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PREFACE

‘I[N spite of its fundamental importance in the history of mineral-
ogy and chemical technology, no modern annotated transla-
tion of the treatise On Stones by Theophrastus has been available
to students of the history of science. Over two hundred years
have clapsed since the appearance of the first English translation
by John Hill in 1746, and over one hundred and fifty years since
the publication of Hill's second edition in 1774. The first French
and German versions, which are largely based on Hill’s transla-
tion, are not only difficult to obtain now but are also obsolete in
many ways, especially in their scientific notes. Within the last
fifty years a French translation by F. de Mély and a German trans-
lation by K. Micleitner have been published as parts of other
works, but they are not accompanied by either text or commentary.
We believe that the growing interest in the history of pure and
applied science warrants the publication of a new and annotated
English translation of this important Greek work. Such a trans-
lation is especially desirable at the present time, since few students
of science are now able to acquire a reading knowledge of Greek.
Even students of Greek who are unfamiliar with the peculiar style
and terminology of Theophrastus may find this translation useful.
The text and critical notes should also be of interest to them, and
the commentary may be of value, for without some interpretation
the numerous technical terms used in the treatise and the ra-
tionale of the processes described in it are not easily understood.
We hope that the occasional items of miscellaneous information
scattered through the work may be of some interest to students
in other fields. There is ample evidence that this particular treatise
has been neglected by scholars generally, and Hill’s quaint prefa-
tory remarks are nearly as applicable today as they were over two
centuries ago:

The many References to Theophrastus, and the Quotations from
him, so frequent in the Works of all the later Writers of Fossils,
would make one believe, at first sight, that nothing was more uni-
versally known, or perfectly understood, than the Treatise before us:
But when we come to enquire more strictly into the Truth, and ex-
amine with our own Eyes what it really is that he has left us, we shall
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PREFACE

find that though no Author is so often quoted, no Author is so little
understood, or, indeed, has been so little read; those who are so free
with his Name, having given themselves, generally, very little Trouble
about his Works, and only taken upon Trust from one another, what
we shall in most Cases find, on strict Enquiry, to have been originally
quoted from him by Pliny . . ..

Many long delays and interruptions have occurred during the
preparation of this book, and four authors have becn engaged in
its composition. In 1934, Earle R. Caley of the Department of
Chemistry at Princeton University and Shirley H. Weber of the
Department of Classics began work on an annotated translation
of the treatise. But for a long time circumstances prevented them
from collaborating effectively. In the period between 1936 and the
beginning of World War II they lived both in Greece and in the
United States and could seldom meet to discuss the work; and
though both were in the United States during most of the war,
not much attention could be paid to the preparation of the book
because of more pressing interests. As a consequence the manu-
script was never brought to a satisfactory state, and when Pro-
fessor Weber returned to Athens at the close of the war to resume
his position as Librarian of the Gennadion, he decided that it
would be impossible to continue as a collaborator. In the mean-
time, Thomas T. Read of the School of Mines at Columbia Uni-
versity and John F. C. Richards of the Department of Greek and
Latin began, quite independently, to prepare an annotated trans-
lation of the same treatise. Early in 1946 they heard that a similar
enterprise had long been in progress at Princeton and arranged to
collaborate with Earle R. Caley of the Department of Chemistry.
After Professor Read died in 1947, the present authors decided to
complete the book. We hereby acknowledge our indebtedness to
Professor Weber and to Professor Read. Professor Weber gave
much time and thought to problems of translation and interpreta-
tion; some of his suggestions are incorporated in the present
translation and in certain notes in the Commentary. Professor
Read was planning to make his own contribution. It is greatly to
be regretted that, owing to his illness, he could not use his ex-
tensive knowledge of geology and mineralogy for this purpose.

Since both linguistic and scientific knowledge is required, it
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secems unlikely that a book of this kind could properly be pro-
duced in this age of specialized scholarship without collaboration.
In such a book it is not easy to show the exact contribution of
cach collaborator, but the division of labor and responsibility was
approximately as follows. John F. C. Richards collated the manu-
scripts and editions and prepared the critical notes to the Greek
text. He is also responsible for the translation, though Earle R.
Caley made many suggestions, so that to some degree this trans-
lation may be considered a joint production. The Introduction
and the Commentary were written jointly; John F. C. Richards
supplied the notes of linguistic interest, but most of the material
in the Commentary was contributed by Earle R. Caley. This in-
cludes the identification of precious stones and other mineral sub-
stances, the discussion of problems in the field of archaeology,
chemistry, or mineralogy, and other matters of scientific or tech-
nological interest.

We hereby express our sincere thanks to all those who have
helped us in our task. Among those who have been especially help-
ful with criticisms and suggestions are Professor Gilbert Highet
of Columbia University and Professors Kenneth M. Abbott, Wil-
liam R. Jones, Lowell Ragatz, and Everett Walters of the Ohio
State University. Finally we express our gratitude to the authorities
of the Graduate School of the Ohio State University for their
generosity in sponsoring the publication of this book.

E.R.C
J.FE.C.R.
COLUMBUS, OHIO

September, 1956
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INTRODUCTION

LINY, in his Natural History, mentions about twenty Grecek

writers as authorities for his chapters on precious stones and
other mineral substances, but, of the works of these authors, only
the brief, or fragmentary, treatise On Stones by Theophrastus has
survived to inform us in a direct way of the extent of Greck learn-
ing in this field. As the earliest known scientific work dealing
expressly with minerals and artificial products derived from them,
it is of unique importance in the history of mineralogy and of
chemical technology.

Theophrastus, the famous pupil of Aristotle, was born about
372 B.C. at Eresos on the island of Lesbos. He studied at Athens
and became an adherent of the school of Plato, and later a friend
and pupil of his master Aristotle; when Aristotle withdrew from
Athens (before his death in 322), he succeeded him as leader of
the Peripatetic school of philosophy. He remained its spokesman
and outstanding figure untl his death, about 287; for according to
Diogenes Laertius,’ he died at the age of cighty-five.?

Though Theophrastus is best known in literature for his Char-
acters, a work which has had considerable influence on the drama
and on other branches of literature, his writings on natural sci-
ence are at least of equal importance. His two great works on
plants, for example, have led posterity to consider him one of
the greatest botanists of all time, the founder of botanical science.
Following the practice of the philosophers of his day, he was,
however, a voluminous writer on a great variety of subjects. Pri-
mary Propositions, Problems in Natural Philosophy, History of
Astronomy, Love, Meteorology, Epilepsy, Animals, Motion, Laws,
Odors, Wine and Oil, Proverbs, Water, Fire, History of Geometry,
Sleep and Dreams, Virtue, Inventions, Music, Poetry, History of

1 Lives of Eminens Philosophers, Book V, chap. ii, sec. 40. At the beginning of
chap. ii Diogenes Laertius says that he obtained information about Theophrastus from
Apollodorus.

2 The dates 372-287 are accepted by W. von Christ-W. Schmid-OQ. Stahlin, Geschichze
der griechischen Litteratur in Handbuch der klassischen Altertumswissenschafs, 6th ed.,
Vol. VII, 2, 1 (1920), p. 60o. However, the exact dates are not certain. K.O. Brink,
Oxford Classical Dictionary (1949), p. 896, suggests 372/369-288/285; and O. Regen-

bogen in Pauly-Wissowa, Real-Encyclopidie, Supplemental Vol. VII (1940), p.1357,
puts his birth in 372/371 or 371/370 and his death in 288/287 or 287/286.
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Davine Things, Politics, and Heaven are only a few of the titles of
the 220 works ascribed to him by Diogenes Laertius.?

In fact, so varied and enormous was the output of both Theo-
phrastus and Aristotle that many treatises written by their pupils
have no doubt been included under their names; but, because of
similarities in style and thought, such works can rightly be con-
sidered productions of the Peripatetic school and for convenience
be ascribed to the masters. The treatise On Stones has sometimes
been placed in this category, for in style it is more like a set of
student’s notes than a finished scientific work. Certain of its pas-
sages, such as the one in section 68 containing an illustrative story,
are obvious abridgments that seem to be mere memoranda writ-
ten to recall more detailed information. Hence it seems probable
that the treatise, as we now have it, is only a set of notes taken
down by some student while listening to lectures given by Theo-
phrastus. It is also possible, on the basis of the same internal evi-
dence, that we have before us the personal lecture notes of the
master himself. Whether the treatise in its present form is a set
of notes taken at lectures or previously written for lectures, it may
safely be assumed to represent the actual views of Theophrastus,
and he may reasonably be considered the real author.

Internal evidence indicates that the treatise was written near the
end of the fourth century B.c., well within the lifetime of Theo-
phrastus. This evidence appears in section 59 in the form of a
statement about the time of the discovery by a certain Kallias of
a process for refining cinnabar. The validity of this evidence is
discussed at length in the notes on that section of the Commentary.

There are comparatively few manuscripts, editions, and trans-
lations of the works of Theophrastus, and the treatise On Stones
has appeared even less often than some of his other works. Only
three codices are known to contain it—namely, Vaticanus 1302,
Vaticanus 1305, and Vaticanus Urbinas 108—and the versions
differ little from each other. Moreover, only two of them are com-
plete, as Vaticanus 1305 ends in the middle of section 43. Accord-
ing to Schneider, these codices were collated by Brandis, who

3 By actual count there are 226 such titles, but six of these are bracketed as probable

repetitions by R. D. Hicks, ed., Diogenes Laertius, Lives of Eminent Philosophers
(Locb Classical Library, London and New York, 1925), Vol. I, pp. 488-502.
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INTRODUCTION

found very little that would improve the text.* The date of Vati-
canus 1302 is disputed. Devreese and Gianelli put it as carly as
the twelfth century,’® but Diels® thinks that it is as late as the
fourteenth. The other two manuscripts both belong to the fif-
teenth century. Heinsius claimed that he had made use of a Heidel-
berg manuscript, but this statement has been disputed.’

The first appearance of the treatise On Stones in printed form
is in the Aldine edition® of the works of Aristotle and Theo-
phrastus published at Venice from 1495 to 1498 and reprinted
there in 1552. The first Latin translation of the treatise appeared
in Paris in 1578; this was the work of Turnebus, who had already
published the corresponding Greek text in 1577. This was followed
by the edition of Furlanus, published in 1605 at Hanover, con-
taining the Greek text of some of the works of Theophrastus
together with a Latin translation and a commentary. And in 1613
a Greek and Latin edition of his works was published by Hein-
sius at Leyden. This is an unsatisfactory edition which has been
severely criticized by both Schneider and Wimmer. Some emenda-
tions of the text of the treatise were published by Salmasius (Claude
de Saumaise) in 1629 in his Plinianae Exercitationes.” In 1647 De
Lact published at Leyden an annotated Greek and Latin edition
of the treatisc On Stones; this appeared at the beginning of his
work De gemmus et lapidibus libri duo, which was published as
a supplement to the third edition of De Boodt’s famous Gemma-
rum et lapidum historia. It is not strictly an independent publica-
tion of the treatise.

The first edition in which the text appeared as a single work,
as well as the first translation into any modern language and the
first extensive commentary, was published by Hill in 1746 at

4 Schneider, J. G., ed., Theophrasti Eresii quae supersunt opera (Leipzig, 1818-1821),
Vol. V, p. 146.

§ We arc indebted to the Vatican Library for this information.

6 See Diels, H, “Aristotelis qui fertur de Melisso Xenophane Gorgia libellus,” A45-
handlungen der komiglichen Akademie der Wissenschaften zw Berlin, Philosophisch-his-
torische Classe (1900), p. 5.

7 Sir Arthur Hort says that “this claim appears to be entirely fictitious.” ‘Theophrastus,
Engquiry into Plants (London and New York, 1916), p. xii.

8 The full titles of the various editions mentioned here are listed at the end of this
Introduction.

9 A later edition of this work has been consulted, namely, Salmasius, C., Plinianae
Exercitationes in Caii Julii Solini Polyhistora (Utrecht, 1689).
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London. It is still of considerable value for the light it throws on
the state of chemical, geological, and mineralogical knowledge in
the period during which it was written.® Hill's work appeared
in a second and final edition in 1774, largely unaltered as regards
the text, translation, and commentary, but containing additional
matter in the appendix and a fuller index. A French translation
of Hill's English version and commentary, but without the Greek
text, was published anonymously at Paris in 1754, and a similar
German translation with additional notes by Baumgirtner was
published at Niirnberg in 1770. Another German translation by
Schmieder is said to have been published at Freiberg in 1807,"
but this scems to be a very rare work, since no other mention of
it could be found, and no copy could be located. These few
works, which, with the possible exception of the last, are wholly
or mostly based upon the labors of Hill, constitute the only
past appearance of the treatisc On Stomes as an independent
publication.

In the nincteenth century the treatise again appears in the form
of a Greck text and Latin translation in Schneider’s elaborate edi-
tion of the complete works of Theophrastus published at Leipzig
in 1818, followed by a fifth volume in 1821. In this fifth volume
Schneider was able to make use of some emendations of the text
suggested by Adamantios Coraés' in his commentary on the
Geography of Strabo published at Paris in 1819. The Greek text
of the treatise also appears in the third volume of Wimmer’s
Teubner edition published at Leipzig in 1862. In the Didot edi-
tion, published at Paris in 1866, this Greek text of Wimmer is
reproduced, and Wimmer’s parallel Latin translation is given.
Of these three important editions, Schneider’s is the most valuable
for its extensive critical notes and discussions of the readings of
carlier editions. In this respect, the two editions of Wimmer are
inferior, though the text of Wimmer is somewhat better, and in

10Ies author, John Hill (1716-1775), was 2 somewhat eccentric litterateur and sci-
entist who was embroiled with many famous men of his time. Though called by his
encmies a2 quack, and by Dr. Johnson a liar, he was, nevertheless, 2 very learned man
and a very able writer. His translation of the treatise On Stones brought him to the
notice of the Royal Socicty and won him the friendship of some of its members, which
he forfeited by the publication of certain satirical works directed against them.

11 Schneider, op. dit., Vol. II, p. 578; Vol. IV, p. 535.
12 Also written Koraés, Korais, or Coray.

.6.



INTRODUCTION

his Didot edition he gives a Latin translation that is more original
than the translation of Schneider, which largely follows the ear-
lier version of Turnebus. In 1902, a French translation of the
treatise was published by Mély* in a collection of texts and trans-
lations of ecarly works on precious stones. In the same year Ste-
phanides published a valuable list of emendations in the Greek
periodical Azhena.’* These have been added to the list of variant
readings in this book. Finally, in 1922, Mieleitner'® published a
German translation, based on Wimmer’s text, in an article on the
history of mineralogy in ancient and medicval times.

In addition to these complete publications of the treatise in one
form or another, excerpts of various parts of it have been pub-
lished from time to time in various languages in a number of
scattered works. The most extensive publication of such excerpts
is that of Lenz,'* who made German translations of many parts
of Hill’s English translation and added numerous short notes,
most of them original, on the significance of the various passages
and on the identification of the minerals and localities mentioned
by Theophrastus. The most recent is that of Drabkin,'” who gives
an English translation of 17 sections of the treatise. Aside from
these partial translations, only a few other studies of parts of the
treatisc have appeared. Schwarze'® began a Latin commentary in
1801, and had published seven parts by 1807. In 1896, Stephanides™
published an important study of the treatise. Ruska’s work, Das
Steinbuch des Aristoteles,™ deals with 2 much later treatise on
stones incorrectly attributed to Aristotle, but he refers to the trea-
tise of Theophrastus in his introduction. Reference is made in
the Commentary to some of these translated excerpts and spe-
cial studies, particularly to the interpretations advanced by their
authors.

13M¢ly, F. de, Les lapidaires de I'ansiquité es du moyen dge (Paris, 1896-1902), Vol.
I, fasc. i

14 Stephanides, M. K., Athena XIV (1902), 367-71.

18 Mielcitner, K., Fortschritte der Mineralogie, Kristallographie wnd Petrographie
VII (1922), 431-45.

181 enz, H., Mineralogie der alten Griechen und Romer (Gotha, 1861), pp. 16-28.

17 Cohen, M. R., and Drabkin, I. E., 4 Source Book of Greek Science (New York,
1948).

18 Schwarze, C. A., De Theophrasti lapidibus commentationes (Gorlicii, 1801-1807).

19 Stephanides, M. K., The Mineralogy of Theophrastus (in Greek), (Athens, 1896).

20 Ruska, J., Das Steinbuch des Aristoteles (Heidelberg, 1912).
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The Greck text which is printed here is almost the same as the
one established by Wimmer, but a few minor changes have been
made. The three Vatican manuscripts have been collated, as well
as the editions of Aldus, Turnebus, Furlanus, Heinsius, De Laet,
Hill, and Schneider. All the important variations in the manu-
scripts and some of the conjectures made by the editors are listed
in the critical notes, and the differences between this text and
Wimmer’s text have also been included. Though the traditional
numbering of the sections of the text has been retained, some
adjustments have been made in the paragraphs of the transla-
tion where the usual divisions between the sections appear to be
illogical.

In this translation an attempt has been made to give a clear and
simple English version, but at the same time to keep as close as
possible to the actual words of the Greek text. In this respect the
translation differs from the rather free version of Hill, who re-
flected the spirit of his times and in many passages preferred
clegance of expression to accuracy of statement. Nevertheless, be-
cause of the very compressed style of Theophrastus, certain pas-
sages in the present translation are of necessity expanded para-
phrases of the Greek text. The difficult problem of the translation
of the Greek names of mineral substances has been treated in the
following way. Names of mineral substances, particularly those
of precious stones, for which no exact English equivalent could
be found are simply transliterated, and appear in italics in the
translation, and the question of their identification is discussed
in the Commentary. Names for which an exact English equivalent
could be given are so translated and do not appear in italics. Gen-
erally the Greek spelling of proper names has been used, but
wherever the Latin or the English spelling is customary, this has
been preferred; thus Theophrastus and Athens are written in-
stead of Theophrastos and Athenas.

It has generally been thought that the treatise is a fragment of
a very much larger work. A possible explanation of the lacunae,
and perhaps of the marked lack of literary style, may be found in
an account given by Strabo,™ who describes the fate of the manu-
script books of Theophrastus after his death, and the later un-

21 Geography, Book XIII, chap. i, sec. 54.
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skillful attempts to restore them to their original state. Apart
from a few obvious gaps, however, and the rather abrupt ending,
there is no real evidence that the treatise in its present form is
not a separate, fairly complete work. Its brevity is apparently the
basis of most of the suppositions that the text as we have it is a
mere fragment; but if due consideration is given to the nature
of the treatise and to the extent of ancient mineralogical knowl-
edge as shown by other sources, it will be seen that it covers the
field indicated by its title in an adequate manner, even though
it may not be complete,

Without being a purely descriptive or a purely philosophical
work, the treatise seems to be an attempt to classify mineral sub-
stances on the basis of Aristotelian principles, and a number of
specific examples are used, mainly for purposes of illustration,
without any intention of giving extended descriptions. It may be
inferred that Theophrastus mentions only a small proportion of
the mineral products known to him and his contemporaries; for
Pliny, though he draws largely from Greek authors, some older
than Theophrastus, mentions about ten times as many kinds of
rocks or minerals. Those mentioned by Theophrastus appear to
be introduced mainly to illustrate in a general way contrasting
behavior and distinctive differences in stones and earths, and he
may not have intended to catalogue the numerous varieties that
were known at the time. This would explain why he describes
relatively few mineral substances in any detail, and why he pays
so little attention to certain common and highly useful ones about
which a good deal must have been known even in his day.

From the historical standpoint the treatise is of special interest
because it represents, so far as we know, the first attempt to study
mineral substances in a systematic way. For this purpose, Theo-
phrastus divides them into two main classes, stones and earths,
discussion of the latter being confined to the second and smaller
portion of the treatise. Though few in number, the concise ac-
counts of ancient chemical processes included in this division are
of no little importance for the history of chemical technology. At
first glance, the structure of the treatise may seem to be loose or
even disconnected, but on closer examination it will be readily
apparent that this is not so. From the very beginning Theophras-

-9.



THEOPHRASTUS ON STONES

tus proceeds in a systematic way to develop the subject under
discussion, proceeding regularly from the general to the particu-
lar, foreshadowing what is to come and making easy transitions
from one phase of the general subject to another. Though his
whole method of treatment is logical enough, the classification or
system resulting from it, being grounded upon superficial ap-
pearance and behavior rather than upon any concept of chemical
composition, necessarily has marked limitations. Nevertheless,
from a scientific standpoint this little treatise is much better than
the other ancient and medieval works on minerals that are known
to us. Pliny, for example, though he treats the subject far more
extensively, does so in a much less critical and systematic fashion.
The comparative freedom of the treatise On Stones from fable
and magic should be especially noted, for many of the works
in this field written centuries later, particularly the medieval
lapidarics, dwell largely upon the fancied magical or curative
powers of precious stones. In fact, for almost two thousand years
this treatise by Theophrastus remained the most rational and
systematic attempt at a study of mineral substances.

« 10 °*



MANUSCRIPTS AND EDITIONS

MANUSCRIPTS

Codex Vaticanus Graecus 1302, XII-XIV Century.
Codex Vaticanus Graecus 1305, XV Century.
Codex Vaticanus Urbinas Graecus 108, XV Century.

EDITIONS

Awpus. Editio princeps: Aristoteles et Theophrastus. Venetiis, in
domo Aldi Manutii Romani et Graecorum studiosi, 1497, tom. I, fol.
254-60 (et repetita in editione Camotiana apud Aldi filios, 1552, pp.
569-82) !

Turnesus. Theophrasti De lapidibus. Lutetiac, ex officina Federici
Morelli, 1577.

Theophrasti de lapidibus liber, ab Adriano Turnebo latinitate dona-
tus. Lutetiae, ex officina Federici Morelli, 1578.

Furranus. Theophrasti Eresii peripateticorum post Aristotelem
principis, pleraque antehac Latne numquam, nunc Graece et Latine
simul edita. Interpretibus Danicle Furlano Cretensi, Adriano Turnebo.
Accesserunt liber De innato spiritu, Aristoteli attributus et Danielis
Furlani uberes ad omnia commentarii. Hanoviae, typis Wechelianis,
apud Claudium Marnium, 160s.

Heinstus. Theophrasti Eresii Graece et Latine opera omnia. Daniel
Heinsius textum graeccum locis infinitis partim ex ingenio partim e
libris emendavit, hiulca supplevit, male concepta recensuit, interpreta-
tionem passim interpolavit. Cum indice locupletissimo. Lugduni Bata-
vorum, ex typographio Henrici ab Haestens, impensis Iohannis Orlers,
And. Cloucq, et Ioh. Maire, 1613.

Dg Laer. Ioannis De Laet Antverpiani De gemmis et lapidibus libri
duo quibus pracmitttur Theophrasti liber De lapidibus Graece et
Latine cum brevibus annotationibus. Lugduni Batavorum, ex officina
Ioannis Maire, 1647.

Hm. Theophrastus’s History of stones. With an English version
and critical and philosophical notes, including the modern history of
the gems, etc., described by that author, and of many other of the native
fossils. By John Hill. To which are added, two letters: One to Dr.
James Parsons, FR.S. On the colours of the sapphire and turquoise.
And the other, to Martin Folkes, Esq., Doctor of Laws, and President
of the Royal Society; upon the effects of different menstruums on cop-

1There is also an editio Basiiensis (J. Oporinus, Basileae, 1541), but this has not
been used for the critical notes.
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per. Both tending to illustrate the doctrine of gems being coloured
by metalline particles. London, printed for C. Davis, 1746.

Second edition, as above, with: . . . Greek index, Observations on
the new Swedish acid, and of the stone from which it is obtained, and
Idea of a natural and artificial method of fossils, by John Hill, 1774.

Scunemer. Theophrasti Eresii quae supersunt opera et excerpta li-
brorum quatuor tomis comprehensa. Ad fidem librorum editorum et
scriptorum emendavit, Historiam et libros VI De causis plantarum
coniuncta opera D. H. F. Linkii, excerpta solus, explicare conatus est
Io. Gottlob Schneider, Saxo. Lipsiae, sumptibus Frid. Christ. Guil.
Vogelii, 1818. Tom. V, 1821.

Wnaoger (Teubner). Theophrasti Eresii Opera quae supersunt om-
nia. Ex recognitione Friderici Wimmer. Tomus tertius fragmenta
continens. Lipsiac, sumptibus et typis B. G. Teubneri, 1862.

WiumEr (Didot). Theophrasti Eresii Opera quae supersunt omnia.
Gracca recensuit, Latine interpretatus est, indices rerum et verborum
absolutissimos adjecit Fridericus Wimmer . . . Parisiis, Firmin Didot,
1866.

Frencu Transiations. Traité des pierres de Théophraste. Traduit
du grec; avec des notes physiques et critiques, traduites de 'anglois de
M. Hill; auquel on a ajouté deux lettres du méme auteur, l'une au
docteur Parsons, sur les couleurs du saphir et de la turquoise; et
I'autre 3 M. Folkes, . . . sur les effets des différens menstrues sur le
cuivre. Paris, Herissant, 1754.

Les lapidaires de Fantiquité et du moyen ige, F. de Mély, Tome
I11, fasc. 1, Paris, 1902.

GermaN Transtations. Theophrastus von den Steinen aus dem
Gricechischen. Nebst Hills physicalischen und critischen Anmerkungen
u. cinigen in die Naturgeschichte u. Chymie cingeschlagenden Briefen,
aus dem englischen Gbersetzt. Mit Anmerkungen u. eciner Abhandlung
von der Kunst der Alten in Steinen zu schneiden vermehrt. Von Albert
Heinrich Baumgirtner. Niirnberg, 1770.

Karl Mieleitner, “Geschichte der Mineralogie im Altertum und im
Miuelalter,” Fortschritte der Mineralogie, Kristallographic und Pe-
trologie VII (1922), 427-80.

Since the manuscripts correspond in error to a marked degree,
they are either derived from a common source or B and C depend
on A. A and C are very similar in their readings, but there are
certain differences in B. The additional mistakes that are found
here are probably due to a careless copyist, but the manuscript
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has also been corrected by a later hand, and sometimes the cor-
rect reading appears as follows: pdvos is corrected to Spotos in
section 6. The Aldine edition corresponds in error with the manu-
scripts to such an extent that it is clearly derived from the same
source. In a number of places it gives a different reading, fre-
quently the correct one, e.g., xpopao for xpdueva in section 1,
but it is not certain whether these changes are due to the skill
of the editor or are derived from some other source which has
not survived. The most difficult problem occurs in section 20,
where Aldus is the sole source for ov, which is written as an ab-
breviation before xwromnpotrar. Wimmer accepts this, though the
manuscripts have 4 or 7). There is no evidence that Aldus derived
this from another source, and it may be a misprint. He is of no
assistance in filling the difficult gaps in the manuscripts, such as
the one in section 8 between oxedév and Adyow; but though his
text contains many misprints, he is frequently helpful in supply-
ing the right reading.

Schneider thinks highly of Turnebus and often accepts his con-
jectures; Heinsius tends to follow Furlanus, who was not as good
an editor as Turncbus. Hill’s text is too full of misprints to be
reliable.

The variant readings of the three manuscripts and the Aldine
cdition have been listed wherever they differ from Wimmer’s
text. Some minor variations in spelling that appear in the manu-
scripts and some obvious misprints made by Aldus have been
omitted. Certain conjectures that appear in the six later editions
or in other publications have also been listed, but variations that
seem to be due to mistakes or misprints usually have not been
included.

Though it is customary to use Latin for critical notes on a text,
this has not been done here, since the book is intended for read-
ers interested in science as well as for classical scholars; but for
the sake of brevity the abbreviations “om.,” “add.,” and “conj.”
have been used for an omission, an addition, and a conjecture.
Words added to the text are indicated by pointed brackets, words
removed from the text are indicated by square brackets, and
doubtful words are marked with a dagger. Since the editors differ
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THEOPHRASTUS ON STONES

in their use of brackets and are sometimes inconsistent, it has not
always been easy to guess their meaning.

Wimmer’s Didot edition is the same as the Teubner edition
except for a few unimportant misprints that have been corrected
and two minor variations in section 36 and section 37. A few
changes have been made in Wimmer’s text, and in these places
Wimmer's readings have been listed. Thus éfopootv[ras] has
been read in section 4, 8 v in section 6, (wdvres TGV xard) in
section 8, év rols in section 13, éxxaleras in section 17, 1 before
KwrompovTas in section 20, wolvriporépa in section 22, Tavdy in
section 25, Aevxdraror in section 55, yewdavéow in section 61,
and rowoiro in section 65. Sometimes Wimmer omits the definite
article where it appears in the manuscripts. It seems better to
follow the manuscripts whenever this is possible; therefore rijs
has been restored before xioomjpidos in section 22, rovs before
émoias in section 35, 7@ before é\aip in section 42, rav before
maxvrdrwy in section 55, Td before amopdypara in section 67,
and 7ots before rowvrois in section 68. In section 36 Wimmer
keeps Tovs before molvrelels in his first edition and omits it in
the second. Sometimes the definite article does not appear in the
manuscripts, though it is really needed for clarity. In these places
(m) has been added to the text as follows: in section 5 before
xard Tas épyacias and in section 22 after uéhawa, before pa-
Aédns, and before éx mis fardoons. A few accents have been
changed, ¢.g., owivos in section 13 and mpaoins and aiparins
in section 37.

In the Didot edition Wimmer uses capital letters at the be-
ginning of cach sentence, but in the Teubner edition he uses
them only at the beginning of chapters. Here the Teubner edition
has been followed. Adjectives formed from place names have been
written with capitals wherever Wimmer has used small letters,
but these changes have not been included in the critical notes.
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ABBREVIATIONS

In the critical notes the following abbreviations are used for the
manuscripts, and the name of the editor is used for each of the printed
editions.

N

-t

e o

MANUSCRIPTS

A = Codex Vaticanus Graecus 1302, 12th-14th century.

B = Codex Vaticanus Graecus 1305, 15th century.
This ends in the middle of section 43.

C = Codex Vaticanus Urbinas Graccus 108, 15th century.

Q2 = the consensus of A, B, C up to section 43 and of A, C from
section 43 to section 6g.

FIRST EDITION
Aldus = Aldus Manutius, Venice, 1497.
OTHER EDITIONS

Turnebus = A. Turnebus, Paris. 1577.

Furlanus = D. Furlanus, Hanover, 160s.

Heinsius = D. Heinsius, Leyden, 1613.

Laet = J. de Laet, Leyden, 1647.

Hill = J. Hill, second edition, London, 1774.

(a) Schneider = J. G. Schneider, Leipzig, 1818.

(b) Schneider (Syll.) = J. G. Schneider, Syllabus emendandorum
et addendorum, Vol. 5, 1821.

EDITIONS USED FOR THE TEXT

11. Wimmer = F. Wimmer, Teubner edition, Leipzig, 1862, and

Didot edition, Paris, 1866. Where they differ, they are represented
by Wimmer (T) and Wimmer (D).

OTHER AUTHORS AND WORKS

Stephanides = M. K. Stephanides, Athena, XIV (Athens, 1902), 367-

71.

Stephanides (Min.) = M. K. Stephanides, The Mineralogy of Theo-

phrastus (In Greek), Athens, 1896.

Coraés = Adamantios Coraés.
Salmasius = C. Salmasius (Claude de Saumaise).
Eichholz = D. E. Eichholz, Classical Review, LXVI (1952), 144-45;

LIX (1945), 52.
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AapPdvew xai Tavras ras Siapopds, Soar mpds Ty dmworifwow
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APPARATUS CRITICUS

peraldevopera/ peralevopeva B,C.

¢ddy/ om. Furlanus; restored by Schneider.

xpupacw/ Aldus; xpapera Q.

dAg/ Schoeider; xai dArg 01,Aldus.

peradrevopévey/ peralevopivor 1.

rovroy/ réw Aibwr conj.Wimmer.

Adyoper/ Aldus; Aéyoper Q.

odv/ Aldus; & Q.

avppoijs/ comj.Schneider,Wimmer in text (cf. §50); pois O,Aldus.

Sinbricess rwos/ Wimmer; 8. 8ud rwvos Q,Aldus; 8. [8d] rwos Schnei-
der

yeoouérys/ Wimmer; ywopérms A,C,Aldus,

&5 dvwrépw/ Aldus; dverépms Q.

xai xar’/ xai om.C.

opalréorepor/ Schncider; xai épaderrépay Q; xai duaréorepoy Aldus.

xaBapurepov/ xabapurépev Q.

7d xard/ Schneider; r¢ xara 0,Aldus.

ére rd ye/ Turnebus, Schneider; & rd re 0,Aldus.

86taer &v/ Turncbus, Schneider; & om.0,Aldus.

éxeiwep/ Schneider: & &v A,C,Aldus; & 8y B; ¢. & Turnebus.

& piy/ Turnebus, Schneider; udy om.Q,Aldus.

woAai Swaopai/ Turnebus, Schneider; xvoai Siddpopoc 12,Aldus; poal
Suigpopot Furlanus.

adrai e/ Turnebus; axrerar O,Aldus.

ravrais/ Turnebus; rais éavrais Q,Aldus.

109 Te woueiv/ Turncbus; otre ». 0,Aldus.

Tyxrol yap/ oi piv yip . Turncbus, Schneider.

xavoroi/ oi pév x. Turnebus.

lopowiv[rar]/ opowivrar 0,Aldus; éfopowiv ¢aivorrar Turnebus;
éfopowiv Aéyorrar Furlanus,Wimmer.

oy xpvoor xai/ om.Heinsius; restored by Schneider.

rixrdvrav/ Schneider; rwrév Q,Aldus; mxrér Turncbus.

[rér] xai/ Schneider; rév x. A,C,Aldus; xai rav B.

{(7) ®ard ris épyacias/ conj.Schneider,Stephanides; 5 om.,Wimmer.
Possibly (5 raw).

@a/ Turncbus; da 0,Aldus.

wapa ravras/ Turnebus, Schneider; xara 7. Q,Aldus; xara ravras 8-
myras Hill.

3waopai/ omN,Aldus; (Sagopal) Furlanus; xard radras iBuimyras dia-
¢opal conjLact.

3 &v 1 wepurrov/ O; 86 1o x. Aldus,Turnebus; 8 7 ». Furlanus,
Wimmer.
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Slov/ 8Aov Q.Aldus.

OBaixdv/ Aldus; Gypawiv 0.

6 wepi/ 6 om.B.

wepi Alyvrror & Sfas/ & Aiydary wepi @1jfas Hill.

dAaBaorpirys/ Aldus; AaBaorpirys A,C; B(corr. dA-).

Spows/ pivos A,C,Aldus; B(corr. Guotos).

wvéidp/ wéxde Q,Aldus, wéxdg Turncbus; svédp Lact (conj.Salmasius,
P.E.848aC).

wdpos/ wipos

romyn/ svcremyr A,

xai péas/ Wimmer; xai om.0,Aldus; elploxerar xai p. Hill; (éore 8¢
nis xai) p. Schoeider.

Spowos/ Schneider; dpoiws A,C,Aldus; B Suolw, corr. -os.

wAeiovs/ B,Furlanus; #Aa . . . A,C,Aldus.

piv odv/ ow om.B.

Towois oAots/ conj.Schneider, Wimmer in text; rois dAots 0,Aldus.

énoe/ Aldus; énos 0.

oxdno,/ owarios C.

oxedor (wdvres Tér xatd) Adyov eis 1d odpayidia yAvwrév/ wdvres Tdv
zard om.Q,Wimmer; oxedov Adye tév &r.0.y. Lact (conj.Salma-
sius, PE.6gaD) and Hill; oxedov Goot xararéyovrar ér.g. 7év 7.
conj.Schneider; oxe8or wdvres ol kard Adyov é.1.0. yAvarol conj.Stepha-
nides,

albnpw/ (1¢) oudnpe Schneider.

7’ odv/ Schneider; d roivwv 0,Aldus.

érvwapydrrov/ Schneider; brapxdvrev 0,Aldus.

8’ abrovs/ Schneider; 8¢ adrds O (abrds A), Aldus.

pvria/ Turnebus; pia: 0,Aldus.

péovow ols/ p. oir ols conj.Schneider; possibly auppéovar ols.

oi 8¢/ ¢ 8 B.

wdrras/ wivra Q.

ovrws/ Wimmer; odrws oAws {3,Aldus.

dppofar/ pioba B.

Sarndirres/ Swammdovres B.

dwropayopevor/ Schneider; ob paxouévov O,Aldus; ob paydpevor Furlanus.

rp wWpaocw/ (xard) r.ar. Furlanus,

[038°]/ Schneider; ob8° Q,Aldus.

efvypacpévo,/ Aldus; ébyyopaopévo 0.

10 yap/ Aldus; 6 yip Q.

xrov/ Tucror C.

8¢i/ Schneider; dei 0,Aldus.

éxev/ Schneider; éa Q,Aldus.

xaraBpexBévras/ Furlanus; xareppyybévras A,C; xar’ dpyxbévras B.

avnxpactévras/ owexpacbévras B,Aldus

&/ Turnebus; s 0,Aldus.
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mxrovs/ rxrovs C.

xavoa/ Hill; 6padoa 0,Aldus.

ots/ xai obs Hill.

dxpis &v/ Turncbus, Schneider; xpeav 0,Aldus (various accents); xpeias
Furlanus; xpeias éav Hill.

dopun/ Turnebus; as py 02,Aldus.

v 8/ ov Aldus; oy (8¢) Furlanus.

owivov/ oxivor Wimmer.

& tois/ rois (abrois) Wimmer.

odros/ Schneider; rowiros 0,Aldus.

éxdopoirar re/ e om.B; éxxrwpoirar Lact (also in sec.15).

xwwonpoedys/ B,Turncbus; xiompoadis A, C, Aldus.

Saff/ as & B.

xpoav/ xpelav B.

xvrrdpe/ Schneider; mlpwopsd A,B, xvfppopsd C, rbpiopp Aldus; xvr-
rapelp Furlanus.

éxeivos pdv/ Furlanus; ¢ pav Q. o pdv Aldus; év udv Turncbus.

Mwapaiw/ Aldus; Axaps Q.

Terpdd/ Aldus; rerapidc Q.

Aurdpav/ Mwdpas B,C.

xalovuéry/ xaovuévys B.

¢ & Bivars/ Wimmer; rais xivars £2.Aldus; rois év Bivais Turncbus;
rais Bivais Furlanus; (r¢ &) rais Bivass Schneider.

xaraxavoews/ Turncbus; xaraxAicews 0Q,Aldus.

vi/ Turnebus; ™ Q, 5 Aldus.

spvrropévay/ Schneider(Syll.); Gpvrropévur Q, Opiropévuy Aldus, Gpux-
ropévoy Turnebus.

xpeav/ Aldus; ypdar Q.

éxxaiovrar/ éxxaiovre C.

Acyvoruap/ Furlanus; Avywruap 0,Aldus.

"HXeia/ Furlanus; ida Q, iAigp Aldus; jAdc Turnebus.

*OAvpriale/ dlpwiale B.

& tois ZxaxrmovAns/ éyxaxrijs UAns ,Aldus; év axaxrmovAys Turne-
bus; & (rois) o. Furlanus.

wapopoos/ wapipor B.

éxxaicrar/ O; xaierar Aldus,Wimmer; perhaps éxaiero.

1o7€ waverar/ Q; perhaps 197" émavero.

dxalys &v/ Furlanus; ¢. §v Q,Aldus.

o6Aws/ @s 6 Turnebus,

épvBpov/ épvBpé B.

Maooarias/ Maoakias B.

o¢bdpa/ odoSpov Aldus; o. &v Turnebus.

xalerar 8¢ 6/ Aldus; x. 8vo Q.

yovoaldys/ yovweadys B, yunadis Aldus, yonaSns Turncbus.
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xiooypus (before xal)/ Schneider; xirgpis O, xirmpis Aldus; but «io-
aypis before éx.

3i¢aer/ Turnebus; 34tac 8 O,Aldus.

ywopévar/ Schneider; yevopévav 0,Aldus.

hofipon/ “ApaBuxws Hill (Ap.); perhaps BaBipon

% maoypoirar/ B,C Turncbus, # x. A; % xai x. Furlanus, Heinsius, Laet,
Hill,Schneider; ot x. Aldus,Wimmer.

& rois/ & rais O,Aldus; & Ainy conj.Salmasius (cf.Schncider IV,
P- 554), & rois (xawpévois) Schneider; perhaps & rois wupixavoross,
or & Trovrois, or & Tois Towvrots.

xaré puxpd/ Perhaps xard juxpis or xai mxpds, Coraés,Strabo IV,
p. 116, on Strabo VII,299 (cf.Schneider,Syll.).

xapowAnfeis/ Turncbus; yapowlorias A,B; xapom\qo'm:c C,Aldus.

mpm/ Schneider; dwapedfovrar O,Aldus; dxapsvrar Turnebus;
dwapeipwrras Furlanus,Coraés.

% dpupos/ Schneider; xai % &. 0,Aldus.

a3 xai/ Aldus; o3 Q.

3 dppos. 3 & ad xai/ xai dppedys Hill (conj.Laet).

wice pdv . . . éva 8 ol & Mby/ x. p. éfpavaros, & Ay 8¢ conj.Schnci-
der; r. p. oxedor us & Niovpy, éma & ad & A. conj.Stephanides.

érépy/ érépg Aldus.

pédava () éx 7o pvaxos/ conj.Stephanides; 4 om.Q,Wimmer.

Ty 8 xai Bdpa/ Schoeider; x. re x. B. 0,Aldus; Tvxwds re xai
Bapeia Furlanus.

atmy/ Schoeider; admj 0,Aldus.

(1) parsdys/ § om.Q,Wimmer; dApuadns Turnebus; uwAadys Furlanus;
% MnAla conj.Schneider; # pvAddys conj.Stephanides. For % unAodys
compare {woxirpwos, Stephanides (Min.).

wodvriporépa/ A,C; modvripdrepos B; modvnudrepoy Aldus,Wimmer.

érépas/ évaipas C.

TEgruG) . . . TpyrerdTy/ opnrrcy . . . opperwerdry Hill.

% & 1oi/ % om.B.

() & Tijs Bardoows/ conj.Stephanides; i om.0Q,Wimmer.

poaxos (before paAdov)/ puxos A,B,Aldus; ? pwds C. But plaxos
above before ros.

xotgms/ Furlanus; xopvdijs 0,Aldus.

abriis/ abrov Aldus.

s mooygpdos/ 0,Aldus; rijs om.Wimmer.

(&.a¢opo¢)/memcr, om.0,Aldus; Swapopal Turncbus; xard ris 8-
oﬂ;ﬂu‘ Sapopai Hill (con).Lact)

al pdy 15 Sa povor/ ai pdv T Syea (Sudépovoar), Spdvvpor (8¢ wpds
@\sfAas) conj.Schncider (cf.§30).

% laowis/ 4 doms Q; laowms Aldus,

piv odoa/ piv oiw odea B.

warrds/ Turncbus; wdyros O,Aldus.
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gopotow/ Aldus; Siagpopoiow Q.

BAémew/ Perhaps eb BAémew.

éxetvors/ conj.Schneider,Wimmer in text; . . . vovs A,C,Aldus; opa-
pdydovs B (opapd- in later hand); &no: Furlanus.

éxetvois ydp paor/ dact yap Hill.

kopotijvar/ Aldus; koopnfijvar .

éBerloxy/ Aldus; éBeriokovs ©,Schneider, corr. dBeioky Syll.; §B8éAia-
xov Hill,

opapdydovs/ opapdydov Schneider.

opapdydovs térrapas/ éx opapdydwv Terrdpov Hill.

piv ody/ olv om.B.

7avév/ Turnebus,Hill,Stephanides; . . . avév Q,Aldus; Barrpiavdv
Furlanus,Heinsius,Schneider, Wimmer.

kadovpévor/ Turnebus; xaopévoy A,C,Aldus,B (corr. Aew above line).

“HpaxAéovs/ ipaxhéovs A.

Tis Pvais/ T ¢. B.

TC"TTOLQ/ TOTTOL B.

év Tols xakkopuyelows/ év Tols adrols x. A.

xaAxopuxelots/ xahkwpuyetors Turnebus; also in §§26,51.

14 wjow/ Anpowmjee conj.Salmasius(P.E.505aD).

Xahxpddm/ Schneider (conj.Salmasius,137bD); kapxnddn Q,Aldus.

iSiwrépovs/ iiwrépas B.

énolyoev/ Wimmer; mowdow Q,Aldus.

wmapéuown/ Schneider; wapdpoa Q,Aldus.

xpvoelots/ Aldus; ypvofos Q.

wepl Tovs/ om.B.

mepl Tovs . . . Témovs/ w. 7. ardfovs Turnebus (SréBovs Schneider);
mepi Tovs KaraSodrwy rémovs conj.Stephanides (cf.§34).

Kiémpw/ Aldus; Kiébfpo Q.

apyy/ Schneider; dpyy ©,Aldus.

abry/ Laet; adm Q,Aldus.

Mvyyobprov/ Avykolpiov Laet; see also §31.

&dov/ Pp¥Ara conj.Wimmer.

éore 8¢/ Schneider; ér 8¢ Q; &r Aldus.

Stapavés/ Schneider; Sagarv Q,Aldus ().

6$d8pa kai/ xal o., corr. a. k. C.

Yuxpov/ Schneider; Yuypd Q,Aldus; wvppd Furlanus.

70 7év (four times)/ Schneider; & 7év 0,Aldus.

kol Tis Tod cdparos Shws ¢loews, § 10 pév Enpdrepov/ From Q (but
4 Q,  pdv om.Q); om.Aldus,Turnebus,Schneider;add.Schneider
(Syll.); (xai . . . &npdrepov) Furlanus, Heinsius, Laet.

éumapor/ Eumvpor A.

otpjoy/ Turnebus; ebprjoee A,B; ebprjon C,Aldus.

érel 8¢/ &rerra Schneider.

70 yap/ kal ydp Furlanus.
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5 xepl Acyvoruoiy/ 3 (yiveras) wepl (rip) A. Schneider.

8 wepl/ 1 wept Furlanus.

Avyvoruop/ Laet; Avyywrnjv ,Aldus,

rovry/ Aldus; rovrer Q.

dxodovloln/ éxodovdeiy B,C,Aldus.

éxidpros/ Wimmer; o Sidov Q,Aldus; dru 87Aos Heinsius.

3 Tov oidnpov dyovea/ Wimmer; rov . dyovor 0,Aldus; rov 0. dyovoa
Heinsius,

xpvoradros/ xpborados C.

xaheirar/ Aldus; xai . Q.

[xai] dpoev/ Schneider; xai 4. 0,Aldus.

xaAeiras 8¢/ xai x. 8. B.

dpprw/ Lact; dppev 03,Aldus.

GiAvs/ Laet; 63av ©3,Aldus.

6 dppyw/ A; & dppev B,C,Aldus.

puxrov/ Wimmer; s 0,Aldus.

olrexdr/ oivowor B.

"Axdrov/ dydrov A.

dverexfBeions/ Aldus; dvawexfeioys Q.

onpar/ A,B,Aldus; orppiv C; Tipar Turnebus,Laet,Hill; TVpay conj.
Laet; o¢vpar FurlanusHeinsius; "Aorvpa conj.Schneider; ("Ao-
Tvpa) add.Wimmer; Zrdrepav Highet.

yAvgfty/ Turncbus,Schneider; yAvdepdv 02,Aldus.

dvexépdln/ °Aleldvlpe éxéugln Turncbus; dveréudly (‘Arefdvdpy)
Schneider,Wimmer.

& 'Opxopevoi/ Turnebus; éepydpevor A,C,Aldus; B (corr. épxopévov
above line).

xdrowrpa 83/ xaboi A,C; xafo B,Aldus; xdroxrpa Turnebus.

én yhwpoadéarepos/ Schneider; 70 . . . yAwpoadéorepov A,C,Aldus;
B(corr. Aevxoy after 76 in another hand); 10 Aevxdrepov xai x. Hill.

Maovaliar/ Heinsius; pacariav Q,Aldus.
xata tois KaraSovwous/ Schncider; xai rovs xardSov rémovs 0,Aldus;
xai Tév xaraSovwew Turnebus; xai éx rév x. Furlanus.

Svpwys/ Turnebus; ovpm ©,Aldus.

wedd/ weBo conjSalmasius (P.E.260aG); ymBs Hill.

faoms/ doms B.

MboxdAAnra/ Schacider; MfdroAra ©,Aldus,

tis Baxrpiariis/ 71ois Paxtpiavois B.

Tovs émpoias/ A,B; rovs émpoiovs (corr. ? -as) C; rods om.Aldus, Tur-
nebus,Wimmer.

Swdarys/ ob Sudarys Hill (conj.Salmasius,P.E.7842A).

ros woAvredeis/ 0,Aldus,Schneider,Wimmer(T); rods om.Wimmer

(D).
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(xAip edrrom - péyefos 8¢ HAikos ixbios dpladpds ebpeyébys)/ om.Q,
Aldus; add.Schneider from Athenacus (3,93) with jAixos for HAixov.

ravrais/ Schoeider; adrais Q,Aldus.

6 é\égpas/ Schneider; & re dAdgas A,C; B (corr. from dAdgopas); & e
érégpas Aldus.

épuxrds/ Turnebus; dpexros 2,Aldus.

xai Aevxd/ om.Aldus,Turncbus; (xai Aevxg) Furlanus; restored by
Schneider.

mpagits . . . aipatins/ xpaoits . . . aiparins Wimmer; spagi{ms Hill.

xai xard/ Schneider; 3 xara 0,Aldus.

dAy 8¢ 3/ a. 8 4 A; d. & C,Aldus; 4. 8 B.

xakovpévy ¢avBy/ Hill Schneider; favBy om.,Aldus.

o favthy/ &avby om Hill.

paMov 3/ Schneider; & uairor Q,Aldus.

Awpieis/ Schneider; Swpeis 1,Aldus.

xovpdAwr/ xovpdAiwov Hill.

ds pifa/ Wimmer; o5 &v p. A,B,Aldus; C(aodr).

peralrevopcvar,/ peralevopévay C.

éviar/ éva 0,Aldus; émor Turnebus.

Bdpos & éxovar/ B. &. éxovaa Schneider.

10 8¢ ohov/ Schneider; 8 om.Q,Aldus; 1o cAov 8¢ Heinsius.
ra 82 olov / Furlanus; r0 8 olov A,C,Aldus; ro 8 &v B.

oardapixy/ cardpdiny C.

abnplos ' odnpos B.

wpioroi/ dAAot xpworol Heinsius.

wpworoi ydp/ ol piv yap =. Schneider.

payvijrs/ paywirys B.

dya xepirtov/ ) Sa 1 x. Schneider.

%s ye . . . otowys ovyyevois/ conj.Schneider, Wimmer in text; as ye

. odoay ovyyerij Q,Aldus.

dpuxros/ Turnebus; dpextos 0,Aldus.

ws/ os Heinsius.

Bwiadns/ Schneider; Boravos 0,Aldus; BoAwdys Furlanus.

Srav 8¢/ 8¢ om.Aldus; (3¢) Furlanus.

xai dxofagy/ om.Aldus; (xai d.) Furlanus.

79 é\ain/ 0.Aldus; [r¢] ¢. Wimmer.

oi piv (odv)/ Schneider; olv om.Q,Aldus.

xpoodéyovrar/ twodéxovrar Heinsius.

adijpos 8 ob Svvarrar/ oidypos 8 ob Svvara Hill.

oi 8¢/ odde B.

duBAvrépors/ Turncbus,Schneider; dp . . . Q,Aldus; duBAéor Furlanus.

8¢ xai eolv/ 8 x. €., dore Hill; 3¢- xai eioiv oi Towiror axAnpdrepot
conj.Stephanides.

(After these words the rest is missing in B, and part of the Ilepl Sparwr

follows. The next line is: . . . wapa. del Te ovvexés dv xai py) woAAdv
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Svrwy. wapa scems to be the beginning of waparAnoivs in the

Iepi Aifwr.)

xdrw/ drowov conj.Wimmer (cf. drowov 82 xéxeivo, §44).

xdtw T . . . pj) répveofar . . ./ xard 10 pY r. Furlanus; xdro- rd 82
#y 1. Turncbus; drowor 10 dAws ) réuvesdar Aifov conj.Stephanides.

obrjpy/ Aldus (cidijpm); . . . po Q.

&re . . ./ O &e Aldus,Wimmer.

orepedy ére/ orepewrepa xai Turnebus, Stephanides.

xai oilnpos/ xai om.Turnebus.

AlBov/ Turncbus; Aifovs 0,Aldus.

¢ YAigovon/ Turnebus; ré y. 0,Aldus.

#% (dpiory)/ Schneider; § O,Aldus.

v abry/ Schoeider; ripy rowdnpy Q,Aldus.

ixar T wupi Stvapur/ Aldus; SVvamr & 7. x. Q.

&xeivo/ Aldus; e Q.

e 13/ Aldus (rs); ™ d Q.

dAhowiv/ Turnebus, Schneider; déwodv Q; loiv Eichholz.

xardyalxor xpvodr/ Schneider; xaAxdy xard ypvadr A,Aldus; yaixov
xaraxpvooy C; xaAxoy xardypvoor Turnecbus.

xpfy/ Turnebus; pbyy Q,Aldus.

x6AAvBos/ Schneider; xdhufBor A; xéAvpBor C,Aldus; xéAAvpBos Tur-
ncbus; xdAvBor Furlanus.

WpusBoros/ Schneider; Huowov 68oAdr Q; Aldus (88-); HmoBdAwor
éBordr Turncbus; sjudBoros Furlanus.

wicas &y vy worapg/ & 1. x. wdow, corr. above line A.

™ dre/ T8 dre (rd) Schneider.

& 8wn/ Wimmer; 8éov on 0,Aldus; 8éov, 6r Turncbus; 8, on
Schncider (Syll.) from Coraés.

Boxpdla xeipor/ TurnebusSchneider; roi 3ompdlar x. 0,Aldus; o
Soxipilay x. Furlanus.

twolapfdrovow/ Schneider; bwodapfBdrva os 0,Aldus; worauBdvovaw,
& Turnebus.

n 700 &ovs/ Schneider (Syll.) from Coraés; 6 7ot ddous (1,Aldus.

éoiv/ Schneider; oxeddv elow 0,Aldus.

pardrreofar/ Turnebus, Schncider; dAowiofiar Q,Aldus.

rols yvrols xai dpvrois/ Spoiws Tois Spukrois kai xvrois conj.Schneider.

MBovs/ wAivbovs Furlanus.

wowiAas/ wouxhias Turncbus, Schneider.

ovwrlbepévas . . ./ 1is o. Q,Aldus; ris owdésas Turnebus; onbésas
Schncider; owrnlfepévas & s Adias dyovow conj.Stephanides (cf.
§61).

dwdoas yap/ yap om.Turnebus, Schneider.

Serindos/ Hill; deAidos 0,Aldus.

s rves/ ob Twves A.

mureca/ wvpuca Hill.
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xaAxg/ ydhuxe Hill (conj.Laet).

¢ mixeaflar/ Turnebus, Schneider; o r. Q,Aldus.

é&a/ C,Turncbus; &ev A,Aldus.

dn/ Turnebus; § A, 4 C, § Aldus.

7oy torwy/ Wimmer; rovs rovrav Q,Aldus; rovs rév rowwy conj.
Schneider.

(i8lar) v’/ Schneider; v’ 0,Aldus.

éovor/ Turnebus,Schneider; &ovoar Q,Aldus.

rois rov ¢urer/ ris 1. ¢. Furlanus,Schneider.

{ab)ras/ Wimmer; rds 0,Aldus; robs Furlanus; atris Schneider.

Siapilfpioaey/ Suplbpioas Aldus; Suapifpsjoac Furlanus.

dpyvpeioss/ dpyvpios A.

re xai/ re om.Aldus; (re¢) xai Furlanus.

&na/ ha A.

¢acw/ Heinsius; ¢arraciar 0,Aldus.

ypageis/ Furlanus; Bagois A; Bageis C,Aldus.

dppenxot/ Aldus; épperxoi 0.

dAAd/ Furlanus; raAa A; ra dAda C; rdAia Aldus,

peraldebor/ Turnebus,Schocider; perdAdoss @2,Aldus.

