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Since 1977, gemologists, gem collectors,
jewelers, and gem dealers have relied on
this acclaimed sourcebook for immediate
access to essential information on gems.
Now fully updated and revised, Color En-
cyclopedia of Gemstones, Second Edition, is the
most complete and comprehensive tabula-
tion ever available on the properties of a//
known gemstone species and varieties.

With speed and convenience, the Encyclo-
pedia will direct you to concise and accurate
data on a particular gemstone’s physical
properties, occufrence, chemistry, avail-
ability, rarity, and market potential. And
the book’s spectacular full-color photo-
graphs—over 300 in all—illustrate many
gems that are depicted in no other
gemstone book.

A major feature of this second edition is
the new coverage of synthetic gems. In this
section you will find complete data on all
the important synthetic materials, includ-
ing those with and without natural counter-
parts. There is also information on some
of the more unusual synthetics—some
hardly ever encountered as cut gems and
therefore posing serious identification prob-
lems. And the introductory material to this
section clarifies for the first time in print
the true definitions of “synthetic” and
“homocreate” materials, bringing gemology
into line with internationally accepted
nomenclature standards. Diagrams of the
important crystal growth methods and de-
scriptions of how they work round out the
wealth of coverage on synthetics available
to you here.

Also of special interest, and new to this
edition, is a detailed analysis of color and
color measurement as applied to gem-
stones. Here the author presents a com-
prehensive listing of machine-generated
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Preface

The first edition of this encyclopedia was published a
decade ago, and some remarkable changes have occurred
in the gemstone marketplace during this interval. Although
diamond still retains its place as the most popular and
esteemed of all gemstones, the extremely wide gap in
this leadership position versus colored stones has nar-
rowed. There is a large and growing demand for all kinds
of gemstones, especially brightly colored stones that can
be worn as fashion accessories. Beaded jewelry has become
an item of immense popularity: pearls have seen a huge
revival. Rare gemstones such as tanzanite and tsavorite
have made the transition from collector items to market
staples. Even such barely commercial stones as andalu-
site, iolite, sphene, chrysoberyl, and some of the feld-
spars are becoming more widely known and distributed.
The long-speculated and long-awaited birth of a large and
active collector market for gemstones cannot be far off.

About thirty new species may now be added to the list
of cut gems, along with some new varieties, such as
malaya garnet. Previously unknown localities have yielded
large and spectacular crystals of rare species, such as
anglesite, which in turn have yielded record-size faceted
gemstones. More and more dealers are aware of the
growing value of exotic gem species; the list of known
taaffeites has thus grown from a handful of gems to per-
haps more than fifty known cut stones, and more will
surely be identified.

On the commercial side, the Argyle deposits of Aus-
tralia have become the most important diamond discov-
eries of the century, adding as much as 50 percent to the
proven world reserve of diamond. Unfortunately, most of
the Australian diamonds are not suitable for cutting as
gems, so while the amount of diamond in these deposits
is immense, the total value is not as large as might be
guessed. However, there seems to be an unusually high
percentage of brightly colored diamond in the Australian

vi

deposits, including some extraordinary pink material.
So-called fancy colored diamonds (in truth, colored gem-
stones) may well become the most eagerly sought and
highly prized of all gems before the next edition of this
book is published.

The growing popularity of colored gemstones has
made it crucial that a sensible, scientific, precise, consis-
tent, and universally accepted method of color grading
be developed. The immense pool of capital in pension
plans and trust accounts will never touch gems as wealth-
preservation vehicles until such grading is an established
fact. Many grading systems have been proposed. All of
them, without exception, have the same basic failing,
thatis, despite the pseudo-scientific appearance of “num-
ber systems” for estimating color, clarity, cut, and so
forth, they are all based on visual estimation. This is also
true of diamond, an amazing fact considering that a
multimillion dollar investment market rose and fell based
on “certification” with a built-in variability as high as
20-30 percent. Large money pools will never be invested
in any product that must be defined in such loose terms,
with the consequent potential for immediate loss on
liquidation as large as the upper end of the range of
grading error.

Only objective, scientific, machine-based grading will
solve this problem. This implies the acceptance by the
gemstone field of terminology that is universally applied
in other industries where color is equally important (paints,
textiles, plastics), such as Munsell color designations.
Also, the variability of color grading by such machines
must be reduced to less than 5 percent, a formidable
challenge indeed considering the complexity of measur-
ing color in materials where pleochroism, cutting pro-
portions, and inclusion-scattering are all potential sources
of error.

The gemstone field is also continually searching for



new, useful, simple, and nondestructive methods of test-
ing. It is likely that considerable development will oc-
cur during the next decade in perfecting both luster-
measurement systems (which obviate the problem of
measuring high refractive indices) and thermal measure-
ment devices, which blazed to prominence as a means of
rapidly distinguishing between diamond and cubic zirconia.

Synthetic gems have become a fact of life in the
gemstone trade. In fact, most people associate the name
spinel with birthstone simulants made of synthetic spinel
and do not even realize that natural spinels are rare,
durable, and beautiful gems. Synthetic ruby, emerald,
and sapphire have become important marketplace com-
modities in their own right and have a bright future. For
as gemstones become increasingly rare and demand for
them grows, gemstone prices will rise to a point where
very fine stones are out of reach of all but a tiny percent-
age of potential buyers. Synthetic gems provide the look
and durability of these fine, rare gems at a fraction of
their cost. Unfortunately, the crystal growers are enticed
by a far greater monetary reward than are the gem scien-
tists who build detection equipment. Inevitably, a small
percentage of artificial gemstones will foil even the best
laboratories. The markets will not be disrupted as long as
this percentage remains small. Also, the physical proper-
ties of most synthetic gems are within (or overlap) the
range of properties of their natural counterparts; detec-
tion is therefore based primarily on characteristic inclu-
sions, some of which are definitive proof of origin. Thus,
although a high degree of internal perfection adds meas-
urably to the value of a gemstone, total perfection can be
a real liability in the case of emerald and corundum
gems. That is, small, hard-to-see inclusions allow the
origin of a gemstone to be proven; a truly flawless gem-
stone may be extremely rare and potentially valuable,
but may also be impossible to prove as natural!

Laboratory products such as cubic zirconia have estab-
lished markets of their own, apart from and not competi-
tive with those for natural stones. Such products are
popular because we live in an age of aspiration, where
television dramas about wealth and power have the highest
ratings, an age where the trappings of wealth have mass
appeal. Gemstones have long been used as a means of
displaying affluence, and it is therefore not surprising
that the demand for gems continues to rise while the
supply continues to fall.

PREFACE vii

The new section on synthetic gem materials is espe-
cially timely. Synthetic gems have been in the market-
place for some time (in the case of ruby more than a
century) and have caused much confusion and concern.
A number of excellent books have been published on
synthetic gemstones, but they all seem to focus on the
technology and history of these materials. The chapter
on synthetics in this second edition is designed primarily
to be useful to gemologists. The information is presented
in the same format as for natural gemstones and summa-
rizes the essential literature on the subject. The reader is
referred to the books listed in the bibliography for details
of manufacturing methods, history, and so forth. Also.
the entire subject of gemstone treatment (color altera-
tion and enhancement) is left for other texts.

There is little doubt that many superb. large. and
unique gemstones exist that have not been mentioned in
the current work, despite a major effort to keep abreast
of the appearance of such gems. Many of the cutters who
produce these rare objects do not keep detailed notes,
and once they have been spirited away into private or
museum collections, it becomes enormously difficult to
track them all down. A plea is once again extended to
readers of this book to supply me with any information
that will make future editions more comprehensive, accu-
rate, and useful; thanks are gratefully extended to those
individuals who took the time to comment on the first
edition with the aim of helping to make future editions
better. Some of the comments received as long ago as
1977 have finally been incorporated into this current work.

It is my hope that the Color Encyclopedia of Gem-
stones will increasingly become the most-used hand-
book for quickly needed information about gemstones,
as well as the text most used by an increasingly large and
active group of gemstone collectors who are fascinated
by the range of color and beauty displayed by many rare
gemstone species and varieties. If these collectors play
an active role in providing a continuing stream of infor-
mation and comments about the book, it will then be
ever more useful to those who need it most and who will
shape the gemstone market of the future.

JOEL E. AREM
PO. Box 5056
Laytonsville, MD
20879
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Introduction

Gemstones are among humans’ most treasured objects.
They have been held in high esteem throughout history
by all societies in all parts of the world. The histories of
certain individual gemstones can be traced over a span
of centuries, and gems have the same associations of
wealth, prestige, status, and power as gold and silver.

In the earliest periods of civilization, people became
curious about natural objects, including minerals. Min-
erals are naturally occurring inorganic chemical elements
and compounds. Scientists today have amended this defi-
nition in light of discoveries about the arrangements of
atoms in crystals. A mineral species is therefore also
defined in terms of a definite crystalline structure. The
chemical composition of a mineral may vary but only
within defined limits. If the composition varies outside
these defined limits, the mineral may be given a new name
and considered a distinct species.

Early humans discovered pebbles and fragments of
various brightly colored minerals in fields and stream
beds, on mountain slopes, and in barren deserts. Some of
these were made into ornaments. Others were ascribed
mystical powers or symbolic religious significance. For
centuries gem materials held a position of tremendous
influence in human affairs. However, there was no science
of gemology. The primary attribute of any gemstone was
color, yet no reliable ways existed for differentiating
minerals of the same or similar colors. It is not surprising
that confusion reigned in both the literature and the
marketplace. There are literally hundreds of references
to gemstones in the Bible. Yet in many cases it is not
known today exactly what stones were being described.
Some incorrect names that were in use nearly two thou-
sand years ago are still employed today!

The modern science of gemology is a relatively recent
development. Fairly accurate methods of chemical anal-
ysis existed more than one hundred years ago. Yet even

as recently as 1910 the nature of the internal structure of
crystals was not firmly established. When X-rays first
revealed the magnificent atomic geometry of crystals in
the years following 1914, mineralogy, chemistry, and gem-
ology all entered a new age of sophistication.

Progress, however, often adds complications and prob-
lems. At the same time that some scientists worked to
improve identification methods, others developed ways
of duplicating nature's gem masterpieces in the labora-
tory. Accurate detection technology was, in a sense,
developed just in time to prevent collapse of the market
for various gemstones.

A large part of the value of a fine gem lies in its
scarcity as a rare natural object. People are therefore less
likely to spend a large sum of money for a stone that
might turn out to be a laboratory product. The overall
question of the reasons for the value of gems is complex
and will be discussed in following pages.

Gemology, in the last decades of the twentieth cen-
tury, is at a major turning point in its growth. Worldwide
affluence has created an unprecedented demand for
gems of fine quality, vastly raising their cost. Political
problems in gem-producing areas have created restric-
tions in the supply of gem materials, further raising gem
prices. Synthesis technology is developing new materials
with very desirable properties that are never found in
nature, as well as laboratory equivalents of the more
valuable natural gemstones. It has become essential to
devise ways to distinguish natural and synthetic materi-
als as well to as reveal simulations and methods of color
enhancement by chemical and physical treatment.

This book is an encyclopedia of gemstones. It is an
attempt to provide basic information about all the min-
eral species that have been cut as gems, including their
color varieties. This introduction must first. however.
speak to the most basic question at hand: What isa gem?



2 INTRODUCTION

WHAT IS A GEM?

World literature abounds with references to precious
and semiprecious gems. These terms are used even today,
without rigor, by the public and jewelry trade alike. Just
what do these terms mean?

In antiquity, the so-called precious stones were dia-
mond, ruby. emerald, sapphire, pearl, and occasionally
opal. The dictionary  Webster’s New Collegiate Dictionary,
7th ed., 1967) defines precious as “of great value or high
price”: semiprecious is defined as meaning “of less com-
mercial value than precious™.

This indicates clearly that precious is a marketing
term, applying to any expensive item. It is worth noting
that a diamond can be purchased for as little as $200 per
carat, yet certain colors of garnet are currently selling at
prices over $1,000 per carat. Garnet has always been re-
garded as semiprecious, so it is obvious that these terms,
as applied to gems, have little relevance or meaning.
Therefore, aside from considerations of historical usage,
the terms precious and semiprecious should be com-
pletely abandoned.

We are still left with the fundamental issue: What is
a gem?

Nobody will argue with the statement that diamond,
ruby, sapphire, and emerald are gems. Opal is a gem, as
are jade, lapis, garnets, and turquoise. However, what do
we do with andalusite, diopside. and sphene?

A material, to be considered a gem, must have beauty,
durability, and scarcity, according to most accepted author-
ities, but all of these terms are subjective and open to
wide interpretation. Opal, a gem, has hardness of only
5.5 on Mohs' scale (see page 15), which is really too soft
to wear in aring. Opal is also quite fragile and brittle and
may crack spontancously because of internal dehydra-
tion. If durability is a major criterion, opal is not a very
good gem. Yet it s a gem and has always been considered
as such because of its other properties and beauty.

Proustite, asilver arsenic sulfide, is a rare mineral that
is seldom faceted, and then only for collectors. Its red
color is one of the richest in the mineral kingdom, far
surpassing in intensity the hue of most rubies. Anyone
who sees a cut proustite is likely to comment on its great
beauty. There may be fewer than fifty cut proustites in
the entire world, so the scarcity factor is indisputable. Is
a cut proustite a gem or not?

Zoisite has been known as a mineral for decades. It is
usually gray or pinkish and opaque and seldom cut, even
by collectors of the unusual. Then in the late 1960s fine,
blue-violet, transparent zoisite crystals were discovered
in Tanzania, and a few stones were cut from them. The
cut stones were sold to a few collectors and connoisseurs
of unusual faceted minerals. Eventually one of the world’s
major jewelry establishments, Tiffany & Co., noted that

cut blue zoisite resembles fine sapphire. dubbed the new
material ranzanite and launched a major promotion of
the “new gemstonc.” Today, tanzanite is accepted as a
gem and large stones bring rather high prices. Here is an
example of a mineral that was not a gem by accepted
criteria before 1967 but became a gem by promotion.
This is a double standard that leads one to ask for an
objective criterion in the definition of a gem.

The dictionary is again consulted, and we find that a
gem is “a precious or sometimes semiprecious stone cut
and polished for ornament.” If we omit the terms relating
to price, as discussed earlier, we have the basis of a
simple and unambiguous definition.

A gem is any mineral cut and polished for ornamental
purposes.

There are more than three thousand known minerals.
Any of them could be used as a gem if it were found in a
form solid, massive, or attractive enough to warrant the
effort of cutting. The definition of a mineral is unam-
biguous. The definition allows for all the rare and unu-
sual materials that have been cut and that heretofore
have been difficult to classify or discuss. My definition of
a gem is thus very tight, but we must allow for several
exceptions, which are considered gems through the neces-
sity of thousands of years of acceptance as such. These
exceptions are pearl, coral, and amber. Pearl and coral
actually are made up of mineral material (calcite and
aragonite) but created through the agency of organic
processes. Amber is the petrified, hardened sap of ancient
pine trees and is an organic material.

The term ornamental material could be more aptly
applied to amber and coral, as well asivory, jet, shell, and
wood. All of these are natural materials of organic origin
that are polished and used in jewelry, but they would not
be called gems under the proposed terminology.

A problem in nomenclature now arises regarding man-
ufactured compounds and crystals that are sometimes
cut for jewelry purposes. The term synthetic is derived
from words that mean, literally, put together (from com-
ponents), which, by itself, is noncommittal as to origin.
The terms created and cultured have also been used in
regard to laboratory products. The public has come to
accept the term syuthetic in connection with jewelry
stones created in the laboratory. It should always be
remembered. however, that a synthetic gemstone is a
contradiction in terms, since a gem is by definition a
mineral, which is a naturally occurring material.

The following classification avoids the confusions of
current usage: a gem is a mineral cut and polished for
ornamental use: a gemstone is a crystal, fragment, or
pebble of gem material (this term is also used to describe
the cut stone); a jewel is a combination of gemstone and
metal setting allowing the gem to be worn easily; a



synthetic is a manufactured material that may either be
physically and chemically equivalent to a mineral, or a
compound unknown in nature but that can be grown in
transparent crystals suitable for cutting: a simulant is a
material that resembles another (usually more costly)
material (for example, glass used as a substitute for ruby
or emerald). A homocreate is a manufactured substance
with properties in the range of those displayed by the
natural substance it is intended to duplicate; that is, a
homocreate is a synthetic that specifically /s physically
and chemically equivalent to a mineral.

SCOPE OF THIS BOOK

Unlike other books about gems, this work does not pro-
vide history and lore of stones, descriptions of occur-
rences, mining and cutting techniques, or market and
price data that are rapidly outdated. It is, rather, a com-
prehensive compendium of data organized in a format
that provides rapid access to the basic properties of
gemstones, especially those data that would be useful
in identification.

The book’s major asset is the large array of color
plates. The photographs are a result of nearly fifteen
years of concentrated effort to develop specific tech-
niques for gem photography. The ultimate goal is to
capture on film the exact color of a faceted gemstone,
while displaying to best advantage the cut and brilliance
derived from the cutting. At the same time, hot spots or
specular reflections from individual facets must be avoided.
and the gem as pictured should have solidity and dimen-
sion, rather than appear flat or look like a painting. Itis a
major photographic challenge to achieve all these fea-
tures simultaneously. The color platesin this book repre-
sent my current stage of technical competence, as modified
by the limitations of converting color transparencies to
images on paper, and there is considerable room for
improvement. In many cases, however, the photos clearly
show the degree of birefringence in a gem and also
inclusions that are present, making the photos especially
useful to the gemologist concerned with such matters.

There are nearly 250 species included in this volume.
It must be remembered, of course, that any mineral
species can be considered a gemstone if suitable cutting
material can be found. Some minerals have been known
for decades or centuries but have not been considered
gem materials because pieces of sufficient size, cohe-
sion, or transparency have never been available. This
situation may change at any time with respect to a given
mineral, so the list of gem species will undoubtedly
increase with time.

The data presented herein were compiled from many
sources. The primary sources are standard reference
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works in the mineralogical and gemological literature.
These provided a framework of basic information about
all the species covered. Gaps were then filled by research
into the periodical literature of mineralogy and gemol-
ogy. This yielded current information about localities.,
new gemstones, additional basic data, and some infor-
mation on gemstone sizes. In some cases, as in the casc
of dispersion, mineralogical data were reworked into a
form more familiar to the gemologist. Specifically. a
Hartman dispersion net was used to plot refractive index
vs. wavelength information, and the interval B-G was
extracted and reported as the dispersion of the material
in question.

Spectral data are provided only where a spectrum is
distinctive enough to be useful in identification. Some
spectra are complex and variable for a given mineral
species, and in such cases the textlists only the pervasive
or especially diagnostic lines.

Information on stone sizes comes from diverse sources.
These sources include the standard literature, special-
ized books on specific gems (such as amber, pearl, opal.
and diamond) and personal communications from cut-
ters, dealers, collectors, and museum curators. There
are sure to be omissions in noting the existence of large
and important gems, for which I assume full responsibil-
ity. Such omissions can be eliminated in future editions
through the assistance of readers of this book in sending
me relevant information (see page vii).

Information on wearing characteristics of gems is
inferred from analysis of mineral properties, comparison
with other gems typically worn in jewelry, or from direct
observation. No attempt has been made to disparage any
particular gemstone, but rather an effort has been made
to offer realistic advice on the liabilities and care of
gems. The aim is the prevention of loss due to mishandling
of more fragile or softer gems. Some gemstones are poor
choices for ringstones, but make lovely earring or pend-
ant stones.

The information presented in the text portion of this
book is highly condensed. A basic familiarity with the
principles and terminology is assumed, although a brief
summary of important concepts is presented in the fol-
lowing pages. Further information is easily obtained from
the many excellent specialized books available to inter-
ested readers, as listed in the Bibliography (see page 236).

In this edition I have used the new names for Ceylon,
Rhodesia, and S.W. Africa: Sri Lanka, Zimbabwe, and
Namibia, respectively. However, although Madagascar is
now officially the Malagasy Republic, I have retained the
older name for simplicity and familiarity.

Sins of omission, in preparing a book of this type, are
invariably made and easily criticized. It is likely that
many of the finest stones in existence are not on display
but rather are held in private collections. There are
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probably a number of mineral species that have been
faceted by hobbyists and either never reported in the
literature or inadequately referenced. In all such cases, a
plea is again made for assistance from readers in making
future editions of this work more complete, comprehen-
sive and accurate.

THE NATURE OF GEMS

As we have seen, gems are, with few exceptions, miner-
als. Minerals are naturally occurring chemical elements
and compounds. Every mineral is characterized by a
definite crystalline structure and a chemical composi-
tion that varies within defined limits.

The universe is made of atoms, which are the basic
chemical units of matter. Every chemical element con-
sists of atoms of a type characteristic of that element.
Within the atom are yet smaller particles, some of which
have electrical (+ or —) charges. The positively charged
particles are called protons and are concentrated in the
center or nucleus of the atom. Negatively charged parti-
cles, called electrons, surround the nucleus.

An isolated atom is electrically neutral because the
number of positive charges within it is balanced by an
equal number of negative charges. However, atoms may
borrow electrons from each other, some atoms thus acquir-
ing a net + charge and some a net — charge. Charged
atoms are called fons. Positive ions are known as cations,
and negative ions are called anions.

An atom that loses an electron seldom gives it up
entirely. Usually the loan is half-hearted, and the donor
atom shares the electron(s) with the recipient atom.
Neither atom will give up the electron(s) completely, and
the result is an endless tug-of-war that keeps the atoms
involved joined together.

In some cases, however, atoms do gain or lose elec-
trons entirely and become ions. But the atom losing an
electron thus acquires a positive charge, and a neutral
atom gaining an electron becomes negatively charged.
Since it is a basic law of nature that unlike charges attract
each other, the ions are held close to each other in a way
similar to the atoms merely sharing electrons.

The forces holding atoms together are called bonds.
Electron sharing produces covalent bonds, which are
usually very strong. The second example mentioned
above, involving the attraction of ions, is called an ionic
bond. Other types of bonds are generally weaker than
these bond types.

A group of atoms held together by bonds in such a way
as to form a cohesive unit is called a molecule. The
molecule is the smallest amount of a chemical com-
pound that displays all the characteristics of the compound.

At a temperature of absolute zero (—273°C), atoms are
completely at rest and do not vibrate. At all temperatures
above this, however, atoms are in motion. At high temper-
atures, atomic vibration is so violent that bonds may
form but are immediately broken. This is the situation in
a gas or vapor, where atoms and molecules fly about at
random and occupy all the space available to them.

At lower temperatures atoms stay in contact for a
longer period of time, and may become bonded together
but still retain a large degree of freedom of motion. This
is the characteristic of liquids, in which atoms slide over
each other but remain essentially in contact. Lowered
temperatures further slow down atomic vibrations and
prevent the atoms from breaking the bonds that form as a
result of electrical attraction.

If the vibration is slowed down enough, the atoms
become locked in fixed positions relative to one another.
Every atom in a given mixture of atom types tries to
surround itself with specific kinds of other atoms, all at
fixed distances and relative positions. This becomes a
kind of unit of pattern in three dimensions. The pattern
is analogous to wallpaper, in which a (perhaps geomet-
ric) unit of pattern is repeated at regular intervals. The
repetition of molecular pattern units in three dimensions
results in a crystal structure.

Crystal structures are both repetitive and symmetri-
cal. One can discern, within a structure, planes of atoms
of a specific type. These may be bonded to adjacent
planes of atoms of a different type. If these bonds hap-
pen to be weak, the plane of bonds may be a zone of
structural weakness in the material. On a macroscopic
scale, the crystal might tend to split along such planes.

Furthermore, light traveling through the material inter-
acts with the atoms in the crystal structure. The interac-
tion involves the light energy itself and the electrons
surrounding the atoms in the structure. Bonds between
atoms are, in a sense, regions in which electrons are
more highly concentrated, and therefore bond energies
in a structure are localized in regions between specific
sets of atoms. Bond strengths within a crystal vary greatly
in direction. Consequently, light is affected in different
ways, depending on the path it takes through the crystal.

Crystal properties are directional, because the bonding
within a crystal structure varies with direction, as well as
the types of atoms involved. This concept is critical in
understanding the properties of gems and minerals.

CRYSTAL STRUCTURES AND PROPERTIES

All solids are crystals, and every mineral is characterized
by a crystal structure. Different minerals may have struc-
tures that are built of similar or even identical pattern



units. However, no two minerals have exactly the same
structural pattern and chemical composition.

A glass is rigid but is not considered a true solid
because the atoms within it are not organized in a long-
range periodic array. A glass may form when, upon cooling
from a molten state, a material solidifies before the
atoms can arrange themselves into a pattern. The strong
bonds linking the atoms together overcome random motion
of the atoms, and the material may become both rigid
and hard. There is no single temperature at which all the
bonds loosen and allow the atoms to move again. Conse-
quently, glasses have no specific melting point but rather
soften gradually and eventually begin to flow. Obsidian
and tektites are examples of naturally occurring glasses.

Chemical composition and structure both play a role
in determining the properties of a mineral or gemstone.
For example, consider the minerals halite (NaCl) and
cerargyrite (AgCl). Both substances crystallize in the
isometric system, form cube-shaped crystals, and are
colorless and transparent. The crystal structures are
identical: each chlorine atom is surrounded by six metal
atoms at equal distances. A plane of atoms in the struc-
ture parallel to a cube face would contain rows of alter-
nating chlorine and metal atoms in both minerals.

The properties of these minerals, however, are very
different. The specific gravity of halite is 2.17, that of
cerargyrite i1s 5.55! The refractive index of halite is 1.54,
whereas that of cerargyrite is 2.07. These large differ-
ences may be attributed to the presence of silver in
cerargyrite as opposed to sodium in halite.

In the above instance, the structures and composi-
tions of the minerals discussed are very simple, and the
metal atoms are major essential components of the for-
mulas. A study of mineral properties reveals, however,
that even small variations in chemistry can have a major
effect on physical properties. This applies both to differ-
ent minerals with slightly different formulas and to varia-
tions in chemistry within a single mineral species.

A good example of this is the mineral beryl, which is
beryllium aluminum silicate. Pure beryl is colorless. How-
ever, a relatively small amount (less than | percent) of
chromium, substituting for aluminum in the structure, is
sufficient to produce a brilliant, intense green color. The
substitution occurs because the ions of aluminum and
chromium are both trivalent (have a net charge of +3)
and are about the same size. If there is chromium present
in the solution from which the beryl crystal grows an
occasional chromium atom is incorporated in the struc-
ture in the site normally occupied by an aluminum atom.
As few as two chromium atoms in 5,000 aluminum sites
will produce a green color. Iron in the beryl structure
results in yellow or blue coloration, whereas manganese
produces a pink color.
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Many minerals may have their color thus altered by
impurities. In most cases the impurity atoms are present
in sufficiently large quantities to also affect physical
properties such as specific gravity and refractive index.
In general, impurities do not affect cleavage or hardness.
Moreover, an impurity atom in a crystal structure is
usually somewhat different in size and charge from the
element it replaces. The result is that the structure can
tolerate the presence of only a limited amount of the
impurity before the strain on the structure becomes so
great that the crystal cannot grow at all. Most cases of
chemical substitution involve amounts of impurities rang-
ing from less than 1 percent to as much as 10 percent.

There are, however, numerous examples of minerals
in which complete substitution is possible. An example
is the mineral siderite (FeCQOs), a very common carbon-
ate in ore deposits. The element manganese may substi-
tute for iron in the siderite structure in any amount. If 49
percent of the iron is replaced by manganese, the min-
eral i1s termed a highly manganiferous siderite. 1f the
manganese content exceeds the iron content, the min-
eral is considered a new species: rhodochrosite. Pure
rhodochrosite has the formula MnCO;, and we might say
that iron can substitute for manganese in any amount in
the rhodochrosite structure. Obviously, the structures of
siderite and rhodochrosite are identical. These two min-
erals comprise what is known as a solid solution series.
The physical and chemical properties vary continuously
from one end member of the series (in this case, pure
rhodochrosite or pure siderite) to the other.

In many cases the variation in properties is said to be
linear; that is, you can make a graph showing the varia-
tion in a parameter such as refractive index as the com-
position changes along the series, and the graph will turn
out to be a straight line. This type of relationship is very
useful, because within such a solution series you can
determine the chemical composition just by measuring
the refractive index! A graph of specific gravity vs. com-
position might show a similar relationship. A major prob-
lem in using such graphs is the oversimplification of the
relationship between properties and chemistry. Usually
more than one element may substitute for another in a
crystal structure, and one must first sort out the separate
effects of each substitution before a simple graph can be
used with confidence.

Gemologists sometimes have a tendency to overlook
mineralogical literature in evaluating gemstones, espe-
cially in cases where solid solutions are involved. The
following is an example of this oversight.

Mineralogical convention states that, in the case of a
simple two-component solid solution series, the 50 per-
cent composition marks the dividing line between the
two end-member species. One of these two species may
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be much more familiar than the other. A good example is
the case of amblygonite: (Li, Na)Al(PO,)(E, OH). Analy-
ses have shown that complete substitution is possible
between fluorine (F) and hydroxyl (OH) in the structure.
Chemical analysis for these anions is tedious and beyond
the range of the gemologist. However, measurable physi-
cal properties are markedly affected by the F-OH substi-
tution. When hydroxyl is present in greater amounts than
fluorine, we have a new species, called montebrasite.

Most gems cut from members of this series are ambly-
gonite. However, many stones have been discussed in the
literature as amblygonite, when a glance at the optical
datareported for the gem reveals properties belonging to
montebrasite! Montebrasite is not discussed at all in
standard gemological literature, whereas this may be the
correct species designation for many gems now labeled
amblygonite in collections. A much greater awareness of
the variation of physical properties with chemistry is
required in gemological work; much of the needed infor-
mation is readily available in standard mineralogy texts
and is reported in this book.

It is important to remember that chemical variations
in minerals are seldom simple. The geological environ-
ments in which minerals form are extremely complex,
and a growing crystal often has a wide variety of ele-
ments competing for space in its structure. A parameter
such as refractive index is very sensitive to small varia-
tions in chemical composition. In addition, most miner-
als have several structural sites (positions), each of which
can accommodate a variety of different atoms. For exam-
ple, in the mineral diopside (CaMgSi,0O¢), sodium may
substitute for calcium, titanium for magnesium, and alu-
minum for silicon, all at the same time and in different
amounts! In such cases it is not a simple matter to
correlate changes in physical properties with composi-
tional variations.

The above discussion makes it clear that the gemologist
should become accustomed to thinking about gems in
terms of families or groups of minerals. Diopside, for
example. is a member of a group of about eight minerals
with essentially the same structure and differing in com-
position. The appearance of many of these species is
similar, and they have many similar properties. A gem-
stone can be initially identified as a member of the
diopside-hedenbergite series, for example, and then fur-
ther testing may indicate exactly where the gem in ques-
tion lies within the series. Other well-known mineral
groups, in which this approach is useful, are the garnets,
feldspars, spinels, humites, sodalite, and tourmaline.

A listing of the members of important groups of gem
minerals is found on page 241. The group concept of
relating similar gem species has been used throughout
this book.

ORIGIN OF GEMSTONES

Rocks make up the crust of the Earth. They are the most
familiar of geological materials and their study provides
clues about the long and turbulent history of our planet.

Rocks are made up of minerals, which are the chemi-
cal building blocks of our planet. A rock can consist of
one mineral, as in the case of pure limestone, which is
composed entirely of the mineral calcite. Most rocks,
however, are made up of several minerals. These are
usually present in the form of crystals or grains. The
history and origin of a rock can be deciphered from its
mineral content and the way the mineral grains contact
each other. This latter feature, known as texture, is espe-
cially important in classifying rocks.

ROCK CLASSIFICATION

Rocks are classified according to their overall chemical
composition, the minerals they contain, the rock tex-
ture, the size of the mineral grains or crystals present,
and obvious physical features such as lamination or band-
ing. There are three basic types of rocks.

Igneous rocks form as a result of the cooling of molten
material called magma that usually originates deep in
the Earth, below the upper layer called the crust. Magma
may have varying composition, and different types of
magmas produce different types of igneous rocks. A
magma rich in water and silica (SiO,) may cool to yield a
light-colored rock known as granite; a silica-deficient
magma may produce a black, dense rock called gabbro.
A given magma may produce various types of rocks.
depending on the cooling history, including rate of cooling
and pressure changes within the molten material.

If magma solidifies deep within the Earth and cools
very slowly, crystals have a chance to grow to large size,
resulting in a rock with coarse texture. Igneous rocks
that cool more quickly, as they would nearer the Earth’s
surface, develop a fine texture. An extreme example of a
fine-textured rock is volcanic glass, which cools so quickly
that crystals do not have a chance to develop at all. Two
different rocks may contain the same minerals in the
same proportions. They are differentiated according to
grain size, which is a reflection of their cooling history.

Igneous rocks formed within the Earth are called
intrusive or plutonic and usually have coarse textures.
Extrusive rocks are formed when magma is ejected at the
Earth’s surface, as in a volcanic eruption, and are fine
grained as a result of rapid cooling.

Light-colored igneous rocks are sometimes called acidic,
amisnomer relating to the time when it was believed that
mineral acids such as “silicic acid™ were responsible for



rock formation. The chentical opposite of an acid is a
base, and basic rocks are dark-colored rocks that were
once presumed deficient in “silicic acid.” The terms are
no longer valid but are mentioned here because they are
occasionally used in the literature.

Sedimentary rocks are so named because they are
composed of sediments. which are either rock and min-
eral fragments or the mineral and chemical weathering
products of these materials. About 75 percent of the
rocks exposed at the Earth’s surface are sedimentary.
and they form by the deposition, in water or air, of rock
and mineral particles or by the precipitation of mineral
material in water. The most obvious and distinctive fea-
ture of sedimentary rocks is banding, or layering, known
as stratification. Mechanical or detrital sediments include
sand, gravel, clay, silt, and mud. These particles may
become rock through the processes of cementation or
compaction. The first step in the hardening process is
consolidation, accompanied by the expulsion of water
and volatile materials, and the entire process may be
referred to as lithification. An evaporite is a sedimentary
rock formed by the evaporation of saline water (either an
ocean or lake) with the consequent precipitation of salts.
such as halite, gypsum, and borates. Coal is a sedimen-
tary rock composed of the remains of plants that lived
millions of years ago. Chemical sedimentary rocks are
formed by accumulation of marine precipitates, usually
calcium carbonate. The most familiar rock formed in
this way is limestone. Solutions containing magnesium
may later alter a limestone bed, producing a massive bed
of the mineral dolomite. Some sedimentary rocks are
created by consolidation of particles laid down by winds
or even glaciers.

Metamorphic rocks are created when Earth pressures
and heat alter previously existing rocks. Metamorphism
is a word derived from the Greek, meaning “change of
form.” Any kind of rock may be metamorphosed, and
the major result is a reorganization of the mineral and
chemical components of the previous rock. Some miner-
als that form in a given set of geological conditions are
unstable in drastically different conditions. In the latter
eventuality they actually break down, decompose, and
recrystallize into other minerals that are more stable in
the new conditions. Rocks can be metamorphosed on a
wide scale as a result of the kinds of forces that produce
mountain ranges. These are known as regionally meta-
morphosed rocks. Alternatively, a rock bed, such as a
limestone, may be invaded by magma forced up from
deep within the Earth. The heat and chemical compo-
nents of the magma chemically and physically alter the
limestone, resulting in the formation of a wide range of
new minerals. This process is called contact metamor-
phism. Certain minerals are very characteristic of either re-
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gional or contact metamorphism, and one can determine
the extent of metamorphism in an area by examining the
mineralogy of the rocks over a wide area. Metamorphic
rocks are classified according to bulk chemistry, reflecting
the composition of the original, unaltered rock and the
metamorphic minerals present, which indicate the tem-
perature and pressure reached during metamorphism.

The Earth is in a constant state of change. Rocks in
some places are being melted or pulled into the interior:
others are being created in spectacular volcanic epi-
sodes. Sediments are being deposited and compacted in
oceans throughout the world. The earth is a closed sys-
tem, with nothing added or removed (noting the negligi-
ble addition of meteoritic material). (The chemical
clements of the Earth are thus repeatedly mixed and
separated by geologic processes. The entire process of
rock genesis, destruction, and alteration comprises a
cycle. Sedimentary rocks are formed as a result of the
breakdown of other rocks. Igneous rocks are created by
the cooling of magma and hot solutions. Metamorphic
rocks result from the transformation of igneous and sedi-
mentary rocks by heat and pressure. All these rocks, in
their turn, are worn down and become new sediments.
The so-called geologic cycle is thus revealed as a com-
plex mechanism of creation and destruction of rocks.

Geologic structures may be characteristic of certain
rock types. For example, a volcano is clearly composed
of igneous material. Large folds visible in rocks exposed
on a mountain slope are evidence of the action of meta-
morphic forces. Terraced cliffs, such as those exposed in
the Grand Canyon of Arizona, are bedded sedimentary
rock layers.

It is important to remember that gems are simply
minerals, albeit of a very special quality. Minerals are
components of rocks. Every mineral species is character-
ized by a definite structure and chemical composition.
The same chemical ingredients may crystallize in ditfer-
entstructural arrangements, depending on external param-
eters, such as temperature and pressure. Although they
may have the same composition, these different struc-
tural arrangements qualify as distinct mineral species.
such as, for example, rutile, anatase and brookite, which
are all composed of titanium oxide. The conditions at
the time of mineral formation determine which of the
three mineral species with this composition will form.

The controlling influence of physical conditions is
most clearly seen in metamorphic rocks. During meta-
morphism the temperature and pressure conditions in a
region may rise greatly over a period of time. A given
assemblage of chemical ingredients may be stable in the
form of a certain mineral at low pressure and tempera-
ture but when these conditions change beyond a certain
point, that mineral may no longer be stable. The mineral
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then decomposes, and the chemical constituents ar-
range themselves in a way that is more stable in the
new conditions.

A good example of thisis the mineral quartz, the most
common mineral on Earth. Quartz, in the form we see as
pretty crystals or as a component of beach sand, is stable
up to a temperature of 870°C. Above this temperature
the framework of Siand O atoms characteristic of quartz
vibrates too rapidly to hold together in the pattern of the
quartz structure. An inversion, or change in structural
arrangement, occurs and we have a new mineral called
tridymite. Tridymite has the same composition as quartz
(Si0,) but a different structure that is stable at higher
temperatures than the quartz structure. The tridymite
structure, in fact, is more open, allowing it to accommo-
date the increased vibrational movement of the atoms at
higher temperatures. However, even this structure is torn
apart by atomic vibration at 1470°C, and a totally new
mineral, known as cristobalite, forms. The cristobalite
structure is capable of handling very large atomic vibra-
tions, but only up to a temperature of 1710°C. At this
temperature no structure of Si and O atoms is stable, and
cristobalite melts to a very viscous liquid. The atoms in
the melt are then free of the relatively rigid atomic bonds
that hold a crystal structure together and can vibrate as
much as is necessitated by higher temperatures within
the melt.

A given rock, with a particular history of formation,
therefore characterizes a very specific range of condi-
tions in which minerals can form. The environment of
formation of a mineral is thus a combination of specific
conditions, such as temperature and pressure, available
chemical components, and such miscellaneous factors
as solution flow, metamorphic directional stresses, and
rates of cooling and heating. The chemical environment
is determined by local rock types and their mineral
content, plus the introduction of materials by migrating
waters or vapors.

Obviously, the formation of a mineral is often a com-
plex affair. Conceptually, however, the whole subject of
mineral environment and formation, collectively known
as paragenesis, can be reduced to a simple rule: Minerals
are found where they ought to be. This seemingly simple
statement is really the first rule of mineral exploration.

For example, if you want to locate a source of peridot,
you must first know that peridot is the gem form of the
mineral olivine. Olivine is characteristic of basaltic rocks.
A basaltic magma has the right chemical ingredients for
the crystallization of olivine and also exists at the right
temperature. Olivine is, in fact, the mineral with the
highest melting point in a basaltic magma, and therefore
is the first to crystallize when the magma cools. The
olivine crystals that appear within the melt are heavier
than the surrounding liquid and consequently sink. Thus,

in a large body of basalt that formed as a thick lava flow,
or within an intrusive dark-colored igneous rock mass,
olivine crystals of large size would most likely be found
at the bottom. In fact, we do find zones of coarse-grained
olivine at the lower part of lava flows or large intru-
sive bodies.

Gemstone occurrences are usually somewhat more
complex. Gems are very special mineral oddities in that
they are very pure or have formed under special condi-
tions that allowed crystals to grow free of imperfections,
inclusions, cavities, and fractures.

GEM SCARCITY

The environment of formation of a gem crystal may be
the same as for any other crystal of the same species, but
chance has acted in a way that produces crystals that are
larger or of better color than is usually encountered in
the species. In this sense, gems are actually mineralogi-
cal freaks. They are not abundant and are restricted in
occurrence only to those localities where conditions
were suitable for their formation. If the mineral in ques-
tion is rare, gem-quality crystals of that species are much
rarer. A particular mineral species, such as topaz, for
example, may be widespread and abundant throughout
the world. However, large transparent crystals of a deep
pink or orange color are exceedingly uncommon. Pink
and orange gem topaz, seen in a geological context, are
so rare that it is amazing they have been found at all!

Rarity in gems is thus a function of several factors. In
some cases the various requirements of composition and
conditions of formation of a species are seldom fulfilled
simultaneously, as in the case of proustite and mangano-
tantalite. Such species are therefore rare in their own
right, regardless of whether they form crystals transpar-
ent enough to cut.

Sometimes a mineral species is not rare, but transpar-
ent, cuttable crystals are very seldom encountered. This
is the situation for most of the so-called collector gems.

Another case is rarity of color. A good example is
emerald, the deep green variety of the mineral beryl.
Beryl occurs throughout the world, usually in pegmatites
(see page 53). Emerald owes its green color to the ele-
ment chromium. Chromium, however, is not usually pres-
ent in pegmatites. Its geochemical environment is rather
in dark-colored (basic) igneous rocks. Beryl is rarely
found in these latter geologic environments, largely because
its primary constituent, beryllium, is rare in basic rocks.
The conditions necessary for the occurrence of emerald,
that is, the formation of beryl plus the availability of
chromium, are mutually incompatible! This accounts
for the worldwide paucity of emerald. The reasons become
obvious when one understands the geologic factors.

Finally, there is scarcity in size. Topaz, for example,



occurs in crystals that weigh hundreds of pounds. These
are usually colorless or very pale yellow or blue. How-
ever, topaz crystals of a fine pink color are never seen in
sizes larger than a few inches. A huge faceted gem of
white topaz is not especially rare, but a 10 carat pink
topaz is very rare indeed.

Likewise, rubies of very fine quality (color and trans-
parency) are extremely rare over about 10 carats, but
sapphires, which are mineralogically equivalent to ruby
(both are the mineral corundum), are encountered in
crystals weighing hundreds of carats.

Large amethyst crystals are found in many localities.
However, pieces free of inclusions weighing more than
50 carats are quite rare. In general, rarity is a combina-
tion of a number of factors, all of which depend on the
basic geology of a gem species plus the status of the
marketplace. Scarcity is a function of the following factors:
geologic abundance of the species in question; desirable
color, size, and freedom from imperfections; market
availability (number of producing localities and the sizes
of the deposits); demands of the market.

A gemstone occurrence is a very rare and transient
geologic feature. Once exhausted, it cannot be replenished
within the span of human lifetimes. Synthetics can be
manufactured in the laboratory, but the value of natural
gems will not be affected as long as they can be distin-
guished as rare natural objects of great beauty.

The gem market is continually faced with the threat
of depletion of known gem deposits or loss of production
due to political factors. This puts great pressure on other
known sources to meet world demand. Depletion of
supply coupled with high demand creates rising prices.
Gems have had great appeal throughout history as finan-
cial products. Their main functions have been to hide,
concentrate, transfer, store, and display wealth. Gems
are what might be called “real value” commodities, with
desirability in all cultures, throughout all the periods of
human history.

Geological scarcity accounts for such rare gems as
painite and taaffeite. Only one painite crystal has been
found, and less than one hundred cut taaffeites are know.
To be sure, more specimens of both materials may exist:
painite resembles ruby and taaffeite looks like mauve
spinel; misidentified cut stones may exist in various col-
lections and inventories. Nonetheless, such rare collec-
tor gems offer a situation comparable to art. Rembrandt
is dead, and no additional original Rembrandts can be
produced. By analogy, an exhausted gem deposit can
produce no more gemstones.

With this in mind, consider the future of gem prices.
We may someday see rare stones command prices com-
parable to the levels of great art. There may be only one
da Vinci “Last Supper,” but there is (at least, at the time
of this writing) also only one painite.
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ROCK TYPES
lgneous Rocks
INTRUSIVE

Granite—core of many mountain ranges. Coarse tex-
ture, composed of potassium feldspar, quartz, plus some
mica or hornblende and accessory minerals.

Syenite —similar to granite: contains little or no quartz;
fine grained.

Pegmatite — very coarse-grained rock, composition like
granite. Frequently contains immense crystals and rare,
exotic elements. Home of many gem minerals.
Diorite—dark colored, contains plagioclase feldspar, lit-
tle quartz, some biotite.

Granodiorite —like diorite. but richer in potassium feldspar.
Tonalite —like diorite, but contains some quartz.
Monzonite—intermediate between syenite and diorite.
Gabbro —diorite rich in calcic plagioclase feldspar; con-
tains pyroxenes as opposed to amphiboles.

Anorthosite —rock composed almost entirely of anor-
thite feldspar.

Diabase —fine-grained gabbro typical of small intrusive
bodies.

Peridotite— dark rock composed of pyroxene and olivine.
Dunite —peridotite-like rock containing chiefly olivine.
Kimberlite—an altered peridotite characterized by high-
pressure minerals.

EXTRUSIVE

Rhyolite—light-colored, fine-grained rock, with compo-
sition like granite.

Obsidian—volcanic glass, with overall composition like
rhyolite.

Pumice —“frothy” volcanic rock, full of gas bubbles, and
will float on water!

Porphyry —igneous rock with different grain sizes, reflecting
cooling history: larger crystals called phenocrysts lie in
fine-grained groundmass. The phenocrysts formed by
slow cooling, and then the rock was suddenly chilled.
Basalt—dark-colored, fine-grained rock, typical of lava
flows. Very widespread. Also known as traprock.
Scoria—porous, cinderlike rock seen at tops of lava
flows.

Andesite —volcanic equivalent of diorite, dark colored.
Trachyte—volcanic equivalent of syenite.

Sedimentary Rocks

Conglomerate —made of large. rounded pebbles and
smaller grains, cemented together.
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Sandstone — composed of sand-size (between 1/16 and 2
mm) particles. Sandstone refers to particle size, not com-
position; therefore, quartz sandstone is made of quartz
grains.

Arkose —sandstone composed chiefly of feldspar and
quartz grains.

Graywacke—dense, dark-colored sandstone with rock
fragments and clay particles.

Shale —fine-grained rock composed of clay or silt-sized
(microscopic) particles.

Limestone— chemical precipitate of calcium carbonate
in sea water. Sometimes the fossil remains of large reefs,
built by corals and other animals long ago.
Chalk — calcareous chemical precipitate, composed of
tiny marine plants and animal skeletons, plus biochemically
deposited calcite.

Dolomite —massive sedimentary rock composed chiefly
of the mineral dolomite.

Travertine —limestone formed in caves by slow evapora-
tion of solutions.

SEDIMENTARY FEATURES

Concretions are masses of cementing material, the same
cement (such as silica or iron oxide) that caused lithification
of nearby sediments. Usually spherical, they sometimes
assume fantastic and grotesque shapes.

Nodules are masses of mineral material differing in
composition from the rocks in which they are found.

Geodes are hollow, more or less round objects, often
containing an interior lining of terminated crystals. Geodes
are usually made of quartz, but may contain a wide
variety of other minerals. Geodes commonly occur in
shales, but also form in gas pockets in igneous rocks and
accumulate in the soils resulting from the weathering of
such rocks.

Metamorphic Rocks

Slate —formed by the low-grade metamorphism of shale.
Pressure causes aligning of the clay particlesin the shale,
resulting in easy breakage of the rock into layers.
Phyllite — next step upward in metamorphism from slate.
May have a shiny appearance on broken surfaces, due to
parallel alignment of recrystallized mineral grains.
Schist— can be derived from various rock types by intense
recrystallization; tends to break between layers to pro-
duce characteristic uneven, wavy surface. Schists are
named according to the minerals they contain. Often
characterized by folded, crumpled look.
Gneiss—coarse-grained, banded rock formed by intense

metamorphism. Does not show tendency to split along
planes, but minerals are arranged in parallel layers.
Marble — coarse-grained calcareous rock produced by
metamorphic recrystallization of limestone.

Quartzite —dense, compact rock, produced by recrys-
tallization of quartz grains in a sedimentary quartzite or
sandstone.

Skarn— complex mineral assemblage produced by con-
tact metamorphism of an impure limestone or dolomite.
Minerals of economic value in such assemblages are
often called contact deposits.

IDENTIFICATION OF GEMSTONES

There are approximately thirty-five hundred known min-
eral species. A few new minerals are added every year,
and occasionally an existing species is discredited when
careful analysis reveals it to be a mixture of other miner-
als. The number of mineral species is very small in
comparison to the huge list of compounds known to
chemistry. This is because minerals are naturally occur-
ring chemical elements and compounds. There are geo-
chemical restrictions that limit the number of possible
mineral species, namely, the tendency for certain ele-
ments to be restricted to specific geochemical environ-
ments. Random chance also plays a major role in terms
of the temperature and pressure that happen to be preva-
lent in the environment where chemical reactions occur
and minerals are forming.

Very rarely is a new mineral species found in large,
well-formed crystals. An example of such an occurrence
1s the mineral brazilianite, which was described on the
basis of spectacular, large, and even gemmy crystals
discovered in Brazil. Usually, however, a new mineral is
recognized only with great difficulty. An astute observer
may be studying a complex mineral assemblage and
recognize a few grains of an unfamiliar mineral. Detailed
analysis may show that the material has a chemical com-
position slightly different from another, well-known spe-
cies; the difference may be large enough to warrant
calling the unknown material a new species. In some
cases there is barely enough of the new mineral even to
perform a complete chemical analysis! Most of the new
minerals added to the known list are in this category of
obscure grains very limited in quantity. Very sophisti-
cated analytical devices are required for this type of
descriptive work.

The situation with gems is not so demanding. Usually
the gemologist’'s major problem is to pin down the com-
position of a gemstone in order to locate the material
within a solid solution series, as for example in the case



of garnets and feldspars. In some such cases a measura-
ble property, such as refractive index, may vary linearly
with chemical composition. The composition may there-
fore be determined by carefully measuring refractive
index and using a graph to pick off the corresponding
chemistry. This type of analysis works only in simple
cases, such as in the olivine series, where the only major
chemical variable is the ratio of iron and magnesium. In
most solid solution series, however, the chemistry is far
too complex for simple correlations, and a combination
of tests is needed for identification.

The most useful instrument for gemstone identifica-
tion is the microscope, especially a stereoscopic type
fitted with special darkfield illumination in which light
enters the gemstone only from the sides. This instrument
is ideal for the examination of inclusions, which are
frequently diagnostic in identification. Magnification also
reveals cleavage developed on a small scale as well as the
degree of surface finish on a stone, which allows an
estimate of hardness. Fracture may also be determined
by observing small chips on the girdle of a faceted gem.

