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PREFACE

&

Precious stones or gem-stones are mineral products,
and this book, written by a mineralogist, deals with
them from a mineralogical point of view. Their serious
study is a branch of scientific mineralogy, and there
is much more in them than what merely catches the
eye. Their determination and naming cin be correctly
done only with some knowledge of the principles of
mineralogy, This of course involves the use of some
technical terms, but very nearly all those here used will
be found in The Concise Oxford Dictionary—and this
cannot be said of all the * technical ** expressions used
in sports and fashions. Minerals of different kinds
must be given names, and these names often have a
more precise meaning than the names of people. An
attempt has been made to give in popular language a
general account of the properties and composition of
gem-stones, where they are found in the earth’s crust.
and to what uses they can be put. Romance and mystery
and feelings of wsthetic rapture, often associated with
gem-stones, are kept in the background. Prominence
i given to hard facts, and the driest (but really the
most important) of these are assembled at the end of

*  each chapter as key tables for purposes of reference.
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but the basic literature is to be found in the text-
bools and treatises on mineralogy and widely scattered
in many scientific periodicals. The standard work on
the subject is the late Professor Max Bauer's Edel-
steinkunde (Leipzig, 1896), of which I gave an English
translation Precious Stones (London, 1904, now out of
print); a third German edition has been prepared by
Professor Karl Schlossmacher (Leipzig, 1928-32). A
trade journal on populnr lines is The Gemmologist,
published monthly in London. Useful guide-books to
callections are issued by the Geological Survey and
Museum, the Victoria and Albert Museum, and the
Imperial Institute, all at South Kensington. Many of
the examples referred to in the text and some of the
specimens figured are in the mineral collection of the
British Musenm of Natural History, also at South

Kensington.

NOTE TO SECOND EDITION

A few minor revisions and additions have been made
without alterstion of the pagination. For & revision of
some of the optical data in the tables I am much in-
debted to Mr. B. W. Anderson and Mr. C. J. Payne of
the Labaratory of the Diamond, Pearl and Precious
Stone Trade Section of the London Chamber of Com-
merce, where numerous precise determinations have
been made on minerals of gem quality.
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Part 1
GENERAL PRINCIPLES
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CHAPTER I

Introduction

PRECIDUS stones may be regarded as the flowers
of the Mineral Kingdom, flowers that do not fade,
but with a lasting and permanent value. With their
bright colours. and brilliant lustre they immediately
attract attention. But these qualities are fully hrought
out only when the stones are suitably cut and mounted.
A rough stone or pebble is quite unattractive in
‘appearance and would be passed over by most people.
The casual admirer of gems, whose horizon is mtm‘l
to diamond, i snpl.f}:im, emerald, and opal, really
sees no mare in them than in bits of tinsel and coloured
glass, and is only duly impressed when told that they
are very rare and costly. Il precious stones attracled
attention only on account of their gaudiness and
costliness, then there would be little more to say about
them beyond the merely obvious. They possess, how-
ever, a number of remarkable properties which can
only be appreciated and understood when they are
studied more closely.



4 A HEY TO PRECIOUS STONES

which by reason of its colour and lustre is attractive

in sppearance, and which at the same time possesses
a degree of hardness sufficient to withstand wear.
There are severnl common minerals to which such &
definition would apply; but being common and plentiful
the adjective  precious'' scems scarcely appropriate.
Such stones are usually ‘classed as semi-precious stones,
while ' precious "' stones are those that are really rare
and hard to get.

Such distinctions are, however, quite arbitrary. The
best quality of ruby and emerald are now rare and
difficult to obtain, and are therefore regarded with
favour and classed as precious stones of the first rank.
But supposing that to-morrow new deposits of these
stones were found in lirge amount, and that all known
deposits of, say, amethyst became exhausted, then no
doubt the latter would come into favour and there
would be an interchange in rank. Several new occur-
rences of diamond have been discovered during recent
E.ra. but the market is controlled by powerful com=

ines and large stocks are held in reserve; the rank of
diamond as a precious stone and its high price are
thus maintained. The transformation of cm]tJ :tn];o
petrol is now an accomplished process, and undoubtedly
some day in thufutnrl;itwﬂ]bepmi]ﬂa to produce
diamond from coal (often popularly called “ biack
dizmond ). It would then be possible to use diamond
for many technical on account of its very high
degree of hardness; then perhaps diamond would be
despiieed as an ornamental stone, During the past
thirty years crystallized corundum of fine gem quality
and with a wide range of attractive colours has been pro-
duced in large quantities by artificial means. Strenuous
efforts are naturally made by the trade to keep out these
products from competition with native ruby and sap-
;ﬂphfmm@uth!hhemlmttmthnfmmtrﬂl

genuine.

If we are to regard scarcity as of such importance, there
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are several minerals unknown to jewellers that counld
S v b e i o S
as very [ew mens, or only u one, pres

in mineral collections. The science of mineralogy is a
progressive one and new minerals are constantly being
found. With the discovery and opening up of new
mineral deposits in many of the regions of the world
as yet unprospected, it is very probable that several
new precious stones are yel to be discovered. The
horizon of the jeweller will then no longer be confined
to diamond, ruby, sapphire, emerald, and opal. We Fve
in a progressive age.

Since precious. stones are minefals, they must be
seriously studied as minerals. They are not merely
pretty things only to look at. Some acquaintance with
the general principles of mineralogy is therefore neces-
sary for the proper appreciation of precious stones.
About half of the present book is therefore devoted to
& popular and elementary exposition of snch general
{:::inciphs so far as they apply to precious stones,

ithout this preliminary account the succeeding
descriptive chapters dealing with the several kinds of
precious stones would perhaps not always be quite
mtelligible. We do not wish to confine the descriptive
portion to such statements as the following: R is
red, it is rare and costly, and is found in Burma.
King Cole had a ruby valued at £xin his crown. |

We must aim at something more than this in scientific
mineralogy. The work of the min ist is to find ont
il about the different kinds of mi that enter into
the composition of the earth's crust, and to study their
distribution and modes of occurrence and origin. In
order to do this it is first necessary to determine the
charucters of each kind or species of mineral and to
armnge the several species in some order of classification.
'I'hﬂutiuimofle minerals,. The study of rocks,
of mixtures of simple minerals, is left to the petrologist:
but these are the matrix in which precious stones have



-] A KEY TO PRECIOUS STONES

EIOWR. The limits of some mineral species are not yet
clearly defined, though there is no doubt about the
common and well-known minerals that provide gem-
stones. For example, the species diamond, corundum,
quartz, beryl, topaz, &, are each well and clearly de-
fined, and they include as eolour or gem varieties ruby,
sapphire, amethyst, citrine, emerald, aquamarine,

About 1200 well-defined mineral species are known,
and about fifty of these minerals have been cut and
polished as gem-stanes. Each of these minerals has
grown as & number of single individual erystals, and it
is only a few of the most perfect individuals from a
vast crowd that are suitable for gem purposes—just
?: in the human species certain individuals stand out

ence.

e accurate determination of the characters of all
the different mineral specieshamnu:rnimeim-
portance. The data so accumulated as constants for
each species can then be used when determining the
nature of an unknown stone. Gem-stones belonging
to different mineral species are often similar in
appearance, when their essential characters
are obscured by cutting and mounting as gems. They
u.nmlyadni}rbedfvﬁ.nguhl\adwimmrtnhltyby
determining one or more of these essential characters
by ial tests. As an example, powdered salt and
sugar cannot be distinguished by sight, and the simple
test of taste is applied. If we had a crystal of salt and
auwﬁu{sugunmuﬂmmmthtﬂiﬂuum:
between them. The idea that jewellers can distinguish
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Most books on precious stones include some mention
of values and prices. [t is, however, safer to avoid any
mention of definite prices, since these vary enormously
not only with quality of the stones, but alss with the
characters of the seller nnd the buyer. Prices are quite
fictitious, and it is a case of get what you can. Rou
cotundum as mined for abmsive purposes [stches at the
mines about 10 per ton, while quite small stones of
gem quality are sold by the carat (five million metric
carzis to the metric ton of 2205 Ib), and for stones of
excoptiondl quality the price demanded may range
from £100 to L1000 per carat (i.e. £5 % 10" per ton,
which mather rednces the matter to an absundity).
These are clearly luxury goods, A whaole handful of
the best rubies would be of no use whatever to a man
on o desert sland,



CHAPTER IT
Colour, Lustre, and Brilliancy

CDLDU'R. lustre, and brilliancy are the features that
immediately attract attention to gem-stones, and it
is entirely on these chamcters that the beauty of the
stones depends. They appeal merely to the sense of
sight. But on account of their rarity and costliness,
they may also raise feelings of proud possession or of
envy. Fg'xu:pt for show, they are really of little use.
A red stone may be = ruby, blue a sapphire, green an
emerald, yellow a topaz, whilst colouriess ones flashing
fire may be dismond or only " paste *’, and not so good
as Lady Suookes's diamonds. That is all the ordinary
can say by merely locking at the things.

Colour is really very deceptive. It all depends on
the light and on the degree of colour-vision ar blind-
ness of the observer. In the dark, no colour is to be
seen, Colours, as we know them, have to be seen in
whits light. Viewed in yellow light, a ruby is biack
and a diamond is yellow. The colour we see really
d on the kind of light which is illuminating the
object under observation. The white light of the sun, as
everyhody knows, is a mixtire of all the colours of the
rainibow or the visible spectrum, in the order: red, orange,
vellow, green, blue, indigo, violet (remembered as—
read over your good book inversely). Light waves are
dﬁiﬁml the same pature and travel with the same speed
(186,000 miles a second) as radic-waves or " wireless "
waves (light waves are also " wireless "), only are
very much shorter and with correspondingly higher
]
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5. The wave- of dark-red
mes l:r;:l:‘:llh.k:llu::»sztrl: or ommﬂmmem {about
30,000 waves to an inch), as compared with the English
mational broadeasting wave-length of 1300 metres,
which is nearly two thousand million times longer,
The wave-length of violet light is half that of red light
—an octave higher. This octave of waves visibls to
human eyes is only one of the known sixty-four octaves
of waves of a similar nature. Below the red, we have
the infra-red or heat wives and mdic-waves, and bhe-
yond the violet, the ultra-violet, X-aye, and s-rmys
In the octave of visible rays, rubies show up red and
emerilds green; what they do in radio-waves and
X-rays of other octaves we cannot see. A person en-
dowed with supernatural limits of vision might see
some really remarkable features in gem-stones, Why
rubies are rvd in white light is that, for some reason,
they possess the power of absorbing rays of all coloors

= t the red, leaving these to be scattered from the
surface of the stone.

The calours of gem-stones are certainly quite attrac-
tive, but in the majority of cases they are accidental
and are not esential characters of the stone Must
g£em minerils when in a perfectly pure state are devoid
of colour. Cotton is white and silk s0, but
fabrics of these materinls can be made to loock very
attractive and showy by the application of dyes of
various kinds, usually aniline dyes. The dve is present
in only very small amount, and ndncsnntchmﬁm'
character of the materinl, only its colour and appear-
ance, Ordinary window glass is colourless, but stained
glass windows are not uncommon, A wide ange of
excellent colours is produced in glis used I‘m- orna-
mental purposes and for making imitution gems. Hern
the colouring matter consists of various mefallic oxides
in quite small amounts melted with the glass. In manu-
fuctured gem cormmndum and spinel, wonderful colours
have been produced by the addition of small amounts
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of various metallic oxides, some of which are not found
in the natural stones.

Some few gem-stones do possess a colour of their
own. For example, dioptase is always a rich green,
this colour being due to the copper which is an essen-
tinl constituent of the stone, Turquoise also owes its
colour Lo the presence of copper in appreciable amount.
Lapis-lazuli can only be blue, and at one time it was
the u::r source of the pigment ultramarine, then of
high value but now manufactured commercially. Uvaro-
vite or chrome-garnet owes its green colour to chromiun
which is here present as an essential constitvent of the
mineral. The red, brown, and green colours of other

#ls are due to the presence of iron in large amount;

{ @ garmet containing no iron or chromium may be
colourless. Hamatite also has a colour of its own,
seent when the mineral is powdered; this is like dried
blood, hence the name, meaning “* bloodstons ** (but
distinet from the variety of chalcedony now kpown
as bloodstone). The green colour of many silicate gem
minerals, such as olivine, diopside, epidote, idocrase,
nephrite, is due to the presence of ferrous iron, which
enters in small but variable amounts into the composi-
tion of the stones and is not present as a foreign

impurity. ,
e " dilute ** colouring or dyeing of glass and arti-
ficial corundum gems by the addition of very small
amounts of metallic oxides suggests that the colouring
of many gem-stones may be due to the same cause.
The green colour of emerald (in otherwise colourless
beryl) and the red colour of ruby (in colourless corum-
dum) are both definitely due to the presence of chro-
mium; the marked difference between green and red
being due to the chemical state of combination of
chromium. There are, however, many cases in whi
the nature of the colouring matter is not yet
Chemical analysis, and especially spectrosco
sis, may reveal the presence of mere truces of

i

i+
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elements, but to which of these, or what combination
of them, the colour is due cannot be decided with
certainty.

The curious changes in colour which some gem-
stones may undergo when they are subjected to special
treatment suggest that the coloration 1w, after all, not
due to the presence of any pigment. We might inquire
why the sky is such & beautiful blue colour, comparuble
with that of the sapphire; why on a foggy day the
sun is ruby-red; or why we see emeraid-green and
other gorgeous colours at sunset. These colours strely
cannot be due to the presence of any pigment in the
sky. They are really due to the scattering of light by
fine particles, particles of a size comparable with the
wave-length of light. High up in the atmosphere, where
these particles of dust and water yapour are finer, the
shorter wave-lengths are scattered and we se= blue
with larger particles in a fog we see red. The colour
seen depends on the size of the particles or their degree
of dispersion. A theoty which finds much favour at
the present time is coloured crystals contuin
colloidal icles, either of some foreign material ar
of the material of the crystal itself, and that the coloar
geen depends on the size of these patticles. A curious
case is given by rock-salt, which Is rarely found as
violet, sky-blue, or indigo coloured crystals. When
these crystals are heated, the colour disappears, but it
can be restored by exposure to mdium. Further,
calourless rock-sult, when subjected to great pressure,
becomes yellow and if then exposed (o radium it turus
blue. We have only to change the size of the colloidal
ﬂ“ and we can get just what colour we wish,

gem-stones are amenable to sich treatment, and
2 this direction developments may be expocted in the

Ture.

Some very interesting and puzaling changes in the
colour of gem-stones have long been known. The
yellow topaz from Brazil becomes a fine rosy-pink
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when heated; whilst brownish-yellow topaz from
Siberia and Utah is completely decolorized on
longed to sunlight, Amethyst becomes

when heated (and is then, shame to say, often sold as
" topaz ''). Diamond when exposed to radinm becomes
green. Certain zircons can actually be seen to be chang-
ing in colour when exposed to bright sunlight; and the
original colour is slowly restoted in the dark or more
quickly by slightly warming the stone. This quite sug-
gests p:itq. conjuring trick affecting the size of minule

Mistaken and even stupid ideas about the colour of
tones are many. A very common impression is
that the characteristic colour of topaz is yellow—if &
stone is not yellow, it @annol be topaz, and if it is
El]mv. then it is topaz! This sherry-vellow topaz is
gwn from only a single locality in Brazil, and has
never been found anywhere else in the world.  But
most topar from other localities in Brazil is quite
colourless; some is bloe and rarely green or red—quite
a wide mange in colours. The Brazilian vellow topaz
was fashionable in early Victorian jewellery, but yellow
uariz (citrine) could very easily be substituted for it
gy unscruptilous dealers and taken by ignorant pur-
chasers. Even at the present day, yellow quuﬂx-g&g
as " Occidental topaz ", ' Spanish topaz ", “

M, &e., and often in the trade, dropping the
qualifving adjective, a5 " topaz *'. There is no relation
between the minerals quartz and topar, and yellow is
not a typical colour for topaz. It is high time that this
deceptive nonsense was stopped.

Many textbooks on precious stones give determing-
tive based on colour. We have seen that colour
is mot an essential character and that a colourless ma-
terial may be dyed any colour. Such tables are futile,
and will be quite misleading when we have to deal
with material from a newly discovered locality or an
entirely new kind of gem-stone. Further, parti-coloured
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crystals showing a zoning of colour are not uncommon
amongst minerals. We may have a crystal of corun-
dum red at one end and blue at the other, ie, both
ruby and sapphire at the same time. Zonal growths
in crystals marked out by bands of different colours
are well shown by tourmaline. These zones of colour
indicate that different impurities; taken up as colour-
ing matter, were present in the mother-liquor at various
iods of the crystal's growth,

Colour-filters are sometimes useful lor digti i
different kinds of stones thut may be similar in colour,
especinlly when a large series of mounted gems has
to be examined ¢quickly. When viewed through suit-
able coloured screens, different stanes will appear of
different colours. The reasan for this is that the ab-
sorption spectra of the different stones are gonerally
not the same, even although the stones appear to be
of the same colour to the unaided eye. The colour
actually seen is really a mixture of colours of different
Wav, ; in ruby not red of one wavelength,
but reds of many different wave-lengths, and also a
small proportion of biue. When the light that has
passed through a trunsparent stone i examined in
the spectroscope, dark bands of varying width are
seen in the spectrum, corresponding to the colours
that are cut out or absorbed lgutha atuncénr'rhﬁe ab-
sorption spectra, which gene different
minerals, will, of cnum.gvnr}' gmv:}- and the same
mineral when this is of different colours or even when
it is of the same apparent colour but owes that colour
to different causes

Many other interesting colour effects are displayed
by;rm-ﬂom. Some of these will be mentioned in the
optical chapter or under the particular minerals (opal,
moonstone, alexandrite, labradorite, &c). One that
has been much studied during recent years may be
mentioned here. When ruby or red spinel is exposed
in & dark room to the ultra-violet rays, the stones glow
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with a wonderful red light. For some curious reason,
as yet unknown, they are acting as transformers of
the wave-length. The short ultra-violet waves are
transiormed into the longer waves of red light. When
a handful of diamonds 1s held in front of an ultra-
vialet lamp (the same as a hospital sunlizht lamp ftted
with 4 dark screen to cut out the visible rays) the
effect is really surprising: some stones shine out with
& soft cornflower-biue light and one or two may glow
with & soft yellowish-green colour. This curious pheno-
menon is known as fluorescence, having been first
observed in fluorspar or fluorite, Certain crystals of
fluorite when viewed by transmitted light, by holding
them op in front of a window, show a pale-brown, pink,
ar green cojour; but when viewed by reflected light,
with the observer's back towards the window, & rich
b%uﬁ-vinlut glow or WH£ ﬂ]u:n over the surface
a erystal, very much like the bloom on a ripe plum.
This is best seen in direct sunlight, because Lhﬁmm
ultra-violet rays are falling on the crysial

Much more could be said on the colour of gem-
stones, but we must not forget lustre-and brilliancy:
Of lustre there are different kinds or qualities. Ada-
mantine lustre is characteristic of diamond, hence the
name, This cannot be described in words: it must be
seen, and it enables diamonds to be recognized at a
glance whatever may be their colour. The surface of
some “t:]hil?: opaque dismonds may, however, show a
sh-me lustre. Some other minerals with a high
index of refraction also show an adamantine lustre,
e.p. cassiterite and rutile. Hematite shows a sub-
metallic lustre, and that of opague metuls is typically
metallic, The commonest type of lustre is vitreous, like

that of glass, eg. quartz and most of the silicate

minerals. The lusire of corandum and zircon
between adamantine and vitreous, ing with
their rather high refractive index. Pearly
typical of pearls and mother-oi-pearl, depends on a

|
|
ﬂ
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fine platy structure, and may be seen on the cleavage
surfaces of euclase and fibrolite. Silicy lustre is shown
by materials with a finely fibrous structure, eg. cat's
eye. A resinous lustre is shown by amber and some
fameu; a waxy lusire by some opals; and o greasy
ustre by elmolite (a name meaning oil-stone), & stone
that has occasiopally been cut as a gem. Apart from
kinds of lustre, we may have degrees of lustre, depend-
ing largely on the smoothness of the surface and the
state of ion of the material. A clear colourless
erystal of culcite with smooth faces shows a brilliant
vitreous lustre, but a rough opaque crystal or a lump
of chalk is quite dull. Lustre is, however, of import-
ance, and with experience it is a much safer guide for
* spolting " ‘minerals than ie mluurh

The brilliancy of precious stones is brought out
the processes of cutting and polishing. The m:g
stone may be a dull pebble, but when cut it is a brilliant
ﬁ. The brilliancy of a gem depends on several

ors—the or clearness of the stone,
the kind and degree of its lustre, and on the fineness
of the polish. A harder stone will as & rule take a finer
BTaciive Bt s e Tt et IO
index ss greater lostre and brilli ;
For these reasons diamond takes first place in brilliancy,
and in the trade diamonds are often referred to as
*“ brilliants *',

It is pseless to give at the end nfthhchngnl
::Lmull;hnfthnmtmno!gmnm nder
red we can list- almandine gamet, under green dioptase
and uvarovite gamet, and under blue lapis-lazuli
While under the headings red, yellow, green, biue,
violet would be given merely a repetition of the names
of every other ggnui gemestone. Though all such
colours may not yet be known for any one particular
stons, there is no reason why they should not be found



CHAPTER III

Density and Hardness: Heaviness
and Durability

D.ENSITY is a measure of the amount ol matter
contained in a given volume or space. According
to the modern electronic theory of matter, atoms
consist of electrons (particles of electricity) revolving
in orbits around a central nucleus. The structure of an
atom has been compared with thit of the solar system,
the electrons corresponding with the planets and the
nuclens with the sun. Or we might compare it with
grains of mustard seed, each in its own orbit in a one-
way traffic, revolving round np&aintlmnﬂddieul
Piccadilly Circus. Compared with the sizes of these
bodies, the distances between them are enormous. The
density of the earth as a whole is 55, and that of the
gaseous sun only 1-4; but the density of the solar
system taken as a whole must be very small indeed.
Now supposing that these enormous vacant Spaces in
the atoms themselves and also the between the
billions wpon billions of atoms (see 2: 3, p. 29) could
be eliminated, we should then have much matter in
little space. The condensation would be vastly greater
than in condensed milk. A quile small gem cons _
on mwm might weigh perhaps hundreds of
tons ( a currespundingly high specific g;'n_ﬂtjrj__
Such a gem would indeed be a nnigue and priceless
jon, but surely & burden to the wearer.

The density or specific gravity of a gem-stone s of

no consequence as concems its appearance oF use.
w
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There is np connexion between the a 3 a
stone and its weight, apart, of course, size, From
_ , however, we usunlly regurd a metal or
metallic mineral to be heavier than a stony one. But
it is rather surprising that corundum (ruby, specific
gravity 4-0) is considerubly heavier than the metal
(aluminium, specific gravity 2:0) of which it is essentially
composed (53%). Any additional weight in 4 gem
owing to a higher specific gravity can be of no in-
conivenience to the wearer. Gems are sold by weight,
so much per carat, and it is not safe to make even 4
rongh estimate of the weight of a stone from its size,
timless we are quite sure what kind of stone it is
Différent stones vary widely in specific gravity. For
example, a zircon is much smaller than an emerald of
equal weight; and a ten-carat citrine (yellow quartz)
is bigger than a ten-carat topas.

Specific gmvity is, however, a character of con-
siderable importance. With certain exceptions it has
a constant value for each mineral species. It is an
important and characteristic constant for each kind af
mineral. A simple test of the specific gravity will
usnally decide at once what kind of stong we have in
hand, or distinguish two stones which are identical in

appearance. . J
The specific gravity of a substance is a measure of
ifs weight compared with the weight of an equal
volume of water, water at 4° C. (its maximum density)
being taken as the standard and as unity, The metric
system of weights was bused on the wei t of o certain
volume 'of water, one cubic contimetre of water at 4° €.
the value of the onegram weight. The specific
gravity or density of a substance can thett be expressed
:? the weight in grams of ome cubic centimetre
the substance. But it would scarcely be a can-
venient method to cut a stone into & cube of exactly
one centimetre edge for the purpose of determining

the weight of one cubic centimetre.

(v 8%) 3
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Various methods are available for the determination
of ific gravity, The one most generally applicabls
s t of hydrostatic weighing. The body is fimt
weighed in air and then in water. It will be found fo
weigh less in water, because of buoyancy. The differenes
is in fact the weight of the displaced water. A body of
specific gravity I will have no weight in water, and
will remain suspended in the liquid, neither sinking nor
floating. The difference between the two weighings
thus gives the weight of a volume of water equal to that ’
of the stone, If, for example, the weight in air 1§ 4
(grams, ounces, or pounds), and that in water is 3 |
(in the same units of weight), then the weight of an
equal volume of water will be . The stone is thus four
times as heavy as water and its specific gravity is 4,

a value indicating that we are dealing with corundum,
Expressed generally, if @ is the weight in air and @
the weight in water, then @ — w is the weight of an
equal volume of water, and 9 _ s the value of the

a—w

specific gravity. :
The experiment will of conrse be made at room-
temperature, say 15° C. (= 50" F.). At this tem-
e water has a density of 0-999160, and the bady

is less buoyed up than in water at 4° C; w will be
a

greater, and consequently & —w less, and o

ﬁtﬂr A correction must therefore be made by
r.nctin%nmme small amount from the determined
value. the example given above this would be
0:007, $0 that the true value is 3093, With a stone of
Jower specific gravity the correction is less (for quartz
about 0-004), but with heavier substances and increasing
temperature it mounts up (for gold at 30° C. the
correction is o-rr). However, this correction can ustally
be neglected, and certainly can the more refined correc=
tions dealing with the buoyancy in air of the sfone and
of the welghts used. For all practical purposes a
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specific gravity stated to two places of decimails is
quite sufficient. But in dividing a by @ — w the division
sum is sometimes foolishly continued to four or five
places of decimals,

Since gem-stones, especially when cut, are rather
small, it is necessary to use a rather delicite balance
(fig- 1) weighing to at least one milligram (0-00§ carat),
The value w may be quite small, and the suspending

Flg. 1v.o—Balsfian for hydoeatie srightng in dareminng
the apecific grevicy of gem-stones

wire in the water acts as a drag on the balance. The
stane is suspended by a very thin wire or bair (thread
sucks up the water) and held in a wire loop or basket,
The weight in water of this armangemenl must be
determined separately, and the amount deducted from
the weight when the stone is in place completely im-
mersed in the water. Another important precaution is
to remove any adhering bubbles of air, as these add
considerably to the buoyancy, This can best be done
with a fine camel-hair brush,

Other weighing methods for the determination of
specific gravity are with the pyknometer, Westphal's
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balance, Jolly’s spring balance, or hydrometer. A form

of pyknometer suitable for wse with gem-stones is

simp. g small wide-necked bottle or tube covered
with a plate of ground glass, But all these take time
with the weighing and subsequent little calculation.
A much quicker method is with the use of heavy hiquds
—a suspension method. A block of wood floats on water
and a block of iron sinks. The specific gravity of wood
is less than that of water, whilst that of iron is L

{fron ships float because they are hollow and lace’

the same weight of water as their own weight.) Most
stones aleo sink in water, but pumice is one that floats
and so does cellular quartz (" float-stone ”’).  This,
however, is a deceptg'nn and gives no idea of the t;u
specific gravity of the material; the buoyancy is dug
to the hollow spaces in the stone. In the same way a
gem-stone containing cavities will not give a true value
of the specific gravity.

Methylens iodide, the chemical formula of which is
CH,I,, has a density of 3-33, i.e. it is three and a third
times as heavy as water. It is a clear, pale yellow, and
perfectly mobile liquid, but is mather expensive.
stones with a specific gravity of less than 3-3 (see table
m?.aﬁ:wﬂlﬁmt,whﬂsta]]nﬂmwﬂlain in this
ligmid. we have a quick and ready means of
distinguishing stones of similar appearance, sty quartz
and topaz: quartz will float and topaz sink. Methylene
iodide is readily and completely miscible in all propor-
tions with benzene (specific gravity 0-88). The various
mixtures give a series of liquids ranging from 088 to
3+33, which can be adjusted so that any stone of specific
Ern;vity less than 3-33 will remain just suspended in the
liquid, neither sinking nor floating to the surface. The
E::tﬂc gruwity of the stone will then be the same as

the liquid. The specific gravity of the liquid

be read at a glance by the use of indicators im-
mersed in the liguid, Little cubes of different kinds of
glass, each engraved with its specific gravity, are sold

R ——
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for this purposs; or a series of known and recognizable
mineral fragments may be ased, such as tiny crystals
of quartz, beryl, fivorite, &c.

simple arrangement for s set of heavy liquids, which
I have had in constant use for over thirty years, consists
of eight corked glass tubes (about 2 X § in.) placed in
deep hole= bored in a wooden block, The tubes are lat
into deep holes because methylene iodide darkens on
exposure to light. It may be easily cleared again
rl:.cing: fragment of copper wire or foil in the li

or & day or two. Each tube contains a small amount
of liquid (about J in. in depth), Tube No, 8 contiins
pure methylene iodide, and the others methylene iodide
diluted with more and more benzene throughout the
series, 50 giving & range of liquids of various densities,
Each tube also confains two or three Enown minetsl
fragments to act as indicators. The minerals T have
used (with others in reserve) are listed below; but this
l.'i lnnre complete in the lower mmmtm s needed

stones, as may be seen & comparison
&m:ahh on p. 26, 4

1;:? Sinarsd Sp g T Mt Sp. g
I Sylvine 156 5 2+ig
Rock-mlt 418 1 26
Scolecite =37 Calelte o]
2 Gypwm 34 & Anurthite ::?
Apophyilite 2-35 Dolomite 4
Colemanite 243 Aragomite H
3 Petalite £48 7 FPhenakite :ﬁ
Leotite 47 Tourmaline Jeuz
4 Orthoclase 256 Fluorite 3148
Nephelins 00 8 Apatite 320
Albits - Axinite ¥2g
Driisptane 53

Benzene evaporates quickly, and if the set of tubes
has not been used for some time all the indicators will
be found floating on the top of the liguid. This is easily
remedied by adding more benzene by drop from
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a dropping bottle until the heaviest indicator is only
just unNg The #tone to be tested is dropped into,
say, tube No. 5; if it sinks it is transferred with ngyk
of twesezers to other tubes higher up the series unti it
is found to float. Then add drop by drop of benzene,
with a slight shaking of the tube to ensure complete
mixing, until the stone remains just suspended in the
liquid. Tts specific gravity will lie somewhere between
those of the indicators that float and sink in this tube;
ot one of the indicators may also remain suspended,
betraving at once the stone under examination. The
ific gravity of the stone between two indicators can

be approximately judged from the number of the last
of benzene added to the mixture, or from the
&mukenbythestmmdanindimmrmﬁmasthe
benzene evaporates (this can be accelerated witha biow-

pipe).

ﬁnfurmnnteiy. the use of methylene indide is limited
to those stones with a density less than 3-33. Another
heavy liquid, in which all gem-stomes will float, is
Clerici’s solution, This is an aqueous solution of thal-
lium formate and thallium malonate, with a specific
gravity of 40 at 10" C, and about §-0 near 100° C It
fs clear, and miscible with water in all proportions;
but it is poisonous and not so convenient for use as
methylene iodide. _

The following table (p. 26) of the specific gravities
of gem-stories is given for reference and for use in
determination. The values for the various minerals
have been selected as far as possible for material of
gem quality. But it must be borne in mind that there
may be some variation in the values. This may be in
g.:‘dm to the presenice of impurities, cavities, or

aws in the stone. But a more important cause is that
of variations in chemical composition; for example,
some of the ter magnesium or aluminium stoms
may be (isomorphous replacement) by heuvier
atoms of iron, and so cause a rise in density, Gamets

P S —



DENSITY AND HARDNESS E3

vary considerably in this way (36 — 4:3), and in the
list they ure given under their sepumte pames, The
density of opal varies with the varible amount of
water it comtains. The wide range in zircon has now
been explained (p. 180). :
Hardness is a character of importunce in gem-stones,
for on this depends their durability. A band material
is less affected by wear and tear than one thit js softer,
as may be seen, for example, in articles made of hard
and soft wood. The wear of a tool depends on the hand-
ness of the material of which it s made. It is, however,
difficult to give a clear definition of hardness, as quali-
ties of elusticity, cohesion, malleability, plasticity,
toughness, Lirittleness, and cleavage are also involved.
The apparent hardness of a body will also depend on
its shape: one of irregular shape and covered with
delicate protuberances will be more easily abraded
than a polished sphere of the same material. It also
depends on the stute of aggregation: the individoal
icles of a friable sandstone or of chalk are
er than the main mass. There ure several
different ways in whicli degrees of hardness are mea-
sured, ially in different trudes (eg. metal and
subber), but the results are not
mineralogist defines hardness as the power of scratch-
ing. When a corner of a erystal of quariz is scored
over a fuce of a crystal of calcite, a deep scratch
and white powder are produced on the calcite.
when a corner of a erystal of calcite is scored over a
face of a crystal of quartz, the calcite i again abraded,
and no sign of a scratch can be seen on the quartz.
Evidently quurtz is harder than calcite. By trying out
all kinds of minerals in this way, they can be arran
in & series according to their seratching power.
mond heads the list and graphite is at the bottom;
latter being so soft that it oils the fingers and marks
m'. This is strange, for dimmond and graphite are
composed of the chemical element carbon. The

E
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extreme difference in their degrees of hardness must
here have something to do with the way in which the
atoms are arranged in the two kinds of crystals. From
this hardness series of minerals, F. Mohs, an Austrian

mineralogist, selected in 1820 ten members with suit-

able gaps between to constitute a scale of hardness.
This E:s since been universally used by minernlogists
and is known as Mohs's (often misspelt Moh's) scale of
hardness.  But this is not an even scale, the gaps be-
tween the numbers having widely different values.

MOHS'S SCALE OF HARDNESS
No. 1. Tale. No. 6. Felspar,

2. Gyp=um. ¥, Quartz,
3. Calcite. 8, Topaz.
4 Fluorite. g. Corondum,
5. Apatite, 10. Diamond.

Gem-stones come out at the top of the list. Sets of
these minerals are sald as a scale of hardness. To test
the hardness of a stone, we must find the highest

mineral in the scale that it will scratch, and the lowest

mineral by which it can itsell be scratched. If for
example, it scratches all minerals up to quartz, and it is
-scratched by all minerals down to topaz, then the hard-
ness must lie between Nos, 7 and 8 on the scale, Ifit
scratches quartz abont as readily as it is itsell scratched
by topaz, then the hardness can be placed at 74; if
mare readily by topaz, then 7§ or if little or Do

ion is made on guartz, then 7. The applica-
tion of this test is, however, not quite a simple matter
and requires some practice, The scratching corner and
the scored surface must be carefully examined with a
hand-lens to see which mineral has been crushed and
powdered; and, after wiping the surface, to see
whether a scratch hias been made, rather than
a line of powder off the scratcher. Power of abrasion

or crushing will depend partly on the sharpness of
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the scratching point and on the snoothness of the
surface scored upon.

When trying this hardness test, please do not dis-
ﬁgunandm’maﬂnegemuranimcr%ﬂlhfmnﬁ
an ugly scratch on a prominent face. Work small
use a magnifying-glass. With an unmounted gem, any
tests should be made on the girdle of the stone; or
when mounted, on the back, but this should be avoidad
if possible. A good idea of the hardness of a stone may
be obtained with the use of a file or the point of a
pocket-knife (hardness about 63), and by trying the
stone oo a sheet of glass (hardness about 53). A knife
point will scratch felspar but not quartz, and will
always detect a glass imitation gem. The harder a stone
is, the more readily does it scratch glass: diamond
has a distinct bite appreciable to the feel when applied
to a glass surface, ?,’Tﬁnd my watch-glass very handy,)
Talc and gypsum, Nos, 1 and 2 on the scale, are easily
scratched with the finger-nail

Hardness is a character that varies with the direction
in crystals, being different on different faces and in-
different directions on the same face. This is very
marked in the minernl kyanite, which has a hardness
ranging from 5 to 7. (See also diamoni, p. 118)

As we have seen, harder minerals scratch anda.hk;u::
softer ones, and if mineral specimens or gems are
jumbled together in a box, or piled up hke a rockery,
some will surely suffer. This applies specially to amber
and pearls, which (as shown in the following reference
table, p. 26) are very much softer than mineral gen-

itones.

The way in which a erystal breaks when struck with
a hammer and the character of the broken surfaces are
mutters of some importance. A harder stone that is
brittle or possesses a cleavage may be broken more
easily than a softer one which at the same time is
Iﬂugi;. Cast iron is much easier to break with o hammer

than wrought iron, yet it is moch more difficult to work
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with a file. Diamond is readily shattered, but it is

difficult to break a pebble of the much
‘softer jade (nephrite or jadeite), The reason for this
is that dinmond possesses perfect cleaviges in four
directions, whilst jade consists of an interwoven mass
of fibrous crystals.

SPECIFIC GRAVITIES OF GEM-STONES

Amber .. .. pos-rr | Fibrolite .. s 325
ot - 13 DHopside . . .- 39
va WO-273 Jadeite .. T 33
Lo e 21 Axinite .. ¢ 33
Maoldavite PR T ) Dioptase .. ‘s 33
Sodalite ra) oty Kareruping .. 33
a 24 Idocrase .. o 354
Crthocinss 246 Olivine . «» ¢ NIYS
Chalcodony " 2h Epidote .. R - i
Cordierite - 26 Sphene .. 2n 34
warte 2-b3% I hens .. 34
gthn 3-6-2-7 htedonite -s Frg=yh
Coral 2-0-2'7 Dinrond ‘e 352
Oligoclase s 2+ Topaz .. o N3l
aoise - 028 E!muhlj - 3536
e e 29 Jyarovite A . i i
Labradorite = a7 Kyanito .. = 3 5;4
] o B Spinel’ .. -s 3037
Lapishaeull .. 2729 Benitoite .
e 285 Cheypoberyl an [ )
to aa 29 Staurolite e 37
Danbarita -, 3o Pyrope .. .s 3p-3B
FPhenakite 30 Andrudite «s 39990
Nephrite 30 %unmdnm A
o33 ircon (amorphots) ‘o
‘Eoclass 3.-:3 ;\‘H.’imitn ia :‘I
nuu-jt- 31 3 - "’“"’3
Andalnsite b lg tle .. ae 4343
Spodumiene Al 1—:—:-: Il::rwn éi:u-mnli as &7
mu aw - 3' 1ma - "’
Enstatile A | Camiterito . g’i
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CHAPTER IV

Forms of Crystals

AN important [eature of gem-stones is that—with
the single exception of opal (also amber and jet)
—they consist of crystallized matter; and in the
majority of cases each gem cansists of a single individual
crystal. The more perfect and regular the crystalliza-
tion, the more perfect is the resulting gem. Although
the external form of the crystals is of course not evident
in cut stones, yet some knowledge of crystallography is
essential for proper understanding of their optical
chiaracters.

The atoms which build up the vast array of chemical
substances, elements as well as compounds, are grouped
together in certain ways with definite patterns, and
there is a continuous repetition of this pattern through-
out space of tlires dimensions. Each substance, and
gem-stone, has its own characteristic pattern.

We can imagine the atoms situated at the knots of
a network or the nodes of & lattice (figs. 2 and 3). As
# result of this it will be seen that there are certain lines
and plines of stoms continuous throughout the struc-
ture. In fig. 2; showing a square network in two
dimensions, in addition to the horizontal and vertical
lines of atoms, several other lines can be traced. The
dotted lines &, diagonally across the square, pass through

every knot. The lines b pass through every second knot-

downwards, and the lines ¢ through every third knot,
Others conld be drmwn through every fourth and other
knots. ‘Similarly, the dotted lines 4" and ¢’ pass through
every second and third knot in the horizontal lines.

"

o
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In fig. 3 four of the sguare networks, as in fig, 2,
are piled one above another in the third dimension,
{Evingatuhil: lattice. This becomes much more complex.

n addition to the original four networks; there are now
:‘lghr. others of a gimilar charncter—Tfour in the
the paper, and four extending from front fo

Each of the seis of planes is paralle]l (o the fuces of &
cube, But these are pot the only planes of atoms:

that can be traced in such a structure, The vertical

N # o ]
o ..h — — 1
=+l s 1 - | v
L T b p“‘__ .
= -
Lj
L
. i i = . il
L
= ()
] Fa
Fig. £.—EBaqre nomeack 0 1w Fig- 3 —Himpln cobiz {xtticw in taree
dicenslons o iEsenadany

plane agge shows sixteen dots in the picture, and paralle]
to this there is rank upon rank of similar planes, if we
imagine the structure to be extended indefinitely with
millions of dots. The next plane parallel to and in front
of acge containg twelve dots in the picture.  But the
whole structure now has a symmetrical repetition, and
thore are five other plane directions similar to adge,
namely, bilf, afid, behe, bgha, and cfed. The inclined
Eh.ne.thrmgh the three points a¢f contains ten Eoims

the picture (nine along the edges and one in the
centre). Such a set of parallel planes is symmetrically

th:;cuﬁil the pointz ach, dbe, and dig, there
' lour d.ircctmnsl:umﬂﬂlmﬂmlmﬂfn
octahedron. But this §s not all. An ingenious
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reader will be able to trace hundreds of other planes of
atoms. {Better than any crossword puzziel)

The structure outlined in the preceding his
the simple cubic lattice. There are two other kinds of
cubic lattice: facecentred with a dot in the centre of
each face of a cubic cell; and body-centred with a
dot in the centre of each cubic cell. If we take unequal
lengths between the points along the three main direc-
tions, and alés vary the angles (not all right angles)
between these directions, then we get other types of
lattices of which there are fourteen in all. But this is
only the beginning of the problem. The dots can be
m:?ed with symmetrical repetitions to fill space in
230 different ways—known as the 230 spacegroups.
Think of all the different pattems of wall-paper that
you have seen in two dimensions, and then imagine
what would happen if the whole space of the room were
fillad with them. These matters may safely be left to
the specialist in crystal structure, and they need not
alarm the admirer and student of gem-stones.

That such complications do not exist only in the
minds of philosophers, but also in crystals (and gem-
stones), has been proved within the last twenty years
by means of X-rays. The planes of atoms which we
have traced out have the power of reflecting X-rays,
and by measuring the angles of reflection the distances
between the and between the atoms themselves
can: be ed. These distances are of course ex-
cessively minute, In fig. 3, if the atoms along directions

Jel to the cube edges are alternately sodium and
chiorine, then the figure represents the structure of
rock-salt. The distance between adjacent sodinm and
chlorine atoms has been carefully measured as 2-8x4

L?hﬁm units, or 2814 X 10-® cm, (0-000,000,028,14
em.), or mather more than a hundred-millionth of an
inch. If we took a crystal of rock-salt measuring one
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drawing would be nearly a thousand miles across,

The internal structure of erystals suggested above
finds an expression in their external form. A single
or

crystal growing freely (not in a confined sps _
crowded amongst other crystals) shows a tﬁmt
of plane surfaces which are usually quite and
brilliant, These planes or crystal-faces are parallel to
the planes of atoms that we have been considering,
and are thus important directions in the '

From the point of view of a student of gem-stones
this external form of crystals is of much interest and
importance, Each mineral species, i.e. each essentially
different kind of genestone, has a crystalline form
charmcteristic of itself, and if crystal-faces are present
we can tell at a glance to which mineral the crystal
belongs, Even when the crystal is water-wom, as is
often the case with gem-stones, there is often some
indication of the origmal shape. A knowledge of the
external forms of crystals is therefore of considerable
importance, and enables us to distinguish at once
between, say, a red garnet and a ruby, or between a
green tourmaline and an emerald.

