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PREFACE.

The Museum of Practical Geology has acquired at various times
by purchase, donation, and bequest, not only specimens of all the
more important minerals used for purposes of personal adorn-
ment, but- also specimens illustrating methods of cutting and
polishing the natural stones so as to enhance their beauty. Follow-
ing the general practice of this Museum, examples of these gem-
stones as found in nature and as prepared for the jeweller, together
with a few specimens of the jewellers’ art, have been brought
together and, for many years, have formed one of our most useful
and attractive exhibits.

The gemstones, to which this Guide refers, form a part of a
general collection illustrating the uses of the so-called non-metallic
minerals, They have not been arranged in special cases, but the
references in the Guide will enable any of them to be easily found.
For the benefit of students and the publie, brief accounts of the
general properties, of the methods employed in cutting and identi-
fication, and of the imitation, treatment, and artificial formation
of gemstones have been given.

Great interest has been aroused of late years in the artificial
preparation of such minerals as ruby, sapphire, and spinel. Some
examples of these artificial gems will be-found in the cases, side
by side with the natural products, and not the least interesting
part of the Guide is that which refers to these artificial stones and
to the processes by which they have been obtained.

The Guide has been written by Mr. McLintock, under the
supervision of Mr. Howe, who has acted as Editor.

J. J. H. TEALL,
Director.

Museum of Practical Geology.
29 March, 1912.

(22851—17.) Wt. 28118—63, 1000. 11/12. D & S.
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INTRODUCTION.

The minerals in the Museum of Practical Geology are arranged
for the most part according to their commercial applications and,
in consequence, the ores, 7.e., minerals used for the extraction of
metals, are separated from the so-called non-metallic minerals or
those which, in general, are not applied to such a purpose. This
arrangement has, of course, no scientific basis and fails to bring
out the relationships between the various species, but it possesses
the advantage of showing in a compact and readily accessible
way those minerals which concern commercial and mining men.

The non-metallic minerals are arranged in cases, marked
A—X. The term non-metallic is somewhat misleading, as nearly
all the minerals to which it is applied contain a metal or metals.
These, however, are usually the light metals, e.g., aluminium,
caleium, magnesium, potassium, sodium, as distinguished from
the heavy metals of commerce, such as copper, tin, silver, gold,
lead, &c.

Amongst the non-metallic minerals gemstones occupy an im-
portant place from the point of view of commercial and general
interest. They have mot been separated from the rest of the
minerals of this class, and the visitor will find them distributed
throughout the various divisions. The reason for this is that in
the majority of cases gemstones show no natural relationships
with one another, the only feature which unites them into a
class being their suitability for purposes of adornment. Thig
suitability depends mainly on beauty and durability, but all
minerals possessing these qualifications would not be reckoned as
gemstones by a dealer. Many stones possessing these qualities
in a high degree have little or no value at the present time, for
there is a wide distinction between a stone naturally fitted for the
purposes of the jeweller, and one for which there is a demand.

From the commercial point of view the really precious stones
are diamond, ruby, sapphire, emerald, and, perhaps, opal and
turquois. (The pearl, although probably the most valuable gem
at the present time, is excluded, as it can hardly be termed
a mineral.) The demand for the first four of these is fairly
constant and the value is always high for good specimens. The
fashion of the moment dictates the value of the other minerals
which legitimately claim a place amongst gemstones. At one
time it may be tourmaline, at another, chrysolite, at another,
cat’s-eye, or aquamarine, or topaz, or zircon, which is in vogue;
the favoured gem consequently rises in value until some new whim
relegates it to comparative obscurity. To such stones the term
** semi-precious ’’ is sometimes applied.

The element of rarity plays, perhaps, the most important part
in determining the value of a gemstone and outweighs, by what
often seems a disproportionate amount, considerations of beauty
and of durability. In this respect it must be noted that, although
a particular mineral may be fairly abundant, yet pieces suitable
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for-cuttirg ave usually rare. A striking example is afforded by
the emerald which, despite its comparative softness and conse-
quent lack of durability, is one of the costliest stones at the
present time. Crystals of emerald are not uncommon, but those
possessing the correct colour combined with transparency and
freedom from flaws are exceedingly rare and practically any price
can be obtained for a cut stone of a few carats in weight answer-
ing to the above description.

A curious and instructive instance of the influence exerted by
rarity on the value of a precious stone has been afforded in recent
years by the ruby. As will be described later (p. 380) it is now
possible to manufacture this stone in clear, transparent, finely-
coloured masses which, when cut and polished, yield very effective
gems. Such synthetic rubies, as they are called, are identical
for all practical purposes with the natural stone from which they
can be distinguished only by very special examination, yet the
difference in value between the two is enormous. The artificial
stone can be purchased for about 4s. per carat, whilst a Burmese
stone of similar colour and transparency would fetch, because of
its rarity, £40 per carat, or even more.

The diamond, superior to all other stones in harduness, lustre,
and ‘‘ fire,”’ is popularly supposed to stand first in value, yet, on
account of the comparative abundance of good specimens, it is
outstripped by the emerald and the ruby. To put the matter
briefly we may say that the possession of beauty and durability
entitle a mineral to rank as a precious stone, whilst rarity, com-
bined with these two characteristics, settles its position in the
series.

Various classifications of precious stones have been adopted
from time to time, but all are more or less unsatisfactory. In
Chapter IV. of this guide-book the stones are considered in the
order in which they occur in the cases starting from Case A.
Chapter I. deals with the properties of precious stones with
special reference to their discrimination; in Chapter II. the
principal styles of cutting are touched upon ; whilst Chapter ITI.
deals shortly with the imitation, artificial treatment and forma-
tion of precious stones.

In order to facilitate the determination of cut specimens, the
principal stones have been tabulated according to colour and other
pﬁly%ical properties, and the tables will be found at the end of
the book.

The literature relating to gemstones is wide and scattered, but
most of the important information has been collected by
Prof. Max Bauer in his ‘‘ Edelsteinkunde.”” This book is in
Gterman, but an admirable English translation of the first edition
has been made by Mr. L. J. Spencer, of the British Museum
(Natural History). Since the appearance of that translation a
new and enlarged edition of the German work has been brought
out, and it has been largely consulted in the preparation of this
Guide. Other books dealing with the subject are : —

‘“ Precious Stones,”” by A. H. Church. 1908.
‘‘ The Gemcutter’s Craft,”’ by Leopold Claremont. 1906.
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‘“ Das Radium wund die Farben,”” by C. Doelter. 1910.
(This book contains the latest information regarding the
pigments of gemstones.)

¢ Diamants et Pierres Précieuses,”’ by E. Jannettaz. 1881.

¢ Precious Stones,”” Cantor Lectures, by H. A. Miers. 1896.

““ The Diamond Mines of South Africa,”’ by G. F. Williams.
1902.

G. F. Kunz has a book on the ‘“ Gems and Precious Stones
of North America,”” 1890; and he is also the author of
a bulletin on the ‘‘ Gems and Jewellers’ Materials of
California,”” 1905.

Dealing specially with the artificial formation of gemstones
there are: —

“ Syntheése des Minéraux,’”” by F. Fouqué and M. Lévy.
1882.

‘‘ La Synthése du Rubis,”’ by E. Frémy. 1891.

¢ Mémoire sur la reproduction du rubis par fusion,” by
A. Verneuil. Annales de Chimae et de Physique, 1904.

““ La Synthese des pierres précieuses,”’ by J. Boyer. 1909.




CHAPTER 1.
Tue PROPERTIES OF (FEMSTONES.

By long practice it is possible to train the eye to recognise
with some precision the various members of this series of minerals ;
but anyone who inspects a collection of cut gems must be struck
at once with the resemblance between different species and The
bewildering ranges of colour presented by one and the same stone.
It frequently happens, too, that even the expert eye is at a loss
and, in such cases, recourse must be had to those tests which will
settle the identity of the specimen. The knowledge necessary
to carry out such an examination is easily acquired and the
requisite apparatus is of a modest description; it is consequently
a matter of surprise that dealers and people in the habit of buying
precious stones frequently find themselves in the possession of
specimens which they cannot identify with certainty.

An acquaintance with the properties of gemstones is also essen-
tial for a correct and intelligent appreciation of their beauty.
To understand why stones should be facetted in certain ways; to
know the best directions in which particular stones must be cut
in order to get the maximum effect; to realise why, for instance,
the diamond should be so incomparably superior to all other
white stones in ‘‘ fire >’ and ¢ life ’’; these, and many other
points, are made clear once the knowledge of a few fundamental
facts is acquired.

The following is the order in which the properties will be
considered : —Crystalline Form; Hardness; Cleavage; Specific
Gravity ; Optical Properties; Chemical Properties.

Crystalline Form.

A study of the substances in the mineral kingdom discloses
the fact that the majority of them occur in definite forms, or
crystals, which are bounded by a series of planes known as faces.
Investigation of the various kinds of crystals has resulted in their
being divided into seven orders, or systems, called, respectively,
the Cubic, the Tetragonal, the Rhombic, the Hezxagonal, the
Rhombohedral, the Monoclinic, and the Triclinic system. In
each of these the faces are referred to directions or lines, known
as axes, which, in the different systems, are differently related
to one another. For an account of crystallography, or the science
of crystals, the reader is referred to any of the numerous books
on the subject. It must, however, be pointed out here that the
external form of a crystal is simply an expression of the definite
internal structure or arrangement of the particles which build
up the whole. Gemstones, as a rule, are well crystallised and
many of the interesting properties displayed by them—notably
the effects which they produce on light—can be directly traced to
their crystalline structure.

Hardness.
This may be defined as the power of resisting abrasion and is

possessed by most precious stones in a high degree; to their hard-
ness they owe their durability and their power to take and to.
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retain a high polish. Hardness is measured by comparison with
certain minerals arbitarily chosen, a stone being harder than those
which 1t can scratch and softer than those to which it yields. The
scale generally adopted is that drawn up by Mohs and consists
of the following ten minerals arranged in ascending order of
hardness : —

1. Tale. 6. Felspar.

2. Gypsum. 7. Quartz.

3. Calcite. 8. Topaz.

4. Fluor-spar. 9. Corundum.
5. Apatite. 10. Diamond.

In practice only the last five of this scale need be used, as all
the important gemstones possess a ‘hardness of at least 6.
Crystals or sharp fragments of the minerals 6-10 can be mounted
on brass rods and used as ‘‘ hardness points >’ for testing speci-
mens. If the stones are in the rough state the tests are easily
made, but, if they are cut, great care is needed to prevent injury
to any of the facets. The girdle is the most convenient place to
use, as any mark made there is of no importance and will be
subsequently hidden by the mount. Successive trials are made
with the test minerals until a scratch is made on the stone, and
from this an idea of the hardness is obtained. Thus, if the
specimen resists quartz but yields to topaz, its hardness lies
between 7 and 8, and would be designated as about 74. A com-
mon error in making this examination is to mistake for a scratch
the streak left when a softer mineral is rubbed over a harder
one; to avoid this, one should always rub the mark and then
examine the place with a lens.

A ‘more convenient way in which to test hardness, especially
when dealing with cut stones, is to have a set of polished surfaces
of the minerals 6 to 9 and to rub the gem successively over them,
beginning with number 6, until no scerateh is obtained. -

It must not be imagined that the intervals between members
on Mohs’ scale are of equal value and that, for instance, the
difference between talc and gypsum is the same as that between
corundum and diamond. As a matter of fact diamond is so
superior to all other minerals in this respect that the difference
between it and corundum is very much greater than that between
any other consecutive minerals on the scale.

Ordinary window-glass has a hardness of about 5 and can be
readily scratched by all true gemstones as well as by a st2el file,
so that it is a simple matter to determine in this way whether a
specimen is genuine or merely an imitation in glass.

As a general rule, it is a difficult matter to determine accu-
rately the hardness of a cut stone without injury to the facets,
but much can be learned regarding its identity by the use of the
four polished surfaces mentioned above.

