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Preface 

Thi^ book is intended to present m popular language for 

the general reader the most recent accurate knowledge 

about the world of gems. It was planned to fulfill the 

need for a semi-technical survey of modern gcmology— 

simplified, authoritative, and up-to-date. It is written for 

the gem lover, the mineral collector, the jeweler, and the 
lapidary. 

Completed since the war, Popular Qeuwlogy is timed 

TO include the new scientific and industrial uses of gems, 

both natural and artificial, as well as the most recent de¬ 

velopments in commerce brought about by the war, and 

current locality and production inforinatlon. 

A systematic arrangement of subject matter has been 

attempted throughout. The chapters describing the indi¬ 

vidual gems have been divided primarily according to the 

major style of cutting (facet or cabochon) which is gen¬ 

erally most appropriate for each gcni; the cutting in turn 

depends upon the inherent characteristics of the gem and 

so fits into a logical yet original grouping, 

W'ithin the chapters the order of gems, with only a few 

unavoidable exceptions, follows the best scientific classifi¬ 

cation of minerals, that given in the seventh edition of 

Dam's Systet// of Mmereihi^y' two of the three volumes 

‘ PsUclie, iJcmiflci. and Fixindcl, }|an*ard U)in*cr5[n*. 2*ul}lisl\cd by 

John Wiley and Sons, Inc., New York. X'olume 1, 194*. 
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of whicK arc unpublished. This sequence is surely su¬ 

perior CO a meaningless alphabetic listing or the usual 

arrangement by value* which U always subject to personal 

interpretation. Diamond, by fonunarc coincidence, occu¬ 

pies the first position in either a commercial or a scientific 

succession, ilmphasis has been placed consistently on the 

mineral family, scries, and species as the natural units. 

Careful attention has been devoted to nomenclature, in 

order that no technical word should be employed in a 

wrong sense to simplify its use. 

?ofnilar was conceived in Oregon, begun in 

Tulsa, Oklahoma, continued in Denver, Colorado, and 

Cambridge, Massachusetts, and completed in Colorado 

Springs. It was undertaken at the suggestion of Dr. Henry 

C Dakc of Portland, editor of The MiveralogUts who was 

CO have been co-author but was obliged to withdraw under 

the pressure of business. In addition to the idea, Dr. Dakc 

contributed the title, the chief basis of cla&sificarion accord¬ 

ing CO type of cutting, and many of the photographs. For 

ail this assistance and encouragement 1 am deeply in his 

debt. Acknowledgment should also be made to the other 

individuals, educational institutions, and industrial firms 

chat furnished photographs; their names are printed at the 

proper places in the book. My personal thanks go to Pro¬ 

fessor Edna D. Romig of the University of Colorado for 

assistance in a number of the more subtle points of compo¬ 

sition; and CO my wife, Mignon, for her continued co¬ 

operation in every phase of the work, ranging from typing 

to the actual invention of several of the important parts 

of the book. 
Richaro Ai- Pearl 

Coi.OltADO COIXROB 

Colorado Springs 
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Chapter 1 

The Lure of Gems 

The fascination which gems have always held for men 

and women goes beyond the sliadov^y dawn of antiq¬ 

uity to the very beginnings of the human race. Its origin 

muse lie in stages of development even antedating man¬ 

kind; for a bird will pick up bits of brightly colored 

twigs and twine in preference to more somber ones with 

which to build its nest, as we choose objects co ornanient 

our clothing or our person. 

Whether gems as personal adornment preceded or 

were suliaequenc to geirts as amulets and charms is de¬ 

batable. It was easy for primitive peoples to ascribe super¬ 

natural powers zo especially attractive or nthervvisc unusual 

scones that they found in ti^e beds of streams, on the slopes 

of hills, and on the rocky floors of the hospitable caves 

where they sought shelter from inclement weather or un¬ 

friendly animals. \\^hichever came first, ornament or 

talisman, the benefits of both were soon combined in the 

same piece. 

The evolution of jewelry forms parallels the progress 

of the lapidary art. Earliest of all articles of jewelry was 

probably the necklace. At first, rough pebbles ^vcrc 
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merely drilled and strung, but refined techniques led by 

seeps TO the rounding and then to the polishing of the 

natural shapes, although crystal faces were often carefully 

preserved. From the stringing of necklaces to the making 

of bracelets was a close transition, since beads were used 

for both. The introduction of the gem-sec metal bracelet 

and the invention of the ring awaited a more advanced 

culture. 

Annulets whose purpose as such is undeniable were pro- 

duced from gems and common stones by marking them 

with prayers and images. The inhabitants of Babylonia, 

Assyria, and Persia carved such inscriptions and figures 

into long beads called cylinders, which were pierced 

lengthwise for wearing. These were also used as seals. 

At about the time of the 9rh dynasty in ligypt the scarab 

became prominent in art; this is a representation of a 

beetle, symbol of the immortality of the soul, and was 

employed for both seals and amulets. 

Not least among the acinevements of Greelt and Roman 

artists was rh^ gem engraving. Exquisite craftsmanship 

was encouraged by the high value and small size of the 

material at their disposal. The superior durability of most 

gemstones has made possible their remarkable preservation 

through succeeding centuries, so chat even today we sec 

the gems essentially as they appeared to the original owner. 

Furthermore, a pageant of classic art in miniature is re¬ 

vealed, showing accurately its struggle for recognition, its 

Golden Age, and its eventual decadence. 
As the variety of designs expanded and the treatment 

became more personalized and naturalistic, the number of 

gems regularly used increased. A notable improvement 

was the introduction of the cameo about 300 n.c., the 
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design being carved in relief for decoracive purpo$es only, 

in contrast co the older form called the intagiio, in which 

the desi^ was incised into the surface of the gem co serve 

most faithfully as a signet in those not-too-liceratc days. 

After the classic era, the arc of gem engraving declined, 

to be revived with new spirit in tlie Renaissance and 

again, with far less originality, in the 18th century. Present- 

day gem carving, though still done with hand tools, is on 

a more commercial basis. 

A love of gems characterizes all races and all social levels. 

There have been few famovis persons in history who have 

not been traditionally identified with a particular gem. 

Private and public collections have been diligently as¬ 

sembled, In Rome wealthy families competed with one 

another in acquiring choice gems and displaying them in 

the temples. 

The medical or therapeutic use of gems is as varied as 

the gems themselves. Any disease of man or beast was 

believed to be preventable or curable by swallowing the 

powder of the proper gems, chosen for their color or chem¬ 

ical ingredients, or by applying them whole. Strong and 

no doubt often fatal potions were prescribed on any occa¬ 

sion. Some of these superstitions linger to the present time; 

necklaces of amber, for Instance, are still bought in Ameri¬ 

can stores as a remedy for goiter. 

The symbolism of gems ranges from the charming to 

the bizarre and to the merely ridiculous. As the mystical 

and religious attributes of gems are compared, it becomes 

evident that at one time or another almost all the virtues 

have been ascribed to almost every gem. Formerly, the 

study of gems was dominated by this aspect of tlie subject, 

but the growth of modem science has dispelled much 
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of the ignorance, if not the entire fantasy, surrounding 

gems, and geni )ore has largely yielded to gemolc^y. 

What'were once exclusively trade secrets, guarded jeal¬ 

ously and handed down from father to son, have now 

become the possession of every person who cares to read 

and leam. 

The gcjuological movement began in Europe. The 

Gemniological Association of Great Britain was estab¬ 

lished in London in 1913 as an adjunct of the National 

Association of Goldsmiths of Great Britain and Ireland. 

Patterned after it but now greatly expai^ded in scope is 

the Gemological Institute of America, founded in Los 

Angeles in 1931 by Robert M. Slupley; it conducts courses, 

principally for members of the jewelry industry. An 

nfHliarcd organization is the American Gem Society, the 

activities of which are directed toward the education of 

the trade and the protection of the public; the title Certr- 

fied Qemoiopix is its highest award. Similar associations 

are being started in ocher countries, the newest ones being 

the Gemmological Association of Australia (1946) and 

national groups in Sweden and Switzerland. 

DIRTHSTONES 

The pleasant custom of wearing a special gem that be¬ 

longs to the month in which one was born seems to have 

had its origin in Germany or Poland during the 16th cen¬ 

tury. The arrangement probably corresponded at first to 

the signs of the zodiac rather than to the calendar months. 

This idea can be traced back to the twelve foundation 

scones of the holy city, New Jerusalem, described in the 

21 St chapter of the Book of 'Revtlation or the Apocalypie. 
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Each of the stones was inscribed with the name of an 

apostle. The direct predecessor of the New Testament list 

was a different scries, consisting of the twelve gems (each 

engraved with the name of one of tlie tribes of Israel) 

which adorned tlte breastplate of judgment worn by the 
high priest and described in Exodus 28. 

The names of all these gems arc not always identical in 

the several lists that appear in the Bible and ocher writings; 

discrepancies may be accounted for by changes in the 

actual breastplate, difficulties in manuscript translation, 

errors in copying, and inability to identify certain stones 

by their descriptions. Different races and nations have hud 

their favorite birtlisronci; a composite selection, partly tra¬ 

ditional and partly arbitrary, constitutes the list of nnral 

gems conventionally sold in the United States. Alternate 

selections of gems have been recommended according to 

the apostles, guardian angels, zodiacal signs, days of the 

week, hours of the day, and assorted ideas without end; all 

of them serve the purpose of supplying a reason for buying 

a gem which the purchaser usually wants to buy anyway 

and for wearing a gem which the owner is perfectly willing 

to wear without apology, may prefer to believe with 

Emerson that “Beauty is its own excuse for being’’—and a 

gem for being worn. 
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Chapter 2 

Retoj^nizlng Gems 

T)ie art and science of ^ernology deals with certain nac* 

Ural substances and their iiian>madc substitutes, which 

human beings regard ts attractive enough to serve prunarily 

for personal adornment and secondarily for decoration of 

their possessions, A gem becomes a jewel when it is placed 

in a setting appropriate to its use, 

THE HATURfi OP GEMS 

Most gems arc mnereU. A nuncral is defined as a 

homogeneous substance produced by inorganic processes, 

and occurring in nature with a specific chemical compo¬ 

sition; it usually has a definite internal structure which 

may be expressed in typical outward forms called crystals. 

A substance is homogeneous when it is uniform even 

under a microscope; this requirement excludes rocks, some 

of which appear to be the same throughout but are found 

upon close examination to be aggregates of several different 

materials. Products of animal or vegetable life are barred 

because they are not inorganic, Manufactured chemicals 

are not embraced among the minerals because they do not 
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occur in nature. The chemical composition of a mineral 

must be represented by a formula or else be variable 

according to a dependable law. A definite internal struc¬ 

ture implies a three-dimensional paceem of atoms (as shown 

Fig. I Atomic Structure of Diamond 

(Prum Dana-Ford A Ttxtbook of Miueralotty^ eopyrigjie 

^ 1)» the arrangement of which is intimately related 

to the crystal form and to other essential chaweters. 

About 80 of the 1,000 or more mineral species have been 

regarded ns gems, though many of these arc met with only 

occasionally. Dianiond. the noblest of gen^s, is perhaps 

the most remarkable of all minerals. 

A few gems are rocks. Members of the so-called min¬ 

eral kingdom that fail to satisfy the fairly strict require¬ 

ments of a mineral arc termed rocks. Basically, a rock is 

any mass that forms an important part of the earth. It 
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may be a single mineral sucli as salt, or & single nonmineral 

such as coal, or an aggregate of several or more minerals 

such as granite, or a uniform substance such as volcanic 

glass, which could be considered a mineral if the chemical 

composition did not vary so irregularly from place to 

place. The most highly prized blue gem of ancient times, 

iapis lazuli, is a rock consisting of at least half a dozen 

individual minerals. Three gems—obsidian, silica^glass, 

and tekeire—are natural glasses of volcanic origin, having 

wide ranges in their content of silica. 

Although it contains some mineral substance, pearl, 

“queen of gems,” is the product of a living organism, Coral 

consists of the skeleton of certain sea animals which be¬ 

long CO the same group as the sea anemone. Jet is a plant 

material, a variety of coal, and so is not properly a mincral- 

Amber Is surely a gem, and one of the loveliest, but it is the 

fossil resin of ancient trees. These four are organic ge?w. 

The synthetics and imitations, that is, the artificial gewj, 

do not fit into any of these classifications. They may be 

regarded neither as minerals, nor rocks, nor organic things, 

but as chemical creations of the laboracory. Gcmology is 

the only subject which properly considers them from every 

angle. 

Characteristics of Gems 

A gem combines three significant qualities; chief among 

them is bfouty, so that it delights the eye; then durability, 

so chat its beauty will last “unto the third and fourth gen¬ 

eration”; and rarity, so that one's neighbors may not easily 

own any like it. Also, of course, a gem must be portable, 

but, if it is used for personal wear, that can be taken for 
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granted. Lacking any of these qualifies, a material may 

not enter the exclusive ranks of geniology unless it pos¬ 
sesses the others to a high degree. 

Once a substance Is admitted to be a gem, its current 

value is determined by a combination of economic, com¬ 

mercial, and political faCTors, such as adequate supply, 

fashion, publicity and demand, cost of cutting and mer¬ 

chandising, world prosperity and depression, internatumal 

markets and tariffs. The final price of a ver)' fine gem 

depends upon the conscience of rhe dealer and tlic acutnen 
of the buyer. As the beauty-loving public becomes in¬ 

creasingly aware of the many previously little-known but 

valuable kinds of gems, rhe differentiation het^xen precious 

and seimprecioris stones becomes olwolcte, If not com¬ 

mercially, at least aesthetically, they arc equal. 

Gem ramilics 

As we glance over rhe rings in a jcu'cler’s slimv case. 

w't arc amazed at the wide variety of gems he displays. 

Hut the gcmologist would recognize most of them as be¬ 

longing to a quire limited number of separate species, 

these in turn being represented by many varieties based 

mainly on differences of color, 

We may liken a gem species to a human family, for 

c.vamplc, the Smitlis, and compare a gem variety to any 

individual member of the family. Thus George Smith 

may be blond, u’hereas his brother Fred Smith may be 

dark; yet they belong to rhe same family. George, how¬ 

ever, may look surprisingly like Henry Jones but not be 

related to him. Again, other men mav be named Smirh, 

but if they belong to a different race rhey are not brothers 
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of George and Fred. A scienrific knowledge of gems en¬ 

ables us to trace any scone to its proper place on the 

genioiogical family tree. . 

Gem Properties 

To be able to recognize gems requires both a fatniliarity 

with their appearance and a knowledge of their nature and 

characteristics. These qualities are called properties, as 

coldness is a property of ice, sweetness is a property of 

sugar, and heaviness is a property of lead. Each known 

property serves to identify a particular gem or to eliminate 

other gems as possibilities. At the beginning of the process 

of testing an unknown gem, all gems and their substitutes 

of similar appearance arc under suspicion, but determining 

any definite property reduces immediately the long list of 

gems to a few likely ones, Knowing the properties of 

gems and being able to find them listed and described in 

convenient books and tables make gem identification a 

matter of systematic procedure. 

Some properties, such as color, arc easily discerned, but 

others must be weighed and measured, sometimes with 

elaborate and expensive inscrunicnrs. Many crystals, as 

well as a few ocher spedmens, disclose their identity by 

means of the original forms in which they occur; ocher 

gems arc most easily recognized by the properties that arc 

revealed after cutting. 

Any gem species differs from all the rest in composition 

and structure. Its chemical elements, their kind and ar¬ 

rangement, give the gem its properties, and these in turn 

furnish tis with the means of identifying the gem. 
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CHEMrSTRY OF GEMS 

CKcniical tests are of little value in the recognition of 

genis; the information gained is liardly worth the damage 

done. Resistant as most gems are to normal wear, they 

still deserve to be handled with reasonable caution, and 

therefore a chemical examination is not made of cut gems, 

but only of rough stones or fragments. A few useful 

exceptions arc described later. 

The chemical composition itself, nevertheless, is of great 

importance, if not in the actual identification of a gem, 

at least for an understanding of its constiturion, Most 

gems ate minerals, and the fundamental fact about a min¬ 

eral is that it is a naturally occurring chemical element or 

compound, The principal basis for classifying minerals, 

either scientifically or industrially, is a chemical one. 

The colors of gems arc due mostly to the presence of 

clieniicals, usually oxides of certain metals, which arc often 

scattered through the stone as minute impurities in such 

small amounts that they are not included in the chemical 

fornmla. (There are only a few self-colored gems.) Such 

minor constituents make a gem less perfect but at the 

same time add to its beauty and so increase its price. They 

probably create more value than anything else in the world 

of the same weight. For example, each ounce of the 

chronuum that gives eincrald its green color adds perhaps 

a million dollars to the cost of the gem—up to a certain 

limit, of course, for there is the law of diminishing returns, 

as well as a saturation point after v'hich too much coloring 

matter may actually decrease the beauty of the gem. Evi¬ 

dence of the existence of these coloring substances is not 

revealed chemically, however, but optically, by means of 
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the chiracteriscic absorption spectra described later in this 

chapter. 

Diajiiond is the simplest in composition of all the gems, 

ilie only one consisting entirely of a single tlewent, crystal¬ 

lized carbon. Tourmaline, at the opposite extreme, has 

sucli a complex formula that John Ruskin said, “Tl'^c chen^- 

istry of it Is more like a medieval doctor's prescription than 

the making of a respectable mineral” Next to diamond 

in simplicity aniong the more important gems are the 

oxidtSy including quartz (an oxide of silicon) and corun¬ 

dum (an oxide of aluminum). 

More gen^s belong to tl'te silicates chan to the ocher 

chemical classes; included among them are feldspar, jade, 

tourmaline, beryl, olivine, garnet, zircon, and ropa>'.. Tur¬ 

quoise is a phosphate. Spinel and chrysoberyl arc vmltiple 
oxides or aluminates. Pyrice is a sulfide. Fluorite is a 

halide, more accurately a fluoride. Smithsonite is a 

boime. Of the organic gems, pearl and coral are also 

largely carbonates, whereas amber and jet arc hydrocar^ 
bons. Oxygen is the chief clement present in gems, and 

silicon, altitniiiun), and calcium arc next in abundance, 

The resistance of most gems to chemical action is im¬ 

portant from the standpoint of their durability. They 

may be properly expected to retain their pristine beauty 

almost forever, The enormously high temperature re¬ 

quired to cause even the slightest blackening of a gem 

diamond is an example of this stability. Glass imitations, 

on the contrary, beconac dull even if not worn, because 

of the deleterious effect of the hydrogen sulfide (which is 

also the cause of silver tarnish) present in the air. 

A few genuine gems are likewise not impervious to 

ordinary chemical action, and special care should be taken 
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of them. Pcails, for insnincc, lose their luster if allowed 
CO remain long in contact with body perspiration. The 
popular belief chat the beauty of pearb improves with 
wear seems hardly justified. The famous story of Cleo¬ 
patra dissolving two choice pearls in vinegar and drinking 
them to impress Antony with her wcalcli is probably not 
true, because the calcium carbonate is too much associated 
with organic matter to dissolve rapidly in such a weak 
acid as vinegar, But the moral is evident to wearers of 
gems, although it ought to be unnecessary to advise them 
CO refrain from spilling acids on their jcwcU. All the 
varieties of garnet are somewhat susceptible to the effects 
of acid. Hydrochloric acid will attack certain gems, in* 
eluding turquoise, pearl, lapis lazuli, and coral, Two 
strong acids ore the Ingredients of aqua regia, which is 
used for testing gold, and the jeweler should be careful 
where he places the gems wl’icn repairing or cleaning 
jewelry containing them. Grease may prove progressively 
injuKous to gems that arc to any degree porous, such as 
turquoise, inoonsconc, and pearl. Caitstic alkalies; injure 
emerald, and oil of turpentine removes the red coloring of 
coral. 

Tests, of course, can be made of gems by means of any 
known property. For obvious reasons, as explained, a 
chemical examination is rarely made, But with appropri¬ 
ate care a few simple tests may on occasion be worrh 
while, 

Ornaments and jewelry of “Mexican jade" virtually 
flooded the American market in 1943 and are still abundant. 
The identity of this material with the common mineral 
calcite is shown by the effervescence that occurs when a 
drop of hydrochloric acid is placed on it, 
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On turquoise—advisedly on the under side if die speci¬ 

men has been cut—a couch of hydrochloric acid leaves a 

dull spot which turns bright blue when a drop of am¬ 

monia is added, thus distinguishing the gem from its usual 

substitures. 

Coral and the ocher carbonate gems effervesce briskly 

in acid. Lapis lazuli in acid gives off the rorccn-eg^ odor 

of hydrogen sulfide, Amber can be distinguished from 

other natural resins by its refusal to become sticky or dull 

when touched by a drop of ether. 

Just as a variety of a gem may, through gradual clianges 

In the kind and amount of coloring matter, grade imper¬ 

ceptibly into a different variety—as ruby wanes in depth 

until it becomes pink sapplure—so also a mineral species by 

variation in its actual chemical formula may grade into 

a related species, which yet maintains (and indeed must 

have) the same type of crystalline structure. Thus, the 

sbe garnet species are more or less interchangeable in com- 

postnon among cficniselves. Ocher gem minerals, includ¬ 

ing corundum, spinel, olivine, and topaz grade into non- 

gem species. Goth aspects of this relationship arc known 

as iscviorphiw/. 
Another and more complete type of chemical alteration 

entirely changes the composition and pliysical properties 

of a substance but preserves its characteristic outer form. 

The transformation is called pfeiidoiwrphisfir. Petrified 

wood is (he most familiar example of a gem pseudomorph, 

the chalcedony variety of quartz having replaced the 

original substance, wood. As the trees decayed, tiny par¬ 

ticles of silica that had infiltrated among the original cells 

settled out of solution and slowly replaced the fiber. 
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A different condition, called polyworphltviy exists when 

the sarie chemical element or compound produces ditferenc 

minerals. Thus, diamond and graphite arc both composed 

solely of carbon; and three gems—kyanite, andalusitc, and 

sillimanite—share a single formula. 

GEM CaVSTALS 

Abb^ Hauy called crystals “the flowers of the mineral 

kingdonu" It is easy to agree with him, upon examining 

the beautiful crystals of gems with their synmictrical forms 

and shining faces. The shape in which wa find them is the 

shape that they have always had, for like people and ani¬ 

mals, the larger crystals arc merely small ones “grown up,” 

Growth is usually a long, slow process, raking perhaps 

thousands or even nullions of years, although sometimes it 

may be rapid enough co be seen happening. Crystals vary 

in si7;c from those that are colloidal and arc visible only 

with an ultramicroscope to those that weigh a number of 

tons. Unlike living organisms, crystals grow by accumu¬ 

lation from the outside rather than by expansion from 

within. When growth is interrupted for some reason and 

then begins again, n “phantom” crystal may appear en¬ 

closed within the larger one. 

Crystal structure is a fundamental property of minerals 

and crystal shape provides a valuable clue to the identity 

of a rough specimen. Crystallography is largely mathc- 

n^atical in treatment, and in part it is very complicated, 

An elementary knowledge of crystals, however, is worth 

having, if only for the ability that it gives to name many 

gems in their native state without testing them further. 
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The regulai external shape of a nnncral is the outward 

evidence of its internal atomic structure, If a crystal is 

broken or cut for jewelry, each piece, no matter what its 

size or outline, will still have the same internal pattern, as 

showr^ by X-ray studies. All gcn\ minerals, with the pos¬ 

sible exception of opal, are crystalline substances, as are 

also tliose artiftcial gems that are correctly called syn¬ 

thetics. The minute particles, the atoms and ions, of 

which they are composed, are arranged throughout in a 

definite, orderly manner and are held together in a “lat¬ 

tice" by electrical attraction, usually that of oppositely 

charged electrified units called ions. Atnorphous or 

crystallive substances were created under conditions un¬ 

favorable to a systematic arrangement of their atoms, 

which are arranged instead mostly at random. The dif¬ 

ference is somewhat like that between soldiers at inspec¬ 

tion and a group of children watching a fire. Amorphous 

gems may be fashioned into any neat design, buc their 

internal structure is still irregular and they can never be 

crystalline. That is why the term “rock crystal" for 

even the finest of etched glassware is wrong; only natural 

unfused quarry sl^ould be thus designated. 

The “habit" of a gem crystal is the form or combina- 

don of faces typical of it. Sketches and models show an 

ideal shape, but in nature crystals are never perfect, some 

being malfornied, others broken—just as every tree is bent 

a little, every fiower is a bit distorted, and every person 

has some blemish which distinguishes him or her from 

the figures in the tooth-paste advertisements. Neverthe¬ 

less, the angles between the natural faces are always con¬ 

stant and are more accurate than human skill could make 

them. In addition to individuals, crystals occur as twins, 
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three of which are illustrated in Figs. 2-4, and in groups. 

The large number of crystal forms may be separated 

into sbt main divisions called sysxe^us^ according to riic 

arrangement of axes within the stone. (See Figs. 5-1C.) 

These axes are entirely imaginary, however, liUe the poles 

of the earth or the lines of latitude and longitude on a 

Fig. 2 Fig. 3 Zircon Fig. 4 Scaurolite 

Otrysoberyl 

Models of Typical Twin Oem Crystals 

The letters are convcnciuaal synibob for the eonminn •‘forjui.'* I From 
Hvrlbut Mmu(d af Mbmalesy, co}>yrigb( ]Ml.| 

map, and like them arc extremely useful. The six systems 

arc called isometric, tetragonal, hexagonal, orthorhombic, 

monoclinic, and triclirric. Each of them has three axes 

except the hexagonal, which has four. The axes in the 

isometric system arc of equal length. The six systems may 

further be subdivided into a total of 32 crystal classes or 

230 space~groups, according to syvmietry. Practically all 

gems, as well as most minerals, arc confined to a relative!)' 

few of these categories. 
This classification of crystals is not in the least arbitrary 

or artificial, in spite of the imaginary conception of an 

axis. The atomic arrangement of minerals determines 
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most of their properties. Since the internal structure de¬ 

termines the crystal forms also, it follows that certain 

properties, the optical properties in parriculai, must be 

Fig. 6 
Tetragonal 

Fig. 7 
Hexagonal 

Fig. 6 Orthorhombic Fig, 9 Monoclinic Fig. 10 
Triclinic 

Fig. 5 

The Six Crystal Systems 

Each model allows how dllTcrent may have the seme crysol 

axes. Many ether eontblnactom are possible in each system. (From 

Dam-Ford t4 Ttstbook of Mintrdoty, copyright 193 2.J 

related to the crystallization. The identification of a gem 

i$ lately dependent upon a knowledge of the crystal 

system to which it belongs, Let us take the systems one 

by one and mention some of their charactexiscics; later we 
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shall leam how such theoretical considerations of gcmology 

are intimately related to the practical testing of gems. 

To gain a better understanding of what crystals are, 

shake out a few grains of common cable salt and look at 

them with a magnifying glass—pretty little cubes they arc! 

Now ic is easy to understand why this system is called 

the iso9WtriCf meaning equal measure: all sides are equal and 

Fig. M Spinel Fig, 12 Garnet Fig. U Pyrlte 

Typical Isometric Gem Crystals 

(From HurJbai Dena'i Mieiiul of MiHfraloxy, eo}i>’righc 1941,1 

the anglc.4 between them are equal. These facts are true 

of all simple n)eTnl>ers of chis system, whether or not the 

crystals form a cube. Diamond, for instance, usually oc* 

curs in octahedrons resembling two square pyramids placed 

base to base, but the sides and angles do not vary from 

the requirement. Other isometric gems are spinel (Figs. 

11 and 71), garnet (Figs. 12 and 76), fluorite (Fig, 72), 

sphalerite, and pyrite (Figs. 15 and 81), 

The tetragonal system is usually represented by prisms 

and pyramids. The most important gem representative is 

zircon (Figs. 14 and 79); cassiterite (Fig. If), scapolite, 

and idocrase (Fig. 16) are also tetragonal 
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Some of che finest crystals belong to tlie hexagonal 

system. It is not generily realized that snow and ice 

Fig. 14 Fig. IS Fig. Id 
Zircon Cassiccrice Idocnse 

Typical Tetragonal Gem Crystals 

(From Huribut Dm't of Mitwtdony^ copy tight 104).) 

are minerals, but photographs of snow crystals taken under 

a microscope show their wonderful six-uded structure. 

Fig. n Fig. 1« Fig. 19 
Corundum Beryl Tourmaline 

Typical Hexagonal Gem Crystals 

tP«m Huflbut Dana't Marmot of Mrnerahiy, cppj right 1941.1 

Corundum (ruby and sapphire, Figs. 17 and 70), beryl 

(emerald and aquamarine, Fig. 18), tourmaline (Figs. 19, 
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75, and 76), and quartz (amcchysc, rock crystal, etc., Fig- 

93) are the best-known mcnibcrs of this system- Quartz 

crystals occur, both alone and as large clusters, in familiar 

prisms which are pointed at tlie ends and are the most 

easily recognized of all the minerals, Beryl, because of its 

flat terminations, is also quickly identified. Tourmaline is 

Pig. 20 Fig, 21 

Topaz Olivine 
Fig. 22 

Chrysoberyl 

T^•p^cal Orchtjrhnmbic Gent Ct^’htals 

fProii) Danft'Ford A Tfxthvvk of MhicrAlogy, eo^^vfigitt 1^32.1 

the only mineral that shad’s a triangular outline when 

viewed down the length of the crystal. Additional hex¬ 

agonal gem crystals include apatite, benitoite (Fig, 74), 

phenakite, willcntite, and hematite. 

Genu that belong to the orthorhotffbtc system arc often 

complex in their crystal forms. The most important ones 

are ropaz (Figs, 20 and flO), oJivinc (Fig. 21), and chryso- 

bcrvl (alexandrite and cac’s-cyc, Fig, 22); lesser ones in¬ 

clude cordicrite, danbtirite, andalusite, sillimanite, and stau- 

rolite (Figs. 90-92). 

Gem crystals of the v/ovocihic system include spodu- 

mene (hiddenite and kunzitc, Fig, 73), orthoclase feldspar 

(moonstone. Fig. 23), and sphene (Fig. 24), as well as 
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brazilianite, diopside, cpidotc, datolice, cuclasc, and gypsum 

(sarin spar, Fig, 25). 

Orchoclflse Sphene Fig. 25 
Feldspar Gypsum 

Typical Monnclinic Gem Crystals 

(Ffcm Hurlbuc Dna't M/inuel of Minotttlegy, copyright 194 ].] 

The tticlmic system is represented by microclinc feld¬ 

spar (amatonstonc, Fig. 85) and plagioclasc feldspar (lab* 

Fig. 26 Fig. 27 Fig. 26 
Plagioclase Axinice Rhodonite 

Feldspar 

Typical Triclinic Gem Crystals 

(From (^urlbut Dtmc't Manutd of MtRenri^gy, copyrigl^c 1941.1 

radorite, Fig. 26), axinicc (Fig- 27), kyanite, and rhodonite 

(Fig- 28), and by the only turquoise which has ever been 

found in crystals. 
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Some gems act as if they were ashamed of themselves 

and attempt to conceal their identity by assuming the forms 

of quite different substances. In addition to this type of 

replacement, described in the previous section as pseudo- 

inoTphissii^ gems occur also in imitative shapes, for e.'camplc, 

tig- iv l^endritcs on Mamie 

when chalcedony resembles a bunch of grapes, and when 

agate or marble shows manganese or iron markings chat 

look like trees and moss (see Figs. 29 and 95). Gems 

whose irregular outer shapes do not \varram distinctive 

names are referred to as vwssive. 

In spite of the fact that most of the properties of gems 

are directly determined by their internal strvtctorc, no one 

has ever seen an atom. Because they arc so small, millions 

of them can occupy an inch of space. But their presence 

and even their position are subject to proof. In 1912 von 
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Laue passed X-rays through a crystal and onto a photo¬ 

graphic plate. The many symmetrical spots that appeared 

on the plate (see Fig, 30) were found to be visible evidence 

of the atoms in their specific arrangement. Further re- 

Fig. 30 X-ray Picture of Beryl (Emerald and Aquamarine) 

[From Sr. John and Isenburgvr hdiatrial RadMogy, 2nd odirion, 

cop)'rigKt 1943.] 

search has opened the door co a vast field of knowledge 

regarding the structure of crystals—those marvelous ex¬ 

amples of Nature’s architecture. 

OPTICAL PROPF.RTIF^ OF GEMS 

It is the effect of liglu upon a substance which deter¬ 

mines whether it is beautiful, and beauty is the prime 
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attribute of every geni, Optics, the science of light, is 

therefore the most important port of gcmology. In or¬ 

dinary technical usage it is generally considered a branch 

of physics, and the properties of minerals arc Iwnce divided 

into chose chat arc physical, including optical, and those 

chat are chemicaL The great significance of optics in the 

study of gems, however, as contrasted with the small prac¬ 

tical value of chemical tests, such as have already been 

discussed, justifies a further separation here into optical 

properties and physical properties. 

Color 

Through the doorway of color we enter the enchanted 

world of gems. In former rimes gems were rccognb.cd 

mainly by their colors, green stones being called emerald 

and red stones ruby, so that the superstitions which gath¬ 

ered about a gem applied to all of a similar color. The 

weal til of curious gem lore is concerned mostly with t)ie 

symbolism of color. The intense emotional effect of color 

language appears through all literature. 

It seems probable that the explanation of the fact that 

women are more responsive than men to the lure of gems 

is the physiological one tliat they have a superior sensitivity 

to color stimuli. Alen arc often at least partially color 

blind, but women are rarely so and generally have a more 

acute judgment of color. 

Wichout beauty of a degree high enough to please almost 

everyone, no substance, however rare or durable, can 

secure entrance to the select circles of gem society. 

Usually color is the main factor of beauty, and in some 

instances it is the only factor, as in stones that arc not 
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crai^sparcnc or brilliant, such as coral, )ade, lapi^ lazuli, 

curquoisCf the chalcedonies, and especially opal. Because 

the penuancnc beauty of gem colors is, therefore, the chief 

single reason for cl^e firm hold that precious stones have 

always had upon the affections and the imagination of 

mankind, the study of color in genw is one of the geniolo- 

gist’s most imponant casks. It is approached from the 

scientific as well as the aesthetic viewpoint. 

Color is, in a sense, all chat we sec of light. It is mostly 

a difference in color, no matter how little, cliat makes an 

object visible against its surroundings, ^^'hite light con¬ 

sists of separate rays or wavelengths, successively red, 

orange, yellow, green, blue, indigo, and violet, all perfectly 

blended and reaching the eye simultaneously. By means 

of a simple glass prism, such as Newton is said to have 

bought at Stourbridge Fair for a penny, his classic experi¬ 

ment may be repeated, and a beam of sunlight may be 

spilt up into its sequence of rainbow colors, called the 

spectniw (see Fig, 41). 

^VIlen white light is rcflccrcd from the surface of a 

stone or passes through it, some of the component wave¬ 

lengths are absorbed, while tlie rest unite to produce the 

color of the gem. (The process of absorption causes a 

transfer of energy from light into heat, which means into 

the motion of the atoms of the gem itself.) Slight but 

uniform absorption results in a colorless stone, whereas 

complete absorption makes ic black. The precise hue of 

the gem depends upon the extent to which the parts of the 

spectrum are eventually transmitted to the eye. Anyone 

listening to orchestral music can easily disringuish the 

high notes of the violins from the low notes of the horns, 

But unlike the ear, the eye fails to make such a separation 
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Kig. 33 Hand Lenses 

Magnifying Instruments for KNainining Gems 

[Bausch and Luinb; American Optical Co.l 
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and can see only a blending of colors. Red light and 
green combine as yellow; blue and yellow, being com- 
plcmencary, arc seen as white. Actually the color of most 
gems is such a harmony of hues. Amethyst appears violet 
because it returns only those rays whose combined fre¬ 
quency—that is, number of vibrations per second—gives 
the effect of this particular color. The same rule applies 
to opaque gems. 

Yet the vast mystery of color remains largely unsolved. 
One may even say chat we do not know anything about 
what causes color—wliat makes one flower yellow and 
another violetj why one form of chromium colors emerald 
an exquisite green, and a different form of the same element 
gives a glorious crimson to ruby. So too it may be said 
chat we do not know what electricity is, but we harness 
its power and press it into our service. Since Newton 
observed his first spectrum, color technology has con¬ 
stantly progressed, and chemises have devised artificial 
sources of coloring materials which have lielped to brighten 
the lives of us all. 

Gemology shows how often appearances arc deceptive. 
Many of the scones which look alike have no similarity 
ocher chan their color; some which seem to have no re¬ 
semblance whatsoever are really “sisters under their 
skins.” Mere traces of foreign matter, accidentally in¬ 
troduced, may give a wide range of hues. Those stones 
whose color is caused by chemicals that arc an inherent 
pare of clicm are called idhchromatic; if the color is elim¬ 
inated, the identity of the scone is destroyed. Most gems, 
however, are allochrovtatic; the color is an incidental char- 
actcrisdc; if it were altered or removed the essential prop¬ 
erties of the stone would remain as they were before. It 
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is nor easy to visuaJlze the sameness of two gems chat look 

as unlike as a red ruby and a blue sapphire—both varieties 

of the same mineral, corundum, differing only in color. 

Thus color, though surely the most iniportanc quality in 

a gem, may be the least reliable guide to its identification. 

But the delicate color sense possessed by many persons can 

distinguish the subtle yet vital differences in hue that char¬ 

acterize most individual gems and are peculiar to them. 

Even without this precise ability, knowing the approximate 

color narrows the choice of gcnis to relatively few. In 

spite of all sensible advice to the contrary, therefore, most 

persons will continue to rely on their instinctive judgment 

of color to make a preliminary guess as to the name of a 
gem. 

Printed descriptions of gem colors are of little use for 

this purpose, and practical experience in the actual handling 

of gems is necessary. When this way Is no longer effec¬ 

tive, because of the difficulty of discriminating between 

several gems of the same color, aid is sought from one 

of the instruments (described later) that analyzes color, 

such as a spectroscope (Fig. 47) or dichroscopc (Fig. 48), 

Streak 

Some gems, like many humans, show their true color 

when put CO a test. The test of a gem is to determine its 

color when it is finely divided, By rubbing the stone on 

2 piece of unglazed porcelain, such as a rough white tile, 

a powdered strtak is made, which may have a color very 

different from that of the solid specimen. 

Many minerals have a characteristic streak, but only a 

few gems show the property in any color except white. 
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Of these gcnis, hematite is the most important. As a 

nietaiUc dark-gray gem it lias been worn for years in a 

larger number of men’s signet rings (carved with intaglio 

portraits) than all other gems combined. By its rich 

reddish-brown streak it can be distinguished from any other 

gray or black mineral or subsciiiite. Pyrice, another iron 

mineral, appears to have a metallic yellow color resembling 

brass, but its streak is almost black with a greenish or 

brownish cast. 

Reflection and Luster 

When light strikes a gemstone, some of it is reflected 

immediately from the surface, some of it is absorbed at 

the surface, and the rest 

passes through. (See Fig. 

34.) The amount that is 

reflected varies according to 

the direcrion of the light 

and the nature of the gem. 

Only a small pan of the 
light falling perpendicularly 

is turned back to tlie eye. 
Fig. 34 Reflection and Re- but most of the light is re¬ 

fraction of Light in a Gem fleeted when the angle is 

small. The greater the re- 

flccrion, the brighter the stone will appear. 

This appearance of the surface of a gem in reflected 

light is called Iwter. Hard stones which have a more 

closely knit surface structute can generally be given a 

higher degree of polish chan others; in consequence they 

will allow Jess light to penetrate and more will be re- 
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fleered. A rough surface scatters the light and gives a 

diffused luster, as in stones that are soft (such as tur¬ 

quoise) or have a granular texture (such as certain jade). 

The common, though hardly sanitary, habit that niincral 

collectors have of wetting with their tongues a newly 

found agate to bring out its color serves the purpose (be¬ 

sides cleaning it) of providing a thin but level surface of 

moisture to reflea the light regularly, similar to the result 

obtained with much more difficuUv bv polishing the 

stone. While being polished, the surface of every gem 

except diamond is momentarily caused to flow, the liquid 

spreading evenly over the stone in an extremely fine layer. 

Gems with a high refractive (lighc-bcnding) power 

produce the most brilliant luster. Adtnmntme luster, as 

indicated by its name, is typical of diamond. Most gems 

have a vitreow luster, which is simply the surface appear¬ 

ance of f>rdinary glass. SvbadmmmhK luster applies to a 

number of intermediate gems, including r.lrcon, sphcnc 

and andradicc garnet, the lusters of which exceed that of 

glass but do not quite attain the splendent beauty of 

diamond. "Rethions luster indicates the surface of a resin, 

of which amber is the only gem representative. An oily 

surface has a greary luster. Fihrotis gems such as satin 

spar show a silky luster. Turquoise has a '\£axy histcr. 

The lusrer of pearl is obviously petfr/y, as is also that of 

most crystal cleavage faces. The opaque metallic gems, 

pyritc and hcmacicc, possess a Metallic luster. Most of 

these terms are descriptive enough to be evident after a 

brief examination of a gem, that is characteristic of each. 

Considered especially with its color, the luster of a gem is 

frequently a useful guide to the quick recognition of its 

species. 

31 



Refraction 

The light that \s not reflected or absorbed at the surface 

of a gem enters the interior, where its subsequent action 

has a profound effect upon the beauty of the gem and 

is of great value in revealing the identification. The speed 

of light in air is well Icncwn to be about 186,300 miles a 

second. When it enters a gem, however, light is slowed 

down, and this change in velocity deflects its direction, 

except where it happens to strike exactly perpendicularly. 

We say that the light has undergone refraction or bend¬ 

ing, as shown in Fig. 34. Every South Seas native is 

familiar with this property of light when he spears a fish 

in water by aiming, not where the fish appears to be, but 

where he is sure that it really is. The apparent bending 

of 3 stick in water is similar evidence of the refraction of 

light. The slower the velocity of light in a given gem, the 

greater is the amount of refraction, as if a slow ray were 

less determined than n fast one and had more difliculty in 

keeping to its path. In any event, the light that comes 

in at an angle is bent nearer to a venlcal direction. 

The actual amount of deviation is determined mathe¬ 

matically and is expressed as a number called the rcfrac- 

tive index^iot diamond it is 2.42, that Is, light goes almost 

two and one-half times as fast in air as it does in the stone. 

Gems chat have a high refractive index arc said to be 

optically dense; in them the light is bent sharply and its 

velocity is relatively slow. Light that comes out of a gem, 

as of course it must to become visible, is also refracted 

but in the opposite direction (that is, away from the ver¬ 

tical) because it is then entering a substance (air) that is 

optically less dense than the stone. 
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As rhc angle of inclination of the light within the gem 

increases, the light finally retches a critical angle (Fig. 35) 

when it can no longer be refracted out of tlie stone and 

unable to escape is totally reflected so that it stays inside. 

When total internal rejection takes place at the bottom 

of a gem, as shown in Fig. 35, leakage of light is prevented 

and the light, instead of passing out through the lower 
facets, is returned to the 

top and refracted out from 

rherci adding to the bril¬ 

liancy of the scone. Light 

traveling inside a gem emer¬ 

ges from the scone when it 

strikes a facet surface at less 

than the critical angle. Con¬ 

versely, when it strikes at 

greater than the critical 

angle, it is totally reflected, 

without loss, within the gem. 

The critical angle of a gem is Inversely proportional to the 

refractive index. Diamond, for example, having a higher 

index (2.42) than whire topaz (L61), has a smaller critical 

angle. (See Figs. 36 and 37.) Less light is lost, therefore, 

and more can be totally reflected internally in a diamond 

than in any of the gems that have a smaller refractive index. 

Skillful cutting enables light to traverse a diamond so as 

CO be returned Anally to the eye with as little loss in quan¬ 

tity and as much improvement in quality a$ possible. Thus 

the flery brilliancy is produced that is diamond’s chief 

asset. 

A number of methods are available for determining the 

refractive index. For a cut stone the most convenient is 
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by means of n rejractometer made especially for gem ccsc- 

ing (Fig. 38). This mstrumenc gives a direct reading on 

a simple scale. Tbc gem is placed wth one of its facets 

Critical Angle in Two Gems 

against the refractomecer lens, which is a prism o; hemi¬ 

sphere made of glass wirh a high refractive index; a drop 

of some highly refractive oil is pot between them to ex* 

Fig. 38 Section Through a Refractomecer 

elude the air and bring them into optical contact. Light 

from an outside source, either natural or artificial, is di¬ 

rected through the refractometer lens and against the flat 

bottom surface of the stone. The portion of the light that 
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scrikes at more chan the critical angle is totally reflected, 

as already described, and produces a band of light, che edge 

of w'hich is read on a graduated scale (Fig. }9) and cor¬ 

responds to che refractive index of the gem. 

Refractive Gem 

1 -14 
u 
—14 

— 14 
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— U 

— 

—14 

. 

Ffg.40 Doubly 
Refractive Gem 

Refractometcr Scale 

The range of aandard refractometers is not high enough 

to include four important gcms-dianiond, 7jrcon, sphcnc, 

and andradire garner^whose brilliancy is coo great and 

whose critical angle is therefore too small to register, unless 

a special lens of liighcr refractive index is used. The very 

absence of a reading points immediately to one of these 

four species. 

No more fundamental or easily determined property of 

gems is available for purposes of identification. Typical 
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values, selected from G. F. Herben Smith's GffmitoneSf 

are listed here. Two sets of figures arc given for doubly 

refractive gems. (See page 39 and Fig, 4C.) 

Refractive Index Table 

Diamond 2.42 

Sphalerite 2,37 

Gissiterite 2.00 2.09 

Sphene 1,88-1.92 1.99-2.05 

High aireon 1,92-1,93 1,98-1,99 

Andradicc garnet 1.89 

Low zircon 1.79-1.84 

Spessarcite gerrtet 1,79-1,81 

Altnandite garnet 1,75-1.81 

Corundum l,7d-1.77 1.77-1.78 

Chry sober)'! 1.74-1.75 1,75-1,76 

Pyrope garnet 1.74-1.75 

Crossularite garnet I.74-I.75 

Spinel 1.72-1.75 

Olivine Ud4-1.67 1.68-1.71 

Spodumcne l.d5-l.67 1.67-1.68 

Jadeitc jade 1,65 1.67 

Topaz ldl-1.63 1.62-1.64 

Tourmaline 1.62-1-63 1,63-1.64 

Turquoise 1.61 1.65 

Nephrite jade 1.60-1.61 1,63-1.64 

Beryl 1,56-1.59 1.56-1.60 

Quartz 1.54 1,55 

Amber 1.54 

Orthoclase feldspar 1.52-1,53 1.53-1.54 

Opal 1.44.]. 4^ 

Fluorite 1.43 
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Dispersion 

The separation of white light into its component colors, 

accomplished by Newton with his penny prism, proves 

not only that light is bent upon entering a substance of 

different refractive index, but also time each color of the 

spectrum is refracted to a different extent, as shuu'n in 

The anioune vf iire it exaggersevJ. 

Fig. 41. This spread of colors is called dispersicn; in a 

gem it is known as /ire. 

A superior example of dispersion is the rainbow; sunlight 

is refracted and dispersed by countless millions of rain¬ 

drops which together magnify this siniple effect into the 

wonder of a stormy sky. A myriad of tiny rainbows spar¬ 

kling in the morning dew, or on a crack in a window, or 

from the depths of a diamond—these arc other familiar 

dispersion effects. 

Red light rays are bene the least, and violet rays at the 

other extreme arc bent the most. Since red rays arc bent 
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Ids than rhe rest of the colors, their velocity is changed 
less than that of the others, pnd their refractive index is 
slightly lower. AccuaUy, the refractive index of a gem 
is different for each color, and the difference between 
the end values of red and violet measures the dispersion. 
The indices of refraction of diamond, for example, range 
from 2.41 to 2.45, and therefore the dispersion is 0.04. The 
wider the spread, the greater is the ffre. 

Fire is therefore not mere brilliancy, which is internal 
reflection of white light, although, in general, highly re¬ 
fractive gems also possess the most dispersion. In colored 
stones the hues of dispersion are masked by the color of 
the material itself. Contrary to what might be supposed, 
diamond does not have more fire than any other gem. Both 
andradite garnet and sphene, as well as cassicerice and sphal¬ 
erite, surpass it in dispersive power and would appear even 
more spectacular than diamond if they too were colorless. 

Typical values of selected gen)s are given below. 

Dispersion Tabic 

Sphalerite 0.16 
Ossiterite 0.07 
Andradite garnet 0.06 
Sphene 0.05 
Diamond, benitoite, zircon 0.04 
Epidote, grossolarite garnet, spes- 

sarcitc garnet, pyrope garnet 0.03 
Almandite garnet, spinel, olivine, 

corundum, spodumcne, tour¬ 
maline, chrysoberyl 0.02 

Topaz, beryl, quartz, orchoclasc 
feldspar, fluorite 0-01 
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Double Rcfraccion and Birefringence 

The behavior of light ss thus far described is stricclv 
true only for gems that are amorphous or belong to the 
isometric system of crystal! izetion. Gems chat belong to 
the other five crystal systems have a somewhat different 
effect upon a ray of lighr. These gems split a single ray 

Fig. 42 Double Refraction Fig, 43 Double Rcfrac- 
in fi Gem tion in Galcite 

into tv'o new rays, each of which travels with a different 

velocity inside the stone and is bene a different amount. 

(See Fig- 42.) The slower of the two rays is refracted 

more than the other* and each ray has a separate refractiv'e 

index* as if die gem had a dual personality. 

This double rcfriction is possessed to such an extreme 

degree by the common mineral calcite that any mark, such 

as a line or dot or row of print, shows double when seen 

through it (Fig, 43). Although the effect is <ibscrved to 

a much less extent in the gemstones* some gems display it 

under a magnifying glass, jeweler's loupe* or micrtiscopc. 

A doubling of the edges of the back facets appears when 

they arc viewed through the front of the stone; two lines 

can be seen for each line that actually joins a pair of facets. 
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Such an experiment sliould be attempted only in a state of 

conjplcce sobriety. The double refraction of zircon and 

olivine, as well as of benitoice and cassiteritc, is so strong 

that a rending glass is sufficient to show ic, and the doubling 

in sphene can be seen with the naked eye. 

A simple test for double refraction, which U perhaps the 

most satisfactory way to distinguish zircon from diamond, 

requires only sunshine and a card with a small hole pierced 

in ic. Holding the card between the sun and the stone 

permits the narrow beam of sunlight that comes through 

the opening to be doubly refracted by the gem and thrown 

back onto the card as a group of double spots; Ic is proved 

chat the gem does not belong to the isometric system and 

cannot be a diamond. 

One precaution is necessary. Gems of the tetragonal 

and hexagonal systems arc uniaxial (Fig, 44). having one 

direction in which the light is not doubly refracted; this 

direction is called the cptic axis and must be avoided in 

making the examination, because it will cause the gem to 

seem to be amorphous or isometric. Gems of the three 

remaining crystal systems—orthorhombic, monoclinic, rri- 

clinic-arc biaxial (Fig. 45), having two such directions of 

single refraction and thus having two optic axes. A gem 

should, therefore, be inspected in more than two directions 

before an opinion is expressed. 

One of the two rays chat form when light enters uniaxial 

crystals (tetragonal and hexagonal)—it may be either the 

slower or faster ray, depending upon the gem—varies in 

speed according to the direcrion in which it happens to 

vibrate, and consequently has a variable refracrive index, 

which reaches a certain limit. Biaxial crystals (orthorhom¬ 

bic, monoclinic, and triclinic) also have two rays traveling 
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through them in any given direction, but these gems are 

much more complex in their optical nature and possess 

three principal refractive indices- 

The amount or strength of double refraction is called 

birtfrmgmce and is measured by the difference benveen 

the largest and smaUesc indices, whether there arc two or 

O0Ue»M» 

Fig. 44 Uniax¬ 
ial Gem 

Fig. 4f Biaxial Gem 

Pessii)le Arrangement of Optic Axes in Gems 

three. For example, quartz has two refractive indices of 

1,54 and 1.55; the birefringence is the difference, O.OJ. 