Fig. 4 is a dmawing of a regular octahedron, a solid
bounded by eight equilateral triangles in four parallel
?lru. Crvstals of diamond and spinel are of this form,

ig. 5 shows the eight faces of the octahedron unfolded
on to a flat surface. (A spherical surface canmot be 50
unfolded, hence the difficulty with maps of the globe.)
A rteader sufficiently interested in the matter should
draw this diagram, preferably on a larger scale, on a
of stiff paper, cut out the full lines, and foid
along the dotted lines, The t will be an
octahedron, if all the have been made exactly
60, With the sid of such a model the several curious
ies of the octahedron will be seen much more
clearly than from the drawing in fg. 4. It will be seen
that the model can be cut into two similar and equal
halves along the planes ABA'B', ACA'C’, and CBC'E’
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mehn]fb:pmmdngnimtnmirmrthemhtx
ill be reproduced, giving the appearance of the
These planes are called planes of symmelry,
hree cubic of symmetry, octa-
has six o planes of symmetry (dodeca-
planes), each of which passes through two corners
the middles of two opposite edges, eg. a plane
CC’ and the middles of the edges AFB and

=

FEEE ®
Ea

aggﬁ

|

. g.—Met for the construssion of & medel
!h-c-r-mwmw&! Fig. g s a mde

A’B’, or through BB’ and the middles of AC and A'C'.
In addition to these nine (3 4 6) planes of s try,
thie octahedron also has thirteen (3 + 4 + 0) axes of
of three kinds. In fig. 4 the thres dash-and-
lines joiming opposite cormers and intersecting at

of the crystal are axes of tetrad symmetry.
be rotated about any one of thess axes
angle of go®, it comes into the same posi-
fore—a covering position, This operation is
repeated four times during a complete rotation of 360°
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120° gives a covering position, repeated three
during Et:ﬂmnphte mtat?:u?nf 360%. There are four
these trind axes. Next we have six dyad axes
rotations of 18" and only two covering positions
a complete rotation. These dyad axes through the
centre of the crystal to the middles of opposite edges,
Finally, the crystal possesses a cemire of symmelry,
Every point on the surface of the crystal has & corre-

E‘-EQE.E -

g1
A
: Iﬂ 'l --------
] i
LR I B
L-%-.:g‘!{',:._‘_ -"B .
i R
o c i 4
- seemaprzaee fraeess E
¥ —The vurfeer of the cube
Fig i..—&hwhh:guu..l Fig. 7

mmtmthauppm‘nﬁdemdntmequﬂ
from the centre, We thl::l see that the octa-
hedron is a highly symmetrical y. .

Thucuheprhmndm{&g.ﬁ},nregyhrmhd
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relation between the two, If we chop off the corners
of the cube, we obtain an octahedron; and if we chop

thammmufmth:lfgtagedrm.mguwmlge: In
first case the g figure is obtained by

' ilthumtnufmhﬁmn{&m:]%};ﬂ”h
); and in the second by joining the points at the
of each octahiedron face. :

Figs: 8, 9, and 10 show the stages in passing from the
octahedron to the cube and vice versa. They Tepresent
arystals consisting of & combination of two simple

.
Fig. 8 Fig 1

Fig. &
Coerhirastiomy of ther cube and scssbuadme
In fig. § the oershadron preduminating: Sy o the mbo-octahedron in g 19 the
ube prodammnating

%ﬁgg&& z

forms—here the cube and the octahiedron. This com-
bination of forms is very common in crystals, in fact,
g usual feature. Fig. o, bounded by six squures and
eight equilateral trinngles, is the cubo-octahedron, which
is one of the Archimedean solids of geometry,

Here we may remark that the regular solids of
ﬁmeﬂy are not necessarily possible forms of crystals..
All of them do not conform with the laws of crystal
symmetry, The octahedron and cube, and aléo the
tetrahedron, of the five Platonic solids are
erystal forms, but not the dodecahedron (cosed by
12 pentagons) and the icosshedron (20 equilateral
trinngles). The tetrahedron is bounded by four ::?i:i{-
Interal trizngles. Fig. 11 shows its relation to the -
e e s
iiternate faces of thi suppressing the
faces. This form has ¢nly part of the full symmetry of
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S:m T trind .]"'ihf:hm dyad
i of symmetry, four axes, an ;
pl"ﬁ (in place of the Hirud tetrad axes), but mmbit:m
es of symmetry and no centre of symmetry,
tetrahedron is @ rare form in crystals of diamond.
The three simple forms of crystals we have so far
considered belong to the cubic system of crystals. But
there are several others, the more important of which
are the rhombic-dodecahedron and the jcositetrahedron
(fgs. 51 @ and d in the garnet chapter), which are the

N

Fig. 11—Reguler titrakedron Fig. 0. —The surface of thy
imeribed io & cube totrabimdrie wefulded

usual forms of gamet crystals. With combinations of
the several simple forms, some cubic crystals may be
bounded by hundreds of facets, but they are all armanged
on the crystal according to the laws of symmetry.
Further, they can all be referred to three squal erys-
tallographio axes at right angles. In figs 4 and 6 these
axes are drawn with a dash and dot.

So much for the cubic system of crystals, of which
dizmond, spinel, and the garnets are important repre-
sentatives amongst gem-stones. In discussing the in-
ternal structure of crystals, it was menti nnng. 30
that different types of lattices could be derived by
varying the distances along the main directions and
also the angles botween these directions. Now these

wre the crystallographic axes to which the
external fuces of crystals are referred. If we take in
ﬁ[.afﬂlu'uasﬂ'nndBB'duqnllkngth.hulmh
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the third axis CC" either longer or shorter, we then
have a different state of affairs, and by joining up the
ends of the axes, we still have an eight-faced figure,
but not a regular octahedran. If the axis CC' is taken
longer, we have a steep square pyramid, and if shorter,
a flat square pyramid. These are crystals of the fefra-
gonal system, of which there are again special degrees
of symmetry and a variety of simple forms as well as
combinations of forms. Zircon is an important example
of this system of crystals (figs. 53 a-d, p. 188),

Another obvious variation is to take the three axes
AA’, BR', and CC' all of unequal lengths, but still at
right angles. This gives the orthorhombic system (or
rhombic system), of which topaz, olivine, and chryso-
beryl are examples. Next we can vary the angles
between the axes, and so derive two more systems, the
monoclinic (with one angle not a right angle) and the
triclinic (with no right angles between the axes); in
both of these systems the axes are all of unequal
lengths. Still another variation is possible by making
all the angles between the three axes equal but not
right angles and all the axes of equal length. This
gives the rhombohedral system, which may be regarded
ulsubﬂstzmu{theﬁm:gﬂnh}-#m These are of

um;] type. but they are of imporiance as

in which maby and emerald crystallize.

Fﬂrlunnldy no other vanatmns are possible according
to the strict laws of crystallography.

Suppose we take a cube h_ytwnoppamcmmmd
stretch it out in the direction of & cube dingonal, we
shall then get a solid like fig. 13, which is called a
thombohedron, because it is bounded b :hnmb-ﬁhnpl:ﬂ
faces. Ti:umiamareannfoqualsm:udthe
edges all of equal length. Further, the axes of reference
mﬁﬂﬁlm;t:éhm thnnngiﬂht:ntwemthun

eq) t not t angles. A cu mprmd.
iﬂd stretched, along a cube dingonal will give an
obtuse rhombohedron (fig. 14). These rhombohedra
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possess @ tmique triad axis of symmetry, which
always placed vertically in | of such crystals.
For this reason the drawings in 6, 13 and.

differ in orientation. Suppose now we contitue

stretch the acute rhombohedron, the three
the three lower faces will approach nearer
to the vertical axis, and at infinity they will be parallel
to it. We now have the six faces of a hexagonal prism,
Similarly, by compressing the obtuse rhombobedron

w8

af

i

:"lr. u-—w
plon e

th'elimjtwﬂlheapa.irnfplmmpqmmdimhrtnthe
vertical axis. Fig. 15 is a combination of these two
forms, the hexagonal prism and basal pinukoid. Neither
nfthmfurmgmbfltsdfmclﬁe!pﬂu.uﬂ
they can be present on crystals only as combinations
of forms, Fig 15, which represents a ervstil of emerald,
has a unique sixfold or hexad axis. A rotation of 60°
about this axis brings the crystal into the same relative
mdﬂunashcfm.md:ixmd:upuﬂipmmhn
complete rotation of 360" :
This gives us seven systems of crystals, each endowed
diﬂurm:tdngmesufsymh‘ya But it must be
mﬂ:&thmﬂ; is ]:u::t"ﬂ nﬂul in
ich symmetry s wing
forms the development of only half ar a quarter

B2

7
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of the foll number of faces. These are called hemibedral
-faced) or tetartohedral forms, in distinction to the
(full-faced) forms, There are altogether
irty-two of these crystal-classes, only a few of which
ude any gem-stones. Particulars of these will be
in textbooks on erystallography and mineralogy, -
all the essentiuls are copcisely stated with many
of erystals in my article ** Crystallography "' in
Encyclopadia Britannica (11th edition, 1910}, The
in features are tabulated at the end of this chapter
), together with a list of the gem-stones that
in each system. The full degree of
i for each of the holohedral classes, together
the partial symmetry of the few hemihedral classes
ich gem-stones are represented. This table is
for reference, not for reading.
angles of cubic erystals are fixed by geometry,
the same for all substances (diamond, spinel,
iron, alum, &c.) that crystallize in this system.
ose between cube faces are go°, between adjacent
octahedron faces 109° 28', and between adjacent cube
and octahedron faces 125° 16'. Usually, however, the
ts of these angles are stated, viz, go°, 0% 32',
and 54° 44', these being the angles actually measured on
the ter (angle measurer) and used in
calculations. In all of the other systems each substance
has a set of interfacial angles pecaliar to itself, and by
measuring these angles we can identify the substance.
The angles are dependent on the relative lengths of,
and the angles between, the crystallographic axes of
reference. From the angles we can calculate the lengths
of the axes, and vice versa, knowing the of the
axes, wecan calculate the angles. For ex e, in topas
the lengths of the axes Od, OB, OC (compare fig. 4)
are stated as the axial ratios a:b;e=05285:1:
0:4770, corresponding to an angle of 557 43" between
the pair of prism faces m, and of 87° 18" between the
pair of dome faces / (fig. 508, p. 174).

i

i

Eﬁgﬁ.g

%’i

SRE FELD
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The different faces on crystals are distinguished
indices, which are given hy:thﬁreiuﬁwlmgihag
faces intercept on the uxes of reference. In fig. 2, for
F—n];m[k ;m;im;kuuf the lines &, b, ¢ could be written
(r1), (1,2), (5,3), corresponding with the relative dis-
tances they m?mt the sides ;I}g the square. Similarly,
with thres co-ordinate axes, a plane meeting the axesat
unit length at 4, B, C (6g. 4) has the indices (r11). This
is the simple symbol of the octaliedron. A plane cut

the OA axis at A, the OB axis at half its length,

the OC axis at one-thind has the indices (123), Cube
hmmtoﬂymaﬂsmdmﬂhlmmmhﬂ
two, and the indices of the three A, 8, C (fig. 6)

are (1oo0), (0x0), and (oox tively.

Imguim‘:f:.s? in the mﬁ ent of crystals are
frequent. Few actual crystils show the model-like
shapes represented in the accompanying figures, During.
the growth of a crystal from solution, it usnally happens
that more material is supplied on one side than on
another, with the result the crystal grows lop-
sided. A crystallogmphic eube, for example, may have
the shape of a square or rectangular slab or column.
With combinations of forms, certain faces are often
missing. HBut the internal structore and the u_ug]lles be-
:;hﬂtl ﬂls faces always remain the same, and such faces

t are developed are placed in their true symmetoical

ition and the parnllﬂls.:m of their edges is preserved
Fa::ﬁg. 49 8-, p. 170). The armngment of the lacsin
zones, or bunds, sround the erystal with sets of parallel
edges will be noticed in these figures.

Cleavage is an important character of crystals, and
ﬁe intl;:;nnmly mum}:ted with tlmi;' if sh‘uctmti

we have a parallel set of densely packed planes o
atoms with a wide distance umafn the planes, it is
likely that this will be a direction of weakness in the
structure along which it will break. The crystals of
different substances have different degrees of cleavage,
-and this character affords an important means of dis-
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be no mistake in recognizing mica, a crystal of which
mkrmdﬂytmwmm-ﬁhshm,mﬂh
with a smooth and brilliant Euclase (named
from e well, and «\dow breaking) and fibrolite also
have a wonderful cleavage. If care be not taken in
m&ngthmgumth;:r;;tahwiﬂmﬂagmﬁkcnpﬂe
of cards, or if dropped theywil[sf;l.:'t. iamond also
has a good cleavage, here in four directions parallel to
the faces of the octahedron. Advantage is taken of
this property in the process of diamond cutting; @
wmaybedividcd or smaller irregularities
A knife edge is placed in the correct position
parallel to an octahedron plane and the back of the
knife struck a smart blow; the crystal then falls in
two along smooth and shining surfaces. Tt is an in-
structive experiment to produce the cleavage in rock-
salt, caleite, or baryte with & knife and small tapping
hammer, To do this requires some knowledge of crys-
tallography, which may or may not have been gained
from this chapter. Another gem mineral ing a
perfect cleavage is topaz, here in one direction
to the basal plane. This affords an easy means of dis-
tinguishing between topas and quartz when a broken
surface, even on a pebble, can be inspected. Spodumene
(kunzite) has two perfect cleavages parallel to the prism
planes. Feathered flaws in gem-stones are due to
cleavage, and a cleavage crack seen through the stone
often shows colonred bands (Newton's rings).

In other crystals which do not a facility of
breaking in a certain direction, character of the
fractured surfaces, or *' fracture ", sometimes affords
a distinguishing feature. It may be conchoidal (with
concentric ringed markings as on the surface of & bi-
valve shell) or uneven.
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THE CRYSTAL SYSTEMS OF GEM.STONES

Comic Sverzm—Three eryatallogrs axes all of equal
length and all Itﬂ;h:l.mglnl;.m
3+ 6 symmotry planes, 3 tetrad nxns, 4 trind nxes, 6
dyal axes, centrs of
Dlmﬂo:;i;ltpiud,gmltgmup, huuritc, sodilite, pollucite
norte

TerRaconaL SyaTEM —Two of the erystallographic axes of
:aua] length and the third either Imgwg ar shorter;
nt right angles,
24 24 1 symmetry planes, § fotrud axis, = 4 2 dyad
axes, centre of symmatey,
Zireon, idocrase, casslterite, rutile.

OrmnonuouBic Systesm.—Three crystallographic axes of un-
equnl langths amd all at right angles,
U141 symmetry planes. 1 41 4 2 dyad axes,
mentre of symmetry,

Tupu.:, alivine, chrymt-nql. andalunite, enstitits, bronsite,
hypersthene, cordierits, fibrolite, staurolite, danburite,

beryllonite,
Moxocriwic Sveres —'I‘iuu phic axes of
bodfb' at an oblique angle
at right I..nglﬂ to the i:hlnih_:iai:_-
1 me lane, v dynd nxis, cen symmetry.
Sp’urdmuma:?. %nphrth jadeits, diopaids, epidote, euclase,
sphene, orthoclase,
Taicrmie Systum.—Three crystallographic axes of unequal
+ lengths; pone at right angles,
Centre of symmetry only.

Axinite, kyanite, rhodonite, oligoclase, lnbmadocite, tor-
q
Hexagoxar Svsrom.—Three “A:dlb
inclined at o and d.l J-Lll.nl. fourth
axis of different l:ngth icular to this plane

mdeﬂuddmtﬂththe axis of 5
3+ 3 + 1 symmetry planes, 1 hndmm
axes, centre of sym

Bﬂ)‘”mnﬂdmd el
ﬂmju:rmTuy plane, @ hexad axis,

oeritre of symmetry.
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Ruosnonenral Svsraw —Three equal I:k:m
mtul:l_rlnnlmud:tthnmu;lqw
nghtugln. {Tho four sxes as in thuh:nmnll

;-ymtryphuq rhhdnﬂ;;dyndntl.mmd
Corund by and sa hematite,
MMM#WM!W

axin, no centre,

Tourmuling.
Trapesokedral Claxg.—1 trind axis, 3 dyad axes, no contrs,
' Tass m&ﬁmmm. f symmetsy. |
—1 contre o
Phenakits, udilun:itc,
.i‘l&rrw -—5 + 1 symmetry plancs, &
§ dywad

axes, no ceutre.

m-:tﬂuunn (Amorrrous) ~Opal, amber, jet, moldavits,
it ) —Opal, )



CHAPTER V

Optical Characters of Precious Stones:
their Action on Light

LIGHT. of ull colours and all wavelengths, travels
with a velocity of about 186,000 miles per second,
slightly less in air than in a vacuum. But when it
enters a denser medium, such as glass or a :qr!tal.
the velocity receives a check proportional to the index
of refraction of the medium.  In diamond the velocity
of red light is about 77,000 miles per second, and of
violet light enly about 75,000 miles per sscond. [I am
not interested in motor-car racing.] It takes longer for
& violet ray to get round inside a brilliant-cut diamond
before flashing out from the front of the gem than it
does for a red ray travelling along the same path. As
a result of this check in the velocity, the path of the
ray is deflected when it enters the stone. This is known
as the refraction of light, and the amount of the refrac-
tion or bending gives a measure of the index of refrac-
tion. The refractive index is a character of importance
in gem-stones, showing considerable differences in
different kinds of stones. It is therefore o useful aid
inltileir identification. - e
. 16 and 17 a ray of light A0 striking the surface
ofwaﬁt%:or dimuilrl at O is partly reflected from the
surface {otherwise we would not see the object), and
enters the denser mediom travelling along a de-
: path OB, The amount of bending is given by
the ratio of the sine of the angle of incidence to the
sine of the angle of refraction (these angles § and r
i
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being measored to the normal €D to the surface), or
ﬂh?-uini,'sinr = AC/BD, which is & measure of the index

refraction. Waler has a nefractive index of 1:333.
5o in fig. 16 the length AC is 1-333 times as long as 8D.
Dinmond with a higher refractive index of 2:42 causes
a more violent bendi ioﬁhe may; in fig. 17 04 is 242
times as long as BD, An object at B when viewed from
A willa much more displaced when seen through
di than through water.

Since the ray on entering the denser medium is de-
flected towards the normal CD, it is clear that there

i

.".. ';“ l': 1
im0 ,"r
Eﬁm !
‘l‘.. i i
i 7
o e
Fig- th-—Telraction of Fig. 17.—afraction of Fig_ 14— Rafraction anid
bigha im warer Light i dbbarmeaid hm:‘ reml rnfirctics

can be no difficulty for any ray to enter into water or
diamond from air. But rays travelling in the opposite
direction may meet with a difficulty. With an increase in
the angle ¢ (now the angle of incidence) there is 2 more
id increase in the angle 1, and when this reaches go®
the ray of light can only skim along the surface. With
any further increase the ray cannot emerge at all, but
is reflected buck into the denser medium, and now at a
different angle, the angle of reflaction (not refraction)
being equal to the angle of incidence (fig. 18). This is
‘called the “eritical angle of total reflection (i), and
sinK = 1/m, where n i3 the index of refraction. For
dinmond this eritical angle is about 244", and for water
4875 L'mhtmupatgﬂnulafdllmntdnuﬁliﬂ
out of water, Each gemn-stone has its own '
critical angle, Total reflection from the surfice of water
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is very simply demonstrated by placing a pencil in
glass of water and viewing it from below, Ilan aquarium
is viewed from below at an angle greater than the
critical angle, the fishes will be seen upside down.
This eritical angle is a matter of copsiderable impor-
tance in the cutting of gem-stones. Light entering the
front of a gem must not be allowed to pass out at the
back, but musi be reflacted at the back facets to flash out
from the front and
so -enhance the bril-
liancy of the gem
(fig. 19). This will
govern the angles
at which the facets
are sef, and in a

s &

single wave-length or colour, i.e. monochromatic light.
But the réfractive index of a substance varies with the
different wave-lengths, increasing in amount for shorter
and shorter waves. The refractive index for violet light
is always greater than for red light. The difference
between these two indices s a measure of theit':‘krﬂ'ﬂ;
and this again is 4 quantity that differs in differeat
gem-stones, and i5 very high in diamond. On thes
depends the breaking up of white light into its com-
' colours, as shown in the spectrum, The ray OB
16 and 17) is not a single ray, but a sheal of rays

of all colours. In pessing out from & i
plate these will be intermingled; but if the surface of
emergence be at an hﬁth;ﬁ:hﬁﬂtm.ﬁ

; a prism, then there isa separation
mmﬁunwm. This is illustrated in
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. 19, but with the dispersion grossly exaggerated and
gth giuhmuJ total reflections. With the facets set at
different angles, a brilliant-cit diamond acts as a
prism and gives flashes of prismatic colours which are
refracted out from the several facets. The may shown
entering at the top of the gem is twice reflected mside
at angles greater than the eritical angle and can finally
emerge At angles less than the critical le. Fig.
also illustrates how tofal reflection m::n.g the :rm
angle can help in splitting up the light into its com-
ponent colours. The violet refructed part of the ray
entering the stone from the left meels the opposite
facet at less than the critical angle (23" 56' for vialet
in diamond), and it can therefore pass out; whilst the
red portion mests the same facét at just over the
critical angle (24" 36' for red), and it is totally reflected
at this surface.

The patient reader (if he has got so far) must now
W for a further complication. What has been

id up to now applies only to cubic crystals, which
are described as being optically isotropic or singly
refracting. In them, as in glasses and liquids, light
travels with the same velocity in every direction, and
the optical properties show no variation with direction
within the crystal. Al other crystals are doubly re
fracting (or birefringent) and light travels through
them with different velocities in every direction, and
the optical properties are different in different diree-
tions (with certain exceptions). Further, a my of
light entering such a crystal is not only split up into
its saveral colours, but the rays of each colonr are
themselves each split up into two oppositely polarized
rays. In ordinary light, and the light we have dealt
with in cubic crystals, the wave vilwations are in all
directions perpendicular to the path of the i
a plummet which may swing in any dmu:i‘)' In
‘polarized light the wave vibrations are confined to one
plane, the ray it=ell, of course, also lying in this plans
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(as with a ulum), The two polarized beams
these m‘y?mm palarized in plﬂ.nﬂpn at right
one, say, vibrating up and down and th anthu
left to right. In the minemnl calcite h
are widely separated, and through a
é;l;lnd-s;mr objects are [:am double, h:nne it is called
y—r:fmctu a cut stone (espe-
cially zircon) tlﬁgepc?;m of ﬂ:m ﬁts:m can Jiome-
times be seen double for the same reason.
Tlmmﬂdyuipuln.ﬁzcd light in crystals is full of
interest complications, and for details reference
must be made to textbooks on crystal optics or to
chapters an the subject which are usually meluded in
the textbooks on crystallography and mineralogy. All
crystals can be grouped optically into three main

ik -

Eé

1. Optically isotropic, including crystals of the culbie syatem:
£.g. dinmond, spinel, garnets.
2. Opticsll imxial, incl crystals of the tetmgonal,
huhadn.{s“;d hﬂ:lg:ﬂ.lfdl;:.!‘&ml: e.p. sirean, corundum,
guarts, beryl, &c
i y- biaxdal, lﬂdﬂdh;ﬂ'rlﬂhﬂ!mmhmuﬁ'

motoclinic, and triclinic systems; e.g, topaz dlvm“ﬁﬂnq
axinite, &c  (For complete list ses the

PP- 64-55.)

Cubic crystals and glasses have no action on plane

m::lbghl [Eull‘u:mn,gamwemnpa.gamti
jon and exception to a general mle

Some cuhic crystals of low degree of symmetry are
Grculurly polarizing or " optically active ", being cap-
able of rotating the plane of polarization; buf fortu-
nately none aj‘ these is known among gem-stones.)
This general rule affords a si means of distinguish-
ing cubic crystals, and also of di & coloured
glass imitation from a genuine (not cubic) stone, For

this purpose is
Bested Tiis o I an.cedlinecy stcstaome in
being fi tedmth:mtuhngsﬂgunndtwnnimlprms
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& polarizer and an
analyser., A clear
view can be ob-
tained through
cach of these sepa-
rately, but when
theyare “crossed”,
they cut oot all
the light, A cubic
crystal or glass,
when placed on
the stageof the mi-
croscope  between
" erossed micals ',
remains dark
throughout a com-
plete rotation of
the stage. But here
another  waming,
Somecubiccrystals
show anomalous
double refraction
due to strain, and
this can only be
judged by ex-
perience.

In cubic crystals
the travelling of
the rays s very
much go as you
please, though
thoy must keep on
in straight lnes.
But in the more
P 56— Polaciaiing (i e complex doubly-

refracting crystals
there are strict traffic regulations, as well as a variety
of -speed limits. In uniuxial crystals two classes of
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travellers are allowed. One of these, the ardinary
ray, must respect the laws of refraction as in eubic
crystals, but it js constrained to vibrate only per-
E:ndicul.a.r to one line in the crystal. 1f it happens to
travelling along this line (or rather direction), then
the vibrations can be in a variety of directions perpet-
dicular to this line, and these can waggle sideways or
up and down just as they please, as in a cubic erystal.
cIE]:iE:hu one inndndmn umaxial crystals behave like
crystals are optically isotropic. They remain
dark between crossed nicols. ~ This unigue direction is
called the “ optic axis " of the erystal. It coincides
with the fouriold, threefold, or sixfold symmetry axes
in tetragonal, rhombohedral, or hexagonal crystals.
For an ordinary ray travelling in any other direction
inside the crystal the vibrations can be perpendicular
tnunl_ymmplane,imth:mi&nuiymephnethnlwiﬂ
contain both the path of the ray and the optic axis,
The ray is then plane polarized. All the ordinary rays,
whatever their direction, have the same veloaity for
Iighlnfmmhurandinmumkhrdﬂ?am
Corresponding to this we have the ordinary index of
refraction for a uniaxial erystal, which is nsually
denoted by omega (w). This, of course, varies slightly
with the wave-length ar colour of the light, and it has
different characteristic values in different minerals.
The other class of ray in uniaxial crystals is the
" extraordinary ray "', so called because it does not
obey the ordinary law of refraction, as does the ordi-
nary ray. It can vibrate only in the single direction
parallel to the optic axis. Since vibration-directions
are i to the path of the ray, it follows
that an i may cannot travel along the
optic axis. Tt has its full strength, as it were, when
travelling in any direction perpendicular to this axis.
Inmhaﬂﬁ'ecﬁmthﬁvdocitynfthem};]mdtha
corresponding  index of refruction (here the extra-
ﬂlli:?.ryinda:. denoted «, epsilon) bave maximum and
rasy s
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characteristic values. For any intermediate direction
of the ray between these two extremes (polar and
equatarial in the crystal), the valses for refractive
index lie between w and «. Now e may be either greater
or less than e, according as the velocity of the extra-
erdinary ray is less (slower) or greater (faster) than
that of the ordinary ray. e is preater thon w, we
bave an “ optically positive " crystal, and if w is
greater than «, then an * optically negative ” crystal.
This may seem a trivial academic point, but it s a
help in di ing different kinds of uniaxial crystais.
For mmmtrle corundum, beryl, tourmaline, scapolite,
and te are optically negative; while quartz,
phenakite, dioptase, zircon, and benitoite are optically
positive.

The optics of biaxial crystals are still more involved.
Here there is no ordinary ray, but three extraordinary
rays, each with its own vibration-direction. These three
vibration-directions or axes of optical elasticity are all
at right angles to one anothér, and they are related in
certain definite ways to the erystallographic axes and
ﬁmﬂ? axes of the crystal; and from their orienta-

it is possible by optical means to distinguish between
orthorhombic, monoclinic, and triclinic crystals. In
biaxial crystals there are two unigue directions in which
all the rays bave the same velocity and refractive index,
and along which the properties are much the same as
along the optic axis of a uniaxial crystal. The angle
between this pair of optic axes is called the ' optic
axial angle ', and it has a characteristic value for dif-
ferent minerals Corresponding to the three extra-
ordinary rays in these crystals there are three principal
indices of refruction, referred to as alpha, beta, and
a, B, y of which a is the and ¥ the

But unless the rays are travelling in & direc-

tion perpendicular to their own particular vibration-
directions, only intermediate values are measured of
the refractive indices. Optically positive and neguative
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are here also distinguished as in uniaxial crystals.
When the vibration-direction of the greatest index y
is the “acute bisectrix ", ie. bisects the acute
between the optic axes, then the crystal is said to
positive; when a is the acute bisectrix the clm
negative. This difference is also shown in the i
magnitudes of the three refractive indices. When 8 is
nearer to a than it is to y, then the crystal is positive;
and if § is nearer to y than to a, then negative. For
example, in topaz the thres principal indices of refrac-
tion have for yellow sodium-light the sumerical valaes.
a 1619, 1620, y 1627, and the crystal is positive;
in andalusite the indices are a 1634, f1-639, y1-643,
and the crystal is negative.

This leads us to another important optical character,
which is of great determinative value in crystals, that
of the double refraction or birefringence. A measure
of the strength of this is given by the difference between
the greatest and least indices of refraction. From the
figures given above this is y — a = 0-008 for topaz and
0009 for andalusite. Similarly, in uniaxial crystals the
strength of the birefringence is given by « —w or
w — ¢ according as to whether we are dealing with a

itive or a negative crystul. In corundum the indices

ve for yellow light the values «1-760, o 1:768, and
the difference @ — e 1s 0:008. In zircon € 1085, w 1-g26,
and ¢« —w 0:059. In calcite the birefringence is high,
n-ﬂ,uﬁthmhnwﬂ:mhﬂﬂmwmp;
while in diamond and other cubic crystals it is nil.

When we come to examine these birefringent crys-
tals under the polarizing microscope, some really beau-
tiful effects are to be observed. Vivid polarization
colours are shown when a small thinurhlmndmvm
flake of topuz or muscovite mica is placed between the
Crossed nicols, It will be found that the crystal becomes
dﬂﬁhﬂr&mmduﬁngumphtem%ul the
microscope stage. This happens when the vibration.
directions in fhen'yauj.cg'“' with those in the two

Ad Ve
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nicol prisms. If this direction of ** extinction ' {marked
by cross-wires in the microscope) is paritllel to a promi-
nent edge of the crystal, we have " straight extinction ",
This will happen, for . .when a erystal of beryl
is viewed through a priesm face. If the extinction direc-
tion is oblique to an edge of the crystal (" olligue ex-
tinction *'), a measurement of the ™ extinction angle
will help to decide what kind of crystal is under exami-
nation; This examination is made in parallel mys of
light passing through the crystal, and the polarization
colours are uniformly spread over the whole area of the
erysial or flake il this is of the same thickness thromgh-
out. Tf the erystal is wedge-shaped, a series of bands of
graded colours is seen.

But when convergent polarized light p through
the crystal (accessories for this are fitted to the micro-
mm.&ifnl ill more remarkable effect s to be observed.

cial erystal viewed along the optic axis shows a
series of concentric brilliantly coloured rings intersected
by a black cross (Plate I1). A biaxial crystal viewed along
the acute bisectrix shows two sets of rings surrounded
by a series of brightly coloured lemniscates and ovals
and intersscted by dark hyperbolic brushes, which as
the stage is rotated swing round to form a black cross
(Plate I1). To see these ™ optic pictures " or *“interfer-
ence-figures ' to the best advantage, it is nosually
necessary to cut plates from the crystal in the correct
direction. They may, however, be readily obtained
with cleavage flakes of topaz and muscovite mica, or
even sometimes with a little adjustiment in a faceted
gem-stone.  From these interference-figures, even if
only a portion of one is seen at the edge of the field
of view, the optic sign (positive ar negative) of the
crystal can be readily determined

A detailed explanation of the cause of these polari-
zation colours is mther involved and cannot be given
here (see texibooks on optics). They are due to the
** interference ** of waves of The vibrations of the
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plane polarized light from the lower nicol (polarizer) on
pamfng'lutothgmymlmrmlved.iutntsw irections
athghtangtﬁmrmpmnﬂngmthadmﬁmdm
W two refracted mys are permitted to wibrate.
Emerging from the crystal and passing into the upper
nizol (analyser), these rays are combined again into
one plane nflgnlnﬁmﬁm. Owing to the different
velocities of the two rays inside the crystal, their
waves may have acquired a difference in phass, and
in the analyser the crest of one wave may coincide
with the trough of another. Here we have a balanced
tug-of-war and the two waves cancel one another, If
these are, say, red waves (depending on the refractive
indices for red light in the crystal and on the thickness
of the crystal), then red will be cut out and the com-
plementary colour will be seen, When the crystal or
cleavage flake is placed on the microscope stage, the
obssrver has not very long to wait for these interfer-
ence colours Lo o . The light is travelli
the erystal at a.Fapeeder of about a 1f||111|:t|*‘=laiul.‘.n\g mtgrmimnd
miles a second, and the of the track need be
only a very small fraction of an inch.
From the preceding, perhaps rather involved
confusing account of the wiﬂ of
it will perhaps at least be that crystals have
fine sense of direction. In fact, nearly all the properties
of crystals vary with the direction within the crystal
This is a necessary consequence of the symmetrical
arrangement of atoms along lines and planes in the
crystalstructure (fig. 3), where lines and planes of ohe
or other cheniical elements can be traced out. A
striking exam; uimhdirmﬂmdchnrnduinuym
is given by pleochressm. In the chapter on colour we
treated nfmhmmmh,wimmtmrm ta direc-
fion, But a birefringent crystal may different
colotrs whnnvimudindﬂiﬂmqntiduﬁcdm&' Amfhfsﬂt;
rather an astonishing fact, but quite true.
cordierite, for example, when viewed through in three

5
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directions at right angles shows in turn the eolours
Cambridge blue, Oxford biue, and pale yellow. Now
what is the real calour of such a crystal, and how can
we account for such a strange behaviour?

This is illustrated in fig, 21, which also serves to
explain the vibration-directions of waves of light
passing through o birefringent crystal A ray (1) of

it ;
4 :‘“‘J?“"'
. E - ‘:f
i 1

Frg. a1 ~Floocluobem.  Ldvessures of st light in o coloursd, epoaliy
bixninl orymal. A bow of somjery tricks

white light entering through the top surface is refracted
into two {nr rather bundles of coloured rays) the
wives of which have vibration-directions to a

and B. These vibration-directions are indicated in the
corner of the figure; and as they have been drawn all
parillel to the rectangular edges of the erystal, this
crystal must be an orthorhombic one. Even if the

vently the rays inside the r'.mw
cannat be quite perpendicular to the directions a and §.
It is therefore necessury to resolve the component of a
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perpendicular to one my, and that of B

to the other, The result is that the rays do not travel
through the crystal with exactly the velocity comre-
sponding to the indices of refraction & and i Now
these two rays, each really consisting of 4 sheaf of m
of different wave-lengths (or colours), as in the ning{;
refracted ray in diamond (fig. 19), are each subjected
to a different treatment by the crystal, A red
crystal may absorb one or more colours from the a-ray,
and other colours from the Bray; and when these
emerge from the opposite side of the erystal there will
be a difference in the colours i in the two
sheaves. Similarly, a ray (2) of white ﬁght entering
the side face is refracted as two sheaves of rays with
vibrakions parallel to a and 4 and one (3) estering at
the back face will give rise to vibrations parallel to
and y. Two of these vibration-directions, = and §,
have already been involved with the ray (1); but now
we have a third, v, for which the tion will be
again different. The pleochroic colours indicated in the
figure are those of andalusite.

Now when this erystal is viewed, even with a micro-
scope, we do not see single rays or bundles of mys, but
just a flood of light. The idea of single rays is only for
convenience of description and drmawing. A drawing
showing every single may would be quite a muddle
The whole crystal is a quivering mass,  Neither do we
see with the unaided (rude and eys the " ray-
colours "’ due to the rays a, B, am.'t ¥ we_dn see

general term pleochroic covers both of these,
_Mmmmdmmmmmm
some detail because it is an important character of
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gem=stones, and one that ensbles them to be dis-
tinguished readily from coloured glass imitations. A
convenient instrument for detecting pleochroism

is the dichroscope. Two forms of this are shown in the

accompanying figures, Fig. 22 shows a handy pocket
form containing all the essentinls; fg, 23 shows the
same tube mounted in a holder with a focusing eye
piece and a holder for the gem-stone. The instrument

Fig. 5y—Dishrmepe with e holder

Fg. =

il furms
consists simply of a special prism of Iceland-spar
(doubly-refracting spar) contained in a tube, at one
end of which is a square aperture and at the dther an
eye-pisce.  Looking through the eye-piece two imnges
of the square aperture are seen side by side. When a
pleochrowc gem-stone is placed in front of the
the two squares will show different colours (* twin
colours '), which will be seen to change as the
ment iz rotated. These are the ray-colours mentioned
above. Pleochroism can also be very readily observed
'with the polarizing microscope. Only one nicol prism,
either the polarizger or analyser, must be in operation,
and the crystal i turned round with the stage. The
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colours are then seen to change; but the pair of eolours
are not seen side by side for direct comparison, as in the
dichrascope. _

No pleochroism will be shown by a uniaxial crystal
if this is viewed only in the direction of the optic axis,
The maximum effect is seen when the crystal is viewed
in a (any) direction perpendicular to the optic axis
Similarly, in biaxial crystals the maximum effects are
shown in certain directions (the directions «, B, ¥ shown

in fig. 21).

pleochroism is a very useful aid in the
determination of gem-stones, yet, like the body colonr
itself, it is not a constant character, and it may show
considerable variations in different specimens of the
same kind of stone. The [ollowing reference table
{p. 60) is to be taken only as a general guide, and not
as a " fable of constants’, and it cannot be made
complete.

Now, after all this dose of optics, we come to the
really important point. That 5 the methods for the
determination of the refractive index, or the velocity of
ﬂ.hm«smm When a gem is mounted this is

the only decisive test that can be applied for the
g;pusuni termining what the mineral really is

method that can be applied with
faceted gems is the prism method. Here we measure
on a goniometer or spectrometer the e of minimum
deviation of a narrow beam of Jight refracted through
two facets From this angle and the angle between
the two facets (which should be about 60® between
their normals) the refractive index can be calculated.
Another method is the immersion method by immersing
minute broken fragments in a series of various liquids
of known refractive index. Under the microscope the
refractive index of the mineral can be matched with
that of one or other of the liquids. Thiamethudisg
course only applicable when a small fmgment can
detached from the stons; and this is always possible
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with a rough stone. An approximation may be obtained
by immersing the whole stone in such liquids. A
colourless stone is almost invisible when immersed in
& liguid of the same refractive index.
third method, and the one most genetally appli-
cable in the case of faceted gem-stones, is with the
refraciometer or total refiectometer.  This method
depends on the principle of the internal total reflection
of light, so now the reader will see the reason for the
somewhat tedious detail given in an earlier part of this
chapter, There are several types and models of this
instrument, and as it is of the first importance for gem-
testing, three forms specially designed for this purpose
are here figured. These consist essentially of & hemi-
sphere of glass of specially high refractive index, about
r-8o-1-90 for yellow sodium-light. A flad surface of
the stone to be tested is placed on the glass hemisphere,
and to ensure optical contact a drop of highly refracting
liquidl (methylene iodide, 1-74) is placed between the
two, and the stone gently pressed down, A beam of
light is sent up through the glass hemisphere to meet
the stone, when it is reflected back into the eye-piece
of the instrument. A sharp shadow-line is then seen
across the field of view. The lighter side of the shadow-
line is illuminated by the totally reflected rays; while
the darker side is illuminated by rays that have met
the stone at an angle less than the critical angle and
have been only in part reflected, the main part having
out through the stone. A glance back at fig. 18
show that hiere the stone is playing the part of the
the glass hemisphere that of the diamond,
the examination is made in white light it will
that the shadow-line is not perfectly sharp,
a coloured band: in fact, a very narrow spectrum.
is because the critical angle on the
: tive index) varies with the wave-length of light.
width of this coloured band will give a measure of
o dispersion of the stone (p. 45). It is therefore best

|
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when sccurate measurements are to be made to use
light of one wave-length (monochromatic light), the
most convenient being yellow sodinm-light. .

With an optically isotropic material, such as or
a cubic crystal, a single shadow-line is seen. But bi-
refringent erystals show two shadow-lines close together.
Thmhm h\;TthuMH}' h:}stfin only in sodium-light: in
white light they are coloured and may overlap, uei
a wider coloured band., They muit not Lﬁi’uﬁ
with a third shadow-line due to the highly refractive
liquid between the stone and the glass hemisphere.

In optically uniaxial crystals one of the shadow-lines
corresponils with the ordinary ray and gives the true
valoe of w. The other line cornesponds with the extra-
ordinary ray, and on all surfaces, except the one per-
pendicular to the optic axis, it will be seen to move
about as the crystal is rotated on the refractometor,
reaching & maximum value ¢ in two dinmetrically op-
posed positions. In optically biaxial crystals both
shadow-lines are due to extraondinary rays and they
will shift their position as the crystal is rotated. (On
surfaces parallel to each of the three principal optical
planes of the crystal one shadow-line, however, remains
stationary at its maximum value.) Rendings are taken
when the shadow-lines are farthest apart, and the two
rays can be distinguished and sepurated with & nicol
prism fitted over the eye-piece of the instrument. It is
thus possible (though not too easy) to determine with
the refractometer the three principal indices of refrac-
tion, a; B, and y, on any chance section of a crystal.

In the more elaborate Abbe model of refractometer
{fig. 24), the critical angle is read on the graduated
-circle which moves with the telescope; and from this
angle the refractive index Is readily caleulated Or
azﬂcmmg:‘nphmaybomndﬂbyqf_:;ﬁngtha
angles for a few known substances. smaller
Bertrand model (fig. 25) is a4 convenient pocket in-
strument; and the refractive index is read directly
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oni & scale in the eye-piece, ranging from 1-300 to 1-790.
In the improved Tully model (fig. 20) the refractive
index is also read on a scale, and the glass hemisphere
can be rotated, The section (fig. 27) of this instrument
shows the path of the ray. It will be noticed that

Fig. 24 —Helrastoncter, Abbe medel

change of direction in the path is effocted by total
reflection inside glass prisms (so in this instrument full
use is made of the principle of total reflection).

The convenient refractometer method for the deter-
mination of refractive indices has certain limitations,
In the first place it can be used only on a faf polishied
surface. This is of course given by faceted gems, but
not by cabochon-cul stones. Natural erystal fuces can
often be used, but they are not always perfectly smooth.
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The precaution mentionsd above that the stone must
be genily Pressed ont the glass hemisphere is impartant,
This highly refractive gliss is very soft and may very

readily get scutched.  After use it shonld be nln!:h.l!i;
cleaned with blotting-paper free from any dust,

repolishing is needed this must be done by the maker
and the instrument readjusted. Another limitation is
that refractive indices higher than that of the glass

Flg. 13 —Hefrarsmnrter, Berrssnl medel

hemisphere (1-80-1-go) cannot be measured, and there
are 4 few gem-stones that come beyond its reach (see
the reference table of refractive indices). The relractive
index of the liquid placed between the stone and the
glass hemisphere has also to be considered. e-Mono-
bromonaphthalene is often recommended, but the re-
fractive index, 166, of this comes rather low in the
scale. Even methylene jodide with an index of 174
cuts out several gem-stones, incloding the important
corundum; but by, the addition of certain substances
its index can be raised to 1-83. What is really wanted is
a hemisphere of diamond (» 2.42). But even that would
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eut out diamond itsell, and we should have to fall back
on somé other cubic mineral, e.g. zinc-biende (» 2-43).