The following is a list of the principal stones arranged in
order of hardness. It will be noted that in several cases the value
varies between limits. This is due to the fact that crystals possess
different degrees of hardness in different directions, but the
differences in most cases are so slight that they cannot be detected
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by the methods of testing described above. The mineral,
kyanite, however, is exceptional, for here the difference is so
great that it is quite observable by ordinary tests (p. 66) : —

- Table of Hardness.
Diamond ... Sl Spodumene.. e 1-6%

Ruby 9 Kyanite ... = ... e -5
Sapphire } Rl T Idocrase ... it 53 6%
Chrysoberyl ee B Chrysolite ... NoHE (i
Spinel A o) Epidote ... S a0
Topaz M Chalcedony SO
Phenacite ... Reeii E Benitoited... (éi;
Emerald ... Demantoi —
Beryl {Aquamarine, etc.} (& Felspar ... A0
Zircon 4 oA L Diopside ... A
Euclase ... SOl Turquois ... g ()
Andalusite ... 45 S S 1 Beryllonite... e JLTHO
Garnet e 137 Opal ehe 30
Tolite oo 137 Jade ... 6-5%
Tourmaline SN Obsidian ... PRI,
Quartz ANEG) Sphene ... it OF
Jadeite ... e 7-6% Lapis-lazuli Sy
Axinite ... wes 1-63 Fluor-spar ... Soen tA

Cleavage.

Crystals possess different cohesion in different directions and,
in consequence, frequently show a tendency to split or cleave
along certain planes when subjected to a blow. Thus the diamond
splits very easily parallel to the faces of the octohedron; topaz,
parallel to the basal plane; fluor-spar, parallel to the octahedral
faces, as in diamond; and so on. Many gemstones, however,
e.g., tourmaline, spinel, garnet, corundum, &c., show little or
no trace of cleavage, and, when broken with a hammer, present a
conchoidal fracture.

Cleavage is not a property by which facetted stones may be
identified, but it is of great importance in the process of cutting
and renders the operation in the case of the diamond much easier
than it otherwise would be. The commonest and most effective
form for this stone is that known as the brilliant (p. 22), which
can be readily obtained when the rough crystal has been reduced
by cleavage to the octahedral shape.

Specific Gravity.

The ratio of the weight of a body to that of an equal volume of
pure water is termed the specific gravity, and, as this number is
constant and definite for any one stone, its determination offers a
sure and ready means of identifying cut specimens without injury
to them. Thus any piece of ruby is found to weigh roughly four
times as much as an equal volume of water, and this is expressed
by saying that the specific gravity of ruby is 4. By a well-known
principle, a body, when immersed in water, loses in weight by an
amount equal to the weight of the water displaced, and, as the
volume of water displaced is clearly equal to that of the immersed
body, a ready means of determining specific gravity at oace
presents itself. This consists in weighing the body in air and
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then in water; the loss gives the weight of water displaced, 7.e.,
the weight of a volume of water occupying the same space as the
body, and this, divided into the weight in air, gives the specific
gravity of the body.

Thus, if the weight in air = 4'2 grams, and the
weight in water = 30 grams,
then the loss = 12 grams,
and the specific gravity = % ==.35.

The Westphal balance, of which an illustration is given
(Fig. 1), is an exceedingly simple and accurate instrument for
making such a determination.

A B
J ‘

'S

Fig. 1.—The Westphal balance.

The balance consists essentially of a horizontal beam A B C,
mounted at B on knife-edges. At one end of the beam there is
a brass counterpoise A, provided with a pointer which swings
opposite the scale J; the portion of the beam from B to C is
divided into ten equal divisions, these being marked by grooves
in which weights may be placed without fear of slipping. The
whole is attached to the rod L, which slips into the hollow
case K, and can be clamped in suitable position by the
screw G. The plate M, on which the balance rests, is provided
with a screw H, for levelling. From the hook F is suspended the
pan D and the clip E. The weights employed are arbitrary, but
are all multiples and sub-multiples of some weight W.

The method of using the balance is as follows:—(1) The
clip E is immersed in water and weights added to the beam until
the pointer comes to rest at zero on the scale. (2) These weights
are then removed, the stone is placed in the pan D and weights
again added until counterpoise is obtained, the clip E still
remaining in the water. (8) The operation is repeated with the
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stone enclosed in the clip E and immersed in water as in the
figure.
Let the weight (1) 3613 W,
and the weight (2) 3-260 W

then 353 W = weight of stone in air,
Let the weight (3) 3:357 W.

Then loss in weight 3-357 — 3260 W = ‘097 W
363 W
d ifi ity of st = s NSNS0
and specific gravity of stone 097 W 3:639

From the above it will be seen that it is unnecessary to know the
factor W.

The results obtained with this balance are quite accurate to
the second place of decimals even when the weight of the stone is
only ‘1016 gm. ( = § carat). Care must, however, be taken that
all air-bubbles are removed from the clip and the stone, of which
neither must touch the.sides of the vessel during the weighing.

Another method of finding the specific gravity of a stone con-
sists in the use of heavy solutions. A body floats in a liquid of
higher specific gravity than itself and sinks in one of lower specific
gravity; in a liquid of the same specific gravity it neither floats
nor sinks but simply remains suspended. The liquids most
generally utilised are (1) a saturated solution of potassium-mercuric
1odide, having a specific gravity of 3:18 at ordinary temperatures;
(2) a saturated solution of cadmium boro-tungstate having a
specific gravity of 3'28 at ordinary temperatures; (3) methylene
todide having a specific gravity of 3-32 at 16° C.

The specific gravity of solutions (1) and (2) may be lowered
by dilution with water, whilst that of (3) may be lowered by
dilution with benzene, and heightened by the addition of iodo-
form and iodine to as high as 3:6. In practice it is often suffi-
cient to know that the specific gravity of a stone lies between
certain limits, and for this purpose the following set of solutions
has been recommended : —

(1) Methylene iodide saturated with iodine and 1odoform, sp. G. = 36
()) Methylene iodide... * soft B=27910
3 5 5 dlluted with benzene e o)
4) i ,, further s e =205

By observing the behaviour of a stone in these solutions,
starting with the one of lowest specific gravity, one can often
identify it without further trouble. If, however, the specific
gravity has to be determined exactly, the first solution in which
the stone floats is carefully diluted until the latter just remains
suspended. The specific gravity of the solution, and also of the
stone, can then be obtained by an examination of the behaviour in
it of test fragments of minerals of known specific gravity.

For stones like zircon, corundum, garnet, &c., which have a
specific gravity above 3'6, thallium-silver nitrate may be used.
This salt is solid at ordinary temperatures, but melts at 70° C. to
a clear liquid having a specific gravity of 4'8 in which the heaviest
precious stones will float. Dilution with water rapidly reduces
the specific gravity and the solution may thus be employed in
the same way as those described above. The drawbacks to the
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use of this salt are its high cost, and the necessity of sworking at
elevated temperatures. When the specific gravity of the stone
is above 8'6, it is always better to determine the value directly
by means of the Westphal balance.
The following is a list of the principal stones arranged in order
of specific gravity.

Table of Specific Gravities.

Zircon ... 47-40 Spodumene . 320-3-15
Almandine 4:3-4-0 Fluor-spar . 3:19-3-02
Ruby... 40 Andalusite SN 3T18
Sapphire 4 40 Tourmaline ... .« 315-30
Demantoid ... . 3:86-3-83 Euclase . 3-1-305
Pyrope . 38-37 Jade o gtk a0
Chrysoberyl ... . 38-364 Phenacite 2:96
Kyanite 3+68-3-60 Beryllonite 2:84
Benitoite e 365-364 Turquois 2:8-2-6
lissonite 365-3:63 Beryl ... 2:71-2-68
Spinel ... . 365-3-60 Labradorite ... 270
Topaz ... . 3:56-3'50 Quartz... o 2:65
Diamond . 353-3'52 Iolite ... . 2:65-2:60
Epidote w. 35-3-36 Chalcedony . 260
Sphene oo 3'45-3-35 Obsidian 2:60-24
Idocrase 34-33 Moonstone 2:58
Chrysolite 34-3-3 Moldavite 2:4
Jadeite 3-33 Lapis-lazuli . 24
Axinite 3-30 Opal 252
Diopside 3:30

Optical Properties.

Lustre, brilliancy, fire, colour, in fact, all the qualities which
go to make up the beauty of precious stones are directly due to
the powerful influences which they exert upon reflected and
transmitted light. Stones seldom occur in nature in a form
suitable for showing such properties to advantage, and it is the
business of the cutter to treat the rough specimen in the manner
best calculated to display its latent beauties. To do this in an
intelligent way a knowledge of the optical properties is essential,
whilst, as will be indicated later, such knowledge often affords a
sure and ready means of identifying cut stones without injuring
them in any way. The optical properties characteristic of gem-
stones are conveniently classed as follows: —

Transparency, lustre, refraction, dispersion, colour and
dichrotsm, spectroscopic properties; a few stones, such as opal,
moonstone, cat’s-eye, &ec., depend for their beauty on special
optical effects which will be noted under a separate heading.

Transparency.—Stones, in accordance with the amount of light
which penetrates them, are called transparent, semi-transparent,
translucent and opaque. When .an object is viewed through-a
transparent stone its outlines are clear and sharp, when through
a semi-transparent one, blurred and indistinct. . Translucent
stones allow a certain amount of light to pass through but no
image of an object can be obtained, whilst opaque stones allow
no light to pass at all. Most gemstones are transparent in the
highest degree except when marred by flaws which greatly impair
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this property and cause a large reduction in value. Chalcedony
(Case M,) may be mentioned as an example of a semi-transparent
stone, whilst opal (Case N) is translucent and turquois (Case X)
opaque. It must, of course, be understood that these terms apply
to cut specimens of ordinary thickness and that most minerals are
transparent or, at least, translucent when in sufficiently thin
pieces.

The behaviour of gemstones towards the Rontgen rays has
received some attention lately, and it has been found that different
stones show different degrees of transparency to these radiations.
Thus diamond and phenacite are quite transparent; corundum
(including ruby and sapphire) is transparent, but not to the
same extent as the two stones previously mentioned; chrysoberyl
and opal are still less transparent ; quartz, topaz, felspar, diopside,
and spodumene are translucent; turquots, tourmaline, chrysolite,
and sphene are almost opaque ; whilst almandine, beryl, hyacinth,
epidote, and glass are opaque.

A stone can be tested by photographing it with the Réntgen
rays, when, if it be transparent, no shadow is cast, whilst if it be
opaque a shadow with sharp outlines is obtained.

Lustre.—This is essentially a surface effect and is due to the
reflection which always takes place when light impinges on a
bright surface. The highest kind of lustre is that shown by
polished metal and hence known as metallic lustre, but it 1s
possessed by no gemstone of importance. The other kinds of
lustre recognised are adamantine, as in the diamond ; vitreous, as
in ruby, sapphire, and most precious stones; resinous, as in some
kinds of garnet; silky, as in the cat’s-eye, satin-spar, and several
minerals showing a fibrous structure; pearly, as shown by the
cleavage faces of topaz and felspar; wazy, as in the turquots.

Rough specimens rarely show a high degree of lustre, and this
quality is always best seen on a polished surface. To appreciate
this it is only necessary to compare the greasy appearance of the
crystals of diamond in Case A with the brilliant aspect of the cut
specimens also exhibited there. In general, the harder the stone
is, the higher is the polish to which it is susceptible, and the more
intense is the lustre of the cut specimen. Refractive index (see
below), however, seems to have some effect as it is a fact that
minerals which refract light strongly have a high degree of
lustre ; examples of this are afforded by zircon (Case P) and sphene
(Case O).

