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FOREWORD

Long prismatu purple
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We use the word "gem" in everyday language, for example "she

is a real gem" and this hook is a little gem." In this context a

gem is something special, highly valued and well-thought of. some-

thing to he treasured, with special attributes.

Gemstones are also treasures. Their unique qualities have been

valued throughout the ages, across continents and by different peoples,

from our earliest ancestors to the present-day. It may have been the

color or the crystal shape of a gemstone, or a brightly colored shell

that first attracted the attention of someone who then bent down to pick

it up. Something special about it would have encouraged that person to

keep it, to own it. maybe to put it in a special place such as a bag hung

ar< uincl the neck, for safekeeping, to polish or make a hole in it, or to tie

it on to clothing as an adornment or as a piece of jewelry.

Gems and jewels are associated with the rich and famous. We
may admire the jewels worn by our favorite film star, celebrity, or

sportsperson. We may even aspire to own some particularly fine piece

ourselves. Gems have been worn as a symbol of status, adorning the

c i < >\\ ns i >f royalty - a visual reminder of wealth, success and achieve-

ment to both the wearer and the observer. The power and energy-

ascribed to certain gemstones are an attribute defined by mystics and

healers. The tales of famous stones, the luck they may hold or the

curse they may inflict, can captivate an audience.

In choosing this book, you may already have been captivated by

the "specialness" of gemstones, or you may be interested in knowing

more about them, you may work with gemstones. for example, as a

scientist, a student, a designer, or a jeweler. Whether you are a scien-

tist, an artist, or just interested, we hope that this book inspires and

informs you. It is intended as a guide to the beautiful and fascinating

world of gemstones. It shows you the glorious diversity of colors

and tin- incredible crystal shapes of these wonders of the natural

world. There is information about the optical and physical

properties of the gemstones, where and how they are found,

how they can be worked and how they should be cared for.

CRYSTALS AND GEMSTONES
Some crystals look as fragile as glass and are incredibly rare,

but they have an inherent strength. Crystals may take millions

of years to form, or may form as you watch. They may have

been formed in rocks deep beneath the Earth's surface, or

they may be survivors of mountain-building episodes or dev-

astating volcanic eruptions, or they may have been washed

into rivers and streams to be retrieved maybe millions ol years

alter then formation, These survivors are nature's treat: perfect

and brightly colored crystals formed in dark, deep rocks.

Generally speaking, gemstones are minerals that have

formed as sufficiently clear, large- crystals that can be cut and

polished for use as pieces lor personal adornment or objects

(hill sin h as sculptures, inlays, and so cm. Pre-CUl gemstones

and minerals in matrix are also collectable. In addition to the
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mineral gemstones there are also other materials that can be used for

adornment, such as pearl, shell, amber and other derivatives of plants

or animals. These are called organic gems.

WORKING WITH GEMSTONES
But for a gemologist (someone who studies the science of gemstones.

their physical and optical properties and their origins) or a jeweler,

what are the special attributes of gemstones? For gemstones to be used

in jewelry, ideally they should have three main attributes: beauty,

durability, and rarity. Beauty and rarity have a direct impact on the value

of a gemstone, the more beautiful and rare the greater the value. The

color and clarity of a gemstone are just two of the aspects that a gem-

ologist or jeweler will take into account when studying a gemstone

or choosing the best gem material for jewelry. Durability, the strength

of the gemstone, will affect how it can be worked, cut and set or

mounted, and how it should be cared for to avoid it becoming

scratched, cracked, or otherwise damaged.

However, not all gemstones possess all three. For example, some

may be insufficiently durable to use as a cut gemstone in a ring, but

may be good as a piece within a brooch, protected from damage by the

mounting. Some materials are best suited for fashioning as beads or cut

en cabochon (with a domed surface), others look their best when

faceted (fashioned with a number of flat, polished surfaces).

The skill of the lapidary, jeweler or jewelry designer

lies in their ability to recognize the qualities of the gem

materials, working with them to their best abilities to

produce a piece that is both admired and sought

after. They will need to find the best compromise

between what is possible and what is practical.

