary introduction to the 'life . . sciences. 

Matter, as already stated, is potentiality, actualized inform. And for any living 
thing, its form is, first of all, its 'aliveness', that is, its soul (II, 1, 412 a 3 ff.}. The 
soul is the cause of all vital activities of the organism (II, 4, 415 b 9 ff.). But such 
activities range from very simple to very complex (III, 9, 432 a 22 ff.): plants are 
capable only of nutrition, growth, and reproduction; animals, of course, also 
have these functions, but they are capable, as well, of sensation, desire, and 
movement; and man, beside all these lower faculties, has what we call 'mind'­
he is able to think, remember, and imagine. Later commentators speak of three 
souls-vegetative (or nutritive), sensitive (or appetitive), and rational (or 
intellectual), but for Aristotle these seem to be merely different aspects of 
'being alive'. 

The treatise has little to say about nutrition, growth, and reproduction 
(these are dealt with elsewhere), but it discusses at some length sensation-the 
five senses, sight, hearing, smell, taste, and touch (II, 7. 418 a 26-12, 424 b 18): 
how sense data are combined in perceiving a thing as a whole (III, 3, 425 b 12 
ff.); thinking and imagination (III, 3, 427 a 17-7, 431b19); and how the soul 
moves the body through impulse and desire (III, 9, 432 b 8-11, 434 .a 21). It 
closes with the characteristic reminder that living things are endowed with these 
faculties in order to survive, and for their own well-being (III, 12, 434 a 22-
end). 

6. The group of short treatises known to medieval scholars as the Parva 
naturalia, or 'little works on nature', is usually placed next after The Soul, as a 
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sort of appendix, continuing and expanding the accowit of the relations of soul 
and body. The· scope of these works may be sufficiently indicated here by simply 
listing their titles. 

The Senses, or Sense and the Objects of Sense (De sensu, or De sensu et sensi­
bilibus). 

Memory and Recollection (De memoria et reminiscentia). 
Three that are often grouped together as one work: Sleep and Waking (De 

somno et vigilia); Dreams (De somniis}; and Prophecy in Sleep (De divinatione per 
somnia). 

Another group of three often combined in one: Length and Shortness of Life 
(De longitudine et brevitate vitae); Youth and Age (De juventute et senectute}; and 
Life and Death (De morte et vita). 

With these may be placed a short treatise on Respiration or Breathing (De 
inspiratione et expiratione). 

7. The treatise on Plants (De plantis, or De vegetabilibus} is not Aristotle's 
own work, at least in its present form. It has been ascribed to the historian, 
Nicholas of Damascus, who was a friend of Herod the Great in the first century 
B.c.; but Nicholas may have been revising or commenting on a work of Aris­
totle now lost. The treatise discusses the life (soul) of plants, their place in the 
order of nature, the characteristics of different species, and their classification; 
and also says something about their physiology and ecology. 

Most famous of all Aristotle's scientific writings are those on animals, which 
comprise three long works and two very short ones: 

8. The History of Animals, or Researches on Animals (Historia animalium), 
describes the anatomy, behaviour, and breeding habits of animals. More than 
soo species are mentioned, testifying to the vast amowit of work done by 
Aristotle and his pupils in this field. Some of the information, derived from 
books or folk-lore, is patently incorrect; but a large part seems to be based on 
observation, and in some cases dissection of specimens. Here Aristotle gives 
many details, some of which were later discredited, forgotten, and then re­
discovered by modem biologists. 

Great interest attaches also to Aristotle's comprehensive classification of 
animals which, although nowhere tabulated in full, plainly widerlies his dis­
cussion, in both this and the following works. The two major groups are (1) 
animals 'with blood' (that is, with red blood, corresponding to vertebrates} 
and (2) those 'without (red} blood' (invertebrates}. The first group is sub­
divided into (a) viviparous (man and below him other mammals) and (b) 
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oviparous (birds, reptiles, amphibians, fishes). In the second group (invertebrates) 
he distinguished insects, crustaceans, shellfish, and 'soft-bodied' cephalopods, 
&c.; and below these, things like sea-cucumbers and sponges, 'intermediate' 
between animals and plants. This scheme, despite some mistakes, shows a 
remarkable grasp of the relationships of living things. To Aristotle, of course, 
this is not an 'evolutionary' order, but a natural hierarchy expressing the higher 
or lower activities of soul. 

9. Parts of Animals (De partibus animalium) is not, as the title may suggest, a 
study of anatomy but rather of physiology. The 'parts' are classified as (1) 
homeomerous parts or tissues (fat, blood, marrow, flesh, bone, &c.); these are 
combinations of elements, and are in turn combined into (2) anhomeomerous 
parts or organs (eye, ear, stomach, kidney, &c.). But Aristotle's emphasis is on 
the causes, especially the final cause-that is, the purpose which each part serves 
in the life of the animal (I, 5, 645 b 15 ff.), reiterating his belief in the design and 
wisdom of nature. 

10. Generation of Animals (De generatione animalium) deals with reproduction 
and heredity. In the higher animals the offspring receives something from both 
parents, being .formed by the union of semen from the male and menstrual 
blood from the female. Both these fluids are 'residues', that is materials not used 
up in the normal growth and repair of the body (I, I 8, 725 a I 1 ff.; 19, 726 b 31 
ff.). After sexual intercourse the semen (like rennet in milk) 'sets' the menstrual 
fluid in the form of an embryo in the womb (II, 3, 737 a 8 ff.). The female is 
passive, supplying only matter (material cause), from which the embryo is made, 
while the male is active, supplying semen (efficient cause) in which is the form 
(formal cause), the soul of the offspring (II, 4, 738 b 20). Aristotle compares the 
role of the male to that of the artisan, who has 'in his soul' the form of whatever 
he is producing by the movements of his hands and tools (I, 2, 730 b 20 ff.). 

But in lower animals the roles of the two sexes are not so distinct; and for 
some of these Aristotle, being unable with the means at his disposal to unravel 
their life histories, has to accept the theory of spontaneous generation: this he 
says can occur where there is some kind of matter that has in it the potentiality 
of life (mud, water, slime, decaying organic materials). If this is acted upon by 
gentle heat (from the sun or from fermentation or putrefaction), animals are 
created, such as certain shellfish, worms, or insects (III, II, 762 a 8 ff.). 

II. The two short works are the Movement of Animals (De motu animalium) 
and the Progression of Animals (De progressu animalium). The former takes up 
again the problem of how the soul moves the body; the latter pays more atten­
tion to the mechanism-how many feet an animal has, how the legs bend, how 
the limbs are used in walking, running, swimming, or flying, &c. 
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The Transmission of Aristotle's Scient!fic Works 
The channels by which Aristotle's science reached the medieval scholars of 

Europe were many and in some cases devious. Cultivated Romans knew Greek 
and some of them read Aristotle-for instance, the elder Pliny (first century 
A.D.) in collecting materials for his Natural History. But they did not make 
translations of Aristotle. Therefore, during the long ages when Latin was the 
language of learning in most of Europe, Aristotle's works ceased to be read, 
except for some of the books on logic, which had been put into Latin in the 
sixth century. It was not until the twelfth century that the others began to 
reappear in Latin translations, some made from the Greek and some from the 
Arabic (Wingate, 1931). 

The early translations from the Greek were probably made in southern 
Italy or Sicily, where Greek was still spoken; but most of them are of unknown 
authorship, except for Meteorologica (Book IV), which was translated about 
n56 by Henricus Aristippus, an official at the court of William I in Sicily. 

The translations from the Arabic had a more complex history, beginning in 
the east with the translation of many Greek scientific works into Syriac, and 
later from Syriac into Arabic. In the ninth century a group of scholars in Bagh­
dad, some of whom worked from Greek manuscripts, was producing the 
Arabic versions of Aristotle that subsequently inspired the commentaries of 
Avicenna (980-1037) and Averroes (1126--98). These versions were carried by 
the Arabs to Spain. And in the twelfth century, as the 'Moors' were gradually 
driven out, Spain, with its polyglot population, became another centre for the 
transmission of Arabic learning to the rest of Europe. So far as the works of 
Aristotle are concerned, the two most important translators were Gerard of 
Cremona (n14-87) and Michael Scot (c. n75-1235). Gerard of Cremona was 
the leader of a great school of translators at Toledo, who produced Latin texts 
of the Physics, The Heavens, Generation and Corruption, and Meteorologica 
(Books I-III); and the pseudo-Aristotelian Properties of the Elements. Michael 
Scot also worked at Toledo, and later in Sicily, where he was astrologer at the 
court of Frederick II. His translations included new versions of some of the 
works already mentioned, as well as The Soul, the Animals (as one long work in 
nineteen books), and some of the commentaries of Averroes. 

Thus by the early years of the thirteenth century Latin texts were available 
of all, or nearly all, Aristotle's scientific works, most of them in more than one 
translation. But as the century went on scholars became dissatisfied with these 
texts (Roger Bacon's complaints are well known). The task of providing new 
and better translations, direct from the Greek, was undertaken (some say at the 
instigation of Thomas Aquinas) by William of Moerbecke ( 1215--96), a Flemish 
Dominican who went to Thebes before l26o, was at the Papal Curia about 
1265-76, and returned to Greece as Archbishop of Corinth about 1277. 
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Most of the Greek-Latin texts of Aristotle current in the latter part of the 
·thirteenth century are attributed with more or less probability to him. Some 
were mere revisions of pre-existing versions from the Greek; others, especially 
those known only in versions from the Arabic, he translated anew from manu­
scripts obtained in Greece. He divided the long treatise on Animals into its 
three parts: History of Animals, ten books; Parts of Animals, four books; Genera­
tion of Animals, five books; and he added the two short treatises, the Movement 
of Animals and Progression of Animals, which were not in the Arabic version 
(though one or both may have existed in earlier translations from the Greek). 

William also translated a few works of Greek commentators on Aristotle: 
Alexander of Aphrodisias (who lived in the late second-early third century A.D.), 
Themistius (fourth century) and Simplicius (sixth century). 

These translations began to circulate soon after 126o. They gradually super­
seded earlier ones, and became the generally accepted texts of Aristotle until 
they were themselves superseded by the translations of Renaissance scholars. 

Pseudo-Aristotelian Works 
Among the writings ascribed to Aristotle by the Arabs, the Latin translators 

found several that were written long after his time and are quite un-Aristotelian 
in character. But these, too, were accepted as genuine by medieval readers, who 
believed that Aristotle, surely the wisest of all men, must have written some­
thing concerning every branch of human knowledge. I shall mention here only 
three of these, known as the Secret of Secrets, the Properties of the Elements, and the 
Lapidary of Aristotle. 

12. The Secret of Secrets (Secretum secretorum, Steele, 1920) claims to be a 
treatise written by Aristotle for Alexander the Great, imparting the secrets of 
kingship and the lore of Hermes. The contents, which are differently arranged 
in different versions, include advice on the behaviour of a king, the wise selec­
tion of officers of government, the administration of justice, and the conduct of 
war, and the preservation of health by means of diet, baths, and medicines. 
Brief sections deal with the mysteries of astrology and alchemy. 

The author is unknown, but he probably wrote in Syriac. An Arabic version 
was made about the beginning of the ninth century and the work continued to 
grow by accretion. It was several times translated into Latin and then into 
vernacular languages, and was widely read during the Middle Ages. One of the 
best Latin texts was edited and annotated by Roger Bacon (Steele, 1920). 

Albert certainly knew the Secret of Secrets, and in the Book of Minerals he 
seems to allude to it in his remark about the influence of the stars on the 'inborn' 
aptitudes of children (II, iii, 3), and perhaps in his quotations from the Emerald 
Table (I, i, 3; see Appendix D, 7). 
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13. The Properties of the Elements (De proprietatibus elementorum, or De causis et 
proprietatibus elementorum, printed in the Works of Aristotle, Aristotelis opera, 
Venice, 1496) is obviously based in part on Aristotle; but it also introduced 
into medieval science additional topics for discussion: the role of the heavenly 
bodies in causing floods, droughts, and pestilences, and the role of the 
moon in causing the tides; the theory that the sea has continually migrated 
from place to place, and the evidence for and against such a theory; the 
source of underground heat in hot springs and volcanoes; and the questions of 
how and when hills and valleys were formed. 

This was perhaps written in the tenth century. The author was not only a 
student of Aristotle but also something of an astrologer and geographer. The 
Latin translation from the Arabic was made by Gerard of Cremona. 

Albert himself wrote a commentary on this work, which he cites in the 
Book of Minerals (II, iii, 4; see also Introduction: 'Albert's Scientific Writings' 
and 'Date of Composition of the Book of Minerals'). 

14. The Lapidary of Aristotle, or Aristotle's Book of Stones (Lapidarium Aristotelis, 
or Liber Aristotelis de lapidibus, Rose, 1875; Ruska, 1912) recounts a number of 
adventures of'Alexander, my pupil' with precious or magical stones: Alexander 
found stones that called up demons or produced illusions, and other stones to 
counteract these; stones that caused horses to neigh and others that kept them 
from neighing (and used the latter in surprise attacks on his enemies), &c. 
These 'stones' are obviously fabulous-'talismans' or charms. But the Lapidary 
of Aristotle also describes many real minerals-gemstones, metals and their 
ores, and substances used in medicine and the arts. 