Refraction.—When light from outside impinges on the surface
of a transparent body a certain amount is reflected whilst a certain
amount penetrates the substance. The light in the latter case
does not preserve its original path, but is bent or refracted, as it
is called, and proceeds on its way in a new direction. The power
of refracting light is strong in many gemstones, and to it can be
traced several of the beautiful effects for which they are noted.
As these effects are never seen in rough specimens but are only
brought out by cutting and facetting, it is clear that the
principles of that process must be governed to a large extent by
the laws of refraction,
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Figure 2 represents what takes place when a ray of light A O
travels from air into a transparent precious stone. If X O X! ig
drawn perpendicular to the surface of separation, then O B repre-
sents the path of the ray in the stone; it has been bent towards
the perpendicular line and lies in the plane containing O A and
X OX'. If a circle is described with O as centre and the lines

X

1
[}
]
a’

Fig. 2.—Refraction of light in o stone.

1
aa' and b b' drawn perpendicular to X O X! then —Z_ZT is a

measure of the refracting power of the stone and is called the
refractive index. The refractive index is independent of the
size of the angle X O A. This angle is called the angle of
incidence, and in such a case as the one in question, where the
light is travelling from air into an optically denser medium, is
always greater than the angle of refraction, X! OB, from which
it follows that a @' is always greater than b b, 7.e., the refractive
index is always greater than I.

If, now, light emerges from a stone into air (Fig. 3) the ray
is again deviated, but, in this case, it is bent away from the
perpendicular, 7.e., the angle X O A is less than the angle X' O B.

Fig. 3.—Total internal reflection of light in a stone.

If, as shown in the figure, the angle X O A is increased, a point
is reached—represented by X O A,—when the emergent light
just grazes the surface of the stone, and if the angle X O A is
increased by ever so little beyond this—represented by X O A,—
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no light emerges into the air, but all is thrown back into the
stone. This phenomena is called total internal reflection and the
angle X O A,, ¢.e., the angle of incidence for which the emergent
light grazes the bounding surface, is called the critical angle.
This angle may also be defined as the angle of incidence at which
total internal reflection begins, and it varies with the refracting
power of the medium in which the light is travelling; thus, the
greater the refractive index of a stone the smaller is the critical
angle, and vice versa. Figures 4 and 5 illustrate this point. In
the case of diamond (Fig. 4) all rays which strike the bounding
surface at an angle of incidence greater than 24° 21/ are reflected
back into the stone. If, then, there were a whole series of rays

12
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Fig. 4.— All rays incident at Fig. 5.— Al rays incident at
an angle greater than 24° 21’ an angle greater than 40° 8
suffer total internal reflection. sufffer total internal reflection.

travelling in the quadrant X O Y and incident at O on the
boundary at all possible angles, a very large proportion of them,
represented by the shaded area, would not escape into the air. With
quartz (Fig. 5) light in order to suffer total reflection must be inci-
dent at an angle greater than 40° 8 so that if there were, as
before, a series of rays travelling in the quadrant X O Y, a pro-
portion of them, much smaller than in the previous case, would
be totally reflected.

The brilliancy and life of a diamond cut in the brilliant-style,
especially when viewed by top light, are due in great measure

Fig. 6-—Path of a ray in a brilliant,

to total internal reflection. Owing to the high refractive index,
and consequent small critical angle of this stone, a beam of light,
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once it has entered, experiences several reflections before it can
emerge. Figure 6 represents this diagrammatically. Light enter-
ing by the top facets is refracted and proceeds to the bottom ones
which are steep; the angle of incidence of the beam is greater
than the critical angle, and hence no light escapes into the air,
but all is thrown back on to another facet when the process is
repeated, and so on until the beam finally emerges by one of the
top facets. The result of these reflections is that the stone is
filled with light and the bottom facets appear like flashing
mirrors. ;

Dispersion.— W hite light is really composite, being made-up of
rays of the different colours seen in the spectrum. These colours
are violet, indigo, blue, green, yellow, orange, red, and the rays
to which they correspond are refracted to different extents. Thus
it is found that for any one stone the refractive index for blue
light is greater than the refractive index for green light, which
in turn is greater than that for yellow light, and so on. If, as
shown in Fig. 7, a beam of white light is passed through a
prism of a transparent substance it is split up into its component
parts owing to the rays of different colours being deviated to

<O

Fig. 7.—Dispersion of white light by a transparent prism.

different amounts; the blue rays are more strongly refracted and
deviated than the yellow ones, and these are more strongly de-
viated than the red ones, with the result that a series of colours
is obtained if the emergent rays are thrown upon a white screen.
This phenomenon is known as dispersion, and the power of so
splitting up light is called dispersive power, which of course
varies in different stones. Tt is strongest in the diamond which,
with a refractive index of 2:465 for violet light, and 2407 for red
light, has a dispersion of ‘058. Thus when white light enters
a diamond its component rays are widely separated and so the
beautiful play of prismatic hues, known as fire, is obtained. In
this respect diamond is superior to all other stones, for not only
is the dispersive power stronger, but, owing to the high refractive
index, the path of a beam of light emitted by a cut specimen is, as
we have seen, a very long one, and the separation of the rays is
consequently increased. Figure 8 illustrates this point.

Other stones possessing strong dispersion are sphene (p. 67) and
green garnet (p. 75).

22351 5 R
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Fig. 8.—Dispersion and total internal reflection of light in a brilliant.

Double Refraction.—The foregoing remarks on refraction
apply to substances like glass, and to precious stones like
diamond, garnet, and spinel which crystallise in the cubic
system. A ray of light entering any of these is refracted and
emerges as a single ray, and consequently any object such as a
black spot or a candle flame when viewed through them appears
single. Such substances are therefore said to be singly
refracting.

In minerals belonging to the other six crystallographic systems
the incident ray is, in general, split up into two rays which take
different paths and for which the refractive indices are different;
a black spot or a flame when viewed through them appears double,
and they are said to be doubly refracting.

This phenomenon must not be confused with dispersion, and the
distinction between the two can be best explained in this way.
If a ray of light of single colour, 7.e., monochromatic light, is
allowed to pass through a singly refracting substance it travels as
a single ray and finally emerges as a single ray; in a doubly
refracting substance the single ray is in general split up into two
rays which have different paths and for which the refractive
indices are different.

It has already been pointed out that, when white light is
refracted through a prism of a transparent substance, it is split
up into its component colours, so that if, for example, a candle
1s viewed through such a prism, the image is fringed with colour.
Now if the prism consists of a singly reflaetlnrr substance, one
such coloured image is obtained, but if the substance is doubly
refracting, two such coloured images are obtained.

The mineral calcite (Case I,) offers the best illustration of
double refraction as the separatlon of the two rays in this case is
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exceedingly wide and consequently the images are far apart. In
most gemstones the images are not so widely separated and it is
sometimes a matter of difficulty to decide by the eye alone
whether a specimen is doubly refracting or not. A good way is to
examine through the stone either a candle-flame or the small
spike at the bottom of an ordinary ground-glass electric lamp,
when the current is on, and to see whether the images are double
or single.

This method works quite well for large specimens, but for
smaller ones, a polariscope is usually necessary. This instru-
ment in its simplest form consists of two tubes mounted vertically
on a column with a rotating stage placed between them. In
each of these tubes is placed a Nicol’s prism—so called after the
inventor—which is mounted so as to allow of complete rotation.
These Nicol’s prisms are cut from calcite (Case I,) and possess
the property of polarising light. A complete account of this
phenomenon cannot be attempted here, but it is sufficient to say
that if two Nicol’s prisms are held before the eye, and the one
next to the observer is rotated, whilst the other is kept stationary,
in two positions during a complete rotation darkness ensues. The
light going through the first prism has been so affected or
polarised that it cannot go through the second prism when it
occupies one or other of the two positions mentioned above. These
positions lie at 180° from each other and in them the prisms are
said to be crossed. Now when a singly refracting specimen is
interposed between crossed Nicol’s prisms and rotated, the field
of view always remains dark; if, however, a doubly refracting
stone is interposed darkness ensues in four positions only during
a complete rotation. These four positions occur at intervals of
90°, and in all intermediate positions light gets through. Two
points must be mentioned, however. In the first place glass and
singly * refracting minerals may show °‘anomalous double-
refraction >’ due to strains existing internally. In such cases,
however, the positions of light and darkness are not nearly so
well defined as in a true, doubly-refracting specimen.

In the second place doubly refracting stones all possess certain
directions known as optic azes, and light travelling along these is
not doubly refracted. Minerals belonging to the tetragonal,
hexagonal, and rhombohedral systems have one such direction
and are hence called wuniazial, whilst those belonging to the
orthorhombic, monoclinic, and triclinic systems have two such
directions, and are in consequence called biazial.

Before concluding that a specimen is singly refracting, one
must always examine it in several directions as an entirely wrong
conclusion may be arrived at through a doubly refracting stone
being viewed along an optic axis.

Singly refracting stones have one definite refractive index,
whilst doubly refracting stones have a series of refractive indices
depending on the direction in which the light is travelling in
them. It is found that these refractive indices vary between a

maximum and a minimum value, both of which are given in this
book.

22351 B2
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The determination of the refractive index is a valuable method
of identifying a cut specimen, and for this purpose an instrument
called a refractometer is used. An exceedingly handy type has
been devised by Dr. Herbert Smith, of the- British Museum
(Natural History), by means of which the refractive index can be
read off directly from a scale inserted in the instrument. The
principle of the instrument depends on the fact that once the
critical angle of a substance is known, the refractive index can be
calculated immediately.

The following is a list of gemstones arranged according to their
refractive indices : —

Table of Refractive Indices.
Singly refracting Stones.

Diamond 38 b5 211243 Essonite L6 S0 N 17113
Demantoid ... 5o 4100 Spinel... I
Pyrope G S0y P8l Opal...... o o AT R
Almandine ... oo ikl Fluor-spar ... . 1044

Doubly refracting Stones.

Maximum. Minimum.
Sphene 2:06 1O
Zircon... 1-97 1-92
genitoite 1-80 176
uby : :

Sapuhire } ORI ey 176
Epidote 1-77 173
Chrysoberyl ... 1-76 1:75
Kyanite 1-73 172
Idocrase N F ek 1-720 1-718
Diopside 1-70 167
Chrysolite ... 1-70 1-66
Axinite 1-69 1-68
Phenacite ... 1-68 1:66
Spodumene ... 1-68 1-65
Euclase 1-67 1-65
Andalusite ... 1-64 1:63
Tourmaline ... 1-64 1-62
Topaz... 1:63 1-62

Emerald ... £ 3
Sl {Aquamarine, ete. } i 1454

Amethyst ...
Quartz< Cairngorm ... 1:56 1:55

Rock Crystal
Beryllonite ... A 1-56 1-55
Tolite ... 1565 154

Colour and Dichroism.—With the exception of diamond, most
precious stones like ruby, sapphire, emerald, spinel, &e., are
prized largely on account of the beautiful colours which they
display. The quality of colour is a most uncertain means of
identifying cut stones, as it usually happens that a whole range
of tints is shown by specimens of one and the same stone, whilst
specimens of different stones are often so similar in colour that
it is impossible for any but the most practised eye to distinguish
them. This fact is impressed forcibly on anyone who inspects for

the first time a series similar to that exhibited in the Horseshoe
Case.
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Of the substances which cause the tints in precious stones, very
little is yet known, a circumstance which is due partly to the very
small amounts in which they are present in the specimens, and
the consequent difficulty in detecting them by chemical methods,
and partly to the high ‘cost of the material necessary for such
analysis. The colouring matters, or pigments, are distributed
throughout the mass in a homogeneous manner and are in such
a fine state of division that they cannot be detected by the most
powerful microscope. Some have supposed that the pigments
and the stone form a solid solution, others that it is merely a case
of mechanical mixture, whilst the Viennese mineralogist, Doelter,
who has given much attention to this subject, has suggested that
in some cases the pigment may be in the colloidal state. In this
way he explained the alteration which often takes place in the
colour of a stone when it is subjected to heat or other agencies,
e.g., radium emanations. Such agencies might possibly convert
the colloidal pigment into a crystalline one which would possess
a different colour. An example of this is yellow topaz which, on
being heated, assumes a beautiful pink shade. Doelter has also
examined the behaviour of many gemstones towards the emana-
tions of radium and has discovered a number of interesting facts
which have, however, not yet been completely explained. Thus
he found that a yellow diamond remained unaltered; a brown
diamond was tinged with violet; smoky quartz of pale-brown
colour, was coloured very dark-brown; wine-yellow topaz was
coloured dark-orange; a blue sapphire was coloured brown;
emerald was practically unaltered, as also was ruby.