Even with these limitations, the refractometer, like
the dichroscope, Is an indispensable instrument for the
testing of gem-stones, Mention has already bean made
of the polarizing microscope, but its use requires more
experience and some knowledge of scientific mineralogy.
But o simple test for double refraction and dichroism
can easily be made. A faceted stone should first be
placed with the table facet downwards on a microscope.

Fig. 38 —Pelrarmmsies, Tally modal Fig. rr.—Sewion of Tully refresmmetee
A, Refeceor. 1, Dy gleae bersjiphre.  C, Grém poder e, [, Vebrec-linad
wreen. P, H. and ], Lesese., G oand I, Prisum. K, Ssale,

slide, when a direct view through the stone can be
obtained through the culet facet. In other positions
it is mot always easy to get light through the stone, and
an inexperienced observer may mistake stray side re
flections for the effects of double refraction. A good
méthod is to immerse the stone in a small bath of liquid
of about the same refractive index as that of the stone.

We conclude this chapter with a reference table of
refractive indices. The values are given for yellow
light. In some species these are fairly constant for the
one wave-length, and they are then given to three
places of decimals; but in other species, especially
those which show isomorphous replacement, there may
be a fairly wide range, and here the values are given
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to only two places of decimals, The tables

given in books mprmmmmmihurmhh:immg
in that they give the ion that refractive indices
have constant values. Other items might have been
added to the table. Critical angles of total reflection are
easily caleulated by the formula sin B = 1/n from the
data given; and the velocity of light in miles per second
in any m‘ystnl by dividing 186,000 by the refractive
index. A comparison of this table {p-p fig-65) with
the relerence table of specific gravities (p. 26) will show
that the several minerals follow in much the =me
sequence, but with certain exceptions. There must
therefore be some connexion between refractive index

and spectfic gravity.

DISPERSION OF THE REFRACTIVE INDICES
OF GEM.STONES *
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RETFRACTIVE INDICES OF GEM-STONES
{tor yellow mdinm:light)
Hrfraction rutices
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REFRACTIVE INDICES OF GEM-STONES—Cont.

(for yellow socdinm-light)
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CHAPTER VI

Chemical Composition:
What Precious Stones are made of

UNTH. the rise of chemistry as an exact science
early in the mineteenth century, it was not pos-
sible to name and describe any gem-stone correctly.
Gem-stones are as much chemicals as drugs and poisons
and all the contents of a druggist’s shop or a chemist’s
laboratary. Their true nature depends primarily on
their chemical ecomposition.  Some slight knowledge
of chemistry is therefore necessary for the proper
appreciation of the different kinds of gem-stones;
whilst for their complete investigation, the aid of
a skilled analytical chemist is nesded.

Ninety-two different kinds of basic substances are
known to chemists. These are the chemical eléments
which either alone or in combination with one another
make up all the different kinds of matter that are
known to us The metal aluminium and the gas
oxypen are chemical elements known to everybody.
The combinution of these two, by burning l]!'.l:miﬂll.‘llj;l
in oxygen, gives a white powder of aluminium oxide
or alumina, which when crystallized is the mineral
corundum, and when this is dyed with small amounts
of colouring matter we have ruby and sapphire.
Neither aluminfum nor oxygen can be split up into any
other kinds of matter; but can be split up into
aluminium and oxyvgen. This, however, would not be
an economical way of manufscturing aluminium pots

Lo
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and pans, or of producing cylinders of oxygen for the
restoration of life. Another familiar example of a
chemical compound is given by common salt, which

consists of a combination of the light, readily com-

bustible metal sodivm and the bheavy, suffocating gas
chlorine, these being chemical élements.  Sait can be
taken with impunity, but it would be iatal to take its
components separately,

Iupnthc reference table given below (p. 74) are listed
the chemical elements which enter into the composition
of gemstones. As far as the essential constituents
are concerned, these are limited to quite a few of the
more common elements, Diamond is the only gem-
stone which consists of a single element (carbon). All
others are chemical compounds, and all of them (except
fluarite) comtain oxygen. Other more important essen-
tial elements are silicon, aluminium, beryliium, iron,

_ . ke, By the essential constituents we mean
those that build up the basic material itsel, apart from
accidental impurities and traces of colouring matter,
which are always present in gem-stones although in
mimte quantities. Even the purest diamond when
bumt will leave a very small amount of ash. If we
incloded all the unessential constituents present as
mere traces, our list would no doubt extend to the
camplete number of minety-two elements, for, after all,
gi;mﬂmunism:mve ::ﬁﬂ to minerals for their cru;ic materials.

i ysis shows the presence of a surprising
s ber u-lpfm elements in gem-stones,  But this s &
special study, which has some bearing on the problems
of origin of the stones and the nature of their colouring

matters.
In the reference list of elements given at the end of

this chapter are also added their chemical symbaols and:

atomic weights. These require some esplanation. Two
atoms of aluminium combine with three atoms of

oxygen fo form alumina, corundum, or rmy‘l'hs
' ex-

composition of the resulting compound i
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pressed by the chemical formula ALO,, which represents
lmnlucul{ni alumina. An atom is the smallest possible
individual amount of each element. The atomic weights
give the relative woights of the different kinds of stoms
compared with that ol the hydrogen atom taken as
unity. For example, an atom of aluminium is 27 times
heavier than an atom of hydrogen, The actual weight
of an atom of hydrogen is of course an extremely small
amount; it i given as 1-64 ¥ 10¥ gram, that is,
twenty-three noughts after the decimal pomt, 0-00... 164
(to reduce to carats multiply by five), Further, the
atomic weights express the amounts by weight of each
element present in a compound. For example,
E—ﬁ?x 2) carats or tons of aluminium and ﬁ
=16 ¥ 3) carats or tons of oxygen will yield 1oz
carats or tons of ruby, and conversely from 102 tons
ol ruby there coald be manufactured 54 tons of alu-
munium pots and pans. Similarly, 23 parts of sodium
combine with 35-5 parts by weight of chlorine to
give sodium chlonde (NaCl) or rock-salt. In the rock-
salt arystal, the sodium and chlorine atoms are situated
alternately at equal distances apart along the lines of
a simple cubic lattice (fig. 3). Such & structure is
known as the " rock=alt structure . There are no
separate: NaCl molecules, but the whole structure
extended indefinitely contains equal numbers of sodium
and ehlorine atoms.

i8 intended merely for reference, Some of the eléments
listed are of only minor importance so far as the familiar
gem-stones are concerned. Twenty-six (of the gz2) ele-
ments are listed—just as many as there are letters in
ﬂhi‘lmhet. By combining thess elements (or letters
in t ways to form compounds (or words) we
obtain an almost endless variety. In the first place,
oxygen is capable of combining with any of the other
elements in the list (excopt fluorine), yizlding oxides.

aluguina (ALO,)

For example, aluminium oxide or

S
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silicon oxide or silica (Si0,), calcinm oxide or lime
(Ca0), magnesium oxide or magnesia (MgO), the iron
oxides, furm: oxide (FeyO,) and ferrous oxide (FeD),
boaﬁhams pentoxide (P30,), carbon dioxide (COy),
oxide or water (H;0), Some of these are
basic lmdns and others are acid oxides. Water is
neutral and may combine with the basic oxides to
give hyﬂmndes, eg. Ca0 + H,0 = CaO,H,, calcium
hydroxide or slacked lime. Or it may combine with
lhnmﬁdnxidesinglmaclds e.g C(}, +HO0=H
2H,0 = H,5i0,, silicic acids; I’,D + 3H,0 = 2H,PO,,
phosphoric acid. Now a basic oxide may combine with
an acid oxide, or an hydroxide with an acid, to give
what chemists call oxygen salts. far cxa.m]:uln.
€a0 + €O, = CaCO,, which is the compesition of
ls and coral; ALO, -+ 5i0, = ALSIO,, andalusite,
te, and fbrolite; MgO -+ Si0D; = Mg&i0,, ensta-
2MgO + 5i0; = Mg,Si0,, olivine; 3MgO 4
550 T M0, e Lo
= TIOASE,
a complex n:uizf:ntegcc:ntaimngusa am:n? and rather
doubtful. These salts are known as carbonates, sili-
cates, and phosphates.

Alumina may act also as an acid oxide (in the above
example when combined with silica it acted as a basic
nnde eg. MgO + ALD, = Hg.&],ﬂ., spinel; and

+A!,O, BeAlO,, chrysoberyl. These salts are
known as aluminates, T'lmumllmthﬂ class of
salts, known as haloids, in which chlorine or fluorine
may combine directly with & metal; eg. Na - Cl =
NaCl, sodium chloride or rock-salt, and Ca+ Fy=
Ca.F,. calcium fluoride or fluorspar (fiuorite).

So we can keep on building up atoms to form com-
plex molecules, much the same as with word building.
When we come to tourmaline, which may contain &
dozen or more different elements, a very complex and
uncertain formula is arrived at. But our trouble does
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mtmﬂhue All the formule given above only

g::-: represent the chemical composition of
mm-c:mla. For example, olivine dlways containg
& variable amount of iron (in gem material about 10%,
alllﬂmusomb:ie FeO), nut:;luthu ht}umhl;:nmuum
efe may a passage from MgSIiO, to
Fe, 510, This is fﬁnﬂm as 10us l_equn.l Il:m:

replacement, and it is a principle of fundamen
importance in mineral chemistry, The * mixed crys-
tals "' of the series all have the same geametrical form
with only very slight differences in the angles between
carresponding faces. The reason for this replacement
is that the atoms of ferrons iron are of very nearly the
same size as those of magnesium, and they can thus
ta.lua their place as interlopers in the lattice structure
gﬂmlpnmﬂnﬁly by the magnesium atoms together
and oxygen. There are séveral other iso-
umrplmm replacements of this kind in minerals; eg.
ferric irom taking the place of aluminium. The garnet
group affords a striking example, as will be explained
in more detail in a later chapter. Natural spinel
usually contains some silica, whilst artificial spinel
often mnta.msancmuhlunnm over that required
by the formula M, Al. Such n(:)p[n.mmmtu of ALO,
bjl' Si0, and of Mg!u, by AlO, are explained by

.i-m}r work 6n the stractuire of crystals.

A mmuﬂn classification of gem-stones must be based
on their chemical composition; since on this, together
with the erystalline structure, all their other charucters
depend. Any other classifications based on colour,
importance or rarity are quite arbitrary, Here it will
be convenient to introduce another reference table
giving a list of gem-stones under the several chemical
divisions, and with the approximate chemical formula
of each stone (p. 73). But this order will not be followed
in later descriptive chapters.

Ithulmhhmut and importance to know what
different kinds of gem-stones are composed of; but,
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is a rale, this knowledge cannot be applied for the
m&: of finding out what kind of stone we have in
Chemical tests involve the destruction of the
material and are therefore of little or no iral use
in the case of gem-stones, A chemical test or dismond,
for instance, would mean the burning of the matérial
-and inee the resulting carbon dicxide. We must
therefore rely on physical tests for purposes of deter-
1 if, however, we should meet an entirely
new kind of gem-stone, of which rough material 5
available, a complete chemical analysis must of course
e made for a thorough investigation by mineralogical
methods.
Most gem-stones, by the very reason of their hard
_and durable nature, are resistant to acids. Pearls and
coral, consisting of calcium carbonate, shiow a brsk
effervescence when touched with a drop of dilute
hydrochloric acid (according to Cloopatra, with vinegar
or acetic acid); but this is a risky test, as the surface
polish is destroyed, Turquoise and apatite are soluble
in_hydrochloric acid, and a minute fragment on &
microscope slide will give the reaction for a phosphate.



CHEMICAL CLASSIFICATION AND
FORMULE OF GEM-STONES

Ersuunts [ Srtrcares—Conlinusd
S Diopte. 5 usid)
1
Haoos Elmfm Z'L:' o 3
Fluorite  CaF, Topaz AN[F.0H),SIO,
Grossular  Ca Al (SH :]
ﬂl‘llﬂl ﬁﬂ. Pﬁ'ﬂ’ﬂ' HE:I‘"" W.
QH:IS]I.I! Almandine  Fe,Al .%n. -
Corundum .?1! Asiciradits ?.Fﬂ.fﬂ%}.
Rutile Spessarting A
Cﬂ-iﬁtmih Sﬂ{j.'l Uq;wlrl_m C":t:’l;ms‘.
Hwematite  Fe 0, Sodalite h:lnlﬁj..qﬁ‘d e
Hyoroxioes i-nrﬂ-l‘::e ﬂ:ﬁ 1540
LT
Opal Si02H,0 Andalusite ALSIO, T
ALUMINATES Kyanits 0y
m_ ol MgAlLD, E"Mﬂ #{'EBE‘.J
) Badl0; Sphene CaTisioy,
CanponaTes Orthoclass Hﬁﬂ'
Pearl Cal, jmi 5140y
Coral CaCo, Labeadorite .
BURATES Scapolite : .
Hambergite H) BO Epidots HCaAlLSi0,
Rbodisite AL Be, Ca rte. xfmﬁm 1 chal
S-Bipl‘.'ll.
lacarmy Corttierits ﬂ:z.u;,'gi'
Enostatite  Mg5i0, Staprofite ' H e,;s
Hromzile (Mg, Fe) B0y, %,
Hppeotheno FeMeiSO; | (Tourmaie (LB
mapﬁd&h mu%o.:
Spodmuone LIAISIOy ProsruaTes
ﬁuum Nl ¢ |Tumquoise H,CuAlPOg
Nephrits  H (S10,), | Beryllonite NaBePO,
Beryl Ba AN Apatite L F 8
Pollucits = 10y, | O®aamc Hyorocaxmows
~Olivine %‘}(ﬂq Ambar CyH,, 07
Phenakite Be,S Jet =



74 A KEY TO PRECIOUS STONES

CHEMICAL ELEMENTS PRESENT IN GEM-STONES

Aluminimm Al 27 | Comundem {ruby and sap-
rpinel, chrysos

iru),

topaz, tourmaline, gor-

nots, lolrpars, stunro-

lite, andalusite, kyanite,

epidote, idocrase, apo-

dumene, jadeite, and

soveral nt{mt sillentes;

t‘lﬂ‘liﬂm

Barium 1374 Bﬂl‘-itﬂi?‘“ ), e

BB""I!IN Hﬂfl emerai), V-
baryl, phenakite, ep-
elass, berylionite, ham-
berglte, rhodixite.

Boron B to-8 | Tourmalins, nxinits, dao-

barite, hambergite, rho-
dizite, kornerupine.

Camsium Cs | 133 | Pallocite, crsium - beryl,
rhodizite.

Calétum Ca 40 | Pearl, cornl, foorite, epl-

Carbon

Chlorine

Chromium

¥¥

dote, id'-"-;:l‘ﬂ-lt. "
E:umomtn . nophrite
it > .

0.

c 12 | Diamond, pearl, corml.

Cl | 3s5'5| Sodalite, scapolits. =
Cr 52 | Uvarovite, (Colouring
lfmt i ruby and emer-
ald.)

Copper (cuprum) | Cu | 636 | Tarquoise, tase
Fliorine | B | 19 | Topar, feocin apatiies
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CHEMICAL ELEMENTS PRESENT IN GEM-STONES

—Continned
Elesnant Symibnt m cron e

Iron (fermim) Fe 55-8 | Hematite, parnots, stair-
olite, and :utﬂdﬁﬁr
amounts in several sili-
cates, ollving, tourma-
line, &c.

Lithium Li 7 | Spodumens smallamonnts
in some tourmalines and
el

Magnesium Mg | a4y Spinel, olivins, enstatits,

diopside,
EIM. abd  some
!ﬁh;gm gn 55 fﬂhudm :pmn'thh
yen 1 -Immm
ﬁ nnd fSuarite:
Phosphorus P | 3 T“I:'l;ﬂ“‘mh'- eputits, baryl-
Potassiim K 39 | Moonstone, Amazon-stonn;
{kalium) rmall amounts in some
. tourmalines and beryls
Silican si 28 | Onarte, opul; all silicates.
Soclium Na 23 Sodalite, J-Id-ﬂ-
atiisin) its, bery ;s
nes

Tt (stannum) Sn | 5187 | Cassiterite,

Titanium Ti | 48 | Sphese, benitoite, rutile

Fine Zn | 654 | Willemite, zinc-hiende,

Zirconium Zr 9l-rl Zircod.




CHAPTER VII

Geological Occurrence and Origin of
Precious Stones

HE connoissenr who admires things antique will find
something really old in gem-stones. Many of them
were formed in the oldest unfossiliferous rocks of the
earth's history, before the advent of life. This was in the
pre-Cambrian or Archeean period of geology, dating back
about & thousand million years or more. But it does
not follow that gem-stones are always to be found in
such rocks. Periiaps the largest area of their exposure
on the earth’s surface is in the great pre-Cambrian
shield of Canada, where much gold has been found,
but few minerals of gem value. Nor must it be supposed
that they are found only in these oldest rocks.
are found in rocks of all geological periods, and no
doubt they are still being formed ut the present day
deep down in the earth’s crust. They are i
being formed at the present day in the 1st’s
and in gem factories.

No on the true history of precious stones, from
4@0!@?&:’: of view, or on their genesis from a
muneralogical point of view, have yet been written.
There are many interesting points and unsolved
lems—but this chapter must be within limi
Duiuoiml mﬂdhmﬂﬁl of the Cretaceous; a
matter y some sixty million years ago (but quite
sufficient to satisfy any antique dealer), In rocks of
m;ﬂhﬂmmaﬂsmﬁmopahandm-u-

deposits in limestone of emeralds in Colombia.
n

B
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At this period also diamonds were erupted into
voleanic pipes of South Africa, alihough it is
that the dimonds themselves belanged to some
earfier period.

The many different kinds of rocks of which
carth’s crust is composed may be conveniéntly gronped
into three main classes—ignecus, sedimentary, and
metamorphic. This grouping is based on their mods
of origin without any reference to their age. Repre-
sentatives of each class are to be found amongst the
rocks of all geological periods or ages.

In our study of precious stones we are not concerned
with theories of the origin of the earth, which is s
at one time to have been a biob of gds mdunﬂﬁ'mmﬁug
to & drop of liquid. With further cocling & thin crust
was frozen on the surfuce, This was the first solid
igneous rock, and it no doubt contained some precious
stones.  But it was much too hot and the crust too
unstable for anybody to be thers to find them.

Igneous rocks consist of silicate minerals frozen from
the molten state, and they are of many difierent kinds.
They show wide ranges in their chemical composition,
in the mineruls of which they are composed, and in
their structures and textures, The detailed study of
these matiers we must leave to the petrologist, though

have important bearings on the origin of precions
Two main ¢ of igneous rocks are to be
dlst&:gniﬂ:u}—volmnm plutonic, or extrusive and
intrusive. The former have consolidated from th
molten lava poured out on the earth’s surfuce by
volcanoes; the latter from lava that has been introded
along crevices in the earth’s crust, or consolidated in
the cistern of molten rock (magma) beneath a volcano
or poténtial volcano.
oleanic rocks have cooled quickly under ordinary
pressure, and the acid varieties (ie. richer in silica)
may sometimes consolidate as a glass. This volcanic
glass is called obsidian, and is sometimes cut as a gem-

§ EEE 3



78 A KEY TO PRECIOUS STONES

stone, especially when it shows a coloured silky sheen.
Usually, however, minute crystals have commenced to
grow, and the resulting rock is fine grained and stony,
of which basalt is an example. Beautiful sky-blue
erystals of hafiyne are sometimes found in such rocks;
and occasionally small crystals of sapphire and red
zircont from which a few gems bhave been cut. The
latter, however, were probably not formed in this rock,
but caught up by the lava from some older rock.
Plutonic rocks, having cooled much more slowly
and under pressure beneath the surface, are more
coarsely grained; and the different minerals of which
are composed can be readily distinguished. Such
include grunite, syenite, peridotite, and several
other kinds. In granite we may find good crystals of
beryl, topaz, zircon, and other gem minerals; ins;’em'u.
crystals of corundum (ruby and sapphire) and
gircon;  while idotite, as the name implics, is
essentially an olivine-rock, and this may also contain
corundum. In such cases the minerals have grown in
the rock (the mother-rock) and they are described as
primary minerals. They are, however, at the same time
acceseery or accidental minerals; for, as a mule, they
are present in only small amount compared with the
rock-forming minerals that make up the bulk of the
rock. Occasionally, however, they may be present in
larger amount, and we may have such a rock as a
corundum-syenite, in which corundum is an essential
constituent. Some bodies of plutonic rocks are of
encrmous size, their outcrop at the earth’s surface
covering hundreds of square miles. The whole of Dart-
moor, for example, is just the top of one large boss of
mnite; how far it extends downwards is not known.
minerals found in the Dartmoor granite include
cortndum, spinel, topas, zircon, garmet, tourmaline,
udahuilﬁm mﬂrgliuite. Eh'n]ite,t sphene; humm:furu
tunately as [ ‘size,
During the huj; smwmmmm of the
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rock in these large cisterns the residual mother-liquor,
rich in water (under great pressure of course, and
above the critical temperature), is squeezed out along
erevices in the rock already formed or in the
ing country-rocks. This material gives rise to a rock
more coarsely crystallized than the normal rock, and
known as pegmatite. It often has the form of huge
sheets or lenses, which are well known as pegmatite
dikes or veins. Now, it is just in these pegmatite dikes
thal most gem minerals are found, together with a
great variety of other minerals of speciul interest to
mineralogists, including radivactive minerals from which
radium can be extracted. Tt seems that all the materials
for the formation of gem-stones and other rare minerals
are contained in these rock juices—and that the gravy
i the thing to go for when searching for treasure.
Cavities are often met with in pegmatites; they were
no doubt formed as steam cavities, and they are some-
times of considerable size. Here crystals have been
able to grow freely; and such cavities may be lined
with fine crystals of a variety of minerals, including
beryl, topar, quartz, tourmaline, amazon-stone, &c.
Attached ctystals of this kind can readily be broken away
whole from the supporting matrix. Other erystals are
embedded in the surrounding solid rock, and these are
not so easily extracted. e embedded crystals of
tites may reach enormous dimensions. A erystal
of felspar in a Norwegian pegmatite, estimated o weigh
200 tons, and one of spodumene weighing go tons in
South Dakota, are records for the size of crystals; but
these were not of gem quality. Pegmatites are exten-
sively quarried for felspar and quarts, which are used
in the manufacture of porcelain; and also for mica.
Awmmmmﬂ"dmm
** gives an extra fine porcelain for the manufacture
E’nfiln tecth. Gem mnnzls are mtithr:m collected
these felspar gquarries; at times the pegmatites
hisve been quarried solely for this purpose.
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Farther away from the main igneous mass we may
find the pegmatite wveins into quartz veins.
These often carry gold (gold quartz) as well as some
gem minenils, Or we may have mineral veins carrying
ores of various metals, accompanied by snother suite
of gem minerals, such as topaz, tourmaline, garnet, and
amethyst.

Some of these large bodies of plutonic rocks, formed
deep down in the earth’s crust, we now find exposed at
the surfice, and we then have access to the pracious
stones embedded in them. This is one of the fortunate
results of the fact that our earth is provided with an
atmosphere and a hydrosphere, which under the in-
fiuence of thesmfamjfsminamteﬂfmnﬁnnll
commution, wearing down the solid rocks by a _prucess
known to geologists as denudation, The wearing and
breaking down of rocks is familiar to everybody, even
if they are not geologists. This is effécted by rain,
frost, ice, changes of temperature, wind and waves,
chemical action in the presence of water, and the
growth of plants. The broken fragments are
conspicuous when seen in screes and at the of
cliffs; wm&mhewﬂmthvsudmuduﬂtum
SAmie CAuses. i material is
to lower levels hvmgmrumungmgntu and mm“:
deposited in the sea. The process is of course a very
slow one. Only the top of the Dartmoor granite mass
:ﬂnhg::upowdﬂmapwwdolabuut two hundred

years.

Sedimentary rocks are those formed by the sedimen-
tntminwztu'u!thadebmmulun;fmmthﬂdmudﬂr
tion of pre-existing rocks. They inciude clay, shale,
sandstone, limestone and chalk, conglomerate, &c.,

which are rocks familiar to everybody (conglomerates

are consolidated pebble beds). Only in a few exceptional

cases do these rocks contain any gem material that
was formed contemporaneously with the rocks thems

selves. For example, jet in shale of Liassic age repre-

—
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sents a fossilized wood; and awmber in sands of Tertiary
age is a fossil resin. Nevertheless, sedimentary rocks
do contain a large variety of gem minerals of detrital

origin, and another series of minerals of
origin; the former ited at the same time as the
rocks themsslves the latter of later [ormation

Ba).

{P-‘Whm sedimentary rocks are crushed and
and their constituent minerils separated by agitation
in water and with the aid of heavy lquids, a small
concentrate of heavy minerals is obtained. A micro-
scopical examination of this concentrate will reveal

resence of minute crystals and fragments of
Hu.l? all gem nunna]sﬂ}'rh::sc have ofcuurmﬁ
df.rmad with the other debris from pre-existing rocks,
and they are described as detrital minerals. The
dismonds of India and Brazil, and alsp the rare dia-
monds of the gold-bearing rocks of the Witwatersrand,
are detrital minerals found in sedimentary rocks (con-
glomerates) of pre-Cambrian age; and they must have
been derived from still older rocks which would add
another era to our approximate estimate of a thousand
million - years Bal Congo and Anpola
detrital dﬂmﬂE are fuundlgmmnglg;gruﬂ of the
much later Triassic period of geolﬁ?y

Metamorphic rocks were originally either igneous or
sedimentary rocks which have had their characters

1
;%
i
it
|
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are therefore specially favourable for the formation of
such minerals (" stress minerals ) by the resorting of
the chemical constituents of the rock. Tn such rocks as
gneiss and schist we often find garnets, kyanite, fibrolite,
staurolite, corundum, beryl, &c.; and in slates we find
andalusite and cordierite. Under such circumstances
these minerals willonly be met with asembedded erystals.
All rocks are traversed by crevices and contain
cavities of various kinds; and with the percolation of
ground-water or the water of hot springs, containing
mionssulammsuluthnin:gnumu.im-
portant secondary changes are bronght about with the
production of secondary minerals. The materials for
the formation of these secondary minerals may be
leached out from the rock itself, or they may be supplied
from some outside source; or the new minersls mny
result from an interaction of thess two sets of material.
The exact nature of such processes is not yet well
understood.  Volcanic rocks are usnally of a parous
nature (as witness pumice stone) due to the
of steam cavities. In ancient lavas which have been
buried under a rock cover we find that the cavities
have became filled with mineral matter. This is the
source of the best agates and amethysts, The Hungarian
opal and the Persian turquoise are secondary minerals
in volcanic rocks of Tertiary age. On the other hand,
the Australian opals are of secondary formation in
sandstone and siliceous ironstone of Cretaceous age, and
the turquoise of Sinai in sandstone of Lower Carboni-
ferous age. A very puzzling case is the occurrence of
the best quality of emeralds in limestone of Cretaceous
age in Colombia. The gneissic and schistose rocks of
the Alps, which have been much crumpled and dis-
turbed by earth movements in the processes of mountain
i contain many crevices lined with beautifully
minerals. This " Alpine type” of mineral
veins yields rock-crystal, smoky-quarts, and the best
gem-quality sphene,



GEOLOGICAL OCCURHENCE L]

We see from the above that one and the same mineral
may be formed in nature by more ways than one,
Corundum and beryl, for example, maal:e m‘.hnr{ui
igneous or metamorphic ongm, Iatter (as
emeralds) also of secondary erigin; while quartz and
its many varieties may be formed under very varying
conditions, A study of the modes of occurrence and
origin of minerals will give some clues for their artificial
reprodoction. But, strange to say, the most successful
process for the artificiil production of precious stanes
{corundum and spinel) from a fine spray ol mollen
alumina is not copied from nature.

Now after taking the pains to write this discourse
upon rocks and the precious stones they may contain,
we must nevertheless inform the patient reader that
only exceptionally are gem-stones obiained from such
rocks. Any stones of good gem-quality are vurynpu.r-

rock. It would not be worth while to pull down n
whole mountain and crush the rock on the chance of
finding a handfol of gems. Fortunately, this work has
already been done for us by nature, working slowly but
surely through coontless ages by the ‘rmmmm
dmudmnn as already mentioned. The disintegrated
material is transported by running water, first along
channels and rills on the hillside, and then into brooks
and streams. There is much banging and rubbing, and
the material is further broken down; and an important
sorting action now comes into play. The smallest,
lightest, and flaky particles are carried farthest, and
are eventually deposited in the quieter waters of a
lake or in the sea as mud and clay, Materials of greater
! gravity (see the reference table at the end of
g;gﬁrln]mmtmiedmwadﬁyumm
of the lighter material, which consists mainly of quartz.
In this way there may be under certain circumstances
A concentration of the heavier minerals, such as gold
and gem-stones. These may be found in pockets worn

2
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in the bed-rock by the grinding action of pebbles, in
crevices, or on the upstream side of rock rifts crossing
the stream; ur,‘;g'ain,in patches of coarser gravel
Deposits of mud, silt, sand, and gravel formed by river
action, ani mmingthewhhhﬁfth:ﬂmdpﬁinnf
the valley bottom, are known as alluvial deposits, It
is here that most gem-stones are found; but, of course,
only along those streams that have drained from areas
where p;mbeﬂ.:;g rocks are exposed. Gravels are
abundant and known in the Thames valley, but
a search here for gem-stones would be in vain, since
all the materials have been derived from yuvunger
sedimentary rocks.

The ﬁtmw found in these alluvial deposits
usually signs of wear, to an extent depending
on the distance they have been rolled in streams from
their Lﬂ:.rmtm If found guite near the source, the
€rys mybeahupm&clm,u:humbym

of spinel from Burma. More often the edges
the erystals are rounded and the faces dulled; and
frequently they have the form of well-rounded pebbles.
The wear and tear during transportation has made a
further selection in the quality of the material, Flawed
and cracked material and ageregates of erystals have
been broken up, and only the more perfect crystals
have withst the racket. For this reason the best
ity gem material is usually that found in alluvial
ts, though often only as small crystals or pebbles.
A water-worn crystal weighing 29 pounds of clear colour=
less topaz from Brazil, and a well-rounded boulder
ighing 1156 pounds of bright green nephrite (jade)
from Siberia, are exhibited in the mineral collection of
the British Museum,

In the majority of cases the in allovial
deposits have been first found when panning the
streams for gold. And by tracing the pebbles up the
course of the stream, the prospector has often heen
able to locate the mother-rock. Alluvial gold is of very
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wide distribution, but nsually only quite small in quan-
tity (nice little nuggets have been found in Cornwall,
Wales, Scotland, and Ireland); and in the eager and
frantic search for the precious metal it is quite likely
that gem-stones have often been overlooked. When
well worn and rounded with dull surfaces, gem-stones
often do not look very different from ordinary pebbles.
A peérson acquainted only with the appearance of cut
gems would not recognize the stones in their rough
state. Hence the importance of some knowledge of the
mineralogy and geology of gem minerals.

The W‘}Phkﬂl distribution of gem-stones is quite
accidental. It is not limited by political boundaries,
but depends solely on the kinds of rocks that are
exposed at the surface. Since they more often occur
in the older and harder rocks, they are consequently
usually found in mountainous districts. In former
times most gem-stones came from the East, and the
term "' Oriental "' still survives for the finer quality
stones. It was once thought that they were generated
ﬂhhtdﬁnﬂa This is quite true, but it is the

hotter climate deep down in the earth's crust,

tather than at the surface; that is favourable for the

growth of q‘i_’?ﬁtnl';. A booklet on the occurrence and

gem-stanes in different countries i3 issaed

the Imperial Institute, London, in the series on the

mineral industry of the British Empire and foreign
countries.



CHAPTER VIII

Mining of Precious Stones

AS pointed out in the last chapter, most gem-stones
are obtained from alluvial deposits. They are,
however, not found in the more extensive deposits in
the lower reaclhies of large rivers, but only in those of
smaller extent and volume in the upper reaches, which
are usually in the deep valleys of mountainous districts.
‘This is becanse of the sorting action effected by running
walter, according to the specific gravity of the trans-
ported muaterial, the heavier stones being left nearer
their source in the mother-rock On this sccount,
alluvial mining can usually be carried on enly by small
gangs working independently, and the work is usually
done by natives usmg very primitive methods.

When working in the stream itself, the only tool
required is a prospector’s pan. This is a shallow,
circular dish, one or two feet in diameter, with gradu-
ally sloping sides rounding to the bottom (like a slice
cut from a sphere), and made of metal, wood, or
woven fibres. The gem-washer, standing in the
stream, scoops up gravel from the bottom with his
[or often her) pan. The pan, while still under water,
is then given a circular and up and down motion, being
‘at the same time slightl % The finer dh':.iaud
particles out over the of the pan, and the

ﬁsvy minerals work their way to the bottom

h the lighter pebbles, The latter may be helped

away with the hand; or the whole panful is turned out

upside down on the ground, when the gem-stones are
L
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icked out at the top, and the remainder sorted over

Whmd with a quick eye. Gem-bearing mwm
from shallow pits on the banks of the stream is i
down to the stream and treated in the same manner.

By a moare advanced method, the gravel is washed
and sorted in water running down an inclined h
or sluce provided with riffles Better still is the
“jig" or “jigger ", which is tl:. common use for
separating metallic ores from the gangue or rocky
matrix. This consists of a strong box open at the top
and with a perforated bottom which is immersed in a
deep trough of flowing water. The box is violently
jigged up and down and wriggled sideways; and there
may be a long battery of these worked by machinery—
and raising & mcketing din. In larger washing plants;
as at the Kimberley diamond mines, the material is
first washed from mud in large circular pans provided
with rotating arms, before it is passed to the jigs. When
dealing with large quantities of material, the bulk of
which has to be delivered on the waste heaps, the feed
to the machinery is automatic on travelling belts.

These methods can, of course, only be used where a
gnﬁfu] supply of water is available. In the early

ys of the " dry diggings "' on the dry platean where
Kimberley now stands with the Vaal river twenty miles
away, the dinmond-bearing ground had to be screened
and winnowed. M{ the present ﬂ,ﬁf,' the water for
washing is pumped from the deep mines. At fsolated
spots in desert regions, this method is still in use
with a small winnowing machine; and also the method of
dry blowing by pouring the material from one dish to
another, when the wind carries away the dust and finer
and lighter particles, leaving the coarser material to be
sorted over by hand.

+  The pits dug in alluvial deposits are usually quite
small with very primitive arrangements for supporting
the sides and lmﬂ:il;mnut water. Only occasionally, as
in the Burma Ruby gi.inm, have more efficient methods,



dealing systematically with large amounts of material,
pow i : { . 1hy£ﬂhn§?nt;=h£ﬁmtmﬁlm
et of water i v
been adopte. Large mechanical dredgers, u'&ud for
gold and tin ore in rivers, have not been used
tecovery of gem-stones. The course of the Vaal
: at times diverted into artificial channels and the
of the gravel excavated from the bed of the river.
arkings in the solid rock are exceptional, save in
_ fal cases. Pegmatite veins are extensively
i by the ordinury methods of quarrying for
beg‘msg.@m;! miica, I.'mttrn:ml;s,lr oocasionally I&uvt
ially worked for geme-stomes. £
tmllfmalinﬂ has been so obtained in Californin and
Maine, the crystals being broken out of cavities in the
pegmatite; but the work is only on a small scale and
soan abandoned. Prgmatites have also been worked
in situ for tourmaline and beryl in Brazil and South-
West Africa. At some places these pegmatites are
weathered to a soft material which can be more easily
worked. The sapphire-bearing pegmatite of Kashmir
is, for example, weathered to 2 clayey material, and
the pegmatites in Madagascar are altered to laterite to
considerable depths. The emerald mines in Colombia
are large open quarries in limestone on a steep hillside.
‘The opal-bearing layers in sandstone in Austrulia are
worked in a series of amall open pits.

The only really extensive mining operations are
those in the diamond mines in South Africa. The
Premier mine near Pretoria is still worked as an open
qmny,mdthemurmmﬁtisbyfnrﬁmhiggut
man-made hale on earth. The Kimberley mines, with
a smaller surface area, were worked as open quarries
down to a depth of 1300 fest, until this method of
working became impracticable (Plate I1T). Work was
then carried on by the ordinary methods of under-

Eﬂmﬂmimug A+ o 8 , @5 in coal-mining and
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mines that are worked for precious stones. The whole

mass of the rock is Lrought to the surface, and is

crushed, washed, jigged, and dealt with just like an

ore. The " blue ground ' may, in fact, be

ed s diamond ore. Further t&rlicultm of the

South African mines will be given in the chapter dealing
with diamond (p. 123).

I the diamond fields of South-West Africa, condi-
tions are quite different, Here the dinmonds are found
in the sand-dunes along the coastal strip of the Namib
Desert. The content of diamond averages only one
fifth of & carat per cubic metre of sand and fine gravel,
5o large quantities of material have to be dealt with,
The dunes are attacked with enormous mechanical
excavators mounted on caterpillar trucks and driven
electrically. At each scoop they pick up five tons of
the loose materinl. One goliath that I saw there in
1929 was said to take up nine tons in one shovelful
The loose sandy material is dumped into trucks and
conveyed by railways to the separating plants at
Elizabeth Bay and formerly also at Kolmanskop,
which can deal with 10,000 tons a day, Here it is
sieved and washed in pans and pulsator jigs, and from
the final concentrate the small diamonds are picked
out one by one with a pair of tweezers,



CHAPTER IX

Cutting and Polishing Gems:
Forms of Cutting

TO a erystallographer a clear and sharply developed
erystal bounded by brilliant natural faces is of
much more interest than one that has been cut and
provided with artificial facets. In the latter state it
shows no more than a sparkling bit of cut glass. The
whole thing has an air of artificiality and i5 therefore
to a student of nature objectionable. Whenever possible
be strives to rescur a specially interesting or unigue
crystal from this mutilation; but owing to the high
vaiue of the material for gem purposes this is not
always successful, However, the material produced by
the gem miner usually consists of water-worn and
damaged crystals with bruised edges and roughened
faces, or of well-rounded pebbles. Such material may
be readily sacrificed to the art of the lapidary. Indeed,
it is often quite unattractive in appearance, and the
mﬂinnl?pﬂwmmnldnntmtittuhenfmyvﬂm.
The colour, lustre, and brilliancy of the stone are
brought out only when such material is cut and polished.

With transparent stones, either colourless or coloured,
the object of the cutting is to produce a gem that
will aliow light falling on it to pass into the stone
and then be reflected back to the observer. This is
effected by cutting a number of small polished facets
in certain directions on all sides. The optical properties
(Chapter V) of the stone are then brought out to the

' L1}
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best advantage. On the other hand, with opaque stones
and those showing special surface effects, as opal, moon-
stone, cat's-eye, &c., only the surface ﬁmud to the
observer is polished, nsnally with a rounded convéx form.

The brilliant form of cutting is the one usually
adopted for diamond and other colourless stones, but
is also sometimes used with coloured stones. The

ground-form of this is a truncated octahedron (fig. 28),
with a large upper facet and a smaller lower cne, both

a o [
Fig. t3.—Dctahedron m the ground.form of the brifliass—sut
{a) Trumesoed ccmshestron, (4} Flan of same. () Hils aleveticn

parallel to a cube face of the diamond crystal. This
ﬁta simple form is the old “ table-cut "', and from it
brilliant-cut was evolved, additional facets being
added symmetrically to give a " doublecut™, and
later a " triple-cut *’ brilliant, Fig. 29 shows the old
form of the triple-cut brilliant, with thirty-three facets
on the upper portion or crown, and twenty-five facets on
the lower portion or pavilion. The edge between these
tmﬂimxismﬂedthzgirdle,anddungthhthagm
d in its setting. A comparison of figs. 28 and 29
will show that the four larger facets of the crown,
and the four lurger pavilion facets below,
in position with the faces of the octahedron. It'is to
‘be noted, however, that the angle of slope of the faces
is mot the same in the two cases. The angle of slope
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of 54° 44" of the natural ectabedron faces is too steep
to give the best results according to the law of internal
total reflection (compare figs. 18 and 19, pp. 44=3). From
the critical angle of 244° in diamond it is possible to
calculate the angles at which the facets should be placed
to give the maximumn result. In the drawing (fig. 29¢0)
the bezel facets are sloped at 36” and the pavilion
facets at 41°. These exnct angles apply of course only
to dianmond; with stones of other refractive indices and

¥ig. 15— Billbetemt
(#) Upper side or crown. (3} Lower slde dr pavilion. (e} Side view.

In fhe Coomn—{r) Tuide. (1) Fonr templats or besel focers. (1) Pimsy qookas or
lesarigen. () Blight stur fucets (g} Rlghy stves st show Dooms. (8] Eighe fazpey
Tetal 33 foci.

In v Farilios —47) Foar panilius feeta. (8) Forsr quoin. () Eigist cross fecets
(ve) Eighs skild Segwte. {11) Culst. Tolal 43 ficets.

critical angles they will be slightly different. This
scientific principle has not always been appreciated by
diamond cutters. The " Koh-i-Nur ** diamond (fig. 43,
p- 136) was cut too shallow, and the "' Regent*’ (fig, 44)
1:;: deep, There Ma.gd be a definite ratio between
*“spread *’ or area the thickness of a cut g

There are many modifications of the old hrmm
mtrwmtedﬁlﬁg.ig. More often the bezel and
quoin in the crown are cut of equal size, and the
pavilion and quoin facets below are also The
form then has a more circalar ontline, But this outline
Shages,or b0 prodoce th lsgest pasl g ot Sbe
' or to produce the t gem from the
roogh material available. In fig. 20 a beautiful fourfold
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try is displayed, just as in a tetragonal erystal
E}rﬂ‘:n omission or addition of sets of facets, gems with
a threefold or a sixfold symmetry may be cut.
Another form: of cutting commonly ted for
diamand is the rosecut (fg. 30), but only with small
and fiat stones, Here there is a single facet at the
base of the gem from which the light is reflected.
With: coloured stones a common form is the step-cut

or trap-cut (fig. 31), which has & series of parallel

Fig. po—Rosmgul  Fig g0 —Bup—c=t or ttipcxy Pl 32—Cabodben-oua
{4} Simple mbochon. (¥} Dowlile eabocfion. (1) Hollew sybechoa.
Virlous furrms of extitng

trip-like facets increasing in stespness townrds the

The originnl star-cut consisted of a square or
hexagonal table facet surrounded by four or six fri-
mp:{n:fnmts. with rhomb-shaped facets in between and
the girdle bardered by triangular facets; while the back
of the stone was provided with a similar series of small
triangular and rhomb-shaped facets. In later star-cut
stones the number of triangular fucets surrounding the
table was increased until the starlike effect was ob-

scured. Very. cut stones may show a profusion of
hundreds of mmmmmmmpedm
(Plate VIII). Ina “ mixed-cut” the crown of the stone
is brilliant-cut or star<cut while the back is step-cut.
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These are the principal types of faceted cutting, but
there is scope for endless variety; and the fashion in pen-
dants and ear-ring must not remain stationary.