The core of this work seems to have been a Syriac or Persian lapidary going 
back to the sixth or fifth century. It was translated into Arabic, perhaps at 
Baghdad in the ninth century, and subsequently reworked and enlarged, 
probably more than once. Latin translations were made from both Arabic and 
Hebrew versions; one of these, attributed to Gerard (presumably of Cremona), 
which existed in the thirteenth century, has since been lost (see notes on II, iii, 6). 

Albert knew this work only by report and all his quotations from it are at 
second- or third-hand (see Introduction: 'Date of Composition of the Book of 
Minerals'). 

u 
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LAPIDARIES 

Lapidaries before the Thirteenth Century 
REFERENCES to precious stones as ornaments or amulets, and to mineral 
substances used in medicine or the arts, go far back in the writings of ancient 
Egypt and the Near East. But the European lapidary-a work dealing exclusively 
or chiefly with 'stones'-may be said to begin with the Greeks. Thereafter the 
tradition can be traced to the encyclopedists of the Middle Ages and on into the 
Renaissance, when the lapidaries began to be transformed into more or less 
scientific treatises on mineralogy, such as Georgius Agricola's The Nature of 
Fossils (De natura fossilium, 1546)-'fossils' at that time meaning all things 
'dug up' out of the ground. 

A complete history oflapidaries would fill a large book. All that is attempted 
here is to indicate briefly the works that can, in some sense, be considered sources 
for the 'lapidary tractate' (II, ii) in the Book of Minerals, though certainly Albert 
made little or no direct use of the earlier writings listed here (1-10). Good ac­
counts of most of these are given by Thorndike (1923, Vols. 1-1~ and, in some 
cases, by the editors of editions listed in the Bibliography. 

1. Theophrastus (Theophrastos of Eresos, c. 372-287 B.c.) was a pupil, friend, 
and colleague of Aristotle, whom he succeeded as head of the Lyceum after 
322 B.c. Among his scientific writings is a little book On Stones (Cayley and 
Richards, 1956), perhaps part of a larger work, including a book on metals 
now lost. In it he discusses the properties of 'stones' in terms of the Peripatetic 
'chemistry' of Meteor.,IV, and names as examples about fiftyminerals and rocks, 
some of which are well described. Although the Greek text of this has survived, 
it does not seem to have been known to the Arabs, and its influence on medieval 
Latin lapidaries was only indirect, through quotations in Pliny (see 3 below). 

2. Dioscorides (Pedanios Dioskurides, first century A.n.) wrote a Greek work 
On Healing Substances (Latin, De materia medica). This is perhaps better known as 
The Herbal of Dioscorides (Gunther, 1959), because most of the remedies men­
tioned were made from plants, and early manuscripts illustrated with drawings 
of plants became the models for medieval herbals, and even later, for botanical 
treatises. The fifth (and last) book, however, describes some mineral substances 
used in medicine. The treatise was translated into Latin at least as early as the 
sixth century, and another translation, from the Arabic, is attributed to Con­
stantine of Africa (eleventh century-see 9 below). Works of this character, 
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which are essentially lists with no inherent structure or argument, are peculiarly 
liable to damage in transmission, successive editors or copyists adding, omitting, 
or rearranging material to suit themselves. By the thirteenth century some man­
uscripts under this name contained not only traditional medical recipes but 
also much about the magical powers of stones, drawn from entirely different 
sources. Thus the 'Diascorides' cited by Vincent of Beauvais contained some 
items from Damigeron (5 below); and Bartholomew of England used a 'Dyas­
corides' based partly on Marbod (10 below} and partly on Arabic sources. 

3. Pliny (Caius Plinius Secundus, A.D. 23-79) wrote an elaborate Natural History 
(Naturalis historia, Loeb Classical Library} in thirty-seven books, of which the 
last five deal with minerals: Book XXXIll, precious metals; XXXIV, base 
metals; XXXV, earths; :XXXVI, stones, building materials, &c; :XXXVII, 
precious stones, gems, and other stones having remarkable properties~ Pliny 
collected his 'facts' from a vast literature, most of which has perished; for 
example, in Book :XXXVII (which is the most important for the history of 
lapidaries) he lists thirty-eight 'authorities', but Theophrastus's On Stones is the 
only one of them extant. Pliny credits many minerals with curative powers, 
evidently drawing on the same Greek medical works as were used by his 
contemporary, Dioscorides. He also recounts many magical powers of stones; 
these seem to belong to an eastern tradition, in books similar to Damigeron (5 
below) and the Lapidary of Aristotle (8 below) that reached Europe much later. 
Pliny himself was scornful of such beliefs but his medieval readers were more 
credulous than he. The Natural History, being written in Latin, was accessible 
all through the Dark Ages and became the chief authority in Its field: excerpts, 
paraphrases, and epitomes of it supplied a large part of the content of medieval 
bestiaries and herbals, as well as lapidaries. 

4. Solinus (Caius Julius Solinus, third century} was another Latin writer 
immensely popular in the Middle Ages. His Wonders of the World (Collectanea 
rerum memorabilium sive polyhistor, Mommsen, 1864} was compiled almost 
entirely from earlier writers, especially Pliny. The material was rearranged on a 
geographical plan-for example, the accounts of minerals and precious stones 
are scattered throughout, under the countries where they are supposed to be 
found; but they were industriously collected together again by Isidore of 
Seville ( 6 below) and later writers oflapidaries. 

5. Damigeron, or The Powers of Stones (De virtutibus lapidum, Abel, pp. 161-
95; Evans, 1922, pp. 195-215) is a work having a very obscure history. If 
'Damigeron' is the true name of the author, nothing further is known of him. 
The material seems to be derived from the Greek poem Lithica ascribed to 
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Orpheus and written perhaps in the fourth century. The Latin Damigeron, of 
about the fifth or sixth century, claims to be a translation made for the Emperor 
Tiberius by someone named Evax. So this version, as well as the poem of 
Marbod (10 below) based on it, is often cited as 'Evax' in later lapidaries. 
Damigeron (or Evax) gives few scientific facts about stones and emphasizes 
their magical powers, which are sometimes to be enhanced by engraving 
mysterious figures on the stone or mounting and wearing it in a certain way. 
This work is thus a link between the Plinian type oflapidary and the lapidaries 
dealing with engraved gems, of which Albert also gives a sample (II, iii, 5). 

6. Isidore of Seville (Isidorus Hispalensis, c. 500-636), the great scholar of 
Visigothic Spain, in his encyclopedic Etymologies (Etymologiarum sive originum 
libri XX, Lindsay, 19n) attempted to cover the entire range of human know­
ledge, as extracted from the writers of classical antiquity and the Fathers of the 
Church. The title indicates his true interest-in words rather than in the study 
of nature. In Book XVI, on stones and metals, the descriptions are copied, 
some verbatim, from Pliny and Solinus, and the stones are rearranged in a 
somewhat arbitrary order based chiefly on colour. He did not know, or chose 
to ignore, such. works as Damigeron, and his attitude towards magic stones 
reflects something of Pliny's scepticism, as well as the natural uneasiness of a 
Christian prelate about transmitting pagan beliefs: for instance, he groups 
together (Etym. XVI, 15, 21) stones 'which the heathen use in certain superstiti­
ous practices'. Isidore was still considered a great authority even in the thirteenth 
century, and Albert occasionally quotes him. 

7. 'Christian' lapidaries, commonly entitled The Twelve Stones, also reflect 
this uneasiness about pagan practices. Despite the attitude of the Church towards 
'heathen superstitions', even devout Christians could not entirely shake off the 
old belief that precious stones possess some sort of supernatural powers or 
significance. This interest was to some extent legitimized by focusing attention 
on the stones mentioned in the Bible, especially the two (different) lists of 
'twelve stones'-those in the breastplate of the High Priest (Exodus xxviii. 
17-21; xxxix. 10-14) and those in the foundations of the New Jerusalem 
(Revelation xxi. 19-21). The former was the subject of a commentary by 
Epiphanius (c. 315-c. 402), Bishop of Constantia in Cyprus. This was translated 
from Greek into Latin at an early date (Dindorf, vol. iv, 1862; versio antiqua, 
pp. 141-224).Biblical commentators exercised their ingenuity not only in trying 
to identify the stones but also in assigning to them allegorical or mystical 
meanings. A good example of this type is printed among the writings ascribed 
to the English historian, Bede, as part of a Commentary on the Apocalypse (Migne, 
Pat. Lat. Vol. 93, cols. 197-202). This specialized sort of lapidary remained 
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separate from the tradition of secular lapidaries. But there are also works that 
list 'twelve stones' different from those in the Bible; and some that correlate 
them with the twelve Signs of the Zodiac (Thorndike, 1960). The latter should 
probably be classified as astrological lapidaries (see Appendix C, 4). Albert must 
have seen 'Christian' lapidaries, but he makes no special mention of the stones 
that appear in them; and his astrological lapidary (II, iii, 5) describes only the 
engraved figures, not the particular stones to be used. 

8. The Lapidary of Aristotle (Lapidarium Aristotelis, or Liber Aristotelis de 
lapidibus, Rose, 1875; Ruska, 1912) is a pseudo-Aristotelian work (see Appendix 
A, 14). A few excerpts from this fowid their way into Arabic medical writings 
translated into Latin by Constantine of Africa (see 9 below). The whole work 
had certainly been translated by the thirteenth century, but Albert never 
succeeded in finding a complete copy ofit (I, i, 1; II, iii, 6; Ill, i, 1). He quotes it 
several times, but evidently only at second- or third-hand (see Appendix C, 5; 
and notes on II, iii, 6). 

9. Constantine of Africa (ConstantinusAfer, or Africanus, c. 1015-1087), is said 
to have been born at Carthage and to have travelled widely in the East before 
settling down in Monte Cassino, where he spent his last years. He was the first 
important translator from Arabic into Latin, specializing in medical works. He 
has been accused (perhaps wijustly) of trying to claim these as his own writings, 
since he usually omitted the authors' names. Two that have been printed in his 
collected works are of interest here: the Book of Degrees, and the Letter on 
Incantations (Opera, Basel, 1536, pp 342-87; 317-20). The former (Liber gradum, 
or degradibus) has been attributed to Ibn-alJezzar, and also to Isaac the Jew, who 
wrote other books that Constantine translated. The Book of Degrees develops 
a theory of Galen that remedies can be classified in four 'degrees' of heat, cold, 
moisture, and dryness-a system that promised to be useful because physicians 
believed that a 'hot-dry' fever, for instance, could best be combated by a 'cold­
moist' medicine. Among the drugs so classified are about thirty of mineral 
origin. This, then, is really a work on materia medica, in the tradition of Dios­
corides, and not a lapidary. But it contained a few items from the Lapidary of 
Aristotle, which Albert quotes from Constantine. The other work, the Letter on 
Incantations, is supposed to have been written by Costa hen Luca (see Appendix 
C, 5). This, too, contains a few statements from the Lapidary of Aristotle that 
Albert quotes. 

10. Marbod (Marbode, Marbodus Redonensis, 1035-1123) was a native of 
Angers and became Bishop of Rennes in 1096. His Book of Stones or Gems 
(Liber lapidum seu de gemmis, Migne, Pat. Lat. Vol. 171, cols. 173 5-70) is written 
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in Latin hexameters and describes sixty stones and their properties. Marbod 
rarely (probably never) used Pliny directly, but took his descriptions partly from 
Solinus, partly from Isidore, adding medical and magical powers from Dami­
geron and a few fragments of the Lapidary of Aristotle (by way of Constantine's 
Book of Degrees); the poem is distinctly pagan in tone. There is also a 'Christian 
lapidary' that has been attributed to Marbod-The Twelve Precious Stones in the 
Foundation of the Celestial City (op. cit., cols. 1771-2), in rhymed Latin verse. 
But it was the secular Book of Stones that became the most widely read lapidary 
of the Middle Ages. Its popularity is attested by the large number of extant 
manuscripts, and also by the many paraphrases and iµtltations, in both prose 
and verse, in Latin and in vernacular languages. Marbod's name disappeared 
from many of these; and even when his work is quoted verbatim he is sometimes 
called 'Evax' (from his first line, 'Evax, King of the Arabs'), or simply Lapi­
darius. A large part of the 'lapidary tractate' (II, ii) in the Book of Minerals is 
derived from Marbod, although Albert never actually quotes him. 

Lapidaries in Thirteenth-Century Encyclopedias 
The authors discussed above have all contributed something to Albert's work; 

but he seems rarely to have made direct use of them. For the most part he relied 
on later compilations, such as appear in the encyclopedias of his contemporaries, 
Arnold of Saxony, Batholomew of England, Thomas of Cantimpre, and 
Vincent of Beauvais. These must now be considered: 

11. Arnold of Saxony (Arnoldus Saxo) was probably the earliest of the four. 
Nothing is known of him except his name, Saxo, implying that he was born 
or lived in Lower Saxony, and his reference to himself as clericus, a member of 
the minor clergy. His book, The Purposes of Natural Things (De .finibus rerum 
naturalium, Stange, 1905-6) is dated by Stange early in the thirteenth century. 
The third part of it deals with minerals and lists eighty-one stones. It is essentially 
a poor prose version of Marbod, in places so abbreviated as to be unintelligible 
unless one knows the original; to this is added some material from another 
source which Arnold does not name, but which can, in many instances, be 
identified as the 'Dyascorides' quoted by Bartholomew of England. 

