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PREFACE

Where do they come from? What are they made of? How can’
they be distinguished? What is their value? —are questions often
asked with regard to gems, the answers to which must be sought
from widely scattered sources. In the hope of affording means for
answering these questions within concise and convenient limits, the
accompanying work has been prepared. It has been sought in it
to avoid technical discussions; but at the same time the use of scien-
tific terms has not been shunned, since they give increased accuracy.
The subject as a whole has been treated from the mineralogical stand-
point, it being believed by the writer that this affords the best basis
for a thorough knowledge of gems. Each gem is considered under
the mineral species to which it belongs; as, for example, ruby and
sapphire under corundum; emerald and aquamarine under beryl, etc.
It is probable that several gems may not at once be recognized under
this grouping; but on the other hand, such an arrangement is likely
to lead to a knowledge of some now little used.

In the preparation of this book the writings of others have been
freely drawn upon; and in making acknowledgment of these the writer
would refer the reader to them as means of obtaining information upon
many points of which the scope of the present treatise has forbidden
mention.

First should be mentioned the FEdelsteinkunde of Max Bauer, a
most elaborate and accurate general treatise upon gems of the present
day. Other useful general works are Emanuel’s ¢ Diamonds and Precious
Stones,” Church’s “Precious Stones,” and Feuchtwanger’s “ A Popular
Treatise on Gems.” Kunz's “Gems and Precious Stones of North
America” leaves nothing to be desired in the treatment of this field;
and the annual reports in the ¢ Mineral Resources of the United States”
by the same indefatigable worker serve to convey from time to time the
latest information upon gem matters. Besides the above mentioned,
there are numerous works devoted to special provinces of the study
of gems, which have been and may be consulted with profit. Among
these may be mentioned Buffum’s “ The Tears of the Pleiades;” Shelley’s
“Legends of Gems,” King’s “Antique Gems,” Streeter’s “The Great
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Diamonds of the World,” Hamlin’s ¢ Leisure Hours among the Gems,”
Williams’s ¢ Diamond Mines of South Africa,” Boutan’s ¢ Le Diamant,”
and Tassin’s “Descriptive Catalogue of the Collections of Gems in the
United States National Museum,” 1902.

To several individuals the writer is under obligations for valuable
assistance. The Foote Mineral Company of Philadelphia kindly loaned
numerous specimens for illustrating the colored plates. Mr. Frederick
J. Essig, of Chicago, rendered similar aid in loaning specimens of cut
stones and photographs, and also gave freely information regarding
many practical points.

To Dr. Orville A. Derby, of the Geological Survey of Brazil, Dr. J. H.
Pratt, Mr. A. C. Lane, Dr. A. C. Hamlin, Ernest Schernikow and Prof.
J.P. Iddings the writer is also under obligation for the loan of photo-
graphs; and to Dr. P. Groth, of Munich, for the loan of a half-tone plate.

Mr. William K. Higley has given the details of preparation of the
plates and typographical execution of the work much careful attention,
and the writer is indebted to him for other assistance and courtesies.

In conclusion, it is the writer’s hope that this work may lead to a
wider knowledge of gems, a more intelligent use of them and an admis-
sion to their charmed circle of some substances now shut out because
little known.
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NATURE OF GEMS

Gems are minerals prized for their color, hardness, luster, and, for
the most part, transparency. It is generally essential that a mineral
to be a gem should excel in at least three of the above-named properties,
although a few are superior in only two. Some minerals may, for
example, possess desirable color and luster, but, lacking hardness, are
little used for gem purposes, because they would become guickly marred
when worn. Fluorspar is an illustration of such a mineral. That
a high degree of hardness is not essential, however, to the employment
of a mineral as a gem is shown by the extensive use of such substances
as pearl, amber, jet, and turquois, for gems. All of these are easily
scratched by ordinary objects. It is to be noted, however, that they are
not transparent substances, and that an opaque or translucent substance
may endure, without serious injury, scratches which would be fatal
to the beauty of a transparent gem. Hardness and color alone cannot,
however, make a mineral suitable for gem purposes. This fact is illus-
trated by many varieties of corundum, which have a high degree
of hardness and good body color, but are not used for gems because
not transparent. It is evident, therefore, that no fixed rule can
be assigned for the use of a mineral as a gem, the favor or disfavor
in which it is held seeming, in many instances, to be a matter
of pure caprice.

But, however capricious popular favor may seem to be in its estimate
of the qualities desirable in gems, it may be set down as a fairly general
rule, that the gems which combine the most of the qualities previously
mentioned are those most highly prized. Thus, a red or blue diamond,
excelling as it does all other minerals in hardness and luster, and being
the equal of any in color and transparency, is the most valuable of gems.
The ruby and sapphire excel in hardness, and have good color, luster,
and transparency. They rank among the most valuable of gems.

In speaking of minerals which have desirable gem qualities, it must
not be supposed that this includes all occurrences of any particular
mineral species. On the contrary, only selected portions usually have
the desired qualities. A large part of the yield, even of diamond,
_is of no value for gem purposes, though it all finds commercial use
1




on account of its hardness. Quartz, one of the most abundant minerals
of the earth’s crust, though it has the qualities of hardness and luster
suitable for a gem, can be used only in small quantity comparatively for
gem purposes, since only few pieces have the desirable color and
transparency.

The selection of stones which bear the qualities above mentioned for
purposes of possession and ornament seems to be a taste as old as the
human race itself. In the oldest Egyptian tombs are to be found necklaces
containing emeralds, garnets, carnelians, and other precious stones. The
history of many gems of India dates from a period so remote as to be
indeterminate. The desire to obtain amber led the Pheenicians to make
some of their earliest and longest voyages. Gems were wrought into the
earliest ritual of the Hebrews, and allusions to them are frequent
throughout their Scriptures. The ancient Arabs were familiar with
many of the gems used at the present day, and ascribed to them special
qualities. The Persian turquois mines are known to have been worked
as far back as 1300 A.D., and probably much earlier. There is frequent
mention of gems by Greek writers, and the Romans, especially in the
later days of the Empire, seem to have had great fondness for jewels,
and to have sought them eagerly in their conquests. They used them
in great variety and abundance, and carried the art of cutting and
engraving them to a high degree of perfection.

Moreover, gems are wrought into the history and literature of nearly
all peoples, and furnish standards of color, hardness, luster, etc., which
pass current the world over. Such terms as the “emerald meadow,”
“turquois sky,” “adamantine hardness,” etc., are derived from the use
of gems, and have universal significance. Advances In civilization seem
to increase rather than diminish the number of minerals used as gems,
the number now employed being larger than ever before in the world’s
history.

While it is true that the qualities which have been prized in gems,
and the relative esteem in which they have been held, seem to have
been much the same in all ages, the fashion in gems may vary from time
to time, so that now one stone and now another may take on temporarily
a higher value. Yet, on the whole, their worth varies little among
different peoples and at different times. The principal exception to this
rule is found in the valuation of jade by the Chinese, for they esteem
this above all other precious stones. Aside from a few such exceptions,
gems pass current in nearly all countries at about the same value. They
hence afford to a certain extent a medium of exchange, and are often
made objects of investment, because they are small, portable, and have
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intrinsic value. It is not likely that any great excess or diminution
of supply will occur to change the value of the leading gems, such
as diamond, ruby, sapphire, and emerald, as they seem to be distributed
in the earth’s crust in but sparing amount. Among the less valuable
gems, great variations in value have occurred, and may again. Thus
the price of precious opal has steadily declined since the discovery
of the Australian fields, although as fine gems are produced there
as were ever known. Topaz and amethyst have suffered a similar
decline in value, while the price of the gem known as ‘tiger eye”
fell in a few years from five dollars a carat to twenty-five cents
a pound.

The elements entering into the chemical composition of gems are
not as a rule themselves rare. They are chiefly silicon, aluminum,
magnesium, and other common elements, usually combined with oxygen,
and all abundant constituents of the earth’s crust. It is thus not the
rarity of their elements which gives gems their high value, but rather
their peculiar properties as compounds.

Since gems are unequal in value among themselves, many author-
ities distinguish between gems and precious stones, and also subdi-
vide the latter into precious and semi-precious. To the class of gems
belong, according to such a classification, such stones as the diamond,
ruby, sapphire, and emerald; the precious stones include amethyst,
rock crystal, garnet, topaz, turquois, moonstone, opal, and the like;
and the semi-precious, jasper, agate, carnelian, lapis lazuli, amazon
stone, labradorite, ete.” Since the different kinds and qualities grade
into each other, insensibly however, and no sharp lines can be drawn,
the distinction hardly seems worth making. In, the following pages,
therefore, the terms gem and precious stone will be used interchange-
ably, and will be considered to include any mineral, and even some
substances of animal and vegetable origin, which have attained a cer-
tain vogue for purposes of ornament.

“~



OCCURRENCE OF GEMS

It was the opinion of the ancients that gems were largely confined
in their occurrence to tropical countries. Most gems which they knew
were so obtained, India being the chief source of them. Their wise
men reasoned, therefore, that the warmth and light of the sun of the
tropical zone were needed to give gems that fire and brilliancy which
made them precious among stones. With the wider knowledge of the
earth which has been gained in later times, however, it has become evi-
dent that climatic conditions have little or nothing to ‘do with the
occurrence of gems. The greater oxidation produced by the heat of the
sun in the tropics may add to the warmth of color of such stones as
the carnelian and agate, but it would have a tendency to fade the
amethyst and sapphire. A greater abundance of gems in the tropics
may arise from more extensive decomposition of the rocks there, and
this is undoubtedly a favorable circumstance. Moreover, glaciated coun-
tries, such as the northeastern portion of North America, have a soil
composed of too heterogeneous a mixture to favor the search for gems.
So far as the underlying rock is concerned, however, there is not, so far
as we know at present, any distribution by latitudes which favors one
locality over another. Hence the mountain fastnesses of the Urals
furnish gems no less than the broad valleys of India, the bleak shores
of Labrador as well as the steaming jungles- of Burmah, and the
barren veldt of the Transvaal as well as the thickly settled valleys
of Bohemia.

The first discovery of gems in a region is usually made, like that
of gold, in the beds of streams. Often it is in the search for gold that
gems are found, as is illustrated by the fact that the discoveries of diamonds
in Brazil, sapphires in Montana, and rubies in North Carolina were made
in this manner.

The frequent occurrence of gems in the beds of streams is due to the
fact that the gem minerals are usually harder and less easily decom-
posed than the other minerals of the rocks in which they were formed.
Hence they remain after the mother rock has disintegrated and its con-
stituents for the most part removed. The discovery of gems in a stream
bed is ‘further facilitated by the enhancing of their color when wet,
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causing them to attract attention. Moreover, the flowing stream tends
to group together minerals of the same specific gravity, thus causing
a concentration of the gem minerals. A stream bed is therefore a good
place to look for gems. Besides the fact that the gems are concentrated
bere, and can more easily be seen, a further advantage lies in the
fact that they are likely to be of better quality than those found in
the matrix, since the wear of the stream has opened and separated
them along any little seams that may have existed, and the pieces
left will be of uniform texture and free from imperfections. On the
other hand, a continual reduction in size takes place from the wear
of the stream, and larger gems will therefore be obtained by search-
ing the mother rock. The quantity of any given gem is likely, too,
to be limited in a stream deposit as compared with the deposit in
place; and just as with gold, the mother lode must eventually be sought
if a permanent supply is desired.

It must not be supposed, however, in speaking of stream-bed deposits,
or “gravels,” as they are usually called, that only gravels over which
water is now flowing are meant. Beds of earlier streams will afford
the same products and the same facilities, with the exception that
the color of the precious stones will not be so obvious. It is evident,
too, that in any particular gravel the quantity, size, and variety of the
gem minerals present will depend not only on their quantity and variety
in the original rock mass of which they formed a part, but on the
length of time they have been exposed to wear and the rate of flow
of the stream.

In the so-called gem gravels, numbers of gem minerals are usually
associated together. Thus, in those of Ceylon are to be found sapphire,
tourmaline, zircon, garnet, spinel, iolite, and many others; and in those
of Brazil, topaz, chrysoberyl, andalusite, and others. Quartz, garnet,
and beryl are frequent constituents of gem gravels, as well as the
heavier minerals ilmenite, rutile, and magnetite. The knowledge that
garnets usually accompanied diamonds in the “wet diggings” along
the Vaal River led to the discovery of the “dry diggings” at Faure-
smith, in South Africa, and in other cases a knowledge of the min-
erals usually associated with a gem has been of great aid in discover-
ing the gem itself. This grouping together of the gem minerals arises
from the fact that they are not only formed together in the original
rock mass, but also that they are of about the same hardness, and
to a certain extent, specific gravity.

The beaches of lakes, or of the sea, also afford places for the gather-
ing of gems by processes similar to those just described. By wave
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action and currents the cliffs of the shore are continually being worn
down, and the lighter and finer particles borne sea-ward, while those
which are heavier, either because of higher specific gravity, or of greater
resistance to erosion and decomposition, and hence larger, remain behind.
A continual concentration is thus going on which in time may pro-
duce gem deposits of some extent. - The area upon which such a depo-
sition may take place is, however, relatively narrow at any one period,
as compared with that afforded by streams, and hence few gems are
likely to be obtained from such sources. Labradorite and hypersthene
are obtained from deposits of this character upon the coast of Labrador;
chlorastrolite from the shore of Isle Royale; and agate and thomsonite
from beaches of Lake Superior. » Hardly any other gem minerals can
be mentioned as so obtained, with the exception of amber, which is
gathered from the coast of the Baltic:Sea. This, however, is deposited
not through its heaviness but 1ts hghtness, it being borne upon the
waves and tossed inland.

Passing from the gravels in which gems are found to a consideration
of their original rock matrices, it may be said that rocks of the kind
known as metamorphic are more' commonly than any others the home
of the gem minerals. Metamorphic rocks are those which have been
changed by heat.and pressure, or chemical agencies, from their original
condition. They include crystalline limestones, quartzites, mica and
hornblende schists, gneisses, eclogites, etc. The rubies of Burmah, the
emeralds of the Urals, the diamonds of Brazil and the garnets of the
Alps are illustrations of gems which occur in this.way.

Next to metamorphic rocks those of an' eruptive character afford
the gem' minerals in the greatest abundanee. Of these the acidic
rocks, 1. e., those containing a relatively large quantity of silica, such
as the granites, trachytes, rhyolites, and syenites, are the most prolific.
The coarsely crystallized form of granite known as pegmatite is espe-
cially fertile in the gem minerals. The basic eruptive rocks, i. e., those
poor. .in silica, afford among gem minerals, chrysolite, some garnet,
some corundum, vesuvianite, and a few others. They are, however,
comparatively barren. The diamonds of South Africa occur in a rock
seeming to be of a basic eruptive character; but whether the diamonds
are of primary or secondary origin is not yet known.

Of all the great groups of rocks those of sedimentary origin furnish
the . fewest .gems. Those which do occur in these are for the most
part probably derived from older eruptive rocks. Such is believed to be
the origin of the emeralds of Colombia, which are found in a bitumi-
nous limestone of Cretaceous age. The opals of New South Wales, how-
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ever, occurring in sandstones and limestones of Tertiary age, doubtless
were formed in place, and owe their deposition to the circulation
of siliceous waters through the rocks.

The distribution of gems through a rock or gravel matrix is not
usually uniform. The gems more commonly occur in pockets, so called,
the location of which seems to be governed by no law as yet dis-
covered. Where crystallization of minerals has taken place about
a fissure or open cavity, the minerals are more likely to be clear
and free from inclusions than where formed in the mass of the rock
itself.



MINING OF GEMS

The methods employed in the mining of gems depend obviously
upon the occurrence of the latter. If occurring in gravels, or decom-
posed rock areas, as is the case with the majority of gems, mining
usually takes the form of open cuts, made either by digging numerous
small pits, or one of extensive dimensions. The separation of the
gems from the common pebbles accompanying them is then performed
by some method of washing, usually hand panning combined with hand
picking. Panning depends for its operation upon the generally high
specific gravity of the gem minerals as compared with those of com-
moner occurrence, and is thus similar in principle to gold panning.
The utensil most commonly employed is a shallow pan of wood or
metal, from 12 to 18 inches in diameter, and of a more or less coni-
cal shape. On taking up a quantity of the gem-bearing gravel in this
with water, and rinsing the whole with a circular motion, the lighter
minerals fly off and the heavier concentrate toward the center. After
the contents of the pan have in this manner been considerably reduced,
by searching and hand picking any gems which may have gathered
at the center can usually be readily seen and picked out.

Of the methods of mining and separating gravels by hand digging
and panning, the procedure of the Cingalese in exploiting the Ceylon
gem gravels may be considered a good illustration. These methods
are thus described by Dr. A. C. Hamlin: ;

“The mining operations are generally carried on by the native
Cingalese, who labor in the light of a pastime, and only during inter-
vals of their agricultural employments. Some few, however, undertake
the labor as a regular business, but they belong to a low and dissipated
class, and do not work systematically or with regularity. Therefore,
the gem-mining of Ceylon cannot be regarded as a fixed and per-
manent business. )

“When an exploration has been determined upon, a small party
of villagers set out for the promising region provided with the imple-
ments of mining and the means of camping out. The times selected
for the opérations are after the heavy rains, which prevail in June and
October, and the floods have subsided. The beds of rivers, or smaller
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streams, are often chosen as easier of access than the plains. If the
river-bed is selected, the first act of the explorers is to seek for the
proper locality where the gem-bearing strata may be found. To ascer-
tain this, the Cingalese thrust a long iron rod of ten or twelve feet
in length into the earth, and test the nature of the sub-soil. By means
of long practice the natives can adroitly penetrate the earth to a con-
siderable depth; and, by the resistance to the movement of the rod,
can detect the gem deposit of which they are in search.

“If the indications are good, the natives proceed to build a hut
if they are at a distance from their village, and prepare for the oper-
ations, which often extend over many weeks. After diverting a part
of the force of the stream so as to form a quiet pool, they proceed
to excavate the sand and gravel within a certain area. In order
to accomplish this they use hoes with handles fifteen or more feet in
length. The top strata are hurriedly raked up and thrown away;
but as the pit deepens and the gem stratum is approached, the work
is performed’ with greater care. As soon as the hoes bring up frag-
ments and boulders of white quartz, or strike thin ferruginous crust,
every particle of the gravel drawn up is carefully preserved. The
gravel and sand thus obtained are then placed in large baskets woven
of split bamboo and shaped to a conical point at the bottom. The
basket thus filled is placed in the current of water, and its contents
washed by imparting to it a circular motion. This washing process
is kept up until the stones, gravel, and lesser particles are cleansed.
During this operation the gems, which are much heavier than com-
mon stones, settle at the bottom of the basket, and are there collected
together, so that when the superincumbent gravel is removed, the
sapphires, garnets, zircons, etc., are easily discovered at the bottom
and removed. This is the manner in which the wet diggings are
carried on, and is the easiest mode of exploration; but it is by no
means as sure, or often as profitable, as the operations in dry ground
on the river banks or in the plains. The dry diggings are much more
laborious, as the soil is firmer, and the gem strata must be trans-
ported to water to be washed and sifted. These dry deposits are
found the richest beneath the alluvial plains, which seem to have
been in distant times shallow lakes and lagoons.

“The gem stratum, called mellan, is always well defined, and occurs
at a certain depth, which seems to correspond to the bottom of the
lake at a definite period. This depth varies from two to twenty feet,
and is perhaps even greater; but the natives rarely excavate below
the depth of twenty feet. This peculiar formation, which is generally
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horizontal, is composed of a conglomerate of quartz gravel resting upon
or mixed with a stiff clay, often indurated by a ferruginous oxide. In
among this cascalko, or just below it and adhering to it, are found
the fine pebbles and crystals of sapphire, tourmaline, garnet, zircon,
spinel, and chrysoberyl. Under these rocks, and in peculiar hollows
in the plastic clay, which the natives call ¢elephants’ footsteps,” the
gems are found clustered together heterogeneously, and often so per-
fect in form as to appear as though created there. At other places
they are collected together in these pockets, in such a manner as to sug-
gest the idea that they had been washed in by a current of water.”

An account of the methods of gem mining in Brazil, which in many
respects are similar to those above described, will be found in the
chapter on the Diamond in this work. Such methods may be con-
sidered typical of the mining of gems on a small scale. Their success
will obviously largely depend upon the skill and care of the individual
miner. In countries where hand labor is cheap such methods can
usually be conducted with better profit than can be afforded by the
use of machinery. This will especially be true if the gem deposits
are, as 1s often the case, scattered over a wide area and are irregular
in quantity. ‘

The part of the operation of gem mining to which some form
of machinery or apparatus can usually be most profitably applied,
is that of washing or concentration.

The machines employed for this purpose may vary from the crude
“baby” of the South African Vaal River miner to the elaborate jigs
and pulsators of the Kimberley mines.

Most of these methods are patterned after those of gold placer min-
ing, and depend for their success upon the same principle.

The mining of sapphires in Montana affords an illustration of a com-
bination of several methods of washing, which typifies what may be done
in this manner. It is thus described by Mr. George F. Kunz in the
Mineral Resources of the United States for 1901:

“The methods employed are a curious combination of those of the
California gold-workings and the South African diamond mines. As in
the latter, the gangue of the gems is an igneous rock, hard below
but decomposed above, in varying degrees, to a mere earthy mass
at the surface. From this last the gems are separated by washing
and sluicing, much in the manner of placer gold; though, because
of the less density of sapphires, more care is necessary, and the sluice
boxes must be less inclined, to prevent the gems from being carried
over the riffles. Most of the New Mine Syndicate’s workings are sur-
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face openings and cuts, some of the latter very extensive. Water
is carried from Yogo Creek, ten miles distant, by a ditch and flume,
with a parallel hydraulic pipe line; and a system of sluices extends
all along the company’s workings.