Amorphous and isometric gems, being singly refractive, 

obviously have no birefringence. 

When a doubly refractive gem is tested on the refrac- 

cometer, the band of light ends in two parallel lines. Tlicse 

may move somewhat on the scale as the scone is turned, 

but their extreme high and low readings correspond to the 

maximum and the minimum values of refractive index. 

The most strongly birefringent gcn)s show, of course, the 

widest separation of the terminal lines. 

Typical values of selected transparent gems are given 

on the following page. 



Birefringence Table 

SpKene 0.12 
C^ssicerice 0.10 
High zircon 0.0^ 
Benitoice 0.0$ 
Darolire. olivine, cpidoce 0.04 
Diopside 0.03 
Tourmaline, spodumenc 0.02 

Chryaoberyl quartz, corundum, 
copDZ> orrhoclase feldspar, beryl 0.01 

Absorption Spectra 

Light that has undergone dispersion can be analyzed by 

one of the most amazing cools of modern science, the spec~ 

tro$cop6- This incredible instrument reveals the particu* 

lar combination of rays absorbed from the original white 

light during its passage through a gem. Each ray is a 

definite parr of the spectrum, and those rays chat are not 

absorbed unite to give the color of the gem. A full normal 

spectrum is seen In a direct-vision spectroscope (Fig. 47) 

when it is pointed merely at a source of light, but. when a 

gem is held between them, dark vertical lines or ribbons 

appear, obscuring certain sections of the spectrum. These 

dbsorptiem bands represent the mys that have been removed 

by the chemicals present as impurities in the gem. Each 

element produces a characteristic arrangement of bands, 

which together conscituce an absorption spectrum. Two 

gems of apparently the same color may absorb light dif¬ 

ferently because they are composed of entirely different 

chemical combinations. Many a gem has its own dis¬ 

tinctive absorption spectrum, which, in addition to fxirnish- 
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ing valuable knowledge about c]ic cause of color in the 

gem, is also useful in its identification. 

Fig. 46 Fcrrogfjiphic Alicroscopc Fig. 47 Direct-Vision 

Spectroscopes 

Optical Instruments for Identifying Gems 

(Bauscli fthd LanU.] 

For several important gems tlic absorption spccrnini is 

particularly useful. Zircon shows rlirougli the spectro¬ 

scope a multitude of sharp bands that conclusivelv label 

any specimen. Ruby is rather fickle; its band juav be 
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eiclier dark or light, dejiending upon the source of light, 

buc it is always in the sanie place. The bands for emerald 

serve to differentiate it from all substitutes. Almandite 

garnet was, with zircon, the first gem to be observed with 

a spectroscope and still is one of the best to be tested in 

this way, The mystifying change of color seen in alcx- 

andrite““an emerald by day, an amethyst by night”—is 

explained by its absorption spectrum, which shows a chro¬ 

mium compound having delicately different powers of 

absorption that vary according to the kind of illumina¬ 

tion. 

Dichroism 

We have already remarked that the color of a gem is in 

reality s combination of all the hues chat are not removed 

from the original white light in its passage through the gem. 

Each of the two rays produced by doubly refractive gems 

not only is refracted differently from the other and ac- 

<^ulres a different velocity, but also is usually absorbed to 

a different extent and has a different color- This twin- 

color effect is known as dichroism, as the word itself 

indicates. 

The complex biaxial gems (those belonging to the ortho¬ 

rhombic, monoclinic, and triclinic systems) possess three 

main color directions, corresponding to the three principal 

refractive indices, but only two colors can be observed at 

a time. 

A few strongly dichroic gems, especially kunzirc and 

tourmaline, may show a change in color as they are turned 

in various directions. Even weakly dichroic gems are en¬ 

hanced in beauty by the subtle gleams of color glowing 
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and mingling mysteriously in their depths. To reveal the 

twin colors of most gems with certainty, however, m in¬ 

expensive instrument called 2 dicbroscope (Fig. 4^?) is 

required. It consists of a short tube having a round open¬ 

ing at one end and a square opening at the opposite end. 

Between the ends is fitted a piece of the clear variety 0/ 

calcice known as Iceland spar; a magnifying lens may be 

added to enlarge the image. Through the round hole the 

Fig, 48 Section Through a Dichroscope 

observer looks at a gem held beyond the square opening. 

l‘he great doubly refractive power of calcice (Fig. 4J) 

makes this square appear as if it were two squares side by 

side and intensifies the original double refraction of the 

gem. Each of the two rays emerging from the gem is 

seen in a separate frame. Viewing the twin colors next 

CO each other thus simplifies the comparison. 

The colors should change places slowly as the dichro¬ 

scope is rotated, and any diifercncc between them, no 

matter how slight, is evidence that the gem is doubly re¬ 

fractive and therefore cannot be amorphous or belong to 

the isometric crystal system. The reverse is not true, liow- 

ever, because not all doubly refractive gcnis show dichro- 

ism. A few, particularly zircons of colors other than blue, 

are so feebly dichroic chat a good imagination is required 

10 sec the effect- Obviously, also, since this is a test involv- 
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ing color, no colorless gem can be dichroic. Trying to 

find dichroism in a colorless stone would be like looking 

/or a white rabbit hiding in a snowdrift. In addition, 

examination must be made in more than two directions 

through a gem, because there is no double refraction and 

consequently no dichroism along an optic axis (Figs. 44 

and 45). 
This ‘*magic eye” is of the utmost value in gemology, 

separating many stones whose blending of colors gives 

them the same superficial appearance. In 1907 some blue 

stones chat looked like sapphires were discovered to be a 

new kind of gem, and even an entirely new mineral, now 

called benicoite, because a California jeweler citanced to 

hold tliem in front of a dichroscopc, which showed liim 

a blue square and a white one, a combination never seen in 

sapphire. 

Among the more important gems, ruby may be unfail> 

ingly identified by its distinct twin colors, yellowish red 

and purplish red, whereas red spinel and garnet (being 

isometric) and red glass (being amorphous) show no di¬ 

chroism fit all- Similarly, blue sapphire can be cold imme¬ 

diately from blue spinel or glass, and emerald can be 

discing uisl^ed easily from demantoid, the green garnet, 

Precise dichroic effects are difficult to describe, and they 

vary considerably with the hue of the gem itself, so that 

a table of dichroism would be useful merely as a him. 

The appearance of the colors themselves becomes familiar 

only with experience. It must be remembered tliat, ex¬ 

cept for stray interference from outside light, even the 

faintest difference between the two colors proves dichro¬ 

ism and double refraction, 
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Poiarizadon 

PoJarked HgM has become a household commodify in 

America chiefly through chc widespread use of sun glasses 

made from Polaroid Film. This artificial marcrbl, com¬ 

posed of synthetic oi^nic crystals embedded iii parallel 

orientation in a plastic sheet, produces cheaply and con¬ 

veniently the san^e effects of polarixation that occur in 

minerals. The features of polarized ligl^c that pertain to 

gems have already been discussed under different headings, 

Fig. 49 Light Polarized by a Gem Crystal 

but popular interest in tlus fascinaring subject makes it 

worth while to mention briefly the relationship between 

polarization and some of the other properties of gems- 

Ofdinary light vibrates in every direaion at right angles 

CO the path in which it is traveling foi^vard, as shown at 

the left of Fig. 49. These vibration directions may be 

likened to the spokes of a wagon wheel, although there Is 

no limit to their number; the a^tlc corresponds to the ad¬ 

vancing path of chc light my itself. Polarized light, on 

the other hand, vibrates in only one direction, comparable 

to a single spoke on each of the opposite sides of the hub, 

making a straight line at right angles to the moving ray of 

light. (See Fig. 49.) 

Part of ordinary light becomes polarized when it is re¬ 

flected from the polished surface of a gem, the amount 
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depending upon che angle at which it strikes. Pan of the 

light chat enters a singly refractive gem—one that is amor¬ 

phous or isometric—is also polarized. AM the light chat 

enters a doubly refractive gem, however, is completely 

polarized, except along an optic axis; each of the two rays 

created by double refraction vibrates almost perpendicu¬ 

larly to the other. 

It is this individual restriction of the vibration directions 

chat makes each ray of a doubly refractive gem so dis¬ 

tinct in its action and so useful in the identiiicacion of gems. 

When either of the rays is extinguished or obscured, che 

other predominates. A plate cut from tourmaline absorbs 

one of the polarized rays and permits only the ocher to 

pass tlirough. If two such plates are “crossed," that is, 

held together, one lengthwise and the ocher sideways, as 

shown in Fig. 49, the first place will pass the light chat 

vibrates in its own lengthwise direction, but the second 

plate, being set in opposition, will scop the light. This 

striking phenomenon is shown in Fig. 50. A complete 

rotation of either place brings alternating darkness and 

light four times. A doubly refractive gem rotated 

between the plates also causes this “extinction" (as the 

portions of darkness are called) to cake place. Singly 

refractive gems present a dark field In all positions. 

A lone plate of tourmaline rotated behind a dichroic 

gem makes the twin colors alternate. Except that it does 

not absorb one of che polarized rays, but transmits both 

of them, calcite acts much like tourmaline. Do you recall 

now the change in color that occurs four times during 

rotation of a dichroscope? A section of calcitc is called a 

fiicol prism when used to polarize light in a microscope. 

Disks of Polaroid Film (Fig. 50) have the same effect and 
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are a less costly substitute for a natural mineral. A diehro- 

scope is superior for viewing rKc dicliroisju of gems, how- 

ever, because it show's the twin colors simultancousiy 

(Fjg. 48), no rotation being necessary to produce a cliange 
in color. 

i*ig. 3u i'niflroid film m Crowed l^osition 

The vibrecion Jircctltins ii\ the tuo disks are nt ri|fhc nngln m each 

oriicr. Any light that passes through clK (irst disk Is ahsorlivd bv the 
second. (Pdaroid Corp.] 

We have seen chat both rays of doubly refractive gems 

are polarized and travel in different dircccitms, vibrating 

about at right angles to each otlter. I*!ach vibration direc¬ 

tion has a different color absorption, producing dichroism. 

From these facts conies the need for the skillful cutting 

of many gems to yield the best color. The cop facet of 
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a cut ruby should be parallel ro the top face of the ruby 

crystal for chc stone co show the richest possible color. 

Tourmaline, on the contrary, is usually too dark in that 

orientation, and a more desirable color is obtained by cut¬ 

ting the cop facet to correspond co a side face of the 

crysraL 

Unusual Effects 

A number of gems are so dbtinctive in their optical 

effects chat descriptions are entirely inadequate to do chein 

justice. To quote the classified ads, they “must be seen 

ro be appreciated.” Once seen, such gems can never be 

forgotten, and their recognition becomes largely a matter 

of having a typical specimen. 

These unusual phenomena are further discussed, together 

with an explanation of rheir cause, in later chapters, under 

the descriptions of the individual gems. 

Tl’ie refiection of light from enclosed substances ar¬ 

ranged in certain crystal directions within a gem gives 

rise to asterisvt-nys of light extend in starlilcc fashion 

across the rounded surface. Scar ruby and star sapphire 

are chc best-known examples, chough the same property 

is also seen in some ocher gems, especially garnet and rose 

quarta. 

A parallel alignment of mineral fibers causes the related 

condition of cbatoyancy, which is conspicuously seen as 

a band of light in such gems as catVeye (both the chryso- 

beryl and quarts varieties), tiger’s-eye, and hawk’s-eye. 

More spectacular even chan these arc the effects chat 

come from the mterference of light. The magnificent 

play of pure color that is the splendor of opal, chc vivid 
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sheets of color tliat sweep across cfie face of labradoritc, 

and rhe charming blue sheen of moonstone are alike caused 

by the conflict of light rays which mingle as they are 

reflected from chin filnis and crystal plates within the gem 

and near its surface. 

Luminescence 

The amazing effcas of ultraviolet light, transforming a 

mineral cabinet into a fairyland of color, arc among the 

interesting studies of modem gcmology. The meaning of 

luminescence, fluorescence, and phosphorescence—their ori* 

gin, description, and value in helping to recognize gems— 

are discussed in Chapter 8. 

PHYSICAL PROPERTIKS OF OF,MS 

As explained previously, a consideration of the physical 

properties of gems n)ay include those that are optical in 

nature or optical properties niay be given separately. The 

second procedure has been followed in this book, and the 

purely physical properties that do not deal with light will 

be presented next. 

Wciglu and Specific Gravity 

Gems are usually weighed in carats. Before the uni¬ 

versal adoption of the metric carat, which was legalized in 

the United States in 1913, the unit of weight used by geni 

dealers varied from country to country- A carat was 

originally the weight of a seed of the carob or locust tree, 

native to the Mediterranean region. (The word is 
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quite different nnd refers to tlie purity of gold alloy.) The 

present carat equals one-lifth of a gram, and about 150 

carats are equivalent to an ounce. Each carat is divided 

into 100 parts called points, as a dollar is divided into 100 

cents- Gems of lesser value may be sold by the gram, 

pennyweight, or ounce, or occasionally in larger units. 

Some cut scones are priced according to size, measured in 

millimeters or inches. Pearls, on the other hand, are sold 

by the pearl grain, four of which are required to make a 

carat. 

Those who handle genis soon recognize that some gems 

weigh more than others that have apparently the same size. 

A one*carar diamond is too large to he in a ring mounting 

prepared for a one-carat zircon. To express it another way, 

a diamond and a zircon of the same dimensions have dif¬ 

ferent weights. A zircon simply is heavier than a diamond 

with the same external measurements^ zircon is denser or 

(as we say) has a greater specific gravity, meaning that it 

weighs more than an equal volume of diamond. This is 

due mostly to the fact that the elemcnrs of which zircon 

is com}wscd (zirconium, oxygen, and silicon) have greater 

atomic weights than the single element (carbon) in 

diamond. 
Complicated measurements or special equipment would 

be necessary to determine the volume of a gem, but when 

all gems are compared in density with water, the actual 

procedure for the determination of specific gravity be¬ 

comes a fairly easy matter. Because most gems arc pure 

substances, their specific gravity is quite constant. Cdcu- 

lating it provides a good way to distinguish between gems 

that have the same appearance. Tliey may be of any size 

or shape, rough or cue, as long as they are unset. 
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A cubic centimeter of cold water weighs a gram, All 

gems are heavier than water, but they weigh less when 

suspended in water than they do in air, as a swimmer 

weighs less under the same circunistanccs, because he has 

displaced his own volume of water and is buoyed up by 

a force equal to the weight of the water chat he displaces. 

The amount by wliicli the gem decreases in weight is 

equal to the weight of the displaced water and indicates 

its relative density. The formula to be used involves two 

weighings; the weight of the scone in air is divided by 

the loss of weight in water, The specific gravity of dia¬ 

mond is 3.52| chat is, it ^vcigl‘ls a little over three and one- 

half times as much as the same volume of water. For this 

test the gem may be held in a coiled wire hung from a 

jeweler's balance. Specific gravity apparatus can be pur¬ 

chased if desired but home-made equipment is usually 
adequate. 

Heavy liquids arc often more convenient than scales. 

They make use of the principle chat a gem will remain 

suspended in a liquid of the same density, will sink in a 

lighter liquid, and will fioat in a heavier one. Several 

chemicals arc available for this purpose; bromoform, 

methylene iodide, and Clcrici’s solution arc most often 

used. The simpler test of this kind requires only a glass 

of strong salt water in which amber and other natural 

resins float, whereas their plastic imitations (such as bake- 

lice) drop to the bottom. By mixing several liquids, a 

diffunov colwm, which becomes heavier toward the lower 

part, can be prepared; a number of gems can be suspended 

in it at the same time, resting at different levels according 

to their specific gravities. Known gems called indicators 

may be used for comparison. Porous gems, including opal, 
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specific Gravity Table 

Cassitwife 7.00h5.80 

Hematite 5.15-4.95 

Pyritc 5.02-4.84 

High aircon 4.72-4.68 

Spessartite gsirnec 4.20-4.12 

Almandice garnet 4,20-3.90 

Low zircon 4.10-3.94 

Corundunt 4.01-3.99 

Spinel 3.98-3.58 

Andradirc garnet 3.86-3.82 

Pyrope garnet 3.82-3.68 

Grossularite garnet 3.80-3.60 

a'lrysobcryl 3.72-3.70 

Topaz 3,58-3.50 

Diamond 3.53-3.51 

Olivine 3,50-3.32 

Jadeite jade 3.36-3.30 

Spodumenc 3.23-3.17 

Fluorite 3.18 

Tourmaline 3.12-3.00 

Nephrite jade 3.02-2.90 

Lapis lazuli . 2,90-2.70 

Beryl 2.85-2.65 

Turquoise 2.85-2.60 

Quartz 2.65 

Orthoclase feldspar 2.57-2,55 

Obsidian 2.47-2-33 

Opal 2.20-2,00 

j« J.34-1.30 

Amber 1,09-1.05 
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turquoise, and pearl, should noc be immereed in strong 

chemicals, and this test is not suitable for them. 

Amber is the lightest gem; hematite and cassiteritc are 

the heaviest, though zircon has the highest specific gravity 

of the major precious stones. Frequent lifting of gems, 

small though they arc, gives one a surprising ability to 

identify many of them by this property alone. Typical 

values, with the range taken from G. F. Hcrbcn Smith’s 

Gefftstoves, arc given on page 54. 

Cohesion 

The ocher essential anribute besides beauty and rarity 

that gives a substance value as a gem is durabHity^thc ca> 

pacicy for standing up under the effect of abrasion, impact, 

and chemical action. Beauty, in other words, must be ns 

]>ermanenc as possible. A few gcim are always popular 

in spite of their lack of durability because their color is so 

pleasing. The two physical properties which determine 

the durability of a stone are Jjsrdntst and touglmess. Tlicsc 

are often confused even by lapidaries. Hardness, as will 

be explained, is simply resistance to scratching; toughness 

or tenacity is resistance to breakage, either by cleavage, 

parting, or fracture. The property that combines both 

hardness and toughness is called cohesion, which is the 

force of electrical attraction tliat resists separation of the 

atoms and the ions. 

Hardness 

Hardness contributes greatly to the beauty of a gem, 

as well as to its durability. The brilliant luster that is so 
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actractive a fearujre of diamond is largely made possible 

by the permanent polish that can be given to the scone. 

As everyone knows, diamond is the hardest of all sub¬ 

stances and will scratch anything else. Designating dia¬ 

mond at one extreme as number 10, and the softest 

mineral, talc, at the other as number 1, a mineralogist 

named Frederich Mohs over a century ago proposed the 

scale of hardness still in common use. Here it is: 

10 Diamond 

9 Corundum 

8 Topaz 

7 Quartz 

6 Feldspar 

5 Apatite 

4 Fluorite 

1 Calcicc 

2 Gypsum 

I Talc 

This scale is often misunderstood; it indicates the rank 

of hardness but not the amount of hardness. The tenth 

scone (diamond) is not twice as hard as the 6fth (apatite), 

nor is number 9 (corundum) chree times as hard ns number 

3 (calcice). In fact, the difference between diamond (10) 

and corundum (9) is far greater than the interval between 

corundum and the bottom of the series. \Vhar the cable 

means is that a mineral will scratch any other listed below 

ic, and will in turn be scratched by all those above it. 

Number 7, quartz, marks a natural division between rhe 

harder and sofeer gems, because the dust and grit in the 

air contain countless particles of sand, which is pulver¬ 

ized quartz. Thus stones softer than number 7 will be¬ 

come dull with daily wear, losing their luster and their 

splendor, though opaque stones do not show the effect as 

conspicuously as transparent ones. It is desirable to re¬ 

member, however, chat the surface of most gems can be 

inexpensively restored by repolishing. The softer stones 
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arc quite satisfactory for neck and brooch umamcncs since 

these are not subject to frequent abrasion. As contrasted 

both with natural stones and with their synthetic counter¬ 

parts (which arc very hard), the chief objection to glass 

imitations has always been the ease with which they be¬ 

come scratched and rounded after a little wear. 

The hardness of crystalline gems varies with the crystal 

direction. In most stones these variations are of little con¬ 

sequence. One geni, kyanire, is so amazingly constituted 

that it can be scratched by a knife along the “grain'' but 

not across it. The hardness of diamond depends upon the 

distance between the carbon atoms (the atomic structure 

is shown in Fig. 1), and study has shown the easiest direc¬ 

tion for cutting to be parallel to a crystallographic a:ds. 

Inasmuch as each cube face is parallel to two axes, facets 

that are cut in that direction yield most readily; octahedron 

faces are equally inclined to all rhree of tlie axes but arc 

parallel to none and so present the greatest opposition. 

Any difference in hardness ainong diamonds from dif¬ 

ferent localities, especially Australia and Borneo (as stated 

by cuners), seems to be due to twinning or other irregu¬ 

larities in the structure rather than to variations in the 

actual diamond substance. 

The hardness of practically all the gems except kyanite 

is characterized by its essential constancy; hence hardness 

would be one of the most useful tests for determining the 

identity of a gem except for the fatal drawback that a 

scratch may harm a cut gem, perhaps even setting up 

stresses that will eventually cause it to split. An imitation 

stone, attractive though it may be, is especially likely to 

become disfigured, and other tests ha\'e largely superseded 

the one for hardness. If the test is necessary, however, 
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Hardness Table 

Diamond 10 

Corundum 9 

Chrysoberyl 8H 
Topaz, spinel 8 

Beryl, nlmandite garnet 
High zircon, pyrope garnet, grossu- 

larice garnet, spessarciie garnet 

Quartz, coumialine, jadeice jade 7 

Andradite garnet, olivine, nephrite 
jade, spodxtmene 

Opal 
Feldspar, turquoise, low fjrcon 6 

Lapis lazuli 5W 
Sphene, apatite, variscice, ohsidinn 5 

Fluorite, malachite 4 

Coral 
Pearl, splialeriK m 
Jet 3 

Amber 2% 
Gypsum 1 

the lease conspicuous place on the gem should be selected; 

this is usually the widest part, called the "girdle/’ which 

can be covered later by the mounting, Care should be 

taken also to avoid mistaking the scratch from a harder 

substance for the powder left by a softer one. It is safer 

to use the unknown gen: to scratch the other. Note 

should be made of the ease with which the scratch is se¬ 

cured; diamond, for instance, will gouge a ragged hole in 

a fragment of glass, whereas some other gem may produce 

only a fine line. Rough gems and crystals are quite ap¬ 

propriately rested for hardness, and for rhis purpose a set 
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of standard mineraJ fragments, known as hardness points, 

may be advantageously used. Convenient approximations 

for hardness are made with the finger nail (2^ in the 

scale), a copper cent (3), a piece of window glass (5H), 

a knife blade (d), and a steel file (634). 

The hardness of most of the important gems is given in 
the cable on page 58. 

Qcavage 

The infinitesimally small particles of wl^ich gem crystals 

are built are arranged in definite layers in three dimensions 

and are held together in their specific structural pattern or 

'‘lattice” by electrical attraction. A\'hcfc the cohesion be¬ 

tween laycn is weakest, tl« stone under pressure or a blow 

will split in regular directions along its "grain”—this split¬ 

ting is known as cleavage. In genis it can occur only in 

those that are crystalline minerals. Cleavage planes arc 

always parallel to possible faces of the crystal; if such 

faces arc not actually present, at least they may exist on 

some ether crystal of the same species. Cleavage is often 

recognised by step)ike chips on the surface of a gem or by 

parallel cracks in the interior. Even the kind of cleavage 

may sometimes be determined from the shape of these 

cracks. 

Cleavage is described according to its quality and its 

direction. Thus “perfect octahedral” cleavage (typical of 

diamond and fiucrite) is parallel to the octahedron faces 

in the isometric system and gives smooth, bright surfaces 

witli facility. Again, “indistinct prismatic” cleavage yields 

an uneven surface roughly parallel to a prism face. After 

one becomes familiar with the “habits,” or common forms, 
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of crystals, he may sometimes recognize them in cut gems 

from the angles made by cleavage cracks. 

The ready cleavage in diamond is utilized foe splitting 

the crystal into convenient pieces for cutting, (See Fig. 

d3.) Topaz has a xemarkable cleavage parallel to the base 

of the crystal, so chat it can be split into thin plates more 

easily chan a loaf of bread can be sliced. Kunzice (the lilac 

variety of spodumene) is exceedingly fragile because of irs 

delicate cleavage in two directions; cutting a £nished gem 

is a real triumph of the lapidary’s arc. Feldspar also cleaves 

in two directions almost at right angles to each ocher. 

Panin g 

A sort of ’'false cleavage” is known as parting, and is 

usually due to minute secondary twinning. It is especially 

evident in corundum, which has a tendency to split in two 

directions, one of which is parallel to the base of the ruby 

or sapphire crystal, the ocher being inclined in a rhombo* 

hedral plane. Corundum separates, however, only in cer¬ 

tain layers at definite intervals. This behavior distinguishes 

parting from true cleavage, which would take place along 

every layer in such directions. 

Fracture 

Amorphous gems have no cleavage and can break only 

with a fracture, which consequently has no regular direc¬ 

tion. Crystalline gems may have both cleavage and frac- 

ture» although a strong cleavage tends to predominate over 

a possible fracture. Emerald is a conspicuous exception 

60 



because it fraaurcs without difficulty but docs not or¬ 

dinarily cleave, 

Fracture is described according to its appearance. The 

most distinctive variety in genis is concboldal (Fig. 51), 

meaning shell*like, resembling the concentric arcs on shells 

and chipped glass. Quartz is characterized by this kind of 

Fig. 51 Cnnchoidfll Fracture in Obsidian 

(Proni l.un|fwc!l«Kn(>}if.r]hK Omlinet of Phytical Qooioty, 2iicl 

edition, cnpyHgbc l^l.l 

fracture. Ocher fracture surfaces arc called splmtery^ 

tmeven, and €ven. 

The difference between hardness (resistance to scratch¬ 

ing) and toughness or tenacity (resistance to breakage) is 

shown by a number of hard scones, such as topaz and 

emerald, which are fragile and will shatter if struck. Most 

zircons (especially the popular blue, colorless, and golden 

ones), though reasonably hard, are brittle as a consequence 

of the heat treatment given to improve their color, and 

hence they have an unfortunate disposition to chip around 

the edges. 
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In contrast to gems that are rather casDy cleaved or 

fractured, there are some that are tough in all respects. 

Jade is no harder than quartz, yet, because of its inarced 

struccurei a slab of it can be hurled against a wood floor 

without damage. 

Electricity 

The word electricity comes from the Greek word for 

amber, which the Greeks called elekiron. The ability of 

amber after being rubbed to attract light fragments of 

material was noticed as early as 600 b.c. Other gems also 

develop enough static electricity by friction to catch small 

bits of paper. Diamond, tourmaline, and topaz show well 

this interesting property. Most gems must be polished 

in order to exhibit positive frictional electricity; diamond 

is practically the only exception and is positive whether 

rough or cut. Gems, e.xcepc the few metallic ones, are 

nonconductors of electricity. 

Tourmaline was brought to the attention of the Western 

world when some Dutch children found that the sun- 

heated stones attract and repel ashes and straws. Tour- 

nmline was thus found to develop positive and negative 

electricity at opposite ends. The poles reverse them¬ 

selves when the stone cools. Some jewelers have noticed 

chat tourmaline jewelry displayed in warm windows be¬ 

comes dustier tlian other kinds; this pyroelectricity is the 

reason. 

Similar “polar" electricity is called piezoelectricity when 

the accompanying change in volunie is caused by pressure 

instead of heat. Tourmaline crystals are used in sub- 
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marines to register depth electrically because of their sen- 
sitiviry to slight changes in pressure. 

Reversing the procedure by the application of an alter¬ 
nating current of electricity to tourmaline causes it to 
change volume with such rajadity that it vibrates at high 
frequency. When the current corresponds to the natural 
frequency of the mineral, the vibration is greatly magni¬ 
fied. Plates of quarts, properly oriented and cut to proper 

thickness, vibrate with remarkable constancy. They are 
employed to maintain the wavelength of radio broadcasts. 

The variety and extent of their use for frequency ctnitrol 
in electronics underwent a phenomenal growth during the 

war 

Feel 

An extremely delicate sense of touch is required to iden¬ 

tify a gcin by its texture. However, several of the min¬ 
erals commonly used in carvings as substitutes for jade 
can be rccogni7.ed in this manner. Steatite (soapstone) 
and agalmatolite arc the best known; their softness causes 
them to feel soapy. Topaz seems to sonic persons to have 
a distinctive slippery feel which they ascribe to its won¬ 

derful polish. 

Heat 

Heat may be considered physical or chemical in effect 
—physical, when variations in temperature cause expan¬ 
sion and contraction which lead to breakage; and chemical, 
when some change occurs in the composition of the sub- 



scaflce. Excessive heat will damage many gems by enlarg¬ 

ing flaws or even creating them. Ac ocher rimes the color 

may be temporarily or permanently altered. 

Opal contains a considerable amount of water and will 

crack as it dries; desiccation may be prevented by keeping 

it covered with a thin film of olive oil. Jewelers in dry 

climates, as in the American West, arc familiar with this 

useful su^esrion, and some of the flnesr opals ever sold 

in this country have been kept in oil swathes. 

Tests involving heat are, for obvious reasons> even more 

limited than chemical tests in their application to gems. 

Tlic blowpipe tests that are widely used in determinative 

mineralogy are suitable only for fragments. There are 

two gems, however, chat may in uncut form be partly iden- 

rifled by the use of a simple flame. A rough piece of jet 

may be tested by holding an edge of it in the flame, which 

it makes sooty. Amber under the same conditions gives 

off an aromatic odor, as do several of its chief natural sub¬ 

stitutes, though not the plastic imitations. 

Minor Properties 

Occasionally other properties besides those already dis¬ 

cussed arc of value in recognizing gems. Some of them 

occur rarely, but when observed they indicate with cer¬ 

tainty the identity of the gcm. Almost every precious 

scone has some characteristic that usually becomes familiar 

only after much experience in handling gems. Many such 

peculiarities represent delicately balanced combinations of 

optical properties. Others are structural or are due to the 

enclosure of foreign materials. The descriptions of indi- 
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vidual gems in subsequent chapters of this book tell how 

their discincrivc appearance is an aid to easier recognition. 

OCCURRENCE OF GEMS 

Gems, like people, arc known by the company they 

keep—and the homes they live in. So typical are the rock 

and mineral associates of some gems that the discovery of 

one of them invites a thorough search for the others. In 

1870 the first diamond ever found in its original rock was 

discovered, and an ancient continent came to life again, 

because a man named DeKlerk noticed some garnet pebbles 

in a dusty South African stream bed and knew that the 

ru'o genis are often found together. Suites of mlneralsi 

called satflliteSf accompany diamond in each of its locali* 

ties. In river dep<jsirs they are sometimes referred to as 

banwtit. Some of tlie nuneruls are thcnkselvcs gemstones. 

Pyrope garnet, olivine, diopsidc, and xircon occur with 

diamond in the African pipes, and agate and olivine are 

typical of the screaiii deposits. Quartz, garnet, tourmaline, 

zircon, and corundum are found in the Brazilian diamond 

fields, where they arc called ftfwr. 

Gems are formed in a variety of ways. Their history 

is a dramatic chapter of earth lore. To the creation of a 

mountain range, the eruption of a volcano, the bubbling 

of a hot spring, the flow of lava, the burial of a forest, 

even the crash of a shooting scar—to each of these geo¬ 

logic events, and to others as well, gems owe their ex¬ 

istence. Some modes of occurrence arc, of course, more 

important than others. A knowledge of the types of rock 

in which a given gem is found often as^ts in recognizing 

it. The history of gem mining bears out Sydney H. Ball's 
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observation that *‘gem discovery has progressively become 

less a matter of chance and more a result of trained tech< 

nique." 

Three main kinds of rock—igneous, sedinjentary, and 

metamofphie—together constitute the outer part of the 

earth, called its crust. 

Igneous rocks are formed by the cooling and solidi£ca- 

fion of viagfi/Sy which is a hot solution of liquid and gas- 

Wlien magma remains buried deep within the euith it loses 

heat slowly, and crystals are given sufficient time to grow 

to n visible size. On the contrary, when magma does not 

harden until it is close to the surface, or until it actually 

flows out upon the ground as lava, it cools too rapidly to 

yield conspicuous mineral grains; the £nal rock may be 

merely a natural glass such as obsidian. In either event 

the precise name of the rock produced depends upon its 

mineral and chemical composition, texture, color, and still 

ocher factors. 

Kimberlite, the diamond-bearing rock of the South Afri¬ 

can volcanoes, is referred to as a basic igneous rock because 

it contains no quartz, Acid igneous rocks, on the orher 

hand, contain specimens of quartz, enough surplus silica 

having been present to crystallize by itself. 

In connection with deeply formed igneous rocks are 

pegfnatites. To avoid confusion over the exact technical 

meaning, which has never been entirely agreed upon, it is 

adequate to say that pegmatites are the rocks (usually re¬ 

lated to granite) that are noteworthy for their coarse 

texture and large crysrals. They are probably the last 

part of a molten mass to solidify and they retain to the 

end considerable amounts of steam and ocher gases. When 

such rocks have penetrated cracks in adjacent rocks they 
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are known as pegmatite dikes or veins. Many rare min- 

craJs, including a wide variety of the most interesting 

gems, are found in p^maciccs. For sonic gems, including 

rose quartz, moonstone, and smoky quartz, pegmatites arc 

the only original source; for others, such as spodumenc, 

they arc the only important source. Because thick veins 

of white quartz often indicate the proximity of pegma¬ 

tites, to which they are related, their existence should be 

noted at least with curiosity. 

Even deeply buried rocks are at last uncovered by the 
forces of erosion. Sedhnentary rocks, the second chief 

type of rock, are secondary in origin, having been derived 

from the decay and disintegration of earlier rocks. The 

weathered particles are carried by wind and glaciers, but 

mostly by screams, and depcsired in layers. These sedi¬ 

ments may settle out because of their weight, or they may 

be chemically precipitated out of solution. 

Igneous or sedimentary rocks char have been consid¬ 

erably altered by heat, chemical reaction, or pressure be¬ 

come 7freta7norphic rocks, the third main kind of rock. 

These may in turn become sedimentary rocks by being 

broken down, carried away, and redeposited. Garnet, 

lapis lazuli, and jade are among the typical mctamorphic 

gems. 

Gems may be found in the rocks in which they were 

formed. The rocks must be mined to recover the precious 

contents. Diamond pipes, emerald veins, jade quarries, 

and pegmatites are examples. 

^^’hcn gems arc washed out of their native rock and 

transported by streams, their durability preserves them 

until they eventually come to rest, together with metals and 

other heavy minerals, as placers or gravel deposits. Such 
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sedimentary deposits usually yield gems with less cost and 

danger of breakage than hard rocks. Placers also have the 

advantage of high concentration, which makes them more 

prohrable to operate. The rich and varied gem gravels of 

Fig. 52 I.flige Geode Lined with Gem Crysifils 

[Ward’s N&iurtI Science luteblistiment.l 

Ceylon, the alluvial diamond beds of Africa, and the sap¬ 

phire fields along the Missouri River in Montana are typical 

Ocean waters have concentrated amber along the shore of 

the Baltic Sea and diamonds on the west coast of Africa. 

erodes (Fig. 52) arc cavities, caves, or hollow rocks 

lined witli minerals, including quartz, opal, and chalcedony. 



which have settled ouc of solution. The myriad 0/ small 

bright crystals nestling among larger ones aptly fit John 

Ruskin’s description of “courtier crystals glittering in at¬ 

tendance upon others.’’ 

The evaporation of hot silica waters, such as flow from 

some springs, may leave gelacinliUe material in the form of 

opal or chalcedony. Descending rather than rising mineral 

waters deposit turquoise in cracks in rock. Amber and 

jet, both gems of vegetable origin, are found in ancient 

sedimentary beds, where they were imprisoned for future 

ages. 
A number of gcitk minerals, especially olivine and dia¬ 

mond, come to the canh in meteorites. 

Climate plays a part in the occurrence of some gems. 

Turquoise may be looked for profitably only in dry re¬ 

gions, close to the surface of the grovind. Olivine is so 

readily altered under atmospheric conditions that it is 

found only in fresh rock or as residual grains in desert 

country. Coral is notoriously sensitive to its environment, 

and water of constant temperature is requisite to its growth. 

The other gems of organic origin are also dependent on 

the factors that govern the growth of living things. 
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Chapter 3 

Faceted (ieni^ 

John Ruskin expressed the point of view of the purist, 

and of the mineralogist as well, when he disapproved of 

disfiguring any crystal by subjecting it to the catting and 

polishing process. But rare is the gem that cannot, for 

jewelry purposes, be improved in beauty through adequate 

lapidary treatment. 

Pearl and staurolitc are the only gems, in fact, chat are 

worn in their natural state; however, the former is usually 

pierced for stringing into beads and the latter for hanging 

on a chain. Thus the arc of the lapidary is involved in 

some manner in the use of all gems. This arc at times be> 

comes ft science, dependent upon mathematical relation* 

ships which only secondarily have aesthetic significance. 

In certain respects, moreover, the value of gems is 

largely determined by the perfection of their cutting. 

Poor work may ruin the finest scone, whereas skillful exe¬ 

cution shows many inherent possibilities to best advantage. 

Gen)s are classified in this book according to the style 

of cutting—ffleer or cabochon—to which they are most 

suited. Faceted gewr, discussed in this chapter, are char¬ 

acterized by smooth flat surfaces or facets (from the 
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French word meaning “little face'’). Cabo chon gc^ns 

(from the Latin word caput meaning "head”) have 

rounded surfaces of varying degrees of curvature; the 

extension of the surfaces completely around a scone forms 

a bead. Combinations of bocl^ plane and rounded surfaces 

are also known. There are, in addition, carved and en¬ 

graved stones fashioned as cameos, spheres, omaincnrs, and 

many other fonns. Examples of the ingenuity chat even 

an amateur lapidary may display are shown in Fig. 53. 

Almost every gem appears in both major types of design. 

In general, transparent gems, whose beauty lies in their 

clearness, brilliancy, and fire, arc selected for faceting, for 

only in this way arc the desired properties fully revealed. 

The cabochon cuts, on the contrary, are more effective 

for opaque or translucent gems which have a pleasant color, 

show interesting mottling or markings, or }X)ssess unusual 

optical effects. 

Ludwig van Berquem, of Flanders, is Siud to have diKov- 

ered in the 15th century the advantages of placing sym¬ 

metrical facets on diamond. Before that time cutters 

limited their cfFt^rcs to covering the surface at random wkh 

many small hat patches, n’ir>stly for the purpose of con¬ 

cealing flaws. For approximately one hundred years, two 

styles of fashioning predonnnated—the diof/rond point, in 

which only the natural faces of the octahedron were pol¬ 

ished, and the tabU cut, a more elaborate pattern also 

adapted from the original form of the crystal. 

The rose cut, developed in a number of outlines, most 

of them with triangular facets, further improved the ap¬ 

pearance of gems. It was regarded as quite satisfactory 

until the close of the 17th century, when X^incenri Pcruxri. 

of Venice, introduced the brillia?it cut, wliich has, with 
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gradual minor changes, remained the standard for diamond 

cutting ever since, It revolutionized the gcin industry 

by bringing out the real beauty of diamond and the bril¬ 

liancy of other gems. At present the brilliant cut has 58 

facets, 33 above the circular “girdle" and 25 below it, 

arranged in 8-fold symmetry. Tlie names of the individual 

facets vary in different countries and languages. This 

style is the only one that has a scicntiHc basis and is fully 

adequate to the optical properties of highly refractive 

stones, Tlie Avteriem cut, fanned originally by Mcnry 

Morse of Boston, is regarded as the most effective modi* 

ficarion. Within the poit few years several firms in the 

United States have publicized, under such names as Multi- 

Facet, Magna-Cur, and King-Cut, the cutting of diamonds 

with numerous additional facets and a polished girdle. 

Wiien the outline of the brilliant cut is altered to meet 

the requirements of modem jewelry such forms as the 

boat-shaped warquhe and the pear-shaped pcnddoqtic arc 

gems arc often cut in a generally square shape 

with a series of parallel facets leadiTig both up and down 

from the girdle. Known as the step, trap, cushion, or 

aneroid cut, this pattern is especially well suited to emerald, 

and many fine diamonds arc cut similarly. Possible vari¬ 

ations yield angular stones that are easily adaptable to 

current castes. These have such descriptive names as ba^ 

gftcfte, trapeze, epaulet, lozenge, and keystone. 

A distinction is made in the gem-cutting industry be¬ 

tween shops that cue diamonds and those chat fashion the 

other stones, since there is a vast difference in the hardness 

of the materials and the skill required. The technique of 

the lapidary, including his machinery, cools, and methods, 
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are explained in the third edition of Th^ An of Gcin Car- 

fw7^ by Dake and Pearl.* Equipment for polishing flat 

surfaces on “slabs" is shown in Fig, 54, and Fig. 55 illus¬ 

trates an adjustable holder for cutting facets. 

The species of gems that arc customarily cut in facet 

Fig. 54 Lapidary Apparatus for Polishing luat Surfaces 

(Uniced Scares National Museum.] 

Style arc described in the rest of this chapter. Their se¬ 

quence follows the arrangement of minerals given in the 

seventh edition of Dana's Systttn of Mineralogy * 

• Mineralogitt ?ubli9h)ng Comptny. Portland, Oregon. IM^. 
^Palache, fierman. and Frondcl, Harvard Univciticy. Published by 

John Wiley and Sons, Inc., New York. Volume I, IW. 
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DINOSAURS TO DYNASTIES: THK STORY OF DIAMOND 

If w^s during the nge of dinosaurs, about 60 miUion 

years ago, that a subterranean drama was enacted which 

was to change the history of the African continent. Ac- 

Fig. SS Mechanical Device for Faceting Gems 
IM. D, TftvIiJr.l 

companied by violent explosions, enormous amounts of 

diamond-bearing volcanic rock were propelled upward, 

perforating the earth, wliich gave way before the irre- 

sisrible force, and shattered rock filled the newly formed 

fissures. Then the vigorous underground aaivity ceased, 
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but through succeeding ages the rain pelted down and the 

wind hurled itself against the ground, untU, at the advent 

of man, all previous landscapes had long since disappeared, 

and in their place was the parched, monotonous African 

veldt, stretching in limitless desolation from rising to set¬ 

ting sun. Neither the natives nor the white man saw any¬ 

thing remarkable about the land, and famis were laid out 

and homes built in the few places where pioneers settled 

with their families. Diamonds to them were merely ex¬ 

pensive baubles worn by the rich—luxuries associated with 

the splendor of the Orient, the refulgence of India, and 

the remoteness of Brazil. Nothing to interest hard¬ 

working Boers, thought they; so on they worked, and 

cleared their ground, and reared their children, and 

despised their English neighbors. 

In 1867, while visiting some friends, Schalk van Nickirk 

was attracted by an unusual stone lying on the f^oor of 

the farmhouse and offered to buy ic. He was laughingly 

told that it was but a child’s plaything picked up in the 

held and that he should take ic with him. Some time later 

the stone was shown to a mineralogist who identified it 

as a diamond worth several thousand dollars. There fol¬ 

lowed eager prospecting for other odd pebbles, but none 

was found for two years, until a shepherd boy discovered 

the magnificent "Scar of South Africa,” which he traded to 

van Niekerk for 500 sheep, 10 oxen, and a horse. It was 

later resold for |I 25,000. 

Now began a wild diamond rush, as frantic and frenzied 

as any search for gold or oil. Ic centered about a number 

of places, first along the rivers and rhen inland where de¬ 

posits were found in solid rock. The richest of these 

fields were the most crowded, and as the digging contin- 
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ued unabated the walls of the mines collapsed with ensuing 

death and terror. Order was finally restored by the action 

of several men who formed a combination by buying up 

the titles of the individual miners; this diamond trust- 

under the leadership of Cecil Rhodes, able successor to a 

long line of British empire builders—became one of the 

most powerful of the world's industrial corporations with 

vast ramifications under the beneficent stewardship of the 

Crown. 

There arc three distinct layers of rock in diamond mines. 

The top stratum is the yeUovf ground, so called from the 

color produced by oxidation, the cause of the decomposi¬ 

tion that renders it cosy to work, Beneath, of varying 

depth, is the bltu ground; it lias undergone partial altera¬ 

tion, weatlicring uniformly throughout, and disintegrates 

upon exposure to air, wind, and rain for about a year and 

frees its gemmy treasure, The blue ground Ls sometimes 

pierced by veins and dikes of lisrdehank, the third and 

least productive layer. The richness of the earth gradually 

diminishes; because the yellow ground has boon depleted 

and the hardebank will not pay expenses, practically all 

the mining is done in the blue ground. 

Shafts are sunk parallel to the pipe (as the neck of the 

former volcano is called; see Fig. S6) and tunnels arc dug 

until they reach rhe pipe. The common operations in¬ 

volved in mining—drifting, stoping, drilling, blasting, slic¬ 

ing-arc used- Piles of rock arc then loaded (Fig. 57) onto 

trucks, each carrying 20 cubic feet, and moved over nar¬ 

row mils to the storage bin, to be transferred later to the 

elevator or “skip” and raised to the top (Fig. 58). 

Although, as mentioned, the blue ground yields its 

minerals after exposure to the weather—and this method of 
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Fig. 58 Washing Plant and Tailings Dump 

Diamond Alining at Diiiuicspan 

[DcBcer&l 



“farming” is used especially during times of depression— 

a more direct operation is available to hasten the day when 

the stones can be placed upon the market. The diamond- 

bearing rock is rolled and cnislied in the jaws of great 

presses; then it is screened through coarse wire nettings 

which successively decrease in size until the material is no 

larger than a walnut- This is put into great circular wash¬ 

ing pans, in which it is revolved and hurled against notched 

barriers which thrust the heavy minerals to the bottom, 

wlulc the water and sand are drawn off through openings 

in the sides. After another scries of screenings, the mate¬ 

rial is taken to the “jiga” or pulsators, in which the heavy 

mincrals-meaning the valuable ones—are forced by plung¬ 

ers (sec Fig. 59) through a layer of gravel which the lighter 

material is unable to penetrate. 

The remaining concentrate is c]«n fed to the grease 

tables (Fig. dO)—slanted, rectangular sheets of metal, cov¬ 

ered with a layer of petroleum jelly, and vibrating from 

side to side. The value of these tables lies in a peculiar 

property of diamond, which adheres immediately to grease 

but is vmtouched by water; as the stones roll down the in¬ 

cline, the diamond crystals are quickly caught, while the 

waste slides by, joining the “tailings” on the dump (Fig- 

58). At intervals the tables are scraped clean and the dia¬ 

monds are released by boiling, to be taken under guard 

to the offices, where they are sorted and graded for sale, 

Only an extremely minute portion of the blue ground finds 

its way here, for the richest nnne ever known yielded at 

depth barely one part of diamond to S million parts of 

rock. 

But a rough diamond is hardly worth going into ecstasies 

about, and the young man who attempted to present one 
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Fig. fiO Grease Table 

Diwnond a die only minersi Mught bv the grease. 

Diamond Concentrating Methods 
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61 Mark mg 

Fig. 62 Notching 

Early Steps in the Diamond Cutting Process 
IDcBmk.] 

1 
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Fig. 64 Sawing 
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Fig- 66 Faceting 

Later Steps in the Diamond Cutting Process 

$4 (DcBecxt.] 



lug. 68 l en Days’ Production 
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CO the lady of his dreams would be fortunate to escape with 

minor cuts and abrasions. A well-designed diamond is a 

scientific as well as an artistic achievement; the facets muse 

be of a certain number and of a definite size and shape, 

each bearing to the others a relationship determined by the 

laws of optics. Indian lapidaries were the first to fashion 

diamonds, but they merely removed the outer “skin” from 

the natural crystal faces or added small facets co disguise 

the presence of flaws. 
Five major steps arc involved in the cutting process, and 

all must be done by experts, specialists in their work- The 

least spectacular phase, but in some ways die most im¬ 

portant, is done by the marker, who outlines in India ink 

(Fig. 61) those parts of the crystal which are to be re¬ 

moved and chose which are to be utilized, according to the 

size, shape, color, and quality of each stone. After notch¬ 

ing (Fig- 62), the first shaping is done by the cleaver, who 

makes use of the pronounced cleavage, by means of which 

diamond may be split easily (Fig. 63) in any one of four 

directions. Cutting against the grain requires the work of 

the sav>yer, who places the scone in a shell-like holder called 

a “dop," and slits it with a speedily revolving bronze disk 

covered with a mixture of diamond dust and oil (Fig. 64). 

The rough stone is then given a circular form by the cutter, 

who sets it in a lathe and rounds off the edges with a 

diamond-pointed tool (see Fig. 65). The facets arc placed 

on the scone by the polishers, who work in turns, the first 

group shaping the 18 most important surfaces and the 

second group completing the other 40. Faceting is done 

on horizontally revolving iron wheels created with tlie same 

compound of crushed diamond and oil that is used for 
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sawingi the scone is held against the wheel by a dop set at 

the proper angle, as shown in Fig. 66. 

Inasmuch as diamond is cut so slowly tliac it polishes 

itself (the only gem that does) no further treatment is 

needed except cleaning in boiling acid. Only soning (Fig- 

67) and marketing remain, although some dealers may 

assert that the latter is the most formidable task of all 

There, in a folded paper, lies a thing of rare loveliness-^ 

mass of glittering light, a scintillating glow of varied colors, 

now separating into tints of spectral purity, now blending 

into the splendor of a twinkling scar. (See Fig- 68.) It 

is n diamond, some day to be owned by an Indian malia- 

rajah, worn by an English duchess, or placed on the left 

hand of an American girl 

Alluvial Deposits 

The mining methods just described are employed only 

in the primary volcano or pipe deposits, which are rela¬ 

tively rcscrieccd in distribution. Prior to the discovery 

of the first pipe the world’s supply of diamonds had 

always come from secondary sources—shallow alluvial or 

placer deposits where the gems were concentrated with 

other heavy and resistant minerals in stream beds, river 

terraces, and sedimentary formations, mostly through the 

process of rock decay and the action of running streams. 

All the famed Indian and Brazilian fields had been sec¬ 

ondary sources. Upon the opening in 1926 and 1927 of 

several large African deposits in Lichcenburg and Little 

Namaqualand, the alluvial type again became the most 

important. During the past two decades alluvial mines 
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have yielded aJl but a few per cent of the total (mostly 
now, however, outside the Union of South Africa). 

Obtaining diamonds from such surface workings is 
much simpler and less expensive than mining far under¬ 
ground- The deepest mine, the Kimberley, was operated 
below 4,000 feet, and even the most productive pipe con¬ 
tains diamonds only sparsely. Moreover, the alluvial stones 
are generally of better quality because those with the most 
flaws had been broken up during the journey from their 
place of origin. 

The alluvial deposits of Africa are widely scattered 
through the southern half of the continent. Some are 
located along the Atlantic Ocean beaches and may even 
have come from areas now buried beneath the sea. Angola, 
Sierra Leone, Belgian Congo, and Gold Coast fleld.a con¬ 
tribute niost of the alluvial diamonds; the Union of South 
Africa I\as lost its former predominance, although its placer 
and pipe mines combined give it first rank in terms of 
value. The Belgian Congo is, by weight, the largest pro¬ 
ducing country, bur most of its output is industrial stones. 
One of the Bdcdka mines is the richest in the world. An 
interesting feature of these alluvial fields is the presence 
of artifacts from primitive cultures, showing their geologic 

recency. 
The Duroirspan pipe mine was reopened in 1943 with 

the intention of working at least one mine of that type in 
prosperity and depression alike. The Bulrfontcin mine be¬ 
gan to operate the following year; the New jagersfonecin 
and Premier mines were announced in the spring of 1946 
as being made ready for production. The potential yield 
of the huge and much-publicizcd Williamson pipe in Tan¬ 

ganyika is still unknown. 
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Indian Deposits 

India was the first source of diamond and from there 

have come most of the historically famous stones. Tradi¬ 

tion purs the discovery at about 5,000 years ago but that is 

probably twice as long as the actual time. The mines were 

exceedingly successful, reaching their peak in the 17th 

century; the niarketing center was Golconda, a name 

which even today is a synonym for fabulous wealth. Gol¬ 

conda is now in the independent state of Hyderabad. 