Jewelers also need to understand the strengths

and weaknesses of various gem materials in

order that they can be confident of the identity of the

material they are trading and also so that they can advise

the customer on the best care and cleaning methods, and most

importantly disclose any treatments, for example oiling or heat-

ing, which may affect the value, use, or durability of the article.

A Crystal
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IMITATIONS, FAKES,AND FORGERIES
Not all gemstones are what they seem. A gemstone that has sim-

ilar properties to a more valuable or rare specimen may be used

to imitate it. Color can be misleading: for example, the color of

a red spinel might be mistaken for a ruby. Glass, plastic and other mat-

erials both natural and manmade can also be used to imitate gemstones.

Even the assumption that a gemstone has been formed naturally may

not be true. Synthetic gemstones have the same chemical and physica

properties as their natural equivalent, but they are made in the labora-

tory. Part of the excitement of being a gemologist is to know how to

use your eyes and the various pieces of equipment available in order to

distinguish the imitations, lakes, and forgeries from the real gems.



GEM FORMATION

Gems are minerals that form in rocks and sediments. Each mineral

or mineral group lias a precise chemical composition, made of

the same elements or chemical ingredients. These ingredients are

given in its chemical formula - the chemical code that defines the

mineral and the elements from which it is made.

1
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GROWTH AND COLOR
In addition to the main elements, there may he other elements that do

not appear in the chemical composition; these accessory elements

may affect the properties of the mineral, such as the color. For

instance, the corundum family, which includes ruby and sapphire, has

a very simple chemical composition (A12 3
) - two atoms of aluminum

<Al> joined with three atoms of oxygen (O). Pure corundum would be

colorless, hut nature seldom enables pure or perfect gemstones to

form, so corundum is usually colored. Chromium and vanadium are

accessory elements (trace elements) that give ruby its red color, iron

and titanium give sapphire its blue color, and other combinations

give rise to the many other colors ot sapphire such as green, yellow,

and pink.

Changes in the surrounding temperature or pressure may affect the

concentrations and composition of the fluids in which some gem-

stones are formed. Accessory elements may be available throughout

the formation of the gemstone or at intervals dependent upon the pre-

vailing environmental conditions.

The variation in elements available during formation may result

in a gemstone having an irregular growth or color pattern, color

banding or variations in the concentration of color throughout the

gemstone. Color banding associated with formation may be obvious,

for example in the curved banding ol agates. Concentrations ol color,

in growth /ones or straight bands, can sometimes be seen in gem-

stones such as rubies, sapphires, and amethyst.

The formation of a gemstone may be interrupted, growth may be

sporadic, and there may even be intervals during which the gem deter-

iorates, Or is partly dissolved, before growth continues, A gemstone (the

host) ma\ contain crystals of a different mineral within it (the inclu-

sions). These inclusions may be formed before, after, or at the same

(,<<></<. <,< weathered

mil ( a/ ity linings are

luicil with well shaped

tals '/</// Mineral

veins yield many good
/«< uncus fright)

agatt



GEM FORMATION

time as the host. They may be seen as flaws that

detract from the beauty of the gemstone or features

that actually enhance the gem, as is the case tor ruti-

lated quartz, where the inclusions of rutile within the

quartz may add to the rarity, desirability, and value.

GEM QUALITY
Roeks are made of minerals, hut not all minerals

form crystals that are large enough or in a good

enough condition, or clear enough of cracks and

unattractive inclusions, to be used as gemstones.

The vast majority of crystals are too small to be

seen, even with a hand lens (or loupe) with xlO

magnification. Of the larger crystals, only a very

small proportion will be of sufficient quality to be

cut and fashioned as gems; these are generally

referred to as "cuttable" or "gem quality" crystals.

WEATHERIN

METAMORPHIC
ROCKS

A Rock cycle diagram.

ROCK TYPE
Gemstones form in the three main rock types: igneous, sedimentary,

and metamorphic rocks. The formation of rocks is a continuous cycle

of events (see rock cycle diagram). The rock cycle follows the changes

through which rock progresses from its initial formation, being broken

down into smaller fragments by wind, rain, and snow (weathering),

transported down rivers and streams (erosion), and finally deposited in

riverbed sediments and the sea (deposition). These sediments may

then form new rock types and the cycle continues.