“Where the rock is much decomposed, the hydraulic process is
employed largely; as it becomes harder, power is necessary to break
it up. Then the rock is thrown out in dumps and allowed to disin-
tegrate by exposure to the weather, as with the African “hard blue.”
This process requires from a month to a year, according to the con-
dition of the material. Sometimes a stream of water is turned on
the dumped rock, and the process thus expedited. When sufficiently
decomposed, this material is subjected to the same washing process
as the material naturally disintegrated.

“In the washing the fine earth is carried away with the water;
all hard lumps remaining are again thrown out on a dump to decom-
pose further; and the sapphires, after several screenings, are picked
out by hand.”

An interesting discovery made in South Africa, in connection with
the process of sorting diamonds by concentrating them on percussion
tables, was that if the tables were covered with thick grease the
diamonds, and even other precious stones, such as rubies, sapphires,
and emeralds, would adhere to the grease and be held, while the value-
less ingredients of the rock would pass by. The grease can be used for
this purpose for only a few hours when it must be scraped off and a
new coat applied. This, however, is a small disadvantage compared
with the great gain afforded by the selective power of the “ greaser,
as it is called.

Mining for gems by methods of tunneling, shafts, and other means
employed in deep mine workings is rarely carried on. In the first
place, gems do not often occur in definite veins as do the precious
metals, being more commonly irregularly distributed in pockets through
the rock. In the second place, little really systematic mining of gems
is carried on. As a rule, the occupation is, or has been, a rather desul-
tory one. A find of a few good stones leads to temporary search and
exploration, lasting for a few years perhaps, then the work proves no
longer profitable and is abandoned until new finds arouse*new hope
and revive the industry.

The element of fortune, good and bad, seems to prevail more largely
in the mining of gems than in even that of the precious metals. In
gem-mining, as in that for gold and silver, great labor and little reward
go side by side with little labor and great reward. Moreover, the dis-
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tribution of gems is exceedingly irregular, and their market price varies
within wide margins, from circumstances of fashion, supply, general
financial conditions, ete.

Yet these contingencies might doubtless be largely overcome by
intelligent and broad-minded management, such as has been conspicu-
ously displayed in the conduct of the diamond mines of South Africa.
Not only is the mining here conducted according to the most approved
systems of modern engineering, but equal attention is paid to placing
the gems upon the market, so that an over-supply shall not reduce the
price. Some further account of this will be found in the chapter on
the Diamond.

Regarding the influence of increase of depth upon the distribution
and quality of the gem minerals, no principles have been established
as yet. It is known that veins of amethysts, for instance, have turned
entirely colorless on penetrating below the surface, so that a valuable
stone became with depth worthless. On the other hand, improvement
in color and quality of stones below the surface, as compared with
those above, may often be reasonably expected, since the latter are
more exposed to disintegration and weathering, and the fading effects
of light.

In the mining of gems in a small way the amateur is likely to make
the mistake of resorting to the use of too much powder or other
explosive. While the rough work of exploration may wisely be carried
on by means of blasting, the actual removal of the mineral from the
matrix should usually be performed, where possible, by picks and chisels,
in order to avoid the shattering and breaking of pieces suitable for gems,
which often happens in blasting. Many fine gems have been lost through
carelessness in the work of mining, and while not all losses of this kind
can be avoided, with care and patience they can be reduced to a mini-
mum.



COLOR OF GEMS

The color of gems is one of the most essential features of their value.
While certain colorless gems, such as the diamond, are highly prized,
even the diamond would lose much of its value if it did not flash
colored lights. So the quality of affording a permanent color probably
leads to much of the esteem in which gems are held. The colors
of the rose and the violet are not less pleasing than those of the ruby
and amethyst, but the former endure but for a day while the latter can
be handed down unimpaired from generation to generation. It was prob-
ably to secure varieties of color that the ancients first used gems, for
their classifications and designations of precious stones were based chiefly
upon this property. With them almost any green stone was known as
emerald, blue as sapphire, and red as ruby or carnelian. This fact makes it
difficult in reading accounts of gems as given by ancient authors to know
what mineral is meant. Distinctions of hardness and specific gravity,
now so much in use, seem to have been ignored by them for the most
part. With the grouping of minerals according tc their chemical com-
position, the significance of color largely disappeared as a means of
distinction, since individual specimens of the same composition, and
lLience the same species, may vary greatly in color. Usually the quantity
of ingredient required to produce a certain color is too small to be detected
by chemical analysis. That the custom of distinguishing gems by their
colors still survives, however, to a considerable extent, is evidenced by the
fact that different names are still applied to gems of the same mineral
when of different colors. Thus sapphire and ruby are both corundum;
and emerald and aquamarine are beryl. The mineral quartz appears in
a multitude of colors, to nearly all of which different names are given.
Hence gems of two different names may occur even in the same crystal:
as in a piece of quartz, from one portion an amethyst may be cut and
from another a citrine. On the other hand, different species may pre-
sent stones of exactly the same color. Thus corundum, spinel and garnet
all afford red stones, often nearly alike in tint ; or emerald and tourma-
line both give green stones. Speaking from the mineralogical stand-
point, there are few minerals and fewer gems in which color is a constant
and essential property. Those which may be mentioned as belonging to
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the latter class are pyrite, which is brass yellow, lapis lazuli, which is
blue, and malachite, which is green. 9

In a few cases differences of chemical composition are indicated by
differences of color. This is true of garnet, the magnesium-aluminum
varieties of which are ruby red, the calcium-aluminum varieties brownish
red, and the calcium-chromium varieties green. So tourmaline, when
containing an excess of iron, is black ; an excess of sodium and lithium
is green or red, and an excess of magnesium is brown.

Usually, however, the coloring matter is foreign to the essential com-
position of the mineral, and of very small amount.

This coloring ingredient is in the majority of cases organic matter of
some sort, chiefly hydrocarbons. This has been proved in some cases by
analysis, and in general may be assumed when the color of a stone can
be driven out or changed by heat. The following gems quite certainly
owe their color wholly or in part to organic matter:—smoky quartz,
amethyst, yellow topaz, golden beryl, zircon, rubellite, and amazon stone.
The coloring ingredients of the following are chiefly inorganic :—ruby,
sapphire, spinel, and emerald.

Next to organic matter metallic oxides are probably the most preva-
lent coloring ingredient. These oxides may occur in scales large enough
to be seen with the naked eye, as is true of the hematite in sunstone, or
they may be only visible with the microscope, as the same substance can
be seen coloring jasper and carnelian. More commonly the coloring mat-
ter cannot be discerned as a distinct pigment. Beside oxide of iron as a
coloring ingredient, chromium, copper and nickel oxides occur, producing
in general green colors. Manganese oxide often gives purple or flesh colors.

By producing some chemical change it is often possible to alter the -
color of a mineral. In the case of minerals colored by hydrocarbons,
these changes may best be produced by heating. In this manner smoky
quartz can be changed in color to yellow, yellow topaz to pink, and
brown carnelian to red.

Amethyst, hyacinth, and golden beryl lose their color entirely if heated
any length of time, and smoky quartz may also be made colorless by
long continued heat. Some gems change in color on heating, but regain
it again when cooled. Thus pyrope turns darker on heating, but returns
to its normal color on cooling. Ruby becomes colorless, but on cooling
changes through green to its original red.

Some colors of gems fade or change on exposure to light, a peculiarity
which is of course considered detrimental to their value. In this manner
the blue of turquois may change in time to green, and yellow topaz,
chrysoprase, and rose quartz may lose their color entirely.
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Some gems are of a different color by artificial as compared with day
light. The beauty of some may thus be enhanced by artificial light and
that of others weakened. The gem in which the most striking change is
thus produced is chrysoberyl of the variety known as alexandrite. This is
green by daylight, but red by artificial light. Most yellow stones appear
nearly colorless by artificial light because the excess of yellow rays in the
latter makes those from the stone almost invisible. For the same reason
violet stones are ‘likely to lose much of their color in artificial light.
One of the points of superiority of the emerald is that it is able to retain
its color in all lights. The color of the ruby is deepened and made more
brilliant by artificial light, and turquois of good color has its effect

enhanced by the same.

LIST OF GEMS ACCORDING TO COLORS.

Black.

Diamond.
Tourmaline.
Garnet.

Quartz.

Jet.

Gadolinite, Samarskite, etc.
Blue.

Diamond.
Sapphire.
Tourmaline (Indicolite.)
Topaz.

Beryl.

Tolite.

Turquois.

Lapis Lazuli.
Brown.
Diamond.
Hyacinth.
Garnet.
Tourmaline.
Quartz (Smoky).
Andalusite.
Green.

* Diamond.
Emerald.
Oriental Emerald.
Peridot.
Chrysoberyl.
Tourmaline.
Dioptase.

Green (continued).

3Topaz.
Garnet.
Aquamarine.
Euclase.
Hiddenite.
Malachite.
Variscite.
Nephrite.
Chrysoprase.
Heliotrope.
Plasma.
Pink.
Diamond.
Spinel.
Ruby.
Beryl.

Topaz (heated).

Tourmaline.
Red.
Diamond.
Ruby.
Spinel.
Garnet.
Tourmaline.
Rhodonite.
Fire Opal.
Carnelian.

" Jasper.
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Violet.
Diamond.
Amethyst.
Sapphire.
Spinel.
White.
Opal./
Jade.
Yellow.
-Diamond.
Topaz.
-Chrysolite.

Corundum (Oriental topaz).

Spinel.
-Beryl.
*Amber.
“Chrysoberyl.
Garnet.
Hyacinth.

* Quartz (Citrine).

Colorless.
‘Diamond.
Zircon.

-Corundum.

-Beryl.

‘Topaz.

‘Rock Crystal.
- Tourmaline.
Ziveon:

- Spinel.
‘Phenacite.



LUSTER

The luster of gems is one of their important and distinctive char-
acters. Not only does it form one of the easiest means of distinguish-
ing gems, but it is also one of the most reliable characters sought by
those experts who depend for their determinations of gems on ocular
examination alone. One familiar with the luster of quartz, as com-
pared with that of diamond, for example, is in little danger of.
confusing the two, for the luster of one can be recognized as
adamantine, that of the other as vitreous. The luster of a gem is pro-
duced by the light which it reflects back to the eye, and this may
vary in quantity and quality with the nature of the surface. Since the
latter is largely the result of the molecular structure of the mineral,
it follows that different species will have distinctive luster. The terms
used to describe the different kinds of luster are derived from that
afforded by some well-known object. Thus adamantine luster means
the luster of the diamond; vitreous luster, the luster of broken glass;
oily luster, the luster of oil; waxy luster, the luster of wax; resinous
luster, the luster of resins; pearly luster, the luster of pearl; silky luster,
the luster of silk; and metallic luster, the luster of shining metals.

Of the above kinds of luster, the vitreous is the most common among
gems, being displayed by quartz, topaz, beryl, tourmaline, sapphire, and
many others. The adamantine luster belongs almost exclusively to the
diamond, although it is displayed to some extent by sphene and color-
less zircon and is suggested by some sapphire. It is characteristic
of minerals of a high index of refraction. Metallic luster is strictly
possessed only by opaque minerals, and hence among gems is confined
to pyrite and hematite. The luster of turquois is of the waxy order.
Essonite displays a somewhat resinous luster, and chrysolite an oily
one. Pearly luster is best seen in the pearl, but is also illustrated
by moonstone and opal. Tiger eye and cat’s eye afford examples
of silky luster.
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HARDNESS

Tests of hardness afford one of the most useful and convenient means
of distinguishing gems. Such tests can be easily made and are very
reliable, the hardness of species being remarkably constant. Hardness
should not, however, be confounded with toughness, i. e., the difficulty
with which a mineral can be broken, since many brittle minerals have

- considerable hardness. Hardness is rather the power of resistance to
scratching which a mineral possesses.

It is evident that a high degree of hardness must be an important
property of precious stones, as their polish would soon disappear if they
were easily scratched.

The common method of stating the hardness of a mineral is by
referring it to its place in the scale devised by the German mineralo-
gist Mohs. The divisions of this scale are constituted by ten rather
common minerals, arranged according to their hardness. The scale
is as follows:

e Malc: 6. Feldspar.
2. Gypsum. T Quartz.

3. Calcite. 8. Topaz.

4. Fluorite. 9. Corundum.
5. Apatite. 10. Diamond.

To assist in remembering the minerals of this scale in their order,
the following mnemonic has been devised:

Tall Gipsy Girl Flew Up

Tale. Gypsum. Calcite. Fluorite. Apatite.
Fells Queer To Go Die

Feldspar. Quartz. Topaz. Corundum. Diamond.

The position of a mineral in this scale is determined by the minerals
which it scratches. Thus if a mineral scratches feldspar, but is scratched
by quartz, its hardness would be stated as 6.5. In order to test hard-
ness, pieces of the minerals of the scale should be at hand. Fragments
of the mineral to be tested may be grasped in the fingers and rubbed
upon a polished surface of the minerals of the scale, or the test can
often be more accurately made by rubbing upon the mineral of the scale a
coarse powder of the mineral to be tested, by means of a soft pine stick.
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With a little practice one may become so good a judge of the hard-
ness of a mineral, by its behavior towards an ordinary pocket-knife,
that the minerals of the scale below 7 may be dispensed with. Thus
minerals of the first two degrees of hardness may be scratched with
the finger nail; No. 3 can be deeply scratched with a knife; No. 4 less
deeply and easily; No. 5 still less so; while No. 6 is about the hardness
of the knife. No. 6 also scratches ordinary window glass. Upon No. 7
a knife blade makes no impression, the steel rubbing off on the mineral.
Steel of the hardness of a file, however, scratches quartz slightly. These
tests are especially useful for distinguishing glass imitations from gems
of the hardness of quartz and higher. Instead of a file it is well
to use a point of hardened steel to avoid danger of injuring delicate
gems. Rubbing the gem, especially if cut, with an aluminum pencil,
is a still better means of testing hardness in the higher numbers of the
scale, as it involves no danger of injury to the stone. Upon soft
stones such a pencil leaves a conspicuous mark, but upon hard ones none
whatever. Minerals above 7 in hardness are harder than a file. Corun-
dum scratches all minerals except diamond, and diamond is the hardest
substance known.

Some minerals, if crystallized, are somewhat harder in one direction
than another, the mineral cyanite being a notable illustration of this.
Ordinarily, however, the hardness of a mineral is about the same in
all directions.

Table showing hardness of gem minerals:

Diamond - - 10 Epidote - - - - 6.5
Corundum (Ruby, Sapphlre, ete. ) 9 Prehnite - - - = o (i)
Chrysoberyl - - 8.5 Pyrite - - - - S 6.5
Topaz - - - 8 Feldspar (Amazonstone, Moon-
Spinel (Balas Ruby) S s 8-7.75 stone, Labradorite, etec.) - 6
Phenacite - - 175 Turquois - - = e 6
Beryl (Emerald, Aquamarlne, Diopside - - = B FR6
ete.) - - oS Nephrite - 3 8 2 5.75
Zircon (Hyacmth) - - o B Opal - - - - - 55-6.5
Euclase - - - 7.5 Moldavite - - - - 5.5
Staurolite - - - - 75 Obsidian - = =2 2 55
Andalusite - - - - 7.25 Hematite - - o = 5.5
Tolite - - - - - 7.25 Sphene - < - 5 et 1535
Tourmaline - - - - ey Lapis Lazuli - - = 5.5
Garnet - S [f Hauynite - - - - 55
Quartz (Amethyst Rock Crystal Cyanite - - - - 5-7
Jasper, ete.) - 7 Dioptase - - - - - 5
Jadeite - - - - - 6.75 Fluorite - - = = 4
Axinite - - - 6.75 Malachite = = 4 —ARgE
Chalcedony (Aga.te, Carnelian, Jet - - = 3 Y 3.5
ete.) - - - 65 Amber - . S 2.5
Chrysolite - - - - 6.5 Gypsum (Alabaster, Satmspar,
Vesuvianite - - - - 6.5 ete.) - 2
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SPECIFIC GRAVITY

The specific gravity of mineral species is also one of their funda-
mental and constant characters, and furnishes a reliable means of dis-
tinguishing between gems of different kinds, and of separating false
from real stones. To be sure, a variation of composition may cause
a variation of specific gravity in the same species; but this is usually
within comparatively narrow limits. The different kinds of garnet,
or of tourmaline, for example, possess specific gravities varying within
one integer; but the varieties are usually distinguished by colors by
which the appropriate specific gravity can be judged. One great advan-
tage of using specific gravity as a means of identifying gems is, that the
determination can be made without danger of injuring the stone, which
is more than can be said of tests of hardness, fusibility, or behavior
with acids. While specific gravity can usually be used for distinguish-
ing between gems, as, for example, between quartz as compared with
diamond, it cannot always be used for identifying glass, since by the
addition of different ingredients it is possible to make glass of vary-
ing specific gravity, and similar to that of the gem which it is sought
to imitate.

The specific gravity of a substance is its weight as compared with
that of an equal volume of water. When it is stated that the specific
gravity of topaz, for example, is 3.55, the figures simply mean that
a given volume of topaz is 3.55 times heavier than the same volume
of water.

Various means may be taken to determine the specific gravity of a body,
the most obvious and simple depending upon the fact that a body heavier
than water loses, when weighed in that liquid, a weight equal to that
of an equal volume of water. Hence by weighing a body first in
air and then in water, and dividing the weight in air by the differ-
ence between the weight in air and the weight in water, or in other
words, by the loss of weight in water, the quotient will be the specific
gravity. ‘

The following example of a determination of the specific gravity
of a sapphire will illustrate this:
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The weight in grams in air was - - - - - 12.89
The weight in grams in water was - - - - 9.68

Difference - = 5 g - - - L 3.21
12.89 + 3.21 =4.015, the specific gravity.

A similar quotient will be obtained whether large or small pieces
are taken for determination, the specific gravity being totally inde-
pendent of the actual gravity or weight.

The determination of the specific gravity of gems or minerals becomes
then a question simply of manipulations by which the relative weights
of the substance in water and air can be obtained in the easiest and
most accurate way.

The most common and generally the most convenient way of doing
this is by obtaining the weights of the stone in water and air directly
by means of a delicate balance. The stone is first weighed in air
and the weight recorded. It is then put into a holder of fine plati-
num wire, bent into a spiral form, and suspended from the arm of the
balance. The length of the wire is such as to allow the stone to become
completely immersed in a vessel of water supported on a stand above the
scale pan, but in such a manner as to allow the pan to swing free. In
this way the weight of the stone and wire in water can be accurately
taken. The stone is then removed, and the wire weighed suspended
in the water as before. The weight of this is subtracted from the
previous weight, so as to remove the weight of the wire from the
calculation, and the remainder is the loss of weight of the stone in
water. Dividing the weight of the stone in air by this remainder
gives, as stated above, the specific gravity. Several precautions need
to be taken to insure accurate results. In the first place, only dis-
tilled water should be used, as ordinary waters have higher density.
Again, bubbles of air often adhere to the surface of the stone, especially
if it be rough, or if it is pervaded by cracks, which would obviously,
if allowed to remain, lessen the weight. These can sometimes ﬁv’
removed by dipping the stone in water several times and blowmg
the water off, or they can surely be destroyed by boiling for a few
minutes the water in which the stone is immersed, and then allow-
ing it to cool before the specific gravity is taken.

Strictly speaking, the specific gravity of a body is its weight
compared with that of water at the temperature of 4° Centigrade
(39.2° Fahrenheit), which is the point at which the density of water
is the greatest. Determinations at other temperatures should, therefore,
if absolute accuracy is desired, be corrected to 4° C. In practice, however,
the error is so trifling that it may be disregarded in all ordinary deter-
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minations, especially if the temperature of the water is no higher than
that of the ordinary living-room, say 60° F. (15.6° C.)

In case an accurate balance cannot be obtained, a beam balance
described by Professor Penfield, and shown in the accompanying cut,
can be constructed by almost any one. This gives sufficiently accurate
results for all practical purposes. It consists of a beam of wood sup-
ported on a fine wire, or needle, at o. This must swing freely. The
long arm, oc, is divided into inches and tenths, or into any decimal
scale, commencing at the fulecrum, o; the short arm carries a double
arrangement of pans, so suspended that one of them is in the air and
the other in water. A piece of lead on the short arm serves to almost
balance the long arm; and, the pans being empty, the beam is brought

(24

Specific Gravity Balance

to a horizontal position, marked on the upright, near ¢, by means of
a rider, d. A number of counterpoises of different weights are needed.
These may be pieces of bent wire, or bits of glass tube, with a wire
hook fused into one end, g, some of them containing one, two, three,
or more shot, so as to give a variety of weights. The beam being
adjusted by means of the rider, d, the stone or mineral which it
is desired to test is placed in the upper pan, and a counterpoise is
chosen, which, when placed near the end of-the long arm, will bring
it into a horizontal position. The weight, Wa, of the mineral in air,
is given by the position of the counterpoise on the scale. The min-
eral is next transferred to the lower pan, and the same counterpoise
is brought nearer the fulcrum, o, until the beam becomes again hori-
zontal, when its position gives the weight, Ww, of the mineral in water.
Then Wa divided by Wa— W, gives the specific gravity.