In Case O will be found a sapphire which, originally colourless,
has been tinged with brown by exposure to radium emanations.
It may be remarked that this specimen has become much paler
during its sojourn in the case. As a result of his study of the
influence exerted by heat and radium emanations on the colour of
minerals, Doelter has divided the pigments into two classes, (a)
stable pigments which are present in ruby, diamond and deeply-
coloured sapphires, and which are almost insensitive to heat
and to radium-emanations, and (b) ‘“labile’’ pigments, which
are present in pale sapphires, smoky quartz, fluor-spar, topaz,
zircon, &c., which are altered in some way by heat and radium
emanations. He found that, when such stones were decolourised
by heat, exposure to radium usually imparted the original colour
to the stone. The whole subject is yet in its infancy and for
more information the student should consult ‘‘ Das Radium und
die Farben ’’ by Professor C. Doelter, in which a compact sum-
mary is given of the results so far obtained.

An interesting point about several coloured, doubly refracting
stones is that they show distinctly different colours according to
the direction in which they are viewed. This phenomenon is
called dichroism, and is well seen in such a mineral as green
tourmaline which appears almost black when viewed along the
prism edge, whilst across the prism edge it appears light-green.
In many cases, however, the dichroism is so feeble that it cannot
be observed by the naked eye, and an instrument called a
dichroscope is then utilised. This, as shown in Fig. 9, consists of
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a hollow tube A, in which is mounted a rhomb of ealcite R.
One end of the tube is closed by a cap in which is cut a slit S,
whilst at the other end is inserted the tube B, fitted with a lens
L, which can be focussed on the slit by sliding the tube B in

and out.
________________ A /

Fig. 9.—The dichroscope.

On locking at the sky through the instrument we see two
images of the slit owing to the double refraction of the calcite.
When a dichroic stone is placed in front of the slit, and either
the instrument or the stone is rotated, the following facts may be
observed. In four positions at 90° from each other, the images
of the slit are identical in colour, but if the rotation from any such
position is continued, a difference in cclour can be noted which
reaches a maximum at 45°; the difference then decreases until
the next position at which identity of tint occurs is reached, and
so on, until the rotation is completed.

Dichroism is due to double refraction and is never observed in
singly refracting stones like garnet and spinel, nor in any
coloured glass. Coloured, doubly refracting stones are some-
times so feebly dichroic that no difference in the tints of the
images can be observed, whilst dichroic stones do not exhibit the
property if they are viewed along an optic axis. To eliminate
errors arising from this latter fact one should always examine the
stone in several directions. It is therefore clear that, whilst pre-
sence of dichroism is a sure indication that the specimen is doubly
refracting, absence of it does not imply that a stone is singly
refracting.

The following is a list of the dichroic gemstones.

Table of Dichroic Gemstones.

Stone. Colour. Colours seen in Dichroscope.
Ruby ... sosbls YO0y snds .+« | pale, yellowish-red ... | deep-red.
Sapphire .. oo | blue ... ..« | pale, greenish-blue ... | deep-blue.
Oriental Amethyst purple... «. | almost colourless ... | violet.

» Emerald... | green ... . | green brown.
Aquamarine ... | bluish-green ... | pale, yel]ow1sh-green pale-blue.
Emerald ... .o | green ... ... | yellowish-green ... | bluish-green.
Alexandrite WEFn ] ... | green yellow to red.
Topaz ... .e | yellow ... | pale-pink or colourless yellow.

% sapink 45 paie yellow or colour- | pinkish-red.
ess.
7 ... | blue ... «.. | colourless ... «es | blue.
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Stone. Colour. | Colours seen in Dichroscope.
Tourmaline [ green ... pale-green dark-green.

e | red pink ... dark-red.

£ ... | blue pale-blue dark-blue.

i (ol .. | brown ... yellowish-brown deep-brown.
Epidote ... TR i ... | yellowish-green ... | deep-brown.
Andalusite green or brown | green or yellowish- | brownish-red.

reen.
Sphene ... | brownish-yellow gregenlsh-yellow reddish-yellow.
Cordierite ... | blue ... . yel]ovvlsh-grey deep-blue.
Axinite ... & i brown ... blue ... ... | brown to yellow-
| ish-green.
Smoky Quartz ...| , .. pale-yellow .. yellowish-brown.
Amethyst . | purple ... | pale-purple to yellow deep-purple.
Kunzite ... .. | pink or lilac ... | pale-pink to colour- | purple to pink.
t less.
Hiddenite 4 ; green ... | pale-green dark-green.
Chrysolite SRS yellowish-green green.
Kyanite ... ..| blug pale-blue ... | dark-blue.
Buclase ... 3 pale green pa}e green to colour- green.
ess.

Spectroscopic Properties.—When light which has penetrated
certain minerals—usually those containing rare earths—is
examined with an ordinary pocket spectroscope certain dark
absorption bands are seen. Two gemstones, zircon and almandene,
show this property so well that it can be used for their identifica-
tion. In the case of zircon, dark bands can be seen in the red,
yellow and blue parts of the spectrum, whilst in almandine the
absorption bands appear in the yellow, green and blue areas. The
illustration from Sir A. H. Church’s book on precious stones,
exhibited at Case P, shows the spectra obtained in these two
instances. To make the test it is only necessary to view through a
spectroscope the light reflected from a polished surface. By this
means zircon can be identified at once, and almandine can be
differentiated from ruby, other varieties of garnet and from red
spinel.

Special Optical Appearances.—Several stones, e.g., moon-
stone, cat’s eye, labradorite, and one or two others, owe their
beauty to none of the optical properties already described, but
to the peculiar effects which are seen when light strikes their
surface. Such stones are usually translucent and are never
facetted, but are cut either with a rounded surface, z.e., en
cabochon, or simply as flat polished plates.

The phenomenon known as adularescence is well seen in the
moonstone (Case Q), a variety of the potash-felspar, adularia,
from which the appearance takes its name. The peculiar delicate
play of light is confined to certain crystallographic planes along
which the crystal shows a tendency to part. The sheen is due to
the reflection of the light from numerous platy inclusions
arranged parallel to these planes. A similar explanatien holds
good for labradorite (Case Q) and for the variety of chrysoberyl
known as cat’s-eye, which latter stone when cut en cabochon
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often shows a broad band of white light which moves across the
surface of the specimen as its position with respect to the observer
1s changed.

A variety of quartz, known in consequence as cat’s-eye quartz,
shows a somewhat similar appearance, which here, however, is
due to the fibrous structure of the stone; the name chatoyancy
has been given to this effect.

Asterism is shown by some sapphires and rubies—called, in
consequence, star-sapphires and star-rubies (Case N)—which
exhibit a more or less well defined six-rayed star when cut en
cabochon, and in such a way that the greatest thickness of the
specimen lies parallel to the vertical axis of the crystal. This
appearance is caused by a series of microscopic canals lying in
the crystal and arranged in directions which make angles of 60°
with one another.

Sometimes internal flaws give rise to a play of prismatic colours,
and a good example of this is afforded by the specimen of rock-
crystal in Case M,. The colours in such eases result from the
interference of hght which is cccasioned by the thin film within
the specimen. Prectous opal owes its remarkable play of colours
to a similar cause, though doubt exists as to the character of the
flaws which give rise to the interference of the light.

Thermal and Electrical Properties.

Precious stones conduct heat well and always feel much colder
than imitations in glass; by ‘simply touching a specimen with
the tip of the tongue, one is able, after a little practice, to dis-
tinguish readily between paste and a genuine stone. If the
specimen is small it is best to hold it in a pair of pincers, as, if
held in the hand, it may get so heated up that the test can no
longer be apphed

Most gemstones when rubbed with some such material as flannel
acquire an electric charge which they retain for longer or shorter
periods. Before the discovery of many of the interesting optical
properties already described, electrical properties were sometimes
used to diseriminate between stones, but nowadays little use is
made of them.

Some minerals acquire a charge on heating, and in consequence
are called pyro-electric, and this property is exhibited in such a
marked degree by tourmaline and topaz that it can be used to
identify them.

Chemical Properties.

The simple substances or elements, which enter into the com-
position of gemstones are usually of the commonest description.
Thus, the metal aluminium, which is one of the most widely
distributed elements in the earth’s crust, is found in one form
or another in the majority of precious stones. Combined with
oxygen alone, it forms the ruby and the sapphire, and it is an
essential constituent in many of the silicates, e.g., topaz, tour-
maline, beryl (including emerald), several of the garnets, &c.,
which are used for ornamental purposes. In the spinel, oxide
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CHAPTER 1II.
Tue CurriNG OF PRECIOUS STONES.

Precious stones as they occur in nature do not display in a
prominent manner any of the beautiful qualities which have been
referred to in the previous chapter. Some of them, it is true, are
found in well formed crystals with the faces showing a good
lustre, but many of them occur in the sands and gravels of rivers
as water-worn pebbles, which present by no means the attractive
appearance popularly associated with this class of minerals.
Even when, as in the case of the emerald, the stone is normally
found as crystals in the mother-rock, it rarely happens that a
specimen shows sufficient freedom from internal and external
blemishes to warrant its being mounted without further treatment.

Such qualities as transparency, lustre, fire, chatoyancy,
asterism, &c., can only be observed when a specimen has been cut
and polished, and even that is insufficient, for the cutting must
be directed towards bringing out the effect or effects for which the
stone is noted. Oriental lapidaries, when cutting a stone, are
dominated by the idea of making the finished article as large as
possible, with the result that it does not show the optical proper-
ties to advantage, and is in no respect comparable to one cut
according to Kuropean methods, where the end kept in view is
not so much to conserve weight as to bring out the latent beauties
of the rough material.

Transparent stones are usually cut with plane faces, or facets, as
they are called, while translucent or opaque stones, especially
those showing any of the special optical effects mentioned in the
last chapter, are cut en cabochon, i.e., with a rounded surface.
According to the arrangement of the facets there are four main
styles of cutting, which are known respectively as (1) the Bril-
liant, (2) the Step Cut, (3) the Rose or Rosette, and (4) the
Table Cut.

(1.) The Brilliant.—Figures 10, 11, and 12 represent a stone cut
in this manner. The greatest circumference, or girdle, divides
the specimen into an upper part, or crown, and a lower part, or

THE BRILLIANT.

Fig. 10.—Upper part Fig. 11.—View of side. Fig. 12.— Lower part
or crown. or culasse.
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culasse. In the crown (Fig. 10) there are 33 facets made up as
follows : —

Table (a) ...

Star facets (b) 5

Templets or bezels (¢)
Quoins or lozenges (d) ...
Cross facets or Skew facets (e) ...
Skill facets (f) ... %

Total

In the culasse (Fig. 12) there are 25 facets made up as follows : —

Culet or Collet (g)
Pavilion facets (&)
Quoins (k)...
Cross facets (1)
Skill facets (m)

Total

In the newer style of cutting, represented in Figs. 13, 14, and
15, the facets are made more nearly equal in size and the girdle
approaches a circle in outline. There are thus 58 facets in the

Fig. 13.—Crown. Fig. 14.—View of side. Fig. 15.—Culasse.

typical brilliant, but this number may vary somewhat, and is
sometimes increased to 66 by the grinding of 8 small facets round
the culet. 4

This form of cutting is by far the most important, as it is
employed on all the best diamonds and on many other stones,
both coloured and colourless. In the case of diamond there is a
certain proportion about the finished brilliant which gives the
maximum of ¢ fire ”’ and ‘‘ life.”” Of the total thickness of the
stone, <.e., the distance between the table and the culet, one-third
should be occupied by the crown, and two-thirds by the culasse,
whilst the diameter of the culet should be one-ninth that of the
girdle, and one-fifth that of the table.