Other Foreign Deposits 

As the yield in India rapidly declined virtually to the 

point of c.xhaustion, diamonds were found in Brazil about 

1720, and that country maintained its supremacy until 

surpassed by the African nnnes a century and a half later. 

l*hc discovery of two new fields, enthusiastically reported 

in 1946 as the largest ever opened in Brazil, may indicate 

a revival of the industry there. 

Diamond is no stranger ro still other countries. Notable 

stones have for a thousand years come from the western 

part of Borneo, where even during the Japanese conquest 

they were mined by Chinese and Malay prospectors from 

hundreds of small shafts in the jungle. Australian dia¬ 

monds have appeared at intervals from New South U'ales. 

British Guiana fields promise much for the future when 

they become more accessible. Private capital is beginning 

to develop fields in Venezuela, where government plans 

for exploitation had previously failed. Tlie Soviet Union 

may soon enter the ranks of the leading diamond-producing 

nations, but statistics are not available; the present output 

89 



from the Ural Mountains is said to be twenty rimes che 

pre-war yield. 

United States Deposits 

Diamonds occur in Arkansas m a pipe that is remark¬ 

ably similar in structure and conipcsidon to those of South 

Africa. Many fine crystals, the largest weighing 40 carats, 

have since 1906 come from this area near Murfreesboro 

in Pike County. High cost of production has limited the 

output of the property, which is now leased by the Dia¬ 

mond Corporation of America (chartered lace in 1945), 

but the United States Bureau of Mines has undertaken a 

prospecting and sampling project in an effort to secure a 

future domestic source of industrial diamond vitally needed 

in time of war. Occasional scattered diamonds have been 

picked up in a number of other states but chelc original 

source is unknown. The largest and most recent, an¬ 

nounced in 194J, is the 34-carat Punch Jones diamond, 

which was found in 1928 while a youngster and his father 

were pitching horseshoes in a vacant lot in Peicrstown, 

West Virginia, 

Marketing 

Most of the diamond-mining companies of the world 

belong to the Diamond Corporation (known to most jewel¬ 

ers by its old name, the Syndicate), to which they sell 

their output. DeBeers Consolidated Mines, Ltd., is the 

largest supplier and also owns most of the stock. Each 

company h&t an allotted quota which is varied from time 

to time according co its prospects for production, so thac 
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the whole system of control is at once a strong and yet 

remarkably flexible monopoly. Not all these African com¬ 

panies are British, as is commonly believed, and some oper¬ 

ate on French, Belgian, and Portuguese territory. A few 

minor producers in ocher parts of the world do not belong 

to the corporation but often find ic advantageous to co¬ 

operate in maintaining the price. Through its subsidiary, 

the Diamond Trading Company, the corporation disposes 

of the rough gemstones to brokers and cutters from ofiices 

in London and Kimberley. 

Name 

The word diamond comes from die Greclc word mean¬ 

ing **unconc]uerablc,** referring to its extreme hardness 

and CO the erroneous belief that it could nut be broken. 

Crystals 

Diamond crystals show the common forms of the iso¬ 

metric system, corresponding to the atomic structure 

shown in Fig. 1. The most prominent forms arc the octa¬ 

hedron (resembling a double pyramid), the dodecahedron, 

and rhe cube. The cable of the cut stone is usually placed 

almost, chough not exactly, parallel to a natural face of the 

crystal; and (as explained previously in the section on 

“Hardness”) the easiest directions of cutting arc those 

most nearly along a crystallographic axis. 

Diamond is crystallized carbon; the gem varieties arc 

practically pure. Nothing in nature, however, is abso¬ 

lutely fiawless and diamond is no exception. The flaws 

are usually spots of liquid compounds of carbon which 
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faiJed to harden as the mineral was formed. In some 

stones, but in only about one per cent of the entire pro¬ 

duction, the flaws remain so small tliac they are not visible 

with a pocket magnifier, 

The other form of carbon is graphite, a mineral so dif¬ 

ferent from diamond that their relationship is almost un¬ 

believable. Graphite is the soft black substance used as 

pencil “lead,” stove polish, and a lubricant, Even stranger 

is the fact that it is really the more stable form of carbon, 

because diamond changes to graphite at excessively high 

temperatures. 

No property dependent upon the crystal structure of 

diamond is more interesting chan the fact, which was dis¬ 

covered by the National Bureau of Standards in Washing¬ 

ton and reported in October 1947, chat diamond can be 

used CO measure the intensity of atomic radiation with great 

precision. 

Famous Diamonds 

Through the display of glass replicas at world fain and 

in jewelers^ windows, the appearance and names of the 

famous diamonds of history have become popularly fa¬ 

miliar. Ten of the best known are pictured in Fig. 69. 

South Africa has furnished the largest scones, climaxed by 

the Cullman, a giant of 3,025 carats, the size of a man’s 

fisc, A number of large diamonds, among which arc sev¬ 

eral that have attained newspaper headlines, have been 

discovered during recent years. The Jonker, found in the 

Transvaal in 1934, had a superb clarity and weighed 726 

carats before it was cut into 20 stones. The Vargas dia¬ 

mond, named for the former president of Brazil, in whose 
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Fig. ^9 Some Famous Diamonds 
(N. W. Aytr and Son.) 
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country it was found, exceeded the Jonker in weight by 

only 1 carat and was cut into 29 scones. The largest 

Venezuelan diamond is El Libertador, found in 1942 and 

named to honor Simon Bolivar, the liberator of most of 

South America; it has been fasluoned into 3 emerald- 

cut scones. A diamond of 770 carats, the largest of all 

alluvial diamonds, was found in Sierra Leone, Africa, in 
1945. 

Colors 

Few diamonds are entirely devoid of color; chose having 

a bluish tuic are more desirable than yellow ones because 

of their greater rarity, although yellow diamonds are fre¬ 

quently more brilliant. The commercial term ‘'blue white," 

so often misused today, properly means a gem showing no 

color in daylight except blue, and these are by no means 

common, Stones of a distinct hue, on the other hand, are 

called fancy diamonds and bring a good price. Red and 

deep blue are the rarest colors. The Moon of Boroda, a 

25-carat pear-shaped canary diamond, brought to America 

from India in 1944, is the newest fancy diamond to be 

featured in the press. At the death of its owner, Evalyn 

Walsh McLean, in 1947 the fabulous blue Hope diamond 

(Fig. d9) was again brought to public notice. 

Cutting Centers 

The collapse of the diamond industry of the Lowlands 

was one of the dramatic events of the war. Antwerp in 

Belgium and Amsterdam in the Netherlands have for cen- 

ruries been the chief cutting centers; Antwerp alone con- 
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sumed more “rough” than the rest of the world. The Dia¬ 

mond G>rporacion had been careful to send few stones 

abroad after the war b^an. With the German invasion 

the situation was demoralized, though many of the cutters 

escaped and were mainly responsible for the rapid growth 

of the industry in a dozen other countries. Since the 

termination of hostilities the Belgian lapidaries are show¬ 

ing a remarkable economic recovery, but the Dutch have 

not been so fortunate. 

The United States, the Union of South Africa, and the 

Netherlands are today the chief cutters of large stones, 

and Belgium, Palestine, and Cuba cut most of the small 

sizes. Prices have advanced in accordance with the in¬ 

crease in labor costs in the new places; the smallec stones 

have risen by far the most. New York is the center of 

American production, and half a dozen ocher cities house 

important diamond-cutting plants. Mechanization may de¬ 

termine the extent to which the United States can retain 

its present share of moderate-sized stones, although the 

large scones have been cut here profitably for many years. 

Industrial Diamonds 

The earliest industrial use for diamond was to cut other 

diamonds. The next use was for glass cutting. Today 

there arc so many indispensable applications chat our vast 

industrial machine would be practically halted without 

them. Most are used for truing grinding wheels; nothing 

else will so effectively dress wheels of emery, Carborun¬ 

dum, and cemented tungsten and boron carbides. Many arc 

used to turn machine cools; the important development of 

the bonded diamond 'wheel for this purpose has occurred 
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largely since che beginning of the recent war. Such wheels 

made it possible to grind American cartridge dies in one- 

rhird of the previous time. Tungsten for light-bulb fila- 

mencs» copper, and other metals are drawn into wire 

through diofnortd dies. The electrical equipment of a single 

bomber may include 10,000 feet of wire, all of which must 

be drawn through diamonds- A dIamond-die industry, 

which centered in France and Switaerland before the war, 

was hastily created in the United States to meet the enier- 

gency. Drilled diamonds are used also in oil nozzles for 

furnaces. Diamond core driUs arc important in mining 

and oil-well operations. Stoneyards employ steel saws up 

to seven feet in diameter and containing perhaps a cl\ousand 

diamonds to cut granite and marble. Diamonds are also 

used in pl’tonograph needles; in optical and dental drills; 

in etching cools for the artist; and for turning ivory, hard¬ 

wood, and plastics into a wide range of articles from bowl¬ 

ing balls to doorknobs. Strategic mineral, to be sure! 

During the war, promts from the sale of gem diamonds 

enabled the producers to maintain a lower price level for 

the much-needed industrial scones than if the mines had 

been operated for them alone. Except the small yield in 

Borneo and some smuggling from Sourh America, the 

allied nations had almost complete control over the out¬ 

put of industrial diamonds. Since tlie spring of 194d 

the Diamond Corporation has sold its industrial stones 

through a new subsidiary, Industrial Distributors (1946), 
Ltd. 

Three varieties of industrial diamond are known. Eort 

15 an aggregate of many tiny crystals without definite 

orientation; this term is also loosely used for poor frag¬ 

ments of actual gem type. Carbonado or black diamond 
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also has an aggre^ce structure but of a different kind and 

is highly valued for drills^ it is found almost exclusively 

in Brazil. Balias consists of a radial mass of small crystals, 

which is very durable because Ic dues not cleave easily. 

Uniformity of grading the diamond powder used in cut¬ 

ting diamonds has been secured in the United States by 

the adoption in 1945 of Commercial Standard CS 123^5 

by the National Bureau of Standards. Scientists of the 

same bureau announced in 1945 that the speed of both 

cutting and sawing can be greatly nccelenttcd, especially 

along the difficult octahedron direction, by placing a 

high-voltage bluish electric arc at the contact between the 

diamond and the wheel; the surface finish or polish has not 

yet reached the perfection demanded of diamonds for 

jewelry. 

Origin 

The origin of diamond is still a mystery. A number of 

elaborate tlieories have been pnipounded but none of them 

Hts all the conditions known to exist in the pipe mines, 

which are the only certain original deposits. The par¬ 

ticular rock in which these mines ace dug is called kh/iber- 

lite~ The diamond crystals may have formed at great 

depths in some other rock, which became broken off or 

engulfed by the new volcanic material which then forced 

ic upward, They may, however, have formed In the kim¬ 

berlite itself during or after its actual rise in the pipe, Or 

they may have been a part of the kimberlite when ic was 

deep in the crust of the earth. 

Enormous amounts of heat and pressure have generally 

been assumed to be necessary for the creation of diamond. 
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Most of the experimenters who have tried, always without 

success, to make the gem syntheocally have put their faith 

in the development of pressure. Yet in his work with the 

meteorites of Canyon Diablo, Arizona, Dr. Harvey H. 

Nininger found small diamonds surrounding a cavity that 

could hardly have existed under any considenible pressure. 

Much more needs to be learned before the cause of dia¬ 

mond will be known, and several dilTerenc explanations 

will probably be required to cover all the situations. 

CORUNDUM 

Few persons would believe by eye examination alone 

that two scones of such contrasting colors as ruby and 

sapphire are alike in all other respects. One, vivid in flam¬ 

ing red; the other, restful in the lustrous blue of the twi¬ 

light sky—both are varieties of corundum which differ 

mainly in color. When the red and the blue combine they 

form a violet or amethyst sapphire. Indeed, practically 

every hue has been found, and there may even be several 

colors in adjacent layers in the same crystal. Corundum 

is the mineral family or species; ruby and the many sap¬ 

phires are the varieties. 

Diamond is the only gem that is harder. Ruby and 

sapphire, possessing in addition to hardness the advantage 

of having absolutely no cleavage (though there is a part¬ 

ing) and showing but a slight tendency ro fracture, are 

therefore about the most durable of ring stones. They 

are heavy gems, as their high specific gravity indicates. 

They arc brilliant gems with a high refractive index- 

Chemically, corundum is an oxide of aluminum; traces of 
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other metallic oxides fornisli the wide range of colore. 

Mineralogically, sapphire is che name given zo all corundum 

gems except the red variety, ruby. P<jpularly, it is the 

Fig. 70 Sapphire Crystals from Ceylon 
{Ward’s Naniral Science EsoblUbmcni.l 

name applied to the blue corundum alone. However, the 

scones sold as "Oriental amethyst," "Oriental emerald," 

etc., arc really sapphires of the lesser-known bur equally 
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beautiful colors. The adjective indicates their original 

association with Asia. 

Corundum belongs to rlic hexagonal system. Its familiar 

shape is tlic long, doubly tapered crystal, shown in the 

drawing of Fig. 17 and the sapphires of Fig. 70, but most 

crystals of ruby tend to be shon and stubby. 

Ruby 

The exotic barbarity of its color has associated ruby 

with the passion of the Orient. Few other gems have been 

called upon to express so much symbolism. Following the 

traditions of the Poles and the Russians, American gem 

dealers liave appropriately designated ruby as the birchstone 

for July. Surely its fiery red is like the summer sun. 

The romance of ruby is intimately concerned with the 

story of India, where the stone was probably first worn in 

jewelry. There, on ‘'Mother India’s" eastern border, in 

the dependency of Burma, arc found the finest rubies in the 

world. The exceedingly rare "pigeon’s blcjod” color-deep 

carmine slightly tinged with blue—is obtained especially in 

the Mogok Stone Tract and in the near-by Karhe district, 

which are both about one hundred miles north of Manda¬ 

lay and a lesser distance west of Lashio, the southern ter¬ 

minus of the Burma Road. 
Control of the mines was secured in 1597 by the king 

of Burma, who is said to have exchanged a piece of worth¬ 

less territory for the precious land and thus become "Lord 

of the Rubies.” Successive rulers leased the workings to 

licensed miners who paid rent both in money and in stones. 

All gems over a certain size were forfeited to the king, 

and conse<)ucntly more chan one fine stone was broken 

100 



to evade the law, The finding of a large raby was che 

occasion for a nadonal celebration, and the scone was 

escorted front the mine to the throne by a guard of uni¬ 

formed soldiers. About sixty years ago the mines were 

leased by a French company, but upon the annexation of 

Upper Burma by che British an English firm was granted 

the concession, and Burma Ruby Mines, Ltd., was fomwd, 

wliich marketed its product in London. 

Native methods of recovering the ruby are quite primi¬ 

tive. A shaft is sunk to the gem-bearing earth, which 

is hauled to the surface in baskets; the rubies arc separated 

by washing, then sorted and graded. Different systems 

are used in the wet and the dry seasons, Large invcstinencs 

for machinery were niade by the British, but che loss of 

money was so great chat hand methods were restored. The 

production varied from year to year, sometimes one or 

two large rubies accounting for almost the entire output, 

Formal operation of the Burniese mines ceased long before 

che war and the Japanese seizure of tlic area, but the local 

inhabitants continued to work the deposits in simple fashion 

until they were flooded and bombed. 

Ruby of a paler color is found with sapphire in the gem 

gravels of Ceylon. A district in Siam known as The Hills 

of Precious Stones has been an important source of darker 

ruby since early days. In both places sapphires far out¬ 

number rubies, however. Other less important sources are 

Indo-China, Rhodesia, and Afghanistan. 

Because corundum of every c<3lor except red is called 

sapphire, the gradual transition from ruby to pink sap¬ 

phire makes che naming of a light-red specimen a matter 

of individual inrerpretation. Both the red of ruby and 

the green of emerald are believed to be due to an oxide 
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of chromium, che chemical having a differenc structure in 

each of the two gems. A strange phenomenon is that ruby 

will turn green if heated to a high temperature and will 

retain its new color until almost cool again. Presumably, 

when exposed to heat, the chromium temporarily takes 

on the state chat it normally has in emerald. Iron oxide 

may contribute to the color of ruby, and radium radiation 

may possibly assist in producing the finest hue. The color, 

which varies from rose to purplish, holds well under arci* 

ficial light; the best aspect may be obtained by careful 

cutting of the rough stone. 

Some ruby when cut with a rounded top displays a six- 

rayed star across the surface, like that shown by scar sap¬ 

phire, but star rubies are much rarer. 
The word ruby comes from the Latin ruber meaning 

•'red** and at one time was used to indicate every stone of 

that color. Even today the term is sometimes misappropri¬ 

ated and red garnet is sold by such deceptive names as 

^‘Cape ruby” and "Ariaona ruby.” 

Sapphire 

Esteemed greatly by the ancients, sapphire even today 

has lost none of its appeal co lovers of beauty. Mirroring 

the serenity of an autumn sky, blue sapphire is a perfect 

choice for September’s birthstone. The other colors of 

the gcni, furthermore, are of a seemingly endless variety, 

although as yet the blues arc the only ones that arc well 

known. 
The original meaning of the word is uncertain; it per¬ 

haps had an ascrologic connotation. It is usually given as 

“blue,” which accurately describes the opaque blue stone 
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(sp«ckl«d with gold) which we call lapis lazuli, and we 

arc now con£dcnt that this was the sapphire of olden times, 

However, the true sapphire became Imown by the dme of 

the New Testament and was probably the stone called 
jacinth in Rewlati^. 

There are a number of famous sapphires with interest¬ 

ing stories. One of the finest rough stones is the Rospoii 

sapphire, a perfect crystal found in India by a native spoon- 

niaker. In the British Museum there is an image of Buddlia 

carved from a single stone. Until several years ago the 

largest sapphire ever known was am<mg the lost treasures 

of an Oriental king; bur even it has been surpassed by the 

Gem of the Jungle. This tremendous stone was found 

when a bolt of lightning uprooted a tree which had con¬ 

cealed it, Weighing 9^8 carats in the rough, it was bought 

by an American dealer for over $100,000 and cut into 

9 stones, the largest of which weighed more than 66 

carats. 

The most valuable sapphire is a rich, velvety, corn- 

fiower or royal blue. Montana sappliircs are an appealing 

"electric blue” found in no other gem. Orange, yellow, 

green, and purple sapphires are also wonderfully beauti¬ 

ful- Pink sapphire merges into true ruby. The odd name 

padparadschah refers to a golden-red variety, more often 

seen, however, in synthetics than in nature. 

Star sapphire has been among the most popular of gem¬ 

stones during rcccor years. When cut with a rounded 

top it exhibits a six-rayed star across its surface. This fea¬ 

ture due to a peculiar crystal structure which refiects 

the light in such a way that a complete star is formed. 

The star is an inherent part of the stone, so rliat a gem 

may be cut into any number of smaller ones, yet if prop- 
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erly oriented each will contain a whole star. The wearer 

of such a stone has indeed a unique gem. Fortunately* 

many of the less expensive colors show the clearest stars. 

An approach to transparency is much to be desired, but 

Complete transparency is impossible in a star stone. 

The Orient is the home of the sapphire. Siam yields at 

least half (and much the better half) of the world’s supply, 

chiefly from an area on the Gulf of Siam extending some¬ 

what into Indo-China. India furnishes most of the larger 

stones; during a brief but spectacular career in the lace 

19rh century the province of Kashmir produced the most 

glorious sapphires ever seen. Emphasis should be placed 

on the many superb sapphires, including the star variety, 

that come from the island of Ceylon. Neighboring Burma 

is also an important but little-appreciated source. Aus¬ 

tralia (although its stones are dark) and Montana are ocher 

significant sources. In fact, sapphires from Fergus County, 

Montana, mined by a British firm and shipj«d for cutting 

to Europe, were the result of the most intensive gem- 

mining project ever carried on in the United States. The 

need for bearings for war instruments was primarily re¬ 

sponsible for the recent revival of the Montana industry, 

although some gem material has also been obtained. 

SPINEL 

Spinel occupies a curious position in the world of gems. 

The genuine stone Is hardly known under its own name, 

since it rcsenibles ruby and sapphire, occurs with them in 

the same deposits, and is often confused with them in sell¬ 

ing. The synthetic spinel, also, is usually called by some 
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ocher name according to irs panicuJar color, and many a 

preny ring is set with a synthetic spinel instead of the gem 

that it is supposed to contain. 

Several magnificent gems which had been thought for 

centuries to be rubies have been proved recently to be 

spinels, One of these, known as the Black Prince’s ruby, 

is the large oval stone in the front of the British Imperial 

State Crown. It was given to che Black Prince by Pedro 

the Cruel in the 14th century, and was later worn by 

Flenry V on the helmet which saved his life at the battle 

of Agincoun. Another superb red spinel among the Brit- 

ish crown jewels is the Tribute of the World. It is the 

largest in existence. Changing owners as a result of sue- 

cessivc conquests over a period of 5^00 years, it was finally 

presented to Queen Victoria after the Indian wars, but its 

identity was made known only from the ancient Persian 

inscriptions engraved upon it. 

Spinel is hard and durable, well suited to the most in¬ 

tensive wear- Ir crystallizes in the isometric system in 

sharp octahedrons resembling two pyramids joined base 

to base (Fig. 71), or in twinned crystals placed side by 

side. It has a variable chemical composition and is r^arded 

etcher as an aluminate of magnesium or as a multiple oxide 

of magnesium and aluminum. The niagnesiom may be 

replaced by a considerable amount of ferrous iron or man¬ 

ganese, and the aluminum by ferric iron or chromium. 

Most gem spinel, however, is essentially pure, although 

some blue scones do contain a small percentage of zinc. 

The colors of spinel span the rainbow, Red stones re¬ 

semble ruby and are colored by the same chemical, 

chromium oxide. Rubicelie is the orange-red variety; such 
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a choicc-qnality flame spinel brings a high price. The 

familiar term “balas ruby,” applied to the pink and rose- 

colored spinel, is of course a misnomer. Blue spinel has 

an interesting steely color and is rare. Alwandine spinel 

Fig. 71 Octahedral Crystnls of Spinel from Orange County, 
New York 

(Trom Ibwlrins Tbt Book of Mmeroh, copyright 1935.1 

has the purplisli-red color of the true almandicc (which, 

however, is a garnet). Several of the spinel varieties are 

not transparent but show good colors. These include the 

green chlorcspinei (containing ferric iron), the brownish 

picotite (containing chromium), and the almost-black cey~ 

Ionite or pleonaste (containing ferrous iron). 

Spinel has always been found with the corundum gems 

in Burma, Siam, and Ceylon, which are still the chief pro- 
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ducing localities. For a thousand years good stones canic 

from metamorphic deposits in Afghanistan visited by 

Marco Polo. 

CHRYSOBERYL 

The varieties of the species chrysoberyl arc so strangely 

unlike one another in appearance that merely looking at 

them gives one little indication of their close relationship, 

But the scientist, with ingenuity and perseverance, finds 

that the differences between them are rather superficial, 

and chat their fundamental characteristics are much the 

same. Lovers of the beautiful and the romantic find chry- 

sobcryl to be among the most fascinating of gems, both for 

its appeal to the eye and for its intriguing story. 

The name, meaning “golden beryl," indicates the orig¬ 

inal idea of the identity of this stone, but it is now known 

to have no coniwciion with beryl except cltat both con¬ 

tain the rare clemenc beryllium and the common element 

aluminum. Chrysoberyl is classed cither as a multiple oxide 

of beryllium and alununum or as an aluminace of beryllium. 

Ocher chemicals (iron and chronuum) present as a replace¬ 

ment are responsible for the interesting colors. Unless 

twinned, as shown in Fig. 2, the crystals of chrysoberyl 

are rather ordinary looking (Fig. 22), sometimes having 

six sides, although they belong to the orthorhombic and 

not the hexagonal system. Very important is the great 

hardness, which is exceeded by only two other minerals, 

diamond and corundum. 

Here is a pair of jeweler’s tweeters. Let us pick up 

these scones, one at a time, and Icam why they have for 

so long dull led gem connoisseurs. 
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Alexandrite 

Alexandrite has been called "an emerald by day, an ame¬ 

thyst by night/’ It is green when viewed in daylight but 

turns raspberry or columbine red under artificial light, the 

change being due to different color absorption which var¬ 

ies according to the kind of illumination. Alexandrite was 

discovered in Russia a centtiry ago on the day that the 

future czar Alexander II became of age and was named 

after him. Oddly enough, its twin colors were those of 

the Imperial Guard, and for a time the scone was not found 

outside Russia. 

Ceylon is the source of most present-day alexandrite, 

which is mined there from placer deposits. Fine stones 

are rare and give promise of becoming even scarcer. The 

artificial stones represented as alexandrite are either glass, 

synthetic corundum, or synthetic spinel, and arc described 

in Chapter 7. (There arc no true synthetic alexandrites 

having the same composition and properties as the natural 

gem.) The synthetics are more bluish in daylight and lack 

the rich hues and dramatic color changes which make a 

(inc alexandrite one of the most appealing of Nature’s 

treasures. 

CatVEye 

No greater contrast to an alexandrite could be imagined 

than a cat’s-eye, with ire mysterious band of light which 

glides across the rounded surface of the gem as it is moved 

from side to side, exactly like the eye of a living cat. Cac’s- 

eye has long been held in high esteem by the Moors and 

rhe Hindus, who believe that it protects wealth and even 
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causes it to increase in value. Natives of Ceylon consider 

1C a charm against evil spirits. British royalty has favored 
the gem for engagement rings. 

The shifting light of cat’s-eye is called chatoyancy. It 

is caused by reflection of light from great numbers of 

very small hollow canals, as many as <55,000 to the inch, 

arranged parallel to the main axis of the crystal. To show 

the effect to best advantage, the gem must be cut with a 

curved top, similar in shape to a coffee bean, with the 

canals running across the width of the surface; the ‘'pupil" 

of the eye tlicn appears down the length of the stone at 

right angles to these canals, The narrower and sharper 

the line, the better the gem is considered to be. 

Apple green, honey yellow, and dark green are the most 

highly prized background colors of cac's*eye. Variously 

contrasting bands add to their beauty. In the Marlborough 

collection was a splendid gem carved into a lion’s-head 

cameo, with shifting shades of light that gave an amazingly 

lifelike appearance. Another magnifleent cat's^eyc was 

among the crown jewels of the king of Kandy and was 

later placed in the Hope collection, It is so cue that the 

natural markings in the scone resemble an altar lighted by 

a torch. 

Cyfnophme (meaning "wave of light”) is a name ap¬ 

plied by some geniologistt to those cat’s-cyes which, instead 

of a sharply defined streak, show a hazy floating light. The 

same names, however, arc frequently used interchange¬ 

ably for both kinds. 

Most of die world's supply of cat's-eye comes from 

Ceylon, the "jewel case of die Orient.” Brazil is another 

source. 
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A vmtty of qwartz, somewhat simiJtr in appearance to 

the chrysobcryl is called cac’s-eye by many persons, 

but it lacks the rich beauty of the chrysobcryl variety and 

brings only a moderate price. This quartz cat*s-eye and a 

closely related stone called tiger’s-eye are discussed among 

the gems of the silica group in Chapter 

Countless thousands of “Chinese cat’s-eyes” were sent 

home from South Pacific islands during the war, or were 

set in rings, bracelets, and pins that were made by hand on 

the spot. These attractive “stones” arc really the lids of 

snail (gastropod) shells, and of course have no kinship with 

any mineral cac’s-eye. Such a calcareous place, with a 

dome-shaped top and the luster of porcelain, comes in 

various colors and is called an opsrctdum. 

Other Chrysoberyls 

Another variety of chrysoberyl is unlike those already 

mentioned. It has no such unusual optical propenies but 

is a transparent, usually pale, yellowish-green gem with a 

]>lcasing luster. Its name is chrysolite chrysoberyl, the 

word chrysolite being derived from the Greek meaning 

“golden stone.’* The leading sources are Brazil, Ceylon, 

and Rhodesia. 

Chrysobcryl occurs also in lovely clear greens, yellows, 

and browns which make attractive, chough licdc-known, 

gems. E.'tcellcnt lemon-yellow stones come from Brazil; 

light-green ones, also from that country, seem to have a 

promising future. Bright colorless crystals have recently 

been found in the Gold Coast in Africa and in the ruby 

mines of Burma. 
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SPHALERITE 

The radiant flash of rainbow colors chat is the essence 

of diamond is surpassed three-fold by that of the well- 

known mineral but little-appreciated gem, sphalerite. In¬ 

asmuch as its dispersion Is 300 per cent greater, the spectra 

are three times as wide as those in diamond. Their inten¬ 

sity, however, is weakened by the diluting effect of the 

yellowish-brown body color of the gem against which 

they appear. Such an amazing characteristic, nevertheless, 

combined with a bright (chough tending toward resinous) 

luster and a fine brilliancy, raises the question as to why 

sphalerite is not used more often in jewelry. Cut speci¬ 

mens are sought eagerly for collections, but the physical 

properties seriously violate the requirements for a jewelry 

scone. Sphalerite is entirely too soft, and its sensitive six¬ 

way cleavage makes it difficult to cut and susceptible to 

easy breakage. 

The very scarcity of transparent material would prevent 

sphalerite from becoming familiar enough to create its own 

demand—rarity is not always a virtue. Except some from 

Mexico and Spain, little sphalerite of gem quality has been 

found. 

In its common brown-co-black form, however, sphaler¬ 

ite is a widespread mineral. Composed of zinc sulfide, it 

supplies most of the world’s zinc. Miners call the ore 

“rosin jack” (in allusion to the luster) or “blackjack,” and 

the British refer even to the gem as one blende or blende. 

The crystab belong to the isometric system and arc inter¬ 

esting because they have almost the same atomic pattern 

as diamond (Fig. 1) and were the first to be studied with 

X-rays. 
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CASSITERITE 

Though rarely met with in jewelry, cassicerite possesses 

all the artribuces of a £rsc-race gcin except hardness. Its 

optical characters rank close to the top—third in brilliancy 

and second in both color dispersion and birefringence. It 

is, incidentally, the heaviest cf all the gen)s, surpassing even 

the opaque metallic stones in specific gravity. 

Cassiterite, however, is valued chiefly for its content of 

tin. It is almost the only commercial source of the metal 

and is frequently called tm-stone. Its origin is in deposits 

formed by heated gases. Owing to its hardness, lack of 

cleavage, and resistance to chemical action, cassiterite is 

often coucencraced in placers. 

The localities in the Federated Malay States and the 

near-by Dutch islands of Sumatra, Banka, and Billiton have 

been brought to public attention by the war. Bolivia is the 

other main source of supply- The British deposits in Corn¬ 

wall have been famous for 2,000 years. Australia, Mexico, 

Fast Africa, and central Europe are additional producers. 

Crystals of cassitcrjtc (Fig. 15) belong to the tetragonal 

system. They are sometimes twinned in an interesting 

knee shape- When sufficiently transparent for fashioning 

into gems, cassiterite is astonishingly beautiful. Combined 

with a dinmondlike luster, the other optical properties pro¬ 

vide rich overtones for the deep-golden color of the gem. 

FLUORITE 

The mineral fluorite formerly held its place in gem- 

ology as a compact violet and purple material called blue- 

jobn, much in deniand for vases and other carved oma- 
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mental objects. Exhaustion of the noted deposits at Derby¬ 
shire in England turned attenrion to the beautiful faceted 
gems that can be cut from transparent fluorite. They may 
be almost any single color or in several multicolored com¬ 
binations. Green and yellow tints are often considered 
the choicest. Rich green gems recently found in South- 
West Africa bear a reasonable resemblance to emerald. 
Attractive pink crystals come from Swiuerland. Ontario, 
Canada, produces colorless ones. The United States is a 
major source of fluorite—lovely sca-grccn stones from the 
eastern deposits and purple stones from the extensive Kcn- 
rucky-Illinois area and from O>lurado. 

Fluorite is composed of two chemical elements, calcium 
and fluorine. It may be referred to as a fluoride, or os a 
halide because fluorine belongs to the halogeo group of 
elements, which also includes chlorine, bromine, and iodine. 
The root of its name, meaning “to flow,” was originally 
applied to more than one fusible mineral, and was given 
also to the new element when the latter was discovered. 
The spectacular phenomenon of fluorescence, described in 
Chapter 8, was named because of the presence of this prop¬ 
erty in fluorite, althougli it is really the result of Impuri¬ 
ties in the stone. The massive material is popularly called 
fluorspar. 

Fluorite belongs to the isometric system. Although it 
usually crystaUizes in cubes, well shown in Fig. 72, its 
cleavage is octahedral and is so well developed that (with 
care) a perfect 8-sidcd octahedron can be broken from 
a typical 6-faced cube. Twinned crystals, grown to¬ 
gether so that they penetrate each other, are common. Its 
easy cleavage and conspicuous lack of hardness make 
fluorite a difficult gem to cut or to ^^'ear- 
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In addition to furnishing specimens for faceting and 

carving, fluorite has a furcher gem use in the manufacture 

of inucacioii opal. Industrially, the common variety has 

Fig. 72 Group of Cubic Flunrire Crystals 

(Word's HacunI Srience Dnblishnkcnt.l 

great value as a flux in stcel-malcing and as the source of 

hydrofluoric acid. 

BRAZIUANITE 

For the first time since the discovery of benitoitc in 

1907 an entirely new mineral species, not merely a new 

variety of a species already known, has been added to the 

ranks of the gems. Both the mineral and the gem were 

described from the same specimens in 1945 by Frederick 

I'l. Pough and Edward P. Henderson, who named them 



brazilianitc in honor of the country in which they were 
found. 

Brazilianite has a pleasing chartreuse-ycilow color, like 
some chrysobcryl, and is transparent. Chemically, it is a 
hydrous phosphate of sodium and aluminum, more closely 
resembling turquoise in composition than other minerals, 
but physically it is a very different sort of material. Be¬ 
longing to the monoclmic system, brazilianite has already 
been found in large crystals; and, although it is by no 
means abundant, it should become sufficiently accessible 
CO gem lovers who appreciate its novelty as well as its 
beauty. Unfortunately, brazilianitc is neither hard nor 
brilliant and muse depend upon its color for any popular 
approval. 

The best crystals and largest faceted gems may be seen 
in the American Museum of Natural History in New York 
and in the United States National Museum in Washington. 
They were taken from a pegmatite in a part of the state of 
Minas Geraes, Brazil, that is noted for its mica deposits. 

APATITE 

Although it is a fairly common mineral in many rocks, 
and crystals as la^ as several feet in length have been 
found, apatite is known only occasionally in gem quality. 
Its name bears no relation to food or digestion, but comes 
from the Greek word meaning “deceit”; there Is a con¬ 
fusing similarity in appearance between apatite and other 
minerals because its varied colors resemble those of more- 
familiar gems. Some of these hues deserve wider recogni¬ 
tion in themselves, however, for the pastel tines are truly 
lovely. Asparagus-stont is the popular and appropriate 
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name for the yellowish-green variety. Yellow apatite from 

Mexico has become better known in recent years. Violet, 

pink, blue, bluish-green, and green colors come from other 

countries. Maine, with its violet stonesi is the chief Ameri¬ 

can source. 
Apatite is doubly refractive, as are all gems that crystal¬ 

lize in the hexagonal system, but hardly any other gem 

possesses the property of birefringence to a weaker degree. 

This has no practical effect on its beauty but is useful in 

identifying the stone on a refractometer. The inferior 

hardness of apatite is its really serious liability. It is the 

standard for number 5 in Mohs’ scale and can be scratched 

even by a knife^ hence it does not belong in a ring but is 

suitable for other types of jewelry. 

Noe only is apatite the most abundant mineral phos¬ 

phate, deriving its cssentui element from widespread ani¬ 

mal and plant remains, but it in mm furnishes the material 

for secondary phosphate gems such as turquoise. 

SCAPOUTS 

Best known in jewelry as pink mo&nstone, scapolite of 

gem quality is more common, however, in transparent 

pieces of ocher colors that make lovely faceted stones. 

These are rich golden in hue or decline to pale yeUow and 

colorless. Faintly clouded specimens of pink, deep violet, 

and blue make most attractive moonstone and cat’s-eye 

varieties. 

The first gems were found in the ruby mines of Burma. 

Madagascar and Brazil supply most of the fine yellow 

stones, but those from Sou^ America seem at present to 
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be off rhe market. Colorless crystals are a product of the 
volcanic eruptions of Mount Vesuvius. 

Scapolite designates a scries of aluniinum silicate min¬ 

erals, in chemical composition very much like the feldspars 

with the addition of cliloride, carbonate, and sulfate mem¬ 

bers. To niake possible an easier classification the scries 

has been divided arbitrarily into five parts which have 

been given specific names (the most familiar of which 

is wemerite), but they actually grade into one another. 

Scapolite belongs to the tetragonal system and has typical 

four-sided crystals of moderate hardness. 

CORDIERITE 

So intense is the dichroism of cordierite that the twin 

colors of the different rays of light passing through the 

gem can be seen without the aid of an instrument—deep 

blue when viewed down the lengtli of the crystal, and pale 

blue or pale yellow when viewed across the width. Other 

commonly used but discredited names for this gem are 

"dichroitc” (from its most characteristic propeny) and 

“iolite,” “Water sapphire” is an improper name still used 

among the older jewelry firms and in Ceylon, the chief 

source. 

Cordierite is about as hard and as heavy as quart?', and, 

except for the extreme dichroism, resembles it in appear¬ 

ance^ some of the violet stones, which look like amethyst, 

especially resemble quartz. Although cordierite belongs 

to the orthorhombic system, twinning causes many crys¬ 

tals to appear hexagonal; most of the gem material, how¬ 

ever, occurs in rounded pebbles. Cordierite is a complex 

silicate of aluminum, iron, and magnesium. Its trans- 
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parency and hardness place it appropriacely with the 

faceted gems, although spedmena seem to be cut more 

often as cabochoos. 

BNSTATITE 

Associated with diamond in the great mines of Kimber¬ 

ley are found several other gems of much less value but 

considerable interest. Perhaps the most beautiful of them 

is green enstadre. Having small orthorhombic prisms, the 

crystals furnish bright, tnn^rent gems which would 

have a wider appeal if they were more numerous. 

In spite of bdng called '‘green gamer/' enstatice is in no 

way related to demantmd or any ocher garnet. It is a 

member of the important pyroxene group of minerals, 

which includes such gems as diopsidc, jadeice jade, and 

spodumcne. Enstadte is a silicate of magnesium; it usually 

conuins a variable amount of iron and may contain some 

aluminum. Iron and chromium together produce the best 

green color. 

Although enstatice possesses only a moderate degree of 

hardness, its extreme resistance to heat and adds suggested 

its name, which is derived from the Greek word meaning 

'‘opponent.” Besides South Africa, Burma also yields gem 

material. Meteodtes, which are mineralogically similar to 

kimberlite, the diamond-bearci^ rock, furnish enstatice for 

the connoisseur. 

As the amount of iron increases, enstadte darkens and 

grades first into bronzite and then next (at 15 per cent 

ferrous oxide) into byperttbene—Kht end member of 

this enrtatite serits of onhodiombic pyroxenes. Both of 

these minerals yield gems of a rather metallic appearance; 
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they are cut with rounded instead of faceted surfaces. 

Bronzite has a fibrous bronzy luster. Hyperethenc exhibits 

a peculiar iridescence called Schiller^ caused by reflections 

from tiny brown scales of an unknown mineral enclosed 
within it. 

DIOPSIDE 

Actraccivc transparent gems of a bottle-green color are 

furnished by the mineral diopsidc. They resemble peridot 

but arc less olive in shade. Diopside occurs in monoclinlc 

crystals showing a good prism form and many faces. Its 

name comes from the Greek and means “double appear¬ 

ance" in reference to the property of double refraction, as 

a result of which each ray of light is split into two rays 

upon entering the stone (see Fig, 42). 

Diopside is a silicate of calcium and magnesium belong¬ 

ing CO the pyroxene group of minerals. The green color is 

due CO iron; when chromium is present it gives a brighter 

tone, The hardness is fairly low for a gem. 

Piedmont, Italy, supplies the most beautiful stones. From 

the Tirol province of Austria, the diamond mines of South 

Africa, and deposits on both the New York and Ontario 

sides of the St, Lawrence River come ocher fine gems. 

Brazil, Madagascar, and Ceylon are reported as recent 

sources, A fibrous cac's-eyc variety comes from Burma. 

The association of diopside with jadeite and feldspar is 

especially interesting in many of the “jade" objects of 

early man that have been found in Mexico and Central 

America, such as those shown in Figs. 88 and 89. 

Violane is an Italian variety of diopside named for its 

excellent violet-blue color; because it is not transparent, 

it is cut as cabochons rather than faceted.' 
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5PODUMENE 

It is a long way from tKc world’s brgcst crystal-90 

cons of spodumcne, 47 feet long, lying like a huge timber 

in the Etta Mine near Keystone. South Dakoea-to the ex- 

Fig. 7} Kunzice Crystals from Madagascar 

IWanTs NmutiI Science CstiblUhnicnt.) 

qubirely fragile gems of the same species which grace our 

dainty jewelry. Until the dbcoTery in Brazil about 1670 

of a transparent yellow variety suitable for gem purposes, 

spodumene was known only as an ordinary mineral, fairly 

common in pegmadres. from which it had been abstracted 

for use as the chief sotirce of Uthiuin, the lightest of all 

metals. 
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Since then, choice green and beautiful lilac gem varieties 

have also been found, and spodumenc is now properly 

ranked with the significant gem minerals, The two special 

varieties just mentioned have their own names, hiddenite 

and kunzite; in gemology the name spodumenc itself is 

generally applied only to the occasional brlglu yellow or 

yellowish-green gems from Brazil and Madagascar. 

Spodumcne—another of the pyroxene group of minerals 

—is a silicate of lithium and aluminum. Its monoclinic 

crystals (Fig. 73) are dominantly prismatic, marked par¬ 

allel to their length by alternating grooves and ridges. 

Hiddcnite 

The cmcrald-grecn variety of apodumene called hid- 

dcnice has been found only In one place, in Alexander 

County, North Carolina, Because <if the descriptive origin 

of so many gem names, it might be guessed that this stone 

was nanied because its limited deposit was long concealed. 

It was actually nan^d, however, in honor of William F.. 

Hidden, who discovered in 1880 the original deposit from 

which some loose crystals had previously come, chough 

their true composition was not learned until later. Gem 

lovers regret that no more new specimens of hiddcnite are 

available. 

Konzitc 

Fascinating color changes make kunzice one of the love¬ 

liest of gems. It is perhaps the most difficulr gem to cut 

because of the extreme perfection of the cleavage, but, 

when properly fashioned to take advantage of its extraor- 
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dinary dichroism, kunzite rewards us with gleams of lilac 

and pink exclusively its own. It was first found in 2902 

ar ftla, San Di^o County. California, and named for 

George F. Kun^. Tiffany's gem expert. It has since been 

found in Connecticut, Maine, Nor^ Carolina, Brazil, and 

Madagascar (Fig. 73). 

BENrroiTE 

The story of benitcuce is like a familiar chapter in 

astronomy in which a new star or planet is known to exist 

long before any observer can fairly claim co have seen it. 

In the identification of benicoite, the tale is even more 

involved. Before a single specimen was found, its crystal 

form was determined theoretically, and mathematics proved 

that such a rare clas of crystals b possible in nature. When 

finally brought to light in 1907, it was not even recognized 

but was mistaken for sapphire. Only the curiosity of a 

California jeweler, Godfrey Eacrer, led co further inquiry. 

He held a piece in front of a dichroscope and became 

doubtful of its identity when he saw twin colors of blue 

and whiter difierent combination from that which he 

expected. His suspicion was fully justified by the final 

disclosure chat this rich bliM stone of true sapphire color 

was not only a new gem but a completely new species of 

mineral, until then unknown to science. It was named in 

honor of San Benito County in which it was found. A 

wonderful group of crystals from this unique locality Is 

shown in Fig. 74. 

Not only does benicoite have such a strong dichroism 

that the separate colors are visible without an insemment, 
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Fig. 74 L&rgfi Benitoite CrysnU from San Beniro County, 
California 

tWard's Nntural Sclenct Enablislmenc.) 

Chemically, benicolte is a silicate of barium and titanium. 

Associated with it was another scarce titanium mineral 

called neptunite, previously found only in Greenland, In 

addition to the disadvantage of its rarity, bcnicoicc is a little 

softer than the minute quartz particles that are ever present 

in the air. 

but the dispersion or fire is similarly remarkable, equalling 

diamond in strength. The spread of rainbow colors is less 

conspicuous in benitoice than in diamond, however, be¬ 

cause it is masked by the bright blue of the gem itself. 
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The lai^esc benitoice crystal weighs less than S carats 

and the others are considerably smaller. In fact, the larg¬ 

est cur scone in private ownership w^hs only about one 

carat. 

TOURMAUNE 

Among the fairest flowen of the gem universe is tour- 

malinc. Its popularity grows yearly while gem collectors 

and jewelers vie with each ocher to obtain the finest speci¬ 

mens for their respective purposes. And with reason—for 

tourmaline is one of the wonders of the mineral kingdom, 

presenting an incomparable diversity of color, a complex 

crystal form, a remarkable range of phyrical properties, a 

curious history. That it was known to the ancients is 

shown by references in their writings to certain of its dis¬ 

tinctive charactcrtsrics; but its exact nature was not under¬ 

stood and it wns thoroughly confused with other gems, 

and its individuality was lost during the unscientific ages 

that followed. In the middle of the 17th century some 

long crystals of a dark-green color reached Europe from 

Brazil and were called '^Brazilian emerald,** a name which 

has since been applied commonly (though of course incor¬ 

rectly) to all green tourmaline. 

One summer day in 1703, in thfcity of Amsterdam, the 

story was funher complicated. Several children were 

playing In a courtyard with some colored stones which 

had been brought, together with other foreign merchan¬ 

dise, from distant Cleylon, then a Dutch possession. The 

hot sun shone down unmercifolly, and under its influence 

the stones lost their pa^veness and began to attract and 

repel light objects such as ashes and straws. The per¬ 

plexed traders were unable to account for this startling 
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evidence of aniniaiion, and disposed of che macrer by nam¬ 

ing che scrange playthings aschentrckkers or “asli-drawcrs.” 

The story spread abroad and the French Academy of 

Sciences was presented with a demonstration of the min¬ 

eral’s inexplicable powers. 

For a period of about forty years serious investigation 

ceased, but interest was suddenly revived when a Gcmian 

physician published the results of liis private research on 

che subject. Philosophers throughout Europe joined with 

physicists in discussing the mystery, and fas1^io^ablc so¬ 

ciety listened with eager curiosity. Specimens were rare 

-a Dr. Hebcrden had the only one in England-so chat it 

was not until other crystals could be obtained chat their 

.similarity to certain black stones which had been known 

for many years was discovered. For them all che name 

tourmaline, derived from an old Singhalese word, was 

adopted. Each color variety has its own name, a relic of 

the time when their common relationship wrut unsuspected. 

The major part of American tourmaline has been found 

in the two most widely separated states, Maine and Cali¬ 

fornia, as chough Nature wanted to grace both shores of 

the continent with the gem which, above all others, reflects 

the ever-varying hues of sea and land. Indians and cow¬ 

boys collected tourmaline in California as early as 1972, 

and the deposits in San Diego and Riverside Counties were 

perhaps the choicest in the world, especially notable for the 

$i:^e and the perfection of their crystals. Pink scones have 

been shipped rather extensively to Chinn (the trade amount¬ 

ing to $100,000 in the peak year), where many of the stones 

have been cut and resold as finished gems or omamenrs. 

Tourmalinc was discovered in the Stare of Maine quite 

by accident. One day at che close of autumn in 1820 nvo 
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scudents, Elijah Hamlin and Ezekiel Holmes, stopped on 

the summit of a grassy knoU co admire the sunset, when 

one of them was attracted by a flash of green light which 

caught the comer of his eye. Turning to the place he saw 

a broken piece of a green mineral crystal lying among the 

earthy roots of a free upturned by the wind. Search for 

additioru) specimens was prevent^ by approaching dark¬ 

ness, and plans were laid for the next day. But during the 

night winter came with a heavy mow which covered the 

ground until spring. On the flm clear day of the following 

year the two young men resumed their explorations, and 

from cavidcs in the rock weakened by the elements they 

brought ro view some beautiful crystals—clear, bright, 

richly colored, delicately formed. They were the first 

of the splendid tourmalines which were co astound gem 

collecton during the following decades. From there— 

Mount Mica in the town of Paris—and from Hebron and 

Auburn within close range, have come some thousands of 

excellent stones. 
A few tourmalines have been found in other states also, 

especially Connecticut. They occur in many countries 

but only a limited number are important producers. Bra¬ 

zilian stones are widely krtown and admired and constitute 

a leading mineral resource of that nation. Superb gems 

have come from Russia and Siberia. Elba, the island to 

which Napoleon was exiled after Leipzig, has yielded a 

variety of colors. Madagascar tourmalines are equal in 

beauty to those found in more accessible places, and Burma, 

Ceylon, India, and Africa are additional sources of good- 

quality material. 

Color—this one word describes the tremendous appeal 

which tourmaline has for the discriminating lover of gems. 
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Color in single hues and in polychrome, color exquisitely 

blended and sharply contrasted, color richly screaked and 

delicately modulated, color usually serene, sometimes 

glowing, often shy and fuirive—evanesccnt tines which 

come into view and as quickly disappear or merge into 

others. For tourmaline is characterized by a pronounced 

dicliroism, so strong that the individual components of 

the color may be seen without an instrument as the gem 

is turned. John Ruskin says whimsically in Ethics of the 

Dust, “All the light that gets into it, I believe, comes out a 

good deal the worse, and is not itself again for a long 

while,” Expert cutting endeavors to obtain the most 
favorable color from each crystal. 

Tourmaline varies from water-clear and colorless to 

opaque and black and includes practically every known 

shade and tine of the spectrum's hues. A single crystal 

may be half-red and half-green, crowned with white, with 

lines of demarcation so sharp that the parts seem to have 

been cemented together. Or a “niggerhead" from Elba 

may be colorless for its entire length except a black top; 

or a prism from Madagascar may have a whole row of 

different colors along its edge. Rare specimens have blue 

and green at extreme ends. Many crystals are zoned in the 

opposite way, so that a piece cut as a loaf of bread is sliced 

shows a somewhat circular center of one color surrounded 

by rings of other colors. Brazilian stones often have a red 

core encircled by a white zone and 2 green outer border, 

resembling a round slice of watermelon. Many California 

crystals are similar but have the succession of colors re¬ 

versed. This color arrangement of tourmaline is perhaps 

the most remarkable feature of a mineral replete with 
wonder. 
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Ruse and pick (ounnaline is called rubtUne. Fine gems 

conunand a high price, pardcuiaHy those approaching ruby 

in depth of color. “Brazilian sapphire” b blue tourmaline, 

and htdicolite is a deeper blue. “Brazilian emerald*' b green 

tourmaline, which is relatively widespread In Brazil; a few 

gems from South Africa are a color that rivals emerald 

and are disringubhed from ir partly by their superior bril¬ 

liancy. “Ceylonese peridot" b honey-yellow tourmaline, 

and “Brazilian peridot" b yeHowi^-grecn tourmaline. Of 

the other varieties, nMte is violet, dratite is brown, and 

fchfif/ b bbek; colorless tourmaline b called aebroite. As 

mentioned before, these colors occur in almost any com- 

binnrion, so chat tooimaline has earned for itself the so- 

brif|uct, "the rainbow gem." Toumalme cat's^cye b suffi¬ 

ciently fibrous to show a wavy band of light wlicn the 

stone is cut with a rounded top. 

Crystals of tourmaline are unique among minerals. They 

are the only one char occur in prisms having a rounded 

triangular outline, and they are always lined and farrowed 

along their length. Sec Figs. 19, 75, and 76. When the 

crystals have faces developed at both terminations, the 

forms at the two ends are different. Thb phenomenon is 

known as polarity and b made evident in various other 

ways. When a crystal of tourmaline is either heated or 

cooled it b electrically charged, positive at one end and 

negative at the opposite, attracting and repelling small 

particles, as was noticed by the Dutch children two and 

one-half centuries ago. 