Opaque stones may be cut with a flat polished sur-
face, as in seals and signet-rings.  More often they are
given a convex curved surface with a drcular or oval
otttline. The degree of convexity varies with the kind
of stone. A cat'seye or star-corundum shows the
chatoyant effect to better advantage when cut with a
high dome-like form; while in an opal the play of
colours is best seen on a fatter surface of slight con-
vexity, These cabochon-cut stones (fig. 32) are usually
given a fiat base which is covered in the setting. The
hollow cabochon (fig. 32 ¢) is usually used for red
garnet (almandine and pyrope), and the stone is then
often called a carbuncle,

The process of cutting is rather different with
diamond than with other stones. As there is no harder
matesial known, it is a case of diamond cut diamond;
the process is tedious and slow, and consequently
costly. Fortunately the octahedral cleavage of diamond
affords & means of saving both time and material A
mayntal can be cleaved t;ntu the more suitable ground-

; drreguliar -and infecior qualit ions can be
removed; and large crystals Eam bgrmlcd In the
rather delicate operation of cleaving, a notch is first
scratched with & diamond point in the required place
and direction; a blunt knife is then placed in the notch
and struck a smart blow, The cleaver must have some

knowledge of n:rys‘hﬂngmfhy. to be able to determine

the eorrect orientation of the crystal. After cleavi
{if this be necessary) the form of mmhﬂ
out by a process of bruting. This consists in i

and scrubbing two diamonds together, to produce a
round top-like form (fig. 334) with a flatter upper portion
and a deeper lower portion. This tedions operation
was formerly done by band with the two diamonds
eemented on the ends of short sticks. Now one diamond



CUTTING AND POLISHING GEMS 93

is mounted on a lathe and the other nsed as the tool.
All the abraded material is carefully collected for use
m the next operation of grinding.

In this of bruting, when a regular octahedron
‘is being t with, there 15 3 waste of much material
in removing the large top comer (fig. 28 a), besides taking
much time when done by hand. This top portion cannot
be removed by cleavage, since diamond does not possess
a cleavage pamllel to the face of the cube. The new
method is to saw it off, and the smuller piece can then
be fashioned into another gem. This 5 done with a

Vig. 33 —Smages in the coming of diamond s » beillmes
o) Drstad form.  (bet) Groung fewts, (The nistbering of the bueess o s B 90

disk of phosphor-bronze, 6 cm. in diameter and i mm,
thick, churged on the edge with diamond powder and
rotating at 4000 revolutions per minute. A larger
is sometimes sawn into two equal halves parallel
to a cube face and is then ready for the bruting opera-
tion. ‘A one-camut stone can be sawn through m about
eight hours, but a larger crystal will take several days.
However, the machines work automatically, and a whole
battery of them does not require much attention.
The next operation is that of grinding the principal
facets at the correct angles with the aid of a gauge.
Tlis is done on a lap or skeif, which is a whee! of cast
iron revolving on & vertical axis at about 2500 revolu-
tions a minute. Diamond dust mixed with oil is used
as the abrading agent. The stone iz firmly held by
ing embedded in an easily fusible solder allov, from
it must be removed and reset for the grinding of
A later form of holder or "dop" is a

(EE
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mdmpwhﬂ:ﬂnmmmwhmund
for each setting. The table facet is first ground (fig.
33 B), then the four bezel facets (fig. 33 ¢, d); and then
the four quoins (fig. 33 ¢). This process is repeated
with the nine princi on the lower portion,
giving in all a t of eighteen. The stone then
passes from the lapper to the brillianteerer, who
grinds the remaining forty facets, judging their portion
merely by eye. The weight of the dop keeps the stone

against the revolving wheel; and two or three
dops may be left on the same wheel for the grinding
to procead slowly. The slow grinding produces at the
game time the polish on the facets.

Compared with diamond cutting, the of
cutting other ious stones is much s:mpﬂ Their
degree of hardness is very much less (see p. 118), and
more effective grinding materials are now available.
The rough stones may first be divided to a suitable
size with a slitting disk, consisting of tinned iron charged
with diamond powder at the edge. The stone is cemented
at the end of a lapidary’s stick (much like a pen-
holder) and is held by hand aginst the surface of &
rapidly revolving metal disk, or lap, charged with
diamond powder, carborundum, or emery, mixed with.
‘oil or water, The angles of inclination of the several
facets are regulated by inserting the top end of the
stick in a series of notches in a ™' jamb peg " fixed to
the working bench. After the several facets have been
finely ground, are polished on another lap covered
with canvas or felt and charged with rotten-stone,
putty powder, or rouge. Different kinds of stones need
rather different treatment, with laps of harder or
softer metal, and with different anlmhing materials.

Much of the work is now done on carborundum
wheels. In the Idar district in Germany agate and
other gquartz varieties are cut on large sandstone
wheels, five feet in diameter and eighteen inches thick,
worked by water-power in & number of small establish-
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ments on the banks of streams. The cutier liss face
downwards in front of the grindstone and presses the
stone to be cut against the edge of the wheel. Quartz
(rock-crystal, citrine, and amethyst) and other softer
stones are very successfully faceted by this method,
the stone being held merely by hand; and the final
Ealinhiug is done on revolving wooden cylinders,
aceted semi-precious stones are so produced in vast
quantities, mainly from material of Brazmlian origin, to
be sold all the world over by “ seaside lapidaries ” as
pebbles from the local beach. The trick is to encourage
visitors 1o collect pretty (when wet) pebbles from the
beach and leave them to be polished  After a suitabile
mterval of time one of these German ci't:t l;l:ones II::
uced, the original " valuable "' pebble having
E:dmmimt been consigned to the mbﬂh hmt
Seaside wisitors who collect pebbles from the
frequently ask how these can be polished. This is an
operation that can be performed by the amateur, but
it requires a certain amount of gear and a large amount
of patience and time, and until the knack is i
there will be muny failures. Cabochon-cuts should be
first tried before attempting any simple faceted forms.
stone may be first sha on a carborundum
wetted with water, It is then ground with
wder on a metal plate, or better, on a lapi-
dary mmning at a high speed from a small electric
. g‘hﬂ:mr.ryi:mimd into & paste with water
and in successive opérations finer grades of
gre used. Care must be taken between each
both the stone and the lap are perfectly
otherwise a stray grain of the coarser powder
produce seratches on the more finely ground surface,
prepared

g
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CHAPTER X

Imitation Gems and Artificial
Gem-stones

ON account of the rarity and costliness of precious
stones, efforts have always been made to produce
imitations and counterfeits in other matenals by
artificia] means, Ewen the ancient Egyptians were
experts in these matters. Some of their scarabs were
cut in genuine turquoise and lapis-lazuli, but many
more were made of a blue pottery or faiznce, or of
glazed steatite, Coloured glass imitations were ex-
tensively used by the Romans. At the present day
glass imitations are produced in vast numbers, The
town of Jablonec (= Gablonz) in northern Bohemia is
the centre of this industry, in which over 12,000 persons
are engaged in the manufacture of glass beads and
jmitation gems. Many of the results are really quite
pretty and effective, and they are displayed on the
theatrical stage without a biush—but here the whole
show is a pretence.

The glass used for this purpose is called " paste ™
or " strass", and is made of different compositions,
but always with silica as a base, The best qualities are
identical with optical * flint " glass, so called because
crushed flint was originally used in its manufacture.
The silica is now supplied in the form of quartz of a
high-grade quarts sand (glass sand); but the material
giving the special qualities is lead oxide andthhm
would be more appropriately called a lead gliss.
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a glass is prepared by fusing in a crucille in a
furnace Jld mixture of sui;ﬂ Bﬁ—ﬂsg%‘%}nd In;d
53%), tn tagsium earbonate (B-149;) together
a } mr:whimmnin.md saltpetre. A glass
this composition hns o refractive i of about &
dispersion 0-03, and specific gravity 36. With wmore
lead, up to 709, of lead oxide, a still denser, but very
soft, glass with refractive index 1-8-1-g, and o dis-

ion equal to that of dinmond, can be obtained. It
15 glass of this kind that is used in the construction of
the refractometes (p. 58). Such gluses are brilliant,
and when cast in moulds or cut in the iant form
they are sold as imitation diamond (" Paristan dia-
monds ", &c.), By the addition of suitable metallic
oxides in small amounts, imitation gems of any desired
colour are produoced.

There is one imporiunt point in which all these
glass imitations fail, that is in the hardness. The
more lead the glass contains, the more brilliaat it is;
but at the same time it is softer. The resuit is that
these imitations, unless very carefully hundled,
dulled by scratches, and their edges are easily abraded.
In the :i:aui-un of mounting they are often chipped
at the edge of the girdle, and a magnifying lens will
usually show the bright conchoitlal fracture of glass.
A further exammation with  lens will ‘also very fre-
quently show the presence of minute round bubbles
in the glass. Under the polarizing mi they are
optical isotropic and not pleochroic. But the gquickest
test of ull is with a knife point: some can be cut almost
like very hard choese.

In former days this difficulty uted by the low
degree of hardness was overcome by facing the fraudu-
lent gem with & barder natoral stone of poor quality,
as in the socalled “ doublets'. The upper surface
then resisted wear, while the softer material giving the
colour was protected in the setting. Many very ingeni-

%EE. 2
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doublets and even triplets. But now, with the pro-
duction ot a large of artificial gems consisting of
the real material, there is no need for this. In antique -
le“ﬂﬁrthumlmmdhumdagemmmuﬂy
‘imptumﬂ"bymuunttugilmaluilinudmdmtting.
Natural stones are often coloured by artificial means.
The process of staining agate is said to have been
known to the Romans, and at the present day it is
difficult enough to buy an agite that has not been so

treated. ' Swiss lapis” or “ German lapis", now
extensively passed o ashpis—hmﬂi,isamﬁs—mlamd
{Fpﬂ' or homstone stained blue with ferrocyanide.
arious colour changes can be produced in topaz,
beryl, quarts, zircon and other gem-stones by sub-
mmm to a heat treatment. Brown zircon
colourless and very brilliant, and has then
been sold as “ Mators dismond "', Amethyst becomes
yellow and is passed off as topaz. Pale green beryl will
sotnetimes give a rich sapphire-blue when the stone is
heated: und yvellow topaz becomes a beautiful rosy red,
and has no doubt then masqueraded as ruby. Some
gem dealers are really naughty people!
It is difficult to decide how far ono is justified in
" doctoring '’ a stone. In any case a natural stone
his to be cut and polished before it is of any use as a
If at the same time the colour can be improved
without altering the nature of the stone, then no harm
is done, unless it is iraudulently passed off as something

Imitation gems made of materials different from
those of the real stones are of necessity artificial or
manufactured. Bat it is also possible to produce the
actual stones themselves by artificial means. Most
of the minerals known to occur in nature have, in
fact, been produced in the laboratory, but, as a rale,
wlyﬂqﬁumﬂcmlahmuNyﬂth'
sige. The crystals are in every way identical with those
of the natural minerals, the same in chemical com-

3
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position, crystalline form, and in their optical and other
physical characters, They differ only in their mode of
onigin. The size to which they are grown depends of
course on the element of time. Such products are
kntwn as artificial or synthetic minerals.
Unfortunately, in this connexion, the word "arti-
fitial "' is liable to be misunderstood. All that is artificial
in the process is in bringing together the proper con-
stituents under conditions of temperature, pressure,
bumidity, &c,, favournble for the growth of crystals.
Nature then does the rest, and in exactly the same way
that crystals of natural minerals have grown. The
:gmtlcms of the chemist are strictly analogous to
pse of a gardener, but nobody wuu{d suggest that
products of the latter are * artificial ' cabbages or
roses. They may be cultivated, bke * cultured ”
pearls and gentlemen. Adjectives are apt to get a little
mixed when applied to different nouns. We may talk
of wild roses and tame rabbits, but not of wild rubies
and tame rubies; of artificial rubies, but not of artificial
babies " Artificial *' flowers and eyes are made arti-
ficlally, but they are neither flowers nor eyes. But
rubies produced by the intervention of man are real,
just as much as are babies. Like Topay they have just
growed. Even Topsy must have had a father to initiate
the process,
Neither is the adjective " synthetic ** quite a happy
one in this connexion. The artificial production of
ruby is not one of synthesis by the combination of
aluminium and oxygen. The material used is alum,
and the process is rather one of breaking down, or
unalysis.  Synthetic rubies are often mentioned, but
never analytic rubies. Although gold is produced arti-
feially from gold ore, we do not talk of synthetic gold
: Yistinmisl
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natural rubles, for they have actnally grown according
to the laws of nature, It is not yet ible to take the
individual atoms of aluminium and oxygen and stick
them into their proper places in the crystal-structure
(fig. 3) and so produce a ruby artificially, in much the
same way s the parts of an artificial watch or syn-
thetic motar-car are assembled. :

Many attempts have been made to produce diamond
by artificial means, Minute crystals are said to have
been obtained by some processes, but this requires
confirmation (p. 138). Other gem minerals have been

as minute crystals, but it is only with corun-
dum and spinel that muterial suitable for nse as gems
has been produced. Microscopic rubies were first made
by M. A. Gauodin in 1837; and in 1877 beautiful crystals
with the form of thin six-sided plates, from which a
few minute gems were caf, were produced by Frémy
and Fiel. [n 1902, another French chemist, A. Vemneuil,
by an entirely new and unexpected process, was able
to control the growth of large erystals of gem quality
and of various colours. His apparatus (fig. 34) consisis
of an inverted oxyhydrogen blowpipe, oxygen bei
admitted at O and an excess of hydrogen at H. Inside
the inner oxygen tube is a sieve S containing finely

support carried on an adjustable stand €. The fine
particles of alumina passmg through the

temperature of about 2000° C. are fused and fall on
the fireclay support, and as this is pradually
pear-shaped mass (' boule ") is built up by
The rate of growth is about 12 carats per
** boules "' up to 250 carats in weight may be obtained.
These pearshaped drops have smooth glassy sides,
usnally round, but occasionally showing a rough
hexagonal outline, while the fatter upper surface shows
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a crystalline reticulation of minute trisngles. Tn such
a process one would t to find the product to be
-an alumina glass or at t an irregular aggregate of
minute crystals.  But the really surprising result is that
each "' boule " is a single individual crystal possessing
all the characters of a crystal of
corundum. When the machine is fed
with pure alomina the resulting
crystal is clear and colourless; but
with the addition of various metallic
oxides clear crystals of any desired
colour can be produced. By the
addition of magnesia, crystals of
spinel can be obtained by the same
process.  Verneuil generonsly gave to
the world thé results of his research

work extending over many years in
a series of papers published by the
Paris. Academy of Sciences. The
process with some modifications and
improvements is now worked on a
commercial scale in France, Germany,
Switzerland, and Italy, and the out-
put of gem material of fine quality
::ll;nﬁ.muuntmumuthaantmn
%m— result is that these artificially s bossm
produced stones are much  too e r i
commaon to command a high price. :
Coming into' trade competition with the rarer native
stones, they have been regarded with suspicion, and
many are the attempts made to oust them and bring
them into disrepute. The pretence that these artificial
prodicts are not real can only be harboured for selfish
reasons.  [f Verneuil had kept the process a secrel and
placed the gem-stones on the market in strictly limited
quantities, they would without doubt have been highly
prized, and ks truly remarkable scientific discovery
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would have been more fully appreciated. His generous
action was surely a case of casting 1s before swine.
ne” o mirss . 4. prodsced. by ‘an
some are e Y IDANt-
facturing 'WE 4|:n:|:,’;IJ i) scale. Ffmplc.
epsomite or Epsom-salt was originally obtained in
1675 from the bitter spring at Epsom in Surrey, where
st one time there was a le spa. The native
mineral, being readily soluble in water, is found only
y in a few places (just as are rubies), usually
as a fibrous efflorescence on the walls of caves and
old mine workings. In the latter case the formation
of the mineral is indirectly due to the intervention of
man, and the question arises how far is this an arti-
ficial mineral. The fastidions connoisseur who insists
on having the native mineral, his epsomite from Epsom
and his rubies from Burma, has of course to pay ex-
orbitant prices, but he will find the manufactured
products much purer and just as efficacious. He would
surely prefer an artificial or cultivated cabbage to a
native or wild cabbage.

Corundum is also produced on a large scale by
fusing bauxite in the electric furnace at Niagara Falls.
The crystallized uct is crushed and sold as ad
abrasive in the form of powder, coated paper, and
;hml;i under the names alundum, aloxite, and adamite,

o objections are raised by lapidari i this
material on the grounds thl.tyil ismuﬁﬂialw



CHAPTER XI

Nomenclature of Gems:
Names of Gem-stones and Minerals

HE names applied to gem-stones are offen con-
fusing and indeed deliberately misleading. It is
well known that through the ages numes have ually
changed in their meaning. A striking example of this
is the name alcohol, which was eriginally applied to a
mineral (see p. 107). The name sapphire was originally
ied to lapis-lazuli; while our sapphire (blue corun-
dum) was the hyacinthos (hyacinthus) of the Grecks
and . the name hyacinth being now applied to
zircon. Carbunculus of the Romans incloded ruby and
other fiery red stones, but this name is now restricted
to garnet. Topaz or topazion and chrysolite have.cach
had many favoutites and have even changed pla:u.
In the olden duys, when colour was the only critarion
and hardness the only available test, stones were
named only sccording to their colour; but, as we
i v seen, this is a very varinble and un-
reliable character. Even at the present time popular
names are based merely on colour;, and to meet the
m: fancy many such names have been given
tely for the purpose of deception. Such a term
as " Braxnlian sa ?zlm" has been applied to both
blue topaz and tourmaline from Brazil, and
i emerald * to green tourmaline, althongh
true emerald has more recontly been found in Brazil
* Siberian ruby " is tourmaline, and “ Cape ruby " is
™
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‘gamnet; while " Brazilian ruby’" is either topaz or
tourmaline. " Spanish topaz ', ** Scotch topaz "', and
" accidental topaz *' are quartz, and ' oriental topaz "'
is corundum; while, strange to say, "' Siberian topaz "
really is topaz. We can only conclude from such
set of names that the jeweller’s conception of geme is
limited to sapphire, ruby, emerald, and topaz.

When we come to corundum we find a long array
of borrowed plumes. The prefix  oriental * is added
to the more familiar names emerald, topaz, chrysalite,
amethyst, nquamarine, and hyacinth, with the idea of

i shing different colour varieties of corundum.
These are also duplicated in a parallel series of names
inwhi:hnpphﬁuhaatophythepm-tafthevi&nin
through the whole number, ™ green sapphire "' being
identical with * oriental emerald ', ** yellow sapphire ™
with " ariental topaz ", &c. Another alins of yellow
corundum is * topaz-sapphire . None of the minerals
here named (except sapphire) has any connexion with
the mineral corundum; and very often they are not of
the colour they are su to represent. While poor
sapphire is robbed of its own true blue, even to the
extent of becoming ** white sapphire "',

The names " spinel-ruby " and " ruby-spinel ™', both
of which are applied to red er ruby-red spinel, suggest
that this system of naming gem-stanes by filse analogy
is quite illogical. Tt leads to endless confusion and
misunderstanding, usually to the advantage of the
dealer, but also adding unnecessarily to the mystery
of gem-stones. Those who still adhere to this anti-
quated system are recommended to wear an amethyst,
which by its charm giveth good understanding to all
Lhﬁagis that may be misunderstood.

iy all this absurd nonsense—relics of the Dark
Ages? Diamond shows just the same range of colouns,
it is always called simply diamond, and there can
no ambiguity or deception when one says red
diamond. A dealer is never ashamed to sell a red
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diamond or a blue diamond if it really is a genuine
diamond; but he would mther pass off a yellow corun-
dum under the more fanciful names ™ oriental topaz **
ar "' yeliuwnﬂ?phim". But when artificial corundums
are sold er the names " synthetic ememld ",
"lji'u‘lhed' tic alexandrite ¥, &c., then it is a cass of pure
fran

The old names and sapphire, emerald and
aquamarine, and amethyst are all quite sSmple; and
at the present time they have in all countries the same
definite meaning. From them we have such well-
known terms as ruby-red, sapphire-hlue, emerald-green
and amethystine. These are essentially gem names; but
they are also in common use by mineralogists for colour
varieties of the species corundum, beryl, and quartz
respectively. Each of these mineral species is dis
tinguished and defined by its chemical composition,
erystalline form, and optical and other physical char-
acters, Each one is a definite kind of materdal, and
must be distinguished by a special name. Different
specimens of the same kind of mineral may, however,
differ very widely in their general appearance, and it
is often convenient to have variety names in addition
to the species mame. To the mineralogist ruby and
sapphire are both colour varieties of the species corun-
dum, and emery is another variety.

After all is said and done, gem-stones am merely
minerals, and they arc limited to only a few of the
large oumber of known mineruls. It is clearly un-
necessary to have two different and opposed systems
of nomenclature. For the complete decisive deter-
mination of a gem-stone the methods of sclentific
mineralogy must be employed, If a particular gem of
curious and unusual colour i examined and found to
z‘t cormndum, then why not say so? Of course there is

ways a tendency temptation to give a new name
to a newly discovered variety; and a fancy trade name
undoubledly does help the sale of a thing. Any old
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thingifuﬂln.dvuﬁmdmderanewmmemnhe
made to go. |
Every trade has its own special terminology. An
merchant, for instance, does not say “eggs™; he
of " Dutch brown ', "' Danish selected ™, ** fresh
farm " &ec. A diamond merchant talks of *' bril-
Hants "', * blue-whites **, ** pale bywaters "', * macles ",
&c. There is o common parlance in every langusge
and trade. Gem miners and local gem merchants have
names of their own for the different varieties and
qualities of stones. For example, in Ceylon, ruby is
called " rata ratugal * or “ ratukete *', sapphire “ nila ',
yellow corundum *' pusparaga “'; and mhgn;nuﬂk
cormndum: is called “ king topaz"”, or in y
“ padmaragaya . The last name (from padma, lotus,
and mgt.f:nhur) has been adopted i;; Germany in the
incorrect forms ™’ padparadschah " and ** patparadscha ™’
untm:lnnxmelﬁlfrt'tﬁdn.lmmndum ufas?imun-piﬂ
In this book the common and simple gem names will
not be ignored, but they will be put into their
places under the different mineral species, A list of
mineral species which have supplied gem material
has been given with the chemical composition of each
at the end of the chemical chapter (p. 73). In the chap-
ters which now follow descriptions will be given of each
of these mineral species, in very much the same order
as shown in the chemical classtfication. This happens
mhﬂhm:;lmﬁadnmiﬁmﬁmnfw
according to their of importance rarity.
Diamond as a chemical element heads the list. Then
the oxide corundum, followed by the aluminates and
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CHAPTER XIT
Diamond

TAMOND is unique in its perties, not
D amongst gem-stones, but als!::m amongst mﬂ
and all known materials. Yet it is composed merely
of the common and abundant element carbon, con-
sisting of the same chemical ll:n.htﬂnn! as charcoal, soot,
and graphite. Every man of eleven stone is carrying
about with him twenty pounds of carbon—enough to
maks a far bigger diamond than ever recorded. Yet
diamond is of very rare and sporadic occurrence as
quite small crystals, and it has defied all attempts to
produce it by artificiul means.

_ The name diamond is a corruption of the Greek and
Latin adamas, originally meaning * the invincible *, and
afterwards applied to hard metals and stones. The
old form of the name is used in the English translation
The Mirror of Siones (London, 1750) of the Speculum
Lapidum (Venetia, 1502) by Camillus 1

Adamant, or the Dizmoad, # 2 most procious Stane, of the
Calour of polish'd Iron, and as it were Christulline, Its -
Eg s pever found larger thun the Bignes of o It
: way to no Sort of Matter, neitber to Fire nor Iron,
bt all; it had its Name from the Gresk In i
whick In, un umeonguer'd Vietua, Some Md,ttnnbumuulﬁhi
only by the warm Blood of a Goat; which is fabuloos, since
1 have sen muany brake with the Blow of 2 Hammer. Neither
& thers any Thing so hard, but it will suffer by the Adamant,
Virtue i to repel Puoloon, tho' ever so deadly: is a

#galont the Arts of Sarcery; d vain Feary
to quall &ll Cuirrels sod Gnnmme..hlfidph

g

LU

i
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Lunaticks, and such as are possess’d with the Devil; being
bannd to the lelt Arm, it gives Victory over Enemies: i€ tames
wild Beusts; it helpa those who are troubled with Phantasms,
and the Night-mare; aod makes him that wears it bold and
dariirg in his Transsctons.

In the old days, when India was the only source of
supply, dinmond was exceedingly rare. It was known
10" the Romans, who used it as an engraving tool in
the production of their wonderful cameos and intaglios
in hard stones; but it was probably not used by them
as a gem. The carly process of diamond cutting, intro-
d from India into Europe in the fourteenth century,
did little more than polish the natyral crystal faces
and replace irregular areas by a number of small facets.
The first regular forms of cutting were done by Ludwig
van Berquen at Bruges in 1476; whilst the brilliant
form of cutting, most suitable for bringing out the
optical characters of the stone, was not developed until
the seventeenth century. c

Diamond has always been a mysterious and puzzling
stone, and it still presents many outstanding problems.
Sir Isaac Newton had suggested that it was
of some combustible substance; and in 1fig4 the Aca-
demicians at Firenze (Florence) showed that diamond
was consumed when exposed to the sun's rays at the
focus of a large burning-glass. A hundred years later
it was proved that the product of combustion was the
gas carbon dioxide, and that the same amount of
thisgnsmpmdu:zdzthabmnmg‘ of an equal
weight of charcoal. Heated in oxygen to a temperature
of 850° C., diamond bums with a =mall blue fame.
At a much higher temperature in the ahsence of air
t is converted into graphite. Diamond therefore
consists of pure carbon, and it is the only gem-stone
that is composed of a single chemical element.

Graphite also consists of pure carbon. A more
striking difference than that between the two can scarcely
be imagined. Diamond is the hardest of all minerals and

-
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graphite the softest; one is used as'a cutting and
nhr;gim agan:i. and the other as & lubricant. Dismond
is brittle, and possesses a high degree of elasticity,
whilst graphite s flexible andh?nilum One is colour-
less and transparent and & bad conductor of electricity:
whilst the other is black and opaque and & good con-
ductor. There is also a wide difference in the density,
dinmond 3-52, graphite 2:25. Diamond erystallizes in
the cubic system and breaks along four perfect
cleavages parallel to the faces of the octahedron
Graphite crystals have the form of six-sided scales with
one perfect cleavage parallel to the large surface of the
scales. Why these marked differences between materials
that are chemically identical? They evidently bear
some relation to the way in which the atoms of cirbon
are arranged to build up the crystal structure. After
all the study of erystals (crystallography) is really of
interest, if not of sume importance. Now we can get
on with the ecrystallography of diamond, but under
restraint, as there are many other matters fo be con-

The most usual form of diamond crystals is that of
the octahedron, but only rarely do we see & regular
‘and sharply developed form as in fig. 4 (p. 32). Usually
the edges are rounded (fig. 35) or marked with F—shaﬁ

grooves (fig. 39). The faces also are often '
and the L:-rm into that of the rhombic-dodeca-

hedron, & tetrakis-hexahedron (four-faced cube) {ﬂg.a:&}.

or a hexakis-octahedron (six-faced octahedron) (fig, 37).

These rounded forms are especially characteristic of

dimmond, and are not found in any other mineral.

Often also, a erystal is flattened or clongated in one

- direstion due to irregularities of growth; and it is

sometimes difficult to deci the form. Flat faces

ﬁh:;nﬂhedmu are | < y mirked I;y pltaé!y growths

minute triangn its (fig. 35), which, viewed

witha i glass, mp:tq‘r delicate and beautiful.

" On the cube faces similar pits are square in outline.
(regy L]
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Diummdisusuaﬂyfuunduimﬂatedai::ghﬂystak
bounded on all sides by faces. They did not grow
attached to o matrix, like crystals of quartz, beryl,
topaz, &. An intergrowth of two crystals is, however,
not uncommon, but the intergrowth is often so ine
timate that it is not always easy to detect. These
are known as twins or twinned crystals. One type
of twin may be illustrated by cutting a model of an
octahedron into two equal halves parallel to one pair
of faces and tuming one hall through 180" about an

&

Ot it Fig 3. — Tarshis Fig- 37— [ezahis
-im.lm-u Benabectonn with varend  ccsibisdron with curved
yred facze oo,

facws,
Crystals of Diamend

axis perpendicular to the cut, when the two parts
fit together agmin. This k}]h: of contact twin is specially
characteristic of spmel and is known as the spinel twin
{fig. 38), Here there is a change in direction of the
cleavage across the plane of twinning, which is a point
of impartance to the diamond cutter. Indiamond these
twins are usually much flattened parallel to the plane
of twinning, and they often have the form of thin tri-
angular plates, An interpenctration twin of two tetma-
hedra with the comers truncated gives an octahedron
with grooved edges (fig. 39). This raises the question
whether diamond hﬂﬂgthag}ull symmetry of the cubic
system, or only tetrahedral symmetry, & point which
has Jong been discussed. Xeray analysis shows that
some of the atoms are placed jn.telnmml positions
with respect to others. Fig. 40 shows atoms at the
eight corners of the main cube with one at the centre
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of each face; this is the face-centréd cube. Midway
on the diagonals (marked by dotted lines) of alternating
sub-cubes four atoms (marked as double circles) zre
ke Edhmdu: tﬁ?ﬁ%\:’ith two kinds of atoms, us

icated in or cleamniss, this represents
the structure of zinc-blende (zinc sulphide), the umt
cube containing four atoms of zinc and four of sulphur.
If all the atoms are of the same kind, the structure is
thut of diamond, the unit cell containing eight carbon

atoms, A bright boy will count eighteen atoms in the
picture; but each oue at the corners is shared by eight
adjacent cubes meeting in the corner, making eight-
eighths, or one, for this particulur cube; and those in
the centre of each face are shared by two adjacent cubes,
making three in all; with the four atoms inside the
cube, this gives a total of eight, This unit cube has
an edge 3:56 Angstrm units (3-56 X To em.),
and adjacent atoms are at distances of 356, 252, and
154 A apart. It will be seen from the diagram that the
donble-ri circles in the centre of the sub-cubes
are equidistant from four singletinged circles, ie. at
the centre of a tetrahedron with these four at the
corners (cf. fig. 11, p. 35). When the structure is
Mﬁyupﬁﬂm,itn&ﬂhmlﬁdmhdngh—
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ringed circle is also equidistant from four double-
ringed circles.

In size diamond erystals are always quite small,
An octahedron weighing one carat measures about a
quarter of an inch across, and this is well over the
average size. The largest al ever {ound was the
* Cullinan ** diamond, which measured 4 x 2§ % 2
inches, and weighed 6212 grams = 3106 carats =
14 Ib,, but this was quite exceptional. Other erystals
may be } millimetre down to microscopic dimensions.
The average size of British Guiana diamonds is six
to the carat. Sizes are of course relative. If these
amounts were expressed in Angstrm units, long rows
of figures would be shown. Compared with crystals
of some other gem minerals, these sizes are insigni-
ficant. Beryl crystils have been found in Maine, U S.A.,
up to 18 feet long and weighing 18 tons (Plate VII),
and the record for a crystal of topaz is soo Ib; but
these are not of pem quality. Felspar erystals in Nor-
wegian felspar quarries are =aid to weigh up to 200
totis. If diamond were found on this scale it could be
put to many usefil purposss, but it would then be too
common to be valued as a gem.

The crystals as found are often quite clear and trans-
parent with a brilliant lustre on the surface. The
special type of lustre characteristic of diamond is
known as adamantine lustre, When the surface is dull
and rough the lustre often has & sub-metallic appear-
ance, some opaque crystals looking almost like metallic
lead. The full brilliancy, fire, and play of tic
colours for Th];h the dinmond is so much ired as
a gem aré only brought out by the cutting and A
Thefmmolmtlingbutsui{ed mﬁmﬁ%ﬁ
brilliant-cut (fig. 29), and for this reason diamonds are
often to by the trade as * brilliants *'. Small
flat stones can only be fashioned as the rose<cut (fig. 30).

A stone used for cutting as a gem must be a ¢ _

homogeneous crystal Other stones may, however,



DIAMOND 1y

consist of an irregular aggregute of crystals. These,
together with badly coloured and fliwed stones, are
classed as dort, Su:hmueriﬂhnsnumy'ﬂamlﬂl
tses because of its extreme hardnes, It is most
efficient of abrasives, and is indeed the only material
with which diamond itsell can be ground and polished.
It is used for cutting and drilling hard stones and rocks;
as an engraving and cutting tool; and wlen pierce
with a fine hole, for drawing fine wire, such as thit used
in electric-light bulbs. The glazier's diamond, wn-
doubtedly the most used and useful of diumonds, 5
a small erystul or frngment with a cusped edge between
two curved erystal faces. Spherical bort (shot bort or
ballas) consists of a radial aggregation of fibrous
crystals, and this kind is especially valuable for rock-
drills. Another form of aggregation is seen in carbonado
(“carbon ' of the trade), which consists of a vast
number of minute erysials compacted together as a
dull black mass. (Marble consists of a similar aggregate
of minute crystals of calcite.) This material is as
hard, but tougher and less brittle than a single crystal
of diamond, since it cannot be split along a cleavage,
]I_J;;_ in great demand for rock«drills and commands a
igh price. Not very long ago it fetched a higher
per carat than did material of good gem quality. FTﬁ
steel crown of the drill studded with these stones is
indeed a crown of jewels, and one that is of
practical use in drilling tunnals and deep shafts
hard rocks.

But to return to our gems. Apart from handness and®
rarity, the special qualities of dinmond depend on its
optical characters. bined with perfect transparency,
it has very high refractive and dispersive powers
The refractive index is 2-402 for light at the red end
af the gl:trnm (wave-length 7628 Angstrm units),

at the violet end (wave-length 3060 A.).
difference, 0063, between these two values gives
‘measure of the dispersion. The refractive index is

TH
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2:417 for yellow sodinm-light, which i5-a convenient
manochromatic light for use as a standard.  Some
minerals bave a refractive index gredater than that of
diamond (one of these is rutile], whilst demantoid and

sphene have higher dm‘l:mm ivae s, Corresponding
to the high refractive mdex, lEe critical angle of in-
Compacia. with about. 40" o cutiary, sty Mare
o with t 40" -in i glass). ore
light is therefore reflecied out from the back of the
eut stone. The adamantine lustre and the brilliancy
are also functions of the high refractive power. In
mmqummofiuhighdispaﬁumwﬂaﬁﬁﬂy
cul diamend displays the well-known flashes of innt
prizmatic colonrs. Being a cubic crystal, diamond is
normally optically isotropic, but some crystals, when
examined under the polarizing microscope, show a
feeble double refraction in patches, especially around
enclosed foreign particles. This is due to a state of
strain in the erystal; but stories of explosive crystals
are mythical,

The purest diamonds are colourless and water-clear.
Such stones are described as of the " first water " or
“ blue-whites ". Many stones, especially those fram
South Africa, show a slight yellowish tinge, and when
this is pronounced they are referred to as * off coloar ™
stones, . Apart from dirty grey and dingy hrown,
distinctly colowred diamonde are rare. They may be
of any colour—red, pink, orange, yellow, green, blue,
violet, brown, black. Examples of famous coloured
diamonds are the " Hope Blue ", * Dresden Green ™,
and " Tiffany Yellow "

A few other characters remain to be mientioned.
The high degree of hardness is not well expressed by
No. ro on Moliss scale. As shown by grinding tests,
diamond is 140 times harder than cornndum (No. g on
the scale), and more than a thousand times harder
than guartz (No. 7). The degree of hardness differs
on. different faces of the crystal, being greatest on an -
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octahedron face and least on a cube face. On this
acconnt it i almost impossible to grind o facet strietly
parallel to an octahedron face. gn[‘.::*_w:tn]s are sawn
parallel to a cube face, and whenever possible this is
made the table facet. Also the hardness on each face
varitz with the direction (a vectorial it
crystals) and a good cutter grinds along the * grain *',

The specific gravity of clear dinmond shows enly a
small mange, 3:50-3-52; but for the somewhat porous
carbonado it is lower, 3:15-3-30. Some few diamonds
show a huminosity in the dark after exposure to hright
sunlight (phosphorescence) or when rubbed (tribolu-
minescence). Some show a luminosity (fluorescence)
when exposed to ultm-violet, cathode, or X-rays, or to
the emanations from radinm. Under the ultra-violet
ruys some colourless dinmonds show a cornflower-
blue glow, and some greenish diamonds a greenish-
yellow glow. Exposure to ultra-violet rays produces
an electric current through some diamonds (photo-
electric effect), Diamond is much more transparent
to Rintgen rays (X-rays) than other minerals, and much
more o than glass imitations. After long m
radiinm a colourless diamond becomes green. i
is a good conductor of heat, and consequently it feels
colder than glass; also a film of moisture the
breath will disappear more quickly off the surface of
didmond than off glass.

The occurrences of diamond are very restricted,
It has been found in only few plices in widely scattered
parts of the world. Further, it has been found only
m secondary deposits and never in the place where 1t
m:;?h:ﬂyfm:d. The ariginal home of the
diamond has yet to be discovered, This is disappointing
from a scientific point of view, but perhaps fortunate
for the trade, otherwise there might be a serious shunp
in prices. Mr. Alpheus F. Williams, for many years
the general manager of the De Beers Consolidated
Mines at Kimberley in South Africa, has recently
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written two large volumes on The Genesis of the Diamond
{London, 1g32), but he leaves the problem unsolved.

In Europe a few als have been found in gold-
washings in the Ural taing, and two small crystals
are said to bave been found in Bohemia. Until the
discovery of the Brazilinn deposits in 1725 and the
still more important deposits in South Africa in 1867,
the only sources were India and Borneo. Indian
diamonds have been koown since remote imes: little
information fs availnbile about the early finds in Berneo,
but they were mentioned in the sixteenth century, The
production in India now amounts to only a few hundred
CAITLS 4 yedr.

The fabulous mines of Golconda have often been
mentioned in books with much glamour. This now
ruined city, a few miles from Hyderabad, was really
the trading centre for the diamonds found over a wide
area in the gravels of the Kistna, Pennar, and Godavari
rivers in Hyderabad and Madms in southem India.
A northern group of workings was along and between
the Ken asd Son rivers in Bundelkhand; and an
eastern group is in the Mahandi and Brahmani val
in Bihar and Orissa. The workings were not only
in the recent gravels in the beds and banks of the
present-day rivers, but also in older high-level gravels

ited by earlier rivers. The diam in the recent
gravels had been partly derived from the older gravels;
and in turn these had been derived from still older
rocks in which the gravel beds are now consolidated
into conglomerates. These older rocks belong to the
Vindhyan system of Indian geology and are supposed
ta be of pre-Cambrian age, a matter of about & thousand
million years ago. The rocks of the Vindhyan system
are sedimentary rocks formed by the breaking down
‘of pre-existing rocks by the action of the weather and
the deposition of the debris in water, Whence the
Vindhyan rocks got their diamonds is not known:. No
trace has been found of the original deposits. The native
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methods of mining have always been very ve,
and the deposits are too poor and scat for any
systematic mining on a large scale. In the hard con-
glomerate, resource was made to firesetting, the rock
face being beated with a brushwood fire and then
quenched with water,

In Brazil the story is much the same. The diamonds
have been found, often along with gold, in recent gravels
in the basin of the Jequitinhonha in the State of Minas
Geraes, and in that of the Paraguassi in the State of
Bahia. Thiey arealso found in the older plateau gravels.
These gravels have been derived from snﬂmnnti.ry rocks
(conglomemtes and sandstones) of the Itacolumy and
Layras series, which are here also of pre-Cambrian age.
In certain softer dptutiuns of these old rocks diamonds
have been found in a highly decomposed matrix,
which some authors have compared with the kimberlite
of South Africa, and believed to be the original matrix
of the diamond, but the evidence is not conclusive.
There is one important difference between the alluvial
deposits of Brazil and those of India, and this may
give a detective clue to salve the mystery of the origin
of the diamond. In the Brazilian gravels diamond is
found with various associntes of strangs character;
lnﬂ;mtadmnmnllmbehumdthnm_ghhh
friends. These associated minerals, some of which are

minerals, ame indeed mk}:nbythemiumu
ications of the presence of the precious stone
They are usually found as small bean-shaped pebbles
called "favas ", and include perovskite, anatase, rutile,
.nggysnbuyl, tourmaline, kyanite, &c., and xenotime
other complex phosphate minerals. 'I‘I;::Ebhlu
found with Indian dismonds are only g and
variously coloured jaspers. The compact black diamond,
carbonado, is peculiat to Bahia

In South Africa the story has been very different,
although bere the first diamonds were found in river
(gravels; but soon afterwards they were traced to a new
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and ed source. In the early days some
i doubted whether South Africa wonld
yield many diamonds, since the geological conditions
are different from those in India and Brazil. This is
a warning that even geologists must be on their guard
when dealing with dinmonds. DBut they must also
consider the possibility of " salting "', which has been
resorted to by some unscrupulous claim holders. In
the year 1867 an intelligent pedlur noticed a curious
stone amaongst l.hmhhlu whth' a Boer chtg I]:;:.tn;
rs On A near Hopetown on
ﬁz}hn“l%x he showed round, finally mesting a good
mineralogist, who spotted it as a diamond. This stone
of 22} metric carats was shown at the Pans Exhibition
of 1867, and it led to the first diamond rush in South
Africa. The * river diggings'* soon extended to the
Vaal river, and in 1869 the * Star of South Africa™
or “Dudley " diamond was found on the Orange
river. This weighed in the rough 85) metric carats
and yielded a cut stone of 47} metric carats, These
rivers have often been diverted into temporary
and the whole bed torn up in the intensive and feverish
search for diamonds, when lucky finders quickly made
fortunes, but for the majority it was a poor game.
Later, in 186g-71, further discoveries were made in
several shallow depressions or * pans’* on the and
platean between the Vaal and Modder rivers. This led
to another diamond rush and the founding of the now
important town of Kimberley. The workings here were
distinguished as “ dry diggings "', and included the
famous mines De Beers, Kimberley, Dutoitspan, and
Buitfontein, and later the Wesselton mine and some
‘others. About the same time similar deposits were
found at Jagersfontein and Koffyfontein in the Orange
Free State.
The deposits in which these " dry diggings " weré
worked soon proved to be of an entirely new type.
Each occupied an approximately circular or oval ares

&
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about 200-300 yards across; and more diamonds were
found in depth. Down and down the miners delved
into the bowels of the earth after the precious: stone,
until open mining became quite impracticable. A
more lesurely miner, working alone on his cluim of
thirty-one feet square, wis soon left on the top of a
high tower surrounded by his more energutic neigh-
bours, who had subdivided their claims., There was
trouble when the narrow roadways giving access to
the several claims begun to collapee, and when the sides
of the main pit began to fall in. Each claim was then
connected with the outer edge by wire ropeways, and
the thousands of wires spread out like a gigantic cob-
Eb aver th:ujénmaing pit, iﬁ::!ividunl wurh‘ug]l;m:unm
impossible, amalganmaltion was necessary, Finally,
in 1888, the master mind of Cecil Rhodes affected
amalgamation of the whole group of Kimberley mines
as the De Beers Consolidated Mines. Plate [V re ts
a specimen from the old open workings of the De Beers
mine at Kimberley, which was given by Rhodes to
George Hudson, then Treasurer-General of Grigualand
West, to commemeorate this event, and which was
presented in 1933 to the British Museum collsction of
minerals by the latter’s son, Mr. W, T. Hudson.