The refractometer is used to measure, with good ac-
curacy, the refractive index and birefringence of most
gems. Some gems have indices too high for measurement
with a standard refractometer; the microscope can some-
times be used for direct measurement of refractive index,
using a technique discussed in standard gemological texts
(see Bibliography on page 236). Specific gravity may be
determined with heavy liquids or with torsion balances.
Gravity measurement plus refractive index usually allows
for unambiguous identification of a gemstone. In some
cases the spectroscope provides very rapid and unam-
biguous analysis, as for example in distinguishing between
almandine garnet and ruby. The polariscope is useful in
determining the optical character of a gemstone.

There are only about two hundred fifty mineral spe-
cies that have been cut as gems, a fact that makes the
gemologist’s life easier than that of the mineralogist, who
is concerned with more than three thousand five hun-
dred species. It is important to remember, however, that
at any time a mineral species may be encountered in a
form with gem potential. If such a material is brought to
a gemologist for identification, he or she may be mysti-
fied when the properties of the substance do not match
anything in standard gemological reference tables. In
such cases it is necessary to resort to more powerful
techniques for identification.

An extremely powerful diagnostic tool, routinely used
by the mineralogist, is virtually unknown to the gemological
fraternity. This is the X-ray powder diffraction camera, a
device that can, in most instances, provide unambiguous
identification of a mineral in a period of a few hours.

The detailed principles of X-ray methods are too
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complex for elaboration here. A brief summary of the
approach is, however, warranted. X-rays are pulses of
energy, like light and heat, but with very short wave-
lengths. The level of energy in an X-ray beam is on the
same order of magnitude as the energy associated with
the electrons that spin about the nucleus of all types of
atoms. Consequently, if an X-ray beam enters a crystal, it
can interact with the electrons of the atoms in the crystal
structure. The more electrons an atom has (that is, the
heavier the atom) the greater the degree of interaction.

The incoming X-ray beam enters the crystal in one
specific direction. However, the electrons in the crystal’s
atoms absorb the X-ray energy, and re-emit this energy
almost instantaneously in a// directions (radially). The
situation is as if each electron were itself acting as a
source of X-rays. All the electrons affected within a
particular atom combine their radiations and the atom
itself acts as an X-ray source.

Intuitively, one would expect that the X-rays emerging
from the crystal would be in the form of a glow or diffuse
spherical emanation of uniform intensity. However, the
atoms in the crystal are arranged in rows and layers, with
definite spacings between them. The spacings in a crys-
tal structure are about the same size as the wavelength of
the X-rays. This situation is analogous to an optical
device known as a diffraction grating, the principles of
which may be found in any standard physics textbook.
When diffraction occurs off a grating. radiation emitted
from a row of regularly spaced point sources is rein-
forced along certain directions and is completely can-
celled out along other directions! These directions can
be predicted and described mathematically, based on
the wavelength of the radiation and the spacing between
the point sources. The case of crystals is much more
complex because the diffraction takes place in three
directions (dimensions) simultaneously, and the exact
interaction of the various beams is enormously difficult
to calculate. The result of all this is that whereas a single
X-ray beam enters the crystal, a divergent array of diffracted
beams comes out. These diffracted beams come out in
specific directions. In addition, each beam is the result
of interactions with various rows of atoms and a variety
of types of atoms. each type contributing radiation based
on its particular electronic makeup. The intensities of all
the diffracted beams therefore vary widely.

A special camera has been devised in which a crystal
being irradiated with X-rays is surrounded by special
photographic film. The film records the positions and
(through degree of darkening) the intensities of the
diffracted X-ray beams. These parameters are measured
on the film and listed as a set of line spacings and
intensities. Such parameters have been measured and
tabulated for all the known mineral species. A rapid
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search of the tabulation usually allows the crystal to be
quickly and unambiguously identified in a matter of a
few minutes.

A major advantage of the X-ray approach is that
powder analysis requires a very small amount of sample.
In the case of a faceted gem, a tiny bit of material can be
scraped from the girdle with a diamond stylus without
materially damaging the stone.

X-ray methods can be used advantageously in cases
where optical and other data acquired by normal means
are ambiguous. In some cases a gem is a very rare cut
example of a mineral not usually found in gem quality. In
this instance the standard gemological measurements
are not present in tabulations in textbooks, and the
mineralogical literature must be consulted. In another
case, a gemologist may encounter a synthetic gem mate-
rial, such as a rare-earth garnet, the properties of which
are also not tabulated in the gem literature. X-ray analy-
sis would be definitive here because the tabulation of

X-ray measurements extends to the entire range of organic
and inorganic compounds as well as minerals.

X-ray equipment is expensive and requires great care
in use. The X-ray beams produced for mineral analysis
are extremely potent and capable of great damage to
human tissue. Many large cities do have complete ana-
lytical laboratories that may offer diffraction as a serv-
ice. The active gemologist should make an effort to
locate such a laboratory for those times when diffraction
offers special advantages in identification.

The gemologist should always remember that the chem-
ical composition of minerals varies widely, with corre-
sponding variation in physical properties. There is almost
always a range of values in parameters such as refractive
index, specific gravity and optical spectrum (presence or
absence of diagnostic lines). By maintaining a continual
awareness of the principles of crystal chemistry, the
gemologist can avoid confusion and increase by many
times the power of his or her analytical abilities.



Sources of Data Used in Text

FORMULA

The chemical composition of a mineral is a primary
aspect of its definition as a species. The reader is referred
to a periodic table of the chemical elements (page 243)
for standard abbreviations of the names of elements.

Many formulas contain parentheses within which are
listed several elements, for example (Fe ,Mg). This indi-
cates that there is a specific position in the crystal struc-
ture that may be occupied by either iron, or magnesium,
or both. The element listed first within the parentheses is
the one present in greater amount on the structural site.
In some cases this determines the species! For example,
amblygonite is (Li,Na)Al(PO.)(FEOH). However, if the
formula reads (Li,Na)Al(PO.)(OH F), we have a new spe-
cies in which hydroxyl exceeds fluorine, and the species
is now called montebrasite. Furthermore, if the formula
is (Na,Li))Al(PO,)(OH,F), sodium exceeds lithium and
the mineral is classed as yet another species, natromonte-
brasite. Obviously, the degree of complexity associated
with solid solution can be very great. Any substitution of
elements on a crystallographic structural site may (or
may not) have an effect on physical properties.

Impurities also affect properties. A good example is
beryl, Be;ALSisO,s, but often containing such elements
as Fe, Mn, Cr, V, and Cs. These elements are usually
present in such small quantities that they are not written
into the formula. However, the mineralogist understands
that Cr, for example, which makes beryl the rich green
color we know as emerald, substitutes for Al in the
structure. A detailed knowledge of chemical substitu-
tions and color changes in crystals requires a much
greater sophistication in crystal chemical principles than
can be expounded here.

Formulas given in this book are based on the most
recent mineralogical studies. Chemical elements listed
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after a plus (+) sign following the formula are those most
often noted as substituting for elements in the formula.

CRYSTALLOGRAPHY

The reader is referred to standard books on mineralogy
or crystallography for detailed background and termi-
nology. It will suffice here to say that crystals grow in
such a way that their component atoms and molecules
are locked together in periodic arrays, much like three-
dimensional wallpaper patterns. These arrays have sym-
metry of various types that can be described and cate-
gorized. When this is done, it is discovered that all known
crystals can be organized according to six major crystal
systems: isometric, tetragonal, hexagonal, orthorhombic,
monoclinic, and triclinic. A subclass of the hexagonal
system that is sometimes (though erroneously) regarded
as a seventh crystal system is known as trigonal. Each
crystal system is defined in terms of crystal axes, which
are imaginary lines in space that intersect at a com-
mon point and whose lengths may be described as equal
or unequal to each other. The systems are further de-
scribed in terms of the angles that these axes make with
each other.

Various descriptive terms may be used in describing
the crystals exhibited by various mineral species. These
terms include prismatic (elongated), bladed, acicular
(needlelike), filiform (hairlike), equant (roughly equal-
length sides), pyramidal (looking like single or double
pyramids), and tabular. Sometimes terms are used that
refer to specific forms characteristic of specific crystal
systems (octahedron, pyritohedron, and so forth). Other
terms used to describe a mineral’s appearance refer to
state of aggregation: massive (solid and chunky), com-
pact (solid and dense), cleavable (crystalline masses that
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can be cleaved), granular (masses of compact grains),
stalactitic (resembling the form of stalactites), oolitic
(masses of spherical grains), earthy (masses of densely
packed powder).

The appearance of a mineral is largely a function of
the growth process and the environment of formation.
Minerals deposited in sedimentary environments tend to
be earthy, stalactitic, oolitic, and sometimes massive.
Igneous minerals tend to be crystalline or massive, some-
times cleavable. All these terms are somewhat subjective
but are useful in getting a mental image of the appear-
ance of a mineral as it occurs in the Earth.

COLOR

The color of a mineral or gemstone is one of the primary
attributes used for identification, but it is. unfortunately,
one of the least diagnostic and useful (except in a hand-
ful of cases). The colors reported include all those men-
tioned in the mineralogical or gemological literature.
These are useful to gemologists primarily as a guide as to
what could be expected in the future, that s, the potential
color of a gemstone. A mineral may, at any time, be
found in gem quality in a new or unfamiliar color. A good
example is zoisite, found in Africa in a striking blue
variety in the 1960s and given the trade name tanzanite.

The streak (color of a mineral powder) is listed where
it is useful for identification. This characteristic applies
almost exclusively to opaque, metallic minerals, because
the powder of most transparent minerals is colorless (white).

The color names applied to gems and minerals have
become familiar through long usage. Some gem color
names, such as “pigeon’s-blood” (ruby) or “padparadschah™
(sapphire), are vague, but have remained in the market-
place because no useful alternatives existed. However,
accurate color measurement instrumentation is now avail-
able and is about to revolutionize the gemstone industry.
Color specification systems for most colored materials
(paints, dyes, etc.) have long been employed, and stand-
ards and procedures for measurement have been estab-
lished by international professional societies in the color
field. A gemstone colorimeter was used to measure a
large array of gemstone color varieties and species for
this book. The chapter on color measurement repre-
sents the first appearance in the gemological literature of
objective gemstone color data, reported in terms consid-
ered standard by the color measurement and standardi-
zation field.

The future of gemology clearly lies in the direction of
greater objectivity and standardization in measurement
and terminology. Reference books on color technology
should rapidly start to appear on the shelves of any

competent gemologist’s working library. It is vital that
the field of gemology start moving toward color designa-
tions (CIE, CIELAB, Munsell, OSA-UCS, etc.) that are
in daily use in all other color measurement fields.

LUSTER

Luster is considered a basic descriptive parameter for
minerals but varies somewhat even within a single crys-
tal, and its usefulness is therefore limited. Lusters include:
vitreous (the luster of glass—characteristic of most gem
minerals); pearly (iridescent, pearl-like); resinous (luster
of resin): greasy (appears covered by oil layer); adaman-
tine (hard, steely brilliance like the reflection from a
diamond): silky (fibrous reflection of silk): dull.

Luster is a phenomenon of reflected light and is mostly
due to the state of aggregation of the mineral. For exam-
ple, gypsum may have a vitreous luster on some crystal
faces; the luster is pearly on surfaces parallel to the
excellent cleavage of this mineral; and if the mineral
occurs in aggregates of long fibers (satin spar), it has a
silky luster. Luster can hardly be a useful diagnostic
property in identifying gypsum under these circumstances!

Luster is primarily divided into two types: metallic
and nonmetallic. There are also intermediate types, called
submetallic. Any mineral that does not have a metallic
appearance is described as nonmetallic, and the above
descriptive terms are applied.

HARDNESS

Hardness is the resistance to scratching of a smooth
surface. Hardness has little use to the gemologist, since
gems are not normally scratched as a part of gem testing.
A hardness is sometimes taken on the back of a statue, as
for example to differentiate between jade and serpen-
tine. But even using the girdle of a gem to perform a
hardness test results in chipping on occasion.

Hardness depends on the bonding that holds the atoms
together within a crystal structure. This bonding is reflected
in the case with which the layers of atoms at a surface can
be separated, by applying pressure with a sample of
another material. If the second material is harder than
the first, it will leave a furrow, or scratch, which repre-
sents the breaking of millions of atomic bonds on a
microscopic scale. The hardness of a mineral is, specifi-
cally, its "scratchability,” and all minerals can be ranked
in order of which one will scratch which other ones.

Mineralogist Friedrich Mohs established a reference
scale of ten common minerals, ranked in order of increas-
ing hardness. as follows:



1. Tale 5. Apatite 8. Topaz
2. Gypsum 6. Feldspar 9. Corundum
3. Calcite 7. Quartz 10. Diamond

4. Fluorite

In reality, diamond is very much harder than corun-
dum, even though the scale says they are only one divi-
sion apart. The Mohs scale is approximately linear from
1 through 9; the curve climbs sharply upward at corun-
dum, however.

A mineral may be both hard and brittle, as in the case
of diamond. Diamond will scratch any other known
material, but a strong hammer blow can shatter a dia-
mond into thousands of pieces. The perfect cleavage of
diamond, in fact. allows it to be more expeditiously cut.
Cleavage may be aninitial diamond cutting operation, as
opposed to the long and tedious process of sawing.

Hardness in a gemstone will determine the degree to
which it will show wear. An opal, for example, which is
quite soft for a ringstone, rapidly becomes covered with
fine scratches in daily use, and the polish is quickly lost.
A ruby, on the other hand, will remain bright and lus-
trous for years, because the material is harder than most
of the abrasive particles in the atmosphere that contrib-
ute to gem wear.

The hardness of a material may vary slightly with
composition and also with state of aggregation. The
measurement of hardness is very tricky and often a mark
that looks like a scratch is actually a trail of powder left
by the supposedly harder material! Itis really not critical
whether the hardness of a mineral is 5 or 5 1/2. Frac-
tional hardnesses are reported where the literature has
indicated an intermediate value. A range in hardness is
much more meaningful, and the values reported in this
book represent all values encountered in the literature.
In only one case (kyanite) does the hardness of a mineral
vary very widely even within a single crystal. In most
cases the hardness range reported is very small (one unit).

DENSITY

Density, or specific gravity, is a bulk property of a mate-
rial that is independent of direction and is uniform within
a mass of material under ideal circumstances.

In actuality, the density of a mineral varies widely.,
even within a single crystal, due to the presence of impu-
rities, cracks, and bubbles. Density is a useful parameter
in gem identification, so the problems in its determina-
tion should be well understood.

Specific gravity is the ratio expressing the weight of a
given material compared to that of an equal volume of
water at 4°C. Thus, a specific gravity of 3 means that, at
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4°C, one cubic centimeter of the material in question
weighs 3 times as much as one cubic centimeter of water.

The density of a compound is a function of several
factors, including chemical composition and crystal struc-
ture. For example, consider diamond and graphite, both
of which are crystalline forms of the element carbon.
Diamond has a density of 3.5 because the carbon atoms
are tightly packed together in the structure: graphite.
with a much more loose, open structure, has a density of
only 2.2.

The density of minerals within a solid solution series
may vary linearly with change in composition. The effect
of chemical substitution is seen dramatically in the case
of the orthorhombic carbonate minerals aragonite and
cerussite. Aragonite is CaCO; and has a specific gravity
of 2.95; cerussite, with the same structure, is composed
of PbCO; and has a specific gravity of 6.55! This clearly
shows the role of lead versus calcium in the structure.

Specific gravities are usually measured with heavy
liquids. A liquid is prepared. such as a mixture of bromo-
form and toluene, to have a specific density value. An
unknown material dropped into the liquid may sink,
float, or remain suspended in one place within the liquid.
If the material sinks. it is denser than the liquid, and if it
floats it is less dense. If it remains at one level it has the
same density as the liquid. Very accurate measurements
of specific gravity can be made by changing the density
of a column of liquid through temperature variations and
suspending density standards in the column.

An alternative method of measurement is the use of
so-called torsion balances. such as the Hanneman bal-
ance and the Berman balance used by mineralogists.
These devices are designed to weigh a sample first in air
and then suspended in a liquid, such as water or toluene.
The weights in both media can be measured quite accu-
rately and specific gravities can sometimes be reported
to two decimal places.

A major problem in all density measurements is the
presence of impurities within the crystal being studied.
These impurities hardly ever have the same specific
gravity as the host material, and their presence results in
measurements that are of limited use for identification
purposes. Surface tension may also “float™ a mineral
grain in both heavy liquids and a torsion balance, resulting
in an erroneously low specific gravity measurement. Accu-
rate density measurement involves absolute cleanliness.
great care in specimen preparation, accurate tempera-
ture control, and replicate measurements.

The specific gravity measurements reported in this
book represent values taken from both the mineralogical
and gemological literature. In most cases a range is
reported, as well as a typical value or (where reported)
the value of the pure material.
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CLEAVAGE

Hardness, as discussed earlier, is the scratchability of a
material. Cleavage and the related property, fracture, arc
both manifestations of the tendency of certain crystals to
break along definite plane surfaces. As in the case of
hardness, the underlying principle is that of relative
bond strengths. If there are planes in a crystal structure
along which the atomic bonds are relatively weak, the
crystal may tend to break along such planes. Under ideal
circumstances, a cleavage plane might be smooth and
flat, virtually on an atomic scale.

The atomic arrangement within a crystal is symmetri-
cal; consequently, the planes of specific bonds are sym-
metrically disposed within the crystal. Cleavage planes
are therefore as symmetrical as crystal faces. By the
same reasoning, glass can have no cleavage whatever.
Glass is not crystalline but is rather a supercooled liquid,
in which the atoms are not arranged in a long-range
periodic array. There can therefore be no uniform bond
layers and hence no cleavage.

Cleavage is usually described with reference to crys-
tallographic axes and directions. However, this nomen-
clature is beyond the scope of this book, so in all cases
only the number of cleavage directions in a gem species
has been indicated and whether the cleavage is perfect
(eminent), good, fair, or poor. Sometimes there are dif-
ferent degrees of cleavage perfection in different direc-
tions within the same crystal, and these have been so
indicated in the text.

The term parting refers to breakage of minerals along
directions of structural weakness. Unlike the situation in
cleavage, parting is not present in all specimens of a
given species.

Fracture is the way a mineral breaks other than along
cleavage directions. The descriptive terms for this prop-
erty are: conchoidal (shell-like, distinguished by concen-
tric curved lines; this is the way glass breaks); fibrous;
splintery; hackly (consisting of sharp-edged and jagged
fracture surfaces); uneven.

Gems with perfect cleavage must be set carefully and
worn carefully, as a sharp blow to the stone along a
cleavage direction may easily split the gem. Spodumene
is well known for its difficulty in cutting. Even topaz
offers occasional problems to the cutter who is not aware
of the cleavage direction, because it is virtually impossi-
ble to polish a gemstone surface that is parallel to a
cleavage plane.

OPTICS

Accurate measurements of the optical properties of gems
are very useful because optical properties are extremely

sensitive to minute changes in composition and strain in
the crystal structure.

The basis of crystal optics is the premise that light
travels in the form of waves, like ripples on a pond. The
distance between successive crests or troughs of such a
wave is known as the wavelength, and the amplitude of
the wave is the height of the wave above the median
(middle position between crest and trough). In familiar
terms, different colors are different wavelengths, and the
amplitude is the intensity of the light. Light vibrates at
right angles to its direction of motion, and the vibration
takes place in all directions perpendicular to the light path.

When light passes from one medium (such as air) into
another (such as water) the light is actually slowed down.
In addition, the light path is bent. The deviation is always
referred to a line perpendicular to the interface between
the two media, which is known as the normal to the
interface. The light is always bent toward the normal in
the medium in which the light travels slower.

The ratio between the velocity of light in the two
mediais called the index of refraction or refractive index;
the first medium is usually taken to be air, in which the
light velocity is considered unity (1). The refractive index
then becomes /v, where v is the velocity of light in the
denser medium. Refractive index (usually abbreviated n)
is also frequently described in terms of the angle to the
normal made by the incoming light beam (incident ray)
and that made by the refracted beam (traveling within
the denser medium). Index of refraction in these terms
equals the sine of the angle of incidence divided by the
sine of the angle of refraction.

It is possible for light traveling from a given medium
into a less dense medium, as, for example from a crystal
into air, to strike the interface at such an angle that the
light is totally reflected at the interface, back into the
denser medium. The incidence angle at which this takes
place is known as the critical angle. This angle has great
significance in terms of gem cutting. If the angles at
which the gemstone are cut are incorrectly matched to
the refractive index of the material, light entering the
stone may “leak out” the bottom, causing a loss of bril-
liance. If the angles are correct at the bottom of the
stone, light is totally reflected internally and returns to
the eye of the viewer, creating brilliance that is most
pleasing and is, in fact, the whole reason for cutting
facets on gemstones.

The optical properties of gemstones and minerals are
determined by the crystallographic symmetry of these
materials. For example, isometric crystals have crystal
structures that are highly symmetrical in all directions;
the result is that light traveling in an isometric crystal, or
a glass (which is amorphous and has no crystal structure)
travels at the same speed in any direction and is not
slowed down measurably in any one direction within the



material. Such a material is termed isotropic and is char-
acterized by a single refractive index, abbreviated in this
book as N.

However, in all other crystals light is separated into
two components. These two rays are polarized, that is,
they each vibrate in a single plane rather than in all
directions perpendicular to the direction of travel of the
light. The two rays arising in such crystals are known as
the ordinary ray and the extraordinary ray. All crystals
other than isometric ones cause this splitting of incident
light and are termed anisotropic.

The existence of polarized light can be demonstrated
by means of a special prism known after its inventor as
the Nicol prism. This contains specially cut pieces of the
mineral calcite that are oriented insuch a way as to allow
only light polarized in a single plane to pass through. If
two Nicol prisms are lined up and turned with their
polarization directions at right angles to each other, no
light may pass at all. Similarly, a Nicol prism (or similar
device) can be used to test for the polarization directions
of light that has traveled through a crystal specimen or
gemstone. This is the basic function of such devices as
the polariscope and polarizing microscope. The polariz-
ing microscope is not generally used with gemstones, but
instead with tiny mineral grains. Gemologists prefer to
work with larger polarizing devices, usually 1-3 inch
diameter discs of polaroid plastic, mounted in a device
called a polariscope.

In tetragonal and hexagonal crystals there is a unique
crystal axis, which is either longer or shorter than the
other two axes in the crystal. Light traveling in a direc-
tion parallel to this axis vibrates in the plane of the other
two axes. Since the other two axes are equivalent, this
vibration is uniform and resembles the light vibration in
an isotropic crystal. If a pair of Nicol prisms is placed in
line with light traveling in this direction in such a crystal,
and the prisms are rotated so that the polarization direc-
tions are crossed (perpendicular), no light will be seen
emerging from the crystal. As a result of the presence of
this unique optical direction in tetragonal and hexagonal
crystals, substances crystallizing in these crystal systems
are termed uniaxial.

All other crystals contain two directions in which
light vibrates uniformly perpendicular to the direction of
travel. Consequently, crystals in the orthorhombic, mono-
clinic, and triclinic systems are termed biaxial. The com-
plete description of the behavior of light in such crystals
is very complex and beyond the scope of this book. The
interested reader is referred to standard works on optical
crystallography indicated in the Bibliography on page 237.

The ray in uniaxial crystals that travels along the optic
axis, and which vibrates equally in a plane at right angles
to this direction, is the ordinary ray. The other ray, which
vibrates in a plane that includes the unique crystal axis
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direction, is the extraordinary ray. The refractive indices
for these rays (directions) are the basic optical parame-
ters for a uniaxial mineral, and are listed in this book as o
and e. If the o ray has a velocity in the crystal greater than
the e ray, such a crystal is termed positive (+); the crystal
is considered negative (—) if the e ray has a greater
velocity. The birefringence in a uniaxial crystal is the
difference between the refractive indices for o and e.

In biaxial crystals there are three different crystallo-
graphic axes, and in addition there are two unique direc-
tions within the crystal that resemble the unique optic
axis in a uniaxial crystal. The refractive indices of a
biaxial crystal are designated by the Greek letters a
(alpha), p (beta), and y (gamma). Alpha is the lowest
index, isreferred to a direction in the crystal known as X,
and is associated with the fastest light speed within the
crystal. Beta is an intermediate index, corresponds to the
Y crystallographic direction, and represents an interme-
diate ray velocity. Gamma is the highest refractive index,
corresponds to the Z crystallographic direction, and is
associated with the lowest ray velocity.

The birefringence in a biaxial crystal is the difference
between the alpha and gamma index. The acute angle be-
tween the two optic axes within the crystal is designated
2V and is a useful parameter to the mineralogist. It turns
out that if the beta index is exactly halfway between alpha
and gamma, the 2V angle is exactly 90°. Finally, if beta is
closer in value to gamma than to alpha, the crystal is con-
sidered optically negative. If the value of beta is closer
to that of alpha, the crystal is termed optically positive.

Both refractive indices and birefringence are useful
parameters in characterizing and identifying crystals,
and both change with composition, the presence of impu-
rities, and may vary even within a single crystal.

It should always be remembered that the refractive
index is basically a measure of relative light velocity.
Every wavelength of light travels through a given medium
(other than air) at a different velocity, and consequently
every wavelength has its own refractive index. The differ-
ence in refractive index with variation in wavelength is
known as dispersion.

Dispersion is what makes a diamond sparkle with
colors. The difference in refractive index for red vs. blue
light in a diamond is quite large. As light travels through
a cut gemstone, the various wavelengths (colors) there-
fore diverge, and when the light finally emerges from the
stone the various color portions of the spectrum have
been completely separated.

Dispersion is reported as a dimensionless number
(that is, no units), but there is some degree of choice in
selecting the wavelengths to use as reference points. By
convention, the dispersion of a gemstone is taken as the
difference in refractive index as measured using the
Fraunhofer B and G lines. These are spectral lines ob-
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served in the spectrum of the sun, respectively at 6370
and 4308 A (Angstrom units: one Angstrom is equal to
one ten-billionth of a meter. This unit of length is used to
describe light wavelengths).

In some cases, no dispersion information exists for a
mineral or gemstone in the gemological literature; how-
ever, the mineralogical literature may have data for the
refractive index measured at certain different wavelengths
(not including the B and G wavelengths). In such cases it
is possible to calculate the dispersion, by means of a
special type of graph paper known as a Hartman Disper-
sion Net. This is a logarithmic-type paper on which one
can plot refractive indices at specific wavelengths cover-
ing the entire useful range. Such plots are linear and can
be extrapolated to the positions of the Band G lines. The
B-G dispersion is then simply picked off the graph. Approx-
imately 20 gemstone dispersions never before reported
and based on calculations such as are included in this book.

In some cases, as with opaque or translucent materi-
als, the gemologist using only a refractometer cannot
measure accurate refractive indices; rather the instru-
ment gives only a vague line representing a mean index
for the material. Since this number is useful, in that it
indicates what can be expected in routine work, it has
sometimes been included in the text of this book. Also,
the refractometer effectively measures a/l indices of refrac-
tion (that is, for all light wavelengths) simultaneously;
more accurate measurements can be made if only a
single wavelength is selected. This i1s universally taken to
be the spectral (yellow) line known as D, which is charac-
teristic of the emission spectrum of sodium.

Light may be absorbed differently as it passes through
a crystal in different directions. Sometimes the differ-
ences are only in degree of absorption or intensity. In
other cases, however, different wavelength portions of
the transmitted light are absorbed in different directions,
resulting in colors. This phenomenon is termed pleo-
chroism. In the case of uniaxial materials, there are only
two distinct optical directions and the phenomenon is
termed dichroism. Other materials may be trichroic,and
the pleochroic colors are sometimes very distinct and
strong and are useful in identification. The pleochroic
colors reported for various gems are presented in this
book in the order X/Y/Z, separated by slashes.

Since isotropic materials (including glasses) do not
affect the velocity or properties of light passing through
them in different directions, isotropic materials never
display pleochroism. Occasionally, however, an isotropic
material may display anomalous colors in polarized light.
These effects are generally attributed to strain. However,
there is abundant evidence that a more likely cause is the
ordered arrangement of atoms on specific crystallo-
graphic sites.

SPECTRAL

The optical spectrum of a gemstone may be extremely
useful in identification or in rapidly distinguishing between
two similar gemstones with similar optical properties.

The principle of the spectroscope is fairly straightfor-
ward. Light we call white actually consists of a mixture of
all the wavelengths in the visible range combined in
specific proportions. When such light passes through a
colorless material, none of the light is absorbed, and the
white light emerges unchanged. However, some materi-
als absorb various portions of the white light, allowing
other portions to emerge and reach our eyes. The remaining
portions consist of white light from which certain wave-
lengths have been subtracted. Consequently, if a mate-
rial absorbs red, orange, and most of the yellow from the
original white light, all that remains is blue and green and
the material appears to us as a blue-green color. A ruby
appears red to us because it absorbs nearly all the violet
and green light passing through it.

The optical spectroscope is a device that separates
white light into a spectrum of component colors, using
either a prism or a diffraction grating. The spectrum
consists of either an infinite (in the case of a prism) or
finite (diffraction-grating type) assemblage of images of
a very narrow slit, each representing a different wave-
length. A gemstone placed between the light source and
the slit will absorb certain wavelengths. The slit images
of these wavelengths are consequently missing from the
observed spectrum, and therefore show up as dark lines.
The width of the lines depends on the diameter of the slit
(which is usually adjustable). Often entire segments of
the spectrum are absorbed, and the result is a dark band
rather than a line. The light source itself may not pro-
duce all visible wavelengths. If a spectroscope is aimed
at the sun, for example, the observed spectrum contains
dark lines even though there is no absorbing material in
front of the slit. These are known as Fraunhofer lines,
named after Joseph von Fraunhofer (1787-1826) who
showed them to represent absorptions by elements within
the gaseous outer layers of the sun’s atmosphere.

Certain gemstones have very distinctive spectra. In
general, an optical spectrum is created through the agency
of certain atoms in the crystal structure, which are, in the
final analysis, responsible for the light absorption. Emer-
ald, for example, contains chromium; the spectrum of
emerald contains very distinctive absorption lines repre-
senting chromium, located in the far red portion of the
spectrum. Such minerals as apatite, zircon, olivine, sin-
halite, and idocrase have characteristic lines that are
frequently used in identification. A glance through a
spectroscope, for example, is instantly sufficient to dis-
tinguish between a garnet and a ruby.



The absorption spectra of many gemstones have not
yet been reported in the gem literature. In other instances
the spectrum has no distinctive or useful features. In
both cases the abbreviation N.D. (No Data) has been
used. It is hoped that the next edition of this book will
contain complete spectral information on all the rare
gems for which data are currently not available.

INCLUSIONS

Inclusions are crystals of minerals, cracks, healing fis-
sures, bubbles, hoses, and other internal features of min-
erals that are useful in identification. Inclusions represent
minerals that were floating in solutions from which other
minerals formed; they are bits of liquid and gas bubbles
trapped in a mineral as it grew; they are fractures sur-
rounding radioactive minerals contained within a host
mineral. The world of gemstone inclusions is beautiful,
vast, and exciting, and one to which data are continually
being added.

The instrument for study of inclusions in gems is the
microscope, preferably one with darkfield illumination.
Sometimes inclusions are too small to be resolved with
the 30-60X usually reached by stereoscopic microscopes,
and magnifications of 200X or more are required.

An expert in the field of mineral and gemstone inclu-
sions may be able not only to identify a gemstone and
pronounce unambiguously whether it is natural or syn-
thetic but also to indicate the very mine from which it
came! Inclusions are the most powerful means of distin-
guishing the bewildering variety of manufactured stones
from the much more valuable natural gems they attempt
to imitate. Inclusion information in this book represents
a summary of what is in the available literature; in-
formation is lacking for many of the rarer gemstones,
which will, it is hoped, be provided for future editions of
this book.

LUMINESCENCE

Certain electrons in atoms within the crystal structure of
a mineral may be able to absorb energy and release the
energy at a later time. This creates a phenomenon known
as luminescence. If the absorbed energy is released almost
immediately, the effect is called fluorescence; if there is
a delay (ranging from seconds to hours) in the release of
the energy the effect is called phosphorescence. The
excitation energy may be X-rays, visible light, or even
heat, but the most widely used energy source is ultravio-
let light. Ultraviolet (UV) light is generated by several
different kinds of lamps, basically of two types: longwave
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(LW) UV at 3660 A, which is generated by fluorescent-
type lamps, and shortwave (SW) UV, at 2587 A, gener-
ated by special quartz tubes.

Some minerals react in LW, some in SW, some in both.
and some in neither. In many cases a mineral is not
excited by UV light unless it contains an impurity ele-
ment that acts as an activator. The element manganese
plays such a role in many minerals. Conversely, the ele-
ment iron quenches fluorescence in most minerals. The
detailed reasons for this behavior are beyond the scope
of this book.

Luminescence effects are useful in gemstone identifi-
cation, especially in certain cases in distinguishing syn-
thetics. However, luminescence is best used in conjunction
with other gemological tests.

OCCURRENCE

The occurrences reported in this book are condensed
from both the mineralogical and gemological literature.
Where possible an attempt has been made to indicate
the general rock types and geological environments in
which a mineral occurs. Following this is a listing of
specific localities that have been reported, noting, where
possible, whether the material found is of major
gemological significance.

It should be remembered that a mineral may be reported
from a locality, and none of it is of gem quality (that is,
attractive in color, transparent, and so forth). However,
an occasional piece may be encountered that is suitable
for cutting, and this is sufficient to establish the material
in the literature as occurring in gem quality in that
locality. Such possibilities are always open. The main
emphasis of this section in the book is to indicate how
widespread the material is and from what parts of the
world it is best known.

STONE SIZES

This section of the book will, perhaps. never actually be
completed but rather will continually focus on adding
information as obtained.

The objective is to indicate what constitutes a “large
one” for a given species in question, with respect to cut
gems. In some cases catalog information for major muse-
ums exists. Much information has been compiled from
verbal sources, information in the minds of expert cut-
ters, museum curators, and collectors. In some cases |
have seen no cut examples of a gem in question but have
seen references to such gems in the literature or in pri-
vate communications. Here only an indication can be
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provided of expectable gem sizes. 1 freely acknowledge
major omissions in the information presented in this
portion of the text and hope that interested readers will
make the next edition more useful by providing correc-
tions and additions.

Gemstones of major importance exist in museum col-
lections throughout the world. Some museums have espe-
cially complete collections of rare gems, and these
institutions have been mentioned frequently in the text.
Abbreviations used for some of these museums are
as follows:

BM: British Museum (Natural History) (London,
England)
SI: Smithsonian Institution (Washington, D.C.)
DG: Devonian Group (Calgary, Alberta, Canada)
AMNH: American Museum of Natural History (New
York)
ROM: Royal Ontario Museum (Toronto, Ontario,
Canada)

PC: Private Collection
LA: Los Angeles County Museum (Los Angeles)
CA: California Academy of Sciences (San Francisco)
NMC: National Museums of Canada (Ottawa, Ontario)
HU: Harvard University
GIA: Gemological Institute of America

The metric carat is a unit of weight equal to one-fifth
of a gram. It is the standard measure of gemstones.
Where sizes are given in this book without a unit of
measurement, the weight in carats is intended. Lower-
cost cabochons are measured in millimeter size.

COMMENTS

This section contains general comments on wearing char-
acteristics of gemstones, miscellaneous notes on occur-
rence, what constitutes high or low quality in the stone,
general availability, and scarcity.



Thermal Properties

Gemologists are severely handicapped in analyzing and
identifying gemstones because of necessity (and rather
obviously) their testing methods must be nondestructive.
This limits the measuring process to the areas of optics,
including spectroscopy, luminescence, and so forth, den-
sity, and microscopic inclusions. Hardness is not routinely
measured on cut gems. Moreover, the instrumentation
used in this field must be simple enough to be learned by
people with no real scientific training (which is the case
with the vast majority of gemologists) and must be
affordable. Much of the literature of gemology these
days reports measurements on gems made with various
kinds of advanced instrumentation, including ultraviolet
absorption spectroscopy, X-ray fluorescence analysis,
and even electron paramagnetic resonance. This is well
and good for the literature but is of little practical value
for the working gemologist and/or appraiser.

Therefore, it is important to explore the potential of
any possibly diagnostic, inexpensive, simple, and non-
technical method of gemstone analysis. One such method
is the measurement of thermal properties.

Heat energy may be transferred by radiation (for exam-
ple, sunlight), convection (the creation of currents in a
pot of boiling water), and conduction. The latter method
of heat transfer is the most relevant to solid materials at
room temperature, that is, gemstones. There are four
thermal properties of potential interest, three of which
are mathematically interrelated. However, the best one
for gem testing is the one that can most easily be meas-
ured with simple instrumentation; this turns out to be
thermal inertia. The others are not as useful, as out-
lined below:

Specific heat is the amount of heat required to raise
one gram of a substance one degree Celsius. This is a
constant for a given substance but one that varies little in
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different gem materials and therefore is not especially
useful for identification purposes.

Thermal diffusivity is a measure of the velocity of
heat flow in a material. If heat is applied to a substance,
some of the heat energy (to a degree that depends on the
specific heat of the material) goes into raising the tem-
perature of the substance. The rest of the heat energy
diffuses away from the point where the heat is being
applied. The higher the thermal diffusivity of a mate-
rial, the faster it will pass heat energy from one point
to another.

Thermal conductivity on the other hand, isa ratio and
relates the flow of heat through a given thickness of
material to the temperature difference across this thick-
ness. It turns out that thermal conductivity is direc-
tional, just like refractive index, in all but isotropic
(isometric or amorphous) materials. The symmetry of
optical and thermal properties is usually the same, but
very few measurements on the variation of conductivity
with direction have been made on gem materials.

Thermal inertia is a measure of how quickly the sur-
face temperature of a material can be changed by a flow
of heat into the material. The higher the thermal inertia,
the slower the surface temperature will rise when heat is
applied. This is why materials, such as plastics, that have
alow thermal inertia feel warm to the touch—body heat
rapidly raises the surface temperature of such materials—
while stone objects feel cold.

Thermal inertia is a directional property but lends
itself to simple instrumentation for measuring a mean
value. The various diamond probes (such as those made
by the GIA, Rayner, Kashan and Ceres Corp.) on the
market take advantage of this fact. Such probes consist
of a temperature-difference sensor (a thermocouple) and
an adjacent thermal source (resistance heater) surrounded
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by an insulated probe housing. Care must be taken in
using such instruments to prevent drafts from affecting
the readings. The probe tip is placed against the mate-
rial being measured (that is, a gemstone facet) and a
meter reading is obtained in about one second. This
reading can be related to thermal inertia. The commer-

cial probes were developed specifically to distinguish
diamond (with a very high thermal inertia) from its imita-
tions, such as cubic zirconia (with much lower thermal
inertia). Difficulties may be encountered with very small
stones, but the instrument can be calibrated against
small gems to avoid this problem.

TABLE 1. Thermal Properties of Gem Materials, Synthetics, and Simulants as well as Some Metals at Room Temperature

Thermal Thermal
Diftusivity Inertia

Specific
Heat Density

(cal/cm®Csec) (cal/gm®°C) [gm/cm?) [(cm?/sec) [cal/cm? °C sec”)

Thermal
Conductivity
Material
Gem Materials, Synthetics, and Simulants
Diamond 1.6-4.8
Silicon carbide (synthetic) 0.215%
Periclase (synthetic) 0.110°
Corundum: ¢ axis 0.0834"
a axis 0.0772
C axis 0.060°
Topaz: a axis 0.0446
mean, Gunnison, Colorado 0.0269
Pyrite: Colorado 0.0459
Kyanite: ¢ axis 0.0413°
b axis 0.0396°
mean, Minas Gerais, Brazil 0.0338
Hematite: Itabira, Brazil 0.0270
Spinel: locality unknown 0.0281
Madagascar 0.0227
Fluorite: locality unknown 0.0219
Rosiclare, lllinois 0.0227
Sphalerite: Chihuahua, Mexico 0.0304
Sillimanite: Williamstown, Australia 0.0217
Andalusite: Minas Gerais, Brazil 0.0181
Pyrophyllite: North Carolina 0.0194
Jadeite: Japan 0.0159
San Benito County, California 0.0110
Gahnite: Colorado 0.0103
Magnesite: Transvaal 0.0139
Rutile: ¢ axis 0.0231°
a axis 0.0132°
mean, Virginia 0.0122
Grossular: Connecticut 0.0135
Chihuahua, Mexico 0.0134
Crestmore, California 0.0124
Quartz: ¢ axis 0.0264°
C axis 0.0264°¢
a axis 0.0140Q°
a axis 0.0160°
mean, Jessieville, Arkansas 0.0184
Spodumene: Maine 0.0135
Diopside: New York 0.0133
Madagascar 0.00969
Dolomite 0.0132
Olivine (peridot, FogsFa;4) 0.0115
Elbaite: Keystone, South Dakota 0.0126
Talc, Quebec 0.0124
Tremolite: Balmat, New York 00117
Ontario, Canada 0.0112
Amblygonite: South Dakota 0.0119
Zircon: Australia 0.0109
Enstatite(EnggFs,): California 0.0105
Bronzite (En;sFs.,): Quebec 0.00994

0.12 3.52¢ 3.79-11.4 0.822-1.42
0.2* 3.17¢ 0.339 0.369
0.2* 3.575°% 0.154 0.281
0.206 4.0° 0.101 0.262
0.206 4.0° 0.0937 0.252
0.206 4.0° 0.0728 0.222
0.2* 3.58° 0.0632 0177
0.2* 3.5631 0.0381 0.138
0.136 4915 0.0684 0.176
0.201 3.66° 0.0562 0.174
0.201 3.66° 0.0539 0.171
0.201 3.102 0.0461 0.158
0.169 5.143 0.0310 0.153
0.216 BI63S 0.0358 0.148
0.216 3.633 0.0288 0.133
0.220 3.18% 0.0313 0.124
0.220 3.186 0.0324 0.126
0.115 4.1083 0.0646 0.120
0.203 3.162 0.0339 0.118
0.202 3.102 0.0289 0.107
0.2" 2.829 0.0343 0.105
0.206 3.196 0.0242 0.102
0.206 3.350 0.0160 0.0873
0.2* 4.163 0.0100 0.102
0.236 2.993 0.0198 0.0992
0.189 4.2° 0.0291 0.135
0.189 4.2° 0.0166 0.102
0.189 4.244 0.01583 0.0990
0.196 3.617 0.0188 0.0979
0.196 3.548 0.0193 0.0967
0.196 3.318 0.0190 0.0898
0.196 2.65° 0.0578 0.125
0.196 2.65° 0.0509 0.117
0.196 2.65% 0.0270 0.0854
0.196 2.65% 0.0308 0.0912
0.196 2.647 0.0354 0.0978
0.2¢ 3.155 0.0214 0.0923
0.196 3.270 0.0208 0.0923
0.196 3.394 0.0146 0.0802
0.221 2.857 0.0209 0.0911
0.2* 3.469 0.0166 0.0893
0.2* 3.134 0.0202 0.0889
0.221 2.804 0.0200 0.0878
0.210 2.981 0.0186 0.0854
0.210 3.008 0.0177 0.0839
0.2* 3.025 0.0197 0.0850
0.140 4.633 0.0167 0.0839
0.2* 3.209 0.0334 0.0821
0.2¢ 3.365 0.0148 0.0818




Thermal Specific Thermal Thermal

Conductivity Heat Density  Diffusivity Inertia
Material (cal/cm °Csec) (cal/gm°C) (gm/cm®) (cm?/sec) (cal/cm?°C sec”)
Spessartine: Haddam, Connecticut 0.00811 0.2* 3.987 0.0102 0.0804
Datolite: Paterson, New Jersey 0.0106 0.2* 2.996 0.0177 0.0798
Anhydrite: Ontario, Canada 0.0114 0.187 2.978 0.0204 0.0796
Almandine: Gore Mountain, New York 0.00791 0.2* 3.932 0.0101 0.0789
Staurolite: Georgia 0.00828 0.2* 3.689 00112 0.0782
Augite: Ontario 0.00913 0.2* 3.275 0.0140 0.0773
Pyrope: Navajo Reservation, Arizona 0.00759 0.2* 3.746 0.0101 0.0754
Andradite: Ontario, Canada 0.00738 0.2* 3.746 0.00984 0.0744
Smithsonite: Kelly, New Mexico 0.00612 0.2* 4362 0.00701 0.0731
Beryl: ¢ axis 0.0131° 0.2* 2.702 0.0243 00842
a axis 0.0104° 0.2* 2.70% 0.0193 0.0750
mean, Minas Gerais, Brazil 0.00953 0.2* 2.701 0.0176 0.0718
Calcite: Chihuahua, Mexico 0.00858 0218 2.721 0.0145 0.0713
Axinite: Baja California 0.00767 0.2* 3.306 0.0116 0.0712
Prehnite: Paterson, New Jersey 0.00854 0.2* 2.953 0.0145 0.0710
Rhodochrosite: Argentina 0.00731 0.184 3.584 0.0111 0.0695
Flint: Brownsville, Ohio 0.00886 0.2* 2618 0.0169 0.0681
Epidote: Calumet, Colorado 0.00627 0.2* 3413 0.00919 0.0654
Petalite: Rhodesia 0.00856 0.2* 2.391 0.0179 0.0640
Clinozoisite: Baja California 0.00574 0.2* 3.360 0.00854 0.0621
Idocrase: Chihuahua, Mexico 0.00576 0.2* 3.342 0.00863 0.0620
Sphene: Ontario, Canada 0.00558 0.188 3.525 0.00845 0.0607
lolite: Madagascar 0.00650 0.2* 2.592 0.0126 0.0580
Zoisite: Liksviken, Norway 0.00513 0.2* 3.267 0.00785 0.0579
Aragonite: Somerset, England 0.00535 0.209 2.827 0.00906 0.0562
Microcline: Amelia, Virginia 0.00621 0.194 2.556 0.0126 0.0554
Ontario, Canada 0.00590 0.194 2.558 0.0119 0.0541
Albite (AbgeAn,): Amelia, Virginia 0.00553 0.202 2.606 0.0105 0.0540
Serpentine (lizardite): Cornwall, England 0.00558 0.2* 2.601 0.0107 0.0539
Orthoclase: Goodspring, Nevada 0.00553 0.2* 2.583 0.0107 0.0534
Sodalite: Ontario, Canada 0.00600 0.2* 2.326 0.0129 0.0528
Lepidolite: Dixon, New Mexico 0.00460 0.2* 2.844 0.00807 0.0512
Anorthite (AbsAngg): Japan 0.00401 0.196 2.769 0.00737 0.0467
Fluor-apatite: Ontario, Canada 0.00328 0.195 3.215 0.00522 0.0454
Chlor-apatite: Snarum, Norway 0.00331 0.195 3.152 0.00539 0.0451
Labradorite (AbssAnss): Nain, Labrador 0.00365 0.2* 2.701 0.00676 0.0444
Barite: Georgia 0.00319 0113 4411 0.00639 0.0399
Apophyllite: Poona, India 0.00331 0.2* 2.364 0.00699 0.0396
Leucite: Rome, ltaly 0.00274 0.2* 2.483 0.00551 0.0369
Vitreous silica (General Electric) 0.00325 0.201 2.205 0.0074 0.0379
Hyalite: Spruce Pine, North Carolina 0.00290 0.2* 2.080 0.0070 0.0347
Glass: obsidian 0.00330° 0.2* 2.4 0.00688 0.0398
ordinary flint (lead) 0.0018° 0.117#2 3.5¢ 0.00440 0.0272
very heavy flint (lead) 0.0012° 0117 4.5 0.00228 0.0251
Metals
Copper 0.927 0.092 8.89 1.13 0.871
Silver 100% 1.00 0.056 105 1.70 0.767
Silver 69%, gold 31% (weight) 0.237 0.048* 128 0.401 0.374
Silver 34%, gold 66% (weight) 0.152 0.040* I[585 0.245 0.307
Gold 100% 0.707 0.031 19.3 1.18 0.650
Aluminum 0.485 0.214 2.7 0.839 0.529
Platinum 0.166 0.032 21.4 0.242 0.337
Platinum, 10% iridium 0.074 0.032* 216 0.107 0.226

Source: From D. B. Hoover, The gem diamondmaster and the thermal properties of gems, Gems & Gemology, Summer 1983: 77-86

© 1983 Gemological Institute of America. Reprinted with permission.

Note: Unless another reference is indicated by a superscript letter, the values for conductivity and density were taken from K. Horai, 1971

Thermal conductivity of rock forming minerals, Journal of Geophysical Research 76(5); for specific heat from R A Robie and D. R.
Waldbaum, 1968, Thermodynamic properties of minerals and related substances at 298.15 degrees K and one atmosphere pressure and at
higher temperatures, U.S. Geological Survey Bulletin 1259. * — assumed value; not found in the literature.

2 R. Webster, 1982, Gems, 3rd ed. Hamden, Conn.: Butterworth & Archon.

® Chemical Rubber Company, 1966, Handbook of Chemistry and Physics, 47th ed. Boca Raton, Fla.: Chemical Rubber Company

¢S. P Clark, 1966, Handbook of Physical Constants, Memoir 97. Boulder, Colo.: Geological Society of America
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Figure 1. Three-dimensional color system.
(From Precise Color Communication:
Color Control from Feeling to Instrumen-
tation, p. 8; courtesy of Minolta Camera
Company, Ltd., Japan.)

Figure 2. Color solid. (From Precise
Color Communication: Color Controi
from Feeling to Instrumentation, p. 9,
courtesy of Minolta Camera Company,
Ltd., Japan.)
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Figure 3. Munsell color wheel. (From
Precise Color Communication: Color
Control from Feeling to Instrumentation,
p. 19; courtesy of Minolta Camera
Company, Ltd., Japan.)

Figure 4. Munsell value and chroma for
hue 5G. (From Precise Color
Communication: Color Control from
Feeling to Instrumentation, p. 17;
courtesy of Minolta Camera Company,
Ltd., Japan.)
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TABLE 3. Munsell (chroma C) and L*a‘b* (chroma c*) notations
i Wi Figure 6. L*a*b* and Munsell
L) R|YR| Y |Gy | G |BG| B | PB|P|RP notations (hue, value). For
Wrser extremely small or large a*b*
values, multiply or divide them by
1 S 7 8 7 6 5 | 4 4 144 an appropriate amount before
5 9 12| 15 | 13 | 11 10 9 9 |olg plotting and reading the hue
values. (From Precise Color
3 15 | 17 | 22 |22119) 16 | 16 | 13 | 13 [13|13 Communication: Color Control from
2 19 |o2los| 29 l2olos| 22 | 20 | 17 | 17 |18] 18 Feeling to Instrumentation, p. 19;
courtesy of Minolta Camera
6 |27|30|34|38|42|45(43|39(34|31| 28 | 26 | 26 |27|26 Company, Ltd., Japan.)
8 37141]|46|50156|59|58|51|45[42| 38 | 34 | 34 [36|35
10 |46(51|57|63|70|74|73|65}56|53|51(47[44]40{41{44|45| 44
12 |55(62|68|76(84|88(87|77 48|55(53| 51
14 64173|79|90{ 98 66 |62]60
Source From Precise Color Communication® Color Control from Feefing to Instrumen-
16 | 84 |94|101 109 75 R e Y e ore o s 18 e i Pres U8
for hues 6-10




Color Measurement
and Specification

One of the great challenges of gemology is the develop-
ment of an accurate, simple, consistent, and reproduci-
ble technique for measuring and specifying gemstone
colors. Until the mid-1980s little progress in this direc-
tion was made, despite the appearance and widespread
promotion of various color-chart systems. None of these
systems work, chiefly because they do not adequately
cover the total range of gem colors, do not have enough
detail in the areas they do cover, and the color-chart
materials (whether printed colors or transparencies) are
not of sufficiently high quality to prevent variations in
production runs. The ideal solution is a gemstone color-
imeter; however, such an instrument must deal with the
unique optical properties of gems, including such factors
as brilliancy and pleochroism, which make gemstones ex-
tremely difficult specimens for instrumental measurement.