8oxei/ Turnebus; wowed Q,Aldus.

obnpeia/ Schoeider; olipa Q,Aldus.

Anuvia/ Heinsius (A.): Apria Q,Aldus.

xai yv/ Furlanus; xai om.Q,Aldus.

xalodor Swwruop/ Schncider; xadobow arruop 0,Aldus; «. cvveruop
Turnebus; x. Zwwruepy Furlanus.

% mxpp/ Q,Aldus; 1 Aqjuve Hill, conj.Furlanus.

peralrelerar/ peradederas C.

yém/ yomij A.

myviovor/ Turnebus; poboion 02,Aldus.

8¢ xai éx/ Schneider; r* éx 0,Aldus; 8¢ éx Furlanus.

axpas/ Aldus; ydapas Q.

wardoxelov/ Furlanus; xastadiov Q,Aldus; wavrowrwAiov Turnebus.

xawis/ Turnebus, Schneider; xevis 0.

mjre/ Turnebus; xodiv O(?A),Aldus.

éxroo/ Aldus; éxréoa Q.

yeduevar/ Schneider; yuwduevar ©2,Aldus.

paprvpet 8§/ Schoeider; p. 8 &v Q,Aldus.

aimj/ Schoeider; airé 0,Aldus,

3dtae yap &/ Turnebus, Schneider; 8. ¢. ™ Q,Aldus.

peraBakeiv/ Schneider; perafdArav Q,Aldus.

dxep/ ? imep C.

1§ $vowj/ . $. (yevéoa) Schneider.

xtrn‘w/ 'rexwrn‘:v Furlanus.

¢dpov/ Turncbus; ¢épov 0,Aldus.

1oy pdv xbavov/ Tov Exibyy x. Eichholz.
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Aevxirarov/ Turnebus; Aerrdrarov O,Wimmer.

Tov wayvrdrov/ ,Aldus; rév om.Turnebus,Wimmer.

Yyuwibov/ Heinsius; yupifiov Q,Aldus; also in §56.

uoAvB3os/ Wimmer; uoA880s (1,Aldus.

yAixov wAivflos (after wiflois)/ Schneider; fAixov wA7fos (after wdyos)
0,Aldus.

wadv/ Aldus,Turnebus; wdAw ri8éact xal xdAwv Q.

dgmboiow/ Schncider; d¢pibodawv Q; Ipfovow Aldus.

tpryos/ Heinsius; rpeyds ©,Aldus.

énywoperor/ CHill; émyaduevor A,Aldus,

atrg Wimmer; obrw 01,Aldus.

yap 6 ios/ Wimmer; riféuevos Q,Aldus.

alrg " érupaiveras yap 6 ids/ om.Schneider; otrw 8¢ émpaiverar 6 ids
tlepévor (after riferar) Schneider (Syll.).

épyaciav/ Aldus; épyacias Q.

(éxi) xppprav/ Schneider; xpyuviv 0,Aldus.

o xarafBdAAover/ Aldus,Turncbus; év x. 0.

povor. éomt 8 Schneider; u. 8 doriv ,Aldus.

Aapmpiforoayr/ Aldus; Aaupxvpilovon Q.

[mxpdr & xakois]/ Schneider; p. & x. 0,Aldus. A repetition of &
xaAxois, conj.Wimmer; é& dypois K\Buavois (after vwép 'E¢péoov
puxpoy above), conj.Schneider.

ol pé&v vap ' ol pév xai Aldus.

(r®) érdre ' Schneider; érdvo 0,Aldus.

xovdfBape (after xdrw)/ xevdBape A.

ixa/ o A.

&ranjcovra/ éverxorra C.

ppeirar/ (rd pév) pupeirar Schneider.

13 & (&a/ 1& 8 (xai) i Schacider.

dAras/ dhreis Furlanus; perhaps dlgds (Suppl.Epigr.Gr.Ill,147) or
dloupds ; xarxomyels (sc. Aiflovs) conj.Stephanides (cf.§49).

xpeia/ Furlanus; ypda 0,Aldus.

0 (xuwdBapd) Tpdby/ Schoeider; 7o . . . rpepbi Q,Aldus; 7 (xvvdBap)
rpupfy Furlanus.

Soidvm/ Svdrme A.

yewparéow/ Q,Aldus,Schneider; yewparéoe Wimmer,

[wepi] &w/ Schoeider; mept dv A (? wepi), C,Aldus.

twoxapévoy . . ./ t. xai Turnebus (also conj.Schneider); ¥. re xai Laet.

. ovvrov/ wowvvrer Turncbus; Scbovvrov conj.Schacider.
paiarrovres/ Schneider; pedavravres 0,Aldus.

ravras/ eis ravras Laet.

MnMids/ Laet (p.); pedids Q,Aldus; pukids Turnebus; MyAia Heinsius.

Tvpdainy/ Turnebus (1.); orvpdaixy Q,Aldus.

rerdpry/ Hill; xai 7. Q,Aldus.

wapa ravras/ Turnebus; wepi 7. 0,Aldus.

0400



63

65

APPARATUS CRITICUS

# yWos/ Hill; 4 y. Q,Aldus.

MnAudde/ Lact (n.); mihia 8 O urig 8z Aldus; pvAig 8ua Turnebus;
prig 8y Furlanus; MyAia &) Heinsius.

v 2apig/ Turncbus (0.); mjs wds Q,Aldus.

pepov/ épady Turnebus; dpaiov sjpepov Furlanus.

xai . . . 8es/ xai Tpay@des Turncbus, Furlanus.

drés/ éumes C.

Mpyhus/ Lact (u); mhids 0Q,Aldus; pvhas Turnebus.

19 ¢apidi/ 1§ Papd’ (no accent) Q; r$ Pdpde Aldus; év 7§ Pdpde
Heinsius. & r¢ yadapg or oiv 15 Yadapsmre conj.Schneider. Possibly
Sudpopor.

eioi 8¢/ Laet, Schneider; éor xal Q; eloi xai Aldus.

orijvar/ Schneider; omjoar 02,Aldus,

10 pév/ Aldus; ra per Q.

#Aixn/ Furlanus; $Auap 0,Aldus.

8ixovs/ Turnebus: duwrdois 0,Aldus.

wepuéyovorr / Furlanus; wepicforow Q,Aldus.

Sweviy/ Furlanus; Sudiar 0,Aldus; perhaps Suagvir (5.

BeAriov/ Furlanus; BéArwor Q.Aldus.

abrijs/ Furlanus; adm) A; abr C; abrj Aldus; om.Laet.

dxpe/ Turnebus; . . . raypy 0,Aldus.

rerrdpuy . . . éoriv’ Schneider; rerrdpuv doriv 02,Aldus.

doriv 3 doxdmy/ éotiv, % & Turnebus; éoriv. 3 ¢ Furlanus; éoriv éxovoa.
» & Laet.

pdhara 5/ pddher’ § A, pdor’ § C.

pdMora . . . ipdra/ Bracketed by Furlanus.

% povor/ Kyuwiia Hill,

xpovrar 8¢ xai/ x. 8¢ 0,Aldus; x. 8¢ (xai) Schneider.

Tupdaixg/ Turnebus (7.); reduis 7 rvguxy Aldus,

1ov "Abov/ Schncider; fedrov Q,Aldus; re "Afuwy Turnebus; Tvudaiav
Heinsius.

xai tovs/ Turnebus; 8¢ xai rovs 02,Aldus.

yoyos/ yiyos A.

Tuppalav/ Furlanus; repderdv Q; ripderar Aldus; riugas re Turnebus.

HepparBiav/ Schneider; xepeBiav 0; wepasfiav Aldus.

atrijs/ Schoeider; abrav Q,Aldus.

dhaBactpiry/ Aldus; draBdorpiris Q2.

xaruxwdns/ Furlanus; xaAxodns Q,Aldus; wAaxédnys Turnebus,

Bpex#i/ Tumcbus; épexbij Q,Aldus; épexfj Furlanus.

T0v Aifov/ Tobrov . A. Q,Aldus; [rodrov] 7. A. Schneider.

wepixéovres/ Schneider; wepiéxovres Q,Aldus.

rowiro/ 0,Aldus; rowiror Schneider,Wimmer.

é&v (8¢)/ Schneider; év 0,Aldus.

Suedeiv/ Schneider; dweAfeiv 0Q,Aldus.

Oavpaory 8¢ xai (i) loxvs/ Schneider (Syll.); Oaipa éori 82 xai ioxis

-41-



69

THEOPHRASTUS ON STONES

Q; Badpa. éori 8. . i. Aldus,Turnebus (¢oe); dpa. &on 8. x. i Fur-
lanus Oavpacia 8. x. (3) i Schneider.
ore 73,)/ 0,Schneider (Syll.); ore re Aldus; 67 Turnebus; ére Schaei-

hﬂa/ roixyoe Furlanus.

# &apéporrar/ Schncider (Syll.); xai Suapéporrar 0,Aldus,Turnebus,
Schneider; xai &wadpbeiporrar Furlanus,

% yoyos ovx/ 3 8 y. odx Schneider (Syll.); § 8¢. .. pos Q@ (0. . . pos A),
Aldus,Schncider; 4 8eopds Turncbus; % 8 dppos Furlanus.

péva ovrexopeva/ Schaeider (Syll.); xal owexdpera 0,Aldus.

ore ydp . . . koMyoa/ 5re ol Mifor ffyvurrac § Sadéporrar, ) 8 yios
olk drinor woMddus 8¢ xai td pdv wémTuxe xal Ddppnras, Td 8 dve
xpepdpera péva owexdpera Tj xoAljoa Coraés, quoted by Schneider
(SylL).

ipapovpuévy/ Furlanus; ddapopévy 0,Aldus.

xai wdAww/ Turnebus; xai wa . . . 0,Aldus.

péMora/ pikgra (xpévra) Schneider.

1or olvor/ Turnebus, Schoeider; rov oixeiov Q,Aldus; my xoviacw Hill
(conj.Salmasius; cf. Schaeider IV, p. 592).

(eis) &na/ Wimmer(D); &na Q,Aldus; (xpds) éna Schneider, Wimmer
(7).

yrageis/ Wimmer; svadeis 0,Aldus.

73 dwoudypara/ 0,Aldus; rd om.Schneider,Wimmer.

xal pddio@’/ 3 p Q.

yhoxporym/ Turnebus; . . . ypdrm A,Aldus; dxpérym C; (8 mip)
yAwoxpdryra Schneider.

Aadmyn/ Aadmra Schaoeider.

# pdv Sivapus/ % pdv (o) 3. Schneider.

rois Towvras/ O,Aldus; rowdrois Schneider,Wimmer.

18 1 xovias/ Schneider; xard rijs «. 0,Aldus; xard 7d s x. Laet.

78 s yis/ A, Aldus; xaré mijs y. C; xard & mijs y. Lact.

éxarépar Urepéxovoar/ Schneider; éxarépas repeyovoas Q,Aldus.

After twepéyovoar/ Ocpporépa yip Tijs xovias, yhoxporépa 8¢ woAb Tis
vis add.Q,Aldus; om.Schneider, Wimmer.

Euxrvpos/ Aldus; Empoc Q.

{paryyds/ Tumcbus, ipatryos Q,Aldus.
abry}/ Laet; adm 0,Aldus.

[xai xalorres]/ Schneider; xai xaiovres Q,Aldus.

xai &ero-re'pws, orepentdrovs piv wapanibévres/ xal dwhids Tovs aTepe-
wrdrovs, maparfévres conj.Schneider.

(BdAcrov, Evexa) -rou/ Schneider; . . . 7a roi Q,Aldus, &vexa roi Turnebus,
Eichholz; 8&4a ¢ Furlanus.

piv waparibévres/ Bélrov x. Eichholz.

rovrov/ Aldus; rodrev Q. .

én/ Furanus; én 70 Q,Aldus.

airijs/ Schoeider; abry) 0,Aldus,

.42.



TRANSLATION






TRANSLATION
ON STONES

Of the substances formed in the ground, some are made of
water and some of earth. The metals obtained by mining, such as
silver, gold, and so on, come from water; from earth come stones,
including the more precious kinds, and also the types of earth
that are unusual because of their color, smoothness, density, or any
other quality. As the metals have been discussed in another place,
let us now speak about the stones.

In gencral we must consider that all of them are formed from
some pure and homogeneous matter as a result of a conflux or
percolation, or because the matter has been separated in some other
way, as has been explained above. For perhaps some are produced
in one of these ways, and some in the other way, and others in a
different manner. Hence they gain their smoothness, density,
brightness, transparency, and other such qualities, and the more
uniform and pure each of them is, the more do these qualities
appear. In general, the qualities are produced according to the ac-
curacy with which the stones are formed and solidified.

Some things are solidified through heat, others through cold.
And probably there is nothing to prevent some kinds of stones
being formed by cither of these two methods, although it would
secem that all the types of earth are produced by fire, since things
become solid or melt as a result of opposite forces. There are more
peculiarities in stones; for most of the differences in the types of
carth concern color, tenacity, smoothness, density, and so on, but
in other respects the differences are rare.

Stones, however, have these differences and in addition there
are others that depend on their power of acting on other sub-
stances, or of being subject or not subject to such action. For some
can be melted and others cannot, some can be burnt and others
cannot, and there are other differences of this kind. And some
show a number of differences in the actual process of being set
on fire and burnt, and some, like the smaragdos,’ can make the

1 A green stone, mentioned again in secs. 8, 23, 24, 25, 26, 27, 35. The usual Eng-

lish translation is “‘emerald,” but this is not the exact meaning of the word. For the
identification of this stone, see Commentary, secs. 23 and 24.
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color of water the same as their own, whereas others can turn
what is placed on them entirely into stone; some have the power
of attraction and others can test gold and silver, such as the stone
called the Heraclean and the one called the Lydian.

But the greatest and most wonderful power, if this is true, is
that of stones which give birth to young. But the power of those
used in manual work is better known and is found in more
varieties. For some can be carved, or turned on a lathe, or sawn;
there are some on which an iron tool cannot operate at all, and
others on which it works badly and with difficulty. And there
are several other differences in addition to these.

The differences that are due to color, hardness, softness,
smoothness, and other such qualities, through which stones gain
their special excellence,® are found in many varieties, and in some
they occur in the whole of a district. And among such stones
there are the Parian, the Pentelic, the Chian, and the Theban, and
these stone quarries have become widely known. There is also the
alabastrites,’ found at Thebes in Egypt—this, too, can be worked in
large blocks—and the stone resembling ivory which is called cher-
nites;* and they say that Darius was buried in a sarcophagus of this
material. And there is the (variety of) poros,” which is like Parian
marble in color and density, but has only the lightness of (ordinary)
poros; for this reason the Egyptians use it as a frieze in their clabo-
rate buildings. And a dark stone is also found in the same place,
which is translucent like the Chian stone, and there are several
other kinds in other places. Such differences are common to many
stones, as we have already said, but those that are due to the
powers mentioned above are not found now in whole districts
or in continuous or large masses of stone.

Some stones are quite rare and small, such as the smaragdos,
the sardion,® the anthrax,’ and the sappheiros,’ and almost all those

2 See Commentary. 3In all probability, onyx marble.

4 Apparently a varicty of onyx marble.

8 This could be travertine, but here it is probably a special kind of poros found in
Egypt.

6 A red stone mentioned again in sec. 23 and described briefly in sec. 30. See Com-
mentary, sec. 30, for its identification.

7 Another red stone which is described in secs. 18 and 19. See Commentary, secs.
18 and 19. .

8 A blue stone which is described briefly in secs. 23 and 37. For its identification, see
Commentary, sec. 37. 46
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that can reasonably be cut and used as seals.” And some are dis-
covered in other stones when these are cut up. There are a few
which can be set on fire and burnt, and perhaps we should first
explain the nature and extent of their differences.

Some of them melt and become fluid when subjected to fire,
such as those which come from mines. For when silver, copper,
and iron become fluid, so does their stony matrix, either because
of the moisture in the matter it contains or because of the nature
of such stones. In this way, too, firc-resisting stones and millstones
become fluid along with the material placed on them by those
who are burning it. And some go so far as to say that all of them
melt except marble and that this burns up and lime is formed
from it.

But it would scem that it is going too far to say this; for there
are many which break and fly into pieces as if they are fighting
against being burnt, like pottery, for example. And this is natural
since they have lost their moisture; for whatever can be melted
must be moist and have a good deal of humidity.

And they say that some stones that are exposed to the sun be-
come completely dry, so that they are useless unless they are soaked
and wetted again, and others become softer and are more easily
broken. It is clear that both kinds are robbed of their moisture by
the sun, but it happens that stones of solid texture become hard
when they are dry, whereas those that are loose in texture, and
those whose formation is of this kind, are ecasily broken and
melted.

Some of those that can be broken are like hot coals when they
burn, and remain like this for some time, such as those found in
the mine at Binai'® which are brought down by the river; for
when they are covered with charcoal they burn as long as air is
blown onto them, then they die down and afterwards can be
kindled again, so that they can be used for a long time, but their
odor is very harsh and disagreeable.

There is a stone called spinos,” which was found in mines. If
this is cut up and the pieces are piled in a heap, it burns when

9 The emendation (wdrres 7&» xard) has been added to the text

10 The text uses the plural form (Binai), but the place was usually known as Bina.
11 Probably some sart of asphaltc bitumen.
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exposed to the sun, and it does this all the more if it is moistened
and sprinkled with water.

But the Liparecan stone'® is made porous when it is burnt, and
becomes like pumice, so that both its color and density are altered;
for before it has been burnt it is black, smooth, and compact.
This stone is found in pumice, appearing separately in various
places and not continuously, as if it were in a cell of a honeycomb.
In the same way it is said that in Melos pumice is found in another
kind of stone, and so the Liparean stone corresponds to this in
the opposite way, as it were, except that this stone is not the same
as the Liparean stone.

The stone which is found at Tetras in Sicily also becomes porous.
This place is in the neighborhood of Lipara, and the stone is plen-
tiful in the promontory called Erineas. Like the stone found at
Binai, it releases a bituminous odor when it is burnt, and what
remains after the burning is similar to burnt earth.

Among the substances that are dug up because they are useful,
those known simply as coals are made of carth, and they are set
on fire and burnt like charcoal. They are found in Liguria, where
amber also occurs, and in Elis as one goes by the mountain road
to Olympia; and they are actually used by workers in metals.

In the mines at Scapté Hylé a stone was once found which was
like rotten wood in appearance. Whenever oil was poured on it, it
burnt, but when the oil had been used up, the stone stopped burn-
ing, as if it were itself unaffected. These are roughly the differences
in the stones that burn.

But there is another kind of stone which seems to be of an
exactly opposite nature, since it cannot be burnt. It is called an-
thrax, and seals are cut from it; it is red in color, and when it is
held towards the sun it has the color of a burning coal. One
might say that it has great value; for a very small one costs
forty pieces of gold. It is brought from Carthage and Massalia.

The stone found near Miletus does not burn; it is angular and

. there are hexagonal shapes on it. It is also called anzhrax, and this

is remarkable, for in a way the nature of edamas™ is similar.
This power of resisting fire docs not seem to be due to the

12 Obsidian. .
183 Probably corundum. Scc Commentary, secs. 19 and 44.
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absence of moisture, as is true of pumice and ashes. For these
cannot be set on fire and burnt, because the moisture has been
removed, and some think that pumice is formed entirely as a re-
sult of burning, with the exception of the kind that is produced
from the foam of the sea. Their belief is duc to observation and is
based on what is produced in craters of volcanoes and also on
the porous stone* which changes' to pumice when it is fired.
And the places where it is produced seem to prove this, for pumice
is found especially in places that . .. ."*

But perhaps one kind is made in this way, and others in another
way, and there are many methods of producing it; for the pumice
found in Nisyros seems to consist of a kind of sand. And it is
regarded as proof of this that some of the stones which are found
break into pieces in one’s hands and crumble into sand, as it were,
because they have not yet become compact and solid. People find
them in groups but in small amounts,'” mostly about a handful
in size or a little larger, whenever they scrape off the surface
covering them. And the sand is very light. The kind found in
Melos is all . . . ' but some are produced in a stone of a dif-
ferent sort, as has been mentioned before.

They differ from one another in color, density, and weight.
They differ in color because the kind that comes from the lava
stream in Sicily is black, and this stone and the malodes™ differ
in density and weight; for a pumice of this kind, having both
weight and density, is also produced, and this is more valuable
than the other in its practical use. The one that comes from the
lava stream can cut better than the white kind, which is light in
weight, but the kind that comes from the sea itself cuts best of all.
So much for pumice. But we must consider elsewhere the causes

14 digbaros, perhaps diaboros.

15 The Aldine text has oé (i.c., “which does not change™). Wimmer accepts this,
but 4 is found in the manuscripts (ie, “which changes™).

16 The emendation xawopuérots would mean “places that are burning”; svpxadorows
would mean “places that have been subjected to burning.”

17 yard puxpd is used sometimes by Aristotle in this sense. Cf. Meteorologica, 370B, 5.

18 The emendation oxeddr &s é» Nwlpy would mecan *“almost like the kind in
Nisyros,” but efpavaros, é» MOy 3¢ . . . would mean “easily broken, but is produced
in a stone.” .

19 Malodes is unknown; mélodes would suggest a pale-yellow stone, and mylodes
would be a millstone.
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of the difference between stones that either burn or do not burn,
from which we moved into this discussion.

There are also other stones from which seals are cut that are
(remarkable), some of them only for their appearance,™ such as
the sardion, the saspis,” and the sappheiros, and the last of these
scems to be spotted with gold. But the smaragdos also has certain
powers, for it makes the color of water just like its own, as we
have said before; a stone of moderate size affects a small amount
of the water in which it is placed, the largest kind the whole of
the water, and the worst kind only the part close to it. It is also
good for the eyes, and for this reason people carry seals made of
it, 50 as to sce better.” But 1t is rare and of small size, unless we
are to believe the records about the Egyptian kings; for it is said
that among the gifts from the king of the Babylonians a smarag-
dos was once sent to them which was six feet* in length and four
and a half in width, and that four such stones are deposited as
an offering in the obelisk of Zeus. These were sixty feet long, and
their width was six feet at one end and three at the other. But
these statements depend entirely on their writings.

The largest of the stones which many call zanos™ is the one at
Tyre. For there is a large slab in the temple of Herakles, unless
this is a false smaragdos, for a species of that kind does exist. The
stone occurs in places that are well known and easy to reach,
especially in two of them, the copper mines of Cyprus and the
island lying off Chalcedon. In the latter, exceptional stones are
found. This kind is obtained by mining, like the others, and na-
ture has produced it separately in many veins in Cyprus.

They arc not often found large enough for a seal, but most of
them are smaller in size; for this reason the stone is used for
soldering gold, since it solders like chrysokolla.® And some peo-
ple even suppose that its nature is the same, for they both happen

20 Schneider thinks that something is missing here; the meaning should be “some
of them differ in their appearance but have the same name.” Cf. sec. 30.

21 Not our modern jasper. For its identification, sce Commentary, sec. 27.

22 Perhaps &8 PAéwewr (“to sce well,” “to improve their sight”).

23 A cubit was about onc and a half feet; thus four cubits means six feet.

24 For a possible identification, secc Commentary. Wimmer reads Baxrpiar@r (“Bac-
trian stones™) instead of rariy.

25 A pame applied to certain green copper minerals. It probably included malachite
as well as the modemn chrysocolla.
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to be similar in color. But cArysokolla is found in large quantities in
gold mines and cven more in copper mines, as in the ones near
the . . . districts.

But smaragdos is rare, as we have mentioned, for it seems to
be formed from iaspss. It is said that a stonec was once found in
Cyprus half of which was smaragdos and half iaspis, as if it had
not yet been entirely changed from the watery state. It takes some
work to make it shine. for in its natural condition it is not bright.

It is remarkable in its powers, and so is the lyngourion;* for
seals are cut from this too, and it is very hard, like real stone. It
has the power of attraction, just as amber has, and some say that
it not only attracts straws and bits of wood, but also copper and
iron, if the pieces are thin, as Diokles used to explain. It is cold
and very transparent, and it is better when it comes from wild
animals rather than tame ones and from males rather than females;
for there is a difference in their food, in the exercise they take
or fail to take, and in general in the nature of their bodies, so
that one is drier and the other more moist. Those who are ex-
perienced find the stone by digging it up; for when the animal
makes water, it conceals this by heaping carth on top. This stone
needs working even more than the other kind.

And since amber is also a stone—for the kind that is dug up
is found in Liguria—the power of attraction would belong to this
too. The stone that attracts iron is the most remarkable and con-
spicuous example. This also is rare and occurs in few places. This
stone too should be listed as having a similar power.

There are several other stones from which seals are cut, such
as the Ayaloeides,” which reflects images and is also transparent,
and the anthrakion™ and the omphax.*® There is also rock crystal,
and the amethyst, and both of them are transparent; and these
two and the sardion are found when certain rocks are cut through.
And there are others, as has been mentioned before, which differ
from one another, though they have the same name. For one type

26 L ynx-urine stone. Probably a variety of amber.

27 Glasslike stonc. Its identification is uncertain, but some possibilities are discussed
in the Commentary.

28 Mentioned again in sec. 33. For possible identification, sece Commentary, sec. 33.

29 Apparently a2 green stone of some sort. The problem of its identification is dis-
cussed in the Commentary,

*5I ¢
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of sardion, which is translucent and of a redder color, is called
the female, and the other, which is translucent and darker, is called
the male. And it is the same with the varieties of the lyngourion,
for the female is more transparent and yellow than the other. Also,
one kind of kyanos™ is called male and the other female, and the
male is the darker of the two. The onychion® is mixed in color,
with white and dark alternating; the amethyst is wine-colored.
The achates™ is also a beautiful stone; it comes from the river
Achates in Sicily and is sold at a high price.

In the gold mines at Lampsakos a wonderful stone was once
found, from which a scal was cut after it had been taken up to
Astyra,” and this was then sent to the King because of its unusual
nature.

These stones are rare as well as beautiful, but those that come
from Greece are of less value, such as the anthrakion from Orchom-
enos in Arcadia. This is darker than the stone from Chios, and
mirrors are made from it. There is also the stone from Troezen,
and this is variegated with purple and white. The Corinthian stone
is also variegated with the same colors, except that it is paler.

In general there are many stones of this kind, but the remarkable
ones are rare and come from a few places only, such as Carthage,
the country around Massalia, Egypt near the First Cataract, Syenc
near the city of Elephantine, and the region called Psepho.** In
addition, the smaragdos and the iaspis are found in Cyprus.

The stones which are used for mosaics come from Bactriana
near the desert. They are collected by horsemen who go out at
the time of the etesian winds; for they are visible then, since the
violence of the winds disturbs the sand. But they are small in size
and not large.

Among choice stones there is also the one called the pearl; this
is translucent by nature, and valuable necklaces are made from it.
It is produced in an oyster, which is similar to the pinna [except

30 A varicty of lapis lazuli. This same word also denoted certain blue pigments. Sec
Commentary, secs. 31 and 55.

31 A broader term than onyx. Sec Commentary.

82 A pame given to certain variegated stones, including some varietics of agate.

33 This translates “Aorvpa instead of g7ipds. If Pliny is right, the king was Alexander

the Great.
34 Possibly Pscbo.
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that it is smaller. In size the pearl is as big as a large fisheye],*
and it is produced in India and certain islands in the Red Sea.*
These are approximately the stones that are of unusual excellence.

But there are some others, such as the fossil ivory which is
variegated with white and dark markings. And there is also the
stone called sappheiros, which is dark and not very different from
the male kyanos, and there is the prasitis,’” which has the color
of verdigris. And the hamatitis® also is of solid texture; it is
dull in color, and in accordance with its name seems to be made
of blood that has become firm and dry. The stone called xanthe™
is another variety, not really yellow in color but rather of a whitish
tint, a color which the Dorians call xanthos.

Coral, which is like a stone, is red in color and rounded like a
root, and it grows in the sea. And in a way the petrified Indian
reed is not very different in its nature from coral. But this is a
subject for another inquiry.

There are also many varieties of stones which are obtained by
mining. Some of these contain gold and silver at the same time,
but only the silver can be seen clearly. They are rather heavy in
weight and have a strong odor. There is also natural Xyanos,
which contains chrysokolla, and there is another stone which is
like glowing coals in color; and these stones are heavy.

In general a great many unusual types of such stones are found
in mines; some of them are of an carthy nature, such as yellow
ochre and red ochre, and some are sandy, like chrysokolla and
kyanos, and others are powdery, such as realgar and orpiment
and others that are like them. One could mention a number of
peculiarities in such stones.

Some stones also have the power of not submitting to treatment,
as we have mentioned before; for example, they cannot be cut
with iron tools, but only with other stones. In general there is a
great difference in the methods of working the larger stones; for
some can be sawn, others can be carved, as has been stated, and
others turned on a lathe, like the Magnesian stone. This is un-

35 The words in brackets come from Athenaeus (IT1, 93).

368 Probably the present Persian Gulf.

37 An opaque green stone. For possible identification, see Commentary.

28 Probably red jasper.
39 Probably yellow jasper.

-53.

37

39

41



42

43

45

THEOPHRASTUS ON STONES

usual in its appearance, and some people are astonished at its re-
semblance to silver, though it is not related to it at all.

And there are a larger number of stones which submit to every
method of treatment. In Siphnos there is a stone of this kind
which is dug up about three furlongs from the sea; it is round and
has the qualities of a lump of earth, and because it is soft it can
be turned on a lathe and carved. When it is heated in the fire
and dipped in oil, it becomes very black and hard; and dishes
for the table are made out of it.

All such stones submit to the power of iron, but some stones,
as we have mentioned before, can be carved with other stones,
but not with iron instruments. And others can be carved with
iron, but only with rather blunt tools. And ... are....In much
the same way . . . cannot be cut with iron, and yet iron, which
is harder than stone, cuts substances that are . . . stronger.*

That secems peculiar also, because whetstone wears away iron,
although iron can divide the whetstone and shape it but cannot
do this to the kind of stonc from which seals are made. And
again, the stone with which seals are carved consists of the ma-
terial from which whetstones are formed, or something like it.
And the (best) whetstone comes from Armenia.

The nature of the stone which tests gold is remarkable, for it
seems to have the same power as fire, which can test gold too. On
that account some people are puzzled about this, but without
good reason, for the stone does not test in the same way. Fire
works by changing and altering the colors, and the stone works
by friction, for it seems to have the power of picking out the
essential nature of cach metal.

They say that a much better stone has now been found than the
one used before; for this not only detects purified gold, but also
gold and silver that are alloyed with copper, and it shows how
much is mixed in each stater. And indications are obtained from
the smallest possible weight. The smallest is the krizhé, and after

40 If certain emendations were adopted, this difficult passage might be translated as
follows: “And such stones are harder. In much the same way it is peculiar that a
stone cannot be cut at all with iron, and yet iron too, which is harder than stone, cuts
substances which are firmer and stronger.” (xal eloly ol Towdrot oxAypbrepor. wapa-

wAyolus 32 Erowor 1d Shws ud Téuvesbar Alor 8:3fpy xalrou xal orepedrepa xal
loxvpbrepa répver xal aldypos MOov oxhnpbrepos &».)
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that there is the Rollybos, and then the quarter-obol, or the half-
obol;** and from these weights the precise proportion is de-
termined.

All such stones are found in the river Tmolos. They are smooth
in nature and like pebbles, flat and not round, and in size they
are twice as big as the largest pebble. The top part, which has
faced the sun, differs from the lower surface in its testing power
and tests better than the other. This is because the upper surface
is drier, for moisture prevents it from picking out the metal. Even
in hot weather the stone does not test so well, for then it gives
out moisture which causes slipping. This happens also to other
stones, including those from which statues arec made, and this is
supposed to be a peculiarity of the statue.

Of such kinds are the special qualities and powers found in
stones. Earth has fewer of these, though they are more peculiar;
for it is also possible for earth to be melted and softened and then
hardened again. It melts (along with)** substances which are dug
up and which can be liquefied, just as stone also does. It is softened,
and stones are made from it. These include the variegated ones
and other composite stones . . . ;** for all of these are made
artificially when they are fired and softened. And if glass is also
formed, as some say, from vitreous carth, this too is made by
thickening.

The most unusual earth is the one mixed with copper; for in
addition to melting and mixing, it also has the remarkable power
of improving the beauty of the color. And in Cilicia there is a kind
of earth which becomes sticky when it is boiled, and vines are
smeared with this instead of birdlime to protect them from wood-
worms.

It would also be possible to determine the differences that are
naturally adapted for causing earth to turn into stone; for those
that are due to locality, which cause different kinds of savors,
have their own peculiar nature, like those which affect the savors

41Sce Commentary for a discussion of the absolute and relative values of these
weights. They were probably equivalent to .06, .09, .18, and .36 of a gram.

42 Some word is understood here, such as &ua (“along with”); cf. &ua in sec. 9.
Schncider suggested dpolws (“in the same way as™).

431f éx s "Agias &yovewr were read, the meaning would be that “they bring them
from Asia.”
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of plants. But it would be best to list them according to their col-
ors, which painters also use.

These substances, as we said in the beginning, are produced
cither by some conflux or by percolation. Moreover, some seem
to have been set on fire and burnt, such as realgar and orpiment
and others of the same kind. To put it plainly, all of these result
from a dry and smoky exhalation.

They are all found in silver and gold mines, and some of them
in copper mines, such as orpiment, realgar, chrysokolla, red ochre,
yellow ochre, and kyanos, but the last of these is seldom found
and only in small quantities, whereas there are veins of some of
the others, and yellow ochre is said to be found in masses. But
there are all kinds of red ochre, so that painters can use it for
flesh-colored pigments. And yellow ochre can take the place of
orpiment, since there is no real difference in their color, though
there seems to be.

But in some places there are mines that even contain both red
ochre and yellow ochre together, as for example in Cappadocia,
and large quantities are dug up. But they say that the risk of suf-
focation is a serious matter for the miners, since this can happen
to them quickly and takes a very short time.

The best red ochre seems to be that of Ceos; for there are several
kinds. One of them comes from mines, since iron mines also con-
tain red ochre. But there is also the Lemnian kind and the one
called Sinopic; this is really Cappadocian red ochre, but it is
brought down to Sinope. It is dug up by itself in . . . .** And there
are three varieties of it, one very red, one light-colored, and a
third whose color is midway between the others. We call this a
self-sufficient kind because it does not have to be mixed, whereas
the others do.

It is also made by burning yellow ochre, but this is an inferior
kind and is a discovery of Kydias; for it is said that he became
aware of it when an inn burnt down, as he noticed that some
yellow ochre was half-burnt and had become red in color.

New carthen vessels are covered with clay and placed in ovens;
for when the vessels become red-hot, they heat the ochre, and as
they become hotter in the fire, they make its color darker and more

“ Y 1o uxpg is difficult; & 15 Adure (“in Lemnos™) is a possible alternative,
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like glowing charcoal. And its origin is itself a proof of this; for
it would seem that all these substances change under the influence
of fire, if it is right to consider that the red ochre made in this
process is the same as the one made by nature or very similar to it.

Just as there is a natural and an artificial red ochre, so there is a
native kyanos and a manufactured kind, such as the one in Egypt.
There are three kinds of kyanos, the Egyptian, the Scythian, and
the Cyprian. The Egyptian is the best for making pure pigments,
the Scythian for those that are more dilute. The Egyptian variety
is manufactured, and those who write the history of the kings of
Egypt state which king it was who first made fused kyanos in
imitation of the natural kind; and they add that kyanos was sent
as tribute from Phoenicia and as gifts from other quarters, and
some of it was natural and some had been produced by fire. Those
who grind coloring materials say that kyanos itself makes four col-
ors; the first is formed of the finest particles and is very pale,*
and the second consists of the largest ones and is very dark. These
are prepared artificially, and so is white lead.

Lead about the size of a brick is placed in jars over vinegar,
and when this acquires a thick mass, which it generally does in
ten days, then the jars are opened and a kind of mold is scraped
off the lead, and this is done again until it is all used up. The
part that is scraped off is ground in a mortar and decanted fre-
quently, and what is finally left at the bottom is white lead.

Verdigris is made in much the same way. Red copper is placed
over grape-residues*® and the matter that collects on it is scraped
off; for it is verdigris that appears there.

There is also a natural and a prepared kind of cinnabar. The
cinnabar in Iberia, which is very hard and stony, is natural, and
so is the kind found in Colchis. They say that this is found on
cliffs and is brought down by arrows that are shot at it. The pre-
pared kind comes from one place only, a little above Ephesos. It
is a sand that shines brightly and resembles scarlet dye; this is
collected and ground in stone vessels until it is as fine as possible;
then it is washed in copper ones . . . ,*” and what remains is taken

45 This translates Aevxéraror, which has been accepted as an emendation in the text.

48 The literal translation of Tpéf would be “wine-lees,” but secc Commentary.

4T The words é& xalois (after muxpér) may simply be a repetiion of é» yahkois.

Schneider thinks they belong above, after dxép "Egéoov uixpér (“a little above Ephesos™)
and should really be é» dypois KrBiarois (“in the Cilbian district™).
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and ground again and then washed. Skill is needed for this proc-
ess; for some people make a great deal and others little or nothing
out of an equal amount of sand. The washing is done from the top,
and separate portions are wetted one after the other; what is left
at the bottom is cinnabar, and the washings are what remains
above in larger quantities.

They say that Kallias, an Athenian from the silver mines, dis-
covered and demonstrated the method of preparation; for think-
ing that the sand contained gold because it shone brightly, he col-
lected it and worked on it. But when he saw that it did not contain
any gold, he admired the beauty of the sand because of its color
and so discovered this method of preparation. This did not happen
long ago, but about ninety years before Praxiboulos was archon at
Athens.

It is clear from these facts that art imitates nature and creates
its own peculiar products, some of them for use, and some only
for show, such as paints,* and others for both purposes equally,
such as quicksilver; for this has its use too. It is made when cin-
nabar mixed with vinegar is ground in a copper vessel with a
pestle made of copper. And perhaps several other things of this
kind could be discovered.

Among the substances obtained by mining there still remain
those that are found in earth-pits; these are caused, as we said in
the beginning, from some conflux and separation of matter which
is purer and more uniform than that of the other kinds. And all
sorts of colors are obtained from them owing to the differences of
the matter they contain . . . ;* some of them are softened and
others are ground and melted, and in this way the stones that
are brought from Asia are constructed.

The natural kinds of earth, which are useful as well as superior
in quality, are three or four in number, the Melian, the Kimolian,
the Samian, and a fourth in addition to these, the Tymphaic or
gypsos.* Painters use only the Melian kind; they do not use the

48 This translates dAigds; dAxes is unknown. The emendation dAareis (lit., “wjthout
fat”) must refer to the type of earth mentioned in sec. 62; this was not greasy and was
suitable for painting.

49 If xal 3:d TH» T dinfolrrwr were read, the meaning would be “and of the matter

that percolates.” .
50 A much broader term than the English word gypsum. It included not only the
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Samian, even though it is beautiful, because it is greasy, dense,
and smooth. For the kind which is . . . and . . . ,* and is not
greasy is more suitable for painting, and the Melian kind has this
quality . . . .*

In Melos and Samos there are additional differences in the earth.
It is not possible to stand upright while digging in the pits of
Samos, but a man has to lic on his back or his side. The vein
stretches for a long way and is about two feet in height, though
much greater in depth. It is surrounded on both sides by stones
and is taken out from the space between them. It has a stratum
right through the middle, and this is better than the parts on the
outside; and then it has another stratum, and still another, up to
four . . . . The innermost earth is called “the star.” This carth
is used mainly or solely for clothes.”

The Tymphaic earth is also used for clothes and is called gypsos
by the people who live near Mt. Athos and those districts. Gypsos
occurs in large quantities in Cyprus and can easily be seen; for
only a little soil is removed when it is dug up. In Phoenicia and
Syria it is made by burning stones, and this also happens in Thou-
rioi; for a large amount is produced there. And thirdly, it occurs
in Tymphaia and in Perrhaibia and in other places.

Its nature is peculiar; for it is more like stone than earth, and
the stone resembles alabastrites. It is not cut out in a large mass
but in small pieces. Its stickiness and heat, when it is wet, are re-
markable; for it is used on buildings and is poured around the
stone or anything else of this kind that one wishes to fasten.

After it has been pulverized and water has been poured on it,
it is stirred with wooden sticks; for this cannot be done by hand

mineral now called gypsum but also the roasted mineral. Lime and lime mortar also
appear to have been included under this term. For a discussion of the various identifica-
tions, sce Commentary, secs. 62, 64-69.

51 The literal meaning of fipewor is “quiet,” but what it means here is not certain.
The emendations dpaiér and 7paxddes mean “of loose texture”™ and “rough.” The first
of these is very appropriate, since it indicates low density and is the opposite of xvawér.
Furlanus reads #ipepor in addition to dpaiér, but the adverb fpéua (“gently,” “slightly™)
would be better.

52 The emendation & 7¢ Pdpdt assumes that this is the name of a place. Schneider
suggests é» 7@ yapapp or avr ) Yagapbryri, implying that the earth is “Lable to
cumble.” If the adjective Sidgopor is concealed here, it would mean that the earth has
a certain quality “in a marked degree.”

53 For clcaning or whitening clothes. Sce sec. 67.
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because of the heat. And it is wetted immediately before it is used;
for if this is done a short time before, it quickly hardens and it is
impossible to divide it. Its strength, too, is remarkable; for when
the stones are broken or pulled apart, the gypsos does not become
loose, and often part of a structure falls down and is taken away,
while the part hanging up above remains there, held together by
the binding force. And it can even be removed and calcined and
made fit for use again and again.

In Cyprus and in Phoenicia it is used mainly for these purposes,
but in Italy it is also used for treating wine. And painters employ
it for some parts of their art, and so do fullers, who sprinkle it on
clothes. It scems to be far superior to other earths for taking im-
pressions, and is generally used for this purpose, especially in
Greece, owing to its stickiness and smoothness.

Its powers are seen in these and similar uses, but its nature is
such that it seems, as it were, to contain the qualities both of lime
and of carth, namely, heat and stickiness, or rather each of these
in a marked degree. It is also clear from the following example
that it has a fiery nature; for once a ship loaded with clothes was
itself burnt when the clothes became wet and caught fire.

Gypsos is also burnt in Phoenicia and in Syria, where it is fired
in a furnace. Marbles especially are burnt, and also the more ordi-
nary kinds of stones, while cow-manure is placed alongside the
hardest ones™ to make them burn better and more quickly. It
seems to become extremely hot when it has been set on fire, and
stays hot for a very long time. And when it has been calcined, it
is pulverized like ashes. From this it seems clear that its nature
is entirely due to fire.

54 If xal dwhids Tois orepewrdrovs, wapariBérres B6AiTor were read, the meaning would
be “and in general the hardest kinds of stones, while cow-manure is placed alongside
them.” Eichholz translates dxA@s as “‘absolutely.”
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1. The metals obtained by mining, such as silver, gold,

and so on, come from water.

In general, the ideas of Theophrastus on the origin and nature
of mineral substances are based on those of his predecessors and
teachers, Plato and Aristotle. His brief statement about the forma-
tion of metals from water appears to be taken directly from
Plato," who believed that there were two primary types of sub-
stances having the nature of water: one of these was the liquid
kind of water, which included any material that normally ex-
isted as a flowing liquid; and the other was the fusible kind of
water, which included substances, such as metals, that could
be made to flow by the action of heat. Plato describes the nature
and formation of gold as follows: “Of all the substances which
we have ranked as fusible kinds of water, that which is densest
is formed of the finest and most uniform particles. This is a unique
kind, tinged with a glittering and yellow color, that most precious
of possessions known as gold, which has filtered through rocks
and there congealed . . . .”"

The ideas of Aristotle on the origin of metals are somewhat
more complex. According to him,® the metals originated from the
imprisonment of vaporous exhalations in the earth, particularly in
stones, where they were congealed by some sort of drying process,
and as a result a metallic substance was generated. Since it was
supposed that this process was similar to the freezing of water, the
metals were considered by analogy to be water, but only in a cer-
tain sense. Aristotle believed that metals consisted of matter which
might have become water but could no longer do so. He did not
consider them as originating from qualitative changes in actual
water. On the whole, so far as we can judge from his meager
statements here, the ideas of Theophrastus on the origin of metals
were in somewhat closer agreement with the ideas of Plato than
with those of his immediate predecessor.

The statements of Theophrastus in this first section of the trea-
tise also indicate that he was more inclined to follow the theories

1 Timaeus, 58D. 2 Timaeuns, 59B. 8 Mezeorologica, 111, 6.
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of Plato on the origin of non-metallic mineral substances than
those of Aristotle. Plato believed* that ordinary stone was formed
when, in a mixture of earth and water, the latter changed to a
form of air and rose to its own region; in doing so it gave a thrust
to the surrounding air, which reacted on the remaining earth
and compacted it into stone. He also thought, however, that cer-
tain kinds of stones were composed of a combination of earth
and water,’ and this idea is accepted by Theophrastus as shown
by his statements in sections g and 10. But according to Aristotle,
infusible stones were formed by the dry type of exhalation acting
on carth,’ though certain fusible stones were, like the metals,
more of the nature of water.”

1. stones, including the more precious kinds.
The distinction here, as shown by subsequent passages, is primarily
between the stones which occur in large masses in the form of
rock and the various minerals of limited size and distinctive prop-
erties, particularly those that were used for seals.

1. the metals have been discussed in another place.
Probably this refers to Theophrastus’ lost work on mines® men-
toned by Diogenes Laertius.’

2. as has been explained above.

Though this appears to be a reference to a preceding passage that
has dropped out, the close and logical development of the discus-
sion up to this point seems to leave no room for the introduction
of any other statement. Possibly this refers to a discussion in the
lost treatise on mines mentioned by Diogenes Laertius or to a
passage in some other treatise that may have immediately pre-
ceded the present one in the books of Theophrastus as they were
originally written.

From the rather vague statements in this section it would appear
that Theophrastus was somewhat more advanced than his prede-
cessors in his theories about the formation of mineral substances;
these tended even to approach modern views on the formation
of minerals by crystallization from magmatic or aqueous solutions.

4 Timaeus, 60C. 8 Timaeus, 61. . 8 Meteorologica, 111, 6.
T Mezeorologica, IV, 10. 8 ITepl uerdM\wr. 'V, 44.
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The more advanced nature of the views of Theophrastus is evi-
dent when his statements are compared with Plato’s theories about
the formation of stones and the reason for the differences in their
physical properties. This is what Plato says: “But when earth is
compressed by air into a mass that will not dissolve in water, it
forms stone, of which the transparent sort made of uniform par-
ticles is fairer, whereas the opposite kind is coarser.”*°

3. Some things are solidified through heat, others
through cold.

Theophrastus seems to follow the theories of Aristotle about the
solidification of mineral substances. According to Aristotle," any-
thing capable of being solidified was either water or a mixture of
water and earth, and the agent that brought this about was either
heat or cold. Ordinary water and analogous substances like molten
metals were solidified by cold. On the other hand, a salt solution,
since it left a solid residue after being treated at an elevated tem-
perature, was considered to be solidified by heat. Aristotle did not
recognize, as we do, any radical difference in the two phenomena.
Cold was supposed to act by driving off the heat, and the moisture
of the liquid was believed to accompany the heat in the form of
vapor. Heat was supposed to act directly in driving off the mois-
ture and leaving the earthy or solid matter behind. In other words,
solidification of substances by either agent was considered to be a
drying process. Aristotle also showed that the solidification of some
substances could occur in both ways. Certain mixtures of earth
and water, such as common mud, were in this class, for either
heat or cold could readily bring them to a solid condition.

3. it would seem that all the types of earth are pro-
duced by fire, since things become solid or melt as a result
of opposite forces.

The formation of ashes when materials are set on fire and burnt,
and the resemblance of these to natural earthy substances, may
well have been the basis of the idea that all earthy substances

owed their origin to fire. In subsequent passages (secs. 50, 54, 69)
Theophrastus refers again to the part that fire plays in the forma-

10 Timaeus, 60C. 11 Meteorologica, 1V, 6-12.
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tion of carths, and he says more in a specific way on this subject
than either Plato or Aristotle, though in his attempts to explain
the process he follows closcly the teachings of the latter. His
statement that the solidification or melting of earths is the result
of opposite forces appears to be based directly on the following
theories of Aristotle: “Bodies solidified by the dry-hot are dis-
solved by water which is the moist-cold, whereas bodies solidified
by cold are dissolved by fire, which is hot. . . . For the opposite
of the dry-hot is the cold-moist and what the one solidified the
other will dissolve, and so opposites will have opposite effects.”**
Theophrastus means, therefore, that since all earthy substances are
dissolved or dispersed by water, which is the cold-moist, it neces-
sarily follows that they must all be solidified by the opposite agent,
which is fire, the dry-hot. A mechanism for the softening or dis-
persion of carths by water is also given by Aristotle.”* He believed
that the pores of an carthy substance were large enough to admit
water particles, and that the entrance of these caused the breaking
up of the solid material. Solidification came about again on the
expulsion of the water particles by heat, and the earthy substance
then resumed its original condition.

4. some . .. can make the color of water the same as
their own.
The manuscripts and Aldus have é€opowoivras followed by the
participle Suvdpevor, but the infinitive éfopowoiv is expected, ie.,
“they are able to make the color the same.” Turnebus felt the need
of a main verb and changed the last syllable of éfopotoivras to
daivovras; Furlanus preferred Aéyovras, and this was accepted by
Wimmer. But it is not certain that a verb of this sort is necessary;
it may be that the participle dvvdpevor is parallel to the participle
éxovres that precedes it, and the editors have not found it neces-
sary to change this to &ovor. If this is so, éxovres . . . , Eviol ¢
. . . Suvdpevod is similar to Tyrrol . . . oi 8’ drnrrow above. Here
oi pév is understood to correspond to oi 8é. Turnebus and Schnei-
der both think that oi pév should be added to the text before
my«rol, but, though this makes the meaning very clear, it is not
essential, since pév is not always expressed. As Aéyovra is not in

12 Meteorologica, IV, 6, 383A-383B. 13 Meteorologica, IV, 9, 385B.
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the manuscripts and cannot be regarded as a certain emendation,
it has been omitted and the last syllable of éfopowodvras has been
bracketed as a mistake.

4. others can turn what is placed on them entirely into

stone.

The basis of this statement, which at first sight secems a mere in-
vention, may be that a stony layer of calcium carbonate or silica
is deposited by underground water on objects buried in the ground
or in caves. Pliny' states on the authority of Mucianus that mir-
rors, body-scrapers, clothes, and shoes buried in sarcophagi made
of a certain stone are petrified. As Bailey" has suggested, it is
probable that these sarcophagi were made of limestone. Under
suitable conditions, the passage of water containing dissolved
carbon dioxide through a limestone sarcophagus would dissolve
calcium carbonate from its walls and deposit it on the objects
inside. In a sense, then, the apparent petrifaction of these objects
could be attributed to the nature of the stone from which the
vessel was made.

4. some have the power of attraction and others can
test gold and silver, such as the stone called the Heraclean
and the one called the Lydian.

In particular, the stones having the power of attraction were lyn-
gourion, amber, and lodestone, which are briefly described in sec-
tions 28 and 29. Heraclean stone was a common early name for
native magnetic iron oxide, or lodestone, and is so used, for exam-
ple, by Plato.’* The name is apparently derived from the locality
where it was discovered or obtained, but it cannot now be de-
termined with certainty whether this was the Heraclea in Pontus
or in Lydia or elsewhere, though it seems very probable that it
was somewhere in Asia Minor. Theophrastus apparently uses the
name here to denote one kind of touchstone. Likewise, Pliny"

14 XXXVI, 131.

18K.C. Bailey, The Elder Pliny’s Chapters on Chemical Subjects (London, 1929-
1932), Part II, p. 252.

16 Timaeus, 80C; Ilon, 533D.

17 XXX, 126. The text reads, “Auni argentique mensonem comitatur lapis quem
coticulam appellant, quondam non solitus inveniri nisi in flumine Tmolo, ut auctor est
Theophrastus, nunc vero passim; dlii Heraclium, alii Lydium vocant. . . ."
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mentions that a stone of this kind was called by some the Her-
aclean, by others the Lydian, stone. It is very likely, however, that
Pliny took his information from this treatise of Theophrastus.
Since the term “Heraclean stone” was sometimes used to designate
the lodestone, the term “Lydian stone,” derived from Lydia in
Asia Minor, where it was discovered or first used, was perhaps
the more correct ancient name for the touchstone. Moreover, the
term “Lydian stone” is the one that has come down into modern
mineralogical literature. If, as stated by Hesychius,'® the Heracle-
an stone derived its name from Heraclea in Lydia, this may ac-
count in part for the confusion of the two names in the works
of ancient writers. On the other hand, the application of both
these names to the same stone in the works of the later writers
may have originated entirely from the somewhat ambiguous word-
ing of this passage in Theophrastus. It seems almost certain that
Theophrastus really intended to say here that “some have the
power of attraction; others can test gold and silver, such as the
so-called Heraclean stone and the Lydian stone respectively.””®
The properties and uses of the touchstone are described in sections
45, 46, and 47. See also the notes on these sections in the com-

mentary.
5. But the greatest and most wonderful power, if this

is true, is that of stones which give birth to young.

This curious idea seems to be the result of observing certain kinds
of geode-like concretions that consist of an outer shell within
which is contained a clayey, sandy, or stony nucleus. Sometimes the
internal material is held so loosely that the concretion rattles when
shaken. The ancients apparently believed that such stones were
pregnant, and that the mineral matter on the inside was in the
process of being generated. Bailey® thinks that the discovery of
crystals with other smaller crystals attached was the origin of
this idea. Though observations of such crystal growths may have
contributed something to its origin, the available literary evidence
gives more support to the other explanation.

185y ‘Hpaxhela.
19 Pliny’s misunderstanding of this passage was pomted out by Salmasius. See Plinianae

Exercitationes (1689), 776aF.
20 The Flder Pliny's Chapters on Chemical Sub}ectr Part I, p. 253.
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Although Theophrastus does not name specifically any stone
having this power of procreation, other ancient writers give the
name “eaglestone” to these concretions. Pliny™ states that they
were so named because they were found in eagles’ nests, and the
eagles were unable to hatch out their young without the aid of
these stones. He distinguishes® four varieties of aetizes or cagle-
stone according to the color or consistency of the shell or nucleus
of the concretion, and he names the localities where the various
kinds were found. It is evident from his descriptions that such
stones were often clay ironstone concretions composed of siderite
(native ferrous carbonate) or limonite (native hydrated ferric
oxide) compacted with clay or sand. It is interesting to note that
even in modern times the name “eaglestone” has been sometimes
applied to such nodules of clay ironstone. However, if the accounts
given by Pliny are accurate, the ancient term must have included
other kinds of clayey or sandy concretions. He names in addition,
and sometimes describes briefly, other stones which contained em-
bryo stones within them, such as cyizis® and gassinade.” He even
goes so far as to declare that the period of gestation for the second
of these stones was three months. Possibly these were different
concretions, though they may have been identical with aezizes. As
one might expect, eaglestones were worn in ancient times as
amulets to prevent miscarriage.” Such stones have been worn for
the same purpose in certain European countries in modern times.

Though Theophrastus appears to be serious in mentioning this
supposed generative power of stones, his use of the phrase “if this
is true” shows that he was actually skeptical about it. Such skep-
ticism is much less evident in the statements of the other ancient
writers who touch on this subject.

The word 7wrdvrov is an emendation adopted by Schneider
and Wimmer instead of 7ikrdw, the reading of the manuscripts.
What is needed is the active participle of the verb 7ikrw (“to bring
forth young™). It seems almost certain that this verb is correct,
since Theophrastus refers to a great and wonderful power and
shows that he himself is doubtful about it. Furlanus and Heinsius

21X, 12, and XXXVI, 149. 22 XXXVI, 149, 150, I51.