IGNEOUS
Igneous rocks are those that are formed as a result of volcanic or mag-

matic activity. Beneath the surface of the Earth, molten rock (magma)

rises and falls. As molten rock rises, there are changes in pressure and

temperature that affect mineral formation. It the molten rock reaches the

surface, it may be empted as lava and other volcanic rocks. These vol-

canic igneous rocks are often refened to as extrusive igneous rocks. As

the lava cools down, minerals form within the rock. Generally, the

slower the rate of cooling, the larger the crystals that form.

Peridot is commonly formed in basalt lava, an example of

an extrusive igneous rock. Other gems that crystallize from

lavas as they cool include zircon, ruby and sapphire, moon-

stone, topaz, and red beryl.

The largest and the best specimens of peridot have been

found on the Red Sea island of Zerbirget, Egypt. Zerbirget was

formed as the result of a slab of mantle rock (part of a layer from

deep beneath the surface of the Earth), having been thrust up on to

the crust rather than being erupted from a volcano. Diamonds also

form deep underground (at depths of up to 650 feet/200 meters)

within the mantle and have been brought to the surface in volcanic

eruptions that were far larger than any present-day eruptions.

A Kimberlite, one ofonly

two principal sources of

diamonds.
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A Tourmaline-bearing

pegmatite roi k

\\ here the magma is not erupted, but does rise sufficiently tor the

magma to cool, crystals may form. These large, slow-cooling magma

masses are the origin of some of the largest gem crystals found. The

igneous rocks formed in this way are called intrusive igneous rocks.

Granite is a common intrusive igneous rock.

Pegmatites are intrusive igneous rocks that produce a greater

range of gemstones than any other rock type and also some of the

argest. record-breaking gem.stones. The large crystals are formed

as the water-rich portion of a granite-like molten rock is put under

increased pressure as it is squeezed into fractures in surrounding

rock. As the molten rock begins to solidify, the elements that it con-

tains begin to form crystals. Initially, the outer part of the molten

rock will solidify. The largest gemstones and some quite rare gem

varieties may form gem pockets at the center of the pegmatite from the

hot concentrated mineral-rich fluid, which is the last to crystallize.

Gems formed in pegmatites include topaz, tourmaline, kunzite. and

members of the beryl family such as the blue aquamarine and the pink

morganite. Pegmatites occur around the world, but the largest gem pro-

ducers are the mines of Minas Gerais, Brazil. Other pegmatite areas

include the Pala area of San Diego County, California, the Nuristan area

of northeast Afghanistan, the Sverdlovsk (Yekaterinburg) region of the

southern Urals. Russia, and the Altai Mountains of northwestern China.

Gems also grow from hydrothermal fluids (from hydro meaning

water" and thermal meaning "hot") that escape from magmas and

may contain rare elements such as fluorine and beryllium. As the

hydrothermal fluids move away from the magma along fractures and

fissures within the surrounding rock, they may solidify and fill them,

forming mineral veins. Close to the surface, hydrothermal veins may

also include elements carried by groundwater and other near-surface

waters. Amethyst, topaz, benitoite. and emerald are some examples ol

gem.stones found in hydrothermal veins.

SEDIMENTARY
When rocks are weathered and eroded (see rock cycle diagram, page

7), they break down into boulders, pebbles, smaller rock fragments,

and finally to sands or muds. During this process, the gemstones they

A

\iii(l\l(inr Fossiliferous freshwater limestone Orthoquartzite
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deposited in rivers and the ocean. The gemstones may become concen-

trated in gravels, cemented or compressed to form sedimentary rocks.

With sufficient time and the right conditions of temperature and

pressure, water can dissolve rocks. The minerals of the rocks may be

transported elsewhere and on encountering other elements, may react

with them and produce new minerals or may be deposited directly

from solutions. These form, for example, in veins or cavities within

rocks or as crusts on surfaces of rocks or other materials.