The open workings had to be abandaned, but these
now remain, some surrounded by houses, as h-nlmmiw
sights in the town of Kimberley. The funne -ﬂlﬁg
pit of the Kimberley mine (Plate TTI) measures 1500
across, with a depth of 1300 feet, but with water
standing in the bottom. Vertical shafts were then sunk
with great labour throngh the hard rocks surrounding
the mines, and horizontal tunnels were driven from
them to the diamond-bearing ground, This is exca-
vated along galleries by the ordinary methods of mine
stopping (Ag. 41), and millions of tons of the material
ht Lo the surface for further treatment.  The under-
workings in the Kimberley mine now extend to
of 3600 feet, and are still in the diamond-

5l
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ing ground, which extends to an unknown depth.
‘The diamond-besring ground is known to the miners
as the *' blue ground ', and it forms the filling of enor-
mous vertical pipes which penetrate the horizontally
bedded rocks of the district. In the early workings;
in the upper part of the pipes, it was called the ™ yellow

ik
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FHE ABANDONED OPEN WORRKINGS OF THE KIMBERLEY
DIAMOND MINE AT KIMHBERLEY, SOUTH AFRICA

The pit mespurrs 1500 feet across snuf 1 30 feet in depth
[Depth o sutfbce of water 910 (eet)
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here the olivine has been largely altered hydmtion
to a hydrated silicate of magnesium, n.ndm rock has
mare of the character of a serpentine-rock. But it
differs considerably from the wsual type of i
rocks. It is much broken and fragmentary, and contains
embedded biocks of foreign rocks and odd fragments
of various minerals, Some of these rocks in the form
of irregular fragments have been torn away from the
walls of the pipes. Others, such as granite, mica-
schist, eclogite and garnet-rock, have the form of
rounded boulders as if worn by violent attrition. Rocks
of the latter kind are not known to outerop in the
district and they must have been brought up from great
depths in the earth’s crust, The mineral fragments
inciude ilmenite, pyrope, zircon, enstatite, chrome-
diopside, iron-pyrites and many others; and last but
not least in importance, though least in amount, the
diamond itself, which also is sometimes found as
broken fragments. In the richest parts of the Kimber
mines diamond is present to the extent of one part in
two millions of the blue ground, but the average is
only one part in fourteen million (0-00008%); whilst
there are hundreds of other blue ground pipes in South
Africa that are almost or quite barren.

This is surely a strange place in which to find dia~
monds. Where have they come from? Here we have
the materials for a really good detective story with

-‘l
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it is clear that the tops of the pipes, together with the
surrounding rocks, have been very considerably worn
:Iown by denndation since the eruptions took place
Lreticeons epoch, These pipes at Iumhet[e;,r.
md also; no doubt, other undiscovered p:ga
be the source of the diamonds found in the neigh-
bouring river valleys. But of the diamonds in the
p{pummnnly say that they came from some place
deep down in the earth's orust. Dinmond is evidently
a mmﬂn! of igneous origin. If similar diamond-

much earlier. period of the carth's history, for these

diamonds are found in conglomerates of pre-Cambrian
age; and the chances are that the eroded tops of the
mﬁ gre now hidden under a rock cowver.

e blue ground after being hauled from the mmm
undergoes 4 special treatment for separating the
diamonds. These are present in such relatively small
amount that only rarely is one to be seen actually
embedded in its matrix.  In the old method the rather
hard rock was spread out on extensive floors for a
year, where by exposure to the weather and frequent
harrowing and rolhng {guite an sgricultural operation)
it was broken down, These floors were surrounded by
barbed-wire fences and carefnlly guarded day and
night, The present method is to pass the rock through
crushers and rolls provided with ial spnngx to
avoid breaking any lm‘gc dinmonds. BIE
material thon passes to theln:gemnlnrwnsh
provided with rotating arms. All mud and |ght:r
material are so washed away in a stream of water. The
beavier concentrate, amounting to about 2%, so
obtained then passes to pulsator jigs, where in water
aimtheratpamtumlsnmd:mrdmgtnspedﬂn
gravity, diamond, with a qmﬁc g mfl ‘5‘1
remaining with the other
gircon, iron-pyrites, &c.). The ﬁn:f cancentrate gnuin

astream of water over vibrating tables coated with cart
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grease. Diamond has the curious property of sticking
to the grease, whilst the other minerals slide over. The
average daily output of blue ground from each of the
K‘L;&Imic_v mines is Tﬂbum 4000 tons,
any (some £50) blu ipes, similar to those

at Kimberley, are fm up r';ie area in South
Africa, a few extending also into Seuth-West Africa,
Southern Rhordesia, Belgian Congo, and Tanganyika
Territory; but only a few of them have been proved to
be productive, The most remarkable one is worked as
the Premier mine, twenty miles north-east of Pretorin
in Transvaal, It was discovered in 1903, Here the
extra large pipe measures 2900 by 1400 feet across.
It has heen worked only as an open mine, the depth
now reached being 640 feet. This surely is the biggest
man-made hole on earth; and the waste dumps look
like mountains from the distance when approaching the
mine. Looking down into the enormous pit when the
blasting charges are being fired is a most impressive
sight. At the time of my visit in 192g fifteen hundred
shots were fired; there was a regulur bombardment,
and rock fragments flew high into the air, but none
outside the deep pit. The most astonishing part of the

Tlormance wis 1o see, after the last shot, thousands
of black men rushing from cover like ants at the bottom
of the pit. Those who filled their trucks first gained a
small reward. Some idea of the amount of work that
L fgmemefoe e g 1 ot
ing figures for the period 1903 to 1930
washed 124,910,427 !o?d:, dinmonds recoversd
50,820% carats, valued at [32,302,829, 108 10d.
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the larger being from the mines. In 1g27-20
similar '-'a.lul:n mmgagmn' reached, following the. dis-
 rich alluvial deposits in the Lichtenburg
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Many interesting yarns could he told of the conditions
of life in the early days on the diamond fields, illicit
diamond buying, the compotunds for the native workers,
&ec., but before we leave South Africa thers are still
a few more points of mineralogical inferest. Small
green diamonds are occasionally found in the gold-

ing ' banket '* of the Witwatersrand, especially at
Hnddm{mtuinofon the ea;iem Rand. Eh:s m
whrian age, so these
m m than thoee in the blus-ground
pipes of Cretaceous age. Where they can have come from
1 not known. The rich alluvial deposits discovered in
1926 in the Lichtenburg district in south-western
ransvaal belong to the gravels of an ancient river
tem, and rich finds were made in large pot-holes in
the underlying dolomite-rock. These, as well as the
rich deposits found in 1927 along the coast at the mouth
of the Orange river in Namaqualand, were no doubt
derived from the blue-gronnd pipes. In South-West
Africa large numbers of small diamonds have been
found in the sand-dunes of the coastal desert.

Within recent diamonds have been discoversd
in other parts of Africa. They have been found in
considerable amount, but of poor average quality, near
the borders of Belgian Congo and Portuguese
and extending northwards into French Equatorfal
Africa. In West Alrica a good many small
have been found in the Gold Coast; a few in .
and Sierra Leone; and in 1934 a single fine crystal of
ten carats in Northern Nigenia. Other African localities
are in Southern Rbodesin and Tanganyika Territory.

Diamonds hiave also been found in Borneo, New South
Wales, and a few other places; but the only other source
of supply of mT importance is in British Guiana,
where many stones are found in the rivers in the
interior. In the northern parts of the United States &
few stones have been found singly in glacial deposits;
these have been transported from some unknown spot
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in Canada during the ice age, Fﬁulty.mm_ymﬁm
that small dismonds have been found i & few
meteorites, showing that it may also be of cosmic

gnrn time South Africa was the only large and
important producer of dismonds, and the Union still
produces more than half of the world’s output. But
now there are other competitars, and it is only with
powerful combines and the holding of stocks
that prices can be kept up and, mdeed, increased
As a result of the world's present economic crisis,
the larger mines are now all closed down. The prices
{ stones vary widely according to their quality and
size, u larger stone selling for much more per cicat
than a smaller stone. River stones fetch a higher
average price than mine stones. Here a selection has
already been made by Nature, flawed stones being more
readily broken during their transportation with the
gmveﬂ. Cost of production is of course great, and the
work is highly ulative, But middiemen reap a
rich hu?'ut. pnnu:;d:: rcaij ﬁnﬁﬁmtﬁd
depend ly on the seller the buyer; and they
have vn.nilzﬁl! very considerably at different periods.
ﬁcf;nm th:és[;umin.ﬁm of the I:fl Beers Consolidated
lines in the average price of rough stones at the
mines was £1 per carat. Since then it has ranged from
£2 to {5, nﬂrﬁmmmnptu (13 per camt
The price of cut stones is of course cmnr’;li erably higher,
since there is a loss of material in cutting, the yield
urymgberwmﬁandﬁupucmﬂthewdthulthe
stone; and there is another crowd of middlemen
year 1606 a cut brilliant of one carat fetched {22,
and one of two carats £85, In 1878 the
prices were L4} und £14: and in 1933 {25 to {50,

to £x30 according to quality (and the purchaser),
1 jur.hn present n?munlrprmllmtim of about
seven and a hall million carats (about a tom and a half

of diamonds!) with what must have been the very meagre
tray 1w

2
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production in 1606, there seems to be something wrong
with these prices.

The carat weight has been mentioned so frequently
in this chapter on diamond, that it is necessary here
to give some explanation of its meaning. [t is'a most

e fact that this onit of weight, which &
used mhmv;]liifor weighing the most precious of
materials, sh have had such varying walues in
different countries, and even in the same country at
different periods. At least six different kinds of carats
have been used in England alone, The famous ** Koh-i-
Nur ** was weighed in 1852 against an English carat
having a value of 205400 milligrams; whilst the still
more famous ' Cullinan ' was weighed against an
English carat with a value of 205-304 milligrams, and
the cut stones against 4 Dutch carat of 205712 milli-
grams. The " Florentine' diamond weighed 1304
Florence carats, 1334 Paris carats, and 1334 Vienna carats
(the true weight is 27454 grams); but Florence
and Vienna carats have not always been steady. Ex-
treme values of the carat weight at different places
have in modern times from 1886 to 2135
milligrams. Old Indian weights no doubt showed even
wider variations. There is a suggestion that the differ-
ences have been in part deliberate. '}

This extraordinary state of affairs has been :ﬁ]:l:ﬂ:u}"
settled by the general adoption of the "' Meatric Carat ",
equal to one-fifth of a gram or 200 milligrams, This
was first adopted by the International Committes of
Weights and Measures in Paris in 1907, and it was
soon followed in most countries. Great Eritain was the
last to fall into line, the metric carat here becoming
the legal unit of weight for precious stones in 1914
But the confusion will for ever remain when quoting
from old books or when digesting old statistics, The
metric carat is approximately 24%, less than the previous
English carat, This means that the weight of & particu-
lar stone is expressed by a slightly higher number—a
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point of advantage to the dealet when the price is so
much per carat. Fractions of a metric carat are stated
in decimals, instead of the awkward fractions of § — gy
as in the old system. Weights expressed in grams are

ily reduced to metric caruts by multiplying by five.
Beware of grain weights. There are * diamond grains ™,
"carat graine", and " pearl gralns” of different
values; and these are confused with ** grains troy * and
" grains avoirdupois * (which are of course identical),
Such are the pitfalls of the English system of weights and
measures.

The history and origin of the carat weight is of some
interest. As an ancient unit of weight it was used for
weighing gold as well as precious stones, But with

the term carat is now used to express the degree
of fineness as a ratio, or 8o many parts in 24 For
example, 18-carat gold consists of 18 parts of gold and |
6 parts of base metal. The Greek weight wpdrior
(keration) and the Raman siligua were only sk -
greater the present carat weight. The
nume: refers to the horn-like shape of the fruit-pods
(Jocust-bean or St. John's bread) of the carob or locust
tree, which botanists call Ceratoma Siligua, The seeds
of this tree are remarkably constant in weight, and
those taken from the ends of the pulpy pods are not
smaller than those from the middie. Locust trees do
not miﬂ England, so " After thestatutesof lande,
the portion of waight is commonly a Grayne,
meaning a grayne of corne or wheate, drie, and gathered
out of the middle of the eare " (Robert Recorde, 1542),
The pretty scarlet and black seeds of the plant Abrus
precatorius are used as weights at the t day by
Indian goldsmiths as an equivalent of the Indian rati.

No book on precious stones is complete without
some account of famous and historic diamonds. These
accounts are usually copied blindly from book to book
with little regard for the real facts, whilst an extra coat
of varnish is given each time to sensational and stupid
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stories. Glass models of many of these diamonds have
been made for sale; but the different sets show some
variations in size, shape, and colour of the models
In the following brief account of the largest and more
important stones the weights quoted have bam trans-
lated whenever possible into metric carats, This has

ed many difficulties, for there has always been
& tendency towards inaccuracy and exaggeration. A
recent example is given in the re ed weights of the
" Cullinan " dhmg:ld at the tinpfeﬂnl its discovery,
which ranged from 1} to 1§ Ib.

The * Cullinan " was found in the Premier mine, near
Pretoria, Transvaal, on 25th Januvary, 1905, less than
years after the mine itself had been discovered
bright flash of light caught the eye of the surface
r from the wall of vellow ground 18 feet below

ot |

manage
the surface. The stone (Plate 1) had the ihmd a
trregular octabedron with one large vage

i

surface, and was therefore probably only a portion of
a still larger crystal. It measured 4 xl;ixzimhﬂ
and weighed 621:20 grams = 3106 carats = 13605 Ib.
avoirdupois. It was named after Sir Thomas Cullinan,
the chairman of the Premier Company, and was pur-
chased by the Transvaal Government in 1907 for
{150,000 as a generous gift to King Edward VIL
The perfectly clear and colourless stone was cleaved
and cut in Amsterdam into nine larger (Plate 1) md_ﬁgﬁ
small brilliants, weighing 530-20, 31749, 94°45, 6363,
18-85, 11-55, 880, 6-80, 4-40, and the g6 small brilliants
together 7:55 carats, a total of 106365 carats, corre-

ing to a yield from the rough stone of 34}%.

are now with the crown jewels in the Tower of

London, where they are on view to the public. The
largest gem, measuring 2% % 14§ inches, is a pen-
deloque brilliant, and is much the largest diamond eves
cut.

Other large stones, but of doubtful gmd
sumably classed as bort, have been o immFtl;
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Premier mine, namely, one of 1683} carats in rg1z,
another of 1300 carats in rgrg, and ancther of g5k
carats in 1924. Although the *“ Cullinan " is by far the
largest single crystal of gem quality on record, its
weight is exceeded by that of a mass of the black
diamond, carbonado, which was found in 1895 near
Lengoes in Bahia, Brasil. This weighed 6319 grams ==
31505 carats.

The next largest dinmond is the " Excelsior ", which
wits found in 183 m the Jagersfontein mine in
Free State. Tt had a flattened form with irregular
curved outline 23 X 2 inches, and a thickness of about
I inch. At one end was a lurge flat cleavage surface
showing that the crystal had been broken. The
weight was 10904 grams=ggs-2 carats. Failing to
find @ purchaser, the stone was left intact until 1503,
when it was cleaved and cut into twonty-one bril-
liants with a total weight of 37375 carats {the largest
weighing 6968 carats), correspanding to & vield from
the rough stone of 37}%.

The next largest gem diamond is the * Jonker*',
found quite recently, in January, 1934, by Jacobus
Jonker, who worked his own small claim in the Elands-
fontein alluvial diggings on a tributary of the Pienaars
river near the Premier mine. ‘Idhel:smnn also has an
itregular rounded form with a cleavage surface, sug-
gesting that it is a broken crystal, and no doubt frac-
tured by the volcanic eruptions in the Premier
The weight is 726 carats. It was sold immediately to
the Diamond Corporation for £75,000, and has
passed to an American dealer for almost double this
amount, ’

Next we come to the ' Jubilee *', another large stone
from the Jagersfontein mine in Orange Free State,
found in 1893, and cut in 18g7, the year of the diamond
jubilee of Victoria. It was a iattmtd and
rounded octahedron m ing 55°% 48 % 31 em.,
lﬂﬁmmﬂm“umtnabrmhnt
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of 245-35 camts (Plate IV), and & smaller deloque
brilliant of 13:35 carats, A stone of " over carats
had been found earlier, in 1883 or 1884, in the Jagers-
fontein mine, but no information of this is availuble.

The * Imperial "', also known as the " Victoria " or
* Great ite ', appeared surreptitionsly on the
London market in 1884, having presumabl stolen
_ from the mines and smuggled from the Cape. In all

probability it came from the Jagersfontein mine. It
was ted and rounded with a cleavage at one end,
and much like a gherkin in shape. The weight was 469
carats, and it yielded two briliants of 1845 and 205
carats.

The * De Beers "' diamond, found in 1888 in the De
Beers mine at Kimberley, differed from the preceding
stones in being more regular in its shape, having the
form of an octahedron with curved faces. It was a

yellow stone weighing 440 carats, and yielded a
illiant of 234'5.. Here the yield was much hi
(534%) than usual, the regular octahedral form of

the stone being more Iavourable for cutting. Another

similar stone, found at Kimberley before 1806, weighed

362 carats, and gave a brilliant of 205-1 carats, with a

still higher yield of 56§%.

The * Stewart " was a river stone from South Africa

found in 1872 in the Vaal. Tt weighed 296 carats and

yielded a brilliant of 123 carats.

Many other larger stones have been found in South
Africa, though several of these are not of fine gem
tiuabity, being off-colour or sold as bort. Sixteen stones
of over 500 camits have been listed; those betwesn
400 and 300 carats number 4g; between 300 and 200
as many as 157; whilst the remainder each of over 100
carats number 1623. Indian diamonds, about which
there has been so much mystery and romance, sink inte
insignificance. .

Few diamonds of any size have been found in India
during recent times. One of 697 carats was found in
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1881 at Wijra Karor, near Bellary in Madras, and was
cut as a brilliant of 25-2 carats. Information of the
largest Indian diamond is based only on the account
given by the French traveller J. B. Tavernier, This,
the " Great Mogul ", he saw in 1665 in the treasury
of the Mogul em , Aurangeeb, as a cut stone of
" 280 carats'’. It was said to have been cut by a
Venetian lapidary from a stone of * 787 carats . But
Indian-cut stones do not usually shiow such a great
widte of material in the cutting. * We do not know the
value of these " carats ", and there is no good evidence
that the stone was really a diamond at all. Anyway,
it has disappeared, either lost or stolen; and if really a
stoleni diamond it was no doubt recut as the * Orloy *',
or perhaps the “ Koh-i-Nur ", Another Jarge diamond,
the " Great Table" of " 242 carats " mentioned by
Tavernier, has likewise disappeared, or probably been
recut. It is high time that the stories of these mythical
stones disappeared from the serious literature on
diamond. They might be forgotten, like the once famous
& za”, & supposed diamond (more probably a
colour topaz or even rock-crystal) of 1680 carats
from Brazil in the Portuguese crown jewels and valued
at {224,000,0001 °

The * Koh-i-Nur" (* Mountain of Light **) was appro-
priated in n&h}r Nadir Shah, the Persian congueror
of the Mogul Empire. In 1813 it came into the posses-
sion of the Rajuh of Lahore, and with the annexaition
gf;umthe. Punjab in 1840 i.:iabythat Efmih: Ea:té:fg

¥. Lt was present the to

?hﬁ'&n 1850, m?i was shown at the Gﬁ%ﬂhihiﬁm
of 1851, It then had the form of an Indian-cut rosette
wifh irregular surfaces at the back (fig, 42). The
weight was 191-00 cirats. The stone was then recut
s a brilliant {fig. 43), reducing the weight to 10893
carnts, It is now set in the state crown of Queen '
and may be seen in the Tower of London, Unfortunately,
Wwhen recutting this stone the proper proportions of a
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brilliant were not observed. The spread was made as
large as possible, but the depth was too shallow to
bring out the full brilliancy of the stone, Plaster casts
of the stone in itz two forms of cutting, taken at Buck-
ingham Palace in 1852, are preserved in the mineral
.collection of the Fritish Museum.

The *Orlov" is an Indian-cut stone of irregular shape
weighing rog6 carats. It was given by Prince Orlov

Fid 42— Kol Noar™ Fig- 43—="" Kok M ™ i F et = -

(Al Sgures robussd |}

in 1773 to the Empress Catharine IT of Russia, and
until recently was in the scepire of the Russian crown
jewels. The "Moon of the Mountains™ and the
' Darya-i-Nur "' (“Sea of Light ") are probably iden-
tical with the Orlov, which i was perhiaps recut
from the Great Mogul. !
The " Shah "', another Indian stone in the Russian
diamond treasure, is one of the few engraved diamonds.
It gives in Persian characters what may be taken as
its truc history. The first inseription gives the name of
Nizam Shah, year 1000 (ie. 4D 1501); the second,
the Mogul emperor, Shah Jahan, 1651; and the thind,
the Persian Fath Ali, 1824 Tbe stooe is &n
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i ated octahedron with a few polished facets, and

ighs 88-70 carats,

The " Florentine *', “ Grand Duke of Tuscany " or
* Austrian Yellow ”, has been known in Europe since
thi‘ﬁftamth bnl;m;uury and is no I?ﬁ.m of Indian origin.
It is cut as a briolette, probabl udwig van Berquen
in 1476 for Charles the Bald. }'“ is a pale yellow stone
weighing 137-27 carats, and is now in Vienna. The
smaller * Sancy "' diamond (53§ carats) is of the sams

tyﬁ:l cmtj.ng.

“Pitt " or " Regent ' (fig. 44) is said to have
been found on the Kistna river in Hyderabad in tyor.
It was bought by Thomas Pitt (" Dismond Pitt"),
Governor of Fort St. George, Madras, for £20,000,
and sold by him, still in the rough, to the Duke of
Orleans, Regent of France, in 1717, for two million
francs (according to another account £135,000), The
rough stone weighed 410 camats, and it was cut as an
extra deep mnt of 135 carats, the work taking
two years and costing {5000. Stolen with the French
crown jewels in 1792, it was recovered, and is now
exhibited in the Louvre in Paris. A leaden model of the
rough stone and a glass one of the cut brilliant were in

dinmnonds, came to the British Museum in 1753,
Several other Indian diamonds have besn described
is famous, but we must pow pass to the few from
Brazil. The " Starof the South ** was found at Bagniu:u
in Minas Geraes in 1853, and had the form of a thombic-
dodecahedron with curved faces. It weighed 261-88
carats and was cut as a brilliant of 1255 carats. Both
this and the smaller ** Dresden ** were acquired by the
Gackwar of Baroda, The " Star of Minas®', weighing
179's7 carats, was found at Bagagem in 1911
large diamonds have more recently been found
Bagagem district: the " President V. a
carats in 1938, and the "' Darcy Vargas ™ of 460

s



138 A KEY TO PRECIOUS STONES

inm1g39:. Still more recenily large stones of good quality
have been found in Sierra Leone, West Africa, where
two small stones were first found in 1931: two of 2404
anid 532 carats in 1043, and vne of 770 carats in 1545,
which comes high in the list of the world's famous
diamonds,

Coloured diamonds, especially those of large size, are
mare. The " Hope Elue ™ (Plate IV), so named from a
former owner, Eny Philip Hope, a London banker,
was described in the catalogue of his collection in 183g.
Its unsymmetrical form sugpests that it had been recut
from a larger pear-shaped brilliant stolen with the
French crown jewels in 1792, which had been brought
from India by Tavernier. It weighs 45} carats and is
of a dull slaty-blue colour, though perfectly transparent.
It was sold in Paris in 1909 and is now in America.
The * Dresden Green "' is a clear apple-green brilliant of
41 carats, and no doubt also of Indian origin. It was
purchased in 1743 by August the Strong for the Saxon
crown, and is still to be seen in the Green Vaulis at
Dresden, The * Tiffany Yellow *’, the of
Tiflany & Co. of New Yark City, is a low
brilliant of 128} carats, It was found about 1878 in
the Kimberley mine at Kimberley, South Africa
Another yellow . diamond from South Africa is the
* Tennant ", a brilliant of 68-0 carats. The * Colenso "'
dinmond in the mineral collection of the British
Museum is perhaps the largest uncut natural crystal
to be seen in any public collection. It is a pale yellow,
well-shaped octahedron showing delicate trinngular
markings on the faces. The weight is 26-6200 grams
(133:145 carats). It was presented in 31887 by John
Ruskin in memory of his friend John William Colenso,
“the loyal and patiently adamantine first Bishop of
Natal ™. A rose<coloured diamond, the " Cross of the
Souwth "', weighing 118 carats, is said to have been found
in Brazil in 1929,

Numerous attempts have naturally been made to
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produce by artificial means the costly diamond from
the muu and abundant materisl carbon. This has
often asserted to have been accomplisled, l.hmm
anly as particles of microscopic size. The results of
experiments are, however, extremely doubtful. The
alleged diamonds were 50 small that they conld not be
submitted to really decisive tests. The test of hardness
was mainly relied upon; but it is now known that
various carbides {e.g. silicon carbide or carborundum)
have a hardness of over g on the seale, und are capable
of scratching corundum. The minute crystals obtained
by J. B. Hannay in 1880 have now been examined by
the rigorous X-ray method and proved to be reall
diamond; but his results have never been repeat
The dictator who can arrive at the secret of mu&ﬂing
black-shirted carbon atoms into the correct positions
to form a pure and colourless crystal of diamond will
indeed become notorious.

KEY TO THE CHARACTERS OF DIAMOND

Crystals, cobie; rounded forms commson, Composition;
carbon . Specific gravity, 35. Hardness, to.  Hefractive
+ ow Ti 6Lqu1m. o-0b (red to violet).



CHAPTER XIII

Corundum and its Colour Varieties—
Ruby and Sapphire

R;FEY. sapphire, and emery were known to the
ancients, but it was only with the rise of seientific
mineralogy that these were found to be really the same
kind of stone, differing only in their colour (hr:d. biue,
black} and degree of transparency. As we have seen
in a previous chapter, this difference in colour is &
matter of little importance. A hat or a tie still rernains
a hat or a tie whether it is ved, blue, or black, The
French crystallographer Romé de 1'lsle found in 1783

that erystals of ruby and sapphire had the same angles

between cormesponding faces, although the relative
sizes of the faces themselves may be variable. This
gives a difference in the * habit *" of the ; and
we nsuilly fnd tull erystils of hire and fiat crysials
ufmhy,j{:stutbmcmnybo hats and flat hats of
all sorts of funny shapes. The next French
gmpher, the Abbé Haiiy, therefore brought ruby snd
sapphire together as one species to which in 17956 he

ve the name télésie or telesia, meaning i

i3 name found little favour and the species was
usually at that time called sapphire, ruby being dis-
tinguished as “ red sapphire” or ** ruby sapphire *’,
According to the early analyses of the Swedish chemist
T. O, Bergman (1735-84), 100 of ruby contained
40 of argill, 39 of silex, ¢ of mild ca)careous earth, and
20 of iron, whilst sapphire was cotnposed of the same

149

e o



CORUNDUM AND ITS COLOUR VARIETIES 141

constituents in the proportions 58, 35, 5, and 2. We
now know that bath really consist of very nearly 100
of his argiliaceous earth (re. the essential earth of clay
which is now called aluminium oxide or alumina
The German chemist M. H, Klaproth had already in
1795 found 98-5% of alumina in sapphire. But it was
left to an English mineralogist to clear up the matter
finally, and it was he who first intnu.tuomf in 1798 the
now well-known name corundum for this mineral
species. This was the Right Honourable Charies Francis
Greville, also notarious as one of the lovers of Lad
Hamilton. The specimens of Indisn corundum whkg
he described in 1798 are still preserved in the British
Musenm collection of minerals.

In olden times most corundum (apart from emery),
and no doubt all ruby and ns:fphim, came from the
East Indies. The rough material, used for grinding and
engraving, was known as adamantine-spar because of
its hardness. The name corundum itself is also
of ian origin, Awrund in Hindi, and kursvinda in
Sanskrit. The name had been earlier mentioned in
English by John Woodward in his Catalogus of Fore;
Fossils (1728), but on three puges he spells it di
each time. His entries are worth quoting:

Hm.c«-rmmhfuundhmmummm:-m
It is commonly thrown up by Field Rats, and ww'd an we do
E‘mﬂy.:':upulilhlm ="

Tella Convindum, "Tin a talky . , with u Cas
Gresn, I:h'mmmmnmsm%n Fovt 51,
George [now Madma},

. Naila Corivemdsem ia found by digging st the Foot or Bottom
151 Hilla shout 500 Miles to the Southward of this Plies [Fort

East-India], They use it, as Emery, to clean

&< It serves abio to
Cement, by the help of it.
These specimens are still preserved in the Woodward-
fan collection at Camhridge. Only the second of them
is what we now know as corundum, the other two
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143
being gamnet. But even at the t day these two
minerals are sometimes confused; and what is some-

tﬁnﬂﬂﬁﬁmnryfperismﬂymt paper.
The name corundum is now universally used by
mineralogists, with only slight variations m different

Frenchh and Spanish, corindon; German,
Korund. The English form with the ending wm (given
at a period when new chemical elements were being
discovered and named) is perhaps rather unfortunate,
and to most people appears to be mther strange: they
immediately atgge!llg:mundnm. The guard in a famous
collection of mmerals, when asked by a visitor where
ruby could be seen, pointed to the covering label
corundum, apologetically explaining that was where
the curator put things he did not understand.

But we must now come to & more serious, though
scarcaly exhaustive, study of the mineral under dis
cussion. Corundum crystallizes in the rhombohedral
system (p. 36}, A selection of crystals typical of the
ruby and sapphire varicties is représented in figs. 45-47-
These are combinations of the following four erystal-
forms. Basal pinakoid () consisting of a w
faces, one face alone being spoken of as the plane.
Rhombohedron (r) of six faces in three parallel pairs,
Hexagonal prism (a) of six faces in three parallel pairs
and ndicular to the basal plane, Hexagunal

bi id (m) of twelve fuces in six 1 .
i (=) mmlvl: ,jpairs,

figures are drawn in " parallel pecti
the vanishing point at infinity, Allm edges on
the crystals are therefore represented lel lines:
It will be noticed that all lines formed by the inter-
seotion of corresponding faces are strictly parallel in
the three figures. Although the different faces show 4
variation in their relative sizes, yet their directions

remain the same, Mensurement of the angle between:

the normals to the faces ¢ and r gives a value 57° 34
which is taken as the fundamental constant for carun-
dum, different from that on any other mineral. From

1

4
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it all' the otler angles can be caloulated, eg. o=
61° 1r'. 1f we meusure either of these angles on a
doubtful crystal of this typ: we know for cetfain that
we are dealing with um.

Fig. 46 differs from fig. in the absence of the
# faces and the smaller size of the a faces. If the latter
are also absent, then we have a solid bounded by
eight faces (six rhombohedron faces and two basil
planes), Such @& crystal of ruby may be strikingly
simular in appearance to a flattened octahedron of red

DG

Fup. g7 —Crntals of Corardiem
Fige. 43 and 46 Ruby habit. Pig. 47 Sapphine bakis

gﬁne[. and the two may very readily be confused.
ut in ruby we find the angles or = 57° 34’ and =

3" 56, whilst in spinel all the angles between adjacent
aces are 70° 32. Or, again, if only rhombohedral
ﬁnﬁmprmmtthnﬁ]mtnlwiﬂhaveve?mudtm
a[ppﬁmnm of a cube, but with angles of g3° 56" instead
of on”.

The flatter habit of crystals represented in figs. 45
and 46 is more typical of ruby, whilst taller crystals
Hinﬁg.qjmmamltmmtypimlﬂﬁp'fﬁht
The latter often show a number of still steeper hexa-
gonal pyramids with angles to ¢ ranging up to 85° 30",
A combination of these in a series of steps gives rise
to characteristic barrel-shaped crystals; and the faces
of such crystals are usually stristed and grooved
parallel to the horizontal edges. The other faces on
the crystals may also show chamcteristic surface
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, especially triangular markings and pits on
plane, but these cmnnot be described here in
Mention must, however, be made of markings
type which are often to be seen on the
the crystals as fine rulings parallel to faces ¢
This is due to a lamellar twinning, and some-
the crystals may be readily broken in these
pns, giving smooth surfaces. This is, however,
a tru vage, and is described as a *' ing "'
to the twinning. It is as if the erystal been
|:lp into excessively thin slices el to the faces
r, and alternate slices turned over, and then
pile stuck together again. This lamellar
inning has probably been brought about by earth
res during mountain building. It is the primary
cause of the "silk" in ruby and the bright rays re-
flected by “ star-stones *'. Although this kind of twin-
ning is very frequent in corundum, simple contact
twins are only rarely found, These consist of two
crystals grown together in a certain regular manner
and with their principal axes inclined to one another
at an angle of 64° 52° (i.e, twice our angle or = 57° 347
subtracted from 180%). A smaller crystal may sometimes
be seen branching out like a bud at this angle from the
side of a larger crystal.
Plate V represents an actual crystal of ruby of ex-
ceptionally large size for one approaching gem quality.
It weighs 690 grams (= 3450 carats) and measures

i.n.LEEtrBltrma, and has recently been acquired for
itish Museum collection of minerals. The reader
may well say that this crystal does not look at all like
the drawings in figs. 45 and 46, Only exceptionally do
erystals of any kind display the model-like regularity
shown in the figures. But they always show the true
symmetrical disposition of the faces and with the
correct angles between these. This ruby crystal grew
in solid marble, and its regular growth was cramped

el
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and erippled. The specimen was photographed in
l@tradzht;dfﬁuwﬁﬂmbnulphm shown in the picture
as a number o t triangular areas, Each portion
of the whole crystal independently formed its nwn
basal plane, but all in exactly the same parallel position,
though not in the same geometrical plane, T tbn
crystal ahout an axis parallel to one or other
three edges of these trinngles through an d
574" (our angle or ugain), another series of small
shine up by reflected light over the whole area of the
Similarly, in other positions at 61° from ¢ the
Il.i‘.‘!ll (fig. 45) become evident.

Crystals of gem corindum are smaller in size than
the one just mentioned. But opaque, dull-calourad
crystals may be considerably larger. The largest
cerystal on record weighs 335 ﬁ!.. and measures 2 fest
3 inches high and 1 fool 3 inches across. It has the
form of a hexagonal bipyramid (fig. 47) and is opagque
with a hluﬂh-grl:} (scarcely sapphire-blug) colour. It
was found in the corundum mines near Lq‘d-ldnlzt:
rm!m'n Transvaal, and is now exhibited in the
ugﬁni&nwuumm-t Pretoria. The largest corun-
dum erystal in the British Museum mﬂmthnuimmm

rough hexngnnal rism 1o inches and
I:;uss, Ig Thmu:hﬂuws :'éj‘::d mlow

in parts, and & oSy t of view it ht be
described as a ruby, It mnI::mtrmanndn:ﬁﬁﬂ
Hmﬁuuntj{r.ﬂwtll:“h&mhm a locality that has
yielded ruby o ty
ﬁmtwnlarggumugmlnh,mmlhlbmmhmdthz
other with a reddish tinge of colour, illustrate the point
previously mmﬂmadumthnd:ﬂemmeh] habit of

i
i
4
&
il
i

pyramids; whilst in ruby is usually a large
development of the hexagonal prism and basal planes,
and in gem ruby the crystals are often flat with a

[ for such a
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difference. When crystals of various kinds are grown
artificinlly mfém solution, it is known that their habit
is influen by the presence of various colouring
matters or other substances in the solution. It is
therefore probable that in corundum there is some
conmexion between the shape of the erystals and the
impuarities that gave rise to the colours of ruby and
sapphire. This question is worthy of further investiga-
tion

The essential characters of corundum have already
been listed in the reference tables previously given,
Chemically, the mineral consists of aluminium oxidé
or alumina (ALO,). When ammonia is added to a
solution of alum a white jelly-like precipitate of alu-
minium hydroxide (Al (OH),) is obtain This when
dried yields a snow-white powder of alumina, which is
the material used for the manufacture of artificial
corndum gems. In the absence of any added calouring
matter the crystaliine product is colourless and watir-
clear, and such stories are also found in nature. Analyses
of native stones of gem quality usually show the
presence of about one per cent of iron oxide, together
with a small amount of chromium oxide in ruby and
of titamium oxide in sapphire.

In hardness corundum comes next to diamond,
being the next hardest known mineral. But it is ex-
ceeded by carborundum and some other artificiall
produced carbides. Owing to this high degree of e
ness corundum finds an important application as an
abrasive agent for grinding and polishing, when applisd
in a powdered form to paper (emery paper) or in the
form of wheels or hones. The powder in different
grades of fineness is used by lapidaries for grinding gem-
stones. Emery, which has been obtained since ancient
times from Greece and Asia Minor, is a black and gran=
lar form, consisting of & mixture of griins of corundum,
with and other minerals. When

magnetite, spinel,
wmmmemmmﬂ

—-_
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ins of eorundum are seen to be of a good sapphi
colour, Another important technical ication
of cormndum, depending on its hardness, is t
supports in delicate instruments; for example, the jews
bearings in watches. Here smaller stones of poorer
gem quality are made use of,

The specific gravity of comndum varies only slightly
from 40 (3:95-4'05 for clear erystals), and this variation
15 no donbt accounted for by the presence of cavities
and impurities. This high density is rather surprising
when we consider that corundum contains only the light
metal aluminium (sp. gr. 26) and the gas oxygen,
which at normal temperature and pressure has a
density. of 0-0014 compared with that of water (liquid
oxygen manges fram 06 to 1-3 according to the very
low temperature).

The optical characters are those typical of a uni-
axial crystal of negative sign (p. 49). When crystals
such as those shown in figs. 45 and 46 are viewed
through the prominent basal plane (¢) under the micro-

in parallel light or with the dichroscope, they
ﬁﬁ-:hm like an isotropic cubic crystal: and under
these conditions they are indistingmshable optically
Lr;m i WTJ have ﬂrﬂdﬁg yﬁrmmrkrd &noti:u siTmi
ity 1n form shown in fig. 46 to a crys spinel,
But in convergent polarized light, if the crystul is
not too thick, a uniaxial interference-figure (Plate I1)
will at once distinguish the two minerals, Through
aﬂ;ﬁhmﬂa:ﬁnhwﬂl@mmbﬂﬁm t
an iraic;  tho as y explained, these
effects are seen at their mal::::num when the is

viewed through the prism faces (a). The refracti
index (e 1760, w 1-768) and the dispersion {0-018) are
much less than in diamond, consequently corundum
gems are less brilliant and do not flush prismatic
colonurs tiut: the same extent, In[m]mmd ]stune.-. :]l:n-
absorp for the ordinary ray (w), travelling in the
of the optic axis or principal crystallographic

§
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axis (set vertically in figs. 45-47) is greater than for
the extraordinary ray (¢, Consequently a deepar
colour is seen in this direction than when the crystal
15 viewed through the prism faces. To bring ouf the
colouf to the best advantage a faceted gem should
therefore be cut in such & direction that the table
facet Is parallel to the basal plane (c) of the crystal.
But a very dark stone may with advantage bs cat
with the table facet parallel to a prism face, The
pair of dichroic colours will of course depend on the
colour of the crystal. In the best rubies the
ray-colour (w) is deep red with a violet tinge, and the
extraotdinary ray-colour (¢) is a light yellowish red;
the face-calour seen through the prism being a combina-
tion of these. In the best sapphires the corresponding
colours are o deep blue, sometimes with a violet tinge,
and e paler greemsh or yellowish blue.

Now we come to the question of colour, a matter
of prime importance from 4 gem point of view; but
an accidental character of trivial importance from a
mineralogical point of view. In additisn to perfectly
colourless and black stones, the range of colours shown
by corundurm is really surprising, They range through
the whole spectrum—red, orange, yellow, green, blue,
indigo, violet, with varying shades and intensities.
But beyond this visible spectrum selective absorption
extends away into the ultra-violet and the infra-red,
and for all we know as far as X-rays and radio-
Waves,

Red corundum has long been known as ruby, from
the Latin puder, red. But by the Romans it was in-
cluded (and confused) with other hard red stones
'(:Iu;&m! and garnet) under the name carbwncudus, and

the Greeks under the name andhrax, both of which:
%?ynghwhgml. The name ruby is miore recent.
: earliest rdcrmmhﬂ:ntép::;w been able I:t:.n lgﬁ
dated 1310 in the big O Dictionary.
Chaucer wrote " Iyke mlﬁyhm your chekys rounde ™.
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As late as 1652 Thomas Nicols in his A Lapidary: or,
the History of Pretiows Stenes (Cambridge, 1652) says:

"Humﬂﬂuﬂmkﬁyhlmmmhnﬂﬂﬁ-
iy 1 otk appaar ik 1 St L pneh S it
. t doth appear X 1Y, S0 m t :
is. . . . A Carbuncle is nothing else but & great Bubine, and a
g:utﬂtbiullthﬁmlnlmhrnhh:nmﬂtm,"

The colour may range from deep red through various
shades to pale pink. Stones ni.ﬁmpm colour usually
show a purplish tinge (expressed as a blug line in the

] spectrum); whilst lighter ones often have
a tinge. The colour of the best rubies {s
said to be " pigeon’s blood red , a statement slavishly
capied parrot-like from book to book. Tt seems inevit-
able that strange ideas and stupid superstitions must
linger with precious stones,

Leaving the other colours for the time being and
coming to the other end of the spectrum, we have the
blue of sapphire. This is a much older name than
ruby.  The names sappir in Hebrew, saffir in Persian,
and sdwpeapor in Greek have always signified a biue
stone; but this was lapis-lazuli and not the sapphire
(French and German, saphir; Italian, saffiro; Russiun,
safir) of the t day. The latter was known to the
Greeks and Romans as Jazaflop, hyacinttms. The colour
may range from inky blue through sky-blne to a pale
greyish blue. Velvety blue cornfiower-biue are

by connoisseurs.

The names ruby and sapphire have at the present
Hmandnﬁnﬂenmhginnﬂhqgmm,withmly

t variations in thew spelling. The terms ruby-

and sapphire-blue also have a quite definite
meaning. But when we come to comndum of other
colours there is much unfortunate confusion in the
names that have been applied Beautiful shades of
yellow are met with. A fine pair of gems, orange-
yellow and lemon-yellow in colour, has recently been
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bequeathed to the mineral collection of the British
Museum with the Clarke-Thornhill collection of gems.
These are labelled yellow corundum, which truly
describes their nature, But such stones are very
often called “ yellow sapphire ', which is surely a
misnemer. They are also often called * oriental topaz "',
which is still worse. There is not the slightest connexion,
or relutionship between the minerals corondum and
m and yellow is mof a characteristic or typical

of topaz. Names of a similar misleading char-
acter have wilfully applied to green corundum,
violet corundum, and colourless corundum. T refrain
in this place from propagating such names.

Two other specimens of gem corundom in the
British Museum collection of minerals may be mentioned
in this place. One is a deep blue sapphire éﬂhte V)
which came to the museum in 1753 with Sir Hans
Sloane’s collection. It is a native Indian rose-cut
stone with an octagonal outline § inch across and
weighing 31-5 carats. Set in a hemisphere of rock-
crystal inlaid with bands of gold and small rubjes
and emeralds, it was evidently intended for wearing
in a turban. The second is an uncut crystal of ruby
weighing 167 carats, which was presented by John
Ruskin in 1887 in memory of Sir Herbert B. Edwardes
{1810-68), soldier-statesman in India, and is called the
* Edwardes ruby *'.