28 XXXVII, 154. 24 XXXVII, 163.
25 Pliny, XXX, 130, and XXXVI, 151; Solinus, XXXVII, 14, 15.
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muss the point by changing the word to rqrrév; for there would
be nothing wonderful about substances that could be melted.

After yvwpiypwrépa 8¢ the word 7dv appears in the manuscripts,
but it is rightly bracketed by Schneider and Wimmer, since a sub-
ject in the nominative is needed and not a genitive of comparison.
This subject really requires the article to introduce the words kard
rds épyacias; this has been understood in the translation of the
passage (“the power of those used in manual work is better
known”), and (%) has been added to the text.

6. through which stones gain their special excellence.
The manuscripts have 8 &v (“through which™) before 7o mepir-
76y, but Aldus and Turnebus changed this to 86 (“wherefore”),
and Furlanus suggested 8id (“on account of”"), which Wimmer
accepted for his text. Schneider was doubtful about the phrase
Sud 10 mepurrdv. It is somewhat confusing, since it might mean
“because of their unusual nature,” but qualities like hardness and
softness are not unusual. However, if 70 wepurrév means that the
stones have a special excellence which makes them valuable or
unusual, then hardness might be appropriate as one such point
of excellence. Theophrastus mentions €idn wepurrérepa in sec-
tion 1, and 70 mepertdv may be a reference to this. If 76 wepirrév
is accepted here, there seems no reason why the manuscript read-
ing 8¢ &» should be rejected in favor of the emendation of Fur-
lanus; a relative clause meaning “through which they get their
excellence” or “from which their excellence is derived” scems to
be more appropriate here than a phrase meaning “on account of
their excellence.” There is no difficulty about understanding a
verb for the relative clause, and 8¢" dv has been restored to the text.

6. the Parian, the Pentelic, the Chian, and the Theban.
It is only in this section and the next one that Theophrastus men-
tions the marbles and other stones used for building or statuary.
He scems to regard them merely as examples of stones in which
certain distinctive properties can be seen throughout large masses.

The quarries on the island of Paros were celebrated in ancient
times for their excellent marble. Though this is usually spoken of
as Parian marble, it is also alluded to as the marble of Marpessos,
from the particular mountain where the finest stone abounded.
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Other places on the island give evidence of ancient operations,
and the stone is still available for quarrying at the present day.
From a dazzling white to a creamy white in color, it had such an
attractive appearance that a number of ancient authors thought it
worthy of mention. This was the marble which was regarded as
most suitable for statuary and was used by many of the most cele-
brated sculptors of antiquity.

Scarcely less famous was the Pentelic marble, so named from
Mt. Pentelicos near Athens. The ancient quarries were at a place
called Spilia about twelve miles northwest of the Acropolis. This
stone is still quarried at the present time, and most of it is used
in the construction of buildings in modern Athens. In ancient
times it was widcly used for architectural purposes, as is shown
by the Parthenon and other surviving structures. Pentelic marble
is as fine-grained as marble from Paros, but it takes on a yellow
tone on weathering, and there are occasional dark streaks running
through it. It was apparently less estcemed than Parian marble
for the purposes of sculpture, probably because of its less uniform
character, though many of the remains of ancient sculpture that
have been found in Attica are of Pentelic marble. It is curious
that Hill remarks in reference to this marble, “The Pentelican

. . is now wholly unknown, and has been so for many ages.”*
The earlier statement of De Laet, “I don’t remember that I have
read about Pentelic marble anywhere else,”*" also reflects the gen-
eral state of ignorance in Western Europe concerning Greece
under Turkish occupation.

Less is known with certainty about the nature of the marbles
or other stones obtained in ancient times from the island of Chios.
Pliny™ states that in his opinion variegated marbles were first
discovered in the quarries of Chios. From another passage,”
where the reading is uncertain, some have inferred that Chian
marble was uniformly black, though Mayhoff adopts another
reading (Melo) in his edition of Pliny and does not think this
refers to Chios. Theophrastus implies in the next section that the

28], Hill, Theophrastus’s History of Stones (London, 1746), p. 21.

27 de Pentelico non ini me alibi legisse; see J. De Laet, Theophrasti De lapidibus
Graece et Latine cum brevibus annotationibus (Leyden, 1647), p. 4.
28 XXXVI, 46. 29 XXXVI, 49.
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Chian stone was black; he also says it was translucent, perhaps a
reference to its surface appearance when polished. In section 33,
where Theophrastus gives bricf descriptions of inferior variegated
dark stones used for seals, he apparently compares one of them
with a stone from Chios. On the whole it would appear that
the ancient Chian quarries yielded a black or dark marble or
other rock, in which there were spots or streaks of light-colored
minerals.

That the Theban quarries here mentioned by Theophrastus
were located in the vicinity of ancient Thebes in Egypt rather
than the Greek city of Thebes in Boeotia is almost certain, for not
only does he go on immediately to name particular stones found
near Thebes in Egypt, but he also says—what is well known—
that the ancient Egyptian locality was celebrated for its great stone
quarries. If Theophrastus is referring to quarries in or near the
Egyptian Thebes, then he must be speaking of the limestone still
so plentiful in this part of the Nile Valley. Even now there is evi-
dence of the ancient workings there. If, as is more probable, Theo-
phrastus meant to include the quarries in the general territory of
Thebes, then sandstone and even granite could also be mentioned,
although the great source of granite was at Syene (modern As-
wan), about a hundred miles or so south of the city of Thebes. It is
perhaps significant that the Theban stone which Pliny*® mentions
was apparently a granite.

6. alabastrites.
This was well known in ancient times, as is attested by numerous
references to it in the works of early writers. Judging from the
description given by Pliny,* this stone was in all probability com-
pact stalagmitic calcium carbonate, the onyx marble of Egypt,
sometimes called “oriental alabaster” to distinguish it from true
alabaster, which is similar in appearance but is actually a compact
variety of gypsum, a hydrated calcium sulfate. Even today this
particular onyx marble is often loosely called “alabaster.” It is a
beautiful white or yellowish-white stone, slightly translucent, and
frequently, though not always, traversed by bands of slightly dif-
fering shades. That this stone was extensively quarried in ancient

80 XXXVI, 63, 157. 81 XXXVI, 59-61.
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Egypt is amply shown by the traces of the former workings as
well as by the numerous objects composed of it that have survived,
such as vases, statues, and even parts of buildings. However, here
again it must be understood that Theophrastus is speaking in a
vague general way of the territory of Thebes, for the nearest
source of onyx marble appears to be considerably more than a
hundred miles north of the site of the ancient city of Thebes.
The ancient workings are still to be scen today, and the principal
ones extend from Minia to Asiut.*”

6. chernites.

This passage contains the only information we have about the
nature of this stone. Pliny** mentions it but merely paraphrases
the statement of Theophrastus. Hill** identified it as a white
marble, though he did not explain his reasons. Against this identi-
fication is the fact that native marble was scarce and relatively
little used in ancient Egypt. Furthermore, the few objects made
of this stone that have been found are generally very small, by
no means approaching a sarcophagus in size. Moore*® identified
chernites as true alabaster. The context suggests that it was either
alabaster or a particular variety of Egyptian onyx marble; for
Theophrastus commonly groups together mineral substances simi-
lar in nature or appearance. But it is not very likely that it was a
true alabaster; such compact gypsum was scarce and little used in
ancient Egypt, where only a few small objects made of it have
been found. It appears more probable that it was a particular kind
of onyx marble, possibly a white, more uniform variety, as con-
trasted with the common variety that was yellowish and banded.
Theophrastus mentions particularly that a sarcophagus was made
of chernites, and several such Egyptian burial objects composed
of onyx marble have survived to our day.”

7. poros.
The usual spelling is w@&pos, not wépos. Other Greek authors
mention poros or poros stone, and their statements, together with

82 A, Lucas, Anciens Egyptian Materials and Industries (London, 1948), pp. 75-77.
83 XXXVI, 132. 34 Theophrastus’s History of Stones, p. 23.

85 N. F. Moore, Ancient Mineralogy (New York, 1859), p. 172.

88 Lucas, Anciens Egyptian Materials and Industries, p. 463.
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the evidence of geological formations and our knowledge of the
stones used in ancient structures, show that these terms were
general ones that were applied to rocks of cellular structure and
low density such as calcareous tufa or fossiliferous limestone. The
statement of Theophrastus here is somewhat reminiscent of the
one made by Herodotus, who remarks," in speaking of the build-
ing of the temple of Apollo at Delphi, that the front was of Parian
marble and the main part of poros stone, which in this case was
the calcareous tufa plentiful around Mt. Parnassos. Pausanias®
states that the temple of Zeus at Olympia was made of poros
locally obtained, undoubtedly the coarse fossiliferous limestone of
that particular locality. In general, such limestone rock, being
plentiful in Greece and casy to quarry or work, seems to have
been a favorite building material, as is shown by its presence in
a number of surviving ancient structures or ruins. The kind of
poros which Theophrastus compares with Parian marble might be
identified as travertine, a stone which in general appearance as
well as chemical composition is very much like marble. There is
ample evidence that travertine was widely used for building pur-
poses in ancient times, particularly in Italy, and surviving exam-
ples show that fine-grained calcareous tufa or travertine was also
frequently employed for statuary. But when the name poros is
applied to a marble-like stone used by the Egyptians for elaborate
buildings, it probably has a special meaning. It seems to mean
some variety of Egyptian onyx marble, as this is the only marble-
like stone that the Egyptians used in the construction of build-
ings; it was especially used in the construction of sanctuaries and
temples, as is shown by surviving examples that have come down
to us.”* Though Theophrastus apparently speaks of onyx marble
as alabastrites or chernites in the preceding section, it does not fol-
low that this identification is wrong, since the stone occurs in
several varieties that differ much in appearance. Moreover, the
ancients often gave different names to the same mineral sub-
stance, or used the same name to denote two or more mineral
species that we consider entirely distinct. The latter practice seems
to have been true of poros, as it is very probable that this term

37V, 62. The text reads wwpivov Alfov. 8Y, 10, 3.
29 Lucas, Ancient Egyptian Materials and Industries, p. 75.
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included not only calcareous tufa and fossiliferous limestone but
also certain other soft rocks suitable for building purposes. The
loose usage of the term poros by ancient authors, and the equally
broad interpretation of its meaning by modern archacologists, has
been pointed out by Frazer.* Eichholz* rightly thinks that this
poros must have been a special kind found in Egypt which had
the lightness of the ordinary Greek poros but was not the same.
This explains the difficulty in the text, which appears to say that
poros has the lightness of poros.

7. And a dark stonc is also found in the same place,

which is translucent like the Chian stone.
Unless more than a word or two has dropped out between this
and the preceding phrase, the reference is apparently to a dark
or black stone found in Egypt which, at first sight, one might
be inclined to identify as obsidian, since this is the only dark or
black stone that exhibits any marked degree of translucency. Hill**
believed that the stone was obsidian. But this identification is
unlikely, since obsidian is not native to Egypt, although small
amounts evidently were imported in ancient times to make orna-
mental objects, such as amulets and vases.** However, several kinds
of dark-grey or nearly black stones were quarried there, as is
shown by existing remains; the dark granite found at Aswan,
for example, was used to some extent in the construction of build-
ings.** Since Theophrastus is dealing in this section with stones
found in large masses, this might well have been the stone de-
scribed here, though granite is certainly not translucent, unless the
allusion is to the surface appearance of the polished stone. Basalt
and diorite were also quarried in ancient Egypt. In addition, the
Egyptians used a particular kind of diorite-gneiss, a banded or
mottled black and yellowish-white rock, and also a black and
white porphyry composed of white crystals imbedded in a black
matrix.** On the whole, it seems likely that Theophrastus is allud-

40 ], G. Frazer, Pausamas’s Description of Greece (London, 1913), Vol. HI, pp. so2-
soi;D. E. Eichholz, Classical Review, LVIIl (1944), 18.

42 Hill, Theophrassus’s History of Stomes, p. 24.

43 Lucas, Ancient Egyptian Materials and Industries, pp. 473-74.

44 1id., p. 73.

45 1bid., pp. 466-67, 474-75-
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ing to one of these last two stones, especially since he compares
the variety that he mentions with the Chian marble or stone,
which, as indicated by the note on the preceding section, was
probably a black rock varicgated with spots or streaks of light-
colored material.

8. almost all those that can reasonably be cut and used
as seals.

The reading of the manuscripts, o-xe36w . . . Aéyov, makes no sense.
The meaning scems to be “almost all of those which,” and this
could be represented by oxedov wdvres (or mheloror) rdv. Here
rav is added to go with yAvarav. But this does not account for
the presence of Adyor. De Laet and Hill changed this to Aéye rdv,
but the meaning of this is not clear. Schneider thought that the
verb xarahéyorrar might have survived as Adyow, and proposed
oxedov doou xaraléyovras els Td odpayida Tév yAvardv. The
phrase xara Adyor (“according to reason,” “reasonably”) is at-
tractive, and Stephanides rightly included it in his emendation
oxedov wdvTes ol kard Adyov eis Td oppayidua yhvrrol. Though
it is impossible to know what was originally in the manuscripts,
the emendation (mdvres T@v xard) secems to be a good one and
has therefore been added to the text. These three words are of
the right length to fill up the gap in the Aldine edition, but this
does not confirm their accuracy, for the gaps are of different
sizes in the manuscripts. In A there is room for only a few let-
ters; the space in both B and C is longer, but not long enough.
So nothing can be proved by the size of the gaps.

8. And some are discovered in other stones when these
are cut up.
This apparently refers to crystals lining rock cavities or geodes,
and especially to crystalline quartz which so commonly occurs
in this manner, since in section 30 it is specifically stated that
rock crystal and amethyst are found by dividing other stones.

9. fire-resisting stones and millstones.
Aristotle*® refers to these two kinds of stones in a similar way ex-
cept that he implies that they were fusible by themselves, whereas
48 Meteorologica, 1V, 6, 383B.
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Theophrastus states here that they were fusible when placed in
contact with certain other material. Since the two kinds of stones
arc mentioned together, it is likely that they were either similar
in nature or had some common property or use. Though there
is no direct evidence that would enable us to identify the first
of these two classes of stones, several references in ancient litera-
ture make it possible to identify at least some of the class of mill-
stones. Strabo,”” for example, observes that the lava of Etna be-
comes millstone on cooling, and in another place*® he mentions
that an abundance of millstone was found on the volcanic island
of Nisyros. Pliny,' on the other hand, states that a superior kind
of quicklime was prepared from the stone commonly used for
millstones (molares). Although it is very likely that a variety
of stones werc used for millstones in ancient times, the remarks
of these authors indicate that they were usually made either from
highly siliccous volcanic rocks or from common hard compact
limestone. From the name it may be inferred that fire-resisting
stones were varieties of limestone, and since Aristotle®™ mentions
the fusibility of such stones immediately after referring to the
manufacture of iron, this identification is even more likely; for
limestone is generally added as an essential fluxing agent in the
smelting of iron ore. Although there is no necessary connection
between the sentence in Theophrastus dealing with these two
stones and the two preceding sentences, it seems quite likely that
such a connection was intended. If the passage is understood in
this manner, then it also seems justifiable to assume that, because
of the chemical nature of the two kinds of stones, the material
that was burnt with them was the mixture of ore and fuel used
in making up the charge for the smelting furnaces. For these
two kinds of stones supply the two different types of fluxes needed
for the reduction of ores, the acid type in the form of highly
siliccous rocks and the usual basic type in the form of limestone.
Though they lack precision, the brief allusions to ore-smelting in
this section of Theophrastus are of considerable interest, since
they are the carliest historical reference to the process.

4TV1, 2, 3. 48X, s, 16. 9 XXXVI, 194.
80 Meteorologics, IV, 6, 383B.
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9. become fluid along with the material.
Some preposition like ovw (“with”) is missing in the Greek text.
Either péovos ovw ols or ouppéovow ols might be expected.

9. And some go so far as to say that all of them melt

except marble and that this burns up and lime is formed
from it.
Though xovia has been translated as “lime,” an alternate possi-
bility is “ashes.” This meaning is discussed in the notes on sec-
tion 69. In that section Theophrastus describes briefly the “burn-
ing” of marble in order to make lime. He is essentially correct
in noting the infusibility of marble, for most rocks, being com-
posed of silica, silicates, or various mixtures of the two, melt at
moderately elevated temperatures; but marble, which is a rock
composed of nearly pure calcium carbonate, decomposes without
melting at temperatures near goo® C. under ordinary atmospheric
pressure. The residue, which is calcium oxide, is itself a very
refractory substance that melts at about 2570° C. when it is pure;
but this temperature was not available to the ancients and is not
reached in modern furnaces operating on ordinary fuels. Modern
investigators®* have found, however, that calcium carbonate, either
in the form of the pure compound or in the form of marble, does
melt when both the temperature and the pressure are high
cnough.

10. there arc many which break and fly into pieces.
Theophrastus means here that some stones are infusible because,
like earthenware, they contain little or no moisture. According
to Plato** the brittleness of earthenware is due to its mode of
formation; for carthenware, like stone, is formed by the expulsion
of water from a mixture of water and earth, followed by com-
pression of the mass by the reaction of the surrounding air. How-
ever, in the formation of earthenware the mixture was thought
to be so rapidly deprived of its water by the action of fire that
the sudden violence of the compression made the product harder

51§, W. Mcllor, 4 Comprehensive Treatise on Iuorgmu- and Theoretical Chemistry

(London, 1923), Vol. I, pp. 656, 836.
52 T'imaews, 60D.
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and more brittle than stone. Plato®® also attempted to explain why
an admixture of some water with earth was necessary in order to
produce a material fusible by fire. He considered that if a body
were composed of earth alone, not compacted by any unusual
force, the interstices in it would be larger than the fire particles,
which could therefore pass in freely without exerting any force
that would tend to break up the mass. On the other hand, he
considered that, if some water were present, the fire particles
could force their way into the smaller pores of the water particles
and thus break up or disturb these; and they in turn then acted on
the earth, so that the entire mass was broken up and fusion was
finally effected. But Plato believed that when the mass of earth
was forcibly compacted, as was supposed to happen to earthen-
ware, the pores were smaller and only fire particles could find
an entrance. Theophrastus seems to imply here, as a logical ex-
tension of this argument, that the reason pottery and certain
stones fly apart on the application of heat is that the fire particles
force their way into the small pores of such bodies, which are
thereby fractured owing to their inherent brittleness.

The negative 099’ should be bracketed in the text; the meaning
ought to be that many stones, like pottery, fly into pieces owing
to the action of fire. It seems most unlikely that Theophrastus in-
tended to make an exception of pottery.

11. they are useless unless they are . . . wetted again.
It is not obvious why the denser stones which harden on drying
are supposed to become useless. Possibly the allusion is to their
availability for cutting or carving; for some absorbent stones are
definitely easier to work when wet. With sandstone, for example,
this is certainly true; for it is cut much more easily when it is im-
pregnated with water, as it often is in the quarries, than when it
is completely dry. The statement that certain stones become softer
and more brittle when they are dry is also somewhat obscure.
There is a strong probability that the allusion is to native asphalt
and related substances, which were well known and extensively
used in ancient times.”* These soften in a characteristic way when

83 Timaeus, 61A-B.
54 R, J. Forbes, Buumen and Petroleum in Antiquity (Leyden, 1936),
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subjected to moderate heat; and this would happen if they were
exposed to the sun. This interpretation seems likely, since Theo-
phrastus goes on immediately to discuss various brittle “stones”
which were obviously natural bituminous substances.

12.  Some of those that can be broken are like hot coals
when they burn, and remain like this for some time, such as
those found in the mine at Binai which are brought down

by the river.

Bina was a town in Thrace, but its exact location is unknown.
Theophrastus uses the plural form Binai. The account given by
the writers of the Ezymologicum Magnum, namely, that the place
received its name because of the immorality of its inhabitants
(Buweiv), is obviously false. Procopius® mentions a castle Biveos
in a list of forts, and this may have been at the place in question.
Stephanus of Byzantium®® lists Benna as a city of Thrace and
states that the spelling was sometimes Bena or Beina, though the
former was better. At the time when Stephanus lived, Beina and
Bina would have had the same pronunciation, so that it seems likely
that this was the place which Theophrastus mentions here. Un-
fortunately, Stephanus, too, fails to locate the city. That it was
probably on a Thracian river named Pontus is indicated by a
passage in the pscudo-Aristotelian work De Mirabilibus Auscul-
tationtbus.”

The allusion here is undoubtedly to some sort of natural solid
bituminous substance, though the description is not adequate for
an exact identification. The fact that the stones are described as
brittle would suggest a bitumen associated with shale or soft
limestone. The most likely identification is rock asphalt; for the
combustible stone of Erineas mentioned in section 15 was probably
rock asphalt too, and this is said to be like the kind found at Bina.
The material called spinos, mentioned in the next section, was
probably a solid bitumen, and this also suggests that the stones
found at Bina were asphaltic in nature. The only objection to such
an identification is that bitumens are not of frequent occurrence

within the boundaries of ancient Thrace. There is a possibility
85 De Aedificiis, IV, 4. 58 S.v. Béova. 57 Sec. 115.
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that the “stones” found at Bina were lignite, or some related non-
asphaltic pyrobitumen, though the fact that Theophrastus men-
tions lignite separately in section 16 makes this identification
somewhat unlikely.

13.  spinos.

The only other ancient work in which this mineral substance is
named seems to be the De Mirabilibus Auscultationibus. Here it
is briefly mentioned in two separate passages. The passage in sec-
tion 33 may be translated as follows: “And in Thracian Bithynia
the so-called spinos is found in mines, and they say that fire is
kindled from it.” And section 41 states that spinos burns when it is
cut up and put together again and sprinkled with water.

Since Bithynia was the name of a province in Asia Minor, it
might seem that a geographical contradiction exists in the first
of these two passages, but it is clear from an account of Strabo™
that there were Bithynians living in Thrace, and in fact the in-
habitants of the province of Bithynia originally came from Thrace
to Asia Minor. Both these passages show, therefore, that spinos
was a combustible mineral substance found in Thrace.

The behavior of spinos when moistened with water suggests
that it was the same mineral substance as the Thracian stone
mentioned by various ancient authors, such as Nicander,” Dios-
corides,” and Pliny.** Hence spinos appears to have been an early
name for Thracian stone. Though it is impossible to identify
it with any degree of exactness, spinos or Thracian stone was
probably some kind of asphaltic bitumen. Some have suggested
that Thracian stone was lignite or brown coal,”® and others have
identified it as ordinary bituminous coal,® or, in an attempt to
account for its peculiar behavior with water, as coal containing
pyrite.** The conjecture of Stephanides® that it was an asphaltic

58 X11, 3, 3. 59 Theriaca, 45.

80V, 146 (Wellmann ed., V, 129). Wherever the Materia Medica of Dioscorides is
mentioned, the first reference is to the German translation of Berendes and the second
is to Wellmann’s edition.

61 XXXIII, 94.

621, D. Dana, System of Mineralogy (New York, 1909), p. 1024.

83 Forbes, Bitumen and Petroleum in Antiquity, Table I.

6¢ H, O. Lenz, Mineralogie der alten Griechen und Rémer (Gotha, 1861), p. 18.

85 M, K. Stephanides, The Mincralogy of Theophrastus (in Greek), (Athens, 1896),
p. 211,
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lignite is probably nearer the truth. It is not improbable that spinos
and the combustible “stones” found at Bina were merely varieties
of the same mineral substance, different perhaps in respect to
asphalt content, or possibly only in superficial appearance. That
the ancients confused the various sorts of solid natural bitumens
is fairly certain; even in modern times their classification has been
a difficult problem.

The origin of the word spinos is obscure, and even the quantity
of the first vowel is uncertain. It seems better to write owivos in
the text, following Bekker in his edition of Aristotle, rather than
omivos, which Wimmer prefers.

13.  in mines.

The actual reading of the manuscripts is év Tots perdA\hots (“in
the mines”), but Wimmer changed this to rois (adrois) perd\-
Aoes (“in the same mines”), meaning the mine at Bina men-
tioned in section 12. This emendation is supported by the passage
in De Mirabilibus Auscultationibus which states that spinos was
found in mines in a certain part of Thrace, by the fact that Bina
was located in Thrace, and by the apparent similarity of spinos
and the “stones” found at Bina. Nevertheless, it by no means
follows that spinos was mined at Bina, and Wimmer’s emenda-
tion has not been adopted.

13. If this is cut up and the pieces are piled in a heap,
it burns when exposed to the sun, and it does this all the
more if it is moistened and sprinkled with water.

This statement probably describes the spontaneous combustion
of a pile of bituminous material. Dry piles of such materials often
ignite spontaneously under the proper conditions, as has been
observed repeatedly with unventilated piles of ordinary coal. The
last part of this statement, which is probably based on uncritical
observation, describes the effect of throwing water on a pile of
smoldering bituminous material. The clouds of smoke and steam
are regarded as a sign of increased combustion. All the other
ancient writers who describe the Thracian stone, some of whom
certainly made use of this passage in Theophrastus, entirely mis-
understood the reasons for its combustion, as is evident from their
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accounts. Nicander® states that Thracian stone flames up when
it is moistened with water and is quenched by oil. Dioscorides®
increases the marvelous nature of the phenomenon by stating
that the stone was ignited by water and quenched by oil. Pliny*
discusses the heat that is developed when water is added to Thra-
cian stone, which he compares with lime, and also says that it
could be quenched with oil. Evidently the story increased with
the telling. Theophrastus was apparently the first to mention spon-
tancous combustion. Moreover, he secems to have been the only
ancient writer to allude to this phenomenon in a reasonably clear
and rational manner.

14. Lsparean stone.

This was evidently named from the volcanic group, called at
present the Lipan Islands, lying off the northeastern coast of
Sicily. These islands are still the scene of much volcanic activity.
The locality and the description leave little doubt that this so-called
Liparean stone was what we now call obsidian. Large quantities
of this dark volcanic glass occur at certain places on these islands.
The mention of pumice in connection with the Liparean stone
supports the identification, for both these varicties of glassy rhyo-
lite or liparite commonly occur together, often in the very way
described by Theophrastus.

Stephanides,” on the basis of a very literal interpretation of
the statements in this section, identified this Liparean stone as a
combustible mineral substance, possibly a volcanic rock impreg-
nated with asphalt, but it is clear from what Theophrastus says
in sections 19 and 20 about the creation of pumice by fire that
combustion in the modern sense of the word is not to be under-
stood here. The ancients apparently made little or no distinction
between actual burning and the phenomena connected with
molten material at a high temperature. Thus when pumice was
formed by the expulsion of gases from molten volcanic glass at
the time of solidification, this did not seem to differ from the com-
bustion of a mineral substance such as lignite, especially since the

88 Theriacs, 45. 67V, 146 (Wellmann ed., V, 129).

68 XXXII, 94.
89 The Mincralogy of Theophrastus, pp. 211-12.
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end products, pumice in the one case and ash in the other, are
somewhat similar in superficial appearance.

Obsidian from the Lipari Islands and the neighboring volcanic
regions was used from early times for ornamental and useful pur-
poses by the peoples of the Mediterranean region, as is clearly
shown by the numerous archaeological finds.™

Theophrastus appears to be the first writer to give a distinctive
name to obsidian, though it is not improbable that the black stone
mentioned by Plato™ was also obsidian. Pliny™ called it obsiana
(neuter plural) ; this spelling appears in Mayhoff’s text, but there
is a variant reading, obsidiana, which is the origin of the present
English name.

14. Melos.

This is an island of volcanic origin in the southern Aegean about
halfway between Crete and the southern tip of Attica. In his ref-
crence to the pumice of Melos, Theophrastus seems to mean that
it occurred in separated cells in the solid rock, though this was not
obsidian. Probably he refers to the occurrence of pumice in ordi-
nary rhyolite.

Pumice is abundant both on the Lipari Islands and on Melos,
and these localities are leading commercial sources at the present
day. Theophrastus refers to pumice in more detail in sections 19,
20, 21, and 22. See also the notes to these sections.

15. Tetras.
It is clear from the reference to Lipara that this was situated some-
where in the northeastern corner of Sicily. This locality is not
mentioned elsewhere. Though it is very brief, the statement about
the stone found at Tetras shows clearly that it was some volcanic
product similar to the one mentioned in the preceding section.

15. Erincas.

This name is not found elsewhere. Strabo™ mentions a town,

70 H_ Blimner, Technologie und Terminologie der Gewerbe und Kiinste bei Griechen
und Romern (Leipzig, 1875-1887), Vol. III, pp. 273-74; J. R. Partington, Origins and
Development of Applied Chemistry (London, 1935), pp. 103, 324.

11 Timaens, 60D (rd uéar xpdua ¥xor eldos).

72 XXXVI, 196. 781X, 4, 10.
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Erineos, which was in Doris in central Greece, but evidence for
connecting it with the promontory called Erineas is lacking.
Though the text does not actually say so, it scems probable that,
like Tetras, this was a place in Sicily. The similarity of the stone
found at Erineas to those at Bina, the odor on burning, and the
appearance of the residue after combustion, all tend to show that
it was a bituminous product such as rock asphalt. The occurrence
of great quantities of this material in Sicily lends considerable
support to this identification. The deposit at Ragusa, for example,
which forms a bed 10 to 50 feet thick and 1,600 to 2,000 feet long,
is one of the largest in Europe, and, in spite of the fact that it has
been worked for a long time, recently over 100,000 tons of rock
asphalt have been obtained from it annually. Smaller deposits of
commercial importance occur at Modica and Scicli in the same
region. The rock asphalt in these localities is a soft fossiliferous
limestone containing from 2 to 30 per cent of actual asphalt.’™ If
one assumes that Erineas was in Sicily, the combustible stone
found there could not have been some non-asphaltic pyrobitumen
such as coal or lignite, for these do not occur on the island.™

15. the stone found at Binas.
The reading 7 é Bivass is the emendation of Turncbus. The
manuscripts have rais xivass, but this makes no sense. Binai has
already been mentioned in section 12.

16. Among the substances that are dug up because
they arc uscful, those known simply as coals are made of
carth, and they are set on fire and burnt like charcoal.
Here Theophrastus mentions Liguria, a coastal district in north-
western Italy, and Elis, the district in Greece in the northwestern
part of the Peloponnesus, where Olympia is situated. Some com-
mentators on this interesting passage have concluded that Theo-
phrastus is referring to anthracite or to bituminous coal. Certain
considerations, however, make it very improbable that this con-
clusion is justified. One is that true coal does not occur in Greece,

T4 1. Abraham, Asphelts and Allied Substances (New York, 1945), Vol. 1, pp. 229-

34
15 W. Mclnnes, D.B. Dowling, and W.W. Leach, The Coal Resources of the World
(Toronto, 1913), VoL 1, pp. 721-33.
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and, though small deposits of anthracite are to be found in the
Western Alps in the extreme north of Italy, the most abundant
type of non-asphaltic pyrobitumen that is found in the region
once known as Liguria is lignite, and this is also of fairly common
occurrence in Greece.” Some important evidence is also given by
Theophrastus himself in his treatise On Fire (sec. 75), where he
explains why prepared coals (i.e., charcoal) are blacker than the
kind that are dug up. This seems to indicate clearly that the latter
was brown coal or lignite. The allusion in the present passage to
the earthy nature of these coals leads to the same conclusion. It
is interesting to note that at the present time lignite is mined on a
large scale for domestic and industrial purposes in the same part
of Italy. Large quantities are also mined in Greece.

Even though this passage does not refer to the use of true coal,
it is nevertheless of historical importance as containing the ear-
liest known account of the use of a mineral product for fuel. The
use of lignite is scarcely mentioned elsewhere in ancient literature.
Apart from Antigonus of Carystus,”” who says that according to
Theopompus coals were dug up for use in the neighborhood of
the Thesprotians, Theophrastus appears to be the only ancient
writer who touches on the subject. Hence it seems almost certain
that lignite was not commonly employed in ancient times. From
what Theophrastus says, it is not certain to what extent lignite
was used as a general fuel, since he merely states that metal work-
ers made use of it. They probably found it of special value for the
operation of forges and furnaces. Modern writers on ancient tech-
nical processes have often assumed that wood and wood-charcoal
were the only fuels available and in use among the Greeks and
other ancient peoples, but this passage gives unquestionable evi-
dence of the use of mineral fuel, at least in certain industrial arts.

16. amber.
This is mentioned again in section 29, where it is said to be found
in Liguria, but that is certainly incorrect. See the notes on section
29 for a discussion of this question.

76 Ibid.
77 CLXX (186).
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17. In the mines at Scapté Hylé a stone was once found
which was like rotten wood in appearance. Whenever ol
was poured on it, it burnt, but when the otl had been used

up, the stone stopped burning, as if it were itself unaffected.
Scapté¢ Hyl€é was a mining district in Thrace opposite the island
of Thasos in the Northern Acgean. According to Davies™ the
modern Eski Kavala is perhaps the district. In Wimmer's text
the name appears in the genitive case and is written as one word
(SxamrmovAys), but the true nominative form is Examry “TAn
(“a forest that may be dug”). In the manuscripts the name ap-
pears as two words, éyxamrijs UAys, and the first includes the
preposition év. Turncbus changed this to év oxammovins. The
Latin name is Scaptesula, but Scaptensula is the spelling found
in Lucretius.”™

Something scems to be lacking in this passage. Does Theo-
phrastus mean that the stone became ignited as soon as oil was
poured upon it, or does he mean that when oil was poured upon
the stone and ignited, it then burnt away, leaving the stone in its
original state? The second meaning certainly seems more proba-
ble, though the first one may well have been what Theophrastus
intended; for when ancient authors say that Thracian stone and
other combustible mineral substances are ignited by water and
extinguished by oil, they seem to regard this as a phenomenon
worthy of special mention, because it is opposed to the normal
order of things. It is untrue, however, that any mineral can be
ignited by the mere act of pouring oil upon it. If such a notion
was held by Theophrastus and other ancient writers, it probably
originated from distorted hearsay evidence or from false reasoning
divorced from experience.

Moore® thought that Theophrastus was really referring to as-
bestos. The color of the stone makes this unlikely, though its struc-
ture makes it less improbable, since some forms of decayed wood
do have a fibrous structure like asbestos. We know from state-
ments of various carly authors that asbestos was known in an-

78 O, Davics, Roman Mines in Ewrope (Oxford, 1935), p. 235.

79 K. Lachmann, In T. Lucretii Cari De Rerum Natura Libros Commentarius (Ber-

lin, 1882), p. 395 (on Lucretius 6, 810).
80 Moore, Ancient Miseralogy, p. 153.
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tiquity, and that it was mainly used for the manufacture of in-
combustible cloth, though evidently wicks for oil lamps were
also made of it.** Moreover, direct evidence of the use of asbestos
by the ancients has been obtained in modern times by the dis-
covery of ancient garments woven from this mineral.** It is, how-
ever, unlikely that Theophrastus is alluding to asbestos, since the
mineral does not occur in the locality mentioned. There were only
two known sources of asbestos in Greece and its vicinity in ancient
times: Karystos at the southern extremity of the island of Euboea,
and a place to the southeast of Mt. Troodos on Cyprus, where the
abandoned workings are still to be scen today.

It is much more probable that Theophrastus is referring to the
well-known brown fibrous lignite, which in appearance and in
other respects very often closely resembles rotten wood. Lignite
of various kinds is known to occur in the region named by Theo-
phrastus. He seems to be pointing out that when oil is poured
on this material and ignited, the oil burns away without igniting
the material, though this would be combustible under the proper
conditions. Lignite of the kind to which he apparently refers often
contains in its natural state as much as 20 per cent of water; thus
it cannot readily be ignited, though it is combustible when it is
properly dried out, and this soon happens if, for example, it is
placed on a bed of glowing coals. As Theophrastus shows in the
last sentence of this section, he is dealing here and in most of the
preceding sections of this chapter with mineral substances that are
actually combustible. The discussion of incombustible minerals
is taken up in the next chapter and, if the interpretation of this
passage is correct, his description of a combustible mineral sub-
stance which under certain conditions is incombustible affords a
logical transition to his next general topic. Indeed, since Theo-
phrastus in other places in this treatise makes similar transitions,
this peculiarity of his style might possibly be taken as additional
evidence in support of this identification.

17. Whenever oil was poured on it, it burnt.
In this passage the optatives émixéorro and éxxavfein, which are
81 Serabo, X, 1, 6; Dioscorides V, 155 (Wellmann ed., V, 138); Pliny, XIX, 19-20,

and XXXVI, 139; Plutarch, De Defectu Oraculorum; 434A; Pausanias, I, 26, 7.
82 Stephanides, The Mineralogy of Theophrastus, p. 121.
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used with &re, are followed by verbs in the present tense instead
of the imperfect, which would be usual. The manuscripts have
éxxaierar, which Aldus changed to kaierar, and Tére maderar. It
would be possible to emend the text and to read éxaiero and 767’
émavero, but it is not certain that Theophrastus would have felt
obliged to follow the strict sequence of tenses. It is, however,
necessary to translate éxxaieras as “it burnt” rather than “it burns.”
It seems better to restore éxxaieras, the reading of the manuscripts,
especially since éxxavfein follows; here Wimmer has taken the
reading of Aldus.

18. anthrax.

This appears to have meant originally a glowing live coal; the
word was used later, as Theophrastus uses it here, to mean a
transparent precious stone of a deep red color. It appears to have
been first used as the name of a gem by Aristotle, who says that
“the seal-stone called anthrax is the least (affected by fire) of all
the stones.””* Theophrastus, however, is the first to give descrip-
tive details by which the stone can be identified. Though anthrax
was probably a generic term that could have been applied equally
well to the ruby, red spinel, or red garnet, it is fairly certain from
the evidence available that the stone designated by this name was
nearly always red garnet at the time of Theophrastus. In the first
place, no engraved rubies or spinels dating from the Hellenistic
period are known with certainty, whereas many engraved garnets
have come down to us and exist today in various museums.** In
the second place, the ruby, with its high degree of hardness, could
not normally have been used for seals by the Greeks, since they
would have experienced great difficulty in engraving this stone
with the abrasives then available. Garnet, on the other hand, with
its lower degree of hardness, offered no such technical difhculty.

It is worth noting that when Theophrastus begins to discuss
incombustible stones, he mentions a variety which seems to be
related to combustible stones by its name and appearance, and
thus he makes an easy and not illogical transition from one class

838 Meteorologica, IV, 9, 387B (17).

84 Blimner, Technologie und Terminologie der Gewerbe und Kiinste bei Griechen und

Rémern, Vol. I, p. 245; A. Furtwangler, Die antiken Gemmen (Leipzig and Berlin,
1900), Vol. I, pp. 130-46, 153-73.
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to the other. It is clear from the brief remark of Aristotle quoted
in the preceding paragraph that Theophrastus was not the first
to notice that anthrax could not be burnt. It is easy to understand
why philosophers of the Peripatetic school would emphasize the
paradox involved in a stone, which, though connected with fire
by its name and appearance, was itself incombustible. As a matter
of fact, garnet, though quite incombustible, is more readily
changed by fire, owing to its lower melting point, than the dif-
ferent varieties of quartz from which most of the seals were made
at the time of Theophrastus.

18. One might say that it has great value; for a very
small one costs forty pieces of gold.
Probably the reference is to gold staters of Alexander III or his
father Philip IT of Macedon, which were in common use at the
time; each of them weighed about 8.6 grams but had a much
greater purchasing power than modern coins of the same precious-
metal content. King® thought that in an age of extended com-
merce such a high price could scarcely have been paid for a stone
as common as garnet, and it was largely because of this that he
identified this first enthrax mentioned by Theophrastus as the
ruby. However, engraved garnets first appeared in the Hellenistic
period, as is shown by the surviving examples; possibly they were
introduced during the lifetime of Theophrastus, and since they
may have been a scarce and highly prized novelty at the time of
their introduction, the price mentioned does not seem excessive.
Furthermore, flawless garnets of brilliant red color are much
scarcer than good specimens of the various kinds of quartz that
the ancient Greeks valued highly as precious stones. It should not
be forgotten that stones which were highly prized by the ancients,
although apparently very costly at the time, would not usually be
termed precious today; most of them would be rated as semi-
precious, or even less valuable, stones.

18. Carthage and Massalia.
Since Carthage in North Africa and Massalia at the site of mod-
ern Marseilles were both important seaports, it must be under-

85 C. W. King, Natural History of Precious Stones and of the Precious Metals (Lon-
don, 1870), p. 225.
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stood that these were merely points of export, not the localities
where the garnets were found. Coraés®® suggested that Macovhias,
a district in the country behind Carthage, should be the correct
reading here. Though it is true that Strabo mentions only locali-
ties in North Africa as western sources of these precious stones,
the more comprehensive list of Pliny"" includes Massilia (Mar-
seilles) and Olisipo (Lisbon) as well. Theophrastus mentions Mas-
salia again in section 34 as a place from which precious stones
were obtained. On the whole, the conjecture of Coraés is not
plausible enough to justify an alteration of the text.

19. The stone found near Miletus does not burn; it is
angular and there are hexagonal shapes on it. It is also called
anthrax, and this is remarkable, for in a way the nature of
adamas is similar.

The kind of anthrax found near Miletus on the western coast of
Asia Minor evidently had a striking and peculiar form. Theo-
phrastus appears to be speaking of a well-crystallized mineral with
hexagonal facets. It is significant that both garnet and spinel often
occur crystallized in this manner. Of the two, spinel seems more
likely, since the anthrax mentioned in the present section is ap-
parently different from the kind described in section 18, which
was almost certainly garnet. Since the anthrax of this passage is
said to be like adamas, it is even more likely that it was spinel.
Though adamas seems to have been a general term used for
several minerals that were unusually hard, the descriptions of
Pliny®® suggest that it generally referred to corundum, particularly
the mixture known as emery; this frequently contains spinel in
addition to corundum, and almost invariably magnetite, which
is very similar to spinel in crystal form. The occurrence of large
deposits of emery in Asia Minor not far from the site of ancient
Miletus supports the relationship between this kind of anthrax
and adamas. Most of the emery in these deposits contains only
about 50 per cent of corundum, and the remainder consists of the
associated minerals.”® Though it is remarkable that this particu-
86 Ed. of Strabo, IV, 357. 87 XXXVII, 92-97.

88 XXXVII, 55-61; see also the notes on sec. 44.
89 C, Schmeiszer, Zeitschrift fiir praktische Geologie, XIV (1906), 188.
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lar mineral should have been called anthrax, the explanation may
be that spinel not only occurs in the red transparent form, to
which this name was applicable without question, but also in
dark or black varieties that resemble the magnetite which is often
the most conspicuous component of emery. However, when an-
thrax is said to be similar to adamas, the reference may be, not
to form or color, but rather to hardness, the special property for
which adamas was noted. That would also identify this type of
anthrax as spinel rather than garnet, since the hardness of spinel
is close to that of emery, whereas the hardness of garnet is dis-
tinctly lower.

19.  This power of resisting fire does not seem to be due
to the absence of moisture, as is true of pumice and ashes.
For these cannot be set on fire and burnt, because the mois-
ture has been removed.

According to certain theories of Aristotle® which Theophrastus
appears to follow closely here, stones like anthrax are incombus-
tible because they contain no moisture and hence lack pores of
the proper size to admit fire. For much the same reason pumice
and ashes are also incombustible; the difference is that they are
produced from materials which originally contained moisture,
whereas incombustible stones are free of moisture from the be-

19.  pumice.
In the manuscripts this word appears as kioompts, except in one
place in this section where it is xirnpes. The correct form is xion-
pts, which is used by all authors except Theophrastus. The de-
scriptions in sections 20, 21, and 22 indicate that the word some-
times denoted certain cellular or friable rock material that would
not now be called pumice, but the localities that are mentioned
show that ordinarily the term had the same meaning that the
word pumice has today, and for that reason it has been so trans-
lated. Pliny** shows that the corresponding Latin word pumex also
had a slightly broader meaning than the modern term, though it is

90 Meteorologica, 1V, 9, 387A. 91 XXXVI, 154.
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equally clear from his account that the word normally had the
same significance.

19. some think that pumice is formed entirely as a re-

sult of burning.

The ancients apparently made little or no distinction between true
combustion and other high-temperature phenomena, as was
mentioned in the notes on section 14. Evidently fire was a term
that included all phenomena involving light and a high tempera-
ture. Therefore, when Theophrastus speaks of the origin of
pumice from burning, combustion is not to be understood, but
rather the formation of this material in the usual way by the ex-
pulsion of gases from molten lava. Superficially, of course, this
process sometimes closely resembles actual combustion, especially
when, as often happens, the gases evolved in the volcanic action
take fire.

19.  with the exception of the kind that is produced from

the foam of the sea.
The pumice that was thought to be produced from foam is clearly
the same as the floating pumice still found around the shores of
islands in the Aegean Sea. Such pumice emanates from the active
volcanic island of Thera (Santorin), where considerable quantities
are to be seen floating on the surface of the water. Theophrastus
evidently believed that it was formed in some way from the foam
of sea water. This notion may have been obtained from Aristotle,
for in a treatise On Plants usually ascribed to the latter, a theory
is advanced to explain how floating stones could be formed from
sea water.”® According to the author™ of this treatise, such stones
were produced by the violent collision of one wave with another.
First of all, foam 1is produced which congeals with the consistency
of oily milk. When the water is dashed against sand on a beach,
the sand collects the fat part of the foam, which dries with an

92 De Plantis, 11, 823B.

93 Though this treatise is included in the corpus of Aristotelian writings, there is
considerable doubt that Aristotle was the actual author. It appears to be a later pro-

duction of the Peripatetic school, and there is some possibility that Theophrastus, or a
pupil of Theophrastus, was the real author,
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excess of salt from the water, so that the particles of the sand
cohere and ultimately become stones.

20. the porous stone which changes to pumice when

1t is fired.
Both the name and the nature of this stone are uncertain. Wim-
mer retains the manuscript reading diaBdpov, which is accepted
by all the editors except Hill, who substituted the word *ApaBikoid
(printed incorrectly with a rough breathing) and translated
it as “Arabic stone,” which according to Dioscorides® and Pliny®*
is a substance resembling ivory. There seems to be little justifica-
tion for this conjecture. Since Theophrastus is discussing pumice
and similar cellular stones, it seems probable that there is merely
a slight error in spelling and that the reading should be 8ta86pov,
a word meaning “porous.” The stone itself may have been a
volcanic tufa of some kind.

The negative o, which occurs before kioanpotrar in the Aldine
edition but is not in the manuscripts, is a difficult reading to in-
terpret. If it is accepted, the passage refers to a stone which “does
not change to pumice when it is fired.” However, the ov in the
Aldine edition is in the form of an abbreviation of the same size
as the relative pronoun + (“which”); this occurs in manuscripts B
and C, though 4} is written with a smooth breathing in manuscript
A. Most of the editors prefer 1 xai (i.e., “which also changes”),
but Wimmer accepts the reading of Aldus. Since this is the more
difficult reading and therefore harder to explain, it is easy to see
why Wimmer felt obliged to adopt it. Actually, the evidence of
the manuscripts seems to carry more weight, and the acceptance
of the reading 7§ would make it easier to understand the meaning
of the passage. There are many misprints in the Aldine edition;
it is quite possible that the abbreviation representing ov is not
correct, and there is no evidence that Aldus had another manu-
script from which he might have obtained this reading. It seems
best to accept 7, since it appears in two of the manuscripts. If
7} (“or”), which appears in A, is correct, then some other verb
must have dropped out before it; but it is possible that the smooth
breathing is a mistake, and certainly A provides no evidence of a

94V, 148 (Wellmann ed., V, 131). 95 XXXVI, 153.
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negative. The genitive s droyovuérys is also a problem, since
1) Phoyovuévy (“which when it is fired”) might be expected.

20. for pumice is found especially in places that . . .
The phrase év 7ois is incomplete. The meaning seems to be “in
places like this,” i.e., in craters of volcanoes. Schneider suggested
év rots (xatopévois), which would mean “in places that are on
fire.” Turnebus gives in ardentibus as a Latin translation. A word
ending in -rots might easily have dropped out after év Tots. Thus
mvpikavorors would mean “places that have been subjected to
burning.” Other possibilities are év Tovrors (“in these places”) or
év Tots Towovrors (“in such places”).

21. Nisyros.
This is an 1sland of volcanic origin in the southern Aegean near
the coast of Asia Minor. Eruptive rocks of various sorts are
found there. From the description it seems likely that the ma-
terial that was found was a loosely compacted volcanic tufa or
ash rather than a pumice, though the reference may be to an
especially soft and friable kind of pumice.

21. The kind found in Melos is all . . . but some.
Since an adjective seems to be missing after 7doa pév, Schneider
suggested that évia 8 a¥ might be changed to eifpavoros (“eas-
ily broken”), followed by év Niflw 8¢; but Stephanides proposed
oxedov as év Nwvpe (“almost as in Nisyros”), followed by éva
& ad.

22. They differ from one another in color, density, and

weight.

It should be noted that the various kinds of pumiceous or scori-
aceous rocks are distinguished only by their physical characteris-
tics, for no hint is given that Theophrastus may have considered
possible differences in composition.

22. the kind that comes from the lava stream in Sicily is
black.
This black variety probably would not be termed pumice in our
modern system of classification, but rather volcanic scoria. The
article () is needed and has been added to the text.
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22. the malodes.

The word palédys, which is the reading of the manuscripts,
does not occur elsewhere. It is possible that it is a mistake for
MMAédns, meaning “quince-yellow,” and could be called “a pale
yellow kind,” though such an adjective should have the article %
before it. It was evidently taken so by Stephanides,”® who trans-
lates it into Modern Greek as ¥mokirpwos. Pumice made yellow
by disseminated sulfur is a material of common occurrence in
Sicily and the neighboring volcanic islands. However, there have
been other interpretations. Turnebus changed the word to a\-
pédns,” Furlanus preferred puAé8ns (“a millstone”), and Schnei-
der suggested %) My\ia (“the Melian stone™). Stephanides®® finally
decided in favor of % pvA&dys, but it is hard to say which is cor-
rect. It seems best to add () to the text.

22. The onc that comes from the lava stream can cut
better than the white kind.
This is another indication that the black “pumice” was volcanic
scoria and the white kind our ordinary pumice. It is interesting
to note that Theophrastus, when he refers to the practical value
of pumice, alludes only to its use as an abrasive. Later ancient
writers emphasize medicinal uses. This explains why white
pumice is here considered a less desirable kind, whereas such
writers as Dioscorides™ and Pliny'®® state specifically that the best
pumice is recognized by its white color, its lightness, and the ease
with which it can be powdered.

22. but the kind that comes from the sea itself cuts best
of all.

This is another reference to the floating pumice mentioned in sec-
tion 19 and discussed in the notes on that section. The article ()
has been added to the text.

96 The Minerdlogy of Theophrastus, p. 111.

97 This word is used by Theophrastus for soil “impregnated with salt” (History of
Pldﬂﬂ‘, VIH, 7> 6)-

98 M. K. Stephanides, Athena, XIV (1902), 368.

90V, 124 (Wellmann ed., V, 108).

100 XXXVI, 154-56.
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22. But we must consider elsewhere the causes of the

differences between stones that either burn or do not burn.
This vague promise or cross reference is similar to the one at the
end of section 38 and very similar to the one at the end of the
last section of the treatise On Fire. No further treatment of com-
bustible and incombustible stones is to be found in any other ex-
tant work by Theophrastus. He does, however, in his History of
Plants,'** give some additional information about pumice.

23. sardion, taspis, and sappheiros.
For the identification of these stones, see sections 30, 27, and 37
respectively.

23. smaragdos.

Though the word “emerald” is derived from the Greek oudpaydos,
which has often been translated in this way, the accounts of early
writers show clearly that in ancient times various stones of pro-
nounced green color were listed under this name. The statements
of Theophrastus make it doubtful whether true emerald was even
known to him, and there appears to be no certain evidence on
other grounds of its use among the Greeks. On the other hand,
the more detailed descriptions of Pliny*®* indicate that emerald
was known as smaragdus in his day, and archaeological discov-
eries afford ample proof that the Romans made use of this precious
stone.’® But Pliny,’ who states that there were twelve different
kinds of smaragdus and describes some of these varieties, makes
it clear that a number of minerals other than the particular variety
of beryl called emerald were included under the ancient name.
Though it is impossible to determine with certainty what all of
these were, probably any transparent or translucent green mineral
that resembled emerald, even one as common as green quartz,
would have been classified under smaragdus, and Pliny’s descrip-
tions and the localities that he mentions indicate that certain copper
minerals, such as malachite, were classified in this way. It is also
probable that imitation green stones composed of glass or stained

017X, 17, 3. 102 XXXVTII, 62-73.

103 Blimner, Technologie und Terminologie der Gewerbe und Kiinste bei Griechen

und Rémern, Vol. III, p. 239.
104 XXXVII, 65.
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rock crystal were given the same generic name. Pliny**® alludes
to the existence of books which contained directions for staining
quartz in imitation of smaragdus and other precious stones, a
fraud, he remarks, that was more lucrative than any other. Sene-
ca'® also mentions the staining of stone to resemble smaragdus.
The Stockholm Papyrus, which contains numerous recipes for
the imitation of precious stones by the staining of rock crystal,
shows that there was a substantial basis for these remarks. Ac-
cording to this papyrus,’ green precious stones were counter-
feited by applying copper salts and organic coloring materials to
quartz after its surface had been roughened. Rock crystal colored
in this way could not have passed for a clear transparent green
stone like emerald, though counterfeit stones of this kind may
well have been a tolerable imitation of translucent green quartz.
Whether such imitations passed for natural stones is uncertain, but
the wording of the recipes indicates, at least, that they were known
by the name smaragdos without qualification. Since the recipes
given in the papyrus for imitating this particular stone are about
equal in number to all the recipes for imitating other kinds of
stones, it is clear that these counterfeit green stones were frequently
used by the ancients.

23. it makes the color of water just like its own.
This supposed property of smaragdos is not mentioned by any
other ancient writer, though Pliny’*® in a somewhat analogous
passage remarks that from a distance such stones appear larger
than they really are, because their green color is reflected by the
surrounding atmosphere. Some commentators have supposed that
this statement of Pliny was based on a misinterpretation of the
present passage in Theophrastus, and King"** even supposed that
Pliny’s account represents the original sense of the Greek passage,
and that 98aros (“water”), which now appears in the text, is a
corrupt reading for dépos (“air”). Actually, the statement of Pliny
is so different that it is unlikely that he paraphrased or even used

105 XXXVII, 197. 108 Epistulae Morales, go, 33.
107 Q, Lagercrantz, Papyrus Graecus Holmiensis (Uppsala, 1913), pp. 7-8, 11-13,
14, 19-21, 22, 23-24, 165, 174, 176, 177, 179, 182-83, 193, 194, 195, 196-97, 199-200.

108 XXXVII, 63.
109 Natural History of Precious Stones and of the Precious Metdls, p. 280.
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Theophrastus at this point. When Theophrastus says that water
is colored by smaragdos, his statement apparently has a rational
basis, for under proper conditions bright green stones do impart
a greenish cast to the water in which they are submerged. The
phenomenon is best seen when the illumination is oblique and
the stone is placed in a small opaque white vessel. It is rather
curious that the same property is not ascribed to precious stones
of other colors, for these can also impart their color to water
through reflection, especially when they are transparent and
highly colored. However, few of the stones used for seals by
the ancients were as brightly colored as smaragdos, and this may
be the reason why the effect was noted only in the case of this one
stone. It is possible, too, that Theophrastus may have based his
statement on a single observation of smaragdos and that he did
not attempt to experiment with other stones to see if they behaved
in a similar way.