The octahedron lends itself very readily to this style of cutting,
and it has already been pointed out how much labour is saved to
the cutter by the fact that diamond splits parallel to the octa-
hedral planes. Figure 16 illustrates the first process in the treat-
ment of the octahedron. The opposite apices are ground away
to the extent indicated and form the table and the culet. The
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octahedral planes form the bezels of the crown, and the p;}vilions
of the culasse, whilst the quoins are obtained by truncating the
angles between them.

[ “SppeapA——— 4

Fig. 16.—Derivation of brilliant from octahedron.

(R.) The Step Cut.—Figures 17 and 18 represent respectively
the upper and lower parts of a stone cut in this manner. In
the upper part there is a table with a series of rows of facets
sloping down towards the girdle, whilst in the under part the rows

TaE Ster CuT.
Fig. 17.—Upper part. Fig. 18.—Lower part.

of facets slope away from the girdle to the culet. There is con-
siderable variation in the number of rows of facets, and also in
the outline of the girdle, which may be square, eight-sided, as in
the illustration, or six-sided.

This style of cutting, sometimes known as the trap cus, is
much employed in the treatment of coloured stones, and 1s usually
preferred in the case of the emerald. Sometimes a specimen is
fashioned with the upper part as a brilliant, and the lower part
cut in steps, and such a stone is said to be mized cut.

(3.) The Rose or Rosette.—The upper part of a stone cut in this
way is shown in Fig. 19. It consists of six low triangular facets a,
from the base of which the six triangular facets b slope down to
the girdle. The spaces between the facets b are occupied by
twelve facets ¢, which meet the girdle in an edge. There are
thus in this part of the stone twenty-four facets, which are
divided into the six star facets a, known as the crown, and
eighteen cross facets b and ¢, to which the name dentelle is given.
The under part of the stone consists usually of a broad flat face,
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which in the case of the diamond is usually a cleavage plane.
Sometimes, however, the under part is simply a repetition of
the upper, in which case the name double rosette is applied.

Fig. 19.— Rose or roselte, upper part.

There are several types of rose in which the number of facets
may be greater or smaller, but the one described above finds the
most extended application. Diamonds which are unsuited for
the brilliant cut are usually fashioned as roses, and this form
stands next to the brilliant in importance.

(4.) The Table Cut.—This form is unimportant nowadays
although it was a favourite way of treating diamonds in the early
history of gem-cutting. In its simplest form the table may be

Crfr
NS
Fig. 20.—The table.

considered as an octahedron whose opposite apices (Fig. 20)
have been ground away to an equal extent. It thus has ten facets,
but a few additional ones may be cut.

The rounded forms call for little explanation. They, as men-
tioned above, are usually employed for translucent and opaque
. stones, although transparent stones, especially garnets, are some-
times treated in this way. The simple cabochon (Fig. 21) has a
flat base, which may be oval or circular, whilst in the double
cabochon the under part also consists of a dome, which is, how-
ever, usually flatter than that of the upper part (Fig. 22).

T
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Fig. 21.—Simple Fig. 22.—Double Fig. 23.—Hollow
cabochon. cabochon. cabochon.

In the hollowed cabochon (Fig. 23) the interior of the stone has
been ground away, thus giving it a shell-like form; several of
the garnets shown in Case P have been treated in this way, and
their transparency greatly increased in consequence.

When the rounded surface of the cabochon is very much flat-
tened, the stone is called tallow topped.

The actual process of cutting is carried out on a metal disc
which is provided with the powder of some hard substance to
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act as grinding material. The metal disc—about one foot in
diameter—is mounted on a vertical axis and rotates horizontally
at a high velocity. The material of which it is made varies with
the hardness of the stone to be treated and it may consist of iron,
brass, copper, tin, or lead.

The grinding material also varies according to the stone which
is being cut. Diamond is the hardest of all substances and can
only be abraded by its own powder. Samples of diamond powder
are shown in Case A, and also in a case in the Hall devoted
to abrasives. Stones like ruby and sapphire are also cut with
diamond powder which, despite its high cost, i1s employed because
it allows of the work being done quickly.

Powdered emery, an impure form of corundum, is extensively
used for the softer stones and, in recent years, the artificial
carborundum, a carbide of silicon, which is harder than corun-
dum, has also been employed.

The abrasive is made into a paste with olive oil or water and
spread on the outer part of the disc into which it gradually works
its way, thus providing a circular file which cuts out the facet.
After the stone has been given the required shape it has to be
polished, and this is usually accomplished on a disc of softer
material with some such polishing agent as tripolite, putty
powder, rouge, bole, &c., applied to the wheel in a paste.

Diamond, on account of its great hardness, is treated in a
different way from any other stone. If the rough stone is to be
cut as a brilliant, and its natural shape is not suitable to that
style of cutting, advantage is taken of the cleavage to reduce it
to the octahedral form. The diamond splitter mounts the stone
in cement at the end of a rod and makes an incision in the proper
direction by means of another diamond similarly mounted. He
then inserts a chisel into the cut, gives it a smart tap with a
hammer and splits off the unnecessary portion. This is repeated
until the stone is in the desired shape and ready for bruting, as it
is called. The stone is mounted as before in cement and rubbed
against another diamond similarly mounted, and in this manner
the principal facets are roughly formed. These facets as well
as the smaller ones, which have not been put upon the specimen
during the bruting, are then ground and polished on an iron wheel
covered with a paste of olive oil and diamond powder.

The manner in which a stone is held against the grinding disc
is interesting. The holder consists of a copper cup attached to
a small rod, and is known as a dop. The copper cup is filled
with a fusible alloy of lead and tin in which the stone is imbedded
with the part which is to be ground left exposed. The dop is
then clamped by means of the small rod to a horizontal bar in
such a position that the cup hangs downwards and the stone rests
on the grinding disc. By means of weights placed on the hori-
zontal support the pressure on the disc is increased, and the
grinding 1s thus effected. There may be as many as four different
stones on the one disc. There are many technical details con-
cerned with the cutting of gemstones, and for an account of them
the visitor is referred to any of the larger books treating of the
subject,
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CHAPTER III.

Tae IMITATION, TREATMENT, AND ARTIFICIAL FORMATION OF
GEMSTONES.

The more valuable gemstones or precious stones, as they are
often called, have from the earliest times been highly esteemed,
and it is not surprising that much ingenuity should have been
expended in making imitations which resemble, at least in out-
ward appearance, the natural product. Glass at once suggests
itself as being suitable for the purpose and, since glass-making
is an industry of very great antiquity, counterfeits in this sub-
stance were well known to the ancients who attained considerable
skill in their manufacture. Again, it sometimes happens that
very slight differences in the tints of specimens of the same stone
make very considerable differences in value and various devices
have been employed for treating the less valuable variety so
that it may resemble for a time at least the more costly one.
Such artifices may be intended solely to deceive the purchaser,
but some are well recognised processes of treatment for per-
manently altering the appearance of a stone. A few typical
instances will be cited here and others will be referred to when
the particular gems come to be described.

Until a comparatively recent date all that the collector had to
fear was the glass imitation mentioned above, but, within the last
few years, corundum, including its varieties ruby and sapphire,
has been successfully manufactured, and the stones cut from this
artificial material are identical with the natural ones in optical
and other physical properties. As we shall see later on, differences
do exist between the two, but a microscope is often required to
make them out and, owing to the enormous difference in value
between the natural and the artificial stone, the advent of the
latter has caused no small amount of perturbation in the precious
stone trade.

Keeping these facts in mind, the collector will do well to
observe the rule of buying specimens unmounted whenever that is
possible.  When a stone is mounted, flaws are easily hidden,
devices for improving its appearance are difficult to detect, hard-
ness, specific gravity, double refraction, presence or absence of
dichroism cannot be determined, and microscopic examination is
impossible.

The I'mitation of Precious Stones.

Various kinds of glass, technically known as paste or strass,
are employed for this purpose, the colour, when it is. desired to
counterfeit such stones as ruby, sapphire, emerald, topaz, &c.,
being obtained by the addition of small quantities of suitable
metallic oxides. The glass used for imitating such a stone as
diamond must possess a high refractive index, a high lustre, and
strong dispersive power, qualities which are attained by the
addition of lead, and, less commonly, thallium.. The use of
such ingredients, however, not only diminishes the hardness of
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the product but also renders it liable to alteration and, comse-
quently, after some time it becomes cloudy and loses much of
its initial brilliancy.

The making of a good paste is by no means a simple matter.
The ingredients must be of extreme purity if accidental colouring
is to be avoided, whilst the cooling of the molten material must
be carried out slowly and carefully in order to produce a trans-
parent mass free from air-bubbles and striae, blemishes which
would render it unfit for making good imitations. The con-
stituents are usually pure quartz, carbonate or nitrate of potash,
and red lead, the proportions of these varying according to the
purposes for which the paste is intended. The substances are
powdered, mixed, and, with the addition of a little borax, fused
up in a crucible. The mass is then allowed to cool very slowly,
after which the clear transparent product is ready for cutting.
Such a glass is colourless but, by the addition of very small
proportions of various metallic oxides, it can be made to assume
any tint. A blue colour is produced by cobalt oxide, red by
cuprous oxide, ruby-red by the addition of some gold compound
such as purple of Cassius, green by either cupric or chromic
oxide, violet by manganese oxide, and go on.

Reference has already been made to the fact that glass is
warmer to the touch than a natural stone, and the test mentioned
on p. 20 is usually quite sufficient for anyone who has had any
practice in this kind of work.

Again a paste imitation yields to the file whilst a genuine
stone does not, and, if still further confirmation be required, it
is only necessary to remember that a glass is singly refracting,
lacks dichroism, and under the microscope often shows air-
bubbles and strize.

A cut specimen may sometimes be made with an upper part, or
crown, of genuine stone whilst the lower part, or culasse, con-
sists of paste. Such devices are known as doublets, of which
there exist several varieties. Thus the doublet may consist of
two pieces of natural stone cemented together, or the upper part
may be of a valuable stone like diamond, whilst the lower part
consist of a cheaper stone like white corundum.

In the triplet a layer of glass is intercalated between two pieces
of genuine material.

The doublet and triplet are difficult to detect when mounted,
but if the specimen be dismounted and immersed in hot water
the cement softens and the parts fall asunder.

The Artificial Treatment of Precious Stones.

The most valuable kind of diamond is that known as the ‘“ blue-
white,”” which is rather rare as the majority of stones possess a
vellowish tinge, faint, it is true, but still quite visible to the
practised eye. When blue wax or varnish is rubbed over the back
of a yellow stone the tint is ‘‘ corrected ’’ and the specimen appears
quite white. The device, however, is only temporary, as the
colouring matter is bound to go sooner or later and the true
colour then ‘makes its appearance., The trick can always be
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detected by washing the stone in alcohol when the pigment is
dissolved off.

Many stones alter their colour when heated and this fact is
made use of in the case of topaz, zircon, and quartz.

At the present time the most valuable kind of topaz is that
possessing a pink colour but such stones are rarely if ever found
in nature. The yellow topaz is, however, readily changed to
pink by heating, and it is no exaggeration to say that all the
pink stones in the market to-day have been produced in this way.
The topaz is packed in a crucible with some such material as
magnesia and heated carefully. The stone goes nearly white, but,
on cooling, assumes the beautiful rose-pink colour seen in Case O.

Some kinds of zircon when heated not only become colourless
but also show a considerable increase in lustre. The refractive
index of this stone is high, and colourless zircons obtained by
** burning ”’ have frequently been passed off as diamonds. The
fraud is difficult to detect in a mounted specimen but, if the
stone be dismounted, the lack of hardness combined with the
strong double refraction, and the high specific gravity of the
zircon, or jargoon, as it is sometimes called, suffice to distinguish
it from the diamond.

The dark variety of quartz, known as morion, owes its colour
to volatile organic compounds which are discharged by heating.
If, however, the stone is raised to a moderate temperature the
colour changes from almost black to a rich brown, and in this
form the material is frequently sold as “ Spanish topaz.”’