The science of colorimetry is well established in almost
all areas of endeavor where color is important, such as
paint, plastics, textiles, and other industrial and con-
sumer materials. Objective instrumentation is now routinely
used in these fields, but before such instruments were
available people had to rely on visual systems for specify-
ing color, namely, color charts. These charts are sections
of what we may refer to as three-dimensional color space.
These three color dimensions are termed hue, lightness,
and saturation.

Hue is the attribute we are describing when we speak
of red, yellow, green, blue, purple, and other hues inter-
mediate to adjacent pairsin this series. These hues can be
readily visualized in terms of a color wheel (see Figure 3).*

Substantial portions of this text were provided by W. N. Hale, Jr.,!
private color consultant and 22-year veteran of Munsell Color Co., Inc.
(as both president and technical director), to whom the writer is deeply
indebted.

*Figures 1-6 and Table 3 will be found in the preceding insert.
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Lightness (also called value) is a scale with white and
black as endpoints and shades of gray in between. Note,
however, that all chromatic colors can also be scaled as
to lightness as a function of their total reflectance. Light-
ness can be visualized in terms of a vertical axis with
white at the top and black at the bottom (see Figure. 1).

Saturation (or chroma) is a measure of the amount of
hue in a color, that s, its vividness, or how much it differs
from a gray of the same lightness. Chroma can be seen in
vertical sections of three-dimensional color space (Fig-
ure 2). A section along a specific radial direction of the
color circle is designated as a specific hue. Lighter shades
of this hue are near the top of the section, darker shades
at the bottom. The chroma (vividness) of the hue increases
moving outward from the central axis. Figure 2 shows
that the range of chroma varies with both hue and light-
ness; this makes the color solid an irregular shape, rather
than a simple ovoid or sphere.

Color specification can be achieved by subdividing
the color solid into smaller units and giving each a name
or set of numerical coordinates. This results in a classifi-
cation known as a color-order system. There are many
ways to subdivide the color solid, and, not surprisingly,
there are also many color-order systems.

Some of the color-order systems created during the
early decades of this century (including those of Munsell,
Ostwald, Ridgway, and others) were represented by charts
made of paint colors coated on paper. These were used
by architects and designers for selecting and specifying
colors, by industry for color selection and quality con-
trol, and by biological scientists for color classification
of thousands of specimens of flora and fauna. Thus the
need for accurate color measurement and specification
was firmly established before instruments and related
color-order systems were available. Some of these older
systems (Ridgway in biology, Ostwald in architecture)
are still in use today.
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Perhaps the most popular and widespread of the chart-
type color-order systems is the one devised by A. H.
Munsell and extensively revised by the Optical Society
of America (OSA) in 1943. The Munsell hue scale is
based on five hues equally spaced around the hue circle
(red, yellow, green, blue, purple) and intermediate hues
(yellow-red, green-yellow, blue-green, purple-blue, red-
purple). The major hues are abbreviated R, Y, G, B, P
and the intermediate hues YR, GY, BG, PB, RP (Figure
3). Further subdivision results in forty hue charts in the
Munsell Book of Color. Colors appear on these charts at
value (lightness) intervals of one unit from 2 to 9. Chroma
is represented in whole units ranging from 2 (near-gray)
in two-step intervals up to as high as 14 and 16 for the
most vivid colors (Figure 4). The notation system is
decimal, allowing colors to be specified as accurately as
required. Munsell color books are available in both matte
and high gloss finish, with the latter having about fifteen
hundred colors.

All these color-order systems (including the more
recent German standard DIN 6164 and the Swedish Stand-
ard Natural Colour System) have certain similarities.
Color sampling is along lines of constant hue (or a simi-
lar metric). Thus corresponding colors on adjacent hue
charts become visually farther apart as they become
progressively more saturated (that is, move further away,
radially, from the center of the color circle). This means
that the most vivid colors are more distant from each
other than less vivid ones, often by a factor of five or
more. The color charts for use with gemstones are inade-
quate because they do not have sufficient colors in the
vivid color regions to which they extend, and they do not
extend far enough. Opaque colors on paper simply can-
not be produced to the color ranges of vivid, transparent
gemstones. In addition, opaque paint colors do not look
like transparent gemstones, even when they are, in fact,
the same colors.

A major step forward came in 1931 with the interna-
tional adoption of the Commission International
d’Eclairage (CIE) system, resulting in greater interest in
color measurement and specification, especially by
colorimetry. The CIE system included standard illumi-
nants (incandescent, sunlight, north daylight) a standard
observer, and standard response functions of the human
visual system. The CIE continues as the principal inter-
national organization in the field of color research and
standardization and since 1931 has made important
improvements and additions to the original concept.

The color industry was built around research and
development of spectrophotometers and colorimeters
capable of making measurements and reporting data in
CIE terms. However, this created a problem with existing
color-order systems. Such systems are necessarily spaced
visually for their appearance under a specific light source;
visual spacings and overall appearance will be accord-
ingly altered if other sources are used. If CIE data are

published for such colors, the numbers are valid only
for the light source for which the measurement data
were computed.

CIE color space is visually nonuniform. A more uni-
form color space makes specification of tolerances and
small color differences more meaningful and is therefore
more useful to science and industry. Extensive research
has been done to produce mathematical transformations
of CIE data into a more visually uniform color space.

In 1942 Richard S. Hunter designed a filter colorime-
ter for the measurement of opaque surface colors and
with it the Hunter color-order system. This is a transfor-
mation of CIE data using simple equations that were
incorporated into the computational elements of the
instrument. Hunter space was of the “opposite-hue”™ or
“opponent-hue” type as shown in Figure 5. When Hunter
a attribute is positive, the color has redness; when nega-
tive, greenness. Similarly when b is positive the color has
yellowness, when negative, blueness, The third Hunter
attribute was L for lightness. Equal steps along the three
scales (L.a.b) were intended to represent equal visual
steps in the several color directions, permitting color
differences to be simply computed by the formula:

AE =\AL* + Ad> + Ab?,

Where the Greek letter delta (4) + E denotes color
difference.

It is common practice today for color-measuring instru-
ments to include Hunter color notations as a readout
option for expression of measurement results. Although
material color samples were never produced to illustrate
Hunter color space, the nearly uniform visual spacing
became very useful for describing color specifications
and tolerances in industry and contributed importantly
to the sale and use of these instruments.

Work continued in the CIE and elsewhere to provide
a color space with even better visual color spacing,
resulting in the 1976 recommendation for the use of
CIELAB space. This is similar to Hunter space, is a
mathematical transform of CIE data, and is plotted on
rectangular coordinates (see Figure 6). CIELAB color
attributes are designated L* (L-star), a* (a-star) and b*
(b-star) to distinguish them from Hunter and have the
same nominal meanings. As with Hunter, CIELAB is a
standard readout on current instruments.’

An even newer opponent-hue system, developed by
the Optical Society of America and called Optical Soci-
ety of America-Uniform Color Spacing (OSA-UCS), is
not only an improvement over Munsell spacing but is
also a direct CIE transform. The OSA-UCS colors (at
this writing 558 colors, available as 2 X 2 inch samples)
are in scales with intervals of two units in chromaticity
and one in lightness; a prototype OSA color collection
produced in Denmark shows chromaticity scale inter-
vals of only one unit, with lightness increments of 0.5
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and over two thousand colors. The OSA-UCS colors are
the best example of uniform color spacing produced to
date and will probably appear soon as a readout option
on instruments.

Some gemologists have tried, without success, to use
existing color instrumentation to characterize gemstones.
Instrument makers have not perceived the gem field to
warrant the costly research and development necessary
to devise specifically applicable instruments. The exist-
ing color charts and simplistic optical devices currently
in use by gemologists are severely limited in accuracy
and usefulness.

The recent marketing by Minolta Camera Co. of a
lower-cost portable colorimeter motivated several re-
searchers to modify this instrument for gemstone col-
orimetry. A first attempt by Dr. Richard Pettijohn adapted
the Minolta sensor unit for specific use with gemstones
by reducing the beam size and adding a glass plate to
hold the sensor and a small mirror to reflect light passing
through the stone to the sensor. However, this arrange-
ment has proven insufficently accurate and repeatable to
be a viable solution. Moreover, the mirror arrangement
dictates the “standard” illuminant for measurement to
be the xenon flashlamp built into the unit rather than an
independently measured white standard.

An improved version of this instrument, also using the
Minolta colorimeter, was devised by W. N. Hale and J. J.
Rennilson. This replaces the glass and mirror with a
small white-lined integrating sphere. A gemstone mounted
on a clear plate centered within the sphere is irradiated
by a 2-mm light beam from below. Light reflected from
the gem is mixed with that transmitted through it and
picked up by a detector outlet in the sphere wall. This
colorimeter, with patented illuminating and collection
geometry is sufficiently accurate and repeatable for gem-
stone work. The data readout is in CIE data ( Yx,y) and
CIELAB (L*,a* b*), for CIE standard illuminant D65 or
C (both representative of standard daylight in slightly
different form). It is likely that this kind of instrumenta-
tion will totally revolutionize the gemstone field, bring-
ing order and objective reality to a chaotic system of
vague and often obsolete terminology.

The Rennilson-Hale instrument was not yet available
when the table of gemstone measurements (Table 2) was
prepared for this book; the Pettijohn instrument was
therefore used. The illuminating and viewing geometry
produces results that are neither as accurate nor consis-

tent as the integrating sphere/fiber optic system of
Rennilson and Hale. Also, the conversion of CIELAB
data to Munsell notation (see Figure 6 and Table 3) was
done by the Minolta DP-100 microcomputer:’ errors in
conversion may arise due to the limited data storage
capacity of this device.* Further errors are inevitable
when trying to illustrate gemstones by photography and
printed reproduction on paper.’ The tabulated numeri-
cal color data must therefore not be considered accurate
enough to establish benchmark points for specific gem-
stone species, but this degree of error is small compared
to the actual variation in color exhibited by most species.
The real purpose of this chapter and these measure-
ments is to establish, for the first time in the gemological
literature, the nomenclature, direction and methodol-
ogy for scientific, accurate, reproducible, and objective
color characterization of gemstones. The numbers them-
selves are considered less important in this context than
an understanding of how they were obtained and the
implications of this new technology for gemology and
the gemstone marketplace.

NOTES

1. Hale Color Consultants, Inc., 1505 Phoenix Road, Phoenix,
MD. 21131.

2. In CIELAB terminology, chroma is calculated from a* and
b* as follows:

Chroma = C* =\/a** + b*’.

3. Invaluable assistance in converting measured L*a*b* values
to Munsell numbers, along with many valuable suggestions,
was provided by Richard E. McCarty of Silver Spring.
Maryland.

4. Color data on gemstones reported herein are in the form of
CIELAB readout and corresponding Munsell notation. The
conversion to Munsell numbers are direct CIELAB conver-
sions. No attempt has been made to simplify the resulting
Munsell values in accordance with the limited range of
actual Munsell color samples. This approximation is left to
the reader.

5. As many as possible of the gemstones photographed in this
book were measured with the Pettijohn-Minolta colorime-
ter; these gems are cross-referenced by notation in the
section of color plates at the back of the book, and the
tabulated color information herein refers to specific gem-
stone colors, shapes, and weights, facilitating easy correla-
tion with the photographs.
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TABLE 2. Color Measurements

Gemstone Color Weight Shape Location L*a*b* Munsell
Actinolite dark green 0.63 — Tanzania 56 Wil 1 91 76GY55/1.7
Adamite light green 0.86 - Mapimi, Mexico 82 -06 260 3.2Y8.2/3.8
Andalusite brown-green 9.55 emerald cut Brazil 58 —-35 490 57Y57/6.9

light brown-green 472 antique Brazil 60 1.0 141 19Y5.9/21
medium brown- 2.92 round Brazil 38 1.6 200 2.8Y3.7/2.9
green .
Anglesite yellow 6.99 fancy Morocco 75 27 500 21Y7.4/74
Amblygonite light yellow 10.10 round Brazil 80 53 114 53YR7.9/21
light yellow 246 antique Brazil 95 -35 200 60Y94/28
Apatite violet 0.59 emeraldcut Maine 71 10.3 —150 3.1P7.0/4.0
violet 1.02 hexagon Maine 75 60 72 49P7.5/20
yellow-green 8.05 rhomboid Canada 68 —11.3 321 19GY6.7/4.5
yellow 8.70 antique Mexico 83 -6.2 360 6.7Y82/50
dark blue 0.55 round Brazil 34 -10.2 406 9.7B3.3/10.4
medium blue 0.86 oval Brazil 52 228 -259 46B51/7.8
gray-blue 0.77 round Burma 50 -75 —-10 46BG4.9/15
light green 12.40 round ? 42 =3.2 98 53GY4.1/16
dark green 2.87 round Brazil 31 164 123 0.1G 3.0/3.2
medium green 1.09 round Brazil 61 —-11.2 119 85GY6.0/2.4
light blue 1.07 emeraldcut Madagascar 76 —-20.2 —41 7.0BG7.5/4.2
Axinite medium brown 1.45 round Baja, Mexico 42 10.7 9.3 10.0R4.1/2.6
dark brown 8.0 pear Baja, Mexico 21 142 206 48YR20/4.2
Benitoite pale blue 0.66 round California 85 56 76 44P84/2.0
medium blue 1.07 round California 68 45 270 66PB6.7/6.3
dark blue 1.19 round California 46 84 -291 7.1PB4.5/7.0
Beryl
Aquamarine dark blue 2.40 oval Coronel Murta 61 -27 —17.5 2.8PB6.0/4.3
Mine, Brazil
dark blue 66.53 antique Brazil 38 -6.0 —-80 58B37/23
dark blue 4540 emeraldcut Brazil 54 -40 —-11.0 05PB5.3/2.8
medium light blue  18.08 emerald cut Brazil 80 -6.9 -90 82B7.9/2.7
medium blue 21.80 pear Africa 65 —-35 —180 2.6PB6.4/44
Emerald pale green 0.32 round Colombia 85 —120 26 89G8.4/2.2
light yellow-green — emerald cut Colombia 55 550 150 6.0G54/10.1
medium green 0.88 emeraldcut Chivor Mine, 70 —-417 25 2.0BG6.9/8.0
Colombia
dark blue-green 1.35 emeraldcut Muzo Mine, 46 —73.2 9.1 83G45/136
Colombia
dark green - emerald cut Zambia 40 -60.0 150 6.0G39/11.0
light blue-green 1.96 emeraldcut Nigeria 68 28.5 05 27BG6.7/4.6
Green beryl light green 11.25 round Brazil 65 =83 6.5 4.3GY6.4/1.0
light yellow-green 18.42 triangle Brazil 75 -51 132 20GY7.4/19
greenish-yellow 19.09 antique Brazil 70 -93 21.1 3.2GY6.9/3.2
blue-green 4.54 emerald cut Brazil 68 -5.2 3.1 20G6.7/1.0
Golden beryl dark yellow 20.00 emeraldcut Brazil 63 -8.2 390 83Y6.2/54
medium yellow 32.79 antique Brazil 74 -6.0 342 70Y7.3/48
dark orange 18.60 antique Brazil 45 17.4 717 9.9YR4.4/115
golden orange 18.98 pear Brazil 61 —-1.0 420 43Y6.0/6.0
golden orange 40.98 oval Brazil 50 -0.5 410 45Y49/59
medium dark 3.90 emeraldcut Africa 70 10.2 70.0 0.2Y6.9/10.7
golden orange
Morganite pink 17.33 square Brazil 81 46 -09 28RP80/1.1
peach 6.92 square Brazil 80 10.4 100 97R7.9/27
peach 9.06 oval Brazil 90 89 118 13YR8.9/26
Brazilianite yellow-green 2.00 oval Brazil 74 -1.9 17.0 52Y7.3/2.4
Cassiterite light brown 14.25 round Bolivia 47 75 266 9.3YR4.6/4.3
yellow 2.88 round Bolivia 82 1.3 330 1.8Y8.1/4.9
Calcite dark brown-orange 12.55 round Baja, Mexico 41 23.2 584 7.3YR4.0/10.1
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Gemstone Color Weight Shape Location L*a*b* Munsell
Calcite-Co dark rose pink 3.40 cushion Spain 20 474 —16.4 3.1RP19/119
Childrenite peach 1.37 round Brazil 74 19.0 9.3 38R7.3/45
Chrysoberyl

brownish-green 7.80 oval Sri Lanka 47 —36 288 67Y46/40
medium brown 6.19 oval Sri Lanka 38 58 363 1.3Y37/54
brownish-yellow 7.51 round Sri Lanka 54 26 277 19Y5.3/4.1
green-yellow 7.04 round Sri Lanka 54 -0.4 404 42Y53/58
yellow-brown 11.84 oval Brazil 67 28 481 23Y66/7.1
dark greenish- 13.25 antique Brazil 49 60 363 7.7Y4.8/51
yellow
brown 9.30 emeraldcut Srilanka 43 6.7 425 12Y42/65
dark greenish- 21.30 oval Sri Lanka 59 —-49 313 7.0Y58/44
yellow
lemon yellow 11.49 oval Brazil 72 -94 308 09GY7.1/42
greenish-yellow 12.02 round Sri Lanka 50 ~71 413 80Y49/57
Chrysocolla medium blue 13.59 free form Arizona 39 -360 95 59BG38/74
Cinnabar red 1.37 fancy Charcas, 11 37.4 365 1.1YR1.0/9.4
Mexico
Clinohumite orange 1.52 emeraldcut USSR 36 248 590 7.3YR3.5/103
Corundum
Ruby pink-violetish red 3.66 antique Thailand 23 40.9 08 75RP22/95
dark pinkish-red 3.56 oval Burma 24 480 —19.3 22RP2.3/123
dark red 2.23 oval Thailand 19 440 1.3 76RP18/102
medium pinkish- 2.30 oval Burma 49 458 —-21.9 06RP4.8/12.0
red
pink-orangy red 2.11 antique Thailand 26 46.2 24 85RP25/10.7
medium red 2.07 antique Thailand 24 459 0.2 79RP23/10.6
violetish-red 3.56 antique Thailand 18 425 7.2 54RP1.7/10.2
violet 1.02 pear Thailand 38 388 19.3 0.6RP3.7/10.3
pinkish-red 0.98 oval Thailand 37 505 —-19.1 22RP3.6/12.8
Sapphire light pink 212 oval SriLanka 23 19.6 —12.1 9.1P2.2/5.1
medium purple- 3.76 antique Sri Lanka 38 21.7 —40.7 89PB3.7/10.2
blue
dark green 425 oval Sri Lanka 20 —116 115 82GY 19/24
fine medium dark 521 oval Sri Lanka 21 230 482 7.6PB20/12.1
blue
medium blue 6.05 oval Sri Lanka 47 97 -309 74PB46/7.3
dark blue 2.60 oval Sri Lanka 17 155 ~-39.0 7.0PB16/9.7
violetish-pink 4.02 oval Sri Lanka 37 337 -21.8 85P3.6/89
dark lemon yellow 16.12 oval Sri Lanka 70 -0.3 56.8 3.8Y6.9/82
medium green 1.98 antique Umba Valley, 52 -54 198 93Y5.1/27
Tanzania
very pale yellow 1.40 antique Umba Valley, 79 4.7 54 1.0YR7.8/13
Tanzania
red-violet 1.86 emeraldcut Umba Valley, 34 72 89 3.1P3.3/25
Tanzania
orangy-yellow 3.41 antique Umba Valley, 55 83 382 01Y54/60
Tanzania
brown-pink 3.28 emeraldcut Umba Valley, 36 154 123 95R3.5/3.7
Tanzania
orangy-red 0.96 antique Umba Valley, 40 447 156 28R 3.9/105
Tanzania
blue-violet 3.77 antique Umba Valley, 42 84 -193 87PB4.1/46
Tanzania
green 1.46 round Umba Valley, 55 91 192 35GY54/29
Tanzania
powder-blue 2.56 round Umba Valley, 54 54 -23.3 6.9PB5.3/55
Tanzania
brownish-orange 464 antique Umba Valley, 30 337 356 1.1YR29/89
Tanzania

(continued)
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TABLE 2. (Continued)

Gemstone

Color Weight Shape Location L*a*b* Munsell
Heated Geuda dark golden yellow 6.13 oval Sri Lanka 81 116 783 0.1Y8.0/121
medium orange 3.89 oval Sri Lanka 42 112 546 04Y4.1/84
dark orange 4.00 oval Sri Lanka 53 3156 923 7.3YR52/15.7
yellow 2.21 oval Sri Lanka 80 80 783 10Y79/11.9
orangy-yellow 3.60 oval Sri Lanka 58 114 700 07Y57/10.7
Miscellaneous dark blue 3.87 emeraldcut Australia 115 87 -320. 57PB 1.4/7.8
dark blue-green 5.75 emerald cut Australia 18 71 7.3 25B1.7/22
dark pink 6.20 oval Sri Lanka 52 258 —181 77P51/7.0
dark blue — — Kashmir 25 50 250 54PB24/6.0
beige-yellow 555 oval Sri Lanka 60 137 299 60YR59/54
dark blue 2.30 pear Montana 28 7.3 84 40B27/25
medium blue 1.35 octagon Montana 40 6.0 135 88B39/36
medium light blue 1.19 pear Montana 52 09 170 48PB5.1/41
light blue 1.40 shield Montana 77 20 —135 7.0PB7.6/3.1
blue-green 1.47 pear Montana 48 -8.2 07 1.1BG4.7/1.5
light yellow-green 1.77  pear Montana 75 -86 133 6.1GY7.4/2.2
light greenish- 1.66 shield Montana 70 —-119 253 40GY6.9/38
yellow
light green 1.10 octagon Montana 64 -40 133 01GY6.3/1.8
yellow 0.95 shield Montana 70 -20 267 48Y6.9/38
orange-mauve 0.96 shield Montana 58 5.8 58 0.6YR5.7/1.5
beige 1.03 pear Montana 60 8.1 95 17YR5.9/22
Creedite violet 0.96 emeraldcut Mexico 60 157 —126 66P59/4.4
Crocoite orangy-red 1.87 emeraldcut Tasmania 33 500 750 30YR32/158
Cuprite dark red 11.62 round South Africa 6 485 277 69R0.9/11.1
Diaspore pale gray-yellow 2.10 emeraldcut Turkey 69 -0.8 13.8 42Y6.8/20
Diopside medium green 2.23 round New York 72 —Sis I8 7.6 7. 1/2.2
chrome dark green 0.75 round Kenya 36 262 510 47GY35/80
chrome dark green 495 antique USSR 10 -—-18.0 357 3.5GY0.9/55
Dioptase green 0.41 emeraldcut Tsumeb, 28 —-626 1.2 15BG27/12.0
Namibia
Enstatite brown 0.52 round Burma 52 33 325 19Y5.1/48
green 2.43 pear Africa 32 -202 540 24GY 3.1/7.8
light brown 4.38 emeraldcut Africa 50 148 40.0 7.7YR4.9/6.8
Epidote dark brown 3.43 cushion Africa 2 7.3 217 0.1¥Y0.9/35
Euclase light blue-green 1.33 emeraldcut Brazil 77 4.6 0.0 3.6BG 7.6/0.9
dark blue 0.24 emeraldcut Zimbabwe 35 —-45 —204 0.8PB34/50
Fluorite emerald-green 3.05 pear Colombia 59 270 191 09G58/53
pink 092 round Switzerland 70 18.4 68 20R6.9/4.4
violet 5.75 round lllinois 17 20.3 -251 18P 16/7.1
blue-green 6.05 oval England 44 1938 76 45G43/36
yellow 8.80 round lllinois 62 01 498 38Y6.1/7.2
blue 75.77 marquise lllinois 36 -28 313 22PB35/76
Garnets
Andradite medium green 0.47 round Korea 50 —132 332 25GY49/48
olive green 0.51 round Korea 47 0.3 403 42Y4.6/58
brown 0.33 round East Siberia, 29 156 443 89YR?28/74
USSR
Demantoid medium green 0.68 emeraldcut USSR 51 —388 546 7.2GY5.0/9.8
Grossular medium orange 9.81 round Asbestos, 44 144 280 59YR4.3/52
Quebec
light mint green 415 antique Tanzania 70 119 19.6 58GY6.9/3.2
light brownish- 5.01 triangle Tanzania 93 6.3 329 0.1Y5.4/51
yellow
light brownish- 2.59 emeraldcut Tanzania 84 94 389 82YRB8.3/6.3
yellow
cinnamon brown 448 antique Tanzania 51 196 179 10.0R5.0/5.0
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Gemstone Color Weight Shape Location L*a*b* Munsell
near colorless 2.18 round Tanzania 92 09 84 0.1Y9.1/13
medium mintgreen 3.88 antique Tanzania 58 16.8 230 6.9GY5.7/41
dark green 2.47 emeraldcut Tanzania 50 466 346 05G49/92
(tsavorite)

dark orange 4.82 antique Tanzania 88 444 66.0 03YR87/147
very pale green 4.14 antique Tanzania 77 2.9 46 35YR7.6/09

Malaya medium brownish- 12.80 triangle Tanzania 30 256 246 06YR29/65

orange
brownish-pink 11.39 antique Tanzania 44 17.3 56 9.1R43/1.7
orange 6.38 triangle Tanzania 45 16.9 30.7 53YR4.4/59
gray-brown 8.23 antique Tanzania 39 80 206 80YR3.8/35
pinkish-orange 8.56 antique Tanzania 48 191 213 1.3YR4.7/52
dark orange 14.46 antique Tanzania 25 359 489 33YR24/106

Pyrope-

Almandine medium rose-pink 3.09 round Sri Lanka 28 36.7 1.8 83RP27/85
light rose-pink 0.74 round North Carolina 54 24.8 57 3.4RP5.3/6.0
dark red 0.58 round Arizona 23 335 384 21YR22/90
brown-orange 1.27 round Mozambique 30 381 220 65R29/89
brownish 6.48 emeraldcut ? 26 386 284 85R25/93

Rhodolite red-violet 10.88 oval Tanzania 12 225 -91 23RP1.1/57
brownish-violet 1310 round Tanzania 10 317 73 20R09/73
fine dark violet 24.46 antique Tanzania 16 37.6 48 6.0RP1.5/90

Spessartine light orange 3.61 round Orissa, India 55) 181 3883 59YR54/70
medium orange 3.81 round Orissa, India 45 29.1 558 52YR4.4/106
dark orange 5.65 oval Orissa, India 22 342 542 47YR2.1/10.8

Spessartine dark brownish- 4.05 pear Brazil 25 311 31.8 1.2YR24/80

orange

dark brownish- 15.40 emeraldcut Madagascar 14 303 414 41YR1.3/838
orange

light orange 4.65 oval Amelia, Virginia 40 283 379 28YR39/82

medium brownish- 6.41 antique ? 31 372 586 41YR3.0/119
orange

dark orange 1.27 round Africa 38 275 296 12YR37/73

very dark brownish-  16.80 antique Brazil 4 265 26.7 20YR09/6.7
orange

light orange 1.75 round Ramona, 74 345 624 3.1YR7.3/125

California

Tsavorite medium dark green 411  oval Tanzania 40 490 324 10G39/94
fine medium green 2.47 emeraldcut Tanzania 50 -466 346 05G49/92
medium green 1.25 emeraldcut Tanzania 44 472 278 16G4.3/89
dark green 401 oval Tanzania 32 518 326 1.1G3.1/9.8

Halyne blue 0.04 fancy Germany 52 1.0 —400 4.1PB5.1/9.7
Hypersthene dark bottle green 252 pear Arizona 25 -6.0 417 8.1Y24/57
Idocrase brown 2.30 round Africa 46 149 526 92YR45/85
green 1.05 round Africa 52 144 515 10GY51/71
brown 3.82 emeraldcut Switzerland 35 159 426 83YR34/7.2
brown 1.40 cushion Italy 51 66 67.0 24Y50/99
lolite blue 1.56 round India 28 10.7 —240 82PB2.7/59
blue 3.00 emeraldcut India 26 10.1 -25.3 7.6PB25/6.1
Kornerupine light green 0.40 round Africa 65 321 286 0.1G6.4/6.7

(chrome) light brown 12.07 round Sri Lanka 50 54 305 03Y4.9/46

olivy-brown 2.62 oval Sri Lanka 34 -1.0 19.7 5.5Y33/28
Kyanite medium blue 8.30 cushion Brazil 48 116 —21.7 79B4.7/58

dark blue 4.01 cushion Brazil 40 1.0 -330 3.8PB3.9/8.0
Lazulite blue 0.70 round Brazil 47 6.1 —31.5 15PB46/7.8
Microlite green 0.14 oval Brazil 59 240 233 9.4GY5.8/51
Manganotantalite red 4.85 cushion Mozambique 11 37.2 365 12YR10/9.4
Opal yellow 11.74 emeraldcut Idaho 49 55 593 25Y4.8/87

brown-gray 515 round Mexico 35 07 127 32Y34/18

(continued)
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TABLE 2. (Continued)

Gemstone Color Weight Shape Location L*a*b* Munsell
orangy-red 0.76 round Mexico 46- 509 954 4.0YR45/186
light orange 8.04 oval Mexico 46 193 557 8.1YR45/95

Peridot medium green 8.25 antique Arizona 47 —-209 523 32GY4.6/77
medium green 9.20 triangle Arizona 34 —-119 485 0.1GY 3.3/66
light green 451 pear Norway 66 -190 317 59GY6.5/52
light green 8.22 oval Egypt 58 -—-13.3 319" 3.0GY5.7/4.7

Phosphophyllite light blue-green 0.81 emeraldcut Bolivia 85 -42 —-14 9.8BG84/09

Proustite dark red 2.58 round Germany 18 516 500 10.0R1.7/135

Quartz

Amethyst lilac 6.22 emeraldcut Brazil 57 19.4 —12.0 8.6P5.6/5.0
light violet 9.18 oval Brazil 37 185 —145 7.1P 3.6/5.2
dark violet 8.52 fancy oval Zambia 6 255 -26.0 30P0.9/8.0
medium dark violet 4.40 oval Brazil 6 228 -211 39P0.9/6.9
medium dark violet 3.61 round Brazil 12 29.8 —290 3.3P1.1/9.2
medium dark 6.41 round Brazil 14 20.1 —23.2 2.3P 1.3/6.8
purple
dark purple 6.38 fancy Brazil 12 2569 —253 35P1.1/8.0
emerald
cut
“Siberian” 14.91  oval Para, Brazil 8 30.8 234 78P0.9/85
Citrine medium yellow- 7.55 round Brazil 52 135 43.1 84YRD5.1/71
orange
brownish-orange 420 round Brazil 38 79 348 01Y37/54
dark straw-yellow 8.81 oval Brazil 55 54 239 98YRS5.4/3.8
pale straw-yellow 12.64 oval Brazil 61 0.7 193 27Y6.0/28
light orange 16.90 antique Brazil 56 121 610 0.1Y55/95
medium orange 19.72 oval Brazil 53 19.2 66,5 87YR5.2/10.9
dark orange 1576 oval Brazil 33 21.7 511 7.4YR3.2/8.9
dark orange 1533 oval Brazil 29 305 611 6.3YR27/11.3
("Madeira™)
Green quartz apple green 448 oval Brazil 52 -95 130 6.5GY5.1/2.3
Rose quartz medium pink 14.20 emeraldcut Brazil 51 131 42 20R50/3.1
pale pink 18.79 antique Brazil 71 6.0 6.1 02YR7.0/1.5
Smoky quartz medium brown 23.78 round Brazil 26 76 123 56YR25/2.4
light brown 1561 emeraldcut Brazil 63 45 237 0.1Y6.2/37
medium yellow- 9.37 emeraldcut Brazil 43 56 225 0.1Y42/35
brown
dark brown 13.57 emeraldcut Brazil 20 86 151 6.5YR1.9/2.8
very dark brown 7.49 emeraldcut Brazil 1 6.8 116 66YR09/22

Rhodochrosite pink 11.88 antique Colorado 39 402 114 18R38/9.4
pink 7.15 rhomboid Peru 51 421 119 1.3R5.0/9.9
orangy-red 9.42 round South Africa 30 527 523 10.0R2.9/140
pink 3.95 round Argentina 49 376 156 35R4.8/88
red 24.60 antique South Africa 16 43.6 449 12YR15/11.4

Scapolite gold-yellow 32.44 oval Tanzania 67 30 554 25Y6.6/8.1
gold-yellow 32.00 antique Tanzania 53 32 537 30Y52/79
very pale yellow 5.77 antique Brazil 76 -1.8 118 59Y75/1.6
lemon yellow 9.03 antique Burma 61 1.0 370 3.1Y6.0/5.4
violet 4.36 oval Tanzania 30 16.1 —16.2 42P29/50

Scheelite straw yellow 2.85 pear Korea 84 00 303 25Y83/44

Scorodite violet-blue 1.15 fancy Namibia 23 57 —13.4 8.0PB22/33
violet-blue 1.50 pear Namibia 15 53 —26.8 49PB 1.4/6.6

Sinhalite dark straw-yellow 458 antique Sri Lanka 50 66 325 0.1Y4.9/51
brown 7.07 oval Sri Lanka 16 16.7 376 81YR 1.5/65
green 418 oval Sri Lanka 47 1.0 256 32Y46/3.7
yellow 9.18 oval Sri Lanka 65 89 370 91YR6.4/59

Smithsonite pale yellow 8.00 round Namibia 75 4.2 90 56YR74/1.6
beige 10.40 oval Namibia 73 1.3 6.0 9.3YR7.2/09
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Gemstone Color Weight Shape Location L*a*b* Munsell
Sodalite intense dark blue 0.85 emeraldcut Namibia 23 200 —432 7.7PB2.2/10.8
Sphalerite light green 1.93 round Colorado 68 —-28 734 51Y6.7/10.4
yellow-orange 3.30 round Spain 72 6.9 100 27Y7.1/147
dark green 4.65 round Mexico 43 0.6 550 46Y4.2/79
dark orange 14.48 round Spain 39 38.1 86.6 6.3YR3.8/155
light orange 5.57 round Spain 55 266 103 29R54/63
Sphene brownish yellow- 6.22 emeraldcut Madagascar 49 23 669 40Y48/97
green
light yellow-green 1.55 round Baja, Mexico 73 16.8 56.2 8.1Y7.2/7.8
light brown 1.76 round Baja, Mexico 28 212 510 79YR27/89
medium green 7.01 emeraldcut India 34 —-175 475 23GY 3.3/69
emerald green 1.01  round Baja, Mexico 24 333 342 85GY23/72
brown 1.44  round Baja, Mexico 60 119 804 1.0Y59/123
yellow-green 422 round India 51 -1.3 67.8 5.2Y50/9.6
yellow 2.65 antique India 79 -58 749 57Y7.8/105
Spinel
Blues dark blue 8.35 oval Sri Lanka 12 -06 127 2.1PB1.1/31
medium dark blue 9.20 oval Sri Lanka 15 69 127 62B14/33
light blue 9.30 oval Sri Lanka 31 -66 —11.9 7.2B30/32
lavender-blue 15.22 oval SriLanka 50 48 —168 75PB49/39
greenish-blue 478 round Sri Lanka 21 —136 111 0.7B2.0/38
cobalt-blue 11.23 emeraldcut SriLanka 6 —-2.3 -19.7 0.8PB0.9/48
slightly violetish- 7.27 round Sri Lanka 29 2.8 —20.8 4.8PB28/5.1
blue
dark violet 5.46 antique Sri Lanka 13 52 —13.7 7.2PB1.2/3.4
magenta 3.96 oval Sri Lanka 19 444 —45 6.3RP1.8/10.6
medium purple 11.98 antique Sri Lanka 14 7.2 -92 20P1.3/25
blue-violet 8.53 oval Sri Lanka 25 6.0 —126 8.6PB24/3.1
light purple 7.98 oval Sri Lanka 27 144 -9.0 90P26/37
gray-blue 1496 antique Sri Lanka 30 -5.1 -85 69B29/23
Pinks dark rose-red 8.21 round Sri Lanka 14 27.0 24 93RP 1.3/6.3
light rose-red 7.65 oval Sri Lanka 30 253 -07 7.1RP29/58
dark pink 523 oval Burma 24 —248 -48 47RP23/60
dark violetish-red 9.02 oval Sri Lanka 21 19.3 2.2 59RP20/4.6
medium reddish- 7.07 oval Sri Lanka 26 271 —6.8 39RP 25/6.6
purple
grayish-pink 5.89 oval Sri Lanka a7 21.4 20 81RP46/49
medium pink 6.56 oval USSR 68 41.6 3.8 7.4RP6.7/9.7
slightly bluish-pink 8.87 oval Sri Lanka 42 154 —-25 45RP4.1/37
light dusty-pink 11.40 antique Burma 54 16.2 —-28 41RP53/39
Reds dark orangy-red 5.30 round Burma 27 247 207 100R26/60
medium pinkish- 2.98 oval Burma 41 435 104 09R4.0/10.3
orange
medium brownish- 3.07 round Burma 42 34.5 7.8 07R4.1/82
pink
medium brown 2.34 round Burma 45 264 144 57R44/62
light brownish-pink  10.98 oval Burma 48 23.6 8.1 24R47/55
dark grayish-pink 395 round Burma 31 147 41 20R3.0/34
dark red 8.89 oval Burma 8 368 318 02YRO0.9/91
medium red 2.68 oval Burma 30 415 251 6.8R29/97
medium pinkish- 3.21  round Burma 27 47.5 74 0.1R25/11.1
red
Spodumene blue 29.85 oval Brazil 53 -27 -34 67B52/1.0
medium pink 16.06 emerald cut Afghanistan 59 —17.7 —129 23B58/438
medium pink 17.76 oval California 58 19.1 =109 9.1P57/48
yellow-green 17.01  emerald cut Afghanistan 63 -53 280 75Y6.2/39
dark pink 47.33 oval Brazil 65 322 190 8.7P6.4/8.3

(continued)
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TABLE 2. (Continued)

Gemstone Color Weight Shape Location L*a*b* Munsell
Taaffeite gray-mauve 1.60 rhomboid SriLanka 50" 4.5 0.8 90RP49/1.0
Topaz yellow-brown 6.72 round USSR 38 130 372 86YR37/62

red-orange 12.59 emerald cut Brazil 49 386 375 99R4.8/10.1
dark beige 529 round Mexico 56 120 263 62YR55/48
yellow 465 oval Brazil 59 86 277 83YR58/46
dark orange 25.25 oval Brazil 61 23.9 615 6.6YR6.0/10.8
brownish-pink 8.76 antique Brazil 63 35.0 57 86RP6.2/8.2
medium blue 7.20 oval Brazil 60 143 —-176 6.1B5.9/5.2
red-orange 8.45 antique Brazil 65 344 268 76R64/87
medium pink 17.84 oval USSR 73 252 169 77P7.2/6.7
Tourmaline
Rubellite pinkish-orange 36.85 emerald cut Madagascar 25 383 212 6.4R24/89
dark red-violet 13.16 oval Brazil 24 478 09 76RP23/11.1
very dark violet-red 17.13 emerald cut Brazil 5 28.0 28 96RP09/65
medium violet 16.73 antique Brazil 20 381 50 58RP1.9/91
dark red 10.26 antique Quro Fino, 12 39.5 74 0.1R1.1/9.1
Brazil
dark pinkish-red 36.56 emeraldcut Brazil 19 418 104 20R1.8/97
Blues and Greens Iintense smalt blue 9.84 emeraldcut Brazil 41 210 188 96GY4.0/43
blue-green 1596 emeraldcut Brazil 50 40.1 0.1 23BG49/7.7
fine green 10.05 triangle Africa 30 307 239 01G29/60
(chrome)
slightly yellowish- 9.68 emeraldcut Brazil 52 8 =39 70551519 B30 GroRIVS
green
dark green 1475 emeraldcut Brazil 32 388 311 01G3.1/7.7
Orangy Colors peachy-orange 10.90 round Mozambique 42 311 205 7.2R4.1/7.4
medium brownish- 574 antigue Tanzania 43 186 56.6 85YR4.2/94
orange
dark brownish- 484 round Tanzania 48 209 704 87YR4.7/116
orange
medium orangy- 10.39 oval Tanzania 28 10.7 46.0 04Y2.7/7.1
brown
medium pinkish- 46.84 oval Tanzania 31 240 264 18YR30/6.4
brown
Pinks medium pink 32.32 oval Afghanistan 57 347 00 6.5RP56/8.2
mediumdark rose- 1095 round Brazil 28 34.0 42 56RP2.7/8.1
pink
slightly brownish- 11.13 antique Mozambique 44 287 125 41R 4.3/6.6
pink
brown-pink 21.22 emeraldcut Stewart Mine, 38 187 206 17YR3.7/5.0
Pala,
California
Mozambique medium pinkish- 251 round Mozambigue 66 28,7 77 14R6.5/56
Color Suite beige
light pinkish-beige 2.37 round Mozambigue 78 19.1 55 04R7.7/56
near colorless 2.59 round Mozambique 85 7.9 39 35R84/1.9
light pink 2.19  round Mozambigue 56 332 57 41RP55/80
dark rose-pink 2.15 round Mozambigue 88 470 —11.6 39RP34/115
dark green 2.16 round Mozambique 24 128 220 46GY 23/3/5
dark brownish- 2.34 round Mozambique 34 147 370 24GY 33/54
green
medium green 268 round Mozambique 52 83 414 85Y5.1/57
lime green 2.10 round Mozambigue 64 86 26.0 12GY6.3/3.7
very pale green 3.08 round Mozambigue 69 0.1 128 29Y6.8/1.8
colorless 2.22 round Mozambique 84 1.5 2.1 2.3YR8.3/0.4
beige-yellow 2.04 round Mozambigue 87 38 216 93YRB86/34
light brown 2.33 round Mozambique 37 9.0 511 12Y36/7.8
dark brown 1.81 round Mozambigue 36 189 338 56YR35/64
blue 2.30 round Mozambique 45 -84 21 6.2BG4.4/17
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Gemstone Color Weight Shape Location L*a*b* Munsell

Willemite golden yellow 2.35 pear Franklin, New 85 -74 630 62Y84/89
Jersey

Wulfenite yellow 6.11 oval Namibia 63 1.0 290 28Y6.2/42

orangy-red 2.54 emeraldcut Red Cloud 45 43.8 96.1 54YR4.4/176
Mine, Arizona

Zircon reddish-brown 19.03 oval SriLanka 17 16.2 16.7 2.2YR16/41
brownish-yellow 17.43 oval Sri Lanka 37 122 496 01Y36/78
violet-rose 14.20 round Sri Lanka 20 309 34 94RP19/72
dark orange 9.26 oval Sri Lanka 33 255 660 79YR3.2/11.4
green 4.36 oval SriLanka 48 154 258 54GY 4.7/42
rose-red 11.26 emeraldcut Srilanka 19 26.2 83 31R18/59
lemon yellow 1570 oval Sri Lanka 50 0.3 316 42Y49/45
medium blue 556 oval Cambodia 46 123 —141 49B45/42
yellow 8.92 oval Sri Lanka 65 108 581 0.1Y6.4/9.0
pale gray-green 16.63 antique Sri Lanka 59) 78 146 54YR5.4/27
reddish-brown 7.77 oval Sri Lanka 26 230 291 32YR25/6.5
light olive green 534 round SriLanka 47 -0.3 192 43Y46/27
dark blue 2.87 round Cambodia 56 -8.4 -11.1 68B55/33
light pink 1.36 round SriLanka 71 —-11.9 58 07B7.0/28
light orange 1.44 round Sri Lanka 59 26.2 581 57YR5.8/106
medium orange 2.59 round Sri Lanka 52 394 709 40YR51/139
pale blue-green 2.67 round Cambodia 77 -6.9 14 7.2BG76/14

Zoisite violet-blue 26.54 pear Tanzania 20 550 -76.3 8.6PB1.9/209
light blue-gray 1.06 round Tanzania 75 0.7 06 95R74/01
medium blue 2.30 round Tanzania 60 35 -207 6.4PB59/48
violet-blue 0.96 emeraldcut Tanzania 47 16.8 357 88PB46/87
brown-blue 0.92 emeraldcut Tanzania 61 71 —11.7 20P6.0/30







ACHROITE See: Tourmaline.

ACTINOLITE See also: Tremolite; Nephrite; Pargasite.
Formula: Ca,(Mg, Fe)sSisO»(OH),.

Crystallography: Monoclinic; bladed crystals, usually
elongated; fibrous, columnar aggregates. Also massive,
granular. Often twinned.

Colors: Pale to dark green, blackish green, black.
Luster: Vitreous, sometimes dull.

Hardness: 5.5

Density: Usually 3.05; Tanzania: 3.03-3.07; Max.: 3.44.

Cleavage: 2 directions good, often fibrous nature. Brit-
tle. Compact variety tough.

Optics: a = 1.619-1.622; g = 1.632-1.634; v =
1.642-1.644 (Tanzanian material). See diagram on p. 38.
Biaxial (—); 2V = 78°.

Birefringence: 0.022-0.026.

Pleochroism: Yellow to dark green. Material transpar-
ent to nearly opaque.

a: pale yellow/yellowish-green.
B+ pale yellow-green/green.
v: pale green/deep greenish blue.

Spectral: Faint line at 5030.
Luminescence: None (due to presence of Fe).

Occurrence: Contact metamorphic limestones and dolo-
mites; magnesium-rich limestones and ultrabasic rocks;
regionally metamorphosed rocks.

Tremolite-Actinolite Data

Birefrin-

Locality Pleochroic Colors a B y gence S.G. Comments
Fowler, New York red-violet 1.602 — 1.630 0.028 3.03 Hexagonite
Kenya bright green 1.602 1.613 1.628 0.026 2.99 Tremolite

1.607 1618 1.632 0.025 3.01
Tanzania (Lelatema)  yellow green/green 1.608 1.616 1.631 0.023 3.01 Tremolite
Tanzania emerald green 1.611 1.623 1.639 0.028 3.30 Tremolite + Cr
Tarizania (Merelani) yellow-green/emerald 1.608 1.618 1.630 0.022 Smaragdite
green
Taiwan yellow-green/green 1.607~ — 1.630- 0.023- 3.01 Tremolite
tones, also brownish ~ 1.609 1.633 0.024
1.615- — 1.631- 0.014-  3.01 Catseye tremolite
1.619 1.633 0.016
Uganda yellow-green/green 1.619- 1632- 1.642- 0.021- 3.04-  Tremolite-Actinolite
1.622 1.634 1.644 0.024 3.07
green/brown 1.633 — 1.653 0.020 BRII5 Actinolite
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Chester, Vermont.

Madagascar: small, dark green crystals. Many of these
are clean and suitable for faceting.

Tanzania: transparent crystals.

(See also localities for nephrite.)

Stone Sizes:  Actinolite is rarely facetable and usually
in small fragments. Material from Chester, Vermont,
could provide stones to about 10 carats.

DG 2.06 (greenish, step cut, Africa).

Comments: Actinolite is a member of a series that
contains varying amounts of iron and magnesium. Trem-
olite is the Mg end, and ferroactinolite the Fe end, with
actinolite in the middle. Actinolites with more than 50%
Fe are very rare. Catseye actinolite exists (S.G. 3.0, R.1.
1.63); when chatoyant material is cut, it exhibits a fine
eye. Actinolite is easy to cleave and hard to cut and
would make a poor jewelry stone. Actinolite is the chief
constituent of nephrite (jade). Smaragdite is a chrome-
rich tremolite from Tanzania.

Name: Greek aktis, meaning ray, due to the fibrous
nature.

ADAMITE

Formula: Zn,(AsO,)OH + Co, Cu.

Crystallography: Orthorhombic: crystals elongated or
equant; druses, radial aggregates, and spheroids on matrix.

Colors:  Colorless, pale green, yellowish green, yellow
(various shades), bluish green, green (contains Cu); rose
and violet shades (color zoned, contains Co).

Luster: Vitreous.
Hardness: 3.5
Density:  4.32-4.68 (red-violet).

Cleavage: Good 1 direction. Fracture subconchoidal to
uneven.

Optics:
Birefrin-
Locality a B Y gence
Mapimi, Mexico (reddish) 1.712 1.736 1760 0.048
Mapimi, Mexico (rose) 1.710 1.735 1.759 0.049
Mapimi, Mexico (violet) 1.710 1735 1.758 0.048
Mapimi, Mexico (green) 1.722 1.742 1763 0.041
Tsumeb, Namibia (Cu) 1.742 1768 1773 0.031
Tsumeb, Namibia (Co) 1.722 1738 1.761 0.039
Laurium, Greece 1.708 1734 1758 0.050

Biaxial (+); 2V = 15° (Cu var.) to 88°.
Large variations in composition lead to wide variations
in optical properties.

Dispersion:  Strong.
Pleochroism:

Colorless/blue-green/yellow-green.
Pale rose/pale rose/pale purple.
Pink/pale rose/colorless.

Spectral: Not diagnostic.

Luminescence: Intense green in SW, LW also lemon
yellow in SW.

Occurrence: Secondary mineral in the oxidized zone
of ore deposits.

Utah (various localities): California: Nevada.

Laurium, Greece: often containing copper, in lovely blue
and green shades.

Mapimi, Mexico: fine sprays of crystals in limonite matrix,
from the Ojuela Mine.

Tsumeb, Namibia: fine crystals, sometimes colored pur-
ple by cobalt.

Cap Garonne, France.

Also Chile, Italy, Germany, Turkey, Algeria.

Stone Sizes:  Violet crystals noted up to 1 cm long and
transparent, would yield stones up to about 1-2 carats.
Green material usually not clean, would provide only
small faceted gems (1-3 carats).

PC:4.38 (pink, Mexico).

Comments: Exceedingly rare as a cut gem, although
the mineral occurs in many localities. Much too soft and
fragile for jewelry: strictly a collector item.

Name: After Mr. Gilbert Adam, mineralogist, of Paris,
who supplied the first specimens for study.



ADULARIA  See: Feldspar.
AGALMATOLITE See: Pyrophyllite.
AGATE See: Quartz.

ALABASTER See: Calcite, Gypsum.
ALBITE See: Feldspar.

ALGODONITE Also: Domeykite, Mohawkite.
Formula: CusAs (Domeykite = CuiAs).

Crystallography: Hexagonal crystals rare; usually mas-
sive, granular, reniforn. Domeykite is isometric.

Colors: Silver white to steel gray; tarnishes rapidly to a
dull brown.

Luster: Metallic; opaque.
Hardness: 3-4 (Domeykite: 3-3.5).
Density: 8.38 (Domeykite: 7.92-8.10).