New minerals may also form as deposits when the water-levels

change, water cools, or where the water evaporates and leaves a min-

eral residue. Examples of gemstones formed in sedimentary rocks as a

result of the evaporation, cooling or transportation of mineral-rich

fluids include turquoise, malachite, rhodochrosite, agate, and amethyst.

Sedimentary rocks may contain fossils. The organic remains may

decompose to leave minerals within the rock or leave cavities into

which minerals may be transported. For example, opal forms from

a silica gel within a sedimentary rock. Large specimens, such as

fossilized dinosaur bones, may be replaced by opal and small irregular

voids within a rock can be filled.

METAMORPHIC
All rocks, including sedimentary and igneous rocks, may be altered

by pressure and/or temperature to form metamorphic rock ( meta

means "changed," moiph means "shape"). Metamorphic rocks are often

associated with large, mountain-building episodes and enormous

temperatures and pressures, which fold and fault large masses of

rock. The mineral composition of the rock alters as the temperature

and pressure changes, and new metamorphic minerals form.

The area affected by metamorphism may cover only a few inches

or feet, usually as a result of local faulting or folding, or hundreds of

miles due to larger regional tectonic events such as mountain build-

ing. For example, the rubies of Burma (Myanmar) are associated with

the mountain-building episode that formed the Himalayas more than

65 million years ago. Jadeite is an example of a gemstone formed by

metamorphism as a result of high pressures.

' +'

'

«$$

A Diopside-ganui

marble, an example

ofa metamoiphic rock.

^ Metamoiphic rock. Some

common metamoiphic

rocks are shown below:

igneous rock ( I ) may

become gneiss or schist;

sandstone (2) may become

quartzite; shale (3) may

become slate or. if the

metamoiphism is more

pronounced, gneiss;

limestone (4) may become

marble.



MINING

Astud} oi gemstone mining and retrieval covers every mining

method, from the traditional searches in streams and rivers using

just a pan or sieve, to the ultra-high technology and research used in

diamond mines deep underground. Ultimately, any source of gem-

stones will only be mined or exploited it the source is viable. It must

he possible to mine or retrieve the gems at a profit to make the ven-

ture a \ iable business.

Traditionalpanning

forallutnal diamonds

in Sierra Ionic

ALLUVIAL DEPOSITS
The oldest and most traditional methods are still in existence in areas

where gemstones are near the surface, relatively easy to find and

retrieve, and labor is cheap. For example, in Indonesia, Malaysia, Sri

Lanka, and India, local inhabitants search rivers and streams, as well

as the gravels and sediments that were once ancient riverbeds or

streams. They may use basic equipment such as baskets, pans or

buckets to retrieve river gravels and sediments, and a sieve or pan to

begin to separate the gemstones.

This is possible because the gemstones are generally heavier than

the surrounding mud. pebbles or rock fragments. As a pan of water

and sediment is "jiggled," the gemstones settle in the pan as the lighter

constituents and the water are washed over the pan's edge. The heav-

ier concentrate may be sieved to separate the larger gems, or spread

out on tables or cloths to be hand-sorted and the gems found by eye.

These gemstone localities, found associated

with the sedimentary rocks of rivers and

streams, are called "alluvial deposits" or placer

deposits. They are secondary deposits: they are

not found in the rock in which they were

formed, but where they have been transported

to as a result of weathering and erosion.

Gemstones that survive the journey tend to

be those that are sufficiently hard to withstand

the conditions without breaking rather than

those that are heavily included, that fracture

easily, or break along cleavage planes. They are

generally harder and heavier than surrounding

minerals and in water they tend to sink faster

and are therefore not carried as far. The surviv-

ing gemstones will generally become concen-

trated in pockets or areas along the riverbanks

or within sediments, as gem gravels.

Alluvial deposits, siuh as tin- gem gravels

ol Sii Lanka and Burma (Myanmar). contain a

diverse range ol gemstones including ruby,

sapphire, spinel, chrysoberyl, topaz, tourmaline,

and garnet. Gem gravels may contain good

crystals, such as diamond, ruby, ami spinel,

but generally the gemstones show signs ol

wear and tear. Crystals may be fragmented
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and rounded, and the surface may be .scratched or

frosted due to friction (rather like frosted glass).