12. Bartholomew of England (Bartholomaeus Anglicus, fl. c. 1230-40) was a 
Franciscan. His reputation for learning was already established, and perhaps his 
encyclopedia, The Properties of Things (De proprietatibus rerum, Heidelberg, 
1488), was already written, by 1230, when the General of the Franciscans 
requested his transfer from the French province to a teachingpostatMagdeburg. 
The Properties of Things contains one book (XVI) on minerals and metals, 
compiled from many authorities whom Bartholomew names: Isidore of Seville, 
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Marbod {as Lapidarius), 'Dyascorides'; also Biblical commentators and medical 
writers, including Constantine of Africa and Avicenna. Bartholomew's habit 
{rather unusual for the time) of giving exact references is helpful for identifying 
unnamed citations in other writers. 

13. Thomas of Cantimpre, or of Brabant (Thomas Cantimpratensis, or 
Brabantinus, c. 1201-c. 1270) was a member of the Order of Preachers, and was 
sub-prior and lector at the Dominican House in Louvain after 1246. He was 
acquainted with Albert, or at least had attended some of his lectures. His ency­
clopedia, The Nature of Things (De natura rerum) {British Museum MS. Egerton 
1984; Evans, 1922, pp. 223-34), is supposed, from internal evidence, to have 
been written between 1228 and 1244. The book on stones bears a close resem­
blance to Arnold's, but makes more use of Biblical commentaries and identifies 
in the list the 'Twelve Stones' {of Exodus); it also cites the work of 'Thetel' 
on engraved gems {see Appendix C, 4). 

14. Vincent of Beauvais (Vincentius Bellovacensis, fl. c. 125o-60) was also a 
Dominican and served as sub-prior at Beauvais about 1246. Later he was 
Royal Chaplain and tutor to the children of Louis XI. His encyclopedia, the 
Great Mirror (Speculum majus), is divided into three parts, the Mirror of Nature 
(Speculum naturale), the Mirror of Doctrine (Speculum doctrinale), and the Mirror of 
History (Speculum historiale). The Speculum naturale {Strasbourg, 1481), which 
deals with natural science, may have been finished by 1250, but this date is very 
uncertain. It includes one book {VIII) on metals and one {IX) on stones. In the 
latter Vincent cites many authorities-Vitruvius, Palladius, Pliny, and Solinus, 
as well as the more usual Isidore, Marbod (as Lapidarius), and 'Diascorides'; 
and he also cites his contemporaries, Arnold (by name) and Thomas (not named, 
but as the book De naturis rerum). Under the designation Auctor (author) he 
adds brief comments of his own. 

Albert's Lapidary in the Book of Minerals 
Useful accounts of these encyclopedias have been given by Thorndike (1923, 

Vol. II), but a detailed study would be necessary in order to answer all questions 
about their relations to each other and to Albert's works (on plants and animals 
as well as minerals). The conclusions stated here are based solely on examination 
and comparison of the portions dealing with stones and metals. 

In considering Albert's immediate sources for the 'lapidary tractate' (II, ii) 
in the Book of Minerals I believe that Vincent of Beauvais can be ruled out 
entirely. Although his Mirror of Nature may have been completed around 1250 
(see Introduction: 'Date of composition of the Book of Minerals'), the simi­
larities between this and Albert's lapidary all seem to be Vincent's quotations of 
Arnold or Thomas or other sources that Albert used independently. 
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Bartholomew of England can also be ruled out. In fact, his lapidary in The 
Properties of Things seems to have no direct connexion with those in other con­
temporary encyclopedias: here, too, similarities show merely that Bartholomew 
was quoting{often more fullyand more accurately) sources that others also used. 

On the other hand, even the most superficial examination suggests that 
Albert's lapidary tractate is indebted to those of Arnold of Saxony and Thomas 
of Cantimpre (c£ Bormans, 1852; Rose, 1875; Aiken, 1947); and other parallels 
occur in the chapters on astrological sigils and on ligatures and suspensions 
{II, iii, 5--6)~ This is not surprising. Albert, as he himself tells us {III, i, 1), made a 
long search for the Lapidary of Aristotle, and no doubt consulted every lapidary 
he could lay hands on. But he never names either Arnold or Thomas. It may 
be that he did not know their names: Rose (1875, p. 335) reported that some 
manuscripts of their works are anonymous, and Thorndike (1923, Vol. II, pp. 
396-398; 1963) lists a number of copies of The Nature of Things that lack 
Thomas's name or are attributed to someone else. But Thomas was a fellow 
Dominican, and claimed to be acquainted with Albert, and it is difficult to 
believe that Albert used his book without knowing who had written it. This, 
however, was a common usage of the time; many medieval writers pass along 
the sayings of famous 'authorities' like Aristotle, Hermes, or Evax, without 
giving the immediate contemporary source of their information, which may 
have been a paraphrase or epitome, the author being considered relatively 
unimportant. 

If Albert used either of these contemporary lapidaries, he must have used 
both, since some of his stones are found in one but not in the other (at least in 
the texts I have seen), and a few are described partly in Thomas's phrases and 
partly in Arnold's. But the two are on the whole so similar as to point to a 
common source, and it is possible that Albert himself also used that source. 
The style of this part of the Book of Minerals, with its reiterated 'it is said' 
(dicitur, fertur), 'it is found by experience' (expertum est), 'some people say' 
(quidam dicunt), &c., indicates that he was comparing and summarizing informa­
tion from several lapidaries. Arnold's and Thomas's cannot have been· the only 
ones he used, because in some instances he names authorities that they omit. 

Arnold says his lapidary is based on 'Aristotle and Aaron and Evax, King of 
the Arabs, and Diascorides'. This does not imply four separate works used inde­
pendently; it was probably one manuscript, supposedly compiled by 'Dias­
corides' (see 2 above), and containing excerpts from Aristotle (that is, the 
Lapidary of Aristotle), Evax (Marbod, already reduced to a prose paraphrase), 
and Aaron (unidentified, but presumably a Jewish or Arabic work that supplied 
the items not in Marbod or the Lapidary of Aristotle). Thomas used the same 
source, but calls it merely 'Evax King of Arabia' (appropriately enough, since 
most of it came from Marbod). Bartholomew of England cites it, too, but uses 
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only the name 'Dyascorides' (as the author of the whole collection); and he 
chooses mostly items that are not in Evax (that is, Marbod) whom he quotes 
directly. 

Albert also lists 'Evax, King of the Arabs, Diascorides, Aaron' among his 
authorities at the beginning of the Book of Minerals (I, i, 1). He repeats 'Evax 
and Aaron and Diascorides' in introducng the subject of astrological sigils 
(II, iii, 4); this suggests that the lapidary of engraved gems (which is also in 
Arnold and Thomas) was a part of, or was bound up with, the manuscript that 
contained the alphabetical lapidary (II, ii). Finally, in the chapter on ligatures 
and suspensions (II, iii, 6) he again cites 'Aristotle and Diascorides', apparently 
the work that Arnold calls 'The Lapidary of Aristotle, translator Diascorides'. 
This chapter of Albert's closdy resembles Arnold's and may be partly based on 
it; but Albert includes a few items from the Lapidary of Aristotle that are not in 
Arnold. Moreover, a number of Arnold's statements are also in Bartholomew, 
credited to 'Dyascorides'. So the material in Albert's final chapter on stones 
(II, iii, 6) seems to have been another part of a 'Diascorides' compilation that 
was known also to Bartholomew and Arnold. Albert no doubt valued it 
especially because it contained excerpts from the Lapidary of Aristotle. 
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ASTROLOGY AND MAGIC 

As TR o No MY is not only the oldest of the sciences; in the ancient world it was 
also a religion and a practical art. Scientific astronomy-the observation and 
recording of the motions of the heavenly bodies and the mathematical calcu­
lation of their courses-will not be discussed here. The astral religion, however, 
left its mark on Greek philosophy; and the practical art of predicting human 
fortunes from the stars was already widespread in the Roman Empire and was 
transmitted to medieval Europe through both Latin and Arabic channels. These 
influences are obvious in the Book of Minerals: the works mentioned or alluded 
.to by Albert may conveniently be grouped under five headings: (1) Plato, 
(2) Ptolemy, (3) Hermes, (4) astrological sigils, (5) amulets. 

l. Plato (427-347 B.c.), founder of the Academy at Athens, was influenced 
by the Pythagoreans, and in turn influenced a long line of thinkers beginning 
with Aristotle and including some of the Fathers of the Church, notably 
Augustine (A.D. 354-430). But the only one of Plato's own works that was read 
in western Europe during the Dark Ages was the Timaeus, in a Latin translation 
and commentary made by Chalcidius (Mullach, 1881, Vol. 2, pp. 149-258) in 
the fourth century. The Timaeus took a strong hold on men's imaginations: 
it deals with the themes of cosmic harmony, expressed in numerical ratios; 
of the ordering of chaos into cosmos by the Demiurge, who created the stars 
in their 'choric dance', and then entrusted to them, the 'young gods', the crea­
tion of all mortal things; and of the doctrine of man, the microcosm or 'little 
world', reflecting in his being the macrocosm or 'great world' of which he is a 
part. Plato did not teach astrology, as such, but the Timaeus might be held to 
support belief in the power of the stars over human lives; and later astrologers 
invoked the authority of Plato, as well as that of his pupil Aristotle (whose 
cosmology is discussed in Appendix A). 

Albert, of course, knew the Chalcidius version of Timaeus (III, i, 6), and he 
also knew some of the Latin writers on Platonism, though the only one of these 
that he mentions in the Book of Minerals (II, l, 2) is Apuleius of Madaura, who 
was frequently cited by Augustine in The City of God. Apuleius's own writings 
reveal an interest in magic as well as in philosophy; his most famous work is 
The Golden Ass, or Metamorphoses, a romance about a man transformed into an 
ass. Some of the Greek commentators on Aristotle were neo-Platonists, and 
their views are reflected in the Arabic commentaries: for instance, Avicenna's 
belief in angels as the intelligences that move the celestial spheres-a belief of 
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which Albert strongly disapproves (II, i, 2-3). Neo-Platonist writings also have 
many connexions with 'Hermetic' books (see 3 below). 

2. Ptolemy (Claudius Ptolemaeus,jl. c. A.D. 150) is famous as the author of the 
'Great Work' on astronomy transmitted to Western science under its Arabic 
name, the Almagest. In the Middle Ages he was perhaps even more famous as an 
astrologer. His Treatise in Four Books (Greek Tetrabiblos, Latin Quadripartitum) is 
interesting even today as a 'rational' account of astrology. Ptolemy argues that 
the influences of the stars work through the qualities (heat, cold, moisture, 
dryness) which they impart to the atmosphere and the earth, causing winds, rains, 
floods, and droughts; their effect at any particular time and place depends on the 
positions of the planets in rdation to each other and to the Signs of the Zodiac. 
On this basis he gives an account of weather, seasons, and climate that is in fair 
agreement with the facts in the eastern Mediterranean region (where he lived) 
and then goes on to claim equal validity for prognostications about 'major' 
events like earthquakes, pestilences, and wars, and about 'minor' events in the 
lifetime of any individual man or woman. 

The Latin translation (Quadripartitum) was made from the Arabic by Plato 
of Tivoli before the middle of the twelfth century, and Albert cites it (II, i, 3; 
II, iii, 4), as well as the spurious Hundred Aphorisms (Centiloquium, Ashmand, 
1822) which was translated even earlier. Medieval writers often confused Pto­
lemy the astronomer with the royal family that ruled Hellenistic Egypt, and 
called him 'king Ptolemy of Egypt', ascribing to him many other books on 
astrology; Albert alludes to some of these without giving their titles (see 4 
bdow). · 

3. Hermes Trismegistus, 'Hermes thrice-greatest', is a name attached to a 
bewildering number of books on religious mysticism, astrology, magic, and 
even alchemy. The oldest of these, known as the Hermetic corpus, were written 
in Greek, probably at Alexandria in the early centuries of the Christian era. 
Hermes, however, was ·commonly identified with the Egyptian god, Thoth, 
whose tellchings were said to have been handed down from the remotest 
antiquity; and this identification was accepted in the Middle Ages, so that 
Albert speaks of Hermes as the predecessorofPlatoandotherGreekphilosophers. 
One book in the Hermetic corpus, The Sacred Book of Hermes Trismegistus 
addressed to Asclepius (Scott, Hermetica, Vol. I) is in Latin, evidently an early 
translation; this has been attributed (dubiously) to Apuleius of Madaura. It is 
strongly tinged with neo-Platonism. Albert cites it in his Animals (XXII, i, 5) 
and alludes to it in the Book ~f Minerals (II, i, 1), in speaking of the 'miraculous 
powers' of the soul. 