The colourless variety of quartz is sometimes treated in a pecu-
liar manner. The stone is heated to a fairly high temperature
and then plunged into a solution of dye. Numerous cracks are
developed in this way, and the dye soaks along them. Such
stones can be detected at a glance as the colouring is not uniform
but is confined to the fissures produced by the sudden cooling.

Examples of the above method of artificial treatment will be
found in the cases devoted to the minerals mentioned and other
instances of staining and colouring will be referred to when the
particular stones are described.

The Artificial Formation of Precious Stones.

It has already been pointed out how unsatisfactory the glass
1mitation is as compared with the natural stone, and how easily
it can be detected. With the advance in the knowledge of the
composition of minerals, however, chemists began to direct their
attention towards producing them in the laboratory. As was to
be expected, much labour and ingenuity was expended on precious
stones and many attempts were made to produce a substance
answering in all respects to the natural one. This branch of
the subject has attracted the French chemists, in particular, but
the results obtained by them, whilst of great scientific value, are,
with one or two exceptions, of no commerecial importance. Many
minerals have been formed and amongst them are a few gem-
stones, but it is one thing to produce a stone and quite another

22351 )
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to manufacture it in pieces large and transparent enough for
cutting and by a process which can compete successtully w1th the
natural gem.

The only stones which, up till now, have been successfully
manufactured are corundum (including ruby and sapphire),
spinel and turquois; diamond, beryl, and one or two others have
been formed in recognizable pieces, but in no case have the
products been fit for cutting.

Corundum consists of ecrystallised oxide of aluminium, or
alumina, and includes several varieties which have different
names depending on their colour. Thus, ruby is transparent red
corundum, sapphire is transparent blue corundum, oriental topaz,
transparent yellow corundum, and so on (p. 54).

As usually prepared in the laboratory, alumina is a white
amorphous powder and the problem to be solved consisted either
in producing this substance under conditions which would make
it assnme the crystallised state, or, given the white powdery
alumina, to convert it into the hard, crystallised corundum.

The first attempts were made as early as 1837 by the French
chemist, Gaudin, but, although he succeeded in forming a crystal-
line product, it was quite unfit for the uses of the jeweller.

Somewhat similar remarks apply to his attempts, made in 1857,
and again in 1869, as well as to those of the other chemists,
Sainte-Claire Deville, Caron, Ebelmen, and Hautefeuille, who
had been become interested in the question about the same time.
The crystals obtained by these investigators were usually small,
and the processes by which they were obtained could not be
applied commercially.

In 1877 Frémy and Feil succeeded in forming crystals of ruby
by quite a new method which consisted in caleining a mixture of
alumina, red oxide of lead, and potassium bichromate for several
hours in a clay crucible. The oxide of lead combined with the
alumina to form lead aluminate and this, acting on the silica of
the crucible, produced lead silicate, and alunnna which crystal-
lised out as ruby; the red colour was imparted by the chromium
of the potassium bichromate. The crystals so obtained were in
the form of thin plates and quite unfit for cutting.

Frémy continued his researches and, in collaboration with Ver-
neuil, succeeded in making rubies by another process. They
employed an open crucible and calcined in it at a high tempera-
ture a mixture of pure alumina, potassium carbonate, barium
fluoride and, as before, potassium bichromate. The reactions
which take place with such a mixture are rather complicated, but
the chief result is the formation of aluminium fluoride which
decomposes under the influence of heat and the moisture of the
furnace gases into hydrofluoric acid and alumina which, how-
ever, assumes the crystallised state; the chromium of the bichro-
mate imparts, as before, the red colour. The rubies obtained by
this method were large enough to be cut in the rose-form, but
they were still too small for oeneral use in jewellery. FExamples
of them are shown in Case N.

In 1885, or thereabouts, a number of very perfect rubies
appeared on the market in Geneva. They possessed all the
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characters of the natural mineral, but were seen to contain a
number of rounded air-bubbles. They were sold at a high price
and the secret of their manufacture was well kept, but it seems
to be practically certain that they were made by fusing up a
number of smaller rubies in the oxy-hydrogen blowpipe and
letting the mass so obtained cool and crystallise out. This
process is known as reconstruction and was applied with some
success in 1895 and during the succeeding years.

Nowadays artificial rubies are not reconstructed from fragments
of the natural stone, but are made from pure alumina, prepared
from ammonium alum, to which oxide of chromium is added to
produce the red colour. There are two ways of preparing the
material : —(1) By calcining at a red heat ammonium alum, <.e.,
a double sulphate of ammonium and aluminium, to which some
potassium bichromate has been added. This method is the one
employed commercially. (2) By adding ammounia to a solution
of the above alum to which chromium alum has been added.
The precipitate so obtained is washed and calcined. The amount
of the salt of chromium added in either case is sufficient to give
2:5 per cent. of chromium oxide in the mixed oxides. The mix-
ture is fused by a blowpipe fed with coal gas and oxygen, and,
with certain precautions, a clear transparent mass of ruby is
obtained. Tt had been known for a long time that alumina could
be fused by an oxygen blowpipe, and Gaudin had actually pre-
pared some crystallised material by this method as early as 1869,
but all his attempts to produce a large transparent mass had
failed.

The matter remained pretty much in this state until Verneuil
took it up, and in a series of brilliant researches succeeded in
solving the problem. The following is a short account of his
results which were published in 1904.

He found that, to obtain a clear transparent product from the
fusion of alumina, these three conditions had to be observed : —

(1.) The fusion must be carried out in that part of the flame
which, whilst capable of melting alumina, is richest
in hydrogen and carbon.

(2.) The mass must grow upwards in regular layers super-
posed to each other.

(3.) The cooling surface, 7.e., the contact of the fused mass
with the support, must be as small as possible.

Verneuil designed a most ingenious piece of apparatus (Fig. 24)
embodying these principles and by its means was able to produce
large transparent masses of ruby.

It consists essentially of. a vertical blowpipe whose upper part
is in the form of a fairly large chamber C, in which is suspended
a sieve P containing the finely powdered mixture of alumina
and chromium oxide. The wire by which the sieve is suspended
penetrates the lid of the chamber and terminates in a small dise E.

The oxygen enters the blowpipe by an opening O in the lid of
the upper chamber so that when the disc is tapped the powder is
shaken out of the sieve and carried along to the flame in the
current of oxygen. The support R, on which the molten mass
grows, consists of a cylinder of alumina enclosed in a collar of

22351 C2



32

platinum, the whole being fastened to an iron arm S which can
be moved in a vertical direction and in two horizontal directions
at right angles to each other thus ensuring that the mass is in
the most favourable part of the flame.. The coal gas enters by
the opening H.

ll||llllllll||lllllll\éx\l\\“ﬂl\“\“\l\\“\‘

Fig. 24.—Verneuil's apparatus for making corundum.

The first particles of powder which fall upon the support form
a conical mass which gradually grows upwards until the apex
reaches a part of the flame sufficiently hot to liquefy the alumina
and the powder which arrives after that melts and forms a fine
thread. As this thread grows upwards it gradually reaches a
hotter region of the flame and a little sphere is formed on the
summit. The support is then lowered a little, the sphere in-
creases in size and the final product is a pear-shaped mass or boule
of ruby. The remarkable thing about these boules is that,
although possessing no crystal faces, yet they have the internal
crystalline structure of the natural ruby and are identical with
it in hardness, specific gravity, refractive index, double refraction
and dichroism. The long axis of the pear corresponds roughly to
the vertical (and optic) axis of the natural erystals, whilst on the
broad end there is a series of lines intersecting at 60° which
correspond in position to the rhombohedral faces. A very good
series of stones made by this process and presented to the Museam
by Mr. E. Hopkins of Hatton Garden is shown in Case N. The
shape of the product is well seen, whilst one specimen shows the
boule growing on the apex of the cone of alumina which fell first
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on to the support. As indicating the size which the masses
sometimes attain it may be mentioned that the largest of the
boules shewn here measures 1*/; in. in length, and weighs 94}
carats.

The production of the sapphire proved a more difficult problem.
Oxide of cobalt was added to the pure alumina, but all attempts
to get a clear, transparent mass with the characteristic blue colour
failed. It was found that by adding some magnesia to the
mixture a transparent, blue flux resulted and this was cut and
put on the market as ‘° Hope sapphire.”” On examination, how-
ever, these stones proved by their hardness, specific gravity,
absence of dichroism, &c., to be spinel. Examples of them are
shown in the series. ‘

By adding small quantities of magnetic oxide of iron and of
titanic acid to the alumina, Verneuil at last succeeded in pre-
paring a clear transparent, blue product answering in all respects
to the natural sapphire; examples of these are shown. .

The green stones are produced by the addition of vanadium.
They possess the interesting property of appearing red by lamp-
light and have been wrongly called ‘‘ reconstructed alexandrites.”’
The pale pink stone is, in like manner, often wrongly designated
“ reconstructed >’ or °‘scientific topaz,”’ whilst the colourless
artificial corundum has sometimes been sold as ‘¢ synthetic dia-
mond.”” The yellow colour seen in some of the boules is got by
adding 3 per cent. of nickel oxide to the alumina; these stones are
also called ‘¢ scientific topaz.”’

From the above remarks it will be seen that none of the tests
mentioned in Chapter I. serves to distinguish the artificial from
the natural corundum. As at present manufactured, however,
the former usually shows rounded air-bubbles and curved striee
which can be seen in most cases with a lens, but are sometimes
visible only under the microscope. In the larger specimens the
striee and bubbles are often quite prominent and can be detected
readily, but with the smaller ones recourse must usually be had to
microscopic examination. This is carried out most readily when
the stone is immersed in a cell filled with a liquid of high refrac-
tive index and the whole placed on the microscopic stage. In
this way the flaws referred to above can be readily detected.
Natural rubies also show strie and cavities but the former are
straight lines whilst the latter are not rounded but possess definite
crystal-outlines.

Artificial rubies are now manufactured in large numbers and
stones of good quality can be purchased for 4s. per carat.

Turquois, a hydrous phosphate of aluminium and copper, is
another stone which has been successfully manufactured, but
little is known regarding the details of the process. It appears o
consist in subjecting to great pressure a chemical precipitate
having the same composition as the natural mineral. The stones
formed in this way bear a strong resemblance to the natural ones,
but they differ in their behaviour when heated. The natural
- turquois decrepitates and falls to powder, whilst the artificial one
fuses quietly; this test can only be applied to rough fragments.
The artificial stone, further, when moistened shows a series of
intersecting cracks on the surface.
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In contrast to the success attained in the artificial production
of the ruby, all the efforts made to produce the diamond in a
form fit for jewellery have so far proved abortive.

The diamond consists of pure, crystallised carbon, and the pres-
sure and temperature necessary to convert the black amorphous
carbon, or charcoal, into the beautiful crystallised variety are
8o difficult to realize in the laboratory that, after many attempts,
the only result has been a few microscopic, badly-formed crystals
which are utterly unfit for any of the purposes to which the
diamond is applied.

The first experiments in the formation of this stone which had
any semblance of success were carried out by J. B. Hannay, a
Glasgow chemist. His method depended on the fact that metals
such as sodium, potassium, or lithium are capable of uniting
with the oxygen and hydrogen of carbon compounds and of set-
ting free the carbon. Hannay also found that when an element
was set free from a gaseous compound it tended to assume the
crystalline form. Accordingly he took a mixture of lithium,
bone-oil, and paraflin, sealed it up in a stout iron tube and heated
it for several hours in a furnace. The lithium wunited with the
hydrogen and oxygen of the hydrocarbons and liberated the
carbon under great pressure. The tube, after being allowed to
cool, was opened and found to contain a hard black mass in which
were imbedded minute crystals having all the properties of
diamond. These experiments were carried out in 1880 and of
" the eighty attempts made only three were successful; the rest
failed owing usually to the bursting of the tube under the enor-
mous pressure, or to leakage due to defective sealing.