Cleavage: None. Fracture uneven in domeykite, sub-
conchoidal in algodonite.

Occurrence: Localities that produce copper arsenide
minerals.

Algodonite from Painsdale, Michigan, in fine crystals. In
masses from the Algodones Mines, Coquimbo. Chile,
and Cerro de Los Aeguas, Rancagua, Chile.
Mohawkite is a mixture of algodonite and other copper
arsenides, from the Mohawk Mine, Keweenaw Penin-
sula, Michigan.

Domeykite is from the Mohawk Mine, Michigan; Lake
Superior district, Ontario, Canada; Guererro, Mexico;
also from Chile, Germany, Sweden, and from Cornwall,
England. Related minerals are found at Beloves, Czecho-
slovakia, and Mesanki, Iran.

Stone Sizes: Cabochons could be cut to almost any
size, depending on the availability of large masses of
metallic rough.

Comments: Cabochons of these arsenides are bright,
silvery, and metallic and are both attractive and unusual.
However, they tarnish rather quickly and the surfaces
turn a drab brown and lose their luster. Cut stones are
rarely seen even in collections, although they are strikingly
beautiful when cut and polished to a high luster. They
must be sprayed with lacquer to prevent tarnishing.
Algodonite and domeykite are heat sensitive, and care
must be exercised in cutting.

Name: After the Algodones Mines, Coquimbo, Chile.

ALLANITE See: Epidote.

AMBER 39

ALMANDINE See: Garnet.
AMAZONITE Sece: Feldspar.
AMBER Also: Succinite.

Formula: Approximately C,0H;O + H.S.

A mixture of hydrocarbons, plus resins, succinic acid.
and oils.

Amber is the hardened resin of pine trees, sp. Pinus
succinifera, age ~30 million years.

Crystallography: Amorphous.

Colors:  Yellow, brown. whitish yellow, reddish, cream
color, orange shades. Rarely blue, greenish, violetish.

Luster:  Greasy.
Hardness: 2-2.5.

Density: 1.05-1.096 (usually ~1.08).

Cleavage: None. Fracture conchoidal.
Optics: R.I. ~1.54.
Spectral: Not diagnostic.

Luminescence: Yellow in SW (Texas):; bluish white or
greenish in LW. Baltic amber may fluoresce grayish blue
in SW. Inert in X-rays.

Sicilian amber is noted for its fluorescence.

Occurrence: In sedimentary deposits and on shore-
lines, due to the action of waves and currents in bringing
material up from offshore beds.

East Prussia (now U.S.S.R.): Succinite

Entire Baltic Sea region, including Poland, East Germany,
Norway, Denmark; also Rumania and Sicily. Sicilian
material may be opalescent blue or green.

Rarely found in England. Southern Mexico (Chiapas)
produces golden yellow material.

Burma: brownish yellow and brown amber: also color-
less, pale yellow, and orange.

Lebanon: scarce, from very old deposits.

Dominican Republic: mined from sedimentary rocks,
yellow, orange, and red colors: this amber often contains
well-preserved insects and sometimes displays a strong
bluish tone in reflected light.

Cedar Lake, Manitoba., Canada.

Point Barrow, Alaska.

Stone Sizes: The normal size of amber fragmentsisless
than half a pound. but pieces weighing several pounds
have been found. Amber is used often in making pipe-
stems, as beads (tumble polished or faceted), pendants.
earrings, and rings. [tisalso carved, sometimes ornately:
used as inlay material, umbrella handles. and so forth.

Inclusions: Amberisnoted foritsinclusions. which are
chiefly insects and pollen as well as leaves and other
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organic debris. These were trapped in the sticky fluid
that oozed from pine trees millions of years ago and
provide an intimate look at plant and insect life of that
time period.

Comments: Amber is classed in various types: sea amber
(found in the sea), pit amber (dug up, especially from the
Baltic area), clear, massive, fancy, cloudy, frothy, fatty,

Luster: Vitreous to greasy; pearly on cleavages.

IHardness: 5.5-6.

Density: Approximately 2.98-3.11.
amblygonite = 3.11; montebrasite = 2.98; natromonte-
brasite = 3.04-3.1.

and bone amber. Cleavage: Perfect 1 direction, good 1 direction.
Optics:
Birefrin-

Species Locality a B y gence Density
Amblygonite Chursdorf, Germany 1.578 - 1.598 .020 3.101
Amblygonite Uto, Sweden 1.591 1.605 1.612 .021 3.065
Montebrasite Karibib, Namibia 1.594 1.608 1.616 .022 3.085
Montebrasite Kimito, Finland 1.611 1.619 1.633 022 3.00
Natromontebrasite Fremont County, Colorado 1.594 1.603 1615 021 3.04

Frequently seen in amber are flattened starburst
shapes known as sun spangles. These are internal feath-
ers and are caused by stress. Amber softens at about
150°C and melts at 250-300°C. Pressed amber; or ambroid,
is made by melting small pieces of amber together under
great pressure. This is usually detectable by careful micro-
scopic investigation. Amber often darkens with age to a
fine red-brown color. Pressed amber, however, may turn
white with age.

Copal is a fossil resin of more recent origin than true
amber. Principal localities are South America, Africa,
and New Zealand. Copals fluorescence whiter in SW-UV
than amber and are easier to dissolve in solvents. Optical
and physical properties are otherwise similar to amber.
“Kauri Gum” is a copal from the kauri pine tree of New
Zealand.

Amber is in great demand today, as it has been for
centuries, and very large material is extremely rare, as
are the more unusual colored varieties (blue, green).
Good quality material is seldom used for anything but
jewelry.

Name: Arabic anbar, which the Spanish converted to
ambar, then later to amber. Succinite is from succinum,
the Latin word for amber, meaning juice.

AMBLYGONITE Also: Montebrasite (OH exceeds F);
Natromontebrasite (Na exceeds Li).

Formula: (Li, Na)Al(PO,)(F, OH).

Usually Li greatly exceeds Na.

Crystallography: Triclinic; crystals equant to short pris-
matic, rough faces. Twinning common. Usually in cleav-
able masses.

Colors: Colorless, white, grayish white, yellow, pink-
ish, tan, greenish, bluish.

Note that refractive indices and optic angle decrease as
Na and F content increase. Montebrasite is optically (+)
and amblygonite is (—). The change in optic sign (where
2V =90°) occurs at ~60% (OH). There appears to be a
complete series of (OH, F) substitutions.

Pleochroism: None.

Spectral: Not diagnostic.

Luminescence: Pale blue in SW (Keystone, South
Dakota). Weak orange or bright green in LW, or pale
brown in LW (Pala, California).

Inclusions: Commonly veil-type inclusions, usually
clouds in parallel bands.

Occurrence: Granite pegmatites.

Brazil: origin of most gem material, in crystals and mas-
ses, fine yellow color.

Custer County, South Dakota: masses up to 200 tons
(nongem) and at Tinton, South Dakota, in masses.

Also from Arizona; New Mexico; New Hampshire; Pala,
California; and Newry, Maine, in crystals up to more
than 3 < 4 inches. These were found in 1940-41; they
were heavily included and provided only small gems.
Germany; Varutrask, Sweden.

Montebras, France: Montebrasite.

Karibib, Namibia: Montebrasite.

Sakangyi, Burma.

Stone Sizes: The largest cut amblygonite is ~70 car-
ats, cut from Brazilian material. The normal size is 1-15
carats. Facetable material is known from Maine, Brazil,
and Burma, but cut gems over 10 carats are scarce.

S1: 62.5 (yellow, Brazil), 19.7 (yellow, Burma).



ROM: 15.6.
AMNH: 3 (colorless, Maine).
DG: 47 (yellow, Brazil).

Comments: Gems are usually pale straw yellow and
are highly prized if the color is darker. Large stones have
been cut but are extremely rare. Amblygonite is too soft
and cleavable to make a good ringstone. The material
from Karibib, Namibia, is lilac in color and quite beauti-
ful when faceted, as well as being extremely rare. It
should be noted that many of the so-called amblygonites
reported in the literature are optically (+) and are there-
fore really montebrasites. Many gems in collections prob-
ably should be reexamined and relabeled, if necessary.
Most yellow gems in collections and on the market are
amblygonites from Brazil; however, stones from Mogi
das Cruzes, Sao Paulo, Brazil, are montebrasite.

Names: Amblygonite is from the Greek words for blunt
and angle, in allusion to the shapes of crystals. Montebrasite
is from the French locality where found.

AMETHYST See: Quartz.
AMMOLITE See: Korite.

ANALCIME Zeolite Group. See also: Pollucite.
Formula: NaAlSi,Os - H:O.

Crystallography: Isometric; good crystals are common,
usually trapezohedra. Massive, granular.

Colors: Colorless, white, gray, yellowish, pink, greenish.
Luster: Vitreous.

Hardness: 5-5.5.

Density: 2.22-2.29.

Cleavage: Indistinct. Fracture subconchoidal. Brittle.
Birefringence: Anomalous in polarized light.

Optics:  Isotropic; N = 1.479-1.493.

Pleochroism: None.

Spectral: Not diagnostic.

Luminescence: Cream white in LW (Golden, Colorado).

Occurrence: Secondary mineral in basic igneous rocks;
also in sedimentary rocks such as siltstones and sandstones.
Washington, Oregon, and California (Columbia Plateau
area).

Houghton County, Michigan.

New Jersey: Watchung basalt flows.

India: Deccan Plateau.

Nova Scotia: Bay of Fundy area.

Mt. Ste. Hilaire, Quebec, Canada.

Also Scotland, Ireland, Iceland, Norway, Italy, Czecho-
slovakia, Germany, Australia.

ANATASE 41

Stone Sizes: Gems are nearly always colorless and less
than 1-2 carats when faceted. Large crystals from Mt.
Ste. Hilaire are white but may have small facetable areas.
Crystals in basaltic cavities in general do not exceed V4
inch in size and are transparent.

Comments: Large colorless crystals of analcime are a
great rarity although small transparent crystals are abun-
dant. Faceted gems are extremely rare and seldom seen
even in large collections. The hardness is marginal for
wear, but the mineral has no cleavage and should present
no difficulties in cutting.

Name: From the Greek analkis, meaning weak, because
of the weak electric charge analcime develops when it
is rubbed.

ANATASE Also called Octahedrite. See: Brookite,
Rutile.

Formula: TiO.,.

Crystallography: Tetragonal; crystals pyramidal, stri-
ated; also tabular and prismatic.

Colors: Black, red-brown, brown, deep indigo-blue;
colorless to grayish, greenish, blue-green, lavender. Band-
ing due to zonal growth often visible.

Luster: Adamantine, sometimes slightly metallic.
Hardness: 5.5-6.
Density: 3.82-3.97.

Cleavage: Perfect 2 directions. Fracture subconchoidal.
Brittle.

Birefringence: 0.046-0.067.

Optics: 0 = 2.534-2.564; ¢ = 2.488-2.497.

Refractive indices are extremely variable, depending on
temperature and wavelength.

Anatase is sometimes biaxial with small 2V (dark-colored
crystals).

Dispersion: 0.213 (0); 0.259 (e).

Pleochroism: Strong in deeply colored crystals:
brown/yellow-brown/greenish-blue.

Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Gneisses, schists, and other metamorphic
rocks; as detrital grains, as an accessory mineral in gran-
ites, and in various other igneous rocks.

California; Gunnison County. Colorado; Arkansas; Mas-
sachusetts; Virginia; North Carolina.

Canada; Brazil; Cornwall, England; Wales: Norway:
France; Italy; USSR.

Switzerland: gem material from the Alpine regions.
Brazil: found in diamondiferous gravels.



42 ANDALUSITE

Stone Sizes: Faceted gems are exceedingly rare and
always very small (less than 1-2 carats). Usually the
material is very dark and unappealing. Cut gems are
known as large as ~6 carats.

Comments: Anatase is usually found in very small crys-
tals, seldom transparent, and even then very dark-colored.
Gems have been cut as curiosities, but are almost never
seen for sale on the market because of scarcity.

Name: Greek anatasis, meaning erection because the
“octahedron™ of anatase is really a tetragonal bipyramid
and elongated with respect to the octahedron of the
isometric system.

ANDALUSITE Varieties: Chiastolite, Viridine. See:
Kyanite, Sillimanite.
Formula: ALSIOs + Fe.

Crystallography: Orthorhombic. Crystals prismatic, stri-
ated, square in cross section. Massive, compact.

Colors:  Pinkish, reddish-brown, rose-red. whitish, grayish,
yellowish, violet, greenish.
Chiastolite: gray crystals with black. carbonaceous cru-
ciform pattern in interior.

Vitreous to subvitreous.
Hardness: 6.5-7.5.
Density: 3.13-3.17.

Luster:

Cleavage: Distinct 1 direction. Fracture even to sub-
conchoidal. Brittle.

Optics:  a = 1.629-1.640; 8 = 1.633-1.644; y = 1.638-1.650.
Near-colorless andalusite reported at low end of this
range; green material at upper end.

Viridine: 1.66-1.69.

Biaxial (—), 2V = 73-86°.

Birefringence: 0.007-0.011. (Viridine: 0.029.)
Dispersion: (.016.

Pleochroism: Strongly pleochroic; olive green to flesh-
red (Brazil).

Usually yellow/green/red.

Blue andalusite from Belgium: blue/colorless/colorless.

Spectral: Deep green varieties from Brazil display Mn
spectrum: knife-edge shadow at 5535, fine lines at 5505
and 5475; faint lines at 5180, 4950, and 4550.

Inclusions: Veil inclusions are common. Carbon inclu-
sions in chiastolite. Hematite flakes in Brazilian material.

Luminescence: None in LW. Brown fluorescence in
SW (Lancaster, Massachusetts). Dark green or yellow-
green fluorescence in SW (brown-green gems from Brazil).

Occurrence:  Metamorphic rocks, usually slates and
schists as a contact mineral, or developed within mica
schist or gneiss. Also as a detrital mineral and very rarely
in pegmatites and granites.

California: South Dakota (Black Hills); Colorado; New
Mexico; Pennsylvania; Maine; Massachusetts.

East Africa; Spain.

Brazil: main gem source today: found as pebbles in
stream beds or on hillsides under layers of clay.

Sri Lanka: gem material found as waterworn pebbles,
sometimes large size.

Burma: dull green material in gem gravels.

Belgium: blue crystals.

Stone Sizes: Gems from Brazil reach 75-100 carats.
Usually gems are 1-5 carats; stones in the 5-10 carat
range are available at several times the cost of the smaller
ones. Stones over 10 carats are quite rare and extremely
rare over 20) carats.

S1:28.3 (brown, Brazil), 13.5 (green/brown, Brazil).
ROM: 12.44 (Brazil).

Comments: Andalusite is a slightly brittle material and
careisrequired if itis set as a ringstone. The pleochroism
of andalusite is distinctive and extremely attractive. Some-
times gems are cut to show the pink and almost colorless
shades: othersdisplay green in the center with brown tips
or various other combinations, depending on how the
rough was oriented before cutting. Catseye andalusites
can be cut when fibrous inclusions are present but are
extremely rare.

Viridine is a deep green variety containing manganese.

The blue color in material from Ottré, Western Belgium,
has been attributed to an Fe'’-Fe*® charge transfer
mechanism.

Chiastolite is cut more or less as a curiosity, since it is
always opaque; cross sections showing a well-formed
black cross on a gray background are quite attractive.
Chiastolite, because of the impurities it contains, has
a lower hardness and density than other varieties of
andalusite.

Names: After the first noted locality, Andalusia (Spain).
Chiastolite is from the Greek chiastos, arranged diagonally,
because the pattern of carbon inclusions resembles the
Greek letter Chi, which is written .

ANDESINE See: Feldspar.

ANDRADITE See: Garnet.

ANGEL STONE Sce: Palygorskite.

ANGLESITE
Formula: PbSO..



Crystallography: Orthorhombic. Crystals usually tabu-
lar, prismatic; granular; massive; stalactitic.

Colors: Colorless, white, yellowish gray, lemon to golden
yellow, brownish orange, pale green, and bluish shades.

Luster: Adamantine to vitreous.

Hardness: 2.5-3.

Density:  6.30-6.39; usually 6.38.

Cleavage: Good 1 direction. Fracture conchoidal. Brittle.

Optics: a = 1.877; p = 1.883; y = 1.894.
Biaxial (+),2V ~75°.

Birefringence: 0.017.
Dispersion: (.044.
Pleochroism: None.
Spectral: Not diagnostic.

Luminescence:

and LW.

Weak yellowish fluorescence in SW

Occurrence: Secondary mineral in lead deposits, formed
by oxidation of galena (PbS). There are many localities,
and many have the potential of yielding gemmy crystals.
Chester County, Pennsylvania; Tintic, Utah; Arizona;
New Mexico; Coeur d’Alene district, Idaho.
Chihuahua, Mexico; England; Scotland; Wales; USSR ;
Germany; Sardinia; Broken Hill, N.S.W., Australia;
Dundas, Tasmania.

Morocco: gem crystals from Tourssit, in immense sizes
for the species.

Tsumeb, Namibia: large transparent yellowish crystals,
sometimes colorless, gemmy.

Tunisia: gemmy crystals.

Stone Sizes: The usual range is 1-6 carats for faceted
gems. Anglesites very rarely are large enough to cut
bigger stones than this, but some rough has yielded 100+
carat gems, notably the material from Tsumeb (rnote: A
300-carat stone broke during cutting!) and Morocco.
DG: 88.75 (yellow, coffin-shaped triangle, Tsumeb,

Namibia).
ROM: 23.62 (colorless, step cut, Tsumeb).
NMC: 25.90 (yellow, scissors-cut, Morocco).
PC: 126  (light golden brown, Morocco).

73 (yellow-orange, cushion cut, Morocco).

63  (lemon yellow emerald cut, Morocco).

171.12 (medium orange, Morocco).

169  (oval, Morocco).

Comments: Anglesite gems are colorless to pale brown
and are available from only a few localities. The disper-
sion is equal to that of diamond, and properly faceted
gems are truly magnificent and bright. Low hardness and

ANHYDRITE 43

cleavage indicate great care is required in cutting, and
wear is not recommended. Cut anglesites are true rari-
ties and seldom seen except in very complete collections.

Name: Anglesey, the English locality where first found.

ANHYDRITE
Formula: CaSO..

Crystallography: Orthorhombic. Crystals equant. thick.
tabular or (rarely) prismatic; massive, cleavable.

Colors: Colorless, white-gray. bluish, violet, pinkish,
reddish, brownish.

Luster: Greasy; pearly on cleavage; vitreous in mas-
sive varieties.

3-3.5.
2.9-2.98.

Hardness:
Density:

Cleavage: Perfect 1 direction, nearly perfect 1 direction.

Optics: a = 1.570: p — 1.575; y = 1.614.
Biaxial (+), 2V ~43°.

Birefringence: 0.044.

Dispersion: 0.013.

Pleochroism: In violet crystals: colorless-pale yellow/
pale violet-rose/violet.

Spectral: Not diagnostic.

Luminescence: Red color in LW (Germany).

Occurrence: A rock-forming mineral, associated with
gypsum beds, halite, and limestones. Also occurs in
hydrothermal veins, cavities in basalts, and other traprocks.
South Dakota, New Mexico, New Jersey, Texas.

Nova Scotia.

France, India, Germany, Austria, Poland.

Faraday Mine, Bancroft, Ontario, Canada: large pur-
plish masses, some facetable.

Simplon Tunnel, Switzerland: pale purple cleavages.
facetable.

Mexico: large blue masses, very lovely color.

Volpino, Italy: a white-gray, marblelike textured mate-
rial known as vulpinite and locally used as a decorative
stone and made into cabochons.

Stone Sizes: Faceted gems are quite unusual. usually
small (1-5 carats), but potentially much larger. Gems up
to 9 carats have been cut, but cleavage masses could
provide larger rough. Faceted gems are usually purplish
or pale pink, from the Swiss and Canadian localities.
PC: 2.86 (pink-blue bicolor, Bancroft).

Comments: The blue or violet color disappears on
heating and can be restored by gamma ray bombardment.



44 ANKERITE

The natural color may therefore be caused by natural
radiation. Gemstones are very fragile due to excellent
cleavages and must be cut and handled with great care.

Name: Greek without water, in allusion to composition.

ANKERITE See: Dolomite.

ANORTHITE See: Feldspar.
ANORTHOCLASE See: Feldspar.
ANTIGORITE See: Serpentine.
APACHE TEARS See: Obsidian.

APATITE Group name. Also called Asparagus Stone.

Formula: Cas(PO.)(F OH, Cl)..

Ca often replaced by Sr, Mn.

Also contains: Ce, rare earths, U, Th.

PO, replaced by SO, + SiO..

Carbonate apatites contain CO,. F is also present in the
variety francolite.

Crystallography: Hexagonal. Crystals usually prismatic
or stubby; massive, granular, compact; oolitic, earthy.

Colors:  Colorless, green, white, blue, brown, yellow,
purple, violet, gray, pink, and various shades of most of
these colors.

Luster: Vitreous in crystals.

Hardness: 5 (some massive varieties 3-4).

Density: 3.10-3.35 (massive varieties 2.5-2.9).

Poor. Fracture conchoidal to uneven. Brittle.

Optics: e = 1.598-1.666; 0 = 1.603-1.667. Very variable
with composition. ‘

Gem varieties: 0 = 1.632-1.649, e = 1.628-1.642.
Uniaxial (—); francolite may be biaxial, 2V = 25-40°.

Birefringence: 0.001-0.013.

Chlorapatites have the lowest birefringence (~0.001);
fluorapatites medium (0.004); hydroxylapatites higher
(0.007); carbonate apatites as high as 0.008; and francolite
as high as 0.013.

0.013.

Cleavage:

Dispersion:

Pleochroism: Distinct in blue-green varieties; other-
wise weak. Yellow stones may give yellowish/greenish or
brownish/greenish.

Gem blue apatite shows strong dichroism: blue/yellow.

Spectral: Blue and yellow apatites display a rare earth
(*didymium,” i.e. praseodymium + neodymium) spec-
trum. Yellow gems have 7-line group at 5800 and 5 lines
at 5200. Blue gems give broad bands at 5120, 4910, and
4640.

Luminescence: Yellow gems fluoresce lilac-pink in SW
and LW (stronger in LW). Blue apatite fluoresces violet-

Refractive Indices

Brirefrin-

Type Locality Color o) e gence S.G.
Chlorapatite Japan yellow 1.658 1.653 .005 —
Hydroxylapatite Holly Springs. Georgia — 1.651 1.644 .007 3.21
Fluorapatite Finland blue-green 1.633 1.629 .004 3.2
Hydroxylapatite Sweden (with Mn) blue-green 1.646 1.641 .005 3.22
Fluorapatite Sweden colorless 1.634 1.631 .003 S
Carbonate apatite Devonshire, England - 1.629 1.624 005 3.14

with fluorine (francolite)
Hydroxylapatite Mexico yellow 1634 1.630 004 —
Fluorapatite Canada green 1.632 1.629 .003 —
Fluorapatite Maine purple 1.633 1.630 .003 —
Carbonate apatite St. Paul's Rocks, — 1.603 1.598 .005 —
Atlantic Ocean
Cut gemstone Kenya dark green 1.641 1.637 .004 —
Cut gemstone Zimbabwe yellow-green 1.643 1.638 .005 —
Cut gemstone Mexico yellow 1.637 1.633 .004 —
Cut gemstone Madagascar dark green 1.637 1.632 .005 —
Cut gemstone Burma green 1.636 1.632 004 -
Cut gemstone Brazil deep blue 1638 1.632 006 —
Cut gemstone Canada green 1.632 1.628 .004 -
Cut gemstone Sri Lanka (catseye) brown 1.647- 1.640- 007 —
1.649 1.642
Cut gemstone Tanzania (catseye) yellow 1.636- 1.632- 0.004 3.22-
1.640 1.637 S35




blue to sky blue, and violet material fluoresces greenish-
yellow (LW) or pale mauve (SW). Green apatite fluoresces
a greenish mustard color, LW stronger than SW. Man-
ganapatite fluoresces pink in SW.

Occurrence: Apatite is found in a wide variety of rock
types. Igneous rocks are usually characterized by F and
OH varieties, some containing Mn. Apatite occurs in
pegmatites, hydrothermal veins and cavities, metamor-
phic rocks, and as detrital grains in sedimentary rocks
and phosphate beds.

Blue: Burma; Sri Lanka; Brazil.

Blue-green: Arendal, Norway (variety called moroxite);
also: Gravelotte, East Transvaal, South Africa.

Violet: Germany; Maine; California.

Yellow: Durango, Mexico; Murcia, Spain; Canada; Brazil.
Green: India; Canada (trade-named Trilliumite); Mozam-
bique; Madagascar; Spain: Burma.

Brown: Canada.

Colorless: Burma; Italy; Germany.

Catseye: Blue green and green from S/ Lanka and Burma.
Green catseyes also occur in Brazil, and yellow stones in
Sri Lanka and Tanzania.

Stone Sizes:  Cut apatites are not common in museum
collections. Blue gems (Brazil) are almost always small
(1-2 carats). Burma produces 10 carat blue gems, but this
color is very scarce in larger sizes. Yellow gems up to
15-20 carats are known from Mexico, but larger ones are
quite rare. Violet stones are the rarest and smallest in
general, usually under 2 carats. However, the Roebling
purple apatite in S/ is ~100 grams, a superb crystal.
Blue-green clean stones are usually less than 5 carats,
rare if larger. Green apatite occurs in large crystals;
Canadian material has yielded 100 carat flawless stones.
The world's largest golden green gem may be a 147 carat
stone from Kenya. Yellowish catseyes range up to about
15 carats, and green catseyes a bit larger (20 carats).

Comments: Fluorapatite is the commonest apatite vari-
ety. Apatite is abundant throughout the world, and is, in
fact, the main constituent of bones and teeth. It is also
the most abundant phosphorus-bearing mineral, espe-
cially collophane, the massive type that makes up large
beds in some localities. Apatite is brittle and heat sensi-
tive, and must be cut and worn with care. Properly cut
stones are truly magnificent, however, since they are
both bright and richly colored. It is possible to assemble
suites of as many as 20 gems, all different colors.

Mexican yellow apatite is perhaps the most abundant
material available, and thousands of crystals exist that
would cut stones up to 5 carats. Larger pieces are rare,
however, even from this locality. The Mexican material
may be turned colorless by careful heating.

The catseye in Tanzanian stones may be so intense
that the material resembles catseye chrysoberyl.

APHOPHYLLITE 45

Lazurapatite is a mixture of lapis and apatite that is
found in Siberia.

Name: From the Greek, meaning to deceive because
mineralogists had confused apatite with other species.

APOPHYLLITE
Formula: KCa.Si:Ox(F, OH) - 8H,0.

Crystallography: Tetragonal. Crystals pseudocubic; tab-
ular, prismatic, sometimes pyramidal.

Colors:  Colorless, white, grayish, pale yellow, pale green,
dark green, reddish.

Luster: Vitreous, pearly on cleavage.

Hardness: 4.5-5.

Density: 2.3-2.5.

Perfect 1 direction. Fracture uneven. Brittle.

Optics: o0 = 1.53-1.54; e = 1.53-1.54 (variable).
Optically (+) or (—); uniaxial.

Cleavage:

Birefringence: 0.001 or less. May appear isotropic.
Pleochroism: None.

Spectral: Not diagnostic.

Luminescence: None.

Occurrence: Secondary mineral in basic igneous rocks,
such as basalts and traprocks.

New Jersey; Oregon; Washington; Colorado; Michigan;
Virginia; Pennsylvania.

Guanajuato, Mexico; Brazil; Canada; Sweden: Scotland;
Germany; Ireland; Faroe Islands, Iceland; Bay of Fundy,
Nova Scotia.

Bombay, [ndia: colorless crystals and also intense apple
green color,due to Fe (Poona, India: 0 =1.530,e = 1.533,
birefringence 0.003, S.G. = 2.37).

Stone Sizes: Apophyllites are seldom faceted. and rough
to cut greater than 10 carats is very rare. Stones are
usually colorless, though green Indian material is also
cut.

S1:15.4 (colorless, step-cut).

DG: 7.05 (colorless, Poona, India).

PC: 24.92 (free-form, Poona, India).

Comments: Apophyllite is very brittle and fragile, with
an extremely perfect and easy cleavage. Itis unsuited for
jewelry, but colorless apophyllite is perhaps the whitest
of all gems. The cut stones are so devoid of any trace of
color that they almost appear silvery. The perfect cleav-
age dictates an orientation with the table of a faceted
stone not perpendicular to the long axis of the crystals.
The green, iron-rich apophyllite from India occurs in



46 AQUAMARINE

magnificent crystal groups, but facetable material is quite
scarce and usually smaller than the colorless variety.

Name: From Greek words describing the tendency of
apophyllite to exfoliate when strongly heated.

AQUAMARINE See: Beryl.

ARAGONITE See also: Korite.
Dimorphous with Calcite.

Formula: CaCO; + Pb, Sr, rarely Zn.

Crystallography: Orthorhombic. Pseudohexagonal, crys-
tals often acicular, chisel-shaped, prismatic; also mas-
sive, columnar, fibrous, stalactitic, coralloidal. Frequently
twinned.

Colors: Colorless, white, yellow, gray, green, blue-green,
lavender, reddish, brown.

Luster: Vitreous to resinous.
Hardness: 3.5-4.

Density:  2.947 (pure). Usually 2.93-2.95; up to 3.0 if
Pb present.

Cleavage: Distinct 1 direction. Fracture subconchoidal.
Brittle.

Optics:  a = 1.530; 8 = 1.681; v = 1.685.
Biaxial (—), 2V = 18°. Sector twinning observed.

Birefringence: 0.155.
Pleochroism: None.
Spectral: Not diagnostic.

Inclusion:  Usually veil-type inclusions observed.

Luminescence: Pale rose, yellow, tan, green, rarely bluish
in LW; may phosphoresce green in LW (Sicily). Yellowish,
pinkish-red, tan, white in SW, also pink (Sicily).

Occurrence: Worldwide occurrences, especially in lime-
stone caverns, hot springs, and in the oxidized zone of
ore deposits.

Molina de Aragon. Spain: type locality, in stubby twinned
crystals.

Bilin, Czechoslovakia.

Austria; England; Peru: Namibia; Germany.

Agrigento, Sicily: with sulfur crystals.

Chile: blue material.

Guanajuato, Mexico; Laurium. Greece: blue aragonite.
Many localities in the United States, including New Mexico,
South Dakota, Virginia, Colorado.

Fibrous aragonite from Wyoming, California, lowa.

Stone Sizes: Faceted gems are usually only a few car-
ats. Potential exists for much larger stones. Most faceted
gems are colorless, since colored material is usually

massive. Straw yellow crystals from Horschenz, Germany,
have yielded stones to 10 carats. The largest known cut
specimen is from Bilin and weighs 110 carats.
DG:7.85 (Germany).

PC: 110 (emerald cut, straw yellow, Bilin, Czechoslovakia).

Comments: The hardness of aragonite is too low to
allow for safe wear. Aragonite is not as abundant or
widespread as calcite, except (in gem use) insofar as it is
the major constituent of pearls. Faceted gems are almost
always very small as opposed to calcite, which occurs in
huge transparent masses or crystals. Faceted aragonite
gems are thus truly rare collector items.

Name: Locality, Molina de Aragon, Spain.

AUGELITE
Formula: ALPO.(OH)s.

Crystallography: Monoclinic. Crystals tabular and thick;
prismatic; acicular. Also massive.

Colors:  White, yellowish, pale blue, pale rose.
Luster: Vitreous. Pearly on cleavage surfaces.
Hardness: 4.5-5.

Density: 2.696-2.75.

Cleavage: Perfect 1 direction, good 1 direction.

Optics:  a = 1.574; = 1.576; y = 1.588.

White Mountain, California, material: a = 1.570; g =
1.574; y = 1.590.

Biaxial (+),2V ~50°.

Birefringence: (.014-0.020.
Pleochroism: None.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Crystals from the Champion Mine, Mono
County, California, reach a size of about one inch; this
locality is now depleted. It furnished cuttable gem material.
Masses occur at Keystone, South Dakota (nongem).
Palermo Mine, New Hampshire.

Potosi, Bolivia: in crystals.

Sweden: massive.

Uganda.

Stone Sizes: Most gems in existence, from the Califor-
nia material, are less than 1 carat up to about 3 carats.
Larger stones are exceedingly rare in the case of what is
already a rare mineral.

Comments: Augelite is soft and brittle, unsuited for
wear. However, the gems cut from rare transparent crys-
tals are true collector items and are seen only in very
complete collections.



Name: From a Greek word meaning luster, because of
the glassy appearance of the mineral.

AVENTURINE See: Quartz.

AXINITE Group name.

Formula: (Ca, Mn. Fe, Mg);AL:BS1,0,5(OH).
+Mg — magnesioaxinite.
If Fe > Mn = ferroaxinite.
If Mn > Fe = manganaxinite.
If Mn >Fe and Ca< 1.5 = tinzenite.

Crystallography: Triclinic. Distinctive wedge-shaped crys-
tals; also tabular.

Colors: Violet-brown, colorless, yellowish (Mn), pale
violet to reddish (Mn), blue (Mg).

Luster: Vitreous.
Hardness: 6.5-7; variable with direction.
Density: 3.26-3.36; magnesioaxinite = 3.18.

Cleavage: Good 1 direction. Fracture uneven to con-
choidal. Brittle.

Optics:  a = 1.674-1.693; = 1.681-1.701; y = 1.684-1.704.
Magnesioaxinite: a = 1.656; = 1.660: y = 1.668.
Biaxial (—), 2V = 63-80° or more.

May turn (+) if high in Mg.

Birefringence: 0.010-0.012.
Dispersion: Large.

Pleochroism: Intense in all colored varieties: cinna-
mon brown/violet-blue/olive green, yellow, or colorless.
Luning, Nevada: pale brown to colorless/deep brown/
brownish red.

Pale blue/pale violet/pale gray (magnesioaxinite).

Sri Lanka: reddish-brown/dark violet/colorless-yellowish.

Spectral: Narrow line at 5120, broad lines at 4920 and
4660, also at 4150. Sometimes lines visible at 5320, 4440,
and 4150 (latter may be strong).

Luminescence: Redin SW (Franklin, New Jersey). Dull
red in SW, orange-red in LW (Tanzania: magnesioaxinite).

Occurrence: Axinite is found in areas of contact meta-
morphism and metasomatism.

Yuba County, California: gemmy crystals. Also gem mate-
rial from Coarse Gold, Madera County, California; New
Melones, Calaveras County, California; Sri Lanka: fer-
roaxinite, cinnamon-brown (indices = 1.675/1.681/1.685,
birefringence = 0.010, S.G. = 3.31).

Luning, Nevada: masses.

Pennsylvania; New Jersey.

Cornwall, England; Germany; Norway; Finland; USSR
Japan; Baja California, Mexico, Tasmania.
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Bouirg d'Oisans, France: S.G. 3.28, R.1.
pockets in schist.

Switzerland: tinzenite.

Tanzania: magnesioaxinite.

1.68-1.69, in

Stone Sizes: Axinite is rare in faceted gems over 10
carats. Material from Baja California will yield gems to
about 25 carats, but most stones, if clean, are less than 5
carats.

S1:23.6 (brown, Mexico).

PC: 16.5 (Baja California).

Geol. Mus., London: 0.78 (magnesioaxinite, Tanzania).

Comments: Cut axinites are usually intensely trichroic.
with the brown and purple colors dominating. The mate-
rial is exquisite but is almost never completely free of
flaws and feathers. Axinite is actually an extremely rare
cut gem and could be one of the most magnificent because
of its rich colors and brilliance. Clean stones over 5
carats are difficult to find and worthy of museum display.
Axinite is hard enough to be worn in jewelry, though it is
a bit brittle.

Name: From a Greek word meaning axe, in allusion to
characteristic crystal shape.

AZURITE
Formula: Cu3(CO,),(OH),.

Crystallography: Monoclinic. Crystals may be large and
perfect, tabular, prismatic: also massive. earthy, banded,
stalactitic.

Colors: Light and dark azure blue.

Luster: Vitreous (crystals) to earthy or dull.
Hardness: 3.5-4.

Density: 3.77.

Cleavage: Perfect 1 direction. Fracture conchoidal.
Brittle.

Optics: a = 1.730; j
Biaxial (+), 2V ~67°.

1.758; y = 1.836.

Birefringence: 0.110.

Pleochroism: Strong, in shades of blue.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Secondary mineral in copper deposits.
Chessy, France: chessylite, fine crystals in large groups.
Morenci and Bisbee. Arizona: banded and massive mate-
rial, also crystals.

Eclipse Mine, Muldiva-Chillagoe area. Queensland.
Australia: gemmy crystals up to about Y grams.

Kelly, New Mexico and other localities in that state.






BALAS RUBY See: Spinel.
BARBERTONITE See: Stichtite.

BARITE

Formula: BaSO, + Ca, Sr.

Crystallography: Orthorhombic. Tabular crystals, aggre-
gates and rosettes; massive, granular, fibrous, earthy,
stalactitic.

Colors: White, grayish, yellowish to brown, blue, green,
reddish. May be color zoned.

Luster: Vitreous to resinous; pearly on cleavage.
Hardness: 3-3.5.

Density: 4.50 (pure); usually 4.3-4.6.

Cleavage: Perfect 1 direction. Fracture even. Brittle.

Optics: a = 1.636; = 1.637; y = 1.648.
Biaxial (+),2V = 37°.

Birefringence: 0.012.

Dispersion: (0.016.

Pleochroism: Weak if crystal is colored.

Brown crystal: straw yellow/wine yellow/violet.
Yellow crystal: pale yellow/yellow-brown/brown.
Green crystal: colorless/pale green/violet.

Luminescence: In SW: white (Germany, Ohio), blue-
green (Germany, England), gray (Germany). In LW: green-
ish white, yellow-green (Germany), pinkish white (Ohio),
cream-white (South Dakota).

Occurrence: Barite is common in low temperature hydro-
thermal vein deposits; also as a component of sedimen-
tary rocks, sometimes in large beds: as concretions, in
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clay deposits, and rarely in cavities in igneous rocks.
Good crystals abundant worldwide.

Meade County, South Dakota: fine brown crystals,
facetable.

Colorado: exquisite blue crystals, some facetable (Ster-
ling area).

lllinois.

Thunder Bay District, Ontario, Canada: colorless crys-
tals suitable for cutting.

Rock Candy Mine, British Columbia, Canada: facetable
yellow crystals, up to 4 inches long.

Cumberland, England: fine crystals, sometimes very large,
facetable areas.

Many other localities worldwide, many with potential
for clean material.

Stone Sizes: Large crystals are known, usually flawed,
but many have facetable areas. English material will
yield stones up to about 50 carats; one is known over 300
carats. Yellow-brown crystals from France have been cut
into gems as large as 65 carats. Colorado gems are usu-
ally 1-5 carats.

PC: 42(golden-orange, cushion cut, British Columbia).

108 (dark brown oval, South Dakota).

Comments: Massive white barite looks like marble and
could be used for decorative purposes. Faceted gems are
hard to cut, and facet junctions tend to be rounded. The
perfect cleavage makes wear very risky, and the low
hardness would also prevent use in jewelry. In spite of the
abundance of good crystals, cut barites are not com-
monly seen, especially in rich colors. With very few
exceptions, large stones could be obtained in almost any
desired color.

Name: Greek baros, heavy, because of the high spe-
cific gravity.



50 BASTITE

BASTITE See: Enstatite.
BAYLDONITE
Formula: (Pb, Cu);(AsO,)(OH),.

Crystallography: Monoclinic. Fibrous concretions; mas-
sive, granular.

Colors:  Various shades of yellowish green.
Luster: Resinous.
Hardness: 4.5.
Density: 5.5.
Cleavage: Not observed.

Optics: a=1.95 =197,y =1.99.
Biaxial (1), 2V large.

Birefringence: 0.04.
Dispersion: No data.
Pleochroism: No data.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Secondary mineral in Pb-Cu deposits.
England:; France.
Tsumeb, Namibia: only major occurrence.

Stone Sizes: Cabochons only from massive, fibrous mate-
rial from Tsumeb.

Comments: Bayldonite is a nondescript greenish mate-
rial that has been cut into cabochons by enterprising
collectors of the unusual. Cut bayldonites are a rarity,
nonetheless, and are seldom seen in collections. The
luster of cabochons is sometimes almost metallic and
provides a curious appearance to the cut stones. Bayldonite
is compact but too soft for rings; it could be worn in bola
ties and pendants.

Name: After Mr. John Bayldon.

BENITOITE
Formula: BaTiSi;0s.

Crystallography: Hexagonal. Crystals triangular in shape,
flattenied, very distinctive.

Colors:  Blue (various shades), purple, pink, white, col-
orless. Sometimes zoned.

Vitreous.
Hardness: 6-6.5.
Density: 3.64-3.68.

Luster:

Cleavage: Indistinct. Fracture conchoidal to uneven.

Brittle.

Optics: o = 1.757; ¢ = 1.804.

Uniaxial (+).

Birefringence: (.047.

Dispersion:  0.046.

Pleochroism: Strong: o = colorless, ¢ = blue.

Luminescence:

LW.

Intense blue in SW only, no reaction to

Occurrence: Rush Creek, Fresno County, California;
Texas.

Belgium.

Only gem locality is in San Benito County, California, as
superb crystals in a massive, fine-grained, white natro-
lite. The crystals reach a size of ~2 inches across, col-
ored white and various shades of blue, rarely pinkish or
colorless, zoned. Though crystals are large, facetable
areas are always very small.

Stone Sizes: Always small because crystals are badly
flawed. Also, best color (along ¢) is seen in an unadvan-
tageous direction in terms of the flattening of the crys-
tals, giving smaller gems with good color. The largest
stone on record is in S/, 7.8 carats. A large gem of 6.52
carats was cut for a private collector but stolen in transit.
Most gems are under 1 carat, up to about 2-3 carats.
Larger stones are exceedingly rare. The deposit has been
largely worked out and available gems sold, so benitoite
is becoming very difficult to obtain in cut form. However,
some new material is mined and marketed every year.
AMNH: 3.57.

Comments: Benitoite is one of the most beautiful of all
the rare gems, with the color of fine sapphire and the
dispersion of diamond! It was discovered in 1906 and
first thought to be sapphire. The dispersion is usually
masked by the intense blue color. Benitoite is one of the
most desirable, attractive, and scarce of all gemstones.

Name: After the occurrence in San Benito County,
California.

BERYL

Formula: Be;ALSikOi + Fe, Mn, Cr, V, Cs.

Crystallography: Hexagonal. Crystals prismatic, elon-
gated or flattened, equant; often striated or etched;
rolled pebbles; massive.

Colors: Colorless, white, light green, olive green, blue-
green to blue (aquamarine), deep green (emerald), pink
or peachy pink (morganite), greenish yellow, yellow (heli-
odor), pinkish orange, red (bixbite).

Beryl is one of the most familiar minerals because of
the many famous gem varieties it offers. These specific
gem types are named according to color and chemistry.
The colorless variety, pure beryl, is termed goshenite. A
trace of manganese adds a pink or salmon-peachy-pink



color, and we have the variety known as morganite.
Heliodor or golden beryvl derives its color from ferric
iron, and the color ranges from pale yellow to deep
yellowish-orange. Aquamarine also gets its color from
iron, but in the ferrous (reduced) state, and the range is
from blue-green to deep blue. Emerald is the best known
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color variety, the color of which, a fine, intense green, is
due to a trace of chromium replacing aluminum in the
beryl structure. Emerald is, by definition, the green beryl
colored by chromium. Other green beryls of various
shades exist, which are simply termed green beryl, where
Cr is not present and does not reveal a chromium spec-

Emerald Birefrin-
Locality Occurrence 0 e gence S.G. Comments
Austria (Habachthal) biotite schist 1.591 1.584 0.007 274
1.582 1.576 0.006 273
Australia (Poona) schists 1.578-1.579 1.572 0.005-0.007 2.69-2.70
(Emmaville) pegmatite 1.575 1.570 0.005 2.68
Brazil
Bahia: Anagé 1.584 1.576 0.008 2.80
Brumado 1.579 1.573 0.005-0.006 2.68
Carnaiba mica schist 1.588 1.583 0.006-0.007 2.72
Salininha 1.589 1.583 0.006 2.71
Minas Gerais (var.) 1.578-1.581 1.572-1576 0.006-0.009 2.71-2.73
Goias (Sta. Terezinha) in talc and
i biotite schist 1.588-1.593 1.580-1.586 0.007-0.008 2.70-2.76 bluish-green
Colombia
Chivor Mine, cracks in dark
schist 1.577-1.579 1.570-1.571 0.005-0.006 2.69 blue-green
Muzo Mine calcite veins in
dark shale 1.580-1.584 1.570-1.578 0.005-0.006 2.70-2.71 yellow-green
Gachala Mine 1.576 1.570 0.006 2.70
Burbar Mine 1.576 1.569 0.007 2.70
trapiche emerald in biotite 1.583 1.577 0.006 2.70
Ghana poor quality 1.589 1.582 0.007 2.70
India
Ajmer 1.595 1.585 0.007-0.010 2.74
(unspecified) in biotite schist 1.593 1.585 0.007 278
Mozambigue (Morrua) 1.593 1.585 0.008 2.73
Madagascar
Ankadilalana Mine mica schist 1.589-1.591 1.581-1.585 0.007 273
North Carolina in albite matrix 1.588 1.581 0.007 2.73 fluorescesin LW-UV
Norway (Eidsvoll) in granite 1.590-1.591 1.583-1.584 0.007 2.68-2.76
Pakistan
Mingora 1.596 1.588 0.007 2.78
Bucha talc-quartz-carbonate
enclosed in
ultramafics 1.600 1.590 0.010
Swat (general) in metamorphics 1.595-1.600 1.588-1.593 0.007 2.75-2.78
Zimbabwe granite pegmatites
Victoria Province cutting schists, also 1.576-1.591 1.572-1.585 0.004-0.007 2.67-2.74 with alexandrite also
Bubera Province serpentines and 1.585 1.580 0.005 — not gemmy
Shamva Province fine mica 1.591 1.584 0.007 — not gemmy
Filabusi Province aggregates 1.587-1.594 1.583-1.588 0.004 -
Belingwe Province 1.593-1.594 1.586-1.588 0.005-0.007 -
Sandawana 1.590-1.596 1.583-1.588 0.004-0.006 2.74-2.75
South Africa
Transvaal, Gravelotte acid pegmatites and
(Cobra Mine, etc.) contacting schists 1.593-1.594 1.583-1.586 0.006-0.007 2.75-2.76
Tanzania (Lake Manyara) in pegmatites and
mica schists 1.585 1.578-1.580 0.005-0.006 2.72-2.73 with alexandrite
USSR (Urals) biotite-chlorite
. schists 1.588 1.581 0.006-0.007 2.74
Zambia
Miku in schists 1.589-1.590 1.581-1.582 0.007-0.009 2.74
Mufulira 1.588 1.581 0.007 2.68
Kitwe in schists 1.586 1.580 0.006 2.79
Kafubu 1.602 1.592 0.010 2.77
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trum; this also includes a deep green beryl colored by
vanadium, which is technically speaking not emerald. A
deep rose-red colored beryl, in small crystals from the
Wah Wah Mountains of Utah, has been named bixbite;
this color is also due to manganese; the maternial also
contains Ti, Zn, Sn, Cs, Li, Rb, B, Zr, Nb, Pb, and traces
of other elements.

Luster: Vitreous.
Hardness: 7.5-8.

Cleavage: Indistinct. Fracture conchoidal to uneven.
Brittle.

Density:

goshenite: 2.6-2.9;
morganite: 2.71-2.90;
aquamarine: 2.66-2.80;
emerald: 2.68-2.78;
red beryl: 2.66-2.70.

Inclusions: Beryl inclusions typically are long, hollow
tubes, sometimes filled with liquid; the tubes are parallel
and run the length of prismatic crystals, sometimes have
a brownish color and may contain gas bubbles. Negative
crystals are also seen, as well as flat inclusions that
resemble snowflakes and have a metallic look, known as
chrysanthemum inclusions. Aquamarines contain, in addi-
tion to the above, crystals of biotite, phlogopite, rutile,
pyrite, hematite, and ilmenite in skeletal crystals that
sometimes allow the cutting of star beryls. Some aqua-
marines contain snow-stars: irregular liquid droplets in
starlike patterns. These were especially noted in the
Martha Rocha, a famous and large aquamarine. Red
beryls from Utah display healed and unhealed fractures,
growth banding, two-phase inclusions, quartz, and bixbyite.

Inclusions in Emeralds
Habachthal, Austria: Straight, broad-stemmed tremolite
rods; biotite, rounded mica plates; tourmaline; epidote;
sphene; apatite; rutile.
Colombia:
Chivor Mine, 3-phase inclusions; pyrite; albite.
Muzo Mine, 3-phase inclusions; parisite crystals (only
known from Muzo mine), in yellow-brown prisms;
calcite rhombs.
Borur Mine, 3-phase inclusions.
Gachala Mine, parallel growth bands, needlelike growth
tubes; 3-phase inclusions: albite, pyrite; 6-sided cleav-
age cracks.
Coscuez Mine, 2- and 3-phase inclusions, pyrite, albite,
quartz, partially-healed fractures.
Bahia, Brazil: 2-phase inclusions: biotite; talc; dolomite
crystals; liquid films.
Goias, Brazil: Pyrite, chromite, talc, calcite, hematite;
notable also = dolomite.
USSR: Actinolite crystals, singly or in groups, resem-
bling bamboo-cane; mica plates.

Australia: Biotite (abundantly); actinolite; calcite; some
3-phase inclusions seen, tubes, “daggers,” fluorite.
Transvaal, Namibia: Brown mica (makes gems dark in
color); curved molybdenite crystals.

Zimbabwe: Fine long-curving tremolite needles; also
2-3 phase inclusions, short rods or fine curved fibers;
color zoning; garnets; hematite; feldspar; brown mica;
negative crystals. .

India: Oblong cavities parallel to long crystal axis, with
gas bubbles; biotite crystals parallel to basal plane; fuchs-
ite, 2-phase inclusions; apatite crystals; groups of nega-
tive twin crystals with comma shape.

South Africa (Cobra Mine): Mica plates and 3-phase
inclusions.

West Pakistan: 2-phase inclusions; thin films; some liq-
uid inclusions, few mineral crystals.

Tanzania: 2-phase and 3-phase inclusions; square-shaped
cavities and tubes; actinolite, mica.

Zambia: Biotite (black crystals) as small specks or dots;
pinpoints, breadcrumb inclusions; also tourmaline (dra-
vite) and magnetite. Material from Kitwe contains: rutile,
chrysoberyl, muscovite, apatite, quartz; paragenesis indi-
cates metamorphic origin.

Madagascar: brown biotite, muscovite, apatite, hema-
tite, goethite, quartz, ilmenite, tourmaline, color zoning,
2-phase inclusions.

Norway: Mossy inclusions; also interconnected tubes
{make crystals turbid).

North Carolina: Quartz crystals sometimes seen.

Optics:  Beryl is uniaxial (—), and refractive indices
vary with composition.