Most of Albert's references, however, seem to represent a later stage of the 



274 APPENDIX C 

Hermetic tradition, transmitted through Arabic writers. These works are not 
easy to identify because 'sayings of Hermes' were endlessly repeated from one 
book to another. The Universal Power(s) (De universali virtute, cited in the Book 
of Minerals, II, i, 2, and in The Nature of Places, i, 5) is ascribed to 'Hermes and 
certain followers of his', but was undoubtedly written by a 'follower' whom 
Albert does not name. I have not identified this work, though it may still exist 
in manuscript. But it would seem to be connected with, or perhaps to be another 
version of, a treatise attributed to Hermes (or sometimes to Enoch) on Fifteen 
Stars, Fifteen Stones, Fifteen Herbs, and Fifteen Images (Latte, pp. 235-89). 
This is presumably of Greek origin, but the Latin text was translated from an 
Arabic epitome. It correlates the colours of stars with the planets and also with 
the four humours and the four elements: red with Mars, Fire, bile; livid or 
leaden, with Saturn, Earth, black bile; yellow with Jupiter, Air, blood; and 
white with Venus, Water, phlegm. Neither this list of colours nor the sub­
sequent assignment of stones and images to particular stars corresponds very 
closely with the Book of Minerals (II, i, 2; iii, 5), so this work was not Albert's 
source; but it does probably represent a type of Hermetic treatise then well 
known. 

Hermes was. also said to have written books on astrological images (see 4 
below) and on alchemy (see Appendix D, 7). 

4. Astrological sigils, according to Albert (II, iii, l), can be understood only 
by those skilled in astrology, necromancy, and magic; and it is therefore rather 
surprising to find him assuring his fellow Dominicans that this is 'good doc­
trine'. It is less surprising if we compare his views in the Book of Minerals with 
those of the Mirror of Astronomy, or astrology (Speculum astronomiae, Borgnet, 
Vol. X), which has also, though not unanimously, been ascribed to Albert (see 
Introduction: Albert's Scientific Writings). The Mirror of Astronomy (Ch. XI) 
says that images are 'abominable' if they are made or used with accompanying 
invocations or burning of incense to pagan gods or demons; less evil but still 
'detestable' are images bearing 'characters' or inscriptions, especially in an un­
known language, which may conceal something contrary to the True Faith. 
The only permissible images are those that derive their power solely from the 
heavenly bodies, through having been made at a time when the planets were in 
a configuration favourable to the intended purpose of the image. Such distinc­
tions between 'black' and 'white' magic may seem tenuous today, but were 
apparently clear enough to the schoolmen (see Thorndike, 1923, Vol. II, pp. 
549-92, 692-717). 

The Mirror of Astronomy is a sort of'annotated bibliography' of licit and illicit 
books (in quo de libris licitis et illicitis pertractatur). Of the illicit books the author 
says that it is a long time since he read them, that he regarded them with abhor-
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rence, and can no longer remember the exact titles and contents of all of them; 
but those he does recall include several on rings, sigils, and images-in fact the 
very ones that Albert mentions in the Book of Minerals. Most of these have been 
identified in manuscript collections (Thorndike, 1947; Carmody, 1956). 

Actually the only one of Albert's 'authorities' on this subject who is not 
mentioned in the Mi"or of Astronomy is Geber of Seville (Geber Hispalensis). 
This is not Geber the alchemist, Jabir ibn Rayyan (see Appendix D, 3), but the 
twelfth-century astronomer, ]abir ibn A.fflah, whose book criticizing the Alma­
gest was translated into Latin by Gerard of Cremona. But Albert also refers 
{II, iii, 3-5) to the following: 

Magor of Greece (Magor Graecus) and Germa of Babylon ( Germa Babylonen­
sis) are thought by Thorndike (1923, Vol. II, pp. 226-7, 718-9) to be the same 
as the Toz Graecus and Germath Babylonensis, who are also mentioned together 
in the Mi"or of Astronomy (Ch. X~: Germa(th), also called Gergis, Gergic, &c., 
has not been identified with certainty: Carmody (p. 73) suggests Jirjis ibn al­
'Amid, or perhaps Georgius Antiochenus (eleventh century). One of the books 
bearing this name concerns the Images of the Seven Planets. But Toz is certainly 
a variant of Thoth, that is, Hermes Trismegistus, and the Mi"or of Astronomy 
(Ch.~ notes a series of Hermetic books on the planets-Moon, Mercury, 
Venus, &c.-some of which contained several tractates on rings, images, 
characters, and incantations. Since these are all said to be very bad books, we 
can understand why Albert's later references to them (II, iii, 5) are so brief and 
vague. 

Ptolemy, as already noted (2 above) was well known as an astrologer, and 
Albert paraphrases part of the Tetrabiblos {II, iii, 3); but he may be alluding also 
to spurious books of sigils, &c., that were likewise ascribed to Ptolemy. 

Thebit hen Corat (Thabit. B. Qu"a) worked at Baghdad in the ninth century. 
He wrote several books on mathematics and astronomy, and is also credited 
with one on magic tricks or illusions, which seems to be that mentioned by 
Albert as 'Hermes and Ptolemy and Thebit hen corat' {II, ii, 4), indicating that 
he knew it by the title recorded by Thorndike (1923, Vol. I, pp. 664-5; 1947, 
pp. 227-8) for the translation of Adelard of Bath: Liber prestigiorum Thebidis 
secundum Ptolemaeum et Hermetem, a compilation (presumably by Thebit) from 
some of the pseudo-Ptolemaic and Hermetic books already mentioned. 

Another book on images {De imaginibus, Carmody, 1961) is ascribed some­
times to Thebit and sometimes to Aristotle, since Aristotle is quoted in the 
first sentence. But perhaps Albert's rather unenlightening mention of Aristotle 
on the aspects of Jupiter {II, iii, 5) is an allusion to one of the very worst books 
listed in the Mi"or of Astronomy {Ch. ~. called The Death of the Soul (Mors 
animae). 

Sahl hen Bisr, or Zahel Benbriz, or (as he is called in the Mi"or of Astronomy, 
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Chs. VIII, IX, X) Zahel Israelita, was a Jew who lived in the ninth century. 
Several of his works on interrogations and elections were translated into Latin, 
and also a short tract on engraved gems (manuscripts bear such names as Zael, 
Cheel, Cethel, Thetel, &c.): Liber sigillorum .filiorum Israel quem Jecerunt in deserto. 
This claims to preserve a tradition of the Children of Israel, who during their 
wandering in the desert received divine instruction as to the carving of gems 
(cf. Exodus xxviii. 9-30). But the figures described are distinctly pagan. One 
example may suffice: 'When you find on a stone a man holding in one hand 
a figure of a devil depicted with horns and wings, and in the other hand a ser­
pent, and wider his feet a lion, and above these figures stand the swi and moon, 
thisstoneshould be mowited in lead, and it has the power of compelling demons 
to answer questions.' Thomas of Cantimpre (see Appendix B, 13) included this 
work of 'Thetel' in his encyclopedia (138r-14or), though he warned his readers 
not to put too much faith in such figures but rather to trust in God; and he 
added a prayer for sanctifying stones. Albert seems even more doubtful than 
Thomas whether this treatise, with its strange mixture of Biblical and heathenish 
elements, is really 'good doctrine'. He does not name Zahel, and makes only the 
barest allusion to 'the Children of Israel when they journeyed out of Egypt' 
(II, iii, 4). 

Finally, there is another, more strictly astrological, lapidary which Albert 
does include in full (II, iii, 5); this was written by someone who had before him 
a set of pictures of the constellations. Such illustrated manuscripts have been 
described by Haskins (1924, pp. 285-8; 336-45, photographs in the Houghton 
Library of Harvard University). One of these is a thirteenth-century copy of a 
treatise by 'Nimrod the astronomer' (MS. Lat. VIII 22, Library of St. Mark's, 
Venice). According to Haskins, this is of Syrian-Greek origin, and was reworked, 
probably in Gaul, before the introduction of Arabic astronomy. It was appar­
ently held in high regard, for the Mirror of Astronomy (Ch. II) mentions it 
even before Ptolemy. The constellations are shown in forty-three drawings 
which (like the drawings that accompany the Herbal ofDioscorides) suggest that a 
Byzantine prototype became the basis of a long-lived convention. Another, 
fourteenth-century, manuscript (Munich, cod. lat. 10268) is a copy of Michael 
Scot's Introduction to astrology (Liber introductorius); in this the drawings are 
more elaborate but the same convention is still discernible-for example, in 
representing Andromeda with hands bowid to two stakes, or in combining 
in one drawing such groups as the Water Snake, Crow, and Cup, or the two 
Bears and the Dragon. These are, for the most part, the figures described in 
Albert's astrological lapidary. 

The figures of the planets, on the other hand, are given in this lapidary 
according to a quite different convention, that of engraved gems of the classical 
period-Saturn as the old man with a scythe, Mercury with winged heels, &c. 
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Antique gems were preserved in royal and ecclesiastical treasuries, and were 
occasionally turned up on Roman sites, as Albert himself tells us (II, iii, 5); in 
fact, most medieval lapidaries of this type speak of such images as 'found' 
rather than 'made'. (C£ notes on II, iii, 2). 

This lapidary of engraved gems was apparently well known; in introducing 
it (II, iii, 4) Albert names as his authorities 'Evax and Aaron and Diascorides', 
meaning, I think, the 'Diascorides' manuscript in which he also found the alpha­
betical lapidary (II, ii: see Appendix B). It is certainly from the same source as 
the similar lists in the encyclopedias of Arnold of Saxony and Thomas of 
Cantimpre; and it has been found elsewhere: another specimen in Latin has 
been published by Evans (1922, pp. 23g-46), and two in old French by Studer 
and Evans (1924, pp. 278-96). All these versions are corrupt; the names are dis­
torted, the sequence confused, and figures from other sources are sometimes 
included. Albert's copy was evidently no better. 

5. Amulets, used for 'ligatures and suspensions'-that is, binding to any 
part of the body or hanging round the neck-are not necessarily astrological, 
though Albert probably includes them (II, iii, 6) because he regards all 
powers of stones as heaven-sent. He names as his authorities for these Costa 
hen Luca, Aristotle, and Hermes. 

Costa hen Luca (Qusta ibn Luqa, c. 820-915) worked mostly at Baghdad. 
He wrote on astronomy and philosophy, but Albert cites a work on Physical 
Ligatures (De physicis ligaturis), which has also been attributed to, and printed 
with, the writings of Galen and of Constantine of Africa (Constantine may have 
been the translator). In the latter's works (Opera, pp. 317...:20) it is entitled 
Letter to a son on incantations and adjurations; other editions add 'and suspensions 
from the neck'. Albert paraphrases Costa hen Luca's argument for the efficacy 
of amulets, including the remarks of Socrates on what today might be called 
psychosomatic symptoms; and extracts a few quotations about stones. Costa 
hen Luca included many amulets made from plants and animals, and Albert 
mentions these elsewhere (II, i, l). 

'Aristotle' in this context, of course, means the pseudo-Aristotelian Lapidary 
(see Appendix B, 8), or at least the excerpts from it which, as Albert says at the 
end, were all he was able to recover. A large part of the chapter (II, iii, 6) closely 
resembles Arnold of Saxony's Chapter 8, on stones (De lapidibus), in the fourth 
part of his encyclopedia (Stange, pp. 85-87). Albert, in fact, is quoting, from 
Arnold or from Arnold's source, nearly everything except what comes from 
Costa hen Luca-not only the excerpts from 'Aristotle' but also those 
from 'Zeno's book on Nature'. But Arnold's chapter shows more clearly than 
Albert's that there were two different versions of the Lapidary of Aristotle. One is 
cited as 'Aristotle's Lapidary, translator Diascorides'; but the excerpts from it 
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show that it was not really a translation but a compilation containing a few 
items from the Lapidary of Aristotle and a great many more that belong rather to 
the tradition of Marbod; this seems to be the 'Dyascorides' so often cited by 
Bartholomew of England. The other translation, which Arnold ascribes to 
Gerard (presumably of Cremona), is now lost; it contained information about 
the polarity of the magnet which is not found in any extant manuscript of the 
Lapidary of Aristotle (Rose, 1875; Ruska, 1912). 

Hermes is not mentioned by Arnold in this chapter; but the whole fourth 
part of his encyclopedia is entitled De virtute universali. Albert, as we have seen 
(see 3 above), knew some Hermetic book with this title. Perhaps Hermes's 
name appeared in Arnold's source; or perhaps Albert himself added it, on 
recognizing the title or some of the contents of a book he knew independently. 
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ALCHEMY 

THE history of alchemy is difficult to trace because the basic documents, in 
Greek, Arabic, and Latin, are not always what they purport to be. Not only 
were old materials repeatedly reworked, but later writers often assumed earlier 
nam~s already famous in order to lend their books greater authority. These pro­
blems cannot be dealt with here, but enough may be said to indicate the back­
growid of alchemical doctrines that were familiar in the thirteenth century, and to 
identify at least some of the works used by Albert in writing the Book of Minerals. 