A quick, convenient, and accurate means of separating minerals, and
especially cut stones, according to their specific gravity, is afforded by use
of the so-called heavy liquids. The employment of these depends upon
the fact that a substance will float upon the top of a liquid of greater
density than itself, will remain suspended in a liquid of exactly the
same density as itself, and will sink to the bottom of a liquid of lower
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density. than itself. Now, a number of liquids are known which are
considerably heavier than water, but whose specific gravity may be low-
ered very gradually by the addition of water or other liquid to them.
If a stone placed in one of these liquids remains floating it is lighter
than the liquid. By reducing the density of the liquid a point may
be reached where the specific gravity of the two is equal, and the
stone will remain suspended somewhere within the liquid. Ascertain-
ing the specific gravity of the liquid gives, therefore, that of the stone.
Or of two stones supposed to be identical, if one sinks in the liquid
as it is gradually diluted, long before the other, a considerable differ-
ence of specific gravity is indicated, and the stones are doubtless
of different species. Here, as in making determinations of specific
gravity by weight, the relative size of the stones does not need ordi-
narily to be takea into consideration.

The heavy liquids principally employed for the above purposes are
the following: A solution of potassium mercuric iodide, known
as Thoulet’s or Sonstadt’s solution, having a specific gravity of 3.15;
methylen iodide, whose maximum specific gravity is 3.32; and silver
thallium nitrate, which on fusing yields a liquid with a maximum
specific gravity of 4.5-5. The first, or Thoulet’s solution, is prepared
by treating five parts by weight of mercuric iodide and four parts
by weight of potassium iodide in a porcelain dish with a little water
and evaporating until a crust begins to form. The solution can then
be reduced to a desired density by adding distilled water, or can
be brought back to the maximum specific gravity by evaporating the
water. It can be kept indefinitely if placed in closely stopped bottles,
especially if a few drops of mercury be added. It is poisonous. In
using it, steel pincers or glass rods should be employed for immersing
the stones, as the insertion of brass instruments causes a decomposition
of the liquid, and a deposition of mercury upon the metal.

While the Thoulet solution is the cheapest and easiest of the heavy
liquids to manipulate, its rather low density prevents its use for gems
having a specific gravity much over 3, and hence some of the other
liquids are often preferred. Methylen iodide is recommended by Bauer
as best suited for the general purposes of the student of gems. This
has, as stated, a maximum density of 3.32; but by saturating with
iodine and iodoform a density of 3.6 may be obtained. The useful-
ness of the latter mixture is somewhat impaired, however, by its very
dark color.

The dilution of methylen iodide is performed by means of benzol
rather than by water. Bauer recommends having for use four differ-
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ent strengths of the liquid, which may be preserved in four labeled
bottles side by side. By dropping the stone whose specific gravity
it is desired to test, into different bottles successively, its specific gravity
can be learned within narrow limits. It is recommended to place in the
first bottle a solution of methylen iodide saturated with iodine and
iodoform. Its specific gravity would be 3.5. The second bottle
should contain pure methylen iodide, marking a specific gravity
of 3.3. The third bottle may contain the same, diluted until its specific
gravity becomes 3.0, and the fourth the liquid reduced to a specific
gravity of 2.65, which is that of quartz. Topaz and diamond would
then float upon the first liquid, but sink in the second. Hyacinth,
ruby, and sapphire, would sink in all. Beryl, emerald, etc., would
float upon the first three, but sink in the last, and so on.

The bottles containing the solutions should be kept tightly stoppered,
as any evaporation affects the density of the liquid. Methylen iodide
is a somewhat expensive chemical, costing, as it does, $1.25 an ounce;
but when a supply is once obtained it will last almost indefinitely.

Instead of having solutions of different densities at hand, some pre-
fer to have ready for use fragments of minerals of different densities
arranged in series. These are called indicators, and are used by placing
one or more in the liquid with the stone whose specific gravity is desired,
and diluting until the indicator sinks or rises at the same time with
the unknown mineral. The unknown mineral must then be of the
same specific gravity as the indicator.

For minerals with a specific gravity above 3.6, the only heavy liquid
available is silver thallium nitrate. This, as previously stated, fuses
to a clear liquid having a density of 4.5 to 5. The temperature required
for fusion is about 75° Centigrade (167° F.), and the work can be con-
veniently done by heating the salt in a beaker upon a water bath.
The dilution can be performed by adding hot water. The necessity
of working always with hot liquids is of course a drawback to the
use of this substance, and it is also a.costly chemical. In other
respects it answers well the purposes of a heavy liquid. It should
be noted in the use of all the heavy liquids that the addition of a very
small amount of water, or other diluting liquid, is sufficient to consid-
erably reduce the specific gravity. Hence, the addition of the diluting
liquid should be made very slowly and carefully, with frequent stirring,
and a constant watch on the position of the stone that is being tested.
For the purpose of determining exactly the specific gravity of the
liquid at any point, some form of balance is usually employed, that
known as Westphal’s giving quick and accurate results. It is, however,
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a somewhat expensive piece of apparatus, and any one not wishing
to incur such an outlay may obtain results nearly as good with the
beam balance previously described. In its use for this purpose a sinker
in the shape of a cylindrical bulb is suspended from a position marked
by a notch near the end of the long arm. By putting shot in the
pans and using the rider d, the beam is brought to a horizontal
position with the sinker in air. The sinker is then immersed in
the heavy solution, and a weight is selected, which, when placed
near the end of the beam will bring the latter to a horizontal position.
The position of this weight gives relatively the weight of the heavy
solution displaced by the sinker. After washing, the sinker is immersed
in water, and the same weight is placed nearer the fulcrum until the
beam becomes horizontal. The position of this weight gives relatively
the weight of the water displaced by the sinker. The larger weight
divided by the smaller gives the desired specific gravity.

By employing proper formulee, weights of bodies may be found if
their specific gravities be known, or the specific gravity of one, if its
weight and the weight and specific gravity of another be known.

Thus if a diamond is set in a gold ring, it is often desirable to know
the weight of the diamond, or its specific gravity, or the specific gravity,
and hence the fineness, of the gold of which the ring is composed, with-
out removing the stone. Each of these values, and even others, can be
found by employing the following formulee. These are derived from
two equations in which A represents the weight of the stone, a its specifier
gravity; B the weight of the gold, and b its specific gravity; and C the
combined weight of the ring and stone, and ¢ their specific gravity.

Then A+B=C
and —é—"{"E:E
-
Whence we obtain for A,
_o (b—0)a
270 b=y
for a, §e Abe
C(b—c)+ Ac
for b, T Bac
"~ C(a—c)+Be

and expressions for other factors if desired.
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TABLE SHOWING SPECIFIC GRAVITY OF GEM MINERALS

Zircon (Hyacinth)
Almandine Garnet -
Ruby - . -
Sapphire - -
Cape Ruby (Garnet)
Demantoid (Garnet)
Staurolite - =0
Pyrope (Garnet) -
Chrysoberyl -
Cyanite - - -

Cinnamon Stone (Garnet)

Spinel (Balas Ruby)
Topaz - -
Diamond - -
Epidote - -
Vesuvianite - -
Sphene - -
Chrysolite - -
Jadeite - -
Axinite - - -
Diopside - -
Dioptase - -
Andalusite -
Apatite - 4 5
Hiddenite - -

Lo

4.60-4.70
4.11-4.23
4.08

4.06

3.86

3.83

3.73-3.74
3.69-3.78
3.68-3.78
3.60-3.70
3.60-3.65
3.60-3.63
3.50-3.56
3.50-3.52
3.85-3.50
3.35-3.45
3.35-3.45
3.33-3.37
3.30

3.29-3.30
3.20-3.30
3.29

3.17-3.19
3.16-3.22
3.15-3.20
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Green and Blue Tourmaline -
Euclase - 3 = .

Fluorspar - - : 2

Nephrite - - -
Phenacite - - = S
Red and Colorless Tourmaline
Turquois - - -

Labradorite o S g

Beryl - . = -
Emerald =
Rock Crystal )

Smoky Quartz |
Amethyst # - =
Jasper ‘
Chrysoprase |

Iolite - - - -
Chalcedony

Agate } :
Obsidian- - . - =
Moonstone (Adular) -

Lapis lazuli - - -

Moldayvite o - o
Opal - - - A »
Jet = 5 ) =
Amber 3 3 3 4

3.11-3.16
3.05
3.02-3.19
3.00
2.98-3.00
2.94-3.08
2.60-2.80
2.70
2.68-2.75
2.67

2.65-2.66

2.60-2.65
2.60

2.50-2.60
2.55
2.40
2.36
2.19-2.20
1.35
1.00-1.11



OPTICAL QUALITIES

Since the pleasing qualities of gems depend largely upon their effects
upon light, some general statements as to the properties of light, and the
manner in which it is affected in passing through gems, will be desirable.

The generally accepted theory of the transmission of light is that it
moves in a straight line without change of direction in one and the same
homogeneous medium, as vibrations of particles of the luminiferous
ether which may be called light waves, and which take place at right
angles to the direction of transmission. In some media the velocity
of transmission of light is independent of the direction in which it is
propagated. Such media are called isotropic, and include among gems,
opal, diamond, spinel, and garnet. In other media the velocity of trans-
mission of light varies in different directions. Such media are said to
be anisotropic. Most gems belong to this class of bodies. The velocity
of transmission of light through different media differs, but has an
absolute value for one and the same substance.

Media in which light is transmitted at a high velocity are said to
be optically rare, those in which it is transmitted at a low velocity are
sald to be optically dense. In passing from one medium to another of
different density, as for instance from air into water, light undergoes a
change in its rate of transmission and a change of direction. This change
constitutes the phenomenon of refraction, the most familiar illustration
of which is seen in the apparent bending of a stick
partly immersed in water. If the amount of this
change of direction be studied, it will be found to
have a definite angular value which is constant for the
same substance. Thus,if in the accompanying figure
a ray of light passing through the air from L be sup-
posed to fall upon the surface of water at A, it will be
refracted in the direction A K. The angle L A B is
D;:gﬁ‘i‘u‘)ﬂ‘fft{fg]‘ﬁg called the angle of. incidence, an.d K A C the angle of

refraction, B C being a perpendicular to the water’s

surface. If from A as a center a circle B C be described, and from the

points 7 and p where this circle cuts the incident and refracted rays

the lines m n and p ¢ be drawn perpendicular to B C, then™ will
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m n be the sine of the angle of incidence, and p ¢ the sine of the angle
of refraction. Now, it is found that whatever the direction of the
incident ray, that of the corresponding refracted ray is so conditioned
that the quotient of the sine of the angle of refraction into the sine
of the angle of incidence is a constant quantity for the same media.
This quotient is called the index of refraction. It is to be found in the
instance above quoted by dividing mn by p q. The greater the refractive
power of the substance the smaller will be the value of p ¢, and the larger
the quotient, which is the index of refraction. Hence substances with
a high refractive power have a large index of refraction, as diamond,
whose index of refraction is 2.42. That of water is only 1.8336. Garnet
has an index of refraction varying from 1.75 to 1.81 in different varie-
ties. Zircon is another gem mineral which possesses a high index of
of refraction, this being 1.96. Diamond is the most highly refractive
of the gems, however.

It is to be noted that the amount of refraction of the different com-
ponent colors of a ray of white light is a variable quantity, and hence in
every refraction the ray is broken up in a way similar to that in which
it is separated into the colors of the spectrum in passing through a
prism. This variation in the refraction of the different colors is called
dispersion. The red waves, for example, suffer less change of velocity
than the blue, and hence the refractive index for a given substance is
greater for blue than for red light. Substances differ in the degree of
refraction which the waves of the different colors suffer in passing through
them, and hence in the degree to which they separate the component
colors; that is, they differ in what is called dispersive power. Diamond
has high dispersive power, its index of refraction for red light being
2.407+, and for violet light 2.464+, while spinel, which has only an
average dispersive power, has a difference in indices between red and
violet light only between 1.712+ for red, and 1.726 for violet.

A particular phase of the relations of the incident and refracted rays
should be noted here, as it has much to do with increasing the brilliancy
of gems.

When a ray of light attempts to pass from a denser into a rarer
medium there are conditions under which the angle of refraction cannot
be greater than the angle of incidence. Under such circumstances the
ray cannot emerge from the denser medium, but will be wholly reflected
at the point of incidence. Thus, in the following figure, if the lumin-
ous rays from A passing out of the water be traced it will be found that
since the angle of refraction increases more rapidly than that of incidence
certain rays cannot emerge at all, but are refracted or reflected back into
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the water. This is familiarly illustrated in looking into a glass of water
held above the eye, by the fact that the surface of the water appears
to be silvered and opaque, owing to the total reflection of a large num-
ber of rays. The path of the rays is more
fully illustrated in the next figure, showing a
ray of light, L. A, passing out of the water by
refraction in the direction A R.  If the angle
of incidence, C A 1, be gradually increased,
the angle of refraction will also increase, but
more rapidly than the angle of incidence until
; ] it becomes equal to 90°, when the ray will
ray’;‘;§;2$gsf’;3;‘;“;gd§§§§ s,nf(f graze the surface of the water at A M. If
FWES the source of light be still further removed as
to [, the ray can no longer pass out, but is reflected to . The ineci-
dent angle at which internal reflection will thus take the place of refrac-
tion is called for every substance the critical or limiting angle, and is
a constant angle for each different substance. For water (with refer-
ence to air) this angle is 48°35', for flint glass 837°36', and for diamond
23°53". Substances with a low critical angle—or in other words, highly
refracting substances—will appear more brilliant than those of low
refractive power, because the amount of light striking upon them becomes
concentrated into a smaller part of the surface.
This can be proved by a mathematical calculation,
but it is too abstruse for these pages. The fact,
however, can be made evident by observation. A
large amount of total reflection, such as is afforded
by substances of high refractive power, has,
moreover, the advantage of returning light to [
the eye which would otherwise pass through the [
stone and be lost. How this is done is shown by
the following figure after Bauer, representing m’gi?gga(;‘;H;‘lll‘t’sgagi”f?erggg
the path of a ray of light in a diamond cut angles
as a brilliant. The ray enters in the direction @ b and being totally
reflected from the various points of the interior comes back in some-
what the general direction m ¢ in which it started. It does not come
back, however, as a single ray, but is broken up by the refraction into
its differently colored components. Hence the particular ray which
reaches the eye may be red or blue, or some other color. To this
refractive power, therefore, the diamond owes the property of flashing
colored lights which gives it so much of its beauty and attractiveness.
When refraction, or reflection, of a ray of light takes place, the ray
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undergoes another change, known as polarization. Polarized light is

that having vibrations taking place in a single plane instead of in an
innumerable number of planes, as is the case with ordinary light. A
partial polarization of light occurs with every :
refraction and reflection, but it is not complete. By
means of proper appliances a perfect polarization can
be obtained. Polarized light is of great advantage in
the optical study of gems, since it affords a ray the
plane of whose vibrations can be accurately ascer-
tained. Light may be polarized by causing it to be
reflected from two mirrors, and an instrument some-

. i g 5 i _ Pathofaray of light
times used for obtaining polarized light is constructed in a diamondcutasa

E AL brilliant. After Baue:
upon this principle. The most commonly used polar- d

izer, however, is the so-called Nicol prism, an appliance constructed from
two pieces of Iceland spar, in a manner which can best be understood
when the subject of double refraction has first been considered.

Light propagated in the anisotropic media previously mentioned,
instead of advancing in all directions with the same velocity, as is the
case with isotropic media, advances in different directions with different
velocities. These directions resolve themselves into two, corresponding
to the directions of the greatest and least elasticity in the medium.
A ray of light entering such a medium is therefore broken up
into two rays, which have distinct properties and move independently
of each other. The refraction of the ray instead of being single,
as is the case with isotropic media, is double, and such media are
hence said to be doubly refracting. To this class belong most gems,
since substances crystallizing in any of the systems except the isometric,
unless they are amorphous, possess this property. The most familiar
illustration of the double refraction of light is seen when an object such
as a black cross upon paper or a line of ordinary print is looked at
through a piece of Iceland spar. The characters when thus seen appear
double, and of only about half their normal intensity, except where two
images may come together. The phenomenon is more evident in Iceland
spar than in other minerals because the two rays are more widely separ-
ated in this substance than is usually the case, but the breaking up into
two rays and the separation take place in many other minerals neverthe-
less. The two rays are known for distinction as the ordinary and extraor-
dinary rays. Each is polarized, so that it is evident that if some means
can be found of eliminating one of them, the other may be made to
furnish a convenient source of polarized light. This is what is done in
the construction of the Nicol prism, it being made of two pieces of
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Iceland spar cut in definite directions, and cemented together by Canada
balsam. The construction is shown in the accompanying figure. The
parallelogram represents the outline of the prism, and the line running
nearly as a diagonal shows where the two parts are joined
together.
n A ray of light, m n, falling upon the prism is at once
refracted into two rays,n O and »n E. The ray n O upon
reaching the layer of balsam is totally reflected, and passes
out at O,, where it disappears. The ray n K, however,
passes through, and reaches the eye as a ray of polarized

OfE light, having its vibrations in a single plane. If now this
o, ray fall upon another Nicol prism standing in the same
vertical direction, and similarly oriented, it can pass

9 through without sensible loss or change, and so on through

_ Construe- & large number if necessary. If, however, the second prisin
e °§)ﬁtsl:§ while maintaining the same vertical direction be rotated 90°

about its vertical axis, the ray upon reaching it will follow
the path n O instead of n E, since the ordinary and extraordinary rays
are situated at right angles to each other. It will therefore be absorbed
and lost, and no light will reach the eye.

If a plate of a singly refracting substance be interposed between the
two prisms, no change will occur in the above-named phenomena; but if-
a doubly refracting mineral be inserted instead, the field of view will
light up, except in four positions, 90° from each other. It is obvious
that the passage of light through the second prism in the latter case
comes from the fact that the polarized light from the first prism is
broken up into two rays in traversing the doubly refracting plate, one of
which is traveling in such a direction as will permit it to pass through
the second prism. These differences of behavior of doubly refracting
as compared with singly refracting bodies afford a convenient and ac-
curate means of distinguishing gems, for the tests can be made with-
out danger of injury to the stones. The essential features of an
apparatus for the purpose are two Nicol prisms set in a frame one
above the other, with a stage, preferably a revolving one, between.
Ome of the prisms must be capable of being rotated about its axis.
The lower prism is usually called the polarizer; the upper one the
analyzer. Having turned the prisms with reference to each other so
that the field of view is dark, when a singly refracting substance, such
as diamond, spinel, garnet, or glass, is inserted between the two, no light-
ing up of the field can be observed except such as may come from a
reflection from facets of the object. This reflection should not be con-
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founded with an appearance of transmitted light. A doubly refracting
stone will, however, when inserted, be lighted internally, showing much
the same color, though less strongly, as that which it possesses in ordinary
light. On revolving the stone by means of the movable stage, it will
be seen to become dark four times during a complete revolution, the
intervals of darkness occurring every 90° from each other.

Thus quartz may be distinguished from diamond, quartz from glass,
zircon from diamond, or any doubly refracting stone from a glass imita-
tion, and so on. Diamond cannot be distinguished from glass, nor from
spinel, by this test, since all are singly refracting. Other tests, such as
those of specific gravity and hardness, will, however, be sufficient to
distinguish in such cases. It is of course true that stones cut from
doubly refracting minerals in certain directions appear like singly
refracting ones, and a possible error may be made on this account. In
practice, however, the likelihood of meeting with stones cut in just such
directions is very small, and may be ignored. An apparatus constructed
for the determination of gems by the above methods is illustrated in the
following figure (p. 32).* Here the polarization of the light below the
stone is accomplished by means of two mirrors, and thus the cost of
one Nicol prism is saved. The stone is placed upon the stage d. The
light, polarized by the mirrors, passes through the stone into the tube
above containing the analyzer, and through this to the eye. By rotat-
ing the tube in the holder f, the distinction in appearance between
singly and doubly refracting minerals can be readily seen. The ordi-
nary petrographical microscope also affords the necessary appliances
for determinations of this kind. Tourmaline tongs furnish another com-
bination of a polarizer and analyzer, but they allow too little light to
pass through to be of practical value for determining minerals.

Doubly refracting substances have another feature in distinction from
singly refracting ones, in the fact that the rays passing through them are
differently absorbed, and hence give different colors in several directions,
while singly refracting substances are normally of the same color in all di-
rections. In the degree to which they exhibit this property of dichroism,
or pleochroism, as it is called, minerals vary. Iolite is one of the most
strongly dichroic minerals, and can plainly be seen to be dark blue in one
direction and clove-brown in another. Transparent zircon is often pinkish
brown in color when looked at it in the direction of the vertical axis, and
asparagus-green when seen laterally. Tourmaline is often nearly opaque
when looked at in the direction of the vertical axis, but transparent when

* This instrument can be obtained of R. Fuess, Steglitz bei Berlin, Germany, at a cost of
eighteen to twenty dollars.
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seen laterally. In other doubly refracting minerals the dichroism may
not be sufficiently apparent to be positively observed with the naked eye.
The detection of the dichroic character can usually be made, however,
with the aid of the little instrument known as the dichroscope.* This
consists of an oblong rhombohedron of Iceland spar with a glass prism

Instrument for examining gems in polarized light

of 18° cemented to each extremity, or with the end faces ground and
polished so as to be perpendicular to the length of the prism. It is
placed in a metallic cylindrical case, and is provided with a convex lens
at one end, and a square hole at the other, the focal length of the lens
being such as to show a distinct image of the square opening. On look-

* This instrument can be obtained of Negretti & Zambra, 38 Holborn Viaduct, London,

at a cost of about five dollars.
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ing through the dichroscope the square hole appears double, since both
the ordinary and extraordinary ray give an image. If a piece of mineral
or cut stone is held in front of it, two images of this are likewise seen.
These images are of different colors if the mineral is a doubly refracting
one, since the two rays are differently absorbed in passing through such
a mineral. The two images being side by side even slight differences
of color can be perceived. The following are some of the twin colors
exhibited by the more important gems when viewed in this manner, as
stated by Church: '

-

NAME OF STONE —~TWIN COLORS—
Sapphire (blue), Greenish straw, Blue.
Ruby (red), Aurora-red, Carmine-red.
Tourmaline (red), Salmon, Rose-pink.