Very striking colour effects are shown when mby is
exposed to ultra-violet rays. The crystals or cut stones
are seen to glow with a brilliant red light, as if they
were on fire. They then fully justify the Greek and
Roman names mu.gra and carbuncwlus, which meant
a'fluwing coal (cf. anthracite). Removed from the
il:: uhm:c of the ultra-violet rays, the mdht:uluur shown
y the stones themselves is very comparison.
This curious phenomenon is kn.uf::ru fluorescence.
The crystal is here acting as a transformer of the wave-
length. The invisible rays of short wave-length are
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absorbed and given out as waves with a wave-
length iding to that of red light. Ladies who
wishi_to display their rubies to the best advantage
should ‘move in circles of shorter wave-lengths, but
unfortunately the wearer would then be invisible.
But wonderful effects can be obtained by slightly
greasing the face and hands, and wearing garments
coloured with special dyes. (A beautiful blue glow is
given by a white fabric which has been dipped in a
solution of quinine; and other colours by aniline dyes.)
Finger-nail stains and polishes show np to perfection
in ulfra-violet rays; and teeth glow like pearls (with
black gaps corresponding to any that are false). A
really spectacular lady could easily be built up on
these lines. But we must return to the subject of corun-
dum. Different stones are very capricious in their
Behaviour in the ultra-violet rays. Some rubies show
only a dull red glow and others a yellow; but clear
red artificial gems are always dependable. Yellow
corundum and some sapphires give a yellow glow.
ut there is n:l.- gemeral rule: each stone mﬁt be tested
separately, und some may not respond at
There are two special features closely. relited to
one another which are often shown by native corun-
dum, but which are not seen in urﬂﬁmaﬂ?r dE-udumd
gem corundum. These are known as * * and
" asterism "', There may be seen in the stone patches
with a silky lustre, which are usvally of a rather rz]m’
colour. When these are examined with a magnifving
lens a parallel series of fine fibres will be seen. In
asterism there is a display of a six-rayed, sometimes
twelve-rayed, star of light on the surface of the stone.
This can sometimes be seen on the basal plane of a
natural erystal; but it is shown to the best advantage
when the stone is cut in a cabochion or domeshaped
form the base of which coincides with the basal plane
of the crystal. Such stones are known as asteria, star-
ruby, and star-sapphire. This also depends on fibrous
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enclosures in the stone, but here they are much finer
and are arranged in three directions at 60®. The fibrous
enclosures in the crystal follow the directions of the
lanes of lamellar twinning previously mentioned.
Eiusu are planes of weakness in the crystal, and along
them the muterial has suffered some alteration by the
action of percoluting solutions. Corundum when pre-
be I.ni?mg m:iinnmmms oo Hﬂ:niggm dmy woui::ll
a i t materinl, and so it
be #f the conditions of its environment always remained
the same. But when buried deep in the earth's crust
under different conditiotis of temperature and pressure,
and in the presence of rock joices different from those
from which the crystals oniginally grew, then during
long periods of time (not to be measured on the his-
torical scale of kings and wars) even corundum may
snccumb.  In fact, we often find crystals of corundumn
completely changed into other minerals, such as mica,
spinel, kymnnite, &c. Om:nlmmhubemmmd
corundophilite, meaning friend of corundum, because
the two are often found in association; but it is really
an enemy ol corundum and leads to its destruction.
Now silk and asterism are indications of the com-
mencement of this change; if it proceeds hrthﬂ the
stone is completely spoilt. It along the planes
of weakness produced by mm
itsell was pmdnmd by earth pressures in mountain
building—the best star-rubies and star-sapphires are
from mountainons regions.  The fine: to cavities
at the intersection of the different sets of planes of
lamellar twinning may be fillsd with the alteration pro-
ducts or they may be completely empty or flled wi
liquid. In some cases the material of the fibres can
identified as the mineral rutile., This may bave
about

L EE

introduced by the solutions which brought the
alteration; or it may have been included bm crystal
gt the time of its growth; or it may have thrown
out from ' solid solution " as the crystal cooled down
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to another temperature. There has been considerable
discission as to the origin of asterism in corundum
and other minerals; and we must bear in mind that
similar appenmnces are not always due to the same
Ccauses, a.f natural stone showing silk or asterism is at
once distinguished from an artificial corundum. But
it is quite likely that il the latter were subjected to
an intense shearing stress, and then acted upon by
suitable chemical reagents, a similar result ought be
obtained.

The constituents, aluminium and gen, of corun-
dum together build up more than hall of the earth’s
crust (oxygen nﬁﬁ-?, i 27+, aluminium 8%). But
they are usually combined with silicon to form the
impartant alumino-silicates—<lays, felspars, and other
rock-forming minerals. Cornndum cannot therefore be
formed in a rock that contains an excess of silica (as
quartz), but only in one that contains a large excess
of aluming over silica. This accounts for the limited
distribution of corundum, which is really not a common
mineral, though in a few places rough material has
been mined in considerable quantities for use as an
abrasive. The rocks in which it is found innlﬁ the
raret t of syenite, peridotite, and serpen as
well m}me crystalline schists and crystalling lime-
stones (marbles). These rocks belong to two classes,

rocks and metamorphic rocks.  In the former

e corundum has erystallized from a molten magma
and is of igneous grigin. In the latter it is of meta-
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to such an extent that the alumina recrystallized as
corundum in the blocks themselves. In this way, in
the Island of Mull, were formed the only sapphires
known to occur in the Batish Isles; but they are very
small and of no use as gem-stones. Only two or thres
other authentic occurrences of corundum as ervstals of
microscopic size have been recorded from the British

Localities for gem corundum are few and far between,
and except in o few cases the stones can be collected
only as water-worn crystals and pebbles from the
river gravels of the district. The stones found vary
enormously in quality (and price). The best rubies
come from Burmu, and the best sapphires, together
with gem corundums of other colours, from Ceylon.
But this is not to be taken to mean that afl rubies from
Burma and alf sapphires from Ceylon are better than
those from other localities. Some rubies irom North
Carolina are better than some rubies from Burma.
Sapphires of good quality are also found in Kashmir,
Both ruby and sapphire, often rather dark in colour,
come from Siam; dark bloe and greemish blue stones from
Australin; and paler * fancy stones " from Montana.

In Ceylon the principal gemming districts are in
the neighbourhood of Balangoda, Rakwana, and
Ratnapura, to the south of Adam’s Peak, in the south
central portion of the island. Rathapura, which in
Sinhalese means *' City of Gems ", is the trading centre,
In the deep narrow valleys pits are sunk in the ailuvial
deposits at the sides of the steams. After penetrating
mud, clay, and sand to varying depths, the gem-bearing
gravel, called * illam *, is reached. This has a thicknes
of five to thirty feet and rests on the bed-rock. The
small pits are worked by small gangs of natives using
very primitive methods for bailing out water, support-
ing the sides of the pits, and keeping back the flow
of mud, The excavated * illam " awu!md free from
mud in the neighbouring stream in shallow baskets
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made of closely woven strips of bamboo. The clean
gravel is then sorted over and any gem-stones picked
out. Not omnly sapphire, but also gem corundum of
various colours, inclnding some ruby, usually of a rather
pale colour, and several other kinds of
as well as gold, are so collected from these gravels
The other gem-stones include zircon, chrysoberyl
{cat’s-eye and alexandrite), spinel of various :]:::ias of
colour, beryl {aquamarine}, topasz, tourmaline, gamels
of various kinds, and quartz varieties (amethyst, citrine,
&c.). Gem-stones and gold are also collected by
dredging in the streams themselves; and the high-level
gravels on the sides of the valleys are also sometimes
worked. The work is very haphazard and is done
entirely by the natives themselves. There could scarcely
be any mtmimti-.: working on a large s.cal]gﬂ One pit
may strike a ch, whilst another close by ma
o m:ky pat Y may
The rocks of the district are anclent pre-Cambrian
(Archan) gneisses and schists with some bands. of
white marble and intersected by later dikes of white
and red pegmatite. Opaque corundum is known to
occur in some of the gneissic rocks, but it is only quite
recently that the gem corundum has been traced to a
white quartz-free pegmatite, and aguamarine has been
found in situ in & quartz-bearing pegmatite. It
that practi all the gem mmmmwmm
from these white pegmatites, bul they are not workable
itions. There is no evidence that any have come
the white marble (as in Burma). 1
InU]irpuBmmathepincipn] mining district is
around Mogok. Here we find the same complex of
ancient crystalline rocks as in Ceylon. But here the
home of the ruby and of red spinel is definitely in the
extensive bands and lenticles of white crystalline lime-
stone or marble. Specimens showing crystals of ruby
embedded in this rock may be seen in the best mineral
collections, This is a rock of metamorphic origin,
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It was no doubt originally depasited as an ordinary
limestone in slightly muddy water in some ancient sea.
When su tly Imru:d' deep in the earthi's crust
and subjected to intense and high temperature,
the caleium carbonate mtaﬂmd as calcite,
and the alumina, from the mud, as corundum. By
a fortunate chance just the correct proportions of iron
and chromium were also present to impart the best

mby-red colour.

ruby mines of Burma must be very ancient.
They scem to have been first heard of in Europe in
the fifteenth century, and they were mentioned by

» B. Tavernier in the seventesnth century; but they

been rarely if ever visited by Europeans before
the annexation of the country in 1886. Thousands of
crudely cut rubies set in the Burmese regalia, taken
at that time from the palace of King Theebaw at Man-
dalay, may now be seen in thie India Museum in London.
At that date the mines were leased to an English
company, and mining was conducted on an extensive
scale with modem methods:. But since 1931 work has
been done only on a small scale by the natives them-
selves, using aguin their old primitive methods.

Only very occasionally are rubies taken out of the
solid rock, since here they are very sparingly and
sporadically distributed. Nature has,” however, kindly
broken down enormous quantities of the rock, leaving
the gem-stones in the more easily worked debris.
Some of the workings are in mud-flled crevices and
caverns, such as are well known in limestone districts,
having been formed by the solution of the rock by
surface waters containing carbon dioxide. i
residual deposits from the limestone are also wuorked

are m
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limestone but also from other rocks in the district.
They have, in fact, yielded an even greater

than in Ceylon; including ruby, hire, spinel,
chrysoberyl, tourmaline, garnet, mh quarts,
scapalite, apatite, danburite—indeed, most gem-stones
but diamond. The stones of course vary very widely
in their quality, and the bulk of the concentrates can
only be used for gravelling roads and paths. It is said
that some quite nice stanes can be picked up on the
roads around Mogok. But even if not of gem guality,
the different kinds of stones have a mineralogical in-
terest, and & careful study of them would no doubt
tell us more about their origin, and possibly also
give indications as to where to search for more.

In Kashmir the conditions are again rather different.
The sapphire mines are situated pear the vi of
Soomjam in the Zanskar Range at an altitude of
14,050 feet. The old mine discovered in 188t became
exhausted, but others were found close by in 1927
Here the sapphire, together with grey corundum and
some of a pink colour, is found in pockets in kaslin
(china<clay), and it can be readily extracted from the
m&ﬂn}reyni::tﬁz. 'I'l;skanhnhasr:sﬂgﬁed&nmlh

i lace pegmatite v traversi
mmmﬁchistsmd cryslg.ﬂme limestone. Red and gmw

deposits. They are often rather deep in colour, some-
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times almost black. In Austmilia dark blue and dark
green' gem corundum s found, alse with zircon, in
river gravels at Aunkie in Queensland, and in tine
bearing gravels in the New k d district in Now
South Wales,

Alfrica does not appear to have yielded any gem
corundum, except & few small crysials of various
colovrs from the Somabula diamond field in Southern
Rhodesin. The * Cape ruby ™ from the South African
dismond mines is really garnet. In the United States
of America corundum has been mined to some extent
ut @ few places, and with the rough corundum some
material of gem quality has been found. A few rubies
Hnod colour: have been so produced at Corundum

and Cowee Creek in Macon Comnty, North Carolina.
In Montana gem corundums have been found it the
streams around Helena, and for a time they were mined
in a weathered andesite dike at Yogo Gulch. These
are of various attractive colours, but rather pale.

The gem corundum, now so skilfully produced in
farge quantities (& ton a day) by the crystallization
of aluminn under artificially controlled conditions, is
more uniferm in character, clearer, and shows a mueh
wider range of very attractive colours than the gem
corundum made by Dame Nature. For technical pur-
poses it 5 more reliable. The pretence that it isanferior
as a gem is only becaunse it can be produced so ¥
giving rise to trade competition.  The stones are iden-
tical in all essential characters, the real difference is
in' their mode of origin. But whether a native :toub:-
15 ol igneows or of metamorphic origin appears to
i mnt;ls;‘ of little interest, rPAt one time, when the
technique of this really marvellous process had not
been fully developed, it hma possible to ;l:luc:t anE
Ficiall uced stones the ; them
rntmrjl Mu and r:ﬁrwad}:;l:rim. mw these can
be avoided, and the boot is rather on the other foot.
It is easier to detect a native stone by its imperiec-
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tions and lack of uniformity, Internal strie, silk, or
bands of colour are hiere arranged in straight lines at
angles of 60" or 120% and any cavities have

boundaries. The reason for this is that the crystals
have grown extremely slowly and have been able to
develop their proper external crvstal faces:  and
further, during the long period of growth conditions
have not always remained the same. It would be
possible to write a whole book on the imperfections of
cryzatals, both natural and artificial, pare, for
example, the crystals of ruby represented in fig, 45 and
Flate V. Artificially produced crystals have grown re-
Iatively quickly under quite uniform conditions. The
laws of erystallization have not been changed. The only
real difference is in the Introduction of the element. of
time. We have just been doing the same thing more

quickly.
KEY TO THE CHARACTERS OF CORUNDUM

Cryntals, chombohedral, or = 57" 34, Composition, alumina,
ALD,, Spetific gravity, 4.0, Hardness, @ Cptically uniaxial,
negative,  Refructive tndices, & 1760, o 768, Coloatless
or variomly coloured. Dichrolsm varying with the colour.
Varlaties: mby (red), s hire (blue}, emery (black), Locilities
Burma, Ceylon, Siam. thﬂll.t, o,



CHAPTER XIV

Spinel and Chrysoberyl

THESE two mineral ies are listed topether as
aluminates in the table of chemical compositions
(p- 73); and they bave about equal runk as precious
stones. They are sometimes clussified with the oxides,
being ed as double oxides of alwminium with
magnesium or beryllium; but otherwise there is no
relationship between them, and in the forms of their
crystals they are quite distinct.

SPINEL is a member of an im t of minerals
known as the spinel group, all of which crystallize in
the cubic system, and almost invariably in the form
of the simple octahedron (fig. 4, p. 32). The general
chemical formula for all members of the group may
be written as MO.R,0, or MR,0,, where M stands for
magnesium, ferrous iron, manganese, or zine, and R
for aleminium, ferric iron, manganese, or chromium,
Such an assortment can yield quite a wide of
minerals. When both M and R are iron we have ;e,ﬂ'
or magnetite, an important ore of fron, and also we
known as lodestone, which in the old books was men-
tioned with the precious stunes. FeCr,0,, chromite,
i the principal ore of chromium; and ZnALO,, zinc-
spinel or gahnite, is ane of the rarer ores of zine, Gah-
nite is usually of a deep green colour, and quite likely
it may some dilj’;ac found as material E:‘gum ?uu.'lit i

inel proper is mugnesia-spinel with the form
H%wwﬁhﬂtm&umt‘dm
and chromium are usually present replacing mag-
100
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nesium and aluminium. These minor constituents
provide the colouring matter, colourless spinel being
quite a rarity, With increasing amount ol iron the
mineral grades mto the blick opaque vanety known
a8 ceylonite, which is found with the gem spinel in
Ceylon and liss occasionally been cut as a black
stone.

Clear spinel of gem quality may show a wide mnge
of colours—crimson, pink, yellow, brown, green, blus,
purple, violet, &c., u?lvariuui shades. A pood series
of coloured spinels is exhibited in the Birmingham Art
Gallery. The spinel found with ruby in Ceylon and
Burma is often of a ruby-red colour and is often
incorrectly  called " rubv-spinel " or * spinel-ruby ",
both names really meaning a ruby-red spinel, for there
is no relationship between roby and spinel.

Some other vague and misleading names have besn
given to colour varieties of spinel; thees are better
suppressed, but one may be mentioned on account of
its: interesting history. The name " balas-ruby ** is
often applied to pale red spinel of inferior quality. Red
spinel has long been known to ocour with ruby in white |
marble near Jagdalak in Badakshan, the ancient king-
dom of Balascia, now in Afghanistan. The old mines
were visited by Marco Polo in the thirteenth century
and he brought back gem-stones (no doubt both ruby
and red spinel] under the name balascws. Camillus
Leonardus in 1502 writes:

Some think it is 'mlcqmm fi o m:id diminiah’d i ita
Colotir und Virtue; just as the Virtoe of the Femmle differs
from that of the 1 la often found thit the external
Part of one and the sime Stone appears 8 Balisius, and the
internal & Carbwnide, from whenoo comes the Saying, that the
Balarivs ls the Carbuncle’s House . [t glves to Mearden
of the Liver; and, wiat fa still more sorpeizing, if you touch
the four Corners of o House, Garden, or Vineyard, with the
Balastns, it will preserve them from Lightuing, Tempest and

Lrse) 2
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Spinel is usually found as single isolated crystals or
4z water-worn grains, marely as aggregates or clusters
of crystals; and the octahedral form is often developed
with model-like regularity. They are usually quite
small, } or } inch across, erystals up to 2 inches across
being rare. Twinning is very frequent, two octahedra
having grown, as it were, back to back in symmetrical
position (fig. 38, p. 115). This type of twinning is met
with in gome other cubic minerals, but it is so typicl
of Eitm] that it is dcnllﬂ.l the spinel twin-law;l

ing cubic, spinel is optically isotropic and not pleo-
chroic, and !'.hnspeﬂ::!mmctm alone wﬁr not distinguish
it from glass or the gamets, It is readily distingmshed
from these by its superior hardness; and crystals of
gamet very rarely show the form of the octahedron.

As found in pature spinel is a constant companion
of corundum, It occurs in the same rocks and has
been formed under the same conditions E& 153), but in
the presence of some magnesia to combine with the
alumina. Gem spinel is collected from gravels in Ceylon,
Borma, Siam, and Australia.

A noteworthy specimen of spinel is the " Black
Prince’s ruby ", now in the imperial state erown of
the British regalin, and said to have been worn by
Edward, Prince of Wales, at the battle of Crécy in the
year 1346, It is a polished pebble still showing indica-
tions of the original octahedral farm. Two large polished
crystals of red spinel of the same type are i
in the British Musewm collection of minerals: these
;eresﬁtﬁhm trom the Emperor of China's Summer Palace

1861

Spinel of fine gem quality and with a wide rangs
of rich colours, or perfectly colourless, has been manu-
factured in large amounts during recent years bgdthe
Vernenil process (p. 102). This manufacture has fed to
somie very interesting and unexpected results. In the

an work, to obtam a blue colour in the
i corundum, cobalt was naturally first tried,
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but it was found that to abtain this colour with cobalt
magnesin must also be added to the mixture. The
product was at first thought to be sapphire, but it was
afterwnrds found to be really spinel. Some of this
spinel is. of an entirely new type, differmg from any
spinel yet known in nature. It was found to coutain
an excess of alumina over that required by the spinel
formula MgO.ALO,; and this excess may be present
in gradually varying amounts up to MgO.5AL0,,
that is, five molecules of alumina with enly one of

This: curious anomaly presented quite a

ﬁ!m. which was only finally salved by u:mq X-ray
method of examining crystdls. By this method it has
been proved that alumina does not always crystallize
in the rhombohedral system as the common mineral
corandum, but that under certain conditions it may
also crystallize in the cubic system. It can also crys-
tallize in the hexagonal system; and there s not one
alumina, but three aluminas, The rhombohedral form
is distinguished as a-aluming and the cubic form as
y-alumina.. Now the crystal-structure ‘ff.,j““m
shows a close relation to that of spinel, the two
are capable of growing together to form a single in-
dividual erystal, known as " mixed coystal "' (p. 71).
The y-alumina is an unstable form at ordinary tem-
?u‘nrum and pressures, and for this reason it is not
ound as a natural mineral, though it no doubt exists
deep down in the earth's crust. In the mixed crystals
it is held in control by the spinel. But when such a
crystal is tempered for some hours at 800° C., the excess
of alumina begins to fall out from the solid solution
as e-aluming, and the stone then shows 4 moonstone
sheen and asterism: Tempered for longer peri
more a-aluming separates and the stones
opmque,

A similar phenomenon is met with in the gem mineral
fibrolite, the wrtificially produced crystals of which
usually contain an excess of alumina. Such erystuls of
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fibrolite may be seen when thin sections of porcelain
are examined under the palarizing microscope.

CunysosERYL isan ancient name meaning yellow beryl
(xpterds, gold), which, like chrysolite, must have been
applied to a variety of different stones. The mineral
now known by this name was first recognized as a
distinet species by A. G. Werner in 1789, before the
discovery of the chemical element beryllium, which is
an essential constituent of the mineral. It is an alumi-
nate of beryllium, or a compound of the oxides of
aluminium and berylliom, BeO_ALO; or BeALO,.

With a bardness of 8§ on the scale, chrysoberyl comes
next to comndum and dinmoud, and until quite re-
cently it was the third hardest of all known minerals,
The new mineral bromellite, consisting of beryllium
oxide, BeO, and with a hardness of ¢, has been formed
in Sweden as a few small erystals; and it may turn up
some day as a gem-stone.

Crystals of chrysoberyl are orthorhombic and they
show a strange likeness to crystals of its namesake
chrysolite (= olivine). Fig. 48a of a simple aystal of
chrysoberyl ts equally well a crystal of olivine,
the very slight difference in the es not being
appreciable in the drawing. In chry I the angle.
between the normal to the faces @ and 5, as = 46° 40',
and bi = 59° 53" the corresponding angles in olivine
being 47% 2" and 59° 36{°, scarcely enough to distin-
guish the two crystals unless accurate measurements
mﬁmﬁe There must b::snnh:fmmu wathis.and

the strange fact that while tals of chryso-
beryl are almost always twinned, thcg:ufu' ing are
very rarely twinned. It will be noticed that the angle
b is very nearly 60°, as between the prism faces of a
hexagonal crystal (eg. beryl). Between the planes b
and s there is a possible plane at-29” 53’ to b and twin-
ning on this plane gives rise to psen >-hexagonal forms
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(fig. 4B¢), which is a very chamcteristic feature of
chrysoberyl. In fig. 483 the second crystal is brought
into position by a refloction of the first erystal across
the twin-plane, or by a rotation anti<lockwise through
an angle of 50" 40" (=2 X 20" 33') about an axis
ﬂnEendj:uh:toﬂwiamn. In fig. 48¢ the third erystal

rought into position by a similar rotstion in the
opposite direction. The three tals are then grown
together with interpenetration. The face 2 is grooved
or striated parallel to its intersection with the prism

face s, and this gives the V-shaped markings to be
seen on nearly all erystals of chirysoberyl. Many
usually have the form of quite thin plates to
# and with a hexagonal or outline, :
The colour of beryl is usually pale yellow,
brown, or green, Perfectly clear and mlwlmcﬁ-mk
have recently been found in the ruby mines at ogok
in Upper Burma and in the Gold Coast in West Alrica.
Ruby-red and sapphire-blue crystals are not known,
but there is no reason why they should not one day
be found. An interesting colour variety of chryso-
bery! is called alexandrite. This shows a dark green
colour by daylight and a deep red by artificial light,
best seeti in facoted stones that Lave been cut with the
table facot parallel to tho face @ of the crystal, The

mh:mnngijrplemhmh.lndnmyol white Light



166 A HEY TO PRECIOUS STONES

passing through this face emerges as a red a-my and
a green yray (see fig. 21, p. 54). Further, the spectrmm
of white light passing throwgh this face shows strong
absorption bunds in the yellow and blue, In daylight,
which is richer in blue rays, the predominating colour
will tilﬂn_h;&llm; wiitlst in lamplight, Whic!]; s nmr
in red and aw rays, the predominating colour is red,

Another interesting optical phenomenon is shown
by the cat’s-eye variety of chrysoberyl. A cabochon
stone cut with its base parallel to the vertical axis of
the erystal (any plane to the edge between the
faces @ and 5 in fig. 48 4) shows a silvery band of re-
flected light, which, as the stone 8 moved about,
moves over the surface. This is due to the presence
in the crystal of vast numbers (25,000 por square centi-
metre} of excessively minute hollow channels parallel
to the vertical axis. This “ chatoyancy * is an aocci-
dental character and may be shown by any mineral
possessing a finely fibrous structure, with parallel
fibres in one direction, e.g. quartz, tourmaline, asbestos,
and even a reel of silk. Chrysoberyl cat's-eye is often
called cymophane, a name given by R. J. Haiiy in
1797, from xipa, a wave, and still used by French
mineralugists as the name for the species chrysoberyl
vather than us a wvaricty name (ocil-dechat), ‘The
different kinds of cat'seye are best distinguished by
&tp‘cﬁxmg‘ the name of the mineral, ag quariz cat’s-eye,

Chry#oberyl ocours in pegmatite, granite, gueiss, and
mica-=schist. Flat m}rsﬁ are found in granite at
several places in the New England states of North
America and in Moravia. With emerald and phenakite
it occars in mica-schist on the Tokovaya stream north-
east of Ekaterinburg in the Ural Mountains; here
a5 the alexandrite variety, named aiter the Czar of
Russin. Most of the gem quality material, including
alexandrite and cat’s-eye, now comes from Ceylon, but
it is known there only as water-wormn pebbles in the
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alluvial deposits. Pebbles of uality are also found
sl posi gem quality

The minerul hias been prepared artificially, but only
as minute crystals. The so-calléd * synthetic alexan-
drite ** is a fraudulent substitution of artificial corundum

ar spinel coloured with vanadium oxide,

KEY TO THE CHARACTERS OF SPINEL

Crystals, cuble, ns octabedra; octabedral tngi:.,n?:v' 32,
Campesition, MgAl 0, Specific gmvity, 3:6=3-7. ness, B,
Optically  fssitro c and nik Im';lmi;.j ?!rn.nttw index,
rra-1-75. ¥ ol mroly colouriess.  Variekiss:

ite, gahnospinel (blue, contuining ZnO 182%, sp. gr.
397, 8 t:747). Loclitiss Ceylon, Burma, Siem, &c.

EKEY TO THE CHARACTERS OF CHRYSOBERYL

Crystals, ortharhombic {angles g = 458 464 B = 20" 537
Compasition, BeAlO,. Specific gravity, 3:7. Hardness, 8},
Optically Waxial and positive; strongly pleochmic, Refmctive
indices, 176 and 175, Vardously ealoured, Enﬂnw. brown,
m marely colourless.  Varieties: to, cat's-eye

Hes: Coylion, Brasil, Urals,



CHAPTER XV

Beryl and Topaz

N the last chapter we dealt with two aluminates;
hese we have tum alimino-silicates, of about un!

rank as fous stones. There are several o
alumino-silicites to be mentioned later on. The grn.-u-
green colour variety of beryl known as emerald is highly
prized as a ftm-strme because of its rich colour and
the rarity of fine quality material; but it is rather
lower both in hardness and m refractive index than
topaz. Green topaz is still rarer, but this has not
been found of a rich emerild-green colour, Su
that an explorer in, say, Greenland came across o whole
mountainof emerald-green topaz; it would be in i
to speculate what would be the reaction of
merchanls.

Both beryl and topaz are ancient names that were
upplied to a variety of stones, and it was only at the
end of the cighteenth cenfury that they were definitely
limited to the mineral species we now konow by thess
names. The chemical element beryllium: (or ghicinum,
so named because of the sweet taste of 1t salts) was
not discovered until 1798 and the metal itself was not
isolated until 1828, Tt was first detected in the mineral
beryl of which it is an essential constituent. Tlium
is a difficult element to detect chemically, it i
still more diffcult to extmuct in the metallic state,
It is an extraordinarily light, yet hard and silver-white,
metal, with a specific gravity of only 1-93. Alloyed with
aluminium it gives a hnrd. d:roug. light material
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sujtabile for the construction of asroplines and afrships
When the process for its extraction' can be simpli
there will be a greater demand for beryl ts an ore of
berylliim than for ornamental purposes.

Beryr.—The chemical formnta of . givenin the
textbooks as Be,ALLSi0,,, is only approximately correct.
Analyses usually show the presence of small amounts
of water and the alkali metals lithium, sodium, potis-
sium, cesium, and rbidium. The varietv casium-
beryl (which is usually pink and includes the colour
w.mtjéﬁp morganite) contains up to 4569 of cesium
axide Csy0.

B;;yul crystallizes in the hexagonal system, nsunlly
as =shaped hexagonal prisms terminated by the
basal plunes (fig. 15, p. 37). Frequently only one basal
plane is to be seen, since the crystals have grown
attachied at one end to the matrix. The prism faces
are always striated parallel to their length, that is,
to the vertical axis of the crystal. This affords an easy
means of distinguishing a crystal of beryl from one of
quartz, which also forms hexagonal prisms, but here
the prism faces are strinted perpendicular to their
lﬂngm beryl this striation and grooving may be
so pronounced that the crystal has the form of a
cylinder and the hexagonal form is quits obscured. This
Is due to the presence of a second hexagonal prism
set at 30° to the first (one face & of such a prism is
shown in fig. 400) and & repeated alternation of the two
sets of faces. nhn:mtm tlie liabit of the crystals is

-prismatic; but in seme tils, particularly of
= Kot o ot s s
being short, and the basal planes then the
predominating pair of faces. In addition to the prism
and busal plune (lettered wm and ¢ in fig. 40), there may
also be a serics of smaller faces on the edges and
cormers.  These are hnxmmﬂ pyramids, one series
(P #) of which replices edges ¢fm, and another
series (3, &c.) replaces the corners. Occasionally there
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may be snother serics of faces replacing the edges
m/s (nurrow unlettered foces in fig. 40); these are
dihexagonal pyramids, with twelve faces above and

twelve below. The hexagonal

pyramid p is taken as the umit
pyTami iﬁlﬂiﬁ inclined to the basal
p at an angle ¢p = 29° 56},
which is the crystallographic con-
stant for beryl and from it all the
other angles on the i:?'stn.! can be
calenlated. Theangle “betwemn
the normals of adjacent prism faces
is the same for all hexagonal and
rhomboledral erystals (corundum,
quartz, &c.); but a measurement
of the angle ¢p or ¢s at once enables
us to determine this crystal as beryl,
The fine crystal of bery! (agua-
marine) represented in Plate VI is
clear and of gem quality, with a
bluish-green colour ?a colour which
changes to deep blue on heating)
and weighs 2505 grams. It
a good illustration of the actuul
development of crystals, In the
plan (iig. 494) only five s faces and
A el
or a h id are pre-
e e serit; and the corresponding faces
(a) Qi denwing of 0w differ considlerably in size. This i
T e i P e due to accidents of growth, more
showing idest desslopmentod mialerial Having been supplied
b on one side than on another
during the growth of the crystal. [ the smaller faces
planed down parallel to themselves the ideal
shown in fig. 40c would result. It will be noticed
b ¢ all edges betwesn i
parallel.  The arrangement of the

SE



Prate VL

CRYSTAL OF BERYL [(AQUAMARINE) FROM BRAZIL
(Compare text, fg, g0, § aetual ize)

Feitish Wnmwem Fasdag p. 17
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faces on a crystal in zones with a series of parallel
is an important point to bear in mind. In fig. :.d‘ﬁ
example, there are only three sets of parallel lines
(additional ones in fig. 496 are due to intersections
between the planes ¢ and s), _

Common Eu-yl is dull and opaque, and usually
pale greenish or yellowish in colour, Clear gem varieties
show a wide of colours or may be quite colour-
less. Crystals of a vivid grass-green colour are the
well-known emerald; paler greens, yellowish green,
bluish gréen to deep blue are classed as aquamarine.
Goldunycﬂnwburyrhubemcﬂlmlhdindun and the
pink from California and Madagnscar was named mor-
ganite after John Pierpont Morgan.

Corresponding with variations in the chemical com-
ﬁsih'un there is a range in the specific gravity of beryl

m 2'6 to 2+g, the higher values being for the varieties
rich in alkalis Common values are 2:65-2-75, The
refractive indices also show some variation, w 1-57-
1:00, ¢ 1-56-1-50. Dichroism is distinct, but not very
strong; in emerald the ordinary ray-colour is green
and the extraordinary ray bluish green,

Crystals of beryl sometimes attain an enormous size,
Plate VII shows a radiating pn!llu'gucrxymb,
resembling tree trunks, immé in 1928 in a
quurry in {egmatite at Albany, Maine, U.S.A. e
largest of these measured 18 feet long and 4 feet across,
-andmﬁthmtedtnmg 18 tons, T!mﬂ::umtom]
was cloudy to ue and of a pale apple-green. .
butmechur%ufnqumuﬁmmdgmﬁmbqﬂ
were found. The largest recorded af gem quality
iamuluqumﬁnewighingiﬁ .; which was found
in pegmatite in Brazil in 1910, The fine crystal repre-
sented in Plate VI also came from a pegmatite in Brazil.
Material of gem quality has also been obtained from
pegmutites n  California, Madagascar, South-West
Africa; the Ural Mountains, Siberia and elsewhere,
Smaller crystals of the same aquamarine varictics are
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dlso found in gramite. The best example of a gem-
stone found in the British Isles is shown by the deep
blue 1 from the granite of the Mourne Mountains in
County , Ireland.

In contrast with the occurrence of aguamarine in
‘vocks of igneous origin, emerald ocours in rocks of
metamorphic origin. It has been obtained from mica-
schist in thcemtem desert of Egypt (" Cleopatma's
emerald mines '), on the Tokovaya stream, north-
east of Ekaterinburg in the Urals, in the Habach valley
in Salzburg, and more recently in northern Transvaal,
The famous emeralds from the region arcund Muzo
in Colombin, South America, were mined by the Incas
and were seen by the Spanish conquerors in 1537.
The mineral is here found in clcite veins in a much
folded, black carbonaceous limestone of Cretaceous
age, and is believed to be due to me ic (pnen-
matolytic) action from pegmatite veins in the vicmity:
A recent discovery of emerald at Bom Jesus das Meiras
in Bahia, Brazil, 15 also in a metamorphic limestone or
marble, 'I'lmnccunm-:eufemunld {us distinet from
aquamarine) in metamorphic rocks may perhaps account
for the Hssures very often shown by these - stones;
indeed, some jewellers regard a stone with suspicion
if it shows none of these flaws. o

Small erystals of beryl fincluding emm;ld gem
qunljt{;j have been pm-‘lucrd artificially. - So-called
“ synthetic aquamarine”, &c., are frandulent substi-
tutions of artificial corundum. An emerald glass has
been produced by fusing small fragments of crystailized
emerald: * Em:mld " doublets and trniplets are con-
structed by mucnﬁn;‘: a thin plate of green glass be-
tween quartz or 2

_ In faceted stones m&tqnzmm?mmﬂu:

gpmmumima}rmﬂybnmmiumd th one
er. They have the same vitreous Justre and show

much the same range of colours. They are most
my distinguished by the wide difference in their



Prate VII.

NEBD “HNIV
AHMYAD HVASTIA ¥V NI

W CANVRTY LN

TAMER 4D SV LSAHD

I ERLIRT |

Farpag o, 371






BERYL AND TOPAZ 173

Dacifi iy ks in hlend ‘$odid iy
whiles begl;m In chemical compesition and in
crystalline form the two minerals are quitedistinét,

Toraz s a flup-silicate of aluminium with the chemical
formula 510, Such o formuln corresponds with
20-6%, flnorine, but only rarely is this amount
found in topaz. The actual amount may be as low as
15'5%, and then water is also present. This is explained
lg the partial replacement of fluorine by hydroxy!

H), and the formula is written [AI[F,0H)]SIO,.

sponding with this variation in chemical com-
position, there is a slight range in specific gravity from
3'52 to 357, and in the refractive indices, o 1-61-1-63,
y 1-62-1-64.

Crystals of topaz are orthorhembic with a jpris-
matic development. The prism faces (I, m) are striated
pamllel to their mutunl intersections, i.e. parallel to
the vertical axis of the erystal. Other faces shown in
fig. 50 are the basal plane ¢, the unit pyramid «, and
the domes fand y (suggesting the steep roof of domus,
a honse). Variations in the relative sizes of Lhuﬁﬁ fn;i;n
give quite a different appearance to the erystals; but
the angles between the fices and the directions of the
edges remain the same.  Fig. 504 represents the form of
crystals from Murzinka in the Urals; and fig. s0¢ is
specially characteristic of the sherry-yellow crystals
ﬁnﬂt - charact the perfec

An mmportant er of topaz is the t
cleavige in one direction, parallel to the busal plane.
Cracks and feathered flaws due to this cleavage are
often to be seen inside the crystals, and these may be
rendered more conspicuous by the iridescent colours of
thin films. The crystals usually grow attaclhed at one
end to the matrix, and when detached they show a
smooth and bright cleavage surface at the broken end,
The crystals represented in fig. 50 are bounded below
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by this perfect cleavage. Double-ended crystals ol
t Are rarely seen. _
opaz 5 usually clear and colourless; but it ma

be variously coloured, usually in light shades. Pa.g
blue is common; bluish green and green, red and pink
-are tarer. The popular idea that the characteristic
colour of t is yellow is quite a myth and needs
correction. tals of a rich sherry-yellow colour are
known only from a single locality in Brazil,

alone the meuntain ridge extending from Capde do

Fig. go.~Cryutals of Topss
{Termizmared bolow by thbe hasal cizarraga)

Lane to Ouro Preto in Minas Geraes. This is often
called ** Brazilian topaz "', but the bulk of topaz from
Brazil is colourless or pale blue. Small crystals of a
very pale-yellow colour have long been known from
Schneckenstein in Saxony, Crystals of a brownish-
yellow colour are known from Siberia, Utah, and
Colorado; these fade on exposure to light. Books on
precious stones, copying one from another, state that
yellow topaz is found m Ceylon, a statement that
appears to have arisen from the unfortunate confusion
in calling the more common yellow corundum " oriental
topaz ". In Ceylon topaz is found as colourless water
worn pebbles.  There is unfortunately much laxity
and confusion in the statement of the exact localities
of minerals when these are cut as gem-stones. Most of
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the material sold as “ topaz ** is yellow quartz (citrine,
W mdﬂlm tﬂpaz_". . S-Pntl.mh Iﬂpﬂl "I (0 Iﬂdiﬂn
t ", &c.), The Brazilian yellow topas changes to
a bright pink colour when heated (“ t v:'ﬂ: )
Pink crystals are rarely found with the n
Brazil; magenta-coloured crystals are found in gold
washings on the Sanarka river in the southern Urals.
Topax peually oecurs in g:-gmnlim and granite and
is often accompanied by I, crystals of the two
minerals being attachéd to &: walls often in zame
cavity, Amnother common associate is cassiterite (tin-
:tnne{ in veins of tin ore at the margins of granite
masses. It is here clearly of pneumatolytic origin.
Vapours or solutions of tin fluoride, emanating from
the granite magma, by their action on felspar other
rock-forming minerals gave rise to topaz (and other
fluorine-bearing minerals, such as fluorite and tour-
maling) and cassiterite. Alluvial deposits of stream-
tin very frequently contain water-worn pebbles of
o Such material, usually colourless or sometimes
Enﬁzi:[uz. 18 gbundant in the tin mines of Northern
igeria, Tasmania, and the New England district in
New South Wales. Numerous localities conld be
mentioned for topaz. In the British 1sles small colour-
less crystals occur in the veins of tin ore in Cornwall
(too small, however, to be found as pebbles on the
beach); with 1in the granite of the Mourne Moun-
tains in Count wn, Ireland, and on Lundy Island
in the Bristal é:nnnel: and occasionally as K
blue, water-worn crystals ﬁlﬁﬂhﬂdmdﬂr?l iy
crystals are found in pegmatite veins in the
_i_tuunmim andji:: eastern Siberia.  One locality in
mansbaikalia, where erystals up to 31 lb. in weight
have been found, rejoices in the name Borshchovochnoi
Monntains (Bopmopowsmii xpefer). The British
Museum mligﬁtan of minerals mw.;u a rough opaque
crystal weighing 137 Ib, from a felspar quarry in
Setersdalen, Norway; and a clear, colourless, water-
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worn crystal weighing 29 Ib. from Brazil. Another clear
and colourless pebble, weighing 13 1b., was wsed years
ago as a door-stop in a teashop in t Strect, London,
and was no doubl thought to be 4 lump of gliss until
some bright mineralogist poticed on it the perfect
cleavage of topaz.

KEY TO THE CHARACTERS OF BERYL

Crystals, hewigonal; prismatic (rarely tabular) habit
ep = 30° 56}" Compos u.i’n ;ppmrimo}; BeyALSi,Oy bt
mumfhrdn waled u:ud. alkall metals. S Enﬁcz.
.:"ﬁ—rg- esz. 7§, Optically uniaxial, pegative: dichr

Refractive Indices, 1-50-1:55 nud ra;ht-ﬁn. Colimriess  or
uamarine, heliodor,

yuriously coloured, Varieties: emarnl
morgunite, Locatitiss: BHeazil, Colombia, .

Sibaria, &c.

KEY TO THE CHARACTERS OF TOPAZ
&ymh, m‘thwhmntdt; prismu.tic luhrit, potfect  basal
nf-+ 39, mm o= 55" 43 Cmrrgodﬂou.
[MI'F )y 1540 ¢ gravity, 3-¢—3-6. Huardnogs, U:gﬂA
cally biaxial, positive; pleochroic.  Refractive indices,
164 and :I-E::.'—I-ﬁa; Cnluurh-u or varinualy colinired,

Brazil, Russia, Northern Nigeria, &c,



CHAPTER XVI

The Garnet and Tourmaline Groups

HE Garsers form an interesting and important

group of rock-forming minerals. With their
bright colours and lustre they would be more appreci-
ated as gem-stones if they were not so common (and
consequently cheap). They afford an excellent example
of isomarphous mixtures in mineruls The general
formuls of all garnets may be written M,R,SLO,,,
where M stands for the giwdmt metnls, calcium,

um, ferrous iron, or manganese; and R for the

trivalent metals, aluminium, ferric iron, chromium, or
manganese. ‘With these components weé can build ap
quite & tumber of compounds, the more important of
which -are as {ollows: i
Calchmm-alomisium-grnet .. L,S1,0py  «. Grossafar
Tron-aluminium.garnet ., .. E:::.":mﬂ; - Almandine
mllﬂlm'lhmlﬂ}“m'ﬁlm a“n 3 ik e l’“$
Colchm ot e v CodbeaDe <. Andeatite
Caltfirm-chromium-gartet ., Cn.Er,Ei:l:hn Uvarovite

_ Only exceptionally, however, does the composition
of a garnet correspond with these simple formulie. When
analysed they are found to be a mixture in indefinite
propartions of two or more (or even all) of these mole-
citles. Grossular i rarely found as colourless crystals,
and its compasition can then be represented by the for-
mula Ca;AlSig0.: but more often it is coloured owi
W'ﬁm of the Fe,AlLSi0;, molecule,

wy [t
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as this increases in amount we find a passage to
hessonite (cinnamon-stone), and finally grading to al-
mundine, where there will also be an intrusion of
: 13044, &c. All these compounds have the same
line form, that is, they are isomarphous (iros,

equal, popg, form), In the garnet structure the place
of M or l{m be occupisd by any one of the equivalent
elements

The English pame gamet is a variant of the older
form granute or grenat, still in use in other European
languages. T. Nicols (1652) writes:

The Gromals mre kinds of Corduncles: It in a peflncids,
red, pretious gemm, [Tke unto the Nowers of Pomegranafs.