Goshenite: o = 1.566-1.602; ¢ = 1.562-1.594; Birefrin-
gence = 0.004-0.008.
Morganite: o = 1.572-1.592; e
gence = 0.008-0.009.
Aquamarine: o = 1.567-1.583; e = 1.572-1.590; Birefrin-
gence = 0.005-0.007.

Maxixe bervl, rich in cesium: o = 1.584, e = 1.592,
Birefringence 0.008.

Emerald: see table.

Red beryl: 0 = 1.568-1.572; e = 1.567-1.568; Birefrin-
gence = 0.004-0.008.

1.578-1.600; Birefrin-

Dispersion: (0.014 (low).

Pleochroism: Distinct in strongly colored varieties:
Aquamarine: blue/colorless (sometimes greenish).
Maxixe-type aquamarine = blue/blue.

Morganite: deep bluish-pink/pale pink.

Heliodor: brownish-yellow/lemon yellow.

Emerald: blue-green/yellowish-green: rarely blue/yellowish
green.

Red beryl: purplish-red/orange-red.

Spectral: Aquamarine spectrum due to ferrous iron;
broad band at 4270, weak and diffuse band at 4560. Also



weak line may be seen at 5370 (absent if stone has been
heated).
Maxixe beryl has narrow line at 6950, strong line at 6540,
and weak lines at 6280, 6150, 5500, and 5810.
Emerald spectrum very diagnostic: there are fine lines in
the red, weak ones in the blue and broad absorption in
the violet; e and o have different characteristics:
0: 6830/6800 doublet plus 6370 line; broad band
6250-5800; narrow lines 4775 and 4725.
e: 6830/6800 doublet, very strong; no 6370 line, but
see diffuse 6620 and 6460 lines; broad absorption band
is weaker, no lines visible in the blue at all.
Some Zambian emeralds contain Fe and display the
spectral lines of aquamarine as well as emerald.
Pleochroism in these gems is also distinctive: blue/
yellowish-green.
Red beryl: Bands at 4250, 4800, 5300, and 5600-5800.

Luminescence: Emerald sometimes green in SW; very
seldom weak red, orange in LW. If red fluorescence is
seen, the color is visible in the Chelsea filter. Fluores-
cence is quenched by Fe, as in the South African and
Indian emeralds. Morganite may fluoresce weak lilac.

Occurrence: Beryl occurs in granitic rocks, especially
granite pegmatites; also in schists (emerald), metamor-
phic limestones (emerald) and hydrothermal veins. The
occurrence of red beryl in rhyolitic volcanic rocks in the
mountains of Utah is unique. The chemistry and miner-
alogy of this material is also singular. Beryl occurrences
are worldwide.
Goshenite:
California; Maine; South Dakota; Utah; Colorado;
North Carolina; Connecticut; Idaho: New Hampshire.
Canada; Mexico; Brazil; USSR.
Morganite:
California: San Diego County, in several localities—
fine crystals and gem material.
Thomas Range, Utah: deep rose-red bixbite variety.
Madagascar: in pegmatites and as alluvial material.
Minas Gerais, Brazil: fine crystals and gem material.
Heliodor:
Madagascar: gemmy crystals.
Brazil: greenish yellow to fine deep orange colored
material, much of it gemmy.
Namibia: in pegmatites.
Connecticut: small but fine colored crystals, some
gemmy.
Aquamarine:
Maine; North Carolina; Mt. Antero. Colorado.
Connecticut: some gem.
San Diego County, California: not much gem material.
Zimbabwe.
Minas Gerais, Brazil, also Rio Grande do Norte, Ceara,
other localities; Brazil is the world’s major source of
fine aquamarine gems.
Mursinsk, USSR: also other localities.

BERYL 53

Madagascar: fine blue gem material, more than 50
specific localities.
Jos, Nigeria: abundant material, some fine color.
Australia: Mt. Surprise, North Queensland (small).
Burma and Sri Lanka: aquamarine has been found,
not common there.
Rossing, Namibia: in pegmatites.
India: at Madras and Kashmir, medium blue color.
Emerald:
Hiddenite, North Carolina.
Habachthal, Austria; Brazil; USSR ; Sandawana, Zim-
babwe; Poona, Australia; Cobra Mine, Transvaal, South
Africa; Arusha, Tanzania; Lake Manyara, Tanzania;
Ghana; Madagascar.
Colombia: at Chivor, Muzo, Gachala, Coscuez, and
Borur Mines.
Swat area, West Pakistan.
Zambia: at Miku and Mifulira, also other locations.
FEidsvoll, Norway: in granite.
Red beryl:
Utah, especially Wah Wah Mountains.

Stone Sizes: Beryl crystals weighing many tons have
been found in pegmatites, but these are never of gem
quality. Aquamarines and green beryls, however, may be
completely transparent and still be very large. A crystal
weighing 243 pounds was found in Brazil in 1910 that was
completely transparent; another in 1956 weighed about
135 pounds. Some very large gems have been cut from
this type of material. Morganites are usually smaller, up
to about 6 inches in diameter, and the largest emeralds
known are less than 10 pounds. Bixbite occurs in crystals
up to about 2 inches in length, and these are seldom
transparent, even in small areas. The very few stones
known are less than 3 carats.
Goshenite:

S1: 61.9 (colorless, Brazil).
Morganite:

S1: 287 (pink, Brazil) and 235 (pink, Brazil): 178 (pink.

California); 113 (peach, California); 56 (pale pink,

Madagascar); 330 (dark orange, Brazil).

Leningrad Museum: 598.7 (Rose-pink, step cut,

Madagascar).

Natural Hist. Museum, Paris: 250 (pink , Madagascar).

ROM: 118.6 (pink, catseye).

BM: rose-red crystal from California weighing 9 pounds.

AMNH: 58.8 (heart-shape, Madagascar).

PC: three very large cut gems with carved tables, total

weight ~ 1500 carats, tables carved in religious motifs.
Heliodor:

BM: 82.25 (yellow).

ROM: 78.8 (yellow, step cut, Brazil).

S1: 133.5 (yellow, Madagascar); 43.5 (golden catseye,

Madagascar); 17.5 (yellow, USSR).
Aquamarine:

A crystal was found in Marambaia, Teofilo Otoni,
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Brazil, blue-green, an irrcgular prism 19 inches long
and 16 inches across and weighing 110.2 kg. It was
transparent end to end. The famous Martha Rocha
aquamarine, found in Brazil, weighed 134 pounds and
yielded more than 300,000 carats of superb blue gems.
An even larger crystal found in 1910 weighcd 229
pounds but yielded only 200,000 carats of cut gems.
BM: 67.35 (blue) and 60.90 (greenish); 879 (sea-green,
oval).
AMNH: 272,215, and 160; also 355 (Sri Lanka), 144.5
(Brazil).
Hyde Park Museum, New York: 1847 carats.
S1: 1000 (blue-green, fine color, Brazil); 911 (blue,
Brazil); 263.5 (blue, USSR): 71.2 (pale blue, Sri Lanka);
66.3 (pale blue-green, Maine); 20.7 (pale blue,
Madagascar); 15.3 (blue-green, Idaho); 14.3 (blue,
Connecticut).

Other Colors:
S1: 2054 (green-gold, Brazil); 1363, 578, and 914 (green,
Brazil); 133.5 (golden yellow, Madagascar); 98.4 (pale
green, Brazil); 40.4 (pale green, Connecticut); 23 (green,
Maine); 19.8 (brown, star, Brazil).

Emerald:
The largest emerald crystal extant weighs 16,020 car-
ats and is from the Muzo Mine in Colombia. Many
museums around the world display fine and large emer-
alds, both crystals and faceted gems, as well as some
carvings and tumble-polished stones.
S1: 117 (green, Colombia); 10.6 (North Carolina); 4.6
(green catseye, Colombia); 858 carat crystal—"the
Gachala.”
Moscow: 136 (nearly flawless, deep blue-green, step
cut) (in the Diamond Fund).
Kunsthistorisches Museum, Vienna: 2681 carat vase,
carved.
Topkapi Museum, Istanbul: 6-cm hexagonal crystal;
fine 8-cm crystal: 3 other large crystals.
Banque Markazi, Teheran: Many cabochons between
100 and 300 carats; one is 175 carats, another 225.
There are also faceted gems of 100 and 110 carats;
unmounted cabochons of 320, 303, 144.4, and two
others over 250 carats.
BM: *Devonshire emerald,” a crystal 51 mm. long,
weighs 1384 carats, fine color.
AMNH: Crystal 1200 carats, fine color, the Patricia
emerald: 630 carat crystal —“the St. Patrick Emerald.”
Banco de la Repiiblica, Bogota, Colombia: collec-
tion of superb crystals from 220 to 1796 carats.
PC: Atahuallpa emerald, 45 carats, set in Crown of the
Andes, a magnificent gold headpiece with 453 emer-
alds totaling 1521 carats. Emilia crystal from Las Cru-
ces Mine (near Gachala) weighs 7025 carats.

Comments: The beryls are among the most popular,
and also the most expensive, of all gems. A wide range of
color is represented, from colorless to black. Beryls can

be large and flawless, but these are best displayed in
museums rather than worn. Emerald is acknowledged as
onc of the most desirable gemstones, and aquamarine
has recently sustained .an unprecedented risc in price.
Morganite has similarly risen in both demand and value.
Goshenite has never achieved great popularity and col-
orless beryls are easy to obtain at modest cost. The same
general comment applies to yellow beryls, although darker-
colored gems over 10-15 carats are in greater demand.
Green beryls and olive-colored stones are not well known
to the gem-buying public and therefore are in slight
demand. Aquamarine of large size (15-25 carats and very
deep blue color has become extremely scarce and very
expensive. Large gems continue to be available but at
ever higher prices. A major problem in aquamarine is the
so-called Maxixe-type beryl, which can be irradiated to
improve the color. The deeper blue is not stable, how-
ever, and such gems may rapidly fade in sunlight. The
dichroscope reveals the Maxixe beryl, both windows
remaining blue whereas in normal aquamarine one win-
dow would be colorless or pale yellowish.

Some controversy exists as to the definition of emer-
ald. The type of definition involving a shade of green or
depth of color is totally inadequate because it is com-
pletely subjective. A rigorous, adequate, and objective
definition involves simply the presence or absence of
chromium and the corresponding presence of the chro-
mium absorption spectrum, plus (usually) a red color in
the Chelsea filter. The deep green beryls colored by
vanadium are therefore not emeralds, despite potentially
high prices.

Emeralds from Zambia may display an unusual blue
tone, with pleochroism blue-green/yellow green. Studies
showed that this is due to a high content of iron (0.73%),
also revealed as iron bands in the absorption spectrum.
Zambian crystals may be intensely color zoned. with
near colorless cores and dark green rims, almost like
watermelon tourmaline. Recently discovered emeralds
from Itabira, Minas Gerais, Brazil, rival the best Colombian
stones in quality. They are typically light bluish-green
down the c-axis.

Bixbite is a very rare, raspberry-red beryl from Utah,
seldom seen as a cut gem and then only in very small size
(1-2 carats).

Catseye and star beryls are strange curiosities. Catseye
aquamarine and emerald are known, sometimes rather
large. Oriented ilmenite inclusions in pale green aqua-
marine from Gouvernador Valadares, Brazil, create a
brown body color and cause a sheen or Schiller effect
that, when included in a cabochon, creates a star. Black
star beryls have no fluorescence or distinctive absorp-
tion spectrum and are also known from Alta Ligonha,
Mozambique. They strongly resemble black star sap-
phire and are often confused with the latter.

Most aquamarine is heated at 400-450°C to reduce
any ferric iron present and eliminate the accompanying



yellowish color. This has the effect of making blue-green
material pure blue, which is considered a more desirable
color in the marketplace. This heating is done just after
cutting and does not affect the value of the cut stone,
since virtually all aquamarine is heated in this manner.

Emeralds from Muzo and Chivor can be distinguished
in a general way, because Muzo material is yellowish
green, whereas that from Chivor is blue-green. It some-
times takes a trained eye to see the distinction in color,
however. The inclusions in emerald may weaken the
material, and hence cut gems are fragile and brittle and
may be easily chipped. Care should always be taken in
wearing an emerald, especially a ringstone.

Names: Beryl is of Greek origin but uncertain deriva-
tion. Aquamarine comes from Latin for sea water, in
allusion to the color. Morganite is named after J. P.
Morgan, the investment banker and financier. Goshenite
is named after Goshen Massachusetts. Heliodor is from
the Greek helios (sun), in allusion to the yellow color.
Emerald is from the Greek smaragdos (green), through
the Latin “smaragdus” to Middle English esmeralde.
Bixbite is named after Maynard Bixby of Utah.

BERYLLONITE
Formula: NaBePO..

Crystallography: Monoclinic. Crystals tabular or pris-
matic, usually etched. Twinning common. May be
pseudo-orthorhombic.

Colors: Colorless, white, pale yellow.
Luster: Vitreous; pearly on cleavage.
Hardness: 5.5-6.

Density: 2.84 (pure); usually 2.80-2.85.

Cleavage: Perfect 1 direction, good 1 direction. Frac-
ture conchoidal. Brittle.

Optics: a = 1.552; = 1.558; y = 1.561.
Biaxial (—), 2V = 68°.

Birefringence: 0.009.
Dispersion: 0.010.
Pleochroism: None.
Spectral: Not diagnostic.
Luminescence: None.

Inclusions: Hollow canals and fluid cavities arranged
parallel to crystal axis. Material from Stoneham, Maine,
has tubes, gas bubbles, and acicular crystals.

Occurrence: Granite pegmatites.
Newry, Maine: opaque white crystals, not really possible
to cut.
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Stoneham, Maine: only cuttable crystals ever found: also
crystalline masses up to 1-2 inches, but only small clean
areas within such masses could be cut.

Stone Sizes: All gems less than 5 carats. The mineral
itself is very rare, and gems are only known from Maine
localities. Stones up to 10 carats have been cut, but they
are not clean.

S1:2.5,3.3,3.9, 5.10 (all Maine).

DG:5.70 (colorless, Maine).

PC:7.82,8.77,4.32 (colorless, Maine).

HU: 6.22 (colorless, Maine).

Comments: Beryllonite is really not suited for wear,
and since it is available only as small colorless stones,
there is not much incentive to make jewelry out of it.
However, beryllonite is one of the truly rare collector
gems and should be greatly prized as a cut stone. The
cleavage makes gems hard to cut.

Name: In allusion to the composition.

BISMUTOTANTALITE Sece also: Tantalite, Stibiotan-
talite.

Formula: (Bi, Sb) (Ta, Nb)O..

Crystallography: Orthorhombic. Crystals sometimes
large; massive; stream pebbles.

Colors: Light brown to black.
Luster: Adamantine to submetallic.
Streak: Yellow-brown to black.
Hardness: 5.

Density: 8.84 (Brazil).

Cleavage: Perfect 1 direction. Fracture subconchoidal.
Brittle.

Optics: a = 2.388; 8 = 2.403; y = 2.428.
Biaxial (+), 2V = 80°.

Birefringence: (.040.
Dispersion: No data.
Pleochroism: No data.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Pegmatites.
Gamba Hill, Uganda; Acari, Brazil.

Stone Sizes: Cut gems always small, less than 5 carats.

Comments: Extremely rare as a cut gem, even in very
complete collections. Many of the minerals in the tan-
talite group have been faceted: bismutotantalite is per-
haps the rarest of them all. The color is attractive, but
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low hardness and good cleavage make use in jewelry
unadvisable.

Name: On account of the composition.
BIXBITE Sece: Beryl.

BLENDE See: Sphalerite.
BLOODSTONE See: Quartz.
BOEHMITE See: Diaspore.

BOLEITE
Formula: PbyAg;CusCli(OH)y - HO.

Crystallography: Tetragonal. Pseudocubic. Crystals usu-
ally cube shaped, sometimes modified by other faces,
and in parallel growths.

Colors: Indigo blue to Prussian blue, blackish blue.
Streak: Blue with a greenish tinge.

Luster: Vitreous, pearly on cleavage.

Hardness: 3-3.5.

Density: 5.05.

Cleavage: Perfect 1 direction, good 1 direction.

Optics: 0 = 2.05; e = 2.03.
Uniaxial (—).

Birefringence: 0.020.
Pleochroism: None.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Secondary mineral in Cu and Pb deposits.
Chile; Broken Hill. N.S.W., Australia.

Boleo, Baja California: magnificent single crystals and
groups on matrix, with single crystals up to nearly 1
inch.

Stone Sizes: Crystals up to 2 cm on an edge have
been found. Crystals, however, are usually nearly opaque,
and facetable material is exceedingly rare. Stones up to
about 1 carat have been cut, and even these are not
entirely clean.

Comments: Cut boleite is strictly for collectors, since
itissoft and very rare. Faceted gems of any transparency
should be considered among the rarest of all gemstones.
The color is so attractive that any available stones would
be quickly snapped up by collectors.

Name: Boleo, Santa Rosalia, Baja California, Mexico.

BORACITE
Formula: Mg,B,0,;Cl.

Crystallography: Orthorhombic. Pseudo-tetragonal. Crys-
tals small and equant.

Colors: Colorless, white, gray, yellow, pale to dark green,
bluish-green.

Luster: Vitreous.

Hardness: 7-7.5.

Density: 2.95.

Cleavage: None. Fracture conchoidal to uneven.

Optics:  a = 1.658-1.662; 3 = 1.662-1.667; y = 1.668-1.673.
Biaxial (+), 2V = 82°.

Birefringence: 0.011.

Dispersion: 0.024.

Pleochroism: None.

Spectral: Not diagnostic.
Luminescence: Weak greenish (SW).

Occurrence: Sedimentary deposits formed in evapo-
rite sequences (sea water).

Choctaw Salt Dome, Louisiana; Otis, California.
Aislaby, England; Luneville, France.

Stassfurt and Hanover districts, Germany: source of the
only cuttable crystals. Crystals usually small, pale colored.

Stone Sizes: Boracite crystals are very small and yield
stones up to 1-2 carats. Gems over 2 carats would be
considered an extreme rarity.

Comments: Boracite is not a common mineral; its occur-
rence is restricted to salt deposits and similar environ-
ments, resulting from the evaporation of sea water in
enclosed basins. However, the mineral has no cleavage
and a high hardness, so it is a shame it is not larger or
more abundant. The colors of cut gems are usually deli-
cate shades of light blue and green, and the dispersion
is moderate. Cut boracite is one of the rarer of collec-
tor gems.

Name: In allusion to the borax in the composition.

BORNITE
Formula: CusFeS..

Crystallography: Tetragonal. Crystals rare, twinned; usu-
ally massive, compact.

Colors: Copper red to bronze. Tarnishes to an irides-
cent purple color.

Streak: Light grayish black.

Luster: Metallic; opaque.



Hardness: 3.
Density: 5.08.
Cleavage: Traces. Fracture uneven to conchoidal. Brittle.

Occurrence: Low temperature copper deposits.
Bristol, Connecticut; Virginia; North Carolina; Mon-
tana; Arizona; Colorado; California.

Canada; Chile; Peru; England; Italy; Germany; South
Africa; Madagascar.

Stone Sizes: Cabochons could be very large, several
inches long, because the massive material from ore veins
is available in large pieces.

Comments: Bornite is suitable only for cabochons. The
bronzy color rapidly tarnishes in air to a magnificent
iridescent color display, mostly purple, but also with
blue and green tones. Bornite is too soft and brittle for
anything but a collector curiosity, although cabochons
are quite attractive when they tarnish. The material is
not rare, so cabochons have no great value beyond the
effort of cutting.

Name: After Ignatius von Born, eighteenth-century
mineralogist.

BOWENITE See: Serpentine.

BRAZILIANITE
Formula: NaAl;(PO,),(OH)..

Crystallography: Monoclinic. Crystals equant, prismatic,
spear-shaped; also striated.

Colors: Colorless, pale yellow, yellowish-green, greenish.
Luster: Vitreous.

Hardness: 5.5.

Density: 2.980-2.995.

Cleavage: Good | direction. Fracture conchoidal. Brittle.

Optics: a = 1.602; g = 1.609; ¢ — 1.621-1.623.
Biaxial (+), 2V = 71°.

Birefringence: 0.019-0.021.

Dispersion: 0.014.

Pleochroism: Weak —merely a change in shade of color.
Spectral: Not diagnostic.

Luminescence: None.

Occurrence:
cavities.
Palermo Mine, Grafton, New Hampshire.

Conselheira Pena, Minas Gerais, Brazil: only source of
gem material, in crystals up to large size.

Hydrothermal mineral in pegmatitic

BRONZITE 57

Stone Sizes: Crystals from Brazil are up to 12 < 8
cm. Some large gems have been cut.
AMNH: 23 (emerald cut, Brazil), 19 (round, yellow).
S1:41.9 and 17.0 (yellow, Brazil).
PC: 24 (yellow, Brazil).

Most gems are 1-10 carats, or even smaller. Cut stones
over 5 carats are scarce today.

Comments: Brazilianite was discovered in 1944. Gems
are suitable only for collections, but the color is lovely.
Faceted stones are often flawed in large sizes, so a clean
gem over 15 carats is a great rarity. Many crystals that are
in museums would yield very large gems, but these are
retained as crystal specimens and it is unlikely that they
will ever be cut.

Name: After occurrence in Brazil.

BREITHAUPTITE
Formula: NiSb.

Crystallography: Hexagonal. Crystals are rare. usually
massive, compact.

Colors: Light copper-red, violetish.

Streak: Reddish brown.

Luster: Metallic; opaque.
Hardness: 5.5.
Density: 7.59-8.23.

Cleavage: None. Fracture subconchoidal to uneven.
Brittle.

Pleochroism: Strong in reflected light.
Luminescence: None.

Occurrence: In massive Ni sulfide ore bodies.
Cobalt district, Ontario, Canada: Sarrabus. Sardinia:
Adreasburg, Harz, Germany.

Stone Sizes: Massive material could cut gems to hun-
dreds of carats but only as cabochons.

Comments: Breithauptite is a curiosity cut for collec-
tors, although it could be worn with care in jewelry. The
color is extremely lovely, a delicate reddish or violet with
metallic luster that is both unique and attractive. Some-
times the reddish sulfide is veined with streaks of native
silver or colorless gangue minerals, providing interesting
patterning to the color. The material is not very rare but
is seldom encountered in cut form.

Name:
gist.

After G. W. A. Breithaupt, a German mineralo-

BRONZITE See: Enstatite.
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BROOKITE
Formula: TiO,.

Crystallography: Orthorhombic. Occurs only in crys-
tals; tabular, prismatic, pyramidal; often striated.

Colors:  Brown, yellowish brown, reddish brown, dark
brown to black; rarely blue.

Luster: Adamantine to submetallic.

Hardness: 5.5-6.

Density: 4.14 normal; range 3.87-4.14.

Cleavage: Indistinct.

Optics:  a = 2.583; 3 = 2.584; v = 2.700-2.740.
Biaxial (+).

Birefringence: 0.122-0.157.

Dispersion: Strong, ~0.131.

Pleochroism: Strong: yellow-brown/reddish-brown/
orange to golden brown. An hourglass-shaped zonal col-
oration is sometimes seen in bluish crystals.

Spectral: Not diagnostic.

Luminescence: None.

Occurrence: Ingneisses, schists and sometimes in igne-
ous rocks; contact deposits.

North Carolina; Somerville, Massachusetts; Maine:
California.

Magnet Cove, Arkansas: contact metamorphic rocks.
Ellenville, New York: hydrothermal deposits.

Tirol, Switzerland: typical Alpine deposits.

Minas Gerais, Brazil; Dartmoor, England; France; USSR.

Stone Sizes: Always less than 1-2 carats; larger stones
are opaque.

Comments: Brookite is a very dark-colored mineral,
transparent only in small fragments. Cuttable crystals
are exceedingly rare, and attractive-looking cut stones
are among the rarest of all gems. Most stones are in
private collections.

Name: After the English mineralogist and crystallogra-
pher J. H. Brooke.

BRUCITE

Formula: Mg(OH)..

Crystallography: Hexagonal; tabular crystals, platy aggre-
gates. Manganoan variety sometimes acicular. Also foli-
ated, massive, fibrous, scaly.

Colors:  White, pale green, gray, bluish. Manganoan
variety yellow to brownish-red, brown.

Luster: Waxy to vitreous; pearly on cleavages.

Hardness:  2.5.

Density:  2.39.

Cleavage: Perfect basal cleavage. Sectile, plates flexible.
Optics: o — 1.559-1.590; ¢ = 1.580-1.600.

Uniaxial (+); sometimes biaxial with small 2V.
Birefringence: 0.010-0.020.

Pleochroism: None; colorless in trzinss:mitted light.
Spectral: Not diagnostic.

Luminescence: None.

Occurrence: Inlow temperature hydrothermal veins in
serpentine, chloritic and dolomitic schists, and meta-
morphic limestones.

Asbestos, Quebec, Canada: Fibrous masses up to several
feet in length; also cuttable pale blue masses.
Hoboken, New Jersey: Fibrous aggregates.

Lancaster County, Pennsylvania: Plates nearly 20 c¢cm
across.

Brewster, New York: Small crystals.

California; Italy; Scotland; Sweden (manganoan var.),
USSR.

Stone Sizes: Brucite is very rarely facetable. The major
source for cuttable material is Asbestos, Quebec, which
has yielded pale blue gems up to 1+ carats.

Comments: Brucite is extremely difficult to cut, and
only a few faceted stones in the !5-1 carat size range
are known.

Name: After Archibald Bruce, an early American min-
eralogist who first described the species.

BUERGERITE See Tourmaline.
BURNITE See: Azurite.

BUSTAMITE
Formula: (Mn, Ca);Si;0..

Crystallography: Triclinic. Crystals tabular, usually
rounded and rough; massive.

Colors:  Pale flesh pink to brownish red.
Vitreous.

Hardness: 5.5-6.5.

Density: 3.32-3.43.

Luster:

Cleavage:

Optics:  a = 1.662-1.692; 3 = 1.674-1.705; ¢ = 1.676-1.707.
Biaxial (=), 2V = 30-44°,

Birefringence: 0.014-0.015.

Perfect 1 direction, good | direction.

Pleochroism: Weak: rose red/orange/orange.






CAIRNGORM See: Quartz.

CALAMINE See: Hemimorphite.

CALCENTINE See: Korite.

CALCITE Dimorph of ARAGONITE. Also Cobalto-
calcite = Sphaerocobaltite = CoCOs; Onyx = Traver-
tine = Flowstone (found in caves); Iceland spar; Alabas-
ter; Marble.

CaCO;.

Crystallography: Hexagonal (R). Crystals common in a
huge array of forms; massive; stalactitic; chalky.

Formula:

Colors: Colorless (Iceland spar), white, gray, yellow,
shades of pink, green, blue, purplish red (Co).
Luster: Vitreous to pearly.
Hardness: 3.
Density: 2.71 (pure) to 2.94.

Perfect rhombohedral (3 directions).

Optics: e = 1.486-1.550; 0 = 1.658-1.740.
Uniaxial (—).

Cleavage:

0.172-0.190.

Birefringence:
Dispersion: Strong.

Pleochroism: None.

Spectral:  Any lines seen are due to specific elements as
impurities.
Luminescence: Common and from many localities

around the world.
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SW: red, orange, lemon yellow, shades of green, shades
of blue, pink, white.
LW: orange, dull pink, tan, yellow, blue, gray.

Occurrence: Occurs in all types of rocks as the most
abundant carbonate mineral on Earth. Found in veins,
ore deposits, and as a constituent of rock limestone and
marble. Crystals often large (many inches) and transpar-
ent. Onyx is the material of most limestone caves, usually
banded in shades of tan and brown. Iceland spar is
colorless calcite, transparent, sometimes in large mass-
es. The name alabaster refers to gypsum and is incor-
rect when applied to calcite. Gem material is commonly
seen from the following localities: Missouri (colorless),
Baja California (brown), Canada, New York, Montana,
England, Mexico, Iceland (colorless), and the USSR
(pale yellow).

Stone Sizes: Rough material can be very large (hun-
dreds of carats). Colorless material is usually step-cut or
emerald-cut. Brown material from Baja is usually seen
up to 50 carats, normal range 5-25 carats. Purplish red
material from Paramca, Spain (cobaltian) is not trans-
parent, usually cut 1-5 carat size. Onyx is opaque and
yields cabochons and carvings of any desired size.
S1:75.8 and 45.8 (golden-brown, Baja).

DG: 7.5 (cobaltocalcite, Spain).

PC: 4,440 (colorless); 1156 carats (colorless, twinned);
474 (yellowish, USSR).

NMC: 606 (light yellow cushion cut, with sulfide inclu-
sions; Bancroft, Ontario, Canada); 168.2 (colorless, Por-
tuguese cut).

HU: 1260 (Bancroft, Ontario, Canada).

ROM: 183 (colorless, Balmat, New York).

GIA: 48 (yellow, USSR).

Comments: Calcite iscommon and abundant through-
out the world. The material has little intrinsic value since



it is not scarce. However, calcite is one of the most
difficult of all minerals to cut because of perfect cleav-
age in 3 directions. The cost of a faceted stone is there-
fore mostly in the labor of cutting. Normally, a faceted
stone breaks during cutting, and the finished gem is
much smaller than the originally intended size. There-
fore, a cut calcite over 50 carats is extremely rare. Faceted
stones cut from material from many localities might turn
up, but the lack of scarcity value is not encouraging to
potential calcite cutters.

Onyx is usually cut into slabs, made into vases, lamps,
ashtrays, bookends, and many other decorative objects.
It is usually banded in shades of brown, green, and buff.
Marble is a metamorphic rock often used in construc-
tion and in making decorative carved objects. Colora-
tion in the form of banding and streaks is due to impurities.

Name:
lime.

Calcite is derived from the Latin calx, meaning

CALIFORNITE See: Garnet.

CANASITE
Formula: (NaK):(Ca, Mn, Mg)(Si.0:)s(OH,F);.

Crystallography: Monoclinic. Occurs in tiny grains, usu-
ally twinned.

Colors: Greenish yellow.
Luster: Vitreous.
Hardness: 5-6.

Density: 2.707.

Cleavage: Perfect | direction, good 1 direction. Brittle;
grinds to feltlike powder.

Optics: a = 1.534; § = 1.538; y = 1.543.
Biaxial (—), 2V, ~53°.

Birefringence: 0.009.
Spectral: Not diagnostic.

Occurrence: Occurs in pegmatite in the Khibina Tun-
dra, USSR.

Stone Sizes: Massive blocks up to several inches have
been found. Material is cut as cabochons and decora-
tive objects.

Comments: The material usually seen on the market
as “canasite” is purplish in color. It is frequently con-
fused with another purplish material, a member of the
serpentine family known as stichtite. However, stichtite
occurs in elongated fibers that have a kind of lustrous
sheen, almost asbestiform, whereas canasite is granular.
Recent research seems to indicate that, in fact, the mate-
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rial being called “canasite” has no canasite in it but is a
new, distinct species.

Name: From the composition: Ca, Na, and Si.

CANCRINITE

Formula: 'N'd.K‘Ca'(,4.;(A1,Si-’lzozq(CO),SO«Cl'h.1 . anO.
Note: If SO; > CO;, the species is called Vishnevite. The
Cl-rich variety is called microsommite.

Crystallography: Hexagonal. Crystals prismatic, but rare;
usually massive.

Colors: Colorless, white, yellow, orange, pink to red-
dish, pale blue, bluish gray.

Luster: Vitreous; pearly on cleavage; greasy.

Hardness: 5-6.

Density: 2.42-2.51; Vishnevite: 2.3.
Cleavage: Perfect 1 direction. Fracture uneven. Brittle.
Optics:

0 = 1.507-1.528; e = 1.495-1.503. (cancrinite).

0 = 1.490-1.507; e = 1.488-1.495 (vishnevite).
Uniaxial (—); chlorine-rich variety (microsommite) is
optically (+).

Birefringence: 0.022 (cancrinite); 0.002-0.012 (vish-
nevite).

Dispersion: Weak.
Spectral: Not diagnostic.
Luminescence: None in UV.

Occurrence: Primarily in alkali-rich rocks; also as an
alternation product of nepheline.

Iron Hill, Colorado; Kennebec County, Maine.
Norway; Rumania; Finland; USSR Korea; China; Zaire;
India; Uganda; Kenya.

Bancroft District, Ontario, Canada: fine gemmy material.

Stone Sizes: Masses occur up to several pounds, but
cancrinite is usually in veins a few inches across. It is
usually cut as cabochons and beads. The Canadian mate-
rial is orangy yellow in color, with a greasy luster. Faceted
stones are exceedingly rare and always less than 1-2 carats.

Comments: Cancrinite is one of the most attractive of
all opaque or translucent gem materials. It is a bit too
soft for average wear, but its distinctive color is worthy of
jewelry. Cancrinite may be tricky to cut because it often
contains numerous hard inclusions. Faceted gems even
as small as | carat are considered great rarities.

Name: After Count Cancrin, Finance Minister of Russia.

CARNELIAN See: Quartz.
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CASSITERITE
Formula: SnO, + Fe , Ta Nb.

Crystallography: Tetragonal. Crystals prismatic, pyrami-
dal; also botryoidal, reniform with a radial fibrous struc-
ture. Twinning common.
Colors: Brown, brownish black, black, colorless, gray,
yellowish, greenish, red.

Streak: White, grayish, brown.

Luster: Adamantine to vitreous; greasy on fracture
surfaces.

Hardness: 6-7.
Density: 6.7-7.1; pure material 6.99.

Cleavage: Imperfect. Fracture subconchoidal to uneven.
Brittle.

Optics: 0 = 2.006; e = 2.097-2.101.
Uniaxial (+); anomalously biaxial, 2V =0-38°, usually in
zoned crystals.

Birefringence: (.098.
Dispersion: 0.071 (nearly twice that of diamond).

Pleochroism: Weak to strong; greenish yellow or yellow-
brown/red-brown. Most visible in strongly colored crystals.

Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Prinicipal ore of tin; occurs in medium to
high temperature veins; metasomatic deposits; granite
pegmatites; rhyolites; alluvial deposits.

Alaska; Washington; California; Nevada; South Dakota;
South Carolina; Virginia.

Canada; Mexico; Cornwall, England; Portugal: Japan:
China; New South Wales, Australia.

Araca Mine, Bolivia: source of most of the gem material
known: yellow, gray, colorless and light yellowish brown
to reddish brown.

Spain: gem material in yellowish to red cuttable pieces.
Erongo tinfields, Namibia: gem material.

Stone Sizes: Clean cassiterite gems over | carat are
quite rare. Masses occur up to several pounds in weight,
but these are opaque and are sometimes cut into cabo-
chons. Pale brown to dark brown gems up to 15 carats
have been cut; slightly flawed stones up to 25 carats are
known, mostly Bolivian material.

PC: 9.6 (brownish, Tasmania); 11.83 (brown, England);
28.16 (brownish).

S1: 10 (yellow-brown, Bolivia).

DG: 14.85,9.51 (brownish, Bolivia).

Comments: Cassiterite has tremendous dispersive fire,
much more than diamond, that is visible in properly cut
pale-colored gems. This lighter-colored material is, how-

ever, very rare except in small fragments. Cassiterite is a
fine gemstone —it is rather hard, and there is no cleavage
problem. It is unfortunate that cuttable rough is so scarce.
Cassiterites under 5 carats are not among the rarest of
rare stones, but large clean gems definitely are.

Name: The Greek word for tin is kassiteros.

CATAPLENTE
Formula: Na,ZrSi;0, - 2H,O: Dimorphous with Gaidon-
nayite.

Crystallography: Hexagonal; crystals thin hexagonal
plates. Also lamellar masses; twinned. Gaidonnayite is
orthorhombic.

Colors: Light yellow, yellowish brown, brown, salmon-
pink, yellowish red. Rarely pale blue or colorless.

Luster: Vitreous, greasy, or dull.
Hardness: 5-6.
Density: 2.65-2.8.

Cleavage: Perfect 1 direction, imperfect 2 directions;
also parting.

Optics: 0 = 1.596; e = 1.624.
Uniaxial (+).

Birefringence: 0.280.

Pleochroism: None in colorless gems.
Spectral: Not diagnostic.

Luminescence: None reported.

Occurrence: Alkalic rocks and pegmatites.
Langesundfjord District, Norway; Magnet Cove, Arkansas.
Greenland; USSR;: Madagascar.

Mu. Ste. Hilaire, Quebec, Canada: cuttable crystals.

Stone Sizes: Gems under 1 carat have been cut from
Canadian material.

Comments: The only reported cut catapleiite is from
Mt. Ste. Hilaire, Quebec, Canada, in the form of tiny
colorless gems.

Name: From Greek words meaning rare minerals because
catapleiite is usually associated with other rare minerals.
CELESTITE

Formula: SrSO..

Crystallography: Orthorhombic. Crystals common, usu-
ally tabular; also nodules, earthy, massive.

Colors:  Colorless, white, gray, blue, green, yellow, orange,
and red shades.

Luster: Vitreous; pearly on cleavage.



Hardness: 3-3.5.
Density: 3.97-4.00.

Cleavage: Perfect 1 direction, good 1 direction. Frac-
ture uneven. Brittle.

Optics:  a = 1.622-1.625; = 1.624; y = 1.631-1.635.
Madagascar gems: a = 1.619; y = 1.631.
Biaxial (+), 2V = 50°.

Birefringence: 0.009-0.012.
Dispersion: 0.014.

Pleochroism: Weak, in shades of indigo blue, bluish
green, and violet.

Spectral: Not diagnostic.

Luminescence: Blue in SW. Blue or dull yellow in LW.
May phosphoresce blue-white.

Occurrence: Celestite occursin sedimentary rocks, espe-
cially limestones; it is also found in hydrothermal vein
deposits, sometimes in igneous rocks.

Clay Center, Ohio; Colorado; Chittenango Falls, New
York; many localities in California.

San Luis Potosi, Mexico; Bristol, England; Girgentt, Sicily;
Madagascar; Germany; France; Austria; Italy; Switzerland:
USSR; Egvpt; Tunisia.

Lampasas, Texas: gemmy material (blue).

Put-in-Bay, Strontian Islands, Lake Erie: gemmy material.
Tsumeb, Namibia: gem material.

Canada: orange crystals.

Stone Sizes: Celestite gems are usually under 3 carats
and are generally colorless or pale blue, often step-cut.
However, some gems are known in the 30 carat range,
and there is no reason why large transparent crystals
cannot be found and cut.

DG: 20.1 (blue, Madagascar).

NMC: 3.11 (orange step-cut, Ontario, Canada).

PC: 2.98 (blue, New York).

Comments: Celestite is seldom seen in collections, per-
haps because faceted gems have little fire and are usually
colorless or pale blue, rarely orange. Gems are soft and
fragile, hard to cut, and cannot be worn with safety.
Celestite is strictly for collectors; large, clean faceted
gems are indeed rare, whereas transparent crystals per se
are not.

Name: Latin coelestis means celestial, in allusion to
the delicate and lovely pale blue color often displayed by
this mineral.

CERULEITE
Formula: Cu,Al;(AsO.)i(OH);s.

Crystallography: Usually massive, compact, earthy.
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Colors:  Turquoise-blue shades, cerulean blue.
Luster: Earthy, dull.

Hardness: 6.5 (conflicting data. may be softer).
Density: 2.7-2.8.

Optics: Mean index ~1.60. Very fine grained.

Occurrence: Sedimentary material formed in the vicin-
ity of copper deposits, like turquoise.

Cornwall, England.

Huanaco, Chile: original material.

Southern Bolivia: cabbing material of fine color.

Stone Sizes: Nodules are usually small, less than 1 inch
and up to several inches in size. The material yields
cabochons only.

Comments: Ceruleite is a little-known gem material of
truly exquisite color. It takes a very high polish easily and
quickly, and the color of the polished gems is far deeper
than that of the rough nodules. It is extremely rare in
fine, solid, cuttable pieces and consequently is rather ex-
pensive. Few cut stones are to be seen in museum collec-
tions, and the total amount of fine Bolivian material may
not exceed several hundred pounds. A major problem
with ceruleite is porosity, rendering the material too soft
and fragile for cutting and wear. This problem can be
solved by plastic impregnation. Such impregnated ceruleite
has a density of 2.58.

Name: In allusion toits color; the Latin caerlea means
sky blue.

CERUSSITE
Formula: PbCO.;.

Crystallography: Orthorhombic. Crystals common, elon-
gated, tabular, often twinned and striated: acicular, massive.

Colors: Colorless, white, gray, “smoky,” greenish (Cu
inclusions), yellowish. Dark gray or black material is due
to inclusions.

Luster: Adamantine to submetallic; vitreous; resinous:
pearly.

Hardness: 3-3.5.
Density: 6.55.

Cleavage: Distinct 1 direction. Fracture conchoidal.
Extremely brittle.

Optics: a = 1.804;
Biaxial (—),2V = 9°.

2.076; y = 2.079.

Birefringence: (.274.
Dispersion:  0.055 (greater than diamond).

Pleochroism: None.
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Spectral: Not diagnostic.

Luminescence: Pinkish orange (Utah) or yellow shades
in LW. Pale blue or shades of green in SW.

Occurrence: Secondary mineral in the oxidized zones
of lead deposits. Many localities known:

Tiger, Arizona; Colorado; Idaho; South Dakota; Utah;
New Mexico; Montana; Nevada; California.

Broken Hill Mine, Zambia; Dundas, Tasmania; Broken
Hill, N.S.W., Australia; Monte Poni, Sardinia; Leadhills,
Scotland.

Tsumeb, Namibia: source of the largest and finest gem
material; colorless, gray and yellowish, in masses up to
several pounds (completely transparent).

Stone Sizes: Large masses of transparent rough are
known from Tsumeb, Namibia, that could cut stones of
several thousand carats. The real problem is cohesion of
large stones.

Catseyes are known from 2-6 carats; the material is from
Tiger, Arizona, and Tsumeb, Namibia.

SI: 4.7 (pale yellow, Tsumeb, Namibia); 109.9 (smoky,
Tsumeb, Namibia).

NMC: 71.25 (colorless octagon, Tsumeb, Namibia).
PC: 408 (brownish-gray oval, Tsumeb, Namibia); 262
(emerald cut, colorless, Tsumeb, Namibia).

Comments: Cut cerussite is as beautiful as diamond
since it has higher dispersion, is usually free of any body
color, and has an adamantine luster. However, cerussite
is extremely soft and one of the most brittle and heat
sensitive of all minerals. Cutting a gem is a major chore,
and cutting a very large one without breaking it is almost
impossible. Consequently, faceted cerussite is one of the
rarest of all gems. Abundant rough material is available
among the thousands of crystals and crystal fragments
recovered from Tsumeb, Namibia. Few cutters, however,
have the skill and knowledge required to successfully
fashion a gem from this rough. The cost of a cut stone
will therefore largely reflect the cutting cost. Time, patience
skill, and tender loving care are essential.

Name: From the Latin cerussa, the name of an artifi-
cial lead carbonate.

CEYLONITE See: Spinel.

CHABAZITE
Formula: CaAlSi,O,; - 6H,0.

Crystallography: Hexagonal. Crystals rhomb-shaped,
tabular; frequently twinned.

Colors:  Colorless, white, yellowish, pinkish, reddish
white, salmon color, greenish.

Luster: Vitreous.

Hardness: 4-5.
Density: 2.05-2.16.
Cleavage: Distinct | direction. Fracture uneven. Brittle.

Optics:  Variable; R.1. = 1.470-1.494.
Uniaxial (+) or (—).

Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Cavities in basalt and other basic igneous
rocks; also hot spring deposits.

Nevada; California; Oregon; Colorado; New Jersey; Hawaii.
Bay of Fundy district, Nova Scotia, Canada; Greenland;
Scotland; Ireland; Italy; Germany; Hungary; USSR, India;
Australia; Czechoslovakia.

Stone Sizes: Cut chabazites are always very small, usu-
ally less than 1-2 carats. Crystals are never entirely trans-
parent, and often only one corner of a pinkish or colorless
crystal can be cut. Very few chabazites have been cut at
all, and they are seldom seen in museum collections.

Comments: Chabazite is too soft for wear. The colors
are pale but attractive. Unfortunately, clean material is
extremely scarce. Chabazite is not a terribly difficult
material to facet, but finding suitable material is not
easy. This is one of the rare gems that are seldom discussed
or heard about. There may be only a handful of cut gems
in existence.

Name: From the Greek chabazios, an ancient name
applied to certain materials.

CHALCEDONY See: Quartz.

CHALCOSIDERITE See: Turquoise.

CHAMBERSITE
Formula: Mn;B,0,;Cl.

Crystallography: Orthorhombic. Crystals shaped like
tetrahedra, up to 1 cm on edge.

Colors: Colorless, brownish, lilac, purple.
Luster: Vitreous.

Hardness: 7.

Density:  3.49.

Cleavage: None.

Optics: a = 1.732; = 1.737; v = 1.744.
Biaxial (+), 2V ~83°.

Birefringence: 0.012.

Spectral: Not diagnostic.



Luminescence: None.

Occurrence: Occurs in brines in storage well at Bar-
ber’s Hill salt dome, Chambers County, Texas.

Stone Sizes: Cut stones are not really transparent and
are usually under 2 carats. Gems are generally triangular
in shape and are cut by beveling and polishing off part of
the tetrahedron of a crystal to save weight. Cut stones
are, in a sense, truncated crystals with their surfaces
polished.

Comments: Chambersite is an exceedingly rare min-
eral, as might be gathered from the locality information.
Crystals are generally tiny and are recovered by skin
diving to a depth of as much as 70 feet in brine. Cut
stones are merely curiosities and very few exist.

Name: From the Texas locality.

CHAROITE
Formula: K(Ca,Na),Si,0,(OH,F) - H,O.

Crystallography: Monoclinic; crystals thin, acicular (i.e.,
fibrous).

Colors: Lilac to violet, in various shades.
Luster: Vitreous.

Hardness: 5-6.

Density: 2.54-2.68.

Cleavage: Indistinct; fracture splintery.

Optics:  a = 1.550; = 1.553; y = 1.559.
Biaxial (+).

Birefringence: 0.009.

Pleochroism: Distinct; colorless/rose-pink.
Luminescence: None reported.

Spectral: Not diagnostic.

Occurrence: This unique and striking material comes
only from the Chary River area in the Murun Massif,
Northwest Aldan, Yakutsk, ASSR. USSR. The material
is intimately mixed with prismatic orange crystals of
tinaksite, pale greenish gray microcline, and greenish
black crystals of aegirine-augite. This makes a unique,
distinctive, and highly ornamental rock. The geology is
that of nepheline and aegirine-bearing syenites contact-
ing limestones; the charoite rock occurs in metasomatic
bodies at the contact. It is a massive material suitable
for making bookends, vases, goblets and cabochons. It
has been widely marketed since its original description
in 1978.

Stone Sizes: Large blocks suitable for making objects a
foot or more in size are available. Charoite also produces
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scenic stones due to the admixed minerals. Some is
chatoyant.

Name: For the locality.
CHERT See: Quartz.
CHIASTOLITE Sece: Andalusite.

CHILDRENITE Series to Eosphorite if Mn exceeds
Fe.

Formula: (Fe Mn)AIPO4(OH), . H,O.

Crystallography: Orthorhombic. Crystals equant, pyram-
idal, platy, often doubly terminated.

Colors:  Brown to yellowish brown, golden yellow.
Luster: Vitreous to resinous.

Hardness: 5.

Density: 3.2 (pure Fe end member).

Cleavage: Poor. Fracture uneven to subconchoidal.

Optics: a = 1.63-1.645; § = 1.65-1.68; y = 1.66-1.685.
Biaxial (—), 2V = 40-45°.

Birefringence: 0.030-0.040.

Pleochroism: Distinct: yellow/pink/colorless to pale
pink.

Luminescence: None.

Spectral: May show lines of iron spectrum.

Occurrence:
vein deposits.
Cornwall, England; Greifenstein, Germany; Custer, South
Dakota.

Minas Gerais, Brazil: gemmy crystals. These are found
to be Fe:Mn = 1:1 and could be called childro-eosphorite.

In granite pegmatites and hydrothermal

Stone Sizes:  Childrenite occurs in brown, opaque crys-
tals up to several inches long. Transparent material is
much smaller, and facetable crystals yield stones up to
about 3-4 carats. In general, cuttable material in this
series is closer to the eosphorite end.

DG:  3.58 (Brazil).

Comments: Cut childrenite is a great rarity. and all
gems are small. Cut eosphorite is more abundantly avail-
able, though both materials are very scarce.

Name: J. G. Children, English mineralogist.
CHIOLITE
Formula: NasAlF,.

Crystallography: Tetragonal: minute dipyramidal crys-
tals, commonly in masses.
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Colors: Colorless, white.

Luster: Vitreous.

Hardness: 3.5-4.

Density: 2.998.

Cleavage: Perfect 1 direction.
Optics: o = 1.349; e = 1.342.

Uniaxial (—).
Birefringence: 0.007.
Pleochroism: None.

Spectral: Not diagnostic.

Luminescence: None.

Occurrence: [vigtut, Greenland: associated with cryolite.
Miask, Urals, USSR: in a cryolite pegmatite.

Stone Sizes:  Always tiny, 1-2 carat range, if clean. Large,
clean fragments do not exist for cutting. The mineral
itself is quite rare.

Comments: Chiolite has nothing much to offer in the
way of a gem. It is very soft, has perfect cleavage, has no
appealing colors, and is usually small and nondescript.
However, it has joined the ranks of minerals that have
been cut by facetors who must try their hand at every-
thing clean enough to cut. There may be less than one or
two dozen cut stones in existence. Chiolite exists solely
as a curiosity in the gem world.

Name: From the Greek words for snow and stone because
in its white appearance it is similar to cryolite, whose
name means ice-stone.

CHLORASTROLITE See: Pumpellyite.
CHLOROMELANITE See Jadeite.
CHONDRODITE See: Humite Group.

CHROMITE Chromite group, extensive solid-solution

series.

Note: Magnesiochromite = MgCr,Os; Hercynite = Fe ALO..
Formula: FeCr,0..

Crystallography: Isometric. Getahedral crystals up to

1 cm on edge; massive.

Colors: Black, reddish brown.

Streak: Brown.

Luster: Submetallic; opaque, translucent in thin splinters.
Hardness: 5.5.

Density: 4.5-4.8.

Cleavage: None. Fracture uneven. Brittle. Sometimes
weakly magnetic.

Optics:  R.1. = 2.08-2.16. Isotropic.

Spectral: Not diagnostic.
Luminescence: None.

Occurrence: In igneous rocks rich in olivine; in ser-
pentines: in stream and beach sands. Sometimes in mas-
sive deposits of large size.

California; Oregon; Washington: Wyoming; Maryland;
North Carolina; Pennsylvania.

Canada; Cuba; Norway; USSR, France; Zimbabwe; India.

Stone Sizes:  Any size could be cut from massive mate-
rial. The possibility exists for some deep reddish crystals
to contain very tiny facetable areas, but thus far none
have been discovered.

Comments: Chromite is shiny and black, and makes a
curious-looking cabochon with no special attraction.
Occasionally, a cabochon has a reddish color. The stones
have little value because the material is extremely abun-
dant but are cut as curiosities only.

Name: In allusion to the composition.

CHRYSOBERYL Also called Catseye, Alexandrite.
Formula: BeAl,O; + Fe Ti.