The chemical composirioa of toormaline b extremely 

complex. To quote Ruskin again, in answer to Mary's 

question, "And what b it made of?”—“A little of every- 
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thing: there's always flint, and clay, and magnesia in it; 

and the black is iron, accotdu^ co its fancy; and there's 

boracic acid, if you know what it is; and if you don’t, I 

cannot cell you today, and k doesn’t signify; and there’s 

potash and soda; and, on the whole, the chemistry of ic is 

more like a medieval doaor's prescription than the making 

of a respectable mineral/* The di^erent kinds of toar« 

maline really belong to a mineral series. The beautiful 

tints are due mostly to the presence of alkalies. RubcIUte 

owes its lovely red to litluum and, associated with the 

lithium mica, lepidolire, forms attractive museum sped' 

mens. Brown tourmaline contains magnesium, and the 

black stones are, as Ruskin said, colored by iron. 

Tourmaline is suical^e for all types of jewelry, but its 

moderate hardness and its wealth of pleasing color render it 

especially desirable for costuming. Black tourmaline has 

had a limited vogue as a mourning stone. Besides its oma* 

mental uses, for whkh its color b responsible, tourmaline 

has a number of sdenrific applications chat are due to its 

peculiar electrical properties. It measures tl)e intensity of 

radium emanations; in **rourmaline tongs” it serves to 

detect polarization; small vanatioos in pressure, such as 

those ecperienced by submarines, are registered by k; and 

ic is valued for experimental work in electridty. During 

the war a sciendfle ^ency of the British government (lo* 

cated in Washington) advertised for tourmaline crystals 

half an inch or more m diameter. 

Because of its excepoonal color charaaehsdcs and its 

intriguing story, tounrialine has been successfully featured 

by many jewelers, who have used it co create a new 

fashion among the gem-loving American public. CoUec- 
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tors of beautiful things display their pieces of tourmaline 

with justifiable pride. 

BERYL 

Beryl is a mineral species comprising several gem va¬ 

rieties The names of which are more familiar than its own. 

The only gems, in fact, sold simply as beryl are those of a 

pale green color. The rest have distinctive popular names 

—emerald, aquamarine, morganlce, heliodor, and goshenice. 

The first two, emerald and aquamarine, deserve special 

attention, for they are among the choicest precious scones. 

The mineral beryl is a silicate of aluminum and beryl¬ 

lium (a chemical element named for it). Small amounts 

of other elements replace these and are responsible for 

the individual colors that so glorify the jeweler’s window. 

VVithouT coloring matter, irregular masses of beryl are 

white; many of them probably are mistalccn every day for 

common quartz. Crystallized beryl without coloring mat¬ 

ter is clear and transparent, hardly different in appearance 

from glass except for its hexagonal outline; occasionally it 

is called goshenite. 

Crystals of beryl have a characteristic shape, prisms with 

six sides. Usually the ends are fiat, though sometimes they 

arc modified by small faces which give a tapering effect, 

as shown in Fig. Ifi. Huge crystals of beryl, weighing 

hundreds of pounds but of no use for gem purposes, occur 

in some deposits. Such specimens (and smaller ones as 

well) have acquired a vital place in modern industry, be¬ 

cause the metal beryllium taken from them makes a copper 

alloy which has a tensile strength far greater than that of 
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any Icnown steel and can be made into springs that will 

acmally flea billions of times before wearing ont. 

Fjiicrald 

Of all the gems that might have been chosen as the 

birtKstone for May. none could be mo« appropr.ate than 

emerald, “green as a meadow in spnng- A fine emerald, 

completely transparent and of an intense velvety "'■» 

bring a truly astonishing price; such a stone may well be 

called the rarest of gems. • j 
Deficient in brilliancy and firc> even somewhat m dura¬ 

bility, emerald depends for its popularity enwely upon 

ics unsurpassed color. (Chromium o«de is the colonng 

agent.) Freedom from flaws is much less imponant than 

color unless the structure is quite poofi flaws, in fact, are 

often reproduced in imiranon emeralds. 

The first emeralds came from mines known to Alexander 

the Great. These dcposics were rediscovered in the Egyp¬ 

tian desert near the Red Sea by an expedition sent out m 

leiS CO search for the ancient diggings which had been 

lost for so long that their existence seemed mythical. Qeo- 

wera was one of the best customers of these mines and 

«vc many of the stones to her favorice ambassadors, 

aesar collected cnwralds. presumably for thcir supposed 

curative value. Specimens have been found m mummy 

wrappings, in Etruscan tombs, and in the ruins excavated 

at Pompeii and Herculaneum. Charlemagne’s crown and 

the famous Iron Cross of Lombardy were both sec with 

emeralds, ^^’hen Henry H was made Idng of Ireland m 

1171 he is said to have been given an emerald ring as sym- 
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bol of his authority; if the story is true, this is a penincnt 

association between the gem and the Emerald Isle. 

The Crusaders and Marco Polo returned from the Orient 

with emeralds among their treasures. But these excited 

little interest compared with the amazement expresed 

when the Conquistadorcs returned to Spain with vast 

quantities of emeralds of a Lirgcr size and a more beauti¬ 

ful color than had ever been seen before. These “Spanish” 

or "Peruvian” emeralds, which actually had come from 

Colombia, were seized from tlielr owners, the Incas, who 

worshiped some of them and guarded them in sacred 

temples. Preferring the destruction of their beloved green 

gems to their theft, the priests told the conquerors that 

real emeralds could not be broken, and a goodly number 

of stones were thus sacrificed in attempts to prove their 

genuineness. Deliberately liiddcn from white men, some 

of rhe mines were later found accidentally; others may yet 

remain undisclosed. The densely jungicd elevations of 

Colombia still produce the world’s finest emeralds, $o 

gently described by 0. 0. McIntyre as "like wee grass 

in the shadow of great trees after a summer rain.” Muzo, 

Chivor, and Coscuez have furnished most of the crystals 

for several decades. For various reasons, some economic 

but others political and rather fantastic, these mines have 

been worked only sporadically. 

So characteristic is the parallel, steplike pattern of cut¬ 

ting char is used for this gem that the name enmald cut has 

been given to it. Many expensive diamonds also are fash¬ 

ioned in emerald cut; conversely some emeralds are cut in 

the usual brilHant style of diamond. 

Emerald is more easily fractured than the other varieties 
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of beryl and is slighdy (though not to any important cx* 

teoc) less hard chan the rest 

Very recently emerald has been added to the limiced 

number of gems tnade synthetically on a commercial basis. 

Ocher man-made substitutes for emerald are either solid 

glass or composite stones assembled from two or three 

pieces of various maceriaJs. AU of these are explained in 

Chapter 7. 

In addition to the gems from Colombia, choice small 

emeralds have come from the Siberian sde of the Ural 

Mountains. Brazil, the Tirol, the Transvaal, and Nonh 

Carolina are other sources, but they seldom figure in the 

market. 

Aquamarine 

. Tht pleasant name aquamarine comes from the Latin 

words for "sea water" so descriptive of its color, a lovely 

blend of blue and green, varying like the color of the sea 

itself. Most of the stones are greenish blue to bluish green, 

one hue or the other predominating, rhou^ some are pure 

blue. Occasionally yellowish-green beryl has been called 

aquamarine, but the newer name of chrysolite equamarmt 

seems preferable. Iron oxide b the coloring agent in all 

aquamarines. 
Aquamarine's popnlarity during recent years b a con¬ 

tinuation from the time when it was the only gem regu¬ 

larly faceted by the Romans, who valued it for eardrops 

and unengraved ring stones. It was one of the favorite 

engraving stones of European Renaissance artists. From 

it the people of India have cut long cylindrical beads to be 

strung on elephant hair. Flatterir^ to blonde and brunette 
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alike, aquamarine harmonizes with fabric of every color, 

and it is one of the few scones which retains Irs full beauty 
under artificial light. 

Since ancient times aquamarine has symbolized happi¬ 

ness and everlasting youth, perhaps because of its purity 

Fig. 77 Mount Anceto, Colorado 

lUored Mure« of aquamarine* and che hi|he»t gem locality <14,24} 

feer) in North America. (H. L. Snndley.l 

of color and the remarkable absence of flaws in irs struc¬ 

ture. Stories have been told that some persons who wear 

aquamarine rings are able to forecast the weather by the 

changing tint of the stone; but this feature, however in¬ 

teresting, seems to have no scientific foundation. 

Aquamarine is one of the many gems found in pegma¬ 

tites. Brazil, the most prolific of all the gem-producing 

nations, long has been the chief source of aquamarine 

crystals, some of which are very large. Deep-blue scones 
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have recently reached inflationary prices, along with the 

prosperous expansion of the entire Bmilian lapidary in¬ 

dustry, owing to the tertnination of exports of cut stones 

from Germany. The bare and hilly state of Minas Geraes 

is the main producing district of most of the kinds of gems, 

and most of the cutting is done in three towns. 

Siberia, Ceylon, and Mad^?scar arc other leading pro- 

duccR. Not many American aquamarines reach the market 

at present, but California, Maine. Connecticut, and North 

Carolina have supplied more than a few choice gems- The 

highest mineral locakicy in North America is an aquamarine 

deposit on the rugged slopes of Mount Antero, Colorado, 

at an altitude of over 14,000 feet. F^. 77 is a view of this 

great mountain 

Morganitc 

The financial encouragement given by J. Pierpont 

Mo^n to the study and the collecting of gems caused 

the pink and rose variety of beryl, first produced in 1902, 

CO be named in his honor. The Morgan collection in the 

American Museum of Natural History in New York is 

one of the best in the world. 

Colored by the clement tnhium, morgamte varies from 

pale pink to salmon co a rich rose red. It occurs with 

ocher pink minerals. The gem-laden island of Madagascar 

in the Indian Ocean off the east coast of Africa is the main 

source of the most beaudfuJ morganire. Deposits in San 

Diego County, California, have yielded numcroos crystals 

of a less desirable salmon hue. Brazilian morganite is 

generally pale. 



Heliodor 

Yellow beryl has been known in Ceylon for centuries, 

but the discovery in South-West Africa in 1910 of a mag- 

niricenc golden scone of the same species aroused a new 

interest in beryl of this color. It was named heliodor, 

meaning “gift of the sun.” In addition to the iron oxide 

that causes the color of regular yellow beryl, heliodor con¬ 

tains a radioactive substance chat intensifies its splendor. 

Besides Africa, good localities for heliodor and yellow 

beryl arc Ceylon and the Soviet Union, and especially the 

Brazilian state of Minas Geracs. 

DAKBURITE 

First found at Danbury in Connecticut, danburicc is 

the only gem species ether chan benicoite to bear the name 

of an American mineral locality. Danburitc is related to 

topaz in chemical coniposition and crystal form, and it 

resembles yellow topaz in color. Madagascar produces 

deep-yellow gemmy danburite; ocher scones descending 

through various degrees of yellow to completely colorless 

ones are said to come from there and also from Burma 

and Japan. 

Danburite is a silicate of boron and calcium. Its ortho¬ 

rhombic crystals have much the same prismatic shape as 

topaz but are not handicapped by the latter's fragile cleav¬ 

age. A luster of more than average brightness, a good 

refractive power and consequently an adequate bril¬ 

liancy when cut, and a hardness equal to quartz n^ake 

danburite a worth-while gem mineral. 
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OUVIKI 

\Vhen Job praised the value of wisdom and said, *The 
topaz of Ethiopia shall not equal it,” he referred co a 

stone which we know today as peridot^ the gem variety of 
the mineral olivine. Its source was an ancient mystery, as 
the older name may indicate, since the word topaz may 
perhaps be derived from the name of the island Topazios 

in the Red Sea where the gem was c4»tained. According 
CO the story, the place was thus named because it was so 
hidden by fogs that mariners had difficulty in locating it. 
This criangle>shaped island, now called Zeberged or Sc. 

John’s, is 34 miles off the coast of Egypt. Pirates are said 
to have been the first to land there and to have discovered 
the stones in crevices in the rock. Knowledge of the place 

was later lost to the outside world for centuries. Almost 
the entire supply of peridot has come from this one lo¬ 
cality. Many fine stones were brought co Europe by the 
Crusaders who thought them emeralds, and a Urge num¬ 

ber of the peridots sold today have been recut from these 
historic gems. The new supply is limited; some crystals 
that appeared in the American market noc long ago were 
purchased avidly. 

At its finest, peridot has a rich bortle-grecn shade dif¬ 
ferent from any other gem. So lovely is this stone that it 
often has been called ’’evening emerald.” A more modem 

description comes from a French journalist: ’’Peridot is 
primeval green, green as a signal lighc.” Its name fre¬ 

quently is pronounced in the original French way, CO 

rhyme widi “go,” as well as in the Ao^icized way to 

rhyme with “got.” 
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OHvine received its name from irs typical olive-green 

color and its olive-oil luster. Chrysolite, meaning “golden 

scone/' is the attractive name properly given by jewelers 

to the variety of olivine that has a yellow or greenish- 

yellow color, but this lenri is so generally misused in ref¬ 

erence to other gems that arc blends of green and yellow 

that it has almost lose its individuality, Furthermore, 

chrysolite is the recently adopted name for the group of 

minerals to which the species olivine and the olivine series 
belong. 

No gem could have a more amazing career chan the 

olivine found in meteoriccs—srrange celestial visitors, rhe 

only things from outside his own Earth that man is able to 

see and touch and analyze. Peridot of a size and quality 

Acmally suitable for use in jewelry is a constituent of the 

solid pare of some of these “shooting stars.” 

In addition to the Egyptian island already mentioned as 

rhe chief source of peridot, other places from which gem 

maceriai comes are the diamond mines of South Africa, 

and localities in Ceylon, Brazil, Burma, Australia, and the 

United States, In the Navajo land of Arizona and New 

Mexico la^c rounded pebbles of peridot have been eroded 

from the primary rock to find their way into ant hills and 

sand dunes. 

Chemically, olivine is a silicate of magnesium and iron, 

which replace each orher in varying proportions. In hard¬ 

ness it is inferior to the majority of the well-known gems 

and thus is better adapted to pins and necklaces than rings. 

Crystals of olivine, though often much abraded, usually 

show the stubby prism of the orthorhombic system to 

which they belong (sec Fig. 21). 
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PHENAKITC 

More pheTia):ice has been found dian the scarcity of cut 

gems might indicate. Owing to the interesting forms dis> 

played by the hexagonal crystals, most of them are doubt¬ 

less left in their original state without being fashioned. 

The name (formerly also spelled “phenacice’’) is de¬ 

rived from the Greek word meaning “deceiver” because 

of the frequency with which the crystals have been 

mistaken for quartz. The superior optica] properties of 

phenakice, however, make idenriltcation certain when in¬ 

struments are used. 

Phenakite is usually colorless but may be light brown, 

bright yellow, or rose. Some phenakice is very trans¬ 

parent and, although somewhat lacking in fire, has an 

exceptionally appealing luster. 

A silicate of the rare element beryllium, phenakice oc¬ 

curs with orher gems, especially beryl, that are chemically 

related. Mount Antero, Colorado, is the most Important 

locality in North America. Here aquamarine, the gen^ 

variety of beryl, has been panly dissolved, furnishing 

beryllium for the subsequent growth of the phenakire. 

Beautiful la^e crystals have come from the emerald mines 

of the Ural Mountains, a gold mine in Brazil, and Tan¬ 

ganyika Territory in Cast Africa. 

wateMn^ 

Occasional clear slender prisms of willemite, of a deli¬ 

cate apple-green color, and a few transparent light-yellow 

pieces as well, have been cut into gems. Willemite be¬ 

longs to the hexagonal system of crystallizadon. It is 
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fairly heavy but not very hard. Its most scarding prop¬ 

erty is a bright fluorescence, described in Chapter 8. Only 

from the great zinc mines of the Franklin-Sterling Hill 

district of Sussex County, New Jersey, has come gem- 

quality material, though ordinary willemite is found in a 
few other places- 

Willemite is a silicate of zinc, constituting in New Jersey 

an important ore of that metal. Intensified production 

during the war diverted to industrial use many specimens 

that might otherwise have gone into collections. The 

Franklin area is noted for its tremendous variety of min¬ 

erals, many of which do not occur anywhere else In the 

world. Willemite is intimaTely associated with franklinite 

and zincite, the three minerals together forming handsome 

multicolored specimens, 

GARNET 

Garnet represents more chan merely a single mineral 

having several color varieties. It is really a group of min- 

eralSt comprising half a dozen subspecies, five of which 

have gem varieties of their own. The chemical formula is 

uniform in type for all the garnets, and the constituent 

elements are interchangeable when their atoms arc ap¬ 

proximately equal in size, though the total valence or com¬ 

bining power must be maintained. Tliis ability of atoms 

or ions to replace one another, called iso7;i&Tpbim, explains 

the range in composition and the variation in properties. 

Some kinds of garnet, however, like some cousins among 

the human race, do not mix as freely as others; and even 

among the more hybrid garnets there is usually a sharp 

enough distinction to enable a proper classification to be 
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made. Gem garnets espcciaHy may be properly classified 

since, like all gems, they arc more exclasive, more restricted 

in their range, than cotnmon minerals. 

Few other gems are as widely sold as garnet, but few are 

so misunderstood. Garnet has been sold under a host of 

Fig. 78 Garnet Crytni\ in Peemarite from Penns\ h ani8 

(From Htwlnra The Bock of Mmenit, copyright 

false names, though etxn the correct names are confusing, 

particularly to chose persons who. familiar onlv with the 

reddish-brown scones, do not know char garnet occurs 

in almost every color except blue. Atany of the Icsscr- 

Unown garnets are certainly attractive and some arc highly 
valuiible. 

Garnet crystals (Figs. 12 and 78) may be easily recog¬ 

nized by their distinctive shape, usually having either 12 or 

24 faces, each 4- or 6-aded, unless they arc worn by the 

142 



processes of nature to nearly round pebbles. Although 

most of them are small, some attain fairly large sizes ^ one 

crystal weighing over nine pounds was found in 188f in an 

excavation just off Broadway in New York City. Lacking 

cleavage, garnet is not easily broken. Because of its high 

rcfracrivc index it is very brilliant when properly cut. 

Ordinary garnet, of no gem value, is used as an indus¬ 

trial abrasive for polishing wood and leather. During the 

war a nonskid, fireproof, plastic material containing par¬ 

ticles of garnet went into service on battleship decks to 

prevent accidents caused by slipping. 

Synthetic garnet is not made commercially^ on the con¬ 

trary, the real stone is substituted for more expensive ones 

in composite man-made gems to give them a hard outer 

surface. 

Modern research has shown the existence within the 

gamer group of two natural isomorphous series, each 

nan^d for the subspecies that constitutes its middle menr- 

ber. One—called the alwandite rer^w—embraces pyrope, 

alinanditc, and spessartite. The other—the andradite series 

—includes grossularite, andradice, and uvarovite. Each of 

these subspecies except uvarovite (which yields no genu) 

is described in this section. 

Pyrope 

Pyrope, the best-known garner used in jewelry, is a sili¬ 

cate of magnesium and aluminum. Its name is derived 

from the Greek word meaning "fiery,” because of its 

sparklike color, red with a yellowish case, 

Properly known as Bobennttn garnet from its former 

chief place of origin, this stone is frequently sold as a 
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variety of ruby under such fraudulent names as ‘*Cape 

ruby»” “Arizona ruby,” and “Colorado ruby.” la each 

instaoce the adjeedve discloses the source. 

A virtual £ood of pyrope garaets came from Bohemia 

in the I9xh century. They were mounted in pins and 

brooches of unanracbve Vkrorian des^n, and their abun¬ 

dance gave them (and all garaets) an unpleasant reputa¬ 

tion among women of fashion. Even the discovery of 

really beautiful pyrope in the diamond mines of &>uth 

Africa failed to restore its popularity, and misleading names 

were adopted for merchandising purposes. Pyrope is 

found in lesser amounts in other countries besides those 

mentioned, and in Colorado, Arizona, New Mexico, and 

Utah in the United States. 

Rhodolite 

The exquisite color of roses and rhododendrons is pre« 

served forever in the rare rhodolite garnet. In composition 

it stands between pyrope and tlmanditc, consisting of two 

parts of the former mineral to one part of the latter. 

Except a discovery made in Greenland during the war and 

identified in 294d, rhodolite has been found only in Macon 

County in western North Carolina, where it was frrsc re¬ 

ported in 1893. Most of the crystals are tiny, and conse¬ 

quently the cut gems are even smaller, but their lovely 

color is a delight to any eye fortunate enough to see them. 

Almandite 

As the magnesium is replaced by ferric iron, pyrope 

grades imperceptibly into almandite. Roman gem engrav- 
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ers were fond of this garnet, known popularly as ahfia»~ 

dme bur preferably as ahmndite, and from it they can'cd 

some superb cameos and intaglios. The Head of the Dog 

Sirius in the Marlborough collection is considered the 

finest intaglio ever created. A portrait of Plato engraved 

in almandite is the most familiar likeness of him. 

At its best this garnet has a deep, dear red color, usually 

tinged with violet. It is highly prized in India, where the 

wealthy classes call it precious garnet and wear it with 

their diamonds and rubies. Almandite is the gem known 

for 2,000 years as carbuncle, and it lias often been cut with 

a rounded top. This style of cutting (cabochon) is itself 

at times wrongly called carbuncle, bur the latter word 

should be applied only to a red garnet so fashioned. The 

mineralogicil spelling ahnandite is a scientific approach to 

uniform tcrnunology. 

That amazing optical instrument, the spectroscope (Fig. 

47), which reveals the intimate secrets of chemistry, shows 

a typical iron absorption spectrum in almandite, especially 

in the violet scones. 

Almandite genu conic from the prolific deposits of 

Ceylon, from India, from RrarJl and Uruguay in South 

America, and from a few ocher countries. Stones suitable 

for jewelry arc found in about a dozen states of the United 

States but arc hardly numerous. The large garnet crystal 

previously mentioned which was uncovered in New York 

Gty was almandite. The interesting crystals from Alaska 

have almost no value as gems. Almandite is the garnet 

most widely used as an abrasive; some commercial dc* 

posits, such as the one near Lake George, New York, 

also contain gem material. 
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Spessardte 

One of the precriest of the ^amecs is unforrunacely^ too 

lare, and osually too smaU, co attract much nodce. Spes- 

sartice, the maR^nesC'aluminum garnet, is usually red of a 

golden or brownish hue. The minenl is fairly common in 

Maine and elsewhere in the United States, but gem^quality 

material comes from only a few localities. Tiny perfect 

crystals arc found in cavities in three volcanic hills at 

Nathrop, Colorado. A number of good stones have come 

from northern Brazil. Other scattered sources include 

Ceylon, Burma, and Australia. The locality of Spessart 

in Bavaria gave its name to the subspecies. 

Grossidaritc 

Garnets with a hazy, spotted interior that indicates a 

granular structure belong co the subspecies known as 

grossularire, the calcium-aluminum member of the group. 

Stones the color of gooseberries give the mineral its name, 

from the Latin word for that berry. When they have the 

golden-brown color of cinnamon they are called hetso^te 

or cmrumtpn-stone. Even choker colors are orange, called 

byacintb-gamet^ and reddish brown, called j^cintb-gamet. 

Translucent pole-green grossularite was discovered a few 

years ago in the Transvaal and is sold as "South African 

)adc"—which it would probably resemble, if there were any 

jade in South Africa! A pink variety of grossularite in 

snow-white marble is mined lo Alerico. The ocher coloia 

come mainly from Ceylom 
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Andradite 

The most remarkable of all the garnets is green. Its 

name is demantoid, which means “diamond-like/* and ic is 

a variety of the mineral andradlic. Here is a gem with a 

flashing luster, a fiery inner brilliancy, and the most ex¬ 

treme display of rainbow colors shown by any major 

precious, scone- Although it may give forth yellowish 

tints, its choicest hue is a true emerald green. Demantoid 

was discovered in the Ural Mountains during the middle 

of the past century. At first ic was believed to be emerald 

and was called “Uralian emerald^’; now ic is sometimes sold 

also as “olivine^*: both najnes are erroneous and are used 

merely because they are supposed to sound more attractive. 

This wonderful rare gem needs no such deception. Inas¬ 

much as it is found only in small sizes and is not especially 

hard, ic is usually limited to being a foil for other, larger 

scone. Many have been set in rows and circles in diamond- 

set rings and sold as emeralds. 

Two ocher gem varieties of andradite arc known. To- 

pitzolite, named for its resemblance to yellow topaz, has 

come from Switzerland and Italy. Melanite is black and 

has served in mourning jewelry. 

All three kinds of andradite are calcium-iron garnets 

and are the softest of the entire garnet group. 

EPIDOTE 

The pistachio color of cpidocc is easily recognized. 

Faceted gems have been cut from transparent crystals of 

this distinctive yellowish-green shade and have often been 
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called pi^acite. Other dear hues exist, but they are not so 

well known, although opaque green specimens are very 

common in mecamorphic rocks. 

Epidote is the general name given to a group of ini' 

porcanc minerals, as well as to a series within the group 

and specifically ro the most abundant member. They are 

hydrous silicates of calcium, aluminum, iron, and o^cr 

elements. Another mineral in the group, zuisitc, is de> 

scribed in the chapter on ‘'Cabochon and Carved Gems.” 

Epidote itself is monoclinic, and its crystals are often hand¬ 

some, having a prismatic aspect and exhibiting many faces. 

Gem material has come from Austria, Italy, and Norway. 

ZIACON 

Zircon is no longer the gem of mystery. Until the last 

ten years, however, less had been known about its consti¬ 

tution than about char of any other precious stone, and its 

history, even the origin of its name, is seiK obscure. Yet 

zircon is one of the oldest gems; its scienrific nature makes 

it one of the most extraordinary. 

Early in the 20th cencury three kinds of zircon, rather 

than one, were believed to exist. To avoid the confusion 

of giving them separate names, it has been more convenient 

to refer to them as high, low, and intermediate zircon, 

according to the physical and optical properties. 

According to this interpretation high zircon is the fully 

crystallized sdicace of the element zirconium. Low zircon 

has no outward crystal fonn and is apparently a mixture 

of amorphous oxide of silicon and some kind of zirconium 

oxide, which may be partly crystalline. Intermediate zir¬ 

con is composed of both the normal silicate and the separate 
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oxides and fiUs the gap between the extreme higli and low 
types. 

The current decade has revealed more imiinacely the 
physical secrets of zircon and showed that the so-called 

Fig. 79 Zircon Crystals in Matrix 
{Word's Natural Science Esrabllshmenc.] 

high zircon is the normal kind and includes most of the 
gem varieties. High zircon belongs to the tetragonal sys¬ 
tem and occurs in square prisms with pyramids at both 
ends (Figs. 14 and 79). A twin crystal is shown in Fig. 
3. Radioactivity due to the presence of thorium breaks 
down the crystalline structure to an increasing extent 
until, by a gradual transition accompanied by changes in 

149 



specific gravity, refracdve index, and other properties, the 

mineral becomes tow zircon. The cloudiness characteristic 

of many zircons is evidence of their internal disintegration 

from the normal state. 
With these variations in smicrure k a similar variation 

in color. Perhaps zirctm has no such complete extent of 

hues as is fotind in corundum or tourmaline. But there is 

enough choice to satisfy most tastes, and some of the colon 

are indeed splendid. The deep-red gems reflect from their 

depths a penetrating glow, and the green stones with their 

peaceful beauty present a fine contrast. The rich golden- 

yellow gems are truly magnificent, surpa^ng all other 

stones of that color. The lovely blue zircons are de¬ 

servedly popular, having been named starlite by Dr. Kunz 

because of their resemblance to **scars twinkling in the 

night.” By no means least in interest arc the colorless 

gems, whose resplendent brilliancy, dazzling luster, and 

concentrated Are make them the nearest rival of diamonds. 

Normal zircon is most likely to range from colorless to 

orange red or blue. Altered zircon may be brown, yellow, 

or green. 

Zircon was better known until recently by the names of 

its varieties, bygeintb and jgemthy wliich appear in the 

older iiterature. The word zircon, which may have been 

derived from an Arabian or Peraan word chat described 

one of the colors of the stone, was rarely used in the gem 

trade until the introduction of the blue and the colorless 

kinds, but it has now become thoroughly familiar. It has 

largely superseded the names starlitc for the blue, and 

jar goon or “Macura diamond” for the colorless zircon. 

The word Matura is similar to Matara, the southernmost 
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harbor of Ceylon, from where the cratisparenc colorless 

gem was exported. 

Both hyacinth and jacinth are now correctly applied to 

red, orange, yellow, and brown zircons of gem quality, 

although if a distinction is made, hyacinth may be the 

reddish brown and jacinth the more nearly pure orange in 

color. Surely the best improvement would be to call all 

of them zircon, with suitable adjectives to indicate the 

color. 

Ancient artists found zircon a responsive medium for 

their skill. Greek gem carvers specialized in intaglios, in 

which the design was incised below the surface; tlie Ro¬ 

mans engraved both intaglios and cameos, most of the 

latter being in the darker stones. These classic specimens 

are characterized by roundness of line and shallowness of 

^gure to avoid cracking the gem. Renaissance artists 

worked much with palc-ycllow zircon, but produced 

cameos slightly inferior to the best of earlier periods. 

The feature of zircon marketing chat has attracted the 

greatest interest is the arcidcial production of certain colors. 

When the starlice blue, rlie golden-yellow, and the color¬ 

less diamondlike varieties began to acquire extensive popu¬ 

larity in America after the First World War, considerable 

discussion was aroused about their occunence in nature. 

Some of them have indeed been found, but only rarely, 

and a proiitabie industry was built up at that time in the 

creation of these desirable colors. The Oriental process 

chat is used has become generally known only since 1936. 

Between 850 and 1,000 degrees centigrade the reddish- 

brown stones from Indo-China usually turn golden yellow 

or colorless when heated in air, and blue or colorless when 
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heated in the absence of air. Nothing dishonest is in¬ 

volved in this method of changing the color; the other 

properties remain about the same, and the chief effect is 

CO give US gems chat are admittedly more beautiful. 

Must of the heat cieadng, as ^veQ as the cutting, is done 

across the border from Indo-China at Bangkok, the capital 

of Siam; the location of (ha Industry e:tplains the mist^cn 

references co “Siamese aircons.** Japanese conquest put 

a temporary end co ouende purchases of aircon originat¬ 

ing in Indo-China, but the brown, yellow, and green gems 

from Ceylon continued to be available^ 

The gem distria of Ceylon lies between Kandy, the 

capital, and the south shore near Ramapura, which means 

“City of Gems" in Singhalese. In this interesting oriental 

island, known to the Chinese as the “Ule of Gems," b the 

greatest concentration of precious stones in the world, the 

deposits furnishing every imporranr species with the single 

exception of diamond. The stones are scattered through¬ 

out a layer of gravel called illof/f, which lies under a thick 

bed of clay. Above the clay b fertile ground cultivated 

for centuries as rice fields. The work b done by natives 

who receive three-Bfehs of the proceeds. A pit b dug and 

the earth b hauled to the surface in baskets; then it b 

washed in s stream, and the stones arc separated from the 

mud. They are sorted into groups according to size and 

quality. Many crystab have been worn into irregularly 

rounded pebbles by the sorting action of running water, 

which, together with tropical conditions of weathering, 

a^regates the gems into placer deposits. 

Some fine zbcon has been taken from places outside the 

Orient. Yellowbh-red stones come from Russia, and red 
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gems of good color have been found in New South Wales. 

The diamond-bearing rock at Kimberley in South Africa 

carries a quantity, of yellowish-brown crystals of zircon, 

which are called by the miners “Dutch bore/' a disreputable 

epithet justified by their lack of value, ^rcon occurs at 

several localities in the United States, but material suitable 

for fashioning into gems is rarely encountered. The clear 

and brilliant crystals from the Pikes Peak region of Colo¬ 

rado are iinfonunatcly loo small. 

That zircon has other remarkable qualities besides color 

ro make it a most worth-while citizen of the gem kingdom 

is evident from a brief mention of its physical properties. 

A happy combination of an adamantine lusrer, a high re¬ 

fractive index, and a dispersion only 14 per cent lower 

than that of diamond n^akes a fine colorless zircon re¬ 

semble a diamond so closely that in direct sunlight or under 

bright artificial illumination not many persons can easily 

discriminate between them. 

Zircon Is not characterized by excessive hardness and 

is peculiarly subject to chipping around its edges; yet if 

given the careful crcatmenc due all rare and valuable things, 

zircon will reward its owner with long and faithful service, 

giving constantly what it most possesses—beauty. 

The specific gravity is higher than that of any other 

major nonmctallic gemstone, so that a zircon is smaller in 

diameter than a diamond of the same weight. 

In the history of chemistry zircon is noted for having 

furnished to science two rather rare elements. Zirconium 

was discovered in the mineral in 1789 and named after it, 

and the most closely related element, hafnium, was first 

detected in a Norwegian zircon in 1922. 
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DATOLITE 

DacoliM leads a double life. European writers refer to 

the pale-green and yellow gems cut from transparent 

crystals of complex forms. Ainericans, on the other hand, 

are better acquainted with the light-colored, often mottled, 

opaque masses resembling unglazed porcelain which are 

found with inclusions of narivt copper in the Lake Superior 

copper district of Michigan. The faccc<ut type is the 

more valuable because it is rarer and more difficult to cut, 

and therefore deserves primary conaderadon. 

Datolite is a silicate of boron and calcium, which 

crystallizes in the monodtnic system and has an inferior 

degree of hardness. Its curious crystals are found in the 

United States in New Jersey, Massachusetts, and Connec¬ 

ticut, and in central Europe, especially Austria. 

Very similar in chemical composirion to danburite. 

which is sometimes found with it, datolite is closely re¬ 

lated in a structural way to euclase (which may be said 

to belong to the datolite ftfwf/y). None of these three 

gems has more than a limited use. 

EVCLASE 

Like aquamarine, euclase is a gem containing the ele¬ 

ment beryllium (as a hydrous silicate of beryllium and 

aluminum), and also, like aquamarine, it comes in deli¬ 

cately lovely tints of blue and green. The chief reason, 

apart from a certain rarity, why stones cut from eucbse 

are infrequendy seen is their very perfect cleavage, which 

makes cutting difficult. The name of the mineral, in fact, 

means “good cleavage.” Its resistance to scratching is 
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almost equal to that of aquamarine. Euclase occurs in 

prismatic crystaJs of the mooocliiuc system, Gcm-qualiry 

stones come from Brazil, the Ural Mountains, India, and 

East Africa. 

TOPAZ 

Topaz recommends itself to the aesthetic caste by its 

perfect transparency, its velvety luster, its enchanting hues, 

and its softly diffused body appearance, Topaz is indeed 

an appropriate binhstonc for November, mirroring the 

golden tone of autumn leaves and the rich glow of Indian- 

summer sunsets. Yet all topaz is not yellow, nor are all 

yellow stones topaz, as is widely believed, The colors of 

topaz arc many; they are usually of delicate tint; chore are 

few dark scones, Red colors are especially scarce, but 

clever applications of heat, called “pinicing" and carried 

on mostly in Brazil, turns some brownish topaz to the 

blushing rose and pink hues chat have been in vogue during 

recent years. Blue and light-green topaz are indeed lovely, 

Even the colorless stones are appealing, for there is some¬ 

thing about their shining surface and peculiar slippery feel 

that is quite individual. 

Citrine, the yellow variety of quartz, is rhe gem most 

often confused with topaz and sold in place of it, but surely 

citrine is inferior in richness and delicacy of color, as well 

as much cheaper in price. Attempts are still being made 

to effect standardization of gem names, particularly citrine 

and topaz. 

The derivation of the word topaz is uncertain. The 

original name was applied fo the variety of olivine now 

known as peridot. Conversely, the word chrysolite, an¬ 

other present-day name for olivine, was once used to in- 
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dicare the cnie topaz. A probable source of the word topaz 

is the Sanskrit titpas, meaning “fire/’ for some of its colors 

merit such an appellation. 

Topaz is an aluminum silicate containing fluorine and 

water, which indicate an origin through the action of hot 

acid gas. It is found mostly in pegmadces, granitic rocks, 

and in the placer deposits accumulating from their diS' 

integration. Topaz is a fre<^uent associate of tin ore, and 

the presence of either one is a useful indication of the 

other. 

Crystals of topaz (Figs. 20 and SO) are distinctive in 

appearance, since they have excepciunally smooch faces, 

sharp edges, and a base. Tc^mu has an extremely 

easy cleavage parallel to the base, so that a crystal may 

be split into any number of chin slabs with little trouble. 

This fragility is somewhat offset by great hardness. Among 

precious stones topaz ranks fourth in hardness; hence it 

resists the abrasive effects of ordinary use. 

The relatively common occurrence of topaz in large 

crystals (see Fig. 60) keeps the cost of lai^ cut stones 

low. A piece weighing 1} pounds was used as a doorstop 

by a London merchant until its identity was revealed and 

it was removed to the British Museum of Natural History. 

The enormous stone known as the Braganza diamond, 

which is among the treasures of Portugal, is believed to be 

topaz, but for a long time no one competent to form an 

opinion on it has been allowed to examine this i,660>carat 

gem. Topaz gems of the most fascinating colors may be 

seen in the great mineral coUecrions of our la^r cities. 

Brazil produces topaz of a ridi yellow>brown color- 

called imperial topaz in that coontry-^ well as most of 

the stones that are altered in color. Fancy pink topaz and 
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Fig. 80 Huge Crystal of Gem Topaz from Brazil 

[Cruibrook InKttuM of Science*! 

the world. Ocher main foreign sources are Burma, Japan, 

Australia, the British Isles, and several of the gem* 

producing countries of Africa. 

In the United States lovely blue topaz formerly came 

I from San Diego County, California. Colorless and sherry- 

colored stones are found in the Thomas Mountains of Utah 
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red topaz bring a high price, and blue stones are increasing 

in cost. Ceylon stands high in today’s marker. Russian 

and Siberian topazes are among the magnificent gems of 
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and arc prized for thdr sparkle when cut. Splendid 

crystals have coinc from Colorado’s mineral deposits; per¬ 

haps the largest complete topaz crystal ever found in North 

America was taken from Devil’s Head in 1935. Several 

other states, e^>ecially those of New England, have pro¬ 

duced topaz of gem qoalicy, and the annual American 

output has on occasions exceeded $5,000. Massive topaz 

without any gem value has recently become an industrial 

mineral mined In ton Iocs in South Carolina for use in 

ceramics. 

AXINITK 

So named because of the wedge shape of its crystals 

(Fig. 27), ixinite b a rue gem of unusual coloxs. It pre¬ 

sents a choice of hues, including honey yellow, olive 

brown, and violet blue, which are accentuated by a strong 

dichroism that lends a charming evanescent effect. The 

luster b particularly pleasing. 

The chemistry of axinite b complex, as the mineral is a 

hydrous silicate of boron and aluminum and contairu sev¬ 

eral other elements substituting for one another. Axinite 

IS approximately as hard as <|uartz. It is the only trans¬ 

parent gem besides Icyanite that belongs to the triclinic 

system, the least ^mmetrical of the six main kinds of 

crystals. Axinite if the colors mentioned occurs in the 

French Alps, Tasmania, and several American localities. 

ANDALusrre 

In its usual brown or green color, faceted andalusite 

closely resembles tourmaiine of the sanw hue. The green 

gems are most striking when viesved along the main 
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crystallograpliic axis, for their strong dichroism causes 

bright flashes of red to gleam against the contrasting back¬ 
ground. 

Another interesting, chough much less valuable, variety 

of andalusite is called chiastolite. It is never faceted, but 

when sections of it are polished they show a black cross 

which is due to the odd arrangcnicnc of the carbon matter 

present in the center. Chiastolite should not be confused 

with the completely cross-shaped ‘'fairy stones” of scauro- 

lice, which owe their form to the incergrowth of two 

twinned crystals; both minerals are used in Christian coun¬ 
tries as amulets. 

Andalusite la an aluminum silicate with the same chemi¬ 

cal forn)ula as sililmanire and Uyanite. Crystals of anda¬ 

lusite occur in square prisms belonging to the orthorhombic 

system. Transparent andalusite is somewhat harder than 

quartz, whereas chiastolite is considerably softer because 

of the difference of its interior. 

The original source was the southern Spanish province 

of Andalusia, froni which the mineral derives its name. 

Ceylon and Brazil furnish most of the current supply. 

Chiastolite comes from Siberia and Australia. The United 

States, particularly Massachusetts, yields both kinds. 

SILLIMANITE 

Occasional light-blue and green specimens of sillimanite 

appear in the gem trade. Thcii lack of distinction lies in 

the fact that they look much like several better-known 

gems of similar pale colors, 

Crystals of sillimanice are long slender prisms of the 

orthorhombic system. Many of the scones are water- 
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rounded, so thac their origioal form is no longer evident. 

Sillimanitc » slightly superior in hardness to quartz. In 

composition it is an aluminum silicate and has the same 

formula as andalusice and kyanite. Burma and Ceylon 

are the leading sources of gem material. 

Siiiimanite was named after Benjamin Silliman, a pio¬ 

neer American geologist. Another name for it was fibro^ 

Hte in reference to the typical fibrous structure of some 

of the material. Now, however, the name fibrolice is 

reserved for the fibrous variety only, some of which is 

grayish green or brown, resemblir^ jade, and some of 

which shows a cat's-eye elfea owing to the reflections 

from the tiny fibers. 

KYAKIT6 

Alone among all the minerals of the world in its 

variable hardness, kyanite has the curious ability of resist¬ 

ing the scratch of a knife in any direction except down 

the length of the crystal. This peculiar property is a sure 

means of identification. 

Kyanite ts one of few gems having the authentic color 

of blue sapphire. In its lighter blue tints it resembles aqua¬ 

marine, and it may also be almost colorless; the prevailing 

hue, however, is so typical of kyanite as to suggest its 

name, which means “blue.” (‘‘Cyanite” is an obsolete 

spelling.) 

An alternative name is dinbene, meaning ‘‘double 

strength/’ in reference to the unequal hardness in dif¬ 

ferent directions. The crystals arc criclinic, in long blades, 

which usually have a concentration of color in the center, 

surrounded by a white ma^in. This color contrast is 

augmented by a strong dichroism. 
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Kyanite has exactly the same chemical formula as au- 

dalusice and slllimaniref all three being alununum silicates. 

Because it possesses a very easy cleavage, and its cleavage 

surfaces show a pearly luster, uncut kyanite tends to 

exhibit a characteristic rippled surface unlike the more 

compact smoothness of ocher gems. 

India and Burma produce kyanite in gem quality, as do 

Switzerland, Brazil, Kenya in East Africa, and the United 

States. Some beautiful kyanite of an uncommon grcci^ 

color conies from North Carolina. 

SPHENK 

With a dazzling surface luster and a display of rainbow 

colors excelling even diamond, sphene presents a mag* 

nificenc appearance. So high, also, is its refractive index 

that a standard jeweler’s refractoniccer fails to give a read* 

Ing. In dispersion or fire spltcne surpasses all the major 

gems with the sole exception of andradirc garner. In the 

extent of its double refraction sphene is even more im* 

pressive, standing alone at the top. A dichroscope shows 

marked di (Terences in the hues of the individual rays crans> 

mitted through the darker stones. 

With these astonishing optical properties, and n group 

of distinctive colors as well, sphene merits attention in any 

company of gems. 

The name in Greek means “wedge” and clearly de¬ 

scribes the odd'Shaped monoclinic crystals shown in Fig. 

24. Previously it was generally applied to the lighter 

colors, which are confined to green and yellow, while the 

now-discredited name “ritanite” was used to indicate the 

darker, mostly brown, stones. At the present time sphene 
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is the accepted name of ihe species and includes the green, 

yellow, and brown colors, boch l^ht and dark. 

As the word titanite suggests, this gem contains tlie 

chemical element titanium and is a silicate of ritanium and 

calcium. The extraordinary opticaJ charactcrisrics of 

sphene are not matched by its other physical properties, 

for the hardness is considerably inferior to that of quartz, 

and the specific gravity b quite modest, almost exactly the 

same, in fact, as diamond, i^tich too b notable for its low 

density as compared with its hi^ refraction. 

Gem sphene has come from Austria, StviczerUnd, Can¬ 

ada, and the northeastern part of the United Stares. 
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Chapter 4 

Gobochon niul Carved Gems 

The amareur gam eufrer of coday begins, as did the 
earliest lapidary of ancient times, to work with the softer 
sconesi fashioning tliem into cabochons before attempting 
any facet cutting, which demands a superior degree of 
mechanical skill and niarheniatical precision. Cabochon 
is defined as a scone cut in convex form, polished but not 
faceted; the tern) applies also to the style of cutting itself. 
Gems shaped in this manner are said to be out cabochon, 
or tn cabochcf} in the original French (derived from 
Latin). 

The carving of gems involves an even greater ability 
chan faceting does, because of the artistic talent required 
to sculpture figures, carve cameos, engrave intaglios and 
seals, and to create other ornamental fomis of beauty and 
objects of usefulness in infinite variety. 

Cabochon and carved gems are appropriately and con¬ 
veniently discussed together, because in general the same 
scones arc selected for both types of cutting. Although 
any gem may, of course, be cut in almost any way—for 
example, the carved diamond in the Chicago Natural 
History Museum—the usual media for cabochons and 
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carvings are opaque and translucent stones whose appeal 

lies in cheir actractive color, curious markings or mottling, 

or distinctive optical effects. These materials, it will be 

noted, do not exceed quartz in hardness. They are de¬ 

scribed by spedes in the rest of this chapter, which follows 

(with a few unavoidable exceptions) the order of min¬ 

erals given in ^e seventh edition of Donats System of 

Mineralogy.' 

MfTALUC OEMS 

Metallic gems are judged by ilieir luster, not by their 

chemical compositton. Most gems contain a Urge per¬ 

centage of some metal, such as aluminum, iron, or copper, 

but its presence is seldom manifested in the appearance 

of the stone. Among the common minerals a ffietallic 

luster is so frequent that it is used as the major criterion 

for classification in most schemes of determinative min¬ 

eralogy; but only two gems, pyrite and hcmadte, have a 

luster like that of a typical metal. 

Pyrite 

The brass-yellow color of pyrite has deceived prospec¬ 

tors so often that they have given it the name *'foors gold.” 

The name pyrite is derived from the Greek and refers to 

the sparks that fly when a specimen is struck. 

Pyrite is a ubiquitous mineral, having been formed under 

every kind of circumstance and in almost every type of 

geologic body all over the worid. It is an iron sulfide, 

> Pal4chc. Bemun. snd Prondd, Hafvsrd Cnivenicy. Fublisheti by 
John Wil«y aod Socs, Inc, New Yoric Vdume I. 19H. 
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used an ore of iron in only a few places because it 

contains too small a proportion of the metal; however, it 

has been on occasion an important source of sulfur. 

It may be one of the most handsomely crystallized of 

Fig. 81 Handsome Group of Striated Pyrite Crystals 

(Ward’s Natural Science Esrablishnienc.] 

the isometric minerals, occurring in a distinctive fonn 

called the pyritohedron and in cubes chat arc often striated 

in opposite directions on adjacent faces. (See Fig. 81.) 

As is true of ocher common minerals, liowcvcr, it is usually 

massive. 

One novel way in which pyrite is set in jewelry is in a 

single cluster of small natural crystals. Most cut and 
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polished pyrice is sold under the trade name ‘"marcasite/’ 

Rea) marcashey which rarely in jewelry, is a very 

similar mineral, which has the same chemical formula but 

crystallizes in the orthorhombic system. 

Hematite 

Although it has been cut in a miscellany of faceted and 

cabochon shapes, even including beads to serve as an un> 

convincing substitute for black pearls, hematite makes its 

most frequent appearance in jewelry as intaglios for men’s 

signet rings. For this purpose it is an excellent material; 

the design, usually the head of a warrior, is incised by 

hand below the stirrounding polished surface. 

The dark-gray color of such a highly reOecting opaque 

gem belies its true color, which is not seen until the stone 

is scratched or broken. Then the cherry-red hue of the 

mineral powder appears, and the ori^ of the name hema¬ 

tite, which comes from the Greek word meaning "blood¬ 

like," becomes obvious. Usually hematite is red because 

it is already in a 6nely divided state; only crystals and hard 

masses are gray or black. Common hematite is found in 

numerous forms, such as micaceous, earthy, and librous. 

Hematite is of tremendous significance to our industrial 

age, since it is the chief ore of iron in the world's vastest 

iron mines, those of the Lake Superior r^on. Hemadte 

is ferric iron oxide; it crystallizes in the hexagonal system. 

The gemstone from Cumberland, England, has the highest 

reputation. Other sources include the i^and of Elba and 

the Scandinavian countries of Sweden and Norway. 

Hematite imported into the United States since the war 

has been cut in China. 
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NONMETALLIC CABOCHOK AND CARVED GEMS 

Four of the nonmctallic gems that are cat into cabo- 

clions or are carved—turquoise, feldspar, lapis lazuli, and 

jade—may be regarded as major gems, at least from an 

historical viewpoint. Nevenhcless, the orhers described 

here are also well worthy of study, and some of them arc 

pushing rapidly into prominence. 

Snuthsonitc 

When stained by the presence of impurities, the mineral 

Smithsonitc, which is white when pure, takes on various 

attractive colors. The translucent green or bluish-green 

material, sometimes banded (Fig. S2), is the most pleasing 

and has become a fairly well-known gem. 

Smithsonite is a zinc carbonate, the zinc being replaced 

in part by other elements. Like related carbonates, of 

which it is the hardest, smithsonite crystallizes in the hex¬ 

agonal system, el'tough rarely in visible crystals. Its very 

sensitive cleavage in three directions tends to add a pearly 

luster CO the vitreous luster of the unbroken surface. In 

some mines smithsonite is an in^portanc ore of zinc and 

represents a surface alteration (often indirectly) from 

sphalerite, the primary zinc sulfide, which is itself a 

gem mineral. 

The stone was named after James Smithson, the English 

chemist who was bum in France and cscablislied the 

Smithsonian Institution in the United States. It may be 

remarked that this mineral was formerly called “calamine” 

in Great Britainj American “calamine” (now named hemi- 

morphice) is an entirely different zinc mineral. 
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Material good enoi^h for jewelry comes fronj Kelly. 

New Mcxicoj Laurium, Greece; ^tandar, Spain; and 

Tsumeb, South-West Africa. 

Fig. 82 Polished Slab of Banded Smithsonire 

fWaofi Narunl Setcnce Eetablishment.] 

Malachite 

For richness of beaacy. the silky banded green of mala¬ 

chite is unexcelled in the mineral kingdt^. Its softness 

prevents its nse tn rings and other articles of jewelry that 

are subjected to moch wear, but its br^ht opaque color 

makes it eminently suitable for pins, necklaces, and but¬ 

tons. As a favorite stone of Czarist Rusria, malachite was 

extravagantly carved into bowls, table tops, vases, and 

jewel boxes. 



The agatelike banduig, superbly shown in Fig. 83, is 

due to slow deposition from solution, for malachite is 

a secondary mineral occurring where copper ores have 

undergone certain processes of weathering that involve the 

Fig. 83 Banded Gem Malachite 

IWard'i Nsrunl Science Eerablishmcnt.] 

addition of carbonic acid. Mnlachire is a bnsic carbonate 

of copper, and like all carbonates it effervesces in acid. 

Malachite crystallizes in the monocUnic system, but it 

seldom appears in sharply defined crystals; it is usually 

seen in massive rounded shapes. Most of the crystals of 

malachite that have been found were once crystals of 

azurice (a gem mineral of similar composition) which have 
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altered with a £brous effect to the more stable compound. 

These pseudomorphs are shown in Fig. 84. 

The name comes from the Greek word for *‘mallow,” 

the leaf of some varieties of that plant resembling malachite 

in color. Concentrically banded malachite of superb gem 

Fig. 84 South African Group of Fibrous Malachite Crystals 
Altered from Azurite 

Ntfural Seienee Esaliliihmcnt.] 

quality comes from the Belgian Congo; other sources in« 

elude Arizona, South Australia, Rhodesia, SouthAVest 

Africa, and the Ural Mountains. In these and other places 

nialachite is a valuable ore of copper. 