L (brownish red), Umber-brown, Columbine-red.

(o (brown), Orange-brown, Greenish yellow.

% (green), Pistachio-green, Bluish green.

’ (blue), Greenish gray, Indigo-blue.
Topaz (sherry), Straw-yellow, Rose-pink.
Peridot (pistachio), Brown-yellow, Sea-green.
Aquamarine (sea-green), Straw-white, Gray-blue.
Beryl (pale blue), Sea-green, Azure.
Chrysoberyl (yellow), Golden brown, Greenish yellow.
Tolite, Pale buff, Indigo-blue.
Amethyst, Reddish purple, Bluish purple.

The dichroscope thus affords a convenient and accurate means of
distinguishing gems. Any one of those in the above list, for example,
could be distinguished from a glass imitation by the fact that any glass
substitute would give two images of exactly the same color, instead of
different colors, as would the genuine stone. Such gems as diamond,
garnet, and spinel cannot, however, be distinguished from glass or each
other in this manner, since they give similarly colored images.



ELECTRICAL PROPERTIES, PHOSPHOR-
ESCENCE, AND FLUORESCENCE

All gems when rubbed upon cloth become, like glass, positively
electrified. Gems differ, however, in the length of time during which
they will retain an electrical charge. Thus tourmaline and topaz remain
electric under favorable conditions for several hours; but diamond loses
its electricity within half an hour. The electrical peculiarities of differ-
ent species were at one time used quite extensively for identifying
them; but owing to different behavior under different atmospheric
conditions little use is now made of such tests. Besides developing
electricity by friction some gems become electric upon heating. Such
are said to be pyro-electric. To test a stone, or rough piece of mineral
for this property, it can conveniently be held in forceps and heated
gently in a colorless flame, such as that of a Bunsen burner or alcohol
lamp. The amount of heating should not be much over 100° C. On
withdrawing the stone, it will, as it cools, if pyro-electric, attract bits
of tissue paper or straws. Tourmaline is perhaps the most strongly
pyro-electric of the minerals used as gems, and the property affords
a means for identifying it. Topaz is another gem mineral which
usually exhibits this property. Some topaz also becomes electric when
subjected to simple pressure. This is said to be true of some crystals
of Brazilian topaz if they are pressed between the fingers in the direc-
tion of the vertical axis. Electricity developed in this way is known
as piezo-electricity.

Simple tests for all these kinds of electricity consist in the attrac-
tion of light objects, such as bits of tissue paper, cat hairs, pith balls
suspended by silk threads, etc. They are best made when the atmos-
phere is dry, the winter season being especially favorable.

Some gems have the property of emitting light after heating, exposure
to light, or an electrical discharge. This property is known as phosphor-
escence, since the glow, although it is often of different colors, resembles
that emitted by phosphorus. The diamond is a mineral which exhibits
this property, some of its gems after exposure to sunlight for a short
time emitting a glow which can be plainly seen in a dark room. This
is often stated to be a property of all diamond, but this is incorrect,
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some stones exhibiting no change whatever after exposure to sunlight.
Phosphorescence may also be called out in the diamond by rubbing it,
especially across the fibers of a piece of wood. Among all minerals
phosphorescence is best exhibited by fluorite, nearly all specimens
of which will, when gently heated, emit a visible light. The color
of the light varies with different varieties, and is usually not the same
as the natural color of the mineral. The tints exhibited are usually
greenish, bluish, or purplish. On increased heating the phosphorescence
disappears, and cannot be restored again except by passing an electric
discharge through the mineral, whereupon the lost power is usually
regained. The same is true of diamond. It is generally supposed
that the phosphorescence of minerals results from the presence within
them of particles of organic matter of the nature of hydrocarbons,
which are aroused to a certain activity on heating. Of the exact
nature of the phenomenon, however, little further is known.

Closely allied to phosphorescence is fluorescence, which, in a strict
sense, is the emission of light within a substance while it is being
exposed to light, or in some cases to an electrical discharge from
a vacuum tube. Fluorite 1s again the mineral which best exhibits
this property, a beam of white light passing through a colorless cube
of it producing a delicate violet color. The diamond, ruby, and other
gems are stated by Dana to give forth
a brilliant fluorescence when exposed to an
electrical discharge from the negative pole
of a vacuum tube. Fluorescence is also pro-
duced in the diamond by radio-active sub-
stances; that is, by radium, or substances
possessing its activity. In this respect dia-
mond differs from such gem minerals as
ruby, emerald, topaz, etc., and from glass,
in none of which do the radium rays excite

much activity. X-ray photograph of paste and

The behavior of gems toward X-rays or ]| ianonds, he poste dia
Rontgen rays varies with different species, opagus; 1%%531 g?l;rslgggesﬁgn the
and affords a means of distinguishing them. f ;
Thus diamond is quite transparent to the rays, while glass is opaque.
Accordingly, in an X-ray photograph, such as is shown in the accom-
panying figure, of two rings, the one set with diamonds, the other with
paste, the diamond can readily be known by its transparency.

The behavior of others of the gem minerals in relation to the X-rays
is further shown in the following table:

35







CRYSTAL FORM

The crystal form of minerals serves as an important means of identi-
fying them, since crystals of each species, in any system, except the
isometric, have forms peculiar to that species. The actual determi-
nation of species in this way, however, requires a careful measurement
of angles, trigonometrical calculations, and a knowledge of crystal forms
obtained through a study of that branch of mineralogy known as crystal-
lography. The mastery of this subject is usually beyond the purpose
of the student of gems, nor is it essential. A more practical need

Distortion of a cubical crystal by variations in growth

for him is to obtain a certain empirical familiarity with the common
external forms of the crystals of each species, together with a knowl-
edge of the ways in which distortion may occur, preventing recognition
of the regular forms.

In the following pages, under most of the species, are given illus-
trations of the common forms of those species, which one soon learns
to associate with that particular mineral.

In all comparisons of figures with actual crystals, however, it must
be remembered that crystals in nature rarely present the complete,
symmetrical form which the geometrical figure would indicate. While
the angles between the faces remain practically always the same, there
occur much distortion and imperfect growth of crystals which may
be quite misleading. Certain faces may be so much developed that
others which would normally be present, do not appear at all; and
again, the attachment of the crystal to its matrix often prevents develop-
ment of the complete form, or obscures its presence.

Thus in the above figure the cube, which would be the normal crystal
form, may become by continued growth in the vertical direction elon-
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gated like the form shown at its right, or by growth laterally the tabular

form shown may be produced.

So again, the quartz crystals represented below are all made up of
the same faces and have the same interfacial angles, yet they would seem
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Forms of quartz crystals produced by distortion

at first sight to have no similarity of form. One can soon become famil-
iar with these variations, however, and by making due allowance for
them learn to recognize crystal forms quickly and accurately.

In addition to an empirical familiarity with the forms of crystals,

some knowledge of the general groups of crys-
tals is desirable, since there are thus expressed
relations which characterize not only the ex-
ternal form, but internal structure.

The forms into which a mineral, or any
substance of definite chemical composition,
may crystallize, are divided into six systems.
These are known as the isometric, tetragonal,
hexagonal, orthorhombiec, monoclinie, and tri-
clinic systems. By some a seventh, called the
rhombohedral system, is added, though here it
is considered a subdivision of the hexagonal.
In the discrimination of ecrystal forms, the
relations of the planes can best be expressed
by referring them to a series of three or more
imaginary axes within the erystal. One of
these, known as @, is supposed to run from
front to back; another, known as b, from
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Crystal Axes

right to left; and the third, known as ¢, vertically The latter is known

as the vertical axis, and the two former are designated as lateral axes.

In the hexagonal system, the existence of three lateral axes is assumed.
The differences between the six systems can be stated in terms of

these axes as follows:



In the isometric system the axes are of equal length, and at right
angles to each other. In the tetragonal system one axis, usually taken
as the vertical, is longer or shorter than the other two, which are equal
in length. The axes are all at right angles to each other, however. In
the hexagonal system one axis, usually taken as the vertical, is longer
or shorter than the lateral axes and at right angles to them. The
lateral axes are three in number, of equal length, and meet at angles
of 60°. In the orthorhombic system the three axes are of unequal
length, but meet at right angles. In the monoclinic system the three
axes are of unequal length. Two of them meet at right angles, while
the third is inclined. In the triclinic system the axes
are of unequal length, and meet at unequal angles.

The axial relations above class-
ified are paralleled in the symmetry,
both external

and internal, of

Cube

crystals. Thus g iahedron

crystals of the

isometric system are the most highly  p secahedron
symmetrical, and those of the tri-

clinic system the least so. By symmetry is here
understood the relation which an object has to its
reflection in a mirror; and another way of stating the previous obser-
vation would be to say that an isometric crystal can be held before
a mirror in more positions in which the crystal and its reflection
present the same appearance, than one of any other system, while with
a triclinic crystal no such position can be found. Besides the division
into six systems, each system is itself subdivided into groups of varying
kinds of symmetry. There are thirty-two of these groups, characterized
by a particular kind of symmetry, and a substance crystallizing in a
certain group will invariably show that symmetry.

A few simple forms peculiar to different systems may be mentioned
here, since the terms will be often employed in the text. Four common
forms, exhibited by minerals crystallizing in the isometric system, are
the cube, octahedron, dodecahedron, and trapezohedron. The cube is
a solid bounded by six similar faces, each parallel to two of the axes.
Each face is a square, and the interfacial angles are all 90°. Crystals
of this form are exhibited by pyrite, fluorspar, and rarely by diamond.
The octahedron is bounded by eight similar faces, meeting the axes
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at equal distances. Kach face is an equilateral triangle. Diamond and
spinel are gem minerals which often exhibit crystals of this form.
The dodecahedron is bounded by twelve faces, each of which meets
two of the axes at equal distances, and is parallel to a third axis.
Each face is a rhomb. Garnet quite commonly crystallizes in this form,
as well as in that of the next type, the trapezo-
hedron. = The trapezohedron is bounded by
twenty-four faces, each of which is a trapezium.
Each face intersects one axis at the unit length,
and meets the other two axes at distances
greater than unity. The form bears some rela-
tion in appearance to the octahedron, if it be
imagined that three faces of the trapezohedron
occupy the place of one face of the octahedron.
In other systems than the isometric, the
simplest and in general the most commonly occurring forms are prisms
and pyramids. Prisms are forms whose faces are parallel to the vertical
axis, while they meet the lateral ones; pyramids are forms whose
planes meet all three of the axes.
In the hexagonal system prismatic and pyramidal faces occur in
multiples of three, while in the tetragonal, orthorhombie, etc., systems,
they occur in multiples of two. Thus a crystal of zircon
AR may be distinguished from one of quartz, for example, by
! \ the fact that on the former four or eight similar pris-
7| matic faces may be counted, on the latter, three or six.
< ?s Substances vary considerably in their tendency to form
4 ',/ distinet crystals, or even to crystallize. Quartz, in the
\/ form of rock crystal and amethyst, is generally found in
Hexagonal distinct crystals, while agate, chalcedony, etc., although
gy’r‘asm’?d“d crystalline, and of the same composition, never form
separate crystals. . Such substances as opal, turquois,
obsidian, and obviously those of organic origin, such as amber, jet,
péarl, and coral, never crystallize, or possess regular external form.
Such substances are termed amorphous. As a rule, gem minerals are
those tending to occur in distinct crystals, since crystallization usually
favors transparency and purity of substance.

Tetragonal prism and
pyramid
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CUTTING AND MOUNTING

The condition in which gems are found in nature is rarely such
as, according to the general notion of human kind, exhibits their
greatest beauty. In the state of nature, the surfaces of gems are gen-
erally dull and lusterless; their shape is irregular, and their mass is per-
meated by flaws and imperfections. Moreover, the powers of reflection
and refraction of light, which give gems their superior brilliancy and
fire, can only be brought out in perfection when the stones are shaped
with reference to their internal structure. Hence, from the earliest
times, man has endeavored to increase the beauty of gems by bring-
ing them to a condition of the highest possible polish and luster.

The progress of this art has been a gradual and slow one; but in
its present development it affords an opportunity for. the exercise
of knowledge and skill of a high order. It is true that from time to
time certain art critics, among whom was Ruskin, have urged that gems
in their native state are more beautiful than when cut, but such views
overlook the obvious enhancing of the optical qualities of a gem by a proper
cutting. The mere facetting of a stone may be, as these critics claim,
an expression of a somewhat vulgar taste; but cutting a stone with
reference to its optical structure applies an intelligent skill which can
but prove enhancing to its natural beauty. Occasionally a diamond
or ruby crystal is found of sufficient regularity of form and purity
to make it available in its natural state for use as a geni; but ordinarily
the art of the lapidary is needed to bring from precious stones an exhi-
bition of their full beauties, and fit them for the highest purposes of
ornament. On the other hand, there is a common notion as to the
amount of improvement that can be made in a stone by cutting or
facetting, which is generally a mistaken one. There is no stone so dull
and lusterless that some one will not think that it would be beautiful if
it could only be cut and polished. But as a matter of fact, cutting or
polishing usually changes the appearance of a stone very little, and a
stone which is not attractive in color and transparency before cutting is
not likely to be after. The skilled lapidary, it is true, can select the
most favorable parts of a mass for cutting, but more than this he cannot
do; and much disappointment may be avoided if only those stones are
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cut which can be seen while in the rough to have the necessary desir-
able qualities.

The first effort on the part of man to improve upon the natural
appearance of gems was confined to giving them a simple polish.
At first only the natural surfaces were polished, but later the rough
corners were rounded, and gradually the plan of giving them a symmet-
rical shape developed. To this day, however, the treatment of gems

A Ceylonese gem cutter of the present day

in the Orient is confined largely to rounding and polishing the stones,
with little alteration of their natural shape. The Kohinoor diamond
in the form in which it reached England is an illustration of the
unsymmetrical shape which is allowed by Orientals' to be retained
by even their most costly gems. The appliances by which this work
of polishing and cutting gems is still performed in the East are of the
crudest kind, and show little advancement from the earliest types used.
The accompanying cut shows how a Ceylonese gem-cutter of the pres-
ent day plies his trade. His wheel is supported on two upright pegs
set in the floor timbers of his house. A wooden axle, on the end
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of which is the disk for polishing, is inserted in these. The axle,
and thus the disk, is rotated by pushing back and forth upon it with
the right hand a long stick to which is fastened a string passing once
around the axle. The stone to be polished is held against this revolv-
ing disk by the left hand, either with the fingers directly, or by a stick
to which the stone has been cemented. Abrasive powders and water
are contained in bowls made by sawing cocoanut shells in two, and
the abrasive is applied to the wheel by dipping the stone at intervals
into the mixture. By this painfully slow and laborious process the
polishing of the gem is in time accomplished.

Among Occidental peoples, the cutting of gems was early carried
to a much higher point than among Orientals. By both Greeks and
Romans gems were given a symmetrical form, and they carried to
a high degree of perfection the art of cutting cameos and intaglios
from them.

The different forms into which precious stones are cut at the pres-
ent time may be arranged in two groups: (1), those having plane sur-
faces; and (2), those having curved surfaces, although the two may
be combined in the same cutting. The different forms under these
subdivisions may be grouped, following Church, thus:

Brilliant.
Step or Trap.
1. Plane surface cuttings - - - - - Mixed or Brilliant Top.
Table.
Rose.

Single cabochon.
Double cabochon.
Hollow eabochon.
Tallow top.

2. Curved surface cuttings - - - -

Of these cuttings, those of the first group are usually used for
transparent stones, such as the diamond, emerald, and ruby; and those
of the second for translucent and opaque gems, such as the opal,
turquois, moonstone, cat’s-eye, and the like. The garnet is cut in
both ways, the cabochon-cut garnet being called a carbuncle.

The question as to which form of cutting should be used for any
particular gem is one involving considerations of the mineral species
and the peculiarities of each individual stone. On the one hand, it
is desirable to avoid as little loss of the stone as possible; and on the
other, to give it that shape and proportion which shall best bring out
its luster, brilliancy, and color. Pale stones should, for instance,
have greater depth than dark ones; the latter should be given more
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‘“spread” and less depth. A well-cut stone is worth considerably
more than a poorly cut one, even if the latter has a greater weight.
Often in cutting a stone one-half and even more of its mass may
be removed, and yet the stone be improved thereby. The brilliancy
of a stone is increased, other things being equal, the larger the num-
ber of facets which can be given it. The value of the stone must be
taken into consideration in this connection, however. Stones of mod-
erate value do not have their worth sufficiently increased by addition
of numerous facets to warrant the expenditure of the extra time and
labor that would be required to bring them to this condition. If a stone
is strongly dichroic, as is iolite for example, the cutting must be in

OROWN
GIROLE
] preraon
i Brilliant f Brilliant seen from b
. . = rilliant seen from rilliant seen from be-
Side view of brilliant above. SK, skill facets; low. SK, skill facets;
QU, quoins or lozenges ; CR, cross facets

ST, star facets; CR,
cross or skew facets;
TEMP, templets or bezils

such a direction as to bring out this quality in the highest degree.
Similarly tourmaline, because of its dichroic properties, may make
a dark and uninteresting stone if cut at right angles to the crystal-
lographic axis, while if cut parallel to this axis it will make a bril-
liant appearance and show two colors. Such stones as moonstone,
labradorite, tiger’s-eye, and others, which show chatoyancy only in
certain directions, must obviously be cut with reference to this fea-
ture. In transparent stones, the angle which the upper and lower
facets make with each other should be a definite one, so as to reflect
the light in the best possible manner.

Considering briefly and in order the forms of cutting above men-
tioned, we may note first the brilliant. The brilliant cut is said to have
been invented by Cardinal Mazarin in his endeavors to introduce the art
of diamond-cutting into France. Itis now the form most commonly given
diamonds and is employed for many other transparent stones as well.
As will be seen from the above figure, it is made up essentially of
two truncated pyramids joined by their bases, the upper pyramid
leaving one-third and the lower pyramid two-thirds of the length
of the stone. The upper pyramid is called the crown, the lower the
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pavilion. The plane on which they join, and which represents the
greatest breadth of the stone, is the girdle. The flat top of the upper
pyramid is known as the table. It should be four-ninths of the breadth
of the stone., The corresponding termination of the lower pyramid is
known as the culet, and this should have an area one-sixth to one-fifth
of that of the table. The number of facets given these pyramids
varies with different cuttings; but the typical has fifty-eight, which
have individual names, as indicated in the diagram.

The outline of the brilliant cut is not always so nearly circular
as in the form shown in the diagram, although this is usual. Brilliants
are sometimes cut so as to have a nearly square
outline, or again they may be made triangular,
or again oval.

The proportions of the brilliant above given
are not always followed by lapidaries, if it is
deemed that they would involve the loss of too
much material, or if the cutter believes it possible
to improve the effect of the stone by depart-
ing from them. The former consideration has
weighed most largely in the cutting of some cele-
brated diamonds, with the result that according

to some critics the stones do not show to the best
froﬁrgf,’o‘;g ;‘ff ]:e‘ll(t,; ® 81 advantage. Thus the Kohinoor diamond in its

present form is said to be too broad for its depth,
and the Regent too thick for its breadth.

The second cutting to be noted is the trap or step cut. Thisisa
favorite form of cutting for colored stones. It is a shallower cutting
than the brilliant, and has a broader table. The outline is commonly
oblong, in contrast to the more nearly circular form of the brilliant, al-
though quadrilateral, hexagonal, and other outlines may be given. The
rules of proportion are far less strict than those applied to the brilliant.
The following form is a common one, however: Beginning with the table
above, two sloping or step facets lead to the girdle, below which three to
five or more sets, or zones of diminishing steps, extend to the culet. The
latter has the general shape of the stone. The number of the facets is often
increased over the above with advantage. A common fault with the
step cut comes from making the table too broad, since the internal
reflections from the lower facets are best seen, as Church states, through
the sloping bezils of the ecrown, not through the flat surface of the table.
The mixed or brilliant top cut is a combination of the brilliant and
step cut.
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The table cut is a simpler cutting than either the step or brilliant.

It consists simply of a table with beveled edges.

It 1s an old form

of cutting, and is generally superseded at the present day by forms

with a greater number of facets.

The rose cut has the crown facetted all over,
the table of the brilliant being replaced by six
triangular facets, and the other facets by eighteen
triangular ones. The base is either made flat, or
as a duplicate of the upper part, the latter cut

giving what is known as the “ double brilliant.”
The rose cut is especially useful for small or  ——m———~
flat diamonds, as by means of it well-cut gems
can be made from pieces of “rough” which are 2 i
too small or too thin to make brilliants. Top and side views of
Besides the brilliant and rose, which are stan-
dard cuttings for the diamond, there are several quaint and fanciful

cuts which are now more or less in vogue. One of these is the
“ pendeloque,” a sort of double rose cut, and the ¢ briolette,” also a

[N

Single eabochon

et - e

Double cabochon

7

Hollow cabochon

P T e
\—__/

Flat or tallow-top
cabochon

b

Mixed cabochon

table cut

double rose cut of a general pear
shape. The outline of the stone
may be varied also, so as to be tri-
angular, hexagonal, or circular. A
form of diamond cutting which is
now being extensively advertised is
that called the “ twentieth century ”
cutting. This is a double rose cut
with eighty planes, forty above and forty below. It
is made up essentially of two cones placed base to
base, both completely facetted with planes, eight of
which meet around each apex. The supposed supe-
riority over the brilliant rests in the substitution of
facets for the table and culet of the latter.