24. 1tisalso good for the eyes, and for this reason people
carry seals made of it, so as to see better.
The verb BAémew without a preposition following it does not
mean “to look at” but “to see,” and some adverb like €0 (“well”)
is really needed here for clarity. The meaning must be “to see
better” or “to improve their sight.” Pliny""® dwells at length on
the pleasing green color of smaragdus and its supposed beneficial
effect on the eyes. Though Theophrastus classifies smaragdos as
one of the stones on which seals are engraved, Blimner'* inferred
from the wording of this particular passage that the allusion is to
uncut ring stones. This conclusion is apparently supported by
Pliny’s statement™? that it was forbidden to engrave the surface
of smaragdus. Since Roman emeralds were rarely engraved, Pliny’s
statement seems to be confirmed, and it is probable that he is
speaking of true emeralds at this point.** However, since no
emeralds of purely Greek provenance have been found, it seems
reasonably certain that Theophrastus is not alluding to emerald

110 XXXVII, 62-63.

111 Bliimner, Technologie und Terminologie der Gewerbe und Kiinste bei Griechen
und Romern, Vol. III, pp. 241-42.

112 XXXVII, 64.
118 King, The Natural History of Precious Stones and of the Precious Metals, p. 298.
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here. The early Greek gems described by Furtwingler™ which
are green in color are all made of quartz, and it is very probable
that here, and in the previous sections where Theophrastus says
that smaragdos was used for seals, green quartz in the form of
plasma or prase is to be understood.

24. Buat it is rare and of small size, unless we are to be-

lieve the records about the Egyptian kings.
Elsewhere in the treatise Theophrastus alludes to the scarcity or
small size of the smaragdos (secs. 8, 26, 27, 34), and some writers™®
have concluded that emerald is meant whenever he alludes to the
stone in this way. There is, however, no evidence that Theophras-
tus ever used the name smaragdos for an emerald. Moreover, the
stones listed with it in section 8, which he describes as small and
rare, are not especially rare and are not always small. In these
respects they differ little from plasma or prase. Therefore, when
Theophrastus refers to smaragdos in this way, he may well be
speaking of the green quartz commonly used as a seal stone by
the Greeks.

Although there was probably some real basis for the reports
about smaragdoi of great size, Theophrastus shows clearly by his
wording that he hesitated to accept these accounts without ques-
tion. This was not because he thought that green stone objects of
large dimensions did not exist, but because he doubted that the
kind used for seals ever occurred in large masses. Certainly, if the
accounts concerning them were not mere inventions or gross exag-
gerations, these large Egyptian smaragdo: could not have been
actual precious stones. It is possible, however, that they may have
been composed of malachite, which even now is sometimes re-
garded as a semiprecious ornamental stone. This native copper
carbonate has been found in the form of solid blocks weighing
several thousand pounds; in fact, it is the only bright green min-
eral substance that occurs in such large pieces. In modern times
the copper mines in the Ural Mountains have been the source of
some very large blocks of malachite. For example, the largest

114 Dje antiken Gemmen, 11, 37-69, 152-53.

115E g, Blimner, Technologic und Terminologie der Gewerbe und Kiinste bei
Griechen und Rémern, Vol. I, p. 240.
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piece of flawless malachite said to have been found in the mines
at Gumeshevsk weighed about 3,000 pounds, and in 1855 a mass
was found at Nizhne-Tagilsk that weighed around 50,000 pounds,
though this was of inferior quality.”® It is quite possible that
single pieces of malachite of huge size were also found in the
carly stages of working some of the great copper deposits of an-
tiquity. That the mineral was available to the Egyptians is certain,
since malachite was evidently the chief ore in the copper mines
of the Sinai Peninsula, which were for centuries important sources
of copper and copper minerals for Egypt.*'” The block of smarag-
dos (6 x 4% ft.) that is said to have been sent to Egypt by a
Babylonian king is as large as some of the modern objects made
of polished malachite, such as the table tops, bathtubs, and panels
for walls or columns which can be seen in certain European mu-
seums and other buildings, but it is improbable that malachite
could have been the material of the four stones about sixty feet
long mentioned as being placed in an obelisk. However, in the
next section, where Theophrastus mentions a large pillar of green
stone, he definitely suggests that this may have been composed of
false smaragdos, a term that almost certainly denoted malachite.
But this statement cannot provide a definite identification, since
it is apparent that Theophrastus had no first-hand knowledge
of the substance from which these large objects were made. The
tradition that the malachite columns now in the church of Hagia
Sophia at Constantinople originally came from the temple of
Diana at Ephesos™® suggests that large pillars of malachite actu-
ally existed in antiquity. It seems probable, therefore, that these
Egyptian smaragdoi were composed, at least in part, of malachite,
unless they were made of some common massive green rock such
as serpentine, which is known to occur frequently in Egypt.'*®
But there is a serious objection to identifying them as serpentine
or some other green rock; for the term smaragdos was apparently
applied only to mineral substances of a bright green color. That

118 M, H. Bauer, Edelsteinkunde (Leipzig, 1932), p. 700. These weights are given
in kilograms.

117 Lucas, Ancient Egyptian Materials and Industries, pp. 231-35; Partington, Origins
and Development of Applied Chemistry, pp. 60-63.

118 Bauer, Edelsteinkunde, p. 701.
119 Lucas, Ancient Egyptian Materials and Industries, pp. 479-80.
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these huge smaragdoi were made of green glass, as some have
suggested, is not very probable, because, as Partington'** has
pointed out, it is very doubtful from a technical standpoint that
such enormous pieces of glass could have been successfully fash-
ioned by ancient glassworkers. The existence of large smaragdo:
in Egypt is mentioned by other ancient writers. Pliny,"*" for in-
stance, after quoting the statements of Theophrastus almost word
for word, mentions a recent example in the Labyrinth of Egypt;
there Apion saw a colossal statue of Serapis, nine cubits in height,
which was composed of smaragdus.

25. tanot.

In the manuscripts and the Aldine edition, the first part of this
word is missing and only the last four letters (av@v) have sur-
vived. Turnebus, who was followed by Hill, thought that the best
emendation was Tavav; the emendation of Furlanus, which Wim-
mer preferred, was Bakrpiavav. It is true that stones from Bactria
are mentioned by Theophrastus in section 35, and Pliny*** lists
the Bactrian as a particular variety of smaragdus. But both Theo-
phrastus and Pliny say that Bactrian stones are small, whereas the
stone in question here was evidently a mineral substance found
in pieces of considerable size. Moreover, as the notes on section 35
explain, it is highly probable that Pliny classed the Bactrian stones
as one kind of smaragdus only because he misunderstood the
meaning of Theophrastus in section 35. The evidence for the read-
ing ravév is that Pliny'* clearly lists zanos as a kind of smarag-
dus. He also adds that it came from Persia and was of an un-
sightly green color. His descriptive details seem to indicate some
source other than the present passage of Theophrastus, unless the
information given by Pliny was originally contained in this pas-
sage and dropped out later. This possibility is not at all unlikely,
since almost all the other passages in this same section of Pliny’s
work are direct quotations from this part of the treatise. It is im-
possible to determine what was originally written in the lacuna
before the letters av@v, and it is significant that De Laet made no
120 Qrigins and Development of Applied Chemistry, p. 132.
121 XXXVII, 74-75. 122 XXXVII, 65.

123 XXXVII, 74. The text reads: Inseritur smaragdis et quae vocatur tanos e Persis
veniens gemma, ingrate viridis atque intus sordida.
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change in the reading of the manuscripts, since he was not satis-
fied with either of the two proposed emendations. Stephanides
has recently decided in favor of rav@v, and this is certainly better
than Bakrpiavov.

Though both the locality and the brief description of tanos
given by Pliny apply to green turquoise, the large size of the
stone mentioned by Theophrastus is definitely against this identifi-
cation. Possibly fanos was the proper name for green turquoise,
and the large slab at Tyre was actually composed of some other
stone that only resembled this mineral. Theophrastus appears to
have this possibility in mind when he suggests that the material
of the slab may have been a “false smaragdos” rather than ranos.
The former term was clearly used to denote malachite. Green tur-
quoise and malachite, because of their similar appearance, were
apparently often confused in ancient times, and this confusion is
not entirely absent from the works of modern writers who have
attempted to identfy the green stones used by ancient peoples.’**

25. Tyre.

Very likely Theophrastus obtained part of his information about
this huge green stone from Herodotus,'*® who visited Tyre and
saw this remarkable column or slab, which he describes briefly.
Herodotus says that the column shone at night, and some com-
mentators have suggested that it may have been composed of
colored glass with a light inside it."*®* Though this seems an at-
tractive explanation because of the reputed skill of the glasswork-
ers of Phoenicia,"" the descriptions apparently refer to a natural
stone rather than to an artificial material. Furthermore, as was
pointed out in the notes on section 24, it is highly improbable
that ancient artisans could have fashioned any very large object
out of glass. If it was composed of glass at all, this column must
have been made of numerous small pieces fastened together in
some way. On the whole, it seems much more probable that it was

124 Lucas, Ancient Egyptian Materials and Industries, p. 457.

12511, 44.

126 G, Rawlinson, The History of Herodotus (London, 1858-1860), Vol. II, pp. 81-
82; W. W. How and J. Wells, 4 Commentary on Herodotus (Oxford, 1912), Vol. I,

p. 188.
127 Partington, Origins and Development of Applied Chemistry, pp. 454-55.
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made of some natural material. Though this may have been
malachite, serpentine is an attractive possibility, since not only is
this green stone found in large blocks but some varieties are
translucent enough to allow light to shine through the stone if
it 1s in thin layers.

25. Herakles.

In reality, this was probably the Tyrian Melkart, the Baal of the
Old Testament, whom the Greeks identified with Herakles.

25.  false smaragdos.

Since this was found in copper mines in pieces of considerable
size, it seems clear that it must have been malachite, the green
basic copper carbonate. Probably the term was applied only to
massive malachite, which was good enough to be used for orna-
mental purposes, since the earthy forms of this mineral were ap-
parently included under the name chrysokolla. It is reasonably
certain that the term “false smaragdos” was not applied to imita-
tion green stones composed of glass or stained rock crystal.

25. Chalcedon.

All the manuscripts have the reading Kapyn8éve (Carthage), and
this was accepted by Hill and the editors who preceded him.
Schneider and Wimmer have changed the name to Xahxnddr
(Chalcedon). This must be right, as there are no islands near
the site of ancient Carthage that are known to have any copper
minerals on them. On the other hand, at least one of the Prince
Islands in the Sea of Marmora close to the shore of ancient Chal-
cedon is known to have been the site of ancient copper deposits.
The author of De Mirabilibus Auscultationibus'®® names Anudvy-
oos (Demonesos) as an island of the Chalcedonians where the
copper minerals kyanos and chrysokolla were found, as well as
the copper that was used for making certain ancient statues.
Pliny'* lists Demonnesus as one of the islands in the Sea of Mar-
mora at the entrance to the Bosporus. This island has been
plausibly identified with the modern Khalki, upon which there
are copper minerals and traces of ancient mining operations.™

128 Sec. 58. 120V, 151,
130 Payly-Wissowa, Redl-Encyclopidie, T1I%, p. 2093; V*, p. 145.
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26. chrysokolla.

This is mentioned again in sections 39, 40, and 51 as an ore or
mineral found in mines. Though Theophrastus does not describe
it anywhere, his repeated allusion to its occurrence in copper mines
clearly indicates that it was a copper mineral. Later writers also
mention that it occurred in gold mines, and some of them say that
it was found in mines containing other metals; but this occurrence
was evidently due to the presence of copper minerals in such mines,
as is explicitly stated by Isidorus.” In section 39 cArysokolla is said
to occur in native kyanos, which was azurite, the blue copper
carbonate, showing clearly that chrysokolla in this case was mala-
chite, the green copper carbonate.*® The kind of cArysokolla men-
tioned in this treatise evidently corresponds to the natural kind of
chrysocolla mentioned by Pliny*** as an exudation or incrustation
found in mines. Dioscorides'®* states that the best kind of cAryso-
kolla was of a leck-green color. The descriptions given by ancient
writers show that the name chrysokolla or chrysocolla, referring to
a natural product, was given to any bright-green copper mineral
that occurred as an earthy incrustation. From this it follows that
the name must have denoted malachite, green copper carbonate,
when it was in an earthy form, and also the amorphous green
copper silicate which is still called chrysocolla at the present time.
However, the descriptions of Pliny'*® indicate that chrysocolla as
the name of a mineral was more often applied to malachite than
to what is now called chrysocolla. From its peculiar name, which
means “gold glue,” some scholars®® have erroneously concluded
that the cArysocolla of the ancients was borax or some other solder-
ing flux, though there is no basis for this conclusion other than the
name and the stated use of the material. In the sixteenth, seven-
teenth, and eighteenth centuries borax was frequently called
“chrysocolla,” and this circumstance may have caused the wrong
identification. The name was first given to borax by Agricola,**’
who may have misunderstood its meaning.

131 XTX, 17, 10. 132 See also the notes on sec. 39. 133 XXXIII, 86.

134V, 104 (Wellmann ed., V, 89). 185 XXXIII, 86.

136 E g, F. Hoefer, Histoire de la Chimie (Paris, 1866-1869), Vol. I, p. 173; Vol. 11,
p. 401; Lewis and Short, Harper’s Latin Dictionary, s.v. But compare the Thesaurus

Linguae Latinae, s.v. Metallum (“Malachit”) praecipue ad ferruminandum wusurpatum.
187 G. Agricola, De Natura Fossilium (Basel, 1558), p. 206.
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The method of using copper minerals for soldering gold in an-
cient times has evidently puzzled many modern writers on early
technical arts, though the correct explanation was given at the
end of the eighteenth century by Guettard, who showed experi-
mentally that malachite, for example, could be used as a solder for
gold."® All that is required is that some suitable reducing agent,
such as charcoal or organic matter, should be present, and that
the temperature should be high enough to reduce the mineral to
copper and to make this melt and alloy with the gold. It has re-
cently been shown for the first time that certain types of ancient
goldwork could only have been produced by a soldering process
of this sort. Some Etruscan and Greek works of art contain deli-
cate patterns formed by minute grains of gold or very fine wire
joined to a background of solid metal; it has been found by ex-
periment that they could not have been joined together by the
direct application of solder in the form of molten metal or by
any process of fusion welding. Furthermore, microscopic exami-
nation of examples of ancient goldwork has shown the use of this
reduction method of soldering.**®

It is interesting to note that this ancient method of soldering
gold by the reduction of a copper compound 7 situ is the subject
of a modern patent'’ issued to a Mr. Littledale, who may be re-
garded as the rediscoverer of an old method of soldering which is
used for goldwork of great delicacy.

The name chrysocolla was applied by writers later than Theo-
phrastus to artificial copper preparations used for soldering gold.
Pliny'** describes a mixture of this sort. In addition, he mentions
under chrysocolla a preparation that contained gold and silver
in addition to copper salts. By further extension of the original
meaning, the name was applied to alloys used for the soldering of
gold. In the Leyden Papyrus X are two recipes (Nos. 31 and 33)
for the preparation of such gold solders.*** In Number 31, the alloy
of copper, silver, and gold is called 70 xpvoéxolhov.

138 Bailey, The Elder Pliny’s Chapters on Chemical Subjects, Part 1, p. 206.

139 H. Maryon, Technical Studies in the Field of the Fine Arts, V (1936), 88-g5.
140 British patent, 1934, No. 415181,

141 XXXTII, 93.

142 M, Berthelot, Archéologie et Histoire des Sciences (Paris, 1906), pp. 280, 282.
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For remarks on the use of chrysokolla as a pigment, sce the
notes on section 5I.

27, iaspis.

Though the word “jasper” is derived from the Greek {agms and is
often used to translate the Greek word and its Latin equivalent
1aspis, the one fact that is most certain about the ancient name is
that it did not designate the kinds of opaque colored silica that
are now called jasper. The descriptions of ancient writers usually
show that the name denoted certain transparent or translucent
stones, and there is no definite evidence that it was ever applied
to an opaque mineral substance. Though Theophrastus does not
allude clearly to zaspis as a transparent stone, there is no such un-
certainty about the descriptions left us by other ancient writers.
Pliny opens his account of the stone with the words: Viret et saepe
tralucet aspis’*® (1aspis is green and often translucent). Later he'**
mentions a kind that resembles rock crystal. Pliny*** also alludes
to imitations of saspis made of glass. Moreover, the descriptions of
Dioscorides’*® show that the name was not applied to an opaque
stone. Dionysius Periegetes describes it as being watery,*" green
and translucent,”** and cloudy.™*® This is not an appropriate de-
scription of the stone that is now called jasper. Though there can
be no doubt that it was not our modern jasper, there is less cer-
tainty about its positive identification.

Since Theophrastus shows its relationship to smaragdos in this
passage, one might infer that saspis was a green stone, and this
color is mentioned by all ancient writers who describe it. Indeed,
some of them mention this color only, and in the Stockholm
Papyrus,’®® where a recipe is given for the preparation of an artifi-
cial zaspis, it is clear from the ingredients that the resulting prod-
uct was a green stone. On the other hand, Pliny®* refers to iaspis
of various other colors, such as blue and rose, as well as to a color-
less variety. In fact, he classifies the best as having a shade of
purple and assigns only third place to the green kind. He also

143 XXXVII, 115. 144 XXXVII, 116. 145 XXXVII, 117.

148V, 159 (Wellmann ed., V, 142). 147 »82 (Vdaréecoar).

148 1120 (xAwpa davydfovsar, lit., “shining through green™).

149 724 (fepdecoar). 150 Lagercrantz, Papyrus Graecus Holmiensis, p. 15.
151 XXX VII, 115-16.
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mentions smoky and turbid kinds. Dioscorides'® gives a similar
but less extensive list of the varieties of this stone. The ancient de-
scriptions seem to show that zaspis was a generic term that usually
denoted those varieties of transparent or translucent quartz to
which special names such as sardion or crystallos were not ap-
plied. Thus the green kind was probably plasma or chrysoprase,
the smoke-colored kind was smoky crystalline quartz or smoky
chalcedony, the rose-colored kind was rose quartz, and the blue
kind was common blue chalcedony. All these varieties of quartz
were used as materials for ancient engraved stones. It is signifi-
cant that Pliny includes sphragis or seal stone under the term
saspis. This suggests that Zaspis was a name applied to some varie-
ties of chalcedonic or clear quartz used for seals.

It seems likely, however, that other minerals besides quartz
which were similar in appearance were included under the an-
cient name. Thus it has been suggested that jade or nephrite was
called faspis in antiquity.’*® Certainly the kind of zaspsis men-
tioned by Pliny,"** who describes it as a green stone with one or
more white lines running through it, would seem to correspond
to jade or nephrite. Pliny implies that this stone was used as an
amulet, and had its origin in the East, and both these clues tend
to support this particular identification. In the same way, still
other minerals such as fluorite, which in some of its forms re-
sembles certain varieties of colored quartz, may have been classi-
fied under zaspis in ancient times.

Theophrastus shows by his remarks in section 37 that certain
kinds of true jasper used in antiquity were given particular names.
See also the notes on that section.

27. It is said that a stone was once found in Cyprus half
of which was smaragdos and half iaspis, as if it had not
been entirely changed from the watery state.

This passage is quoted by Pliny,"* who has clearly obtained his
information from Theophrastus. His wording is as follows: ez in

152V, 159 (Wellmann ed., V, 142).

158 Moore, Ancient Mineralogy, p. 219; ]. Berendes, Des Pedanios Dioskurides aus
Anazarbos Arzneimittellehre (Stuttgart, 1902), p. S5I.

154 XXXVII, 118. 155 XXX VII, 75.
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Cypro inventum ex dimidia parte smaragdum, ex dimidia iaspi-
dem, nondum umore in totum transfigurato. Here the Latin
umore reproduces the Greek 700 vdaros, which can be translated
as “the watery state” or “its watery state.” The sense of the pas-
sage seems to be that a piece of stone or a crystal was once found
in Cyprus half of which had the green color of smaragdos, while
the other half had a limpid or watery appearance and was probably
colorless or only slightly colored. This could have been green
quartz in a matrix of clear colorless quartz or colorless chalcedony,
though it seems rather more likely that the allusion is to a crystal.
Crystals of this sort are not uncommon. Tourmaline frequently
occurs in the form of transparent crystals that sometimes are
green at one end and have a different color or are colorless at
the other end. It is easy to see how mineral occurrences of this
kind would lead to the idea that one sort of precious stone could
originate from another. Many later writers on mineralogy advance
this idea, though Theophrastus was the first to express it.

28. lyngourion.

This substance is also mentioned by other ancient authors such as
Strabo,*® Dioscorides,” and Pliny.*® Though many commentators
have tried to identify it, unfortunately they have disagreed in their
conclusions. Some have thought that it was a fossilized animal sub-
stance, others that it was a particular kind of precious or semi-
precious stone, others that it was amber, and still others that it
was a kind of fossil resin resembling amber.

Some early modern writers on mineralogy identified this sub-
stance as belemnite, fossil cuttlefish bone. De Boodt'*® gives lyn-
curius as a synonym for belemnite, and later writers such as Wood-
ward'® definitely identify the lyngourion or lyncurium of the an-
cients in this way. However, as Hill,** Watson,*** and Beck-
mann'® have clearly pointed out, it could not possibly have been

1581V, 6, 2. 15711, 100 (Wellmann ed., II, 81, 3). 158 XXXVII, s2.

159 A, B. De Boodt, Gemmarum et Lapidum Historia (Leyden, 1647), p. 476.

160 Cited by Hill, Theophrastus’s History of Stomes, p. 73.

161 1bid., p. 74.

182 W, Watson, Philosophical Transactions of the Royal Society of London, L1 (1759),

396.
163§, Beckmann, History of Inventions, Discoveries, and Origins (London, 1846),
Vol. 1, p. 86.
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belemnite, since this fossil substance does not have the hardness,
the transparency, or the electrostatic-attractive properties ascribed
to lyngourion or lyncurium.

The lyngourion of Theophrastus has been most often identified
with a particular kind of precious or semiprecious stone. De
Laet,™ who referred to an earlier suggestion of Epiphanius, says
that “the description of lyncurium is certainly not inappropriate
to the hyacinth of modern writers.” Hill**® rightly rejects its ear-
lier identification with belemnite, but, ignoring the possibility
that it was amber, he decides with De Laet that it was “hyacinth.”
Apparently he uses this word to describe certain varieties of gar-
net. Watson® identifies the lyngourion of Theophrastus with
tourmaline, but evidently his opinion is partly based on the at-
tractive properties of heated tourmaline which had recently been
discovered. This identification is repeated by various later writers.
For example, Dana®" states that lyncurium is supposed to be the
ancient name for common tourmaline. However, the absence of
tourmaline among surviving examples of ancient gems is clearly
against this view. Its identification as red garnet or red tourmaline
may have been based to some extent on the emendation mvppd
(“flame-colored”) which was substituted by Furlanus for the
manuscript reading yvyxpd (“cold”) and was adopted by several
editors, including Hill. Wimmer has the manuscript reading in
the neuter form Ywypdv. Though the emendation seems to agree
better with the description of its color (“colorem igneum”) given
by Pliny,**® who apparently derived his information from this
account of Theophrastus, the manuscript reading is more suitable,
since it is evident from section 31 that the color of lyngourion was
yellow. The suggestion has been made that it was the stone known
today as the hyacinth or jacinth,*® but this seems to be partly due
to a confusion of mineralogical names. That lyngourion could have
been any of the gem varieties of zircon is highly improbable; no

164 ], De Laet, De Gemmis et Lapidibus Libri Duo (Leyden, 1647), p. 155. The text
reads: sane descriptio lyncuris non male convenit cum hyacintho Neotericorum.

165 T heophrastus’s History of Stomes, pp. 73-77.

168 Philosophical Transactions of the Royal Society of London, LI, 396.

167§, D. Dana, Manual of Mineralogy and Petrography (New York, 1909), p. 306.

168 XXXVII, 53.
169 See Encyclopaedia Britannica (14th ed.), s.v. hyacinth.
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ancient gems of zircon have been found, and since they occur
principally in Ceylon, it is unlikely that the ancient Greeks could
have been acquainted with them.

Though the hardness and transparency ascribed to lyngourion,
as well as its use for seals, suggest that it was a kind of precious or
semiprecious stone, certain of its qualities, as described by Theo-
phrastus, show that it was not an inorganic material at all. In par-
ticular the phrase xafdmep Aiflos (“like stone”), used with refer-
ence to its hardness, definitely indicates that it was not a stone, and
the electrostatic properties ascribed to it, though they could apply
to a polished gem, point to a more easily electrified substance such
as amber, which is of vegetable origin.

The explicit statements of Strabo, Dioscorides, and Pliny on
the nature of this substance have not been sufficiently considered
in many of the attempts to identify it. In his discussion of the ter-
ritory of the Ligurians, Strabo'™ remarks: “The lingourion,'™
too, is plentiful in their country, and some call this amber.”
Dioscorides says that “the urine of the lynx, which is called /yn-
gourion,™ is believed to be transformed into a stone as soon as it
is voided, and so it has a foolish story connected with it; for this
is what some people call the amber that attracts feathers ... ."""
In his discussion of the various names given to amber, Pliny says:

“Demostratus lyncurium vocat . . . alios id dicere langurium . .. 7*™

(Demostratus calls it Iyncurium . . . ; others call it langurium . . . ).
After discussing the varieties, properties, and uses of amber, Pliny adds
this statement: “De lyncurio proxime dici cogit auctorum pertinacia,
quippe, etiamsi non electrum id, tamen gemmam esse contendunt, fieri
autem ex urina quidem lyncis, sed et genere terrae, protinus eo animali
urinam operiente, quoniam invideat homini, ibique lapidescere. esse au-
tem, qualem in sucinis, colorem igneum, scalpique nec folia tantum aut
stramenta ad se rapere, sed aeris etiam ac ferri lamnas, quod Diocli
cuidam Theophrastus quoque credit. ego falsum id totum arbitror nec
visam in aeyvo nostro gemmam ullam ea appellatione.”'™ (The obstinacy
of authors compels me to speak next of lyncurium, for even though they
state that it is not amber but a precious stone, yet they assure us that
it is formed from the urine of the lynx, though it also contains a kind

1701V, 6, 2. 171 \eyyoipeor.
172 \yyyoUpios. 17311, 100 (Wellmann ed., I, 81, 3).
174 XXXVII, 34. 176 XXXVII, 52-53.
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of earth; the animal immediately covers up his urine because of his
envy of mankind, and there it turns into stone. Moreover, like amber
it has the color of fire, can be engraved, and attracts to itself not only
leaves or straws, but even thin pieces of bronze and iron, as Theo-
phrastus believes on the authority of a certain Diocles. I consider that
all this is untrue and that a precious stone of this name has not been
seen in our time.)

From these statements it seems likely that the substance variously
known as lyngourion, lingourion, lyncurium, or langurium was
none other than amber, and this identity has been upheld by some
commentators.'”® However, if the substance which Theophrastus
calls lyngourion was really identical with the one called electron,
it remains to be explained why he discusses them as though they
were different substances. Possibly he was unaware that the same
substance was known under these two different names. Certainly
his statements about the mode of origin of these two substances
indicate a lack of first-hand information that might easily have
led him to just such a confusion of names. On the other hand,
when he says that /yngourion had a high degree of transparency,
he does suggest that there may have been a real difference be-
tween this substance and the one called electron, since the striated
or clouded varieties of amber could not be so characterized. Pos-
sibly the name lyngourion was a special one applied only to flaw-
less varieties of amber valued for purposes of adornment, whereas
electron was the general name for amber, or the name applied to
the less valued varieties.

Finally there is the theory'™ that lyngourion was not genuine
amber but some sort of fossil resin either allied to amber or re-
sembling it, but this seems to be based on what Theophrastus
says about its mode of origin. His statements certainly indicate
that lyngourion was found only in the ground, which is not true
of genuine amber. However, it might also be inferred from what
he says in section 29 that electron was also found in the ground
and was therefore not genuine amber. Hence his statements give
no valid reason for regarding lyngourion as different from amber.
Actually, of course, the fanciful tale he tells about the formation

176 Blimner, Technologie und Terminologie der Gewerbe und Kiinste bei Griechen
und Rémern, Vol. II, pp. 381-82 (footnote).

177 Ibid., p. 382.
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of lyngourion shows that he personally knew nothing about this.
That lyngourion was not one of the soft fossil resins seems evident
from the remark he makes about its hardness.

On the whole, therefore, lyngourion can be identified with rea-
sonable certainty as either amber or some particular variety of
amber.

28. bits of wood.

In quoting this passage about the attractive powers attributed to
lyngourion, Pliny'" mentions leaves (“folia”) rather than wood.
For this reason Wimmer added the word ¢vAha (“leaves”) in
brackets after £Ghov (“wood”), indicating that the text may have
originally contained this word. Since Pliny is not always accurate
in his quotations, this is far from certain. However, the context
makes it clear that the word £¥hov should be understood to mean
bits of wood or shavings.

Theophrastus does not say that it is necessary to rub lyngourion
in order to induce its attractive power, but other ancient authors
also fail to mention this when they speak of the electrostatic at-
traction that amber displays. It is uncertain whether Theophrastus
was even aware of the necessary part played by friction in pro-
ducing this phenomenon, especially as his statements show that
he was dependent upon others for his information.

28. Diokles.

This is generally considered to be the earliest mention of Diokles
of Karystos, a famous Greek physician and writer of the fourth
century B.c. who in all likelihood was for some time a contem-
porary of Theophrastus at Athens. The significance of the allusion
to Diokles for dating this treatise of Theophrastus is discussed
in the notes on section 59.

28. it is better when it comes from wild animals rather
than tame ones and from males rather than females; for
there is a difference in their food, in the exercise they take
or fail to take, and in general in the nature of their bodies,
so that one is drier and the other more moist. Those who

178 XXXVII, s3.
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are experienced find the stone by digging it up; for when
the animal makes water, it conceals this by heaping earth
on top.

Theophrastus appears to be the first to relate this curious story,
but whether he was the actual author of it is uncertain. He may
have depended, as for some of his other information about lyn-
gourion, on the statements of other writers, or, as is even more
probable, he may be repeating a popular tale that was widely
known and believed. This story undoubtedly arose from the name
of the substance (lynx-urine), though its color and general ap-
pearance may also have been a factor in the origin of the story.
It is not unlikely that someone tried to invent an etymology for
the name after its original pronunciation and spelling had been
corrupted and its real origin forgotten. Though Theophrastus
fails to state explicitly in this treatise what animal was supposed
to produce lyngourion, the lynx is specifically named in all later
accounts. Thus, for example, the animal is so named in the ac-
counts of Dioscorides and of Pliny that have already been quoted.
The animal is also named by Pliny in other passages’™ dealing
with the subject, and in a fragment quoted by Photius™ Theo-
phrastus specifically names the lynx as the animal whose urine
was utilized for seals. Theophrastus does not say anywhere how
the liquid urine was transformed into the solid stony substance,
but Pliny is explicit on this point. In one place’* he states that the
urine either congealed or dried, and in another place,”* where
he seems to be depending more on the opinions of others, he says
that it was the urine of the lynx and a kind of earth that hard-
ened together to form the stone. Ovid™* remarks that the urine
hardened on contact with air. It is clear from the variety of the
explanations given by later authors, and even more from the other
variations in the details of the story, that it must have been widely
known, and lost nothing from being retold. The following passage
from Pliny shows how many alterations were introduced into the
story as it was passed along:
179 VIII, 137; XXXVII, 34.
180 Bipliotheca (Bekker ed.), p. 528, col. 2.

181 VIII, 137. 182 XXXVII, s52.
1838 Metamorphoses, XV, 415.

.114'



COMMENTARY

“Demostratus lyncurium vocat et fieri ex urina lyncum bestiarum, e
maribus fulvum et igneum, e feminis languidius atque candidum; alios
id dicere langurium et esse in Italia bestias languros. Zenothemis langas
vocat easdem et circa Padum iis vitam adsignat, Sudines arborem, quae
gignat in Liguria, vocari lynca. in eadem sententia et Metrodorus fuit.”'*
(Demostratus calls it /yncurium and says that it originates from the
urine of the animal known as the lynx, that of the male being reddish
and fiery, that of the female rather pale and even white; others call
it langurium, there being in Italy animals known as languri. Zenothemis
calls them langae, and assigns the region of the Po River as their habitat.
Sudines says that the tree which produces it in Liguria is called the

lynx. Metrodorus also was of the same opinion.)

Perhaps the most curious elaboration of the story was the be-
lief that the lynx hid its urine because it did not wish men to
possess the valuable stone formed from it."*® Pliny mentions this
strange belief in two passages.'®® one of which has already been
quoted. It is also mentioned in section 76 of the pseudo-Aristote-
lian work De Mirabilibus Auscultationibus. The passage reads as
follows: kai v Avyka 8é daot 70 opov karaxalvmrew dia 10
wpds dANa 7€ xpriowpov elvar kai Tas oppayidas. (They say that
the lynx also covers up its urine because it is useful for seals and
other purposes.) Though Theophrastus says nothing about this
curious belief in his account of the story in this treatise, it must
have been current in his day, since he takes the trouble to refute it
in the fragment quoted by Photius, which contains various exam-
ples of envy or jealousy felt by animals toward men. The pertinent
passage reads as follows: kat 7 Ay€ karaxpimrer 76 oUpov o7t
wpos Tas odpayidas kai mpos dANas xpelas émrndeov. AAN’ G7i
pév ob dia dfdvov Tavra mowel Ta {Pa dAN oi dvfpwmor ék THs
idlas vmolpews Tavmmp avrols mepupar ™y aitiav mwavri &7-
Aov.”® (And the lynx conceals the urine because it is suitable for
seals and other purposes. But it is obvious to everyone that animals
do not do this from envy, but that men have brought this charge
against them because of their own prejudice.) This passage, though
confirming the belief of Theophrastus that lyngourion was formed

18¢ XXXVII, 34.

185 Plutarch (Moralia, 962F, De sollertia animalium) seems to hint at this belief,
though he merely savs that lynxes conceal lyngourion.

186 VIII, 137; XXXVII, s52.

187 Text of Wimmer, Theophrasti Eresii Opera (Teubner ed.), II, fr. CLXXV, 10-14.
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from the urine of the lynx, also indicates that the credulity of
Theophrastus had its limits. Moreover, it seems to show that in
the treatise On Stones Theophrastus may have purposely omitted
the part of the story that accuses the lynx of hiding its urine
owing to envy or jealousy. It is not unlikely that this fanciful ex-
planation was generally considered an essential part of the story
in his day.

28.  This stone needs working even more than the other
kind.
This statement has been taken as evidence that lyngourion was a
very hard stone that was difficult to cut or grind, though this
difhculty is certainly not encountered in working amber. Whether
this statement is true is by no means certain, especially when it is
compared with the statements that precede it; but if it is assumed
that it is true or that it contains an element of truth, it may refer
only to the time needed for polishing the material when it is cut.
If this interpretation is accepted, the statement could refer to
amber as well as to a hard stone, so that it cannot be taken as
evidence that lyngourion was not amber or a variety of amber.

29. And since amber is also a stone—for the kind that

is dug up is found in Liguria—the power of attraction
would belong to this too.
Theophrastus has previously mentioned Liguria as a source of
amber in section 16. The boundaries of ancient Liguria were not
well defined; though the territory was probably restricted largely
to northwestern Italy at the time of Theophrastus, it extended far
along the coast of southern Gaul at an earlier date.’®® At no time,
however, did it include regions where amber occurred, nor was
amber found in any region near it at the time of its greatest extent.
The truth appears to be that amber was brought from the coasts
of the North and Baltic seas by trade routes through Gaul, and
that the Ligurians acted only as traders in this product.**® Theo-
phrastus, like all other classical Greek writers who touch on the
subject, apparently knew nothing about the real nature or the
real source of amber.

188 W, W. Hyde, Roman Alpine Routes (Philadelphia, 1935), pp. 43, 134.
189 1hid., pp. 42-43.
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Though Thales of Miletus is generally regarded as the first to
mention that amber has the property of attracting light particles
when it has been electrified by friction, his claim to this distinction
actually rests on very uncertain grounds. That Thales was the
first to mention this property can be inferred only indirectly from
the following statement of Diogenes Laertius in his discussion of
Thales: *Apworrorélns 8¢ kai Trnias dpaciv atrov kai Tois dyixors
peradidévar Yuxds, Tekparpduevor éx tis Nfov Tis payviridos
kai 7ob HAéxTpov.'” (Aristotle and Hippias say that, judging by
the behavior of the lodestone and amber, he also attributed souls
to lifeless things.) What Aristotle really says about this opinion of
Thales is as follows: €owce 8¢ kai Oalijs é€ dv dmournuoveovae
kumTkéy TL TV Yuxmy vmohafeiv, eimep Tov Nibfov édn Yuxmy
éxew dru Tov oidnpov kwelr™ (According to the reports made
about him, Thales also seems to regard soul as a motive force, if
indeed he said that the lodestone has a soul because it moves iron.)
In other words, Aristotle, whom Diogenes Laertius quotes, does
not even mention amber in his corresponding statement about
Thales. Of course it may be inferred from these two statements
that it was Hippias who said that Thales understood the attrac-
tive property of amber, but there is no way of confirming such an
inference because the works of Hippias are not extant. It may
even be that the allusion to amber in the statement of Diogenes
Laertius is the result of a late interpolation, as has been suggested
by Rossignol.’** The first clear indication that the ancients knew
about the attractive property of amber is given by Plato, who
very briefly alludes to it in his Timaeus,'*® though he denies that
it had a real power of attraction. The various statements of Theo-
phrastus in sections 28 and 29 are certainly the earliest account
of the properties of amber.

29. The stone that attracts iron is the most remarkable
and conspicuous example. This also is rare and occurs in
few places.

Though Theophrastus does not give a specific name to the lode-

19071, 1, 24. 191 De Anima 1, 2, 405A.
192] P, Rossignol, Les Métaux dans I'’Antiquité (Paris, 1863), p. 348.
193 8oC.

-II7-



THEOPHRASTUS ON STONES

stone in this passage, he has in a preceding passage (sec. 4) ap-
parently designated it as Aiflos ‘Hpaxheio. (“Heraclean stone”).
This seems to have been the common early Greek name for the
lodestone, since Plato in one place’™* specifically states that this
was what most people called it, and in two other places*® he uses
this as the name of the lodestone without special comment. How-
ever, the lodestone was frequently mentioned without the use of
a special name, as in the present passage and in the passage from
Aristotle that has just been quoted. It was sometimes described
simply as “the stone,” without any explanation that it was the
one that attracted iron. For example, Theophrastus so designated
it in the following passage in his History of Plants, where he
is referring to certain plants that affect lifeless objects: ras 8¢ kai
é\kew, domep 1 Aiflos kai 70 Hhexrpor.’*® (And some also have
the power of attraction, like the stone [sc. the lodestone] and
amber.)

Since the Greek world was so small and a very small area of
the carth had been explored for minerals at that time, this state-
ment of Theophrastus about the scarcity of the lodestone is un-
doubtedly correct for his day. Even at the present time specimens
of magnetite that are actively magnetic are not very common
in spite of the abundance of the mineral itself.

Although the statement in the present passage is a very early
allusion to the phenomenon of magnetism, it is by no means the
earliest that is known. As was indicated before, Thales of Miletus
was probably the first to allude to this phenomenon, but the
earliest direct statements about the lodestone and its special prop-
erty are those of Plato. The passages in Plato’s Jon constitute a
particularly vivid description of the way the lodestone attracts
iron. Though Plato in the Timaeus mentions amber and the lode-
stone together because of their attractive power, he does not sug-
gest any particular connection between the properties of the two
substances. Theophrastus is apparently the first to suggest ex-
plicitly that the lodestone should be classified with substances,
such as amber, which exhibit the property of electrostatic attrac-
tion. Thus he may perhaps be considered the first to hint at a

194 Jon, 533D. 195 Jom, 535E and Timaeus, 80C.
196 X, 18, 2.
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possible connection between what we now call electricity and
magnetism.

30. hyaloeides.

The name suggests some sort of glasslike stone, but it is mentioned
by no other ancient author, and the very brief description given by
Theophrastus is inadequate for certain identification. Various con-
jectures have been made by commentators. Hill,"" for example,
supposed that it corresponded to the astrion of Pliny,'** whereas
Werner'® suggested that it might have been moonstone, and
Lenz**° that it might have been a natural glass. Stephanides®* be-
lieved that various reflecting and transparent stones might have
been known by this name, particularly the lapis specalaris of
Pliny,”* which apparently included mica and selenite. Though it
is quite possible that various materials of a glassy nature received
the name vYaloeds, it seems unlikely that such soft minerals as
these were included, for Theophrastus is speaking of a stone or
igneous material upon which seals were engraved. The real ob-
jection to identifying it as one of the glassy minerals is that, with
the important exception of the various forms of quartz, all of which
appear to have been known by their own special names, practically
no specimens of engraved gems executed in such minerals have
come down to us. Therefore, it seems not unlikely that the name
may have been given to the various glass pastes that were by no
means uncommon as a material for seals at the time of Theo-
phrastus. About ten per cent of the engraved gems of the Hel-
lenistic and early Roman period that are listed by Furtwingler®®
were executed in glass pastes of various colors. One objection to
this identification is that Theophrastus would not be likely to list
an artificial product like glass among stones of natural origin.

197 T heophrastus’s History of Stones, p. 8o.

198 XXXVII, 132.

199 Cited by Moore, Ancient Mineralogy, p. 227.

200 Mineralogie der alten Griechen und Rémer, p. 21. The specific identification
given by this commentator is “bouteillenstein,” or bottle stone, a peculiar green natural
glass also called moldavite or pseudochrysolite.

201 The Mineralogy of Theophrastus, pp. 123-24.

202 XXXVI, 160-62.

203 Furtwingler, Die antiken Gemmen, Vol. 11, pp. 130-46, 153-73. This figure and

similar estimates mentioned elsewhere in this commentary are not given by Furt-
wingler but are based on his descriptions of antique gems.
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However, his statements in section 48 of the treatise, where fin-
ished ceramic ware is described as stone, suggest that he would
not have made any such distinction in classification. Judging
from the reference Theophrastus makes to glass and vitreous
earth in section 49, it is doubtful that he was aware of the artificial
origin of glass; and even if he understood its mode of origin, it
does not follow that he would have recognized that seals ex-
ecuted in paste were not made of a natural material, for since
they were engraved, they were very different in appearance from
large objects made out of glass by other methods.

30. anthrakion.

This is mentioned again in section 33. See the notes on that sec-
tion.

30. omphax.
The Greek word dudaé usually means an unripe grape or some
other unripe fruit, but it was often used in a metaphorical sense.”**
Perhaps Theophrastus is using it in this way here, as he appears
to be the only author to give dudaf as the name of a stone. Galen™”
lists a stone with a similar name called éudariris (omphatitis),
but, like Theophrastus, he gives no description. The name suggests
that the stone resembled an unripe grape, i.e., it was green in color
and in its natural state botryoidal. Furthermore, it is probable that
it was either transparent or translucent, since the other stones dis-
cussed in this part of the treatise were not opaque. Practically the
only mineral suitable for engraving that fulfills these conditions is
prehnite, a hydrous calcium aluminum silicate usually colored
apple-green by impurities and occurring normally in botryoidal
masses lining cavities in igneous rocks. Prehnite is capable of re-
ceiving a high polish and has been used in modern times for inlaid
work and ornaments.**® However, ancient engraved stones of prehn-
ite have apparently not been found, and though this may seem
to bring the identification into question, it should be noted that
surviving examples of ancient non-opaque green stones are scarce,

204 | iddell-Scott-Jones, Greek-English Lexicon, s.v.

205 De samplicium medicamentorum temperamentis ac facultatibus, 1X (Kithn ed.,
XII, 207).

208 Dana, Manual of Mineralogy and Petrography, pp. 317-18.
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even though early authors speak of such stones as though they
were common in their day. Possibly the stone was called omphax
only because of its color, and for this reason it may have been
some other stone such as green quartz. Stephanides™’ suggested
that it might have been the variety of quartz now known as
chrysoprase, a translucent form of chalcedony colored bright
green by nickel. Here again, surviving examples of seals made of
this material which would confirm the identification are lacking.
Both these identifications should be regarded as conjectural, since
the total lack of description makes it impossible to determine
which particular stone was called omphax.

30. rock crystal.

This is the generally accepted identification of xpdoraXhos, and
there can be little question that it is correct. In discussing crystal-
lus, Pliny*® refers to the Greek name as a word meaning a kind
of ice; he clearly describes the hexagonal form of crystalline
quartz, and even mentions the occurrence of variations in the
characteristic pyramidal terminations of the crystals. Though
Theophrastus lists it as one of the stones upon which seals were
engraved, the small number of examples contained in modern
collections of ancient engraved stones indicates that it was not
commonly used for this purpose in his day. However, numerous
specimens of engraved rock crystal of earlier date are known.
About five per cent of the carved Mycenaean stones described by
Furtwingler® and less than five per cent of the early Greek
gems are made of this material, whereas less than one per cent
of the stones ascribed to the Hellenistic and early Roman period
are made of it. In Roman times rock crystal was commonly carved
into relatively large objects such as dishes and drinking glasses,
and these seem to have been highly valued.**®

30. amethyst.
There is little doubt that the stone named duéfvoov by Theo-
phrastus was identical with our amethyst, a purple variety of
207 The Mineralogy of Theophrastus, p. 76.
208 XXXVII, 23.
209 Furtwingler, Die antiken Gemmen, Vol. II, pp. 7-18, 25-27, 37-69, 130-46, 152-

53, 153-73.
210 Pliny, XXXVII, 27-29.
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quartz. He mentions rock crystal and amethyst in one phrase as
though they belonged together, stating further that they were
found when dividing other stones. Colorless quartz and amethyst
are often found in this way, and sometimes they are found to-
gether, in veins or cavities of massive rocks. They are also found
lining the interior of geodes, and are revealed when these stones
are broken. In the next section Theophrastus notes that duéfvoov
was wine-colored. These meager characterizations of amethyst
are fortunately supplemented and confirmed by later writers.
Thus, Pliny speaks of amethystus in this way: causam nominis
adferunt quod usque ad vini colorem accedens, priusquam eum
degustet, in violam desinat fulgor.* (The reason for its name
1s said to be that it approaches the color of wine, but before it
reaches this color it shades off into violet.) In speaking of the
varieties of amethyst, Pliny also says this: quintum ad vicina
crystalli descendit albicante purpurae defectu™ (a fifth kind
approaches rock crystal very closely, the purple gradually fading
off into white). The second quotation accurately describes the
common kind of amethystine quartz which is only slightly or
partially colored. Though it is likely that the same name would
have been applied by the ancients to purple sapphire or purple
fluorite because they are similar in color, there are no stones of
this kind in collections of ancient engraved gems; this indicates
that amethyst. if not the only purple stone known to the ancients,
was at least the only one of this color that was engraved. About
three per cent of the engraved gems of the Hellenistic and early
Roman period that are catalogued by Furtwingler®® are made of
amethyst.

30. sardion.
The brief statements in this passage, when supplemented by what
Pliny*** says about sarde, show that odpSiov was a generic name
applied to those varieties of red chalcedony suitable for seals.
These stones are simply quartz colored with small amounts of
ferric oxide. Theophrastus plainly distinguishes two varieties: the
one which is described as translucent but redder than the other

211 XXXVII, 121, 212 XXXVII, 123.

213 Furtwiangler, Die antiken Gemmen, Vol. I, pp. 130-46, 153-73.
214 XXXVII, 105-107.
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was apparently identical with what is now called carnelian, a
bright red chalcedony of clear rich tint; whereas the darker kind
probably corresponded to what is now called sard, usually a deep
brownish-red chalcedony that becomes blood-red in color when
light shines through it, though the color of the stone is sometimes
so intense that it approaches black. It is interesting to note that
both Theophrastus and modern writers on mineralogy distinguish
only two varieties of red chalcedony suitable for gems, the differ-
ence being that a single name, suitably qualified, was used in his
day, whereas two distinct terms are now employed.

The ancients made abundant use of red chalcedony for seals,
as is shown by the large number of engraved stones of this ma-
terial that have survived to the present day, and apparently red
chalcedony was more often engraved by the peoples of the Aegean
region than any other kind of precious or semiprecious stone.
About twenty per cent of the Mycenaean engraved stones that
are listed by Furtwingler,”® thirty-five per cent of the early
Greek stones, and thirty-five per cent of the Hellenistic and early
Roman stones are made of red chalcedony. This early preference
for red chalcedony is noted by Pliny in these words: nec fuit alia
gemma apud antiquos usu frequentior™® (among the ancients
there was no precious stone in more common use). Carnelian was
apparently the variety generally preferred in the earliest periods,
and sard came into widespread use only in the Hellenistic period.
About forty per cent of the stones made of red chalcedony that
are listed by Furtwingler as Hellenistic are classified as sard,
whereas less than five per cent of such stones that belong to the
early Greek period are classified in this way. Possibly the ex-
haustion of the old sources of red chalcedony or the discovery
of new sources would account for this variation in distribution,
though it may have been simply the result of a change in fashion.

30. And there are others, as has been mentioned before,
which differ from one another, though they have the same
name.

No previous statement of this kind occurs in the treatise as it is

215 Furtwingler, Die antiken Gemmen, Vol. II, pp. 7-18, 25-27, 37-69, 130-46, 152-

53, 153-73.
216 XXXVII, 106.
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now known. However, at the beginning of section 23, where
the differences in stones used for seals are mentioned in a gen-
eral way, it is possible that something is missing that was con-
tained in the original form of the treatise. For this reason
Schneider proposed an emendation in section 23, which is listed
in the critical notes on the text.

31. And it is the same with the varieties of the lyn-
gourion, for the female is more transparent and yellow than
the other. Also, one kind of kyanos is called male and the

other female, and the male is the darker of the two.

The curious ancient distinction of sex in precious stones, which is
mentioned in other early works, was apparently not connected
with theories about the origin of stones, or even with the belief
that certain stones had the power to generate others. A possible
exception may be the supposed connection between the properties
of the lyngourion and the sex of the animals alleged to produce
the two varieties (sec. 28); Theophrastus is perhaps referring
to this again in the present section. However, this connection
should probably be regarded as accidental; for it was explained
in the notes on section 28 that in all likelihood lyngourion was
not an inorganic substance but either amber in general or a spe-
cial variety of amber. It seems significant that similar modes of
origin are not given for any true precious stone. It is likely that
the concept of sex in stones was current long before the invention
of the story about the lyngourion and was actually one of the
sources from which it originated. In general, this concept was
used to distinguish varieties of the same precious stone on the
basis of their color, their relative brilliancy, or some other dis-
tinctive property. Thus, as he shows by his statements in this
and the preceding section, Theophrastus relates sex in stones to
transparency or color, assigning the male sex to the kind that
are darker in color and the female sex to the ones that are paler.
Pliny relates sex in stones both to color and to the relative bril-
liance of varieties of the same stone. For example, he describes
the kinds of carbunculus in this way: Practerea in omni genere
masculi appellantur acriores et feminae languidius refulgentes™

217 XXXVII, 92.
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(Moreover, in each kind the more brilliant are called male and
those that shine with a fainter light are called female.) He also
makes a similar statement about sendastros.”® In discussing sarda,
whose varieties Theophrastus distinguishes only by their color
and transparency, Pliny has this to say: ez in his autem mares
excitatius fulgent, feminae pigriores et crassius nitent.””® (Among
these stones, too, the males glow more brightly, but the females
are rather dull and shine with a dimmer light.) It will be seen,
therefore, that according to this ancient concept of sex all stones
of a certain type whose characteristic properties were more pro-
nounced were called male, and those whose properties were less
pronounced were called female. Though Theophrastus is ap-
parently the earliest known writer to use this concept, his phrase-
ology indicates that he did not invent it but merely incorporated
it into his treatise as a method of distinction commonly under-
stood 1n his day.

Theophrastus also varies the grammatical gender of the word
used for stone, which sometimes appears as 6 Aifos and some-
times as ) Aiflos. Although the occurrence of this word in the
treatise has been carefully studied, no clear distinction in mean-
ing between the two genders has been found, and the problem
is not solved by the suggestion in Liddell and Scott’s lexicon that
the feminine usually applies to some special stone. What is proba-
bly near the truth is that the grammatical gender of the word
was unsettled in the early formative period of the language, so
that the word was used in either gender interchangeably. Efforts
were later made to straighten out the confusion by assigning spe-
cial meanings to each gender. Galen shows that the argument
not only concerned the word Aiflos but extended also to 6 7érpos
and 7 wérpa, the term used for hard stones and rocks; he points
out the futility of the attempted distinctions and shows his im-
patience in the following words: éumalw 8¢ Ty mérpav Aéyovow
On\vkds, ov Tov mérpov appevikds. . . . éyw yobv éfemirndes
€iwfa, perafBdllwv 7o ovépara, Aéyew ékarépws dmavra Ta
Towabra, mepl bv dxprioTws épilovaw éviol, Sewxvis Epyw undév
Bhamropérmy ™y cadivear Tijs épumreias, omorépws dv Tis

218 XXXVII, 101. 219 XXXVII, 106.
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220

elmp.”™ (And again they speak of stone in the feminine, not of
stone in the masculine. . . . At any rate, my custom is purposely
to interchange the names, and to adopt both methods of describ-
ing everything of that sort, which some people argue about so
unprofitably; for I show that in fact the clearness of the inter-
pretation is not harmed at all, whichever way one describes them.)

31. kyanos.

Theophrastus uses the word «vavos to designate two quite dif-
ferent types of material. In the present passage and in section 37,
it evidently means a blue precious stone; but in sections 39, 40, 51,
and especially ss, it is the name of certain natural or artificial
substances that were used as blue pigments. There is also the stone
called odmwderpos, but the statements of Theophrastus in section
37 and the descriptions of Pliny**! show that kyanos and sapphei-
ros were simply varieties of the same mineral. Since the latter
stone, as is explained in the notes on section 37, was almost cer-
tainly a variety of lapis lazuli, it is equally certain that the stone
called kyanos was also a variety of lapis lazuli; the difference ap-
parently was that sappheiros was the name given to the mineral
when it contained numerous scattered specks of iron pyrites,
whereas kyanos was the name used for the stone of solid blue
color, or at least the stone in which iron pyrites were not present
in noticeable proportion. Lapis lazuli ordinarily contains various
other impurities such as mica, calcite, amphibole, and diopside,
in addition to the intense blue mineral, lazurite, a complex sodium
aluminum sulfosilicate, which determines the color of the mixture
as a whole. In proportion to its content of lazurite, the color of
lapis lazuli varies from a very deep blue to a light or even greenish
blue. Probably Theophrastus is referring to these differences in
depth of color when he distinguishes the varieties of &yanos
according to sex. Though he lists kyanos among the stones used
for seals, lapis lazuli, which is frequently intersected by hard
crystals formed of minerals other than lazurite, is not very suitable
as a material for engraving, and its scarcity in modern collections
of ancient engraved gems shows that it was not often used for

220 De simplicium medicamentorum temperamentis ac facultatibus, IX (Kihn ed.,

XTI, 194).
221 XXXVII, 119.
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this purpose. However, it was extensively employed in ancient
times for various ornamental purposes, as is shown by the nu-
merous specimens that have survived. In Egypt, for example, it
appears to have been used ever since predynastic times for beads,
amulets, and other small objects,”** and very early specimens from
the Aegean region are known. But since there is no ancient or
modern source of lapis lazuli in the vicinity of the Mediterranean,
the stone must have been imported from a considerable distance.
Persia is often given as the source, but geological investigations
appear to show that it was, at the most, only a minor locality for
lapis lazuli, since no important deposits or indications of ancient
workings are known.”* The only definitely established source of
lapis lazuli for the ancient world is the very remote mine at Serr-
i-sang in the upper Kokcha Valley between Parwara and Lower
Robat, Badakshan, which some think was the only commercial
source in ancient times.***

31. onychion.
Though the description of this stone seems to fit what is now
called onyx, a banded chalcedony in which the layers, alternately
white and dark in color, lie in planes one above the other, the
word onychion has been used in the translation because there are
definite indications on other grounds that évvxwor had a broader
meaning than the English word onyx. There seems to be no rea-
son to doubt that the stone was banded chalcedony, since this is
practically the only kind of striped stone to be seen among sur-
viving examples of ancient engraved stones, but the term onychion
might have included striped chalcedony in which the layers are
not flat but angular, wavy, or concentric, varieties to which the
name agate is now assigned. The descriptions of onyx given by
Pliny,*** though in some respects obscure and contradictory, defi-
nitely show that at least in his day the term not only included
our onyx but striped agate also. That eye-agate, for example, was
classified as a kind of onyx is very clear from his account. Pliny’s

222 Lucas, Ancient Egyptian Materials and Industries, p. 456.

223 Partington, Origins and Development of Applied Chemistry, pp. 293, 416.

224 K, Briickl, Newues Jahrbuch fir Mineralogie, Geologie und Paliontologie, LXXII,
Abt. A (1936), 37-56; R. J. Gettens, Alumni (Revue du Cercle des Alumni des Fonda-

tions scientifiques & Bruxelles), XIX (1950), 342-57.
225 XXXVII, go-91.
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use® of the word onyx for alabaster or onyx marble is another
indication of the broad sense of the ancient term. Bliimner*” sug-
gested that the word onychion might have had a more restricted
meaning at the time of Theophrastus, or that Theophrastus was
only acquainted with a particular form of banded chalcedony.
This does not seem likely, however, since all the common varieties
of striped chalcedony were in use as gems at the time of Theo-
phrastus, and Theophrastus lists in his treatise nearly all the stones
then used for the purpose. Since he does not distinguish onyx,
sardonyx, and agate by special names, the best explanation is that
onychion was a general term that applied to these banded chalced-
onies as a class. So far as we know, Theophrastus is the first
writer to mention and characterize such stones.