Azurite 

Although it occurs with malachite, alters to it, and has 

much the same propenies, azurite nevertheless present?; as 
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striking a contrast in color as can be imagined. Its azure- 

bine color, from which Ir gets its name, is as brilliant as 

tlie green of malachite. Although not as abvmdant as mala¬ 

chite, azurite also is a widespread and useful ore of copper; 

it is, like malachite, a basic carbonate of copper, but the 

two have slightly different chemical formulas- The mono- 

clinic crystals of azurite are not uncommon, though most 

azurice is massive. Azuritc changes slowly to malachite 

(Fig. 84) under normal conditions. When both minerals 

have grown together, the res\iIcing gem is called azuriirala’ 

chitfft which is used more frcc^uencly as an ornamental 

stone than azorite alone. 

Varischc 

The color of variscitc, usually light green to bluish 

green, resembles sonic hues of tarc|uoisc, and the two 

stones have often been confused. But vnriscicc year by 

year is becoming more conspicuous as a distinct American 

gem with a personality of its own. An observer promptly 

focuses his attention on the handsome polished nodules 

of Utah variscite in mineral cabinets, and cabochons cut 

from such pieces arc appearing more often in jewclry. 

Tlie recent phenomenal growth of the variscite industry 

was revealed in 1947 when variscite ranked fourth in value 

among the gems produced in the United States. 

The only large deposits of variscite arc in northern Utah, 

although the mineral was found long ago in Saxony and 

named after Variscia, a Roman name for the district- In 

Utah the variscite specimens occur in sedimentary rocks in 

brownish or gray nodules or concretions, in which arc 

combined several minerals of similar appearance, as well 
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as a greac variety of other minerals—the whole showing 

intricately veined partems. Cut pieces of variscice chat 

include parts of the matrix are called anutriXy 2 word con¬ 

structed from “American matrix.” Patfiocic pride has also 

attached the superduous name viabUte to the pure variscire. 

V'ariscice is a hydrous alumintim phosphate, colored by 

chromium, vanadium, and iron. U crystallizes In the orcho' 

rhombic system but b usually massive. 

Turquoise 

The present American vogue for turquoise coincides 

with a marked extension of the world's supply. Even 

the excited search for new deposits, however, has failed to 

meet the gready increased demand. The gem conse¬ 

quently has been rising in price even more chan the exigen¬ 

cies of indacion warrant 

Turquoise has completed another cycle in its long Iu5- 

tory of repeated lapses from and returns to favor. Yet 

with certain races it has always been popular. The old¬ 

est dated piece of jewelry is said to be an Egyprian brace¬ 

let set with turquoise, which probably came from the 

ancient mines of the Sinai Peninsula. The highest grade 

of turquoise known has come from deposits near Nishapur 

in the Iranium province of Khorosan; small wonder that 

the Persians have regarded it as thdr national gem! Tur¬ 

quoise has long been used throi^hout the Middle East as 

an amulet to protect horses from falling. In the jewelry 

and ornaments of Tibet turquoise is characteristically as- 

sodaced with corah >rith which it contrasts nicely in color. 

No peoples, however, have i^arded turquoise with as 

much admiration as the Indians of the American South- 
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west- They mined it industriously for centuries before 

the coming of the white man, and they struggled against 

their conquerors for possession of the deposits. The 

Navajos in particular treasured the scone more chan any 

other article and still trade rugs, jewelry, or ponies for ic. 

The great mines near Los Cerillos in New Mexico were 

the largest and most famous in America, but, since the 

exhaustion of these sources, near-by states have in turn 

succeeded CO the position of chief producer. Nevada is 

in the lead today and Colorado is a close second; Arizona 

and California also yield valuable gems. 

Turquoise may be blue or green or any blend of these 

two colors, A blight blue, often called robin*8-^g blue, 

is regarded as tlie choicest hue. Some wearers, especially 

Indians, prefer a green color, even chough ic U much more 

common. Most blue scones have an unfortunate tendency 

CO turn greenish with age as they absorb grease and oil or 

lose water, Numerous fraudulent arccnipw have been 

made to restore the faded color. Certain localities, how¬ 

ever, arc noted for the constant hue of the turquoise taken 

fron) them. 

The cause of color in turquoise his not been established. 

Chemically, the mineral b a hydrous phosphate of alumi¬ 

num and copper; iron partly replaces cither or both of the 

other metals. Various beliefs have been expressed about 

the proponions of copper and iron needed to give specific 

colors, but analyses do not seem to sustain them. 

Thought previously to be amorphous, turquoise was 

proved to crystallize in the triclinic system by the discov¬ 

ery in Vi^inia in 1912 of tiny but actual crystals- Every¬ 

where else curquobe occurs in irregular veins, cruses, or 

lumps in broken rock that is generally volcanic In origin. 
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Thin wisps and small patches of other substances, mostly 
kaolin (a clay mineral) and lijTtoruie (ao iron mineral), 
traverse almost all specimens. The resulting pattern is 
often attractive and is accepted as a agn of genuineness. 
When these veinlccs are conspicuous, the material is sold 
as tttrqvoise’matrix. 

The rather waxy luster of turquoise serves to conceal 
scratchesi it is fortunate, as the gem is not especially hard. 

In addition to the places already mentioned, turquoise 
comes from several states of the Commonwealth of Aus¬ 
tralia and from Turkestan. The latter locality may have 
been responsible for the nan>e of the gem, a French word 
referring cither to Turkestan, the source, or Turkey, the 

market. 
Od&nxcUtt or '‘bone turquoise" has often appeared as a 

substitute for true turquoise. This curious gem consists of 
(he bones and teeth of animals, fossilized and colored blue 
or green by iron phosphate. Its organic texture reveals 
its origin. The name odoncoUte comes from two Greek 

words meaning '‘coodi stone." 

Feldspar 

The feldspar minerals consdrucc a group of similar 
species, closely related in chemical composition, crystal¬ 
lization, properties, and occurrence. Their scientific im¬ 
portance far exceeds their value in gcmology. Neverthe¬ 
less, the feldspar gems include several varieties of real 

charm. 
The significance of (he feldspars lies in tUdr abundance, 

in the variability of their composidon, and in the com¬ 
plexity of their crystallization. These factors combine to 
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make them cxcrcjiicly valuable as a basis for classifying 

jocks. With quartz they make up most of the bedrock 

surface of the earth. Unlike quartz, which is remarkably 

constant in chemical composition, they vary enough to 

serve as a fundamental means of differentiation among 

rocks that contain them. A specinjen of feldspar the com¬ 

position of which is known can be very useful in classify¬ 

ing the rock from which it came. Elaborate methods have 

been worked out for determining the composition of feld¬ 

spars by microscopic examination of their cryst8llj7.ation, 

particularly their twinning, and entire books have been 

publislied on this subject. The name chat is applied to a 

given igneous rock depends mainly upon the kind and 
amount of feldspar that is present. 

Feldspar is commonly divided into two main rypcs—che 

so-called potash feldspars, including orthoclase and micro- 

clinc, and the plagioclase feldspars, which form a continu¬ 

ous scries within themselves. All arc silicates of aluminum, 

having potassium, sodium, and calciun; os other major con- 

ititucncs. Orchoclase belongs to the monoclinic system 

and the rest arc rriclinic, but there is little difference in the 

shapes of the crystals, which appear in Figs. 23, 26, and 

85. A promincnc feature of the triclinic feldspars is their 

multiple twinning. Taking place on a small scale, this 

repeated twinning consists of countless parallel planes 

within the crystal and gives rise to a row of closely spaced 

lines or scriacions (sometimes visible only with a micro¬ 

scope) on rhe surface. When two or more kinds of twins 

arc present, the structure may form a network pattern. 

The interference of light reflected from such twin planes 

is a major cause of the unusual optical effects that dis¬ 

tinguish many of the feldspar gems. The close relation- 
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ship between the membexs of che feldspar group makes it 

possible for most of the gem varieties to occur in more 

than one species, because almost all che feldspar gems owe 

their distinctive charaatristics co stnicniral pecuUarides, 

Fig. Amazonstone Crystals from near Pikes Peak, Colorado 

IWtrd’i Natural Science Eanbluluiient.) 

and these are seldom restricted to only one ^ecies of feid> 

spar. 

A conspicuous property of feldspar is the presence of 

rwo pronounced cleavages which are exactly or almost at 

right angles to each other. Feldspar is inferior to quartz 

in hardness; orthoclase b the standard for number 6 on 

Mohs’ scale. 

Besides being cut into gems, feldspar is widely used as 

a binder and a glaze in the manufacture of porcelain. Some 
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is used in glass-making. When regarded as the mineral 

that by the processes of weathering contributes more chan 

any other to the formation of soil, feldspar cakes on its full 

stature as a vital substance in the world we know, 

Orthoclase. Occupying the first place among the feld¬ 

spar gems, mooTistont has long been a favorite in fine 

jewelry and is perfectly adapted for beads, necklaces, and 

pins, though not durable enough for rings. Its soft radi¬ 

ance, like the glow of summer moonlight, has a quiet appeal 

that is never tiring. Moonstone usually appears white and 

rather milky until it is held in a favorable position, when 

a lovely sliccn sweejw across its face in a subdued flush of 

light, which is bluer, the choicer the gem. 

This optical effect is known as schillerizatiov. It results 

from an intimate incei^rowih called vucropertbite-i com¬ 

bination of two kinds of feldspar, orrhoclase and plagio- 

clnsc. The orrhoclase constitutes most of die material 

and acts as a host for chin layers of alblce (a kind of plaglo- 

clase). The presence of these layers tends to induce a 

separation or parting along them, and the reflection of light 

from such surfaces causes the schillerix.ation. The spacing 

of these layers determines the color of the sheen. A moon¬ 

stone must be oriented properly to reflect light; conse¬ 

quently it is always cut with a fairly steep, rounded top 

and a base that is parallel to the reflecting layer of albitc. 

Beautiful blue moonstone is found in Burma. Most of 

the good gems, however, come from Ceylon, where they 

are found in gravels and swamps, as well as in the origin^ 

rock itself. Madagascar and Tanganyika Territory are 

other sources of moonstone. Switzerland was formerly a 

producing locality. 
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Noc aJl moonstone Kavc the composicion just men¬ 

tioned. Some are varieties of albiic and some arc varictie 

of oligoclase and will be discussed later under chose mem¬ 

bers of the plagiocUse series of feldspars. There is also 

a pink jno&natmt, which is a variecy of scapolicc, and a 

moonstone of inferior quality which b a variety of quartz. 

But the true moonstone is feldspar, and most of it consists 

largely of orrhoclasc. 
Two other varieties of orthoclasc, both of them trans¬ 

parent, are also used as gems. 

A colorless, virtually pure, orthoclase that appears at its 

best when faceted has come mainly from Switzerland but 

is now quite rare. It was named aduiaru after the Adolar 

Mountains, which formerly included the St. Gotthard re* 

gion, the actual source. 

Clear yellow orthoclase has been found in Madagascar 

within recent years. It owes its 6ne color to a small distri¬ 

bution of ferric iron oxide and makes atrraccive faceted 

stones. Pure onhoclasc, such as adularia, is a silicate of 

potassium and aluminum. 
Microclrne. Like onhoclase, microcline is a so-called 

poiasb or atkili feldspar and has the same chemical formula. 

It crystallizes, however, in the triclinic system; its name 

refers to the small inclination by which the two cleavages 

differ from the right angle chat they have in orthoclase, 

which means "straight cleavage." 
AviazonTtone (or anmortite) is the only gem variety of 

microcline and is also the only green feldspar. Owing to 

its color, which ranges from bluish green through bright 

green to greenish gray, it resembles jade and is often mis¬ 

taken for it. The name amazonstone itself is the result of 

an error, for the mineral docs noc occur near the Amazon 
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River, but originally in rhc Ural Mountains. The one out¬ 

standing locality for anxazonscone is the Pikes Peak region 

of central Colorado- When crystals from there, similar 

to those shown in Fig. 85, were displayed for sale ar the 

Centennial Exposition in Philadelphia in 1876, their size 

and quality forced the Russian material off the niarkec. 

Amazonstonc also comes from Norway, Madagascar, and 

the state of Virginia. It has been cut into beads and 

other rounded forms. It cannot be carved like jade, how¬ 

ever, because of its easy cleavages. 

Plaghclase. The term plagioclase covers a completely 

isomofphous series of triclinic feldspar minerals, which 

grade into one another without any break. For con- 

veiucncc mineralogists have divided them arbitrarily into 

rix species, which have no significance except that each 

expresses a given range of chemical composition. The 

optical and ocher physical properties change slowly as the 

composition changes. 

The plagioclascs are often called the soda-Iin/f feldfpars, 

because they run from albite, an aluminum silicate with 

sodium (soda), to anorthice, an aluminum silicate with cal¬ 

cium (lime). The progressive variation from albite to 

anorthitc is nor merely a substitution of sodium by calcium 

but is more complex, involving a change in aluminum and 

silicon as well. 

Including the intermediate members of the series, the 

plagioclascs are named albite, ollgoclase, andesine, labra- 

dorite, bytownice, and anorthitc. Each of the end- 

members enj braces 10 per cent of the whole, and each of 

the others covers 20 per cent. 

Tlirec of these six plagiociases may be represented among 

the gems. 
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Albltt. Referred to as a sodic pUgioclase or an alkali 

feldspar, according to one’s wewpolnT, albirc generally is 

similar in occurrence to the other alkali feldspars, ortho- 

clase and microcline. The word albice comes from the 

Larin and means ‘‘whiteits color. 
A rare variety of albite called perwtenw, from Canada 

aitd Madagascar, sho^vs a play of colors when held in a 

certain position, owing to the interference of light that is 

reflected from twinning surfaces having a restricted orien- 

cation within the stone. Since the orientation varies with 

the composition of the feldspar, this interesting effect is 

not frequently seen in albice. 

Some albite also occurs as vtoenstom. 

Oligcclase, In addition to a small part of the moonstone 

that is used in jewelry, oLigoclase furnishes some transpar¬ 

ent colorless stones that are attractive when faceted. Its 

chief contribution to gemology. however, is the variety 

srmstoney a perfect antithesis to the delicate loveliness of 

moonstone. The golden gleams of red and yellow tliat 

give sunstone its ape name come from light reflected from 

tiny flakes of hematite (a common iron mineral) dis¬ 

tributed in a regular manner throu^ the stone. The 

spangles disappear if the stone is heated and reappear only 

if the stone is cooled slowly enough. This gem is also 

known as avfrjtKrme feldspar from its resemblance to the 

original aventurine, which was the artiflcial glass contain¬ 

ing copper filings and now known as **gold^one." The 

richest sunstone comes from Norway where it is a popular 

gem. Other specimens are found in Siberia and in Modoc 

County, California. 

Labradorite. As far as the feldspars are concerned, the 

iridescent play of colors resulting from the interference 
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of light rays reaches a culminadon in labradorite. This 

common and abundant mineral, occurring in masses chat 

weigh millions of cons, ordinarily gray or white at its best, 

becomes transformed on rare occasions, when the structure 

permits, into a sheet of brilliant hue. Across the gray 

surface sweeps a rush of blue or green, as bright as a pea¬ 

cock’s feather—the same optical phenomenon is responsible 

in both instances—or of golden red or yellow, The 

primary cause of this effect is tlie repeated twinning in 

the mineral, the layers of which lie in the direction of the 

least favorable of the two chief feldspar clcavages. 

Labradorite was named after its discovery nlong the 

coast of Labrador in chc 18th century. It is found in 

islands off shore, and in Newfoundland and Quebec, and 

in Russia, but gem material forms only the smallest fraction 

of the rock. Labradorite must be cut with a flat surface 

to show its colors properly. 

Sodalitc 

Although it will be mentioned as one of the four opaque 

blue minerals that constitute the major pan of chc rock- 

gem known as lapis lazuli, soda)ire in some places is suffi¬ 

ciently homogeneous to be considered a distinct gem, The 

pleasing color is a deeper blue than that of lapis lazuli and 

somewhat more violet. 

In chemical composition sodolite is a silicate of sodium, 

aluminum, and chlorine, and it crystallizes in the isometric 

system. Localities noted for masses of sodalitc are three 

provinces of Canada—Ontario, Quebec, and British Co¬ 

lumbia—and Litchfield, Maine. Crystals have been found 

at Mount Vesuvius and material of colors other than blue 
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occurs elsewhere, but only the blue massive sodalice serves 

in jewelry and is carved into ornamental objects. 

Lapis Lazuli 

The ^'sapphire" of the Bible, lapis lazuli, was the most- 

prized blue gem of ancient times, not only for personal 

adornment but also for ornaments and inlaying. Assyrian 

and Babylonian jewelry and seals of la}^ Uzuli are in the 

most primitive forms. Chinese lapidaries have long carved 

from it small articles, of which snui7 bottles are the most 

interesting. In Europe and America it is cut most often 

into beads and into stones for pins. 

Like other opaque gems, (apis lazuli depends for its popu¬ 

larity upon its color, which is unrivaled among blue stones. 

Jr is, however, not merely a rich blue but spangled with 

gold and white, resembling, according to Pbny, the star- 

bedecked night sky. 

[ts variegated pattern is due to the fact that lapis lazuli, 

alone among the crystalline gems, b not a single mineral, 

but a rock consisting of an aggregate of several minerals. 

It was formed by the mctamorpbic action of a magma 

body on impure limestone. The i^ten rock recrystallized 

the limestone to ntarblc and disseminated through it a 

number of new minerals. Any given specimens therefore 

contain different proportions of these minerals. 

The most imponanc consdruents of lapis lazuli are the 

blue minerals, for they are chiefly responsible for its beauty. 

Four of them are known, all members of the feldspathotd 

group, so called because they are produced instead of feld¬ 

spar in rocks chat have abundant alkalies but insuflicient 

silica. Hauynlte has recently been proved to be the main 
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constituent, and the others arc lazurltc, sodalite, and nose- 

iJte. One or more of the four may be present, since they 

are isomorphous and panly replace one another. Chem¬ 

ically, they are silicates of sodium and aluminum; some 

necessary calcium, chlorine, and sulfur are distributed 

variously among them. They crystallize in the isometric 

system but usually in shapeless masses. Their hardness is 

moderate, but opaque stones do not need to be as hard as 

transparent ones which show scratches easily. 

The golden color is supplied by flecks of pyrite, the 

iron-sulfldc mineral known as “fool’s gold.” Its presence 

proves the genuineness of lapis lazuli, although its popular 
appeal changes with the fashions. 

Another common mineral, calcitc, furnishes the white 

wisps and veins. At least half a dozen other well-known 

minerals have been found in specimens of lapis lazuli. 

The name of the gem, now cjftcn shortened simply to 

lapis, was given to it in the Middle Ages, panly from the 

Latin word for “stone” and partly from the Arabic word 

meaning “blue”; its resemblance to our words lazurite and 
azure is obvious. 

Until the past century lapis lazuli \vas doubly prized, for 

it formed the base of the wonderful blue pigment called 

ultramarine, since produced artificially. 

Marco Polo visited and described the remarkable lapis 

lazuli mines of Badakhslian in Afghanistan in 1271. These 

mines have been worked for 6,000 years; near-by deposits 

also yield ruby and spinel. Good lapis lazuli is found 

near Lake Baikal in Siberia. A paler quality Is mined in 

the Chilean Andes. Other sources include Upper Burma 

and San Bernardino County, California. The newest lo- 
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calicy for good gems is neir the cop of No«h Italian Moun¬ 

tain in central Colorado. 

Prchnicc 

Translucent light-green prehnite of various hues is occa¬ 

sionally cut as cabochons. The ufwnjt cry^ls, which 

belong CO the orthorhombic system, are disrincriyc rounded 

aggregates which furnish an tasy due to the identity of 

the mineral. Another green variety of prehnite occurs in 

a more compact manner resembling jade. Prehnite is a 

hydrous silicate of aluminum and calcium. It was the 

first mineral to be named (in 178)) in honor of a person. 

Colonel von Prehn, who brought specimens from South 

Africa to Europe. Prehnite is found with dacolitc, also 

a gem mineral, and with zeolites in cavities in volcanic 

rocks, where ic has been deposited by solutions after the 

consolidation of the lava. Leading sources arc New Jer¬ 

sey, Connecticut, the Lake Superior region, France, and 

China. 
CblorastToliu is a prehnite-like mineral mixture found 

in Isle Royalc National Park, the largest island in Lake 

Superior. It makes artracrive cabochons. Exactly a cen¬ 

tury ago it was recognized as a mixture rather than a single 

mineral, but the name persists. 

Jade 

Jade scars in a double role. It represents two distinct 

minerals, which in some ways arc very different, yet in 

other ways are so much alike that only mineralogists try 

to discriminate benveen then. Moreover, a number of 
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other materials that somewhat resemble them often are 

improperly called jade. 

TTtc true jade minerals arc jadeite and nephrite. From 

an artistic and historical standpoint they are best treated 

together, for the term jade, which combines both, has 

great significance. From the view of the scientist, how¬ 

ever, they should be described separately. Attention will 

first be directed to the similarity between then: by a dis¬ 

cussion of jade as a single substance. 

As such it has always been regarded by the Chinese as 

the noblest of gems. It occupies a place in their art and 

their lore that has no counterpart elsewhere. The history 

of China, its triumphs and disasters, its prosperity and de¬ 

cline, can be read in the styles of jade carving that have 

gradually developed over the millennia and reflect the 

mood, the thought, and the action of a great civilization. 

In a general way, but with highly important variations, 

the trend I’tas been from crude and simple markings to in¬ 

volved gconjctric patterns, then to free-flowing designs 

that expressed religious symbolism, Anally to sculptured 

forms, which have become increasingly elaborate in mod¬ 

ern times. Examples of Chinese jade are treasured in many 

museums and private collections (Figs. 86 and 87). Some 

pieces are so intricately worked chat they arc almost be¬ 

yond the comprehension of the Western mind. The col¬ 

lections in New York and Chicago should be seen by 

everyone fascinated by this material. 

Ancient races of both hemispheres used jade to make 

their axes, knives, and other implements and weapons, 

although this practice was early abandoned in China, ex¬ 

cept when objects such as bowls and plates could be both 
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useful and beautiful. The Datives of Kew Zeabnd special¬ 

ized in carving weird human figures in jade, but they too 

used it in numerous ocher ways, as is proved by their name 

Pig. 6d Jade ^gure from the Chang Wen T1 Collection 

Fig. 87 Otinese Oirved jade 

[Chang Wen Tu] 

for jade, axe-scone. The Inhabitants of Central America 

and adjacent countries used thousands of pieces of jade 

for utilirarian and religiotis purposes. Two fine jade carv¬ 

ings from Central America are shown in Figs. 8$ and 89. 
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Fig. 89 Aztec Toad, Mexico 

Native American Jade Carvings 

|Mid<tle American Rnesreh Irmimtc.! 



Many jade articles have been recovered among the pre¬ 
historic lake dwellings in Swiczerbnd. 

With the posable otcepdon of diamond, more books 
have been written about jade than about any other gem. 
The noted IDO-chapter “Sung'' catalt^e of jade in tlic 
collection of Emperor Kao-isung, alleged to l«ve been 
published in China in 1176, may be merely an 18th-century 

forgery. 
The name for jade and the word for precious stone arc 

the same in the Chinese lar^uagt. Our word jade comes 
from the Spanish word for it, piedra de iprde, meaning 
“colic stone," which refers to its supposed value as a cure 

for illness. 
The color of jade runs all the way through the spectrum. 

If chemically pure, jade should be white, but it seldom is. 
Jade may have impurities sulheient to make it blue, yellow, 
or almost any hue. A mottled dberibution of color is the 
rule in most specimens. Green is so frequendy the color 
of jade that it is sometimes carelessly regarded as the only 
color. Some colors arc more typical of jaddte, which 
comes in a wider range, whereas others are more often 
seen in nephrite; it is usually difficult or impossible to dis¬ 
tinguish between the two kinds by sight, especially with 
very old pieces, known as totnb jade, that have been buried 
in graves and oxidaed brown. Ac its best jade may be 
quite translucent, but it is usually opaque. 

The chief characteristic of jade is its extraordinary 
toughness. In hardness, as measured by the scratch test, 
it never exceeds quart?., but it is so immune to breakage 
that it often redsts really violent treatment that would de¬ 
stroy almost any other mineral substance. This durability 
gives jade the essential quality for which it has been valued 
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for many centuries and results from the face that jade 

consists of a compact ^regate of crystals so intimately 

intergrown that they refuse to be separated. 

A curious property of jade is its resonance, reported in 

the oldest Chinese records known to us. The ability of 

;adc to yield juelody muse surely have added to its vir¬ 

tues in the hearts of the Chinese. 

The source of both kinds of jade poses some interesting 

problems in geography. Only a part of the rough material 

is found in the original rock; the rest is taken from boulders 

whose place of origin often cannot be traced. Much more 

troublesome lias been the difficulty faced by ardhaeologists 

and ethnologists in their attempts to determine the source 

of widespread articles of jade, especially in Central 

America, Mexico, and central Europe. Complex and im¬ 

probable trade routes have been assumed in some instances 

to account for this distribution. 

Jadeiu. Of tlic kwo kinds of jade tlic more valuable is 

jadeite. It is considerably rarer rlian nephrite and brings 

a higher price when its identity is known. Emcrald-grccn 

stones colored by chromium arc called mtperial jade and 

may approach transparency. jade is also a 

favored color, and others include bright yellow, blood 

red, and n^auve. These colors arc almost always In streaks 

or patches associated with less choice colors. When jade- 

itc is dark green or virtually black because of its high iron 

concent, it is known as chloromelafiite. 

Jadeite belongs to the pyroxene group of minerals, so 

named because one of them was erroneously thought to 

be a “stranger in the domain of fire”—yet some of the 

pyroxenes are the most charactcr^tic constituents of high- 

temperarure igneous rocks. Other gem members of the 
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group, described elsewhere in this book, include enscadee, 

diopside, and spodunienc. Jadeicc is a silicate of sodium 

and aluminum and contains a variable proportion of replac¬ 

ing elements, mainly calcium, magnesiujn, and iron. It 

crystallizes in the monociinic ^'srem, but almost always 

in Irregular masses^ individiud crystals are rarely seen. 

The crystaUine a^regate that gives jadeice irs toughness 

possesses a granular texture, which in rum gives the sur¬ 

face a somewhat dimpled appearance. Though the rough 

surfaces are dull or waxy, rhe luster of cut and polished 

jadeice is vitreous. Jadeice is the harder and heavier of 

the two jade minerals; a test for spedhe gravity is often 

used CO disdnguirii between them. 

One of the characteristic gems of metamorphic origin, 

jadeice is found in dikes in a green serpentine rock. If it 

has been eroded out of place by streams or glaciers, ic is 

found as scattered boulders. 

Ic seems almost contradictory that little jadeice has ever 

been found in China. The material must have been im¬ 

ported from near-by countries long after nephrite was 

used. Most of the worid*$ jadertc still comes from quar¬ 

ries discovered in the Uth century in the Myickyina district 

in Upper Burma and b shi^d to China by way of Ran¬ 

goon. The rest of Chinese jadeice came from the moun¬ 

tains of Turkestan. Most ocher reported dnds may be 

viewed suspiciously, for the whole matter of the identity 

and the sources of both kinds of jade needs restudy. 

Nfp6rire. The more common of the two jades is neph¬ 

rite, a meniber of the OffrpbiboU gri»ip of minerals, l^is 

group closely parallels the pyroxenes, to which jadeite 

belongs, and includes a similar range of elements but only 

one gem material instead of three as in the pyroxene group. 
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More specifically, nephrite fits into that part of the amphl- 

boles which is represented by the tre^wHu-actinclite series, 
the members of which grade into each other according to 

the amount of iron present; when there is enoagh iron 

to color a specimen green, it is called actinolite. Both of 

them are better known in the form of asbestos, but when 

they arc tough and compact they beconie nephrite. Chem¬ 

ically, nephrite is a silicate of calcium and magnesium, 

with some iron and water. 

The name comes from the Greek word for “kidney,’' 

which implies the same curative power as the Spanish 

word for jadeice. New Zealand material is often called 

greenstone, but this is confusing because the satne word 

has a different meaning to geologists. 

Nephrite has a snuller range of color than jadeicc but 

sufficient to satisfy most preferences. The green color is 

due to ferrous iron. Nephrite is usually more opaque than 

jadeite and hence is less highly valued. Whereas n rough 

piece of nephrite is as dull as a rough piece of jadeite, the 

polished surface cakes on an oily instead of a vitreous 

luster. 

Nephrite crystallizes in the monoclinic system. Its 

structure is distinctly fibrous, the individual fibers ofeen 

being entwined in a most confuring way; nephrite is 

even tougher than jadeite. Much nephrite has a hornlike 

appearance. 

Nephrite, like jadeite, is metamorphic in origin and is 

found in the parent rock, as well as in boulders. 

China furnislies its share of nephrite. Although jadeite 

occurs in Turkestan, as mentioned before, nephrite is much 

more imporrant there. It is also found west of Lake 

Baikal in south-central Siberia. The old quesrion of the 
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origin of the carved )ade used by the Swiss lake dwellers 

and of similar pieces picked up elsewhere in Europe was 

solved by the discovery of nephrite at several places in 

Silesia. The Maoris of New Zealand obtained their 

nephrite mostly from boulders on South Island. Similar 

nephrite comes from Alaska, where cons of rough green 

and brown material are now being mined each summer 

and brought out by dog teams, airplanes, and small boats. 

In 2946 nephrite moved into the leading place among 

American gems in terms of value of production, owing to 

(he continued expansion of jade prospecting in Wyoming 

which began about ten years before. Tlierc has been a 

steady improvement in the colot and translucency of the 

green stones, and the black ones are being found in larger 

sizes. Both kinds are being shipped to China for carving, 

though most of them are soil cut in (he United States. 

All the specimens are found as loose boulders on the sur* 

face of the ground. The chief locality is around Lander; 

some nephrite also comes frrnn the Red Desert and the 

Laramie Range. 

Mention should be made of the nephrite deposit in 

Monterey County, California, described in 1940 by Austin 

F. Rogers. 

Rhodonite 

Russian lapidary art boasts among its achievements the 

creation of bvish carvings in rhodonite. As laige an object 

as a royal sarcoph^us has been made from it, and a favorite 

gift at court was a rhodonite Easter egg. This opaque 

pink mineral, appropriately named from the Greek word 
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for “rose,” is niodcracely hard, and when compact it cakes 

a satisfying polish, suitable for beads or cabochons. 

As a manganese silicate, rhodonite is a primary mineral 

which readily alters to black oxides that by the geologic 

processes of concentration often become important ores 

of manganese. The black veins so common in rhodonite 

are evidence that alteration has already begun. 

Although it is often referred to as a member of the 

pyroxene group of minerals, rhodonite can claim only a 

first-cousinly relationship to them. It crystallizes In the 

rriclinic system, and occurs both massive and in crystals 

(Fig. 28) having two distinct cleavages. 

Translucent crystals of rhodonite arc found in Sweden. 

Most of the material used in Russia was quarried in the 

Ural Mountains. Other massive rhodonite comes from 

New South Wales, and some genis have been cut from the 

unusual zinc-bearing rhodonite at Franklin, Nw Jersey. 

Chrysocolla 

Pretty gems for pendants and bracelets are cut from 

translucent chrysocolla, which is found in delicate hues of 

green and blue. The luster is cither vitreous or enamel- 

like. Chrysocolla is a hydrous copper silicate with a 

variable composition, so that the chemist has difficulty in 

assigning an exact formula to it. Chrysocolla is very finely 

crystalline, like chalcedony quartz, and has not yet been 

assigned to any particular crystal system. 

In the upper zone of copper deposits where it has been 

formed by the alteration of primary minerals, chrysocolla 

is associated with two other gems, azurire and malachite, 

and serves as a minor ore of copper. It has a world-wide 
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dischbuQon; American gems come especially from Arizona 

and New Mexico. 

The name has an interesting origin. It comes from 

two Greek words meaning “gold glue/’ because chryscK 

colla, or much more probably a mineral resembling ic, was 

believed used by ancient jewelers to solder gold. 

Idocrasc 

Until its present name was internationally agreed upon 

about a decade ago, this mineral was better known as 

“vesuvianite/^ front its earliest recognized occurrence on 

Mount Vesuvius. Of all the gems it is perhaps the most 

difficult to classify according to the predominant mode of 

cutting. The transparent crystals of prevailingly green, 

yellow, and brown tones, are eminently desirable for 

faceting. The variety however, occurs in com* 

pact green masses like jade. The large amount of this 

latter material that has been cur and polished in the United 

States during recent years has been the deciding factor in 

placing idocrase among the cabochon gems. 

Chemically, idocrase is a hydrous silicate of calcium 

and aluminum with a complex formula that allows for the 

presence of magnesium and iron; other, rarer, elements 

include fluorine, boron, and beryllium. Crystals of ido* 

erase belong to the tetragonal system and often show well- 

developed square prisms (Fig. Id) with striated faces. The 

name of the mineral comes from two Greek words mean¬ 

ing “form-mixing” because the crystals were misraket) for 

those of other minerals. 

During the metamorphism of limestone to marble, a 

number of new minerals, including idocrase, crystallize. 
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The gem associates of idocrase include diopside, gamec, 

and tourmaline. 

Califomite is found in Siskiyou, Tulare, and Fresno 

counties in California. When discovered earlier in the 

Swiss Alps it was believed to be jade. Transparent gem 

idocrase comes from Mount Vesuvius and Piedmont Prov¬ 

ince in Italy, the Tirol, Switzerland, and Siberia, Superior- 

quality gem crystals were found in 1946 in an asbestos 

quarry in northern Vermont. 

Zoisitc 

Two types of zoisire have been cut and polished for 

their attractive appearance. One is a rosC'Colored variety, 

called thulite from the old name for Norway, where it is 

chiefly found; k also occurs in the Italian province of 

Piedmont. Thulite owes its pleasing color to magnanese 

and is cut into cabochons, slaU, and sjnall ornaments, 

The other marcrial is really a mixture of several min¬ 

erals, of which zoisitc is the chief. Known as ssussmite and 

named after the Swiss geologist Horace B. deSaussure, 

it is the produce of the decomposition of feldspar. Be¬ 

cause of its resemblance to jade it is substituted on occasion 

for that more valuable gem. 

Zoisitc itself is a hydrous silicate of calcium and alumi¬ 

num; it belongs to the epidote group of minerals bur Is the 

only one that crysrallkes in the orthorhombic system. 

Staurolite 

Although an occasional transparent brown pebble of 

staurolite is taken from the diamond-bearing sands of 
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Brazil and faceted into a $conc for jewelry, the mineral is 

in gcmology ntore a charm than a gem. Known as "cross 

stone” and “fairy stone,” it has been associated with the 

activities of legendary beings and is widely used as an 

amulet. It seems to be the only gem besides pearl that 

a worn in its original state, with no treatment necessary 

except drilling so that it may be hung on a chain or su5> 

Fig. 90 
Single 

Ctyscab of Staurolite 

(Prvm Hurtbuc Mtmi^ Mmtr^y, copyright 19*\.] 

pended from a su'ivel. Some ^>ecimcns, of course, are 

polished to remove foreign particles adhering to them. 

The crosslike twin crystals of staurolite are unique and 

unmistakable. They conrist of two orthorhombic crystals 

(Fig. 90) which penetrate each other; some pairs cross 

nearly at right angles (Fig. 91) and others cross at about 

60 degrees (Fig. 92). In color they are reddish brown or 

brownish black; the choicest specimens are rather red, 

translucent, and symmecricaliy formed. These crossed 

crystals should r>ot be confused with the chiastolite va^ 

Hery of andalusite, which owes its cross to inclusions of 

carbon. 
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Staurolite is at least a$ hard as quartz, but this hardness 

has little practical value inasmuch as the scone is so seldom 

cut. Chemically, scaurolitc is a hydrous silicate of alumi¬ 

num and ferrous iron, but even reasonably pure specimens 

are rare. 

Staurolicc is a characceristically mctamorphic mineral, 

associated with other gems, including garnet, tourmaline, 

kyanite, and sillimanite. Excellenc crystals arc found in 

Switzerland; others coine from Germany, Czechoslovakia, 

France, Scotland, and Brazil. In several places in the 

United States, especially along the Soutli Atlantic Coast 

in Georgia, North Carolina, and Vi^nla, they are picked 

up in abundance. 

Dumorticrite 

Massive, opaque, blue or violet dumortierite cakes a fine 

polish and lias been cut into flat stones and cabochons. 

The mineral is found also in an attractive pink color 

with strong dichroism, resembling tourmaline. Ic is most 

valuable, however, as a raw material for the best refrac- 

cory porcelain, and as such ic is extensively mined in 

Nevada and California. Gemmy stones are found in 

these and a number of other localities throughout the 

world. 

Dumortierite was named for a French paleontologist, 

Eugene Dumortier. It is a silicate of aluminum and boron 

and forms In pegn^atite dikes and metamorphic rocks. 

Although ic belongs to the onhorhombic system ic seldom 

shows distinct crystals; frequently it is found in fibrous 

crystalline aggregates radiating from a center. 
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ORNAMENTAL TTONES 

Practically' all the gems thus far discussed liave been 

carved, more or less fret^uencly, into ornamental objects, 

some of which hare udlicarian value also. There is, how¬ 

ever, a small group of minerals, often mennoned in books 

on ganology, that are almost never suitable for personal 

adornment but serve a wider ornamental and decorative 

purpose. Nor to overlook them, a single paragraph is 

devoted to each, but the reader is referred to books on 

economic mineralogy for more adequate descriptions of 

them. 

Marble 

The charm of marble lies in its infinite variety. So 

diverse is this substance that almost any random word- 

picture fits marble from some locality. Figure 29 shows 

dendritic marble. Chemically, marble is calcium carbonate 

(though seldom pure), and geologically, it is metamor¬ 

phosed limestone. A large part of the marble used for 

such objects as pen stands is sold under the name ‘*onyx,” 

which properly applies only to the chalcedony variety of 

quartz, a very much harder and more durable mineral. 

Besides relative softness, marble is characterized by its 

effervescence in acid. 

Gypsum 

The massive variety of gypsum, which Is calcium sul- 

Bte, is called alabaster, though in andcne rimes alabaster, 

as used in the Bible, meant the material that we now call 
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marble. Owing to its softness the mineral is esisily carved. 

Vases and boxes of white Italian alabaster arc well Unown- 

In the United States, especially in Colorado, alabaster is 

worked into lamps and other articles that adapt themselves 

nicely to its white color and brown or gray veining. Satin 

spar, which occurs in monoclinic crystals like that in Fig. 

2S, has a fibrous structure^ many necklaces fashioned from 

this variety of gypsum have been sold at tourist resorts, 

notably Niagara Falls. 

Sepiolite (Meerschaum) 

The German word meerschaum means *‘sca foam” and 

is properly descriptive of this porous, whitish mineral 

found floating in the sea. The material to which this 

name is applied seems to be a mixture of some amorphous 

substance and a fibrous mineral known as sepiclita, which 

is a hydrous silicate of magnesium. Ic is derived from the 

alteration of serpentine; by far the most important source 

is Asia Minor. Meerschaum, because it is easily carved 

and capable of taking a pleasing polish, has been used 

considerably for pipe bowls. 

Serpentine 

When mottled in dark and light green, corresponding 

in appearance to a serpent's skin, from which it gets its 

name, serpentine makes an attractive decorative stone be¬ 

cause of its lively patterns and its oily or waxy luster- It 

is a hydrous silicate of magnesium and is found abundantly 

throughout the world as an alteration product of olivine 

and other magnesium sdicaces. It crystallizes in the mono- 
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clinic $ystcm, but no original crystals have ever hecn seen. 

Serpentine k usually found in masses conskring of a platy 

mineral known as amig^te. B^wniu is a compact va- 

riety of this same subsrance and resembles jade; material 

from China and New Zealand is carved and sold as jade. 

When serpencine Is fibrous it k called cbrysoHle, which k 

the chief kind of conuiiercial asbestos. 

Miscellaneous Jadclike Aiuierak 

Several minerab that resemble jade have already been 

discussed. Most of them are gemstones in their own 

right, a jadclike variety being an "added attraction.** 

These minerals include c^uartz, feldspar, serpentine, preh- 

nite, garnet, idocrase, zoirite, and sillunanite. 

A few materials not otherwise mentioned in gemology 

have more or leas frequently been carved and sold as jade. 

They may be appropriately described here under “Orna* 

mental Stones." 

Compact pieces of the mineral pectMe, a fusible hy¬ 

drous silicate of calcium and sodium, are carved into orna¬ 

ments and implenicncs by the rricimos of Alaska. 

In a rather different category from pectolite belong 

some materials which are soft enough to be worked with 

a knife. They are familiar in cheap Oriental objects, 

but the names given to them are not standardized and 

ore often confusing. Some of the materiab themselves, 

moreover, are not homogeneous, and hence the same 

name may apply to stveni different natural mixtures of 

minerals. 

Soapstone carvings, such as vases, ash trays, and animal 

figures, make up a brge part of every stock of Chinese 
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arcicies. Soapstone Is the popular name for fteatite, a 

soapy-feeling compact variety of talc, which is a mono- 

clinic hydrous silicate of magnesium at the very bottom 

of the hardness scale. The mineral sapontte, which is a 

hydrous silicate of aluminum and magnesium, also is called 

soapstone. 

Similar to these (and including some steatite) is a ma¬ 

terial known as agalmatoHte, chough the name is seldom 

used; most of the objects made from it are called soap¬ 

stone, “figure stone,*' or “pagoda scone.'* The last two 

names are appropriate because the Chinese use it so pro¬ 

fusely for images and replicas of pagodas. Agalmatolite 

is actually sUethej piniUy pyrophyllite, or indefinite mix¬ 

tures produced by the alteration or decomposition of vari¬ 

ous silicate minerals. 
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Chapter S 

Gems of the Silica Group 

Silica is the chemica) term for a stable compound of 

silicon and oxygen that occurs evciywherc in both the 

organic and the inorganic world. Three minerals-^ uana. 

cridymice. and cristobalire-niach existing in several modi¬ 

fications. arc composed of silica. A founh mineral, opal, 

consists of silica and a varying amount of water. Of these, 

quartz and opal are among the most important of all gems. 

In addition, though not true jninerals and hence not part 

of the silica group, there may properly be included in this 

chapter three kinds of natural glass containing high 

amounts of silica and having some use in gemology. 

The quartz gems lose none of their beauty because they 

happen CO belong to the most abundant of the mineral 

species. Besides many common and industrially useful 

varieties, quartz boasts a number of splendid gems, without 

which the jeweler’s window as well as the mineral king¬ 

dom would be immeasurably poorer. A laj^ part of the 

mineral specimens collected yearly in the United States by 

enchusiasdc hobbyists, and most of those cut into gems 

by amateur and professional lapidaries, are quartz. In 

hardness quartz ranks number 7 in the standard scale 
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and serves to demarcate the hard ^msconcs from the 

soft ones. 

Gems are furnished by two main types of quartz, which 

differ mainly in the degree of fineness which their struc¬ 

ture has assumed. The cryttalltne varieties—proper 

—are rather glassy in appearance, are more or less trans¬ 

parent, and frequently occur in good crystals. The cryp~ 

tocry^aUrne {crypto means “hidden”) or chalcedony va¬ 

rieties do not show external faces but arc nevertheless com¬ 

posed of exceedingly small cry$ta]s in a microscopically 

inrimare aggregate which gives them a compact, flinty 

look. Much controversy has arisen about whether chal¬ 

cedony should be regarded as a distinct mineral or as a 

mixture of quarrz and opal (hydrous silica gel). Its 

hardness, specific gravity, and other properties arc slightly 

lower than those of crystalline quartz. Inasmuch as the 

general differences between the two are such as to make 

one (quartz) suitable for faceting and the ocher (chal¬ 

cedony) for cutting into cabochons, in accordance with 

the major divisions of this book, it is becoming customary 

to refer to them os separate gem minerals. 

QUARTZ 

The typical crystal of quartz (Fig. 93) is easily recog¬ 

nized by its six sides which, when they are complete, come 

to a point at one or both ends. A frequent aid to identifi¬ 

cation is the presence of horizontal lines or scriations on 

the prism faces. Quartz crystals range in size from tiny 

ones in groups to single crystab weighing a con- Much 

quartz of the crystalline type is found in irregular masses 
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thac fail to show crystal faces; but the precise regularity 

prevails internally. 

Fig. 93 Group of Quartz Crystals 

(Ward^ Natufil Sekacc Cstabliahment.] 

Amethyst 

The most valuable qoam gem is amethyst. Its in¬ 

comparable color varies from a delicate orchid to a glori¬ 

ous purple unsurpassed in the realm of nature. The name 

comes from the Greek word meaning *'not drunken/’ sup¬ 

posedly because the stone was believed to prevent or cure 

intoxication; Pliny wrote that the name was given because 

the color approached but did not equal the hue of wine. 
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Unrli the discovery of lai^e deposits of amethyst in 

South America, the 5tonc was considerably more expensive. 

Only its relative abundance can account for the present 

reasonable cost of so lovely a gem. For amethyst has been 

highly praised for thousands of years, and from it have 

been carved works of art of the highest excellence. Those 

from Egypt include charms, vases, and shcllsj Etruscan 

and Ronian specimens are principally intaglios of pale 

tint. Splendid examples of amethyst sculpture include a 

bust of Trojan which was taken from Berlin to Paris by 

Napoleon, the Blacas Medusa bead, and miniature repro> 

ductions of the Apollo Belvedere, the Farncse Hercules, 

and the Laocoun groups. 

One of the most famous pieces of historical jewelry is 

the necklace of fine amethyst beads worn by Queen Char¬ 

lotte of England in the days before the gem began to lose 

its rarity. Catherine the Great was an ardent collector 

of amethysts. Her unrivaled collection of them was se« 

cured from mines in the Ural Mountains by thousands 

of slaves and laborers. The most beautiful amethysts were 

placed aniong rhe crown jewels, settings for which were 

designed by French jewelers, and they were the boast of 

Catherine’s successors until many of the finest were sold 

in 190d. The rest are in the possession of the Soviet gov¬ 

ernment, according to an inventory made in 1925 by a 

German mineralogist, who described them as “glowing 

fires.” 

Tlic scrucnirc of amethyst represents an intricate ar¬ 

rangement of twinned particles. The color is usually in 

layers and patches, and seems to be due to iron present 

as an impurity. 
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Amethyst is the national gem of Uruguay. The de¬ 

posits extend into neighboring Brazil and constirutc the 

most notable source of amethyst in the world. Gems of 

the richest hue have come from Siberia. Ceylon and 

Japan have provided good crystals. In the United States 

fine specunens of amethyst have been found in half a 

dozen states; major places include Amherst County, Vir¬ 

ginia, Alexander and Lincoln Counties, North Gu'olina, 

Keweenaw Peninsula, Michigan, and Jeffeison County, 

Montana. 

Avcnturinc 

Thb is perhaps the only gem named for its imitation. 

Several centuries ago a bowl of copper filings fell by acci¬ 

dent into a pot of molten glass in a factory near Venice. 

The brightly colored glass was so attractive that it was 

made Into ornaments and called avcnturinc, from the 

Italian word for ^'chance.'" Many years later a natural 

substance of similar appearance was discovered and was 

also named aventurine; it proved to be a variety of quartz. 

The imitation material is widely sold in novelty jewelry 

it “goldstone.” Avenrurine is usually green, broNvn, or 

red quartz, spangled with fiakes of mica or hematite. The 

Soviet Union and India are the most noted sources. 

Qtrine 

Yellow quartz is named citrine from the Larin word for 

"lemon,” but its color b usually somewhat more brown¬ 

ish than that of the fruit. It looks so much like topaz 

tliat these two entirely distinct minerals have long been 
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confused- The difference between them is still not 

thoroughly realized, even by many jewelers. The sig¬ 

nificant contrast between the two is really their cost; a 

purchaser cannot expect to find the much rarer true topaz 

in moderately priced jewelry, and therefore should assume 

that the word topaz when unqualified is usually being 

used incorrectly to mean citrine. 

Ferric iron oxide is the cause of the color, which ranges 

from yellowish green to yellow and reddish orange. These 

hues are sometimes obtained by heating darker, inferior 

varieties of quartz. Brazil produces most of the world’s 

supply of citrine, though some comes from Madagascar. 

Rock Crystal 

Clear lustrous quartz, without any color, is knowm as 

rock crystal, When first discovered high in the Alps it 

was believed to be a *'kind of icc” {it^ttalhs)y that is, 

water permanently frozen into a definite form by the ex¬ 

cessive cold. The word crystal, now applied to any regu¬ 

larly shaped mineral, came from this erroneous idea. So, 

in a sense, this variety of quartz was the original “crystal,” 

Under that name it appears as spheres (Fig, 94) for the 

hypnotic arc of crystal gazing- Displayed in chc United 

States National Museum is the largest crystal ball in the 

world, a perfect globe weighing 107 pounds. The c-x- 

censive use of rock crystal in optical, radio, and radar loca¬ 

tion instruments is a phenomenon of World AVar II. Cut 

into thin plates it controls frequencies by means of its 

very rapid and very regular vibration. As crystals must 

be free from internal twinning, the supply is limited almost 

entirely to Brazil. Rock crystal is also used for eye-glasses 
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on account of its hardness and for camera lenses because 

of its transparency co ultraviolet nys. 

Its popularity as a gem k especially evident in the 

many bead necklaces chat have been made from il Rock 

Fig. 94. Rock Oyscal Sphere 

The boulder from k wia cut wu foood fai the foil m Phila> 
ddphie. {Froiti Hswiune Tbe B^ck ef Aim^rtU, eopyT%hc 19)5.1 

crystal seals and ornamental carvings are prized in leading 

museums. 

Its abundance makes rock crystal the most common 

transparent gem. Great qoanddes of large crystals come 

from Brazil. Madagascar and Japan, as well as the Alpine 

countries of Europe, have furnished much high-qu^ry 

material. The Arkansas deposits near Hot Springs are 

the most prolific in North America, and the exquirite little 
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crystals called “Herkimer diamonds" that used to come in 

large numbers from Herkimer County, New York, are 
surely the choicest. 

Rainbow Quara 

Rock crystal made iridescent by cracks which separate 

the light into its spectrum colors is known as iris or ram~ 

bo'w qrmtz. This minor variety can be imitated bv the 

sudden cooling of a heated stone. 

Milky Quartz 

The presence of many liquid inclusions reduces the 

transparency of rock crystal and causes a milky appear¬ 

ance which justifies the name milky quartz. 

Gold Quarrz 

During the great gold rusl^cs of the 19ch century a laigc 

quantity of milky quanz containing particles of gold and 

hence called gold quartz was cut for jewelry as souvenirs 

of the nuning camps. 

Sagcnice 

Rock crystal that encloses needlelike crystals of other 

minerals, such as tourmaline, rutile, actinolitc, or gocchitc, 

constitutes the variety known as sagenice. Several names 

that are more romantic are also used—Venus’s-hairscone, 

arrows of love, and Cupid’s darts. 
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CacVEye 

When the indosions of odier minerals in quaro be¬ 

come so ciosety packed that they seem to predoininace 

over the quartz itself, and especially when they are pres¬ 

ent in thin parallel fibers liJcc asbestos, the chatoyant va¬ 

riety known as cat’s-eyc b fonned. A band of light at 

right angles to the fibers follows the gem as it is turned. 

This stone should really be called quartz ca^s^ye to 

distinguish it from cat's-eye of the chrysobcryl kind 

(already described under that spedes). The two gems 

resemble each other somewhat, but the chrysoberyl is 

superior in value because of its more lustrous beauty. 

Green, brown, and yellow quartz cat’s-eye, mostly with a 

graybh cast, comes from C^lon, India, and Germany. 

Tiger’s-Eye 

When the quartz itself, rather than its inclusions, is 

fibrous, two other varieties of stoncs^^ger’s-eye 

and hawk’s-cye—are produced. 

Tiger's-eye is unique among gems, a golden brown stone 

with wavy bands of light which move glowingly across 

the surface when it is rotated. Or^nally it was a blue 

kind of asbestos called crocidolite, but the coloring matter 

has been oxidized and the mineral completely replaced 

by quartz. Preservation of the earlier fibrous structure 

causes the handsome rippling effect known as chacoyancy. 