Crystals of garmnet are cubic with the form of the
rhombic-dodecahedron ar the icositetrahedron, or com-
bimations of these (fig. 51}, Faces of the octahedron or
cube are very rarely present. The rhombic-dodeca-
hedron is bounded by twelve rhomb-shaped faces, and
the icosiletrahedron by twenty-four trapezoidal faces,
The icositetrahedron (Greek, fcositelra, twenty-four, and
hedra, seat or base) is not to be confused with the
tetrahedron; it is also called the trapezohedron. These
two simple forms possess the full degree of symmetry
of the cubic system (p. 32), and the relation between
them is illustrated in fig. 51 a—d. By truncating the
twenty-four edges of the rhombic-dodecahedron we have
a combination of this form with the icositetrahedron;
and when this proceeds as far as the total elimination
of the d faces, we have the simple icositetrahedron,
Or by replacing twelve corners of the icositetriliedron
we pass back to the thombicdodecahedron. Crystals
of garnet of these forms have grown embedded in the
mother-rock, and they are equably developed on all sides,
often with model-like regularity. At tmcrgﬂabm
be closely crowded together, forming a crust on a rocl
surface in a crevice. When the whole rock consists of
gamet (garnet-rock) we have a granular aggregate
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of crystals that have mierfered with each other's
development.

Gamets are typically minemls of metamorphic
origin, but they also occur in igneous rocks of vanous
kinds and in mineral veins, When an impure limestone
is slowly baked under pressure by o lurge intruded
mass of igneous
magma, the alomi-
na and silica of the
clayey impurities
combine with the
lime of the lime-
stone to form a
calcium-aluminium
garnet. 1If the im-
purity is rich in
tron (limonite) then
a calcium - ron -
gamet will result.

Being a cubic
mineral, garnet
should normally be

opticall
but it frequently Fie. 51 —Crystals of Curnet
shows feeble bire- (o) Ruombictodestedson. () end () Combine:
fringence. This is memm
due to Gtrain and a
zonal structure of the crystals, the several zones or layers
being of different chemical compasition. A crystal may
have started its growth as grossular, but with clmg:ﬁ
conditions of feed, successive layers may be nicher
yicher in iron until it finishes off as almandine, With
these variations in chemical composition there is no
sharp line between different kinds or species of garnet;
and, indeed, it is not always an casy matter to distine
guish the different kinds, which e into one another,
GrossuLar, or gooseherry-stone, is 50 called because
of the pale-green colour shown by some specimens,
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from Ribes grossulariwm, the gooseberry. Even in

ite colourless crystals some iron is present, and as

is increases in amount the colour grades to pale
green or w, reddish yellow or brown, The gem
varisty hamtnrdnmmm-stmdawarmmdmm
yellow cdlour contains 3—4%, of iron oxide. The best
of this material comes from Ceylon, and smaller crystals
are found in Piedmont, the Urals, California, &e. A pale
rose-pink grossular as crystals embedded in white
marhle from Xalostoc, Morelos, Mexico, has beeh
called xalostocite, A compact gamet-rock, closely
resembling jade in appearance, has recently been found
hmem,mnghﬂsbemmldu "Si;uﬂ] African
jade . Its colour is various shades of green, cream, and

ArvanpiNg is the Carbunculus alabandicns of Pling,
g0 named from the locality Alabanda in Asia Minor,
It is of a deep rich red colour, often with a tinge of
violet. Most of the materinl is, however, dark and
upaawz. and i then used as an ubrasive, often as &

on paper or cloth, Almandine shows three

characteristic absorption bands in the yellow to

part of the spectrum; these can be essily seen with &
pocket spectroscope, and at once distinguish this-
mineral from red spinel. Stones are sometimes faceted;
but more usually they are cut in the hollow cabochon
forin' (fig. 32¢, p. 03), these being produced in large
quantities at Jaipur and Delhi in fmhl. Almundine is
& mineral of wide distribution, occurring nsuslly in
mica-schist and gneiss, and also in granite and peg-
matite. Material of gem quality is found in India,
Ceylon, at Linde in Ta.-ngunyi.kn Territory, and
other localities, ** Adelaide ruby " from South Aus
belongs here.

PYROPE receives its pame from wwpwrds,
account of its fiery-red colour. Ithumbﬁtlmm
of the gem gamets, and has been extensi cut in a
faceted form, and sold under a vatiety of names—
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* Boliemian garnet ™, " Cape ruby *' from the dizkmend
mines in South Africa, "' Elie ruby ** from: Elie in Fife-
shire, " Arizona rmuby *' and ** Colorado mby ' from the
United States. Being a magnesium-garnet its home is
in rocks rich in magnesium, such as peridotites (olivine-
ricks), serpenfine, and in the kimberlite South
Africa.  Pyrope nsually contains 2—%, of chromic
oxide, together with 109 or maore of won oxide, and
to these it owes its colour, The Bohemian gamet
industry, dating back to the fourteenth century, is
centred pround Mérunice (Meronitz) and Thbiviice
{Trebnitz) in the Midland Mountains of northern
Hohemia. The minersl is found in clayey sands and
gravels which have been derived from the weathering
of ‘a volmanic brecoin containing blocks of gamet-
i idotite. The et-bearing ground is
mm'eﬂ. Wu_u.lmji‘:l:i hamnd-sorted for the ﬂ
stones. Those of inferior quality are nsed for gravelling
garden paths. Rhodolite 13 a beautiful rhododendron-
pink wvariety, intermediate in composition between
mpe and almandine, from Cowee Creek, Macon
ty, North Caroling.
Pitugueas mineraiogis 1. B & andmdns Tt loch
i ist J. B. d'Andrada. It is a
common garnet occurring in rocks of several kinds,
but is generally dull and opaque. A striking varisty
is that known as demanivid, on account of its very
brilliant ustre. It has a high refractive index of 1-89
and a dispersion greater than that of diamond; a
faceted stone consequently flashes brilliant prr
calottrs. Unfortunately it is rather soft, the
6§, being less than that of quartz; and, as quarts is
presenit in ull dust, the stone i3 liable to become scratched
and the edges rounded, especinlly when worn as a
ring-stone. It was first found about 1860 as green
pebbles in gold-washings on the Bobrovka stream in
the H‘uhni-?ngihk district, Urals, and afterwands as
nodules in the npeighbouring serpentine-rocks, On
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account of its yellowish-green colour and its occur
rence In serpentine, it was at first thought to be olivine,
and this unfortunate mistake {oftem misspelt olivena)
still ts in the trade. Other names for this stone
are vka gurnet and ™ Uralian ememld ", but it
has no relstion to the true emerald (beryl) which is
also found in the Urals. Demantoid has recently been
found in the asbestos mines in serpentine in the Val
Mudenco in Lombardy. A clear yellow variety of andra-
, dite known as “ topazolite ' is found with hessonite
in bands of gamet-rock in serpentine in the Alu valley
in Pindmont.

SPESSARTINE, Or manganese-garnet, takes its pame

hﬂﬂ;S}i:eam‘tin Bavaria. When occurring as large
masses it has given rise to d its of manganese are.
Smuall u}r:talig::f gem quu.!:t;P:.rE'c found in pegmatite
in Ceylon, Madagascar, &c., but these are quite rare,
The colour is a rich reddish yellow, very much like
that of hessonite,

Uvarovite, or chromium-garnet, was named after
the Russian Count 8. S, Uvarov (Y gapon), and in the

mixed French and German transliterations (he name

shows a wide range in spellings; but here the stone
shows no range in colours, bemgaiwa}rﬁmmld-
green due to chromium. It is found as small crystals
with chromite (chrome iron-ore) in serpentine in the
Urals, Orford in Quebec, and a few other localities.
Larger crystals have recently been found at Outokumpu
in eastern Finland.

TourMALINE is a boro-alumino-silicate of very com-

plex composition, and no satisfactory chemical formula
has wvet been deduced. An a imate formula:

is (Mg, Fe,Mn,Ca,Na K, LLH]M Og, with iso-
ts of several elements

brucketed togeilier. It has nntbnm;-nﬁsibletnduﬁm
sulrspecies, as m the case of the garnet; but iron-
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tourmaline, magnesia-tourmaline, and lithis-tourmaline
might be distinguisiied if chemical anaiysss could be
made of every crystal. Another set of names is based
ani colour—achroite for colourless, scharl for black,
subellite for red, and indicolite for indigo-blus. Others
again are * Brazilian ruby ', " Brazilian emerald ",
and * Brazilian sapphire”. The term * Brazilian
emerald " dates back to Joannes de Laet (1647), long
before the mame tourmaline came into mse.. The latter

is from the Sinhalese name toramalli, which inclodes
ilso zircon and no- doubt other stones. The crystals
brought by Duteh merchants from Ceylon in 1703
were lound to the curious property of attracting
warm wood-ashes, and they were then called * aschen-
trekker ', ash-drawer, or ash-stone.

the erystal, which are usually prismatic in habit. The
ay%mmd‘mﬁg.jzmhmndedhyahm

gonal prism ¢ and a trgonal (tr riam  m,
gﬂdtmmdhymu%‘rﬁgm.r
and the basal plane ¢, The r at the top of
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the crystal are independent of the three at the bottom
together they would form a rhombohedron, as in
fig- 13). The prism faces are always deeply striated and
grooved parallel to the wvertical axis of the crystal,
owing to a step-like repetition and altermation of the
faces o and m. Tourmaline can usually be easily

izod by the very characteristic forms of a eurved

triangular prism (fig. 52¢), which i5 seen in no other

A wide range of colonrs is shown. Crystals ma
:;? from periectly clear and eolourless to ]ct-blm:{
opaque; or thiy may be of various hright colours
—red, vellow, brown, green or indigo-blue. Striking
differences in colour are often shown in one and the
same crystal. A long colourless prism may be tipped
with black at one end (" negro-heads™); or a prism
may be bright green along balf its length, and bright
red in the other half; or again, there may be a whole
series of different colours along the length of the
crystal. In other crystals the zonal arrangement of
colours is parallel (instead of perpendicular) to the
F;im faces, and is then shown on the basal plane.
lishied slices cut from the crystal to the basal
piane show very efiectively the alternating bands of
calour, which may be bright green and red.
Tourmaline is remarkable for its very strong dichro-
ism. In darker coloured crystals (especially brown and
black) the nrdma my (vibrating perpendicular to the
axis of the crystal) is completely absorbed, whilst the
l!xtrmrﬂlgﬁg ray {v;‘:tLuhng along the axis} i:h:!hmd
to pass, & crystal, when viewed tln:lrlth prism
faces, will show some transmitted light colour, but
when viewed through the basal plane it will be quite
opaque. Two thin shices cut | to the vertical
axis of such a crystal "eaaimp]epnh.ti&in;
: well known as the old * tourmuline tongs "'
‘When the slices are in parallel position light is allowed
to pass through, but when they are in erossed position

—_—
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the light is cut cut. A suitable crystal placed between
the crossed slices will show brlliant polarization colours
s seen in the polarizing microscope. On account of
this strong absorption of the ordinury ray,
coloured stones should be cut with the table facet
parallel to the prism faces, while paler stones will show
a better colour when cut with the table parallel to the
basal plane.

A.:mttu:r very curious property of fourmaline is its
capability of developing a chatge of pyro-clectricity
or of piezo-clectricity. The humimorphic development
of the crystals, previously mentioned, is an outward
expression of a polarity along the vertical mxis. It
tsmsx:rmgumtmc direction along this axis in the
crystal than in the opposite direction—like uphill and
downlill, When a erystal of tourmaline Is changi
in temperature, either warming or coaling, it develops
a l:hﬂ.rgu of positive electricity at one end and a negative
chn.rfu other] it may then attract to itself vari-

ight objects, as was early noticed when a. crystal
was accidentally dropped in mmt wood-ashes, This
effect may be strikmggy the simple

of dusting a mixture of red | H.nd flowers of sulphur
through a fine sieve over a cooling crystal, when one
end attracts the sulphur and the other the red lead,
l.mllh.-.ylhmm:mlluwmdred. When an tal
changes in temperature it also changes very m

valume, l::amndmg on heating and contracting on
i P oo bpp ot Do e

cantraction as wi mulm;]a.durgun "plm-

electricity  is developed. This property has an

m}?lﬂ‘lnnt technical application in detec and

mﬂmtmmpmm‘um lnﬂ;&:fdmu-

tion tourmaline is much more useful for depth sounding
for submarines than as a precious stone,

Towrmaline is a mineral of wide distribution in

fgneous and metamorphic rocks of various kinds and

l
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in veins of tin are. Crystals of gem quality are col-

lected from cavities in ute- in Brazl, Huln.gascn:
California, Maine, Ur . and from gem gravels in
Ceylon.

KEY TO THE CHARACTERS OF THE
GARNET GROUP

hic, tion, =0

Lo bl e o
yeeklerwr, brorw seen. Varicties: hessonite, chodolite,
meﬂ“}dutfmum

M, | Mo | So.Ge | Hebtwb
Grossular Caal 7 35-3-4 1731
M.lll.l!l.nlﬂﬂﬂ Fﬂﬂ.l ?i 4 [—_‘13 j-?:r_[- 3
Pyrope® MgAl | 7474 | 3728 | r7a-t
Spessarting | MnAl 7 $1-43 1r7g-1-H1
Andradite Cafe of 38-39 -8
Uvum-‘ihi CalCr ? 3-‘5-:'-? |1B'_ I'Bj

* Pyrope always contuims much o i wddition to megmesinm, ealimised
values for pure Mg AlS,0, sre ap. gr. 1510, » 57708,

KEY TO THE CHARACTERS OF TOURMALINE

thamboledml bemimorphic;, o = 27* 20, Come

on, o complex boro-alumine-siticate of magoesinm, brot,
caleium, lithinm, &c., with some water and floorine. Specific
«0-3-2. Hanlness, 7 Optically uniaxisl, negative: -

-m::ﬁl fnmm.-_ H:Frmﬂdkel.w: 4 105, ¥ 162108,
to black and variously coloured. Varieties: rubellite,

indicalite, -achroits, schorl. Localities: Braxil, Madagmscsr,

California, Umls, Ceylou, &c.,



CHAPTER XVII

Zircon and Olivine

IRCON and olivine are the two gem-

stones of prime im ce left over from the
preceding chapters, and they are here dealt with before
passing to the non-crystalline opal and the other
stopes of less importance.

Zircon is the mystery stone, The name itself is of
obscure origin, and the mineral presents many puzzling
and unsolved problems. No other mineral shows such
& wide range in its physical propertics (density and
refractive index); yet no difference in chemical com-
position and crystalline form can be detected corre-

with these extremes, Further, some crystals
when heated undergo remarkable changes in their
physical properties and colour. Two chemical elements.
were first discovered in zircon, namely zirconium in
1789 and the latest found element hafninm.

Other obscure names applied to zircon are jargon
or jargoon awml K th or jacinth. The Greek niume -
hyacinth was originally applied to bine ﬁtﬂnﬁ,
ﬁpph.l.m but now to various reddish-yellow stones,

Cneluding zircon, gumnet, topaz, idocrase and fermu-
E.nons quirtz (Eisenkiess]). Since this name is also

common use for a . plant, it might with
advantage be discarded as a gem name.

Z‘umn is & silicate of zirconium, ZrSi0y; or it may

as a doubls oxide Zr0,5i0, since its
are isomorphous with cassiterite (SnQ,) and

mtﬂu[no.j mmmmmﬁmm
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fold symmetry. The square bipyramid # (fig. 53)
when present alone resembles a rather flattened octa-
hedron. Usially it is combined with one or other or
both of the square prisms m and a, which are set at
45° to one another, In the combination ap (fig. 538),
if tlie prism faces are shorter, so that the corners of the
faces  meet in the middle, the crystal will then closely
resemblé & thombic-dodecahedron (fg. 514, p. 1), and
with very nearly the same angles ap = 60° 40" (instead
of 60%), while the angle as = go® is the same. Such
‘a crystal may easily be mistaken for gamet.

PO
DO

Fig, $3—Crretaly of Zireon

The optical characters of zircon are often anomal
i.e. not always what they should be for a well- .
tetragonal crystal. Some crystals are pormally wmis

axial and show & good uniaxial optic picture (Plate 11},

but others are either biaxial or isotropic.

a wide range (-8 to 2-0), but are always higher than
that of corundum and less than that of diamond
Corresponding with this high refractive power, the
mineral displays a brilliant Justre, appraaching in
character the adamantine fustre of dismond. The

ng shows a wide range and is susceptible to
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ZIRCON AND OLIVINE

mdium emanations, &c.  Some brown
gircons when heated change to green or
or they may be completely decolorized.
colourless zircon used as gems has been s
with its brilliant Iustre and high dispersion it
resembles diamond in appearance, and is
“ Matura diamond "', from Matara in Cey
beautiful sky-blue zircon, which first came
market in 1914, has probably all been heat
but there is much secrecy about the process;
exact Jocality in Siam where these stones are found
is not made known. Some of thess blue tircons very
:Enkly turn brown on expesure to bright sunlight, but

blue colour may be equally quickly restored by
slightly warming the stone. Blue zircons do, however,
occur siaturally; they may have been heat-treated by
Nature herself. (Small crystals with a bluish tinge are
found in Vesuvian lava.) Some very few rose-red and
orange-coloured zircons zlso show a rapid change in
colour to dull greyish-brown on exposure to bright stn-
light; one is astonished to see the colour fade away in
a few seconds, and equally astonished to see it restored
when the stone is warmed, All this is very puzaling and
is & matter that requires further study.

Another interesting feature of zircon is seen in the
several dark bands in its abso mm This
-giuutmusytﬂtfntqud:kpickn ion of the
mineral. These absarption bands are due to the pre-
senice of minute amounts of wranium and thorium,
The presence of these radicactive elements is also shown
by the pleochroic haloes commonly seen around micro-

erystals of zircon embedded in H‘:ut: rnﬁu.ﬂ
extreme ranges in specific gravity (§:0-47),
refructive indices (1-80-1-99), and birefringence (0-01-
6-06) shown by clear zircons of gem quality have long

ted a puzzling problem. This has now been

presen
solved by the new X-my method of investigation,
Those with low values are found to consist, not of the

g
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chemical compound ZrSi0,, but of a very fine-grained
mechanical mixture of Zrl), and Si0,. When such a
stone is heated toa temperature of 1450° C. the divorced
parties may be induced to enter again info chemical
nhm-—ng, + 510, = Zr5i0,—reaching in some cases,
though unhappily pot in all, the higher values, This
break-down mto a “ metamict "' amorphous state is
common enough in many other minerals contaiming
madioactive elements, and is due to the incessant bom-
bardment during millions of years by a-tays emitted
at great speed from the slowly disintegrating radio-
active elements. That such e-rays actually are emitted
by these minerals; including zircon, is shown by their
action on a photographic plate in the dark—they can
take théir own autophotograph., With hydrmation of
the " metamict " material, zircon suffers still further
alteration and degradation, becoming dull and opague
with the specific gravity sinking as low as 3-4; then

being quite outside the pale of gem-stones. Mineralo-
gical literature is littered with many special names

(milacon, cyrtalite, &c.) for such altered zircons,
Zircon is a mineral of wide distribution, but only
as minute crystals sparingly disseminated as an acces-
sory constituent in rocks of many different kinds,
Only rarely does it occur in | amounts, eg. in
mih -hs::,:mit_e_‘ The largest m on record weighed
15 b, but this is quite excepti , few crystals reaching
an inch across. fﬁ:rmpim:rysmh are to be found in
the lieavy concentrate of any sample of clay or sand.
Being a heavy mineral resistant to weathering agencies,
it sometimes accumulates as considerable deposits of
a fine zircon sand, which has certain economic uses:
Material of gem quality is found as pebbles and water-
worn crystals in alluvial deposits, principally in Ceylon,

Siam, Queensland, &e.
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OLIvINE is an important rock-forming mineral of very
wide distribution. It is the main constituent of peri-
dotites, and a pure alivinerock called dunite forms
Mt. Dun in New Zealand. The large masses of serpen-
tine-rocks and the important deposits of chrysotile-
asbestos have been derived by the alteration of peridotites.
It is also an important constituent of most basalts.
In contrast with this abundance of a common minerad,
material of gem quality is quite rare,

The name olivine, given by A. G. Wemner in 1700
on account of the typical olive-green colour of the
mineral, is used by English and German mineralogists
for this mineral species. French mineralogists call it
peridot, and this name is in common use for the gem-
stone. But this is not a word of French origin and there
15 no need to pronounce it as French. There is a preva-
lent idea that foreign words must be pronounced as
French, in the same way that all foreigners are ' mon-
sieur . The form peridota was in use m English in the
thirteenth century, and later peridote, which is a
better spelling conforming with epidote. American
mineralogists use the name chrysolite, an old name
;gﬁiﬂi to any yellow stone, from the Greek ypneds,

and Aiflor, stone. These three names are now
merely synonyms, and it is & matter of choice which is
used.  Any attempt to limit them to olivine of different
shades of colour only means further confusion. The
old name chrysolite, so readily confused with elirysotile
(= serpentine-asbestos), might now with advantage be
Olivtm:mh °tﬁ:f“f' i h of
a member of an isomorphous gron

minerals ranging from magnesium orthoslicate Mg, Si
iron orthosilicate Fe,Si0,, called forsterite and
ite respectively. termedinte members con-
both magnesium and iron (Mg Fe),Si0, are
alivine, With little iron the colour is pale green
ow, and with more iron it is brown to black.
of a rich green or yellowish-green colour and

gg&g#?



103 A HEY TO PRECIOUS STONES

of gem quality contain about 109 of ferrous oxids

FeO. The crystals are orthorhomboe with a form 'eqy
similar to that of chrysaberyl (fig. 43a, p. 165), but

are only rarely twinned. Distinetly devel ped

are, however, rﬂmlj' found, the mingral bei

as embedded grains far shape. Witha mn!nu:

of only 6} {lcﬁ than quartz) faceted olivine must
bntrﬂ.tndwrthmmemnnd it is not suitable for
weir o ring-stones,

Most of the material of gem quality bas been ob-
taingd from the small island of St Jolin's (or Zeberged)
off the coast of Egypt in the Red Sea. It occurs thers
in a2 ven of nickel ore im altered peridotite; and was
formerly collected from the debrs on the hillside
Hecently a few large crystals of fine qualify have
come from the Bemardmyo valley near Mogok in
Upper Burma. An odd occurrence is in ant-hills in
Arizona; bright green grains of olivine, together with
red pyrope, both l:ll:n'md from the weathering of peri=
dotite, having been industriously collected by ants,

Olivine enters largely into the composition of meteotie

stones, and in some masses of meteoric iron clear
crystals are large enough to be cut as celestial gems.

HEY TO THE CHARACTERS OF ZIRCON

"PHM;
P\'rt}ﬂ 047 ?i Whﬂ-t
positive, alten anomaloys, d %ghanwn
o190 b:h‘linngmm, o0 1-0ol; dupunm o039, Varous

colours or colourless. Localitiew Ceylon, Siam, &c.
EEY 10 THE CHARACTERS OF OLIVINE
Crystals, ortharbombic. Composition, Fe),SI0, with
nbﬂnt tu Fe. Smn mﬂﬁﬁ;-—%f‘ Hanirees, ii-
Mj-'t ente ooy, Colour, olive-green myﬂhﬂ
John's lsland (Hed Sea), Burma, &c.
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CHAPTER XVIII
The Quartz Group

N’EXT to felspar, quarts is the most abundant of

minerals, The average composition of the
rocks of the earth's crust shows 50%, of silica, toore
than sufficient to combine with alumina (15%) and
other oxides to make the rock-forming silicates. The
excess is present as free silica in the form of quarts,
which with its greater hardness and resistance to
weathering s really more commen and econspicuous
than any other mineral on the earth’s surface. It also
shows a much greater vadety in its forms than any
other mineral.

The name quartz is an old German mining term
mmﬁmndby(i Agricola in 1529. Earlier names in
Eilgfmh were ‘' erystal*' (from the Greek epierakior,
clear ice) and “ silex " (Latin),

John dé Trevisa in 1365 wrote:

Cryutall i3 n bryght stone and clore wyth watry colour. Men
trowe that snowe or yae is made hard in sprcé of many yeres;

ﬂmiumthﬂﬂh'lmuﬁpvn]thummm

The poet Robert Greene in 1592 wrote:
The precious stone Silex ta full of secret Yertue,

l'.'hmﬂr.al!y. is silicon dioxide, or silica, and
is mnshmt tion, though it may contain

i impurities. It is also constant
in its hym:n.l properties, the specific ty varying
little ﬁnm :65 and the relractive fnudkﬂ not far
{rom w 1544, « 1553, Crymbmﬂmmlmhndrﬂmth
nnirmu!symm-y anphnmmomtreu!

LU
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symmetry. Small faces rarely present on the comers
of the crystals show a trapezohedral or lopsided
development; and some erystals are right-handed and
others are left-handed, one being a mirror reflection

of the other. Prominent faces are those ol two

independent rhombohedra r and =, which in combina-
tion give a hexagonal bipyramid (6g. 54¢); and the

prismn m. When only one rhombohedron is
present the crystal has very much the appearance of
& cube, the angle »r being 85° 46°. Often the faces r
and z at the end of the crystal are different in size,
three smaller faces alternating with three larger faces.
Luarts, even as minute crystals, can always be recog-
nized by the presence ufcg:s.e faces. The small acuts
isosceles triangles ha:;dplnng angles of 70° at the base
and 4o0° at the apex, the sides are half as long again
as the hase; alternating with these are larger faces with
seven edges (fig. 54¢). Often, however, the crystals are
very irregularly developed and sometimes very puzaling;
but they can always be orientated and then deciphered
with the help of the horizontal striations which are
always shown by the prism faces (fig. 54d). Quariz
arystals vary enormously in size, from tiny shining
specks on a drusy surface up to crystals weighing 1400
Ib. They may be aggregated together in various ways,
oiten forming compact aggregates of mi :
crystals and so giving rise to the manifold varieties of
this mineral.

The varicties of quartz may well be compared with
the varieties of sugar. * Coffee crystals ' are single
isolated crystals of canesugar; these are usually
colourless or white, but sometimes they are stained
all manner of pretty colours—amethystine, citring, rose,
brown, yeliow, red, green, blue, mtu of erystals
are seen in candy (sugar-spar), which may be colouriess,
yellow or brown, on the degree of refine
ment of the solution from which the crystals grew.
Compact aggregates of smaller crystals interfering with

L
)
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one another’s growth are seen in loafsugar, Granulated
sugar cormesponds to quartz sand; and many other
varieties of both sugar and quartz could be mentioned.
There is another interesting connexion between quartz
and sugar, Polished slices of quartz crystals are used
in the construction of saccharimeters for measuring Lhe
strength of solutions in the manufacture of sugar and
in brewing. This depends on the property possessed
by both quartz and sugar of rotating the plane of

polarized light.

-]
“..." "

Fia. 54 —Crystals ol Quarss

The rotatory polarization of gquartz depends on a
spiral armangement along the vertical (triad) axis in the
minute structure of the crystal. The crystals are also

in the direction of the three dyad u&s {join-
ing opposite prism edges) and are consequently pyTo-
electric and piezo-electric in these directions. use
of quartz as resonators and oscillators in radio-telephony
and radio-telegraphy and in the depth sounders for
submarines depends on this piezo-electric property.
~ Quartz is an interesting mineral and it has many
mmportant technical applications. But we must not
forget to mention its use as a gemestone. With a
hardness of 7 it withstands wear. With the same
vitreous lustre and only slightly lower refructive
indices, it closely resembles beryl and topaz in -
ance; and in cut stones it can only be surely distin-
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guished from these by applying the usual tests for
specific gravity and refractive index,

The many gem wvarieties of quartz fall into threse
groups—iransparent, trunsluocent, and opague. The
clear and transparent varieties are single individual
tals and may be either colourless or variously
, 33 in rock-crystal, amethyst, citrine, smoky-
quartz, and rosequartz. These have grown in rock
cavities from solutions of silica in hot water under
pressure.  Translucent varieties consist of an aggregate
of needle-shaped crystals of microscopic size with a
ru.ml[e]arrmmmt in layers. These include the various
orms of chalcedony, which again may be colourless or

isugly coloured, including agate, camelian, sard,
chryso , plasma, &c. Chalcedony was i
from solution originally as a jelly (a chemical precipitate
of hydmated silica), which in the course of time
tallized out as quartz. Opaqoe varieties consist ﬂu?:
compact finely granular aggregate of minute crystals
and coloured with intermixed impurities, as in the
variously coloured jaspers, The many varietiss of
quartz grade so imperceptibly into one another that it
is not always easy to give a definite varietal name.

Rock-cwysTAL is clear colourless quartz with a
bright glassy appearance, and is the form of
the mineral. It is cut as vases, crystal balls, faceted
stones and beads. Large crystals are found in veins
metamorphic rocks and in pegmatite in the Alps and
many other places. The main supply of material for
optical purposes comes from Brazil (* Brazilian pebble *')
and Madagascar. Small brilliant crystals have been
given the fanciful names ' Cornish diamonds ", " Irish
diamonds ", &e. The clear crystald sometimes contain:
visible enclosures of other minerals. Rock-crvstal
enclosing fine silky needles and thread-like crystals of
rutile is called “ Venus's hairstone . Cavities con-
taining liquid with a movable bubble are sometimes
present, and when these are extremely minute and preseat



in vast numbers there is a4 gradation to milky

AMETHYST is wine coloursl, The Gmkﬂm
for wine i borrowed in the name methyl aleohol (wood-
spirit), and methylated spirit is ethyl alcohol (the
Eﬂ.l.utn.ble sort) contuminated with methyl alechal.

reek, udveror means soaked with * mothn*, and
auclurror (amethustos) means mof drunken.  With
such a derivation for the name amethyst, the gem:
has always been regarded as & churm for the prevention
(not the cure) of intoxication. For this reason bisliops,
whose duties talee thfn_:;n to public funictions of ail sarts,
wear an amethyst in the episcopal ring. While induliging
in alcohol and the dm&nﬁmﬁf n%inem.l names, we
may pechups allow still another little lapse, The name
alecohol was originally applied to the mineral which
we now call stibnite (antimony sulphide). In Arabic
J=111 (al-kolil), meaning "the colouring’’ (a) being the
definite article), is the black powder used (o durken
the eyelids. This 15 powdered stibnite, and is still
called kohl in the theatrical profession. Gradually the
mmnhﬂmlmmetobtngplmd to any fine impalpable
‘powder, such #s can be obtained by distillation; and
23 lale oz 1872 Sir Humphry Davy uweed the term
* alcobiol of sulphur ™ for what is now called *' fowers
of suiphur *.  An essence or spirit is also obtained by
distillation, and so we get to "alcohol of wine* or
* spirit of wine "', and finally to alcohol.

Ah-;{mmd surface of ameth t:;m.llynhuqsl
series small i rstive ﬁ.uga‘tpru:rbs.
This is due tnnrqaﬂ]t]g lﬁmm%lhr twinning, but it does
ot give rise to a parting, as in corundum: Amethyst
: :mm together with agate, lining the amyg-

fﬂmun&ﬂhni ped) cavities in m‘i;t voleanic
rocks, particularly basalt. It also occurs in pegmatite
iudinmiﬂumlg&nn. At one time it was collocted
in the amygdaloidal rocks nedr Oberstein on the Nalie,
a tributary of the Rhine, but now the bulk of the material
cut at Oberstein comes from similar rocks in the south
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of Brazil and northern Urugnay. Material of good
qualityis occasionally found in the gem gravelsof Ceylon,

Crruise is a clear yellow quartz of various shades
Enmpnlnhmmycllowwnriuhgulﬂmycuw. It
usually goes in the trade under the name topaz, though,
of course, there is no relation between quartz and topas,
and the two are readily distinguished when tested.
Supplies come mainly from Goyaz in Brazil and from

. Some of the yellow quartz sold as ** topaz "

ae" bumt * [(Le. Ilmted}Iamrth st, but this is of a
per chestnut-brown colour. With increasing de

ol colour citrine grades into: s

SMoRY-QuARTZ of a smoky brown or grey colour,
and this again grades to morion, which is quite
black. This is much more frequent than quartz of a
good yellow colour. Large water-worn erystals and
blocks are found in the streams from the granite
mountain of Caimgorm on the borders of Banfishire,
Inverness-shire and Aberdeenshire. But the xz'ﬂllb'll‘
quartz usually off as ** Cairngorm ™ or ** Scotch
topaz " is mainly of Brazilian origin. Here we have &
double error, for true topaz of a pale blue colour is also
found in the Catrngorm district, and this surely merits
the designation of Scotch topaz.

Rose-QuArTz is of a pale rose-red or pink colour and
very rarely quite clear, being usually only translucent
and with an almost greasy lustre and milky appearance.
It 15 found as large masses (up to 8 feet ncross) in peg-
matite at Bodenmais in Bavaria, in the Urals, South-
West Africa, Manitoba, Brazil, U.S.A.,, Madagascar,
&c, Crystals are excessively rare {rarer than crystals of
dismand!). A brautglﬂspedmminﬂmﬂutm
(Mass.) Museum of Natural History shows a wreath of
small clear crystals of rose-quartz around a larger prism
of smoky-quartz.

PRASE is & leek-green, mostly opaque variety with a
greasy lustre.  Brighter are seen in quartz with
enclosed malachite ar lls (copper carbonate
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and copper silicate). Bhue quartz is rare. Red quarts
contains enclosed hematite. A crude imitation is made
by dropping heated quartz into red ink, when the colour
penetrates along cracks.

CAT'S-EVE QUARTZ is a granular aggregate of quartz
enclosing parallel fibres of asbestos, or hollow channels
il the asbestos has been later removed. When cut
in ‘a cabochon form it shows a chatoyant band of
reflected light on the surface (compare chrysoberyl,
p. 166). " Tiger's-eye" of a golden-yellow colour is
of the same character, and is found only in the Asbestos
Mountains in Grigualand West in South Africa, but
there in large amounts. This is sometimes called oroci-
dolite, but it is really decomposed crocidolite (blue
nsbestos) replaced bl',r o;[uartz. Associated with it is
found *' hawk's-eye’ a dark blue colour; here the
blue crocidolite was silicified without previous oxidation
andl decomposition. These South African stones are
ﬂtﬁl:w with aniline dyes, which fade on exposure
to light,

AVANTURINE QUARTZ is also a granular quartz or a
quartz-schist containing small flakes of mica, which
m it & spangled Ef:ﬁ:t. The artificial avanturine is

55 containing small bright crystals of copper.

CuaLcepoNy forms masses with smooth rounded
{mamilluted) surfaces and is usually of a white, light
grey, or creamy colour with a lustee, It has been
deposited from solution as successive concontric layers,
and is usually found in the steam cavities in ancient
g}gﬁﬁcﬂmmh It may also I::r seen lining cavities of

ts. Depeniling on the impurities present in
the solution from which it was dtpom. the mineral
may be variously coloured; or it may have been stained
by later pe ting solutions. Stones of a vellow,
yellowish-red, or red colour, due to iron hydroxide or
oxuiledc are carnelian; brown iskmﬂ; h;ght grmd > due
to mickel, is chrysoprase; dark green, due to chlorite,
is plasm; and dark green with red spots is * blood-
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stone "' or * heliotrope *'.  Other colours are pale blne,
violet, and mauve. When the successive layers of the
stone are brought into prominence by being dlﬂnrenUy
coloured (due to change in feed during growth), then

we have the well-known agate. Here the bands of

colour are curved, mnfmmmg to the shape of the cavity

hwhk:hlhnatmegmr When the bands are straight
and altemately black and white we have onyx; or

when brown and white, sardonyx. Enclosures of various:

kinds in chalcedony give moss-agate and mocha-stone

Since chalcadunryglmnmsu of an aggregation of
minute crystals, the material is slightly porous, the
degree of porosity .L?':ng in the different layers, and
colouring matter in solution can be soaked up between
the individual erystals. It is therefore an easy matter
to colour chalcedony and agate artificially, and, in
fact, most of the agate offered for sale has been so
treated since the bulk of the commercial rough materzal
is very ;nle in colour. The colour of carnelinn can also
be easily improved by heating the stome, the yellow
iron hydroxide being so converted into the red oxide.
The several varieties of chalcedony are common and
lth-limdnnt semi-precions stones.

ASPER ts of a compact te of finely
granular quarts mixed with :m’ﬁntﬁ? large amount
which act as the colouring matter. There may be a
wide range of bright colours, and the material takes &

good polish. It is often rather of the nature of a meta-
morphic rock formed by the baking of mudstone and

KEY TO THE CHARACTERS OF QUARTZ

ﬁ-yrhlr rhnmhuhud:ﬂtupunhuhﬂ. tr = Bs"
n_:;u o!cryuh!;.w ﬂm%

-Ij.“..tljj;,.
Elﬂthﬂllumtﬂutuque Yarioties mct-cqml.Lm:-
citring, chaleedony, agats, carnelian, &c.  Localitiec



CHAPTER XIX
Opal and Silica-glass

IKE quartz, opal consists of silica, but with the
addition of water in vaniable amount, 3-109%.
It 13 a dried-up silica jelly, and is one of the very few
minerals that show no trace of crystallization, It is
amorphous and optically i.wtm(;ﬁcc:{?mt sometimes bire-
fringent due to strain). In mode of origin and occur-
rénce it is very similar to chalcedony, with which it is
often associated as a filling in rock cavities and crevices.
But it differs from chalcedony in that the silica jelly
dried up without crystallizing. That silica is slightly
soluble i hot water under pressure is shown by the ex-
tensive deposits of siliceous sinter—a form of opal—{from
thageymmnflmin.ud.ﬂw Zealund, and the Yellowstone
National Park in Wyoming. Opal takes on many
other forms. A clear colourless glassy called hyalite
is found as small spheres in Japan, COMINOn
opal includes milk-opal, rose-opal of a fine pink colour,
wax-opal with a waxy lustre, woodppal replacing
fossil wood, prase-opul, &c. F is
with a rich orange-yellow to red colour. This variety
comes mostly from Mexico, but it has also been found
of quality in Asia Miner.

1 5 oPAL s distinguished from other varieties
by its play of vivid colours, or opulescence. Thess
colours ure not in the stone itsell and are only to be seen
in reflected white light. An opal wlien viewed by trans-
mltlulxt. by holding it up in front of a window,
shows & pale yellowish or milky ecolour. The

ol
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prismatic or minbow colours seen are an optical effect
due to the breaking up of white light by interference.
The interference is here pm.'mctd“i:y the reflection of
E.Fhlﬁﬂmthntwsmﬁcuufnthiuﬁlm.thcthiuhaﬁ
which is comparable to the wave-lengths of light.
The polarization colours of crystals mentioned on
P 5¢ are also due to interference, but produced in
another way, The flashes of prismatic colours shown
by diamond are due to quite snother cause (p. 46).
The wivid calours of thin films are well known in soap-
bubbles, blown giass, devitrified Roman glass, oil
patches on a wet pavement, iridescent tarnishes om
mlahlciiu:nﬂ certain minerals, and in Eanthﬂcdmmnﬂh_
an vages in erystals. ' Newton's rings "' Aa
film of air may usuully be seen when the table facet
(which is often wery slightly curved) of a cut gem i5
pressed against a sheet of glass. All these are due to the
same cuiise. _
A ray AB of light striking the surface of the film
at B (fig, 55) is partly reflected and partly refracted
along BC. At the second surface part of this my
passes through and part is reflected at € along CD to
emerge from the film along DE. Another parallel ray,
from the same source, with the same wave-length and
with its wave motion in the same phase, strikes the
top surface at D and is partly reflected along the same
path DE. The two waves travelling along this sune
path are now opposed in ,and in their endeavours
to vibrate in opposite directions they eliminate one
another, If this is the wave-length of red light, then
ved will be cut out and the complementary colour
will be seen. The difference in path between BCD
and GD, from the wave-front BG, amounts in the
diagram to one whole wavelength; but the same
mterference will resalt if the difference amounts to
small pumber of whole wave-lengths, The length ¢
the difference in path depends on the inclination of the
incident ray and on the thickness of the film (and also
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on the refractive indices of the two media); and with
a difference inclination or thickness other wave-lengths
or colours will be cut put. It will be noticed in the
diagram that there is a loss of half a wave-length in
the reflection at the surlace )
from the lighter and denser
media.

The wivid and wvaried
colours shown by precious
opal with their armungement
inp;latchﬂand splashesovar
the surface of the stone
must clearly be due to this 2
interference of light in thin  Fie. s, —lnbutevuce of lghs wore
films, Many explanations ok
of the nature of these films have been offered, but their
true nature still remains unknown. Here is an interesting
problem for some keen admirer of opuls. The films
cannot be open cracks filled with air (or a vacoum),
as in the iridescent cracks seen in rock-trystal and the
cleavage cracks in topaz, otherwise the stone would
surely fall to pieces. A jelly on drying out develops
acomgc!ixu tem of cracks, and in opal these may
have with a second deposition of silica
with & slightly different index of refraction, H
phane (ocsius mundi) is a variety which shows a play of
colours anly when the stone is immersed in water.