TIn 1893 the French chemist, Moissan, succeeded in making
diamonds by quite a different method. He made use of the fact
that iron, liquefied at a high temperature such as that produced
by the electric furnace, is capable of dissolving carbon which
separates out when the mass is cooled. Moissan employed a
crucible of carbon in which he placed a mixture of pure iron and
pure carbon and the whole was then subjected to the heat of the
electric furnace. After being kept at this high temperature
(about 4,000° C.) for a short time the crucible with its solution
of carbon in iron was plunged into water and rapidly cooled.
Now, iron expands when it passes from the liquid into the solid
form, so that the sudden cooling caused a solid crust of iron to
form round the liquid and expanding interior. The pressure
so produced was enormous and some of the carbon which was
thrown out of solution assumed the form of diamond.  The
crystals obtained in this way were very small, measuring at the
most about 7 millimetres in length, and the work of separating
them from the iron and the carbon in the crucible was exceed-
ingly long and tedious. The method, in short, is of no com-
mercial importance, but it is interesting as throwing light on the
probable mode of origin of diamonds in meteoric iron (p. 41).

Still more recently Friedlinder fused up olivine and stirred it
with a rod of graphite which, when cooled, was found to be -
encrusted with small crystals of diamond.



CHAPTER 1V,
THE DESCRIPTION OF GEMSTONES CONTAINED IN THE ('OLLECTION.

In this Chapter the minerals are described in the order in which
they are arranged in the cases.

Diamoxp (Case A).

Hardness, 10. Specific Gravity, 3-53-3'52.
Singly refracting. Refractive Index, 2:43.

In many respects diamond occupies a unique position amongst
precious stones. It is the gemstone par ezcellence in popular
estimation and is the one most generally employed by jewellers.
To the mineralogist it appeals strongly on account of its many
singular properties; thus, it is the hardest known substance; it
consists of a single element; it is combustible; its refraction and
dispersion are extraordinarily powerful; whilst its ecrystals are
usually complex and have many of the faces rounded in a curious
manner. Finally, in the commercial world, diamond is the most
important gemstone, for more capital is sunk in its exploitation
than in that of any other member of the series.

The fact that diamond consists of pure carbon was first demon-
strated by Smithson Tennant in 1797. It had been shown by two
Florentine Academicians as early as 1695 that a crystal of this
mineral disappeared when sunlight was focussed upon it through
a powerful burning-glass, whilst the French chemist, Lavoisier,
im 1772 and during the succeeding years, proved that, besides
strong heat, air was necessary to make the diamond disappear.
He examined the gas obtained in the experiment and found it
similar to that obtained by the burning of pure carbon, or char-
coal in air: he hesitated, however, to say that diamond and carbon
were one and the same substance and it remained for Tennant to
prove their identity. His method depended on the fact that,
when potassium nitrate is fused up with carbon, potassium car-
bonate is formed. He put a weighed quantity of diamond into a
gold tube along with potassium nitrate and heated the mixture
strongly for about one hour. After the tube had cooled he dis-
solved the residue in water and then added lime water to this
solution. A white precipitate (carbonate of lime) was formed
which was carefully separated from the liquid and then treated
with hydrochloric acid. By this means Tennant obtained a
volume of carbon dioxide equal to that which he would have
obtained had he conducted his experiments with an equal amount
of carbon or charcoal. TFrom this consideration he concluded
that diamond and carbon were identical in composition, and his
results have since been repeatedly verified.

It is possible to convert diamond into graphite (Case B) by
subjecting it to a high temperature and excluding air.

The crystals of diamond belong to the cubic system, and the
faces, as already mentioned are very frequently rounded. The
common forms are the octahedron (Fig. 25) and the dodecahedron
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(Fig. 26) whilst crystals of cubical form (Fig. 27) are much rarer.
The octahedral planes are sometimes replaced by three- or six-
faced pyramids, thus giving rise to trikis-octahedral and hexakis-
octahedral forms. A set of models illustrating these shapes is
exhibited. :

Another point of interest well brought out by the octahedral
crystals from South Africa is that the edges of the octahedron are
replaced by striated grooves which show that what appears to
be a simple crystal is in reality a compound or twin form

(Fig. 25).

Fig. 26.—
Dodecahedral
crystal of diamond.

Fig. 27.—Cubical
crystal of diamond.

Fig. 25.—Octahedral erystal of diamonrd
shewing striation at edges.

Diamond cleaves very readily parallel to the octahedral planes,
a fact which renders it brittle and easily reduced to powder. The
extraordinary hardness of the diamond has often been confused
with the quality of toughness or tenacity, 7.e., the power of
resisting a blow, and it is said that an old way of ¢ testing’’ a
doubtful specimen consisted in laying it on an anvil and striking
it with a hammer. If the stone broke, then it was pronounced
spurious. Needless to say, many diamonds failed to resist such
treatment.

Absolutely colourless diamonds, 7.e., ‘‘ blue-white ’’ stones, or
diamonds ‘“of the first water,”” are rather uncommon and are
the most highly prized. Faint tinges of yellow, green, and
brown are frequently met with and are shown by several of the
specimens in the case; a black diamond from Brazil is also exhi-
bited. Various shades of yellow are characteristic of the Cape
diamonds, but the colour is often so faint that it can be detected
only by placing the stone side by side with a colourless one.
Deeply-coloured diamonds are rare and, when flawless, command
very high prices. The colour of diamonds is very stable and is
influenced but slightly by heat or by the emanations of radium.
Many attempts have been made to eliminate the faint colours
which are so prevalent and so to enhance the value of the speci-
mens, but no successful process has, as yet, been discovered.
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Very little is known regarding the nature of the pigment or pig-
ments and iron, chromium and titanium have all been suggested
with more or less plausibility.

‘When diamond is exposed to the action of radium in a dark
room it becomes phosphorescent and, as the only other gemstone
which resembles it in this respect is kunzite (p. 82), this property
can be utilised to discriminate between diamond and any other
stone such as white sapphire, topaz, zircon, or rock-crystal, to
which it bears a superficial resemblance. In this stone, how-
ever, the hardness. lustre, refraction and dispersion are so
characteristic that there should be no confusion between it and
the minerals mentioned above. Diamond (hardness 10) scratches
corundum easily and a very ready means of testing a doubtful
specimen is to try its effect on a polished plate of that mineral.

The styles in which diamond is cut have been already described
(p. 22). q

Stones are sold by weight and the unit employed is the carat*
which, unfortunately, is not a definite standard but varies accord-
ing to the country in which it is used. The origin of the carat
can, no doubt, be traced to the seeds of the locust tree, ceratonia
siliqua, which are remarkably constant in weight and average
about 3°04 grains or 197 milligrams. The English carat, how-
ever, as defined by the Board of Trade, is 31683 grains or 205°310
milligrams, whilst some makers have used the value 205410
milligrams which is often given as the metric equivalent of the
English carat. In foreign countries the value varies from as
high as 2135 milligrams to 1886 milligrams. The fractions
of a carat which are used in weighing are §, §, §, 5, 3%, and Jy ;
and if a specimen does not weigh an exact number of carats its
weight is expressed by the aid of these somewhat clumsy frac-
tions. There can be no doubt that the general adoption of the
wmetric carat of 200 milligrams—the use of which in France has
been made compulsory by law—would prove of great advantage to
dealers in precious stones, and would prevent the confusion
arising from the use of different units of weight to which the
same name has been given.

Specimens of cut diamonds are shown here, whilst in (‘ase II.
will be found a beautiful gold snuff-box set with sixteen large
brilliant cut stones and numerous other small ones. It was pre-
sented by Nicholas I., Emperor of Russia, to Sir Roderick Mur-
chison, who bequeathed it to the museum.

The best known localities for diamonds are India, Brazil, and
South Africa; Borneo, British Guiana, Australia, the United
States, British Columbia, and one or two other places have yielded
stones, but they are comparatively unimportant as sources of
the mineral.

India.—This is the oldest locality and is famous as having
been the source of many of the celebrated stones which are illus-
trated here by models. The mines were at one time very pro-
ductive and the prejudice in favour of Indian diamonds was so

* Mineralogical Magazine, vol. xv., No. 71, “ Notes on the Weight of the
*Cullinan ’ diamond, and on the value of carat-weight,” by L. J. Spencer.
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strong that, on the discovery of the Brazilian deposits in 1723,
the stones were sent to India and exported from there as Indian
diamonds.  Nowadays India is unimportant as a diamond-
producer. Many of the mines are exhausted and the yield from
those now being worked does not exceed a few thousands of
pounds in annual value.

The diamond-bearing deposits are confined to the eastern slope
of the Deccan and are found scattered over the area extending
from the Penner River in the south almost to the Ganges in the
north. The mines occur in groups of which those situated 200
miles east of the fortress of Golconda—hence known as the Gol-
conda Mines—are the most famous. The diamonds occurred in
loose alluvium lying close to the banks of the Kistna River.
From this locality the famous ‘‘ Koh-i-Noor,”” and the ‘‘ Hope
Blue ’ were obtained.

Samples of the diamond-bearing alluvium from Cuddapah, on
the Penner River are shown here. A group of mines was situated
in this neighbourhood and west of it at Wajra Karur a pipe of
blue rock similar to the famous blue ground of the Kimberley
mines was discovered but unfortunately it carried no diamonds.
A sample of this rock will be found in Wall Case 39.

There are numerous other groups of mines, but they all possess
similar features, the source of the diamond being a sandstone, a
conglomerate, or loose alluvium.

Brazil is represented by a good series of specimens. In this
country diamonds are found over a wide area, but the two most
productive states are Minas Geraes and Bahia; Parana, Matto
Grosso, and Goyaz have, however, yielded a large number of
crystals. The diamond-bearing regions are characterized by the
presence of a laminated micaceous sandstone, called itacolumite
which sometimes exhibits flexibility. The diamonds are found
in the débris resulting from the disentegration of this rock. This
débris occurs as rounded fragments in the beds of the river, in
the valleys above the present water-level where the fragments
are not so water-worn and in the plateaus as quite angular masses.

The river-deposits are the richest and a sample of the material
known as cascalho is exhibited. It consists of rounded fragments
of sandstone, quartz, rutile, brookite, anatase, tourmaline, talc.
&e., and its excavation is carried out during the dry season. On
the advent of the rainy reason it is washed aund the diamonds are
picked out by hand. The method of treatment of the other
deposits is similar, though of course they can be mined all the
year round. :

The richest mines in Minas Geraes are situated in the Diaman-
tina district, whilst in Bahia the Sincura mines have been very
productive. It is from the latter locality that the valuable
carbonado—often called carbonate—is obtained. It occurs in
nodules and consists of an aggregate of small erystals of diamond
intermingled with various impurities. It has no cleavage and,
on account of its extraordinary hardness, 1s in great demand for
mounting the crowns of rock-drills. Specimens of carbonado are
shown here.
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Brazil produces annually about 50,000 carats of diamonds.

South Africa.—This locality far outstrips in importance any
other which has hitherto been discovered. Here the deposits are
of extraordinary richness and, so far, appear to be inexhaustible.
The majority of them are owned by the powerful De Beers
Company, who have applied the most approved methods of
mining and winning the diamonds and, in consequence, exercise
a large controlling influence in the diamond market of the world.

There are two sources of the diamond in South Africa, knowa
respectively as the river diggings and the dry diggings. The
former are situated on the banks of the Vaal in the neighbour-
hood of Barkly West, where the diamonds are found in the gravels
of the river-bed and in the adjacent alluvial terraces. The
material, as can be seen from the specimens shown here, consists
largely of siliceous pebbles. It is excavated, washed and passed
through a sieve and from the concentrate so obtained the
diamonds are picked out by hand. They are of superior quality
and fetch more per carat than the produce of the dry diggings,
but the yield is small and rarely exceeds 20,000 carats annually.

The dry diggings were discovered in 1870 and have proved the
richest source of diamond in the world. The first deposits were
found at Jagersfontein, near Iauresmith, in the Orange River
Colony, and, shortly afterwards, the mines in the neighbourhood
of what is now the town of Kimberley were discovered. Since
that time new finds have been made at various other places and,
as recently as 1902, an exceedingly rich mine—The Premier Mine
—was found near Pretoria.