Because nature has already sorted out the weaker

specimens, the percentage of gem-quality stones within

gem gravels is high, making their retrieval worthwhile.

In fact, more gemstones are retrieved from gem gravels

than from any other type of deposit.

Because a number of gemstones that are associated

with gem gravels are often found together, the discov-

ery of one type of gemstone from a gem "association"

(sometimes called a tracer gem) can be used by explor-

ation teams and prospectors to "home in on" or "trace"

potential gemstone mining areas. Another technique is

to map the courses of ancient river beds or present-day

rivers and streams, and follow tracer gems downstream

in the hope of finding areas where the gemstones are in

sufficiently large enough concentrations to be retrieved.

In Colombia, emeralds form within thin layers of

white limestone in soft, black carbonaceous shales.

Enormous trucks are used to transport the soft shales to

washing plants, where the emeralds are retrieved by

separating the harder limestone from the soft shale.

Landscapes are altered as hillsides are removed. In

addition to the large-scale removal of the rocks, there

may also be groups of people working on a much

smaller scale. As the remaining shales are weathered,

the gems may be washed out and transported downhill

into the valleys below. Local people search the river beds and sedi-

ments for emeralds, often just using spades or their bare hands.

Where the rock is harder, these methods are insufficient. For

example, rubies can be found in the metamorphic rocks in which

they have formed, as well as being found as alluvial deposits. In

some instances, picks and drills may be sufficient to prise loose the

gemstones from the parent rock (the host), while in others the meta-

morphic rock has to be mined, crushed, washed, and sorted to

retrieve the gemstones.

Bucket wheel dredge

moving overburden,

Namaqualand, South

Africa.

DIAMONDS
Primary deposits

Diamonds are mined from diamond-bearing rocks on a larger scale

and with more highly mechanized methods than any other gemstone,

because of their value and range of uses. The process is highly com-

puterized and eveiy stage is carefully monitored to ensure the highest

standards of safety and security.

The diamond pipes are mined from the surface (surface mining,

open-pit mining or open-cast mining), removing the loose over-

burden using enormous hydraulic shovels and trucks, and trans-

porting it and the rock beneath to processing plants to lie crushed

and washed before removing the diamonds. As the pipe is dug out,

11
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Diamond-bearing rock

is transported to ruck

< rushers

a large pit is formed. Once a pit is about 1,000 feet (300 meters) deep

and it is no longer possible to surface mine, underground tunnels

and shahs are needed to excavate and remove the diamond-hearing

i«nk (underground mining)

Rock is taken in ore ears (open box-like containers moving along

a track) to an underground crusher (or sizer) that breaks the ore

down to pieces less than <> inches < L5 em) across. The ore is then

taken by conveyor belt to skips that lift the ore to the surface. Over-

ground crushers usually break the ore down to even smaller pieces

in the range of 1-2 inches (2.5—5.0 cm). Larger diamonds that arc-

not noticed prior to the second crusher will be shattered, so there is

,m incentive to keep a look out lor loose diamonds before they

reach the crusher.

The crushed ore is then processed to concentrate the heavier

minerals and separate the diamonds. Using circular rotary washing

pans the lighter material rises toward the top of the muddy water

mixture and overflows. The heavier material which contains the

diamonds settles to the bottom and is drawn off. This concentrate

may undergo further crushing and separation processes before the

diamonds are removed using an X-ray fluorescence separator or

less commonly a grease table. Diamonds have an affinity to grease

and stick to a grease table (a conveyor belt smothered with a layer

of grease). They are then scraped off using a hot knife. Diamonds

emit light (fluorescence) when subjected to an X-ray beam. As the

diamonds fall from the Iced belt, the fluorescence triggers a jet of

air which pushes them so that they fall into the diamond bin rather

than the waste bin. The final sorting is done by hand.