When first found, tiger’s-eye (or tiger eye) brought a high 

price, which declined drastically upon the discovery of 

large deposits of the material. However, it still comes 

from orily one place in the world, Griqualand West in 
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South Africa. Cut into cameos for men’s rings, it has been 

one of the most popular stones of recent years. 

Hawk’s-Eye 

Crocidolite similarly turned into quartz but without 

changing its blue color in the process is called hawk's-cye. 

Rose Quartz 

Its lovely hues of pink and rose red« caused by tite pres* 

ence of manganese, make rose quartz one of the prettiest 

of the translucent gemstones. It occurs in irregular masses 

without crystal faces. In spite of being very difRculc to 

handle because it breaks into angular pieces with jagged 

edges, it is often worked into beads, small ornamenrs, and 

cabochons. The Scott mine near Custer, South Dakota, 

is a huge quarry of rose quanz, but material of ornamental 

quality is scarce even there. Other sources include South- 

West Africa and a few of the many deposits elsewhere 

that yield the more common quartz gems, 

Smoky Quartz 

A pleasant surprise is in store for everyone who looks 

for the Arst time through a crystal of smoky quartz and 

sees an apparently opaque black stone become a mys¬ 

teriously hazy but rich shade of brown as the light comes 

through. The cause of this color is ascribed to radioactive 

emanations within the rocks. Smoky quartz has been 

found so frequently in association with uranium and other 
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fadiuin'Concainin^ mineraU that this relationship seems 

most plausible. Funhennore, clear rock crystal takes on 

a smoky hue when it is bombarded experimentally by 

X-rays and other powerful shon-wave rays. 

Lighter hues of smoky yellow, grading into citrine, are 

known as cairngorm, a Scottish name for a gem so popu¬ 

lar in that country chat it is regarded as a national stone. 

Smoky quartz grades in the ocher direction to a black scone 

known as morion, used occasionaUy in mourning jewelry. 

These varieties of quartz are not widespread. The Scot¬ 

land cairngorm deposits of the Highlands are virtually de¬ 

pleted. ^cellent smoky quarrz comes from the Swiss 

Alps, Spain, and the Pikes Peak region of cenu’ai Colorado. 

CHALCEDOVY 

The rerm chalcedony embraces an extensive group of 

gems in a wide range of colors and with a bewildering 

array of names. AH these stones have a cryptocrystalline 

structure, but some are fibrous and some are granular, 

although it is usually impossible to distinguish between 

them without a microscope. 

Unlike many of the varieties of crystalline quartz, the 

chalcedony gems are characcensdcally translucent or 

opaque rather than transparent. They have a compact 

appearance and a waxy luster, and occur most frequently 

in rounded and imitative forms or as cavity linings. 

No single clasdHcation of the cryptocrystalline quartz 

gems has ever saoshed all mineralogists or jewelers. Sev¬ 

eral of the major varieties are much better known tlian 

the general name chalcedony, which is little used for any 
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particular stone. A convenient system 0/ oonicnclacure 
that is gaining in favor puts only light*coIored gray, blue, 
milky-w Kite, and yellowish-brown scones that have no 
other special names under chalcedony proper and applies 
other names, such as agate and jasper, to the more signifi¬ 
cant colors and pacrerns, The distinction between the 
varieties of chalcedony is, in fact, based almost exclusively 
upon color and pattern, a reminder of the days when they 

were all regarded as quite different substances because they 
look dissimilar. 

The chalcedony gems have been the chief medium for 
engraving since the beginning of that art. The current 
popularity of amateur gem cutting in America affects this 
group of scones far more chan any other, because they are 
so abundant, inexpensive, and varied, and can be worked 
without coo much difficulty, yet offer the lapidary a 

reasonable degree of hardness. The prevailing mode of 
cutting is cnbochon, buc carved objects of all sorts, from 

spheres and transparencies to simple ornaments and intri¬ 
cate novelties, arc made from chalcedony. 

Carnclian 

Red chalcedony, varying in hue from pink to blood red 
and from honey yellow to orange, and colored by ferric 
iron oxide, is called cemelini or cornelian. No ocher gem 
has been carved into so many seals and signet scones, and 

camelian beads have been popular for centuries. The 
smooth, lustrous polish that carnelian rakes is one of ics 
cliief delights. Noced sources are India and Brazil, and 
good stones have come from Tampa Bay in Florida. 
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Sard 

When the color of chalcedony approaches brown, 

camelian grades into said, which is jusc as well known 

by name, although the Biblical references co this gem 

probably referred to the true red cameUatt Sard was 

worked also by ancient and Renaissance cnftsnten. 

Chrysoprase 

Apple-green chalcedony, nicely colored by nickel oxide, 

was once considered the most beautiful variety. The name 

for it, chrysoprase, is derived from the Greek words 

meaning "golden green.” After the exhaustion of the 

deposits in Silesia, over a hundred years ago, this gem 

became rare and consequently was extensively imitated. 

Rarher recent discoveries of chrysoprase in California and 

Oregon have helped to restore the genuine material to 

public attention. 

Prase 

Although some prase is dear crystalline quartz contain^ 

ing many green ^bers of the mineral called actinolite, the 

name prase is also applied to chalcedony rhe color of which, 

like that of chrysoprase, is green. Prase, however, is more 

like sage green and is duller in tone. The best scones 

have come from Saxony, Germany. 
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Plasma 

A gem similar to prase, but often bright grass green in 

color, is called plasma. A frequent characteristic of this 

scone is the presence of white or yellow spots on the 

green background. 

Bloodstone 

The combination of red and green in one gem gives us 

bloodstone. Irregular spots of red, resembling drops of 

blood, against an otherwise solid body of dark green, make 

this one of rhe really unusual stones. Remarkable portray* 

als of the Crucifixion have been carved in bloodstone, and 

it serves well in men’s signet rings. Another name for 

the gem, common in Britain but not in America, is hslh- 

tropf. India furnishes the best bloodstone, and other line 

specimens come from the Ural Mountains. 

Jasper 

Almost any color may mark the presence of jasper, for 

this general name U applied to the deeply colored variccics 

of chalcedony which are virtually opaque because of an 

excess of coloring matter. Such impurities arc usually red, 

brown, yellow, or green and are due mostly to iron oxides 

which appear in patches or bands. The name ribbon 

jasper identifies 3 scone with broad varicolored stripes. 

Egyptian jasper has yellow or brown zones. Some inter¬ 

esting rocks known as conglomerates contain niundcd or 

angular boulders of jasper. In spite of its conunonness, 

jasper has been carved into a number of rather valuable 
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art objects, particularly in Russia, where Sibenan mate¬ 

rial with alcermtmg and green stripes has been much 

used. 

Moss Agate 

Although moss agate does not contain any moss, either 

plant or fossil, it preserves an eternal landscape in stone. 

Pig. 9S TypKU moss Agate irom Veilowstone River, 
Montana 

(See Fig. PS.) The fasdnadon found m these intricately 

branching designs is hard to surpass in the whole realm of 

gemology. Realistic scenes of mountain and lalce, coast 

and forest, park and stream suddenly spring into view as 

the lapidary removes the outer layer or “skin” and moistens 

the stone. Mineral matter, usually manganese oxide or 

sometimes iron oxide, spreads out to form dendritic or tree¬ 

like patterns b this variety of dialcedony. The prevailing 

color is black or brown, but semetimes the impurity con¬ 

sists of fibers of chlorite which present a tangle of green 
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resembling seaweed; sometimes moss agate shows a splurge 

of spectacular colors. 

The great variety of designs to be found in agates of this 

sort has given rise to an equal variety of names. Gems 

froni India are called Mocha stone. Terms such as flov)er 

a gate f plume a gate ^ scenic agate, landscape agate^ seaweed 

agate, and tree agate are representative of the almost count* 

less descriptive and local names chat are current in one 

place or another. As is true of most of the varieties of 

chalcedony, American moss agate is found in its greatest 

profusion in the western states; Montana, along the YeiIow> 

stone River (Fig. 95), and Wyoming, along the Sweet¬ 

water River, arc the most noted. Miniatures carved from 

American moss agate are shown in Fig. 53. 

Agate 

The term agate may include the moss agates just de¬ 

scribed as well as chalcedony in which the color is dis¬ 

tributed in irregular patches, as in many of the well-known 

thtmder egg nodules (Fig. 9d) of Oregon and California, 

But the proper use of the word agate is restricted to chal¬ 

cedony in which the colors are laid out in wavy concen¬ 

tric bands which conform to the cavity of the volcanic 

rock in which the silica was originally deposited. (Constant 

or recurrent changes in the nature or degree of the im¬ 

purities that produce the coloring matter arc reflected in 

the successive layers as they build up the scone. The bands 

may differ in thickness or they may be fairly uniform for 

a considerable distance. An inflnice variety of patterns 

and colors is the result; sec Fig. 97. 

217 



Interesting rumes are given to these vamncs according 

to the design, which often depends solely upon the direc- 

tion in which the stone is cut. If. for example, a rounded 

specimen is sectioned across the layers, a face of the stone 

Fig. 96 Oregon Thunder Egg 

Sftwed wid polithed ipccimen parHv filled vrith agate. 

rnay show complete rir^ surrounding a solid center, like 

a target; such a piece is called an eye Mgatf. Fortification 

agate (Fig. 98) has angular bands whose outline Imitates 

the ground plan of a fort. Iris agate appears colorless until 

held in the proper direction toward the light, when sud¬ 

denly 3 swirl of rainbow colors comes into view, owing to 

the diffraction of light from extremely closely spaced 
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parallel layers. The temi banded agate is more or less 

redundanr, if the limited definition of agate is accepted. 

The word agate itself came from the river Achates (now 

the Drillo) in Sicily, along the banks of which the earliest 

stones were found. 

The town of Idar-Oberstcin in Germany was once noted 

Fig, 97 Polished Agates Showing Growth Structures 

Top sptcinMn, DrAatl; lower specimen!, Wyoming end Sourii Dak«»». 
fRtulimore AfuMutr.] 

for the finely colored agates found in the vicinity. The 

skill that the inhabitants acquired in cutting them for the 

trade was soon applied to other kinds of stones and they 

developed the world*? largest gem-cutting industry. As 

the local deposits of agate diminishedi some of the lapidaries 

moved elsewhere, A few of the emigrants wenc to South 

America, where they became acquainted with the vast 

quantity of pale agates in Uruguay and southern Brazil. 

These were sene back to Germany for cutting, and from 

the newly discovered and apparently limitless source of 
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supply came the impetus ro experiment with ani^cial meth¬ 

ods of enriching the color <w a commerdal scale. 

The natural colors of few agates cwnpare in vividness 

with those obtained by soaking the stones in certain chemi- 

Fig. 90 Supcfb Fortificadon Agate 

cals, and one may safely assume that any brightly colored 

agate has been thus treated The principle underlying this 

process is that the layers of silica that constitute agate are 

porous in varying degrees, so that some layers take up 

certain coloring matter while other layers remain on- 

affected by the same chemical. After years of experimen- 

ration a f^y standard sequence of treatment has evolved, 
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dchough each sample has co be rested to determine its 

possibilities. Daring World War II, when German prod¬ 

ucts were unavailable, agates from hundreds of domestic 

localities were examined by American dealers with the dis¬ 

covery of only a few stones that proved to be susceptible 

to systematic improvement in color. 

Besides agate, other varieties of porous chalcedony may 

be stained attractive colors, but the chief result has been 

to simulate some more popular genv Perhaps the most 

important examples of such artifice arc the production of 

green “chrysoprasc” from agate or ordinary chalcedony 

and of blue “lapis laauli" from jasper. 

Onyx 

When the layers of agate are straight, parallel, reasonably 

wide, and of conspicuously contrasting colors, the term 

onyx is properly used. The sharply defined colors provide 

the gem engraver with a most suitable mediun) for cameos 

with a head of one color on a background of another. 

Modem cameos are carved largely in srained chalcedony, 

but the natural colors of many ancient gems are satisfy* 

ingly rich. The most typical arrangement consists of a 

white head against a black field. The word onyx is often 

used to refer merely co black chalcedony, which has for 

centuries been produced by soaking the stone in honey 

or in a sugar solution and then charring the sugar with 

sulfuric acid; a superior new process, employing cobalt 

nitrate and amnionium sulfocyanide, was described by 

George 0. Wild in 1947. True onyx, however, is chal¬ 

cedony of more than one color. 
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Sardonyx 

Sardonyx is therefore onyx having a combination of 

sard (or its more reddish cousin, camelian) and chalced* 

ony of another color, usually white or black. It coo Is a 

popular scone for cameos. 

Petrified Wood 

Wood turns to stone-^en to gemstone—when silica- 

bearing waters, percolating through the ground or rising 

from cooling belies of rock below, reach a place where 

trees have been submerged and preserved from decay and 

deposit their mineral marter in the cells of the trunks* 

branches, and rwigs. In the process they usually replace 

the woody substance and carry it away but preserve the 

plant structure, often with such remarkable fidelity that 

the species of tree can be identified. 

Although many minerals replace wood, by far che most 

abundant replacement s chalcedony. Hence the term 

petrified wood is virrually synonymous with filicified 

‘wood. Opalized wood is the same product if che silica is 

present in the hydrous nonciystalline state called opal. 

Petrified wood so frequently exhibits regular banding or 

the swirling patterns of cloudy agate chat the name agtf' 

tized wood is very appropriate. Large patches of bright 

colors give the name jg^perized wood. 

Petrified forests and smaller areas of petrified wood are 

rather widely distribuced, chough much less so than the 

profunon of original timber su^ests. Each deposit has 

its own characteristic features such as the kind of tree, the 
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range of size of the iogs and limbs, the state of preserva¬ 

tion, the presence or absence of bark, and the colors. 

Pecriiied Forest National Monument and adjacent areas 

in Arizona have furnished the major part of the world's 

silicified wood for gem purposes. Reddish-brown, cherry- 

red, and black colors are the most distinctive. Tlie scone 

trees lie at random over a large region, as if they had once 
been driftwood. 

Petrified wood is found to some extent throughout the 

American West, The small black and white limbs and 

twigs from Eden Valley, Wyoming, and the handsome 

specimens from the Cycad Forest National Monument in 

the Black Hills of South Dakota are surely outstanding. 

The central and the eastern states yield petrified wood 

from a number of localities, the oldest in geologic time 

being in the Catskills of New York. Excellent petrified 

wood is found also in Canada, in Patagonia, and elsewhere. 

Besides these gems and ornamental scones, some of which 

also have their everyday industrial uses, quartz and chal¬ 

cedony include other materials deserving mention for their 

extensive commercial applications. 

Sand, which is usually composed almost entirely of 

quartz grains, is used in the manufacture of glass and 

cement and as an abrasive and fiux. Gravel, consisting of 

coarser fragment of quartz, is used in road construction. 

Natural aggregates of quartz In the form of sandstone {a 

sedimentary rock) and quartzite (a metamorphic rock) 

constitute important building and paving stones, haaolu- 

mite is a curiously flexible sandstone—“the rock that bends” 

—found in India and North Carolina and associated with 

diamond in Brazil. Flint, a form of chalcedony quartz 
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having a conchoidal fracture, was vital to primitive man 
for his weapons and implements and later as a means of 

striking fire. 

OPAL 

Opal is unique in the gem kingdom. Ic has little color 
of its own, yet shines forth in the radiant splendor of all 
the ocher gems, combining the reddest red, the bluest blue, 
the greenest green, and every possible hue in its purest 
quality. Because the colors of opal are due to the inter- 
ference of light rays, rather than to the absorption of a part 

of white light, they are of spectral purity and intensicy. 
Ruskin wrote chat opal “shows the most glorious colors to 
be seen in the world, save only chose of clouds." In Roman 
times opal was, next to emerald, the most valuable gem. 
and the naturalist Pliny related that Mark Antony exiled 
a wealthy senator, Nonius, because he refused to sell an 

opal the size of a hazel nut. The name of the gem comes 
from the Sanskrit word meaning “precious stone." 

The enthusiasm which opal arouses in artists and poets 
is not too extravagant. Opal is probably the most difficult 

of all gems to describe adequately to someone who has 
never seen a specimen, espedally ^e there arc several 
varieties of preciotis opal, conspicuously different from 
each other. Ail of these share an unsurpassed play of 
color as their chief mark of distinction. 

White opal scintillates against a solid background, which 
is always light, either white or tinted some pale color. 
Black opaly on the contrary, has a dark bacl^round—sel¬ 
dom reUly black but usually blue or gray—which serves as 
a perfect foil for the colors superimposed on it. Fire opai 
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is rather transparent and has a red, orangti or yellow body 

color against which some opalescence is displayed. Co^n- 

won opal includes the many kinds of opal chat lack a play 

of color. 

Opal is a mineral, but it is the only one among the gems 

chat is virtually amorphous, having only the slightest regu¬ 

larity in irs internal structure. Hence it is not found in 

crystals but prefers co grow in irregular and imitative 

shapes, which often fill cavities in rock, coat surfaces of 

other minerals, or even replace rhe other minerals. 

In composition opal is hydrous silica; irs content of water 

ranges generally from d to 10 per cent in precious opal, and 

to 21 per cent in common opal. The opal material is de¬ 

posited as a jelly fron) natural hot waters or hot springs. 

As it cools it hardens and loses part of its original water 

This solidification produces cracks, which moy become 

filled with other opal material. When the new opal con¬ 

tains even a slightly dilferenr amount of water it has a 

different refractive index. Within the stone layers arc 

built up which reflect the light rays in such a way that they 

interfere. (The same interference causes the colors of 

soap bubbles.) The particular color that is obtained de¬ 

pends upon the thickness and uniformity of the layers 

and the direction in which they are viewed, The effect 

produced by the interference of light rays is often called 

"fire,” but the term should be restricted to dispersion. 

Opal must be handled with care. Besides being rather 

brittle it is not especially hard. Furthermore, it absorbs 

ink and grease; conversely, it may lose water and disinte¬ 

grate. Hear, even more than dryness, is its dangerous 

enemy. 
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White Opal 

The prtcipus op<tJ of the indents wss white opal. It 

is often referred to as Mungarvn opal because of the source 

of the Roman gems, as well as of many in our own times. 

The actual locality is at Marmaros in the Nagy Banya dis¬ 

trict of present Czechoslovakia i the usual reference is to 

Caemowicz, but chat town (spelled vaiiotjsly) b about 

200 miles from the mines and is really the marketing and 

cutting center. 
The light background of white opal may actually be 

yellow, pink, or some other light color, according to the 

impuhries that were picked up by the silica. Since opal 

may show any hue, special names are given to stones ch«- 

acteriied by certain colors or parcems. HarUqum opal 

hss even patches of color like a mosaic. Lechoros opal 

has a deep-green play of color. 

In 1689 the rich opal deposits of the continent of Aus¬ 

tralia were brought to public attention when a hunter 

picked up a fine spedmen while he was trailing a wounded 

kangaroo. This place became known as \Vhite Cliffs and 

is in New South Wales. In 1915 the Goober Peby or 

Stuarts Range field in South Australia began to supply 

choice white opal. A minor source of white opal is 

Honduras. 

Black Opal 

A superior black opal should not be ranked belou' any 

other gem. The “snjothered mass of hidden fire’’ that 

flashes from it shows more wonderfully because of the 

dark background, as fireworks or meteors appear to best 
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advantage at night. Black opal that is actually black is 

exceedingly rare; the typical color is dark blue or gray, 

depending upon the impurities, of which iron is the most 
important. 

Black opal was unknown until the discovery in 1905 of 

the fabulous Lightning Ridge field in New Sovith Wales, 

Fig. 99 Rainbow Ridge Opal Mine, Virgin Valley, Nevada 

Australia. Other discoveries near by and in adjacent 

Queensland followed. A find of black opal in Humboldt 

County, Nevada, made the United States an opal producer. 

Among the fine gems taken from that field is the magnifi¬ 

cent Roebling opal now in the United States National 

Museum in Washington. The mine that furnished it is 

shown in Fig, 99. Unfortunately, Nevada opals often 

develop a multitude of fine cracks upon exposure to the 

atmosphere. 

The occurrence of the Australian and American black 

opal is very different from that of the Hungarian stones. 

Some of the best jnatcrial is found in organic remains, 
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replacing fo^ wood, shells of former sea animals, and 

bones of exdnct rcpdlcs that inhabited the bnd geologic 

age ago- The tendency of black opal, particularly, to be 

deposited in very thin seams make it often necessary to 

include a piece of the country rock in the finished gem to 

provide a substantial support; such stone are called Qpal~ 

matrix. Opal doubltu, which have a thin slice of opal 

cemented to a backing of plain opal, black chalcedony, or 

glass, are fairly common in good jewelry. 

The current scarcity of black opal marks the end of 

another cycle in the fomines of this gem. Once highly 

prized, it fell into disfavor after the publication of a novel 

by Sir Walter Scott in which an enchanted opal was the 

cause of tragedy. Queen Victoria revived the popularity 

of opals by bestowing them as wedding gifts and thereby 

aided the development of the newly opened Australian 

mines. Now the deposits ‘‘down under" are nearing de¬ 

pletion; we are left with the discouraging thought that, 

except as family heirlooms and museum pieces, this glori¬ 

ous gem mav soon become only a memory. 

Fire Opal 

Owing to its transparency, fire opal is the only variety 

of opal chat may be appropriately faceted. At its finest it 

is only slightly milky. The play of color is usually hidden 

deep witfiin the stone, disguised by the overall red to 

yellow color. A combination of red opalescence and red 

background is most desired. The mines near Quer^raro 

and elsewhere in Mexico are the major source of fire opal, 

though some has been reported from Asia Minor. 
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Common Opal 

A transition from precious opal with its play of color to 

common opal without any play of color is exemplified by 

hydrophone, which sometimes shows opalescence only 

after it has been immersed in water. 

Many of the ocher varieties of common opal resemble 

chalcedony and bear similar names. Thus prase opal is 

green, jasper opal is brownish, agate opal is banded, and 

snoss opal has dendritic mosslike inclusions. Other varie* 

ties also have descriptive names, such as resin opal which 

has a resinous luster, and rose opal which is pink. Cacha^ 

long is a curious opal considered valuable in the Orient; 

it is so porous that it adheres to the tongue. Hyalite is 

clear and glassy. Better known to geologists arc geyserite 

or siliceotts sinter, which is common opal deposited by hot 

springs and geysers; and tripolite or diatomaceous earth, a 

chalky material fom^ed in the sea from the shells of 

diatoms, a kind of algae. 

NATURAL CLASS 

Faceted gems of pleasing color but little value have 

been cut from three types of natural glass found at the 

surface of the earth. 

Obsidian 

Obsidian is the chief of these natural glasses. It is the 

result of the very rapid cooling of a volcanic lava, which 

would have formed granite or a related rock if it had 

solidified within the crust instead of flowing out upon 
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Fig. 100 Azuc Obsidbn BUde&. Mexico 

fMiddle AiwricM Research looiTUte.) 
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the ground. Obsidian closely resembles artificial glass 

and breaks with a similar conchoidal fracture (Fig. 51) 

and sharp edges; these qualities made it a necessity to an* 

dent peoples, who used it for knives, arrowheads, mirrors, 

and countless ocher everyday objects. Blades of Aztec 

manufacture are shown in Fig. 100. Obsidian of many 

colors has been found, but most of the faceted gems have 

been cut from green specimens, whereas darker pieces are 

usually cut with rounded surfaces, A glass, obsidian is 

amorphous, of no definite internal structure. Its chemical 

composition is likewise variable but always high in silica. 

Obsidian is common in volcanic regions; such localities 

include Nevada, California, Arizona, Yeliowsteme National 

Park, several Mediterranean islands, Mexico, Iceland, and 

Greece. 

Silica-Glass 

A kind of natural glass, called silica-glass because ic con¬ 

tains almost 98 per cent of silica, was discovered in the 

Libyan Desert in Africa in 1932. Ic had evidently been 

worked in sundry ways by the craftsmen of some prehis¬ 

toric race. Large transparent, light yellowish-green pieces 

have been found. Their origin is a mystery, and only a 

fall from the sky seems an adequate explanation. 

Tckcitc 

The third type of natural glass is the tektites, which are 

known by several local and regional names according to 

the places in which they are found. Of these, maldavite 

from Bohemia and Moldavia is the best known and has 
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long furnished cranspaicnt green gems sold as “boctle 

scone.” Other sources are Australia, Borneo, and else¬ 

where within a angle narrow zone chat crosses the earth. 

Because they do not occor in association with volcanoes, 

like the volcanic glass obsidian, and their peculiar surface 

markings and rounded ^pes surest a prolonged whirling 

motion through the air, an or^ outside our own planet 

has been proposed. 
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Chapter 6 

Gems with a Genealogy 

The four gems—pearl, coral, amber, and jcr—which trace 

cheir ancestry to living things arc not truly minerals, inas¬ 

much as they have originated through organic activities of 

nature. Nevertheless, the first two contain mineral mat¬ 

ter, and the constitution of the other two lies not far out¬ 

side the scope of mineralogy. Surely all of them must be 

considered gems and deserve our serious attention. Among 

them they divide the earth, for two are gems of the sea 

and have an animal origin, whereas the other two are gems 

of the land and are derived from vegetation. The mys¬ 

terious processes of life that have given rise to these gems 

make them more remarkable than the gems chat have come 

to us from the depths of the earth or the outer vascncss 

of cosmic space. 

PEARL 

The Queen of Gems rules supreme amidst the rich 

treasures of Neptune's domain. She has had no rival for 

her throne since the early day when she was first revealed 

to the race of men in her pristine beauty. Adorned only 

with a natural lustrous covering and needing no prepara- 
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don or treatment, except perhaps to be drilled for strings 

ing, pearl has excited the admiration and aroused the 

avarice of men, no less than of women, for millennia. 

Though the pearls of the ancients have not survived, as 

have the more durable mineral gems, thdr poets and writ¬ 

ers have recorded in imperishable words their love of this 

gem. 

Illumined by an iridescent surface, pearl presents a wide 

array of delicate tints, from the purest silvery white 

through light green, rosy pink, and creamy or golden 

yellow, ro a shimmering Uack. Pearl thus serves most 

effecrively as a foil for the bright reAecciun and intense 

Are of diamond and as a frame to enhance almost any 

kind of gem. As a row of individual gems, however, 

pearl is most highly regarded, for its beauty is sufBcient in 

itself. For a gem of symmetrically spherical outline, 

translucent, with a rich but subdued sheen, and free from 

blemishes, '^pearl of great price^' has literal signiAcance. 

Pearl is a gem but not a gemstone. It b formed within 

the interior of certain mollusks which secrete the pearl* 

substance to line the shells in which they live. These mol* 

lusks, or shellhshes, arc invertebrate animals which remove 

calcium carbonate from the water and with it build their 

shells. Inside the shell, enveloping the soft parts of the 

body, is a mtmtU which has cells that secrete both organic 

and mineral matter. The organic product of the mantle 

Is called c&nchiolmj a brown substance related to the chirin 

of which our Angcmails arc made. The mineral product, 

derived from the sea, consists mainly of two crystalline 

forms of calcium carbonate, cakite (hexagonal) and drag- 

&nite (orthorhombic). 
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The shell is constructed in three layers, growing con¬ 

tinuously and ac the same rime, but secreted in a regular 

order. The outer layer, deposited first, consists of con- 

chiolinj the middle layer consists of tiny prisms of calcice 

cemented with conchiolin, and the inner layer consists of 

overlapping fialtes of aragonite also cemented with con¬ 

chiolin. This last layer is iridescent and is known as nacre 

or inother-of’pearl; as an ornamental material for buttons, 

implement handles, and inlaying it is well known. 

The immediate cause of pearl formation is an irritation, 

resulting from disease or the introduction of a parasite or a 

foreign particle such as a grain of sand or piece of broken 

shell. I'o allay the discomfort the mo Husk, through its 

mantle, secretes its customary products to sea) off the in¬ 

trusion. These products are built up in concentric layers 

like an onion, in reverse order from the arrangement in the 

shell—the zone of conchiolin being deposited first around 

che uninvited object and later surrounded by the two 

mineral zones to complete the pearl. The outer surface 

of pearl therefore corresponds to the mother-of-pearl layer 

of the shell. 

To assume the ideal round form, a pearl must, of course, 

have been loosely held an)ong the soft pares, the tissue or 

muscles, of the mollusk. If, however, a boring parasite 

has penetrated beyond the niantle and into the shell of 

the animal, nacreous material is deposited at that spot, and 

an irregular hollow pearl, known as a blister pearly is 

formed. A solid pearl of any irregular shape is called 

a baroque pearl and may have been produced by the depo¬ 

sition of nacreous material against a fragment of some 

rough object, such as a bit of wood, or by other means 

unfavorable to symmetrical growth. A pearl may become 
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attached to the made of shell, m which case the pearly 

substance deposits only on the outer lulff furnishing a 

hemisphere rounded on one side and fiat on the other; 

such a gem is called a button petrt and is suitable for rings 

where only half of the pearl shows. Since a pearl may 

grow into almost any shape, many fanciful names are used 

in the trade. Round and pear-shaped pearls command the 

highest prices. Seed pearls arc round ones weighing less 

than a quaner of a pearl-grain, and dust pearls are the most 

minute in size. 
The texture of pearl is caUed its skirtt and the luster is 

called its orient. Orienr is due to the combined optical 

effects of interference of light from the thin curved layers 

near the surface and diffraction of light from the flaky 

layers of nacre that overlap one another. The rich orient, 

necessary to a valuable pearl, may be lacking when too 

much concKiolin is present. Traces of impurities in the 

water affect the color of pearl, and varying amounts of 

concliiolin give it a yellow to brown hue. 

Of all gems, peart is particularly susceptible co dcreriora- 

tion. The conchiolin, because it is o^nic, decays after a 

century or two. The calcium carbonate is immediately 

attacked by acids, even by perspiration. The moisture 

content gradually decreases in warm, dry climates, and a 

certain porosity allows for the absorption of grease and 

oil. Pearl, moreover, is not hard. Once scratched or 

stained, pearl cannot be permanently improved except by 

the uncertain procedure of peeling off the outer layers 

with a sharp blade. 

Familiar enough is the newspaper story about the rinding 

of a pearl in a restaurant oyster. It is tme that the edible 

oyster does on occasion produce pearls, but the quality is 
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rarely good (especially afcer being cooked!) or che value 

more than nominal. The really precious pearl comes from 

various mollusks belonging to the same class but different 

genera. The shells may be single (univalve) or in pairs 

(bivalve), Two major types of pearl-bearing mollusks are 

recognized, according to whether they live in the ocean or 

in rivers, The salt-water pearl comes from the pctrrl 

oyster, whereas the fresh-water pearl comes from the 

pearl vmssel. The pearl oyster includes a number of 

species of the genus Meleagrina, which provides the ffnest 

pearls and che best mother-of-pearl, Fresh-water pearls 

from inland strean^s are produced by molluslts of the genera 

Unio and Anodonra. In addition to these, other mollusks, 

including the clam, conch, and abalone, produce pearls. 

Pearl fisheries encircle che globe. The product of each 

region is usually characterized by distinctive color, shape, 

or size that to an expert idendfies che locality. Some spe¬ 

cies of mollusks are restricted to certain places but others 

arc widely distributed. The unhappy experience wliich 

led che pearl mollusk to create in self-defense so wondrous 

an object is revealed in che distorted and stunted appear¬ 

ance of its shell. Such abnormal shells are eagerly sought 

and swiftly gathered in baskets by the divers, who remain 

about one minute at each descent. 

The Arabian coast of che Persian Gulf has been a lead¬ 

ing fishery since the Macedonians worked its oyster beds 

over 2,000 years ago. Another source of pearl for che 

ancients, in the Gulf of Mannar off che northwest shore 

of Ceylon, is also still impoiranc. The fisheries of the 

northern and western shores of Australia arc noted, not 

only for their yield of pearl and mother-of-pearl, but also 

for the modem methods that are employed, including the 
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use uf diviflg suits. Other productive localities are the 
Sulu S« [lonheast of Bomeoi the shores of the Am Islands 
southwest of New Guinea; the lagoons and outer waters of 
scattered South Pacific coral idands and arolls; the Gulf 
of Mexico, the Caribbean Sea, and the western coast of 

Central and South America. 
River peerls are taken from streams in several parrs of 

Europe and America and in China and Japan. The most 
famous are those from Scodand, Wales, and Ireland, but 
by far the most productive fisheries are in the Mississippi 
and its tributaries, where systematic collecdng has been 
done on a small scale each summer for many years. 

The peaHs found in Chinese river mussels fumislied the 
inspiration for the experiments in artificially inducing pearl 
growth that led, seven centuries later, to the production of 
the cultured pearl, described in the chapter on **Man*Made 
Gems.” 

CORAL 

^V'hc^ coral is considered an animal skeleton—for such it 
is-(r$ romantic appeal may be regarded skeptically. Never¬ 
theless, precious red or pink coral has been highly prized 
as a gem since ancient times and still is thought of as having 
a loveliness of its own, not daz2ling or glowing, but quietly 
pleating. In remote parts of the earth coral constitutes a 
source of wealth and is used for ornamenting clothing, 
jewelry, and valued artides of many kinds. Although 
found chiefly in the Mediterranean, coral was so much in 
demand in India during Roman days that there was little 
left for the inhabitants of the places that produced it. Good 
specimens of red color were widely used in China for the 
hat buttons that distinguished man^rim from other public 
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officials. Coral contrasts so well with the blue and green 

hues of turquoise that in the mountainous pares of central 

Asia the two gems are worn together. At present coral is 

most popular in Italy, where the people have a near- 

monopoly of file fisheries and the manufacturing, turning 

the newly found coral into beads and sundry decorative 
items, often of curious shapes. 

A B 

Fig. 101 Corals 

A, modern coral colony, ihowing relation of Jiving polypi (a-d) 
to stony skeleton (a), common type of ancient coral, I Prom ScKu- 
chert and Dunbar Ttxrb^ok of Qeohgy, 4(h edition, copyright IV41.] 

Only an excessively small part of the world’s coral can 

be classed as gem material. Covtmon coral of the reef- 

forming type covers vast areas of the warm oceans, and 

fossil coral is distributed in many regions where the cliniace 

in past geologic ages was favorable. Coral is created by 

tiny marine animals called polyps, which live in branching 

colonics (Fig. 101) that gradually extend themselves in 

size as new polyps grow. These o^nisms remove calcium 

carbonate from the water, deposit it in their tissues as 

crystallized calcite, and use It to build their skeletons, 
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which they leave to accumulacc when they die. Impuri¬ 

ties in the mineral matter give coral its color. 

Gem coral is dredged mostly from shallow waters but 

may be found in depths to 1,000 feet. Besides the borders 

of the Mediterranean and around the larger islands, precious 

coral is secured in the Atlantic Ocean off Africa and Ire¬ 

land, in the Pacific Ocean off Japan and Australia, and 

in the Persian Gulf. From the two Utter seas the unusual 

black coral is obtained. 

A.MBER 

Andent in its use as a gem and even more in its origin, 

amber occupies aa eminent place in gemology. There is 

no such thing as '*new” ambW. All of it began ID million 

or more years ago, in what geologists call the Tertiary 

Period, when extensive forests of conifers grew along the 

Baltic coast in a wann dimate very unlike that of the 

present day. Amber is the yellow resin-now hardened 

and fossilised Into irregular lumps—that oozed from one 

species of tree, a pine called Vinus mcemifera. The drops 

of resin remained on the ground while the trees decayed 

and were covered by invading seas; the forests were Then 

buried by later sediments which incorporated the amber 

reworked from the previous deporits. The great glaciers 

of the Ice Age subsequently ploughed through this region, 

distributing some of the amber southward. Even now the 

Baltic Sea bearing on the shore plucks loose the weakly 

consolidated rock and claims (he amber in it for its own. 

Pieces are washed up on coasts as distant as England. 

From these soft beds, called blue eenb, comes the bulk 

of the world’s amber. Until a century ago amber was 
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gathered from among seaweed at low tide. It has since 

been recovered in large quantities by open-pit mining. 

The center of production is on the peninsula of Sanilaod 

in East Prussia, northwest of Konigsberg. 

Amber from northern Europe was marketed by the 

Phoenicians, who made it known to all tixe Mediterranean 

nations. Elaborate trade routes have traced the distribu¬ 

tion of Baltic amber, which was the principal article of 

commerce between nonhem and southern Europe when 

amber beads served as a medium of exchange. 

One of the most significant properties of amber, its 

ability to become negatively electrified by friction and to 

pick up tiny bits of various materials after being rubbed, 

was well known to the Greeks; fron> their name for the 

substance, eUktron, is derived our word tUctricity. The 

word amber itself is Arabic. 

Even more interesting chan its elcccrical nonconducciviiy 

is the presence in many pieces of amber of a fascinating 

exhibit of entombed insects. As the sticky fluid exuded 

from the trees, it ran down the bark and caught within its 

fatal grasp any creature attracted to its sweet odor and 

any light object blown against it by the wind, and these 

were covered by the next flow of resin. Hundreds of 

kinds of inseccs^spiders, flies, beetles, ants, and centipedes 

—and equally varied plane remains—have been preserved 

with extraordinary fidelity, even to the tiniest antenna or 

finest cell pattern. (See Fig. 102.) As may be expected, 

some of the insects are only slightly different from those 

that plague vs today, whereas others have beconie extinct. 

Much light is thrown on the fauna and flora of early times. 

Not only organic substances but almost any material con- 
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carninated the purity of amber. AJexaoder Pope wrote in 

An Epistle to Dr. Arbutbnot: 

“Pretty! in amber to observe the forms 

Of hairs, or straws, or dirt, or gnibs, or worms! 

The things we know are neither rich nor rare, 

But wonder how the devil they got there." 

Amber of all hues of yellow, ranging from almost color¬ 

less to almost black, has long been carved into a multi¬ 

plicity of ornamental articles. Beads, pipestems, and ciga¬ 

rette holders are especially familiar. Prized in the an 

collections of large museums are wonderfully executed 

amber objects such as jewel cases, complete chess secs, 

carved screens, statuenes, alcais, and shrines. 

Amber from the Baltic coast is properly referred to by 

its minenlogical name, sucemite. It b a hydrocarbon, 

composed of hydrogen, oxygen, and carbon in variable 

proportions, and represents a tnixTurc of succinic acid, 

several different resins, and a brown volatile oil called 

amber oil. When boiled, amber deposits a black substance 

called colophony or amber pitch, which is the principal 

ingredient in the production of amber varnish. 

There are several other varieties of amber differing 

somewhat in composition from succinite. They are named 

according to the locality from which they come. 

Sicilian arr/ber or snnerite b the choicest and rarest, for 

its yellow color may be tinged with a glorious red and 

highlighted by a blue or green fluorescence that gives it 

some of the beauty of o^. The gem, furthermore, b 

usually clear and tran^rent, because it lacks the great 

number of bubbles that so often make Baltic amber cloudy 

and almost opaque. 
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Rwmnian tnuber or rumanite is less well known than 

die others. It is characterized by many cracks and open 

spaces that give a curious glistening effect. 

Bun/iese avtber or hunmte contains little or no succinic 

acid, as it belongs to the lainite group of resins. It comes 

Fig- 102 Insects Preserved in Baltic Amber 

Enlarged viewy iltewing the deliearo dctill. fFroin Schuuherc and 

Dunbar Ttxtb^^k of Ocolony, 4fl\ edition, copyright IMI.) 

from the Myitkyina district in Bunna which also fur¬ 

nishes jadeire and is mined in primitive fashion and shipped 

mainly to China. Cracks filled with calcitc coo frequently 

mar the clarity of burmite. 

As may be inferred from its recovery from the sea, 

amber is light enough to float in salt water; by this simple 

means it may be distinguished from glass and plastics (such 

as bakelite), which are the most common imitations. 

Amber is slighdy too hard to be scratched by the finger¬ 

nail, but it can be carved caaly with a knife, drilled, and 

worked on a lathe. Amber is entirely amorphous, having 
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no crystal form or crystalline character. It will bum in 

a match or candle flame and gives off white fumes and an 

aromatic odor; the German name for amber, bemstem, 

means "‘stone that bums.” 
Because amber softens at a low temperacure, small 

fragments of it are airificially compressed to form mtbroid 

or pressed amber, which is then handled in the same way 

as the original material or extruded in the shape of rods. 

This product can scarcely be called an imitation but may 

be considered reconstmeted amber. 

Ocher natural resins besides amber serve similar pur¬ 

poses. Copal is a fos^ resin, though younger than amber, 

and comes mainly from Africa; kauri gum is a modem 

resin from New Zealand. Chemical tests are needed to 

differentiate between them and true amber. 

Ambergris, rhe name of which is the source of the word 

amber, is in no way related to amber. Ambci^ris is a fatty 

concretion formed in the body of whales and found float¬ 

ing in the sea; it is used in peifomery. 

JBT 

Although, like amber, it owes its or%in to tree life, jet 

nevertheless has had a very different history, because the 

wood itself, rather than the resin, has been preserved and 

is used in jewelry. Jet is a black variety of lignite, a rank 

of coal intermediate between peat and anthracite. It is 

derived from ancient coniferous wood through compac¬ 

tion and decomposition. The choicest c|uaiiry of jet is uni¬ 

form in color and in texture, dense enough to take a lustrous 

polbh like black velvet and tough enough to be turned 
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on a lathe or carved with a knife. It has a conchoidal or 
shell-like surface when it is broken. 

Small ornaments of jet have been recovered from caves 

of prehistoric peoples in several parts of Europe, and jec 

amulets have been found in Indian pueblos in the Ameri¬ 

can Southwest. The chief places, however, that are iden¬ 

tified with this material are England and Spain. Spanish 

jet is imported into England to help maintain an industry 

that antedates the Roman occupation. Bronze-age buttons, 

rings, and beads have been found in pits throughout the 

country. British jet is often referred to as Whitby jet 

from the town on the Yorkshire coast that serves as the 

center of mining and craftsmanship. Early residents of 

the monastery of Whitby Abbey had rosary beads and 

crosses made from the jec found in the vicinity. 

The so-called jet rock near Whitby is a shale containing 

logs and irregular pieces of jet associated with fish scales 

as evidence chat this land was once submerged by the sea. 

Loose fragments of jet broken off by the waves and washed 

back onto the shore were for a long rime the only source 

of supply, but eventually Ir became necessary to dig pics 
and mines into the rock itself. 

Jet is utilized chiefly for religious articles and mourning 

jewelry, which was more fashionable during the I9ch cen¬ 
tury than now. 

Although the derivation Is obscure, the word jec comes 

from a place in Asia Minor called Gagas where it was first 

discovered. 
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Ch<tpteT 7 

Man-Made Gems 

Imitation seems to be one of the oniverst! traits of the 

hun^an race. The cave man probably amused hin^lf be> 

tween bear hunts by grunting and growling in the manner 

of his prey. ^Vhen he had progressed ro the state in which 

he attached a high value to inanimate things of beauty, he 

tried to prepare substitutes for them to make them more 

abundant. 
The Egyptians were skillful in the manufaaure of gems 

from various materials and their achievements may be 

seen in museum collections of ancient art. The Romans 

reproduced their favorite gem, pearl, in enormous quanti* 

ties. Later fine glass imitations caUed paste became so 

popular in Europe that they were a fad among the wealthy. 

All these substitutes are rather easy ro identify, as their 

appearance is the only similarity between them and natural 

gems. 
Through the magic of modem chemistry, much more 

amarJng gemstones are available in a fascinating array of 

colors at the nearest )e\vclry store. So faithful in appear¬ 

ance and perfcCT in form are these synthetic stones that 

only an expert can recc^ue them widi certainty; indeed, 
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their very size and perfection are often the surest clues to 

their origin, for they rival the famous gems of history, 

the treasures of emperors and queens nnd merci^ant princes. 

In addition to genuine gems—chose which are fonned in 

the earth or sea by the processes of nature or which come 

from beyond our world—the gem kingdom includes five 

types of artificial geim. These may be classified as imita¬ 

tion, synthetic, composite, created, and cultured. 

An xwitation gan is a substance which is wholly manu¬ 

factured but contains no natural gem material, even though 

it is made to look like a real stone. A synthetic gem is 

entirely different because it is crystalline and has every 

property of the natural gem; it is distinguishable only by 

certain minor peculiarities of structure due to the mode of 

manufacture. A composite gem consists of several pieces 

assembled to make a single larger or seemingly more 

valuable stone; even if it often serves a useful purpose by 

providing increased surface hardness, its primary intent is 

generally to deceive. A treated gem is one the natural, 

original color of which has been improved in salability by 

the application of hear, cliemicals, or radioactivity. A 

cuimred gem is a pearl grown by man’s deliberate inter¬ 

vention in the life of an oyster. In the discussion of inan- 

made gems, too rigid an adherence to an arbitrary classi¬ 

fication may bring needless confusion, because there arc 

so many intermediate kinds and so many possible combina¬ 

tions. The chief characteristics of these five main types, 

however, will be described in this chapter. 
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SYNTHETIC GEMS 

A considerable number of miDerals, including many of 

the gems, have been made syncheticaUy in the laboratory. 

7*hey have the same chemi^ coenpoation as the natural 

minerab and are essentially the same in all ocher respects 

except their origin. Only the few that have an important 

industrial use are made commercially. 
Though they may be made in almost every conceivable 

hue and nearly every possible shade and tine, all the syn¬ 

thetic gems arc varieties of only three species—corundum, 

spinel, and beryl. The flaming red ruby and the celestial 

blue sapphire are the best-known members of the corundum 

family. Spine), on the other hand, is rather an unfamiliar 

stone, rather similar to corondum; there are natural crystals 

of both in the same gem graveb of the Orient, and until 

recently distinction was sddom made between them. A 

large proportion of the unusual gem names that one en¬ 

counters are really trade-marked names for either synthetic 

corundum or synthetic spinel. Dirigem, erinide, ultra)ice, 

emerada, rozircon, and others often sold as new genuine 

gems are varieties of one or the other. Some colors are 

more conveniently made in corundum and others in spine). 

Ruby and sapphire being natural varieties of corundum are, 

of coune, reproduced syocheticaLly in chat species. Syn¬ 

thetic beryl is as yet represented only by its choicest va¬ 

riety, the green emerald. 

Reconstructed Gems 

No gems were krtown to be made synthetically until 

about sixty years ago, when a jeweler became suspicious of 
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rubies char he had bought; upon examuiacion he saw 

that they were unlike any others in his stock. They were 

traced to an obscure chemist In Geneva, Switzerland, who 

had made them by fusing together several small rubies at 

a high temperature. In spire of rheic bubbles and cracks, 

their odd shade of color, and their brittleness, these stones 

were an improvement over all previous artificial gems, and 

somewhat better ones that were made afterward secured a 

ready sale. 

For this type alone the term reconstructed should be 

reserved. The word is still erroneously applied to modern 

synthetics, but should be used only for the gems that re> 

suited from the fusion of actual rubies. No "reconscruacd 

sapphire'* has ever been produced, for the blue color does 

not persist under the required amount of heat. 

Pressed ainber, which consists of small fragments of 

amber fused into a plastic mass, may also, as far as origin 

is concerned, be regarded as a reconstructed gem. 

Synthetic Corundum 

If bits of stone could be made into a single piece by arti¬ 

ficial means, why, it was reasoned, could not such gems be 

njdde more cheaply by combining directly the simple 

chemicals of which they are composed? So scientists took 

up the challenge and set to work to prepare in a laboratory 

the rare gems that required long ages to form within the 

eanh. 

Edmond Frcmy, a French chemist, in collaboration with 

Charles Fcil, was finally able in 1877 to produce some ruby 

crystals, but they were too small to be of much value and 

hardly better than the tiny flakes made by Marc Gaudin 
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as early as 1837 or the small colorless fragmencs made by 

Ebelman in 1847. When Freniy had to retire, his able 

young assiscanc, Auguste Vemei^, rook up the problem. 

With a perseverance chat refused to recognize failure he 

invented new eejuipment and devised new methods. Suc¬ 

cess was aclueved in 1902, with the production of syn- 

theiic ruby of admirable beauty, perfection, and size. 

Syntbetic mpp^vre was produced in 1910, only after the 

elusive blue color had first been secured acci^ncally in 

an entirely different species, which was discovered to be 

spinel. Since chen synthetics have been put on the market 

in a wide array of cobrs, and the end has not yet been 

reached. The ourstanding recent accomplishment is the 

introduction by the Linde Air Products Company of star 

ruby and star sapphirt, which were made available in com> 

n^ercial tjuantity in September 1947. 

Verneuil’s method is still used in the manufacture of the 

millions of cants of synchctic corundum and spinel that 

are made every year. The equipment, only slightly modi* 

hed from the original for more economical operation, is 

shown in Fig. 103. It is in general an invened blowpipe 

which creates a high-temperature flame by a mixture of 

oxygen and hydrogen. Aluminum oxide powder, ground 

TO panicles the size of 4-nullionihs of an inch and mixed 

U'ith the proper coloring matter, is fed through a screen by 

cam action and drifts down a tube of oxygen. Meanwhile, 

a jet of hydrogen enters from the side, and at the point at 

which the two gases meet, a flame of over 3,750 degrees 

Fahrenheit is obtained. The po>vder melts and drops onto 

a rotating pedestal as a single pear-shaped crystal called a 

boule^ several stages in the growth of which arc shown in 

Fig. 104. Its sides are smooch and bright, u hereas its top 
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is usually irregular and represents an abortive attempt to 

form the hexagonal crystal faces typical of corunduni- 

Aftcr cooling, it is removed from the furnace and split 

Fig. 103 Verneuii t'urnace roc Aianufaccurc of Synthetic 
Corundum 

ILinJe Air Products Co.] 

lengthwise to ease the strain that seems to be i>rescnt. 

Boulcs average several hundred carats in weight. They 

are cut by the same methods as genuine gems. 

A colorless stone, called synthetic n'hite sapphire, is 

made from pure aluminum oxide, free from the impurities 
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that tend to darken it. As in the nacural stone, chromium 

oxide is the coloring matter in synthetic ruby. A smaller 

amount of chromium gives the tint of pink sapphire. Ti¬ 

tanium oxide causes the blue color of synthetic sapphire. 

Nickel oxide imparts a range of yellow colors. The orange 

Fig. 104 Boules of Synihetk Conindum 
lUode Air Prodaca Co.) 

variety called padparadsefuh is seldom seen in nacural 

corundum. A most unusual kind, colored by vanadium 

oxide, ts wrongly called ''synthetic alexandrite*^ because 

its color changes from green in dayl^ht to red at night, 

as in the real gon, chough the contrast of color is not 

nearly as distincL It could not be synthetic alexandrite 

for it does noc possess, except in appearance, the properties 

of chrysoberyt of which true alexandrite is a variety. 

The a^ition of ocher metals to the vanadium yields other 

hues of green. Chromium and iron added to the ticanium 
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of blue symheric sapphire give a violet color. There is 

no cortunercial synthetic zircon or synthetic aquamarine, 

only synthetic corundum or synthetic spinel made in col¬ 

ors that are more or less appropriate. 

These synthetic stones rcscniblc the older imitations only 

in that both are man made. Otherwise they are so much 

like Nature’s own gems that only a trained eye aided by a 

strong magT»ifying glass, sometimes even by a microscope, 

can determine which is the natural stone and which the 

manu/acnircd one. They arc alike in all important re¬ 

spects—hardness, speciHc gravity, refractive index, disper¬ 

sion, and other properties which identify a gem. X-ray 

pictures show the strucrures to be precisely the same. 

It happens, however, that the very process of making 

a synthetic stone leaves its “fingerprints,” and the gem de¬ 

tective looks for these clues. ‘Hie internal markings— 

bands of color and lines of structure—which arc due to 

slightly variable conditions during growth are curved in 

synthetics, instead of being straight and angular as in 

genuine corundum. Synthetics contain round and ova) gas 

bubbles, whereas the inclusions in genuine stones consist 

of actual crystals (as needles and in other shapes) of the 

minerals that occur in the eanh with ruby and sapphire, 

and these inclusions liave regular sides or intersect at ex¬ 

actly 60-degrce angles. The kind and quality of the stone 

determines whether these intimate marks can be found 

with a hand lens or require a microscope. The bands of 

color in blue synthetic sapphire, for example, are more 

conspicuous than in the other varieties. 