Banded chalcedonies of all sorts were very popular in antiquity
as engraved stones, and some of the most beautiful ancient exam-
ples were executed in onyx or sardonyx. These were naturally the
most suitable stones for large cameos, and a few remarkable speci-
mens have come down to us.

31. achates.
Although the English word agate was derived from dxdrns and
the Greek word has often been translated in this way, it seems
reasonably certain that the ancient name did not have the same
significance. Though he mentions its beautiful appearance, Theo-
phrastus unfortunately gives no descriptive detail by which the
stone can be identified, nor does Pliny in his account of achates™*
give any clear description of the stones included under this term.
For the most part he merely lists varieties, though the names of
these, being based upon color or some other distinctive property,
afford some definite information. His brief characterization of
dendrachates, for example, indicates that achates included at least
one kind of true agate, the distinctive dendritic or moss agate,
and this identification receives confirmation from the beautiful
description of a stone with a similar name (dxdrns Sevdprijers)
contained in the Orphic poem Lithica®® of about the fourth cen-

226 XXXVI, 59-61.
227 Technologie und Terminologie der Gewerbe und Kiinste bei Griechen und Ro-

mern, Vol. 111, pp. 266-67.
228 XXXVII, 139-41. 229 332.38 (230-36).
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tury of our era. It is certain, however, that all the varieties of our
agate were not included under the term achates, for Pliny*
clearly describes banded agate and eye-agate as varieties of onyx.
Bliimner,** who thinks the ancient term was restricted to certain
kinds of agate, is probably not far from the truth, though it is
by no means certain that only variegated agate was included under
the term achates; for it seems evident from the descriptions of
Pliny that some stones were then included that would not be clas-
sified as agates at the present time. Since the ancient systems of
mineral classification were based upon appearance rather than
composition, it is likely that any kind of attractive stone in which
irregularly placed spots, streaks, veins, or other markings appeared
against a background of contrasting color would have received
the same general name, though probably it was usually applied to
irregularly marked chalcedony, and possibly to jasper, for these
forms of quartz are the most abundant and generally the most at-
tractive of the variegated stones.

31. theriver Achates.
According to the studies of Holm,*? this river was probably either
the modern Carabi or the Cannitello in southwestern Sicily.

32. Lampsakos.
This was a celebrated Greek settlement in Mysia, on the Hel-
lespont.

32. Astyra.
The name of the town to which the stone was sent is uncertain.
The manuscripts have orpav or orippdy, which cannot be cor-
rect. Turnebus changed this to Tipav, and De Laet suggested that
Tvpav would be better. But it is unlikely that Tyre, the city in
Phoenicia, is meant, as that was on the coast and the participle
avevexBeioms, which means “carried up,” suggests that the stone
was taken to some inland town. Actually, the Greek for Tyre is
T¥pos; thus TVpw appears in section 25. Furlanus proposed the

232

230 XXXVII, go-91.

231 Technologie und Terminologic der Gewerbe und Kiinste bei Griechen und
Romern, Vol. 1lI, pp. 261-62.

232 A, Holm, Beitrige zur Berichtigung der Karte des alten Siciliens (Liibeck,
1866), p. 15.
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accusative of odipa (“a hammer™). Schneider suggested *Aarvpa,
which is close to the manuscript reading. This form is the accusa-
tive neuter plural. Astyra was a town in the Troad, inland from
Lampsakos, and there was another place of the same name near
Antandros in Mysia.

Professor Gilbert Highet suggests that Srdreipav should be
read. This would mean that the stone was carved into a portrait
of Stateira, who was the wife of Alexander the Great.*®® Accord-
ing to this interpretation, dvevexfleions would mean “when the
stone had been brought up from the mine.”

32. the King.

That the king was Alexander the Great is indicated by a passage
in Pliny which reads as follows: Gemmae nascuntur et repente
novae ac sine nominibus, sicut olim in metallis aurariis Lampsaci
unam inventam, quac propter pulchritudinem Alexandro regi
missa sit, auctor est Theophrastus.™* (New gems which have no
names are also produced unexpectedly; for example, Theophras-
tus reports that a stone was once found in the gold mines at
Lampsacus which was sent to King Alexander on account of its
beauty.) However, it is not certain that Theophrastus does mean
Alexander; Pliny may have added the name on his own authority.

33. anthrakion.
Since avfpdxwov is evidently a diminutive of dvfpaf, Hill** and
later commentators®® thought that it might be the name of an
inferior kind of garnet, but the hints that Theophrastus gives
about the nature of the stone do not support this identification.
In the notes on section 18 it was pointed out that the word anzhrax
meant originally a glowing live coal, and was applied later to
stones of a similar red color; but since this word was also used
to denote charcoal, it is equally reasonable to believe that the
derived form anthrakion was one applied to very dark or black
stones. The statements made by Theophrastus agree with this
interpretation, for the anthrakion found at Orchomenos is de-
scribed as darker than another kind called the Chian, and this

233 Plutarch, Vitae, Alexander, LXX. 234 XXXVII, 193.

235 Theophrastus’s History of Stomes, pp. 88-89.
236 E.g., Moore, Ancient Mineralogy, p. 208.
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suggests that it was very dark in color, especially as the only
Chian stone mentioned by ancient authors was apparently a black
or dark rock variegated with spots or streaks of lighter-colored
mineral matter. It will be recalled that Theophrastus alludes to
this Chian stone in sections 6 and 7. What probably misled Hill
and other commentators is that Pliny,”" in quoting, or rather
paraphrasing, this passage of Theophrastus, placed it at the end
of his discussion of carbunculus, an error noted long ago by
Beckmann™® and by others before him. The use of the anthrakion
of Orchomenos for making mirrors also shows that it was proba-
bly not garnet, for the latter, even when polished, is not distin-
guished by a high reflective power, nor is it ordinarily obtainable
in pieces sufficiently large for such a purpose. Lenz*® concluded
that this anthrakion was obsidian, and though he gave no reason
for his identification, it is possibly correct, for Pliny**® speaks of a
mirror of obsidian as though it were not uncommon and men-
tions immediately afterwards that obsidian was used by many for
jewelry. When properly polished, this glassy rock yields a better
reflective surface than any other dark stone, and the possibility
that the ancients used obsidian for mirrors is supported by Beck-
mann, who remarks: “The image reflected from a box made of
it, which I have in my possession, is like a shadow or silhouette;
but with this difference, that one sees not only the contour, but
also the whole figure distinctly, though the colors are darkened.”**!
It is likely. however, that the obsidian mirrors of antiquity, being
greatly inferior to those made of metal, were for ornament rather
than utility. Against the identification advanced by Lenz it can
be said that Theophrastus has already assigned another name,
Liparean stone, to obsidian (sec. 14), but this may have been
only a local name for the stone. Also, the anthrakion of Orcho-
menos may have been a darker variety of obsidian than Liparean
stone, perhaps approaching pitchstone in density of color, and
was possibly for this reason given a distinctive name. Of course,
it is entirely possible that anthrakion was not obsidian at all, but
some other dark or black stone that could be given a high polish.
237 XXXVII, o7.
238 History of Inventions, Discoveries, and Origins, Vol 11, pp. 67-68.

239 Mineralogie der alten Griechen und Rémer, p. 22.
240 XXXVT, 196. 241 Op.cit., Vol. 11, pp. 65-66.
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Few attempts have been made to identify the stones from Troe-
zen and Corinth which also came from the Peloponnesus. One
suggestion is that they were varieties of anthrakia and therefore
inferior kinds of garnet. Neither the general sense of the passage
nor the remarks on the appearance of the stones support this
interpretation, which may also be due to the careless quotation of
Pliny. It seems far more likely that the stones from Troezen and
Corinth were not anthrakia at all, but some other stones of at-
tractive appearance. From the imperfect descriptions given by
Theophrastus it is difficult to determine specifically what the
stones were, but probably they were certain kinds of variegated
quartz, such as colored jaspers, which are not uncommon in the
general region around these two places.

34. the remarkable ones are rare and come from a few
places.
Hill*** in his translation assumes that Theophrastus is speaking
here of places from which the more valuable kinds of garnets were
obtained, but he seems to have misunderstood the real meaning
of this section as well as the preceding one. Actually, Theophrastus
is simply mentioning certain important foreign localities from
which the more valuable kinds of precious stones were obtained.

34. Syene near the city of Elephantine.

Syene was situated on the east bank of the Nile just below the
First Cataract. The site is now occupied by the town of Aswan.
Elephantine was a city directly opposite on the southern end of
the island of the same name. Though this district was known as
the source of an inexhaustible supply of building stone, princi-
pally granite, there is no evidence that precious stones were ever
found in the immediate vicinity of the two cities. Therefore, it
would appear that Thcophrastus is speaking of these places only
as exporting points for precious stones that were found elsewhere
in the country. Carthage and Massalia, mentioned just previously,
are apparently referred to in the same way.

34. Psepho.
The name Wedd, which is used here as a genitive, is not found

242 Theophrastus’s History of Stones, pp. 89, 91.
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elsewhere. Salmasius suggested ¥eSd as an emendation, and Hill
adopted this but printed it incorrectly as ¥nBa.*** Psebo is a place
mentioned by Strabo*** in his description of Ethiopia as a large
lake containing a populous island. Here the word appears in the
nominative as YeB& (Psebo). The modern name is Lake Tana,
and the large island in it is called Dek Island. Possibly in ancient
times this island or certain surrounding territory took the name
of the lake, and it is to one or both of these that Theophrastus
makes reference.

35. Bactriana.

An alternative translation is Bactria, the more usual name for this
extensive ancient country. Though its boundaries are not entirely
certain, it lay north of the Hindu Kush range, and most of it was
between this mountain range and the Oxus River.

Previous commentators have generally assumed that these stones
collected for mosaics were smaragdoi. Though it is true that
smaragdos is mentioned in the first sentence of this section, they
probably made this assumption because Pliny*® says the smarag-
dus of Bactriana was found in essentially the same manner as the
stones that are mentioned here. However, Pliny appears to have
obtained his information from this very passage in Theophrastus,
and in making his own version he introduced this mistake in
identification. Pliny made a similar mistake when he supposed
that the stones mentioned in section 33 of this treatise were varie-
ties of the carbunculus. Clear evidence that he often misinterpreted
the Greek of Theophrastus, or at least sometimes distorted his
quotations, is contained in Book XXXVI, section 156, of the
Natural History, where, after naming his authority, he gives a
quite inaccurate version of a passage in the History of Plants.
Bailey®® discusses this particular case in detail. Apart from this
statement of Pliny, which is found to be wrong, there is no rea-
son for supposing that these stones found in the desert were
smaragdos.

There is nothing inherently improbable about the way in
which the stones are said to have been found, since the sorting

243 [bid., p. 9o; C. Salmasius, Plinianae Exercitationes (Utrecht, 1689), 269 a G.

244 XVII, 2, 3. 245 XXXVII, 65.
246 The Elder Pliny's Chapters on Chemical Subjects, Part 11, p. 26s.
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action of the wind in blowing away lighter sand particles would
tend to leave behind the large grains and pebbles. It is probable
that the fragmentary rock material collected in this manner con-
sisted of different kinds of colored quartz.

36. Among choice stones there is also the one called
the pearl.

The high value placed upon pearls by the ancients is evident from
the statements of all early authors who touch on the subject. Pliny,
for example, begins his elaborate account of the pearl®*’ by saying
that it holds the highest position among all objects of value,
though in another place®™® he ranks it second among the precious
stones.

The adjective 8cadarrs has been translated as “translucent,”
since “transparent,” the usual meaning, is not appropriate to the
pearl. Salmasius thought that the negative ov should be added
so that the meaning would be “not transparent.” Hill accepted
this reading, but Wimmer did not. It does not seem necessary
to change the text.

The eight Greek words in brackets (m\jv . . . edueyéfins)
are not in the manuscripts or in Aldus but were taken by Schneider
from the text of Athenaeus (III, 93), where they are attributed to
Theophrastus.

36. pinna.

This name is now assigned to a genus of large bivalve mollusks
which inhabit warm seas. The species common in the Mediter-
ranean, to which Theophrastus is probably referring, was the
first that was known, and so became the type for the genus. The
Mediterranean pinna attains a length of about two feet. D’Arcy
Thompson includes it in his list of Greek fishes under wivvm or
miva (Latin pinna or perna), but he does not give an English
name for it. He says that it is a pre-Hellenic word.™®

36. it is produced in India and certain islands in the

Red Sea.
Pearl fisheries are still operated today in the Red Sea, the Persian

247TX, 106. 248 XXX VII, 62.
249 4 Glossary of Greek Fishes (St. Andrews University Publications, No. 45; Ox-
ford University Press, 1947), p. 200.
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Gulf, and along the coasts of India.”*® In Herodotus the Red Sea
(CEpvfpn fdhacoa) meant the Indian Ocean, in which the Ara-
bian Gulf (ApdBios kéAmos), now known as the Red Sea, was
sometimes included. Later the term was also used for the Persian
Gulf, e.g., in Diodorus (11, 11), and probably that is the meaning
here.

37. But there are some others.
In this section Theophrastus mentions certain dull opaque orna-
mental stones. Sappheiros has already been listed twice (secs. 8
and 23) along with valuable stones, but the closing sentence of
section 36 indicates that the other materials mentioned in this
present section were rather common and not highly valued.

37. fossil ivory which is variegated with white and dark
markings.
Though 8pukrds really means “dug up” rather than “fossil” in
the usual modern sense, it would seem that both meanings are
equally applicable in this case, for the material was apparently
derived from the tusks, teeth. or, less probably, the bones of fossil
animals. Possibly this even refers to ivory in the strict sense of
the term, for the storv of Pliny*** about elephants burying their
tusks seems to imply that the ancients recovered some ivory from
the ground, though it is more likely that they dug up the tusks of
mammoths and mastodons and that this was the real basis of
Pliny’s statement. Even in modern times a considerable amount
of so-called ivory has been obtained from such fossil remains, par-
ticularly in Russia. The allusion to the mottled dark-and-white
appearance of the material is readily understandable, since fossil
tusks or teeth are often partly discolored by mineral or organic
matter. Hill*** pointed out that the word pé\ar in this passage
does not necessarily mean “black,” which is its most common
meaning; for the same word is used immediately afterwards with
reference to sappheiros, where the meaning is clearly “dark” in
the sense of “dark blue.” He therefore suggested that the meaning
in this passage might also be “dark blue” and that the so-called

250 E. H. Kraus and E. F. Holden, Gems and Gem Materials (New York, 1925),

p. 184.
251 VIII, 7. 252 Theophrastus’s History of Stones, pp. 94-95.
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fossil ivory of Theophrastus was a substance of mottled blue-and-
white color, not really ivory at all, but the mineral known as tur-
quoise. Some later authors, e.g., Lenz**® and Bailey,” have ac-
cepted this suggestion and have attempted to improve upon it
by proposing that the material in question was not true turquoise,
which is often light blue or green, but false turquoise or odonto-
lite, which consists of fossil bones colored blue by vivianite, a
hydrated iron phosphate. However, since all these identifications
are based on the assumption that the material which Theophrastus
calls fossil ivory was partly blue in color, they must be considered
as little better than conjectures. As evidence against them it should
be noted that Pliny discusses turquoise®® and fossil ivory*® in
separate places, and when he mentions fossil ivory, he directly
quotes this passage of Theophrastus and other passages about
bones found in the earth and bony stones, most of which were
clearly fossil remains. Though Theophrastus classifies fossil ivory
as a stone, it does not follow that the identification that has been
suggested is wrong, since elsewhere in the treatise he classifies
amber and coral, also of organic origin, in the same way.

37. sapphetros.
It is certain that the odmdepos or sapphirus of the ancients was
not the same stone as the transparent blue gem now called the
sapphire. Theophrastus lists it here with other opaque minerals,
and by comparing it with the kyanos implies that it was dark blue
in color. Pliny, though apparently following Theophrastus in
part, specifically states that it was blue and never transparent.*”
The statement of Theophrastus in section 23 that sappherros seems
to be spotted with gold is especially important for its identifica-
tion. Pliny states in one passage® that eastern sapphirus was a
stone in which gold sparkles, and in a second passage® that it
was refulgent with spots like gold; and in a third passage™ he
compares it with another stone that was covered with drops of

253 Minerdlogie der alten Griechen und Romer, p. 23.
254 The Elder Pliny’s Chapters on Chemical Subjects, Part I, pp. 253-54.

285 The callaina of XXXVII, 110-12. 256 XXXVI, 134.
257 XXXVII, 120. 258 XXXIII, 68.
259 XXXVII, 119. 260 XXXVII, 139.
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gold. Dionysius Periegetes™ also confirms these descriptions,
which can only apply to dark-blue lapis lazuli containing dis-
seminated specks of iron pyrites. Owing to their appearance, these
were naturally mistaken for gold by the ancients. This variety
of the mineral is by no means rare. Lapis lazuli of solid color, or
at least the kind that did not contain conspicuous amounts of
pyrite, was given the name kyanos, as is explained in the notes
on section 31. Pliny*** remarks that sapphirus was not suitable for
engraving when intersected with hard particles, and it is quite
probable that because of the presence of pyrite, and possibly other
hard crystalline minerals, the stone was rarely engraved but was
simply used as a plain ornamental stone. Examples of ancient lapis
lazuli speckled with iron pyrites have been found, and it is re-
ported®®® that an ancient imitation made of blue glass containing
grains of gold has even come to light.

37. prasitis.
The quantity of the middle vowel of wpacires is uncertain. The
Aldine text has wpaciris, and this accent was accepted by Wim-
mer. In this same passage aipariris also appears as aipariris.
However, in the lexicon of Liddell-Scott-Jones both nouns appear
with a long middle vowel like others of the same termination.

That prasitis was a green stone of some kind is clear both from
its name and from the remark that Theophrastus makes about its
color. The name was apparently derived from wpdoov (“a leek”),
and so mpaoiris was probably a stone having a leck-green (dull
dark-green) color. Theophrastus actually says that it was rusty
(iddns) in color, but this must refer, not to iron rust, but to the
patina of bronze or copper rendered in the translation as “verdi-
gris.” In previous attempts to identify the stone, commentators
generally have supposed that it was one of the various transparent
or translucent green stones. Hill,*** for example, thought it was
“root of emerald,” referring probably to prase; Lenz** identified

261 1105,

262 XXXVII, 120.

263 Partington, Origins and Development of Applied Chemistry, p. 118.
264 Theophrastus’s History of Stones, pp. 96-97.

285 Mineralogie der alten Griechen und Romer, p. 23.
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it as bluish-green fluorite; and Stephanides®™ suggested that it
was beryl or chrysoberyl. That any of these identifications is cor-
rect seems very unlikely, for both the immediate context and the
general content of the section show that Theophrastus is speaking
of an opaque green stone. Though it is reasonably certain that
prasitis was green and opaque, the lack of detailed description
makes its specific identification almost impossible, Possibly it was
the same as the prasius of Pliny,”” who lists it as a common stone,
one variety of which was evidently the same as our heliotrope, a
kind of dark-green chalcedony or jasper marked with spots of red
jasper. The statement about its color in the present passage tends
to show that prasitis was green jasper, though the possibility still
remains that it was serpentine or some other common green
opaque stone. Like many other ancient mineral names, prasitis
may have been a generic term and may therefore have denoted
any dark-green opaque stone. Cylinders, seals, and various ob-
jects made of green jasper and other kinds of green opaque stone
were in use in the Aegean region from early times, as is clear
from the numerous finds that have been made.**

37. haimatitis.
All previous commentators have identified this as hematite, na-
tive ferric oxide; apparently they assumed that it was the same
as the haematites of Pliny,”” a term which certainly included
most varieties of the mineral now called hematite. However,
Pliny also mentions®™® a precious stone called Aaematitis, and it
seems more logical to suppose that aipariris corresponded to this,
for Theophrastus is clearly referring to a mineral substance of this
kind. Furthermore, Theophrastus describes it in accordance with
its name as having the color of dried blood, and Pliny also states
that haematitis was blood-red in color; but these descriptions do
not apply to the kinds of hematite that are hard enough for use as
ornamental stones, since these varieties of the mineral are black,
steel-gray, or, at the most, a dark-brownish red inclining to black.
Only the streak that appears in these varieties and the soft compact

266 The Mineralogy of Theophrastus, pp. 103-104.

267 XXXVII, 113,
268 Partington, Origins and Development of Applied Chemistry, pp. 325, 359.
269 XXXVI, 144-47- 270 XXXVII, 169.
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kinds of hematite exhibit the pronounced red color from which
its name was derived.

Since Theophrastus is speaking here of an opaque stone, Aaima-
titis could not have been any of the transparent or translucent red
stones such as garnet or carnelian, though the practical certainty
that these were always known by other names is itself sufficient
warrant for rejecting them. The only common red opaque stone
extensively used by the ancients was red jasper, an impure form
of silica colored by ferric oxide, and it seems very probable that
this was the harmatitis of Theophrastus. The allusion to its dull
texture agrees well with the suggested identification, though it
is probable that other stones of the same general appearance, such
as red felsite, would have been given the same name by the an-
cients. Pliny*"* names Africa as a locality for haematitis and men-
tions its various uses as an amulet, all of which tends to support
the identification here advanced, for red jasper is of common
occurrence in northern Africa and it is known that the Egyptians
obtained it locally and frequently used it for amulets and orna-
mental purposes.”

37. xanthe.
Though different in color, this stone was probably dull and opaque
like the haimatitis, since the close relationship between the two
stones implies that they were similar. Pliny*”® names xuthos as a
stone of the same class as his Agematitis, and it is almost certain
that xuthos is the Latin equivalent, probably corrupt, of £avéy,
for Pliny seems on the whole to be following the statements that
Theophrastus makes here. Since Aaimatitis was probably red jas-
per, it seems very probable that xanthe was yellow jasper. These
two varieties of jasper are similar in all respects except color; even
the color is due to iron oxide in both stones, but the difference is
that in yellow jasper the oxide is in the hydrated form. Further-
more, red jasper and yellow jasper are often found together, some-
times in the same small piece, and this mode of occurrence proba-
bly explains why the close relationship between these two kinds
of impure quartz was early recognized. Numerous ancient ob-

271 XXXVII, 169.

272 Jucas, Anctent Egyptian Materials and Industries, p. 454.
273 XXXVII, 169.
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jects of yellow jasper have been found, and since it appears to
have been the only opaque yellow stone extensively used in an-
tiquity, there is strong support for the identification given here.
Yellow jasper was easily available to the peoples of the Mediter-
ranean region. In particular, Lucas®™ mentions Sicily and the
vicinity of Smyrna in Asia Minor as localities for this stone.

38. coral.

The spelling xovpdAwovr which appears in the text is a variant
of the more usual kopdA\iov. In all probability, Theophrastus is
referring here to the precious red coral, Corallium nobile, a species
almost entirely confined to the Mediterranean. Both Dioscorides®’®
and Pliny*® clearly describe its characteristic form and color. It
1s this variety of coral which has been the most important com-
mercially since very early times, owing to its striking color, luster,
and fine texture. Red coral occurs frequently along the coasts and
around the islands of the Mediterranean, and although the most
important fisheries are now located off the African coast, it is
still gathered in various areas along the northern side. The im-
portant localities are the coast of Provence, around Corsica and
Sardinia, and in the vicinity of Naples and Genoa. In ancient
times the northern localities were perhaps the only ones known,
but Dioscorides mentions the promontory of Pachynos near Syra-
cuse as the most important. This was the southernmost cape of
Sicily, now known as Capo di Passaro. Pliny mentions various
other localities, most of them around Italy. The manufacture of
articles of red coral has for centuries been centered in Italy, par-
ticularly at Rome, Naples, and Genoa, and this is still true at
the present day.

There is little literary evidence that the Greeks used coral to
any extent for jewelry or other ornamental purposes. Since re-
cent excavations of the sites of ancient Greek cities have yielded
no coral ornaments,” it is likely that they did not value the ma-
terial for such purposes. However, there is abundant evidence that

274 Apncient Egyptian Materials and Industries (London, 1934), p. 347.

275V, 138 (Wellmann ed., V, 121).

276 XXXII, 21-22.
217§, J. Hickson, An Introduction to the Study of Recent Corals (Manchester, 1924),
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it was highly prized as an ornament by various Oriental peoples
in ancient times, and that it was extensively exported from the
Mediterranean region as an important article of commerce. Coral
appears to have been used by the Greeks and Romans mainly for
medicinal purposes.””® This belief in the special curative value of
coral lasted well into modern times, for it was included in stand-
ard lists of drugs and in works on therapeutics as late as the last
century.”” Red coral has long been supposed to possess magical
properties; it was therefore worn as an amulet in ancient times,
especially by children, and this practice has by no means dis-
appeared today.

Apparently Theophrastus was not sure whether coral should be
classified as a stone or as a plant. Pliny, on the other hand, was
doubtful whether to classify it as a plant or as an animal; for
though his descriptions lead one to suppose that he considered it
to be a plant, his chapter on coral is included in his book on sea
animals and the remedies derived from them. This illustrates the
difficulty that naturalists have had until recent times in classify-
ing coral. In his notes on this passage, Hill reflects the confusion
that existed in his day when he says:

“The Nature and Origin of Coral has been as much contested
as any one Point in natural Knowledge; the Moderns can neither
agree with the Antients about it, nor with one another; And there
are at this Time, among the Men of Eminence in these Studies,
some who will have it to be of the vegetable, others of the mineral,
and others of the animal Kingdom.”** Hill's own conclusion,
which he defends at length, was that coral is a plant, and he
roundly criticizes those who think otherwise. But he changed
his mind in his second edition, where he says it belongs to the
animal kingdom. The animal nature of most of the corals was not
understood until after the middle of the eighteenth century.?®

278 Djoscorides, V, 138 (Wellmann ed., V, 121); Pliny, XXXII, 24.

279 E g, A. Stillé and J. M. Maisch, The National Dispensatory (Philadelphia, 1880),
pp. 464-65.

230 Pliny, XXXII, 24.

281 T heophrastus’s History of Stones, pp. 97-98. But see 2nd ed., pp. 164-69.
282 Hickson, An Introduction to the Study of Recent Cordls, pp. 11-14.
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38. And in a way the petrified Indian reed is not very

different in its nature from coral. But this is a subject for
another inquiry.
Indian reed itself (vducos kdhapos), which is described by Theo-
phrastus in his History of Plants,*® appears to have been a species
of bamboo. The meaning of the term “petrified Indian reed” is
very uncertain. The allusion may be to bamboo or some other
reed incrusted with calcareous sinter or to a true plant fossil.
Among the works ascribed to Theophrastus by Diogenes Laer-
tius®™* is a treatise On Petrifactions in two books. This lost work
probably contained a systematic treatment of fossils as distinct
from ordinary stones and minerals. The final sentence of this sec-
tion may be an indication that this work was written after the
treatise On Stones.

39. Some of these contain gold and silver at the same

time, but only the silver can be seen clearly.
Such sulfide minerals as pyrite and galena often contain small
amounts of gold and silver as impurities, and galena, which itself
is silver-colored, is the chief modern source of silver. Since galena
was also the source of the silver at the famous Laurion mines in
Attica, it seems very likely that Theophrastus is alluding to it here.
There is ample evidence that the citizens of Athens were familiar
with the operations at these mines, and it is improbable that a
philosopher like Theophrastus, with his special interest in scien-
tific matters, would have had no technical information about the
minerals and the processes used at the mines, especially since there
was renewed activity in silver mining at Laurion® during the
latter half of the fourth century, when this treatise was written.

The metallic appearance of certain natural sulfides is noted by
both Dioscorides®™® and Pliny.*** Though specific names are given
by these authors to some natural sulfides that resemble metals in
appearance, there is no evidence that a special name was given to
any of these minerals at the time of Theophrastus.

283 IV, 11, 13.

284V, 2, 42.

285 T. A. Rickard, Man and Metals (New York, 1932), Vol. I, pp. 397-98.

286V, 115-17 (Wellmann ed., V, 100-102).
287 XXXIV, 121.
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39. They are rather heavy in weight and have a strong

odor.

The sulfides are distinguished as minerals by their moderately high
specific gravity. The mention of odor also indicates that sulfide
minerals are meant. Though the pure minerals are odorless, on
oxidation they easily give rise to sulfur dioxide, and this has a
characteristic odor which is sharp and disagreeable. The strong
odor that arose from heating sulfide minerals was certainly well
known to the ancients, as the operation must have been frequently
performed in mining districts. At Laurion, for example, it is very
probable that galena was roasted on a large scale as a preliminary
step in the reduction of the ore.”™ Furthermore, certain natural
sulfides, such as marcasite, yield traces of sulfur dioxide and hy-
drogen sulfide when they are exposed to the weather, and their
odors become strong when the minerals are broken. Both Dios-
corides®™® and Pliny* allude to the disagreeable odor of certain
partially decomposed sulfide minerals.

39. There is also natural kyanos which contains chryso-

kolla.

Theophrastus has just mentioned certain minerals or ores that
resemble metals; he now proceeds in a characteristic way to men-
tion certain ores that are unlike metals in appearance. From the
notes on section 26 it will be seen that ypvooxkéA\a was a name
used by Theophrastus for any bright-green copper mineral of an
earthy nature. In this passage when he speaks of a blue mineral
that contains a green copper mineral, the association of the two
helps to fix the identity of both, since the only two ore minerals
of these colors that are combined in this way are azurite, a dark-
blue basic copper carbonate, and malachite, a bright-green basic
copper carbonate. These two are very commonly found together,
often intermingled or superimposed on each other. Forms are also
known that contain an inner core of malachite surrounded by
azurite. Beautiful specimens of intermingled azurite and mala-
chite have been found at Laurion. Malachite is the more abundant
mineral of the two and is often found alone; with or without the

288 Rickard, Man and Metals, Vol. 1, p. 381.
289V, 118 (Wellmann ed., V, 103). 280 XXXIV, 120.
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associated azurite, it was almost certainly the most important
source of copper in antiquity. It should be especially noted that
Theophrastus, in speaking here of kdavos adrodujs (native or
natural kyanos), means a particular mineral. For information on
the various natural and artificial products that were included
under the general name kyanos, see the notes on section 5.

39. There is another stone which is like glowing coals
tn color.
The Greek is ambiguous here, since the word dvfpaé. can refer
either to charcoal, presumably in the form of glowing coals, or
to a red precious stone. This red ore or mineral was probably
cuprite, native cuprous oxide, which may be deep red or nearly
black in color. So far as color is concerned, the allusion might
be to pyrargyrite, otherwise called ruby silver or dark-red silver
ore, a silver sulfantimonite. However, cuprite is more likely, be-
cause in the same passage Theophrastus mentions two other ores
of copper, both of which are commonly found associated with
cuprite.

40. In general a great many unusual types of such stones
are found in mines.
Theophrastus evidently knew that a large number of mineral
species existed, and the few that he mentions here and in later
sections appear to be given mostly as examples of certain classes.
The distinctions which he makes about the physical form or prop-
erties of mineral substances also appear to be given only as exam-
ples. His concluding remark in this section shows that he knew
that other distinctions were possible.

41. the Magnesian stone.
It is evident from the descriptions given by Pliny and other an-
cient authors that various minerals of different chemical com-
position came from localities bearing the name Magnesia and were
named after them. A white kind which Pliny*" says was some-
what like pumice and which came from Magnesia in Asia Minor
apparently corresponds to the one that Theophrastus mentions
here. Various conjectures have been made about the identity of

291 XXX VI, 128.
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this stone. Blimner** thought it was magnetite, and Stephani-
des® suggested marcasite, but both identifications are improbable,
for Theophrastus is speaking here of a stone that can be worked
on the lathe, and the brittleness and hardness of both these minerals
would prohibit the use of such a technique, especially with the
appliances available to the ancients. Stillman®* suggested that it
might have been marble, dolomite, or gypsum. Though it is not
improbable that gypsum in the form of alabaster might be in-
tended, the most likely conjecture was made by Moore,”* who
believed that the Magnesian stone of Theophrastus was a form of
talc. This identification best fits the conditions to be fulfilled:
it was a soft mineral substance that could be easily turned on a
lathe, it was available in large pieces, and it was white and in
some way resembled silver. Some varieties of this hydrous mag-
nesium silicate exhibit a characteristic white pearly or silvery
luster. The stone mentioned in the next section was probably an
impure form of the same mineral.

42. In Siphnos there is a stone of this kind which is dug
up about three furlongs from the sea.
Siphnos is an island in the Aegean Sea northeast of Melos. Three
stades, here translated as furlongs, are equivalent to about 1,820
feet. Pliny**® is the only other ancient author who describes the
stone found on Siphnos, and he appears to have obtained his in-
formation about it mainly from the present passage, though he
adds that the green stone found at Comum (modern Como) in
northern Italy was put to the same uses. It seems probable that
this stone found on Siphnos was the variety of impure steatite or
soapstone called potstone, usually greyish green to dark green in
color and so soft that vessels of almost any shape can easily be
carved from it. Though Fiedler®" was unable to obtain any evi-
dence that potstone occurred on the island, this does not prove it

292 Technologie und Terminologie der Gewerbe und Kiinste ber Griechen und
Rémern, Vol. 111, p. 278.

293 The Mineralogy of Theophrastus, p. 159.

294 M. Stillman, The Story of Early Chemistry (New York, 1924), p. 72.

295 gncient Mineralogy, p. 156.

298 XXXVI, 159.

297 Cited by Blimner, Technologie und Terminologic der Gewerbe und Kiinste bei
Griechen und Romern, Vol. 1lI, p. 66.
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was never present there, since a fairly large local deposit could have
been completely worked out by ancient operations.

42. When it is heated in the fire and dipped in oil, it
becomes very black and hard; and dishes for the table are
made out of it.

The blackening of the stone when it is fired and dipped in oil is
a phenomenon that is readily understood. If the stone dishes were
heated to the proper temperature and then dipped in a vegetable
oil, which probably was the kind employed, black carbonaceous
matter caused by the pyrolysis of the oil would be deposited on
the surface of the stone and to some extent in the pores below
the surface. A simple experiment was performed which showed
how readily this takes place. One end of a green soapstone block
ten centimeters long, three centimeters wide, and one centimeter
thick was heated in a gas flame until it was red-hot, and then the
entire block was plunged into olive oil. No change of color was
observed during the heating, but when the block was plunged
into the o1l the heated part became black rapidly, while the rela-
tively cool end of the block simply darkened slightly from absorp-
tion of oil by the stone. The blackening was more intense and
occurred more rapidly in the place where the stone had reached
the highest temperature. When the process had been repeated
twice, the color of the part that had been treated became a deep
black. Possibly this method of successive treatments was the one
actually employed in ancient times, though Theophrastus does not
say this. It was also noticed that the blackened stone had a some-
what greater surface hardness than either the untreated stone or
the stone treated with oil at room temperature. The results of the
experiment show that the statements of Theophrastus are quite
accurate in this passage, as they are in other parts of the treatise
whenever he seems to speak from his own knowledge. Probably
the main purpose of treating the stone with oil was to harden it
and make it less porous, though the process may also have im-
proved its appearance. Dishes and other objects made of various
kinds of steatite were widely used in ancient times, as is shown
by the large numbers that have been found. Black examples are
not uncommon, but apparently it is not certain whether their color
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is due to the impure steatite from which they were made or
whether it is the result of use or of some artificial treatment such
as the one that has just been described.

43. others can be carved with iron, but only with rather

blunt tools.

In spite of the lacunae in the text, it is easy to understand the
paradoxes which Theophrastus mentions in this and most of the
following section. He is evidently puzzled by the contrast be-
tween the hardness of mineral substances and the ease with which
they can be split or broken. Many minerals or rocks cannot be
scratched or cut by ordinary iron tools because of their surface
hardness, yet because of their low cohesive strength they can be
split or chipped easily by blows from a blunt iron tool. However,
one might expect a priori that because they are hard they ought
also to resist forces that tend to break them. As is well known,
even diamond, the hardest of minerals, can be split with no great
difficulty. When one mineral can easily scratch or cut another,
the difference in their cohesive strength may sometimes be such
that the harder one can be split more readily than the softer one,
if the tool is made of a material with a lower surface hardness
than either of the minerals. Theophrastus was apparently the first
writer to call attention to these matters. It was not until the
time of Mohs (1773-1839) and other modern mineralogists that
differences in hardness became important criteria for classifying
and identifying minerals.

The text in this section is so corrupt that it cannot be emended
with certainty. But some interesting emendations suggested by
Stephanides and others have been combined to form a possible
reconstruction of it. These appear in a footnote referring to sec-
tion 43 of the translation.

44. the stone with which seals are carved.
That this was corundum, native crystalline aluminum oxide,
particularly the impure form called emery, is highly probable.
The strongest argument for this view is that corundum was the
only mineral available to the Greeks that was hard enough for
engraving varieties of quartz or other hard stones that were com-
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monly used for seals. Though some have maintained that diamond
in the form of splinters or powder was used by the ancients for
engraving stones, there is no real evidence to support this. It is
very doubtful whether diamonds were even known to the peoples
of the Mediterranean region in ancient times.*®® On the other
hand, there is definite evidence, both literary and geological, that
corundum in the form of emery was available to them and was
employed for engraving gems. Dioscorides’ mentions a stone
named oudpis as the kind used by jewelers for polishing their
precious stones, and Hesychius®® defines this as a kind of sand
used for the same purpose. It is from this Greek word that our
English word, emery, is derived. Pliny, however, appears to use
adamas as one name for the kind of stone that was employed for
engraving gems, for he states® that fragments of this were im-
bedded in iron by engravers and used for cutting the hardest sub-
stances; and in another place,*** where he seems to be following
in part the statements of Theophrastus in this section, he remarks
that all precious stones may be cut and polished by the aid of
adamas. Though his descriptions of adamas®*® show that the name
was a generic one used for various minerals of pronounced hard-
ness, it seems clear that corundum, either in the form of the well-
crystallized mineral or in the impure form of emery, was usually
meant. The adamas mentioned by Theophrastus in section 19
was probably this same mineral. Possibly Theophrastus does not
give a definite name to the stone used for engraving seals because
the corundum or emery that was used for this purpose went by so
many different names. In another place, Pliny states®** that the
stone of Naxos had long been used for cutting and polishing
precious stones, and though there is some confusion about the
origin of its name, it is highly probable that it was described in
this way because it first came from the island of Naxos in the
Aegean Sea.’” This makes its identification almost certain, be-
cause the chief mineral product of Naxos has long been a high
grade of emery widely used as an abrasive. Later in the same pas-

298 Partington, Origins and Development of Applied Chemistry, pp. 291, 507.

209V, 165 (Wellmann ed., V, 147). 300 Sy, oupis.
301 XXXVII, 6o. 302 XXXVII, 200.
303 XXXVII, 55-61. 304 XXXVI, s54.

305 Bliimner, Technologie und Terminologic der Gewerbe und Kiinste bei Griechen
und Romern, Vol. 111, pp. 198-99.
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sage Pliny remarks that stones imported from Armenia afterwards
replaced those of Naxos as cutting and polishing stones, but here
Pliny has probably misinterpreted what Theophrastus says at
the close of this section.

44. whetstone.

Though it is likely that the ancients generally used siliceous stones
of various sorts for whetstones, it is possible that massive emery
was also used for the purpose, for when Pliny**® is discussing
whetstones used with water, he says that the two best kinds came
from Naxos and Armenia, and he then refers to his previous state-
ments about their use for cutting precious stones. Certainly when
Theophrastus speaks about the apparent identity of the whet-
stone and the stonc used for engraving seals, he seems to indicate
that massive emery was sometimes employed as a whetstone.
However, since he had no reliable way of identifying two mineral
substances of similar appearance or properties, his statement can-
not be taken too seriously.

44. And the (best) whetstone comes from Armenia.
This statement is by no means free from difficulty. Schneider sug-
gested the addition of dpiorn (“best”) to the text, since the article
7 cannot stand alone in this sentence. The sense requires avm
(“this stone™) or 1 dxdvm (“the whetstone”). The use of the femi-
nine shows that Theophrastus is referring to ai dwxérar (“whet-
stones”) in the previous sentence and not to 6 Aiflos (“the stone
used for engraving seals”). Theophrastus probably did not mean
to imply that Armenia was the source of the stone used for en-
graving seals; for neither corundum nor emery is known to occur
as a commercial mineral within the boundaries of ancient Ar-
menia. Though extensive commercial deposits of emery do occur
in Asia Minor, these are all far to the west, mostly in the district
around Smyrna.®*" It may perhaps be asked why a place as far
away as Armenia is named as a source of the whetstone when
suitable whetstones could certainly be obtained from places near
the Mediterranean. Pliny*”® names several convenient sources like

308 XXXVI, 164-65.

307 Schmeiszer, Zeitschrift fir praktische Geologie, XIV (1906), 188.
208 XXXVI, 163.
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Crete and Mt. Taygetus in Laconia as well as the distant sources
like Armenia, Cilicia, and countries beyond the Alps. There is,
however, nothing remarkable about whetstones being brought
from a distant place like Armenia, since such stones may have
been far superior in quality to those brought from nearer places.
At the present day whetstones that have desirable properties and
can be obtained only in certain places are often exported to distant
markets.

45. The nature of the stone which tests gold is remark-

able, for it seems to have the same power as fire, which can
test gold too.
In this and the two following sections, Theophrastus alludes to the
touchstone and its use in testing precious metals. Since these pas-
sages contain the earliest account of a method of determining the
quantitative composition of an alloy, or, indeed, of a material of
any sort. they are of considerable importance in the history of as-
saying in particular and of analytical chemistry in general.

The test of gold by fire is also mentioned by a few other ancient
writers. Plato®® apparently alludes to it, and Pliny®*° states that
fire was used to test gold, and that the purity of the metal was
confirmed if it retained its original color after being heated to red-
ness. He adds that the term obrussa was used as the name for the
test. In the Leyden Papyrus X the following description of the
ancient test by fire is given in recipe 43:

A TEST FOR GOLD

If you wish (to test) the purity of gold, remelt it or heat it. If it
is pure, it keeps the same color and remains pure like coinage after
heating. If it appears whiter, it contains silver; if rougher and
harder, it contains copper and tin; if black and soft, it contains
lca .311

Pliny**? gives details of the fire test as it was applied to silver,
and in the Leyden Papyrus X the fire test for silver is described
immediately after the one for gold that has just been quoted. It

309 Republic, 413 E. 810 XXXIII, s9.

311 Translated from the text of Berthelot, Archéologic et Histoire des Sciences, pp. 284,

286.
312 XXXTII, 127.
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seems clear from these descriptions that the ancients applied this
test in only a qualitative way. It could also have been used for
rough quantitative measurements, since a similar procedure was
once used in the French mints to estimate the composition of silver
alloys,”® and a somewhat similar method was used to estimate the
percentage of copper in gold alloys in the old mints of Japan.**
Possibly the ancients also used the fire test for rough assaying,
though the available evidence certainly gives us no grounds for
believing this. It is very unlikely, as some have conjectured, that
in testing gold by fire they ever employed anything like the ac-
curate modern method of fire assaying in which the gold is iso-
lated by the fusion of a weighed sample of metal with chemical
reagents, the silver is removed from the gold by acid treatment
after this fusion, and finally the pure metal is carefully weighed.

45. the stone works by friction.
When gold or gold alloys are tested by being rubbed on a touch-
stone, a plainly visible streak of metal remains on the black sur-
face of the stone. The intensity of the yellow color of this streak
is directly related to the gold content of the metal.”" In modern
practice, streaks made by gold alloys of known composition are
placed alongside a streak made by the metal that is being tested;
this is done with touch needles, which are a graded series of heavy
flat needles tipped with gold alloys. The color of the streak left
by the metal is then compared with the colors of the standard
streaks, and a match in color indicates that the metal has the same
gold content as the corresponding standard alloy. In the modern
use of the touchstone, the streaks left by the standard alloys and
the unknown metal are nearly always tested by means of chemical
reagents. With this refinement the method becomes more delicate
and more reliable. There is no mention in ancient literature of the
use of touch needles or of standard alloys in any form, but, unless
standards of some sort had been used, the method would have
produced only rough results. However, the statements of Theo-

313 W, C. Roberts, Journal of the Society of Arts, XXXU (1884), 882.

314 W, Gowland, Journal of the Institute of Metals, IV (1910), 11.

315 No black streak is formed by gold alloys, even those of low fineness, as is er-
roneously stated by G. Thomson, Classical Review, LVII (1944), 36. This miscon-
ception has been discussed by D. E. Eichholz, Classical Review, LIX (1945), 52.
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phrastus in the next section and those made by Pliny™* show
clearly that the ancients achieved results in the use of the touch-
stone that approached in delicacy those obtained at the present
time. Since the references made by ancient authors to the touch-
stone and its uses show that they had no direct knowledge of the
method of performing the test, it is not surprising that no men-
tion is made by them of any standards of comparison. It is very
improbable that the ancients made this method of assaying more
reliable by the use of chemical reagents, since the principal reagents
that are necessary, namely, nitric acid and aqua regia, were almost
certainly unknown to them. It is of considerable interest to note
that the method of testing gold and gold alloys by the touchstone
is still very widely used at the present time, especially by jewelers
and by dealers in scrap gold.

Silver and silver alloys may also be tested by the touchstone,
though the method is less suitable for silver than for gold. Theo-
phrastus shows in the next section that the ancients did use the
touchstone for testing silver. Although it was also used in early
modern times for assaying the alloys of silver and copper, as is
shown by the detailed descriptions of the process in various early
works on assaying,’'" the method is no longer employed for the
quantitative testing of silver alloys. It is still used, however, by
jewelers and by dealers in precious metals to detect silver in vari-
ous alloys, and appropriate reagents are applied to the streak left
on the stone by the alloy of unknown composition. In the earlier
use of the touchstone for assaying alloys of silver and copper,
graded touch needles composed of alloys of silver and copper were
employed, and the streak left on the stone by the unknown alloy
was compared with those left by the standard alloys.

46. They say that a much better stone has now been
found than the one used before; for this not only detects
purified gold, but also gold and silver that are alloyed with
copper, and it shows how much is mixed in each stater.
Probably the touchstone was first used only in a qualitative way

316 XXXIII, 126.
317E.g,, J. Pettus, The Laws of Art and Nature in Knowing, Judging, Assaying,
Fining, Refining, and Inlarging the Bodies of confin’d Metals (London, 1683), pp. 63-65.
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to distinguish fine gold and silver from their alloys, but when
the technique of performing the test was improved and, as Theo-
phrastus says here, a better kind of stone was discovered, this test
was later developed into a method for determining the proportions
of the precious metals in alloys. Though Theophrastus does not
say so, the touchstone was undoubtedly used by the ancients to
determine the proportions of gold and silver in their alloys. Pliny**®
discusses the different proportions of silver in native gold found
in different places, and this information probably originated from
assays made with the touchstone. Moreover, since early Greek
coins made of gold, silver, or electrum show relationships of
weight and value, it is clear that a method of assaying gold and
silver alloys must have been known even before the time of
Theophrastus. Probably the refined or purified gold mentioned
in this passage should be understood to include not only fine gold
but also the alloys of gold combined with silver, especially those
of high gold content. The analyses that have been made of an-
cient gold objects show that even the best ancient gold contained
a sensible proportion of silver, and much of it contained a con-
siderable proportion. The invariable presence of silver in their
gold seems to have been recognized by the ancients, for Pliny**
remarks that all gold contains silver. The statement of Theo-
phrastus may therefore be interpreted to include the use of the
touchstone for assaying the alloys of gold combined with silver.

The importance of this passage as evidence that the stater was
the real standard of reference in the Greek system of weights has
been pointed out by Professor Ridgeway.**’

46. indications are obtained from the smallest possible
weight. The smallest is the krithe, and after that there is the
kollybos, and then the quarter-obol, or the half-obol; and
from these weights the precise proportion is determined.
The smallest proportion of metal that can be detected by the touch-
stone varies considerably and depends chiefly on the skill of the
operator, the kind of alloy that is being tested, and the relative
proportions of the metals in it. Though Theophrastus evidently

818 XXXIII, 8o. 318 XXXITII, 8o.
820 W, Ridgeway, Numismatic Chronicle, Ser. 3, XV (1895), 104-109.
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names in ascending order the amounts that can be detected in a
sample of alloy weighing a stater, he does not give any precise
information about the relative values of these weights. It is pos-
sible, however, to deduce both their relative values and their actual
values in terms of modern weight units. The name of the second
weight was also used for a small bronze coin, and the names of
the third and fourth were used for two small silver coins, the
quarter-obol and the half-obol. Since the stater, which is taken
as the standard, was also the name of a silver coin, it seems rea-
sonable to conclude that these weights were the same as those of
the coins bearing the same names. The Attic silver obol weighed
about 0.72 of a gram,*”" so that the largest weight was equal to
about 0.36 of a gram, and the second largest to about 0.18 of a
gram. The smallest weight, the krizhé, literally the barleycorn,
probably weighed about 0.06 of a gram, since in ancient systems
of weights the smallest denomination was actually the average
weight of certain seeds, and it can be shown by experiment that
the barleycorn weighs on the average about 0.06 of a gram. The
present English troy grain that weighs about 0.065 of a gram ap-
pears to have been originally based on the weight of the barley-
corn.’”® The relative value of the second weight named by Theo-
phrastus and its equivalent in modern units cannot be deduced
with equal certainty. According to some authorities®® on ancient
weights and measures, the kollybos was perhaps equal to 1/32 of
an obol, but this valuation gives it a weight of only about 0.02 of
a gram, which, in terms of silver at least, is below the weight of
the smallest denomination, the krithé. Since Theophrastus evi-
dently lists the four weights in ascending order of magnitude,
this weight seems inherently impossible for the %ollybos, unless,
indeed, Theophrastus is using the word kr:zhé in a purely figura-
tive sense to denote an exceedingly minute quantity. This seems
very unlikely, however, since all the other denominations are
clearly to be taken as real weights. Furthermore, it is highly im-
probable that Theophrastus would have mentioned a weight equal
821G, F. Hill, Handbook of Greek and Roman Coins (London, 1899), p. 64.
322 Ridgeway, Numismatic Chronicle, Ser. 3, XV (1895), 104-109.

323 F, Hulesch, Griechische und rémische Metrologie (Berlin, 1882), p. 228; Hill,
Handbook of Greek and Roman Coins, p. 64; B. V. Head, Historia Numorum (Oxford,

1911), p. 390.
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to only 1/32 of an obol or 1/384 of a stater when he was dis-
cussing the touchstone method of assaying, because such a small
difference in weight, if the stater were taken as the standard,
would have been impossible to detect by this method. Actually,
the evidence for placing the kollybos at 1/32 of an obol is out-
weighed by the contrary evidence furnished by this passage. As
Ridgeway®** has pointed out, the kollybos must have been a weight
between the krizhé and the tetartemorion, and probably had some
simple relation to both these weights. Ridgeway concluded from
a passage in Aristophanes,’® from a definition of Hesychius,’*
and from numismatic considerations that the kollybos must have
been equal to 1 8 of an obol, and it seems likely that this con-
clusion is correct. The relationship between the stater and these
four weights, and the equivalents of these weights in grams, may
therefore be tabulated as follows:

DENOMINATION WEIGHT IN GRAMS RATIO
Stater 8.72 I
Hemi-obolos 0.36 1/24
Tetartemorion 0.18 1/48
Kollybos 0.09 1/96
Krithe 0.06 1/144

It is very doubtful that the ancients, working without chemical
reagents for enhancing the delicacy of the test, could have used
the touchstone to detect a single grain of alloying metal in a
stater of gold alloy, or 1 part in 144, as Theophrastus claims. It is
even doubtful that they could have detected differences of 1 part
in 144 in the composition of alloys that are less rich in gold, even
though these are more easily assayed with the touchstone.

Professor Gowland,**" who investigated traditional methods
used by the goldsmiths of Japan, shows that when gold is alloyed
with silver only and no reagent is used, a skillful assayer can ob-
tain results with the touchstone that do not differ by more than
I part in 100 from the results obtained by exact modern methods.
Even this degree of accuracy can probably be obtained only on

324 [ oc. at.

325 Pgx, 1200.

326 § y. koN\vBwTYS.
327 Journal of the Institute of Metals, IV (1910), 11.
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gold-silver alloys that have a favorable range of composition, and
1t cannot be obtained on gold-copper alloys of any range of com-
position. Only under the most favorable conditions, including
the use of reagents, is it possible to reach or exceed the degree of
delicacy claimed by Theophrastus for the touchstone method of
assaying. It 1s said to be possible under such conditions to estimate
the gold content of alloys that are between 700 and 8oo fine (70
to 8o per cent of gold) to within 1 part in 200.**® The ancients
were probably able to determine differences in composition rep-
resented by the other weights named by Theophrastus when the
method was applied to gold alloys. It is especially interesting to
note that, when the stater is taken as the standard, the two largest
weights, the zezartemorion and the hemi-obolos, correspond to the
half-carat and the carat, which are used on the present English
and American commercial scale to express the quality of gold al-
loys. It is obvious, therefore, that by means of the weight scale
given by Theophrastus, the ancient Greeks could have expressed
the composition of their gold alloys in much the same way as it
is done today.

For silver, the touchstone method of assaying is considerably
less delicate than for gold, though Professor Gowland®*® shows
that a skillful assayer can determine the proportion of the metals
in a rich alloy of silver and copper to within 1.5 or 2 parts in
100. However, alloys poor in silver or very rich in it cannot be
assayed with even this degree of accuracy. It is clear, therefore,
that no difference in composition smaller than that represented
by the zetartemorion could have been determined by the ancients
when they were assaying silver alloys with the touchstone, and it
is likely that the method was frequently not sufficiently delicate
to measure difference in composition smaller than that represented
by the semiobolos when the stater was taken as the standard.

47. All such stones are found in the river Tmolos.
No river of this name is mentioned by ancient writers on geog-
raphy. Strabo®* applies the name to the mountain in Lydia lying
between the river Hermos on the north and the Kafystros or

328 T, K. Rose, Metallurgy of Gold (London, 1915), p. 554.
329 Journal of the Institute of Metdls, IV (1910), 13.
830 XTII, 4, 5 and 12-13.
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Cajster on the south. He®®* names the Pactolos as a river rising on
Mt. Tmolos and flowing into the Hermos. Hence it would appear
that Theophrastus is mistaken about the name of the river in
which touchstones were found. On the other hand, if the text is
corrupt, he may originally have spoken of the river that rises on
Mt. Tmolos. It is also possible that one of the other rivers rising
on Mt. Tmolos may have been known in ancient times by the
name of the mountain and that the text as we have it is correct.