To show the play of colours to the best advantage
thcatmmnstgemtwithaﬁntmhmhon form and
mounted in a closed setting, so that it can be viewed
only by reflected light. Thin slices of opal are often
mounted on a backing. A dried-up silica jelly is easily
obtained by precipitation from & solution of sodium
silicate (* water-gliss ), but it has not yet been pos-
sible to control by artificial means the production of
anything resembling ious opal, Fire-opal, being a
transparent stone of attractive colour, but without
play of colours, is cut in a faceted form,
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Opal is & minernl of wide distribution, but it is only
st a few localities that precious opal is found. The
statement in the old hooks that it came from India is
probably a myth. The opal known to the Romans no
doubt eame from Hungury, which, until the di '
in 1877 of the much ncher Australinn deposits, was the
only sonrce. This Hungarian locality is now in the
vince of Slovakia in the new Czechoslovakian Repnm
The mines are pear Cervenica (the more usnal spelling
Czerwenitza i8 Polish and German), which in Hun-
gjumnwumlhd?ﬁrﬁsvﬁgﬁa.nu'mshﬂmnfm

ovak nmame meaning “ red town'. Another Slovak
villnﬁ;:ear the opal mines is Dubnik, which was called
Opilbénya (i.e. opal mine) in Hungarian, Here the opal
is found in cavities and crevices in a voleanic rock
(andesite) of Tertiary age, and hot springs still exist in
the neighbourhood. The ancient mines are now almost
abandoned,

In Australia the mode of occurrence is quite differ-
ent. Here the precious opal is found as thin bands
along the bedding planes and as seams in the joint-
thﬂ in sandstones and shales of Cretaceous aj

age of the beds is definitely fixed by the
they contain, v;md shells, and bones of reptiles being
often replaced by precious opal, Small workings
have been made at many places in suuthenni:ﬂﬁucmdmd
and in northern New South Wales In fund the
mchu:f:maﬂyhardandﬁmkbmm:mﬂnf-ﬂﬁ-
nature of a siliceons ironstone or ferruginous jasper,
At White Cliffs and Lightning Ridge in New South
Wales the rocks are softer and lighter in colour. The
" black opal” from Lightning Ridge shows the play
of colours on a dark bac . Mummﬂﬂy,a&
Ene qu:u]ih\;ahaﬂ come from Coober Pedy in
Range in the centre of South Australia.
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SILICA-GLASS is still another form of silica, similar
to opal in being amorphious and optically isotropic,
but differitig from this in contuining no mu‘.%
has been discovered only quite recently under very
remarkable circumstances, and the origin of the material
remains & complete mystery, though clearly it is a
fused product, The melting-point of silica (quartz)
is very high—1710° C. = 3110° F.—and it is difficult to
understand how, where, and when it could have been
fused as a natural product. It was found by Mr. P. A,
Clayton of the Desert Survey of Egypt when mappi
an unexplored region of the Sand Sea in the Li
Desert, at & spot 300 miles beyond the Jast water
hole and nemrl;::ime visited by man since Paleslithic
times. The Libyan Desert beyond the aases of Hahariya,
Farafra, and Dakhla is a land of mystery. Here in the
Sanﬁj;a mh lost the army of 50,000 PEEE?; s::é

ving Cambyses in 525 B.C. to conquer

Eztmmuf it has since been found. Somewhere here s
perhaps the lost oasis of Zerzura of Arab legends. Range
upon range of sand-dunes up to 300 feet in height and
with an angle of slope of 30* (1 in 2) on the eastern,
leeward sides extend north to south for over 200 miles,
forming an impassable belt from east to west

firlles in width. The district can be approached only
from the north where the valleys or “ streets *" batween
the high crested dunes are parily filled with " whale-
back "' dunes; or from the south where the dunes thin
out, There is no water, and not a living thing is to
be seen in this Sand Sex. The material and acconnts
t back by Mr. Clayton were so astonishing and
(i I was glad to have the privilege of
i expedition of the Survey of Egypt to
investigate this remarkable and unigue occurrence of

Cairo en 30tk November, 1934, with four Ford motor-
cars, fitted with truck bodies and nine-inch tyres,
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E &

y loaded with petrol, water, and camp equi :
transport of thirty-two camels with Soo gallons of
trol and oil had been sent in advance from rail at
g!mil{uurtn *Ain Dalla, the last spring in the desert,
miles south-west of Cairo, this double journey
taking & month. A dump of water and petrol was
. with dlouble motor-cur journeys, still farther nto
desert, a hundred miles west of "Ain Dalla. The
tion of this dump was carefully fixed to two seconds
[ arc by star obeervations for latitnde and wireless
time signals for longitude, for if it could not be found
again or were covered by a sandstorm we should never
have retumed,  Thence we proceeded south-west, steer-
ing by compuass, but on a zigeag course, charging the
high dunes at top speed whenever & passige seemed
possible to the piot car and sliding down the other
side—a really alarming but very exhilarating experi-
ence. When the cars got stuck in patches of loose sand
they had to be hauled ont on rope : and in sand-
storms we had to seek protection against the cars
The temperature ranged from 33° F. at night to 110° F,
at midday. Then, proceeding southwards, we raced
along the gravelled * streets " between the high crested
dunes, avoiding occasional rocky outcrops of Nubian
sandstone.  Finally, on 8th December, Camp 7 was
pitched in the centre of the silica-gluss area at lat,
25° 17" 54" N., long. 25° 34’ o" E., after travelling
nearly a thonsand miles, Several other camps were
pitched in this district, and in the meantime cars
went back to the dump for supplies of water and
petrol.  To pass from one “street' to the next,
ouly a couple of miles away, it was necessary to
sun to the southern ‘end of the dunes—twenty miles
or more down one stregt and the same distance up the:
next. The silica-glass was found over an area of 8§
miles N.-S. by 35 miles E-W., but only as wind-worm
lumps lying here and there on the surface of the gravelled
m%m the dunes. All attempts to truce the

-

BER
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material to any source or to arrive at any idea as to
its origin were unfortunately sot successful, It my
simply have fallen from the sky; but the material is
quite different in composition from any meteorites that
have been observed to fall No trace of iron meteorites
or of meteorite craters could be found, as at Wabar
in Arabia, where the desert sand was melted by the
fall of enormous meteorites, giving rise to the legend
of the city destroyed by fire from heaven. Silica-glass
was also found as fulgurites or lightning-tubes, lormed
by the fusion of sand when lightning strikes the dunes;
but these are only E{ tuhesanﬂmhwem
relation to the sohd lumps of sili

This silica-glass from the I.ih}'am Desert is Tﬂl
greenish yellow in colour and wvaries from quite clear
to clondy. It was found as irregular lumps, wind-
worn by the eroding activn of sand blasts, and usually
not more than a few onnces in weight. The largest
mass found weighed 16 1b. and several bundredweighis
of the material could have been collected. Specimens
are exhibited in the Geological Museum at Cairo and in
the mineral collection of the British Museum of Natural

at South Kensington. When cut {Plate VIII),

the material has much the appearance of a pale olivine,
hﬂi it lacks brillisncy owing to the low refmctive index

4&3 far yellow sodiom-light). As a gem-stone pus-

]y origin it appeals to the 1mnglnn.tlul:l_

aﬁecla.{mtrmstu that the matertal was worked
E;w : but later it was not known to the

Numerous wind-worn flakes of the
gha were lmnd together with stone implements,
querns, and quartzite flakes, The climate there must
have been very different 15,000 yedrs ago to what it is

now.
Closely allied to the Libyan Desert silica-glass is the

moldavite found on ploughed ficlds in two restricted
areas in southern Boliemia and western Moravia, which,
sice before 1787, has been cut as a gem-stone under the
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names * obsidian " or * water chrysalite ", This glass,
howeyer, contains only 75-80%; of silica as against 89

in the Libyan Desert glass, and containing more iron it
shows a deeper green colour. Emwghmuﬂiadnrk

bﬂﬂm to black colour are found in Australia (anstralites
or * blackfellow's buttons *'), Dutch East Indies, Malxy,
and French Indo-China. They are classed as tekrites,
and the current theory i that they have fallen from
and are of meteoritic origin. Obsidian is a
differing in composition from these.
ghftmic bamb exploded in New Mexico in
mum—-s]: Jm:[ crater halfl & mile in

with * jade- and tt:rqumsz-culmr.mi *

i -gins produced by the melling, " boiling and
bubbling " of the desert sand: but this materinl can

scarcely be of gem quality.

Eﬁiaég

KEY TO THE CHARACTERS OF OPAL

Amorphoun. Cﬂmpmit:buu. hvdrated silica. S £ gravi
2-0-2-2, Hanlness, Oyptizally iy & (mmietimes

refringent). Refractive indul =146 urinuﬂ :.m:ﬂmﬂ
fire-opal, rose-opal, :Q:Lh-ﬂpé. * Localities:  Anstralia,
y Caochoslovalin,

EEY TO THE CHARACTERS OF SILICA.GLASS

A Compoaition, silic, Si0y, 8%, Specificgravity,
221, Hardoes, 6. Optically isotsopic, Ralractive index,

t-¢6. Colour, pale yellowish green. Locality: Libyan Desart
KEY TO THE CHARACTERS GF MOLDAVITE

Composition, Si0, 75-80%, with alumina,
fron, &c. Specific gmvity, 2 3—:—4 Haniness, s

Qpiit::ﬂy fstropie.  Refractive imdex, |n“ t1-50, . Colout,

mnlmﬂﬁmﬂdmumﬂun



PraTe VII.

SILICA-GIASS FROM THE LIBYAN DESERT

Wind:worn mass weighung s I,
Fetiadh Wunewen ¥ S

SILICA-GLASS FROM THE LIBYAN DESERT

Faceted gem weighing Sof§ carats (metus size)
dihes's Coiartivm Frmng p. 208






CHAPTER XX
Jade (Nephrite and Jadeite)

EVERAL compact minerals of a greenish colour
have been, and still are, confused under the term
jade, which should now be restricted to the two minezals
nephrite and jadeite. The name jade is a corrupt
of the Spanish " piedrs de ijada’, or stone of the
flank or side, because if worn tlere it was believed t6
be & cure for the colic. Another old name with the
same idea was ' lapis nephriticus "', kidney-stone,
from which the present name nephrite is. derived,
Sir Walter Raleigh in The discoverie of the empyre of
Guiana (1506) wrote:
A kinde of o stones, which the eall
Rt ot pvens smoss =tk the Syamic ok Hagor
Nephrite and jadeite are extraordinarily alike in
their external appearance, and often they can only be
distinguished an examination of their essential
charncters. Yet chnmim{[.{ they are very different;
nephrite being a silicate um and calcium
with often a little iron, while jadeite is a silicate of
sodinm nmi[ a!mninfmft.‘f Both mi .siu“ of ?tm mmpmth
te o tals of microscopic' size, © ter-
ixed with utﬁr‘nﬁmmh, so that they partake rather
?fﬂnthemtmufmcks.' In thinmius;undﬂ the -
g microscope they are at once disti
this is not lpmt.imﬁ: method of dealing with a valu-
able jade ornament. The easiest test is given by the
difference in specific gravity, the value n:pﬁrit!f
]

(r83)
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or up to 31 in darker varieties richer in iron,
ﬁu'g appreciably lower than that for jadeite, 3.3, It
is & com ively easy matter to weigh even a largish
ornament in air and i water for the purpose of deter-
mining the specific gravity. The method of determining
the refractive index with the refractometer is not avail-
able, as the stone is not polished with perfectly Hlat
surfaces. If a minute fragment can be detached, the
refractive index can be determined under the micro-

500
EPRRITE is a member of the amphibole group of
rock-forming minerals, differing from tremolite and
the iron-bearing variety actinolite only in the habit
and state of aggregation of its crystals. If the crystals
are very long and thin, like hairs, and aggregated in
el bundies, then we have the well-known ashestos;
t if they are short and closely felted and matted
together in a solid compact mass, then we have ne?hrite.
It is this peculiarity of structure that accounts for the
extreme toughness of nephrite, It is not a really
mineral by the scratching test (hardness 64 on the scale),
but it is a very difficult matter to break a pebble of
nephrite with a blow from a bammer. (Diamond, though
'I.l'll‘l'{' much harder, breaks quite easily compared with
nephrite.) The fractured surface is splintery. The
stone takes a very good palish, and on the polished sur-
face the lustre is somewhat greasy in character, especi-
ally in stones of paler colour. The colour is useally
various shades of green, light to dark, and may some-
times be quite white. Other colours, yellow, reddish
or bluish, are rare. In the mass it is opaque, but thin
mﬁnf displuy o certain amount of transivcency.
Nephrite occurs in schistose rocks, especially fn
+ hornblende-schists, and has been formed by intensive
rock in areas of mountain building. Ls.rﬁ
ts are worked m China and several places
Eastern Turkestan, principally to the south arkand
towards the border of Kashmir and in the Kuen-Lun
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mountains, [t is worked in open quarriss by the
primitive method of firesetting which badly fissures the
stone, and is collected as angular blocks from pglacial
debris or as boulders in the streams. Large boniders
are found in streamsy near the graphite mines near
Batagol in the Sayan range west of Lake Baikal in
Siberia. A polished boulder of & rich green colour for
this district is shown in the mineral collection of thie
British Museum. It weighs 1156 lb. or only just over
balf a ton. Here we have a striking example of how
facts get miscopied and exaggerated in books on
ions stones, In the latest German work the weight
of this block is given as 2140 kilograms, or well over
two Loos! .
The New Zealand ** greenstone * is well known, but
this is not to be confused with the greenstone of geolo-
gists, which is an elastic field term embracing a variety
of rocks. This nephrite is usually of a darker green
colour, It is collected ns boulders and pebbles at
several places in the rivers dlong the west coast of
South Island, and lms been much used by the Maoris
for stone axes and carving as "' tikis "', the flat pebbles
af the rather schistose material being well adapted for
these shapes, It has also been found in situ associated
with tale and serpentine rocks, and was formed by
metamorphic processes at the time of the building of
the New Zealand Alps. Stone implements of nephrite
are found in Europe, especially istoric Swiss
lake dwellings, but only comparatively recently has the
material been found in situ near Jordansmilbl in
Silesia, in Liguria, and in the Harz Mountains. A
large block weighing 4704 Ib. of greyish-green nephrite
from Silesia is exhibited in the American Museum of
Natural History in New York City. The source of the
mnﬁc carved objects of nephrite (and jadeite)
oo, & sy o Coinoa
an ¢ ical problem. A speamen uana
(the locality i by Sir Walter Raleigh in 1596),
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Irr
?'vnﬂﬁslmﬁomc}-ihdrﬁ:ﬂ pendant, came to the
ritish Musewm in 1753 with the collection of Sir
Hans Sloane,
. Janerre‘is a member of the pyroxene group of rock-
minerals. This was not recognized as a distinct
- mineral species until as late as 1868, having previously
been included, as it still is in the trade, under the
general term jade. A further confusion is introduced
“when the term jade is limited to nephrite. Besides
the differentes between jadeite and nephrite in chemical
Tﬂm crystalline structure (determinable only
in thin sections under the microscope and with X-ray
photographs), and optical characters, there is an im-
t difference in the coarser (though still micro-
) structure or texture of the two minerals. Neph-
rite, we have seen, is a matted aggregate of fibres; whilst
jadeite is an aggregate of small gmi granular
aggregate, and in addition to the a?-‘mmrhz there
are always present also grains of albite (soda-felspar)
and sometimes of diopside This granular texture is
sometimes evident when a polished surface 18 examined
with a magnifying lens. Further, owing to the slight
difference in ess between the jadeite and the
felspar, the polished surface usually shows a fine sha-
greened appearance, The polished surface of jadeite has
a rather more greasy appearance than on nephrite,
and the mineral shows & wider range of colours. It
may be pure white, pale green to emerald-green, pale
blue or mauve to liluc, or pink to a deepired; and the
different colours often show as splashes in g ground of
a paler colour. These colours are lﬂghlipriud by the
Chinese, and jadeite is the more valuable kind of j
But a serious error is invariably made in the ¢ in
ing this material as Chinese jade. The lew
asserted occurrences of jadeite in China are extremely
doubtinl, but this wide region has not yet besn
muﬂy prospected, though good work is now beng
by the new Geological Survey of China. All the
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wte so extensively carved and used in China has
imported from Upper Burma; and bf course

many of the Chinese jade carvings are also done in the

nephrite from Eastern Tarkestan, .

Although prehistoric objects of jadeite have been
found in Brittany, Switzerland, Egypt, Asia Minor,
Mexico, Central orica, &o., the mneral is known

to occur in situ at very few places, and Upper Burma

i the only commercial source of supply. It is here
obtained from the Urn valley in the Myitkyina district,
where it occurs in dikes of a metum sedd rock in a
cotmtry-rock of serpentine. The chiel dike is that at
Tawmaw, and others have been worked at Meinmaw,

w, and Namshamaw. Material is also quurried
from & bonlder conglomerate of Tertiary age, and some
is collected us pebbles from the Urn river. The quarries
here hiave been worked for centuries, but more exten-
sively since 1744, the material being taken overland into
China; but now it is shipped through Rangoos, and
some s cut in Mandalay.

Several other kinds of minerals may form compact
lggmfn.tes of & greenish colour, and be mistaken and
sald for jade. Serpentine (hydrated silicate of mag-
tiesium with soms irom, HMgSi,0,) does not always
show the characteristic mottling and veining, and in
the bowenite variety it is very similar to jade in
appearance. Another mineral often used for Chinese
carvings is agalmatolite {a hydrated silicate of alu-
minium) or figure-stone, called in Japanese rosékd. Both
serpeutine and agalmatolite are readily scratched when
touclied with & 'cgohlt.-nnﬂ i 50 be eusily dis-
tinguished from jade. till other minerals are grossalar
m{" South African jade*’, p. 180), idocrase (” Cali-

fade *'), fibrolite, dec

Miich more could be written on jade and the mar-
vellous Clinese carvings; indeed, perhaps the most
remarkable book ever produced deals with this subject.
Ithmﬁud-lwlkm'ﬁmajm (New



214 A KEY TO PRECIOUS STONES

York, 1006), and is descriptive of the Heber R. Bishop
collection of jade, which was presented to the Metro-
politan Museum of Art in New York. The two folio
vn!nmmw:;lﬁhu; Ib, and were produced regardless of
W, the numerous coloured plates are veri-

works of art.. The edition, limited to 100 copies,
was distributed to crowned heads and amongst the
_principal libraries of the world, a dozen coples coming
Mthgﬂdﬁshmﬁm{:mpyistnbaseﬁnin the art
library of the Viet and Albert Museum at South
ensington).

b

KEY TO THE CHARACTERS OF NEPHRITE

Crystals, monoclinds, but ouly as nﬂ:m-mgb fibres formin
& fnlted agmrogate. Enmpnli:ﬁuz H,Ca My (Silh),, with
variabls amounts of fron, Specific gravity, 30-3-1, Hardness,
6i); extremely tough. Optically binxial, negative. Refractive
indices, 1-60-1-65, Opague to tramslucent. Colour, white to
green. Localitiss: Eastern Turkestan, Siberin, Now Zealand,

&,
KEY TO THE CHARACTERS OF JADEITE

Cryatals, monaclinic, but only as microse Eﬁ: gruing formitg
n compact :ﬁgﬂgﬂfn. Camposition, NaAlSi04g waully
mized with alhite, Specific gmvity, 373. Hardiess, 6} Op-
tically biaxial, positive. Hefractive indices, 1-65-1-67,

to translycent  Colonr, white to green, &c. I';:.urr. pper



CHAPTER XXI
Lapis-lazuli and Turquoise

HESE are both opague stones whose face colour

is their fortune, for they are two of the very few
gem-stones that really show a colour of their own.

LApis-LAZULT (stone of the blue} is the only gem-

stone that has retained a medieval Latin form of its
name, no doubt because it was more important as &
source of the pigment ultramarine. For this purpose
it was worth its weight in gold, and one can well imagine
the outery of the lapis-lazali merchants when the
artificial product was first introduced in 1828, The
retention of * lapis " is appropriate, for the stone is
not & simple mineral, but & mixture of minerals and
is thus really a rock. The essential blue mineral has
beens called lazurite {also lasurite and lazulite), and
there is still much confusion between these names and
azurite, which at different times have been i
to difierent biue minerals. All are derived from the
Persian word lazhward, meaning blue colour and also
ﬁtu the stone. The Greeks used the name sap-
54;- and sapphirus was used by Agricola as late as
I

The colour of lazurite is deep blug, and the mineral
is oecasionally found as well-shaped rhombic-dodeca-
hedral crystals embedded in a crystalline limestone
with associated pyrites, diopside, &c. Even the crystals
themselves con minute particles of these minerals
es enclosures.  The stone lapis-lazuli is this crystalline
limestone containing varying amounts of the mineral
lazurite. When this predominates we have the best

L
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quality material, and when it is present in smalles
amounts the stone is only a blue. The rock has
been produced by the baking of an impure limestone near
fts contact with an intruded mass of molten granite,
Such contact metamorphosed limestones or marble are
of common occurrence, but only rarely do they contain
just the right amounts of clayey matter, sodium; and
sulphur for the formation of lapis-lazuli. Ultraumarine
is produced artificially by baking in a crucible a mixture
of china-cliy, sodium carbonate, charcoal, and sulphur.
In the production of the natural stone an excess of
sulphur was usually present, and this separated
out as iron sulphide in the form of pyrites (iron-
pyrites). This d;é (;I!lten seen as bright vellow brassy
specks embed the blue ground, suggesting a
comparison with the deep blue sky bedecked with stars.
The stone is also often splashed and veined with calcite
which may be yellow from iron staining. Owing to the

of those impurities, the specific gravity of
the stone is very variable, ranging from 2'5 to a-t
For the pure mineral lazurite the specific gravity
about 2-4. Lagzurite is a complex alumino-silicate and
sulphide of sodium. It is readily decomposed by hydro-
Wuiﬂ,p’ﬁnﬁuﬂam&t}'mﬂdmﬂ uretted
1 ogei.

The best quality of lapis-lazuli comes from Badak-
shan in the north-east comer of Afghanistan, in the
same region as the ruby and red spinel, which also
occur in a crystallime limestone. The mines were
visited by Marco Polo and described by him in 1271,
Material of a paler colour comes from the south-west
shore of Lake Baikal in Siberia; and paler still, from

lapis " and “ German lapis*. This is bomstone,
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jasper, or chalcedony artificially stained a Berlin-blne
colour with ferric ferrooyanide. These stones usually
show small glassy specks of quartz, instead of the brassy
specks of pyrites,

Other minerals closely related to lazurite and be
longing to the same group of rock-forming minerals are
hiatiyne and sodalite. Hailyne, which contains sodium
sulphate in place of sodmm sulphide, is found as

ight blue crystals in Vesuvian lava. Sodalite, with
sodium chloride in place of sulphide, occurs as large
masses of a bright blue colour in nephelinesyenite,
especially in Canada, and has been used as an orma-
mental stone,

TurQUOISE is supposed to derive its name from the
fact that the stones were exported from Persia through
Turkey: but the material has also come from Turkes-
tan. omas Nicols, in 1652, has the term " Turkey
stone "', The colour ranges from ik:-*-b[u::éui lbfue
to greenish blue and wea-freen; ustre
hﬂmusmmy,p?:ﬁmummuthupm
colour is described as a robin‘s-egg blue, the Amencan
robin being a thrush. The colour of some material
is liable to fade on exposure to light, and may be
affected by grease, perspiration; and soap. In extermal
appearance the material seems to be amorphous, but
when thin sections are examined under the microsco
it is seen to consist of an aggregate of mmnute
Very smull single crystals have recently been found in
g e s s Hpdesied phisghute
. i , tumuolse s a
of aluminium with variable amounts of copper (CuO
3-99%) and iron (Fe;0, 1-49%), and no satisfactory for-
muly can be given. Tlie blue eolour is due to copper
and the to iron. Stones are cut in a cabochon
form, ‘when mounted are often set round with

small diamonds.



The best turquoise has Jong come from near Nishapur

in the province of Khorasan, north-east Persia, where
it occurs in crevices in a weathered volcanic rock
trachyte) of Tertiary age. Paler stones, which often
ade when taken from the rock, ocour as seams in sand-
stone at ﬂmﬂmmalﬂng the west coast of the
Sinai peninsula. mines here were worked by the
ancient Egyptians, and used for carving as scarabs
and other ornaments. Material of good quality s also
found in New Mexico, Arizona, California, and Colorado,
and worked articles are often to be found with pre-
historic remains in Mexico and Central America.

Imititions of turquoise are easily made and have
been rampant even since the time of the ancient
Egyptians, Thomas Nicols (1652) writes:

The Venetians have a W which e will
neatly fmitate this mnmfrud m“; wi{hh\l!;mhm gtnmth‘]: fre-

with & convenlent gkiscoloured bncture.

Imitations in material of the same chemical compasi-
tion are made by subjecting precipitated aluminium
Ehmphm coloured with copper under a high pressure.

ut this product does not show under the microscope
the same structure as natural turguoise.

Odontolite or bone-turquoise is fossil bone or ivory
stained naturally by copper solutions formed by the
weathering of copper ores.

Variscite is another liydrated aluminium phosphate
which is of an een colour. It is found mostly
in Utah and has used as a gem-stone. Lazulite
(not to be confused with lazurite) i & hydrated Pbuﬁ-
phate of aluminium, magnesium, and iron which forms
monoclinic crystals of a good blue colour, and when
cut often somewhat resembles turquoise.
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HEY 10 THE CHARACTERS OF LAPISLAZULY

Crystals, cubic. but tmally as computt mmeses.  Composi-
tion, - NagALS,(Si0), with admixture of other minerla
Specific gravity, !S-zvq {for pure liznrile, a-4), Hendnes, 5},
Rafractive Index of pure lasurite, 1+g0. Opagus. Localitiss:
Badakshan, Lake Baikal, Chile,

KEY TO THE CHARACTERS OF TURQUOISE

Crystals, trictinic, but always as eoiopect massss Com-
Enitim. hydrated aluminium ph te with copper and from,

aCuAlLPOn. Specific gravity, 2-6~2-8 Hardnest 6. Refrac-
tive dd 165-165. Opaque. Localices: Pordda, Simal,
Arizona, d&ec.



CHAPTER XXII

Miscellaneous Gem-stones

TH'.EREIM many minerals suitable for use as gem-
stones. Some are 5o rare (much rarer than dia-
mondl) that they are quite unknown in the jewellery
de; and others are =0 common that they are re-
as of little value, The following swmmary list

of minerals that have been so used gives their main
features: other details will be found in the reference
lists at the ends of cliapters of the general

ion of this volume,

PreNAgiTE (fig. 36) is beryllinm ortho-
silicite, BeSi0,  The colourless rhombo-
hedral crystals much resemble those of
quartz, but here the rhombohedron faces
{#) are set askew over the hexagonal prism
(a), and the prism faces are striated
vertically, It is on asccoumt of its’
P 8o resemblance to qumzmlh:t the m&ﬂM '

.~ receives its name, auf, @ .

Clear crystals, which hn.t?e been cut as
fine gems, are from the emerald mines in the Urals, and
more recently from the gold mine of Sio Miguel de
Piracicaba in Brazil.

Evcrase is also a beryllinm mineral, HBeAlSiOy, from
thlUnhmdBmH,whmitisiuundumul;ﬂmm-
clinic tals, which possess a wondetfully perfect
. cleavage in one direction, berice the name. It is usually
pale green, rarely emerald-green or sa blue.
single large crystal of this rare has recently

20
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been found in the mica mines in Tangznyika Territory.

Diorrase, copper silicate, H,CaSi0,, is found as
brilliunt emeralid-green erystals in copper mines in
Siberia and in French and Belgian Congo, but these
are psually cloudy and fissured (even more so than
emerald ttself).

WiLresanTe, zine silicate, Zn,Si0,, is an abundant zine
are at o few localities, but EII-I{ at Franklin Furnage in
New Jersey have clear pale vellow crystals been found..

Exstarire, Broxarre, and HypersTHENE form an iso-
morjihous series of orthorhombic pyroxenes of import-
ance a3 rock-forming minerals, They are metasilicites
(Mg Fe)5i0, with vnrytgf proportions of magnesinm
and iron, the meémbers of the olivine group being the
corresponding orthosilicates,  Enstatite, at the mag-
nésium end of the series with only little iron, has been
found as clear crystals of a bright green colour in the
kimberlite of the diamond mines in South Africa.
When cut it much resembles olivine.  Bronzite, the
next member in the series containing more iron, is
bronzeyellow In colour with a sub-metallic sheen or
lustre. Hypersthene, containing still more iron, is dark
brown in colour with a more pronounced metallic
lastre. The last two are sometimes cabochon cut.

Diorsine, MUEW rock-forming m":ﬁ"ufm ;:m thi:
pyroxenie group, but monoclinic in crysta '
occasionally found as clear tuls of o light or dark

1 colour.  Crystals suitable for cutting have come
Zillerthal, Tyrol. ;
SPODUMENE, so named on account of its usual ash-
colour; is a silicate of lithium and aluminium,
ﬂlﬂrge erystals up (o ninety tons in weight have
been mined from pegmatite in South Daketa as a source
of lithium salts. Clear erystals of a rich emerald-green
colour, and asseciated with emerald, are known only
from Alexander County, North Carolina. This variety
is called hiddenite, and is much rarer and more valuable
than emerald. The nearest post office to where it is
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found is now honoured with the name of Hiddenite
A beautiful violet or lilac<oloured wvaricty called
kunzite is found in pegmatite in San Diego County,
Californin, and Madagascar, and shows a striking pleo-
chroism. Yellow and blue crystals of gem quality have
come from Brazil. The crystals have perfect cleavages
in twop directions, and must not be dropped.
Ruopoxire has its name from poop, a rose, hecanse
of its characteristic pink colour dus to the presence of
manganese, it being a silicate of manganese, MnSiO,.
Tt is usually found as compact granular muasses veined
with black oxide of and is used mainly as
an ormamental stone. A block weighing forty-seven tons
mhm cut at Ekaterinburg in the E:g]s Smaller
crystals of a or brownish. coloar are.
found'in Sweden. i
OrTHOCLASE, or potash-felspar, is an important
member of the felspar group of rock-forming minerals.
Usually it is dull and opaque; but in the Alps it is
found as clear and colourless crystals called adularia.
Clear crystals of a lemon-yellow colour from Madagascar
give attractive gems when cut. Moonstone is a well-
known variety of this species. These crystals are clear
or slightly clondy, but when viewed on one direction
they display on the surface a bluish milky reflection
or sheen, which has been funcifully mmﬁ:i with the
Hght of the moon. This reflection is a certain
E:.nn in the crystal, and the cabochon-cut stanes must
ve this plane as the base. Practically all mocnstones
come from Ceylon, but a few of dark blue colour come
from Burma. Amazon-stone is a verdigris-green varie
of another potash-felspar known as microcline, whi
differs from the monoclinic orthoclise in being triclinic,
OLiGocLAsE, a soda-lime-felspar, is sometimes found
as clear colourless crystals which have been facoted.
Sunstone, or avanturine felspar, is & variety enclosing
minute scales of luematite giving it a spangled effect.
LABRADOMITE is another soda-lime-felspar containing
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more lime and less soda than oliguclase. It is a widely
distributed rock-forming mineral, but specimens from
Labrador and a few other places, though ly
dull and unattractive in appearance, when turned around
in the light suddenly fash up with vivid eolours—red,
yellow, green, or blue, This is due to the interference
of light waves from thin films (as in opal), the films
here being minute scales of some other mineral enclosed
in the felspar crystal parallel to a certain plane.

ANDALUSITE, one of the three aluminium silicates with
the formula ALSIO,, is occasionally found as green or
brown pebbles in the gem gravels of Brazil These are
remarkable for the strong pleochroism (fig. 21, p. 54).
An opaque greyish andalusite containing regular

ed black enclosures shows a well-marked black
cross when the crystal is cut into slices, and is known
as chiastolite or cross-stone. The polished slices are
worn as charms,

Kvanrre, also ALSIO,, forms triclinic erystals of
htaﬂrdhahit,anditsnamshnsrefememiuhlm
colour, The crystals are remarkable for the wide differ-
ences in hardness on different faces and in different
directions on the same face (p. 25).

FisroLiTE, alsa ALSIO,, izing, like andalusite,
in the orihorhombic system but with different angles,
usually forms compact fibrous masses and has some-
times been mistaken for jade. Clear crystals of a pale
biue colour are of rare occurrence in Burma and Ceylon.

STAUROLITE, & complex alumino-silicate of iron and
magnesium crystallizing in the orthorhembic system.
1t is occasionally found as clear rzd:iuhhm::ﬂamh.
The crystals are usually twinned, giving iaped
forms, and are sometimes worn &s charms. :

CORDIERITE, & complex alumino-silicate of magnesium
and iron as orthorhombic crystals. It is usuaily of a
deep blue colour and ia pamarkable for its very strong

Imui.{rcﬁiﬁﬂ alumino-silicate of calcium, &c¢.,
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forms good tetragonal crystals; those from Vesuvius
(vesuvianite) are a rich brown colour, while those (rom
Ala in Piedmont are bright green. Massive idocrase
found as large blocks in California is called californite,
-and resembles jade.

Ertnore, & complex alumino=silicate of calcium and
fron forming monoclinic crystals of a brown or dark
green colour with strong hroism. Material suit-
ahle for cutting is found in Untersulzbachthal, Salzhurg.

SCAPOLITE, a complex alumino-silicate and chloride of
ealcium and sodium forming tetragonal crystals, Clear

tals of a honey-yellow colour have recently been
found in Madagascar, Brazil, and Switzerland, and
have vielded effective faceted stones. A pink variety
with opalescent sheen from Burma has been cabochon
cut.
Potrucrte, alumino-silicate of the rare alkali metal
cisium, as cubic crystals. Clear colourless material
from Oxford County, Maine, has yielded a few faceted

stones.

SeRPENTINE, hydrated silicate of magnesium with
some iron, HMg,;5i,0,, never as distinct crystals, Itis
mud:l-mtd as an n;uunaumnu] stone, and i some tm'hm
translucent with a yellowish-green or green colour, t
resembling jade.

DAxgURITE, boro-silicate of calcium, CaBgSiO, as
orthorhombic crystals very similar in form to those of
:;Im;. but without the perfect basal cleavage. Clear

ourless crystals are found in Japan, and recently
golden-yellow material resembling topaz hiis come {rom
Madagaecar, and pale yellow and colourless material
from Burma.

Axivire, boro-silicate of calcium and hydrogen, as
triclinic crystals with a characteristic axe-like form
and strong pleochroism, Clove-brown erystuls from
Dauphiné have been cut as gems.

KorxerupINg, boro-silicate of aluminium and mag-
nesium, orthorhombic in crystallization.  Olive-green
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material of gem quality has come from Madagascar
angl Ceylan,

DumoRTIERITE, boro-silicate of aluminium, ortho-
thombie, as compact masses of blue or violet colour
and taking a good polish, from Californis.

SPHENE, silicate and titanate of calcium, CaSiTiO,,
The name, from ager, a wedge, has reference to the
characteristic wedge-shaped habit of the monoclinic crys-
tals, Greenish-yellow s are found in crevices in
the gneissic rocks of the Swiss Alps; and when these are
sufficiently clear and large enough they cut as magmi-
ficent gems with a brilliant lustre and a play of pris-
matic colours excesding that of diamond; but unfor-
tunately the stone is too soft for wear uniess treated
with cars. The mineril is known as large brown crystals
at some other localities, and there is a good chance that
more gem-quality material remains to be found.

Besromne, silicateand titanate of barium, BaTi(5i04),.
as rhombohedrnl crystals of peculiar habit (p. 42}, 1%
known only from San Benito County, California. 1t
yields a fine sapphire-blue gem, but mther too soft for
rough wear. '

HAMBERGITE, & rare beryliium borate, recently found
as crystals in Madagascar, from which M

minium, beryllinm, casium, &c., found as pale ﬁ.rr:hh
and vellowish cubic crystals in Madagascar. high
degree of hurdness (8 on the scale) is remarkable.
Beryrronite, phosphate of beryllium and sodium, of
rire occurrence 48 colourless orthorhombic crystals in

Maine, U.S.A.
APATITE, phnsphntemd fluoride of calcinm, a common

mineral of importance as a source of phosphate fer-
tilizers, is sometimes found as clear crystals of various
bright colours. Blue erystals &nm’tharuhyminﬁ in
Burma show a remsrkuble dichroism—sky-blus and
pale yellow. ‘l'hﬁhardmiudysmthum“
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FruomtTe or FLuorsrag, calcium fluoride, CaF;, as
ctibic erystals, showing a wide range ol colours which
cut as attractive stones but with o low degree of hard-
ness (4). The " blue-joln * variety, peculiar to Derby-
shire, 1 carved as vases and various grmaments.

CASSITERITE; tin oxide, Sn0,, as tetragonal crystals,
the most important ove of tin, is rarely fonnd as clear
crystals of a yellow, hrown, or red colour which cut
as very brilliant gems, '

Haemarire, iron oxide, Fe;0, as rhombohedral
erystals, an important ore of iron. A compact form of
kidney-iron-ore is cut to resemble black pearls,

Rurine, titanium oxide, TiO,, as tetragonal crystals,
is usnally dark brown or black, but is very brilliant
when cut. the refractive index being considerably higher
than that of diamond, Spectacular gems (" rlytanin b
of a faint ish tint have recently been produced
artificially by the Vernsuil process.

Zime-BLENDE or BLexpE, zinc sulphide, ZnS, the
comman ore of zine, is found at Santander, Spain, as
clear yellow cleavage masses which have been cut as
Justrous gems with an optical dispersion greater than
that of diamond, but the hardness (34-4) 15 very low,
Small Tuby-red crystals are found at some other locali-
ties,



CHAPTER XXIII

Gem Materials of Organic Origin:
Amber, Jet, Pearls, Coral

HE materials remaining for this last chapter are
neither stones nor minerals, but are of organic
arigin; and they are not taken very serionsly by
mineralogists. They are plant and animal products,
and sh be studied by botanists and zoologists.
AMBER is a fossil resin. It is found as peblies or
mnsses of irregular shape, rarely as tear-shaped drops;
in beds of sand and clay that were deposited during
the Tertiary period of geology. Compared with the
majority of the gem-stones previousl considered, amber
is of comparatively recent origin; but collectors, wiio
like to hiave their amber really old, may rest assured
that it is (i genuine) at least ten million years ald, or
pechaps rather more. From a study of the remains
of plants and animals, principally insects, often to be
seen embedded in amber, paleon i
tell something about the life at that period. The resin,
which in & soft and sticky state entrapped the insects,
was extded by a pine tree, now extinct, which palxo-
botanists call Pinus succinifera, succinum being the
Latin name for amber. .
Amber varies considerably in appearance and quality;
and for this reasan it is not always easy to distinguish
it from other forms ol resin and the many artifcial

imitations, It may range from pale yellow or almost
* to reddish, dark
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brown, and almost black; and greenish and binish
tinges are sometimes shown. It may range from clear
and transparent to cloudy and opaque. The chemical
composition is also variable, approximating to the
formula C;H; 0, but some sulphur iy also present,
and it s not a simple chemical compound. When
heated it gives off oil of amber and succinic acid, and
with different solvents at least four different kinds of
resin can be extracted. To be really sure that a material
is amber it must be tested chemically. A popular idea
of & reliable test for amber is that it becomes electrified
when rubbed, then attracting bits of paper. All things,
even one's hands, develop eléctricity when rubbed, but
unless the material is a bad conductor, the charge
immediately escapes: Bad conductors must be used
in all electrical fittings, though amber is not used for
this purpose; and these as well as all imitation amber
will answer to the same test, However, this pmm
was first observed in amber, the word electricity be
from the Greek name, fhecrpor, electron, for
most

important source of amber is in East
along the Baltic coast, the centre of the amber
industry being at Konigsberg; and material from there
is nsually distinguished as Baltic amber. The amber-
bearing beds are worked in open pits and also by onder-
ining at Palmnicken. The beds also extend
under the sea, and after storms much amber is collected
on the beach and dredged from the sea. Pieces may be
occasionally collected along the beach away to the east,
even as far as the English coust between Essex and
Yorkshire. Other amber localities of lesser j.u;q:-t:.nne-
are in Upper Burma, Sicily, and Romania. Bur-
mese amber, or burmite, is mined in the Hukawng
valley in the Myitkyina district, not far from the jadeite
mines. It is of a darker reddish-brown colour and is

y exported to China.
is a fossil resin of mare recent origin than
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amber, and it is usually lighter in colour and clearer.
This includes the Zanzibar copal and the Ksuri-gum
of New Zealand, which are dug from the surface soil.
Imitations of amber are very frequently made. Yellow,
glmhalunmdjaﬁnguishcd by its weight; celluloid
by the way it can be pared with a knife; and bakelite
by its slightly higher specific gravity. In salt water
(three or four teaspoonfuls of salt in a tumbler of water)
amber (specific vity 105-1-1) will float, while
bakelite (1-25) will sink. In ultra-violet rays amber
displays & greenish fluorescence, which is not shown
by artificial imitations.

Jeris a fossil wood, and really a form of coal. It
is found as. logs representing tree trunks in shales of
Liassic age on the Yorkshire coast in the neighbourhood
of Whitby. Most of the jet now cut there 15, however,
imported from Asturia in Spain. The material is
“jet-black " and takes a good polish. The Scotch
cannel-coul is not a bad snbstitute.

Peanis. A quaint account, worth quoting, is given
by Camillus Leonardus in his Speculum Lapidum

enetia, 1502), English translation The Mirror o

{Londom, 1750):

ot Pearl, has the first Plate whita
m&aﬂdmwtummm.uh

M
g by

Authors. Tlese Shell-Fiah, it's roparted,
un%ﬂdmfmthmM?ﬁdm&
to draw in ol o Pearlaam '
h&uﬂuruﬂn!thnﬁhhkﬂhtg:mumm
ar muddy, T‘h@:lﬁhﬂummumﬂtpnﬂmd.aMh;m

8 called an Omion,
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“ button "' or ' blister " pearls; while those found
#olated and embedded in the tissue of the mantle are
spherical. Some foreign matter—a grain of sand or
even a small crab or fish—has accidentally got inside
between the mantle and the shell; and to allay the
irritation the mollusc has encased the object in nacreous
material., The isolated pearls in the mantle are due to
the intrusion of parasitic worms. The tomb of a parasitic
worm is not a really pleasant object with which to
bedeck a fair neck.

The nacreous material of pearls and also of mother-
of-pearl consists of alternate layers of calcium car-
bonate {about B89.) and horny substance (conchiolin)

lel to the surface. A spherical pear] is

ore built up like an onion.  As seen in thin sections
onder the mdcros , the caleium curbonate forms a
series of little overlapping plates or scales, each built
up of a multitude of minute needle-like crystals ar-
ranged perpendicular to the surface. These are crystals
of aragonite, a mineral differing from calcite in the
orthorhombic form of its crystals. This finely laminated
structure is the cause of the characteristic pearly lustre
(which is also shown by crystals possessing a very
perfect cleavage in one direction); and also for the
play of rather confused prismatic colours produced by
the interference of light at the surfaces of the lamine.

The principal pear! fisheries are inmeral&.rtsu!
the Indian Ocean, off the coasts of Ceylon and Western
Australia, Persian Gulf, &c. Pearls are also obtained
off the Central American coast and in the West Indies,
and in the Pacific Ocean, but not in all cases from the
typical peari-oyster. Pearls are also found in the fresh-
water molluse Unio in Scotland and North America.

Since pearls are the result of a morbid condition
of the mollusc, it is to stimulate their formation
and by artificial means. The result is the same,
and it matters little whether the source of the irntation
has been accidentally swallowed by the oyster itself,
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ked in by a mischievous boy.unﬁlﬁ:ﬂgin#mdmed
an ingenious Jap. This has been practised in China
on fresh-water mussels since the thirteenth century,
Buddha images on the inside of shells being well known.
More recently, as a result of zoological research, it
has been possible by a surgical operation to introduce
the foreign object within a fold in the mantls of the
molluse. Since 1521 these so-called ** cultured ** pearls
have been produced in large quantities, much to the
&im ol pear] ﬂm:tﬂmn?, :
|-oysters have a life of 11-12 years. The -
tion is performed on young individuals, the m

Pig. 7. —Croes of (a) & netuad pract; wnd (3) » = eulrmrad * pesed

introduced being a cut sphere of mother-of-pearl, and
are then kept in baskets suspended in the sea

for about seven years, when & nacreous layer about one
millimetre in thickness is formed. Such a * cultured *
pear] has the structure shown in cros-section in fig,
#) hus a con-

in-

578, th.- a wholly natural pear] (fig. _15_?
centric structure up to the centre. lo

epection the two are indistinguishable. ﬁ%
they can be distinguished by ing a puir of tiny
mirrorsalong the bore. With an un peard, an X-ray
Lane photograph will show a distincticn. Since the
minute amgonite prisms are i

to the concentric Ia I will show the same pattem
as ¢ only in a direction. If the object
is a small or seed pearl, then both these ods fail.
Imitation Is consisting of hollow glass beads with
aspechlmmusﬂyumgdm—mptnt a dis-
tance,



232 A KEY TO PRECIOUS STONES

ComAL. Here Leonardus (1502) is again instructive:

Gnrﬂfiomint'h:ﬂﬂlurtTm.lmtwlthuutLﬂvu,m
Magnitude not excesding two Feet Of this there aro two
Species, the Red and Whits, tho' Awicen holds there s a thied
Species, which is Black 1 once saw the White and Hed join'd
on one Stem, The White indeed is often perforated. and are
Eﬂ for nothing; but thoss which ate perfoctly white, sod
the reddest, sre the best. Thelr Virtues, but cgkr!ly of tha
Red, is to every Flux of Blood. cnrmied about one,
or wherever it be in & House or Ship, it drives away Ghosts,
Hobgoblins, Illusions, Dreams, Lightnings, Winds and Tem-

pests.

This is the axial skeleton of a colony of coral polyps,
Corallium yubrum, belonging to the same group of
animals as the common sea-anemone. It consists of
calcium carbonate (about 85%) in the form of the
mineril calcite, together with some magnesium car-
bonate, iron oxide, &c. 1tis found in the Mediterranean,
and the working of coral is entirely an Italian industry.
Material of the best mose-pink colour fetches a high

price.
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