Alchemy seems to have originated in Hellenistic Alexandria, as an attempt to 
'explain' technical processes (dyeing, glassmaking, metalworking, &c.) by 
theories drawn from Greek philosophy (Hopkins, 1934). Ancient arts, based on 
empirical methods developed through many centuries, began to seem mysteri­
ous to those who asked why the methods worked. Surviving documents from 
this period bear mostly Greek or Jewish names-Hermes, Plato, Democritus, 
Zosimus, Cleopatra; or Enoch, Moses and Aaron, and their sister Miriam. 
They preserve a strange mixture of practical recipes, laboratory directions, and 
mystical interpretations of chemical change. 

Very little of the theoretical or mystical alchemy was transmitted directly, 
through early translation into Latin, to western Europe, where the earliest 
'chemical' books are collections of recipes for making paints, cutting glass, 
working with metals, &c. such as the Mappae clavicula (Phillips, 1847). Later 
examples are Eraclius (or Heraclius), who wrote on similar subjects in Latin 
hexameters, On the Colors and Arts of the Romans (Merrifield, i849, Vol. I); 
and a longer prose treatise by Theophilus Upon Various Arts (Hendrie, l 84 7; 
Dodwell, 1961) who explained not only painting and glassmaking but also the 
assembly of stained-glass windows, the making of gold and silver vessels for 
the church service, the casting of bells, and the construction of an organ. Such 
works, however, seem to have had little interest for the schoolmen, and are not 
quoted by the thirteenth-century encyclopedists. Albert himself gained at least 
some of his knowledge of technology by direct observation (III, i, l; IV, 6). 

Meanwhile the Arabic-speaking world had eagerly adopted Greek alchemy, 
elaborating the theories and adding to the factual content. And it was through 
translations from the Arabic that knowledge of alchemy began to spread in the 
twelfth and thirteenth centuries. Albert must have been well acquainted with 
this literature but his sources cannot always be identified. I will mention first a 
few works (1-4 below) which, although it is impossible to prove that Albert 
used them, were well known at the time and had a wide influence. 

x 
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1. The Conference of Philosophers (Turba philosophorum, Ruska, 1931; Plessner, 
1954) shows clearly the Arabic debt to Greek alchemy. It describes a meeting of 
Greek philosophers (their names strangely garbled) and attempts to link 
their cosmological teachings with alchemy. Little of this is really 'chemical', 
but some echo of it may have strengthened Albert's belief that Democritus, 
Empedocles, and Plato were alchemists (see 5 and 6 below.) 

2. Morienus was, according to tradition, a Greek of Alexandria, and the 
teacher of the first Muslim alchemist, Khalid ibn Yazid Muawiya (d. 704), 
whose story is told in a work ascribed to Morienus, the Book of the Composition 
of Alchemy (Liber de compositione alchimiae, Man.get, Vol. I). This was one of the 
first works of Arabic alchemy to reach the West, being translated into Latin 
by Robert of Chester before the middle of the twelfth century. If Albert did 
not know it, he certainly knew another, related, work ascribed to Khalid 
himself (see 8 below.) 

3. Jabir, or Geber LJabir ibn Rayyan, connected with the court of Harun 
al-Rashid at Baghdad in the eighth century) is credited by Holmyard (1957, 
pp. 66-80) with the formulation, though not necessarily the invention, of 
certain theories that reappear again and again in later alchemy: that volatile 
substances are 'spirits' and metals 'bodies'; that the planets influence the 'growth' 
of metal underground; and that transmutation may be effected by bringing 
about a 'balance' or 'harmony' between the 'external' or 'manifest' and the 
'internal' or 'occult' natures of metals by means of an 'elixir'. He was acquainted 
with neo-Platonic notions of number, and tried to calculate by a 'magic square' 
the harmonious proportions for transmutillg the metals. 

The Arabic Jabirian corpus shows evidence of reworking and additions by 
other hands, probably about the tenth century. It was never completely trans­
lated into Latin. A fair sample of it is perhaps the Book of Seventy precepts or 
chapters (Liber de septuaginta, Berthelot, 1906, pp. 308-63), which reflects 
Jabir's ideas about metals, and also his interest in animal substances-eggs, hair, 
blood, and sperm-which enter into some of the recipes. 

There are still other works, under the Latin name Geber, that were written 
in Spain and did not appear in Latin until about the beginning of the fourteenth 
century. 

4. Rhasis, or Rhazes (Abu Bakr ibn Zakariyya, al-Razi, ninth century) was 
renowned as a physician. Some of his medical works were translated into Latin, 
as well as his Book on Alums and Salts (Liber de aluminibus et salibus, Steele, 1929,) 
sometimes called On Spirits and Bodies (De spiritibus et corporibus), or Book of 
Secrets (Liber secretorum). This is a sort of 'laboratory manual' dealing not only 
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with 'alums and salts' but also with metals, the making of alloys, and transmuta­
tion. The Latin version was made by Gerard of Cremona in the twelfth century, 
and it is extensively quoted by Albert's contemporary, Vincent of Beauvais 
(Mi"or of Nature, Book VIII). But although many of its procedures are similar 
to those mentioned in the Book of Minerals, Albert is not really quoting Rhasis. 

We now come to alchemists actually cited by Albert: (s) Democritus; ( 6) 
Plato; (7) Hermes; (8) Khalid ibn Yazid-as 'Callisthenes', (9) Avicenna, 
(10) Gilgil. 

5. Democritus is a name that has been home by more than one person. 
First, of course, by Democritus of Abdera (fifth century B.c.), one of the found­
ers of the atomist philosophy. Whatever Albert knew of him came from Aris­
totle, who severely criticized his theories; and indeed Greek atomism played no 
part in the chemical speculations of the Middle Ages. Second, a Democritus 
who wrote books on magic (now lost), and who has been identified as Bolos 
of Mendes in Egypt (of perhaps the third or second century B.c.). Third, a 
Democritus (who may, however, be the same as Bolos-Democritus), author of a 
treatise On things natural and mystical (Steele, 1890; Stillman, pp. 153-61). Like 
other books on Greek alchemy this gives recipes for dyeing and for colouring 
metals to resemble gold and silver. But this is not the source of the statement 
that Albert (III, i, 4) attributes to Democritus-namely, that metals are made up 
of calx and lixivium-a theory which, according to Partington (1937, p. lo) is 
otherwise unknown in alchemy. 

There are still other manuscripts, in Greek, Syriac, and Arabic, ascribed to 
Democritus. But probably Albert had merely seen some reference to Democri­
tus in other alchemical works, though no doubt he supposed he was quoting 
Democritus of Abdera. 

6. Plato (427-347 B.c.) certainly never wrote on alchemy, but here, as in 
astrology (see Appendix C, l), his name was often invoked. In the Timaeus 
Alexandrian alchemists found the notion of 'prime matter' (materia prima) 
from which the four elements were created, and the suggestion that the elements 
can be transmuted into each other. Water is said to be the chief matter of all 
liquid or liquefiable things, including the fusible metals; gold is the most 
perfect metal, since the others contain fine Earth, which eventually appears as 
rust. Plato also taught that all evil, ugliness and disease are due to lack of har­
mony in the proportions of the constituent elements of bodies. 

A number of alchemical books were later ascribed to Plato himself (D. W. 
Singer, 1946), some of which Albert may have known; but his references to 
Plato as an alchemist are too vague to be identified with any certainty. 
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7. Hermes (see also Appendix C, 3) was revered as the legendary founder of 
alchemy. But the Arabs realized that not all the books attributed to Hermes 
came from one hand, and recorded a tradition (quoted by Robert of Chester 
in the Preface to his translation of Morienus's Composition of Alchemy: see 2 
above) that there were three 'philosophers' called Hermes: the first was Enoch, 
grandson of Adam; the second, Noah; the third, a King of Egypt after the 
Flood, who instructed mankind in many arts and sciences. Still others identified 
Hermes with the Egyptian god, Thoth. 

Of Hermetic writings on alchemy, the Emerald Table (Tabula smaragdina) 
is perhaps the oldest, certainly the most famous and the most obscure. Though 
probably of Greek origin, it came into Latin from Arabic, and several different 
translations are known: one is embedded in the pseudo-Aristotle Secret of 
Secrets (Steele, 1920, pp. xlviii-li, 115-16). The text Albert used has been printed 
by Steele and Singer (1928, pp.47 -9), who tentatively identify the translator 
as Plato of Tivoli (.fl. 1134-45). The fascination of the Emerald Table was due 
partly to the romantic tale of its discovery, as an inscription on a slab of 
emerald in the dark tomb of Hermes, and partly to its enigmatic character. 
Since it is short, and also typical of much Hermetic lore, an English translation 
may be of interest: 

True, without falsehood, certain, most certain. 
That which is above is like that which is below, and that which is below is 

like that which is above, 
For the preparation of the miracles of one thing. 
As all things were from the meditation of one, so all things are born from 

this one thing by combination. 
Its father is the sun, its mother the moon. 
The wind carried it in its belly. Its nurse is the earth. 
This is the father of the wonder of the whole world. 
Its power is perfect. 
If it is cast upon the earth, it will separate earth from fire, subtle from gross. 
Gently, with great.skill, it ascends from earth to heaven. Again it descends 

from heaven to earth, and receives power from above and below. 
Thus you will possess the glory of the brightness of the whole world, and 

therefore all darkness will flee from you. 
This is the strong strength of all strength, for it will overcome everything 

subtle and penetrate everything solid. 
Thus was this world created. 
From this will come miraculous combinations, and this is the manner of them. 
Therefore I am called Hermes [Trismegistus), having the three parts of the 

wisdom of the whole world. 
And this completes what we have said about the work of the sun. 
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This cannot be said to convey any very clear chemical ideas. Some readers took 
'sun' and 'moon' (sol, luna) to refer to gold and silver, and the 'work of the sun' 
(opus solis) to be the preparation of the elixir for transmutation; and many, like 
Albert (I, i, 3), attempted to interpret other phrases in terms of actual chemical 
procedures. 

There is also Hermes's Book of Alchemy, quoted by Albert (especially in Book 
IV) as Hermes in alchimids and by Arnold of Saxony {Stange, pp. 42-45) as 
Liber alchimie Hermes. This seems to be the title of the manuscript containing 
the above version of The Emerald Table (Steele and Singer, p.46): Incipit Liber 
Hermetis de blchkmkb, the last word being a primitive cipher for alchimia; and it 
includes some of the 'sayings of Hermes' that Arnold and Albert quote. But it 
must also have contained material of a quite different sort, recipes for making 
brass, red and white lead, and green copper pigments, &c. Such knowledge was 
ancient and widespread, but the wording of some of Albert's and Arnold's 
quotations is the same as the Book of the Priests (Liber sacerdotum, Berthelot, 1893, 
Vol. I), which is a compilation, probably from many sources, translated from 
the Arabic. Perhaps this was sometimes ascribed to Hermes, or perhaps its 
author merely drew part of his materials from a Book of Alchemy that Arnold 
and Albert found under the name of Hermes. 

8. The 'Callisthenes' mentioned by Albert (III, i, 7) is Khalid ibn Y azid, 
some scribe (or Albert himself) having mistaken Calit or Kalid for an 
abbreviation of the Greek name Callisthenes. The original Callisthenes was a 
relative of Aristotle who accompanied Alexander the Great to Persia, where he 
died, or was killed, after quarrelling with Alexander. His name was later bor­
rowed by the author of a romantic history, the source of some of the 'Alexander 
stories' so popular in the Middle Ages. But all this has nothing to do with 
alchemy. 

Albert is really citing Khalid ibn Yazid' s Book of the Three Words (Liber trium 
verborum Kalid regis, Manget, Vol. II), which says that nature always tries to 
develop metals into the most perfect form of silver or gold, but is often un­
successful because matter contracts some 'disease' or 'corruption' from its 
surroundings; and alchemy is the art of perfecting these imperfect metals. 

9. Avicenna (Abu Ali ibn Sina, 980-1037) was one of the great philosopher­
scientists of Islam. Among his many writings are two of encyclopedic scope, 
the Canon of Medicine and the Book of the Healing of the Soul (Khitab al-Shifa). 
The latter deals with philosophy and natural science in the form of comment­
aries on Aristotle, although Avicenna's views were also influenced by neo­
Platonism and Muslim theology. 

In Albert's Book of Minerals more than half the citations of Avicenna come 
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from one short work, De congelatione et conglutinatione lapidum, which has been 
shown (Holmyard and Mandeville, 1927) to be an excerpt from the Khitab 
al-Shifa. It was translated into Latin about 1200 by Alfred ofSareshel; and since 
it seemed to fill an apparent gap in the Meteorologica (see Appendix A, 4) where 
a treatment of minerals is wanting, it was often copied into manuscripts of 
that work, and was even cited under Aristotle's name (e.g. by Arnold of 
Saxony). Albert, however, knew that it was really Avicenna's (III, i, 9). It 
consists of three chapters: I, The origin of stones; II, The origin of mountains; 
III, Minerals and metals. Albert used part of Chapter I, on 'thunderstones' in 
his Meteora (III, iii, 20), and Chapter II, on mountains, in his Properties of the 
Elements (II, ii, s); the rest he used in the Book of Minerals. Avicenna's Chapter I 
explains that stones are made from Earth and Water, either by congelatio 
(solidification of a liquid) or by conglutinatio (cementing together of solid 
particles), under the influence of a vis mineralis (mineralizing power). Chapter 
III sets forth the Sulphur-Quicksilver theory of metals, and expresses some 
scepticism about the possibility of transmutation. 