Though Theophrastus in this section and the two preceding
ones does not give any name to the stone used in testing precious
metals and their alloys, it should be noted that in section 4 he said
that a stone of this kind was called % Av87, and it seems clear from
the name of the river mentioned here as the sole source of such
stones that the name Lydian stone is to be understood. Owing to
the ambiguity of the text in section 4, it is possible, however, that
the name “Heraclean stone,” which really refers to the lodestone,
was also applied to the touchstone. An earlier Greek name for
the touchstone was Bdoavoes,* and this name may also have
been current at the time of Theophrastus. At any rate, all three
names, or derivations of them, were used by ancient authors later
than Theophrastus. Sometimes later writers also refer to this stone
without using any distinctive name. An example of this usage oc-
curs in the thirty-eighth recipe of the Leyden Papyrus X. It is in-
teresting to note that mineralogists now describe the kind of stone
best suited for use as a touchstone by names that are based directly
on the ancient Greek names. In English, for example, this kind
of stone is called basanite or, alternatively, Lydian stone.**’

47. They are smooth in nature and like pebbles.
It is probable that the touchstones described by Theophrastus were
simply rounded pieces of alluvial slate, since Boz Dagh, the an-
cient Mt. Tmolos, is comprised largely of gneiss and slate,*** and
of these two rocks only the slate could have been used for touch-
stones. Though Theophrastus states that touchstones all came

831 X1, 3, 27; XII, 1, 23; XIII, 4, s.

332 Pindar, Pythian Odes, X, 67; Aristotle, Historia Animalium, VIII, 12, 597B;
Aristotle, De Coloribus, 1lI, 793B; Theognis, 417.

333 Dana, System of Mineralogy, p. 189.
834 Pauly-Wissowa, Real-Encyclopidie (2) VI, pp. 1627-28.
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from this one locality, it is evident that there were other sources
of such an abundant material as slate, and even of alluvial slate.
The wider distribution of the stone used by the ancients for touch-
stones 1s, in fact, specifically reported by Pliny.*** However, Theo-
phrastus may be right in his statement about the source of supply
in Greece during his lifetime, since slate, particularly the kind
suitable for use as a touchstone, is by no means a common rock
on the Greek mainland or on the islands of the Aegean. Black
slate is a satisfactory material for touchstones, though modern
touchstones are generally made from a velvety-black form of jasper,
which is a much better material.

47. The top part, which has faced the sun, differs from
the lower surface in its testing power and tests better than
the other. This is because the upper surface is drier, for
motsture prevents it from picking out the metal.

This difference in the moisture on the upper and lower surfaces
of the stone can only refer to the condition of the slate when it
was picked up from the shores of the river or the dry parts of
the river bed. It is easy to understand why the clean upper surfaces
of such stones were superior to the lower surfaces, since the latter
were not only damp but also probably impregnated with fine
particles of clay which lubricated the surfaces and reduced the de-
sired abrasive action of the stone. These remarks of Theophrastus
probably do not refer to the use of touchstones in mints or in
shops where objects of precious metal were made, but rather to
their use for testing the quality of metal as it was being mined.
Thus Theophrastus may be speaking of the touchstone used for
testing the metal that was mined in or near one of the rivers of
Mt. Tmolos. There is historical evidence that Mt. Tmolos was an
important source of gold during the reigns of certain kings of
Lydia, particularly Alyattes and his son Croesus (560-546 B.c.),
though not later.**® It therefore seems likely that the information
which Theophrastus is giving here may go back to these very min-
ing operations. Moreover, it is not unlikely that the touchstone
method of assaying may have come into use at the mines of Mt.

835 XXXIII, 126. See the notes on sec. 4 for a quotation of the Latin text.
836 Strabo, XIII, 4, 5.
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Tmolos when the gold deposits were being worked, especially
since the gold that was found there was probably in the form of
electrum which varied greatly in quality. This variation is shown
by the composition of coins made of electrum that were minted
during the seventh and sixth centuries B.c. in Lydia or the neigh-
boring countries.*" Certainly some such method of assaying must
have been necessary for the determination of the gold content of
electrum and its value in relation to pure gold or pure silver.

48. Of such kinds are the special qualities and powers
found in stones. Earth has fewer of these, though they are
more peculiar; for it is possible for earth to be melted and
softened and then hardened again.

The second part of the treatise, dealing with the various earths,
begins here. In this context the verb mkecfar really describes a
softening caused by the action of water, and paldrrecfar means
a softening caused by the action of heat. Therefore mjxecfac does
not refer to the melting of earths in the modern sense but rather
to their disintegration by water. These two different ways of re-
ducing solid bodies to an apparent or real state of fluidity are
discussed at length by Aristotle,**® who makes clear by examples
the special meanings usually attached to these two words in the
scientific writings of the Peripatetic school. Moreover, the distinc-
tion that Theophrastus makes between earths and stones seems to
be based on the philosophical views expressed by Aristotle about
liquefaction and solidification. In general, it is based on the Aris-
totelian doctrine mentioned in section 3, that opposite effects are
produced by opposite causes. Since earths were supposed to be
formed by the action of fire alone (sec. 3), they could be disin-
tegrated readily by the action of water, because water, the moist-
cold, was the direct opposite of fire, the dry-hot, and hence exer-
cised the opposite effect on the same kind of matter.”*® Earths
could be disintegrated by water, since they were supposed to con-
tain pores large enough to admit water particles, which could
easily enter them and cause disintegration.*** On the other hand,

337 ], Hammer, Zeitschrift fir Numismatik, XXVI (1908), 17-51; W. Giesecke, An-

tikes Geldwesen (Leipzig, 1938), pp. 16-83.

838 Meteorologica, 1V, 6-9. 332 Op, cit., 1V, 6, 383A.
340 Op, cir., 1V, 9, 385B.
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stones supposedly could be formed by the action of either fire or
cold (sec. 3), and even by both, according to Aristotle.™* If
they were formed by cold, that is, by the departure of heat after
the original matter had been highly heated, they could not be
dissolved by the action of water, the cold-moist, since this could
not dissolve what the cold solidified. On the other hand, heat
could not dissolve them either, because heat was active in forming
them. Moreover, certain stones, or stony materials such as pot-
tery, which were supposedly formed by the direct action of fire,
could not in general be softened or dissolved by fire. Neither
could they be disintegrated by the action of water, because their
pores, in contrast to those of earths, were so compacted in the
process of formation that water could not enter and bring about
their dissolution.**?

After an earth had been mixed with water, the mixture could
be readily softened by heat, since it was thought that any kind of
matter that contained a considerable proportion of water was
fusible (cf. sec. 10). But the continued action of heat on a mix-
ture of earth and water could expel the water and so lead, first,
to the thickening of the mixture and, finally, to its solidifica-
tion, as for example in the formation of pottery.**® By this process
earths were transformed into what was stone in its essential na-
ture, and this “stone” could not again be brought to the fluid
state by the action of either fire or water.

Though it was believed that most stones could not be melted by
fire, certain stones were in fact observed to be fusible (sec. g).
This phenomenon was not really an exception to the doctrine that
opposite effects are produced by opposite causes, since such unusual
stones contained a certain proportion of residual water which
caused them to be fusible.***

The infinitive paldrrecfar is an emendation made by Turnebus
and accepted by Schneider; the manuscripts have d\\owobofar
(“to be altered”). This emendation is very plausible, since mjkeo-
far and pardrreafar are followed by mijkerar wév and pakdrrerar
8¢ in the next sentence.

341 0p, cit., IV, 6. 842 Op, ciz., 1V, 6, 383B; 8, 385A.
343 0p, cit., 1V, 6-7. 344 Op, cit., IV, 10, 388b-389a.
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48. It melts (along with) substances which are dug up

and which can be liquefied, just as stone also does.

Since all fusible substances, as well as metals which were less
easily fusible, were thought to be composed wholly or in part of
water, these could logically be as effective as water itself in causing
an earth to melt. The melting of a stony material on being heated
along with metals is mentioned in section g and discussed in the
notes on that section.

48. It 15 softened, and stones are made from it. These

include the variegated ones and other composite stones

. 3 for all of these are made artificially when they are
fired and softened.

Though it seems necessary to translate Aifovs as “stones,” the
context clearly indicates that artificial stony materials are meant.
For the purpose of scientific classification Theophrastus evidently
makes little or no distinction between natural stones and materials
that are artificially produced. This passage clearly refers to the
manufacture of ceramic products of some sort in which an earthy
substance such as clay was first “softened” with water and after-
wards baked or fired. There are not enough descriptive details
in the passage to tell what particular kinds of ceramic products
are meant.

49. And if glass is also formed, as some say, from vitre-

ous earth, this too is made by thickening.

Though the reading of the text is only éx 7js veriridos, the con-
text indicates that an earth is to be understood. Strabo®® specifi-
cally states that a vitreous earth (y7 daliris) was used in Egypt
in the manufacture of colored glasses. He also mentions the use
of a special sand (Ydupos variris) in the manufacture of glass.
Some commentators have concluded that Theophrastus meant the
sand used in the manufacture of glass, but this does not seem
probable. Throughout this part of the treatise he is discussing
earths in particular. If he had specifically meant a sand, it is likely
that he would have used the special word for it, as he does in sec-
tions 21, 40, and 58.

845 XVI, 2, 25.
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It is evident that Theophrastus had no first-hand knowledge of
the way in which glass was made. Though glass objects of many
kinds were well-known objects of commerce at the time, his ig-
norance is perhaps excusable, since there is apparently no literary*®
or archacological evidence that glass was manufactured in ancient
Greece.

Although the process of thickening (wdyvvots) may seem to
have no connection with the processes of softening or firing, in
the Aristotelian sense of the word it was closely related to these
other processes and was often a necessary consequence of them.
According to Aristotle,*” “thickening” was the compacting of
dry matter by the removal of moisture, and this moisture could
be removed by the agency of fire. Thus firing was a means of
thickening. Moreover, the phenomenon of softening might occur
in the course of thickening an earthy substance by the action of
fire. Theophrastus apparently believed that glass was made by
subjecting a particular earth to the action of fire, which com-
pacted it to form glass. Here again, Theophrastus is clearly fol-
lowing the doctrines of Aristotle.

49. The most unusual earth is the one mixed with cop-
per; for in addition to melting and mixing, it also has the

remarkable power of improving the beauty of the color.
Since it is not certain what noun should be understood with the
feminine article ), this passage as a whole has been explained in
very different ways. Hill**® evidently believed that Theophrastus
was still alluding to glass manufacture, and he therefore con-
cluded that the article referred to vehos (“glass”), which is men-
tioned in the preceding sentence. Furthermore, Hill concluded
from a suggestion of De Laet that the word xaAkd (“copper”)
was originally xdAuwe (“gravel”), and he not only made this un-
warranted alteration in the text but translated it incorrectly as
“fints.” Hence his translation of this passage is radically different
from the one given here. Various scholars have accepted Hill’s
view that the passage refers to glass, but most of them have not

346 Mary L. Trowbridge, “Philological Studies in Ancient Glass,” doctoral disserta-
tion (University of Illinois, 1922), p. 133.

847 Meteorologica, 1V, 6, 383a.
848 T heophrastus’s History of Stomes, pp. 118-19.
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followed him in his change of the text.*** Stillman, for example,
criticizes Hill for changing the text and gives the following trans-
lation: “But most peculiar is that (glass) which is mixed with
copper, for in addition to the melting and mixing, it has the
additional property of causing a beautiful difference in color.”
Stillman considers this passage to be of historical importance as
the first reference in literature to the coloring of glass with copper.
His interpretation of the passage is plausible, since the intentional
coloring of glass with copper was evidently a very common prac-
tice in ancient times, as is shown by the results of many modern
analyses of ancient colored glasses. Though it would seem more
likely that the copper was added in the form of an oxide or of
certain copper minerals such as malachite, it is clear from a state-
ment in Pliny that it actually was used in ancient glass manufac-
ture. After remarking that the restless ingenuity of man was not
long content to make glass from sand and soda alone, Pliny names
various ingredients that were added and then says: levibus autem
aridisque lignis coquitur, addito cypro ac nitro, maxime Aegyptio.
continuis fornacibus ut aes liquatur massaeque fiunt colore pingui
nigricantes.*” (A fire of light, dry wood is used, and copper and
soda, especially the Egyptian kind, are added. The smelting is
done, like that of copper. in a series of furnaces. Dark masses of
a rich color are obtained.) Evidently the copper was oxidized
rapidly enough in such a process to change it more or less com-
pletely into oxide which combined with the silica. Stillman’s inter-
pretation is therefore not only possible but very plausible.

It is unlikely, however, that the feminine article refers to glass,
for the word delos (another form of dalos) is masculine in the
preceding sentence. Since the word is usually feminine, it is pos-
sible that the masculine article 6 is a textual error, but there is no
evidence for this. The word veAtris (“vitreous earth”), which oc-
curs in the same sentence, is feminine, but it is unlikely that the
article ) refers to this. It is most probable that it refers to the word
vh (“earth™) in the sentence beginning with the words ai 8¢ s
y7s in section 48.

349 Cf. Lenz, Mineralogie der alten Griechen und Rémer, p. 24; Bliimner, Tech-
nologie und Terminologie der Gewerbe und Kiinste bei Griechen und Rémern, Vol. 1V,

p. 390; Stillman, The Story of Early Chemistry, p. 21.
350 XXXVI, 193.
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There is an analogous passage in the pseudo-Aristotelian work
De Mirabilibus Auscultationibus which is not at all ambiguous
and suggests that the present interpretation is correct. This pas-
sage may be translated as follows:

They say that the copper of the Mossynoeci is very brilliant and
light in color, though tin is not mixed with it, but a kind of earth
which occurs there is smelted with it. They say that the discoverer
of the mixture did not instruct anyone else, so that the copper ob-
jects formerly produced in these regions are superior, whereas
those made subsequently are no longer so0.**

In his Latin translation, which he attributed to Turnebus,
Schneider recognized that the article 7 referred to y% when he
wrote: Singularis est proprietas terrae quae miscetur aeri*** Ros-
signol®** showed by a French translation of this particular passage
that he also recognized it to have this meaning, and this was ac-
cepted without question by Rickard.’** Moreover, Mieleitner®”
gives the same interpretation in his German translation. On the
other hand, Mély**® follows the interpretation of Hill. It is proba-
ble that much of the confusion about the meaning of the passage
arose because editors did not always recognize the place where
Theophrastus begins a new topic. In the text as it has generally
been printed, section 49 does not seem to begin at the right place,
and in the present translation this has been corrected by starting
a new paragraph within section 49.

Many scholars have concluded that the passage just quoted
from the De Mirabilibus Auscultationibus refers to the manu-
facture of brass by the calamine process, and both Rossignol and
Rickard assume without question that Theophrastus is also re-
ferring to the manufacture of brass. This is improbable, even
though the theory seems plausible. The two passages apparently
refer to the same process, and both appear to contain a circum-

351 Sec. 62.

852 The actual words in the original translation of Turnebus are: Singularis est suaeque
proprietatis quae miscetur aeri. Here the word ferra does not appear.

853 [ o5 Métaux dans U Antiquité, p. 254 (footnote).

854 Man and Metals, Vol. 1, p. 157.
365 K. Mieleitner, Fortschritte der Mineralogie, Kristallographie und Petrologie, VII

(1922), 440. o X
356 F. de Mély, Les Lapidaires de V' Antiquité et du Moyen Age (Paris, 1902), Vol.

I, fasc. 1, p. 8.
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stantial, though very sketchy, account of the manufacture of brass
by the ancient calamine process in which the copper was alloyed
by melting the metal in the presence of the zinc ore, calamine,
instead of directly with metallic zinc. The theory seems even
more plausible because it is known from a variety of evidence that
brass was manufactured by this process in Roman Imperial times.
However, no specimens of brass dating from the time of Theo-
phrastus or belonging to the two centuries after the date of his
treatise have ever been found. It is true that a few early specimens
of bronze containing zinc have been found; the earliest of these
comes from Gezer in Palestine and dates from the second mil-
lennium B.c.,”™ but such bronze appears to be of accidental origin
and, strictly speaking, is not brass at all. The carliest true brass
is apparently the Roman alloy which first appeared about the
middle of the first century s.c. and was widely used for at least
the next two centuries. It is possible that no specimens of Greek
brass have been found because there has not been enough archaeo-
logical exploration or chemical analysis of ancient Greek metal
objects. At anv rate, objective evidence that brass was manufac-
tured at the time of Theophrastus does not exist. There may be no
such evidence, because brass was made during Greek times only
in some obscure locality or for only a brief period. This view
seems to be justified by the passage in the De Mirabilibus Auscul-
tationibus. Therefore it might be possible to argue that, in spite
of the lack of objective evidence, this passage in the treatise On
Stones alludes to the manufacture of brass; if so, it can be re-
garded as the earliest allusion of definite date to the manufacture
of this alloy, since the passage in the pseudo-Aristotelian work
cannot be dated with certainty and is probably later.

However, both this passage and the one in the De Mirabilibus
Auscultationibus can be interpreted in other ways. The “earth”
that was smelted with the copper in order to change the color of
the metal may not have been calamine but some other earthy
mineral. It may, for example, have been an arsenic mineral such
as realgar or orpiment, or some arsenic preparation derived from
one or the other of these minerals. Of some significance, perhaps,
is the word Aevkérarov, which is used in describing the appearance

35T R. A. S. Macalister, The Excavations of Gezer (London, 1912), Vol. II, p. 265.
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of the metal in the De Mirabilibus Auscultationibus. This word
may easily be translated “very white” instead of “very pale” or
“very light in color,” and if the word is so understood, then the
metal could not have been brass. However, it could have been a
copper-arsenic alloy, since such alloys, even when they contain
a relatively small proportion of arsenic, are white in color, not
yellow like brass or bronze. Alloys of copper and arsenic were
known in the Aegean region from very early times, as has been
shown by chemical analyses.**® Moreover, two recipes in the Ley-
den Papyrus X give methods of whitening copper by treating the
metal with arsenic minerals or with products derived from such
minerals. One of these recipes (No. 23) reads as follows:

WHITENING OF COPPER

To whiten copper, so that it can be mixed with silver bullion in
equal parts, and not be recognized: take Cyprian copper, melt it,
add one mina of decomposed realgar, two drachmas of ironlike
realgar, and five drachmas of lamellose alum, and melt (again).
In the second fusion four drachmas, or less, of Pontic wax are
added, and the mixture is ignited and poured out.®*®

Probably the decomposed realgar mentioned in this recipe was,
at least in part, arsenious oxide prepared by roasting the mineral,
and the iron-like realgar may have been native arsenic. The wax
served both to reduce arsenic compounds, so that the arsenic
would alloy with the copper, and to prevent the oxidation of
copper and arsenic during melting and casting. It may be of some
significance that the wax is described as Pontic, since the account
in the De Mirabilibus Auscultationibus refers to the manufacture
of “whitened” copper by people living in one part of Pontus.
This suggests that the account refers to the manufacture of a
copper-arsenic alloy, not brass.

Since this passage in Theophrastus is similar to the one in the
De Mirabilibus Auscultationibus, it might be argued that it also
refers to the manufacture of a copper-arsenic alloy. However, the
two passages are not so much alike that this conclusion is entirely
logical. Theophrastus actually says nothing about whitening the

358 . R. Caley, Hesperia, Supplement VIII (1949), 60-63.
859 Translated from the text of Berthelot, Archéologie et Histoire des Sciences, p. 278.
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copper or even about making it paler in color. He merely states
that the treatment with the earth improves the color of the metal.
Therefore, it seems rather more likely that he may be referring
to a refining process in which impure copper or bronze was
melted with some earthy substance in order to purify the metal
and give it a bright metallic appearance. The purification of
metals by melting them and treating them with earthy material
was a common practice in ancient times, as is shown by the many
recipes in the Leyden Papyrus X where such purification processes
are described. Frequently the earthy material was of a bituminous
nature, and this served to reduce oxidized metal back to the
metallic state. It seems rather significant that in the next sen-
tence Theophrastus mentions another peculiar earth which was
certainly a natural bituminous material.

On the whole it seems impossible to establish with certainty
the exact nature of the process that Theophrastus mentions in
this passage. He may be alluding to the manufacture of brass or
to the manufacture of a copper-arsenic alloy, but it is much more
probable that he is alluding to a mere refining process in which
bronze or copper, possibly in the form of crude or scrap metal,
was melted in the presence of some earthy substance, perhaps a
bituminous earth, in order to obtain clean metal of improved ap-
pearance.

49. And in Cilicia there is a kind of earth which be-
comes sticky when it is boiled, and vines are smeared with
this instead of birdlime to protect them from woodworms.
Though Theophrastus does not give a name to the peculiar earth
that was used for treating vines, later writers generally give a
specific name to an earth that was probably the same as this or
very similar to it. Dioscorides’® calls it y% dumeXtris (“grapevine
carth”), but mentions that some persons call it pappaxiris (phar-
makitis). Galen® calls it simply dumehiris, and the Latin name
ampelitis, given by Pliny,*® is obviously a mere transliteration of
this Greek name.

360V, 180 (Wellmann ed., V, 160).
361 De smplicium medicamentorum temperamentis ac facultatibus, 1X (Kiihn ed.,

X1, 186).
362 XXXV, 194.

. 167 -



THEOPHRASTUS ON STONES

Not only the descriptions of its properties given by ancient
writers but also the localities that they mention as its source show
beyond doubt that it was a natural bituminous material of some
kind. The clearest description is that of Dioscorides, who says:
“One should select the black kind, which resembles long pieces
of pine charcoal, and is splintery and somewhat shiny, and which,
furthermore, does not dissolve slowly when it is ground fine and
some oil is poured over it.” As Forbes®® rightly pointed out, this
1s a description of a pure bitumen or asphaltite. In particular, it
corresponds closely to what is now called glance pitch, a kind of
bitumen which is known to occur in small deposits in the very
localities where the ancient material is said to have been found.
The Seleucian Syria named by Dioscorides as the source was
next to Cilicia, the district which Theophrastus names, and it
included the Pierian Seleucia, which, according to Strabo,*** was
the source named by Posidonius. Even though these localities
are all in the same general region, the identity of the material
cannot be fixed, since small deposits of various other bitumens
also occur in the coastal districts at the extreme northwestern
corner of the Mediterranean.

It may be objected that Theophrastus would not classify a com-
pact material like glance pitch as an earth, especially since he has
previously classified other compact bitumens as stones. Neverthe-
less, he might have regarded it as an earth in a special sense, for
Galen®® remarks that such a material was called an earth only
because it could be resolved into a “mud” with water. There are
positive indications, however, that the material used on vines
at the time of Theophrastus was only a clay or sand impregnated
with asphalt, which clearly could have been called an earth, and
that in later times a pure bitumen came into use; this was still
called an earth because it was used for the same purpose as the
earlier material and was of the same general nature. When Theo-
phrastus speaks of boiling the earth that was applied to vines,
this is an indication that it was not glance pitch, for this bitumen
has a high softening or melting point and a very high boiling

363 Bitumen and Petroleum in Antiquity, p. 19.

364 VII, 5, 8.
365 D¢ simplicium medicamentorum temperamentis ac facultatibus, 1X (Kihn ed,

XI1, 186).
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point. On the other hand, some of the impure bitumens soften
or fuse at a low temperature and contain a good deal of enclosed
water. When this water is heated at a relatively low temperature,
it is expelled and makes the mixture look as if it were boiling.
The apparent difference in the method of preparing the material
at the time of Theophrastus and at later times also indicates that
it was an impure bitumen. Posidonius®* states that before appli-
cation it was mixed with oil, which would be necessary if a viscous
material were to be formed out of glance pitch. Dioscorides® also
mentions its solubility in oil, though he does not specifically state
that it was dissolved in oil before it was applied to the vines.
Theophrastus, it will be noted, says nothing about adding oil.
Possibly he was unaware that oil was mixed with it, or possibly
when he refers to a boiling process, he means that the material
was dissolved in hot oil. On the other hand, with some impure
bitumens no addition of oil would have been necessary to obtain
a preparation suitable for vines. Therefore, it is not unlikely that
the earth here mentioned by Theophrastus was a bituminous clay
or sand. not the pure bitumen which appears to have been used
in later times.

Though the main reason for applying a bituminous prepara-
tion to the vines seems to have been to catch harmful insects on
its sticky surface, it is also possible that it had an important and
perhaps unrecognized virtue as a fungicide.

50. It would also be possible to determine the differ-
ences that are naturally adapted for causing earth to turn
into stone; for those that are due to locality, which cause dif-
ferent kinds of savors, have their own peculiar nature, like
those which affect the savors of plants. But it would be best
to list them according to their colors.

In his Causes of Plants>*® Theophrastus makes a comparison be-
tween the juices or flavors in plants and in earths. He seems to
imply here that differences in environment, which certainly cause
differences in plants, may also cause differences in the properties
of earths, and that it might be possible to classify earths on such

368 According to Strabo, VII, s, 8. 387V, 180 (Wellmann ed., V, 160).
388 VI, 3.
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a basis. But he does not give such a classification, probably because
he did not find it practicable. Instead, he suggests that it would
be better to classify them according to color. This is another in-
dication that the attitude of Theophrastus toward scientific prob-
lems tends on the whole to be more practical than that of his
immediate predecessors, Plato and Aristotle, both of whom were
more interested in the philosophical aspects of these problems
than in their practical solution. Although Theophrastus suggests
that earths should be classified according to color, he does not fol-
low his own suggestion very closely in his discussion of the various
kinds of earths. For example, the two red pigments, cinnabar and
red ochre, are described in widely separated sections. Again, white
lead is described in one section, and other white earthy substances
are discussed much further on in the treatise. The truth is that
Theophrastus does not seem to have found any systematic method
of classifying what he calls earths, though some order is evident
in his arrangement. Thus the two ochres, red ochre and yellow
ochre, are treated together, probably because they are found to-
gether and are otherwise related. White lead and verdigris are
mentioned one after the other, apparently because they were
manufactured in a similar way. In reality, Theophrastus groups
the earths according to similarities in their use, mode of occur-
rence, or method of manufacture, rather than according to their
color.

The manuscripts do not contain any reference to location or
environment; Wimmer substituted 7&v 7émwr (“places”) for rovs
rovrwy, following a conjecture by Schneider. And Turnebus ex-
presses the same idea when he writes locorum succos in his Latin
translation.

50. Moreover, some seem to have been set on fire and
burnt, such as realgar and orpiment and others of the same
kind. To put it plainly, all of these result from a dry and
smoky exhalation.

As was explained in the notes on section 3, Theophrastus closely
follows the ideas of Aristotle about the origin of earths,*® though

369 For further discussion of the similarity of the ideas of Aristotle and Theophrastus
on the origin of mineral substances generally, and for remarks on the interpretation of
this particular passage, cf. D. E. Eichholz, Classical Quarterly, XLIII (1949), 143-46.
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he is more specific about the origin of earths through fire. The
concluding statements of sections 54 and 69 are of particular in-
terest, since they express his belief that fire was the causative
agent in the formation of certain earths. The final statement of
Theophrastus in this present section is of special significance in
the history of theories of combustion, since it is really a root
idea underlying most of the theories promulgated before the
time of Lavoisier. The famous and erroneous phlogiston theory
of Becher and Stahl, for example, which was so widely accepted
in the eighteenth century, embodied the same idea as a funda-
mental principle.

51. orpiment, realgar.
It is important to note that these mineral substances are nearly
always mentioned together by ancient writers, since this helps
to identify them as the two native sulfides of arsenic. Theophras-
tus has previously mentioned them together in section 40 and
again in section 50. Both Dioscorides’™ and Pliny’** mention them
in successive sections. The names arrhenicum and sandaraca that
Pliny uses are obviously mere transliterations of the Greek names
used by Theophrastus. Orpiment, native yellow arsenic sulfide
(As.S;3), and realgar, native orange-red arsenic sulfide (As,S,),
nearly always occur together and are often found intermingled
in the same small specimen. Pliny alludes to the mixed form of
the two minerals, and Dioscorides states that they are found in
the same mines. This peculiar mode of occurrence is sufficient
to explain why they are always discussed together by ancient
authors. Since the Leyden Papyrus X*™° and other early technical
works mention the use of one or the other of these minerals for
whitening copper, it is almost certain that they were arsenic com-
pounds, and the various descriptions of their physiological effects
supply further evidence. The descriptions of their physical ap-
pearance given by Dioscorides and by Pliny are adequate to
identify them as these particular arsenic minerals.

A few specimens of ancient orpiment and realgar have been
found and positively identified as such by chemical tests. During
the excavations at Corinth in 1926 Shear found a pottery vessel

870V, 120, 121 (Wellmann ed., V, 104, 105). 311 XXXIV, 177, 178.
872 Recipe No. 23. See the notes on sec. 49.
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containing an orange-red pigment which was subsequently ex-
amined by Foster'™ and identified as realgar. A sample of a yel-
low pigment found in a Greek grave dating from the fifth or
fourth century B.c. was identified by Rhousopoulos®™ as pure
orpiment. It is likely that both orpiment and realgar were used
as pigments long before the time of Theophrastus, although at
present the evidence applies only to orpiment. This natural pig-
ment has been found on Egyptian mural paintings and on various
Egyptian objects dating from as early as the Eighteenth Dynasty,
and a linen bag containing a small quantity of the mineral was
discovered in the tomb of Tutankhamen.*” Since orpiment and
realgar occur much less frequently than other pigments on Greek
objects found in excavations, it is probable that they were not
very much used as colors in Greek times.

Though they occur at various places in Europe, it seems almost
certain from the statements of ancient authors that the only an-
cient sources of supply were in Asia Minor or even farther to
the east. Strabo’™® speaks of a realgar mine at Pompeiopolis in
Paphlagonia, and Vitruvius*”’ mentions that orpiment was dug
up in Pontus. Dioscorides’™ also gives Pontus as a source of
orpiment and mentions Mysia and Cappadocia in addition. Mod-
ern geological exploration has shown that orpiment and realgar
occur at various places in Asia Minor.

51. red ochre.
Though there can be no doubt that the word uikros usually
designated what we now call red ochre, a mixture of red ferric
oxide with clay, sand, and other impurities, this was probably a
general term, like so many of the other Greek names for min-
erals, which included all the pigments that owe their color to
the presence of red ferric oxide. That it was applied to an artificial
red iron oxide pigment is clear from what Theophrastus says in
sections 53 and 54. His remarks in section 53 about a light-colored

378 W, Foster, Journal of Chemical Education, X (1933), 276.

374 P, Diergart, Beitrage aus der Geschichte der Chemie dem Gedichtnis von Georg
W. A. Kahlbaum (Leipzig and Vienna, 1909), p. 187.

375 Lucas, Ancient Egyptian Materidls and Industries, p. 400.

376 XTI, 3, 40. The word in the text is Pompeioupolis.

7TV, 7, .
378V, 120 (Wellmann ed., V, 104).
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variety, and the results of analyses of Greek iron oxide pigments,
suggest that it was also applied to pale red or even pink pigments
consisting of little more than clay or chalk colored with ferric
oxide. On examining eight such pigments that were found on
objects excavated at Athens, Midgley’™ discovered that six of
them contained less than twenty per cent of ferric oxide, and
that one of them, a pink pigment, contained only about three and
a half per cent. Since no special name appears to have been ap-
plied to red iron oxide pigments artificially produced by roasting
yellow ochre, or to the pale red or pink pigments, it is very likely
that they went by the same name as red ochre itself.

Red ochre and other red iron oxide pigments occur so fre-
quently on ancient Greek objects of all sorts, and so many ves-
sels containing the remains of these pigments have been found,
that they were probably used in Greek times more extensively
than any other kind of pigment. Probably their great abundance
and low cost were the principal reasons for their widespread use.

51. yellow ochre.

It seems reasonably certain that the word dxpa invariably desig-
nated what today is called yellow ochre, a mixture of hydrated
ferric oxide with clay, sand, and other impurities. The informa-
tion 1n sections 53 and 54 about the conversion of @xpa into pilros
by roasting is almost decisive for this identification. Moreover,
the chemical examination of ancient pigments of yellow ochre
that were found in the excavations of the Agora at Athens has
shown that they have the same composition as the mineral now
called yellow ochre.

Theophrastus discusses the occurrence and the sources of red
ochre, but he says very little about the sources of the yellow ochre
used in his day. Probably this is because the principal source of
the best yellow ochre was so well known to him and to his con-
temporaries that he considered it quite unnecessary to mention it.
Most of the later writers on ancient pigments mention Attica as
the source of the best yellow ochre. Dioscorides® actually im-
plies that it was the only satisfactory source. Pliny*** names other

879 S. W. Midgley, “Chemical Analysis of Ancient Athenian Pigments,” Senior thesis,

Princeton University, 1936, pp. 14-2I.
380V, 108 (Wellmann ed., V, 93). 881 XXXIII, 158-59.
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sources of yellow ochre, to which he gives the name si/, but states
that the Attic mineral was the best. On the other hand, though
Vitruvius®®® also names Attic ochre as the best, he states that it
was not obtainable, and implies that this was because the Lau-
rion mines were no longer in operation. Some yellow as well
as red ochre can still be found at Laurion in the ancient mining
district, and very good specimens have been collected in the
modern workings. There are indications of old workings of iron
minerals in various parts of Attica.**® Yellow ochre also occurs
elsewhere in Greece and on several of the Aegean islands. Pliny
shows that it was mined in Greece outside Attica in ancient times;
he names the island of Scyros as well as the province of Achaia
as sources of a dark variety of yellow ochre.

Though modern excavation has shown that yellow ochre was
less commonly used by the ancient Greeks than red ochre, it is
clear that it was more extensively used than most of the other
kinds of pigments. It was certainly the only yellow pigment that
was In common use.

51. chrysokolla.

As was explained in the notes on section 26, this was a general
name denoting any bright-green copper mineral that occurred
as an earthy incrustation. It is clear from its inclusion here among
the coloring materials that the ancient chrysokolla was used as a
pigment and not solely as a “gold-glue,” as its name suggests.
There is definite archaeological evidence that the natural green
copper carbonate known as malachite was used by the Greeks
as a pigment. For example, Midgley*** demonstrated that mala-
chite was the green coloring material on a terra cotta object of
the fourth century B.c. found in the excavations at Athens. It is
likely that natural copper silicate, the modern chrysocolla, was
also used as a green pigment, although this mineral has not actu-
ally been found among the Greek pigments that have been chemi-
cally investigated. On the whole, the rather marked scarcity of
green copper pigments on ancient Greek objects tends to show
that they were not much used as coloring materials by the Greeks.
382 VII, 7, 1.

383 Davies, Roman Mines in Europe, p. 252.
884 “Chemical Analysis of Ancient Athenian Pigments,” p. 2s.
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51. kyanos.

From the context this would appear to be the natural kyanos, blue
copper carbonate, which Theophrastus has mentioned before in
section 39. It was rarely used as a coloring material, so far as this
can be decided by the examination of pigments found on ancient
Greek objects. Thus the archaeological evidence confirms the re-
mark of Theophrastus about the scarcity of the pigment. An arti-
ficial calcium copper silicate was much more widely used as a
blue pigment by the Greeks. Detailed information about the blue
pigments included under the name kyanos is given in the notes
on section 55.

51. yellow ochre can take the place of orpiment, since
there is no real difference in their color, though there seems

to be.

Though both are yellow pigments, orpiment is actually more
brilliant in tone than yellow ochre. Since no Greek portraits of
the time of Theophrastus have survived, it cannot now be de-
termined to what extent yellow ochre was used instead of the
more brilliant orpiment. Probably it was used to a much greater
extent, if one may judge from the pigments found on Egyptian
and Roman mural paintings. Pliny**® names Polygnotus and
Micon as the first artists to use yellow ochre, and adds that they
used only Attic ochre, though their successors used other kinds
as well.

52. But in some places there are mines that even contain

both red ochre and yellow ochre together, as for example in
Cappadocia.
Red ochre and yellow ochre often occur together as well as in
separate deposits. Modern geological surveys show that iron oxide
minerals of various sorts are still to be found in considerable quan-
tities within the limits of ancient Cappadocia in central Asia
Minor.**

385 XXXIII, 160.
388 Schmeiszer, Zeitschrift fir praktische Geologie, XIV (1906), 190.
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52. But they say that the risk of suffocation is a serious

matter for the miners, since this can happen to them quickly
and takes a very short time.
Accidents were probably the result of inadequate timbering or
other means of support in the galleries or shafts cut in soft, dan-
gerous ground. That the roofs of ancient mines were often im-
properly supported is clear from ancient allusions to mining ac-
cidents and from modern explorations of ancient mines. Statius®*’
likens the burial of a miner under a falling roof in the silver mines
of Spain to the sudden crushing of a wrestler by his opponent.
Gowland™® reports that the skeletons of more than fifty men
were discovered in some very old workings near ancient Iconi-
um in Asia Minor; they had evidently been entombed in an
underground chamber by the sudden collapse of the gallery lead-
ing to the open air. In section 63, Theophrastus describes how a
white earthy mineral was mined on the island of Samos and shows
clearly how dangerous it was to work in mines exploited for soft
minerals. Though it is barely possible that Theophrastus may be
alluding here to accidents caused by the presence of noxious
gases, this is very unlikely, since such gases would normally be
absent from ochre mines.

52. The best red ochre seems to be that of Ceos.
Ceos (Kéws), an island in the Aegean situated about fourteen
miles southeast of the southern tip of Attica, is not mentioned by
Dioscorides, Pliny, or Vitruvius as a source of the pigment. This
suggests that the ochre mines on Ceos, though at one time yield-
ing an excellent product, were exhausted before the beginning
of the Christian Era. According to Davies,*® it is still possible to
see signs of the ancient mining of iron minerals at various places
on the island. At Spathi, for example, there are said to be ancient
stopes and galleries. At Oriko, three miles south of Spathi, many
ancient stopes and adits, some containing ancient tools, were un-
covered when the mines were reopened in modern times. Traces
of ancient galleries only two to three feet high are said to be in

387 Thebaid, VI, 880-85.

388 W, Gowland, Archaeologia, LXIX (1917-1918), 157.
889 Roman Mines in Europe, p. 257.
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evidence at this place. The presence of black-glaze sherds near
the site affords a clue to the date of the workings. Caves in the
brown ironstone on the northeast coast may, however, have been
the site of the principal ancient workings. Some interesting evi-
dence concerning the ancient mining of red ochre on Ceos is given
by an inscription belonging to the fourth century B.c. which
records an agreement between Athens and Ceos for regulating
the export of red ochre from the island; the terms provided that
this could not be exported except to Athens and could be sent
only on an authorized vessel.**

52. iron mines also contain red ochre.

This shows clearly enough that the term pikros was applied to
earthy hematite containing a high proportion of ferric oxide as
well as to red ochre in the modern sense. Midgley®®* found 48
per cent of ferric oxide in a deep red pigment taken from a terra
cotta object discovered in the excavations at Athens. This is a
high enough proportion to class the pigment as an iron ore. A
brownish-red pigment found in the bottom of a broken vessel
discovered in the Athenian Agora has been identified as earthy
hematite.

52. the Lemnian kind.
Lemnos, a fairly large island in the northern Aegean Sea, midway
between Mt. Athos and the Hellespont, is still known locally as
the source of a particular kind of medicinal earth. The accounts
of Pliny and Dioscorides suggest that the red ochre of Lemnos
was the same as the famous medicinal earth of that island, though
it is very doubtful that this is true. Pliny*** mentions Lemnian
rubrica as a pigment that was regarded by some authorities as the
best of the red ochres, inferior only to cinnabar. But he goes on
to say that every piece sold was officially sealed, and for this rea-
son the name sphragis was given to it. These statements seem to
identify this variety of red ochre as the Lemnian medicinal earth,

since this is known to have been prepared in the form of tablets
390 Ingcriptiones Graecae, Vol. II, Part 1, No. 546. See also M.N.Tod, A Selection
of Greek Historical Inscriptions (Oxford, 1948), Vol. II, No. 162, pp. 181 ff.

891 “Chemical Analysis of Ancient Athenian Pigments,” p. 14.
392 XXXV, 33.
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impressed with a seal. Dioscorides*® discusses the Lemnian medic-
inal earth immediately after his paragraphs on Sinopic ochre and
artificial red ochre but does not mention it in the part of his work
devoted to other medicinal earths. That Pliny confused two quite
different earths found on Lemnos, or at least two different kinds
of red ochre, seems clear from the critical and detailed statements
of Galen, who actually visited Lemnos to investigate the manu-
facture of the medicinal earth for which the island was then
famous. According to Galen there were, in fact, three different
earths found on Lemnos. One was the medicinal earth, another
was a true red ochre suitable for use in painting, and still another
was an earth used for cleaning clothes. Galen further remarks
that some people called the medicinal earth piAros because of its
color, though this was an incorrect designation. He clearly differ-
entiates between the medicinal earth of Lemnos and the red ochre
of the island when he says: “Though it has the same color as red
ochre, it differs from it in not staining when it is touched . . . %"
It may be concluded, therefore, that the Lemnian miltos men-
tioned by Theophrastus was a true red ochre suitable for use as a
paint pigment, whereas the Lemnian medicinal earth, which he
does not mention anywhere in this treatise, was probably a clay
stained red with ferric oxide. This was used extensively as a popu-
lar remedy in various European countries until comparatively re-
cent times.

52. the one called Sinopic; this is really Cappadocian

red ochre, but it is brought down to Sinope.
Since Sinope, the modern Sinub or Sinop, had the only good
natural harbor along the entire south coast of the Euxine, it was
the principal port for the export of products from the whole
eastern part of Asia Minor. None of these products seems to have
been as widely known as the valuable red ochre named after the
city. This was so famous that the term sinopis finally became a
synonym for red ochre itself. Pliny*** remarks that sinopis de-
rived its name from the Pontic city of Sinope, and adds that it
2303V, 113 (Wellmann ed., V, 97).
394 Dp simplicium medicamentorum temperamentis ac facultatibus, 1IX (Kihn ed,,

XII, 169-70); De antidotis, 1 (Kiihn ed., XIV, 80).
895 XXXV, 3I1.
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also occurred in various other places such as Egypt and the Balearic
Islands. It has been suggested from time to time by various schol-
ars that the miltos of Sinope was not red ochre at all, but the
rarer and more costly red pigment, cinnabar. This opinion is
maintained, for example, by Leaf,**® mainly because it would
have been so expensive to transport such a common product as
red ochre through the difficult country lying between Cappadocia
and Sinope that it could not have been sold at a profit in Greece,
where it would have had to compete with the red ochre found
abundantly in much nearer localities such as Ceos and Lemnos.
Though some of his other arguments are also ingenious, it is not
at all likelv that his identification is correct. A very serious objec-
tion is that cinnabar does not occur within the confines of ancient
Cappadocia, though various iron minerals such as brown iron
ore and the ochres are found in many places.” Moreover, cin-
nabar is not found in the localities listed by Pliny as sources of
sinopis, but red ochre occurs in these places. The argument that
red ochre imported from Sinope would have been too costly to
compete with the product from neighboring places is easily re-
futed. In the first place, natural red ochres differ greatly in quality
and in suitability for use as paint pigments, so that an imported
ochre of high quality could easily have been sold at a considerably
higher price than ordinary red ochre. Even today, natural red
ochres which have a particularly desirable hue, brilliancy of tone,
or tinting strength are brought great distances to be marketed
in direct competition with domestic ochres selling at a much
lower price. Thus, for example, the red ochre found at Ormuz on
the Persian Gulf is exported in large quantities to England, the
United States, and other distant countries. Moreover, the Sinopic
red ochre may have been a pigment of very high iron oxide con-
tent, so that much less was needed when it was diluted with
white pigments to produce light-red or pink colors, and thus it
may have been cheaper for this purpose than ordinary ochres
selling for a third or a fourth as much. The remark of Dioscori-
des**® that Sinopic miltos was liver-colored definitely suggests that
806 W, Leaf, Journal of Hellenic Studies, XXXVI (1916), 10-15.

897 Schmeiszer, Zeitschrift fiir praktische Geologie, XIV (1906), 190.
398V, 111 (Wellmann ed., V, 96).
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it was just such an earthy hematite. Most of the scholars who
would identify Sinopic miltos or sinopis with cinnabar either
ignore the descriptions of these minerals left to us by ancient writ-
ers or misinterpret them. The descriptions of Theophrastus, Vi-
truvius, Pliny, and Dioscorides indicate clearly enough that the
pigment exported from Sinope was not cinnabar.

53. Itisdug up by itselfin . . ..

It is difficult to translate év 76 pcpd (“in the small . . . ), for
it seems to require some noun like “district” or “mine.” It is un-
likely that it can mean “in small quantities.” Theophrastus uses
kaTd pukpd in this sense in section 21, and the phrase is also
used by Aristotle, but év 7¢ pucpd is not listed by Bonitz in his
Index to Aristotle’s works. Perhaps it was originally the name of
a place; thus Hill has changed the text to év 7§ Afjuve (“in Lem-
nos”). Furlanus had already suggested this emendation; he did
not put it in his text, but he wrote in Lemno in his Latin trans-
lation. Wimmer, who gave in parvo (Lemno?) as his translation,
seemed to think that this interpretation might be right. Schneider
believed that it would be easy to accept the opinion of Furlanus,
but he decided to keep the manuscript reading. Theophrastus has
just mentioned Lemnian red ochre, so it is quite possible that he
is referring to Lemnos here; but since the correctness of the emen-
dation is not certain, the text has not been changed.

53. one light-colored.
The literal meaning of €xhevkos is simply “off the white,” but its
significance in this passage seems clear enough. Apparently Pliny**®
interpreted its meaning in the same way, for he seems to be quot-
ing from Theophrastus at this point when he writes that there
were three kinds of red ochre, “the red, the pale red, and one
halfway between them.”

53. Wecall this a self-sufficient kind because it does not
have to be mixed, whereas the others do.

According to this passage the Greek artists intentionally altered
the color of natural red ochres when these were not of the proper
shade of red. The results of chemical analyses of ancient Greek

899 XXXV, 31. The text reads: rubra et minus rubens atque inter has media.
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red ochre pigments appear to indicate that this was their practice.
Most of the light-red or pink pigments examined by Midgley*”
contained considerable proportions of calcium carbonate, proba-
bly present as an intentional addition, and one such pigment con-
tained both calcium carbonate and calcium sulfate, which is
almost certainly a sign of deliberate admixture. Apparently the art-
ists lightened the color of dark-red ochres by mixing them with
chalk or other white pigments. Theophrastus also seems to imply
that the inferior light-red ochres containing too little ferric oxide
were sometimes mixed with ochres containing a higher propor-
tion of ferric oxide in order to produce pigments of the desired
depth of color. Attempts to confirm this by chemical analysis have
not been successful, as such mixed ochres apparently cannot be
distinguished in this way from natural ochres.

53. It is also made by burning yellow ochre, but this is
an inferior kind.
It is not necessarily true that red ochre artificially produced by
roasting vellow ochre is inferior to natural red ochre, but since
most yellow ochres contain a considerable proportion of sand and
clay, the final product usually has a lower proportion of ferric
oxide and, for this reason, a lower tinting strength when mixed
with white pigments. Dioscorides*** says that the manufactured
red ochre is inferior to the kind from Sinope, which, as indicated
in the notes on section 52, was probably a natural red ochre con-
taining an unusually high proportion of ferric oxide. Vitruvius**®
states, however, that burnt ochre was very useful for stucco work.

53. Kydias.
Probably this is the artist Kydias mentioned by Pliny,*** who
refers to his most important painting and says that he flourished
at the same time as Fuphranor, who distinguished himself far
beyond all other artists in the hundred and fourth Olympiad.***
Therefore Kydias’ discovery was probably made about half
a century before Theophrastus described it. It is uncertain, and
perhaps doubtful, whether Kydias was the first to discover how

400 “Chemical Analysis of Ancient Athenian Pigments,” pp. 18-21.

401V, 112 (Wellmann ed., V, 96). 402 VI, 9, 2.
403 XXXV, 128, 130. 404 364-360 B.C.
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to change yellow ochre into red ochre by roasting it, though no
definite evidence exists for any earlier discoverer. Undoubtedly
the effect of heat on yellow ochre must have been noticed in
earlier times, but it is not at all improbable that the artist Kydias
was actually the first who used the process deliberately to make a
red pigment.

54. New earthen vessels are covered with clay and
placed in ovens; for when the vessels become red-hot, they
heat the ochre, and as they become hotter in the fire, they

make the color darker and more like glowing charcoal.
It is not clear from the text whether open or closed pots were
used. However, it is unlikely that closed pots were used for roast-
ing yellow ochre since some vent must be provided for the steam
that is produced when the ochre is heated. Probably the clay was
applied to the exterior of the pots to protect them to some extent
from the intense heat of the fire; this procedure would minimize
breakage and the consequent loss or contamination of the product.
Since new pots were used, it is probable that the vessels often
cracked or broke on heating and so could not safely be used again.

The conversion of yellow ochre into an artificial red ochre by
roasting is essentially a process of dehydration: the water in the
hydrated ferric oxide of the yellow ochre is expelled to form an-
hydrous ferric oxide of a characteristic red color. Though later an-
cient writers on technical subjects also allude to this process, they
add very little to what Theophrastus says about the procedure em-
ployed by the ancient technicians. Pliny**® merely repeats the ac-
count given by Theophrastus, and Dioscorides**® only mentions
the process. Vitruvius*’ does, however, describe very briefly a
somewhat different process. He states that burnt ochre was made
by heating a clod of good yellow ochre to a glow on a fire and
then quenching it in vinegar. This is actually a more primitive
process than the one described by Theophrastus much earlier.

Since many technical works composed through the centuries
contain accounts of very similar processes for preparing artificial
red ochre, it seems that the procedure here described by Theo-

405 XXXV, 35. 406V 112 (Wellmann ed., V, ¢6).
407 VII, 11, 2.
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phrastus was practiced, in principle at least, more or less con-
tinuously from ancient times until a comparatively recent date.
Indeed, the manufacture of an artificial red iron oxide pigment
by roasting yellow ochre appears to have been the usual method
for making such a pigment in European countries until it was first
made on a large scale from the waste products of the iron and
steel industry. Even at the present time, certain natural earths are
roasted in preparing them for use as paint pigments.

55. There are three kinds of kyanos, the Egyptian, the
Scythian, and the Cyprian.
It was explained in the notes on section 31 that xYavos was a
general term denoting both a particular blue precious stone and
various blue pigments. In the present section the word obviously
refers only to pigments. Actually, as is shown by the results of
archaeological excavation, only three stable blue pigments were
known at the time of Theophrastus: two of these, azurite and lapis
lazuli, were natural; and the third, blue frit, was artificial. The
Cyprian kyanos was in all probability the native kyanos mentioned
in section 39, and the same as the kyanos of the copper mines
mentioned in section 52. If so, it must have been azurite, native
blue copper carbonate, which is found in most copper mines and
in the mineralized areas in their neighborhood. Dioscorides*®
states that kyanos was obtained from the copper mines of Cyprus
and also from the sand that is found there in certain hollow places
on the sea coast. The Cyprian blue pigment could not have been
lapis lazuli, since this does not occur on Cyprus. Azurite for use
as a pigment was also obtained from less important copper-mining
regions, as is shown by the statements of other writers. For exam-
ple, the author of De Mirabilibus Auscultationibus mentions**®
a mine of kyanos on Demonesos, the island of the Chalcedonians.
This island was probably the modern Khalki, one of the Prince
Islands in the Sea of Marmora, where there are copper minerals
and traces of ancient mining operations. The Egyptian kyanos
was undoubtedly the well- known Egyptian blue frit. By elimina-
tion, therefore, the Scythian kyanos may be identified as powdered
lapis lazuli. This identification receives support from the very

408V 106 (Wellmann ed., V, 91). 409 Sec. 8.
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name given to it, since lapis lazuli does not occur in any of the
countries immediately around the Mediterranean but only in
countries far to the east. The principal ancient source was ap-
parently in what is now called Badakshan.**® Whether the deposits
of lapis lazuli in Badakshan were within the vaguely defined lim-
its of ancient Scythia is doubtful. The name “Scythian” probably
became attached to this particular blue pigment because it was
exported to Mediterranean countries by Scythian traders, who
had received it from still more distant peoples.

55. The Egyptian is the best for making pure pig-
ments, the Scythian for those that are more dilute.
In its usual form Egyptian blue frit has a more intense blue
color than powdered lapis lazuli. The difference is not so marked
when the size of the particles of the two pigments is about equal,
but blue frit apparently was always prepared and used in the form
of relatively coarse particles, as the examination of ancient speci-
mens has shown. The color that actually results on grinding it to
a very fine powder is a dull bluish-grey, as was determined by
an experiment on a specimen of the material found in the excava-
tions at Athens. All other ancient pigments were available and
useful only in the form of fine powders, and, because of the great
difference in the size of its particles, blue frit could not properly
be mixed with other pigments. Any attempt to dilute it with a
white pigment such as powdered chalk, in order to apply it as a
tempera paint, would have been unsuccessful, for the coarse par-
ticles of the frit would settle and only the chalk would remain
suspended in the paint.

55. The Egyptian varicty is manufactured.
Since there is no natural product that has the composition of
Egyptian blue frit, it is certain that the Egyptian kyanos was al-
ways artificially prepared.

Although the composition of this pigment was investigated by
chemists as early as the second decade of the last century, it was
not until 1889 that its true nature was made known. In that year

410 Cf, the notes on kyanos in sec. 3I.
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Fouqué*** showed that the azure-blue color of the pigment was
due to the presence of a single crystalline compound, a calcium
copper silicate having the composition represented by the formula
CaCu$1,0,,. Fouqué was able to reproduce this pigment, but it was
not until 1914 that the exact conditions necessary for its forma-
tion were determined by the detailed experiments of Laurie,
McLintock, and Miles."”* An account of its manufacture given by
Vitruvius'*® indicates the general procedure that the ancients fol-
lowed in making it.

Though blue frit undoubtedly originated in Egypt and was
much used there, its use was actually very widespread, for many
examples of the pigment have been found in nearly all the prin-
cipal centers of ancient civilization bordering on the Mediter-
ranean. Its use in Greece at the time of Theophrastus is certain;
in the excavations at Athens specimens have been found both
of the pigment itself and of objects colored with it ranging in date
from the sixth or fifth century B.c. down into the Roman pe-
riod.”* It seems unlikely, however, as is implied by the statements
of Theophrastus, that this pigment was manufactured outside
Egypt until a comparatively late date. Vitruvius’® states that the
methods of making it were first discovered at Alexandria. This
must be incorrect, since Alexandria was founded many centuries
after blue frit was first known. He adds that Vestorius afterwards
began to manufacture it at Puteoli, and it may well be that this
was the place where it was first manufactured outside Egypt.

55. those who write the history of the kings of Egypt
state which king it was who first made fused kyanos in
imitation of the natural kind; and they add that kyanos
was sent as tribute from Phoenicia and as gifts from other

411F, Fouqué, Comptes Rendus Hebdomadaires des Séances de I'Académie des Sci-
ences (Paris), CVIII (1889), 325.

412 A P. Laurie, W.F.P. McLintock, and F.D. Miles, Proceedings of the Royal Society
of London, LXXXIX-A (1914), 418-20.

413 VII, 11, 1.

414 E R, Caley, Hesperia, XIV (1945), 152-56.

415 VII, 11, I.
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quarters, and some of it was natural and some had been pro-
duced by fire. '

Though it cannot be determined exactly when Egyptian blue frit
was first discovered, the earliest known specimens belong to the
Fourth Dynasty, that is, to the period from 2900 to 2750 B.C.***
Some inscriptions that have recently been discovered support the
statement about the gifts and tribute of kyanos that were sent to
Egypt, though they do not say that they came from Phoenicia.
They say that tribute in the form of both natural and imitation
lapis lazuli was sent by certain Mesopotamian rulers to Egyptian
kings. In one of these inscriptions, for example, it is recorded that
the ruler of Assur sent as tribute to Thothmes III three large lumps
of genuine lapis lazuli and three pieces of “blue stone of Babel,”
which was apparently an imitation.*"” Thothmes III flourished
around 1500 B.C., but the Egyptian rulers mentioned in the other
inscriptions are later.

55. Those who grind coloring materials say that kya-
nos'™ itself makes four colors; the first is formed of the fin-
est particles and is very pale, and the second consists of the
largest ones and is very dark.