Because it is easier to cut synthecic-roby boules without 

attempting to orient them, as is carefully done with most 

genuine rubies, the optic axis—the direction of single re- 
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fraction-may lie in any position witlun the stone. Not 

only is the resulting cior somewhat anomalous in com¬ 

parison with that of a real ruby, but the twin dichroic 

colors of a synthetic are usually visible when a dichro- 

scope is held against the cop or table facet, whereas natural 

rig. 105 New Rod Fonn of Synthetic Corundum 
|Und« Mir Piv>auefi Co.] 

ruby appears best when the cable is perpendicular to the 

optic axis. 
Apart from its use in jewelry, synthetic corundum plays 

a vital role in modem industry. Originally developed for 

instrument bearings, especially in watches and meters, it 

acquired new wgniiicancc daring the war, when an expand¬ 

ing technology found it valuable in equij^ent such as va¬ 

cuum thermionic dcnces, diesel-engine injection nojir.lcs, 

thread guides, oil-burner nozzles, and special abrasives. An 

entirely new use, which promises much for the future, is 

for gauges. A strand of nylon has recently been found to 

254 



be the most effecrive polishing agent for the synthetic- 

corundum bearings in nava) precision inscrumencs, such as 

range hnders. 

When shipments from Switzerland, France, and Ger¬ 

many were threatened by the war, the Unde Air Prod¬ 

ucts Company undenook in the autumn of 1940 to make 

synthetic corundum in the United States. Their factory 

opened in April 1942, and they claim co have made this 

country forever independent of foreign supplies. Another 

major triumph, previously attempted for 40 years in 

Europe without success, has been the manufacture of a 

new crystal form to supersede the familiar boule chat is 

made for gems. By producing the comndunt In long 

slender rodSy shown in Fig. 105, several steps can be 

eliniinarcd in the preparation of bearings. The boules 

must be split lengthwise to relieve stresses but the rods arc 

annealed. Most of the material for industrial purposes is 

confined to the colorless variety, known in geinology as 

synthetic white sapphire. 

Synthetic Spiiicl 

In an attempt to secure a more even distribution of the 

difficult blue color in synthetic corundum, magnesium ox¬ 

ide was added as a flux. The resulting stone proved to be 

a different species, corresponding in composition to spinel. 

The boules, with square cross-section, show a more dis¬ 

tinct crystal form than those of synthetic corundum, and 

they are isometric instead of hexagonal. 

The most unusual feature about the composition of syn¬ 

thetic spinel is its excess of aluminum oxide. Most of the 

gems seem to have two or three rimes as much as is required 
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by chc chemical fornmla, and thus they begin cc approach 

the compoation of corundum. This has its effect on the 

specific gravity and refractive index, which arc thereby 

increased, although they seem to stay within the known 

range of natural spinet 
The blue stones are the most popular^ those made to 

substitute for zircon and at^uamaiinc are colored with 

cobalt oxide, as are those of the brilliant blue color that 

are sold simply as spmel, though their hue is quite 

unlike any natural spinel. A variety resembling dex- 

and rite is produced, as in synthetic corundum, but the 

agents responsible for the peculiar changing color are 

chromium and cobalt, rather than vanadium. Synthetic 

spinel of many ocher colors, as well as colorless stones, 

are also made to satisfy (he demands of the jewelry trade. 

The internal structure of synthetic spinel is much clearer 

than that of its corundum counterpart and seldom shows 

either curved ssriaiions or gas bubbles. 

Until World War II synthetic spinel was not used in* 

dustrully except for gem purposes because its hardness, 

although considerable, is inferior to that of corundum, 

which costs no more to manufacture though more to cut. 

German wartime research, revealed in 1947 by the Office 

of Technical Services, succeeded in developing a process 

whereby synthetic spinel, after being cut into jewels for 

bearings, was hardened by heating. 

Synthetic Beryl 

To these two commercial spedes of synthetic gems, 

corundum and spine), can now be added a third—beryl. 

Its wonderful emerald variety, since early times one of the 
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most highly prized of all the gems, is now on the market 

in synthetic form, though still in small sizes. 

Owing to the complexity of its chemical composition, 

in contrast to the much simpler corundum, attempts to 

synthesize emerald, or even to reconstruct it by fusing 

together pieces of actual beryl, had been attended by re¬ 

peated failures. The result was always green glass instead 

of the required crystalline material. About 1934 two 

German chemists Anally succeeded, though not by the 

Verneuil process, in making synthetic green beryl, to which 

they gave the name igrnerald. In addition to having dis* 

tinccive wisplilte internal markings, it differed from most 

natural emerald in fluorescing red under ultraviolet light. 

Improved American gems, not yet over 1H carats in weight, 

have since becon^e available, and future advances in manu¬ 

facture seem likely to put synthetic emerald on a basis 

equal to synthetic ruby and sapphire in size and color. 

Prices are still high and the color does not equal that of 

the best natural emeralds but is better than the average. 

Aptn from their frequent fluorescence, the best means 

of identifying synthetic emerald is to observe the inclusions 

under high magnifleation. The black inclusions in the 

synthetics appear green, showing that they are a concen¬ 

tration of the coloring matter, which is chromium oxide, 

rather than the liquid bubbles found in genuine emeralds. 

Real emeralds, furthermore, contain carbon spots and tiny 

crystals of foreign minerals which are never present in 

synthetic stones. 

The question is often asked why anyone would spend 

hundreds or thousands of dollars for a natural gem, when 

for a small pan of that amount he can buy a stone which 
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will deceive eveiyone except an expert. The answer is 

that much of the price of a real ruby or emerald lies in its 

rahry, and people will continue to pay the large sums that 

rare and beautiful things always command. 

“Synthetic Diamond'' 

A lively interest has been maintained for a long while in 

the possibility of making synthetic diamonds. Apart from 

the prospect of drastic readjustments chat might be faced 

by the jewelry business and the even more extensive bene> 

£ts that should accrue to industry in general from an un> 

limired supply of its best i^rasive, the remarkable optical, 

physical, and chemical properties of diamond would in 

themselves make its synthesis an achievement of extraor¬ 

dinary significance. To produce in a laboratory what is 

probably the most notewonhy substance of the inorganic 

world would indeed be a triumph of science. 

All rhe older books on gems state that very small dia¬ 

monds were made by Henh Moissan. a 1906 Nobel prir.e 

winner. His expcrinients were believed to have been suc¬ 

cessful, even though obviously not to a commercial extent. 

Cirbon, which was obtained by burning sugar, was dis¬ 

solved in molten iron, and upon being cooled quickly the 

metal exened a tremendous internal pressure. The tiny 

particles rhat crystallized were assumed to be diamonds, 

but newer tests indicate that they were a carbide rather than 

a form of carbon. Other methods have been tried for many 

years by a number of competent workers, including several 

of the most distinguished scientists of recent times. Ger¬ 

man experts carried on extenrive research daring the war, 
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repeating Moissan’s cxpcrimencs and always with failure. 

Diamond is deceivingly simple. In composition it is the 

only gem consisting of just one chemical element, carbon; 

It nevertheless defies the artificial reproduction of its single 

constituent. Carbon presents the difficulty of burning into 

a gas before it melts into a liquid. When it docs crystal¬ 

lize, it is more likely to do so as its more stable form, the 

mineral graphite. 

Most investigators have assumed chat great pressure was 

the key to the production of diamond, and their cquip- 

menc was designed chiefly to create it. An observation by 

Dr, Nininger, who found diamond crystals in a meteorite 

next to a cavity which could hardly have existed under 

much pressure, casts considerable doubt on the theory. 

Experiments described in 1947 by Percy W. Bridgman, 

who was awarded a Nobel prize in physics for his work 

with extremely high pressures, indicate furthermore that 

high pressure alone is ineffectual in making synthetic 

diamond. 

IMITATION GEMS 

Gilbert and Sullivan’s Learned Judge, who wore “a ring 

that looked like a ruby,’* wasn’t fooling himself, however 

much lie might deceive others. He knew tliac the only 

similarity was a bright red color. All imitation gems re¬ 

semble genuine ones solely in their superficial appearance, 

and, unlike synthetics, they may be identified with cer¬ 

tainty by determining their optical or other physical prop¬ 

erties. Althougli conspicuously inferior to synthetics in 

hardness, imitation stones frequently are as hard as some 

of the genuine scones which they arc supposed co repre- 
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sent. Their chief advantage over synthetics lies in their 

even greater variety of color. Apart from the small syn¬ 

thetic beryl chat is beginning to come into the market, 

the rich green of emerald, for example, can be obtained 

in no other homogeneous material, natural or otherwise, 

except glass. Some gems, particularly those showing curi¬ 

ous optical effects, like opal and moonstone, cannot be 

made synthetically. The low cost of imitation gems is 

another advantage, for they are much less expensive to 

manufacture chw synthetic crystals, and, before being 

polished, they are merely molded instead of cut 

Most imitation gems are made of gUfs. This versatile 

substance has been known for thousands of years, yet it 

is just entering upon its most promising era. Two main 

kinds of glass, crown and flint, are used for gems. Both 

consist mostly of riUca obtained from sand; crown glass 

also contains calcium oxide (lime), and flint glass contains 

lead oxide. Metallic oxides and other chemicals are added 

CO produce almost any desired shade or tint. Nontranspar¬ 

ent glass, such as is used for imitations of opal and opaque 

gems, requires somewhat further matment. 

Because the ingredients may be mixed in almost any 

proponions, glass has a wide range of properties, though 

the typo used for gems are fairly restricted. In rare cases 

glass may, usually by coincidence, have the same refractive 

index or specific gravity as a genuine gem of the same 

color. Two especially pure and constant kinds of glass 

are /used quartz (vitreous silica) and beryl gferr, both of 

which are made by fusing the natural minerals into an 

amorphous mass; the chemical composition remains the 

same but the properties are changed. 

260 



Jewelers refer to chc common glass imitations as pastCy 

and the same material appears in the costume-jewelry 

advertisements of department stores under the term “simu¬ 

lated." A brilliant lead glass used to imitate diamond is 

called irrass. A most distinctive and attractive gem is 

goldswie, made of copper filings in glass. Imitation gems, 

as well as genuine ones, are often improved in brilliancy 

or color by foils, usually of metal, placed on their lower 

facets, or by coatings of mercury or pigment. Rhinestones 

and so-called brilliants are of this kind. Glass gems, being 

noncrystallinc, may be distinguished from many genuine 

stones by their lack of double refraction and complete 

absence of dichroism, as well as by the presence of air 

bobbles and a measurable difference in properties. 

Formerly conienrrated almost exclusively in Czecho¬ 

slovakia, the manufacture of glass invitations was intro¬ 

duced into the United States when imports from the occu¬ 

pied countries were halted during World War 11. This 

infant American industry is at present struggling against 

the threat of cheap foreign competition. The molten 

glass, combined according to formula, with coloring mat¬ 

ter added, is drawn into long rods called canes; one end 

of a cane is melted into a die of the desired shape. The 

better-quality stones are later polished. Hard glass is being 

developed that offers good prospects for the gem industry 

of the future. 

Another imitation gem material, much more modern 

than glass but already useful in countless ways, comprises 

the group called the plastics. These are marketed under a 

variety of names, from the original celluloid to the familiar 

Bakelitc and Catalin. Amber and jet, the two lightest 

gems, are imitated with particular effectiveness in plastics, 
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which like them have a resinous luster and a low specific 

gravity. Natural amber, however, is even lighter in weight 

than its man-made subsdeutes. 

Other materials are used to a lesser extent. Imitanon 

curcjijoise is commonly made from pcrcfi^n and sometimes 

from entr/trel or bone. Ornamental stones may be mi¬ 

nted in plaster. Sta'mlets steel containing chromium and 

nickel was rather widely sold a few yeaxs ago as “sdenrific 

hematite." The warrior-head intaglio design is stamped 

into the metal, producing a smoothly curved surface unlike 

the sharp lines of a hand-carved stone, and the character¬ 

istic red streak of true hematite is absent. Another im¬ 

portant substitute for hematite b made of a ceramic 

material. 

The best-quality imicaiion pearl dar& back to 1656, 

when a Frenchman coated the inner side of a hollow sphere 

of opalescent glass with parchment and applied to 

this sizing a preparation made from fish scales and called 

pearl essence. The rest of the interior was then filled with 

hot wax. This type of pearl is harder chan the natural 

gem and of course has a glassy texture. 

The average imitation pearl produced now, however, 

consists of a glass or plastic bead coated on the outside 

with pearl essence. The tendency of this material to peel 

is usually visible at the drill-hole. 

A current post-war boom has developed anxong the Bay 

of Fundy fishermen, who find their catches of young her¬ 

ring worth far more for the silvery fish scales used in the 

manufacture of pearl essence than for food. Four fac¬ 

tories arc now operating in Maine and two more are due 

to open soon in Canada. 
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COMPOSITi; GEMS 

Two Of more pieces assembled to make a single indi¬ 
vidual consrinite a composite gem. Doublets (Figs, 106 and 
108) contain two pieces and triplets (Figs. 107 and 109) 
contain three. These may be cemented or fused together, 
either before or after tlic cutting process. Composite gems 

Fig. 107 
Part-0 a met Triplet 

Fig. lOfi Dinmond Doxiblet Fig, 109 Soud^ Emerald 

0)mpusite Gems 

may consist entirely of genuine .stones, or of a combina¬ 
tion of real and imitation materials. {All-glass composites, 
or glass with a foil back, can hardly be classed as anything 

but imitations.) Except the opal doublet and emerald 
triplet, composite gems are seldom made these days, 

Older jewelry, however, contains clicni in abundance. 
They were originally designed to pass the hardness test, 
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fuse by the addition of a hard top of a natural mineral, 

usually quara or almandite garnet (Fig. 106), and later by 

similar protection of the bottom (Fig. J07). TT\c devel¬ 

opment of synthetic corundum and spinel, with their su¬ 

perior hardness and wide choice of color, has made this 

arrangement unnecessary. 

When the purpose is to combine several fragments of a 

genuine gem into one la^r and consequently more valu¬ 

able stone, only the natural material is used. Diamond 

doublets (Fig. J0$) are on rare occasions made in this 

manner. 

A familiar doublet involving predous black opal derives 

its value from the tendency of this exquisite gem to occur 

in layers of such thinness that they need to be supponed 

in order to be mounted in jewelry. By cementing the opal 

slice onto a base of ordinary black opal or black chal¬ 

cedony, the necessary strength b sccur^. 

The most successful substitute for emerald b a triplet 

called roudf eif/erold (Fig. 109), conrisring of a top and a 

base of quam, enclosing between them, sandwich-like, a 

flat plate of green glass which fumiriies the color. The 

quart?, assures a reasonable degree of hardness and may 

show natural flaws resembling those of emerald. Thb 

substitute b important because the rich color of emerald 

has never been produced in synthetic corundum or spinel, 

with their superior durability, and synthetic beryl b made 

only in small specimens which have not yet entered the 

market in quantity. 

The true nature of a composite gem becomes evident 

when the surface separating the parts can be seen. Be¬ 

cause all stones assume the color of their back facets, any 

difference in color between the sections b visible when a 
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gem is viewed sideways. Holding it over white paper or 

cloth and breathing upon it helps to reveal the plane of 

junction. The best way, especially when a scone has a 

uniform color throughout, is to immerse it in a highly 

refractive liquid. If a composite gem is cemented together, 

it may separate in boiling water, alcohol, or chloroform. 

TREATED CKMS 

Many gems can be altered in appearance, especially in 

color, by the application of rudhactivity, heat, or cbewi^ 

caU. These agencies are, in fact, the ones that often nat¬ 

urally change the color of gems in the earth. Gcnis may 

be treated to meet the temporary whims of fashion, to 

improve the beauty of an inferior specimen, or to produce 

a distinctively different variety of a familiar gem. Al¬ 

though many kinds of gems are susceptible to treactnent, 

only a few are systematically altered in the trade. 

When exposed to the emanations of radium, diamond 

not only becomes radioactive but turns green. Other 

gems are affected by this phenomenon, but they are of 

little commercial value. Any green diamond offered for 

sale should be suspected of having been thus doctored, 

even though natural green diamonds are not excessively 

rare. The artificially induced color seems to remain per¬ 

manently under normal conditions. 

The practice of hearing yellow Brazilian topaz to a deli¬ 

cate pink yields a gem that has long been a favorite in 

fashionable jewelry, but the production seems to have 

declined lately because of economic reasons rather than a 

change in fashion. A much more active industry in Brazil 

is the creation of citrine, ranging in hue from light yellow 
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to rich orange, by heating other varicries of <juam; crystals 

of amethyst give the best results, but uncut smoky quartz 

Is more often used. 

Zircon is, of all the gems, by far the most important 

from the standpoint of heat treatment. The most popular 

hues—blue, golden yellow, and colorless—are deriv^ from 

brown zircon. The exclusion of air from the charcoal 

furnace gives rise to the blue variery; the presence of air 

results in the golden variety. Colorless zircon is obtained 

both ways. 

Frequent attempts are made to improve the color of 

turquoise or restore the h^Kly prized blue cobr after it 

has turned green. Few of them, however, are more than 

temporarily successful. 

The staining and dyeir^ of agate and other varieties of 

chalcedony quartz are so significant, involving an entire 

industry, that discussioR of the methods used has been 

reserved for the chapter **Gems of the Silica Group.^’ 

CVLTVKBD PEAKl 

If not entirely man made, cultured pearls are at least 

man aided. Nature has been ably encouraged in her work 

of producing a lustrous gem from the misfortunes of a 

pearl oyster, which without interference m^ht have lived 

comfortably and barrenly in the remotcncs of the sea. 

The cause of pearl forniation was discovered as early 

as the 13th century, when the Chinese took advantage of 

their knowledge and forced small metal images of Buddha 

between the sheU and the mantle of fresh-water pearl 

mussels. The images became coated with nacre and were 

later removed as pearls. 
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Somewhat over 50 years ago the Japanese, following a 

similar procedure, cemented a mother-of-pearl pellet to the 

inner lining of the shell and obtained a blister pearl, coated 

only on one side. 

Funher experimentation culminated in tlie production 

by the Japanese of completely round pearls, the appear¬ 

ance of which in quantity in 1921 created a panic in the 

markets of the world until it was learned how they could 

be distinguished from the entirely natural gem. To these 

pearls the terrii cultured is applied, though some unsuccess¬ 

ful attempts hove been made to confine it to the older 

artiliciaDy stimulated partial pearl (the blister pesrl) and 

to refer to the whole pearl as cultivated. 

The equivalent of a surgical operation must be per¬ 

formed. A small bead mode of morhcr-uf-pearl is placed 

within n sac cut from the mantle of a thrcc-ycar-old oyster, 

and the sac is then inserted in the tissues of another oyster, 

which covers it with nacre in the usual way during the 

succeeding seven years. At the end of tlwt time the pearl 

appears as shown in Fig. 110. Both before and after they 

are treated, the mollusks are kept in cages suspended from 

rafts in the water and are repeatedly inspected by women 

divers (see Fig. Ill) for signs of disease. Owing to the 

usual hazards and uncertainties of living things, tlie per¬ 

centage of good-quality spherical pearls is small. 

Under pressure of a war economy, the Japanese pearl 

“farms," including the newly established one which pro¬ 

duced pink pearls in a fresh-water lake, were compelled 

to suspend operations. As the growing process cannot be 

unduly hastened, it will be perhaps 1952 before the indus¬ 

try can be fully re-escablishcd on an exporting basis. 
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Fig. 110 Cultured Pearb afrtr Seven Years' Growth 

Fig. ill VV'oman Diver lenoif^ Luitured Pearl Uvsters 
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When a mother-of-pearl bead serves as the nucleus of a 

cultured pearl, its presence makes possible several methods 

of distinguishing the product from a natural gem. A drilled 

pearl may be examined with an instrument called an endo¬ 

scope, which concentrates a beam of light into the hole. 

The light follows the concentric structure of a wholly 

natural pearl and is reflected out of the opposite end of 

the drill-hole; but it is deflected by the core of a cuicured 

pearl and comes to the surface of the pearl at a different 

point. For undrilled pearls X-rays and special micro¬ 

scopes are employed to determine their origin. 
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Chapter S 

Luminescent Gems 

Few flspecTs of gernology have grown more in popular 

favor during recent yean chan che collecdon, display, and 

study 0/ gems chac glow in ultraviolet light. Because ultra- 

violet radiation is itself invisiblt, exposing such gems to it 

produces secondary colors chat are noc present in the 

original source of illununadon. The gems glow or fluoresce 

in darkness thac is complete, unless some extraneous reflec¬ 

tion of ordinary light has rtot been filtered out. When a 

gem continues to glow even after the ultraviolet rays have 

been turned off, it is said to phosphoresce. Both fluo¬ 

rescence and phosphorescence are combined under the 

general term Immnescenct. 
Neither of these efiects is an excloave response to ultra¬ 

violet radiation. Both may also be revealed by exposure 

CO X-rays, cathode nys, or the emanations that result from 

radioactivity. These other methods sometimes produce a 

more intense luminescence than can be obtained from 

ultraviolet rays, but their use is gready restricted because 

of expense, inconvenience, and danger. The development 

on a commennal scale of good sources of ultraviolet radi- 
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acion has made it the most useful means of observing 
fluorescence and phosphorescence. 

Phosphorescence was studied before fluorescence. In 
1602 an Italian shoemaker noticed char specimens of barite, 
a heavy jnineral which he had collected for his spare-time 
practice of alchemy, shone in the dark after they had been 
in a strong light. Proof was afterward found chat this 
mineral, as well as other substances chat behaved in the 
same way, could not be merely storing up sunlight or light 
from a Are and giving it off again, inasmuch as the color 
of the light underwent a change. 

The investigation of fluorescence led finally to rhe dis¬ 
covery of the underlying principles of both phenomena. 
A number of famous scientists, including Sir David 
Urewsrer, Sir John Herschcl, and Sir George G. Stokc.s 
worked on the problem. Stokes described the effect best 
and named it after the mineral fluorite, which ofeeh shows 

it. Much, of course, rcniains to be learnedj even the real 
difference between fluorescence and phosphorescence is 
still open to discussion, as we shall presently sec. 

Ultraviolet rays are of exactly the same nature as visible 
light and travel at the same speed. Both belong to rhe vase 
range of electromagnetic radiation, of which white light 
and its component colors represent only an extremely small 
part, about intermediate between the long, slowly vibrat¬ 
ing rays of wireless telegraphy and the very short, rapidly 

vibrating cosmic rays. As the wavelength of the radiation 
decreases and its frequency of vibration increases, the 
violet light of the visible spectrum gives way to the region 
that contains the invisible ultraviolet (‘*beyond the violet’') 
rays. 
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In accordance with the observation that ultraviolet radi* 

anon on iuminescent substances, includii^ gems, gives rise 

CO visible light, Stokes’ law states that the rwulting rays arc 

always of longer wavelength than the primary rays. This 

law has since been disproved as a generalization, but it is 

usuaUy correct. Another instance of the lengthening of 

rays is utilized in solar headr^ of hcmies; some of the visible 

sunlight that passes through the windows is changed into 

the longer infrared (heat) rays which are stopped by the 

glass and thus remain inside to beat the interior. Lumi** 

nescent gems act as transformers of light and change the 

wavelength of rays as an electrical transformer changes a 

given voltage. 

The analogy between the structure of atoms and the 

arrangement of our solar syscem^he sun and its planets, 

including the earxh-is familiar. Electrons, which are par* 

deles carrying a n^dve electrical charge, are assumed to 

revolve in de6nite orbits or shells around a central nucleus 

that has a positive eba^ as the planets revolve in their 

concentric orbits around the sun. The impact of ultra¬ 

violet radiation upon luminescent substances causes them 

to absorb the added energy by displacing elearons to orbits 

farther our. Thb unstable condition is corrected when 

the electrons return to thdr original poddons; the excess 

energy is given off in the form of luminescence. For 

luminescence to take place, therefore, absorption of energy 

must first occur. Previous absorption of energy distin¬ 

guishes phosphorescence of the kind referred to here from 

the familiar phosphorescence due to biochemical action, 

which results in the emision of light, often voluntarily, 

by ^re-flies, glow-worms, certain dsh, and other organisms. 

Besides these types of luminescence, there are a number 
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of others, etch with a special name. Luniinesccnce may be 

produced by heat, friction, cryscallizadon, cooling, and 

elcccfochemicaj action. Ultraviolet luminescence is the 

kind in which we arc most interested. 

As impurities in gems, often in the most minute traces, 

have a great iniJoence on the color, so also they have a 

profound effect on the nature and intensity of the lumi¬ 

nescence. Those impurities that cause luminescence arc 

called activators, and those that prevent the effect are 

called mbibhors. This dependence upon small amounts of 

a foreign substance is a disadvantage in the identification 

of gems, because two scones of the same species but from 

different localities may fluoresce quire differently. It is an 

advantage, however, in classifying some gems according to 

origin, for some of tlic fluorescent colors in different lo» 

calities are distinctive. 

Impurities afford the basis for the present technical dif¬ 

ferentiation between fluorescence and phosphorescence. 

Tlie latter term applies to crystalline substances only, 

whose power to give off light after they have been re¬ 

moved from the source of illumination is due to the pres¬ 

ence (as impurities) of atoms of metals which distort the 

crystal lattice. This condition differs from true fluo¬ 

rescence, which may occasionally persist for a very short 

time, but it is not possible to distinguish between the two 

types in this way under the circumstances with which the 

gemologist, mineral collector, or jeweler will ordinarily be 

confronted. 

The interest of American mineral collectors in the sub¬ 

ject of luminescence started with discoveries in connection 

with 'wilienme from Franklin, New Jersey. Only a rcla- 
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rively few specimens have ever qualified as gems, but they 

have been attractive ones, and the value of wiUemite as 

an ore of zinc has alone been great enough to make it sig¬ 
nificant among minerals. A fortuitous discov^ was made 

by men working in the mioe that the w^emiie wdd 

be distinguished from its associates (mostly franklmite, 

zincite, and calcite) by the bright green glow which it 

«vc when exposed to the ultraviolet spark from an iron 

arc lamp. Research was undertaken to devise ^proved 

sources of ultraviolet radiation for the purpose of separat¬ 

ing willemite conveniently by this property; thus t^ay s 

phenomenal fluorescent l^hting industry began. Every 

wn of the New Jersey Zinc Company’s ore that w«e 

into the recent world-wide fightii^ was concentrated under 

ultraviolet light. ^ u 
Some of the willemite continues to shine long after the 

ultraviolet rays are turned off. Such spedmens are par¬ 

ticularly beautiful when they arc mixed with patches of 

white calcite which fluoresce a fine red color. 
Not all willemite, however, fluoresces or phosphoresces, 

When it is pure, as in a few localities elsewhere in the 

world, this rinc alicatc shows no evidence of either effect. 

Traces of manganese present in the New Jersey material 

give it the highly prized luminescence. 
Fluorescent dkm(md5 now appear to be much more 

abundant tlwn they were formerly thought to be, Per¬ 

haps sixty-five per cent show this wonderful effwt. Ihc 

King of Gems may glow with varying intensity m almost 

any color. Sky blue or cornflower blue is the most typical 

of the stones from South Africa, though green and yeUow 

are not uncommon. An occasional diamond phospho¬ 

resces and wiU be seen CO glow in the dark after it lias 
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been exposed to sunJight; che mosc phosphorcscenc scones 

arc those which fluoresce in daylight. Three hundred years 

ago the British scientist Robert Boyle experimented with 

diamonds chat emitted light after being rubbed against 

fabric or wood; this type of luminescence is called tribolu- 
wmescence. Boyle also noted chat diamond fluoresces 

when heated; che property is called thimiolwnhiescenct. 
Kuby>, above all others, seems to deserve the discinccion 

of being che chief luminescent gem. It docs nor react more 

strongly chan some other stones, but it owes a large parr 

of its glorious beauty to its rich scarlet fluorescence, which 

appears even in ordinary sunlight and serves to heighten 

the natural color of the gem and to make it superi(fr to 

any ocher red stone. Rubies from Burnia and Ceylon 

show niore fluorescence than chose from Siam. 

If they arc colored by chromium, red and (to a 

lesser degree) pmb spmtl show a similar addition of fluo¬ 

rescence to their normal color. A similar effect of brighc- 

eiung can also be observed. 

!t is most appropriate to mention the fluorescence of 

flucritt, since that gem mineral gave its nanic to the phe- 

nojnenon. Unfonunatcly for che nomenclature, a large 

proportion of fluorite is not visibly affected by ultraviolet 

radiation. The specimens that do respond usually show a 

blue-violcc color, which is ascribed to the presence of rare- 

earth elements. 

Kunzite^ the lilac variety of spodumene, phosphoresces 

strongly in a fine pink hue. 

Opal varies in its fluorescence, some specimens glowing 

only after they have been subjected to ultraviolet light for 

several minutes. Bluish and yellowish colors are common. 

The bright green of some opal is attributed to che presence 
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of radioactive substances, secondary uraruum compounds. 

The ycllowish-grccn flDoresetnee of common opi/ from 

Virgin ValJey, Nevada, is very familiar to American col¬ 

lectors. 

Examination of museum specimens of \ade has showed 

chat ageing may often be detected by the change in color 

of fluorescence, which declines from an incense purple in 

newly cue jade to white with blue and yellow mottling. 

Amber fluoresces strongly, the color ranging from 

yellowish green to bluish white; the latter is most frequent. 

Peer/r fluoresce according to the waters from which the 

oysters were taken. The majority of those used in jewelry, 

from Ceylon, the Persian Gulf, and Australia, show a sky- 

blue color. The ethereal blue of Japanese cnitmtd petrrls 

is most appealing. An Interesting difference between the 

fluorescence of cultured pearls and natural pearls is seen 

during their exposure to X-rays. Although the produc¬ 

tion of these rays for gem testing is generally not feasible, 

the standard apparatus for differentiating pearls, called an 

endoscope, uses X-rays. With them, cultured pearls are 

found to be by far the more fluorescent of the two types, 

especially when they have a mother-of-pearl bead as a 

nucleus. 

To return to the corundum gems, ocher varieties be¬ 

sides ruby may be mentioned in connection with fluo¬ 

rescence. Yellow corundum fluoresces strongly in golden 

yellow. Blue corundut:i varies in intenricy; stones from 

Montana and Ceylon glow more strongly than those from 

India. 

Synthetic ruby fluoresces vividly, even more than the 

natural gem, owing to Its greater content of chromium. 
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Ceitam colors of synthetic spinel display fluorescence in 

its choicest form. The yellowish-green stones, fluorescing 

in the same color, are particularly striking, Tl« blue 

stones fluoresce brightly in red. The red fluorescence of 

Fig. 112 Fluorescent Effects in Several Varieties of Quartz 
and Chalcedony 

the recently developed American synthetic esnerald serves 

as the easiest, though not the surest, means of distinguish¬ 

ing it from natural emerald, which usually does not flu¬ 

oresce in ultraviolet light. 

Ocher gems besides those discussed here (see Fig. 112) 

display occasional luminescent colors, which arc so variable, 

depending so much upon the locality, tliac descriptions of 

them would resolve into a mere listing. The best way to 
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become fanuJiar with them is to see them in museums and 

to build A coUecrion of them with which to cxperimenc 

at home. 

PLVORESCXKT EQUIPMENT 

The most important fact to be coiwdcrcd when equip¬ 

ment is being acquired for the production of fluorescent 

light is that, although the ultraviolet wavelengths cover 

only a tiny fraction of the electromagnetic series, they 

neverrheiess extend over a wider range than is covered by 

any single source of illumination. More than one lamp 

is need^ if all the fluorescent effects are to be obtained. 

A lamp designed for otte parr of the Held will fail to 

illuminate the stones that respond only to a different part, 

for gems and minerals vary in their reaction to different 

radiation. In general, the available equipment is made 

for either “long" or "short" wavelengths, the latter being 

more desirable for most purposes. The ultraviolet range 

is about 1600 to 1800 angstrom units (A.U.), whereas the 

visible spectrum extends from 3800 to 8000 A.U., each of 

these units being one hundred-milliontlis of a centimeter 

in length. 

A second essential Hut to be remembered about fluo¬ 

rescent apparatus is that each of the lamps transmits a 

certain amount of visible light, which dilutes the fluo¬ 

rescence and confuses the effect. Gmsequently, a filter 

must usually be employed to eliminate as much of the day¬ 

light colors as possible. The proper filter depends, of 

course, upon the range of the lamp with which it b to be 

used. Care should be taken to protect one’s eyes from the 

harmful effects of the bvisible rays. 
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Besides a wide range of ultraviolet radiation, an ideal 

fluorescent lamp gives an incense and uniform illumination, 

free from unpleasant fumes or excessive heat, and capable 

of being enclosed for protection. An ideal filter transmits 

all file ultraviolet and none of the visible light. Some of 

the equipment made today approaches perfection in many 

ways. 

Any discussion of ultraviolet sources should begin with 

the sun, for sunlight is rich in these rays. Much of the 

beauty of ruby is the result of its fluorescence in sunlight 

added to its natural color. Much fluorire, many dia¬ 

monds, and some amber, opal, and kunzite are made 

lovelier in this manner. 

Stokes used lightning in some of his studies of fluo¬ 

rescence, but this extreme method is scarcely recom¬ 

mended to the general public. 

The cheapest and most convenient source of ultraviolet 

light is the arjgon bulb, shown in Fig. 113. It is similar 

in principle to the familiar neon sign except that it is 

filled with ai^on (mixed with other gases) and can he 

used like any electric light bulb on ordinary house current. 

Although quite weak, it is surprisingly effective with some 

gems. The gla^s prevents the transmission of short wave¬ 

lengths, passing chose from 3300 to 3700 A.U., the peak 

being at about 3600 A.U., but practically none of the 

energy is wasted in delivering heat; so little visible light 

is produced that no filter is needed. 

Another source of ultraviolet light that does not require 

a filter is the high~poimtial spark between iron electrodes. 

The apparatus consists of a transfornicr, a condenser, and 

a pair of adjustable electrodes. Unlike the ar^n bulb, 
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this radbrion is rich in the shorter wavelengths. It has a 

low inreDsiry hoc is coovenienc for its range. 

The true rr^ sre is ^ high*incensity, low-volrage arc 

between iron electrodes. It operates best on direct cur¬ 

rent and gives off a la^ amount of visible light which 

must be Hltered out. 

Fig. 1U A^on Bulb and ReAector for Producing Ultraviolet 

L^ht 
(Ultn-Violct Productt.1 

The carbon arc gives large amounts of heat and visible 

light, but it combines the advantages of high intensity and 

u'ide range of wavelengths. 

Of the various r)*pes of equipment the most suitable for 

the ultraviolet examination of most gems and mlneraU is 

some form of vtercttrj vapor larnp, two kinds of which 

are shown in Figs. 114 and J15. The visible violet color of 

the incandescent gas is used in modem sign and street 

lighting. When a fused silica ("quartz**) tube is used as 

the container, both h^ intensity and wide range, with 

the shoner wavelengths predominatii^, are obtained. An 
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Fig. 115 Portable Model for Display or Field Use 

Mercury \'apor Lamps for Creating Luminescence 

(Ulcr*-Violet Produccs.I 



exceQcnc olcraviolcc soarcc when it b equipped with an 

approprute filter b the germicidal lamp now widely used. 

A nickel-cobalt glass cube is convenient for museum in¬ 

stallations, but it reduces the fioorescence as well as the 

amount of visible light. The same kind of glass is used in 

a bulb shape for the so-called bat htdb^ which combines 

mercury vapor with a headng filament. 

Ail this equipment, together with the newest improve¬ 

ments, is advertised r^larly in popular mineral maga¬ 

zines. Manufacturers' catalc^es supply detailed infor¬ 

mation about each article. 
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SELECTED READING 

More cnensive infomudon regarding gems will be 

found in che following books and periodicals, which have 

been selected as the most suitable to supplement Popular 

Gemology. Some of the books arc of a general nature 

and others emphasize special phases of gemology. All arc 

standard works, modem in content and authonranvely 

written. The brief descriptive notes are intended to aid 

the prospective purchaser. 

General 

Gtmfiofief, by Geo^ F. Herbert Smith. 9ch edition, 

1940. Published by Methuen, London. Price 18 shillings. 

This edition is the most complete modem book on gems 

in English. Parrs of it are highly technical; the book is 

scholarly and interestu^; throughout, and especially good 

for reference. It contains 443 pages, with many Ulustra« 

tions and colored plates, and an extensive bibliography. 

Geim and Gem MeterielSy by Edward H. Kraus and 

Chester B. Slawson. 5 th edition, 1947. Published by 

McGraw-Hilk New York. Price $4.00. This excellent 

technical book on gems is written in concise textbook 

form. The style is consequently brief and clear, and there 

is little detail in the descriptions of individual gems. It 
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concaiiu ^32 pnges, many iUuscradoDS, and a valuable sum* 

maiizing t^Ie. 

Gem Testing 

Gffn Ttmrjgy by B. W. Anderson. 2nd edition, 1947. 

Published by Hey wood, London. Price 17 shillings 6 

pence. This is the first book of its kind; it was formerly 

titled Qem Tetting for JewUerr but is suitable for every¬ 

one. There are 23 chapters written simply and in detail, 

with the admirable purpose of c.'cptaimng things to the 

reader as clearly and as practically as possible. It con¬ 

tains 194 pages, illustrations, and a glossary. 

Handbook of GoffJ Identification, by Richard C Liddi* 

coat, Jr., 1947. Published by Gemological Institute of 

America, Los Angeles. Price $4*30. Methods of testing 

gems and descriptions of instruments used are well pre¬ 

sented. It contains 283 pages, illunrations, tables, and a 

glossary. 

Gem Cutting 

The An of Gain Curthtg, by H. C. Dake and Richard 

M. Pearl. 3 id edition, 1945. Publislied by the Mineralo¬ 

gist Publishing Company, Portland, Oregon. Price $1.50. 

This book meets the popular demand for a complete text 

on the lapidary aspects of gemology. It gives detailed 

instructions on the materials and equipment used. It con¬ 

tains 128 pages and is well illustrated with drawings and 
photographs. 

Gem Glossary 

Dictionary of Gems and Getnology, by Robert M. 

Shipley and others. 2nd edition, 194d. Published by 
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Gcmological Insriture of America, Los Angeles. Price 

15.50. This glossary defines over 4,000 names of gems 

and terms used in gemology. Incorrect nomenclature 

is adequately indicated, and cross references are numerous. 

It contains 256 pages. 

Quartz Gems 

Quartz Family Mm^ralsy by Henry C Dakc, Frank L. 

Flccncr, and Ben Hur Wilson, 1938. Published by \Vhit- 

tlesey House, New York. Price $2.50. This book u writ¬ 

ten especially for gem and mineral collectors, for whom 

the quartz varieties have the widest appeal. F.very aspect 

is discussed; producing localities arc emphasized, and there 

are separate chapters on opal and petrified wood. It con¬ 

tains 304 pages and is well illustrated. 

Magazines 

The Miner ah gist Magazme b published monthly at 329 

S.£. 32nd Screer, Portland 15, Or^on. Its widely read 

gem department features illustrated articles on gems, new 

mechocU and equipment pertaining to gem cutting, and 

gem localities. Editor, Dr. H. C Dakc. Subscription 

price is $2.00 per year. 

Rocks and Minerals b published monthly at Peekskill, 

New York. It includes articles on gems and gem min¬ 

erals, with emphaius on collecting localities in the eastern 

part of the United States. Editor, Peter Zodac. Subscrip¬ 

tion price is $3.00 per year. 

Gatm and Gemology b published quarterly by the 

Gemological Institute of America. 541 South Alexandria 
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Avenue, Los Angeles 5, CalifomU. It k issued especially 

for members of the institute but b available to other in- 

ccrcsted persons. Editor, Robert M. Shipley. Subscript 

non price is 13.50 per year. 

Ti6e Gfffrfffoicgin is published monthly by the National 

Association of Goldsmiths Press, 226 Lacymer Court, Lon¬ 

don. It is an established ioomal devo^ cjtdusively to 

gems- Editor, Anhur Tremaync. Subscription price is 

12 shillings per year. 

The Desert Magnhte is published tnottchly at D Centro, 

California. It features colorful articles on gem localities 

in sourhwesrem United States, with cleverly illustrated 

maps to guide the collector. Editor, Randall Henderson. 

Subscription price is $3.00 per year. 

The Lapidary Jaumaf b publi^ed bimonthly at 1129 

North Poinsecria Place, Los Angeles 46, California. It 

speclalbxs in gem cutting for the amateur. Editor, Le- 

landc Quick. Subscription price b $2.00 per year. 
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in geode, 68 
in opal dooblet, 228. 264 
in petrified wood. 14 

Characterutics of gtois. 8 
Charlemagne, 132 

Cfaeriose, Qoeeo, 205 
Channa. gems osed as. I 
Qucoyioey, 50 

m chrys^ryl cac’s-eye, 109 
in hawkVeya. 211 
in 911am car^S'OyB, 210 
in ciger^<ye. 210 

Chani^ action oa genu, 5$ 
Qwnued cempoemoQ. of gems, 11 

of nunenta, 7 
ChemieaJ precipeacts, 67 
Otenaeal propenies of gents. 25 
Oicrraci] misrance of gems, 12 
Oiemical teeis, II. U. 14, 25 
Otemicals. efTeec of. on color, 28 

ertatiry gone wldi. 265 
CItemistry. of gems, 11 
Chasnlice. 159, 196 
Oiieago NaniraJ Kiscory Muieum, 

163 
Oule, lapis latoU from. 183 
Quna, amber imported into, 24) 

carved jade from. 186 
gems from, 184. 200, 238 
hcntacire tut in. 166 
jade used in. 115 
lapel lauili osed in. 182 
pesri cutrare in, 266 
Wyonang nephrite carved in, 

192 
Chinese eat’xye, 110 
Otiver, ColomlM, emerald from, 

m 

Otlorasrolite, 184 
OtktfDmelsMe. 189 
C2t2oroepind. 106 
Oirytolmyl, 107 

chjysoJtte, 110 
contposiDon of, 12 
CTVsiaUisadon of, 21 
rwio crystal (rf, 17 
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Ovysoberyl cat’s-eye» 2(0 

clucoyaney to. $0 

CHrysoeolb, m 

ChrvMlitt. l}9 

cnnfpsion of name whh tnpu, 

MS 
Oirrsntice squanurine. t34 

Oirysotite chrvsobervl. 110 

Chrysopraae, 2)4 

inunted in tpn, 221 

Chrywrile, 200 

Onnamon-ttone, 144 

Gcfine. 204, 212 

resemblance to copez, ]SS 

Gem, peaK in. 2)7 

Gum. crystal. 17 

Qeaning diemonti. 8? 

Qnnln^ jewelry. 87 

Oeevsge. SS, S9 

In dinninnd. M 

Oenvage face, luster nf, 3t 

Qen\^r. diemond. 86 

Geaving, dianw^nd. 63 

Qeopaera. 13, 132 

Gerici'B Bolurion, $5 

Oimate, 69 

Cnhesinn, S5. S9 

Colombia, emersld /roan, 1)3 

Cdophony, 242 

Color. 25, 42 

•nalyzing, inscrumcnQ for, 29 

cause af, ui germ, 11 

change of, caused by liaae, 64 

of diamond, 94 

use of, in idenrificatwa of genu. 

29 

Colondo, gems fmm. II), 1)5, 

136, 140, 144, 146, 15), 15S. 

173, 176, 179, 184, 199, 212 

Ccdoredo raby, 144 

Ccdorless gems, absence of dichro* 

ian in, 46 

ConuiKMi coral, 239 

Common opa). 235. 329 

Composite gcnia, 134, 143, 247. 263 

Concentrating merhoda, diamond, 

81 

Catch, pesri in. 2)7 

Coichiolin. 234, 2)5, 2)6 

CoAchnida] fracnire, 61 

Conglomerate, )asper in, 215 

Conneedeue, gems from. 122, 126. 

136. 137. J54, 184 

Conquisesdorea. 133 

Cool^ opal field, 226 

Copal, 244 ' 

Copper cent, hardness of. 59 

Coni. S. 23), 238 

color in. importanee of, 26 

coiiipoainrm of, 12 

effect of acid on. tS 

effect of oil nf turpentine on, I) 

oecurrenea of, 69 

Cnrdierita. 117 

etystaJlitacioA of, 21 

Core dtill, dientond, 96 

GotneUen, 213 

CornwaU, England, catedterite 

/rem, 112 

Corporation, Diamond, 90 

Corundum. 98; rre alic Ruby, 

Sapphire 

asterirm ki. 50 

compoaition of, 12 

crysallicetion of. 20 

ffiwrescence of, 275, 276 

hardneai of, 56 

isomorphim in. 14 

partuig of. 60 

ruby, absorption spectrum in, 43 

dichrocsn m, 46 
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Cprandum, sapphire, dkhroian in, 
46 

syncheric. )tt. 249. W, IM 
CfMuez, CoIotiIm, eniereld fmm, 

Mi 
OMnic genVk 65, «. 99, It9. 2)2 
CnicvUlke. 202 
Ciiricel ftn^Ie, 33, 34, 33 
Crrici<lollu, 210, 211 
Crr«) scone, I9S 
Crteed polamen, 49 
Crosaed counrsJine, 99 
Crown gbs, 200 
Cruttdcn, IJ). 1» 
CryptncrytAlHne C|MRx, 203 
Cryptocrymlline smiccure, in 

cheiecdony, 212 
Crysnl, 13. 207 

phantom, 13 
Crystal axb, 17 

dtfi, 17 
Cr^ fonn, Id, 17. 19, 19. 39 

related to atomic structure, 7 
uu of, in idcncificecinn of gems. 

10 

Cr>*stal gating, 207 
Crysnl structure, 13. Id, 17. 19 
Cr>ml system, 17. 19 
CrysnIHne getne. 14 

cleavage in. 39, 40 
fracture in, 40 
hardness of, 37 

Crystalline quara, 203. 212 
Oysrallimion, related to opocal 

preperTMa, |9 
Crystallognphy, |3 
Crystals, testing, for hardness. 39 

rwin, 16, I? 
Cube, diemend cutting in. 93 
Cube, 91, ld5 
Cullman dnmeod, 92.93 

Culdvated peart, 2S7 
Cultured gem, 247 
Cultured peart. 239,.2dd 

fluorescence of, 276 
Cunibertand, England. Iiemarite In, 

Itt 

CupU^ dens, 209 
Oahion cue, 73 
Cutter, dienend, 96 
Coning, diamond, with electric 

are, 97 
of gem. 70, 71. 73, 7« 

e^ect of dichrobm on, 49 
of ^mtbetic ruby, 233 

Cutdng ecu rets, diamond. H 
Cysmte, 160 
^•ead Pcu«sr National Monu- 

molt. South Dakota, 223 
Cyimder, 2 
Qrmophaoe, 109 
Oechoakmkia, gems from, 197, 

226, 231; r«e tito Bohemia 
AWAvfaeture of imttations in, 

261 

Dike. Hcnr>' C, 74. 294, 293 
Syttfm of Mmfraiogy, 74, 

164 
Danlionre, 337 

CTa’scallizaden of. 21 
resemblance to dsti^ite. 134 

Deralita, 134 
etyucallixation of. 22 
with prvhnitc. 194 

Darelite family. 134 
De Beers Con^jdated Mineft, Ltd., 

90 
De Klcrk.63 
Donantnid, 347 

abeenca of dlchroism in. 46 
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Dccsdhrcs, in clttlcvduny, 216 

in ofMl, 229 

<H) cirtrble, 2} 

Ocndritic iMrbJe, 23, 19« 
Dcnsiry, S2, Si 

oprical, 22 

Derbyihifc, England. fluoHce tc. 
IJ3 

dc SnuMure. Horace Bh 19$ 

Dffttrt Mn^aziTu, Tb<, 286 

DevU'i Head. Coiondo. topet 
from. l$8 

Dieniofid. 7$ 

illuviftl depoelD. 68, 87 

Acomie nructure of, 7, $7 

brilliancy of. 33 

cleavage of, 86 

color of. 94 

conipoatDon of, 12 

eririeni angle in, 33. M 

cryietl form of. 19, 9i 

cuRing, 71, 73, 86 

ecntcn, 94 

cleavage used for, 69 

orienmion in, 91 

wkh elecrric are. 97 

diaco^ery of. 6$, 76 

dbpersiea tn. 37 

effect of radiosedvjty on. 263 

electricity in, 62 

etiieraid cut, 73 

faiiicm stonca. 93 
fluorescence of. 279 

gems found with. 63 

hardness of, 36. 37. 38 

Herkimer. 209 

in meteorites, 69 
industrial, 93 

luminesecoce of, 274 
luster of, 31 

mining of, 77, 79 I 

OtaiiKmd. naiiK of, origin of, 9( 

occurrence of, 87, 88, 89, WJ 
91 

or^in of. 97 

polishir^ of. J|, 87 

]M|ymorpfiisi>i of. 13 

recovery of. 80 

refractive Index tj, 33. J 8 

reubnblanee u» tphene, 162 

roBDiblartce to zireun. !3J 

iperifle gfavny of. 32. 33 
^roheoc. 238 

rwimmg m, 37 

Diamond e^ drill. 96 

Diamond Corponrion, 90, 93, 96 

Diamond Corporedoft of Anwrice. 
90 

DiaiTHind die, 96 

DisuHind doublet. 263, 264 

Diamond nanea, other gems from, 

118, 119, 139, 144. 133 

Diamond pipe, geobgy of, 77 

occurrence of, 67 

Diamond pooit, 71 

Diamond powder, grading of, 97 

Diamond Trading Company. 91 

Diamond whed. bonded, 93 

Distomaeeoui earth, 229 

Diehrooni. 44. 49 

Dichroirc, J17 

Oichroecopc, 29, 43, 46, 48, 49 

DUthrmj of CrsMT Ofid Qcrn- 

oiott. 284 

Die, diamond, 96 

Diffractioa of l^c, la pearl, 236 

Diffusion eolonm, 33 

Dinocaun, 73 

Dtopside. HB. 119. 190 

m*scallirat>oe of. 22 

occurrence of, 63 
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Piuj«iJc, with iduerw, 195 

pjfcct-viswn spectroscope. 42. « 

[)Uigcoii 248 
U'lspersioA, )7 

table. 31 

Pi»thcne. 160 

Dodecahedron. 91 

Dup. V 
Double refnetiuo, iP, 44, 4J, <4. 

48, 49 

card tar for, 40 

Doubler. W 

opal, 228 

Do^l/ refractive gemt. 33, 34 

poUrnuion in. 40 

Qravhe. 128, 130 
Dresden dUiDond. 93 

Drill, core, diamond. 94 

Dryinif. of opal, 64 

Duniorticr, Eufcnu. 197 

Dumorticfitc* 197 

Durability, S5 

of ^nis, 8 
reUeed to cbeiiica] resHtance, 

12 
Dust pearl, 236 

Dutch bore, 133 

Duioicspan diamood mine. 79, 81 

Dyed agate. 320^ 266 

Dyed ehalecdony, 266 

ESeerer, Godfrey, 122 

[last Africa, genv from, M2, 140. 

153, lai 

1^ Prussia, amber from, 341 

iLbdnian. 230 

Eden Valley, Wyoming, petrified 

wood from. 223 

E/Terveseence. of carbonate gemt 

In aead, 24 

£gypc, amethyst used in, 305 

gems from. 131, 130. 172 

nanufacTurc of gems in. 346 

curquoiae used in. 173 

Egypdia jasper, 215 

Eba. gaus feuns, 126, 137. 166 

Electric art. for dlauiond cutciitg. 