Several other works on alchemy have been ascribed to Avicenna, but their 
authenticity has been doubted because they do not show this scepticism. 
Albert (III, i, 4 and 9) quotes one called Avicenna's Letter to King Hasen (Avicennae 
ad Hasen regem epistola, Zetzner, Vol. 4), in which the author says that he has 
found the arguments and counterarguments of the alchemists foolish and con­
fusing, and has had to discover for himself how to make the elixir. Stapleton 
(1962) discovered an Arabic manuscript of this, A Treatise written for Abul­
Hasan Sahl, whom he identified as a member of a family for whom Avicenna 
wrote other treatises; and suggested that this was an early work, composed 
before Avicenna abandoned his belief in transmutation. 

Still another work ascribed to Avicenna is called The Soul in the Art of 
Alchemy (De anima in arte alchimiae, Manget, Vol. I). The title reflects the author's 
interest in 'soul' or 'spirit', that is, in solutions and distillations as the best 
methods of disintegrating and reconstituting metals. Even if based on something 
of Avicenna's, the extant text was probably written in Spain in the early 
thirteenth or late twelfth century. Vincent of Beauvais (Mirror of Nature, Book 
VIII) repeatedly cites it as Avicenna's. Albert, however, seems to quote (III, 1, 

4 and 9) only the final section, Avicenna's exposition of the physical stone for his 
son, Abu Ali (Declaratio lapidis physici Avicennae .filio suo Aboali); this apparently 
circulated as a separate work (D. W. Singer, 1928, Vol. I, p. 117). 

IO. Gilgil (Abu Daud ibn ]uljul, tenth century) was a Mozarab physician who 
lived in Spain. He is said to have translated or assisted in the translation of 
Dioscorides' Herbal (see Appendix B, 2), and to have written a commentary 
identifying the drugs mentioned in that work with a supplementary treatise on 
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additional drugs. These may be the works to which Albert refers (III, 1, 4), 
though it is not clear whether he had seen a Latin translation or merely citations 
in other writers. He calls Gilgil mechanicus non philosophus, 'a practical man not a 
theoretical scientist', and demolishes his theory that metals are essentially of the 
same' nature as glass, and therefore must be composed of materials, such as 
'ashes', that are used in making glass. 



APPENDIX E 

IDENTIFICATION OF MINERALS AND ROCKS 

ALBERT had a remarkably wide knowledge of minerals and rocks, but in 
writing about them he himself felt the lack of a systematic nomenclature (I, i, 6}. 
Many names had come down from antiquity or from the Arabs, though some 
of these were strangely distorted in transmission, so that similar pronunciations 
sometimes led to the confusion of two different minerals (e.g. celon(i)tes and 
silenites). But many minerals were still 'nameless' (innominati) and Albert had to 
describe them as best he could in his own words; this was particularly true of 
ore minerals and common rocks (see 2 and 3 below). 

For these reasons 'identification' (that is, supplying the name that would be 
used today to designate these materials) is not always easy. Some minerals are 
described by Albert in unmistakable terms (e.g. gold, rock crystal); but some 
had several different names (e.g. opal, pyrite); and some names included several 
different minerals (e.g. smaragdus, many green stones; or marchasita, many 
sulphides with metallic colour and lustre 'from which no metal is ever smelted'). 
Still other minerals have changed their names, or were in process of changing 
them in Albert's time (e.g. chrysolitus and topasion, which were originally topaz 
and chrysolite, respectively; or saphirus, originally lapis lazuli, later sapphire). 

In attempting this task I have found the following works useful (full references 
are given in the Bibliography) : 

Commentaries and notes on Theophrastus (especially the edition of On Stones 
by Cayley and Richards), and on Pliny (Bailey, The Elder Pliny's Chapters on 
Chemical Subjects, is excellent though it does not include Book XXXVII; 
Ball, A Roman Book on Precious Stones, on Book XXXVII, supplies some 
information). 

Another helpful source is Georgius Agricola: although he lived in the six­
teenth century, he was well acquainted with both Pliny's and Albert's works, 
and tried to systematize the mineralogy of his own time (the Hoover translation 
of De re metallica contains valuable notes; but the Bandy translation of De natura 
Jossilium is rather poor). 

Among more 'modem' books, Dana's Textbook of Mineralogy (revised fourth 
edition by W. E. Ford, 1932) should be noted, since it includes, and gives the 
meanings of, many old names. Papers dealing with medieval and later lapi­
daries have been published by Van der Velde (1941-3) and by Strunz (1952); 
these offer numerous mineral identifications, though I do not agree with all of 
them. 

In the following lists I have given identifications that seem to me certain, 
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or very probable,. or, in some cases, marked by a query (?), at least possible. 
I have given Albert's Latin names (ifhe used any), or a translation of the phrases 
on which my identifications are based. 

1. Minerals 
Albert certainly had not seen all the 'stones' included in his 'lapidary tractate' 

(II, ii), but his remarks show that he actually knew a good many of them, and 
for these I have been guided by his descriptions, even when they are at variance 
with other identifications (e.g. granatus as garnet; topasion as pyrite). In this list 
I have omitted most ore minerals, since these are more easily identified in 
connexion with their metals (see 2 below), but I have included a few things 
that are not technically 'minerals' -rocks, fossils, sea-shells-because Albert 
included them in his lapidary. 

Agate 
Alabaster (gypsum) 

Alman dine 
Alum minerals 
Amber 

Amethyst 
Arsenopyrite 
Asbestus 
Balas ruby (spinel) 
Barnacle shell 
Beryl 
Biotite (mica) 
Borax 
Calcite 
Carnelian 
Cats-eye 
Chalcanthite 

Chalcedony 
Chalk, see Calcite 
Chrysoberyl 
Chrysolite (olivine) 
Chrysoprase 
Cinnabar 

II, ii, 1, agathes; 8, hiena ? 
II, ii, 12, nicomar (in part); 17, sarcophagus (in 
part) 
II, ii, 1, alamandina 
V, 4, alumen 
II, ii, 17, succinus; 3, chryselectrum (in part); 7, 
gagates (in part) ?; 10, ligurius ? 
II, ii, 1, amethystus (in part) 
II, ii, II; V, 6, marchasita (in.part) 
II, ii, I, abeston; 8, iscust_os . 
II, ii, 2, balagius, palatius; 3, carbunculus (in part) 
II, ii, 17, sagda 
II, ii, 2, beryllus; 4, diacodos ? 
II, ii, 17, specularis (in part) 
II, ii, 12; V, 7, nitrum (in part) 
II, ii, 7, galariddes; 17, samius ? 
II, ii, 3, comeleus 
II, ii, 8, hiena ? 
II, ii, II, medius; V, 3, atramentum; II, ii, 4, 
dyonysia? 
II, ii, 3, chalcedonius; I, ii, 2, comeola 

II, ii, 3, chryselectrum (in part) ? 
II, ii, 3, chrysolitus 
II, ii, 3, chrysopassus 
II, ii, 19, varach ? 
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Citrine 

Clay minerals 

Coal 
Cobaltite, see Arsenopyrite 
Coral 
Corundum 

Diamond 
Dolomite 
Emerald (beryl) 
Emery (corundum) 
Fluorite 
Fossil ammonite 
Fossil echinoid 
Fossil trilobite 
Gamet 
Geode 
Goslarite 
Halite 
Heliotrope 
Hematite 
Jade 
Jet 

Lapis lazuli (sodalites) 
Magnetite 

Malachite 
Manganite 
Marble 

Marcasite, see Pyrite 
Melanterite, see Chalcanthite 
Moonstone (feldspar) 
Muscovite (mica) 
Nacre (mother-of-pearl) 
Natron, see Borax 
Onyx and onyx marble 
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II, ii, 3, chryselectrum (in part) ?; 18, topasion (in 
part) ? 
II, ii, 16, ramai, bolus armenicus; 7, galaricides ?; 
17, samius (in part) ? 
II, ii, 1, absinthus ? 

II, ii, 3, corallus 
II, ii, 8, hyacinthus; 1, adamas (in part) ?; 7, 
gelosia ? 
II, ii, 1, adamas (in part); 7, gelosia ? 
II, ii, II, magnesia, magnosia ? 
II, ii, 17, smaragdus (in part) 
II, ii, 3, smirus; II, iii, 6, sabotus 
II, ii, 1, amethystus (in part) 
II, ii, 4, draconites (in part) 
II, ii, 3, cegolites; 7, gecolitus; 8, judaicus lapis 
II, ii, 2, borax, crapodina ? ; 12, nusae ? 
II, ii, 7, granatus; 3, carbunculus (in part) 
II, ii, 5, echites; 14, peranites 
V, 7. nitrum (in part) 
V, 2, sal 
II, ii, 5, eliotropia 
II, ii; 5, ematites; 19, varach ? 
II, ii, 8,jaspis(in part)?; 17, smaragdus(in part)? 
II, ii, 7, gagates (in part); 9, kacabre; 17, succinus 
(in part) ? 
II, i, 20, zemech; 17, saphirus (in part) 
II, ii, 1, adamas (in part); II, magnes, magnetes; 
1, andromanta ?; 13, oristes ? 
II, ii, II, melochites; 17, smaragdus (in part) 
II, ii, 11, magnesia, magnosia ? 
II, ii, 12, nicomar (in part); 13, onyx, onycha (in 
part); 17, sarcophagus (in part) 

II, ii, 17, silenites (in part) ? 
II, ii, 17, specularis (in part) 
II, ii, 3, celontes, 17, silenites (in part) 

II, ii, 13, onyx, onycha; 9, kacamon ?; I, ii, 2, 

onychinus 
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Opal 

Orpiment 

Pearl 
Peridot {olivine) 
Phonolite 
Plasma 
Prase 
Pumice 
Pyrite 

Pyrolusite, see Manganite 
Quartz pebble 
Realgar 
Rocle crystal 

Ruby {corundum) 
Sal ammoniac, see Halite 
Sapphire {corundum) 
Sard 
Sardonyx 
Selenite {gypsum) 
Serpentine 
Smaltite, see Arsenopyrite 
Stibnite, see Pyrite 
Sulphur 
Topaz 
Tourmaline 
Trona, see Borax 
Turquoise 
Zircon 

2. Metals, Alloys, and Ores 

II, ii, 5, exacontalitus; 13, ophthalmus, orphanus; 
14, pantherus; 8, hiena ?; 17, silenites {in part) ? 
II, ii, 6,falcones (in part), auripigmentum; V, 5, 
auripigmentum; II, ii, 17, specularis {in part) ? 
II, ii, II, margarita 
II, ii, 14, perithe {in part), peridonius 
II, ii, 3, calcaphanos ? 
I, ii, 2, prama ? 
II, ii, 14, prassius; I, ii, 2, prama ? 
II, ii, 17, syrus 
II, ii, II; V, 6, marchasita; II, ii, 3, chryselectrum 
{in part); 5, epistrites; 14, perithe {in part); 18, 
topasion {in part); 19, virites; 1 andromanta ? 

II, ii, 1, alecterius ? 
II, ii, 6; V, s.falcones, arsenicum {in part) 
II, ii, 3, crystallus; 8, iris; 2, beryllus {in part); 4, 
diamon ? ; diacodos ? ; 9, kabrates ? 
II, ii, 3, carbunculus {in part), rubinus 

II, ii, 8, hyacinthus {in part); 17, saphirus {in part) 
II, ii, 17, sardinus 
II, ii, 17, sardonyx 
II, ii, 17, specularis {in part); silenites {in part) ? 
II, ii, 17, smaragdus {in part) ? 

IV, 1, sulphur 
II, ii, 18, topasion {in part) ? 
II, ii, IO, ligurius ? 

II, ii, 18, turchois 
II, ii, 8, hyacinthus {in part) ? 

Albert knew as metals only the seven traditionally assigned to the seven 
planets {III, i, 6), and a few alloys of these. Nor did he clearly distinguish metals 
from their ores, though he sometimes used the word minerae for the stuff that is 
mined, instead of the more usual mineralia, minerals in general. Most often, 
however, he described ore minerals as metals 'incorporated with stone'. 
Because they do not 'look like' metals, he did not recognize as of any interest 
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such common ores as cassiterite (tin) or sphalerite (zinc-though he knew other 
zinc minerals used in making brass.) 

Antimony, see Tin 
Arsenic 

Alloy, see Copper 
Ores: orpiment 

realgar 
Bismuth, see Tin 
Copper 

Alloys: brass (zinc) 
bronze (tin) 
bronze (arsenic) 

Ores: bornite, chalcocite, 
chalcopyrite, pyr­
rhotite, &c. 