Blue frit pigment must be the kind of kyanos specifically meant
here. Neither azurite nor lapis lazuli yields pigments that differ
much in color when they are ground to particles of a different
size, but, as has already been indicated, blue frit behaves differ-
ently. Some exact measurements of the relation between the color
of this pigment and the size of its particles have been made by
Peterson.** When Theophrastus says that four colors were made
from this kind of kyanos, he must mean four shades of color, but
he is making a mere conventional distinction, since the intensity
of the blue color of the pigment decreases continuously as its
particles are made smaller. However, it is not unlikely that in

418 L ycas, Ancient Egyptian Materials and Industries, p. 394.

417 B_ Mcissner, Babylonien und Assyrien (Heidelberg, 1920-1925), Vol. I, p. 3s51.

418 Ejchholz thinks that uér in 7d» udv x¥avor is superfluous, and that Zxtén» should
be substituted for it. He compares Pliny (N. H. XXX0I1, 161): Scythicum mox diluitur

et, cum teritur, in quattuor colores mutatur (Classical Review, LXVI [1952], 144).
419 C, L. Peterson, “Egyptian Blue and Related Compounds,” Master’s thesis (The

Ohio State University, 1950), p. 39.
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practice the pigment was sorted into four grades, either because
this provided a sufficient variety of shades of blue or because with
a larger number of shades it would not be easy to distinguish a
particular shade from the one next to it. Theophrastus is correct
when he says that the finest pigment was pale and the coarsest
was very dark. However, in any process of grinding where the
finest is described as the first, strictly speaking the coarsest should
be described as the last and not the second, as Theophrastus states.
This passage is of considerable interest, as Theophrastus is the
first to observe the relation between the color of a vitreous or
crystalline material and the size of its particles.

The emendation Aevkdrarov (“very white,” “pale™) has been
accepted in the text instead of Aemrérarov, which appears in the
manuscripts. Turnebus accepted Aevkdrarov, and was followed by
some editors, but Schneider and Wimmer preferred to keep the
more difficult reading. It seems probable that the copyist simply
made a mistake and wrote Aemrérarov because he had just writ-
ten Aemrorarwy. Theophrastus 1s talking about colors, and a word
meaning “very pale” is clearly needed to correspond with pekdv-
rarov, which means “very dark.” Since a literal translation of
Aemrrérarov would be unsuitable, it seems better to accept the
emendation Aevkorarov in the text.

56. white lead.

It has generally been assumed that the word Yuuvfior always
meant the basic carbonate of lead commonly known as white lead,
but Bailey*** has recently identified the psimyrhion of the Greeks
and the corresponding cerussa of the Romans as normal or basic
lead acetate. However, if attention is paid to the ancient authors
who discuss the products derived from lead by the corrosive action
of vinegar, it seems certain that these terms were general ones
that included both soluble lead acetate and insoluble lead carbon-
ate, and that the particular product depended upon the details
of the procedure. According to the procedure described by Theo-
phrastus, the product was washed by decantation, which shows
that it must have been insoluble in water and was therefore the
carbonate and not the acetate. Bailey and other commentators

420 The Elder Pliny’s Chapters on Chemical Subjects, Part 11, p. 204.
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have been puzzled by the accounts that Theophrastus and later
authors have given, because no mention is made of the source of
the carbon dioxide necessary for the formation of basic lead carbon-
ate. It has been suggested that either the ancient processes were
always performed near fires or some extraneous fermenting
material was present, and that the ancient authors simply failed
to mention these sources of carbon dioxide. What has been gen-
erally overlooked is that the air itself and the water used in the
washing operations provided enough carbon dioxide to produce
basic lead carbonate by the small-scale processes used by the an-
cients. This was verified by performing in miniature the process
here described by Theophrastus. Lead blocks were supported just
above a five per cent acetic acid solution in an open vessel, and
the white crusts that were formed on the blocks by corrosion were
scraped off at intervals of about ten days. The product was found
to be a lead acetate containing only a small proportion of lead
carbonate; but when it was dissolved in tap water, a turbidity
due to the formation of basic lead carbonate was observed almost
immediately, and after the solution had stood for a few hours it
absorbed enough carbon dioxide from the air to cause the pre-
cipitation of a considerable amount of carbonate. The statements
of Theophrastus suggest that, in the process he describes, white
lead formed in just this way. Either the successive scrapings of the
white crusts were thrown into a mortar along with a little water
until all the lead was consumed, and then the total product was
ground, washed, and separated, or else the individual scrapings,
as they were collected, were ground with water for a considerable
time before the product was washed and separated by decan-
tation. Another source of the carbon dioxide may have been
the so-called vinegar used in the process. If this was merely a
spoiled grape juice undergoing both alcoholic and acetous fermen-
tation, ample carbon dioxide would have been available. That
this could have been the main source of the carbon dioxide is sug-
gested by the statements in the next section, where Theophrastus
describes how verdigris is prepared by the use of grape-residues
and says that the process is similar to the one used for making
white lead.

The other ancient writers who describe methods of preparing
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psimythion and cerussa supply additional details or give variations
in the general procedure. Vitruvius,** in speaking of the manu-
facture of cerussa at Rhodes, states that a layer of twigs was placed
in a large jar, vinegar was poured over the twigs, and pieces of
lead were placed on top of them. He also states that the jars were
provided with lids to prevent evaporation. Pliny*** gives an out-
line of two processes: one of them is similar to the process de-
scribed by Theophrastus, the other is similar to the one given by
Vitruvius. Pliny probably obtained his information from these
authors. Both Vitruvius and Pliny describe the roasting of white
lead to produce red lead, which was also a valuable pigment. Since
Theophrastus does not mention this additional step, it seems likely
that it was unknown in his day, or at least unknown to him. The
most extensive description of the lead corrosion process is given
by Dioscorides.**

It is interesting to note that the most satisfactory white lead for
use as a pigment at the present time is still the kind produced by
the action of acetic acid vapor on metallic lead in the presence
of air and carbon dioxide, and much of it is made by the socalled
Dutch process. In this method, as in the ancient ones, the lead is
corroded in small pots containing dilute acetic acid; the essential
difference is that in the modern process the operation is performed
on a large scale in a closed building, and an abundant supply of
carbon dioxide is furnished by some fermenting material such as
spent tanbark.

Specimens of white lead used by the Greeks have been dis-
covered by archaeologists and positively identified by chemical
analysis. The most extensive discoveries were made by Shear***
during the excavation of the North Cemetery at Corinth, where
small covered bowls in the graves of women and girls were found
to contain white lead in the form of pressed cubes, irregular pieces,
and loose powder. A representative sample from one of these
bowls was examined chemically by Foster*”® and found to be
lead carbonate. It is interesting that Dioscorides*”® mentions

421 VT, 12. 422 XXXIV, 175-76.

428V, 103 (Wellmann ed., V, 88).

424 Classical Studies Presented to Edward Capps (Princeton, 1936), p. 314.

425 W, Foster, Journal of Chemical Education, X1 (1934), 225.
426V, 103 (Wellmann ed., V, 88).
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Corinth as one of the centers of white lead manufacture. Ancient
specimens of white lead have been found in Attica and could
probably be found elsewhere in Greece. Rhousopoulos**” mentions
a specimen of white lead found in a grave not far from the Na-
tional Archaeological Museum in Athens which he positively
identifies as basic lead carbonate. This, in fact, appears to be the
first identification of a specimen of ancient white lead by chemical
analysis. At least two other specimens of white lead from graves
in Attica have been identified chemically.**® Since some of these
specimens of white lead date from as early as the fifth century s.c.,
it is clear that the manufacture of this pigment began long before
Theophrastus wrote about it.

The fact that white lead is found exclusively in the graves of
women and girls and in a particular kind of closed bowl or toilet
box shows that it was used as a cosmetic. This is amply con-
firmed by numerous allusions in the writings of classical authors.
There are only a few artificially prepared chemical compounds
that were known to the ancients, but this one is mentioned in their
writings more often than any other. It is apparently first referred
to by Xenophon;** in a conversation with Socrates, Ischomachus
remarks that, in instructing his wife on her duties, he discourages
the use of white lead and other cosmetics because they displease
him and are devices that are easily discovered. Similar allusions
to the use of white lead as a cosmetic are made by Plautus,*’
Ovid,”* and Martial.*** This, in fact, seems to have been the chief
use of the product in ancient times, even though its poisonous
nature was recognized, but it must be remarked in justice to the
ancients that the use of poisonous substances in commercial cos-
metic preparations is by no means unusual in modern times.

Pliny*** lists white lead among the paint pigments, but he states
elsewhere*** that it was not suitable for moist fresco work, a state-
ment which is correct from the chemical point of view, since

427 Diergart, Beitrige aus der Geschichte der Chemie dem Gedichtnis von Georg

W. A. Kahlbaum, p. 193.
428 Classical Studies Presented to Edward Capps, p. 316; Caley, Hesperia, XIV (1945),

153-55-
429 Oeconomicus, X, 7. 480 Mostellaria, 258.
431 Medicamina facici, 73. 432 Epigrammata, 11, 41, 12; VII, 25, 2.
433 XXXV, 37. 434 XXXV, 49.
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basic lead carbonate is decomposed on contact with slaked lime,
and the hydrated lead oxides that are produced darken on ex-
posure to light. Although Theophrastus apparently places it
among the paint pigments, white lead appears to have been little
used for painting in ancient times. Pliny remarks, however, that
cerussa was suitable for wax painting but not for mural work.
In his researches on the colors used in painting by the ancients,
Sir Humphry Davy**® noted the absence of white lead on painted
walls, and its general absence has been noted in later and more
extensive investigations. At the present time it is regarded as one
of the most important white pigments, and it has had widespread
use 1n spite of attempts by various governments from time to time
to restrict or even prohibit its use on account of its toxic nature.
Though the ancients did not use it very much as a paint pigment
in a direct way, they did use white lead, and probably lead acetate
also, for the production of red lead, which was a substitute for
the more expensive natural pigments, cinnabar and realgar.

57. Red copper.
The word xahxds is a general term used to denote both pure
copper and its alloys, though it usually refers to bronze. Here the
qualifying adjective “red” indicates that unalloyed copper was
employed in the process.

57. grape-residues.

Evidently the genitive rpvyds cannot refer to “wine-lees,” which
is the usual meaning of 7pv¢, but in this context means the residues
of the grapes that remain after the must has been pressed out
of them, or more strictly, perhaps, such residues in a state of
acetous fermentation.

Other ancient writers describe processes for the manufacture of
verdigris. Pliny**® gives several methods. In one of these—probably
the same as the one given here by Theophrastus—copper was
buried in grape skins and the verdigris was scraped off after ten
days. In another method perforated pieces of a copper alloy were
suspended in closed casks over vinegar. In a third method vinegar
was sprinkled over filings of the metal, and the mixture was stirred

435 Philosophical Transactions of the Royal Society of London, CV (1815), 97-124.
436 XXXIV, 110-11.
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several times a day with a spatula until all the copper had re-
acted. Dioscorides**” also describes similar processes, including one
that resembles the method described by Theophrastus. In this
process plates of copper were buried in sour grape skins for a
number of days.

A method of preparing verdigris by means of acetic acid vapor
acting on a sheet of pure copper is described in detail in the
Stockholm Papyrus,’*® and other accounts appear in medieval
technical works.

It 1s interesting to note that the particular method mentioned
here by Theophrastus is, in principle at least, still in use today
and probably has been used more or less continuously throughout
the intervening centuries. The method of preparing verdigris by
the action of sour grape skins on copper plates is mentioned by
early modern writers on chemistry and chemical technology.
Boerhaave,**® for example, refers to it, and Hill**° gives an account
of the commercial process that was usual in his time. At present,
the manufacture of verdigris by this method is centered in the
wine districts of France, particularly at Grenoble and Montpel-
lier.*** Usually the marc, which is the waste matter consisting of
the skins and stems of grapes, is first allowed to ferment, either
in large vessels or in special rooms. After the fermentation has
proceeded to the proper stage, the pasty mass is spread on thin
sheets of copper. Next, piles of alternate sheets of copper and lay-
ers of fermented marc are built up. These are allowed to stand
from two to five weeks, depending upon the temperature, and
are then dismantled. If the process has been successful, the copper
sheets are covered with fine green crystals of copper acetate. The
sheets are then exposed to the air and moistened from time to time
with water or damaged wine. As a result of this treatment they
become coated with a thick layer of basic copper acetate which is
detached, kneaded with a little water, and pressed into cakes or

437V, g1 (Wellmann ed., V, 79).

438 Lagercrantz, Papyrus Graecus Holmiensis, pp. 20, 194.

439 H. Boerhaave, Elements of Chemistry, trans. T. Dallowe (London, 1735), Vol.
II, p. 152.

440 T heophrastus’s History of Stones, p. 134.

441 T, E. Thorpe, Dictionary of Applied Chemistry (London, 1921), Vol. I, p. 24;
F. Ullmann, Enzyklopidie der technischen Chemie (Berlin, 1929), Vol. IV, p. 676.
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put in paper containers for the market. Variations in this large-
scale process also occur. In some factories, copper turnings are
mixed with the fermented marc and, after the reaction has taken
place, the verdigris is separated from the copper that remains. The
process is also conducted on a small scale by methods which proba-
bly differ very little from those employed in ancient times. The
blue verdigris produced by this so-called French process consists
chiefly of monobasic copper acetate, Cu(C,H;0.)..Cu(OH)..
5H.0.

Theophrastus, like Vitruvius,*** lists verdigris among the pig-
ments, but Pliny nowhere mentions the use of it in his discussion
of painting. Although verdigris has never been found in modern
investigations of ancient pigments, this is no proof that it was not
used as a pigment. Since basic copper acetate is not a very stable
compound, any pigment composed of it would probably have
changed completely in the course of the centuries to some more
stable copper compound such as the basic carbonate. But the Stock-
holm Papyrus provides definite evidence of the use of verdigris
as a coloring material and lists it as an ingredient in many of the
recipes for the preparation of imitation gems. The statements of
Pliny*** indicate that the compound was used extensively by the
ancients in the preparation of various remedies.

58. There 1s also a natural and a prepared kind of cin-
nabar.
Theophrastus has:previously shown that the blue pigments and
the red iron oxide pigments are both natural and artificial. He
seems to think that there are also two kinds of cinnabar, though
all the available evidence indicates that this pigment was not pro-
duced artificially by the ancients. The earliest mention of the
artificial preparation of cinnabar occurs in certain technical recipe
books of the Middle Ages.*** The subsequent statements of Theo-
phrastus in this section show clearly that the real difference be-
tween the two kinds was in their mode of occurrence: in some
places cinnabar was found in a pure enough state to be used
directly, but in others it was mixed with extraneous matter from

#42V10, 12, 1. 443 XXXIV, 113-15.
444 Stillman, The Story of Early Chemistry, p. 186.
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which it had to be separated. Probably Theophrastus saw little
or no difference between the mechanical refining process by which
cinnabar was obtained from the crude material and the chemical
processes by which the artificial blue or red pigments were
produced.

Cinnabar, native mercury sulfide, is first mentioned as a particu-
lar kind of stone by Aristotle,**® but Theophrastus gives the ear-
liest account of it in this section and in the two that follow. How-
ever, it was known and used by the Greeks long before the time
of Aristotle and Theophrastus. When Rhousopoulos**® was in-
vestigating the pigments on some of the limestone statues of the
sixth century B.c. in the Acropolis Museum at Athens, he found
that a bright red pigment was native mercury sulfide, and that
one of the dark pigments was the same substance altered by ex-
posure to light. Rhousopoulos also found cinnabar present as a
coloring material on lecythoi of the fifth century B.c. Traces of
it were also found on part of the inside surface and the rim of a
small black-glaze bowl of the late fifth century B.c. which was
discovered in the excavations at the Athenian Agora.*” This was
apparently a vessel in which the pigment had been mixed for
painting. A scallop shell, probably of the third century s.c., which
was found in the same excavations contained a small amount of
cinnabar and was evidently used for the same purpose. It is not
unlikely that cinnabar was used in Asia Minor, and perhaps else-
where, long before the time of the Greeks. The discovery of a
very ancient cinnabar mine near Iconium, which contained stone
hammers in the workings, seems to show the earlier use of cinnabar
in Asia Minor.**® There is, however, no evidence of its use in
ancient Egypt or in the early civilizations of Mesopotamia.

Though cinnabar is of rather frequent occurrence on Greek ob-
jects after the fifth century B.c., it appears to have been used much
less frequently than the red iron oxide pigments. Because it was
scarce, it was probably always more costly than these other red
pigments and was therefore used more sparingly.

445 Mereorologica, 111, 6, 378A (26).

448 Diergart, Beitrige aus der Geschichte der Chemie dem Gedichtnis von Georg
W. A. Kahlbaum, pp. 180-81.

447 Caley, Hesperia, XIV (1945), 153.
448 Gowland, Archaeologia, LXIX (1917-1918), 157.
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58. The cinnabar in lberia, which is very hard and stony,
is natural, and so is the kind found in Colchis.
Pliny,"* who is quoting from Theophrastus at this point, trans-
lates the Greek place name *I8npiav (Iberia) as Hispania (Spain),
and those who have commented on this passage in the Nazural
History seem to have assumed generally that Pliny was correct
in his translation. Hill*® and others after him also translated
this place name in the same way; apparently they accepted Pliny’s
interpretation and knew of the rich cinnabar deposits in Spain
that had been exploited as far back as Roman times. Lenz*** seems
to have assumed without question that Spain is the locality to
which Theophrastus refers. But it is actually very doubtful
whether the cinnabar deposits on the Iberian Peninsula were
known, except perhaps locally, as early as the time of Theo-
phrastus, and still more doubtful whether the Greeks obtained
cinnabar from that source. The following statements of Vitruvius
are important, since they suggest a later time for the discovery,
or at least the foreign exploitation, of the cinnabar deposits in
Spain:

It is said that it was first found in the Cilbian districts belong-
ing to the Ephesians . . . . However, the workshops which were
once at the mines of the Ephesians have now been transferred to
Rome, because this kind of ore was later discovered in certain
districts of Spain. The lumps of ore are brought from the mines
there and treated in Rome by public contractors.**?

From these statements it seems evident that the deposits in
Spain were exploited later than those near Ephesos, possibly only
after the latter could no longer be worked profitably. Since, ac-
cording to this account of Theophrastus, the deposits near Ephesos
were being worked at the same time as those in the country he
calls Iberia, it follows that this Iberia could not have been Spain,

449 XXXTII, 114.

450 Theophrastus’s History of Stonmes, p. 137.

451 Mineralogie der alten Griechen und Rémer, p. 26.

452 VII, 8, 1, and VII, 9, 4. The text reads: *id autem agris Ephesiorum (:‘ilbiam'.r
primum esse memoratur inventum . . . quae autem in Ephesiorum metallis fuerunt
officinae, nunc traiectae sunt ideo Romam gquod id genus venae postea est inventum

Hispaniae regionibus, (¢ quibus metallis glacbac portantur et per publicanos Romae
curantur.”
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as has been generally assumed. Hence Theophrastus probably
meant the other ancient country known by the name of Iberia, a
country corresponding to the eastern part of the present Trans-
caucasian Georgia. Colchis, mentioned here along with Iberia,
was situated along the eastern shore of the Euxine south of the
Caucasus, and was therefore a country corresponding to the west-
ern part of the present Georgia. Since Colchis, which is men-
tioned in the same context, had a common boundary with this
eastern Iberia, it is probable that Theophrastus was thinking of
this Iberia rather than Spain. The cinnabar may well have been
found in a single district common to both these ancient countries.

It is odd that Theophrastus should describe the cinnabar found
in Iberia and Colchis as very hard and stony. Cinnabar is not a
very hard mineral. Though the crystalline and massive varieties
have a hardness of 2 to 2.5 on the Mohs scale—approximately
that of rock salt—the earthy varieties are very soft. His statement,
therefore. does not appear to be based on actual observation, though
perhaps he is merely emphasizing the pronounced difference in
hardness between the crystalline and the earthy varieties. This
seems a likely explanation, since the impure kind from near
Ephesos was probably the earthy variety, whereas the so-called
natural kind from Iberia and Colchis was probably a pure crystal-
line or massive variety.

58. They say that this is found on cliffs and is brought
down by arrows that are shot at it.
This story is repeated by Pliny*** with only minor changes. Though
it seems to be fabulous, it may, like many other ancient stories,
have a real basis. It suggests, at least, that the cinnabar of Colchis
was mined in rugged country, and this in turn suggests that the
mining district was situated in the northeastern part of Colchis
in or near the Caucasus, which is characterized in many places
by unusually precipitous rock formations.

58. The prepared kind comes from one place only, a
little above Ephesos.
That cinnabar actually occurs not far inland from the site of the

453 XXXIII, 114.
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great Ionian coastal city of Ephesos has been proved by modern
geological exploration. The deposit is located about 65 kilometers
southwest of Smyrna, less than 50 kilometers directly inland from
the site of Ephesos.*** Here cinnabar is found scattered through
slate and quartz in a vein 15 to 25 meters wide, but the deposit
is not considered worth working at the present time. This state-
ment of Theophrastus agrees with the statements of Vitruvius
which indicate that the cinnabar mines near Ephesos were finally
worked out, so that mining was no longer profitable.

The phrase pikpdv év kalots, which appears in the text, has
not been translated. Schneider thought that it concealed the name
of the region mentioned by Vitruvius and Pliny where the
Ephesians obtained their cinnabar. Pliny’s statement is especially
significant, because in the section of his work in which it appears
he has apparently taken all his information about cinnabar directly
from this part of the treatise On Stones. His words are as follows:
optimum vero supra Ephesum Cilbianis agris, harena cocci colo-
rem habente*™ (the best comes from the Cilbian district above
Ephesus, where the sand has the color of scarlet dye). However,
it is not at all unlikely that Pliny may have taken his information
about the agri Cilbiani from the statement of Vitruvius.**®

If the phrase pukpdv év kalols is in its right position in the
text, it ought to refer to the refining operation and not to the
place from which the cinnabar came. If it refers to the place, it
should follow vmép ’Eéoov (“above Ephesos”), where the word
pikpév also occurs. The second pikpéy would then be an incorrect
repetition of the first, and év xahols, as Schneider suggested,
would be a mistake for év dypots Ki\Buavots. As it stands in the
text, it is impossible to translate it. It was rightly bracketed by
Schneider, and Wimmer thought it might be a repetition of év
xahkois (“in copper vessels”), which comes immediately before
it in the text.

58. The washing is done from the top, and separate
portions are wetted one after the other; what is left at the
454 Schmeiszer, Zeitschrift fiir praktische Geologie, XIV (1906), 191.

455 XXXIII, 114.
456 VT, 8, 1.
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bottom is cinnabar, and the washings are what remains
above in larger quantities.

The Greek phrase & mpds & dAelhovres is somewhat obscure;
the verb would normally mean “anointing,” and here it scems
to mean “wetting.” But it is clear that the process involved suc-
cessive washings and that it was a method of separating pure
cinnabar from its impurities that depended upon the difference in
their specific gravities. The specific gravity of pure cinnabar is
slightly over eight, whereas the specific gravity of the gangue
in which it is usually found is less than three. Therefore, when
the crude mineral that had been ground was suspended in water,
the cinnabar settled more rapidly than the impurities, which by
skillful manipulation could be poured off with the water. The
mineral had to be ground thoroughly before it was washed; this
released the cinnabar enmeshed in the gangue and reduced all
the material to particles of approximately the same size, so that
sharp separation would occur on washing.

As the earliest account of the process of separating a pure min-
eral from its associated impurities, this description of the method
used at the cinnabar mines near Ephesos is of considerable his-
torical interest.

59. They say that Kallias, an Athenian from the silver
mines, discovered and demonstrated the method of prepa-

ration.

Pliny,**" who is quoting Theophrastus at this point, makes it ap-
pear that Kallias® discovery was made at the silver mines in At-
tica, and apparently because of this incorrect quotation some
have assumed that the process of separating pure cinnabar from
the crude ore was discovered at the Laurion silver mines, or that
it was discovered there and then used for the treatment of local
ore. But neither the wording of this passage in Theophrastus nor
the geological facts warrant either of these assumptions. Cinnabar
does not occur now in the Laurion mining district, nor is there
any evidence that it ever did occur there. Moreover, Theophrastus
is obviously still speaking of the refining process used at the cin-
nabar mines near Ephesos. It is far more likely that Kallias, as

457 XXXII1, 113.
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an expert on the treatment of ores at the silver mines at Laurion,
went to the cinnabar mines near Ephesos to devise a process of
treating the ore. It is obvious that lead-silver ores were concen-
trated at Laurion by a skillful process of washing; the remains
of ancient washing tables and other apparatus can still be seen
there. Furthermore, the archaeological evidence shows that the
refining operations at Laurion were conducted on a larger and
more elaborate scale than those at any other Greek mining site.
It is therefore to be expected that mine operators at other places,
faced with the necessity of treating unusual ores by washing,
might have called upon an experienced man from Laurion to
devise a suitable process.

Kirchner*”® and Jaeger*™ both suggest that the Kallias men-
tioned here was the son of Hipponicos, one of the wealthy Atheni-
an operators of the silver mines at Laurion. The date is suitable,
and there is also the evidence of Xenophon.** But Kallias was a
common Greek name, and the evidence as a whole is so scanty
that there can be no certainty about this identification.

59. for thinking that the sand contained gold because
it shone brightly, he collected it and worked on it. But
when he saw that it did not contain any gold, he admired
the beauty of the sand because of its color and so discov-

ered this method of preparation.

This sounds very much like the usual ancient story invented after
some important event in order to explain it. Though crystalline
cinnabar glistens in the light, the more common earthy varieties
of this mineral do not, and there is nothing about the luster of
crystalline cinnabar or the color of any variety of this mineral
that would lead anyone to suspect that it might contain gold.
However, cinnabar is sometimes associated with pyrite, the so-
called fool’s gold; and if the “sand” or cinnabar ore investigated
by Kallias did contain some pyrite, he might easily have been
misled by its luster and color. If he found pyrite in the ore, he
might have paid little attention to the striking color of the cinnabar

458 | Kirchner, Prosopographia Attica (Berlin, 1901), Vol. I, p. 521.

459 W, W, Jaeger, Diokles von Karystos (Berlin, 1938), p. 120, footnote.
480 Symposium, 1, 2; De Vectigalibus, 1V, 15.
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until his attempt to obtain gold had ended in failure. Thus it is
possible that the story may have some truth in it.

Pliny** relates a somewhat analogous story about an attempt
to obtain gold from orpiment, the golden-yellow, native sulfide
of arsenic. This is said to have been ordered by the Emperor
Caligula. According to Pliny, a small quantity of gold was actu-
ally obtained in this experiment, but the amount was so small
that the attempt was considered a failure. Probably many experi-
ments of this sort were tried by the ancients.

59. This did not happen long ago, but about ninety
years before Praxiboulos was archon at Athens.
This interpretation agrees with that of Pliny, who paraphrases
the passage as follows: Theophrastus LXXXX annis ante Praxi-
bulum Atheniensium magistratum—quod tempus exit in urbis
nostrae CCCXLVIIII annum—tradit inventum minium a Callia
Atheniense . . . *** (Theophrastus states that ninety years before
Praxibulus was archon of the Athenians—a date that corresponds
to the 34gth year of our City—cinnabar was discovered by Callias
the Athenian . . . .) Thorndike** explained the passage in quite
a different way, for he believed that the preposition eis in Theo-
phrastus meant “back to” rather than “prior to,” and therefore
he placed the time of the discovery in the archonship of Praxibou-
los. In his opinion this was also the interpretation of Hill, though
Hill’s translation of the passage is actually so ambiguous that it
may be taken either way. It reads as follows, “And this is no old
thing, the invention being only of about ninety years date; Praxi-
bulus being at this time in the Government of Athens.”*** Since
Praxiboulos is known to have been archon in 315-314 B.C, the in-
terpretation of Thorndike implies that this treatise was composed
in 225-224 B.C., sixty years after the death of Theophrastus. Thorn-
dike therefore suggested that the treatise was written by someone
else and ascribed to Theophrastus. However, the text does not

461 XXXIII, 79.

462 XXXIII, 113. See also Bailey, The Elder Pliny’s Chapters on Chemical Subjects,
Part I, pp. 118-21, 218.

463 C. Singer and H. E. Sigerist, Essays on the History of Medicine Presented to Karl

Sudhoff on the Occasion of His Seventicth Birthday (Oxford, 1923), pp. 73-74.
464 Theophrastus’s History of Stones, p. 139.
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support Thorndike’s views. Examples of a similar use of the
preposition eis in both Thucydides*® and Theophrastus**® show
that the present interpretation is correct. The passage in the His-
tory of Plants is especially important because of the similarity in
construction and lack of ambiguity. It reads as follows: ¢aoi 8’ oi
Kvpnraiow pavijvas 70 aidiov érear mpdrepov 1) atrol Ty wéAw
Gxnoav émrd’ oikodaL 8¢ pdhwora mepl Tpiardoia els Supwvidny
dpxovra "AGryow. (The people of Cyrene say that silphium—
laserwort—first appeared seven years before they founded their
city; now they have been living there about three hundred years
prior to the archonship of Simonides at Athens.) Since Simonides
was archon in 311-310 B.C., the meaning ascribed to eis by Thorn-
dike is impossible here. Theophrastus apparently used the date
of the archonship of Praxiboulos, 315-314 B.C., as a reference
point, because he was writing in that year; and if this is so, the
discovery of Kallias was made about 405-404 B.c., which would
have been ninety years before.

Jaeger*”” has recently advanced a theory that the treatise On
Stones was not composed in the year 315-314 B.C., as seems to be
indicated in this section, but twenty years or so later. In section 28
Theophrastus mentions a certain Diokles, whom Jaeger identifies
as Diokles of Karystos, a noted Athenian physician who flourished
in the fourth century B.c. In this Jaeger agrees with previous views,
but he also thinks that Diokles was still alive in the opening years
of the third century, since there appears to be evidence that
Diokles wrote a letter to Antigonus, King of Macedon, some-
time between the years 305 and 301 B.C, and wrote a medical
work shortly after 300 B.c. Moreover, Jaeger believes that by
the use of the imperfect (AwokAijs éleyer) in section 28, Theo-
phrastus shows that Diokles was no longer alive. But he also
implies that Diokles was his contemporary and that he had heard
him speak. Thus it seems to follow that Theophrastus composed
his treatise On Stones sometime between the opening years of
the third century and the time of his death about 287 8.c. Though
this theory rests to some extent on conjecture, it does supply a
possible explanation of the peculiar method of dating used in this

4651, 13, 3. 468 History of Plants, VI, 3, 3.
487 Dyjokles von Karystos, pp. 1-5, 114-23.
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section of the treatise On Stones. Jaeger’s explanation is that
Theophrastus obtained his information from another author who
wrote during the archonship of Praxiboulos and stated that the
discovery had been made about ninety years before; then Theo-
phrastus, as an easy and convenient way of dating the discovery,
added the statement about the archonship without changing the
wording of the passage from which he took his information. He
could easily have taken it from the report of an assistant, as he
appears to have followed this practice freely in composing his
History of Plants. The use of the verb ¢aoi (“they say”) at the
beginning of this section definitely supports this explanation, as
it shows that he is depending upon the authority of someone else
for his information.

Whatever may be the true explanation of this method of dating
by the vear of the archon, it has the merit of fixing both the
time of Kallias’ discovery and the time at which a record was
made of it by Theophrastus himself or by some contemporary
upon whom he depended for his information. It really matters
little whether 315-314 B.C. or the slightly later date suggested by
Jaeger is accepted as the date of the composition of the treatise,
since both fall within the known lifetime of Theophrastus and
both are of equal value as an indication that he was the actual
author.

60. paints.
The word aAwets, which occurs in the manuscripts and the text
of Aldus, cannot be translated. Four of the editors, including
Hill, read dAumels; apparently they are referring to the kind of
earth that is not greasy and is suitable for painting (sec. 62). Since
a word meaning “paints” seems to be needed, one possibility
is d\iupds, a late spelling of dhoupds, the noun derived from
d\elpw (“to anoint or paint”). The word occurs in the singular
(é\ediyv) in an inscription of the third century s.c., which coin-
cides with part of the lifetime of Theophrastus. This inscription,
which refers to the materials for the erection of a temple at Eleu-
sis, reads as follows: kai k6\\av @poBdiov kal T@\\a Gv v déy
mpds ™ épylaciav kal T ép)efw kal Ty d\ubiy T6GY EVhwy
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kai ™y dépwow . . . ** (and raw ox-glue and other things
necessary for the work, for the roofing, the painting of the wood,
and the plastering . . . .)

60. and others for both purposes equally, such as quick-
silver; for this has 1ts use too.
Since cinnabar and mercury often occur together, it is likely that
mercury was known as early as cinnabar; and, as archaeological
discoveries have shown, cinnabar was undoubtedly known in
Greece by the sixth century B.c. and in Asia Minor probably much
earlier.*” That cinnabar and mercury occurred together in at least
some ancient deposits is clear from a statement of Vitruvius,*”
who says that in the mining of cinnabar this mineral shed tears
of quicksilver under the blows of the tools and that these tears
were at once gathered by the diggers. Free mercury actually oc-
curs in the cinnabar deposits that still exist in the district near
Ephesos, where the ancient deposits were found.'™ However, there
is no archaeological or literary evidence that the Greeks knew
about mercury as early as the sixth century. It is first mentioned
by writers of the fourth century B.c., and the earliest allusion to it
seems to have been made by the comic dramatist Philippos; accord-
ing to Aristotle*™ he explained the movements of a wooden statue
of Aphrodite by saying that the sculptor Daedalos poured quick-
silver into it. Theophrastus is the first to describe the preparation
of mercury from cinnabar and the first to mention that mercury
had some practical use.

Vitruvius, who wrote in the first century B.c., is the earliest
ancient author to give detailed information about the practical
uses of mercury in antiquity. This is what he says:

Moreover, it is convenient to use it for many purposes. In fact,
neither silver nor copper can be gilded properly without it. And
when gold has been woven into a garment, and the garment be-
comes worn with age so that it is no longer respectable to use,
the pieces of cloth are put into earthenware pots and burned up
over a fire. The ashes are then thrown into water and quicksilver
468 Sypplementum Epigraphicum Graecum, 111, 147.

469 Cf, the notes on sec. 58. 470 V]I, 8, 1.
471 Schmeiszer, Zeitschrift flir praktische Geologie, XIV (1906), 191.
472 De Anima, 1, 3, 406B.
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added to them. This attracts all the little pieces of gold and makes
them combine with itself. When the water has been poured off,
the residue is emptied into a cloth and then squeezed in the hands;
the quicksilver, because it is a liquid, escapes through the loose
texture of the cloth; the gold, brought together by the squeezing,
is found inside in a pure state.*™®

Pliny*™ also describes the practical uses of quicksilver, but he
adds little to what Vitruvius says. The Leyden Papyrus X con-
tains recipes for gilding with the aid of mercury, for preparing
gold amalgams for lettering in gold, for “silvering” copper ob-
jects with mercury, and for making various simple and complex
amalgams of base metals in imitation of silver.

60. It is made when cinnabar mixed with vinegar is

ground in a copper vessel with a pestle made of copper.

A lacuna in the manuscripts and Aldus shows that a word is
missing before 7pupfy. This must be xwvdBapr, which can be
supplied from Pliny,"® who seems to be quoting from Theo-
phrastus. The chemical facts also require it.

This was no mere mechanical method for the liberation of the
metal from a natural mixture of mercury and cinnabar, but it was
a true chemical process that depended upon the displacement of
the mercury from the cinnabar by the more active metal placed
in contact with it. Lenz*’® doubted that cinnabar would be de-
composed by the process here described by Theophrastus, and
Blimner*”” apparently accepts this opinion, but Bailey*”® has
demonstrated by an experiment that cinnabar can be decomposed
when it is subjected to this treatment. This experiment was per-
formed by grinding cinnabar with copper turnings and vinegar.
Though the reaction was found to proceed very slowly when the
mixture was cold, it took place readily enough when it was
warmed, and the products were copper sulfide and mercury.
However, the liberated mercury soon united with some of the
unchanged copper to form an amalgam of copper and mercury.

4713 VII, 8, 4. 474 XXXIII, 99, 125, 475 XXXIII, 123.

476 Mineralogie der alten Griechen und Romer, p. 26.
417 Technologie und Terminologie der Gewerbe und Kiinste bei Griechen und

Rémern, Vol. 1V, p. ¢8.
418 The Elder Pliny’s Chapters on Chemical Subjects, Part I, p. 223.
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In order that pure mercury may be obtained by this method, an
additional operation is evidently needed: namely, the heating of
the amalgam and the condensation of the pure mercury volatilized
by the heat. Thus the process described by Theophrastus pro-
duced an amalgam and not pure mercury. Possibly such impure
mercury was all that was produced and used at the time of Theo-
phrastus, though it seems more likely that the amalgam was dis-
tilled in order to obtain the pure metal. The separation of mercury
by distillation was certainly known a little later in ancient times,
since both Dioscorides*” and Pliny**® describe its isolation by this
method. Since Theophrastus does not mention that the mixture
ought to be heated and a simple distillation performed, it is proba-
ble that he did not know all the details of the process used in his
day.

This passage is not only the first account of the isolation of
mercury from cinnabar but also the earliest description of any
method of isolating a metal from one of its compounds.

60. And perhaps several other things of this kind could
be discovered.
This statement seems to imply that Theophrastus was in favor of
experiment, though perhaps it only shows that he thought that
such technical processes were discovered by chance. It certainly
does not show that he appreciated the importance of systematic
experiment.

61. Among the substances obtained by mining there

still remain those that are found in earth-pits.

This section serves as an introduction to the remainder of the
treatise, which deals principally with the earthy minerals or with
products derived from them.

The fundamental meaning of yewparis is “looking like earth.”
This suggests that Theophrastus may have been referring to sub-
stances “that have the appearance of earths.” However, Liddell
and Scott’s lexicon states that in this particular passage the word
means “a spot where a kind of ochre was dug.” It seems clear
that this definition has been taken from the translation given by

419V, 110 (Wellmann ed., V, g5). 480 XXXIII, 123.
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Hill, who speaks of “remarkable earths dug out of pits.” Though
the original meaning is attractive, the use of the preposition év
does seem to suggest a place, and for this reason the translation
“earth-pits” has been adopted.***

61. And all sorts of colors are obtained from them

owing to the differences of the matter they contain .

The phrase immediately preceding this corrupt passage refers to
substances caused by “some conflux and separation of matter
which is purer and more uniform than that of the other kinds”;
it is a recapitulation of what was said before, especially in section
2. This passage appears to be a similar recapitulation of what was
said at the beginning of section 50. Though it is impossible to
emend this passage with any certainty, what Theophrastus says
in section 50 about the differences in savors may supply a hint.
Turnebus changed odvrov to mowidvrev, and four of the editors,
including Hill, followed him. He also inserted kai after dmoxer-
pévov. Schneider suggested kal 8infodvrwv, referring to matter
“filtering through” or “percolating.”

61. some of them are softened and others are ground
and melted, and in this way the stones that are brought

from Asia are constructed.
That pakdrrovres (“softening”) really means fusing or sintering
in this context, and that mjxovres (“melting”) means dissolving
or leaching, seems more than likely from the use made of these
words by Aristotle and Theophrastus.** Though the word order
suggests that the material was ground after it was dissolved or
leached, it is highly probable that the grinding was done first.
If so, Theophrastus is merely reversing the natural order of words,
following the construction known in Greek as “hysteron pro-
teron,” just as he did in section 58 (wAdvovor kai 7pifovow).
Actually pakdrrovres is Schneider’s emendation for pelavrév-
res, which appears in the manuscripts and makes no sense. But
the emendation seems to be correct, especially as a contrast is again

481 The Erymologicum Magnum includes the noun yewpaveior, which it describes as
a place where there is a mine of earth (xwplov éo7lv év & 7iis elvar péralhor).
482 Cf, the notes on sec. 48.
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made between the verbs mjkw and paldrrw, which were used in
section 48.

Celsus,®® Dioscorides,*™ and Galen,*® when they discuss the
sources and properties of certain mineral drugs, mention an Asian
or Assian stone, which apparently came from the town of Assus
in the Troad. They also speak of the “fower” of this stone, which
appears to have been a natural efflorescence that formed on it.
Though Theophrastus says that the “stones” were brought from
Asia, it is not at all likely that they were the same as this stone
of Assus, for this appears to have been a natural product and the
so-called “stones” were evidently artificial. But it is difficult to
determine what kind of artificial product they were. Since they
were made by heating, grinding, and leaching earthy minerals,
it is most likely that they were crystals of salts, such as alum,
copperas, and blue vitriol, prepared from the impure natural
sulfates. Dioscorides,*® Pliny,”’ and Galen*** clearly show that
such crystallized salts were made in ancient times. Galen actually
visited a factory on the island of Cyprus where he saw one of these
salts being produced; this was probably hydrated copper sulfate
contaminated with iron sulfate. He describes how the green solu-
tion containing the dissolved salt was drained into a warm cave
where the salt was allowed to crystallize.

Though the Asian or Assian stone and these “stones” from
Asia were in all probability not the same, there may have been
a relationship between them. Descriptions of the “flower” of this
stone given by Dioscorides*® and by Pliny*™ suggest that this
product was the sort of saline efflorescence that occurs on such
sulfide minerals as marcasite or pyrite when they become weath-
ered. In other words, the so-called “Hower” of Asian or Assian
stone may have consisted of natural earthy sulfates, whereas the
“stones” mentioned by Theophrastus in this passage may have
been such sulfates in the form of purified crystals.

4831V, 31 (Daremberg ed.). 484V, 141 (Wellmann ed., V, 124).

485 De simplictum medicamentorum temperamentis ac facultatibus, 1X (Kiihn ed.,
XII, 194, 202).

486V 114 (Wellmann ed., V, 98). 487 XXXIV, 123-25; XXXV, 183-88.

488 De simplicium medicamentorum temperamentis ac facultatibus, 1X (Kiihn ed.,

XTI, 238-41).
489V, 141 (Wellmann ed., V, 124). 490 XXXVI, 133.
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62. The natural kinds of earth, which are useful as well
as superior in quality, are three or four in number, the
Melian, the Kimolian, the Samian, and a fourth in addition
to these, the Tymphaic or gypsos.

Melian earth, which was found in Melos, an island in the Cycla-
des, is mentioned by several other ancient writers. Most of them
say or imply that it was white, but Dioscorides*’* states that it
was ash-colored like the Eretrian earth. This suggests that it
probably occurred both in a white and a greyish form. For use as
a paint pigment it is probable that only the white form was suit-
able. Later in this section Theophrastus compares it with Samian
earth and gives the impression that it felt rough when it was
touched. Dioscorides specifically says that it was rough, and that
when it was rubbed between the fingers it made a sound, just as
pumice does when it is rubbed. Various conjectures have been
made about its identity. Hill*** described it as a fine white marl,
though he gave no reason for this. Lenz**® thought that Theo-
phrastus was describing a clay, or a chalky clay, and various writ-
ers have identified Melian earth as a white clay, though they do
not seem to have had any actual knowledge of the kinds of earthy
minerals that occur on the island of Melos. However, Stephani-
des*** did know that deposits of kaolin occur on Melos, and he
also identified Melian earth as a pure white clay or kaolin. But
there is an objection to this identification, since the statements of
both Theophrastus and Dioscorides plainly show that this earth
was not unctuous like clay, but harsh or rough to the touch.
Though some impure clays feel rough because of the presence of
sand, it seems more likely that Melian earth was not a clay at all
but some other substance such as a siliceous earth. What makes
this very probable is the actual occurrence of a white siliceous
earth on Melos, where several large deposits have recently been
discovered and exploited. This is a brilliant white earth that oc-
curs in chalklike masses. It consists of nearly pure silica in a cryp-
tocrystalline form. Though it is soft and extremely fine after the
491V, 179 (Wellmann ed., V, 159).
492 T heophrastus’s History of Stones, p. 142.

493 Mineralogie der alten Griechen und Rimer, p. 27.
494 The Mineralogy of Theophrastus, p. 93.
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usual grinding and washing, it has distinct abrasive properties
and can be used as a polishing powder and as a filler in paints.*”
It has appeared on the market under the trade name “Milowite,”
and the modern exploiters of this siliceous earth seem to regard
it as a new mineral product, though it is probably the same as
the Melian earth that was so widely known in ancient times.

Kimolian earth took its name from the island in the Cyclades
upon which it was found. Kimolos is a small island very close to
Melos. Since Theophrastus only names this earth without giving
any description, it cannot be identified from what he says. How-
ever, the descriptions of Kimolian earth given by later ancient
writers such as Dioscorides**® and Pliny*’" do identify it. Dios-
corides states that Kimolian earth occurred in two varieties, white
and reddish (literally, inclining to purple), and that it had a cer-
tain natural fatness. Pliny mentions its use for cleaning clothes,
which at once suggests that it had the properties of a fuller’s earth.
The principal clayey material of this kind that occurs on the
island of Kimolos is a particular variety of sepiolite, a hydrated
magnesium silicate to which modern mineralogists have given the
name cimolite. This has been used in modern times for cleaning
cloth, and it is in all probability the same as the Kimolian earth
mentioned here by Theophrastus.

The description given by Theophrastus suggests that Samian
earth, which takes its name from the island of Samos off the coast
of Asia Minor, was in all probability kaolin, hydrated aluminum
silicate, or a clay composed mostly of kaolin. Deposits of kaolin
and fine clays occur on the island, and in ancient times they were
extensively used for the manufacture of ceramic ware. In section
63 there is another indication that Samian earth was kaolin, and
this is discussed in the notes on that section. The descriptions
given by authors who lived later than Theophrastus further sup-
port this identification. For example, Dioscorides**® mentions that
Samian earth clings strongly to the tongue, a special property
more or less characteristic of kaolin and of clays that are largely
composed of it.

495 ] N. Wilson, Chemical Trade Journal, XCVIl (1935), 28; Sands, Clays, and
Minerals, 11, No. 3 (1935), 127-30.

498V, 175 (Wellmann ed., V, 156). 497 XXXV, 195-96.
408V, 171 (Wellmann ed., V, 153).
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The fourth kind of earth that Theophrastus mentions is the
kind that takes its name from Tymphaia, a district in northern
Epirus; he seems uncertain whether to classify it as another kind
of native earth or as gypsos. The same uncertainty can be seen in
section 63, where he says that the people near Mt. Athos use the
Tymphaic earth for clothes and call it gypsos. On the other hand,
he states in section 64 that gypsos occurs in Tymphaia, so that he
probably regarded Tymphaic earth as identical with gypsos.
Therefore, it would seem that Tymphaic earth was either a nat-
ural kind of gypsos or a substance that closely resembled one of
the minerals included under this term. It may have been an earthy
gypsum or a white chalk.

62. gypsos.

Although the English word gypsum is derived from the Greek
word yios, which has often been translated in this way, the
descriptions given by Theophrastus in the rest of the treatise show
clearly that, in his day at least, the Greek word had a much
broader significance. It is, however, certain from some of these
descriptions that gypsum, natural hydrated calcium sulfate, was
included under the name gypsos. On the other hand, it is equally
certain that the Greek term was also applied to the artificial partly
dehydrated calcium sulfate now known as plaster of Paris. More-
over, some of these descriptions show beyond doubt that gypsos
must have included a very different substance, our present quick-
lime or calcium oxide. It apparently also included various prepa-
rations made from these different substances. The evidence for
the use of the word is discussed in the notes on the remaining
sections. Theophrastus not only fails to make distinctions be-
tween the different chemical substances included under the term
gypsos, but he often confuses one with another.

62. Painters use only the Melian kind; they do not use
the Samian, cven though it is beautiful, because it is greasy,

dense, and smooth.

Samian earth is not mentioned as a paint pigment by other an-
cient authors, and it is easy to understand why a material of this
nature was not used. There are, however, many allusions in the
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works of these authors to the other uses of Samian earth, though
Theophrastus says little about them. It appears to have been widely
used for medicinal purposes, principally as an ingredient of plas-
ters and salves.

62. For the kind which is . . . and . . . , and is not

greasy is more suitable for painting.

Since a contrast between the properties of Melian and Samian
earth is clearly intended, one of these adjectives describing Melian
earth should suggest lightness or lack of density. Turnebus sub-
stituted dpaidy for fpeuor; this means “of loose texture” and is
the opposite of mvkvds (“compact”). Furlanus and three other
editors accepted dpawdv but, oddly enough, kept 7jpepor as well.
This word usually means “quiet”; it is not clear why Liddell
and Scott’s lexicon gives “smoothness” as the meaning in this pas-
sage. Perhaps the adverb 7péua was written here, as Turnebus
seems to imply by his Latin translation leniter aequabile. The
second adjective might be the opposite of Aetos (“smooth”), for
smoothness was one of the qualities of Samian earth. Only the end-
ing (8es) of this adjective remains. Turnebus added two syllables
and read tpaxades (“rough”), the opposite of smooth. He was
followed by four other editors, but Schneider and Wimmer did
not attempt to emend the text. Since it is impossible to know what
adjective was used, no emendation has been made.

62. and the Melian kind has this quality . . . .
The words 7@ ¢apide appear in the Aldine text; the manuscripts
have the same reading, but the last vowel is elided before the
first word of the next section. The text seems to be corrupt, as
the meaning of the word ¢apid: is unknown. Heinsius, De Laet,
and Hill print it with a capital letter, as if Pharis were the name
of a place, and add the preposition év. Thus Hill gives the fol-
lowing free translation, “all which properties the Melian, particu-
larly that of Pharis, possesses.” However, no evidence exists that
a town or other locality of this name ever existed on the island
of Melos. It is significant that neither Schneider nor Wimmer ac-
cepted this emendation. Since Turnebus uses the words suapze fri-
abilitate in his Latin translation, Schneider suggests év 7@ Yadapd
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or ovv 71} Yadapdryr.. This would mean that the earth is “liable
to crumble.” Wimmer does not attempt to give the meaning of
$apide in his Latin translation. Since Theophrastus speaks in the
next sentence of differences (Siapopat) in Melian and Samian
earth, it is possible that the words 7& ¢apide conceal the adjective
Sudopov, which would agree with the relative mep and would
refer to the distinctive quality of Melian earth. It might be trans-
lated as “in marked degree.”

63. The innermost earth is called “the star.”

The wording of the text suggests that the inner stratum was
called “the star,” but Dioscorides,**® Pliny,”® and Galen** all
show that the name was really given to one kind of Samian earth.
Since a lacuna precedes this passage, the missing words may have
explained this more clearly. These later writers name xoA\ovpiov
or collyrium as another variety of Samian earth, and it is possible
that Theophrastus also named this other variety in the phrase
that originally preceded the present passage. Since the so-called
“star earth” was taken from the innermost part of the vein, pre-
sumably the other variety came from the outer parts.

The name collyrium probably signified that the second kind of
Samian earth was shaped in the form of small loaves or rolls,
but the meaning of the name given to the first kind is obscure
If this explanation of collyrium is correct, perhaps the name aster
was used because this kind was formed into star-shaped cakes.
It is also possible that it was used because a star-shaped trademark
was stamped on the cakes. The second explanation seems plausible,
as another famous earth, the Lemnian medicinal earth, was sold
in the form of small cakes stamped with a characteristic trade-
mark.*** Hill says that “the white was the Aszer, supposed by
many to be a talc, and so called for its shining,”** but this ex-
planation of the name is not very likely to be correct. Bailey says
that “Dana, no doubt correctly, identifies Samian earth with ka-
olinite,” and he adds that “this sometimes occurs in pearly, hexago-

499V, 171 (Wellmann ed,, V, 153). 500 XXXV, 191,
501 D¢ simplicium medicamentorum temperamentis ac facultatibus, IX (Kihn ed.,
X1, 181).

502 Cf. the notes on sec. 52.
503 Theophrastus’s History of Stomes, p. 146.
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nal plates, often grouped in fan-shaped forms (aster), but more
often as a clay-like mass, white, grey, or yellow (collyrium).”**
Dioscorides**® indicates that the variety called aster had a lamellar
structure, which tends to support the identification suggested by
Bailey. It is also possible that the name was used in a metaphorical
sense to denote the best variety of Samian earth, which was taken
from the middle of the vein. Though some of these explanations
are plausible enough, it is impossible to determine with certainty
how this name originated.

64. This earth is used mainly or solely for clothes.
Theophrastus is the only ancient writer who mentions that Samian
earth was used for cleaning or whitening clothes. If this earth was
kaolin, as seems probable, it could have hidden the dirt on the
surface but not bleached the cloth or actually removed much dirt.

64. The Tymphaic earth is also used for clothes and is

called gypsos by the people who live near Mt. Athos and
those districts.
Tymphaic earth, which was discussed in the notes on section 62,
was probably earthy gypsum or chalk, and this may have had the
same effect as Samian earth when it was used on clothes; for the
material would be impregnated with fine particles of white pig-
ment and so would appear to be clean.

Mt. Athos, which is also known today as the Holy Mountain
because of its monasteries, is the most eastern of the three promon-
tories that form the Chalcidic peninsula in the Northern Aegean.

64. Gypsos occurs in large quantities in Cyprus and
can easily be seen; for only a little soil is removed when
it s dug up.

Here the term gypsos scems to mean native gypsum. This mineral,
some of it in the form of alabaster, is abundant in several places
on the island of Cyprus, and at present both untreated gypsum
and plaster of Paris are important exports from the island. Some-
times this term denoted alabaster, as is indicated in the notes on
section 65.

504 The Elder Pliny’s Chapters on Chemical Subjects, Part 11, p. 240.

505V, 171 (Wellmann ed., V, 153).
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64. In Phoenicia and Syria it is made by burning stones,
and this also happens in Thourioi.
Here the material is obviously not a natural mineral substance,
and the information given by Theophrastus in section 69 identifies
it with certainty as quicklime. For further comments see the notes
on section 69.

Thourioi was a city of Magna Graecia on the Tarentine Gulf in
southern Italy.

64. it occurs in Tymphaia and in Perrhaibia.
It has already been shown that the kind of earth or gypsos that oc-
curred in Tymphaia, a district in northern Epirus, was probably
earthy gypsum or chalk. Since Perrhaibia was a neighboring dis-
trict in northern Thessaly, it is likely that the same mineral oc-
curred there.

65. Its nature is peculiar; for it is more like stone than
earth, and the stone resembles alabastrites. It is not cut out

in a large mass but in small pieces.

Alabastrites was the name specifically applied to Egyptian onyx
marble, as is explained in the notes on section 6; at the present
time this is sometimes called “oriental alabaster” to distinguish it
from ordinary alabaster, which is a form of gypsum. Since it
closely resembles Egyptian onyx marble in appearance, it seems
probable that the mineral substance which Theophrastus mentions
here was in fact this particular variety of gypsum. At any rate, the
allusion is certainly to natural gypsum, not to the dehydrated
mineral or to any other sort of artificial product.

65. Its stickiness and heat, when it is wet, are remark-
able.

There seems to be an inconsistency here. Since no natural mineral
substance generates heat to an appreciable extent on being treated
with water, it looks as if Theophrastus were now describing an
artificial mineral product. The preceding passage suggests that it
was partly dehydrated gypsum, but from what follows it seems to
have been quicklime. Such inconsistencies not only indicate that
different substances were included under the term gypsos but
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they also show the confusion that was caused when the ancients
failed to see that each of these substances had distinctive proper-
ties of its own. However, the confusion in this treatise may also
have arisen because Theophrastus had no first-hand information.

65. 1t is used on buildings and is poured around the

stone or anything clse of this kind that one wishes to fasten.
Here gypsos appears to mean a prepared mortar, and unless this
statement applies to a very dry country like Egypt, the material
must be lime mortar and not gypsum mortar, since the latter soon
disintegrates in wet weather. Though only a few chemical analyses
have been made of ancient Greek mortars, they indicate that lime
mortar was the only kind used in Greece at the time of Theo-
phrastus.®*®

66. After it has been pulverized and water has been

poured on it, it is stirred with wooden sticks; for this cannot
be done by hand because of the heat.
Though both quicklime and dehydrated gypsum generate heat
when mixed with water, quicklime generates far more heat. Since
Theophrastus makes a point of mentioning the heat, it is likely
that he is referring to mortar made from quicklime and not to
gypsum mortar. It is curious that Theophrastus says nothing about
the addition of sand or any other filler, since a satisfactory mortar
could not have been made without this. Foster’s analyses®™ show
that the Greeks added about one part of sand to two parts of lime
in the preparation of their mortars. Since Theophrastus says noth-
ing about any filler, it is probable that he had no first-hand knowl-
edge of the subject.