The better quality stones may be fashioned as cut gems, while even

the non-gem-quality diamond can be used as an abrasive or for other

industrial purposes. The percentage of gem-quality to industrial-

quality diamond varies from mine to mine and from continent to

continent. Pipe mining of igneous rock (kimberlite or lamproite) pro-

duces a greater total yield of diamonds than

alluvial deposits, but typically only 20-25%

are of gem quality. Pipe mining produces

gem quality cuttable diamonds and those

that are used for industrial purposes (indus-

trial diamonds). The total diamond produc-

tion And the proportion of gem-quality

cuttable diamonds compared with industrial

diamonds varies from mine to mine. As 50%

is lost during the cutting and polishing of

a diamond, a 2-caral piece of rough material

is needed to produce a 1 carat polished

diamond. Statistics from De beers diamond

mines have- been used to estimate' that, on

average, lor ever) polished diamond oi

I carat (0.2 g), 2So tons of rock will have

had to be mined.

12
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Secondary deposits - alluvial and marine

The highest concentrations of gem-quality dia-

monds are found in alluvial deposits (river.

beach, and seabed sands and gravels), where

diamonds have been concentrated by weather-

ing and erosion. Around 80% of diamonds

recovered from alluvial deposits are of gem

quality because most of the flawed diamonds

have been broken up during transport.

Diamonds found in the diamond-bearing

coastal sands on the shores and seabed of the

Namibian coast have been transported down

rivers to the beach and sea. Early reports of the

"sparkling coastal sands" were due to the pres-

ence of diamonds on the surface which could be

collected by the opportunistic traveler. Nowadays, the mining process

is highly mechanized. Sand barriers hold the tides back while sand is

transported in trucks to sorting plants and huge bucket wheel dredges

scoop up large quantities of sand which are sifted for diamonds. Once

the overburden of sand has been removed, miners use brushes to

check the hollows in the underlying rock, and hand-picking any dia-

monds that may have accumulated there. The used sand is replaced

and the sand barriers breached to allow the return of the tides.

Special ships have been developed to retrieve diamonds from the

sands of the seafloor. The ships follow a straight course, beneath

which is a hose that sucks up water, sand and diamonds. The sand is

sieved and sorted on board and the diamonds collected in cans. The

cans are sealed awaiting collection by helicopter.

Marine diamonds are

retrievedfrom the sea using

ships thai vacuum the sand

off the seabeds.

FROM THE MINE TO THE MARKET
There are a number of routes by which gemstones reach the cus-

tomer. They may be mined industrially on a large scale, with a high

degree of mechanization and security, owned by international organ-

izations with infrastructure ensuring a defined route to the market. At

the other extreme they may be retrieved locally by artisans working

in family or village groups hand-picking gemstones from alluvial

deposits. Security may be lacking or left to those with weapons. There

may be no formal routes for the gemstones, they may be traded in the

mines, in local towns or cutting centers, or smuggled or exported to

be cut and fashioned elsewhere. They may even be used to support

drugs barons or guerrilla warfare in areas of conflict.

The majority of gemstones follow a prescribed route from the

mine to the market. They are sold by miners and mine owners to

experienced gem buyers. A gem buyer will generally concentrate on

a particular region of the world or a particular gem material, for

example a ruby or sapphire buyer, a jade buyer or an expert in gems

and crystals from Brazil. They assess the material and pass it to cut-

ters and polishers. The gems then follow the route to wholesalers,

retailers and the consumer.

13



THE DIAMOND INDUSTRY

t:

Rough diamonds are

sailed by size, shape,

color, dud < larity at

the Diamond Trading

< ompany

he stability of the diamond industry has been

due in part to the way in which a system of con-

trols was set up in the last century, initially with the

consolidation of holdings by Cecil John Rhodes in

Kimberley in South Africa and later by Sir Ernest

Oppenheimer. Sir Ernest Oppenheimer, as Chairman

of De Beers Consolidated Mines, steered the consol-

idation of diamond mines and the formation of the

Diamond Producers' Association and the Diamond

Trading Company (DTC) in 1934, which together

made up the Central Selling Organization (CSO).