97 

Ekctrieky, 62 

in ailibtf, 241 

FJeecron. 272 

PJeccrooio, use of quartz in, 63 

Cklrra. 241 
El libertador diamond. 94 

Emerada, 248 

Emerald, 131. 133i ree afro Beryl 

absorpoun spectrum In. 44 

BnzUian, 128 

bxkricncss of, 61 

cause of color m, II. 38 

crystallizaricMi uf, 20 

di^roisni in. 46 

effect of caunic alkali lui, 13 

eremng. 138 

fneture of. 60 

Mnitarion, flaws In, 132 

aoadd, 264 
synthetic. 134, 248. 2S6, 260, 264 

fluorescence of. 277 

use of. m Ronse. 224 

X>ray pkturc of. 24 

Eimnld cut. 73. 133 

Emerald triplet, 263 
Emerald t’rina, occurrence of. 67 

Ejiiperor Kao-tsung. 188 

En caboehon. 163 

Enanid, 262 

Endoscope. 269 

Ea^and, gens&oni, 112. 113, 166. 

240. 245 

E^tariog. gem. 2^ 3. 163 



EnautKC, 1I8| IW 

Nsith dUiTiund, 118 

Ensutite swks, 118 
EpAuIcr cur, 73 
Ilpiduce. 147 

erynaJUstoun ot, 21 
Epidcice ^up, 19S 
Equipment, duuraixfM. 27V 

Erinide. 24V 
Erosion, d7 
Essence, p«arl. 262 
Esle, Star of. duniond. 9) 
EtKar, effect of, oa iniber, iS 
EMej of ibt Dtui, 127 
EcniscaAS, •ntcihyfc used by, 20S 
ERt Mine, South Dekon, spvdu* 

nme from, 120 
EuciM, IS4 

crysnUiiarion of, 22 
Europe. t«c iimtnt of timmfhi 

jet used in, 24f 
Europe, cenertl, geim from, U2. 

254, 18^, tee else motes 
of eottntries, Meditemncwi 
See, Medicerreneen ielendi 

Even fracture, 61 
Evening emerald, 1)8 
Extinction, 48 
Eye egete. 218 

Faceted |<nia, 70, 203 
Faceting dniiiood. 84 
Fseering device. 7$ 
Fairy none, )$9, 196 
Faisc cleavage, 60 
Families, gem, 9, 10 
Famcua dianienda. 92 
Farm, cultured pearl. 267 
Farming, of diamond. 80 
Femese Hercolea, 205 
Fava, 65 

Federated Malay Stata, (aweerite 
from. 112 

Fed of gciiis, 6) 
FcU. Chute, 249 
Fel4par. 167, 174 

deav'^ of. 60 
cuuiposiriuu of, 12 
jedelike. 200 
onSioclaae, crytfal of, 22 
plagiocUse, crystal of, 22 
raemUaiKe to acapoUtc. 117 
with diopdde. 119 

Feldipathotd group, 1V2 
Pdmdite, 160 
Pibfoua genie, luster of, 31 
FiguR stone, 20] 
File, accel. hardness of. 59 
Piker, ultraviolet, 278, 279, 280, 

281. 282 
Finger nail, hardiwaa of, fV 
Firt, 37, 18 

misuse of term, 225 

Fir opal, 224, 228 
FisCwrica, pear). 2)7 
Flat surface, poluliing, 74 
flaws, caused by heat, 64 

in diamood, 91 
Fleencr. Ftaok L., 285 
FUm. 223 
FUm glass. 260 
PloreMifw diamund, 93 
Florida, cameUsa from, 213 
Flower ^ace, 21? 
Floomceocc, 51, Mi, 141, 27u. 

271, 272, 271, 274. 275. 276, 
277, 278, 279, 280, 282 

of aisiber. 242 
of eymhetic onerald, 257 

Fluorescent equipment, 278 
Fluorides, 12 
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Fluorire^ IIJ 

eu(n|H&tHm of, 

crysnlliMwin IV, 144 

fluorbcecce ijt, 271, 275, 279 
l'luor3|Mr, U5 

261. 26i 

FuoiV |oJJ, 164 
Id bpU UxiiU, Ig5 

hWi. cO^CbJ. 16, 17. I H. 19.59 
FomiBhm uf ftiiis. 45 

FumlieaduR agste. 2 Ilf. 220 
Fus^ tfflber. 344 
Foesil conJ, 259 
Fnnc«, diuiiond <Uc induvuy in, 

96 
gcua froRi. I5C, IB4. (97 
nnifluficnirc of lyethctk evrui^ 

dwii io, 255 
KncTure, 55, 40 
Knnirlinhi. 141. 274 
KrencK Aeidemy of Sekoces, 125 
French Africa, diamond from. 91 
French Alpe. nsnite /rocn, 151 
Fremy, Edmond. 249 
Frequency eootroJ, rvek ecyKi] 

ueed for. 207 
FreodeL OUTord. 74. 164 
Fundy, Bay of, peer) encnco front, 

262 
Fund i^uertx, 240 
Fuxed silica mte, 280 

Gamee, HI 
timandite, ebmption ipeotniDi 

la. 44 
in eompoate gviro, 264 

andradite, dispersioa n, 38 
luster of, 31 

aAcritiu ia, 50 
Bohemian, 143 
eon)p0sinon of. 12 

Gamm, crysuUisMivii uf, 19, 
142 

daiiUKuid, atiscDce of dklu^ibiu 
in. 46. 

dsdirviaii in. alaacnco uf, 46 
effect of acid on, 13 
green, 1(8 

iaxiiorphein in, 14 
jedclilnr, 2U0 
oocurreaco of. 65 
origin of. 67 
stw, 50 
n*ndieoc, 143 
with dkiiwnd. 65 
wkh Idocraae. 195 
mirii staurulite, 197 

Garnet doublet. 263 
Garnet tH|iec, 363 
Caudan. Mire, 249 
Ca. Blici. 203 
Gem cutDBg, boolea on, 384 
Gem of the Jan^e aappbire, 103 
Ganmolegieal AJiocietion uf 

4 
Gcmmological Aflodadon of 

Crm Britain, 4 
Ofwm«iogist, TfM, 286 

GenioJogia] Inatitate of America. 
4 

Ccninlogieri ntotemenr. 4 
Caiiolo^*. growdi of. 4 
GrMir OBd Oott Materia, 383 

Qemt and Ormotegy^ 285 
OrmftcBtt, 36t 55. 283 
Ge«r Taping, 284 
Cos teatinf, books on, 384 
Geode. 68 
Geologic occurrence of g«na, 65 
Geoegte, aaorolite from. 197 
Germany, ^ate cut la, 219 

dyeing of agate in. 319,220 
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G«man/, gem* from, l97, 2J0» 
214, 219^ tte tisp BoUc Sea. 
Bavafia, Eas Prossj*. Pna. 
rti. SemlarJ, Saxony, Si¬ 
lesia 

menu/acture of lynrhcne oomn- 
dum in. VS 

GtrmieidaJ 282 
Geyaeriw, 229 

Geyaecs, opal dcpmred bv, 229 
Gilbert and Sulliran. 2J9 * 
GUrdle. 5B. 72 

Gkcien. aerinn of. A? 
Glaae, 290 

absence of dichruemi in. 4a 
hsrdncM of, S9 

in opal doobler. 22B 
luster of. Si 

nitural, B, 202. 229 

Class imitadens. catoe of dvDine 
of. C2 

hardness of, $7 

Ginastry, pnv book. 2*4 
Gnerhtie, In aagenitc. 209 
Golconds, 89 
CcnUI Coast, gentt from. M. i ro 
Cold quartx. 209 
Coldstone, lOi, 206, Ml 
Goshcnite, IS I 
Grain, «, 86 

pearl, 52 
Cnphite, 92 

polymor^ism of, 15 
Cnrel. 22} 

Grave] deposiB, 67, 6/1, tee tdw 
Placers 

Grease, effect of, on germ, IS 

Grease table, diamond, 80. 81 
Greasy luster, 51 

Great Britain, gems from, 157{ fee 

•Cw Engiend. Ireland, Senr- 
land, Wales 

Ot^eet, genw from, 168. 211 
Greco gamee. 1)8 
Grecn2ar>d. geme frotn, I2J. 144 
Gtvenstone, I9i 

GrkjuaUnd West, Sourh Africa, 

dgwWye in. 2)0 
Groeeubrirc garnet, 14), 146 
Guerdicft angels, gems of Ac, 5 
Gidf of Aiinnar, peer] from, 2)7 
Golf of Alexico, pearl from, 2IK 
Gypsum, 198 

eryiaUcejirion of, 22 
serin ^r. luster of, 31 

Hsbk, 16, $9 
Halides, 12 
HoniUn. Elijah, 126 
Hand lens, 27 

/fsMfboeB of Oet» ideffii/ieeth7i. 
284 

Hard gema. polish on, )0 
Hardebank, 77 
Hardness, 55. 60 

scale of. 56 
table. 58 

Hardi>csa points, 59 
Har1c«)u*n opal, 236 
HaCy. Abbd. 15 
Hauynite. 182 
Hawk's^'C. 210, 211 

chamyaney in. 50 
Head rrf Ac Di^ Sirius, 145 
Hoar, 6) 

eleccricily dtie tn. 62 
treating germ with. 266 

Heavy liquids. 53 
Keberden, Or.. 125 
Hdiodof. rl(, 137 



Hduicrop«, US 

Hcniaott, IM, 166 

cr)'scalli280on of, 

In avenrurinc. 2(K 

in funawtt. 180 

hetcr of. 

Kcknnfic, 2^ 
apcclAc gm’in' of. SS 

srrCAk of. 

Heniiniorphite, 1*^7 

Hendcnon. Edward P-, IH 

HcndcrMjct, Randall. 2M 

Henry If. 1}2 

Henry V, IW 

ffercoleneant. emerald uaed in, 

112 
f (erkinier diamond, 209 

Hcntchcl, Sir John, 271 

Hetamnitc, lid 

Hexa|p»na] cryvaU, 18, 20 

Hexagonal gena, effect nf lighc 

on. 39. 40 

Hexagonal aysretn. 20, 21 

Hidden. \Vllliiini 121 

flidiicnlte, I2I 

enumllixaiion of. 21 

HIgh'fxwentuI apork. 279 

High priotV breoaiplare, S 

High rJrenn, 148, 149 

Kilb of PrtcMHia Stones, Snm. 

rubv from, lOl 

Holmes, Ezekiel, 129 

Honduras, carved jada fretih 187 

white opal from. 229 

Mope collectinn, 109 

Hope dMOUMkl, 9J, 94 

Hoc bulb, 202 

Hungirun opal, 22d 

H^*ae^nch, ISO, 251 

Hvaeimh^aner. 149 

H^fte. 229 

HydemUd, Gc^conda. 89 

Hydrocarbons, 12 

Hydrochlonc add. effect of, on 

gems, H 

H)*drogen sulfide, effeer of. on 

^aa inmeions, 12 

H>‘droplMne, 229 

Hypenrbene, 118 

Ice. oTscaltixacwn of, 20 

Iceland obsdtan from, 2JI 

leclaad spar, 45 

Idendficatktn. of eompodta gems, 

294 

of gems, 18, 19 
by abanrpeioA epeerrum, 42. 43 

^ chcmict] ton, 25 

by cdor, 29 

bv rr)'iral fom^ 10 

double rtfrscTHMv. 40. 48 

by hardness, 57 

1^ heat tests. 64 

by lister. 31 

pnkrixaTion, 48 

by refraccinn, 52 

l)V refraecive index. 33, 34. 35 

nf wndictie cnrundun>, 251 

of lynthetie onmld, 257 

opdnl utstniments for. 43 

Idiochromitic gem. 28 

Idocnse. 194 

crynallizadon of, 19, 20 

iaddika. 200 

Igmarald. 257 

tgocoua rods, 96, 67 

LUam. 152 

Qinnia, ftoorire from, 113 

Imhadon emenJd. Daws in, 132 

IinicRion geire. 8, 247, 259 

IiniaMn opal. 114 



Imicadons. giass, cause oi <hiUii^ 

of, 12 

Kracehinf of, yj 

Imicaove shapes, 23 

of opal, 225 

Inspect, 5$ 

Imperial Guard, Rusdin. 101 

Impenal jade. 1B9 

Imperial copaz, I3d 

Impuriries, effect of, on ItBrn* 

nescence. 2?3 

Incas, emerald uaed by, 133 

Inclusions, minor propcriMs due 
to, M 

Inde*. refmctiTC, tee Refracm'e 

index 

India, aquamarine used m, 134 

coral used in, 2)1 

diamond euttu^ in, 86 

gents fram. 87, 09, 104. 126. 143. 

133, 161, m. 210. 213. 213. 

217, 276; tee elte Burma. 

Ceykm, Kashmir 

itacdumite m. 223 

Indians, Airterlean, jet used by. 

243 

rurquoiae used by. 172, 173 

Indicators, 33 

Indicvlite, 128 

Indochina, gems from, 101. 104, 

131. 132 

industrial diamond, 93 

Industrial Distributon <1946), 

Ltdn 96 
Indunrial use. of garnet. 143 

of quartz, 16. 63. 223 

of synthetic corundum. 234 

of syntherie dbmood, 230 

of synthedc ^mel, 236 

Inhibiror, 274 

Insects, in amber, 241, 242 

InsDumcsKs. for aoslyziag color, 

29 

opt^ 29. 43 
Inraglio, 3 

hcntadie, 30, 166 

Interference of li^ 30, 173, 100 

in opal, 224. 223 

in pearl, 236 

intermediare zlreon, 148 

lolke, 117 

Iona, 16, 33. 141 

Iran, tunpiotse fracn, 172 

IrelaiMl, emerald asaociated wjdi, 

132 

gems from, 238, 240 

Iris sgate, 218 

Iris quartz. 209 

Iren are, 280 

Iren Cross of l.ombtrdy. 132 

Iron marlHnga, 23 

Ide Royak National Porie. Michi¬ 

gan, prehnice from, 184 

basnet crysnls. 18, 19 
Isometric gems, absence of diehro- 

inn in. 43 

effect of light on, 39, 40, 41 

poUrizsDon in, 48 

Iiemetrie syscem. 17. 19 

Isomorphkm. 14. 141. 143, 183 

in feld^r, 179 

Itacolumitc, 223 

Italy, gems from, 119, 147, 193, 

199. 239; rss eUo Dba. 

M«diterTar>«en Sea, Medi- 

terraneao Islands. Mount 

Vesvrivs, Piedmont Prov¬ 

ince, Sicily 

Jadath. 103, 130, 131 

iaesnth^rDet, 146 



J«de. 167. 194 

color m, importance of, 36 

composmoo of, i2 

fluoresceoce of, 276 

in General America, 119 

luster of, 31 

ori^ of. 67 
rosembknee co amuonetone, 17t 

wbstirutes. feel of, 6S 

ranib, 19S 

reughnes of, 62 

Jede ^uarrie*, occuntsKt of. 67 

Jsdrite, 119. 195. 1B8 

with diopside. 119 

Jadelike minerals, 200 

Japan, gem from, 206, 200, 3M. 

240. 276 

pearl culmre in. 267 

Jargoon, 150 

Ja^r, 21), 215 
imitated in Upia Uxull, 221 

Jasper opd, 229 

Jai^rised wood. 222 

Jet, 8, 2)5. 244 

compoeition of. 12 

hear test for. 64 

indcarion, 261 

origin of. 69 

Jet rock. 245 

Je^el. 6 
Jeweler^ loupe. 27 

Jir» 
Job, 118 

Jonker diamond, 92 

Jubilee diamond. 93 

Ka(!ra, loading blue ground, 79 

Kandy, king of, 109 

Kaolin, 174 

Ki^tsuftg, Emperor. 118 

Karat. 51 

Kaabmir, aapphua from, 104 

KaclK distriet, Burma, iiuby from. 

100 
Kauri gutn, 244 

Kentucky, fluorite from, ll) 

Kenya, Cast Africa, kyanice from, 

161 

Keysiooa eta. 73 

Kimberiey diamond mine, 86 

enstadee from, 118 

rircon from. (53 

KimberUte. 66, 97 

Ki^'Ctit diamood, 73 

Knife blade, hardncaa of, 59 

Kotwhour diamond. 93 

Kraus, Edward H., 28) 

Kunz, George F., 122 

Kunsice. 121 

cryKallisarion of, 21. 120 

cleavage of, 60 

dichretan in, 44 

flooreecence of, 279 

pboephoreacenee of, 275 

Kyaaice, 160 

cryicallizaoon of, 22 

hardnea of, 57 

polymerphom of, 15 

with ittgroJke, 197 

Labrador, labradorice in, 181 

Labcadorite. 179, 180 

cryicaUitarion of, 22 

faitarfennoe of light in. 5l 

Lamp, germicidal. 282 

mercury vapor. 280. 281 

Landscape agate. 217 

Laocodn group, 205 

Lapidary, amateur, 202, 213 

Lapidary apporarus, 74 

Lepid^y /ooemf, Tbt, 286 



I.apidaiy oeaoneoc of geim, 70, 
71, 73. 74 

Uph, 183 
Lspu Umli, %. 103, 167, IB I, 1B3 

color ia, imponaact of, 26 
effeoc of acid on. I3. 14 
inuQRd in i«per. 231 
origin of, 67 

Lactiee, 16 
L«v«, 63, 66 

g«ms m, 63. 66. 184. 229 
Lazorice, 183 
Leakage of light, 33 
l^cchoeot opal. 226 
I«m, hand, 27 
I.epi<lolhe, 130 
Libyan Deaerr, aJiea-glaA from. 

231 
Uehtcnbgrg. diamond from, 87 
Liddieeoc. fUehard C, Sr„ 214 
r.ifnng of gema, SS 

Light, abeorjiooa of. 36, 30 
bending 6f. 32 
eompcakion of, 26 
diffraction of. in peari 236 
interference of. fO. 173. IBP 

in opal. 224, 225 
in pearl, 236 

leakage of, 33 
rpeed of, 32 
oltfiYiolcr. tee Ulrrariolet 

Lightning, flooreaeence in. 279 
E.ighmmg Ridge opal field. New 

Sourh ‘VValca, 227 
Lignite, 244 
fimoTUte, 174 
Linde Air Prodocta Company. 250. 

235 
little Namat^oalaad, diamond 

from, 87 
Lombardy. Iron Cross of, 132 

Lo«^, jeweler's. 27 
Low ercoQ, 148. 149, 150 
Lozer^ ent, 73 
I iiminfirrnrr. 51, 270 
Lumineecaic gems, 270 
Lore of gems. 1 
Luster. 30, 35 

mecaUie, 164 

MacedoaUna, pearl fuhii^ by. 237 
Madagaacar, genii from, 116, 119, 

120. 121. 122, 126, 127, 136. 
137. 177, 178. 179. 180, 207, 
208 

Magazines, icUcted, 285 
Magma, 66 
Ma^>0;t diamond, 73 
Magnifier, uciliry, 27 
Magnifying inammenta, 37 
Maine, gana from, 116, 122. 123. 

136. J46, 181 
peer! caaonee from. 262 

MaUchire. 168, 171. 193 
banded, 169 
eryscals of. 170 

Manganese nieriiinga. 23 
Mantle, 234. 215. 267 
Maoufaceored ehonicals, diatm* 

guided from mintreU, 6 
Maorii. ocfriirite uaed bv. 192 
Marble. 198 

dendrites on, 23 
marking m. 23 

Mtrcaiirc. 166 
Marco Pole, 107. 133, IBJ 
hfark Antony. 224 
Marker, diamond, 86 
Alttkedi^ diamond. 87, 90 
Marking diamond, 82 
Marlboroo^ coUecrien. 109, 143 
Marqoiae cat, 73 



MaSSachusens, gem from, 1S4, 

\S9 

Musive gems. Z} 

Mtmra diamond, 150 

Mayan jade earring, 107 

McIntyre, O- O, U3 

McLean, Eralyn VVaUh, W 

Mecluokal device, for faecring, 

75 

Medical uae of gem, i 

Mediterranean Sea, coral from. 

Hi. 240 
Mediterranean Idandi. ob^ao 

from, 2)1 

Meerachaum. 199 

Melanite. 147 

Meleagrim, 2J7 

Mercury rapor lamp, 280. 291 

Metallic gema. IM 

Metallie iujccr, 31. 164 

Meraxnorphic rocla, 66, 67 

Meteoritee, 6f, 69 

diamond in. 69, 90 

olivine bv 69, 139 

Methylene iodide, 53 

Metric carar, 51. 52 

Mexican )ade, 13 

Mexico, carved jade from, IS7 

genia from. 111. 113. 116. 119. 

146, 189. 228. 231 

obaidian blades from. 230 

Mica, in arennirine, 206 

Mice, Mount. Maine, courmalme 

from, 126 

Michigan, gema from, 154, 184. 

206 

Mierodinc, 175. ITS, 180 

er^stslliianon of, 22 

Microperthht. 177 

Microscope, pctrographk, 43 

Mtdde Esse, turquoise used in. 

172 

MUky qoeitt, 209 

Minas Oeraes, Rraxil. gema from, 

115, 136, 137 

Mtoiscacoa in moss agate, 72 
Mineral, definition of, 6 

Mrsstrslcgfff Magevne, T^, 285 

Mirwrsls used as gems, 6. 11 

Mineral species oed ea gema, 7, 9 

Afining, of amber, 241 

of diamond, 77. 79 

of gems, 67 

Minor properries. 64 

Minsappi River, pearl from, 238 

Misouri snoas ^te from. 216 

Mocha stone, 217 

Mofok Stone Tract, Burma, ruby 

from. 108 

Mohs. Frederieh, 56 

Mohs' aeak t/f hardrses, 56 

Momba. Hcori, 258 

Moldavia. Ciechoslovtkn. mi^da- 

vice from, 2)1 

Moldivste, 231 

AlolUsk. 234. 235. 237, 267 

MonocUnie erystaU, !8. 22 

MoawcUnie gems, dichrmsm in. 

44 

efface of liglit OQ, 39, 40 

Mooocluue syuian, 17, 21 

Alontana, gems from, 68. 103, 104, 

206, 217. 276 

Moon of Doroda diamond, 94 

Moofotone, 177. 178, 180 

eryuiallication of, 21 

effect of grease on, 13 

iiracadon. 260 

m pegmadee. 67 

onerfereDee of light in. 51 

304 



Mooftsioae, pidlc, 171 

qusfts. 17S 

scapo)ke> lid, 178 

Morgan. J, Piefpont. l)d 

Morganile, 131, 136 

Morion, 212 

Mono. H«ory, 73 

Moo agate. 2 Id 

minianires in, 72 

Mom opal, 229 

MotherK>f^rI. 236. 237, 267. 269. 

276 

Mount Antero. Cdorado. gcn« 

from, 133.136. I«0 

Mount Mica, Maine, lounnaline 

from, 126 

Mount VcMn’ius. gema from, 117. 

Ill, IM. 195 

MulH'Faeec diamond, 73 

Multiple oxidca, 12 

MumI. pearl. 23?. 238. 266 

MuRorvfat jade. 189 

Muxo, Colombia, emerald from. 

133 

Myffieal actrtbutaa of fen«, 3 

Nacre. 23$, 236, 266, 267 

Napoleon, 205 

NasMk diamond, 9$ 

National AMociation of Gold' 

imitha. 4 

National Bureau of Seifubrdi, 93, 

97 

Natural glasa. 8. 202. 229 

NarajcB, tunjuooe u$cd bv, 173 

Necklace, 1. 2 

Nephrite. 18$. 150 

Neptenke. 123 

NetheHanda, diamond currii^ ii, 

94, 9$ 

Nevada, fluoresecce opal from. 276 

gems from, 173, 197. 227. 23! 

New Cn^aod, geim from, 158; rr« 

B£NUS of ttstts 

New Guinea, pearl from. 238 

New J^ersfontein diamond mine, 

88 
New Jenev, gems from, 141, 1$A 

184, 193. 273 

New Jeraey Zinc Company, 274 

New Mesko. gems from, 139, 144, 

168, 173. 194 

New South Wale*. Australia, gems 

from. 89. 153. 193. 226, 227 

Newfoundland, labradoriie from, 

181 

Newnm, Sir Isaac. 26, 28. 37 

New York, gems from, 106, 119, 

129, HI. H$, 199, 209, 22J 

New York Qt}% diunond cutting 

in, 95 

garnet from, !4i, 14$ 

New Zealand, fonts front, 191. 

192. 2C0, 244 

jade used fat. 186 

Nied prwiH 48 

Niggerhead. 127 

Nfaitngcr. Harvey H^ 98, 2$9 

Nooerystalliac gems, 16 

NoAii^ 224 

Nonmecallic gems, 167 

Neeway. gents front, 153, 166, 179, 

180. 195 

Needite, 183 

Notolung dfaintond, 82. 86 

North Carolina, genii from. 121. 

122. 1)4. 1)6. 144, 161, 197. 

206 

kacolumice in. 223 

S*Mcb Italian Mountain, Colorado, 
lapw 3*ynli from, 1B4 

J05 



Obsidian, 8, 229 

fnctu/e dl 

of, 66 

Occurreoce of gems, 65 

Octahedron, 9i, 105 

Odontdite, 174 

Odor of en^>er, 244 

Office of Technical Sefftces, 256 

Oil of turpentine, effect of, oa 

coral, 13 

Oily surface, luster of, 31 

Ol^oelase, 179. 180 

nKwnstone. 178 

Olivine. 131. 147, 199 

conipoeition ef. 12 

cryscnllmdon ef, 21 

double refraction in, 40 

in meteontea, 69 

tiomorphimi in, 14 

oceurrenee of. 65, 69 

Olivmc wHes, 139 

Ontario, Canada, gems from, |]3, 

119. Ill 

Onv% 198. 221. 222 

Opd. 202, 203. 222, 224 

euior til, InipomAce of. 26 

effect of drying on, 64 

fluorescence of. 2T5, 279 

formed by springs, 69 

imicanon, 114, 260 

m geode, 68 

interference of light h. SO 

specifle gneity rest for. 53 

Opal doublet 228, 263, 264 

Opelized wood, 222 

Opal-metris, 228 

Opaque gems, cook of color in, 

28 

ifTporrsnee of color in, 26 

scratehrng ttf. 56 

Operculum, 110 

Optk axis. 40. 41. 46, 48. 253 

Optical deosiry, 32 

Opool instrumeota. 29. 43 

Opoeal properties, 24, 25. 51. 64 

lebisd CO crysiallxxsdon, 18 

Optics, 25 

Ortgon. gems fxwi. 214, 217, 218 

Orginac genu. 8, 233 

occuimce of. 69 

Otmuc cd pesrt. 236 

Orkntsl tmcdiyv. 99 

OiioKal anenld, 99 

Origin of genu, 65 

Oiloff diamoAd. 93 

Omamenta] genu, ifsiicaoon, 262 

Om^ncfUi] scoAei, 198 

Orthoclaae. 175. 177. 180 

crystaUiacioA of, 21, 22 

Orthortionibic crystals, 18, 21 

OrdMwhomlKe gems, dkhrolsm in. 

44 

effect of light on, 39, 40 

Orthorhombic system. 17, 22 

Oxada. 12 

Ongeo, sbundanec of, in gems, 12 

Oyiaer, pearl. 337 

Pacific Ocean, gems from. 238, 

240 

Padparsdschah, 103. 252 

itone. 201 

Palaehe. Qtarfo, 74, 164 

Meirifie, diamond cutting in. 95 

Parofig, 55. 60 

Paste. 246, 261 

Patagonia, petrified wood from, 

223 

Peari. 8. 233 

bbclt, aibsticute f^, 166 

composisoo of. 12 

edrured. 238, 266 



Pearl, effect of acid on, H 

effect of grease on, 13 

effect of perspiradon on, 13 

effect of vniegur oo. 13 

fluorescence of, 27d 

imiution, 2^ 

luster of, 31 

pierced for stringing, 70 

specific gravity test for, SS 

unit of weight for, $2 

Pearl essence, 202 

Pearl groin, $2 

Pearl mussel, 237 

Pearl o>*ster. 237 

Pearly luster, 31 

PecceJIto. 200 

Pedro the Cruel, 103 

Pegmatite, 66, 6? 

gems in. 11$. 120, 13$, 142, 136, 

197 

Pendelo<iue cur, 73 

Pennsylvania, garnet from, 142 

Poridor, UK, 139', w e/ro Olivine 

Brazilian, 128 

Ceylonese, 128 
confudon of najne with topaz, 

133 

Pehscerite, 180 

Perau, turquoise used in, 172 

PersioR Gulf, gems front, 237, 240, 

276 

Perspinrion, effect of, on pearl. 13 

Peruvian emerald, 133 

Peruzai, Vincenti, 71 

Petrified Forest National Monu' 

nienr, Arizona, 223 

Petrified wood, H, 222 
Petrographic microscope, 4} 

Phantom crystal, 13 

Phcnaklte, 140 

crystallization of, 21 

Phoenicians, amber marketed by, 

241 

Hiosphates, 12, lid 

Piiosphcicsccoce, 31, 270, 271, 272, 

273, 274. 275 

Physical properties, 25, 51 

Physics, optics as a branch of. 23 

Picotite, 106 

Piedmont Provioee, Italy, gons 

freni, 119, 195 

Piezoelectricity, 62 

Pigeon's blood ruby, 100 

Pikes Peak region, Colorado, 

gems from, 153, 176, 179, 

212 
Pinite, 201 

Pink moonstone, lid, 178 

Pink snpphire, 101 

Pink spinel, fluorescence of, 273 

Pinking, of topaz, 13$, 2d$ 

Pinus succinifara, 240 

Pipe, diamond, 77, 67 

mines, 88 

l^sticlie, ]48 

Ploccn, 67. 68 

gems in, 87. 108, 136, 177 

Plagioclaae, 17$. 177, 178, 179 

cryitalllzadon of, 22 

Plant structure, 222 

Pliunia, 213 

Plastics, 261 

heat test for. 64 

salt witcr rest for, 33 

P)ato. 145 

Play of color, in feldspar, 175, 180 

in opal. 224, 223, 226, 228, 229 

Pleonastc. 106 

Pliny, 182, 204, 224 

Plume agate. 217 

Point, 32 

diamond, 71 
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Polar deechcky, 62 

Polaricy. 128 

Polamacmi, 47, IM) 

Polarixcd l%hc, 47. 48. 4P 

Polaroid Film, 47. 48. 49 

pdlishuig, diamond. 71, 86 

with electric are. 97 

flat surface, 74 

slab. 74 

Polyinorphitm, 1$ 

Pg|>1X 239 
Pocnpcd, emenid uaed a. 132 

Pope. Alexander. 242 

Porcelai/i, 263 

Porous gens, tpedfic graTir)’ test 

for. 53 

Portability of gems. 8 

Portugal, Onganxa dBfnor>d bv 

156 

Portugvete Africa, diamaad from, 

91 

Potash feldspar, 175. 178 

Pough. Prederich M4 

Prase, 214 

Prase opal. 229 

Precious prret. 145 

Precious opal. 226 

PreeipitBree. chetrieat. 67 

Prchojte. 184 

iadelibe, 200 

Premier diamond itune. 88 

Pressure, electricity due to, 62 

Prism, 19 

Properties of gema, 10, 25 

chemical. 25 

optical, 24, 25, 51. 64 

related to cryatallixation, 18 

physical. 25, 51 

Prussia, Pjst, ember from. 241 

^eudomoqihisn. 14.23 

in opal. 225. 228 

Pulsatot. 80 

Punch Jones diaoMnd, 80 

Pyraarad, 19 

PyriiB, 164 

composkion oi, 12 

caysaUizatioci of. 19. 20, 165 

in bpk 183 

luster of. Jl 

screak of. 30 

^rirohedroQ, 165 

Pyroelectriciry. 62 

PvK^ M, 144 

occurrence of. 65 

PyrophyOice, 201 

Pyrcdiene group. 118. 119, 121, 

189. 190, 193 

Quanz, 202, 201, 285 

afterimi bv 50 

berefriagenee in. 41 

ca^Mye, chatONtney In. 50, 210 

corstposiQon of, 12 

coofoaed with beryl, 111 

ceofuacd «rth phertakice. 140 

cryptocrysiaUir^ 203 

ctyscellme, 203 

cryacalUurion of. 21. 204 

Huoreacence of, 277 

fracTurt of. 61 

fused. 260 

gold, 309 

hatJoesa of. 56 

m composite gems. 264 

in geode. 68 

in igneous roclB, 66 

in peoUied wood, 14 

^delQte. 2C0 

ndky. 209 

mooQSiooa, 170 

occurrence of, 65 

rrinbow, 209 



Quarcz» resemblancQ to cordicricc, 

117 

rose, 211 

aicerisnt uii 50 

in pegniacitt, 67 

smoky, 211 

in p^inaote, S7 

ttar, 50 

treated, 166 

use of, 16, 63. 323 

Quartz oer’a-eye, 210 

Oi(«m fmtiiy MintrtSt, 265 

Quartz vein, 67 

Qjtmire. 223 

Quebec, ^nada. ^ms from, ]6I 

Queen Chirlnrte, 205 

Queen Victoria, 105, 226 

Queenaland. AuetrtJla. black opal 

from, 227 

Quick, LeJande, 286 

Radioacriviry. in heliodor, 137 

In opnl, 276 

in ruby. 102 

in smoky ciunm, 211 

In zircon, 149 

lununescenec duo to, 270 

treating: gents with, 265 

Rainbow, 37 

Rainbow t^uartz, 209 

Rainbow Ridge opal mine, Ne¬ 

vada, 227 

Rarity of gems, 8 

Reading, selected, 263 

Recognizing germ, 6 

Reconstructed inibcr, 244 

Reeon.«crJcced geitis, 246 

Red spinel, fluorescence of, 275 

References, 263 

Reflection, 30 

total internal. 33 

Refraction, 30> 32 

Refractive index, 32, 33, 35, 38, 

39, 40, 41, 44 

deremunacton of, 33, 34, 35 

table, 36 

Refractive power, 31 

Refrectonieteri 34, 35, 4I 

Religious attributes of gems, 3 

Repoliyhing gvms. 56 

Resin, amber formed from, 240 

Resin opal, 229 

Resinentt luster, 31 

Resonance of lade, 189 

Rhinestones, 261 

Rhodes, Cecil. 77 

Rl^odoaifl, gems from, 101, 110, 170 

Rhodolite, 144 

Rhodonite, 192 

erytrallization of. 22 

Ribbon jasper. 215 

River pearl, 218 

Robin’s-egg turquoise, 173 

Rock, definition of. 7 

discinguislied friiin nuiMfal, 6 

oeeurrenee of genu in, 65 

used os gems, 7 

Rock crystnl, 207, 209 

eryatallizarion of, 21 

use of name, 16 

Ho<k$ vnd Affnerafr, 265 

Rod, synthetic corundum, 254, 255 

Roebting opal, 227 

Rome, amc^vM \ued in, 205 

aquamarine used in, 134 

emerald used In, 224 

ntanufaeture of pearl in, 246 

opal used in. 224, 226 

Rose cut, 71 

Rose opal, 229 

Rose quartz, 211 

ascerism in. 50 

309 



Rose quam, in pepMore, 67 

scar. 50 

Rosin )uk, 111 

Roepoli sapi^urt, 10) 

Rotary wa^:^ pan. diamond. 91 

Roogh gems. CGscmg, for hirdiiesK. 

59 
Rounding dlsTnond* 94 

Roxircon, 249 

RubeUcie. 129. )M 

Rubicelle, t05 

Ruby. 99, 100; ler Corondwn 

ebsorption speeiium lo, 45 

Amona, 144 

flsterisn irs 50 

Cape, 144 

enuae of color io, 29 

Ct^ondo. 144 

er}'scalllx4rion of, 20 

dichrotam in, 44 

fluorcaeenee ef, 275 

oHencacioR of, b camop 50 

parting of, tti 

reUrionship to sapphln. 29 

scar, 102 

a)Ttthetie. 249, 250 

iluoreieenee of. 276 

Rumanian amber. 243 

Ruimnice, 243 

Rusldn, jehn, 70 

quoced, 12. 69, 127. 129, 224 

Rusela. gum from, 99, 126. 132. 

152. 157. 170, 179, 191. 193. 

206; ire rfxo Siberia, Uci] 

MounniM 

jasper used m, 216 

malachite used n, 169 

rhodonite used in. 192 > 

Rossian crown jewels. 205 

Rutile, in sageaice. 209 

SagCivtB. 209 
Sc. Gocthajd Mouaciirts. adularia 

from, 179 

Sl Jcdui's idaod, peridot from, 139 

Salt, table, 19 

Sah wacer. lest for amber, 53, 243 

rear for bakeJice. 243 

test fm glaai, 243 

rest for pUickx, 243 

SandaDd. East Prussia, amber from. 

241 

Sand, 223. 260 

in air, 46 

Sand dunes. oUrlne ia. 139 

Sandstone, 223 

Sapodre, 201 

Sapphire, 99, 102; ire aSsc Conn* 

dum 
aatarilni in, 50 

Brazilian, 129 

crystalliwioo of, 20. 99 

diehroisra in. 46 

an Montana, 66 

of the Bible. 192 

parting of, 60 

pink. 101 

reJadonahip to ruby, 29 

■tar, 102 

lyothetie. 249. 250 

Sard. 214 « 

Sardonyx. 222 
Sitellite, 65 

Sadn spar. 199 

cj)9^isa>ioai of. 22 

luacar of, 31 

Sauiaurka, 195 

Sawing diamond. 83 

whb eSaeiric are, 97 

Sawyer, diamond, 86 

SaxoBv, Germany, gems from, 171, 

*214 

no 



Scale of hardness, $7 

Scapolite, 116 

cryscallizacton of, 19 

niooAStoiM. 116,178 

Scanb, 2 

Scenic agate, 217 

Schiller. 119 

Schllleriution, 177 

Scliorl, 128, 130 

Sdentifie hematlce, 262 

Scotland, gems from, 197, 212, 238 

Scott, Sir Walter, 228 

Scratching, $6 

roiscance to, 61 

Sculpture, gem, 163 

Sea), 2, 16J, 208, 213 

Seaweed ngate, 217 

Sedtmenmry rocka, 66,67 

diamond in, 87 

Seed pearl. 236 

Sepiolire, 199 

Selected reading, 283 

Semiprecioua, obsolete ueo of 

word, 9 

Serpentine, 199 

Sisnj, genu from, ]Ql, 104, 106, 

27J 

tircon crested in, 132 

Bernese zinon, 132 

Siberia, genv from, 126. 134, 136, 

157, 159, 180. 183, 191, 195, 

206, 216; stf alto Ural 

Mountains 
Siberire, 128 

Sicilian antber, 242 

SicD)*, agate from, 219 

Sierra Leone, diamond from, 88, 

94 

Signet, 3 

Silesia, gems from, 192, 214 

Silica gel, 203 

Silica«glas$. 8, 231 

Silicates. 12 

Siliceous sinter, 229 

SJLciiied wood, 222 

Silicon, abundance of, in gems, 12 

Silky luster, 31 

Sillimsn, Benjamin. 160 
Stllifnanite, 139 

crystallization of, 21 

jadelike, 200 

polymorphism of, 13 

wich staurolite. 197 

Simetite. 242 

Simulated gems, 261 

Sinai Peninsula. Egypt, turquoise 

from. 172 

&ngle refraction, 48 

Singly refractive gems, 35 

pcianzarlon In, 48 

Sinter, siliceous, 229 

Sholldsh, 234, 235 

ShelMike fracture, 61 

Shipley, Robert 4, 284, 286 

Skin, of pearl, 236 

on diamond. 86 

on moss agate, 216 

Skip, 77 

Slab, polishing, 74 

Siawaon, Chester B., 283 

Smith, George F. Herbert, 36. 33, 

283 

Smicliscn, James, 167 

Smithsonian Institution, 167 

Smithsonitc, 167 

banded. 168 

composition of. 12 

Smoky quaro, 211 

in p^macite, 67 

treated, 266 

Snow, crystallization of, 20 
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Scapscone. 200, 201 

feel of. 
SodS'Ume feldspar. 179 

Sodslite. 161, 163 
Sodte plagiodasc, 160 

Sorting diamond, 65 

Soudi emenldi 2d3. 264 

Soorh Africa, pM ffo«» H** 
IJO. 144, 155, 170. 211. 274 

South African fade, 146 

South America, prw from. 96, 

116, 216; srt dt» turns tf 
Pitifonk 

Sooth Australia, Aatralia. gams 

from, 170, 226 
South Carolina, topat from. 156 

Soudi DaVoa. gems fram, 120,211. 

219, 229 
South Pacific Ocean, pearl fmtn. 

216 
8ec*-W« Africa, gem* fwen. 

Ijj, \V. 166. 170, 111 

SpocC'group. 17 

^ain. isfM from. Ill, 159, 166, 

212.245 

Spanish ememld. 199 

SparV, high^etential. 279 

SpaellU fraricy. 51 

Spectroacope. 29, 42, 49 , 44. 145 

Speemim. 26, 26, 97. 42, 271 

absorpcoi}, 42. 145 

Spesaaniie, 149, 146 

Sphalerite, 111. 167 

erynaUitaiioA of, 19 

dispersion in. 96 

Sphene, 161 

cry'stalUzadon of, 21, 22 

disperaon in. 96 

double refraction in. 40 

lujcar of. 91 

I M>ere. 71, 219 
rock crystal. 207. 218 

Sphid. IM 
of dichrotan ao, 46 

compoacGon of, 12 

erysoUitatioo «f. 19. 106 

Aoorescence of, 275 

isomorphjBn ia, 14 

lynched 104, 106, 246. 259, 255, 

264 

Aooteaceoce of, 277 

Splintery fracture, 61 

Spodtamene. 118, 120, 190 

erysallizaoon of. 21 

fluoceaccnce oi, 279 

in p^marite, 67 

kui^ca, deavagt of, 60 

dichroim an, 44 
phoaphOftacenee of, 275 

Sprif^ gena formed by, 65. 69, 

225. 229 

Sraiidai steel, 262 

Star garnet, 50 

Star of Escc diamond, 93 

Star of South Africa diimond, 176 

Star roae tpiara. 50 

Sor ruby. 102 

rvwhe^ 250 
Star aaf^Mra, 102, 109 

^‘ncbeck. 250 

Stariite. 150. 151, 266 

Star scones, 50 

Staun^ce. 159. 195 

crystallizaHoii of, 21, 196 

^reed for hanging, 70 

(wsi ctystal of. 17 

Stcaorc, 201 

fed of. 69 

Sred, stainless. 262 

Sttd file, bardneat of, 59 

Step cue. 79 



Scok«s, Sir George Q., 271, 279 
Stokes’ lew, 272 
Stress, 261 
SCKak. 29 
ScretTns, action of, S7 
StrocTure, atomic, 7, 16, J7, 18, 2 ^ 

24. 294 
of diamemd, 7, S7 
of feldspar, I7d 
of obsidian, 231 
of Opel, 22f 
of splitleriw, ] ] 1 
of synthetic corundum, 2f} 
of synthetic spinel, 2fd 
minor properties due to, 04 
relnied to cryatnl form, 7 

cryptocrystalline, in elialcedonv, 
212 

erysiaJ, 13. )d, 17, 18 
of pearl, 235, 269 
plane, 222 

Stuam TlanfO opal Itcld, South 
AuscrslU, 226 

Subadankonnne luieer, 31 
Succinite. 242 
Suite of ntinerals, 65 
Sulfides, 12 
Sulu Sea, pearl from. 238 
Sumarra. eaasiterire from. 112 
Sung eacnlngue of lade, 188 
Sunlight, fluorescence In. 279 
Sunshine test for double refrae* 

cion, 40 
Sunsrone. 180 
Superior, Lake, region, prehnito 

from, 184 
Supcreciiions, related to color, 25 
Sweden, gems from, J66, 193 
S'viss Alps, califomice from, 195 
Switzerland, diamond die indu> 

erv in, 96 

3 

Switzerbnd. gem$ from. 113. 147, 
161, 162, 177, 178. 191, 197, 
212 

jade used in, 188 
manu^cturo of rcconstrucred 

ruby in, 249 
manufacture of svntheeie corun¬ 

dum in, 255 
nephrite used in, 192 

Symbolism, rcinted to color, 25 
of gems, 3 

Symmetr)*, 17 
indicate, Dian>ond. 90 
Athene beryl. I34. 256, 260. 264 
Sjmthetlc enrundunt, 108. 249, 264 
Syntherie diamond, 256 
Synthetic emerald, 134, 256, 260, 

264 
fluorescence of, 277 

Syntlteclc garnet, 143 
Synriictie gems. 6, 16, 246, 247, 248 
Synthetic ruby, fluornecnee of, 

276 
Syntlietic Spinel, 104. 106. 255, 264 

fluoreicencc of, 277 
System, crj'staJ, 17, 18 

Table cur, 71 
Tailings dump, diamond mine, 79. 

80 
Talc, 201 
Tanganyika Territory, Tcms from, 

88, 140. 177 
Tasmania, Australia, avinite fronu 

158 
Tcktitc, 8, 231 
Tenacity. 55, 61 
Tertiary Period, anibcr in, 240 
Test, card, for double refraction, 

40 
Testing, gem, books on, 284 

n 



Tests, chemical, 2$ 

beat, M 

Tetragonal eryscnls, l8, 20 

Tetragonal gems, effect light 

on. 39.40 

Tetragonal system. 17, 19 
Thermolumirtescence. 275 

Thomas MotmniftS. Utah, toper. 

from, 157 

Thttlire, 195 

Thunder egg. 217, 2lfl 

Tibet, torqtNise used m, 172 

Tiffany diamond. 93 

Tiger's-eye, 210 

chetoyaAcy in. 50 

Tin ore, wiA topez, i5d 

Tin'erene, 112 

Tirol, gms from. 119, 134. 195 

‘ncanite, 161, 162 

Tomb jade. 10 

Tongs, tourmaline, 130 

Top^ 155 

brittlcnets of, 61 

eleavege of, 60 

composirion of. 12 

critical angle in, 33, M 

cryscallitatkm nf, 21. 157 

electricity in. 62 

feel of, 63 

heated, 265 

ison^orphasm in. 14 

refractive index of, 33 

relationship to danbttrkc. 137 

resemblance to ckrioc, V36 

Topeai^ie, 147 

Total internal rtffeetion, 33 

Touch, 63 

Toughnese, 55. 61 

Toormaline. 124 

composition of. 12 

cryscallisanon of. 20, 2|, 129 

Toormaline. dichioism hx. 44 

dectikhy in, 62, 63 

in s^eake. 209 

owui'tenee of, 65 

crksitacioA of tovnieline la cut* 

ting. 50 

p^arisadeei n, 40 

wiifa idoersse, 195 

with staur^ire, 197 

TooimaliiK otVeyc, 126 

Tooriittline tongs. >30 

Trsnsporem gans. entring of. 71 

scratching of, 56 

Tranmal, gems from, 92, 134, 146 

Trap c«, 71 

Tnpm cot, 73 

Treated gem*, 247, 265 

Tree agate, 21? 

Tremeyne, Arthur, 206 

Tremolite'econ^ite series, 191 

Trabdummesecnct, 275 

Tribute of the World si^nel, 105 

Trklink crystals. 10. 22 

Triclink gen*, dichroism in, 44 

effect of light on, 19, 40 

Ttkiinie sxattm. 17, 22 

TrM!h*nuee, 202 

Tripto, 263 

Tripolite. 229 

Trojen, boat of. 205 

Turfresan, gems from, 174, 190, 

191 

Tor^oc^ 116, 167, 172 

chemacal test for. 14 

color in. importance of, 26 

composQOfi of, 12 

crystaUixaoen of, 22 

effect of ecid on, 13 

effect of grease on, 13 

imuadeo. 262 

loster of, 31 

J14 



TurquoisCi origin of, 69 

rescmbUnce ro varucice, 171 

specific gnvlry cw for, SS 

tmrcdi 266 
Turquoise^strix, 174 

Tvp'in crysnls, 16, 17 

Twiormg. in gems, 17, J7, 10?, 

107, 112, 113, 117, 1?9, 175. 

180, 181, 196. 205, 207 

psieing due lo, 60 

UIcnIite, 248 

Uicranisrine, 181 

Ultraviolet light, 51, 270, 271, 272, 

273, 274. 275. 276, 277, 278, 

279, 2S0, 283 

roelt erysnl in, 208 

Uneven fncture, 61 

UnisxiftI gem, 40 

optic axil in. 41 

Unio, 217 

Union of South Africe, diamond 

cutting in, 9? 

diamond from, 88 

United States, diamond dieting in. 

95 

diamond die indunry in, 96 

gems from. 90, 213. 116, 139, 

14?. 1?8, 162, 184. 217. 223, 

238; stf afro namet of »et«f 

mamifaccure of Imicaiions in, 

261 

manufacture of lyncheciei In. 

250. 2?; 

United States Durenu of Mines, 90 

United States National Museum, 

115. 207, 227 

Univalve mollusk. 237 

Unruh, Lee M^ 72 

Unusual effects of gems, 50 

Upper Burma, gems from, 183, 190 

Ural Mountains, gems from, 90, 

134. 140, 147, 155, 170, 178, 

179. 193, 20?, 21?; see also 

Russia, Siberia 

Uralian emerald, 147 

Uruguay, gems from, 145. 206, 219 

Use of gems, see ^Var me. Indus¬ 

trial use 

Utah, gems from, 144. 157, 171 

Ucahlite, 172 

Utility magnifier, 27 

Uvarovite, 143 

Value of gems, factors Jcecrmin- 

ing, 8. 9 

van Berquom, Ludwig, 71 

van Niekirk, Schalk, 76 

Vapor lamp, n>ercusy, 280, 261 

Vargas dismond, 92 

Variicite, 171 

Vegetable gems. 233 

Vegetable products, duringulshed 

from minenli, 6 

Venezuela, diamond from, 69, 94 

Venui’S'hairsrons. 209 

Vermont, Idocrue from, 19? 

Vemeuil, Auguste, 2?0 

Vcmeuil furnace, 251 

Vesuvianite, 194 

Vesuvius, Mount, gents from, 117, 

181. 194, 195 

Vieroria. Queen, 105, 328 

Vinegar, effect of, on pearl, 13 

Violane, 119 

Vi^nia, gems from. 173, 179, 197, 

306 

Vitreous luster, 31 

Vitreous silica, 360 

Volcanic rock, gents In, 75, 173, 

217 

Volcano deposits, 65, 77,87 
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Ton Uiie. 23 
TOB Pcvha, Coioodi 

W9ie$k river peari from. 238 

War of geim, 9i, 96. 1)0, 1^. 

2S4. 2$6. 274 

Wuhin^ pSD. duunond, 81 

Washing plant. diamOBd. 79 

Water aappbira. 117 

Waxy lomr, 31 

Wa^ht, 51 

Wemerm, 117 

Wesaelton diamond irane. TV 

Weatam United Scares, gem from, 

217, 223 

Wecc Virginis, diaiDond from. 9Q 

Wh)6y )«c. 245 

White CiiA Opel field. New Sooth 

Wate, 22d 

White opal* ^26 
White aap^ute. fynhede, 251, 

255 

Wild, George O.. 221 

WUlemiie. 140 

crynallicsQon of, 21 

lumittcacence of, 273 

Wilbnuofl diamond imne. 88 

Wilson. Ben Hv, 2V5 

Wind, action of, 67 

Wood, ^ued. 222 

jasparued. 222 

opdixed. 222 

petrified, 222 

ailidfied. 222 

turned to jet. 244 

Wyoming, gems from, 192, 21 

219. 223 

X-ny. Id. 24 

cause of color in smoky quara, 

2t2 

for ideorifieadon of pcul, 269. 

276 

Inmineaeanee due to, 270 

of syocheee corundum. 253 

picture of beryl. 24 

sphalerite studied with. U1 

Yellow ground, 77 

Ydlowicone National Park, WyO' 

miog, 231 

Zeberged, olirine from, 138 

Zeolite. J84 

Ziae blesMle. Ill 

Zindit, 141. 274 

Zircon, 248 

absorpeon spectrum in, 43. 44 

britdeness of. 61 

eompodlaon of, 12 

crysiallixation of, 29, 30, 149 

£ehrtnmi sn, 45 

double refraction in, 40 

luster of, 3l 

eecorrenee of, 65 

rcaamblanee to diamond, 153 

specific gruvhy of, 52, 55 

syndietic. 253 

syndiecic ^oal resembling. 256 

treated, 266 

twin eryrtal of, 17 

Zodac. Peter, 285 

Zodiacal signs, gems of the. 4, 5 

Zointe. 148, 195 

jaddJke, 200 
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