66. And it is wetted immediately before it is used; for
if this is done a short time before, it quickly hardens and
it is impossible to divide it.

This sentence differs sharply in significance from the two that

precede it, for it indicates that Theophrastus is now speaking of
gypsum plaster or mortar, which, in contrast to a lime preparation,

506 Foster, Journal of Chemical Education, X1 (1934), 223-24.
507 Loc. ct.
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does harden quickly. This is another sign that Theophrastus con-
fused the different materials grouped under the term gypsos.

67. And it can even be removed and calcined and made
fit for use again and again.
Since Theophrastus is alluding to the mortar used in constructing
the walls of buildings, the material which was reburnt and used
again was almost certainly lime mortar, not gypsum mortar. Both
this passage and the preceding section show that the term gypsos
was used to describe hardened mortar and not simply the essential
ingredient of mortar.

67. but in Italy 1t is also used for treating wine.

The emendation 7ov olvov (“wine”) appears in the text of Turne-
bus. The manuscripts and the Aldine edition have 7ov oikelov,
which is hard to translate. Hill followed a suggestion of Salmasius
and changed this to My koviaow (“plastering”), but both Schnei-
der and Wimmer accept 7ov oivov.

The accounts of later writers show that the gypsos used for
treating wine was either lime or partly dehydrated gypsum. The
first, either in the form of quicklime or slaked lime, served to
neutralize the excess of acid in wine that had soured or was nat-
urally sour; and the second, normally added before fermentation,
served to clarify and improve the wine. Several Latin authors de-
scribe the practice of treating wine with lime or with partly de-
hydrated gypsum. For example, Columella explains in one place®*®
how wine is treated with gypsum, and in another place® how it
is treated with either gypsum or marble. In several places Pliny
mentions the practice of treating wine with different calcium com-
pounds. For example, he remarks that “the people of Africa reduce
the acidity with gypsum, and in some parts with lime”*** (Africa
gypso mitigat asperitatem nec non aliquibus partibus sui calce).
This shows clearly enough that the ancients used both lime and
gypsum in the treatment of wine. Greek authors have less to say
about this practice. Dioscorides™ only once mentions the use of
gypsos in the preparation of wine, though he writes at length
about the different kinds of wine and the methods of preparing

508 XTI, 26. 509 X]I, 20. 510 XV, 120.

511V, 82 (Wellmann ed., V, 72).
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them. However, two significant accounts are contained in the col-
lection known as the Geoponica. One of these, ascribed to a cer-
tain Didymus, may be translated in part as follows: “The gypsos
should be put into a broad vessel, and then the must should be
poured on it so that it covers the gypsos. It should be shaken con-
stantly and then left to stand, so that the coarser parts of the
gypsos may sink to the bottom.”* In the other account in the
Geoponica®™® it is stated that when gypsos is added to wine, it
makes the wine sharper at first, but in time this sharpness dis-
appears. Apparently the practice of treating wine with gypsum
or with lime was very common in antiquity. But Pliny shows
that the practice was not always looked on with favor when he
mentions wines treated with marble, gypsum, or lime, and asks
in a characteristic manner: “Where is the man, however strong
he may be, who has not stood in dread of them """

Though lime or marble was evidently added to wines in ancient
times to reduce their acidity, it is very probable that partly de-
hydrated gypsum was the material ordinarily added to grape juice
before fermentation. The ancient writers who give full accounts
of the practice all seem to specify this material. The second ac-
count in the Geoponica, which states that the sharpness of the
wine increased after treatment with gypsos, clearly shows that the
wine was treated with an excess of gypsum and not with lime
or any other neutralizing agent. In these accounts gypsos always
seems to mean partly dehydrated gypsum, not any of the other
substances the ancients included under this name.

It is known that very early in modern times partly dehydrated
gypsum, which is now called plaster of Paris, was often used in
the preparation of wines in various Mediterranean countries. This
practice is very common today in certain of these countries, where
it has probably been in continuous use since ancient times. In
Greece gypsum is frequently added to wine, though this does not
seem to have been true at the time of Theophrastus. Stephanides®**®
shows the extent of this practice in modern Greece when he re-
marks that all the gypsum now mined on the island of Melos is
used in the preparation of wine.

512V, 18. 518 VI, 12, 5. 514 XXIII, 4.
518 The Mineralogy of Theophrastus, p. 144.
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The treatment of unfermented wine or must with partly de-
hydrated gypsum is a practice now commonly called “plastering.”
In this treatment a reaction occurs between the added calcium
sulfate and the potassium bitartrate present in solution whereby
calcium tartrate is precipitated and soluble tartaric acid and potas-
sium sulfate are formed. The precipitated calcium tartrate then
carries down various suspended impurities, thus greatly clarifying
the must. The removal of the potassium bitartrate also makes the
coloring matter more soluble, so that the color of the wine is im-
proved. Moreover, the fermentation is rendered more rapid and
complete, and the wine is said to keep better. In spite of these ob-
vious advantages, however, the practice is somewhat objectionable,
because potassium sulfate is left in solution in the wine. In some
countries the addition of plaster of Paris is regarded as an adul-
teration of wine: either it is forbidden by law or a restriction is
placed on the amount of potassium sulfate that may be present
in the finished wine.

If the emendation in this passage is sound, as seems very likely,
this remark of Theophrastus is the earliest known allusion to the
practice of treating wine with gypsum.

67. And painters employ it for some parts of their art.
Though finely ground calcium sulfate is a satisfactory white paint
pigment, and chemical analyses show that it was sometimes used
in antiquity for this purpose, at least in Egypt,”° no ancient author
seems to include it among the colors used for painting. Hence it
was probably not used to any great extent as a true paint pigment
but only in the preparation of a white ground for painting. That
it was actually so used in ancient Greek times is shown by some
analyses of Rhousopoulos,”” who found that the white ground on
painted Athenian lecythoi of the fifth century s.c. consisted of
calcium sulfate.

67. and so do fallers, who sprinkle it on clothes.
In section 64 Theophrastus has mentioned the use of Samian earth
and of Tymphaic earth or gypsos for treating clothes. The primary

518 Lucas, Ancient Egyptian Materials and Industries, p. 399.
517 Diergart, Beitrige aus der Geschichte der Chemie dem Gedichtnis von Georg
W. A. Kahlbaum, p. 181.
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purpose of treating garments with such earthy substances was
probably to whiten the discolored cloth, but it is also possible
that whole cloth was likewise treated with these earths in order
to “weight” or stiffen it, just as certain kinds of cloth, especially
silk, are weighted with inorganic substances at the present time.

67. 1t seems to be far superior to other earths for taking
impressions.
This translation of dmopdypara as “impressions” is supported by
a passage in the Causes of Plants"" which contains the phrase
Ta dmopdypara To@v dakrvhiwy (“the impressions of signets”).
Though this alludes specifically to impressions of signets or finger
rings, in the present passage the word appears to have a more
general significance and probably means impressions or molds in
general. Obviously, the kind of gypsos used for such a purpose
could only have been calcined gypsum.

68. It is also clear from the following example that it
has a fiery nature; for once a ship loaded with clothes was
wtself burnt when the clothes became wet and caught fire.
Although this story has obviously been condensed, the meaning
seems clear enough. The argument seems to be that the clothes
carried on the ship had been treated with gypsos, a substance
that generates heat on contact with water; that water somehow had
come into contact with the gypsos on the clothes, so that heat was
generated and the clothes set on fire; and that this caused a general
fire that destroyed the vessel. It is unlikely that this story is true,
because the sort of gypsos used for cleaning or whitening clothes
was ordinarily a natural earth that did not generate heat on con-
tact with water. Even if dehydrated gypsum had been used for
whitening the clothes, no heat would have been generated on
contact with water, since the gypsum would probably have been
completely hydrated while the clothes were being cleaned. More-
over, even if dehydrated gypsum had been present in the clothes
or as a separate cargo on board the ship, no fire could have been
started because it does not generate enough heat on contact with
water to ignite organic materials. Furthermore, even if the clothes

518 VI) 19’ 5‘
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had been treated with gypsos in the form of quicklime, which
seems highly improbable, this too would have become hydrated
in the process, so that this substance, though it actually can generate
enough heat on contact with water to ignite organic materials,
could not have caused the fire on the ship. This story is even less
plausible than the stories about Kydias and Kallias in sections 53
and 59. It is possible, of course, that a ship with separate cargoes
of quicklime and clothing once caught fire because the lime be-
came wet, or that a cargo of clothing that had been treated with
gypsos once caught fire from spontaneous combustion or some
other cause. Thus the story may have had a real basis, but the true
cause was not understood and a wrong explanation was given.

69. Gypsos is also burnt in Phoenicia and in Syria,
where it is fired in a furnace.

In section 64 Theophrastus has mentioned that gypsos was made
in Phoenicia and Syria by burning stones. Here he explains how
this was done.

Schneider and Wimmer bracket the words kai kafovres which
occur in the manuscripts, since they seem redundant in addition
to the main verb kalovot. If xaiovres is kept, it could perhaps
refer to the initial step of firing the stones, whereas the main verb
would describe the whole process of burning them.

69. Marbles especially are burnt, and also the more
ordinary kinds of stones, while cow-manure is placed along-

side the hardest ones to make them burn better and more
quickly.
It is important to note that marble was used to produce gypsos;
this shows that quicklime, which is obtained when marble is
subjected to intense heat, was one of the substances listed under
gypsos. The simpler or more ordinary kinds of stones, if the read-
ing dmhovorépovs is correct, probably consisted of limestone; this
was the most abundant rock in ancient Phoenicia and Syria, but
marble also occurred there.

Schneider has a most ingenious suggestion about drAovorépovs;
he thinks that the wording may originally have been kai amhés
rods orepewrdrovs (“and in general the hardest stones”). The
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article rovs is needed with orepewrdrovs, and the word pév is
really redundant. Some noun like Bé\crov (“manure”) is needed
as the object of maparifévres, and €vexa has been added to govern
700 farrov kaieafar (“to make them burn more quickly”). The
manuscripts and the Aldine edition merely have ra rov, but Turne-
bus wisely changed 7d to évexa. Furlanus preferred 8ua 74, but
this is not as good. Schneider rightly added Bé\irov, which he
chose because Pliny®'® mentions that manure was used for this
purpose.

Eichholz®*® accepts €vexa, but thinks that 8éAirov should come
before maparifévres and take the place of pév, which is super-
fluous. This is a great improvement. He also accepts xai am\éds
T0Us oTepewrdrovs, but prefers the following translation: “and
absolutely the hardest limestone at that.”

In his treatise On Fire,”** Theophrastus alludes to the prepara-
tion of gypsos in Phoenicia in a way that indicates the use of a
high temperature. If a high temperature was used, this is enough
to show that quicklime, not partly dehydrated gypsum, was the
substance produced in Phoenicia and Syria. Gypsum would not
have been roasted at a high temperature; if the temperature is
even as high as 200°C., gypsum is totally dehydrated and takes
up water again too slowly to be useful for most purposes. More-
over, the firing of the stone in direct contact with the fuel also
shows that the product was quicklime, not dehydrated gypsum.
In roasting gypsum, the fuel is not allowed to come into contact
with the mineral because it might reduce some of the calcium
sulfate to calcium sulfide.

69. and stays hot for a very long time.
This is true of lime prepared in a kiln, not only because a high
temperature is reached, but because the lime is such a poor con-
ductor of heat.

69. it is pulverized like ashes.
Probably kovia does not mean lime in this context, as it does in
sections g and 68, for that would imply that Theophrastus re-

519 XXXVI, 182. The text reads: In Syria durissimos ad id eligunt cocuuntque cum
fimo bubulo, ut celerius urantur.

520 D. E. Eichholz, “A Curious Use of uév,” Classical Review, LXVI (1952), 144-45.

521 Gec. 66.
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garded this kind of gypsos as different from lime. Here it seems
to mean ashes. In the same way, the translation “powdery” was
used where kovia occurred in section 40, and Téppa, a similar
word, was translated as “ashes” in section 19.

69. From this it seems clear that its nature is entirely
due to fire.
Since Theophrastus has completed his discussion according to
the general principles that he announced at the beginning and
systematically developed throughout the treatise, there is no need
to assume, in spite of this abrupt ending, that it ever extended
beyond its present length.
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The names in this index are mainly those of places and persons and
the varieties of stone or earth that are mentioned by Theophrastus.
The numbers refer to the sections of the Greek text.

dddpas,adamas, probably corundum,
19

"Afws, Athos, 64

Alydrrior, Egypuans, 7, 24

Alyirrios (xiavos), Egyptian (ky-
anos), 55

Alyvrros, Egypt, 6, 34, 55

alpatirs, haimatitis, probably red
jasper, 37

dxdvn, akone, whetstone, 44

dXaBaorpirys, alabastrites, probably
onyx marble, 6, 65

tdAres (dhugpds), alpeis (aliphas,
paints), 60

dpébuaov, amethyson, amethyst, 3o,
31

dupos, ammos, sand, 21, 35, 40, 58,
59

dvBpdxiov, anthrakion, a dark stone
(see Commentary), 30, 33

dvfpaxes, 12, 16, 39; dvfpaf, 18 (an-
thrakes [plural], coal, charcoal,
12, 16, 39; anthrax, 18)

dvBpaf, anthrax, a red stone (see
Commentary), 8, 18, 19

dpyvpos, 1, 4, 9, 39, 41, 46; dpyvpos
xvros, 60 (argyros, silver, 1, 4, 9,
39, 41, 46; argyros chytos, quick-
silver, 60)

’Appevia, Armenia, 44

dppevirdv, arrhenicon, orpiment, 40,
50, 51

’Apkadia, Arcadia, 33

*Acgia, Asia, 61

dotip, aster, star, 63

dogalros, asphaltos, bitumen, 15

dxdrys, achates, a name for varie-
gated stones, including agate, 31

*Axdrys morapds, Achates River, 31

BaBuAdviot, Babylonians, 24
Baxrpiary, Bactriana, 34
Bacavifw, basanizo, to test, 45
Biva:, Binai, 12, 15

¥, ) &eras, 49; 5 T xaAk pyvupéry,
49; 1 Mrhus, 7 Kipwlia, 7 Zapia,
62; % Tupeaixs, 62, 64 (ge, carth:
Kimolian, Melian, Samian, 62;
mixed with copper, 49; Tymphaic,
62, 64; which is boiled, 49)

y¥yos, gypsos, a broader term than
the English gypsum, 62, 64, 66

Aapeios, Darius, 6

duiBapos (8udBopos) Aifos, diabaros
(diaboros, porous) stone, 20

AwoxAis, Diokles, 28

Awpieis, Dorians, 37

"Exedavrivy (molis),
(city), 34

éXédas, 6; dpurrds, 37 (elephas, ivo-
ry, 6; dug up [fossil], 37)

‘EMA\ds, Hellas, Greece, 33, 67

’Epweds, Erineas, 15

*Epvfpa (6dragoa), Red (Sea), 36

"E¢eoos, Ephesos, 58

Elephantine

Zebs (Aws), Zeus, 24

*H\ela, Eleia, Elis, 16

7Aexrpov, electron, amber, 16, 28, 29
HmaBolos, hemiobolos, half-obol, 46
‘HpaxAela (Alfos), Heraclean

(stone), 4
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‘HpaxAdjs, Herakles, 25

®jBar (ai & Alyinrry), Thebes (in
Egypt), 6

©®yBaixds (Aifos), Theban (stone),
6

Bovpior, Thourioi, 64

lagms, iaspis, not jasper (see Com-
mentary), 23, 27, 35

*IBepia, Iberia, 58

Tvducy) (xwpa), Indian (land), In-
dia, 36

"Ivducds (xdAapos), Indian (reed), 38

i£6s, ixos, birdlime, 49

ids, fos, verdigris, 57

TraMla, Italy, 67

xdAapos (Tvdixds), kalamos, reed
(Indian), 38

KaM\as (*Afyvaies), Kallias
Athens), 59

Kamradoxia, Cappadocia, 52

Karradoxuy (uirros), Cappadocian
(miltos), 52

Kapxndav, Charchedon, Carthage,
18, 34

Kardadovrot, Katadoupoi, First Cata-
ract, 34

Kela (piAtos), (miltos) from Ceos,
52

xépapos, keramos, pottery, 9

Kiuxia, Cilicia, 49

Kiupwia (y7), Kimolian (earth), 62

xwvdBapt, 58, 60; abropués, 10 Kkar’
épyaciav, 58 (kinnabari, cinnabar,
58, 60; natural, prepared, 58)

xioompts, 14, 19, 20, 22; 7 éx Tob
dpod, 19; 7 & Mnle, 14, 21; %
Aevks), 22; % parddys, 22; 7 pélarva
éx Tob praxos, 22; 7 év Niovpy, 21
(kisseris, pumice: 14, 19, 20, 22;
black, 22; in Melos, 14, 21; in Nisy-
ros, 21; malodes, 22; produced
from foam, 19; white, 22)

(of

k6AAvBos, kollybos, 46

KdéAyot, Colchians, 58

xovia, konia, lime, also ashes or pow-
dery ash, g, 40, 68, 69

Kopivbios (Aifos), Corinthian
(stone), 33

xovpdAwv, kouralion, coral, 38

kpiby, krithé, 46

kpbaTados, krystallos, rock crystal,
30

xbavos, 31, 37, 49, 51, 55; dppy, 31,
37; Oidvs, 31; alrodus, 39, 55;
okevaotds, 55; Alyimrios (okevao-
705). Sxifys, Kdmpos, 55; yvrds,
55 (kyanos, a variety of lapis lazu-
li, also a blue pigment: 31, 37, 40,
51, 55; Cyprian, Egyptian [manu-
factured], Scythian, 55; female,
31; fused, 55; male, 31, 37; manu-
factured, s55; native, 39, 55)

Kvdvov @opos, 55; xppare TETTapa,
55 (tribute of kyanos, 55; four
colors, 55)

Kudias, Kydias, 53

Kimpos, Cyprus, 25, 27, 35, 64, 67

Kimpios (xvavos), Cyprian (kyanos),
55

Adpyaxos, Lampsakos, 32

Anpvia (pidros), Lemnian (milros),
52

Awyvoricy, Ligystike, Liguria, 16,
29

Mbor, ai éx Tis *Aclas dydpevar, 61;
oi éx tis Bakrparvis, 35; ai moui-
Aw, 48; of tikTovres, 5 (stones:
from Asia, 61; from Bactriana,
35; variegated, 48; which give
birth to young, 5)

AfoxdAAyTa, mosaics, 35

Aiflos, % Bacavilovaa Tov XpUadY, 45;
@ yAgovor tas oppayidas, 445 %
& Aapydrw, 32; 6 év Zidvo, 42; 6
& Terpdd, 15; 6 év Tois Sxarryov-
Ans perdAhows, 17; % (dpola) 7¢
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dpylpw, 41; 6 mepl Bivas, 12, 15;
6 wepi MiAyrov, 19; %) Tov oidypov
dyovaa, 29 (stone: at Binai, 12, 15;
at Miletus, 19; in Lampsakos, 32;
in the mines of Skapte Hylé, 17;
in Siphnos, 42; in Tetras, 15; [like]
silver, 41; that attracts iron, 29;
that tests gold, 45; with which
seals are carved, 44)

Awurdpa, Lipara, 15

Auvrapaios (Aiflos), Liparaean (stone),
14

Avyyotpiov, 28, 31; By, 31 (lyngou-
rion, 28, 31; female, 31)

Avdy (Aifos), Lydian (stone), 4

payviris (Aifos), magnetis, Magne-
sian (stone), 41

parodys (unAadys, pAddys) malodes
(melodes, mylodes), 22

papyapitys, margarites, pearl, 36

pdppapos, marmaros, marble, g, 69

MaooaAia, Massalia, Marseilles, 18,

34

péras (Mfos), black (stone), 7

MnAws (y9), Melian (earth), 62

MiAos, Melos, 14, 21, 63

MiAyros, Miletus, 19

pATos, 40, 51, 52; % Kela, § Anpria,
7 Sweru) (Kerradoxuxy), 52;
épvpd, éxhevkos, péav, 53; abrdp-
K7s, 53; 7 €k Tis dxpas, 53; abro-
patos, Texvxy, 55 (miltos, red
ochre: 40, 51, 52; artificial, nat-
ural, s55; Ceian, Lemnian, Sino-
pic [Cappadocian], 52; light-col-
ored, medium, red, 53; made from
yellow ochre, 53; self-sufficient, 53)

uoAvBos molybdos, lead, 56

pvriar (Afod), myliai, millstones, g

Niovpos, Nisyros, 21

Eavly (Aifos), xanthe (stone), proba-
bly yellow jasper, 37

8Berioxos, obeliskos, obelisk, 24

INDEX

olvos, oinos, wine, 67

*OAvpria, Olympia, 16

Spdal, omphax, a green stone (see
Commentary), 30

évixwov, onychion, a broader term
than onyx (see Commentary), 31

éfos, oxos, vinegar, 56, 60

*Opyopevés, Orchomenos, 33

daTpetov, ostreion, oyster, 36

Hdpeos (Alos), Parian (stone), 6, 7

HevreAwos (Aifos), Pentelic (stone),
6

MeppacBia, Perrhaibia, 64

m’vva, pinna, 36

wdpas, poros, travertine; here a kind
of poros found in Egypt, 7

IpatiBovros (dpxwv 'Abpvyot), Prax-
iboulos (archon at Athens), 59

wpaoirs, prasitis, a green stone (see
Commentary), 37

miehos, pyelos, sarcophagus, 6

mupopdyor (Aifo), pyromachoi, fire-
resisting (stones), 9

ptaé, rhyax, lava stream, 22

Zapia (y7), Samian (earth), 62

Zdpos, Samos, 63

oavdapdry, sandarake, realgar, 4o,
50, 51

adndetpos, sappheiros, a blue stone
(see Commentary), 8, 23, 37

adpdov, 8, 23, 30; OjAv, dpoev, 30
(sardion, a red stone [see Com-
mentary], 8, 23, 30; female, male,
30)

oidypos, sideros, iron, 9, 28, 29, 43,
44

Sixeria, Sicily, 15, 22, 31

Swemky (piAros), Sinopic (miltos),
52

Swdmy, Sinope, 52

Si¢vos, Siphnos, 42

Sxaw) "YA, Skapté Hylé, 17

-229-



GREEK INDEX

Sxvbys (xdavos), Scythian (kyanos),
55

opdpaydos, 4, 8, 23, 24, 27, 35; opd-
paydos, laoms, 27; Yeudis oudpay-
dos, 25 (smaragdos, a green stone
[sec Commentary], 4, 8, 23, 24,
27, 35; false smaragdos, 25; sma-
ragdos and iaspis, 27)

owives, spinos, probably an asphaltic
bitumen, 13

oramip, stater, 46

torpdv (*Aorvpa), stiran (Astyra),
32

Sy, Syene, 34

Zvpla, Syria, 64, 69

odpayibov, sphragidion, seal, 8, 18,
23, 24, 28, 30, 32

odpayis, sphragis, scal, 26, 44

Tavds, 2anos, a green stone (sce Com-
mentary), 25

TeTapTypoploy, letartemorion, quar-
ter-obol, 46

Terpds, Tetras, 15

Tédppa, tephra, ashes, 19

Tuélos (worapds), Tmolos (river),

47

Tpolsnos (Mfos), Troezenian
(stone), 33

Tpv€, #ryx, winelees, here grape-
residues, 57

Tuugala, Tymphaia, 64

Tuudainy (y7), Tymphaic (earth),
62, 64

TYpos, Tyros, Tyre, 25

Yaloeds, hyaloeides, glasslike stone
(see Commentary), 30

YeAiris, hyelitis, vitreous earth, 49

dedos, hyelos, glass, 49

®dowixy, Phoenicia, 55, 64, 67, 69

XaAxnddy, Chalcedon, 25

xaAxds, 9, 28, 49; épvlpds, 57 (chal-
kos, copper, 9, 28, 49; red, 57)

xepvitys, chernites, apparently a va-
riety of onyx marble, 6

Xios (Alfos), Chian (stone), 6, 7, 33

XpvooxdAa, chrysokolla, a green
copper mineral, probably mala-
chite as well as modern chryso-
colla, 26, 39, 40, 51

Xpvods, chrysos, gold, 1, 4, 39, 45, 46

xpvoois, chrysous, a gold piece, 18

Wepo (Wefa), Psepho (Psebo), 34
Yuuibov, psimythion, white lead, 55,
56

dxpa, ochra, yellow ochre, 40, 51, 52,
53
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Achaia, a source of yellow ochre, 174

Achates, a variegated chalcedony or jasper,
52, 128-29

Achates River, 52, 129

Adamas, a very hard stone, 48, 91-92, 148

Aetites, caglestone, 69

Agate, 127-29

Alabaster: called onyx by Pliny, 128; ori-
ental, 72, 214

Alabastrites, probably Egyptian onyx mar-
ble, 46, 59, 72-73, 214

Alexander the Great, 52, 130

Alexandria, manufacture of blue frit at,
185

Alloys: assaying or testing of, 54, 150-56;
copper, 164'67; gOld- 54, l°6) I51-53,
155-56; silver, 54, 152, 156

Alum, 207

Alyattes, 158

Amalgams, 204

Amber, 48, 51, 86, 111-13, 116-1%

Amethyst, 51-52, 121-22

Ampelitis, an earth smeared on vines, 167

Amulets: coral, 141; eaglestones, 69; lapis
lazuli, 127

Analyses and identifications of ancient ma-
terials, 171-72, 174, 177, 181, 189-90,
194

Anthracite, 86

Anthrakion, a very dark or black stone,
51, 52, 130-31

Anthrax, a red precious stone, 46, 48, 89-
92, 130

Apion, 102

Arabic stone, 94

Arcadia, 52

Aristotle, 63, 64, 65-66, 159-60

Armenia, whetstone obtained from, 54,
149-50

Arrhenicum, Latin name for orpiment, 171

Arsenic sulfides, 171-72

Asbestos, 87-88

Ashes, 49, 60, 78, 92, 221-22

Asia, stones brought from, 58, 206-207

Asian stone, 207

Asphalt, 79, 80, 85

Assaying in antiquity, 150-59

Assian stone, 207

Assus, 207

Aster, a variety of Samian earth, 212-13

Astrion, a precious stone, 119

Astyra, 52, 129-30

Aswan: quarries of granite at, 72; site
of ancient Syene, 132

Athens, identifications of pigments in ex-
cavations at, 173, 174, 177, 185, 190,
194

Athos, Mt,, s9, 213

Attica: ochre of, used by Micon and Polyg-
notus, 175; source of yellow ochre, 173-
74; white lead found in graves in, 189-
90

Attractive power, stones which exhibit an,
46, st, 67-68, 113, 117-18

Azurite, 105, 143-44, 183

Baal, 104

Babylonians, king of the, 50, 101

Bactria (or Bactriana), stones from, sz,
102, 133-34

Badakshan, the ancient source of lapis laz-
uli, 127, 184

Balearic Islands, a source of red ochre, 179

Barleycorn, an Attic weight, 154

Basalt, quarried in ancient Egypt, 75

Basanite, used for touchstones, 157

Belemnite, wrongly identfied with lyn-
gourion, 109-10

Beryl, 149, 217

Bina (or Binai), 47, 48, 80-81, 82, 85

Birdlime, 55, 167-69

Bithynia, the source of spinos, 81

Bithynians, in Thrace, 81

Bitumen and bituminous substances, 8o-
82, 85

Blue frit, 183-87

Blue vitriol, 207

Bones, found in the earth, 136

Borax, wrongly identfied with chrysocolla,
105

Boz Dagh, the ancient Mt. Tmolos in
Lydia, 157

Brass, ancient knowledge of, 164-65

Bronze, purification of, 167

Calcareous tufa, 74
Calcium compounds: carbonate, 67, 78;
oxide, 210; sulfate, 210, 218
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Caligula, the attempt of, to find gold in
orpiment, 200

Cappadocia, a source of red ochre, 56, 175

Carnclian, 123

Carthage, ancient point of export for pre-
cious stones, 48, 52, 90-91, 104

Ceos, a source of red ochre, 56, 176-77

Ceramic ware, classed as stone, 161

Cerussa, Latin name for white lead, 187-
91

Chalcedon, 50, 104

Chalcedony: banded, 127-28; green, 138;
red, 122-23

Chalk, 210, 213

Charcoal, 47. 48, 85-86

Chernites, probably a variety of Egyptian
onyx marble, 46, 73

Chian marble, 71-72

Chian stone, 46, 52, 71-72, 75-76, 130-31

Chios, a source of variegated marble, 71-
72

Chrysoberyl, 138

Chrysocolla, modern meanings of, 105

Chrysocolla, Latin name for Chrysokolla,
105, 106

Chrysokolla: a green copper mineral, 50-
51, 53, 56, 105, 143; a green pigment,
53, 174: an alloy for soldering gold, 106

Chrysoprase, 108, 121

Cilbian District, near Ephesos, a source of
cinnabar, 195

Cilicia: source of a viscid earth, 55, 167-
68; source of whetstone, 150

Cimolite, 209

Cinnabar, 57-58, 193-99, 203-204

Classification: of coral, 141; of earths, 169-
70; of minerals, 129

Clay(s), 208, 209

Clay ironstone, nodules of, identified with
actites, 69

Clothes, cleaning or whitening of, 59, 60,
213, 218-219

Coal(s), 48, 81, 85-86

Coins, 90, 154-55

Colchis, a source of cinnabar, 57, 195-96

Collyrium, a variety of Samian earth, 212-
13

Color: earths classiied by, 6, 169-70;
sex of stones determined by, 52, 124-25

Coloration: of glass by copper, 163; of
water by smaragdos, 45-46, 50, 98-99

Combustion, 82-83, 93

Comum (Como), in Italy, source of a
green stone, 145

Concretions, 68-69

Copper: 47, 51, 55, 57, 162-64, 165-67,
191-93; alloys of, 164-67; red, 57, 191

Copper acetate, 192-93

Copper carbonate, 105, 143, 174-75, 183

Copper salts, used in making imitation
smaragdos, 98

Copper silicate, 105

Copperas, 207

Coral, 53, 140-41

Corinth: excavations at, 171-72, 180;
source of an attractive stone, 52, 132

Corundum, 91, 147

Cosmetic, ancient use of white lead as, 190

Cow-manure, as a fuel for burning gypsos,
60, 220-21

Crete, a source of whetstones, 150

Croesus, 158

Crystals: of anthrax, g1; of colorless quartz,
121; of tourmaline, 109

Cuprite, 144

Cyitis, a stone containing embryo stones,
69

Cyprus: block or crystal of two colors found
in, s1, 108-109; as a source of false
smaragdos, s0, 104, of gypsos, 59, 6o,
213, of iaspis and smaragdos, 52, of
kyanos, 183

Daedalos, 203

Darius, 46

Dek, an island in Lake Tana, Ethiopia,
133

Demonesos, ancient source of copper min-
erals, 104, 183

Demostratus, 111, 115

Dendrachates, moss agate, 128

Density: of certain minerals, 53, 143; of
pumice, 49, 95

Diabaros (Diaboros), porous stone, 49, 94

Diamond, 148

Didymus, 217

Diokles of Karystos, 51, 113, 201

Diorite (or Diorite-Gneiss), 75

Dioscorides, 94, 105, 107, 108, 111, 142,
143, 148, 167, 172, 178, 179, 181, 183,
189, 192, 207, 208, 209, 213

Dishes, 54, 146

Dolomite, 145

Dorians, 53

Eaglestone, 69

Earth: medicinal, 177-78;
162-63; vitreous, 55, 161

Earthenware, brittleness of, explained, 78-
79

unusual, ss,
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Earth-pits, 58, 205-206

Earths: artificial, 56-57, 181-93, 210; clas-
sification of, §5-56, 169-70; differences
in, 45, 55, 169; natural, 58-59, 193-94,
208-210; occurrence of, 56, 58-s9, 171-
72, 173-74, 175-80, 183-84, 195-97, 205-
206, 208-210, 213-14; origin or forma-
tion of, 45, 56, 58, 65-66, 170-71;
uses of, 55, 56, 58, 59-60, 167-69, 174-
75, 178, 185, 190-91, 193, 194, 210-
11, 213, 215-19

Egypt, 46, 52, 72-73, 74-75

Egyptian kings, mention of records about,
50, 57, 100, 185-86

Egyptian materials and objects, 72-73, 74-
75, 100-101, 127, 172, 184-85, 214

Electron, amber, 112

Electrostatic properties, of amber and lyn-
gourion, SI, 111, 113, 117

Elephantine, 52, 132

Elephants, as a source of ivory, 135

Eleusis, materials for temple at, 202-203

Elis, a source of lignite, 48, 85-86

Emerald, 97, 99-100

Emery, 91, 147-49

Ephesos, cinnabar found near, 57, 195-97

Eretrian carth, 208

Erinecas, a source of a combustible stone,
48, 84-85

Etna, lava of, 77

Euphranor, 181

Experiment: on blackening soapstone with
oil, 146; on making white lead, 188

Felsite, red, 139

Ferric oxide: coloration of quartz by, 122,
139; in red ochre, 173, 177, 181, 182;
in yellow ochre, 173

Fire: as a test of gold, 54, 150-51; forma-
tion of earths by, 45, 56, 65-66, 170-
71; formation of pumice by, 49, 93;
nature of gypsos due to, 60; origin of
red ochre by, 57; power of resisting,
48, 92

First Cataract, 52, 132

Flower of Asian, or Assian, stone, 207

Fluorite, 108, 122, 138

Flux, limestone used as a, 77

Foam, supposed origin of one kind of
pumice from, 49, 93

Fossil bones, 136

Fossil ivory, 53, 135-36

Fossil resin, 112-13

Fuel, use of mineral, in antiquity, 48, 86

Fullers, usc of gypsos by, 6o, 218-19

Galen, 125-26, 178, 207

Galena, 142-43

Garments, ancient, of asbestos, 88

Garnet, 89-90

Gassinade, a
stones, 69

Gaul, amber carried by trade routes
through, 116

Gems, ancient engraved, 108, 119, 121,
122, 128

Gender of Greck names for stone and rock,
125-26

Gencrative power, in stones, 68-69

Geodes, as a source of quartz crystals, 76,
122

Georgia, a source of cinnabar, 196

Gezer, bronze from, 165

Gifts, sent to Egyptian kings, so, 57, 101,
185-86

Glance pitch, 168-69

Glass: ss5, 102, 103,
volcanic, 83

Glass pastes, 119-20

Glass workers, 102, 103

Gold: 45, 46, 53, 54, 58, 63, 142, 150-53,
199-200, 203-204; alloys of, 54, 106,
151-53, 155-56; coins, go; methods of
gilding, 203-204; soldering of, 50, 106;
testing of, 46, 53, 67-68, 151-58

Grain, as a unit of weight, 154

Granite, 72, 75

Grape-residues, 57, 191

Gypsos, a broad term that included gyp-
sum, dehydrated gypsum, and lime, s8,
59-60, 210, 213-22

Gypsum, 72, 145, 210, 213, 214-19, 221

stone containing embryo

119-20, 161-62;

Haematites, Latin name that included our
present hematite, 138

Haematitis, Latin name for Aaimatitis,
138

Haimatitis, probably red jasper, 53, 138-39

Half-obol, as a unit of weight, 55, 153-55

Hematite, 138-39, 177

Heraclea, in Pontus or Lydia, probable
source of lodestone, 67

Heraclean stone, 46, 67-68, 118

Herakles, large green stone in temple of,
50, 103-104

Hermos River, 156-57

Hippias, 117

Hipponicos, 199

Hyacinth, 110

Hyadloeides, a glasslike stone, s1, 119-20
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Hysteron  proteron, use of grammatical
construction called, 206

laspis, a generic pame applied to various
colored transparent or translucent stones,
50-52, 107-108

Iberia, a source of cinnabar, 57, 195-96

Iconium, ancient mines at, 176

Imitations: faspis, 107; lapis lazuli, 137;
precious stones in general, 98; smaragdos,
97-98

Impressions, use of gypsos for taking, 6o,
219

India, 53, 134-35

Indian reed, petrified, 53, 142

Inscriptions, 177, 202-203

Iron, 46, 51, 54, 117-18

Iron mines, 56, 177

Ivory: fossil, 53, 135-36; a stone resem-
bling, 46

Jacinth, 110

Jade, 108

Jasper: black, 158; green, 138; red, 139;
yellow, 139-40

Kallias, 58, 198-99

Kaolin, 209

Kaolinite, 212

Karystos, a source of asbestos, 88

Khalki, a source of copper minerals, 104,
183

Kimolian earth, 58, 209

Kimolos, 209

Kollybos, a unit of weight, 55, 153-55

Krithé, a unit of weight, 55, 153-55

Kyanos: a blue pigment, 53, 56, 57, 126-
27, 143-44, 175, 183-87; a blue pre-
cious stone, 52, 53, 126-27; Cyprian,
57, 183; Egyptian, 57, 183-87; Scythi-
an, 57, 183-84; sex of, 52, 124, 126

Kydias, 56, 181-82

Labyrinth of Egypt, colossal statue in, 102

Lampsakos, gold mines at, 52, 129-30

Langurium, another name for lyncurium,
111-12, 115

Lapis lazuli, 126-27, 137, 183-84, 186

Lapis specularis, a term which apparently
included mica and selenite, 119

Laurion, silver mines at, 142-43, 174, 198-
99

Lava, 49, 95, 96

Lazurite, 126

Lead, manufacture of white lead from,
57, 187-89

Lecythoi, composition of white ground on,
218

Lemnian earth, 177-78

Lemnos: a source of red ochre, 177-78;
visit of Galen to, 178

Leyden Papyrus X: fire test for gold de-
scribed in, 150; mention of the touch-
stone in, 157; recipes in, for gilding and
silvering, 204, for preparing gold sol-
ders, 106, for purifying metals, 167, for
whitening copper, 166

Lignite, 81, 86, 88

Liguria, 48, 51, 86, 116

Lime: included under the name gypsos,
210, 220-21; mortar made from, 215-
16; prepared by burning marble, 6o, 78,
220; used for neutralizing wine, 216-17

Limestone, 67, 74-75, 77, 220

Lipara, 48, 84

Liparean stone, 48, 83-84, 131

Lipari Islands, a source of obsidian, 83

Liparite, 83

Lisbon (Olisipo), ancient point of export
of garnets, 91

Lodestone, 67, 117-18

Lydia, 67-68, 158-59

Lydian stone, a name for the touchstone,
46' 67'681 157

Lyncurium, Latin name for lyngourion,
109-12, 115

Lyngourion: amber or a particular variety
of amber, 51, 52, 109-16, 124; sex of,
52, 124

Lynx, the supposed producer of lyngou-
rion, 111-12, 113-16, 124

Magnesia, various minerals named after,
144

Magnesian stone, §3-54, 144-45

Magnetism, 117-19

Magnetite, 118, 145

Malachite, 100-101, 104, 105, 143-44, 174

Malodes, possibly a kind of pumice, 49, 96

Marble: burning of, to obtain lime, 60, 48,
220; Chian, 71-72; Egyptian onyx, 72-
73, 74, 214; infusibility of, 47, 78; Par-
ian, 70-71; Pentelic, 71; use of, in neu-
tralizing wine, 216-17

Marcasite, 143, 145

Marpessos, Mt., a source of Parian marble,
70

Massalia (Marseilles), ancient point of ex-
port for precious stones, 48, 52, 9o-g1

-234.



INDEX

Medicinal uses: of Lemnian earth, 178;
of pumice, 96; of verdigris, 193

Melian earth, 58-59, 208-209, 210-12

Melkart, the Tyrian Herakles, 104

Melos: a source of pumice, 48, 49, 84;
the source of an earth, 208-209

Mercury, 203-205

Metals: alloys of, s4, 106, 151-56, 164-
67; amalgams, 204; arsenic, 166; cop-
per, 47, 51, 55, 57, 162-64, 165-67, 191~
93; formation and origin of, 4s, 63;
gold, 4s, 46, 53, 54, 58, 63, 142, 150-
53, 199-200, 203-204; iron, 46, SI, 54,
117-18; lead, 57, 187-89; mercury, 203-
205; minerals that resemble, 142; quick-
silver, 58, 203-205; silver, 45, 47, 53,
54, 63, 142, 152-53, 156, 204; testing
Of’ 46v 54-55 67‘68» 150'56

Metrodorus, 115

Micon, 175

Miletus: anthrax found at, 48, 91-92; de-
posits of emery near, g1

Millstones, 47, 117-18

Milowite, modern trade name for Melian
earth, 209

Miltos, red ochre, 172-73, 179-80

Mineral substances, origin of, 45, 63-66

Mines: accidents in, 56, 176; at Binai, 47,
80; cinnabar, 57, 195-97; copper, 51,
56, 104-105, 183; gold, 51, 52, 56, 105,
130, 158-59; iron, 56, 177; lost work
of Theophrastus on, 64; red ochre, 56,
176-77: at Scapté Hylé, 48, 87; silver,
56, 58, 142, 198-99; spinos found in,
47, 81-82; unusual stones found in, 53,
144; yellow ochre, 56, 174

Mirrors, of obsidian, 52, 131

Miscarriage, prevented by amulets of
eaglestone, 69

Modica, deposits of rock asphalt at, 85

Moonstone, 119

Mortar, made of lime or gypsos, 59-60,
215-16

Mosaics, stones used for, 52, 133-34

Mysia, a source of orpiment, 172

Names given to the same mineral sub-
stance in antiquity, 51, 74, 123-24

Naxos, stone of, 148-49

Nephrite, 108

Nisyros: abundance of millstone on, 77;
pumice or volcanic ash on, 49, 95

North Sea, coasts of, a source of amber,
116

Obelisk of Zeus, 50

Obol, an Attic silver coin or weight, 154

Obrussa, a term used by Pliny to denote
the fire test for gold, 150

Obsiana (Obsidiana), Latin names for ob-
sidian, 84

Obsidian, 75, 83-84, 131

Ochre: red, 53, 56-57, 172-73, 175-83;
yellow, s3, 56, 173-74, 175, 181-83

Odontolite, 136

Odor of stones, 47, 53, 143

Qil: blackening of stone with, 54, 146;
burning of a stone with, 48, 87-88;
quenches burning Thracian stone, 83

Olisipo (Lisbon), ancient point of export
of garnets, 91

Olympia: 48, 85; temple of Zeus at, 74

Omphatitis, a stone probably similar to om-
phax, 120

Omphax, a green precious stone, SI1, 120-
21

Onychion, a generic term that included
onyx, sardonyx, and agate, 52, 127-28

Onyx, 127-28

Onyx marble, 72-74, 214

Orchomenos, a source of anthrakion, 52,
130-31

Ore, smelting of, 77

Oriko, ancient ochre mines at, 176-77

Ormuz, a source of red ochre, 179

Orpiment, 53, 56, 171-72, 175; attempt
to obtain gold from, 200

Oyster, 52

Pactolos River, 157

Painters, 56, 58, 60, 175, 181, 218

Painting, 59, 181, 190-91, 193, 218

Paints, 58, 202

Papyrus Holmiensis. See Stockholm Papy-
rus

Papyrus Leidensis. See Leyden Papyrus X

Paradoxes: ease of cleavage and hardness
of stones, 54, 147; incombustibility of
anthrax, 89-9o0

Parian marble, 46, 70-71, 74

Parnassos, Mt., calcareous tufa found at, 74

Paros, marble of, 46, 70-71, 74

Particles, size of, in pigments, in relation
to color, 54, 184, 187

Pearl, 52, 134

Pentelic marble, 71

Pentelicos, Mt., 71

Perrhaibia, a source of gypsos, 59, 214

Persia; alleged source of lapis lazuli, 127;
the source of tamos, 102
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Persian Gulf: a modern source of red ochre,
179; a source of pearls, 53, 134-35

Petrifaction, of objects placed in stone ves-
sels, 67

Pharis, supposed name of a place, 211

Pharmakitis, an earth used for treating
vines, 167

Phlogiston theory, 171

Phoenicia: gypsos made or used in, 59, 6o,
214, 220-21; tribute sent from, 57, 185-
186

Pigments: blue, 56, 57, 175, 183-87; green,
56, 57, 174, 193; red, 56-57, 57-58, 171-
72, 175, 176-83, 193-99; relation be-
tween size of particles and color, 57,
184, 187; specimens found in archaeo-
logical excavations, 171-72, 173, 174,
177, 181, 185, 189-90, 194, 218; white,
57, 58-59, 187-91, 210-11, 218; yellow,
56, 171-72, 173-74, 175, 181-83

Pinna, a bivalve mollusk, 52, 134

Pitchstone, 131

Plasma, 100, 108

Plaster of Paris, 210, 213, 217-18

Plato, 63, 117, 118

Pliny, 67-68, 69, 71, 72, 81, 83, 84, o1,
92, 94, 96, 97-99, 102-103, 105-106,
107-15, 121, 122, 123, 124-25, 127-29,
131, 134, 136-37, 138, 139, 141, 142-
43, 148-50, 152-53, 158, 173-74, 175,
177, 178-79, 181, 191-92, 193, 197, 200,
207, 216-17

Polygnotus, 175

Pompeiopolis, realgar mine at, 172

Pontic wax, 166

Pontus, a source of orpiment, 172

Pontus River, 80

Poros (poros stone), a name denoting cer-
tain soft calcareous rocks, 46, 73-75

Porous stone, 49, 94

Porphyry, 75

Potstone, 145-46

Pottery, resistance of, to fire, 47, 78-79

Prase, 100

Prasitis, an opaque green stone, 53, 137-38

Prasius, 138

Praxiboulos, archon at Athens, 58, 200-202

Precious stones, in antiquity, value of, go

Prehnite, 120

Prince Islands, 104, 183

Procreation, power of, in stones, 46, 68-
69

Psebo, 133

Psepho, 52, 132-33

Pumice, 48, 49, 83-84, 92-96

Puteoli, blue frit manufactured at, 185

Pyrargyrite, 144

Pyrite: associated with cinnabar, 199; in
coal, 81; particles of, in sappheiros, 137

Pyrobitumen, 81, 8s

Quarries, 46, 70-73

Quarter-obol, as a unit of weight, 55,
153-55

Quartz: 76, 97-98, 108, 121-22, 132, 134;
green, 97, 120; purple, 121-22; red,
122-23; rose, 108; staining of, 98

Quicklime: called gypsos, 210, 220-21;
mortar made from, 215-16; prepared
from marble, 60, 78, 220; used for
neutralizing wine, 216-17

Quicksilver, 58, 203-205

Ragusa, deposits of rock asphalt at, 85

Reagents, modern use of, in assaying gold
or silver alloys, 151-52, 155-56

Realgar: 53, 56, 171-72; decomposed, 166;
ironlike, 166

Recipes: for imitating precious stones, 98;
for solders for gold, 106; for whitening
copper, 166

Red felsite, 139

Red lead, 189

Red ochre, 53, 56-57, 172-73, 175-83

Red Sea (meaning the Persian Gulf), 53,
134-35

Resin, fossil, 112-13

Rhyolite, 83, 84

Roasting of ochre, 182-83

Rock asphalt, 80-85

Rock crystal: s1, 76, 121; engraved, or
carved into large objects, 121; imitations
of other stones made from, 98

Rubrica, a red earth, 177

Ruby, 89, 9o

Russia, a source of fossil ivory, 135

Salts, 207

Samian earth, 58-59, 209, 210-11, 212-13

Samos, 59, 209

Sand: 49, 57-58, 199; use of, in mortars,
215

Sandstone, 72, 79

Santorin (Thera), 93

Sappheiros, dark blue lapis lazuli sprin-
kled with pyrite, 46, 50, 53, 126, 136-
37

Sapphire, 136

Sapphirus, Latin name for sappheiros, 136-
37
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Sarcophagus: of limestone with petrified
objects inside, 67; of chernites, 46, 73

Sard, 123

Sarda, 122, 125

Sardion: a red stone, 46, 50, 51-52, 122-
23

Sardonyx, 128

Scapté Hylé, a mining district in Thrace,
48, 87

Scicli, deposits of rock asphalt at, 85

Scoria, volcanic, 95

Scyros, a source of yellow ochre, 174

Secals: stone used for carving, 54, 147-49;
stones used for, 46-47, 50-52, 122-23

Sepiolite, 209

Serapis, colossal statue of, composed of
smaragdus, 102

Serpentine, 104

Sex in stoncs, 52, 124-25

Sicily, 48, 49, 83, 84, 85, 140

Siderite, 69

Sil, Latin name for yellow ochre, 174

Silver: 45, 47, 53, 54, 63, 142, 152-53, 156,
204; alloys of, s4, 152, 156; stone that
resembles, 54, 145; testing of, 54, 150-
56

Simonides, archon at Athens, 201

Sinai Peninsula, the source of copper ore
for Egypt, 101

Sinope, export point for red ochre, 56,
178-79

Sinopic red ochre, 56, 178-80

Sinopis, Latin name for red ochre, 178-80

Siphnos: 54, 145; stone of, 54, 145-47

Slate, black, as a material for touchstones,
157

Smaragdos: counterfeits or imitations of,
98; false, 50, 101, 103, 104; a green
precious or semiprecious stone, 45, 46,
50, 51, 52, 97-102, 108-109, 133; large,
50, 100-102

Smaragdus, Latin equivalent of smaragdos,
97-98, 102, 133

Smelting of ore, 77

Smyrna, a source of yellow jasper, 140

Soapstone, an experiment with, 146

Soldering of gold, 50, 106

Solidification of mineral substances, 65

Spain, as a source of cinnabar, 195-96

Spathi, ancient ochre mines at, 176

Sphragis: a medicinal earth, 177; seal stone,
108

Spilia, ancient quarries of Pentelic marble
at, 71

Spinel, 89, 91-92

Spinos, a combustible mineral substance,
47, 81-82

Star, a variety of Samian earth, 59, 212-13

Stater: a gold coin, go; a silver coin and
standard of weight, 54, 152-55

Steatite, 145-47

Stockholm Papyrus: recipes for imitating
precious stones, 98, 107; verdigris listed
as a coloring material, 193

Stone quarries, 46, 70-73

Stone(s): black, 49, 83-84, 130-32; blue,
52, 53, 126-27, 136-37; combustible, 47-
48, 80-81, 82-83, 85-88; cut for seals,
46-47, so-s2; engraved, 119, 121-23,
128; fire-resisting, 47, 76-77; fusible, 47;
green, 50-51, 53, 97-103, 105-108, 120-
21, 137-38; hard, s4, 91-92, 147-49;
having the power of attraction, 46, 51,
67-68, 113, 116-18; having the power
of procreation, 46, 68-6g; imitation, 97-
98, 107, 119-20, 137; incombustible, 48-
50, 89-90, 92; occurrence of, 46, 47-48,
50-51, 52-53, 53-54, 54-55, 70-76, 8o-
82, 83-87, 90-91, 93, 95-96, 100-10I,
127, 129, 132-33, 144-45, 148-49, 156-
58; organic substances classed as, 51, 53,
111-13, 116, 141; origin or formation
of, 45, 64-65; peculiarities in, 45, 53;
properties of, 45-46, 50, 54, 67-69, 98-
99, 147-48; pregnant, 68; purple, 51,
52, 121-22; red, 48, 52, 53, 89-91, 122-
23, 138-39; remarkable, 50, 51, 52; sex
of, 52, 124-25; small and rare, 46-47,
48, 5o, 100; translucent or transparent,
46, 51-52, 107-108, 119-26; uses of, 46,
48, 52, 54, 70-72, 73-76, 85-86, 99,
106, 131, 145-47, 150, 220; variegated,
52, 55, 128-29, 132; yellow, 53, 139-40

Stories or illustrative statements: attempt of
Caligula to obtain gold from orpiment,
200; discovery by Kallias of a meth-
od for refining cinnabar, 58, 198-202;
discovery by Kydias of a method of mak-
ing red ochre, 56, 181-82; fire on a
ship caused by gypsos, 6o, 219-20; huge
green stones, 50, 100-102, 103-104;
origin of lyngourion, 51, 111-12, 113-
16; wonderful stone found in the gold
mines at Lampsakos, 52, 129-30

Sudines, 115

Sulfates, manufacture of, in ancient times,
207
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Sulfide minerals, 142-43

Sulfur, pumice colored yellow by, 96

Syene (Aswan): granite quarried at, 72,
132; precious stones exported from, 52,
132

Syria, 59, 60, 168, 214, 220

Tale, 145

Tanos, a green stone, 50, 102-103

Taygetus, Mt., a source of whetstone, 150

Temple: of Apollo at Delphi, and of
Zeus at Olympia, 74; at Eleusis, materials
used in building, 202-203; of Herakles at
Tyre, 50, 103-104

Testing of gold and silver, 46, 54-55, 67-
68, 150-56

Tetartemorion, an Attic weight, 155

Tetras, the stone found at, 48, 84

Thales of Miletus, 117

Theban stone, 46, 72

Thebes in Egvpt, 46, 72

Theophrastus: date of his treatise On
Stones, 200-202; lost treatises of, 64, 142

Thera (Santorin), the source of floating
pumice, 93

Thesprotians, 86

Thourioi, a place where gypsos was made,
59, 214

Thrace: Bithynians living in, 81; spinos
found in, 81

Thracian stone, 81-83

Tmolos. Mt., 157-59

Tmolos River, 55, 156-57

Touch needles, 151-52

Touchstone, 46, 54-55, 67-68, 150-53, 155-
59

Tourmaline, 109, 110

Trademark, cakes of Samian earth stamped
with, 212

Travertine, 74

Tribute, of kyanos, sent to Egypt, 57, 185-
86

Troezen, the source of an attractive stone,
52, 132

Troodos, Mt., on Cyprus, mines of asbestos
at, 88

Tufa: calcareous, 74-75: volcanic, 95

Turquoise, 103, 136

Tusks, fossil, 135

Tymphaia, a source of gypsos, 59, 210, 214

Tympbhaic earth, 58, 59, 210, 213

Tyre, large green stone at, 50, 103-104

Ural Mountains, a source of malachite,
100-101

Urine of the lynx, the supposed source of
amber and lyngourion, 51, 111-12, 113~
16

Verdigris: color of prasitis, §3; manufac-
ture of, 57, 191-93; use of, as a medicine
or a pigment, 193

Vestorius, manufacture of blue frit at
Puteoli by, 185

Vinegar, use of, in isolating quicksilver
from cinnabar, 58, 204, in making white
lead, 57, 188-89

Vitruvius, 181, 185, 189, 195-97, 203-204

Vivianite, 136

Volcanic ash, 95

Volecanic glass, 83

Volcanic islands, 83, 84, 93, 95

Volcanic scoria, 95, 96

Volcanic tufa, 95

Volcanoes, craters of, 49

Water: effect of, on burning spinos, 47-48,
81, 82-83; formation of metals from,
45, 63

Wax, Pontic, 166

Weighting of cloth, 219

Weights, used in testing gold, 54-55, 153-
55

Whetstone, 54, 149-50

White lead: manufacture of, 57, 187-8¢;
not used in mural painting, 191; toxic
nature of, 190; use of, as a cosmetic, 190

Whitening of clothes, 213, 218-19

Wine, treatment of, with lime, marble, or
partly dehydrated gypsum, 216-18

Wood: attracted by lymgourion, si1, 113;
not the only fuel used in antiquity, 86

Worms, protection of vines against, 55,
167-69

Xanthe, probably yellow jasper, 53, 139-40
Xuthos, probable Latin name for xanthe,
139

Yellow ochre, 53, 56, 173-74, 175, 181-83

Zenothemis, 115

Zeus: obelisk of, 50; temple of, at Olympia,
made of poros stone, 74

Zircon, 110
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