The CSO was able to offer stability to producers

and customers by holding back diamonds and main-

taining stock piles when production outstripped

demand, and releasing them to support production

when demand was greater than production. By con-

solidating mines, more productive mines could sup-

port those in early stages of production or those

nearing the end of their productive life, while ensur-

ing that supplies were maintained. At one point De

Beers produced over 90% of the world's diamonds

and was the only major supplier of diamonds, mar-

keting their diamonds through the CSO.

The Diamond Trading Company, the sales and

marketing arm of De Beers, still markets almost 45%
of the world's production of rough diamonds by

value, approximately 130 million carats with a value of about US$13

billion (2006). The process by which this is achieved is via the route

referred to as "the diamond pipeline" (see pages 1()-17).

AGGREGATION AND SORTING
London used to be the center lor all DTC operations, including aggre-

gation, sorting, sales, and the location of De Beers' Head Office. Recent

changes have taken place in the diamond pipeline following negotia-

tions with a number ol African countries and others.

The main sorting operation of De Beers has been in London since

193-4 De Beers also has major sorting operations in Kimberley (South

Africa). Windhoek (Namibia) and Lucerne (Switzerland), Botswana is

the single largest source ol rough gem diamonds lor De Beers and for

the world market, producing some 30% of world totals.

The practice has been for South Africa's diamonds to be sorted and

sold at viewings abroad. Recent agreements will enable a percentage

ol local diamonds to be made available for resale to local cutters

and producers, in 2006, representatives from is African countries

formed the African Diamond Producers Association (ADPA). The

Association amis to bring together representatives of the African

countries thai produce diamonds, as well as the big diamond com-

panies, in order to agree policies to support diamond mining and

the Mm .in diamond industry.

I .
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As part of mining the sorting operation from London to

Gaborone (Botswana) by 2009, a new company, the Diamond Trad-

ing Company Botswana, has been established. In 2006, the building

which was built to process a maximum of It million carats per year,

had to deal with record production of 32 million carats, In order to

accommodate the new systems, plans include building a larger

sorting building, installation of new and improved machines and

sorting stations, and training for the increased number of employees

needed. This move is part of De Beers' "beneficiation" program

which aims to provide more benefit to local communities, using

domestically mined diamonds to generate jobs and add value to the

rough diamonds in the county of origin.

There are other changes at De Beers: it is divesting itself of some

mines, for example in Tanzania where production is small, and reduc-

ing activity in alluvial ventures. The DTC buys only about US$400 mil-

lion worth of alluvial diamonds and is not involved with the alluvial

mines of, for example, Brazil. The DTC is selling many of the small

mines of South Africa and even the famous mines are undergoing

change. The Kimberley mines are more or less closed and diamond

production exhausted, and the Cullinan Mine (formerly named the

Premier Mine) is being sold.

A A DTC client views

rough diamonds during

"site week."

BUYING ROUGH DIAMONDS
As a result of recent agreements, compilation of site boxes also takes

place in Botswana. Some parcels (sites) are sold locally to cutting

operations in South Africa, Namibia and Botswana. In South Africa,

the arrangements with the DTC have been passed as law, while in

Botswana and Namibia agreements have been by negotiation with the

DTC. In Botswana aggregated stock can be sold to clients locally,

though not every diamond may be

suitable for particular buyers. In

Namibia the Government has asked

for some purely Namibian goods to be

made available for sale in Namibia. In

South Africa a proportion of the South

African production is sold by the

South African Government through

their state diamond traders.

DTC site holders are encouraged to

support the shift away from the more

traditional centers and to support the

programs for sustainable development

that encourage local involvement and

"beneficiation." Although aggregation

will be moving away from London

and some sales will be held interna-

tionally, the major sales will still be-

held in London every five weeks ( 10

times a year).