The curved cuttings given to precious stones are
all modifications of the form known as cabochon, the
various shapes given being such as are best adapted
to bring out the beauties of the individual stone
which is to be cut. The different forms of the
cabochon can be sufficiently well understood by refer-
ence to the accompanying figures. The hollow cabo-
chon serves the purpose of lightening the color of
dark stones, and affording a place for inserting a foil.
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The manner in which the actual work of cutting and polishing
gems 1s performed by the most advanced methods of the present day
varies somewhat with the kind of stone. Some stones naturally require
a much harder abrasive than others, while different wheels and differ-
ent polishing powders are suited to different gems. In general, the
stone is reduced as nearly as possible to the desired shape by careful
cleaving in the rough. If there is a natural cleavage much use can
be made of this in bringing the stone to the desired shape; if not,
the work cannot be carried far in this manner. Large stones, if not
too hard, can be sawed to a desirable shape with diamond or carbor-
undum saws. After having been shaped as nearly as possible by one
of these methods, the rough stone is then soldered to a metal handle,
or cemented to a stick by means of wax or other adhesive substance,
and ground to a rounded symmetrical shape on a flat, revolving wheel,
the abrasive used being applied by means of water or oil. The wheels
used are generally either of iron or copper, though lead, tin, and even
wooden wheels are employed. For all gems except the diamond, the
cutting of which can be carried on only by means of diamond dust,
emery or ground corundum is the abrasive generally used, although
since the invention of carborundum this is employed quite extensively.
After the stone has received a general rounding in this manner, the
cutting of facets, one at a time, is begun. To maintain the exact
angle at which each facet is to be cut, a clamp is provided above the
wheel, in which is fastened the handle on which the gem is soldered.
By this means the stone is held against the wheel at the desired
angle until the facet is cut. For facetting cheap stones the handle
of the gem is sometimes held in the hand; but while the work
can be done faster by this means it obviously cannot be performed
so accurately. After the stone has received by grinding the proper
number of facets, each of the size desired, the work of polishing must
be performed. This is done in a similar way to the grinding, except
that softer abrasives and softer wheels are used. Rouge, tripoli, and
“putty powder” are the abrasives most commonly used for this pur-
pose, they being applied dry or moist to wheels of leather, felt, or paper,
against which the stone to be polished is held.

Owing to its superlative hardness the cutting of the diamond must
be performed by a somewhat different process than that of other stones.
The facets upon a diamond are cut by rubbing together by hand two
diamonds cemented upon sticks. After the facets have been outlined
in this way they are ground and polished upon wheels to which diamond
dust is applied, in a manner similar to that described for other gems.
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The grinding and polishing of agates and other large stones are
performed at Oberstein, Germany, on an extensive scale, in mills
fitted up in the manner indicated in the accompanying cut. The
wheels for grinding turn vertically instead of horizontally as is usually
the arrangement when cutting small stones. They are made of sand-
stone, are about five feet in diameter, and often a foot in thickness.
Their edges are often fluted in different shapes, so as to give different

Agate cutting at Oberstein, Germany. After Bauer

desired forms. The piece to be cut is held by the workman by hand
against the wheel until it has received the desired shape. After being
ground it is polished on a wheel of hardwood with tripoli, this part of
the work being usually performed by women and children.

After a gem has been cut, the question of its proper mounting and
setting must next be considered. While some gems are worn unmounted,
as for instance the pearls of a necklace, the great majority are set in
metal. This work is the especial art of the goldsmith or jeweler, and
the laity usually take little pains to be informed in regard to it.
There is room, however, for the development of a much higher taste
in these matters than exists at present. The average buyer is con-
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tent to know that the article which he purchases contains a sapphire,
emerald, or diamond, representing so much intrinsic value, without
considering whether the best use of it, from an artistic point of view,
has been made; or whether for the same outlay much more pleasing
effects might not have been obtained from other stones. In the group-
ing of gems, with regard to effects of color, luster, texture, etc., certain
combinations often seen are far from ideal, while others rarely seen
would be admirable. Thus a combination of the diamond and turquois
is not a proper one, since the opacity of the latter stone deadens the lus-
ter of the former. The cat’s-eye and diamond make a better combination,
and so do the more familiar diamond and pearl. Colorless stones, such
as the diamond or topaz, associate well with deep-colored ones, such as
amethyst and tourmaline, each serving to give light and tone to the
other. Diamond and opal as a rule detract from each other when in
combination, since each depends upon “fire” for its attractiveness.

Methods of mounting gems may be described as being essentially
“two in number, one the mount e jowr, and the other the encased
mount. The mount a jour, so called from two French words mean-
i:ng to the light, is illustrated in the well-known manner of setting
ring stones, by which the stone is held in place by a circlet of claws,
exposing it to view on all sides. This mounting is especially suited
to colorless and transparent stones without flaws, as it allows the
freest play of light upon them, and permits their beauties to be fully
seen. Jewels set in this way are, however, in greater danger of being
lost, since the gem cannot be quite as firmly held as in the encased
mount. In the encased mount the stone is set in a metal bed with
only the top exposed. This mount is familiarly seen in many articles
of jewelry. Being cemented to the metal bed the stone is in less
danger of loss or injury than in the mount a jour. With the encased
mount the effect of the stone can be much enhanced by the use of foils
and paints, and many defects can be made invisible. Thus black specks
in a stone can be overcome by setting against a black background,
while a gold foil serves to bring out the fire of a garnet, for example,
as an a jour setting could not. In all this work of setting gems and
overcoming their defects, the Oriental peoples especially excel, and
have done so for centuries. Examples of their work furnish, as a
rule, the best models for study.
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VALUATION AND PRICE

The unit of valuation by weight of gems in most countries is the
carat. This term meant originally, according to some authorities, the
weight of a bean of the coral tree (Erythrina), known in Africa as kuara,
and used there for weighing gold-dust. Others believe the term to be
derived from the Greek word Fkeration, said to be the name of the
fruit of a variety of acacia having seeds of remarkably uniform size.
As at present employed the weight of the carat expressed in grams
is about one-fifth of a gram (200 milligrams), but varies in different
countries from 197 to 216 milligrams. The accepted weight in most
of the large gem markets, such as Paris, London, and Berlin, varies
little from 205 milligrams. This makes a carat weight a little over 3
grains troy, the exact decimal being 3.165. Hence one grain troy=0.316
carat, and one ounce troy=151.7 carats. The weight of the carat is
usually given as four grains troy, but this is obviously not quite correct.
The carat is subdivided into four equal parts, also known as grains, which
evidently have not quite the weight of the troy grain, although the two
are often confounded. The balances used for weighing gems are usually
divided into sixty-fourths, and the fractional parts of a carat weight are
then expressed by series of common fractions rather than by one fraction
or a decimal. Thus a gem weighing 33} carats might have its weight
expressed in this manner, 3%, 4, 4. This is a record of the succes-
sive divisions of the scale met in making the weight, not reduced to
a simple fraction. '

The size of a stone of a given number of carats obviously varies with
specific gravity of the gem; a two-carat sapphire, for instance, being a
smaller stone than an emerald of the same weight. The size of diamonds
of different carats weight is shown by the accompanying cuts, and they
represent approximately the size of most gems of the same number of
carats.

The size of a stone, besides being indicated by weight, is frequently
expressed by a number. This number refers to a scale of standard sizes
adopted by jewelers, which runs from 1 to 50. Thus a stone of the size
of No. 12 in the scale has a weight of one-eighth of a carat, No. 24 one-
half a carat, No. 38 two carats, and so on. The scale thus affords a
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means of distinguishing smaller differences of size than would be con-
venient by weight alone.

The measurement of the weight of pearls differs from that of other
gems in that pearls are measured by their weight in grains. The grain
here employed is not the troy grain, however, but four-fifths of it, so
that four troy grains are equal to five pearl grains, and a troy ounce
contains 600 pearl grains.

So far as the more precious gems are concerned, it may be noted that
their price increases in a much higher proportion than does the weight.
According to a rule, sometimes called Tavernier’s and sometimes Jeffries’
rule, the price should increase as the square of the weight. Thus if a
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carat stone is worth $80, a five-carat stone would be worth not five
times $80=$400, but 5% or 25 times $80=$2,000. The rule, how-
ever, affords no more than an approximation of the value, it giving in
general too high a result. Some gems, such as amethyst, topaz, and
others, increase in value only in about the same proportion as they increase
in weight, since large stones of these species can be readily obtained.

In addition to weight, quality is a factor largely affecting the price of
precious stones. To be of the first quality, or first water, a gem must be
of uniform luster and color, must be free from cracks of every kind, from
bubbles, and if transparent, from inclusions of every sort, cloudy spots
or streaks. Any of these flaws can usnally be distinguished by holding
the stone between the eye and the light, or they are more clearly brought
out if the stone is immersed in a liquid with high refractive power, such
as oil of cloves, linseed oil, or even kerosene. These flaws may occur in
the rongh stone, or the operation of cutting may produce little cracks,
called feathers, which injure the value. Obviously, therefore, to be sure
of obtaining a flawless gem, it should be purchased after the operation
of cutting has been completed.

The value of rough stones compared with those cut varies with the
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variety and size of the stones. Not only does cutting reduce the stone in
size, but the cost of cutting must be taken into consideration. The latter
may represent almost the entire value of stones the raw material of
which is abundant and cheap, as is true of many of the varieties of
quartz. In the case of diamonds the cost of cutting adds about 50% to
their value.

The price of gems, besides varying with quality and species, is de-
pendent like that of other commodities upon supply and demand, which
are in turn affected by discoveries of new sources, and by changes of
fashion. Thus the discoveries of diamonds in Brazil and South Africa
respectively caused a fall in the prices of this gem at each of these
periods because of the increased supply afforded. In 1750, just before
the influx of Brazilian diamonds into Europe, one-carat stones were
valued at $40. Shortly after, when the supply from Brazil poured into
the market, they fell to a value of only $5. In 1791 this price had
risen to $30. This fell again to $20 during the French wars of 1848, but
by 1865 had risen to nearly $100, which is not far from the present price.
At the present time the emerald has reached an unprecedented price,
because while the demand is steady the supply has almost entirely failed.
On the other hand, the sapphire has fallen about 25% in value in the last
twenty years on account of the discovery of new fields. In some cases,
however, the failure of supply of a little-used gem may cause the
demand for it to cease, as has happened with the Italian diopside.

The price of the four gems, diamond, ruby, sapphire, and emerald, is
on the whole little influenced by changes of fashion, for they seem to
be always in demand. Most of the other gems, however, vary in price
with the fashion, being at one time much in vogue and again almost for-
gotten. Thus topaz is now little prized, but Kunz states that the mines
of this gem in Spain have been bought and are being held by a French
company in anticipation of a return of the stone to fashion. This might
cause a demand for it equal to that of forty years ago, when it brought
from $4 to $8 per carat.

As gems are objects of luxury, and not of necessity, the demand for
them is greater, and hence their price is higher, in times of prosperity.
Vice versa in hard times, or periods of financial depression, prices of
gems fall. The period following the French Revolution witnessed a great
lowering of the prices of gems, partly because the previous extrava-
gances of the French court in this direction had been one of the sources
of popular discontent, and partly because of the general financial depres-
sion. At the present time in the United States the magnitude of the
gem trade is greater than ever before.
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The skill with which a stone is cut should be taken into considera-
tion in valuing it, although this is a matter upon which only an expert
i1s competent to give an opinion. Of two stones of the same weight
and equal quality, one may be worth ten times as much as the other
because more skilfully cut. Further, the exact qualities desirable in
any particular gem are points to be learned by long skill and experience,
and stones possessing these qualities command much higher prices

than the ordinary.



IMITATION GEMS AND HOW TO
DETECT THEM

The art of imitating gems has reached a high degree of perfection,
and while the substitutes thus prepared have legitimate uses, the tempta-
tion to palm them off on the unsuspecting for real gems, at or near
the price of the genuine, is often too strong to be resisted. It becomes
important, therefore, that every one purchasing precious stones should
be acquainted with the characteristics of the false as well as of the
real, and unless purchasing of a perfectly reliable dealer should sub-
ject the offered stone to the most careful scrutiny. Tourists are espe-
cially liable to deception of this sort, since their purchases must be
largely made of itinerant venders, with whom they are not acquainted.
The Persian turquois venders, knowing the liability of some of their
wares to fade, are accustomed to leave for parts unknown as soon
as their stock is disposed of, and gem-sellers of other nations often
exhibit similar propensities.

Emanuel tells of a man who left his business in his own country,
and at considerable expense went to England to sell a quantity of stones
which he had been assured were diamonds, only to find on arrival there
that they were simply quartz. This experience in one form or another
has doubtless been repeated countless times, and should serve to show
the importance of knowledge on the part of all purchasers of gems of the
features which make them intrinsically valuable.

It may be said in general that the one quality of most gems which
cannot be successfully duplicated is their hardness. The best simple
protection therefore against purchase of a glass imitation for most precious
stones will be found in a test of this property. Glass is softer than
most precious stones, and hence is much more easily scratched than
they. It will yield to the file, while they will not. This test should
of course be made so as to avoid injury of the stone, for often the
girdle of a gem cut as a brilliant is as delicate as a knife edge, and
great care should be used in testing it. If a file be not convenient,
a fragment of quartz can usually be obtained, and affords an accurate
means of testing hardness, since the hardness of quartz is 7, and that
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of glass rarely over 5. An aluminum pencil also affords a safe means
of testing hardness. Drawn over glass it leaves a white, silvery line,
but on hard gems little if any mark. In respect to color, luster, and
even specific gravity, glass may be made to imitate almost any gem.
Even natural looking flaws. can be made in a glass imitation by dexter-
ous hammer blows. Nevertheless glass can often, though not always,
be distinguished from a mineral by the fact that in a piece of glass
minute air bubbles may be seen on examining it with a lens. These
bubbles generally differ in shape and number from any found in natural
minerals. Glass also has a characteristic conchoidal fracture not quite
like that usual to minerals. True gems are colder to the touch than
glass as a rule, although glass is colder than such substances as jet,
amber, and pearl, for which it is often substituted. The colder feeling
of true gems comes from their being better conductors of heat than glass,
so that they take away warmth from the hand more rapidly For the
same reason most true gems when breathed upon acquire a thlcker coat-_
ing of moisture than glass and lose it more quickly than does that sub-
stance. In the application of these simple tests jewelers often become
very skilful, and if the stones are not too small can pick out a diamond,
sapphire, or other gem from a whole bagful of glass imitations by the
above distinctions alone. When in the rough, a useful distinction of
glass from most gems is to be found in the easy funsibility of the former
before the blowpipe. While most gems are practically infusible in this
way, glass is easily fused, and hence the trial of a splinter of the sub-
stance before the blowpipe affords a test of value. The distinction of
glass from minerals by an observation of their behavior in polarized light
can be made without injury to the substance tested, and with reliable
results. To be sure, the distinction of glass from diamond, spinel-ruby,
or other singly refracting gem, cannot be made in this way; but when
the stone is doubly refracting, as is the case with the majority of species,
such investigation affords one of the surest and most convenient means
of identification. The use of the dichroscope or polarizing microscope
for this purpose has already been explained.

The glass used for maklng imitation gems is usually one havmg a
high percentage of lead in its composition. The lead makes it soft but
gives it great brilliancy. The glass is usually known as paste, or strass,
the latter name being from the inventor, Strass of Strassburg, who
imvented the mixture during the seventeenth century. Uncolored it
affords a good imitation of the diamond, and when colored with various
metallic oxides, remarkably accurate likenesses of different gems can be

obtained.
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Besides counterfeits wholly of glass, many precious stones are adul-
terated, so to speak, by making a portion of a genuine stone, and
employing glass for the remainder. Such fabrications are called
doublets, the upper part of the stone being of course the genuine
portion. The application of a file to the upper and lower parts in
turn will usually detect the fraud; or if the two parts are cemented
together by gum mastic, as is usually done, they will separate on
being soaked in warm water. The union can also often be seen on
holding the cemented stone up to the light. Occasionally, however,
the two are fused together, in which case soaking would not separate
them, nor would the plane of union be visible. A desired color is some-
times given to doublets by inserting a foil between the two portions.

Besides the use of glass in place of precious stones, an effort is
often made to substitute a cheaper stone for the one represented.
Quartz, white sapphire, and topaz may thus be substituted for diamond,
pink topaz for ruby, and so on. In such cases the distinction of hard-
ness is not as marked as if glass is employed; but the test with light
can usually be made, and determination of the specific gravity, or other
property, often serves to detect the counterfeit.

Besides employing the above-named devices, deception is sometimes
achieved by making a large stone of two smaller ones of the same
mineral cemented together. Again, inferior stones may have their backs
painted to give them a desired color. The practice of setting a stone
against a foil in order better to bring out its color or luster —as, for
instance, mounting an opal or moonstone on black, or garnet against
silver —is not considered illegitimate, and should by all means be
employed when the effect of a stone can thus be enhanced.

The difficulties of detecting fraudulent gems will obviously be greatly
increased if the stones are set. Gems should, therefore, always be pur-
chased loose if possible, especially costly ones.

On the whole, the accurate distinction of gems, or detection of frauds,
requires knowledge of the different physical characters of each species,
such as hardness, specific gravity, and behavior in polarized light.
A single test is rarely sufficient to identify a gem; but by the use
of several, perfectly trustworthy results can be obtained.
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SUPERSTITIONS REGARDING GEMS

From the earliest times and among all peoples there seem to have
been sentiments and superstitions connected with gems. Not only
was the power of driving away evil spirits and producing all sorts
of “luck” long attributed to them, but as late as the beginning
of the eighteenth century reputable physicians were accustomed to mix
fragments of them in their medicines and to use them as charms. /To
this day amber is kept in stock by druggists in Paris for use in filling
prescriptions ~The Chinese still use powdered pearls, coral, and other
gems in medicine, and various Indian tribes of North America ascribe
great medicinal value to one gem or another. In the writings of Greek
and Roman writers are found many statements indicating belief’ in
the medicinal and other virtues of gems. It was in the Middle Ages,
however, that these opinions seem to have been most widely and firmly
held, so far as it is possible to learn of them through history.

The following passage from Marbodus, a writer of the latter part
of the eleventh century, is a good example of some of the virtues
attributed to gems in that time:*

“The chalcedony, if blest and tied round the neck, cures lunatics.
Moreover, he that wears it will never be drowned or tempest-tossed.
It also makes the wearer beautiful, faithful, strong, and successful in
all things. One ought to engrave upon it Mars armed, and a virgin
robed, wrapped in a vestment, and holding a laurel branch; with a per-
petual blessing.

¢ Aristotle, in his book on gems, says that an _emerald hung from
the neck, or worn on the finger, protects against danger of the falling
sickness. We therefore commend noblemen, that it be hanged about
the necks of their children that they fall not into this complaint.
The emerald is approved in all kinds of divination; in every busi-
“ness if worn it increases its owner’s importance, both in presence and
in speech.

“A sard, of the weight of twenty grains of barley, if hung round
the neck or worn on the finger, the wearer shall not have terrible

*King, Antique Gems, p. 432.
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or disagreeable dreams, and shall have no fear of incantations or
of witcheraft.

“The beryl is a large and transparent stone. Engrave upon it
a lobster, and under its legs a raven, and put under the gem a vervain
leaf, inclosed in a little plate of gold; it being consecrated and worn,
makes the wearer conqueror of all bad things, and gives protection
against all diseases of the eyes. And if you put this stone in water,
and give this water to one to drink, it cures stoppage of the breath
and hiccups, and dispels pains of the liver. It is useful to be worn, and
he that hath this gem upon him shall be victorious in battle over all his
foes. It is found in India, like unto the emetald, but of a paler cast.

“The sard is good to be worn, and makes the person beloved by
women ; engrave upon it a vine and ivy twining round it.

“The casteis (callais turquois) is good for liberty, for he that hath
consecrated it, and duly performed all things necessary to be done in
it, shall obtain liberty. It is fitting to perfect the stone when you have
got it, in this manner: Engrave upon it a beetle, then a man standing
under it; afterwards let it be bored through its length and set on
a gold fibula (swivel); then being blest and set in an adorned and
prepared place, it will show forth the glory which God hath given it.”

Some of the other traditional virtues of gems ascribed chiefly in
the Middle Ages, but many doubtless of earlier origin, are as follows:

Agate was believed to have the power of averting storms, counter-
acting poison, and stemming the flow of blood. A black agate with
white veins was considered a potent talisman against every danger,
and to have the power of rendering the wearer invisible.

Amber worn in beads about the neck or wrist was regarded a cure
for sore throat and ague, and a preventive of insanity, asthma, dropsy,
toothache, and deafness. ‘

The bloodstone prevented death from bleeding.

The cat’s-eye warned its wearer of danger, storms, and troubles,
and was a charm against witcheraft. It was also a cure for croup when
applied locally.

Precious coral prevented blight, caterpillars, storms, and locusts,
and was a charm against lightning, whirlwind, shipwreck, and fire.
Taken internally it was a cure for indigestion.

The diamond was a talisman against danger, and gave hardiness,
fortitude, and manhood to its owner.

The emerald gave immortality, won the favor of rulers and pa01-
fication of enemies. If its wearer was unmarried it rendered him
invisible.
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The garnet was a preventive of fever and dropsy, and rendered
its wearer agreeable, powerful, and victorious.

The hyacinth gave second sight, promoted sleep, and preserved
from thunderstorms and pestilences.

Iolite foretold storms by changing hue.

Jasper had the power of stopping overflowing blood, or water, and
was a preventive of poison.

Jet induced fertility.

Moonstone was believed to contain an image of the moon, which
grew clear upon days and occasions fortunate to its owner, and dim
with the reverse. It was thought to wax and wane with the moon
and was a cure for epilepsy.

The onyx exposed its wearer to lawsuits, bad dreams, and demons.
If a sard were worn with it, however, these evil influences were counter-
acted. It symbolized and insured conjugal felicity.