Crystallography: Orthorhombic. Crystals tabular or pris-
matic, sixling-twins common; also massive and as water-
worn pebbles.

Colors:  Yellowish green, yellow, gray, brown, blue-green,
deep green, red, violet. Rarely colorless. Alexandrite
varies in color with incident light: green, blue-green, or
pale green in daylight; mauve, violet to red, purplish in
incandescent light. Catseye is usually dark yellowish
brown to pale yellow, honey yellow, greenish.

Luster: Vitreous.
Hardness: 8.5.

Density: 3.68-3.80; colorless 3.70: gems usually higher,
alexandrite highest.

Cleavage: Distinct 1 direction, seldom observed, varies
to poor. Fracture conchoidal. Brittle.

Optics:  a = 1.740-1.759; 8 = 1.747-1.764; v = 1.745-1.770.
Biaxial (+), may also be (—),2V = 70°. Indices vary with
Fe content.

Colorless (Sri Lanka): a = 1.740; 8 = 1.745; y = 1.750.
Australia: a = 1.756-1.765; g = 1.761-1.772; y =
1.768-1.777; SG = 3.72-3.74.

Birefringence: 0.008-0.012.



Properties of Alexandrite from Various Localities

Urals Srilanka Burma Brazil Zimbabwe

Density — - 3.71 3.68 364-380
Optics

a 1.749 1.745 1.746 1.747 1.749
B 1.753 1.749 1.748 1.748 1.752
y 1.759 1.755 1.755 1.756 1.758
Birefrin- 0.009 0.010 0.009 0.009 0.009
gence

Dispersion: 0.015.

Pleochroism: Distinct, in shades of yellow and brown.
Alexandrite: deep red/orange-yellow/green. (Note: Burma
gem anomalous: purple/grass-green/blue-green.)

Spectral: Yellowish and brown gems have strong band
at 4440 due to Fe, especially Sri Lankan gems. Also may
be bands visible at 5040 and 4860. Alexandrite has nar-
row doublet at 6805/6875, with weak, narrow lines at
6650, 6550, and 6490 and broad band at 6400-5550. Total
absorption below 4700.

Luminescence: Alexandrite fluoresces weak red in SW
and LW; pale green chrysoberyl from Connecticut noted
yellow-green in SW.

Inclusions: In catseye, there are short needles and tubes
parallel to the long axis of the crystal. Liquid-filled cavi-
ties with 2-phase inclusions; stepped twin planes.

Occurrence: Occursin pegmatites, gneiss, mica schist,
dolomitic marbles; also found as stream pebbles and
detrital grains.

South Dakota; Colorado: Maine: New Hampshire; Con-
necticut; New York; Finland; Zaire; Madagascar; Japan.
USSR: alexandrite of finest quality in mica schist, near
Sverdlovsk.

India: catseyes with sillimanite fibers, from Kerala.
Brazil (especially Jacuda, Bahia): fine facetable mate-
rial; also catseyes, alexandrite.

Zimbabwe: fine alexandrite, intense color change.

Sri Lanka: all types, some of the world’s finest catseyes,
also alexandrite; faceting material all colors, rarely
colorless.

Burma: some alexandrite; rarely colorless facetable
chrysoberyl.

Anakie, Queensland, Australia: yellow-green chrysoberyl.

Stone Sizes: The largest alexandrites from the classic
Russian locality are in the 30-carat range. Facetable
chrysoberyl is known up to several hundred carats. and
catseyes of similar size have been found. Star chrysober-
yls are known but are very rare.

BM:29.4(Sri Lanka, yellow-green); 45(Hope Chrysoberyl,
flawless oval catseye); 43, 27.5 (Sri Lanka, alexandrites).
ROM: 42.72 (Sri Lanka, chartreuse green).
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AMNH: 74.4 (emerald-cut, yellowish green)—may be
world’s finest of this color).

SI: catseyes: 171.5 (Sri Lanka, gray-green); 47.8 (Sri
Lanka); 58.2 (The Maharan, Sri Lanka); faceted: 114.3
(Sri Lanka, yellow-green); 120.5 (Sri Lanka, green); 46.3
(Brazil, yellow-green); 31.7 (Sri Lanka. brown); 6.7 (Bra-
zil, dark green star); alexandrites: 65.7, 16.7 (Sri Lanka).
Iranian Crown Jewels: 147.7 (Sri Lanka, chartreuse); 25
(gray-green catseye).

Iustitute of Mines, Leningrad (St. Petersburg): Urals crys-
tal cluster, alexandrite, 6 < 3 cm, consisting of 3 crystals.
Fersman Museum (Moscow): Alexandrite crystal cluster
25 % 15 em, with crystals up to 6 X 3 cm, from Urals.
PC: U.S. dealers have reported alexandrites up to about
50 carats. Catseyes up to 300 carats are in private collec-
tions. Faceted gems over 40-50 carats are very rare.
Stones reported include a flawed yellow Brazilian gem of
185 carats; a superb 120 carat yellow Brazilian gem in a
Japanese collection, and a 79.30 carat brown Sri Lankan
oval and a 66.98 carat flawless yellow Brazilian stone in a
U.S. collection. The world’s largest faceted chrysoberyl
is a 245 carat flawless oval, slightly yellowish green, from
Sri Lanka.

Comments: Transparent chrysoberyl makes a handsome
faceted gem and is one of the hardest and toughest for
jewelry purposes. Cleavage is not distinct, and the hard-
ness is near that of sapphire and ruby. In general, the
bright yellow and yellow-green shades are the most desir-
able, but some of the browns are also striking and hand-
some. Properly cut gems are very brilliant, although they
lack fire due to low dispersion. The chrysoberyls from
Australia have unusually high refractive indices and could
possibly be misidentified as yellow-brown sapphires.

Catseye gems of such minerals as apatite, tourmaline,
and diopside are well known, but when the term catseye
is used alone it always refers to chrysoberyl. The eye in a
chrysoberyl catseye often has a shimmering blue tone.
The silk in such a gem, which creates the chatoyancy. is
so fine that a microscope is needed to resolve the fibers.
Consequently, the eye is the sharpest of any catseye
gemstone. The optimum color is a honey brown, and
light striking the stone obliquely usually creates a shadow
effect within the gem, such that the side away from the
light is a rich brown, while the side facing the light is
yellowish white, creating the so-called milk and honey
look characteristic of the finest chrysoberyls. This ap-
pearance in a large (over 20 carats) stone results in very
high value.

Alexandrite is well known today as a scarce and costly
gem. Stones over 5 carats are very rare. especially if the
color change is good. The quality of the color change
with illumination conditions is the primary basis of alex-
andrite quality and value. Optimum colors are intense
blue-green to green (daylight) vs. purple-red (in incan-
descent light). Brazilian gems tend to have pale colors,
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pale mauve to pale blue-green, but finer gems have been
found recently in limited quantity. Substantial amounts
(1200 ppm) of the element gallium (replacing Al) have
been detected in some Brazilian alexandrite. Sri Lanka
alexandrite is often deep olive green in sunlight, whereas
Russian stones are bluish green in daylight. Zimbabwean
gems are a fine emerald green color in sunlight but are
usually tiny (under I carat) if clean. The color change in
Zimbabwean gems is among the best known, and it is a
shame that large clean stones are virtually unobtainable
from the rough from this locality.

Names: Catseye is named from the resemblance of the
eye in the stone to the narrow iris in the eye of a cat.
Another name for this gem, cymophane, is from Greek
words meaning appearing like a wave because of the
opalescent appearance of some crystals. Alexandrite is
named after Czar Alexander 1I of Russia, on whose
birthday the gem was found. Chrysoberyl is derived from
the Greek chrysos, meaning golden, in allusion to the
usual yellowish color of this mineral.

CHRYSOCOLLA
Formula: (Cu,Al);H,Si,0s(OH), - nH,O.

Crystallography: Monoclinic. Crystals are microscopic,
in aggregates; cryptocrystalline, opalline.

Colors: Blue, green, and blue-green in various shades.
Mixed with matrix of quartz and oxides of Cu, Fe, and
Mn, adding brown and black colors.

Luster: Vitreous (if silicified), waxy, dull.

Hardness: 2-4 (as high as 7 if heavily silicified, or inclu-
sions in quartz).

Cleavage: None. Fracture uneven to conchoidal. Very
brittle.

Optics: a = 1.575-1.585: § = 1.597: y = 1.598-1.635.
Biaxial (—).

Note: If material is silicified or is included in quartz,
readings may be those of quartz.

Birefringence: 0.023-0.040.
Luminescence: None.
Spectral: Not diagnostic.

Occurrence: In the oxidized zone of copper deposits.
May be mixed with copper carbonates such as malachite
and turquoise.

Western United States, especially Arizona, New Mexico,
Nevada, Utah, Idaho.

Mexico; Chile; USSR; Katanga, Zaire; Israel.

Stone Sizes: Large masses of material, weighing sev-
eral pounds, have been found.

Comments: Chrysocolla often forms as a gel mixed
with silica and hardens to a blue material that is basically
a chrysocolla-saturated quartz. This material is very hard
(7), wears well, and is often seen in jewelry. Chrysocolla
mixed with malachite is often sold as Filat Stone and
comes from many localities; the color is blue to blue-
green, S.G. = 2.8-3.2. Material of fine blue color but very
little silica tends to be brittle and crumbles easily, mak-
ing it impossible to cut stones for jewelry purposes.
Stellarite is the trade name for a light blue mixture of
chrysocolla and quartz. Parrot-wing is a mixture of chrys-
ocolla and jasper, with a brownish green appearance.

Name: In Greek Chrysos means golden and kolla means
glue. This name was applied to a material used by the
Greeks in soldering metals, a function now fulfilled by
borax. Eilat Stone takes its name from Eilat, Gulf of
Aqaba, Red Sea.

CHRYSOLITE See: Olivine.
CHRYSOPRASE See: Quartz.
CHRYSOTILE See: Serpentine.

CINNABAR
Formula: HgS.

Crystallography: Hexagonal. Usually massive, fine
grained; crystals are prismatic or rhombohedral and char-
acteristically twinned, especially those from China.

Colors: Scarlet red, brownish red, brown, black, gray.

Luster: Adamantine to submetallic; massive varieties
dull, earthy.

Hardness: 2-2.5.
Density: 8.09.

Cleavage: Perfect 1 direction. Fracture conchoidal to
uneven. Brittle.

Optics: 0 = 2.905; e = 3.256.
Uniaxial (+).

Birefringence: 0.351 (very large).
Dispersion:  Strong, over 0.40.
Spectral: Not diagnostic.
Luminescence: None.

Occurrence: Cinnabar is a mineral of low temperature
ore deposits; also in veins, igneous rocks, and around hot
springs. Crystals are very rare.

Utah; Nevada; California; Texas; Arkansas.

Mexico; Peru; Yugoslavia; Italv; Spain; USSR; Germany.
Hunan Province, China: source of the world’s fin-
est crystals.



Stone Sizes: Cut cinnabars are extremely small, nor-
mally less than 3 carats, and very rare. Some rough exists
that might cut up to 50 carats; it is unlikely that fine
Chinese crystals that might be transparent would ever be
cut since they are extremely valuable as mineral speci-
mens. Cabochons of almost any size up to several inches
could be cut from massive cinnabar.

DG: 2.68 (red, Mexico).

PC: 22.15, 13.91 (red, China); 19.87 (red pear shape,
China).

Comments: Faceted cinnabar is extremely rare and
only a handful of stones exist. It is cut primarily for
collectors and is extremely soft and fragile. This is unfor-
tunate since itisa magnificent red color. Cinnabar carved
in China appears regularly on the market, but it is not
abundant. Note that cinnabar is used by the Chinese to
make a red pigment, which isapplied to wood in the form
of lacquer, and this is the nature of most “cinnabar”
carvings sold.

Name: The name is very old and lost in antiquity but is
believed to be derived from an Indian word, since India
was the country of origin.

CINNAMON STONE  See: Garnet.
CITRINE See: Quartz.
CLEAVELANDITE See: Feldspar.
CLINOCHRYSOTILE See: Serpentine.
CLINOHUMITE See: Humite Group.
CLINOZOISITE See: Epidote.

COBALTITE
Formula: CoAsS.

Crystallography: Isometric. Crystals usually cubes
and pyritohedra or combinations of forms: also mas-
sive; granular.

Colors: Silvery white to reddish, steel gray with a violet
tinge; blackish gray.

Streak: Grayish black.

Luster: Metallic; opaque.

Hardness: 5.5.

Density: 6.3.

Cleavage: Perfect 1 direction. Fracture uneven. Brittle.
Spectral: Not diagnostic.

Luminescence: None.
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Occurrence: High temperature deposits, in metamor-
phosed rocks, and in vein deposits.

Colorado; Idaho; California.

Dashkesan, Ajerbaijan, USSR; India; Sonora, Mexico;
Tunaberg, Sweden; Norway; Germany; Cornwall, England;
Western Australia.

Cobalt, Ontario: in masses and fine crystals.

Stone Sizes: Massive material would cut stones of any
desired size.

Comments: Cabochons are interesting because of the
lovely reddish metallic appearance of this mineral. Cut
stones are infrequently seen and are cut only as a curios-
ity by the collector who wants to have one of everything.

Name: From the composition.

COLEMANITE
Formula: Ca,B:O;, - SH,O.

Crystallography: Monoclinic. Crystals are equant, pris-
matic, pseudorhombohedral; massive, cleavable; granu-
lar, and as aggregates.

Colors: Colorless, white, grayish, yellowish white.
Luster: Vitreous to adamantine.

Hardness: 4.5.

Density: 2.42.

Cleavage: Perfect 1 direction. Fracture subconchoidal
to uneven. Brittle.

Optics: a = 1.586:; § = 1.592; y = 1.614.
Biaxial (+), 2V ~ 55°.

Birefringence: 0.028.
Pleochroism: None.
Spectral: Not diagnostic.

Luminescence: May fluoresce and phosphoresce strong
yellowish white or greenish white in SW.

Occurrence: In saline lake deposits in arid regions.
Widespread at localities in California, especially Boron
and Death Valley.

Argentina; USSR Turkey.

Stone Sizes: Could be as much as 50-100 carats from
large crystals or masses. Crystals are normally up to
about 1 inch in size.
S1: 14.9 (California).

Comments: Colemanite is cut only as a curiosity, since
it has no attractive colors. Faceted gems are normally
colorless, have a low dispersion (no fire), and are brittle
and fragile as well as difficult to cut. They have no appeal
except to collectors of the unusual. and material for
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cutting is potentially abundantly available, since trans-
parent material is not extremely rare.

Name: After William T. Coleman, owner of the mine
where the mineral was first found.

COPAL See: Amber.

CORAL

Formula: CaCO,. (Composed primarily of the mineral
Calcite.)

Crystallography: Hexagonal (R).

Colors:  White, flesh pink, pale to deep rose red, salmon
pink, red to dark red, blue (rarely), black. May be banded
or zoned and show a cellular structure.

Luster: Dull to vitreous.
Hardness: 3.5-4.

Density: 2.6-2.7. Note: Black coral, composed of con-
chiolin. is 1.34.

Cleavage: None.

Optics:  1.69 and 1.49 (calcite indices), not usually meas-
urable. Black coral (conchiolin) has R.1. of 1.56.

Birefringence: 0.160.
Spectral: Not diagnostic.
Luminescence: Pale violet or dull purplish red.

Occurrence: Throughout the Mediterranean Sea and
Red Sea areas; Southern lIreland; Spain; Mauritius,
Malaysia; Japan; Australia; Hawaii; Taiwan.

Stone Sizes: Branches may be several inches to several
feet long but are not always thick. Coral is usually fashioned
into beads, cabochons, and cameos, and is also carved.
Large fine carvings of rich-colored material are very rare
and costly. Most of the Mediterranean coral is worked in
Italy but much is also sent to Hong Kong for cutting.
Conversely, Italy is also a major buyer of Taiwanese coral.

Comments: Coral is the axial skeleton of an animal
called the coral polyp, a tiny (1 mm), almost plantlike
animal that lives in warm oceans (13-16°C). The solid
material we know as coral is the colony in which these
tiny animals live. Coral is often branched and treelike.

Japanese coral is pink, white, and red. Hawaii pro-
duces black coral. Black and blue corals also come from
the coast off Cameroon. The best red coral comes from
the Mediterranean. The darkest color is called oxblood
and the light pink variety, angel skin. Some black coral is
composed of conchiolin, a horny organic material, which
looks like coral but is much tougher and less brittle. Large
amounts of white, pink, mottled, and oxblood coral from
the South China Sea are cut in China and Taiwan.

Akori coral from Cameroon was highly prized before
the eighteenth century. Similar coral, in shades of red,
pink, violet and yellow-orange, was found along the South
African coast in 1978 and marketed as African Star
Coral. The natural coral is nonluminiscent, but addition
of dye produces a bright scarlet fluorescence in LW. The
African coral is stabilized, bleached, and dyed before
marketing.

Name: Latin corallium, from the Greek korallion.

CORDIERITE Gem names: lolite; Water Sapphire.
Dimorph of Indialite.

Formula: (Mg Fe), Al:SisOs.

Crystallography: Orthorhombic. Crystals prismatic with
rectangular cross section; also massive, granular; may be
pseudohexagonal. Note: Indialite is hexagonal.

Colors: Blue, bluish violet, smoky blue; rarely green-
ish, gray, yellowish, brown.

Luster: Vitreous.
Hardness: 7-7.5.

Density: 2.53-2.78. Most gems are 2.57-2.61 (higher
with higher Fe content).

Cleavage: Distinct 1 direction. Fracture conchoidal.
Brittle.

Optics:  a=1.522-1.558; f = 1.524-1.574; y = 1.527-1.578.
(SriLanka: a= 1.530; 8= 1.534;y = 1.539: birefringence
=0.009; S.G. = 2.58).

Biaxial (+), 2V = 65-104°. Frequently optically (—).

Birefringence: 0.005-0.018.
Dispersion: 0.017.

Pleochroism: Intense and distinctive. Fe-rich crystals:
a = colorless; y = violet.

Mg-rich crystals: pale yellow to green/pale blue/violet,
violet-blue.

Spectral: Iron spectrum. Weak bands at 6451, 5930,
5850, 5350, 4920, 4560, 4360, and 4260. Spectrum observed
varies with direction of crystal.

Luminescence: None (quenched by Fe).

Inclusions: Crystals of apatite and zircon, the latter
with pleochroic haloes, the outer edges of which are
deep yellow. Frequently dustlike masses of tiny crystals.
Also hematite plates in parallel orientation (from Sri
Lanka) impart a red color, and gems are sometimes
called bloodshot iolite.

Occurrence: In altered aluminous rocks; igneous rocks:
alluvial gravels.

California; ldaho; Wyoming; South Dakota: New York;
New Hampshire.



Great Slave Lake, Canada; Greenland; Scotland; England;
Norway; Germany: Finland.

Connecticut: gemmy material that cuts up to 2 carats.
Madpras, India: gem iolite in abundance.

Sri Lanka and Burma: gemmy material from the gem
gravels.

Paraiba, Brazil: some gemmy material from Virgolandia,
in nodules.

Babati, Tanzania: gem material.

Karasburg. Namibia: gem material.

Madagascar; Japan; Australia.

Stone Sizes: lolites are frequently in the 1-10 carat
range, dichroic with blue to violet color. Large clean
stones free of inclusions are not common at all, but gems
over 30 carats have been reported.

BM: worked crystal fragment of 177 grams.

NMC: 2.20, 3.93, 2.60 (Canadian localities).

PC: 17.

S1: 15.6,9.4 (blue, Sri Lanka); 10.2 (indigo, Sri Lanka).

Comments: The crystal structure of cordierite has many
similarities to that of beryl; indialite, the dimorph, in fact
has the same structure as beryl. lolite with hematite
inclusions (bloodshot iolite) comes from Sri Lanka. The
inclusions sometimes yield a gem showing a 4-rayed star
(quite rare). The blue color of iolite along one optical
direction strongly resembles sapphire, and such gems,
correctly oriented in settings, are often confused with
sapphires. Iolite is not a very rare material, but stones
that are completely clean over 10 carats are quite uncom-
mon, and clean 15-20 carat gems are worthy of museum
display.

Name: After Mr. Cordier, a French geologist who first
studied its crystals. lolite is from Greek ios (violet) and
lithos (stone).

CORUNDUM (= Ruby, Sapphire)
Formula: Al,O, + Fe,Ti.Cr.

Crystallography: Hexagonal (trigonal). Crystals com-
mon, often barrel-shaped, prisms with flat ends, some-
times bipyramidal; also massive, granular, in rolled pebbles.

Colors: Pinkish red, medium to dark red varieties are
called ruby. All other colors are called sapphire, includ-
ing colorless, white, gray, blue, blue-green, green, violet,
purple, orange, yellow, yellow-green, brown, golden amber,
peachy pink, pink, and black.

Luster: Vitreous to adamantine.
Hardness: 9.
Density: 3.99-4.1; usually near 4.0.

Cleavage: None. Fracture conchoidal; frequent parting.
Slightly brittle, usually tough.
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Optics: o — 1.757-1.770; ¢
1.768).

Uniaxial (—).

See table.

1.765-1.779 (usually 1.760),

Birefringence: 0.008-0.009.
Dispersion: (.018 (low).

Pleochroism: Very pronounced.

Ruby: strong purplish red/orangy red.

Blue sapphire: strong violet-blue/blue-green.

Green sapphire: intense green/yellow-green.

Orange sapphire: yellow-brown or orange/colorless.
Yellow sapphire: medium yellow/pale yellow.

Purple sapphire: violet/orange.

Brownish orange sapphire: brownish orange/greenish.
Padparadscha: orange-yellow/yellowish orange.

Luminescence: The luminescence of corundum is in-
tense and distinctive in identification.

Ruby: Burma stones fluoresce intensely, red, in SW,
LW, and X-rays. Red fluorescence is, however, not diag-
nostic of country of origin or natural origin. Thai ruby
fluoresces weak red in LW, weak or none in SW. Sri
Lankan ruby fluoresces strong orange-red in LW, pink
(moderate) in SW.

Sapphire: Blue stones give no reaction, except some
blue Thai gems, which fluoresce weak greenish white in
SW. Sri Lankan blue sapphire may fluoresce red to orange
in LW, light blue in SW. Green gems are inert. Sri Lankan
yellow sapphire fluoresces a distinctive apricot color in
LW and X-rays, and weak yellow-orange in SW. The
fluorescence in LW is proportional to depth of color of
gem.

Pink sapphire: Strong orange-red in LW, weaker color in
SW.

Violet or alexandritelike sapphire: strong red in LW,
weak light red in SW.

Colorless: moderate light red-orange in LW.

Orange: strong orange-red in LW.

Some sapphires from Sri Lanka, Montana, and Kashmir
glow dull red or yellow-orange in X-rays.

Spectral: The spectrum of ruby and sapphire can be
used diagnostically.

Ruby: A distinctive spectrum; a strong red doublet at
6942/6928 is notable, and this may reverse and become
fluorescent. Weaker lines at 6680 and 6592. Broad absorp-
tion of yellow, green, and violet. Additional lines seen at
4765, 4750, and, 4685. (The reversible fluorescent dou-
blet is a sensitive test for the presence of chromium in a
corundum. Even mauve and purple sapphires have a
trace of Cr and show these lines.)

Sapphire: The ferric iron spectrum dominates these
stones. In green and blue-green gems, rich in iron. there
are lines at 4710,4600, and 4500 in the blue-green region.
Also lines at 4500 and 4600 may seem to merge and
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become a broad band. The three bands described are
generally known as the 4500 complex and are very dis-
tinctive in sapphires. Some blue Sri Lanka sapphires also
show a 6935 red fluorescent line and the 4500 line is very
weak in these gems. Intermediate sapphire colors are a
mixture of the various spectra discussed.

Occurrence: Corundum is a mineral of metamorphosed
crystalline limestones and dolomites, as well as other
metamorphic rock types such as gneiss and schist; also
in igneous rocks such as granite and nepheline syenite.
Gem corundums are often found in placer deposits.
Non-gem corundum is abundant throughout the world,
but gem material is more restricted in occurrence.
Burma: Ruby historically comes from the Mogok stone
tract. The history of the mines here is long, complex, and
turbulent. Gems occur in a gravel layer called byon at a
depth of 20 to 100 feet and are recovered by washing and
screening with broad screens and then hand-picking
encouraging-looking pebbles. Corundum originates in

metamorphic marbles that have largely weathered away.
This is the source of the world’s finest rubies.

Thailand: The areas of major importance here are
Chantabun and Battambang. The corundum deposits
have only been worked in a major way in modern times.
Gems are found in a sandy layer within 6 to 20 feet of the
surface and are recovered by washing. Thai rubies are
important on the current market because of the scarcity
of Burmese gems.

Cambodia: Pailin in Cambodia is a source of some of
the world’s finest sapphires, but the country is not signifi-
cant as a ruby producer.

Kashmuir: Fine sapphires occur in northern India in
the NW Himalayas at an elevation of nearly 15,000 feet.
The deposit is snowed under most of the year. Gems occur
in a pegmatite and in the valley below, in surface debris.
Kashmir sapphires have a cloudiness due to inclusions
and an extremely good blue color, making them greatly
desired, but they are extremely scarce.

Pakistan: Ruby and spinel of fine quality occur in the

Characteristics of Ruby and Sapphire from Various Localities

Birefrin-
Locality Variety Color e 0] gence S.G. Comments
Australia Sapphire light blue 1.761 1.769 0.008 4.02
dark blue 1.763 1.772 0.009 3.99
green 1.763 1.772 0.009 4.00
yellow 1.765 1.774 0.009 3.97
yellow-green 1.767 1.775 0.008 3.99
golden yellow 1.763 1.772 0.008 4.01
Brazil
Jauru, Matto Grosso  Sapphire dark blue 1.762 1.770 0.008 3.95-4.05
Burma Ruby finest red 1.760-1.769 1.768-1.778 0.008-0.009 3.996
Sapphire dark blue 1762 1.770 0.008 4.00
India
Kashmir Sapphire fine blue 1.762 1.770 0.008 3.99
Colombia Sapphire blue, violet 1.762 1.770 0.008 3.99-4.02
Japan Ruby purplish-red 1.761 1.769 0.008 3.89
to pink
Malawi Sapphire various 1.760-1.761 1.770 0.009 —
Ruby red 1.762-1.763 1.771-1.772 0.009 —
Nepal Ruby red 1.760 1.768 0.008 3.98
(Taplejung district)
Pakistan Ruby red 1.762 1.770 0.008 3.99
Hunza Valley
Sri Lanka Ruby red 1.761-1.763 1.769-1.772 0.008 3.99-4.00
Sapphire blue 1.757-1.760 1.765-1.768 0.008 4.00
yellow 1.760-1.761 1.768-1.769 0.008 3.99-4 .01
green 1.765-1.770 1.773-1.779 0.008-0.009 4.00-4.01
Tanzania Ruby red 1.764 1.772 0.008 L)
Longido Sapphire orange 1.760-1.763 1.768-1.772 0.008-0.009 3.99
Umba River Valley Sapphire red-brown 1.763-1.765 1.771-1.773 0.008 3.99-4.06
Thailand Ruby red 1.760-1.764 1.768-1.772 0.008 4.01
Ruby dark red 1.768 1.776 0.008 4.00
Yugoslavia Ruby red — ~1.765 — 3.80-3.98
Prilip

Note: Colorless: e =1.759-1.761,0=1
more iron-rich, have higher indices

768-1.769; blueand green:e = 1.762-1.770;0=1.770-1.779. Among sapphires the green gems,



Hunza Valley on the Pakistan side of the Kashmir Valley.
The color is comparable to Burma ruby but the material
is heavily flawed.

Sri Lanka: Sri Lanka is a source of many colors of
sapphire, as well as ruby and star gems. Gems occur here
in a gravel layer known as illam at a depth of up to 50 feet.
The material is washed and screened, and gems are
recovered by hand-picking. Sri Lanka ruby is not as good
as Burma material, and the sapphires are often pale in
color but can be very large.

Australia: Anakie, Queensland, is a source of sap-
phire in blue, green, and yellow shades, as well as some
ruby. All are in alluvial deposits; some fine green gems
are known, as well as an occasional excellent blue gem.
Other occurrences are noted in New South Wales, espe-
cially the Inverell district (often referred to as the New
England fields). Victoria is a location for green sapphire.
Ruby has been found in the Harts Range, Northern
Territory.

Montana: Yogo Gulch is a well-known locality for fine
blue sapphire of very good color that occurs in igneous
dikes. The crystals are very flattened and waferlike, so it
is difficult to cut large, full-cut gems from them. Crystals
occur in many different colors and are usually quite
small, but the blue stones are extremely fine. This mate-
rial is often zoned and may have a curious metalliclike
luster. Ruby is uncommon here.

North Carolina: At Cowee Creek, in Macon County,
small rubies and sapphires are found in stream gravels
and soil. The quality is usually poor, but an occasional
fine, small ruby is found.

Namibia: At Namaqualand opaque ruby is found that
is suitable for cabochons.

Colombia: Blue and violet sapphires, many showing a
distinct color change, are being mined near Mercaderes,
Cauca, Colombia, probably originating in alkalic basalts.
Crystals are prismatic and rounded, up to 3 cm in size.
Colors are typically blue, green-brown, and violetish, but
some yellow, pink, and red crystals have also been found.
The blues are somewhat pale; some asteriated material
also exists. The stones are rich in iron and poor in
titanium. Metallic rutile crystal inclusions are typical.

Japan: Transparent crystals to 5 cm in amphibole-
zoisite rock on Mt. Gongen, Hodono Valley, Ehime
Prefecture.

Scotland: Blue sapphire crystals (cuttable) up to about
45 mm in diameter have been found at Loch Roag, Isle of
Lewis, Outer Hebrides. Colors are variable, sector zon-
ing observed. Paragenesis similar to that of Pailin,
Cambodia. Cut stones are small (maximum 2-3 carats).

Tanzania: Large ruby of fine color and quality is found
in green, massive chromiferous zoisite. The crystals are
usually opaque, and the rock as a whole is cut as a
decorative material, but occasionally some small areas
of this ruby are transparent enough to facet. Many colors
of sapphire are found in the vicinity of Morogoro, Tanga
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Province, along with some ruby. The Umba River Valley
is a source of fine sapphires in a wide range of colors.

Zimbabwe: Sapphires of various colors are found,
often zoned with a creamy-white core and blue outer
zone, or vice versa. The crystals are well formed and
usually up to 3inches in diameter. At the Baruta Mine, in
Northeast Zimbabwe a deep blue crystal of 3100 carats
was found. Zimbabwe is also a source of black star
sapphire. Sapphires from here are not well known on the
market.

Malawi: Sapphires were found about 1958 at Chim-
wadzulu Hill.

Kenya: Excellent ruby is known from a small ruby
mine. The ruby is pinkish but of fine color and is usually
in small sizes.

Afghanistan: Ruby of fine color has come from Jagdalek,
near Kabul. This is an ancient source of many of the fine
stones of ancient times.

India: Mysore produces poor quality rubies but a
significant amount of star ruby. Some of the stones from
this area are of excellent quality but are not common.

Brazil: The Matto Grosso area has produced sapphires.
Gem corundum is occasionally found in Norway; Finland;
Greenland; USSR; Czechoslovakia; Pakistan; Nepal.

Inclusions: In general, Burmese, Thai, and Australian
blue sapphires contain crystals of plagioclase feldspars,
orthoclase, niobite, columbite, calcite, monazite, zir-
con, apatite, fergusonite, and thorite. Tanzanian sap-
phires contain crystals of chlorapatite, pyrite, magnetite,
biotite, graphite, phlogopite, zircon, and spinel.

Brazil (Jauru, Matto Grosso): rounded gas-filled discs
that resemble bubbles.

Burma (Mogok): short rutile needles at 60° angles;
silk consisting of hollow tubes plus crystals of rutile,
spinel, calcite, mica, garnet; zircon crystals with haloes;
color swirls known as treacle.

Thailand: feathers = canals and tubelike liquid inclu-
sions; flat, brownish cavities; twin planes; crystals of
niobite, almandine, apatite, pyrrhotite; plagioclase crys-
tals in sapphires. Rutile is absent.

Sri Lanka: long rutile needles; healing cracks; zircon
crystals with haloes; flakes of biotite and phlogopite
mica; feathers with irregular liquid hoses inside; color
zoning is frequent; crystals of spinel, graphite, ilmenite,
apatite.

Pakistan (Hunza Valley): phlogopite; chlorite; mona-
zite; spinel; rutile; magnetite; pyrite, calcite.

Cambodia(Pailin): specks of uranian pyrochlore (ruby
red color, very small).

Kashmir: yellow and brown feathers and thin films;
liquid-filled canals; veil-like lines at 60° and 120°; cloudy
haziness; negative crystals, flat films; rods and tubes.

Tanzania (Umba River Valley): apatite: graphite;
pyrrhotite.

Tanzania (Longido): pargasite, spinel, zoisite.
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Australia: Discoloration and twin lamellae; rutile crys-
tals; liquid-filled feathers, flat cavities; color zoning is
frequent.

Nepal: Undulating veils, strong color zoning, pris-
matic crystals, margarite.

Malawi (Chimwadzulu Hill): fine tubes: small black
crystals and short rods; healed fissures; color zoning.

Stone Sizes: Sapphires, in general, reach a far greater
size than do rubies. A ruby of 30 carats is a great rarity,
whereas sapphires in museum collections weighing hun-
dreds of carats are not uncommon. The largest rubies
come from the chrome-zoisite matrix in Tanzania, but
these are not really of gem quality. Fine gem rubies of
large size occur in the Sri Lankan gravels, with smaller
ones from Burma and Thailand. Enormous sapphires of
fine color and transparency have been found in the gem
gravels of Sri Lanka and Burma, but most are from Sri
Lanka. A 1400-gram ruby was found in Yugoslavia (Prilip)
but was not gemmy. Malawi material reaches a size of
about 12 carats (sapphire). Large sapphires have been
found in Australia; Montana sapphires over | carat are
very rare, but the blue ones are magnificent in this size
range. In general, a fine blue sapphire over 5-10 carats is
very rare. as is a fine ruby over 3-4 carats on the cur-
rent market.
Rubhy:

CrownJewels of England: Edwardes Ruby, 167 carats.

Cathedrale St.-Guy, Prague: 250 carats.

Narodni Museum, Prague: 27.11 (Burma).

AMNH: 100 (de Long star ruby).

BM: ruby crystal of 690 grams (Burma).

IRCS

Historical rubies include a 400 carat Burmese rough

that yielded 70 and 45 carat gems. A rough of 304

carats was found about 1890. Also famous are the

Chhatrapati Manick and the 43-carat Peace Ruby.

Iranian Crown Jewels: fine buckle of 84 Burma ruby

cabs, up to |1 carat size.

S1:138.7 Rosser Reeves star ruby (red, Sri Lanka); 50.3

(violet-red star ruby, Sri Lanka); 33.8 (red star., Sri

Lanka).

LA: Burma crystal 196.1 carats.

Sapphire:

S1:423 (blue Sri Lanka, “Logan sapphire”); 330 (blue

star, Burma. “star of Asia”™); 316 (blue, Sri Lanka. "Star

of Artaban”); 98.6 (deep blue, “Bismarck sapphire™);

92.6 (yellow, Burma); 67 (black star, Thailand); 62

(black star, Australia); 42.2 (purple, Sri Lanka); 35.4

(yellow-brown, Sri Lanka); 31 (orange, Sri Lanka);

25.3 (colorless, Sri Lanka); 19.9 (pink, Sri Lanka): 16.8

(green, Burma).

PC: Black Star of Queensland, oval, found in 1948.733

carats, world's largest black star. A yellow crystal of

217.5 carats was found in Queensland in 1946.

Natural History Museum, Paris: le Raspolt, 135 carat
brown, lozenge-shaped rough, clean.

Tested by GIA: 5600 carat sapphire cabochon; also
Mysore (India) ruby cab of 1795 carats; Montana blue
sapphire, cushion-cut, 12.54 carats, believed largest
stone from this locality.

Driamond Fund, Moscow: 258.8 (blue), fine, lively gem.
ROM: 179.4 (golden yellow, Sri Lanka); 28.6 (pad-
paradscha, Sri Lanka); 43.95 (greenish yellow, Sri Lanka);
193.3 (blue star sapphire).

British mission to Burma, in 1929, saw 951 carat sap-
phire, which may be the largest ever found there.
AMNH: 536 (blue, “Star of India™); 116 (blue, “Mid-
night Star™); 100 (yellow, Sri Lanka): 100 (padparadscha,
very fine, Sri Lanka); 163 (blue, Sri Lanka); 34 (violet,
Thailand).

Iranian Crown Jewels: Hollow rectangular cabochon
of 191.6 carats; oval, yellow gem of 119 carats. Also
fine Kashmir blue oval, nearly clean, ~75 carats.

Comments: Ruby is the most valuable of all gemstones,
and sapphire is one of the most popular. Despite the
enormous size of these gems as seen in museum and
Royal collections, corundums available on the market
are usually of more modest size. A 3-4 carat ruby, if of
fine quality, is a rare and very expensive gem today.
Sapphires of good blue color over 5 carats, if clean, are
similarly rare and also valuable. There is an abundance
of good quality small sapphires but not of rubies.

Star corundum is created by the inclusion of rutile
needles within the host corundum crystal. The rutile
needles orient themselves according to the hexagonal
symmetry of the corundum, and reflections from these
needles provide a chatoyancy. When such material is cut
into a cabochon the sheen is concentrated along the top
of the stone into three white lines crossing at 120° angles,
creating a six-rayed star. Very rarely there are two dis-
tinct sets of needles oriented according to the first and
second order prisms of the corundum (30° apart), resulting
in a strong, 12-rayed star.

Next to diamond, corundum is the hardest mineral
known and is very compact and dense, with no cleavage.
As a result, corundum is one of the best of all jewelry
stones, especially star corundum, which is tough as well
as scratch-resistant. Faceted gems are slightly brittle and
can be chipped, though much less easily than other
gems. Very few ruby deposits are known that can be
actively worked, which creates ever greater strain on
ruby supply in the marketplace. Many more sapphire
deposits are in operation, so the situation here is not as
critical.

Name: Corundumisfrom the Sanskrit word kurivinda.
Ruby and sapphire come from the Latin words meaning
red and blue, respectively. Padparadscha is a Sinhalese
word meaning lotus blossom.



COVELLITE
Formula: CuS.

Crystallography: Hexagonal. Crystals are tabular; also
massive and cleavages.

Colors: Light to dark indigo blue; purplish; commonly
iridescent, yellow and red.

Streak: Shining gray-black.

Luster: Submetallic to resinous; opaque, exceptin thin
slivers.

Hardness: 1.5-2.

Density: 4.68.

Cleavage: Perfectand easy 1 direction. Facture uneven.
Brittle. Thin sheets flexible.

Optics: o0 = 1.45.
Uniaxial (+).

Pleochroism: Strong, but visible only in very thin sheets.
Luminescence: None.

Occurrence:
mines.
Butte, Montana: Wyoming: South Dakota; Colorado;
Utah: California; Alaska.

Sardinia, Italy; Argentina; New Zealand; Philippines;
Germany; Australia; Yugoslavia.

Secondary enrichment zones of copper

Stone Sizes: Cabochons are generally cut from massive
or foliated material. The stones can be very large, up to
several inches long.

Comments: Covellite is cut strictly as a collector curi-
osity. Cut gems have no great value, but the blue or
iridescent colors can be very attractive. Covellite is much
too soft to wear and difficult to cut—it can be scratched
with a fingernail!

Name: After N. Covelli who discovered the mineral on
Mt. Vesuvius, Italy.

CREEDITE

Formula: Ca;Al(SO)(EOH)y, - 2H,0.

Crystallography: Monoclinic. Crystals short, prismatic:
also radial clusters.

Colors: Colorless, white, rose to lilac or purple.
Luster: Vitreous.

Hardness: 4.

Density: 2.71-2.73.

Cleavage: Perfect 1 direction. Fracture conchoidal.
Brittle.
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Optics: a = 1.461; 3 = 1.478; y
Biaxial (—), 2V = 64°.

1.485.

Birefringence: .024.
Dispersion: Moderate.
Spectral: Not diagnostic.

Luminescence: Medium white to cream color (SW);
bright white to cream (LW).

Occurrence:

Darwin, California;: Granite, Nevada.

Colquiri, Bolivia.

Creede, Colorado: in cavities in rock with fluorite and
barite.

Wagon Wheel Gap, Colorado:  in a fluorite-barite mine.
Santa Fulalia, Chihuahua. Mexico: in crystals up to 1
inch long, gemmy.

Stone Sizes: Faceted gems very small, usually less than
1-2 carats.
PC:0.96 (purple, Chihuahua).

Comments: Creedite is one of the very rare minerals
known to collectors. It may well be that less than a dozen
creedite gems have ever been cut. The mineral itself is
rare, cuttable crystals even more so. These would be
colorless or purple and from the Mexican occurrence.
The hardness is too low for wear—strictly a collector
gem.

Name: Occurrence in the Creede Quadrangle, Colorado.
CRISTOBALITE See: Quartz.

CROCOITE
Formula: PbCrO..

Crystallography: Monoclinic. Crystals prismatic, some-
times hollow.

Colors: Red-orange, cherry red, orange, yellowish.
Streak: Orange-yellow.

Luster: Adamantine to vitreous.

Hardness: 2.5-3.

Density: 5.9-6.1.

Cleavage: Indistinct. Brittle.

Optics: a — 2.29-2.31; 3
Biaxial (+),2V = 57°.

2.36; y = 2.66.

Birefringence: 0.270.
Dispersion:  Strong.

Pleochroism: Orange-red to blood red.
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Spectral: Distinct band at 5550 but seen only in thin
fragments. Transmits mainly in the yellow-red region of
the spectrum.

Luminescence: Weak reddish to dark brown (SW);
weaker effect in LW.

Occurrence: Secondary mineral in oxidized zones of
lead deposits.

Dundas, Tasmania: best crystals found in the world,
some gemmy; large clusters.

Beresov District, USSR: red crystals.

Tiger, Arizona: very tiny crystals.

California; Minas Gerais, Brazil.

Stone Sizes: Gems can be up to about 10 carats, but
these are usually not transparent. Clean stones up to 1-2
carats are available in deep red-orange color from
Tasmania.

DG: 14.5 (orange, Tasmania).

S1: 5.7 (orange-red, Tasmania).

Comments: Crocoite is one of the loveliest of all col-
lector stones. It’s too soft and brittle for wear, but it is
quite a rare mineral and relatively few stones have been
cut. The dispersion is high but completely masked by the
intense body color.

Name: From the Greek krokos, meaning saffron, in
allusion to the color.

CRYOLITE
Formula: NasAlF;.

Crystallography: Monoclinic. Crystals cuboidal and pris-
matic; usually massive.

Colors: Colorless, white, brownish, reddish; rarely gray
to black.
Luster: Vitreous to greasy.

Hardness: 2.5.
Density: 2.97.

None. Fracture uneven. Brittle.

Optics: a = 1.338; 8 = 1.338; y = 1.339.
Biaxial (+), 2V = 43°,

Cleavage:

Birefringence: 0.001; almost isotropic.
Dispersion: 0.024 (approximately).
Pleochroism: None.

Spectral: Not diagnostic.
Luminescence: None observed.

Occurrence:
land.
Also Spain: USSR; Colorado (small amounts).

Occurs in alkalic rocks at Ivigtut, Green-

Stone Sizes: Large cabochons could be cut from the
abundant material in Greenland. Facetable material is
quite rare, however, and only tiny gems can be obtained.

Comments: Cut cryolite is somewhat translucent, and
has a “sleepy” look. The cuttable material has a very low
birefringence, is colorless, and very soft—not exactly an
exciting-looking gem. However, there are very few cut
stones in existence because of the extreme scarcity of
suitable rough. In addition, cryolite is only found
abundantly at one locality (Ivigtut).

Name: From the Greek kryos(frost)and lithos (stone),
hence ice-stone, in allusion to its appearance.

CRYSTAL See: Quartz.

CUPRITE
Formula: Cu;0.

Crystallography: Isometric. Crystals, cubes, and
octahedra, or combinations; also needlelike, in densely
packed mats called chalcotrichite with no gem significance.

Colors: Brownish red, red, purplish red, nearly black.
Streak: Brownish red.

Luster: Adamantine to submetallic; earthy.
Hardness: 3.5-4.

Density: 6.14; Namibia = 6.0-6.07.

Poor. Fracture conchoidal to uneven. Brittle.

Optics: N = 2.848.

Cleavage:

Pleochroism: Sometimes anomalously pleochroic.

Luminescence: None.

Occurrence: Secondary mineral in copper deposits.
Usually microscopic crystals.

Arizona; New Mexico; Pennsylvania; Colorado; Utah;
Idaho. ,

Mexico; Bolivia; Chile; France; USSR: Zaire; Japan;
other locations.

Onganja, Namibia: unique occurrence, with crystals up
to more than 6 inches across, blood red and transparent;
often coated with green malachite.

Stone Size: Largest mass of cuttable cuprite (PC) is
completely transparent and weighs 2 kg. Before the amaz-
ing Onganja discovery, the largest stones were less than 1
carat, as only tiny crystals had ever been found. Onganja
stones have been cut up to 300 carats, are flawless, and
potentially could be much larger.

S1: 203.75 (octagon, Namibia); 172, 125.5, 110 (red,
Namibia).

ROM: 66.34 (oval, Namibia).

PC: 299.5 (oval, Namibia).

DG: 48.6 (red, Namibia).






DANBURITE
Formula: CaB;Si;0s.
Crystallography: Orthorhombic. Crystals prismatic with

wedge-shaped terminations, like topaz.

Colors: Colorless, white, pink, light to dark yellow,
yellowish brown, brown.

Luster: Vitreous to greasy.
Hardness: 7.

Density:  2.97-3.03 usually 3.00.

Cleavage: Indistinct. Fracture subconchoidal to uneven.
Brittle.
Optics:  a=1.630-1.633; 8 = 1.633-1.637; y = 1.636-1.641.

Biaxial (—); 2V = 88% in red to green light; optically (+)
at lower wavelengths.

Birefringence: 0.006-0.008.

Dispersion: 0.017.

Pleochroism: None.

Spectral: Sometimes shows rare earth spectrum, so-called
didymium lines.

Luminescence: Sky blue to bright blue-green in LW.
Also thermoluminescent (red).

Occurrence:
rocks.
Danbury. Connecticut: type locality.

Charcas, San Luis Potosi, Mexico: colorless, yellow, light
pink (gemmy).

Mogok, Burma: yellow and colorless, sometimes large
crystals (rolled pebbles).

Obira, Bungo, Kyushu, Japan: colorless crystals, some-
times gemmy.

In dolomites: in carbonate veins in granitic
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Madagascar: yellow crystals at Mt. Bity, often gemmy.
USSR: colorless, gemmy material.

Stone Sizes: Danburite is not a very rare mineral, but it
is scarce in large facetable pieces. The usual range is 1-5
carats, especially for colorless material from Mexico.
The yellow Burmese gems are rare today, especially in
the 7-10 carat range.

BM: Burma gem, step-cut, flawless, wine-yellow color,
138.61 carats.

PC: 20 (Burma, peach color); 22.76 (yellow, Madagascar);
37 (USSR).

S1: 18.4 (yellow, Burma) 12.4, 10.5 (colorless, Mexico);
7.9 (colorless, Japan).

LA: 115 (brownish emerald cut, Madagascar).

ROM: 12.72 (colorless step cut, USSR).

Comments: Danburite is a hard and durable stone with
poor cleavage—an excellent choice for wear. The dis-
persion is quite low, so gems have no fire but are very
bright when properly cut. Large ones are very rare, but
sufficient material exists to allow almost every collector
to have a colorless gem.

Name: After the type locality, Danbury, Connecticut.

DATOLITE
Formula: CaBSiOs(OH).
Crystallography: Monoclinic. Crystals prismatic or

stubby; massive, granular.

Colors:  Colorless, white, pale yellow, green, also pink,
reddish, and brownish due to impurities; massive varie-
ties can be white to orange-brown or pink.

Luster: Vitreous.

Hardness: 5-5.5.



Density: 2.8-3.0.
Cleavage: None; fracture uneven to conchoidal; brittle.

Optics:  a = 1.622-1.626; 8 = 1.649-1.638: 1 = 1.666-1.670.
Biaxial (—), 2V = 75°.

Birefringence: (.044-0.047.
Dispersion: 0.016.
Pleochroism: None.
Spectral: Not diagnostic.

Luminescence: Blue in SW (attributed to the presence
of Eu).

Occurrence: A secondary mineral in basic igneous rocks
and traprocks.

Springfield, Massachusetts; Lane’s Quarry, Westfield,
Massachusetts; Paterson, New Jersey (and other locali-
ties in the state).

Faraday Mine, Ontario, Canada: colorless material.
Tvrol, Austria; Habach, Austria; Cornwall, England.
Lake Superior Copper district, Michigan: nodules of
massive datolite.

Stone Sizes: Brown or white massive material will cut
cabochons up to several ounces. The colorsin the Michi-
gan material are due to copper staining. Cabochons are
seldom seen in collections—collectors prefer to polish
the faces of sliced-open nodules. These can be up to
about 6 inches in diameter. The best faceting material
comes from Massachusetts, with fine pale green material
from New Jersey. The largest gems cut from this are in
the S-carat range. Larger stones are very rare.

S1: 5.4 and 5.0 (colorless, Massachusetts).

HU: 13.21 (flawless triangle, Massachusetts).

NMC: .45 (colorless, Canada).

Comments: Datolite is arather soft gemstone if wear is
considered. The nodules come in very attractive colors.
Faceted stones are extremely brilliant, though their dis-
persion (fire) is low. Most faceted gems are colorless,
pale yellowish or pale green.

Name: From a Greek word meaning to divide because
of the granular nature of the massive variety.

DEMANTOID See: Garnet.

DIAMOND

Diamond is the best known gemstone. Its history of use
and great value extends thousands of years into the past.
Diamond has been the center of intrigue, warfare, romance,
and tradition on a scale unequaled by any other gem.
The history and lore of diamonds, diamond technol-
ogy, and cutting are subjects so vast in themselves that
they are far beyond the scope of this book. Several
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excellent books on these topics are listed in the Bibliog-
raphy on page 237.

Formula: C (carbon).
Essentially pure with only minor traces of impurities.

Crystallography: Isometric. Crystals sometimes sharp
octahedra, dodecahedra, and combinations with other
forms. Crystals modified, often rounded and distinguished
by the presence of triangular-shaped pits on octahedral
faces (once believed to be due to etching, these “trigons™
are currently believed to be a result of the growth process).

Colors: Colorless, gray, shades of yellow, brown, pink,
green, orange, lavender, blue, black: rarely red.

Luster: Adamantine.

Hardness: 10. Diamond is the hardest natural substance
and easily scratches any other mineral. The difference in
hardness between diamond and corundum (9) is very
much greater than that between any other two minerals
on the Mohs scale.

Density: 3.515; Carbonado 2.9-3.5.

Cleavage: Perfect 1 direction (octahedral). Brittle. In
spite of its great hardness, diamond can be split easily
along octahedral planes. This feature is useful in cutting,
since cleaving a large diamond saves weeks of laborious
sawing. The cleavage also makes it possible for dia-
monds to be chipped in wear.