In character all the mines are similar. They consist of vertical
pipes cutting through shales, quartzite and igneous rock and
extending downwards to an unknown depth. The pipes have a
diameter at the surface varying from 200 to 700 yards and some-
times, as shown in the diagram on Wall Case 42, the sides tend to
converge as greater depths are reached. The material filling
them consists of a soft but tenacious blue rock known as blue
ground which is soapy to the touch and which alters at the surface
to a yellow friable earth, the wyellow ground of the miners.
Samples of these carrying diamonds are shown in the case.

The blue ground consists essentially of a finely divided serpen-
tinous matrix in which are embedded boulders and angular frag-
ments of rock besides various minerals. The enclosed fragments
and boulders may be divided into three classes : —(1) those having
essentially the same composition as the matrix; (2) pieces of shale,
quartzite, and diabase which have obviously been derived from
the surrounding rocks; (3) fragments of rocks which cannot be
identified with any so far revealed by the mining operations.
Amongst the minerals present may be mentioned olivine, altered
in many cases to serpentine, ruby-red garnet (‘‘ Cape ruby ),
diopside, ilménite, enstatite, mica, tourmaline, &c.

The diamonds are confined to the blue ground and are never
found in the surrounding rocks—known as reef—which abut
sharply on the pipes. They vary in size from large stones of
100 carats and over down to the smallest ones which are almost
invisible to the naked eye.
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‘‘ Blue-white ” stones oceur, but many of the South African
crystals exhibit a more or less pronounced yellow tinge, whilst
others are distinctly brown. The concentration of the diamonds
in the matrix is exceedingly small, varying from ‘23 carats
to '38 carats per load of 16 cubic feet, and the richness of the
deposits arises from the inexhaustible supply of blue ground
which is available.

The generally accepted view regarding the pipes is that they
represent sites of ancient volcanic activity and that the blue
ground was formed by the pulverising of a deep-seated igneous
magna rich in olivine. The pipes or necks were produced by a
series of explosions which pulverized the magna and forced it
into the vents where it became mixed with the fragments and
boulders of the surrounding rocks. The diamonds probably
existed 'in the original olivine rock and experienced the volcanic
forces which shattered it; support is lent to this view by the faci
that many of the crystals are broken and show distinct signs of
having been subjected to rough usage. Another, but less plaus-
ible, theory is that the diamonds existed in a deep-seated igneous
rock consisting of chome-diopside and garnet and known as
eclogite through which the brecciated magna forced its way, thus
acquiring its load of diamonds.

Since its formation the breccia of the pipes has been weathered
and altered; the olivine has been converted largely into serpen-
tine, and a considerable amount of carbonate of lime has been
formed as well as various zeolites.

The mining of the blue ground is carried on by shafts sank in
the surrounding rock. Tunnels are driven from these to the pipes
and the diamond-bearing material is excavated layer by layer.
(See diagram on Wall Case No. 42.)

Formerly the mining was done by open workings and the
photographs at the back of the case show the appearance of ths
pipes when this method was employed.

The blue ground after being excavated is hoisted to the surface,
where it is spread out in fields and left to the action of the
weather for a few months during which period it 1s turned over
by harrows to facilitate decomposition. At the end of this treat-
ment it is soft and friable and resembles the yellow ground.
From the fields it is conveyed to the washing machines which
separate the lighter material and leave a residue consisting of
garnet, ilmenite, pyrite, &c., with the diamonds. A sample of
this is shown.

Formerly the diamonds were picked out by hand, but a highly
interesting mechanical process is now employed. It depends on
the fact that diamond has a greater affinity for grease than for
water, whilst, for most minerals, the opposite holds good. The
residue, then, is passed over inclined plates covered with grease
and to these the diamonds cling whilst the other mmeml% pass on,
a complete separation thus being effected.

The De Beers Company owns five mines in the neighbourhood
of Kimberley and the working during 1910 resulted in a pro-
duetion of nearly two and a half million carats. -
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The Premier Mine in the Transvaal has, during the short time
in which it has been worked, proved exceedingly productive, and
the following table gives the results of the operations for tie
year 1910 : —

Loads of Blue ground Yield of Diamonds Average yield

treated. in carats, per load.
9,331,882 2,145,832 *23 carats

Many theories have been propounded in order to explain the
origin of the diamond, especially in the South African deposits,
but all are more or less speculative and open to objection. It has
already been stated that the diamonds were most probably
brought up with the material of the pipes, but it was suggested
by the late Professor Carvill Lewis that the diamonds were
formed in the pipes themselves. He supposed that the blue
ground was originally a fluid, igneous magna, rich in olivine,
which was injected into the pipes where it solidified and, by subse-
quent alteration, assumed the characters of the material as it is
now mined. During the passage of the magna through the
surrounding rocks various fragments were caught up and the
origin of the diamond was attributed to such fragments of car-
bonaceous shale, part of whose carbon was absorbed and converted
at the high temperature and pressure into diamond. The fatal
objection to this theory is the fact that blue ground is now being
mined far below the level of the shales and it is still rich in
diamonds, whilst pipes have been found which do not penetrate
shales.

Others have attributed the origin of the diamond to crystal-
lisation of carbon in molten iron in the interior of the earth. In
this respect the experiments of Moissan (p. 34) are extremely sug-
gestive, whilst diamonds have been found in meteoric iron which
has fallen to the earth (Case 21). Such meteoric diamonds
have probably originated in a manner analagous to those pro-
duced by Moissan, but it is doubtful if such was the origin of
those now found in the pipes. Mr. Gardner F. Williams, who
was manager for many years of the mines at Kimberley, mentions
as an objection to this view that the diamonds are never found
intimately associated with such contents of the blue ground as
magnetite, an oxide of iron, which might represent the oxidation
product of the metallic matrix. As already mentioned, Fried-
lander has succeeded in making diamonds by exposing graphite
to the action of fused olivine, and his results are very suggestive
when it is borne in mind that a large proportion of the blue
ground consisted originally of that mineral.

Other theories have been brought forward to explain the occui-
rences in India and Brazil. The deposits at these places are quite
different from those in South Africa and olivine is not present in
association with the diamond. Some have invoked the aid of the
compounds of chlorine with carbon which, under certain con-
ditions, might give rise to diamond, but such speculations have
not yet been endorsed by experiment. It has also been suggested
that the diamonds existed in pegmatite veins and a French
investigator, M. Chaper. has reported the occurrence of diamonds
in such veins in India. Doubt has, however, been thrown on
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this occurrence and, even if it were correct, the problem would
be no nearer to solution, for very little is known as to the mode
of formation of such rocks. In short, the method, or methods,
of formation of the diamond in nature remains quite uncertain.

Australia is unimportant as a source of diamonds but a few
specimens are exhibited here. In New South Wales the diamonds
are widely distributed but the yield is meagre and the crystals
are small. They are found in alluvial gravels which carry gold
and tin and have been discovered in most cases by miners in
search of-these metals. A specimen is exhibited from Soldier’s
Hill, Cope’s Creek, which shows the diamond set in a conglome-
rate consisting of water-worn fragments of sandstone, quartz,
granite and tourmaline. Specimens are also exhibited from
Ovens Diggings, near Melbourne, and from Ophir, west of
Bathurst.  The mode of occurrence in all cases however is
similar. It is interesting to record, however, that two diamonds
have been found in basalt at Oakey Creek, near Copeton. .

German South-west Africa has lately sprung into prominence
as a source of diamonds and two samples of the diamond-bearing
material from Luderitzbucht are shown here. It is a some-
what coarse sand consisting, for the most part, of rounded pieces
of quartz with jasper, chalcedony, agate and garnet.

The yield for 1910 was 813,323 carats.

Rhodesia is represented by a few specimens. Here diamond
has been found in a clayey sand accompanied by quartz, magne-
tite, garnet, beryl, zircon, staurolite, kyanite, chrysoberyl and
corundum. 1

The exhibit includes a series of models of some of the largest
and most famous diamonds which have been found from time to
time at the various localities. The history of several of these
stones is obscure and the weights given are frequently only
approximate.

Of special interest is the ‘* Koh-i-Noor,”” which came into the
possession of the East India Company in 1849. It was presented
to Queen Victoria in 1850 and was recut in 1852 when its weight
was reduced from 186 carats to 1065% carats.

The largest diamond found hitherto is, of course,  the well-
known ¢ Cullinan,”” models of which—presented by Messrs. Levy
and Nephews—are exhibited here.

It was found on the 26th January, 1905, in the yellow ground
of the Premier Mine, near Pretoria, and was named after Mr.
Cullinan, the Director of the Company. The rough specimen
was apparently only a part of a crystal and weighed 3,025%
carats* (carat = 205304 milligrams), which is equivalent to
621°2 grams, or nearly 1 1b. 6 oz. avoirdupois. It was presented
in January of 1907 to His late Majesty King Edward, and was
cut by the firm of Asscher and Company, Amsterdam.

Two large and magnificent brilliants, seven smaller stones and
ninety-six still smaller brilliants were the result of this operation,
the total weight of cut material being 1,036 ;3 carats, which
is equivalent to a yield of 34} per cent. of the rough material.

3

2 This is the figuro given by Mr. Spencer in the paper already referred to.
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The following table gives the weights of the stones:==—-——"

No. English carats. Grams
1. Pendeloque Brilliant ... 5163 106-04
2. Oblong EEi L SRS FRneY 6348
3. Pendeloque & 92 18-89
4. Square e 62 12-73
5. Heart-shaped ,, 183 377
6. Marquise % 111 2:31
7. o M ore < athoi’ A 8% 176
8. "Oblong 5 6% 1-36
9. Pendeloque ¥ 4% 0-88
10. Ninety-six small brilliants ... 73 151

Fruor-spar (Case L).
Hardness, 4. Specific Gravity, 3:19-3-02.
Singly refracting. Refractive Index, 1°43.

This mineral is used to a very limited extent for ornamental
purposes. It consists of a fluoride of calcium, and erystallises in
the cubic system with fine bold cubes as the typical form.
Crystals of phenomenal size are sometimes found and cubes,
measuring eighteen inches along the edge, are exhibited in
Pedestal Case XV,

Probably no other mineral exhibits such a large suite of beauti-
tul colours and the specimens exhibited here are supplemented by
a series shown in Case VIII. at the opposite end of the gallery.
The commonest colour is some shade of purple, but green, brown,
yellow, pink, and colourless crystals are found. The pigment
may be some organic material and heat readily alters the tint
of a specimen ; examples of this are shown.

Fluor-spar has a very perfect cleavage parallel to the octahe-
dral planes, which renders the erystals exceedingly brittle. This
property, coupled with the low degree of hardness of this mineral,
explains why it is so little used as a gemstone. When so
employed, it is usually called after the stone which it resembles,
the name being prefixed by the word ¢ false >’ ; thus yellow fluor-
spar is ““ false topaz,”’ purple fluor-spar is ‘ false amethyst,”’
green fluor-spar is ¢ false emerald,”” and so on. Such stones can
be detected at once by their inferior hardness. :

The dark-purple, massive variety, known as ‘“ Blue John ’’ is
found only at Tray Cliff, near Castleton, Derbyshire, and has
been worked for ornamental purposes for a long time. The
beautiful vase, No. XXII., standing behind this case is con-
sidered to be one of the best examples of this work in existence.

Ordinary. crystallised fluor-spar is an exceedingly widespread
mineral and beautiful specimens have been’ obtained from the
Cornish and Devon mines and from the Weardale district of -
Durham.

QUARTZ AND OTHER FORMS OF Srrica (Cases M -M,).

Silica, or dioxide of silicon, is the most widespread mineral
in nature and, occurring as it does in such a variety of forms,
necessarily claims a large amount of space for its illustration.
Many of the varieties of silica have been used for ornamental
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purposes from very early times, but, owing to their abundance,
their value is small, and they are employed at the present time
in the cheaper forms of j