The opal faded upon the insincere, deceitful, and impure; but when
worn by the innocent united the special virtues of all gems.

The pearl insured entrance to Heaven; but this privilege might
be lost by carelessness of life.

Quartz if burned averted storms, and powdered and mixed with
water cured serpents’ bites.

The ruby preserved its owner’s house or vineyard from lightning,
tempest, and worms if the former were touched by it. It was also
a disinfectant and preventive of infectious diseases. Bruised in water
it relieved weakness of the eyes, and cured liver complaints.

The sapphire was a preventive of despair and fire; a curative
of madness and boils.

The topaz was good for burns, and if thrown into boiling water
deprived it of its heat. It prevented melancholy and cured hemor-
rhages. Its internal brilliancy was believed to follow the phases
of the moon.

Tourmaline when heated was capable of charming away pain, such
as toothache, headache, etc.

A turquois grew pale if its owner became sick, and lost its color
at death until placed upon a princess’s finger. It prevented injury
in case of a fall. Held suspended in a glass it told the hour by
strokes against the sides. It was a cheerer of the soul and insured
prosperity. :

Such opinions regarding the virtues of gems were not confined to the
lower classes but were held generally. - There is little doubt that rulers
were accustomed to carry their gems to the battle-field with them for the
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BIRTH-STONES

Another interesting illustration of the regard in which precious
stones have been held is the custom, which survives to some extent to
the present day, of making a particular gem appropriate to a certain
month of the year.

Perhaps the first arrangement of gems into a group of twelve of
which we have any record is that in the Book of Exodus. Here in the
twenty-eighth chapter, verses 17-19, are prescribed in order twelve
precious stones, which shall be set in the breastplate of the high
priest. The list is repeated in the thirty-ninth chapter of the same
book, verses 10-12. In the context it is prescribed that the stones
shall be set in four rows, and that upon them shall be engraved the
names of the children of Israel, one for each stone. As to the par-
ticular gems which are indicated by the Hebrew words, authorities
differ; but in the Authorized Version of the Bible they are given as

follows:
Sardius, topaz, carbuncle,
Emerald, sapphire, diamond,
Ligure, agate, amethyst,
Beryl, onyx, jasper.

It is not probable, however, that these names indicate in each case
the corresponding stones of modern usage. Thus, it is quite unlikely
that the Hebrews could have engraved a name upon the diamond
even if they could have obtained one of sufficient size. Again, the
words emerald and carbuncle are undoubtedly interchanged in the
above list, and the ancient topaz is known to have been the modern
chrysolite. In the Revised Version the word jacinth is substituted for
ligure, and amber is given as a marginal rendering for the same. There
are also given marginal renderings for others of the gems as follows:
Ruby for sardius, emerald for carbuncle, carbuncle for emerald, sardonyx
for diamond, chalcedony for beryl, and beryl for onyx. The modern
equivalents of the terms recognized by secret orders which use them
in symbolism are:
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Carnelian, chrysolite, emerald,
Ruby, lapis-lazuli, onyx,
Sapphire, agate, amethyst,
Topaz, beryl, jasper.

Two lists of precious stones, quite similar to those of the Book of Exo-
dus, are given in other places in the Bible, one in Ezekiel xxviii. 13,
where “every precious stone” is said to have been the covering of the
king of Tyre, and again in Revelation xxi. 19-20, where twelve differ-
ent precious stones are mentioned as garnishing the foundations of the
wall of the Holy City. The names and order of these in Ezekiel are,
in the Authorized Version, as follows:

Sardius, topaz, diamond,
Beryl, onyx, jasper,
Sapphire, emerald, carbuncle.

To these the Septaguint adds the following:
Chrysolite, ligure, agate.

The Revised Version gives marginally, ruby for sardius, carbuncle
for emerald, and emerald for carbuncle. In Revelation the list as
given in the Authorized Version reads as follows:

Jasper, sapphire, chalcedony,
Emerald, sardonyx, sardius,
Chrysolite, beryl, topaz,
Chrysoprase, jacinth, amethyst.

The marginal renderings give lapis-lazuli for sapphire, and sapphire
for jacinth.

Though in each of these lists only twelve precious stones are men-
tioned, there is nothing to indicate that their use was in any way
connected with the months of the year. Just when it became the
custom to designate each month by a particular gem, or how the
custom originated, it is impossible to determine. The custom seems to
have sprung up in modern Europe some time during the fifteenth or
sixteenth century. Whether it originated in the twelve gems of Aaron’s
breastplate, as many believe, or was introduced by astrologers from the
Arabians, as others think, is not yet known.

The modern practice of considering the stone of each month espe-
cially appropriate to persons born in that month is probably still more
recent in its origin. In former times gems could be possessed only
by rulers or the very wealthy, so that their general use in the above
manner was not possible. But now that nearly every one can own
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a gem of some kind, the possession of * birth-stones,” and the attach-
ment of special sentiments to them, has become common. The custom
is a pretty one, and is to be commended, for the stones are imperish-
able, and the sentiments ascribed to them represent the accumulated
traditions of many ages, races, and peoples.

As to the particular stone which is to be considered appropriate
to each month usages differ. Such differences have doubtless arisen
from the desire to introduce gems which were formerly little known
or unattainable on account of their cost, as substitutes for stones for-
merly prized but now held of little value. Thus the precious opal,
now within the reach of all, was rare in former times. By some it
1s now used as the birth-stone of the month of October, while others
retain the beryl. The diamond has been introduced in modern practice
in quite a similar way. The carnelian and chrysolite, by some still
used for the months of August and September, are stones held of little
worth at present, and hence others are usually substituted. The par-
ticular order and kind of stones adopted in the colored plate which serves
as a frontispiece to this work is given in accordance with some verses
quoted in a pamphlet first published by Tiffany & Company, of New
York, in 1870. The author of the verses is not known, nor is it known
by just what authority these gems were chosen. The choice, however,
seems as satisfactory as could be made.

JANUARY

By her who in this month is born,
No gems save garnets should be worn;
They will insure her constancy,

True friendship, and fidelity.

FEBRUARY

The February-born shall find

Sincerity and peace of mind,

Freedom from passion and from care,

If they an amethyst will wear.
MARCH

Who in this world of ours their eyes
In March first open shall be wise,

In days of peril firm and brave,

And wear a bloodstone to their grave.

APRIL
She who from April dates her years,
]F)_iiu_ngda shall wear, lest bitter tears
or vain repentance flow; this stone,
Emblem of innocence, is known.
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Other groupings of precious stones in lists
which assign one to each of the twelve tribes
twelve apostles.

Naphtali -
Asher - -
Dan - -
Gad - -
Simeon -

Reuben -

The list of the former is thus

- Jasper. Benjamin -
Onyx. Manasseh -
- Beryl. Ephraim -

Diamond. Zebulon 2
- Sapphire.  Issachar -
Emerald. Judah - -

of twelve are those
of Israel and to the
§iven by Alcott:

- - - Amethyst.
- - Agate.

- - - Ligure.
- - Garnet.

- - - Topaz.
- - Ruby.

Tassin however gives a somewhat different list obtained from an old
silver breastplate employed as an ornament for a manuscript copy of the
Torah, or Pentateuch, used in an ancient synagogue and now in the U.

S. National Museum.

Naphtali -
Asher - -
Dan - -
Gad - -
Simeon. -
Reuben - -

The list
Emanuel:

Peter - -
Andrew -
James - -
John -
Philip - -
Bartholomew

This is as follows:

- Agate-”  Benjamin -
Beryl Joseph - -
- Topaz Levi - -

Amethyst Zebulon - -
- Chrysolite Issachar -
Sard Judah - -

- - - Jasper
- - Onyx
- - - Garnet
- 5 Diamond
- - - Sapphire
- - Emerald

of the gems of the twelve apostles is thus given by

Jasper. Matthew - - - Chrysolite.
Sapphire. Thomas - - - Beryl.
Chalcedony.  Thaddeus - - - Chrysoprase.
Emerald. James the Less - - Topaz.
Sardonyx. Simeon - - - - Hyacinth.
Carnelian. Matthias - - - Amethyst.
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'DIAMOND

The diamond is generally conceded to be the most beautiful as it
is the most important of precious stones. A few other stones exceed
it in value, weight for weight; but in total importance as an
article of commerce other gems are hardly to be compared with
it. Out of thirteen and one-half millions of dollars’ worth of precious
stones imported into the United States in 1900, twelve million dollars’
worth were diamonds. Not all this amount was employed for jewelry,
since there is a large utilization of the stone for industrial purposes;
but even for jewelry the diamond has a largely preponderating use.
Its points of superiority are its hardness, its high refractive powers,
and its adamantine luster. In all these qualities it excels any other
known mineral. When in addition to these it exhibits different body
colors, as is sometimes the case, the most highly prized of gems are
produced.

In composition the diamond is pure carbon, thus not differing chem-
ically from graphite, or such forms of carbon as lamp-black, bone-black,
ete. It is crystallized, but this can be said of graphite as well. Why
carbon should assume the form of diamond in one case and graphite
in another, as well as being amorphous in other occurrences, is not
known. Such behavior of a substance is known as dimorphism, and
numerous illustrations of it are to be found in nature. »

Being pure carbon, diamond can be burned in the air. The finely
divided dust can be burned in the ordinary blow-pipe flame, and for
stones of ordinary size a temperature of about 900° C. is sufficient.
The possibility of consuming the diamond by heat is said first to have
been suggested by Sir Isaac Newton, who reasoned from the high
refractive index of the stone that it was ‘“an unctuous substance
coagulated,” and hence probably combustible. Following this sugges-
tion two Italians, Averani and Targioni, succeeded, in 1695, in burning
some diamonds in a furnace, and since then the experiment has been
repeated many times. The diamond does not fuse in burning, but
after becoming heated to redness gradually grows smaller, emitting
sparks, till it entirely disappears. It leaves no ash, except in the
case of the impure form known as carbonado. The gas given off has
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been collected and anal}‘fzed, and found to be carbon dioxide, just as
would result from the combustion of other forms of carbon. If pro-
tected from the air or free oxygen, the diamond can be exposed to
high heat without change.

Being a crystallized substance and excessively hard, the diamond
is usually found in the form of more or less perfect crystals. These
have forms such as the cube, octahedron, etc., which belong to the
isometric system, and it is in this system that the diamond crystal-
lizes. The crystals do not possess, however, the highest isometric sym-
metry, but belong to the class designated by Groth as hexakistetrahedral,

being tetrahedral with in-
Of the forms occurring, the
first shown in the accom-
for cutting. It is very
be curved instead of flat,
figures of various kinds.
siderably distorted so as

clined face hemihedrism.
octahedron, which is the
panying cut, is best suited
common for the faces to
and to show etching
The crystals are often con-
to produce pointed and

; %
< & &

Common forms of diamond crystals

rounded forms, and twin erystals are common. Although so excessively
hard, the edges of the crystals, as found in the beds of streams, are
often rounded from the wear of the other pebbles, probably chiefly
quartz. Only the wear of centuries could produce such a result, how-
ever; for, as is well known, it is only with its own dust that the
diamond can be abraded to any appreciable degree by any of the
means now used for cutting it.

One important property of crystallized diamond is that of cleavage
parallel to the faces of the octahedron. This cleavage is of much
service in preparing the gem for cutting, as by taking advantage
of it, broad, flat surfaces can be obtained without grinding. This
property also distinguishes diamond from quartz, for which its erys-
tals, as found in sands, are sometimes mistaken. Quartz has no cleav-
age. The fracture of the two minerals is the same however, being
conchoidal.

The massive forms of the diamond known as bort and carbonado
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possess little or no cleavage, thus increasing their value as abrasives
and for setting in drills, saws, etc. The true bort occurs as rounded
forms made up of a confused aggregate of crystals, and is harder than
ordinary diamond. Fragments of crystals of no value as gems, or any
crude diamond dust, are also known as bort in trade. Carbonado
is a name given to black diamond, which has more or less crystal-
line structure. This graduates into the crystallized mineral. Either
of these is more valuable than the crystallized diamond for industrial
purposes, although of no value as gems.

Usually the diamond is colorless or white, although shades of yellow
are also common. It is also known in shades of red, green, and blue,
and in brown and black. The two latter are rarely transparent, and
grade into bort and carbonado.

About half the diamonds found are tinged to some degree. If the
color is but slight, the stone is considered less valuable than if per-
fectly colorless; but a diamond of pronounced color is the most valu-
able gem known.

Among colors of diamonds, blue is the rarest. The largest and
most valuable colored diamond known is the Hope Blue, weighing
44} carats. This is valued at about one hundred thousand dollars.
It has a brilliant deep blue color and is without a flaw. A deep blue
diamond, weighing 67% carats, was long worn in the French crown,
but it was stolen in 1792 and has never been recovered. Red diamonds
vary in hue from ruby-red to rose, the latter being the most common.
No large red diamonds are known, the largest being one of 32 carats
in Vienna. Another famous one is that in the Russian treasury,
for which Paul I. paid one hundred thousand roubles. It is of a ruby
color. The finest green diamond known is the “Dresden Green” pre-
served in the Green Vaults of Saxony. It was purchased by August the
Strong in 1743 for sixty thousand dollars. It is apple-green in color
and weighs 40 carats. Diamonds of yellow color are comparatively
common, many of the Cape diamonds being lowered in value by possess-
ing a yellow tinge. It is said that this injurious yellow tinge can be
overcome by dipping the stone several times in a solution of potas-
sium permanganate, the violet color of the latter neutralizing the yellow
of the diamond. The yellow tinge usually also disappears in artificial
light. Of large diamonds possessing a yellow color the Florentine and
the Tiffany are the best known. The color of colored diamonds is gen-
erally permanent, but that of some is said to fade on exposure to light.
It can also be destroyed or changed by heat.

The luster of the diamond is a peculiar one, and such as is possessed
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by few other minerals. In reference to its occurrence in the diamond
it is known as the adamantine luster. It combines the peculiarity
of an oily luster with that of glass and that of a metal. It is doubt-
less due to the high refractive power of the mineral, which causes
more than the ordinary number of rays of light to come to the eye.
In the impure forms of diamond the greasy or oily luster becomes
more pronounced. Once the eye becomes accustomed to the peculiar
luster of diamond the stone may easily be distinguished by it from
glass or minerals with a vitreous luster, such as quartz. Certain other
minerals, however, such as cerussite, zircon, and to some extent sphene,
exhibit the adamantine luster. In the glass known as strass, used
to make imitation diamonds, the adamantine luster is well reproduced.

Diamond is usually transparent, but it may be translucent, and even
opaque, especially the black varieties. Even otherwise transparent
diamond often contains inclusions which cloud and interrupt its clear-
ness. These constitute the “flaws” which so often injure the value
of a diamond and prevent it from being of the “first water.” These
inclusions may be simply small cavities, sometimes so numerous as
to make the stone nearly black; or they may be particles of other
minerals, such as chlorite, hematite, or carbonaceous matter. If the
latter, the flaws can sometimes be burned out by careful heating.

As already remarked, the refractive power of the diamond is very
high. The rays of light entering it are bent at a high angle, causing
a large degree of what is called total reflection within the stone.
The effect of this is to light the stone’s interior. Moreover, the rays
of light are concentrated on a smaller part of the surface than is the
case with less highly refracting minerals, and thus also internal illumi-
nation is produced. The most important result of the high refractive
power of the diamond is the wide dispersion of the -spectrum, causing
the red rays to be widely separated from the blue rays, and strong
lights of one color to be transmitted to the eye, as could not be the
case were the different rays less widely separated. It is this power
of flashing different colored lights which gives the diamond one of its
chief charms. The index of refraction ranges from 2.40 for the red
rays to 2.46 for the violet rays. Ordinary glass has an index of refrac-
tion for the red rays of only 1.52, and for the violet 1.54, making the
spectrum only about half as long as that produced by the diamond.

Another pleasing property of the diamond is the fact that it 1s
usually more brilliant by artificial light than by natural, although some
individual stones have a reverse behavior.

Diamond is much the hardest substance known in nature, and as
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the proverb says, only the diamond is able to “cut diamond.” It is
ranked 10 in the scale of hardness, corundum being the next below
it. It is really separated by a wide gap from the latter mineral,
however, and its hardness is as much greater than that of corundum
as that of corundum is greater than that of the first mineral in
the scale. This hardness of diamond affords a ready means of
identifying it, as it will scratch all other substances. It is popularly
supposed that diamond is the only mineral which will scratch
glass to any extent, and a stone found is often reported to be
diamond because it will do this. As a matter of fact, however,
all quartz will scratch glass, and the harder minerals, garnet,
topaz, beryl, and others will do so easily. Minerals which will scratch
glass are, therefore, common. The diamond cuts glass instead of scratch-
ing it, and is the only mineral that will do this. Although the diamond
is so hard, it is not tough, and can be easily broken with the blow
of a hammer. It was a tradition of the ancients that if a diamond
were put upon an anvil and struck with a hammer, both hammer and
anvil would be shattered without injuring the diamond in the least.
One occasionally hears this statement made even at the present day.
It is entirely untrue, however, the diamond being as brittle as at least
the average of crystallized minerals.

The specific gravity of the diamond is about three and one-half times
that of water, determinations showing variations between 3.49 and 3.53.
Carbonado is lower, ranging between 3.14 and 3.41. Diamond is thus
a comparatively heavy mineral, the only ones among the gems which
much exceed it in specific weight being hyacinth, garnet, ruby,
sapphire, and chrysoberyl.

Diamond becomes strongly electric on friction, so that it will pick
up pieces of paper and other light substances. It does not retain its
electricity long, however, usually not over half an hour. It is not
a conductor of electricity, differing in this respect from graphite,
which is a good conductor. Diamond becomes phosphorescent on rub-
bing with a cloth, giving out a light which is visible in the dark.
Some stones, as if they took up light from the sun and gave it out
again, emit a phosphorescent light after being exposed to the sun’s
rays for a time. This has often been stated to be a property of all
diamonds, but this is not true, only certain stones exhibiting it. As
first suggested by Kunz, it is probable that this phosphorescence is
due to minute quantities of hydrocarbons which are heated by the
friction given the stone. It is curious to note that the light
is in some cases given out only from certain crystal faces. Thus
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diamonds are known which give out light from the cubic faces but
not from the octahedral, while others are reported as giving out light
of different colors from different faces.

~"The name diamond comes from the Greek adamas, which means
unconquerable. This term was doubtless applied because of the great
resistant power assigned to the mineral by the ancients. Besides the
well-known tradition that it could not be broken by hammer and anvil,
they believed that the diamond could be subdued or broken down only
when dipped in warm goat’s blood.. Our words adamant and adamantine
are also derived from adamas, the latter term still being used to describe
the luster of the diamond. The change of adamas into the word diamond
is thought by some to have come from prefixing to it the Italian diafano,
transparent, in allusion to its possessing the property of transparency.

~ According to classical mythology the diamond was first formed by
Jupiter, who turned into stone a man known as Diamond of Crete,
for refusing to forget him after he had ordered all men to do so.
Many medicinal virtues were ascribed to the diamond, it being regarded
as an antidote for poisons and a preventive of mania.

The world’s supply of diamonds has come almost wholly from three
countries — India, Brazil, and South Africa. Up to the beginning of the
eighteenth century India was the only source of diamonds known. The
diamond fields of India occur chiefly in the eastern and southern por-
tions of the peninsula. The famed region of Golconda is in the southern
part. This is the territory whence have come the most celebrated Indian
stones, such as the Kohinoor and the Hope Blue. The French traveler
Tavernier reported when he was there in 1665, that sixty thousand
men were then employed in these mines. Now the mines have all
been given up and the region is abandoned.

The present yield of Indian diamonds comes almost wholly from
mines in a district south of Allahabad and Benares. The diamonds
occur here, as universally in India, in a conglomerate or sandstone
made up of the remains of older rocks.

The mines are worked almost wholly by natives of the lower caste,
attempts of Europeans to conduct the mining not having met with
success. The natives separate the diamonds by washing, or where the
rock is too hard for such methods, break it up by heating and throw-
ing cold water upon it. The production of diamonds from all of India
is at the present time very small, not reaching a million dollars a year
in value. It is likely in time to disappear altogether, since most of the
old mines have been abandoned, and even their location forgotten,
and the returns from the present mines are not very profitable.
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Most of the famous large diamonds of the world have come from
India, their origin being usually traceable to a period between the
thirteenth and eighteenth centuries. Some of the best known of these
are the Kohinoor, Pitt, Orloff, Great Mogul, Florentine, and Sancy.

The Kohinoor first appeared in history in the year 1304. It was
at that time mentioned as acquired by the Sultan Alaeddin from the
Rajah of Malwa, in whose family it had long been held as an heir-
loom. It was later restored to the Rajah of Gwalior; but on the
defeat of this official, in 1526, by Humairen, emperor of Hindostan, the
stone was presented to the latter by some of the former’s adherents. Sul-
tan Baber states that at this time the diamond was valued at “half the
daily expense of the whole world.” The stone remained in the posses-
sion of the Mogul dynasty until the invasion of India in 1739 by
Nadir Shah, the Persian conqueror. The reputed exclamation of the
latter when he first saw the stone, “Koh-i-Nur!” (“Mountain of
Light!”) gave it the name by which it has since been known.
As the reward of an alliance the diamond was given by the son
of Nadir to Ahmed Shah, founder of the Durain Afghan empire, in
1751. - A successor of the latter sought to conceal the stone from
a usurper by embedding it in the plaster of his cell, but after lying
hidden in this way for many years it became exposed and was once
more restored to the Afghan crown. An Indian prince, Runjit Singh,
later obtained the diamond by conquest and brought it to Lahore
where it remained until English rule was established. In 1850 it was
sent to England in charge of two officers. It weighed at that time
1864 carats. It had not a symmetrical shape, its cutting being con-
fined, after the usual manner of Indian lapidaries, to fashioning rude
facets on the surface. It also contained two or three flaws. In order
to remove these, and give it a symmetrical shape, the stone was cut
in London, in 1852, by Messrs. Coster, of Amsterdam, to the form
of a brilliant. About 80 carats were sacrificed in this process, and
the stone at present has a weight of 106 carats. The quality of the
Kohinoor is not the finest, it having a slight grayish tinge; but on
account of its romantic history it is one of the most famous, if not
the most famous, of diamonds.