Mansfeld copper slate 
Malachite and other 

green c<;>pper minerals 
Gold 

Alloy: electrum (silver) 
Ore: native gold 

Iron 
Alloy: steel 
Ores: hematite 

limonite (bog iron) 
magnetite or specular 

hematite 
magnetite (magnetic) 

Lead 
Ore: galena 

Mercury 
Ores: native mercury, 

cinnabar 

Silver 
Alloy, see Gold 
Ores: native silver 

argentite, argentiferous 
galena, &c. 

cerargyrite, &c. 

II, ii, 6; V, 5, arsenicum, black 

II, ii, 6; V, 5, auripigmentum, yellow 
II, ii, 6; V, 5,falcones or arsenicum, red 

IV, 6, aes, cuprum 
IV, 6, aurichalcum 
IV, 4, the melt for bells 
II, ii, 6; IV, 6, copper made white like silver 
III, l, IO, copper incorporated with stone, 
veins of copper 

III, ii, 5, copper stone 
II, ii, II, melochites; 17, smaragdus (in part) 

IV, 7, aurum 
V, 9, electrum 
IV, 7; III, l, IO; III, ii, 6, gold, in sands, in veins 
IV, 8,ferrum 
IV, 8, chalybs 
II, ii, 5, ematites 
V, 8; III, i, IO, black grains in watery earth 
III, i, IO, iron incorporated with stone 

II, ii, l, adamas (in part); II, magnes, magnetes 
IV, 3, plumbum 
III, i, IO, lead incorporated with stone 
IV, 2, argentum vivum 
III, i, IO, quicksilver found running out 
IV, 2, stone from which quicksilver is obtained 
by heating; II, ii, 19, varach ? 
IV, 5, argentum 

IV, 5, flexible strings of silver 
III, i, IO; III, ii, 6; IV, s, silver incorporated 
with stone, veins of silver 
III, i, IO; IV, 5, mushy silver 
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Tin IV, 4, stannum 
Alloy, see Copper 
Ore: stannite ? but more III, i, IO, tin incorporated with stone 

probably stibnite, 
bismuthinite, or native 
antimony or bismuth 

Zinc V, 8, but called tin ? 
Alloy, see Copper 
Ores: smithsonite, IV, 8, calamina 

hemimorphite, &c. 
Goslarite V, 7, but called nitrum ? 

3. Rocks 
Albert had no term for 'rock' (see I, ii, 3, introductory note), and his names 

for different kinds of rock seem to be those used by stonemasons (e.g. marble, 
marmor, for any buildstone that will take a good polish; freestone, quadrum, 
for any that can be quarried in rectangular blocks). 

Basalt, see also Flint I, ii, 2, black stones so hard they cannot be cut, 

Chalk 
Clay 
Coal 
Conglomerate 

Flint (and other very hard 
stones) 

Fossils : in rocks 

in a concretion 
ammonite 
echinoid 

trilobite 
Granite 

Gravel 

Gypsum (alabaster) 

only polished ? 
I, ii, 4, creta, white, soft 
I, ii, 1, lutum, glis, very sticky 
II, ii, 1, absinthus ? 
I, ii, 1, sabulosus lapis, gravelly stone; 7, little 
stones stuck together as if by cement 
I, ii, 3; 4, silex, extremely hard 

I, i, 2, holes shaped like moonshells; I, ii, 8, 
stones containing shapes of animals 
II, iii, 1, like a chick in an egg 
II, ii, 4, draconites, snakestone 
II, ii, 3, cegolites; 7, gecolitus; 8, judaicus lapis, 
like an olive stone, or acorn. 
II, ii, 2, borax; 12, nusae, toadstone ? 
I, ii, 3, marble containing small red bits 
(feldspars ?) or fragments that shine like metal 
(micas?)? 
I, i, 3 ; 8, little stones on the banks and bottoms 
of rivers; I, ii, 1, sabulum 
I, i, 6; I, ii, 3, alabastrum, a kind of marble, very 
white; II, ii, 12, nicomar (in part); 17, sarco­
phagus (in part) 
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Marble, see also Gypsum 
Onyx marble 

Petroleum 
Phonolite 
Porphyry 

Pumice 

Quartz (vein) 

Quartzite, see Flint 
Sand 
Sandstone 

Serpentine 
Shale 

Slate 

Travertine 

Tufa, tuff 
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I, ii, 3; 4, marmor, good building stone 
I, i, 3, water descending drop by drop turned 
into stone (stalactites); I, ii, 3, guttae, dripstone 
of varied colours mixed together; II, ii, 13, 
onyx, onycha (in part); II, iii, l, pictures in 
marble 
II, iii, 6, naphtha, bitumen 
II, ii, 3, calcaphanos ? 
I, i, 6, marmor porphyricus, a kind of marble; I, 
ii, 3, flesh-red with white spots 
I, i, 2 ; I, ii, 3 ; 6, pumex; II, ii, l 7, syrus, porous, 
floats on water 
III, ii, 6, very hard stone from which fire is 
struck with steel 

III, i, IO, arenae, sands in rivers 
I, ii, l, a stone of very fine gravel; 3 ; 4, 
quadrum, freestone, good for building 
II, ii, 17, smaragdus (in part) ? 
I, i, 2, something intermediate between stone 
and clay, earthy layers in stone 
I, ii, 5, cleaves straight; III, ii, 6, fissile black 
stone used in building houses 
I, i, 7, water of rivers or springs turned into 
stone; 8, divided into drops (pisolite) 
I, ii, 3 ; 4, tofus, greyish, soft, porous 
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68-']9, 8r-S)8, IOO-I8, r2I-3, I2j, 203, 
222, 249, 268-']I, 278 

basalt, see flint 
basilisk, 73, r29 
baurac, see borax 
Bede, Io2, 266 
bell metal, 2r6 
Bergwerl&- und Probierbuchlein, I84, 247 
beryl, beryllus, r6, 39-40, 43, 6r, 76, 85-86, 

118-20 
biotite, I20 
Biringuccio, V annoccio, I 84 
bismuth, bismuthinite, 2r4-r5, 246 
bitumen, ro2, Io4, 245 
bloodstone, 88-89 
bolus armenicus, see ramai 
Book of Alums and Salts, see Rhasis 
Book of the Priests, r24, 211, 2r6, 224, 226, 

230, 232, 23s. 283 
Book of the Three Words, see Khalid ibn Y azid 
·borax, ro7, 247-8, 2sr 
borax, botrax (toadstone), 7S-'76 
brass, 22r-5, 2so 
brickmaking,37, SI 

bronze, 92, 22I-4 
burning glass, 76, 8 3 

cadmia, calamina, see tutty 
calcaphanos, 78-']9 
calcite, see chalk, marble, onyx 
Callisthenes, see Khalid ibn Y azid 
cameos, 72, ror, I09, I30-I 
carbuncle, carbunculus, 40-41, 6r, 77-78, 

99-IOO 
carnelian, Sr-82, 117 
cassiterite, 2I4. 2r7 
cat's eye, 96, 118 
causes (of minerals), xxxi-xxxii, 35, 2S4 
cegolites, 8 r 
celidonius, 79-80 
celonites, celontes, 80 
cementation of gold, 230 
cerargyrite, 2r7 
ceraunia, ceraunius, ceraurum, 79 
cerusa, see litharge 
chalazias, see gelosia 
chalcanthite, 243 
chalcedonius, chalcedony, 34, 42-43, 6r, 72, 

78, 82, 9r, 96, ro8, 112, 116, 119 
Chalcidius, 22, 272 
chalcophonos, see calcaphanos 
chalcopyrite, r8o, r82, r94, 222, 249 
chalk, 46-47, 94 
chelidonia, chelidonius, see celidonius 
chelonia, chelonites, see celontes 
chryselectrum, 83-84 
chrysoberyl, 84 
chrysolampis, see chrysopagion 
chrysolite, chrysolithus, chrysolitus, 4I, 82-83, 

92, 112, I22 
chrysopagion, chrysopasion, 84-85 
chrysopassus, chrysoprase, chrysoprasus, 41, 82, 

roo 
chrysotile, 69 
cinnabar, 82, r23, r82, 2o6-7, 2r2 
citrine quartz, 84, r22, I30 
clay, 37, SI, 114, 230 
climes, r 36-'], r39 
coal, 7I, 77 
cobaltite, see marchasita 
cockatrice, see basilisk 
cockstone, 73, rro, 113 
colours of metals, 190-4; of stones, 38-43, 6I 
Conference of Philosophers, 280 
conglomerate, 36-37, so-sr 
Constantine of Africa, 6s, 78, So, 90, 92, 
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Constantine (cont.) 
95-9S, 103, 105, II4, 124, 146, 151, 196, 
219, 229, 23S, 240-2, 24S, 250, 267, 277 

coppe1, 74, II9, 154, 161, 16S, 172-3, 175, 
1S2, IS9-91, 194-5, 199, 212, 216, 21S, 
221-6,22S-9,24S-50 

coppCI green (pigment), 225-6 
copperas, see melanterite 
coral, corallus, 2S, S1, 147 
cordierite, 9S 
corneleus, corneola, corneolus, 42, S1-S2 
corundum gems, 70, 74--75. 7S, 94, 97-9S, 

II5-16, 133 
Costa hen Luca, 5S, 65, 70--71, So, 9S, 109, 

II7, I20, 146-S, 151, 267, 277 
aapodina, see borax (toadstone), nusae 
aeta, see chalk 
crystal, aystallus, I6, 23, 29, 32, 39, S3, 9S-99 

(see also quartz) 
cupellation, 212, 220 

daimon, see diamon 
Damigeron, S5, S9-90, 92, 94-95. I04, III, 

IIS, I25, 127, 147,265-6 
De congelatione et conglutinatione lapidum, see 

Avicenna 
De metallis et alchymia, see Metals and Alchemy 
Democritus, 20, 56-57, 161-2, 2S1 
demonius, see diamon 
diacodos, diadochos, S5-S6 
diamant, see adamas 
diamon, S5 
diamond, 70--71, 94, 133, 14S 
Diascorides, xxxviii, IO, 13S, 147, 150, 265, 

270-1, 277 
Dioscorides, II4, 235, 264-5, 2S4 
dolomite, I05 
donatides, see radaim 
draconites, dracontias, S6-S7 
dragonsblood, I23-4 
dripstone, I5, 45 
Dyascorides, xxxiv, xxxviii, S9, 92-93. IOI, 

I04, I07-9. II3-I4, 122, 125, 265, 27I, 
27S 

dyonysia, S6 

eaglestone, echites, S7-SS, III, I50 
electrification,93, 102, I2I 
electrum (amber), S4, I2I 
electrum. (gold-silver alloy), S4, IoS, 250-1 
elements, 256 
eliotropia, SS-S9 

elixir, IO, I29-30, I5S, I62, 17I-3, I76, 1S4, 
190, 220, 23 I 

ematites, S9-90 
emerald, 97, nS-20 
Emerald Table, I7, 2S2-3 
emery, 7S, 14S 
Empedocles, I9, I6o, 174, 229 
enhydros, see etindros 
epistrites, 90, I 5 I 
etindros, 90-9I, 15I 
Evax, 10, 72, 74, 7S, So, 97-9S, 13S, 266, 

26S, 270-I, 277 
evax (ewus), 125 
exacolitus, 9I 
exacontalitus, 9 I 
eyestone, So, 96, IIO, II5 

Jalcones, 92 
feldspar, 44, S2, IIS 
filacterium, 92 
fusility, 4S-49 
flint, 15-I6, 44-47, 5I 
fluorite, 74 
form, xxxiv-xxxv, 20, 24-26, 64-66, 166-

79, 25S 
fossils, I3-I4, 32, 52-53, 75--76, 79, SI, S6-S7, 

95, IOO, 10S, 127, 129 
Frederick II, Emperor, 2S, I04, ISI, 261 
freestone, 44-4S 
furnace calamine, see tutty 
fusibility, I59-6I, IS6-S 

gagates, 93, 147. I96 
gagatronica, 93-94 
galactites, galariddes, galarictides, galaxia, 94-95 
Galen, 5S, n4, 147, I5I, 155, 229, 23S 
galena, 1SI-2, I94,209,2I7,249 
garnet, 72, 77, 95-97 
Geber of Seville, I34. 275 
Geber the alchemist, 2So 
gecolitus, 95 
gelosia, 94 
gem cutting, I30, I33 
geode, S7, IIl-12 
gerachidem, gerachites, 95 
GCiard of Cremona, I48, I50, 261, 263, 278, 

28I 
Gilbert, William, 102-3 
Gilgil, 161, I63-4, I74. 2S4-5 
glass, I4-I5, 42, 104-5, II9-20, I63-4, 224, 