Optics:  Isotropic, index very constant; N — 2.417.

Dispersion: (.044. This high dispersion in a colorless
diamond creates the “fire” that is the source of the
diamond’s attractiveness.

Pleochroism: None.

Spectral: The absorption spectra of various colored
diamonds are quite distinctive and useful, especially in
distinguishing irradiation-colored diamond from natural
colored stones. The colored diamonds can be grouped
into several series:

Cape Series: Colorless to yellow diamonds that fluo-
resce blue. Strong lines at 4155, 4785, 4650, 4520, 4350,
and 4230. Most lines are hard to see.

Brown Series: Brown, green, and greenish yellow dia-
monds that fluoresce green. Strong line at 5040 plus
weak lines at 5320 and 4980.

Yellow Series: Colorless, brownish yellow or yellow and
yellow-fluorescing. This series includes the true “canary”™
yellow diamonds. No discrete spectrum but sometimes a
weak line at 4155.

Type 1I-B Blue: No absorption spectrum.

Pink diamonds show the so-called “cape” absorption line
at 4150 and a broad, diffuse band centered at 5500. The
strength of this band correlates with the intensity of
color of the diamond.
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Luminescence: Many diamonds fluoresce blue to vio-
let, with fluorescence sometimes in zones (often a result
of twinning). The effect is sometimes strong enough to
be visible in daylight. Yellow stones sometimes fluoresce
yellow-green. Some pink diamonds from India fluoresce
and phosphoresce orange. The famous Hope diamond,
deep blue in color, phosphoresces deep red. Most fluo-
rescence occurs in LW; the SW reaction is weaker and
the same as LW. Many diamonds fluoresce bluish white
in SW. Blue-fluorescing diamonds may phosphoresce
yellow (an “afterglow” reaction). The various diamonds
have been organized into types, with varying UV
transparency.

Type I: Transparent to all wavelengths down to about
3000 A this type contains nitrogen and is further subdivided
into Types la and Ib. Type la represents the majority of
all diamond, and the nitrogen is in the form of platelets.
About 0.1% of Type I diamonds are Type Ib, in which the
nitrogen is dispersed throughout the crystal.

Type 11I: Transparent all the way to 2250 A; this type
contains aluminum. Type Ila does not phosphoresce in
SW and contains little nitrogen. Type IIb has bluish
phosphorescence in SW and is also electrically conduc-
tive. Nitrogen in these diamonds is absent or very scarce.

Inclusions: Diamond crystals frequently contain crys-
tals of other minerals.

Olivine may look like bubbles (rounded crystals), pres-
ent in single crystals or clusters, often on octahedral
faces and aligned parallel to octahedral edges. These are
pale green or colorless.

Garnet is present in single crystals or clusters; brown,
orange, yellow, pink, violetred, lilac, and purple colors
have been observed. These are usually pyrope garnets
and sometimes reach large size. They are seen frequently
in South African diamonds.

Graphite is present as black inclusions.

Pyrrhotite, pyrite, pentlandite, ilmenite, and rutile {dark-
colored ore minerals) may resemble graphite inclusions;
these are typical of diamond from Ghana.

Diamond crystals are often seen as inclusions in other
diamonds, usually in perfect crystal forms.

Chrome diopside is present as emerald-green, well-formed
crystals. Also seen in South African diamonds is chrome
enstatite.

Chrome spinel in octahedra, sometimes distorted, usu-
ally reddish-brown or black: these are commonly seen in
Russian diamonds.

Ruby has also been observed in an eclogitic diamond.
Cloudlike inclusions are sometimes in the shape of a
Maltese cross, and are diagnostic of diamonds from
India.

Occurrence: Diamond is a mineral formed at very high
temperatures and pressures, deep within the earth. Syn-
thetic diamond is produced at pressures as high as 100.000

atmospheres (equivalent to 200 miles of rock!) and tem-
peratures around 5000°C; these conditions may approxi-
mate those of natural diamond formation. Diamond formed
at depth is apparently.“exploded” to the surface in fis-
sures that become circular near the surface and are
known as “pipes.” The mineralogy of the rocks in these
pipes, known as kimberlite, is unusual and unique and
reflects high pressure of formation. Diamond is found in
kimberlites and also in alluvial deposits (streams, river
channels, beaches, deltas, and former stream beds) derived
from kimberlite weathering and erosion.

South Africa: Diamonds were first discovered on the
shores of the Orange River. After several “rushes,” abun-
dant “diamond fever,” and a turbulent period of chang-
ing ownership, nearly all the deposits were under control
of De Beers Consolidated Mines, Ltd, by 1888. De Beers
is now part of Anglo American, a huge conglomerate
that also owns the rich gold mines of the Rand in South
Africa. South African diamonds are among the world’s
most famous, and such mines as Premier, Jagersfontein,
Bultfontein, Dutoitspan, and Wesselton are famous for
their output. South Africa is still a world leader in dia-
mond production, but large stones are becoming very
scarce.

Other African countries: Diamonds are found in many
parts of Africa. Zimbabwe is noted for alluvial deposits.
The huge production of very fine stones from Angola has
been interrupted by political problems. Ghana produces
diamond from gravel beds, mostly industrial; some are
gem quality. The Ivory Coast and Republic of Guinea
produce alluvial diamonds. A large deposit is known in
Namibia where the Orange River enters the Atlantic
Ocean. Huge machines work enormous beach deposits
in Namaqualand, and other spots along this coast. Cen-
tral African Republic produces diamonds associated with
gravel beds. Alluvial diamonds occur in Zaire and espe-
cially in Sierra Leone. The Sierra Leone diamonds are
among the world’s finest. They occur in river gravels, are
often very large, and are of top gem quality. Occasional
stones are found in Tanzania; John Williamson found a
large pipe in 1935, and some fine diamond has been
recovered from this deposit. Other African sources include
Lesotho and Botswana.

India: The first major historical source of diamonds,
and also the source of many of the largest and most
famous gems (including the Hope diamond). Mines are
in Golconda, Andhra Pradesh (Hyderabad), Kollur, and
other localities. Indian diamonds are primarily alluvial,
found in sandstones and conglomerates or gravel deposits.

Brazil: Produces a large quantity of diamond, but
little of good gem quality. The Diamantina district was
opened in 1725, and diamond also comes from Bahia,
Minas Gerais, Matto Grosso, and other states. Diamond
in Brazil occurs in a variety of rock types and also
alluvial deposits. Most of the stones are small in size but
an occasional large, fine gemstone is found. Bahia pro-



duces black microcrystalline diamond known as car-
bonado. The largest of these found weighed 3078 carats.

Borneo and Indonesia: Small alluvial deposits. Most
stones are small (less than 1 carat). Diamonds from
Borneo have been reported to be harder than those from
other deposits.

Venezuela: A substantial alluvial production, mostly
of small, yellowish crystals.

USSR: Russia is one of the leading world suppliers of
diamonds. The country is rich in pipes (several hundred
have been found), some of very large size (such as the
famous “Mir” pipe). However, most Russian diamonds
are very small, severely limiting the value of the produc-
tion. A high percentage of crystals is of good color and
transparency, and the production is substantial enough
to be a major factor in the world diamond market. All the
pipes are located in Siberia, where weather conditions
make mining both difficult and expensive.

Australia: Aslong ago as 1972 it was realized that the
geology of northwestern Australia was strikingly similar
to that of South Africa’s diamond region. A group called
the Ashton Joint Venture Partners started to explore this
region and found kimberlite pipesin 1976. A diamondif-
erous pipe was then found at Ellendale in 1977 and a rich
field of alluvial diamonds at Smoke Creek in 1979. An
immense pipe known as AK-1, south of Lake Argyle, is
being developed; this pipe is complex with an elongated
surface outcrop. AK-1, discovered in 1979, contains more
than 100 million tons of kimberlite, much of it with an
unusually high grade of 7 carats per ton. [t was estimated
that Smoky Creek plus AK-1 could add as much as 50%
to the world’s known diamond reserves. However, Argyle
diamonds tend to be small and low in quality (5% gem,
40% low-grade gem, 55% industrial). South African dia-
mond will therefore continue to dominate the world
gemstone market. However, Australia (in carat produc-
tion) is expected to become the world’s largest diamond
producer.

United States: The only significant diamond deposit
in North America is at Murfreesboro, Arkansas. Thisis a
very large pipe. which has never been systematically
developed and might be extremely rich. It is on government-
owned land and has been worked surficially only by
tourists who pay a small fee for the privilege of digging.
The largest crystal found here weighed 40.23 carats and
was named the "Uncle Sam” diamond.

Alluvial diamonds have been found throughout the
United States, presumably carried south by waters flow-
ing from Canadian glaciers thousands of years ago. The
Canadian source pipes have never been discovered, how-
ever. Large diamonds found in Virginia include the “Dewey”
(1885,23.75 carats) and the “"Punch Jones™ (34.46 carats).

Stone Sizes: The largest rough diamonds ever found
include the Cullinan (3106 carats, white, South Africa,
1905); the Excelsior (995.2 carats, white, South Africa,
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1893), the Star of Sierra Leone (968.8 carats, white,
Sierra Leone, 1972), and the Great Mogul (787.5 carats,
white, India, 1650). A fine yellowish octahedron of 616
carats is on display at the Mine Museum in Kimberley,
South Africa, found in 1975.

The world’s largest uncut diamond, an 890 carat “fancy
intense golden yellow” is owned by the Zale Corp. The
stone is African in origin, but from an undisclosed source.
If cut, it could yield a finished stone of 600 carats, which
would then become the world’s largest polished dia-
mond. The Zale diamond is the fourth largest rough ever
found.

The largest cut stones include: Cullinan I (530.2, white,
pear shape, in the British Crown Jewels), Cullinan 11
(317.4, white, cushion, British Crown Jewels), Great Mogul
(280.0, white, dome-shape, location unknown), Nizam
(277.0, white, table-cut, was in India in 1934), Jubilee
(245.35, white, cushion, privately owned, Paris), and the
Orloff 189.6, white, rose-cut, Russian Diamond Fund in
the Kremlin).

Comments: Diamond is the most romanticized and
heavily marketed of all gemstones. Nearly every jewelry
establishment handles diamonds, even if it has no other
gemstones in stock. The annual world production of
diamonds is on the order of 10 tons. Of course, only a
small percentage of this is gem quality, but diamond of
very fine quality is nowhere near as scarce as equivalently
high quality ruby or emerald.

Name: From the Greek word adamas, meaning the
hardest steel, and hence the hardest gemstone.

DIASPORE Dimorph of Boehmite.
Formula: AIO(OH) + Mn.

Crystallography: Orthorhombic; crystals are elongated
plates, acicular needles: also massive. foliated.

Colors:  Colorless. white, yellowish, pink. rose red to
dark red (due to Mn), lilac, greenish, brownish.

Luster: Vitreous; pearly on cleavage.

Hardness: 6.5-7.

Density: 3.3-3.5; Turkish material 3.39.

Cleavage: Perfect 1 direction. Fracture conchoidal.

Optics: a = 1.702; p = 1.722; v = 1.750.
Biaxial (+), 2V = 85°.

Birefringence: 0.048.

Pleochroism: Strong in manganiferous variety: violet-
blue/pale green/rose to dark red.

Spectral: Not diagnostic; Turkish stones show broad
bands at 4710, 4630. 4540. and a sharp line at 7010.



82 DICKINSONITE

Luminescence: Dull pale yellow in SW (Chester, Mas-
sachusetts); Turkish stones fluoresce green in SW.

Occurrence: In metamorphosed limestones, chloritic
schists, and altered igneous rocks. Also in bauxite deposits.
Mamaris, Yagatan, Mugla Province, Turkey: gemmy, pale-
brown crystals of very large size.

Chester, Massachusetts: with corundum in emery deposit;
some fragments cuttable.

Chester County, Pennsylvania: fine transparent crystals
up to 2 inches long and Y inch thick, colorless to brown;
some cuttable.

Hungary: good crystals.

Postmasburg district, South Africa: manganiferous variety.
Cornwall, England; Greenland: Norway; Sweden; France;
Switzerland; Germany; Greece; USSR Japan; China.

Stone Sizes:  Diaspore crystals from Massachusetts were,
when found, apparently suitable for cutting, and a few
gems may have been cut from the Pennsylvania material.
However, cut disapore was, at best, an extremely unlikely
gemstone until the find of crystals in Turkey. This local-
ity has produced the vast majority of cut diaspore now in
existence. Moreover, the locality produced cuttable pieces
enormously larger than had ever been known previously
in the mineral.

PC: some of the larger Turkish stones include: 157.66
(brown, emerald-cut—world’s largest); 26.97 (light brown,
oval); 10.63 (light brown).

Comments: Diaspore is hard enough to make a dura-
ble jewelry stone, but the typical light brownish color is
not easy to sell. Despite the large Turkish material, this is
a very rare gemstone indeed.

Name: From the Greek diaspeirein, meaning to scatter,
because it falls apart in the hot flame of a blowpipe.

DICKINSONITE
Formula: H;NasMn,Fe,Ca,Mg)u(POJ):; - H;O.

Crystallography: Monoclinic. Crystals tabular, pseudo-
rhombohedral; foliated, micaceous, radiating.

Colors:  Oil green, olive green, yellowish green, brown-
ish green, brownish.

Luster: Vitreous; pearly on cleavage.

Hardness: 3.5-4.

Density: 3.38-3.41.

Cleavage: Perfect and easy, 1 direction. Fracture uneven.

Optics: = 1.648-1.658; = 1.655-1.662; y = 1.662-1.671.
Biaxial (+), 2V ~90°.

Birefringence: 0.013-0.014.

Dispersion:  Strong.

Pleochroism: Pale olive green to pale yellowish green.
Spectral: Not diagnostic.

Luminescence: None observed.

Occurrence: A secondary phosphaté mineral in gran-
ite pegmatites.

Branchville, Connecticut; Portland, Connecticut; Poland,
Maine.

Stone Sizes: Very tiny green gems, less than 1-2 carats,
have been cut from Connecticut material.

Comments: This mineral is seldom even mentioned in
the gem literature because it is so rare and has been so
seldom cut. Faceted gems are practically nonexistent,
and would be among the rarest of all cut stones.

Name: After the Rev. William Dickinson in recogni-
tion of his interest in the locality where first found.

DINOSAUR BONE See: Quartz.

DIOPSIDE

Formula: CaMgSi;Oc.
Complete series to CaFeSi.Os = Hedenbergite
Intermediate members = Salite, Ferrosalite
Ferrosalite rich in Mn and Zn = Jeffersonite
Diopside rich in Mn = Schefferite
Diopside rich in Mn and Zn = Zinc Schefferite (variety)
Diopside rich in Cr = Chrome Diopside (variety)
Diopside color varieties include baikalite, alalite and
malacolite (pale green) and violane (purple).

Crystallography: Monoclinic. Crystals often well formed,
prismatic, stubby, also massive.

Colors: Colorless, white, gray, pale green, dark green,
blackish green, brown, yellowish to reddish brown, bright
green (Cr variety); rarely blue.

Schefferite is light to dark brown.

Hedenbergite always dark green, brownish green, or black.

Luster: Vitreous.
Hardness: 5.5-6.5.

Density: Usually 3.29; range 3.22-3.38 for diopside,
higher if more Fe present.

Cleavage: Perfect 1 direction. Fracture uneven to con-
choidal. Brittle.
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Diopside Hendenbergite Jeffersonite Schefferite Chrome Diopside

Optics

a 1.664-1.695 1.716-1.726 1.713 1.676 1.668-1.674

Ji; 1.672-1.701 1.723-1.730 1.722 1.683 1.680

Y 1.695-1.721 1.741-1.751 1.745 1.705 1.698-1.702

2V 50-60° 52-62° 74° 60° 558
Density 3.22-3.38 3.50-3.56 305 3.39 3.17-3.32
Birefringence 0.024-0.031 0.025-0.029 0.032 0.031 0.028
Pleochroism none pale green/green-brown  dark/light brown  dark/light brown yellow/green

Intermediate compositions have intermediate proper-
ties in the diopside-hedenbergite series; increasing iron
content results in higher properties. The pleochroism of
salite is: pale green/blue-green/yellow-green.

Spectral: Chrome diopside has lines at 5080, 5050, 4900,
plus fuzzy bands at 6350, 6550, 6700 and a doublet at
6900.

Pale green diopside gives lines at 5050, 4930, and 4460.

Luminescence: Blue or cream white in SW, also orange-
yellow; sometimes mauve in LW. May phosphoresce a
peach color.

Occurrence: In Ca-rich metamorphic rocks; in kimberlite
(Cr-diopside).

Burma: yellow faceted gems; also catseyes and pale
green faceting material.

Madagascar: very dark green cutting material.

Sri Lanka: cuttable pebbles.

Ontario, Canada: green faceting material.

Quebec, Canada: red-brown material that cuts gems to 2
carats.

Ala, Piedmont, ltaly: fine green diopside (alalite is local
name).

St. Marcel, Piedmont, Italy: violet variety of diopside
(violane).

Zillerthal, Austria: fine green crystals, some transparent.
Georgetown, California: green diopside. Crestmore,
California: large crystals (non-gem).

DeKalb, New York: fine transparent green crystals up to
several inches in length.

Shyudyanka, USSR: green crystals (baikalite or malacolite);
and chrome diopside.

Outokumpu, Finland: fine deep green Cr-diopside.
Nammakal, India: star stones and catseyes, also dark
green facetable material.

Franklin, New Jersey: jeffersonite, schefferite, and
Zn-schefferite.

Langban, Sweden: jeffersonite, schefferite, and Zn-
schefferite.

Kenya: chrome diopside.

Stone Sizes: New York material provides cutting rough
of fine quality and large size. The ltalian, Swiss, and

Austrian diopsides are usually smaller but of fine color.
Diopside from Madagascar is very dark green and less
attractive, up to about 20 carats. Chrome diopsides are
known up to about 10-15 carats. Most diopside localities
provide material that cuts 2-10 carat gems.

AMNH: 38.0 (green, New York).

S1:133.0 (black, star, India); 24.1 (black, catseye, India);
19.2 (green, Madagascar); 6.8 (yellow, Italy); 4.6 (yellow,
Burma).

Comments: Violane has been used for beads and
inlay—transparent material is always very tiny. The color
of this material is deep violet or blue and is very rare.
Catseye material cuts extremely sharp eyes, the best
being from Burma. Faceted diopside is not extremely
rare, but large (over 15 carats) clean stones are. Colors
are usually dark, so a bright and attractive gem is most
desirable. Hedenbergite and the intermediate varieties
tend always to be opaque except in very thin splinters.
Chrome diopside, quite rare in sizes over 3-4 carats, has
become available in commercial quantities from the
USSR. The color is excellent, with Cr content about
0.5% by weight.

Name: Greek words meaning appearing double.

DIOPTASE
Formula: CuSiO,(OH)..

Crystallography: Hexagonal. Fine crystals are common
in certain localities; stubby, elongated.

Colors: Rich emerald green, bluish green.
Streak: Pale blue-green.

Luster: Vitreous; greasy on fractures.
Hardness: 5.

Density: 3.28-3.35.

Cleavage: Perfect 1 direction. Fracture conchoidal to
uneven. Brittle.

Optics: o = 1.644-1.658; ¢ = 1.697-1.709.
Uniaxial (+).
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Birefringence: 0.053.
Dispersion: (0.036.

Spectral: Broad band at about 5500; strong absorption
of blue and violet.

Luminescence: None.

Occurrence: Oxidized zone of copper deposits.
Zaire; Chile; USSR.

Arizona: microscopic crystals.

Guchab and Tsumeb, Namibia: world’s finest crystals,
some transparent but mostly filled with cleavage planes
and fractures. These crystals are a superb color, on
matrix, and up to 2 inches long.

Stone Sizes: Crystals may be fairly large, but clean
areas within such crystals are always very small, and
stones are never larger than 1-2 carats. Cabochons up to
about 15 carats are sometimes cut from translucent masses.

Comments: Dioptase is abundant in mineral collec-
tions throughout the world and is not considered a great
rarity, but faceted gems are extremely rare due to a
paucity of clean fragments. Clean stones over 1 carat are
virtually nonexistent, and few collections have stones at
all. Cabochons are blue-green, translucent, and quite
attractive but are much too soft for wear.

Name: From Greek words meaning to see through
because the cleavage directions can be determined just
by looking into the crystals.

DOLOMITE

Formula: CaMg(COs), + Fe, Mn, Zu, Pb, Co.

Note: CaFe(COs); = Ankerite. CaMn(COs), = Kutnahorite.
There is a complete series from dolomite, through ferroan
dolomite, to ankerite.

Crystallography: Hexagonal (R). Crystals rhomb-shaped,
sometimes with curved faces: saddle-shaped; massive or
granular; twinning common.

Colors: Colorless, white, gray, green, pale brown, pink
(Mn present). Ankerite is tan to brown, and kutnahorite
is pink. Dolomite may also be pink due to Co.

Luster: Vitreous to pearly.
Hardness: 3.5-4; varies with direction in crystal.
Density: 2.85, as high as 2.93; ankerite, 2.93-3.10.

Cleavage: Perfect I direction. Fracture subconchoidal.

Brittle.

Optics:
dolomite: o
Uniaxial (—).
ankerite: o = 1.690-1.750; e = 1.510-1.548.
Uniaxial (—).

1.679-1.703; ¢ = 1.500-1.520.

Indices increase from dolomite values with increasing
substitution of iron.

Birefringence: 0.179-0.185. (Ankerite, 0.182-0.202).
Spectral: Not diagn():stic.

Luminescence: Orange, blue, pale green, creamy white,
weak brown in SW. Orange, blue, pale green, creamy
white in LW. :

Occurrence: Insedimentary rocks; in Mg-rich igneous
rocks that have been altered; geodes.

Quebec, Cananda; Mexico; Brazil; Germany; Austria;
Switzerland.

Missouri, Oklahoma, Kansas: so-called Tri-State Min-
eral Region.

Keokuk, Iowa: in geodes.

New Mexico: transparent material, cuttable.

Eugua, Navarra, Spain: magnificent crystals and clus-
ters, often large size, perfectly formed and completely
transparent.

Pribram, Czechoslovakia: cobaltian dolomite (pink).
Czechoslovakia and Hungary: kutnahorite.

Ankerite is a mineral of veins and hydrothermal or low-
temperature deposits.

Stone Sizes: Massive material is generally carved; often
it is stained pretty colors and may be naturally color-
banded. Faceted dolomite from New Mexico reaches a
size of about 5 carats. Spanish material can provide
stones over 100 carats.

PC: 18.38 (Spain).

Comments: Dolomite is a rarely seen gem with distinc-
tive birefringence (as a carbonate) but is too soft and
fragile for wear. Spanish crystals are widely sold to col-
lectors so transparent material is fairly abundant.

Name: After Deodat Dolomieu, French engineer and
mineralogist.

DOMEYKITE See: Algodonite.

DRAVITE See: Tourmaline.

DUMORTIERITE See also: Holtite.
Formula: Al,O3(BO;)(Si0s)s.

Crystallography: Orthorhombic. Crystals prismatic and
very rare; usually massive, fibrous, granular.

Colors:  Blue, violet, brown, pinkish, blue-green, greenish.
Luster: Vitreous to dull.

Hardness: 8-8.5: massive varieties 7.

Density: 3.26-3.41.

Cleavage: Good 1 direction, not observed in massive
material; fracture splintery or uneven.






EILAT STONE See Chrysocolla.

EKANITE
Formula: (Th,U)(Ca.Fe,Pb);SizOx.

Crystallography: Tetragonal. Crystals elongated paral-
lel to long crystal axis; massive pebbles.

Colors:  Green, dark brown, light brown, emerald green.
Vitreous.
5-6.5.

3.28-3.32.

Luster:
Hardness:
Density:

None.

Optics: 0 = 1.573; e = 1.572.
Uniaxial (—). Gems usually =~ 1.590-1.596.

Birefringence: 0.001.
May show lines at 6300 and 6580.

Cleavage:

Spectral:

Luminescence: Not diagnostic.

Occurrence: Discovered in 1953 as waterworn, trans-
lucent green pebbles at Fhelivagoda. near Ratnapura,
Sri Lanka. Occurs in the gem gravels. Some cut Sri
Lankan stones have 4-rayed stars. Mt. Ste. Hilaire,
Quebec, Canada.

Central Asia.

Stone Sizes: A stone was tested by the London Gem
Labs in 1975: 43.8 carats, blackish color, S.G. = 3.288,
R.1. = 1.595 (average); radioactive; 2 spectral lines seen.
A 351 carat rough has also been reported.

Comments: Ekanite is metamict as a result of the U and
Th content. The properties vary, depending on the degree
of breakdown of the structure. Ekanite is one of the very
rarest of all gems, and only a few are known. More un-
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doubtedly exist that have been sold as other Sri Lankan
gems, but the total number of gems is a mere handful.

Name: After E L. D. Ekanayake who first found it in a
Sri Lankan gravel pit.

ELAEOLITE See: Nepheline.
ELBAITE See: Tourmaline.
EMERALD See: Beryl.

ENSTATITE Orthopyroxene Group: Bronzite; Hyper-
sthene; Ferrohypersthene; Eulite; Orthoferrosilite.

Composition: This is a complex solid-solution series
involving Fe and Mg silicates. The series extends from
enstatite: MgSiO;,  through bronzite: (Mg ,Fe)SiO;,
hypersthene(Fe Mg)SiO;, to orthoferrosilite: FeSiOs. Like
the plagioclase feldspars, the series is arbitrarily broken
into six regions of composition (numbers refer to per-
centage of orthoferrosilite molecule in formula):

0 10 30 50 70 9‘0 100
l?n,sldmeT Bronnleﬁ Hypersthene I Ferrohypersthene ) Eulite (')nhofe'rrosﬂile
Crystallography: Orthorhombic. Crystals are prismatic

and not common for most members of the series. Twin-
ning is common, visible as lamellae in crystals; often
crystals have interleaved lamellae of ortho- and clino-
pyroxenes.

Colors:  Enstatite is colorless, gray, green, yellow, and
brown. The same range applies to bronzite. Hypersthene
is green, brown, and grayish black. Orthoferrosilite tends
to be green or dark brown, generally somber tones.

Luster: Eustatite is vitreous. Bronzite is vitreous to sub-
metallic. Hypersthene is vitreous, pearly, or silky. Ortho-
ferrosilite is vitreous.



Hardness: 5-6 for the whole series.
Density: See table.
Cleavage: Good in | direction for all species in series.

Optic Sign: The optic sign changes along the series,
from (+) to (—) and back to (+). The break points are at
12% and 88% orthoferrosilite:

0o (D12 ) 88 (Y) 100
Enstatite Orthoferrosilite
Dispersion: Generally low and becomes zero when

2V = 90° and 2V = 50°.

Birefringence: In general, lower than that for the clino-
pyroxenes (see table).

Pleochroism: The entire series has a characteristic pleo-
chroism: pink to green.

a: pale red-brown/purplish/brown pink.

pB: pale greenish brown/pale reddish yellow/pale
brown-yellow.

y: pale green/smoky green/green.

Spectral: All gems in this series show a strong line at
5060 and often at 5475.

Tanzanian gems: also diffuse lines at 4550, 4880, and
5550.

Arizona gems: diffuse line at 4880.

Sri Lankan gems: diffuse line at 5550.

Brazilian and Indian gems: diffuse lines at 4880 and 5550.
Other lines noted: 5090, 5025, 4830, 4590, and 4490.

Luminescence: None.

Occurrence: Mg-rich members of the series are com-
mon in basic and ultrabasic rocks; also in layered intru-
sions; volcanic rocks: high-grade metamorphic rocks;
regionally metamorphosed rocks and hornfels; meteorites.
Gem enstatite occurs in Burma, Tanzania, and Arizona.
Also noted from Mairimba Hill, Kenya (yellowish green;
a=1.652;y = 1.662; birefringence = 0.010; S.G. = 3.23).
Other noteworthy localities are Norway, California, and
Germany.

India produces 4-rayed star enstatites.

Rare green gems come from Kimberley, South Africa.
Bronzite comes from Mysore, India, and Styria, Austria;
6-rayed bronzite stars have been found.
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Hypersthene is noted from Norway, Greenland, Germany,
and California, with gem material from Baja California,
Mexico.

Bastite is an altered enstatite (S.G. = 2.6, hardness
3.5-4, opaque) from which cabochons are cut. Localities:
Burma and Harz Mountains, Germany.

Embilipitiva, Sri Lanka: colorless enstatite (cut gems up
to ~ 20 carats!) with R.1. = 1.658-1.668; birefringence
0.010; S.G. = 3.25; quartz inclusions.

Ratnapura, Sri Lanka: green and brown enstatite with
R.I. = 1.665-1.675; birefringence = 0.010; S.G. = 3.23.

Stone Sizes: In general, gems from this series are small
(large ones are too dark in color to be attractive), and
crystals tend to be small. The exception is star stones, of
which large examples exist. Enstatites and hypersthenes
of 5-10 carats, if clean and lively in color, are very rare
stones. Indian star enstatites over 50 carats are frequent-
ly encountered, but Indian faceted gems over 10 carats
are rare.

ROM: 12.97 (enstatite, Burma).

S1:11.0,8.1,7.8 (enstatite, brown, Sri Lanka); 3.9 (ensta-
tite, brown, Austria).

PC: 4.5 (hypersthene, brown, Africa); 26.6 (enstatite,
green, India).

LA: 80 (dark brown cushion-cut, Africa).

Inclusions: Tabular scales of hematite and goethite have
been noted in hypersthene.

Comments: Most gem enstatites have indices in the
range 1.663-1.673. The brown and green gems from
Tanzania are enstatites, as are the brownish-green stones
from Sri Lanka. Green and brown gems from India and
Brazil tend to be in the bronzite composition range. The
gems of the orthopyroxene series are usually very dark,
slightly brittle because of cleavage, and generally not
appealing for jewelry purposes. The 4-rayed star gems
are widely sold at a very low price, and the material is
extremely plentiful. However, clean gems of hypersthene
and enstatite are not abundant, except in very small (1-2
carat) sizes. Even in this size the colors tend to be dark
and muddy. These are all true collector gemstones.
Orthoferrosilite is included for completeness and has no
gem significance.

Names: FEnstatite from the Greek for an opponent
because of its high melting point. Bronzite is named for

Enstatite. Bronzite Hypersthene Orthoferrosilite

Density 3.20-3.30 3.30-3.43 3.43-3.90 3.90-3.96
Optics

a 1.650-1.665 1.665-1.686 1.686-1.755 1.755-1.768

B 1.653-1.671 (intermediate) 1.763-1.770

Y 1.658-1.680 1.680-1.703 1.703-1.772 1.772-1.788

sign (+) () (=) (+) (+)
Birefringence 0.010 0.015 0.017 0.018
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its bronzy color and luster. Hypersthene is from the
Greek words for very strong or tough. Orthoferrosilite is
named for its crystallography and composition. Bastite is
also named for its composition: Ba, Si, Ti.

EOSPHORITE Series to Childrenite if Fe exceeds Mn.
Formula: (Mn,Fe)AIPO,(OH), - H,O.

Crystallography: Monoclinic (pseudo-orthorhombic).
Crystals prismatic, often twinned.

Colors:  Colorless, pale pink, pale yellow, light brown,
reddish brown, black.

Luster: Vitreous to resinous.

Ilardness: 5.

Density: 3.05 (pure Mn end member); 3.08 (Brazil).
Poor; fracture uneven to subconchoidal.

Optics:  a = 1.638-1.639; 5 = 1.660-1.664; = 1.667-1.671.
Biaxial (—). 2V = 50°.

Birefringence: 0.029-0.035. (Note: less than childrenite.)

Cleavage:

Pleochroism:
colorless.

Distinct: yellow/pink/pale pink to

Spectral: Strong line at 4100, moderate at 4900 (in
brownish-pink material).

Luminescence: None observed.

Occurrence: In granite pegmatites, usually associated
with Mn phosphates.

Branchville, Connecticut; Maine; Keystone, South Dakota;
North Groton, New Hampshire.

Hagendorf, Germany.

Minas Gerais, Brazil: excellent, flat, pink crystals up to
4 < 1 cm. at Itinga.

Stone Sizes: Cut eosphorites are always small, usually
less than 3-4 carats. Cuttable crystals are usually very
small and badly flawed, only from the Brazil localities.

Comments: Pink gems are extremely attractive when
cut, especially as round brilliants. The hardness makes
wear unrecommended; cutting presents no great prob-
lems. This is a very rare gemstone, seen only in a few
collections.

Name: From Greek eosphoros. meaning dawn-bearing,
in allusion to the pink color.

EPIDOTE GROUP

The epidote group consists of three related minerals that
are fairly well known to collectors and hobbyists, plus
one popular gem mineral and three less common species.

Formula: The general formula of the epidote group is
X,Y3Z5(0,0H,F)5, where X = Ca, Ce, La. Y, Th, Fe,
Mn; Y = Al, Fe, Mn, Ti; Z = Si, Be.

Zoisite and Clinozoisite: Ca,AL;S1,0,(OH).

Epidote: Ca) (Al Fe):Si;On(OH).

Piedmontite: Ca)(Mn Fe Al1):S1,0,,(OH)

(also called piemontite).

Allanite: (Ca,Ce La,Y),(Mn,Fe,Al1);S1:0,,(OH).

Mukhinite: Cay)(ALLV)Si;0,,(OH).

Hancockite: (Pb,Ca,Sr),(AlFe):Si:0,,(OH).

Crystallography:  All are monoclinic, except zoisite which
is orthorhombic. Crystals prismatic and tabular; also gran-
ular, massive, fibrous; sometimes twinned, often striated.

Colors:

Clinozoisite is colorless, pale yellow, gray, green,
pink; often zoned.

Epidote shows shades of green, yellow, gray, grayish white,
greenish black, black.

Piedmontite is reddish brown, black, rose red, pink.
Hancockite is brownish or black.

Allanite is light brown to black.

Zoisite is gray, green, brown, pink (thulite), yellowish,
blue to violet (tanzanite).

Luster: Vitreous; pearly on cleavages; massive materi-
als dull. Allanite resinous, pitchy.

Hardness: 6-7. Epidote sometimes slightly harder, pied-
montite softer.

Luminescence: Usually none. Thulite (pink zoisite) from
Nevada sometimes medium pale brown in SW. Also thulite
from North Carolina is orangy-yellow in LW.

Cleavage: Perfect 1 direction in all (different orienta-
tion in zoisite). Fracture conchoidal to uneven. Brittle.

Dispersion: For tanzanite: 0.019. Values for other epi-
dote group minerals are in the same range.

Pleochroism: None in clinozoisite. Distinct red to
yellowish brown in hancockite.

Allanite: reddish brown/brownish yellow/greenish brown;
light brown/brown/dark red-brown: colorless/pale
green/green.

Epidote: colorless, pale yellow or yellow-green/greenish
yellow/yellow-green.

Zoisite: deep blue/purple/green (tanzanite); reddish-
purple/blue/yellowish brown (tanzanite); pale pink/
colorless/yellow; dark pink/pink/yellow (thulite).
Piedmontite: yellow/amethystine violet/red.

Spectral: Most members of the group have nondiagnostic
spectrum; epidote has a very strong line at 4550, weak
line is sometimes seen at 4750. This spectrum is very
sensitive to direction within the material and is not visi-
ble in certain orientations. Tanzanite has a broad absorp-



tion in the yellow-green centered at 5950, with faint bands
also at 5280 and 4550 and a few weak lines in the red.

Occurrence: The minerals of the epidote group form
at low temperatures in low- to medium-grade metamor-
phic rocks. Allanite is more commonly found in igneous
rocks such as pegmatites. Clinozoisite and epidote are
also found in igneous rocks, and piedmontite is found in
schists and manganese ore deposits. Zoisite occurs in
calcareous rocks such as metamorphosed dolomites and
calcareous shales subjected to regional metamorphism.
Epidote:

McFall Mine, Ramona, California; ldaho; Colorado,
Michigan; Connecticut; Massachusetts; New Hampshire.
Baja California, Mexico: Arendal. Norway: Czechoslo-
vakia; USSR; Japan; Korea; Australia; Kenva; Madagascar.
Switzerland: many localities.

Bourg d'Oisans, France: fine crystals.

Italy: Piedmont, other localities.

Untersulzbachthal, Austria: main source of faceting rough.
Burma: at Tawmaw, a chrome-rich material, fine deep
green color (tawmawite).

Sri Lanka: yellow-brown (pleochroism = yellow-green/
brown/greenish-yellow); a — 1.718; = 1.734; y = 1.738;
birefringence = 0.020; S.G. = 3.33.

Outokumpu, Finland: chromiferous epidote (tawmawite).
Minas Gerais, Brazil: cuttable, yellowish-green crystals
(these are trichroic, low in iron; indices 1.722/1.737/1.743;
birefringence 0.021; density 3.3-3.5).

Blue Ridge, Unaka Range, North Carolina (also in Vir-
ginia, Georgia): unakite, a granite consisting of pink
feldspar and green epidote. A similar rock is also known
from Zimbabwe.

Clinozoisite:

Nevada; Colorado.

Timmons, Ontario, Canada; Ireland; Iceland; India; Italy;
Switzerland; Austria; Czechoslovakia.

Kenya: gray-green crystals.

Gavilanes, Baja. Mexico: brownish, facetable crystals.
Piedmontite:

Pennsylvania; Missouri.

Scotland; Vermland, Sweden; Morbrhan, France; Japan;
Otago, New Zealand.

California and Arizona: many localities.
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Piemonte, Italy: in sericite schists.

Egypt: in a porphyry, colored red by piedmontite.
Hancockite:

Franklin, New Jersey: only notable locality, in small crystals.
Allanite:

Various localities throughout the United States.
Canada; Norway; Sweden; Greenland; USSR; Madagascar:
Zoisite:

South Dakota; Massachusetts.

Wyoming: greenish-gray material, sometimes tumble-
polished for jewelry.

Washington: thulite.

California and Nevada: thulite.

North Carolina: thulite.

Baja. Mexico; Scotland; Austria; Finland; USSR Japan;
Germany.

Longido, Tanzania: deep green crystals, colored by chro-
mium, with ruby crystals.

Lelatema, Tanzania: fine blue-violet crystals, up to large
size, often gemmy (tanzanite).

Norway: thulite.

Greenland: thulite.

Stone Sizes: Unakite occurs in huge blocks weighing
many pounds and is often cut into spheres as well as
cabochons. Facetable epidote is rare over 5 carat sizes,
and cut clinozoisite tends to be even smaller. Allanite is
hardly ever cut except as cabochons: piedmontite is
opaque and massive, also cut only as cabochons. Tanzanite
is the only member of the epidote group that reaches
large sizes in faceted gems. Rough tanzanite crystals
weighing hundreds of carats have been found.
S1:122.7 (blue, tanzanite, Tanzania); 18.2 (blue catseye
tanzanite, Tanzania); 3.9 (epidote, brown, Austria).
DG: 7.30 (clinozoisite, brownish, Iran); 6.90 (epidote,
brown).

PC: 220 (blue, tanzanite, Tanzania); 15 (clinozoisite,
light brown-green, Baja).

Comments: The epidote minerals are very interesting
and span a wide range of the gem market.

Hancockite, from New Jersey is very rare, and if a
faceted gem exists it would be extremely small (under
1-2 carats).

Clinozoisite Epidote  Priedmontite Hancockite Allanite Tanzanite Zoisite Thulite

Density 3.21-3.38 3.38-349 3.45-352 3.4-42 3.35 3.15-3.38 3.09
Optics

a 1.670-1.7151.715-1.751 1.732-1.794 1.788 1.640-1.791 1.692 1.685-1.705 1.695

B 1.675-1.7251.725-1.784 1.750-1.807 1.810 1.650-1.815 1.693 1.688-1.710

Y 1.690-1.734 1.734-1.797 1.762-1.829 1.830 1.660-1.828 1.700 1.697-1.725 1.701

2V (+)14-90° (—)90-116° (+)2-9° (—)50° (+-)40-123° (+) (+)0-60° (=)
Bire-
fringence  0.005-0.0150.015-0.049 0.025-0.073 0.042 0.013-0.036 0.009 0.004-0.008 0.006
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Epidote is usually so dark in color that a large faceted
gem is nearly black, lifeless, and uninteresting; small
stones, under 3-4 carats, are often bright and lively,
however.

Clinozoisite would be a better-looking gem, but is
very rare in sizes over 5 carats. The only well-known gem
source is Baja, Mexico, though an occasional crystal
from another locality yields a fine gem.

Allanite is very dark in color and seldom cut. The
content of rare earth and radioactive elements causes it
to become metamict with severe damage to the internal
crystalline structure.

Unakite is a widely used and popular cabochon mate-
rial that is exported throughout the world. It is best
known from the United States, but Ireland, Zimbabwe,
and probably other countries have similar rocks.

Mukhinite is a very rare mineral, in small grains from
Gornaya Shoriya, USSR, and has never been cut.

Piedmontite is a distinct species but is often confused
with thulite, which is a pink manganiferous variety of the
species zoisite; piedmontite is dark brown or reddish in
color, seldom in large masses, whereas thulite can occur
in large pieces and is often bright pink in color. Both
materials make lovely cabochons.

Pure clinozoisite is very rare; it usually contains some
iron, and there is a complete solid-solution series from it
to epidote.

Tawmawite is a deep emerald-green epidote from Burma,
the color of which is due to chromium. This material is
very rare.

Tanzanite is the best known member of the epidote
group and is a variety of zoisite. The name was given by
Tiffany & Co. in connection with a trade promotion, and
has stuck although it has no mineralogical significance.
Tanzanite occurs in a variety of colors at the Tanzanian
locality, but most crystals are heated to about 700°F to
create a deep, intense blue with violet dichroism. Tanzanite
is soft and brittle, considering it is a popular ringstone,
and great care should be exercised in wearing it. Inclu-
sions that have been noted in tanzanite include actino-
lite, graphite, and staurolite.

Epidote group materials often contain fibrous inclu-
sions that create a chatoyancy and yield catseye gems
when cut into cabochons. Catseye clinozoisite and epi-
dote are known. Catseye tanzanites are very rare but
have been found.

Names: Epidote is derived from Greek for increase
because the base of the prism has one side longer than
the other. Zoisite is named after Baron von Zois, who
presented Werner, the great mineralogist, with the first
specimens of the material. Thulite is after Thule, the
ancient name for Norway. Tanzanite is the Tiffany & Co.
tradename for blue zoisite, named after the country of
origin, Tanzania. Clinozoisite is the monoclinic dimorph
of zoisite. Piedmontite (piemontite) is after the locality

in Italy, Piemonte (Piedmont). Unakite is named after
the Unaka range of mountains in the United States. Allanite
is named after mineralogist T. Allan. Tawmawite is named
after the Burmese locality. Mukhinite for A. S. Mukhin,
Soviet geologist.

ETTRINGITE Series to Sturmanite.

Formula: CZ!(,A]:(S()4)\‘O}{)12.24H30.‘

Crystallography: Hexagonal; usually flattened hexago-
nal dipyramids; sometimes prismatic, fibrous.

Colors:  Colorless; transparent to translucent, milky.
Vitreous.
Hardness: 2-2.5.

Density: 1.77.

Luster:

Cleavage: Perfect, rhombohedral.

Optics: o = 1.491; e = 1.470.

Uniaxial (—).
Birefringence: 0.021.

Pleochroism: None; colorless in transmitted light; dehy-
drates and turns white.

Spectral: Not diagnostic.
Luminescence: None.

Occurrence: At type locality (Ettringen, Rhine Prov-
ince, Germany) in cavities of metamorphosed limestone
inclusions in alkaline igneous rocks. Also in metamor-
phosed limestones.

Ettringen, Germany: In tiny crystals.

Franklin, New Jersey: Minute crystals.

South Africa: Associated with sturmanite at the Jwaneng
mine, near Hotazel. The sturmanite forms yellowish coat-
ings, with ettringite cores.

Stone Sizes: Material from Ettringen and Franklin is
microscopic. A 2.5 carat pale yellow ettringite was faceted
from material found in the center of a mass of sturmanite
from South Africa. This may be the largest known for
the species.

Comments: Ettringite is not generally facetable; any
cut stone would be considered an extreme rarity. South
African material has yielded minute stones, some of
which may have been labeled sturmanite.

Name: After the locality in Germany.

EUCLASE
Formula: BeAISiO4(OH).

Crystallography: Crystals tabular or prismatic, often
well developed.



Colors: Colorless, white, pale blue, pale green, violet,
dark blue, yellow.

Luster: Vitreous.
Hardness:  6.5-7.5. May be variable within a single crystal.
Density: 2.99-3.10 (colorless = 3.08).

Cleavage: Perfect 1 direction; fracture conchoidal.
Brittle.

Optics:  a = 1.650-1.652; 8 = 1.655-1.658; v = 1.671-1.676.
Biaxial (+), 2V = 50°.

Dark blue (Zimbabwe): a = 1.652; = 1.656; y — 1.671;
birefringence = 0.019; S.G. = 3.06-3.13.

Birefringence: 0.019-0.025.

Pleiochroism: Zimbabwe dark blue material displays
intense pleiochroic colors: azure blue/Prussian blue/
greenish-blue.

Dispersion: (.016.

Spectral: There are two vague bands at 4680 and 4550;
if Cr is present, it may display a characteristic spectrum
in the red with a doublet at 7050.

Luminescence: Feeble or none.

Occurrence: Euclase is a mineral of granite pegmatites.
Minas Gerais, Brazil: Ouro Preto (fine gem material in
good crystals up to a length of about 6 cm); Santana de
Encoberto (material with high birefringence and included
crystals of apatite, hematite, rutile, and zircon); Béa
Vista (cuttable crystals).

Orenburg District, South Urals, USSR cuttable crystals.
Miami, Zimbabwe: cuttable crystals in shades of intense
blue, cobaltian hue, some like fine sapphire.

Movrogoro District, lanzania; Colorado; Ireland; Austria;
Norway.

Stone Sizes:  Crystals are more commonly found in small
sizes, about 1 inch for colorless material. Most euclase,
in fact, is colorless, and strongly colored material is very
rare. Blue and green gems are scarce over 2-3 carats,
with violet being the most unusual. Colorless gems are
also rare over 5-6 carats, although stones up to about
20 carats have been cut. Gems reported over 50 carats
are museum pieces.

SI: 144 (lime green, Brazil); 48.7 (green): 12.5 green,
Brazil; 8.9 (yellow, Brazil); 3.7 (blue-green, Brazil).
DG: 15.45 (colorless, Brazil); 14.0 (mint green, Brazil).
PC: 18.29 (blue-green oval, Brazil); 7.43 (blue, Brazil);
Brazilian violet crystals reported that would yield stones
up to 10 carats.

Comments: Euclase is a hard enough gem to be worn
safely in jewelry. [t may not be terribly exciting to look at
(if colorless), but the colored gems are truly beautiful
and exceedingly rare over a few carats in size. These
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gems can be very brilliant. The cleavage makes cutting a
bit tricky.

Name: From the Greek eu (easy) and klasis (fracture),
because of the easy cleavage.

EUDIALYTE

Formula: Nai(Ca.Fe,Ce,Mn),ZrS1:0,(OH,Cl),. (Note:
Fucolite = calcium-rich variety.)

Crystallography: Hexagonal (trigonal); tabular crystals,
may be hexagonal or trigonal; also prismatic, rhombohe-
dral, massive.

Colors: Shades of brownish red, yellowish brown, pink,
red. Often translucent.

Luster: Vitreous; greasy; may be dull.

Hardness: 5-5.5.

Density: 2.74-2.98.

Cleavage: Basal, indistinct; fracture uneven: brittle.
Optics: o = 1.591-1.623; e = 1.594-1.633.

Uniaxial (+) but sign variable (eucolite reported to be
(—) with higher indices and S.G.).

Birefringence: 0.003-0.010.

Pleochroism: Varies with body color.

Spectral: Not diagnostic.

Luminescence: Not reported.

Occurrence: Nepheline syenites and associated peg-
matites:

Julienhaab District, Greenland: crystals up to 1 inch in
length.

Kola Peninsula, USSR; Pilansberg, South Africa.
Ampasibitika, Madagascar.

Magnet Cove, Arkansas: rich red color, in feldspar.

Mt. Ste. Hilaire, Quebec, Canada: facetable (o = 1.596;
e = 1.600; birefringence = 0.004).

Kipawa Complex, Sheffield Lake, Temiscamingue County,
Quebec, Canada: red, facetable.

Sweden: o = 1.598; e — 1.604; birefringence
S.G. = 2.88.

0.004:

Stone Sizes: Faceted gems well under 1 carat in size
have been cut from Quebec material. These are deep red
and extremely rare.

NMC: 0.30, 0.40 (intense red, Sheffield Lake, Quebec,
Canada).

Comments: Although cabochons could be cut from
massive eudialite or translucent crystals, transparent mate-
rial suitable for faceting is elusive and always small.

Name: From Greek words meaning easy to dissolve
because of its easy solubility in acids.
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EULITE See: Enstatite.

EUXENITE Series to Polycrase.

Formula: (Y,Ca,Ce,U,Th)}Nb,Ta,Ti),0s;
Polycrase: (Y,Ca,Ce,U, Th)(Ti,Nb,Ta),Os.

Crystallography: Orthorhombic. Crystals prismatic,
stubby; as aggregates; massive.

Colors: Black, sometimes with a tinge of brown or
green.

Streak: Grayish, yellow-brown.
Luster: Submetallic; vitreous to resinous.
Hardness: 5.5-6.5.

Density: 4.30-5.87 depending on the Ta content and
hydration.

Cleavage: None. Fracture conchoidal. Brittle.

Optics:  Isotropic due to metamictization. N = 2.06-2.24.

Luminescence: None.

Occurrence: [Ingranite pegmatites; also as detrital grains.
California; Colorado; Pennsylvania; Maine.

Norway; Canada; Gréenland; Brazil; Finland; Zaire;
Madagascar; Australia.

Wyoming: large crystals.

Stone Sizes: Gems cut from euxenite are almost always
small, as the material is seldom transparent.

Comments: Euxenite is seldom seen in collections. Most
collectors would not regard the mineral as facetable, but
transparent fragments and areas of crystals have been
noted that could cut small gems. Sometimes cabochons
are cut by collectors, but these are not very striking.
The colors of faceted stones would be too dark to make
them appealing.

Name: From the Greek euxenos (hospitable) because
of the many useful elements it contains. Polycrase is
from the Greek, meaning mixture of many, also in allu-
sion to the composition.



FAYALITE See: Olivine.
FELDSPARS

Feldspars are the most common minerals at the Earth’s
surface. In fact, if the entire composition of the Earth’s
crust were regarded as a single mineral, it would calcu-
late out almost exactly as a feldspar.

The feldspars are complex aluminosilicate minerals
containing K, Na, and Ca, with some rarer types rich in
Ba. The structures of these species are very similar.
However, most feldspars crystallize from a melt in igne-
ous rocks. The structures at high temperatures are differ-
ent from those at low temperatures. In addition, the
various compositions that may exist at high tempera-
tures may not be stable at low temperatures. When a
feldspar cools, it may segregate internally into separate
mineral crystals, one type oriented within the other accord-
ing to the symmetry of the host crystal. The specific type

of intergrowth, composition of the minerals involved,
and the size of the included crystals all depend on the
original high-temperature composition and the cooling
history of the feldspar, which may be very complex. It is
easy to see why it may take years for a mineralogist
simply to understand the complexities of the feldspar
group, let alone contribute new data.