- The diamond known as the “Regent” or “Pitt” was found in
India in 1701 by a slave, who to conceal it, cut his leg that he
might put it in the bandage thus made necessary. He thus escaped
with it to the coast, and offered the stone to an English skipper as
payment for passage to a free country. The latter on receiving the

diamond threw the slave into the sea. He then sold the gem to a dia-
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mond merchant for five thousand dollars, squandered the money in
dissipation, and went and hanged himself. The diamond was sold by
the merchant to Sir Thomas Pitt, Governor of Fort St. George at
Madras, for one hundred and twenty thousand dollars. When the
latter reached England he found numerous stories afloat to the effect
that he had obtained the gem by foul means. These reports caused
him great distress, both because of their imputation of dishonesty and
because of making widely known his possession of such a treasure.
He developed a morbid fear that he would lose or be robbed of the
gem, and while he possessed it is said never to have slept two nights
under the same roof, and to have gone about much in disguise. During
the stay of the stone in London it was cut into the form of a brilliant,
the cutting reducing its weight from 410 to 1363 carats. In 1717 it
was sold to the Regent of France, Duke of Orleans, for about six hun-
dred and seventy-five thousand dollars, which, together with what was
received for the dust obtained in the cutting, made a profit to Pitt
of at least five hundred thousand dollars. The diamond remained
among the French crown jewels till 1792, when it was stolen, in com-
pany with many other precious stones, from the Garde Meuble. Shortly
after a note was received, evidently from the robbers, saying that the
diamond would be found in the Allée des Veuves. In this way the
diamond was recovered, and it has remained in the French treasury
since. It was at one time pledged by Napoleon to the Dutch govern-
ment as a means of securing a loan of two and a half millions of
dollars; but aside from this, its later history seems to have been
uneventful. It is exhibited at present in the Galerie Apollon in the
Louvre in Paris. It is one of the purest and finest of large diamonds.
Its present dimensions are: Length, one and one-sixth inches; breadth,
one inch; and thickness, three quarters of an inch.

The Orloff diamond is to the Russian crown what the Kohinoor
is to the British. Our first knowledge of this stone is of its forming
one of the eyes of a Hindoo idol. How long it had glittered there
is not known; but its existence came to the ears of a French grenadier
some time in the eighteenth century. This individual resolved to gain
possession of the diamond by pretending to become a worshiper of the
idol, and so gained the confidence of the Hindoo devotees that they
appointed him special guardian of the god. He shortly improved
the opportunity on a dark and stormy night to tear out the adaman-
tine eye and escape with it to Madras. There he sold it to an
English sea captain for ten thousand dollars and the latter to a Jew
for sixty thousand dollars. The Jew merchant some time after brought

73



the stone to Amsterdam, where it was seen by Prince Orloff, of Russia,
and purchased for the sum of four hundred and fifty thousand dollars
in cash and an annuity of twenty thousand dollars. By Orloff the
diamond was presented to Catherine II. of Russia, the Czarina, asg
a means of restoring him to her favor, he having forfeited this some
time before. Catherine accepted the gift, and the diamond has remained
among the Russian crown jewels since. It is mounted in the Imperial
scepter, and is hence sometimes known as the ‘Scepter” diamond.
It is the largest of the Indian diamonds now extant, its weight being
193 carats. It has the shape and about the size of half a pigeon’s
egg with facets. On one surface is a V-shaped incision, and the stone
has a slight yellow tinge.

Our knowledge of the diamond called the ¢ Great Mogul” is wholly
of the past. It was described by the French traveler Tavernier, as seen
by him in 1665 at the court of Aurung-zeb, a ruler of Hindostan.
Tavernier gave its weight at the time he saw it as 319} ratis,
i. e, 280 carats; but states that it had been cut from a stone which
weighed in the rough 787} carats. The diamond is further described
by him as having the form (though not the size, as often stated)
of an egg cut in half, as being rose cut, round, and very high on one
side, and as being of a very pure water. The subsequent history
of the diamond is not known. Attempts have been made to identify
it with the Kohinoor and Orloff; but in the view of Streeter, the emi-
nent English authority on diamonds; there is no ground for these
views. The “Great Mogul” has probably been either wholly lost,
or it has been cut into smaller stones.

The “Florentine ” diamond is also known as the “ Austrian Yellow ”’
and “Tuscan.” It has a weight of 1394 carats, and is cut so as to form
a nine-rayed star of the rose form. It is of a citron hue. Its authentic
history is known only back to the time of Tavernier, that writer having
seen it in the collection of the Grand Duke of Tuscany. By the latter
it was transferred to the Empress Maria Theresa, and it has since
remained in the possession of the royal House of Austria. It is often
asserted to have been owned by Charles the Bold, and to have been
lost by him on the battle-field of Nancy or Granson; but Streeter
regards this story incorrect.

A The Sancy diamond was purchased in 1570 in Constantinople by
7 M. de Sancy, French ambassador to the Ottoman court. On his return
to France he permitted his sovereign, Henry IV. of Navarre, to use
it as security for a loan, for the purpose of employing.a body of Swiss

recruits. But the messenger to whom the gem was intrusted disap-
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peared on the way to accomplish his errand, and after some time it
was learned that he had been assassinated. Confident, however, that
he had found some way of guarding the gem, de Sancy had the body
of the messenger disinterred, and in his stomach the diamond was found.

Some time after de Sancy sold the diamond to Queen Elizabeth
of England, and it remained in the possession of the Knglish royal
family until about 1695, when it was sold to Louis XIV. of France,
for one hundred and twenty-five thousand dollars. It was stolen in
the robbery of the Garde Meuble, but turned up about 1828, and was
sold by a French merchant to Prince Demidoff. It then went back
to the land of its birth, India, for it was bought by an Indian prince,
in whose possession it either remains, or, according to some authorities, it
is owned by a French syndicate. The Sancy is almond-shaped, facetted
on both sides, and weighs 53} carats.

After those of India the Brazilian diamond-fields were the first
important ones to become known. The date of their discovery is gen-
erally considéred to be 1729. The diamonds were first found in river
sands which had for some time been worked for gold by adventurers
who penetrated into the region from the coast, but who attached no
importance to the little bright crystals sometimes seen in the bottoms
of their gold pans. It is said that a monk who had seen diamonds
mined in India was the first to recognize the nature of the Brazil-
ian stones. The news of the discovery reached the Portuguese gov-
ernment, and the king of Portugal immediately took possession of
all lands likely to be diamondiferous, at the same time inaugurating
a despotic rule which burdened the country for many years. The dia-
monds at first obtained came wholly from the sands and gravels of the
brook and river beds. These sands, universally known by the Portu-
guese word cascallos, still afford a large part of the supply of Brazilian
diamonds. Extensive upland deposits are, however, now also known.
These are called servicos do campo, while the river depositsiare known
as servicos do rio. Several provinces of Brazil afferd diamonds, viz.,
Bahia, Goyaz, Matto Grosso, Parana, and Miras Geraes. In all these,
except the first and last named, the mining is desultory. and consists
simply in washing river sands by means of wooden bowls. Liough dia-
monds are thus obtained to afford a precarious living to the fiscadores,
as they are called, who follow this occupation. The chief diamond-
bearmg region is in the province of Minas Geraes, and the city of Dia-
mantina is its geographical and commercial center. This city is located
about five hundred miles from the sea coast, at the head waters of the
Rio Jequitinhonha and Rio Doce. The valleys of these rivers are
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especially rich in diamonds, and form the region which has been
longest and most successfully worked. Here “wet diggings” are car-
ried on in the beds of streams, laid bare by conducting the waters into
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new channels by means of flumes. The work can only be carried on

in the dry season, as in the wet season the quantity of water in the

rivers makes them ungovernable, and sometimes even in the dry season

it happens that a miner has barely got the artificial way constructed
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before the waters, increased in volume, suddenly destroy it. The fall of
water from the artificial sluice is often employed to turn a wheel to
keep the old channel pumped dry, but little use is made of this power
for other purposes. When the river bed has thus been laid bare, search
is made with a long iron rod for huge pot-holes, known as caldeiros,
which experience has shown are more likely to contain quantities of
diamonds than the ordinary river bed. This is natural, since the
diamonds resist longer than other stones the constant wear due to the
whirling about of the water in the pot-holes and hence gather there.
It is said that sometimes on removal of a little sand large aggrega-
tions of pure diamonds are to be seen. A single small pot-hole is
said to have yielded 8,000 carats, or about 6 pounds of diamonds.
The caldeiros have now been nearly all dug over, however, and the
finding of a new one is rare. The separation of the diamonds from
the accompanying sand and gravel is usually performed by washing,
in the manner thus described by Gorceix:*

“The sands are placed,” he says, “in portions of two hundred
to two hundred and fifty pounds, in a kind of hod or rectangular
trough, only three sides of which are inclosed. The hods are arranged
by twos, fours, or sixes by the side of a trough of water about a foot
and a half deep so that their bottoms shall be slightly inclined toward
it. A workman standing in the trough before each hod dashes water
upon the sand in it. The clay and the very fine sands are carried
away and the first separation is made. The larger pieces remaining
in the top of the sand are picked away. The diamond is to be found
in the two upper thirds of the mass that is left, the lower part being
nearly sterile. The washing is afterward finished in bowls a little
deeper and a little more conical than those used by the gold-washers.
The washer puts the sand in the bowl and fills it with water; then by
whirling the bowl and shaking it up and down while the sand is float-
ing around in it, and being careful to stir it from time to time with
his hand, he determines a classification in the order of density. This
work would be easy if he were washing gold, for that metal is heavier
than the substances with which it occurs, and always goes to the bot-
tom. The diamond, however, having a density only about three and
a half times greater than that of water, not much more than that
of quartz and tourmaline, and less than that of the oxides of iron
and titanium, its constant companions, settles in the middle layers.
The washer, after several rinsings, removes the upper particles, hardly
looking at them; and when he has reached a certain level, which his

* Popular Science Monthly, Vol. XXI., p. 616.
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Preliminary concentration of diamond-bearing gravel by dashing water —Jpon it from
broad wooden bowls known as bateas. Near Diamantina, Brazil

Searching washed gravel for diamonds. Near Diamantina, Brazil
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skill recognizes at once, tips his bowl slightly so as to let the water
run off in a thin film, and perceiving the glittering crystals of the
diamond picks them out with his fingers. The vigilance of the over-
seers must be redoubled at this stage, particularly when slaves are
employed, for I know of nothing equal to the skill of the slaves in
finding diamonds, except that with which they make them disappear
if the vigilance of the superintendent is relaxed for an instant. I can-
not describe all the artifices employed; but I should remark that since
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Agua Suja, Brazil, showing soil worked for diamonds. An example of dry diggings

the works have become free, fraud has greatly diminished. Under the
old rule it overtook half the diamonds in the gravels.”

This method of washing is not confined to the river sands, but
is also used to separate the diamonds in the upland deposits. These
upland deposits include strata of considerable extent, composed of clay
derived from the decomposition of a coarse conglomerate. The strata
are divisible into three distinct layers. The first, a soil cap, is some-
what diamondiferous; the next lower, a clay called secundina, is regarded
sterile, probably on account of its tenacity, which makes it almost unwash-
able; while the third, called taua, is the diamond layer par excellence.
Large areas of this sort have been and are still being worked with
more or less profitable returns, an illustration of the latter being given
by Goreeix, who states that he knows of miners who have washed
the cascallos of Bagagem for twenty years without finding a single

diamond of value.
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The origin of the Brazilian diamonds is not well understood. They
do not appear to have originated, like those of South Africa, in eruptive
rocks, as there are little or no traces of such rocks now to be seen.
They were formerly supposed to be constituents of a quartz schist,
called dtacolumite, from Itacolumi, a prominent mountain peak near
Diamantina, but this is not now believed to be the case. The present
Director of the Geological Commission of Brazil, Orville A. Derby,
is of the opinion that the diamonds may have been formed out of the
carbon contained in the phyllites (clay schists) of the region by the
intrusion in them of pegmatite veins.

The quantity of diamonds now obtained from Brazil is compara-
tively small, the total production in 1880 being only about forty pounds
(80,000 carats). During the past few years an extensive drought has
prevailed in the diamond-bearing regions, which has favored search
for the stones and increased the output. It is difficult at any time,
however, to learn the exact production, since there is much smug-
gling, owing to the high duty of sixteen per cent levied on exported
diamonds.

The largest diamond from Brazil that is now known is that called
“Star of the South,” which weighed in the rough 254.5 carats, and
after being cut, 125 carats. This was found in 1853 by a negro slave
woman. It was a dodecahedron, and has a peculiarity that no other
diamond possesses, in giving off in certain lights a rose tint, although
perfectly white itself. It was sold for one hundred and seventy-five
thousand dollars to a Paris syndicate, which is said in turn to have
sold it to an Indian prince.

The next great deposit of diamonds to be found after that of Brazil,
and by far the most important known to-day, is that of South Africa.

The first discovery of diamonds here is to be credited, as has so often
been true in the finding of gems, to the picking up of pretty stones
by children. Among such pebbles gathered by a child of Daniel Jacobs,
a Boer farmer living near the present town of Barkly West on the
Vaal River, one was thought by John O’Reilly, a roving trader, to be
a diamond. To test the matter he sent the stone to Dr. Atherstone,
a mineralogist at Grahamstown, who at once identified it as a veritable
diamond, and expressed the belief that more were likely to be found
in the region. This find was made in 1867, but no more diamonds
were discovered until March, 1869, when a superb stone weighing
831 carats, and which not long after brought a price of one hundred
and twenty-five thousand dollars, was picked up in the same region.

This discovery was sufficient to set a tide of diamond-seekers toward
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the valley, and soon their camps were spread all up and down the
Vaal River. The separation of the diamonds from the gravel was
at first performed by hand panning, after the method of the Brazilian
and Indian miners; but after a time a piece of apparatus consisting
of a long box with a sieve bottom, mounted so that it could be swung
back and forth, came into use. This was called sometimes a “baby”
and sometimes a “cradle.” The meshes of the sieve were of such
size as to allow the fine refuse to pass through, while the medium-
sized pebbles likely to contain diamonds were retained and rolled into
a tub. The contents of the latter after shaking were turned upon
a “sorting table” and the diamonds picked out by careful scraping.
By use of this apparatus a larger quantity of the gravel could be
shaken at a time with less labor. In this way large areas of the
gravel beds of the valley were sorted over for diamonds. It soon
appeared, however, that though the extent of the diamond -bearing
gravels was great in area it was small in depth, and though large
numbers of men found profitable employment there for a time, if no
other source of supply had appeared diamond-mining in South Africa
would probably long ago have been a . thing of the past. But in
August, 1870, a farm overseer by the name of De Klerk, living at Ja-
gersfontein, having learned that diamonds were usually accompanied
in the river diggings by garnets, and having found some of the latter
on his farm, went to work with a common wire sieve, and at a depth
of six feet found a fine diamond of 50 carats. A month later a similar
discovery was made at the place now called  Kimberley, and further
and deeper digging only disclosed more and more of the diamonds.
The news of these discoveries spread rapidly, and soon the farms on
which the diamonds had been found were staked out in claims by
hordes of diamond diggers. The returns from the diggings proved
profitable; but the diamond-bearing areas were so small that the intri-
cacy of the claims within them became a serious matter. At first roads
were left by common consent between the claims to provide means
of transportation and places for work, as shown in the accompanying
view of the Kimberley mines in 1872; but as the roads were too full
of diamonds to be spared, they were in time cut away, and the plan
was adopted of removing the diamond-bearing earth by means of cars
carried by long wire ropes to the surface.. Each claim or owner had
his own system of pulleys, and the mines soon came to look as if covered
by a vast spider’s web. In 1885, within an area of seventy acres, at Kim-
berley forty-two companies and fifty-six private firms or individuals
were working. As the diggings grew deeper the situation became
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more and more serious because of the different depths to which differ-
ent claims were carried. The walls of the outlying areas disintegrated
rapidly, and fell from time to time in great masses, causing sad loss
of life. Moreover, the immense output of diamonds, and extensive
competition between the different producers, caused a lowering of the
price which made it unprofitable to work many of the poorer parts
of the mines. A consolidation of interests seemed the only way out
of these difficulties, and this was finally accomplished under the leader-
ship of Cecil Rhodes. In 1888 a joint stock company, known as the
De Beers Consolidated Mines, Limited, was formed to operate the impor-
tant diamond properties in the region of Kimberley. The workings
of this company have proved highly satisfactory, both in promoting
a safe and economical extraction of the diamonds and in limiting
their output. Under the new management the system of open-cut
workings has been abandoned in all the mines except the Premier,
and the diamond -bearing ground is mined by a system of tunnels
at various levels. From these it is hoisted to the surface through
shafts, and then spread out over large areas, called floors, to disinte-
grate. The disintegration is accomplished by exposure to sun and
rain, huge harrows being drawn frequently over the floors to assist
in the work. The time required for proper disintegration varies from
three to six months according to the nature of the rock. When suffi- -
ciently disintegrated, the rock is carried to machines which wash away
the finer particles and mechanically concentrate that of a size likely
to contain diamonds of value. .

For a long time the diamonds were picked out from this concen-
trate by hand, the assortment of pebbles being spread on tables and
picked over. It has lately been found, however, as already noted,
that by running the concentrate over percussion tables the surfaces
of which are covered with a thick coat of grease, that the diamonds
are caught and held by the greasé while the valueless minerals pass on.
In this way a more nearly complete as well as more rapid extrac-
tion of the diamonds is secured than when the concentrate is sorted
by hand. .

After being sorted out the diamonds are cleaned by boiling in a mix-
ture of nitric and sulphuric acids, rinsing in water, and finally washing
in alcohol. They are then assorted according to quality into about ten
classes, ranging from the finest, called “ close goods,” to the poorest,
called “boart.” The diamonds belonging to the first eight of these
classes are then again assorted according to color, the “blue whites”
standing first and the ¢“yellows” last. They are then wrapped in
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parcels and forwarded to London, where they are reassorted and sup-
plied to the trade. The color, size, and quality of the diamonds from
the different mines vary considerably, but are fairly constant for each
mine. A majority of the diamonds from the De Beers mine, for instance,
are “yellows,” colorless stones being almost never found there. The
Dutoitspan mine, on the other hand, produces many blue-white and
white stones, and these are generally of large size. The dliamonds
of the Jagersfontein mine excel all others in quality, superb blue-white
stones being the rule.

From the South African mines have been obtained the world’s
largest diamonds, unless the mythical “Grand Mogul” and question-
able “Braganza’ are to be excepted. The largest and finest of' the
South African stones, also the superior of any other known diamond,
is that called the “Jubilee” or “ Excelsior.” This stone weighs 239
carats, and was cut from a crystal of 971} carats found at Jagers-
fontein in 1893. It is cut as a brilliant, and has the following dimen-
sions: Length, 1% inch; breadth, 1% inch; depth, 1 inch.

Other noted South African diamonds are the “Tiffany,” a yellow
diamond weighing 1254 carats; the ¢“Star of South Africa,” already
mentioned as found in 1869, and now cut to a size of 46} carats;
and the “Victoria,” a stone of 180 carats, cut from an octahedron
weighing 457} carats. ‘

Turning to a consideration of the geological characters of the dia-
mond-bearing areas, it may be stated that each is approximately spheri-
cal or oval in form, with an average diameter of two hundred to three
bundred yards. The four principal mines are embraced within an area
four miles square. The areas in which the diamonds were found were
originally somewhat depressed, giving to them the name of “pans.” The
upper portion of the area was a friable mass of a yellow color called
“yellow ground.” On going deeper the color of this portion changed
to a blue or greenish blue, and the rock became firmer. It is this
“Dblue” or “blue ground” which, now that the yellow ground has
become exhausted, furnishes all the diamonds. The strata which inclose
it are, as illustrated in the accompanying figure, at the top, a layer of
basalt about fifty feet in thickness; below this two hundred to three
hundred feet of a nearly horizontal black, carbonaceous shale; next
a thin conglomerate; next about four hundred feet of a dark rock
called at first melaphyre, but now regarded as olivine diabase; and
finally a quartzite which extends as far as exploration has gone. The
relation of the diamond-bearing ground to these strata seems to be in
the nature of a volcanic intrusion. The diamond-bearing or ¢ blue
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ground ” is a breccia, consisting largely of chrysolite more or less altered
to serpentine, and accompanied by bronzite, pyrope, diopside, zircon,
cyanite, mica, pyrite, magnetite, ilmenite, and some other minerals.
There are also fragments of shale and boulders of varying composition
in the blue ground.

The origin of the diamonds in the blue ground has naturally been
the source of much speculation, but no theory meets general accept-
ance as yet. One of the first suggestions was that of Professor Henry
Carvill Lewis, of Philadelphia, that the heat of the volcanic intrusion
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Section of De Beers diamond mine, South Africa, showing character of strata. The “blue
ground ” is the diamond-bearing area

transformed the carbon of the surface shales into diamond. This theory
seems untenable, however, for many reasons, as shown by Mr. Gardner
F. Williams in his recent work. Mr. Williams states that about the
diamond-bearing deposits at Jagersfontein there are no such shales,
while in the regions where they do exist there is no alteration observ-
able at the junction of the shales and blue ground, nor among the
fragments of shale inclosed in the blue. According to another theory
the blue ground is not of igneous origin, but is a sort of mud forced
up by hydrostatic pressure. This brought up the diamonds from depths
below. The present trend of opinion seems to be that the origin of the
diamond was deep-seated; but whether its matrix was the basic rock
in which it is now found or some other is not known. Professor
T. G. Bonney, who has given much attention to the matter,.is of the
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opinion that the diamonds were originally connected with eclogite,
a metamorphic rock carrying somewhat more silica than character-
izes the present blue ground, and containing considerable garnet.