23I, 2S5 
gold, 71, II7. II9, I54. I68, I7I-3, 175-6, 

I7S-SI, 1S4, IS7-9I, I93. I95. 19S, 
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gold (cont.) 
.200-I, 20!), 2I2-I3, 2I6, 2I8, 222-3, 
226-33,247,250-I 

gold leaf, I 89-90 
goslarite, 248-9 
granatus,4I.6I,78,95'"'S)6 
granite, 44 
gravel, 36-37 
Grosseteste, Robert, xi 
gypsum, 99, I07, 118, I20 

haematites, see ematites 
hailstone, 94 
halite, see salt 
hardness of minerals, 46-48 
heliotrope, heliotropium, see eliotropia 
hematite, 74, 88-89, 99, I8I, 233 
hephaestites, see epistrites 
Heraclius, 42, I33, 279 
Hennes, IO, I7-I9, 56, 6o, 63, 66, 86, I03, 

129, I34. I40, I44, I46, I58, I62, I68-9, 
I74. I86, I92-3, 200, 205, 208, 2IO-I6, 
224-5, 227, 230-2, 234-5, 273-5, 278, 
282-3 

hexecontalithos, see exacontalitus 
hiena, 96-97 
hieracitis, see gerachiJem 
hornsilver, see cerargyrite 
humours, ISS 
hyacinth, hyacinthus, 40-4I, 97-98 
hyaenastone, hyaenia, 96-97 

ignites, see zigrites 
images, I27-45, 274-'7 
intermediates, xxxv, ISS, 237-9 
iolite, 98 
iris, 39-40. 85, 98-99 
iron, IS, 7I, 74, I03, I54, I58, I6I, I68, I72, 

I8I,I87,I89,I9I-2,I95,I99,233-6 
iron cap, I83, 222 
iscustos, 99-IOO 
Isidore of Seville, 44-46, 69, 78, 82, 99-IOO, 

Io6-7, II6, II9, I22,245,248,266 

jacinth, 4Q-4I, 97-98 
Jacques de Vitry, 6g 
jade, IOO 
jargon (zircon}, 97 
jasper,jaspis, IOO, 112, 116, 118 
jet, 72, 93, IOI-2, I2I, I47, I96 
jewstone, IOO 
John of Damascus, 58 

Joseph, IO, So 
judaicus lapis, IOO 

kabrates, IOI 
kacabre, 93, IOI, I47, I96 
kacamon, IOI 
Khalid ibn Yazid, I7I-5, I78, 204, 280, 283 

lac virginis, I32, 245 
lapidaries, 68, 264-'lI; alphabetical, 68-125, 

27Q-I; astrological, I38-45, 276-7 
Lapidary of Aristotle, see (pseudo-) Aristotle 
lapis lazuli, 115-I6, 125 
lead, IS, 42-43, 70-'lI, I48, IS4. I6I-2, I68, 

I72-3, I7S-6, I82, I88-9, I9I-2, I94-S. 
I99,209'-I3,2I5-I8 

Letter to King Hasen, see Avicenna 
Libellus Je alchymia, see Little Book of Alchemy 
Liber sacerdotum, see Book of the Priests 
Liber trium verborum, see Khalid ibn Y azid 
lignites, see zigrites 
ligurius, IOI-2 
limestone, see chalk, freestone 
limonite, I8I, 233 
lincurium, lincurius, 84, IOI-2 
liparea, lippares, Io2-3, ISO 
litharge, I32, I62, I76,209,2II,220 
Little Book of Alchemy, xxx 
lodestone, see magnes, magnet 
luminescence, 4I, 43, 77-78, 84-85, III, I24 
lustre of metals, Igo-4 
lye, 53, 211 
lyncurium, lynxwater, see lincurium 

magic, 274-'7 
magnes, Io3-4 
magnesia, Io4-5 
I11agnet, 56, 7I, I03-4, I48-50, 278 
magnetes, see magnes 
magnetite, 70-'lI, 74, Io3-4, 110, ISI, 233 
magnosia, see magnesia 
Illalachite, Io6 
Illalleability, IS9-6I, 189-90 
maganese niinerals, IOS 
Mappae clavicula, 279 
I11aible, 26, 44-47, 49, 107-8, 116, 119, 128, 

134 
Marbod, 68-74, 76-98, Ioo-6, Io8, 110-12, 

lIS-I8, 122, I2S, 267-8, 270-I 
I11arcasite, 84, 105, I22, 246 
marchasiJa, marchasita, 84, I05, ISO, I82, 238, 

246-7 
margarita, 43, IOS-6 
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Matthew Paris, 2I4, 2I7 
medius, Io6 
melantcrite, 243 
melochitts, melonitts, Io6 
memphitts, IOCS-7 
mercury, see quicksilver 
Metals and Alchemy, xxxviii-xxxix, I77. 203, 

208, 2IO, 225, 227 
Michael Scot, 26I, 276 
milkstone, 94 
mineralizing power, IS, I8-I9, 22, 30, 32-35, 

52-53, I70 
minerals, identification, 286-9 
nrirror, I23, I9I-2 
Mi"or of Astronomy, xxix-xxx, I34. I4I, 

I43-4. 274-6 
mirrorstone, I20 
moisture in metals, IS6-6I, I96-7, 205, 2I9 
molochitts, see melochitts 
moonstone, I I 8 
mother-of-pearl, So 
muscovite, 44. I20 

naphtha, I50, 24I, 245 
natron, 248 
flleckam, Alexander, 75, I29, I48, I89, I92 
nicomar, I07 
niello, nigellum, 2I8 
nitre, I07, 247 
nitrum, I07, 247-9. 25I 
nusae, I08 

ochre, II4, I23 
odours of minerals, 72, 86, I94-6 
olivine, 82, II2, I22 
onycha (gum), 72, IQ9--IO 
onycha (stone), onychinus, onychulus, onyx, 42, 

IOI, I08-IO, II7. I30-I, I47 
opal, opallus, 9I, 96, no-n, n8 
ophthalmus, no 
ores, identification, 289-9I 
oristts, oritts, no 
orphanus, 42, III, I92 
Orpheus, 57, 266 
orpimen~92. I20, ISS. I92,225-6,245 
Ovid, I9, 53, 90 

paeanites, see peranitts 
palachium, palachius, palatium, palatius, see 

balagius 
panchrus, panthera, pantherus, 43, III 
pearl, 43, IOS-6 
peranitts, III-I2, I7I 

peridonius, peridot, 82, n2, I22 
perithe, II2 
Peter of Maricourt, I48 
phonolite, 78 
pisolite, 28, 3I, 128 
place of formation of minerals, 26-29, I79-85 
plasma, n2 
Plato, 22, 56, 6o, 63, I3S, I47. I68, I70, I72, 

228, 253, 272-3, 28I 
Pliny, IO, I6, 28, 37, 44-46, 69--87, 89-I07, 

IQ9--I3, ns-23, I27, I29, I33. I39. 
I47-8, ISI, 20CS-7, 209-II, 2I3, 2IS-I6, 
222, 225, 234-5, 24I-5, 249, 2SI, 265 

porphyry, 26, 45 
powers of stones, 55-67 
prama, 4I 
prase, prassius, IOO, n2 
prospecting, I 54. 200 
Ptolemy, Claudius, 63-64, 67, 86, I04, I34, 

I36-8, I40, I4S. I82, 273, 275 
pumice, I2,45,49, I22 
pyrargyrite, I8I, 2I7 
pyrite, 69, 74. 84, 90, I05, II2, IIS, I24-5, 

ISO, I82,222,246-7,249 
pyrophilus, II 3 
pyrrhotite, 74 

quandros, II 3 
quartz,I6,29,39,70,83,85,98-99, IOI,20I 
quicklime,5I,II6 
quicksilver, I24. ISS. I68, ISO, I82, I88, 

I98-9, 2o6-IO, 2I2, 2I8, 227, 235, 247; 
see also Sulphur-Quicksilver theory 

quiritia, n4 

radaim, n4 
rainbowstone, 85,98-99 
ramai, n4 
realgar, 92, 245 
red lead (pigment), 2n 
Rhasis, I7S,2I0,235,240,247,280-I 
rocks, definition, 43-44; identification, 44, 

29I-2 
rose quartz, 97 
rubinus, rubith, ruby, 43, 77-'78, 97 

sagda, n6 
sal ammoniac, 240-I 
salamander, 69-'70,99 
salt, 52-53, 95, I07, ISS. I92-3, I98, 207, 

225-6,230,238,240-2,248 
saltpetre, see nitrum 
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Samian earth, stone, Sdmius, n7 
sand, 36, I84 
sandstone, see freestone 
saphirus, sapphire, sapphirus, 4I, 56, 6I, 66, 97, 

IIO-II, II5-I6, 125, ISO 
sarcophagus, n6 
sard, sardinus, sardius, I09, n6-I7 
sardonyx, II?, I30, ISO 
schiston, schistus, see iscustos 
selenite, n8, I20 
selenites, see silenites 
Semita ~ecta, see Little Book of Alchemy 
serpentine, 69, n9 
shale, I3 
shoemakers' black, see atramentum 
siderite, I8I, 233 
siderites, see oristes 
sigils, see images 
silenites, n8 
silver, 43, 7I, 74. IS4. I62, I68, I72-3, I7S-6, 

I78-9, I8I-2, I88-!}3, I95o I98, 200-I, 
209,2I2-I3,2I5-2I,227-!},247,250-I 

sixtystone, 9I 
slate, 49, 20I 
smaltite, see marclwita 
smaragdus, 4I, 6I, n2, n8-20, I48 
snakestone, 86-87 
soda minerals, I07, 247-9, 25I 
sodalite, n5, I2S 
soldering, I88, 25I 
Solinus, 9I, 97, n9, 265 
soul in stones, xxxiv, 18-2I, 24-25, 56-58 
Soul in the Art of Alchemy, see Avicenna 
sound of metals, 2I6, 220 
specularis, I20 
Speculum astronomiae, see Mi"o' of Astronomy 
sphalerite, 22, 249 
spinel, 72, 75, 77 
spuma maris, ISI 
stannite, 2I4, 2I7 
steel, 40, 70-,I, I33. 233-6 
stibnite, 214-15, 232, 246-7 
succinus, I21 
sulphates, 86, 100, II2, I32, 242, 244 
sulphides, 92, I05, II2, I65, I80-2, I94, 2I4, 

2I8,222,23I,242,246 
sulphur, I50, ISS. 158, I65, I7S. I82, I87, 

I92-5,I98-!},203-6,2I2,2I8,22I,235 
Sulphur-Quicksilver theory, xxxi-xxxii, n, 

I55,I6I-2,I78-!},I84,I97-8,204-5,207, 
209-10, 2IS, 2I9-20, 223-4, 227-8, 234, 
237-8 

sunstone, 82, ns 

swallowstone, 79-80 
syrtites, see saphirus 
syrus, I22 

Tabula smaragdina, see Emerald Table 
tartar, I50, I93. 235 
tastes of metals, I94-6 
tecolithos, see cegolites, gecolitus 
Thebit ben Corat, 86, I34. 275 
Theophilus, IS, I8o, I89, 209, 2I2, 2I4, 2I6, 

2I8, 222, 279 
Theophrastus of Eresos, 75, 77, I02, II2, ns. 

II8, I20, 2II, 225, 253, 264 
Thetel, I39. 275-6 
Thomas of Cantimpr~. xvii, xxxiv, xxxviii, 

68-!}I, 93-Io3, I05-I8, 120-2, I24-5, 
I39-40. I48, 203, 222, 269--?I, 277 . 

thunderstone, 79 
tin,I54,r6I,I68,I73,I82,I87-!}2,I94-5,I99, 

2I3-I7. 223, 234, 250 
toadstone, 34, 75-'76, I08 
topasion, 4I, 93, I22-3, I8o 
topaz, 70, 82, 97, I22 
topazos, see chrysolitus 
tourmaline, I02 
transmutation of metals, xxxw, IO, IS3-4. 

I72-3, I76-8, I99-20I,227,239,250 
transparency, I4-I6, 33-35, 38-43 
travertine,28, 3I, Io8 
trona, 248 
tufa, tuff, 44-46, 48 
Turba philosophorum, see Conference of Philo-

sophers 
turchois, turquoise, I23 
tutty, IOI, I96, 225, 249-50 
Twelve Stones, 78, 266-8 
Twelve Waters, 34 

ultramarine (pigment), I25 
unio, see margarita 
urine, 84, 93, I02, I93. I97. 225-6, 241 

vapour theory, xxxi-xxxii, 29, 3I, 37-38, 50, 
128, I34. IS6-7. I76, I82-5, I94. 2IS. 
227-8,257 

varach, I23-4 
verdigris, n9, 226 
vermilion. see cinnabar 
vernix, I24 
Vincent of Beauvais, xi, 222, 269 
vinegar, I32, I93. I97. 2n, 225-6, 25I 



virgin's milk, see lac virginis 
virites, 124 
vitriol, see atramentum, sulphates 
Vitruvius, 44-46, 120, 194 

Water jacinth, sapphire, 97-98 
white lead (pigment), 2n 

INDEX 
William of Moerbeke, 261-2 
winestone, see tartar 

zemech, 125, 193 
zigrites, 125 
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zinc, IOI, 182, 196,215,217,223-5,248-50 
zircon, 75, 97 