These complications, while both troublesome and
intriguing to mineralogists, are not critical to gemological
discussions. We may therefore simplify the discussion to
asummary of the basic feldspar species and their proper-
ties, insofar as these are relevant to gemstones.

Potassium Feldspars: These all have the composition
KAISi;Os but differ in structure. Orthoclase is mono-
clinic; Sanidine and Anorthoclase are also monoclinic,
but the distributions of atoms within the structures are
distinctive and different from each other and orthoclase.
Microclineis triclinic. The properties are summarized in

Properties of the Potassium Feldspars

Microcline Orthoclase Sanidine/Anorthoclase
Crystallography Triclinic Monoclinic Monoclinic
Twinning Lamellar twinning is not seen in the potassium feldspars
Hardness 6-6.5 6-6.5 6
Density 2.54-2.63 2.55-2.63 2.56-2.62
Optics
a 1.514-1.529 1.518-1.529 1.518-1.527
B 1.518-1.533 1.522-1.533 1.522-1.533
v 1.521-1.539 1.522-1.539 1.522-1.534
sign (=) (=) (=)
2V 66-103° 33-103° 18-54°
Dispersion — 0.012 —
Spectral none distinct strong 4200 line; none distinct
bands at4450, 4200
Luminescence yellow-green in weak blue in LW or not reported
LW; inert SW; orange in SW; white
green in X-rays. to violet in X-rays.
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the table below. Sanidine and Anorthoclase contain appre-
ciable sodium.

Plagioclase Feldspars: The term plagioclase indicates
a solid-solution series, ranging in composition from albite
(NaAlS1,0y) to anorthite (CaAlSi,Ox): for convenience
the series was long ago arbitrarily divided into six dis-
tinct species as follows: albite (Ab); oligoclase (Og);
andesine (Ad); labradorite (La): bytownite (By): anorthite
(An). The series is divided according to the relative
percentages of albite vs. anorthite:

Ab Og Ad La By An

y 4 | s '
t

L 4
F y t
Ab 100 90 70 S0 30 10 0

The optical parameters vary nearly linearly with compo-
sition, but because of the structural complexities, X-ray
diffraction work is usually advised in identification of a
plagioclase feldspar. Most plagioclase crystals are twinned
according to various laws related to the crystal struc-
tures and also the distribution of atoms in the structures.
Zoning is common and is due to variation in the growth
history of the crystals and to the fact that, in a magma,
the composition of the melt changes as crystallization
proceeds and minerals are extracted from the molten
mass. The properties of a plagioclase crystal may there-
fore vary widely within a small grain. Plagioclases also
are often clouded, that is, contain dustlike particles of
other minerals, including spinel, rutile, garnet, magne-
tite, clinozoisite, muscovite.

Compositions within the feldspar group are com-
plicated by the fact that K may enter the plagioclase
structure or Na the orthoclase structure. The resulting
compositions are know as ternary (three-component)
feldspars. In addition, as in the plagioclase series itself,
high-temperature mixed feldspar compositions are sta-
ble, but at low temperatures unmixing occurs, that is, a
segregation of the potassic and sodic molecules into
separate feldspar phases, one distributed within the other.
This creates such oddities as perthites (mixtures of albite
with oligoclase or orthoclase), sunstone, moonstone, and
peristerites, which are albite-oligoclase mixtures. The
presence of feldspar lamellae in another feldspar gives
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rise to the Schiller effect. an iridescence due to light
refraction. Schiller is best developed in labradorites,
creating a lovely color play in shades of green, blue, gold
and yellow. The color may be uniform or vary within a
single feldspar crystal.

Most feldspar crystals are tabular and flattened and
(in the case of plagioclase) usually complexly twinned.
All the plagioclases are triclinic, and all the feldspars
have excellent cleavage in two directions. The luster is
vitreous, inclining to pearly on the cleavages. Feldspars
are sometimes massive, cleavable, or granular.

Microcline may be colorless, white, pink, yellow, red,
gray, or green to blue-green. The latter color is popularin
gem circles, and the blue-green variety known as amazo-
nite is widely cut into cabochons, beads, and carvings.
Orthoclase is usually colorless, white, gray, yellow, red-
dish, and greenish, whereas sanidine is colorless, pinkish,
or brownish. The plagioclases are all colorless, white, or
gray, although the drabness is often broken by spectacular
Schiller effects. Moonstones may be colored by impuri-
ties such as goethite (brown).

Microcline

Occurrence: Microcline occurs in acidic alkali-rich plu-
tonic rocks; also in rocks such as pegmatites, granites,
syenites, and schists.

Properties of Plagioclase Feldspars

Albite Oligoclase Andesine Labradorite Bytownite Anorthite

Hardness of all species = 6-6.5
Density 2.57-2.69 2.62-2.67 2 65-2.69 2.69-2.72 2.72-2.75 2.75-2.77
Optics

a 1.527 1.542 1.543 1.560 1.561 1.577

i 1.531 1.546 1.548 1.563 1.565 1.585

v 1.538 1.549 1.551 1.572 1.570 1.590

sign (+) (=) (+/-) (+) (=) (=)

2V 77° 82° 76-86° 85° 86° 70°
Birefringence 0.011 0.007 0.008 0.012 0.009 0.013




Pala, California; Maine: New York; North Carolina.
USSR; Norway: Sweden; Germany; Italy: Japan: South
Africa.

Colorado (Pike’s Peak area): amazonite.

Amelia Courthouse, Virginia: finest amazonite in the
United States.

South Dakota: perthite.

Canada: perthite, especially Ontario and Quebec.
Brazil: fine amazonite.

India (Kashmir District): amazonite.

Australia (Harts Range).

Stone Sizes: Amazonite cabochons up to almost any
size are available; the material is usually sold by the
pound to hobbyists. The same applies to perthite. The
Amelia material has fine color and translucency, but
perfect cleavage adds fragility.

Comments: Microcline crystals, associated with smoky
quartz, are popular mineral specimens from the Pike’s
Peak area of Colorado. The color of amazonite ranges
from pale green to dark green and blue-green. Pinkish
orthoclase is also often present as an intergrowth.

Orthoclase

Occurrence: A component of many rocks, especially
alkalic and plutonic acid rocks, also granites, pegma-
tites, syenites.

Many localities in the United States.

Canada.

Switzerland: fine crystals, known as adularia (S.G. =
2.56), from the St. Gotthard Region; the material con-
tains some Na.

Itrongahy, Madagascar: fine, transparent yellow ortho-
clase in large crystals, usually with rounded faces. (Indi-
ces 1.522/1.527; birefringence 0.005; S.G. 2.56.) Faceted
gems may be very large and deep in color.

Greenland: brownish transparent crystals to more than 2
inches.

Tvedestrand, Norway: orthoclase sunstone, deep red-
orange, in masses up to a few inches in size.

Sri Lanka: in the gem gravels.

Burma: gravels.

Stones Sizes: Madagascar produces by far the largest
cuttable orthoclase known.

S1:249.6 (yellow, Madagascar); 104.5 (pale green catseye,
Sri Lanka); 22.7 (white star, Sri Lanka); 6.0 (colorless,
North Carolina).

Comments: Yellow and colorless catseye gems are known
from Burma and Sri Lanka. Some of these (Sri Lankan)
stones are also asteriated. Yellow faceted orthoclase is a
handsome gemstone. Unfortunately, the cleavage makes
it less advantageous for wear. Also, fine rough is hard to
find, but large stones are displayed in museums. Ortho-
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clase moonstone is also found and will be discussed with
plagioclase moonstones.

Sanidine

Occurrence: A component of acid igneous rocks.
Oregon; California.

Near Koblenz, Germany: brown transparent gems; S.G.
2.57-2.58; birefringence 0.007; indices: 1.516-1.520/
1.520-1.525/1.522-1.526.

Ashton, Idaho: sanidine crystals in volcanic tuff, up to |
cm, colorless, well formed. Indices: 1.516-1.519/
1.520-1.522/1.521-1.523; 2V = 8-19°; birefringence
0.003-0.005.

Stone Sizes: Sanidine is not a common mineral and is
hardly ever seen as a gemstone. Crystals tend to be
colorless and nondescript and are rare in cuttable sizes.

Comments: Sanidine is a mineral of volcanic rocks,
with little gem significance.

Perthite

Occurrence: Perthite is an intergrowth of albite, oligo-
clase, plus orthoclase or microcline. The characteristic
texture is produced by unmixing from high temperature.
The appearance of the material depends on the cooling
history, and hence the relative crystal sizes of the differ-
ent feldspars in the mixture. Usually perthite consists of
brown and white lamellae; the white feldspar often has a
golden yellow or white Schiller. Perthitic intergrowths
are very typical of the whole range of plagioclase compo-
sitions and therefore must be considered one of the most
abundant mineral associations in nature.

Fine perthite that is suitable for cutting comes from
Dungannon Township, Ontario, Canada, in large pieces,
and from various localities in Quebec, as well as from
other countries.

Peristerite

Occurrence: Peristerite is well known from Ontario,
Canada, where it is very abundant. It is also found at
Kioo Hill, Kenya: S.G. 2.63; a = 1.531: 3 = 1.535: y
1.539.

Comments: Compositions in the calcic oligoclase range
(Abs) cool and unmix to an inhomogeneous mixture of
two feldspars, producing a Schiller, which in the case of
peristerites is white or bluish. The effect seems to ema-
nate within the body of the feldspar as a kind of glow.

Albite

Composition: Abjn-Abu.
Crystallography: Triclinic. Twinned: platy crystals.

Colors:
greenish.

Colorless, white, yellow, pink, gray, reddish,

Luster: Vitreous to pearly.
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Luminescence: Usually none; may be whitish in LW,
lime green in X-rays (Kenya).

Spectral:  Not diagnostic.

Occurrence: Albite usually forms at low temperatures;
it is common in pegmatites, granite, and other igneous
rocks, various metamorphic rocks, also marbles.

Essex County. New York.

Ontario, Canada; Quebec, Canada; Madagascar; Austria.
Rutherford Mine, Amelia, Virginia: fine colorless albite,
facetable, large; crystals are platy variety known as
cleavelandite.

Upson County, Georgia: moonstone.

South Dakota: cleavelandite.

Brazil: cleavelandite.

Kenya: colorless crystals, some with blue or yellow tinge.
(Indices: 1.535/1.539/1.544; S.G. 2.63).

Many other localities worldwide.

Stone Sizes: Clean gems are usually in the 1-3 carat
range, from cleavelandite crystals. Catseye gems up to
about 30 carats are known.

ROM: 12.25 (catseye, Burma).

DG: 11.13 (cateye, white).

Comments: Translucent albite is sometimes found that
is colored a rich green by inclusions of chrome-rich
jadeite. Albite is sometimes intergrown with emerald,
especially in the strange hexagonal skeletal crystals known
as trapiche emeralds. Facetable aibite from Madagascar
has indices: a = 1.530-1.531; g = 1.532-1.533; y =
1.539-1.540; birefringence 0.009-0.010; density 2.62. Small
faceted gems are fairly rare, almost always from the tips
of cleavelandite crystals. Albite gems are colorless in
most cases and not exciting to look at. Albite moon-
stones are known from many localities (discussed below).

Moonstone

Moonstone refers to feldspar of widely varying composi-
tion and from a wide variety of localities. The basic
attribute is the presence of finely dispersed plates of one
feldspar within another as a result of unmixing on cooling.

Orthoclase moonstone consists of aibite within an
orthoclase matrix. A blue color is produced if the albite
crystals are very fine; the sheen is white if the albite
plates are thick. The color of the orthoclase may be
white, beige, brown, red-brown, greenish, or yellowish.
Red coloration is due to goethite (iron oxide) inclusions.
Some of this material cuts fine catseyes, where the sheen
is concentrated into a narrow band. The sheen in moon-
stone is referred to as adularescence.

The density of such material is 2.56-2.59; material
from Sri Lanka tends to be at the low end of this range,
material from India at the higher end. The refractive
index is usually 1.520-1.525; birefringence 0.005.

The moonstone from Burma and Sri Lanka is adularia

and displays a white to blue sheen. The body colors may
be white, blue, or reddish brown. The blue-sheen mate-
rial, especially when the body of the moonstone is color-
less and transparent, is very rare and greatly prized in
large sizes (over 15 carats).

Grant County, New Mexico produces a very fine qual-
ity sanidine moonstone with a blue sheen. Orthoclase
moonstone from Virginia is of a quality comparable to
the Sri Lankan material: indices 1.518-1.524; birefrin-
gence 0.006. Moonstone also comes from Tanzania and
several localities in the United States.

Inclusions: Moonstones are characterized by fissure
systems along incipient cleavages in the body of the
material created by exsolution pressures. Such fissure
systems are short parallel cracks with shorter cracks
emanating perpendicularly along the length of the paral-
lel fissures. These resemble many-legged insects under
the microscope and are known as centipedes. Moon-
stones also have rectangular dark areas due to stress
cracking or negative crystals. Sometimes a cavity extends
from such a rectangular dark area that creates an inclu-
sion with a comma shape. Burmese moonstones are
characterized by oriented needle inclusions.

Stone Sizes: Moonstone is rare in both large size and
fine quality, but Indian material with strong body color is
abundant and very inexpensive. This is fortunate because
the material is well cut and very attractive. Moonstone
with a blue sheen is the most valuable and is rare in
stones over 15-20) carats. Stones with a silvery or white
adularescence are abundant and available in sizes up to
hundreds of carats.

Oligoclase, Andesine, Bytownite, Anorthite

These feldspars are rarely encountered in gem form. Their
occurrence is widespread throughout the world, in a
great variety of rock types and environments, but in most
cases transparent crystals are rare.

In many cases faceted gems are identified as a feld-
spar in the plagioclase series, but the finder does not
have the instrumentation needed to pin down the spe-
cies. This is accomplished by a combination of optical
and X-ray analysis. A few plagioclase gems have been
well characterized, however, and reported in the literature.

Occurrence:
Oligoclase is reported from the Hawk Mine. Bakersville,
North Carolina, in colorless to pale green facetable crys-
tals. The indices are 1.537-1.547; density 2.651. Oligo-
clase is also reported from Kenya, colorless grains, with
indices as follows: a = 1.538-1.540, = 1.542-1.544,y =
1.549-1.550; birefringence 0.010-0.011: S.G. 2.64. North
Carolina gems up to about 1-5 carats, colorless to pale
green, are reported. Oligoclase from Baffin Island, N.W. T,
Canada has yielded cut gems up to about 5 carats.
Andesine is known from many localities, including



California; Utah: Colorado: South Dakota; Minnesota:
New York; North Carolina; Colombia; Argentina; Green-
land; Norway; France; Italy; Germany; South Africa:
India; and Japan.

Bytownite is found in basic plutonic rocks, some meta-
morphic rocks, and meteorites. Localities include Mon-
tana; South Dakota; Oklahoma; Minnesota; Wisconsin;
Scotland; England; Sweden; Japan; and South Africa.
Bytownite is sometimes reddish in color and pebbles
from Arizona and New Mexico have been faceted into
small gems. Bytownite is also reported from Plush. Ore-
gon, but this is a well-known locality for labradorite in
facetable crystals; it may be that some of the feldspar has
a borderline composition and crosses over into the by-
townite range.

Anorthite is the most calcic of the plagioclases, and
sometimes makes up a distinctive rock known asanortho-
site, which has been extensively studied. Localities for
the mineral include Pala, California; Grass Valley, Nevada;
[talian Mountains, Colorado; Greenland; England; Swe-
den; Finland; lialy; Sicily; India; and Japan. Anorthite
has been cut for collectors but very rarely, and faceted
gems are always small. However, a locality on Great Sitkin
Island, Alaska has yielded cut gems as large as 8 carats.
This pale yellow anorthite may be the largest known.

Labradovrite

Of all the feldspars, none besides orthoclase is as fre-
quently encountered as a faceted gem as is labradorite.
The material ranges in color from colorless to yellow, but
inclusions of minerals such as hematite and copper cre-
ate a wide range of other body colors. These are best
known from localities in Oregon. In addition, the phe-
nomenon of Schiller is best developed in the labradorite
range of plagioclase compositions. Translucent to opaque
labradorite that shows blue, green, and golden Schiller
colors is widely cut by hobbyists. Labradorite with Schil-
ler is also a component of many dark-colored igneous
rocks that are used in building and construction as facing
materials. Such rocks are very attractive when polished
because the blue sheen of the labradorite grains flashes
out at many different angles.

Inclusions: Zircon and magnetite; also ilmenite and
rutile tablets (Madagascar). Hematite inclusions create
an aventurescence or sparkly effect due to reflection off
of parallel included flakes. This reflection creates a roll-
ing sheen of golden red spangles, leading to the name
sunstone. Sunstone is also characteristic of oligoclase
and is discussed below. Microscopic particles of metallic
copper and lead account for some of the unusual colors
observed in Oregon labradorite.

Pleochroism: Usually absentin feldspars but most nota-
ble in labradorite from Oregon. It is better developed in
darker-colored stones:

FELDSPARS o)

Stone Color Pleochroism

Yellow colorless/light yellow

Red-orange and bluish green/light red-
blue-green violet/reddish orange
{multicolored)

Bluish green bluish green/light orange/

colorless
Red orange orange/lightreddish purple
Orange orange/reddish orange

Yellowish green bluish green/light orange
Blue-green and red-violet/reddish orange/
violet bluish green

Other Effects: A labradorite moonstone is known from
Madagascar. It has a blue sheen and the indices are: a
1.550-1.553; v = 1.560-1.561: birefringence 0.008-0.010:
S.G. 2.70.

Occurrence: Labradorite is best known from Nain,
Labrador: crystals here are up to 2 feet long, but are
badly cracked.

New York; Texas.

Modoc County, California: facetable crystals to 1 inch.
Finland: fine Schiller, very intense; cut stones called
spectrolite.

Clear Lake, Millard County, Utah: facetable crystals.
Nevada: facetable crystals.

Madagascar: moonstone effect.

Australia: pale yellow, transparent material: indices a =
1.556, y = 1.564; S.G. 2.695.

Oregon: facetable; labradorite has the following properties:
a = 1.559-1.563; y = 1.569-1.573; birefringence 0.008:
S.G. 2.71-2.73; material is AbyAnes.

Stone Sizes: Labradorite rocks are available in very
large sizes, suitable for facings of office buildings. This
material i1s also sometimes cut into cabochons. Labra-
dorite in larger crystals, with uniform Schiller (rather than
in smaller, randomly oriented grains) is frequently cut into
cabochons by hobbyists. The best material for this pur-
pose comes from Finland, but the material is not common
and is fairly expensive compared to other feldspars.
Faceted gems up to about 130 carats are known. Itis
likely that somewhat larger material exists, but fractur-
ing of rough prevents the cutting of larger stones.
SI: 11.1 (yellow, Utah); 5.8 (yellow. Nevada); 30 (pale
yellow, Idaho); 23.8 (yellow, Oregon); 39 (yellow, Ore-
gon); 23.43 (yellow, Mexico).
PC: 62.5 (yellow, Mexico).
LA: 129 (yellow, Mexico).

Comments: The Schiller in labradorite is similar to
that in peristerite, but the color range includes blue,
green, blue-green, gold. vellow, and purple. The color
play is iridescent like the feathers of a peacock.
Faceted labradorite makes a handsome, although unu-
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sual jewelry stone. It is as hard as moonstone or any of
the other feldspars that are worn regularly in jewelry, but
the cleavage is always worth minding. Gems larger than
20 carats can be considered exceptional. Oregon mate-
rial is abundantly available in the 2-10 carat range. Ore-
gon gems are colorless to pale yellow but often are green
or red-orange with a pink Schiller. These odd colors are
due to copper and lead. and the Schiller is due to colloi-
dal copper.

Sunstone

This material contains hematite or goethite inclusions,
which reflect light in parallel orientation and create a
sparkling sheen in gold to brown color shades. Sunstone
may be oligoclase or labradorite in composition and is
much admired as a cabochon material among hobbyists.
Very fine material is not abundant and is hard to obtain.

Occurrence:

New Mexico; New York; North Carolina; Maine; Penn-
sylvania; Virginia.

Lake Barkal, USSR; Bancroft area, Ontario, Canada.
Tvedestrand and Hitters, Norway; as masses in quartz
veins.

Lake Huron (Canada side): brownish to pink color.
Kangayvam, India.

Harts Range, N.T., Australia: an untwinned microcline
microperthite with aventurine-type reflections due to
inclusions of thin, brownish-red hexagonal inclusions, in
two sets at 90° angles. Properties are: a = 1.520; =
1.525; v = 1.527; birefringence = 0.007; S.G. = 2.57;
hardness = 6-6.5; no UV fluorescence.

Stone Sizes: Cabochons from Norwegian and Indian
material may reach 100 carats or more. Most available
material cuts smaller stones, however, This is because
the rough is usually badly shattered and cracked.

Names: Microcline is from Greek words meaning small
and nclined because the cleavage is close to but not
quite 90°. Amazonite is named after the Amazon River
basin in South America. Orthoclase is from Greek words
meaning break straight because the cleavages are at
90°. Sanidine is also from the Greek, sanis, meaning
board, in reference to the tabular crystals. Anorthoclase
is from Greek words for not upright because the cleavage
is not 90°.

Feldspar is from the Swedish feldt + spat because it
was found in fields overlying granite. Plagioclase is from
the Greek, meaning oblique cleavage.

Albite comes from the Latin albus, meaning white,
because the mineral is usually white, Perthite is named
for the locality, Perth, Ontario, Canada. Adularia is also
alocality-derived name from Adular-Bergstock, Switzer-
land, where the variety occurs. Peristerite is from the
Greek word peristera, meaning pigeon. The name rnoon-
stone alludes to the lustrous sheen of this material. in the
same way that sunstone derives its name.

Oligoclase comes from Greek words meaning /little
break because the cleavage was believed to be less per-
fect than in albite. Andesine is named after the Andes
Mountains of South America. Bytown, Canada, gave its
name to bytownite. Anorthite is from the Greek words
an plus orthos, meaning not straight, because the crystal
faces meet at an oblique angle. Labradorite was, of
course, named for its occurrence in Labrador.

FERGUSONITE Series to Formanite: YTaOs.
Formula: YNDO, + Er, Ce, Fe, Ti.

Crystallography: Tetragonal Crystals prismatic, pyram-
idal; usually masses.

Colors: Black, brownish black; surface altered brown,
gray, or yellow.

Streak: Greenish gray, yellowish brown, brown.
Luster: Vitreous; submetallic: alters to dull surface.
Hardness: 5.5-6.5.

Density: 5.6-5.8. Formanite: 7.03 (calculated).
Cleavage: Traces. Fracture subconchoidal. Brittle.

Optics:  Isotropic due to metamictization. N= 2.05-2.19
(mean), variable.

Pleochroism: Weak.

Occurrence: Granite pegmatites rich in rare earths.
California; North Carolina; Virginia; Texas; Massachusetts.
Norway; USSR Ytterby, Sweden; East Africa; Zimbabwe;
Madagascar.

Formanite is from Western Australia.

Stone Sizes: Cabochons are cut to several inches from
massive material. Faceted stones are extremely tiny (less
than 1 carat).

Comments: This mineral is not abundant and is known
from various localities. Cabochons are cut merely as
curiosities, as they have no special features that would
recommend them except rarity. There are reports of
transparent grains or parts of crystals that have been cut
by collectors, but these are merely curiosities and are
seldom encountered.

Name: After Robert Ferguson, a Scottish physician.
FERROHYPERSTHENE See: Enstatite.
FERROSALITE See: Diopside.

FERROSILITE See: Enstatite.
FERROTANTALITE See: Manganotantalite.

FIBROLITE Sece: Sillimanite.



FIRE AGATE Sece: Quartz.
FLINT See: Quartz.
FLOWSTONE See: Calcite.

FLUORITE
Formula: CaF..

Crystallography: Isometric. Usually in good crystals,
cubes, octahedra, and other forms, often twinned; also
massive, granular.

Colors: An extremely wide range is represented: color-
less, purple (various shades), green (various shades),
blue-green, blue, yellow to orange, brown (various shades),
white, pink, red, brownish red, pinkish red, brownish
black, black. Crystals are frequently color-zoned.

Luster: Vitreous.
Hardness: 4.
Density: 3.180; massive material with impurities 3.0-3.25.

Cleavage: Perfect 4 directions. Quite brittle. Cleavage
is octahedral, very easy.

Optics:  Isotropic; N = 1.432-1.434.
Dispersion: 0.007 (very low).

Spectral: U and rare earths are often present; spec-
trum reflects their presence. Spectra usually vague, how-
ever. Green material has lines at 6340, 6100, 5820. and
4450 and a broad band at 4270.

Luminescence: Yellow, blue, white, reddish, violet, green
in LW. Fluorescence likely due to U and rare earths,
sometimes to organic inclusions (hydrocarbons). Some
material is thermoluminescent: some is phosphorescent.
Phosphoresces in X-rays. Subject of luminescence and
fluorescence began with studies of fluorite.

Occurrence: In hydrothermal deposits: sedimentary
rocks; hot springs; rarely in pegmatites; usually associated
with sulfide ore deposits, There are many localities
worldwide.

New Mexico; Colorado; Michigan.

ltaly; South Africa; Austria; Czechoslovakia; Germany;
Korea; Africa; USSR.

England: Blue John or Derbyshire Spar used for more
than fifteen hundred years as decorative material in vases,
carvings, bowls, and so forth. It is banded in white and
shades of blue, violet, and reddish brown. Derbyshire
deposits now exhausted. Also from Cumberland and
Cornwall.

Chamonix, Switzerland: octahedral pink crystals, on quartz,
very rare.

lllinois: best known, especially violet material from
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Rosiclare. Occurs in many colors in [llinois, also Missouri
(purple, blue, yellow, brown, colorless).

Westmoreland, New Hampshire: bright green fluorite in
crystals up to 8 inches across.

Ontario, Canada: banded, violet material in calcite.
Colombia: (green).

Huanzala, Peru: pink crystals.

Stone Sizes:  Fluorites can be very large because of the
availability of suitable rough from a wide range of locali-
ties. Many fluorite crystals are transparent.

S1: 729 (green, Colombia); 492, 354 (pink, Korea); 348
(pale blue, Korea); 263, 234 (light brown, Africa); 118
(purple, England); 354 (pale yellow, lllinois); 229, 124.5
(green, New Hampshire); 117 (green, Africa): 111.2 (vio-
let, Illinois); 118.5, 85.4 (blue, Illinois): 32.7 (colorless,
Illinois); 13 (pink, Switzerland).

DG: 68 (deep blue, Namibia), 23.7 (pink. Africa): 72.4
(green).

HU: 180 (green, New Hampshire).

LA: 1031 (yellow, triangle, Cave-in-Rock, Illinois, world’s
largest yellow fluorite); 100 (chrome fluorite, Colombia);
30 (chrome fluorite, Azusa Canyon, Los Angeles County,
California).

PC: 100+ (pink, South Africa); 203.5 (yellow, Illinois);
17.92 (brown, Michigan); 3969 (Kashmir-sapphire blue,
Ilinois).

Comments: Fluorite is too fragile for wear because of
its cleavage and brittleness. It is also on the soft side for
jewelry use. Fluorite does, however, occur in a very wide
range of attractive colors. Faceted gems can be extremely
bright, despite the low index of refraction. since the
material takes a high polish. Most of the available stones
are in the blue-violet-green range; pinks are rare as is the
fine chrome-green material from Colombia. Bicolor gems
are sometimes cut from zoned crystals. An English fluo-
rite with an alexandritelike color change {pink-blue) has
been reported, as has similar material from Cherbadung,
Switzerland. Large fluorites totally free of internal flaws
are extremely rare.

Name: From the Latin fluere (to flow) because it melts
easily and is used as a flux in smelting.

FORMANITE See: Fergusonite.

FORSTERITE See: Olivine.

FRIEDELITE
Formula: (Mn.Fe)sSisO(OH,Cl), * 3H,0.

Crystallography: Hexagonal (R). Crystals are tabular,
needlelike, hemimorphic, and very rare. Usually mas-
sive, fibrous aggregates, cryptocrystalline.

Colors: Pale pink to dark brownish red, red, brown,
orange-red.
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Luster: Vitreous.

Hardness: 4-5.

Density: 3.04-3.07.

Cleavage: Perfect 1 direction. Fracture uneven. Brittle.

Optics: 0 = 1.654-1.664; e = 1.625-1.629.
Uniaxial (—).
Usually refractometer shows shadow edge at about 1.645.

Birefringence: 0.030.

Spectral: Broad band at 5560 and also 4560 (indis-
tinct); spectrum not diagnostic.

Luminescence: May be reddish in LW and SW. Some
material green (SW) and yellow (LW).

Occurrence: In manganese deposits.
Orebro, Sweden; Adervielle, France; USSR; Austria.
Franklin, New Jersey: source of gem material. Usually

brownish, cryptocrystalline and looks like a fibrous chal-
cedony. Seams of the material at this deposit were up to 2
inches wide.

Kuruman, South Africa: massive dark rose red.

Stone Sizes: Translucent stones up to 1-5 carats nor-
mal; cabochons to about 30 X 40 mm. The larger stones
lose any transparency.

Comments: Friedelite is not abundant, and little mate-
rial has been faceted. The cabochons cut from Franklin
material are lovely, rich colored, and usually translucent.
The faceted gems are exceedingly rare and true collector
items. Such stones are seldom seen even in large collec-
tions. Cabochons of material from the deep manganese
mine at Kuruman, South Africa are rose-red and
translucent.

Name: After the French chemist and mineralogist,
Charles Friedel.



GADOLINITE
Formula: Be,FeY,Si;0.

Crystallography: Monoclinic. Crystals rough and coarse,
often terminated; massive.

Colors:
green.

Black, greenish black, brown, very rarely light

Streak: Greenish gray.
Luster: Vitreous to greasy.
Hardness: 6.5-7.

Density: 4.0-4.65 (usually 4.4); metamict material ~

4.2.
Cleavage: None. Fracture conchoidal. Brittle.
Optics: a = 1.77-1.78; y = 1.78-1.82.

Biaxial (+),2V = 85°. Usually metamict and amorphous,
hence isotropic.

Birefringence: High, and variable 0.01-0.04.

Occurrence: Granites and granite pegmatites.
Colorado; Texas: Arizona.

Greenland; Sweden; Norway; USSR; Japan; Switzerland:
Australia.

Stone Sizes: Norwegian crystals have been found up to
4 inches across and nodules up to 60 pounds have been
unearthed in Texas. This massive material cuts cabochons
up to several pounds. Faceted gems, however, would be
very tiny and very rare since the mineral is rarely trans-
parent, even in thin splinters.

Comments: This is not a terribly attractive gemstone,
but faceted gems would be a tremendous rarity. The
material is quite brittle, but there is no cleavage to cause
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problems in cutting. I do not know of the existence of a
faceted gem at this writing.

Name: After the Swedish chemist, J. Gadolin.

GAHNITE See: Spinel.
GALAXITE See: Spinel.

GARNET FAMILY

Formula: A3B,Si;0,,. A = Fe, Ca, Mn, Mg; B = Al, Fe,
Ti, Cr.

The garnets are a complex family of minerals, all
having very similar structures but varying enormously in
chemical composition and properties.

Garnets, for convenience, have in the past been grouped
according to composition. Garnets containing Al in the
B position in the formula are widely called pyraispites
(acronym: PYRope, ALmandine, SPessartine) and gar-
nets with Ca in the A position are called ugrandites
(Uvarovite, GRossular, ANDradite).

There is complete solid solution between certain gar-
net species, but not between others, due to specific
differences in internal structure. Uvarovite is a fairly rare
garnet with restricted occurrence; the other five garnets
may be thought of as comprising a five-component sys-
tem (see diagram illustrating the general scheme of chem-
ical substitutions).

The formulas of the garnet species are listed here to
show similarities.

Uvarovite: Ca‘uCr;Si;]Ol:
Grossular: Ca;ALS1;0);
Andradite: CaFe;Si;01
Also note:

Goldmanite: Ca;V,Si;Oy,. Tiny, dark green crystals.

Pyrope: Mg, ALSi:05;
Almandine: Fe;AlS1;,01,
Spessartine: Mn;AlLS1,0,,
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.

Spessartine

1.78-1.81
Pyrope-Spessartine
1.742-1.78
(malaya, color change
Andradite garnets)
1.880-1.895
(topazolite)
Pyrope-
1.714-1.742

/

Almandine-
Spessartine Pyrope-Almandine
1.810-1.820 1.742-1.785
{chrome pyrope,;
Grossular Almandine rhodolite)
1.730-1.760 1.785-1.830
(tsavorite;
hessonite)

Garnet species and varieties; shaded lines indicate chem-
ical substitutions; varieties are in italics; refractive indices
as shown.

Hyvdrogrossular: Ca;Al(S104); (OH),,. May be a com-
ponent of grossular.

Henritermierite: Ca;(Mn , AlNSi104),(OH)a. Tetragonal,
very garnetlike, often twinned.

Kimzeyite: Cay(Zr, Ti)(ALS);0p.

Knorringite: Mg,Cr,Si;0x. Like a “chromiferous pyrope.”

Majorite: Mgs(Fe Al,S1):S1:01.. Purple; found in a
meteorite!

Schorlomite: Ca;Ti)Fe ;0.

Yamatoite: Mn;V,Si;0p,.

These are mostly rare species, but the fact that the
garnet structure type can accommodate such a wide
variation in composition indicates the range of substitu-
tions possible in natural garnets. This accounts for the
huge range of colors seen in the family as a whole.

Optical properties of garnets are very dependent on
chemistry. Sometimes straight-line graphs are used to
relate composition with refractive index or density. This
type of graph assumes a simple additive relationship in
chemical substitution and is inadequate when several
substitutions occur simultaneously. In many instances a
chemical analysis is needed to positively identify a garnet.

Physical Properties

The garnets have no cleavage but display a conchoidal
fracture and are somewhat brittle and tend to chip easily.
The luster is vitreous, inclining to resinous in grossular,
andradite, and some almandines. The hardness is 6.5-7.5
in grossular and uvarovite; 6.5-7 in andradite: and 7-7.5
in the pyralspite series.

Garnets are all isometric, and crystals show the com-
mon forms in this crystal system, such as the trapezohe-
dron and dodecahedron. Interestingly, the most common
isometric forms, the cube and octahedron. are extremely
rare in garnet crystals. Garnets may also be massive,
granular, and in tumbled pebbles.

Colors:

Uvarovite: dark green.

Grossular: colorless, white, gray, yellow, yellowish green,
green (various shades: pale apple green, medium apple
green, emerald green, dark green), brown, pink, reddish,
black.

Andradite: yellow-green, green, greenish brown, orangy
yellow, brown, grayish black, black. The color is related
to the content of Ti and Mn. If there is little of either
element, the color is light and may resemble grossular.

Pyrope: purplish red, pinkish red, orangy red, crim-
son, dark red. Note: Pure pyrope would be colorless; the
red colors are derived from Fe + Cr.

Almandine: deep red, brownish red, brownish black,
violet red.

Spessartine: red, reddish orange, orange, yellow-brown,
reddish brown, blackish brown. Malaya is a pyrope-
-spessartine from the Umba River Valley of Tanzania; the
colors include various shades of orange, red-orange, peach,
and pink.

A well-known commercial garnet is intermediate
between pyrope and almandine. It is often said that such
a garnet is a mixture of “molecules” of these garnets,
whereas this really means its structure contains both Fe
and Al. The intermediate garnet, known as rhodolite,
usually has a distinctive purplish color.

The above variations make it easy to see why it is
foolish to try to guess the identity of a garnet on the basis
of color alone!

Stone Sizes: Garnet crystals are usually small, micro-
scopic up to about 6 inches in the case of grossular.
Garnets in rock, with poor external forms, may be much
larger, such as the almandine from Gore Mountain, New
York, which reaches a diameter of 60 cm. A few spessartines
in Brazil have weighed several pounds and have retained
great transparency and fine color, but these are very rare.
A typical garnet crystal is about half an inch to aninch in
diameter.

Optics: These are very dependent on chemistry, as
indicated previously: the pyralspites are generally iso-
tropic, but the presence of the large Ca atom in the struc-
ture of the ugrandites makes them birefringent. Grossular
and andradite are almost always zoned, often twinned,
and are distinctly not isotropic in the microscope. Recent
X-ray data, in fact, clearly show that ugrandites can be
orthorhombic and some may even be monoclinic, per-
haps as a result of cation ordering on certain crystal-
lographic sites.

Uvarovite
Density:  3.4-3.8 (usually 3.71-3.77).
Optics: N — 1.74-1.87.

Occurrence: Chromites and serpentines, that is. meta-
morphic environments where both Ca and Cr are present.



Oregon.

Thetford, Quebec, Canada.

Outokumpu, Finland: best known locality, in large, fine,
green crystals.

Norway.

USSR: fine crystals.

South Africa.

Northern California: in chromite deposits.

Stone Sizes: Faceted uvarovites are extremely rare
because crystals are always opaque. An occasional crys-
tal may have a transparent corner that could yield a stone
of less than 1 carat, even though crystals may reach a size
of 1-2 inches.

Comments: The color of uvarovite is like that of emer-
ald (deep, rich green), so it is a shame that crystals
cannot be cut. Uvarovite is a rare mineral, prized by
collectors. It is not generally regarded as a gem garnet.

Name: After Count S. S. Uvarov of Russia, one-time
president of the St. Petersburg (Leningrad) Academy.

Grossular
Also known as hessonite, essonite, cinnamon stone: rosolite
is a pinkish variety from Mexico.

Density: 3.4-3.71; usually near 3.65.

Optics: N — 1.72-1.80; usually 1.73-1.76 (with V

1.743-1.759).
Dispersion: (0.027.

Spectral: None in pale-colored, faceted gems; a trace
of almandine may produce a faintiron spectrum. A trace
of Cr may produce a chrome spectrum in green varieties.
Massive grossular may show a weak line at 4610 or a band
at 6300. Green, massive grossular from Pakistan shows a
line at 6970 (weak) with weak lines in the orange, plus a
strong band at 6300 and diffuse lines at 6050 and 5050.
Orange stones may have bands at 4070 and 4030.

Luminescence: Usually none in UV. All massive mate-
rial glows orange in X-rays, as do many faceted gems.

Occurrence: [n metamorphosed, impure calcareous
rocks, especially contact zones; also in schists and ser-
pentines; worldwide occurrence, widespread.

Eden Mills, Vermont: fine orange crystals, some gemmy,
with green diopside.

California: many localities.

New England: many localities.

Asbestos, Quebec, Canada: fine orange to pinkish crys-
tals at the Jeffrey Mine, up to 2 inches across, gemmy.
Also colorless (N = 1.733).

Lake Jaco, Chilhuahua, Mexico: large pinkish, white, and
greenish crystals; color zoned concentrically, usually
opaque; crystals up to about 5 inches in diameter.
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Sri Lanka: grossulars are found in the gem gravels
(hessonite).

Wilur River, USSR : opaque green crystals with idocrase.
China: massive white grossular.

Australia (Harts Range, Northern Territory): hessonite.
New Zealand: hydrogrossular.

Kenya and Tanzania: fine grossular in various colors,
especially the dark green material being marketed as
tsavorite, containing V and Cr.

South Africa: massive green material that resembles jade.
Pakistan: some faceted green gems; also massive green
grossular, various shades.

Brazil; Switzerland.

Stone Sizes: Hydrogrossular and massive varieties are
cut as cabochons of large size, including green shades
and also pink, translucent grossular. Massive white mate-
rial from China has been carved. Orange and brown
grossulars up to several hundred carats from the Sri
Lankan gem gravels have been found; the fine cinnamon-
colored stones from Quebec are clean only in small sizes.
but good gems up to about 25 carats have been cut.
Tsavorite is rare in clean gems over 1 carat; the largest
known are in the 10-20 carat range.

SI: 64.2 (orange-brown, Sri Lanka).

PC: 13.89 (yellow, oval).

AMNH: 61.5 (cameo head of Christ, hessonite).
NMC:23.94, 13.40,8.50 (brownish-orange hessonite, Asbes-
tos, Quebec); 4.68, 2.94 (colorless, Asbestos, Quebec).

Comments:  Grossular has a granular appearance under
the microscope, sometimes referred to as treacle, a swirled
look due to included diopside crystals and irregular streaks
at grain boundaries. Zircon crystals are included in some
grossulars, as well as actinolite and apatite (Tanzania
material). So-called Transvaal jade is the green massive
material from South Africa. The color of grossular depends
on the content of Fe and Mn. If there is less than 2% Fe.
grossular is pale or colorless. Greater amounts of Fe
produce brown and green colors, and a rich green shade
is due to Cr. Californite is a mixture of idocrase and
grossular, usually pale to medium green in color. It comes
from California, Pakistan, and South Africa.

Hydrogrossular is a component of the massive grossulars.
Material from New Zealand is known as rodingite (N
1.702, density 3.35). Transvaal jade occurs in green, gray-
green, bluish, and pink colors. is compact and homoge-
neous, may have a splintery fracture and waxy luster.
The gray material contains zoisite. Pink material, con-
taining Mn, has N = 1.675-1.705. density 3.27. The green.
jadelike material has N = 1.728, density 3.488. Pakistan
massive grossular has N - 1.738-1.742, density 3.63. with
a Cr absorption spectrum. Similar material from Tanzania
has N = 1.742-1.744, density 3.68.

Colorless grossular from Georgetown, California, has
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N — 1.737. density 3.506. Yellow garnet from Tanzania
fluoresces orange in X-rays and also UV, N = 1.734,
density 3.604. Tsavorite from Lualenyi, Kenya, has N =
1.743, density — 3.61 (mean). It is inert in UV light,
contains a trace of Cr and a significant amount of vana-
dium. The color of these tsavorites is therefore due to
vanadium, not chromium as originally suspected.

The pinkish grossular in marble from Lake Jaco and
Morelos, Mexico, is variously known as xalostocite,
landerite, and rosolite.

Andradite

Melanite has 1-5% Ti oxide: schorlomite is rich in Ti
also; topaczolite from Italy is yellowish-green; demantoid
is rich green, colored by Cr.

Density: 3.7-4.1; melanite about 3.9; demantoid

3.82-3.88.

Optics: N = 1.88-1.94; melanite: ~ 1.89; demantoid:
1.881-1.888; schorlomite: 1.935; topazolite (yellow): 1.887.

Dispersion: 0.057 (large).

Spectral: A strong band is visible at 4430, cutoff at the
violet end of the spectrum. Sometimes (in demantoids)
the Cr spectrum is visible, with a doublet at 7010, sharp
line at 6930, and 2 bands in the orange at 6400 and 6220.
Demantoid is red in the Chelsea filter.

Luminescence: None.

Inclusions: Demantoid is distinguished by so-called horse-
tail inclusions of byssolite (fibrous amphibole); these are
diagnostic for this gem. These inclusions also occasion-
ally produce catseye gems.

Occurrence: Andradite occurs in schists and serpen-
tine rocks (demantoid and topazolite); also in alkali-rich
igneous rocks (melanite and schorlomite); and in meta-
morphosed limestones and contact zones (brown and
green colors).

San Benito County, California: topazolite (N = 1.855-1.877,
S.G. = 3.77-3.81), demantoid (N = 1.882, S.G. = 3.81),
and unusual catseye material.

Arizona; New Jersey: Pennsylvania.

Greenland; Norway; Sweden; Uganda; Sri Lanka.
Colorado: melanite.

Arkansas: schorlomite.

New Mexico: in metamorphic limestones and ore deposits.
USSR: fine demantoid from the Urals. Also some (small)
brown andradite.

Zatre: brown and green andradite, also some demantoid.
Ala, Piedmont, Italy: dark apple green demantoid gar-
net: also topazolite (yellow).

Korea: andradite, some fine green with Cr.

Monte Somma. Vesuvius, and Trentino, Italy: melanite
(black).

Stone Sizes: Andradite is seldom faceted, but brown-
ish stones up to a few carats are known. Demantoid,
however, is a rare but well-known gem, and is probably
the most valuable of all the garnets.

S1: 10.4 (USSR); also 4.1, 3.4, and 2.3.

PC: 18 (sold in New York City); a California collector
owns a huge topazolite (green color) that would yield
faceted gems over 20 carats. This crystal weighs ~ 1
ounce.

USSR: many fine demantoids in museum collections.

Comments: Demantoid was once reasonably available
in jewelry, but since there is no current production it now
is seen primarily in antique jewelry. Stones larger than 10
carats are very rare. Topazolite of fine yellow color is
usually very small, and a cut gem over 2-3 carats would
be rare. Black garnets have occasionally been used in
mourning jewelry. Brown andradite is not a well-known
gem garnet. The dispersion of andradite is the highest of
any garnet, and gems have tremendous fire, but this is
usually masked by the body color. The fire is eminently
visible in some paler demantoids, which makes them
distinctive and much more attractive than comparably
colored grossulars, which have much lower dispersion.
The horse-tail inclusions are proof positive in identification.

Pyrope
Density: 3.65-3.87.

Optics: N = 1.730-1.766.
Dispersion: (0.022.

Spectral: The chromium spectrum of emission lines in
the far red is absent in pyrope; however, the almandine
(iron) spectrum is often visible. Otherwise, Cr masks the
almandine spectrum and we see a narrow, weak doublet
at 6870/6850, with possible weak lines at 6710 and 6500.
A broad band, about 1000 A wide, may be visible at 5700.

Luminescence: None.

Inclusions: Pyrope contains small rounded crystals, cir-
cular snowballs of quartz crystals, and (from Arizona)
octahedra and minute needles.

Occurrence: In peridotites, kimberlites, and serpentine
rocks, and sands and gravels derived from their weather-
ing; also in eclogite and other basic igneous rocks.
Utah: New Mexico; Arkansas; North Carolina.
Czechoslovakia; Brazil; Argentina; Tanzania; Transhar-
kalia, USSR: Bingara, N.S.W., Australia; Anakie,
Queensland, Australia; Ottery, Norway.

Arizona: a component of ant hills.

Umba Valley, East Africa: shows color change (see below).
South Africa: in kimberlite and eclogite associated with
diamond; fine color.

The best known pyrope is from near Trebnitz, Czecho-
slovakia, the so-called Bohemian garnets. The garnets



occur in volcanic breccia and tuffs and conglomerates.
These garnets provided a major local industry in the
nineteenth Century, but the deposits are exhausted. An
enormous quantity of pyrope from these mines was sold.

Stone Sizes: Pyropes of large size are extremely rare.
Stones over 1-2 carats are usually very dark. Many large
gems are in the Kunsthistorisches Museum in Vienna.
There are stories about hen’s-egg-sized gems in the for-
mer Imperial Treasury in Vienna. The Green Vaults of
Dresden contain a huge gem said to be the size of a
pigeon’s egg. Reports of a 468.5 carat gem also appear in
the literature.

Comments: A pure pyrope (end member in the series)
is unknown in nature. Pyropes always contain some alman-
dine and spessartine components. The almandine com-
ponent can easily be detected spectroscopically. Large,
clean pyropes of lively color are very rare and would be
very expensive. Some pyropes show an interesting color
change. Material from Norway (N = 1.747,S.G. = 3.715)
is wine red in incandescent light, violet in daylight, but
these stones are very small (about half a carat). Pyrope
from the Umba Valley in East Africa (N = 1.757,S.G. =
3.816) are pyrope-spessartines (with some Ca and Ti);
they are greenish blue in daylight and magenta in tung-
sten light. They have inclusions of plates of hematite and
rutile needles. All these color-change pyrope-spessartines
have absorption bands at 4100, 4210, and 4300 that may
merge to form a cutoff at 4350. In stones with a strong
change of color, a band at 5730 is broad and strong.
Gems sold as pyrope are usually almandines with a pyrope
component, especially if they are of large size. The
pyropes from South Africa occur with diamonds, and
sometimes pyrope crystals are inclusions within dia-
monds. The color of these is superb, blood red, but the
sizes are always very small. Malaya is a variety of pyrope-
spessartine that varies in color from red, through shades
of orange and brownish orange to peach and pink. Absorp-
tion bands are always visible at 4100, 4210, and 4300 that
may merge to form a cutoff at 4350. There may also be
absorption bands at 4600, 4800, 5040, 5200, and 5370.
These stones are only known from Tanzania.

Almandine
Density: 3.95-4.3.

Optics: N = 1.75-1.83; usually above 1.78.
0.027.

Dispersion:

Spectral:  The spectrum of almandine is distinctive
and diagnostic: there is a band 200 A wide at 5760
(strong) and also strong bands at 5260 and 5050. Lines
may appear at 6170 and 4260. This pattern of 3 (or
sometimes 5) bands is seen in all almandines, and most
garnets with a significant almandine component.

Luminescence: None.
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Inclusions: Almandine is usually included with a vari-
ety of minerals. There are zircon crystals with haloes due
to radioactivity; irregular, dotlike crystals, and lumpy
crystals; rutile needles, usually short fibers, crossed at
110° and 70°; there are dense hornblende rods (espe-
cially from Sri Lanka); asbestiform needles of augite or
hornblende that run parallel to the dodecahedral edges:
also apatite; ilmenite: spinel; monazite; biotite; quartz.

Occurrence: Almandine is a widespread constituent of
metamorphic rocks; also in igneous rocks, in contact
metamorphic zones, and as an alluvial mineral.
Colorado; South Dakota; Michigan; New York; Pennsyl-
vania; Connecticut; Maine.

Canada; Uruguay; Greenland; Norway: Sweden; Austria;
Japan; Tanzania; Zambia.

Fort Wrangell, Alaska: fine, well-formed crystals in slate.
California; Idaho: star garnets.

Major gem almandine sources are as follows:

India: Jaipur {in mica schist); also Rajasthan and
Hyderabad: some stars also.

Sri Lanka: at Trincomalee, fine color and large size.
Brazil: Minas Gerais; Bahia.

Idaho: star garnets.

Madagascar: large sizes.

Stone Sizes:  Almandines of large size are known. such
as the 60-cm crystals in rock at the Barton Mine, New
York. This material is so badly shattered that stones up
to only 1-2 carats can be cut from the fragments. Indian
and Brazilian almandine constitutes the bulk of material
on the marketplace.

SI: 174 and 67.3 (stars, red-brown, Idaho); 40.6 (red-
brown, Madagascar).

Comments:  Almandine is perhaps the commonest gar-
net. Gemstones always have some spessartine and pyrope
components, and this creates a wide range of colors,
including brown, red-brown, purplish red, wine red, pur-
ple, and deep red. Inclusions of asbestiform minerals
(pyroxene or amphibole) create a chatoyancy that yields,
in cabochons, a 4-rayed star. Star gems come primarily
from Idaho and India. The Idaho material has N = 1.808,
density 4.07 (up to 4.76 due to inclusions). Inclusions in
faceted gems vary widely, but are usually not too obtru-
sive. This is especially true of the silk, which is often
visible only under magnification.

Rhodolite
Rhodolite is intermediate in composition between alman-
dine and pyrope, with a ratio of Al to Fe of 2to 1 (that s,
2 pyrope + 1 almandine). The distinctiveness of rhodo-
lite is in its color, which is nearly always a purplish red.
The absorption spectrum always shows <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>