About ninety-five per cent of the world’s supply of diamonds comes
at the present time from the South African mines, their annual pro-
duction being about 2,500,000 carats. Other countries which produce
small quantities of diamonds, besides those already mentioned, are
Borneo, Australia, British Guiana, and the United States.

The diamonds of Borneo come from two portions of the island,
one field being in the western and the other in the southern part.
These fields have been known and worked from time immemorial;
but have afforded only a small supply, the product varying from
two thousand to six thousand carats annually. In the western part
of the island the diamonds occur in alluvial gravels, and their parent
rock is not known. In the southern part they occur in a conglomer-
ate overlying strata of Eocene age. The majority of the diamonds
obtained are small and of rather poor quality. Their mining is per-
formed in a desultory way by native Malays and Chinese, and the
supply seems gradually to be decreasing.

The first discovery of diamonds in Australia was made in 1851 in
placer gold-mining in New South Wales. The locality was not far
from Bathurst. Since then in this locality, and the neighboring head
waters of the Macquarie River, a number of small diamonds have been
found. The largest number were found along the Cudgegong River,
northwest of Mudgee, in an old river drift covered with basalt. About
2,500 stones were obtained there in 1869. Accompanying the dia-
monds are gold, garnet, zircon, tinstone, or cassiterite, tourmaline, and
magnetite. The gold and diamonds are obtained as in California by
tunneling under. the basalt so as to excavate the gravels. Another
locality in New South Wales which has yielded diamonds is in the
vicinity of Bingera. Here the diamonds occur in gold and ruby-bearing
sands, the accompanying minerals being quite similar to those men-
tioned above.

In Southern and Western Australia and in Tasmania a few dia-
monds have also been found. The Australian diamonds are all small,
none of over 6 carats weight being known. The yield from New South
Wales in 1899 was reported to be 25,874 carats.

Small diamonds have been found at several points in the Ural Moun-
tains. The first were obtained about 1829 in the vicinity of Bissersk,
Government of Perm, occurring in alluvial sands with gold, platinum,
quartz, magnetite, and anatase. It is said that Alexander Humboldt
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predicted the finding of diamonds here from the similarity of the
gravels to those of Brazil in which diamonds are obtained.

Later finds of diamonds have been made near Ekaterinburg and
in Werchne Uralsk and Troitzk in the Government of Orenburg;
likewise in connection with auriferous sands.

Diamonds have also been found in Lapland in the vicinity of Var-
anger Fjord on the Arctic Sea. They occur in river sands, together
with garnet, quartz, rutile, and other minerals usually found accom-
panying diamond. These diamonds are small and scarce:

British Guiana has recently come into prominence as a field which
may produce a profitable supply of diamonds. Small stones were first
found here about 1890, and work has been continued until now a con-
siderable amount of mining is carried on. The locality is along the
Upper Mazaruni River, two hundred and fifty miles south of the town
of Bartica. The journey to it is a long and difficult one, all supplies
requiring to be transported over a narrow trail through a tropical
jungle. The diamonds occur in a formation of sandy clay with other
pebbles and ironstone nodules. They are separated by washing the clay
in sieves of one-sixteenth inch mesh to remove the fine particles, and
are then picked out by hand. The yield is quite remunerative, nine
men having in one instance obtained four hundred stones by working
eighteen days. The stones are small in size, few being above two carats
weight, but they are of good quality. Several companies have heen
organized to work the deposits, and a measurable output is likely to be
obtained.

The occurrence of diamonds in the United States is largely confined
to two regions; the first a belt of country lying along the eastern base
of the southern Alleghanies from Virginia to Georgia, while the other
extends along the western base of the Sierra Nevada and Cascade
ranges in northern California and southern Oregon. There is also
a third, of less importance, belonging to the Kettle moraine district
of southern Wisconsin. One of the diamonds found in the southern
Alleghanies weighed 23% carats. It was found in 1855 at Manchester,
Virginia, and is usually known as the Dewey diamond from the name
of its one-time owner. Eight or ten diamonds, varying from one to four
carats in weight, have been found in various localities in North Carolina ;
ten or twelve counties in Georgia have furnished one or more small
stones, and one or two are reported from South Carolina. These dia-
monds have all been found loose in gravels, and have been obtained
either while washing the gravels for gold, or in digging wells, or they
have been picked up by children. A resemblance of certain strata in
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North Carolina to the itacolumite of Brazil, in which diamonds are
found, has at times been urged as indicating that these may have
been the source of the diamonds, but no discovery of such stones has
yet been made in this formation. The diamonds of the Kettle moraine
region of southern Wisconsin have all been discovered since 1876.
They have been obtained at six localities in Wisconsin, and one locality
each in Michigan and Ohio. Seven good-sized diamonds have been found,
the largest weighing 21} carats, and one locality has yielded numerous
small stones. The diamonds were obtained in gravels of glacial origin,
and Hobbs has shown, from a study of the directions of glacial move-
ment, that the original source of the gems may have been the territory
lying southwest and south of Hudson’s Bay. The localities where the
diamonds were found, and the probable course of their distribution
southward, are shown on the accompanying map.

The diamonds of California have been found in connection with
gold-bearing gravels, the gravels. being sometimes those buried under
lava flows. In Amador, Butte, El Dorado, Nevada, and Trinity counties
diamonds have been found, the stones rarely exceeding two carats in
weight, but being generally of excellent quality. The accompanying
minerals have been zircon, topaz, quartz, epidote, pyrite, chromite, etc.
The diamonds are discovered in washing for gold; but the yield has
never been sufficient to repay search for them alone, nor is it likely
ever to be. In one or two localities in Oregon, Idaho, and Montana
diamonds have been similarly obtained.

Numerous attempts have been made to produce the diamond artifi-
cially, some of which have been attended with success, although no stones
large enough for industrial or ornamental use have yet been made.

Moissan, of Paris, in 1893 succeeded in producing diamonds by heat-
ing iron saturated with carbon to a high temperature, and then sud-
denly cooling the exterior of the mass. This exterior cooling caused
an intense pressure on the interior, whence black diamonds of micro-
scopic size were produced as a result of the heat and pressure, as it
is believed.

Still more recently, von Hasslinger has obtained diamonds by fusing
a mixture corresponding in composition to the South African diamond-
bearing breccias. The diamonds were small, not exceeding .002 of an
inch mn diameter, but they were colorless and transparent crystals.
The success of these experiments gives some reason to believe that
fair-sized diamonds may in time be produced artificially.

e
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CORUNDUM

(RUBY, SAPPHIRE, ETC.)

The mineral species corundum affords a number of gems known by
different names because the stones were used as gems before their miner-
alogical identity was discovered. Thus the ruby is red corundum and
sapphire blue corundum. When corundum suitable for gem purposes
occurs of other colors, such as green, yellow, or violet, the gems are
sometimes known as green, yellow, or violet sapphires, respectively,
or by the name of another gem which they closely resemble in color,
with the adjective “Oriental” prefixed. Such are the gems known
as Oriental topaz, Oriental emerald, Oriental aquamarine, Oriental hya-
cinth, Oriental amethyst, and Oriental chrysolite. Colorless corundum
is known as leucosapphire. While corundum of all colors is used for
gems, it is only that which is transparent which can be so employed.
This is sometimes called noble corundum to distinguish it from common
corundum. The two, however, often occur together. Common corundum
is used as an abrasive, emery being one of its varieties, but it has no
gem value.

Corundum is a sesquioxide of aluminum, with the percentages, alumina
83.2, oxygen 46.8. Its hardness is 9 in the scale, and no mineral except
the diamond equals it in this respect. This hardness gives it a wear-
ing quality as a gem second only to the diamond. The varieties
of corundum differ slightly in hardness, sapphire being the hardest.
Noble corundum has a brilliant, vitreous luster, which, while not equal
to that of the diamond, is superior to that exhibited by almost any
other gem. Corundum is a heavy mineral, its specific gravity being
four times that of water. This high specific gravity affords an easy
means of distinguishing gems of corundum from those of other species.
Corundum is infusible, and is not attacked by acids. It crystallizes in
the rhombohedral division of the hexagonal system, certain erystal forms
being characteristic of the two varieties, ruby and sapphire. Thus ruby
tends to crystallize in flat rhombohedral crystals, while sapphire generally
forms in longer hexagonal prisms. (See colored plate.) Corundum
is doubly refracting and dichroic. Of the different colors of corundum
above referred to, the blue or sapphire is most common, the red or ruby
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next. The other colors occur rather sparingly, green having been almost
unknown until the discovery of the Montana sapphires. The nature of
the coloring ingredient of the different varieties of corundum is not
known, but there is some reason for believing it to be chromium, for
Fremy obtained artificial red and blue corundum by mixing chromium
with his other ingredients, after many other attempts to obtain the
desired color had failed.

Red corundum varies in hue from roseé to deep red. That of the
latter tint is the true ruby, the color known as pigeon’s blood being most
highly prized. Faultless stones of this color have long been the most
valuable of gems, exceeding the diamond in price, weight for weight.
At the present time they are worth between $2,000 and $3,000 per
carat. The writer recently saw a ruby of nine carats in the possession
of a Chicago jeweler which is valued at $25,000, and one of eleven
carats is reported to have been lately sold for $80,000. But few rubies
exceeding ten carats are known. The King of Pegu is reported to have
one the size of a hen’s egg, but as no one has ever seen'it the story
may well be doubted. In the crown of the Empress Catherine was, how-
ever, one the size of a pigeon’s egg. There is also a large uncut ruby in
the British crown, said to have been given to Edward, Prince of Wales,
by the King of Castile, in 1367. Ruskin calls it the loveliest precious
stone of which he has any knowledge. This is probably, however, a
spinel ruby, not a corundum ruby.

The chief home of the true ruby is Burmah. From its mines and
those of Siam and Ceylon have come practically all the world’s supply.
The most important Burmese mines are in Mogouk, ninety miles north
of Mandalay. The rubies were evidently formed here in limestone, which
1s now much decomposed, and seem to have been the result of metamor-
phism of the limestone by the entrance of eruptive rocks. The ruby-
bearing earth is known as “byon,” and the gems are obtained from
it by washing. They are usually in the form of more or less complete
crystals. The mines have been worked since the British occupation
of Burmah in 1886, by a British company, and there can be little doubt
that a desire to acquire these mines was one reason for the occupation.
The mines have not proved very profitable, however, and only within the
last year or two has the company been able to pay any dividends. The
hope of success has lain in the introduction of machinery for washing
the byon more cheaply than it could be done by the primitive native
methods, and it is now believed by the introduction of an electrical
power plant that this has been accomplished. This company now pro-
duces at least one-half the annual yield of rubies of the world.
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Bed of ruby-bearing gravel at Caler Fork, Cowee Valley, Macon County, North Carolina

Washing gravel for rubies, Cowee Valley, Macon County, North Carolina
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Previous to the working of the mines by the English the mining
was performed by domestic labor under control of the native govern-
ment, all rubies above a certain size going to the king. Whenever
a ruby of unusual size was found a procession of grandees, with soldiers
and elephants, was sent out to meet it. One of the titles of the King
of Burmah was Lord of the Rubies.

¢The Siamese rubies come from near Bangkok, on the Gulf of Siam.
They occur in a clay which seems to be the product of alteration of a
basalt. These rubies are not equal in quality to those of Burmah.
Rubies are also found in the gem gravels of Ceylon, and in ‘Afghanistan,
thirty-two miles east of Cabul.

In our own country ruby corundum is occasionally found in connec-
tion with opaque corundum in Macon County, North Carolina. In the
gravels of Caler Fork of Cowee Creek of this county good rubies are
found in sufficient quantity to reward systematic mining for them.
They are known as ‘“Cowee Creek” rubies.

The gravels containing them are ¢ washed” by methods described by
Dr. J. H. Pratt as similar to those used in the West for washing gold-
bearing gravels. Both the gravel and the soil which overlies it are
washed into a line of sluice boxes which lead into a sieve box. From
the latter the dirt and fine gravel are washed away. The material that
remains is shoveled into a rocker, into the bottom of which the rubies,
being heavier, gradually work, and are then removed by hand picking.
These rubies are mostly small, but some gems of three or four carats’
weight and of excellent color have been obtained.

Among the Montana sapphires an occasional red stone is found, but
they do not have the choicest red color.

_—— Another source of rubies is their artificial production, after the method
discovered by the French chemist Fremy. The artificial rubies are made
by heating a mixture of aluminum sesquioxide, carbonate of lime, barium
fluoride, and potassium chromate in a porous clay crucible to a tem-
perature of 1500° C., and keeping the mixture fluid for eight days.
Well - formed, clear crystals up to one-third of a carat in weight

re thus produced, which have the hardness and color of native ruby.

They are not considered so valuable as gems as the latter, and can
usnally be distinguished by the minute air bubbles which they contain.
The expense of making them is nearly equal to the value of native
rubies, so that their production is likely to be limited.

Other substitutes for the ruby are garnet, that from South Africa
being known as Cape ruby, hyacinth, red tourmaline, known as Siberian
ruby, rose topaz, sometimes known as Brazilian ruby, and spinel. None
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of these is as hard as the ruby, and each differs sufficiently from the
ruby in its refractive powers, or specific gravity, to make distinc-
tion easy.

Rubies were known to the ancients, being mentioned in the Bible in
Proverbs and Job. The Greeks and Romans ascribed to the ruby the
power of giving light in the dark, and the Hindoos describe the abodes
of their gods as thus lighted. The ruby was much worn as an amulet,
being supposed to protect the wearer against plague, poison, and evil
spirits. It was also thought that it would turn dark if its owner
were in danger, and would not regain its color until the peril was
over. The Burmese believe that the ruby ripens like fruit. The crude
are colorless; thence they grade yellow, green, blue, red.

The ruby is usually cut in the form of the brilliant, like the dia-
mond, but sometimes the step cut is advantageously employed. The
native gem-cutters of India do not cut facets on thelr rubies, but
simply round and polish them.

Blue, precious corundum, or sapphire, is more abundant than the
red or ruby Like the red, the blue color seems to be due to a con-
tent of chromium, since in the artificial crystals already mentioned
as produced by Fremy, both colors occur at times in the same crystal.
This occurrence of two colors in single crystals is also found in
Nature, some being red at one end and blue at the other; or, perhaps
what is more frequent, the center of the crystal may be yellow and
the exterior blue. This coloring is not uncommon among the Australian
sapphires, and unique gems are obtained by cutting them so as to show
the two colors. Bauer describes a figure of Confucius carved from
a sapphire, of which the head is white, the trunk and arms blue, and
the legs yellow. The color of sapphire most highly prized is that
known as cornflower-blue. The cornflower (Centaurea cyanus) is also
known in this country by the name of “bachelor’s button,” and excel-
lently typifies the true sapphire color. Other shades of blue which
occur in the sapphire, are indigo-blue, smalt-blue, berlin-blue, and
greenish and grayish blues. The sapphires of darker colors are usually
known as male and those of lighter colors as female sapphires. In
addition to possessing the true corn-flower blue color, the best sapphires
should exhibit a velvety sheen, the value of the stone being greater
the more perfect this character.

As already noted, sapphire is somewhat harder than ruby, and it
is also somewhat heavier. The Montana sapphires are said to be espe-
cially hard.

Sapphires have at the present time not over half the value of a ruby
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Corundum mine from which some sapphire is obtained
Corundum Hill, Macon County, North Carolina



of the same size. A price of forty dollars per carat is an average one
for a small stone; and as much larger stones are comparatively
common, the price does not increase so rapidly as does that of the
ruby with an increase in size.

The world’s supply of sapphires comes chiefly from Siam. The most
important mines of that country are those of Battambong, a city south-
east of Bangkok. The sapphires occur in a sandy clay, out of which
they are washed. The sapphire-bearing region is about a hundred miles
in length. Together with the sapphires occur some rubies, especially
in the southern part of the district. Sapphires also occur among the
rubies of Burmah, but in small numbers. The so-called gem gravels
of Ceylon furnish many sapphires, though their quality is not equal
to those of Siam, because of paleness of color.

&Amnother locality for sapphires, discovered about 1882, is Banskar,
in Cashmere, India. These stones were first disclosed by the fall of an
avalanche, and later were discovered to exist in the region in consider-
able numbers.” For a time they could be cheaply purchased, but are
now jealously guarded by the government.

The Montana sapphires have been known since 1865, but were not
systematically worked until 1891. They occur in river sands east
of Helena, and were first obtained in washing for gold. Now ‘the
mother rock has been discovered; and this-is mined, the rock being
taken out, piled in heaps, and submitted to the action of frost through
the winter. The sapphires thus become loosened and can be readily
separated. These sapphires are well crystallized and are of good aver-
age size, though few gems exceed six carats in weight. Their luster
and color are for the most part of first quality, and the stones are in
demand for the best of jewelry. The most recent find of sapphires
has been in Central Queensland, Australia, at a place called “Anakie;
twenty-six miles west of Emerald. Here sapphires occur over an
extensive area. Green, yellow, pale blue, and dark blue stones are
those most commonly found, the cornflower-blue occurring but rarely.
Hence, the stones have not been widely used as yet. They reach sizes
of from thirty to fifty carats.

The common corundum of North Carolina, mined extensively as an
abrasive, often also contains blue transparent portions from which gems
can be made. One of the best known mines yielding such stones is that
at Corundum Hill, in Macon County. This also produces a few rubies,
and a fine specimen of Oriental emerald, or green sapphire, was obtained
here. This was a crystal 4 by 2 by 1} inches, which would afford
several first-class gems.
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Noble corundum of other colors than those of blue and red is not
of abundant occurrence, nor is it ordinarily as highly prized as are
the sapphire and ruby. Colorless sapphire, or leucosapphire, is some-
times used as a substitute for the diamond, from which it can readily
be distinguished by its lower hardness and higher specific gravity.

Certain specimens of both sapphire and ruby, but especially the
former, exhibit when polished a six-rayed star. This appears as beams
of light, radiating from a center which changes in position as the stone
is turned. Such stones are called star, or asteriated sapphires, or rubies,
and are highly prized. They are usually cut with rounded surface,
as this best brings out the figure. The cause of the star-shaped figure
is generally supposed to be the total reflection of light from countless
microscopic cavities in the stone, which are arranged parallel to the
faces of a six-sided prism. Some authorities believe, however, that mul-
titudes of twining lamellse similarly arranged cause the appearance.

Burton, the African traveler, is said always to have carried a star
sapphire about with him, as a means of winning respect from the
barbarous peoples among whom he journeyed. The savages believed
that the stone must be a talisman of great power and feared to incur
its owner’s enmity.

Sapphire is a word which is the same in nearly all languages,
a fact which testifies to the ancient use of the stone. In Chaldean,
Hebrew, Greek, and Latin the word has the same form as in mod-
ern tongues. In early times sapphire was believed to be a destroyer
of poison, so that if put into a glass with a spider or venomous reptile
it would kill it. It was regarded also as a remedy against fevers
if placed on the heart, or soaked in vinegar and the extract admin-
istered. The wearer of a sapphire was rendered by it chaste, virtuous,
pious, devout, and wise. '



SPINEL

(RUBY SPINEL, BALAS RUBY)

The group of spinel includes in mineralogy a number of species of
different though analogous composition. The spinel employed as a gem
is almost wholly a magnesium aluminate, having the percentage composi-
tion: alumina 71.8 and magnesia 28.2. This is usually of a red color,
different shades giving gems known by different names as follows: Deep
red, spinel-ruby ; rose-red, balas ruby; yellow or orange red, rubicelle;
violet-red, almandine ruby. Spinel is thus known among gems chiefly
as a relative of the ruby, and this sort of spinel will first be con-
sidered.

The spinel rubies differ from the true or corundum rubies in hard-
ness, specific gravity, and system of crystallization. The hardness of
spinel is 8, or about that of topaz, and the specific gravity 3.6. It is
thus neither as hard nor as heavy as corundum ruby. Again, the system
of crystallization differs. Spinel crystallizes in the isometric system, and
1s usually found in the form of octahedrons, while corundum ruby is
hexagonal in crystallization. (See colored plate.) Spinel is singly refract-
Ing in polarized light, and corundum doubly refracting. Spinel ruby is
infusible before the blowpipe, but on heating undergoes a curious series
of changes in color which are quite characteristic. The red changes
first to brown, and then becomes black and opaque, but on cooling the
black changes to green, then becomes nearly colorless, and finally the
stone resumes its original red color. As a small percentage of chro-
mium is usually found by analysis to exist in ruby spinel, its color is
generally considered to be due to this ingredient. While the spinel ruby
1s considered of less value than the corundum ruby, and is sometimes by
fraud or error substituted for the latter, it yet has a definite value as a
gem when sold under the name of spinel ruby or some of its varieties.
This value is usually reckoned at about half that of the corundum ruby,
although variations in quality of the stones, as well as changes in demand,
cause differences of price. Thus Emanuel mentions a spinel ruby of good
quality weighing 40 carats, which in 1856 was sold for $2,000, but
in 1862 brought at public auction only $400. In 1866, however, it was
again sold for $1,200. A spinel ruby among the French crown jewels,
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weighing 56 carats, was in 1791 valued at $10,000. This is much more
than such a stone would now probably be worth.
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