V Brown diamonds. Not

as rare as other colors

such as pink and blue.

brown diamonds arc often

1 1escribed as cognac or

champagne in color.
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THE DIAMOND PIPELINE

I. AGGREGATION
The proportion of gem-quality cuttable diamonds compared with indus-

trial diamonds varies from mine to mine as does the tendency to have larger

diamonds, a particular shape or color of diamond. The first stage in the

diamond pipeline is to collect the rough diamonds from all the mines that

use the DTC route and mix them together

(aggregation) locally or in London. Around

65% of the world's diamonds are from

Africa, mainly Botswana, South Africa,

Namibia and Tanzania.

Some aggregation takes place in the coun-

try of origin, for example by DTC Interna-

tional in Namibia and South Africa (and

Canada by the end of 2007 or early 2008).

2. SORTING
iggregate is then sorted into categories,

gation can benefit the client who buys

iamonds as it mixes like for like from a

»er of sources, boosts each category

Hows more diamonds to be offered to

requesting particular attributes such

s size, shape, or color.

A small part of the sorting process is

lechanized but the skills and expertise of

d sorters are most important. Dia-

Aerial tietr of the

De Beers' Koffiefontein

diamond mine.

situated southeast of

Kimherley, North Cape

Province, South Africa.

Open-cast mining has

ceased, and mining

is note carried out

underground.

Rough diamonds

being sorted at the

Diamond Trading

Company in London

»

,

m
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monds that are not of sufficient size

(carat), clarity, or color to be cut as

gemstones are separated for indus-

trial use (termed industrial dia-

monds), The remaining cuttable or

gem-quality diamonds are sorted

into as many as 1 6,000 different i

egories depending on a combination

of size and shape, color, and clarity.

3. BUYING ROUGH
DIAMONDS

Industrial-quality diamonds are s

at a fixed price per carat. Ge

quality diamonds are divided in._

parcels (sites) to be stockpiled or

sold at one of 1 sales that are held

by De Beers each year. There a-"*

fewer than 200 regular buyers

"site holders," mainly large dealers

who market both rough and polished diamonds. Most of the sales take place

m London.There are also sales in Johannesburg (South Africa) and Lucerne

(Switzerland).

The site holder places an order, stipulating the range of diamonds

preferred. The range may be to satisfy the needs of certain cutting centers,

for example larger-sized diamonds are preferred by the US, small- and

medium-si.'jed diamonds are preferred by India. The allocation is decided

by the DTC and the site holder has no choice about the contents. The site

holder is invited to view the parcel, agree the valuation of the contents, and

decide whether or not to purchase the entire parcel.

4. CUTTING AND POLISHING
The world's main cutting and trading centers are Antwerp, Mumbai, New
York, Johannesburg and Tel Aviv (see map, pages 20-2

1

). Site holders asse

their purchase, the diamonds may resold as rough material, or cut ana

polished before selling via a network of private offices, diamond clubs and the

24 registered diamond trading centers (diamond bourses) in the major

diamond centers of the world.

assess the value of

diamonds and trade

both rough and cut

material at bourses

such as the diamond

bourse at Antwerp.

Rough diamonds are

either sold on or taken

to a cutting center

5. WHOLESALE TO RETAIL

Diamond traders, designers and manufacturers in the wholesale business

sell to retailers and other outlets from which customers buy their gem-

stones or jewelry.
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RUSSIA

In 2oih>. Alios. i. Russia's diamond monopoly, sold approximately US$23

million worth of rough diamonds at the ISth international diamond

auction lor special-sized diamonds hosted by the Russian Diamond

Chamber in Moscow rather than through the DTC diamond pipeline.

There were more than 100 parcels, containing a total of 79-4 diamonds

weighing around 13,300 carats, including IS diamonds weighing more

than So carats each. The biggest diamond offered weighed 125.72

carats. Representatives of 43 companies from Russia, India, Israel.

Belgium, China, Japan, Switzerland and the US bid at the auction.

Russia will try to maintain its share of the world rough diamond mar-

ket at its current level of slightly more than 25" u for the next 10 years.

By the end of 2009, De Beers will have stopped buying rough dia-

monds from Russia (at present about US$2 billion worth a year).

Pink diamonds. Found

in Australia's . Irgyle

Diamond Mine and

lite U i/liainsim Mute.

Tanzania Pink and blue

diamonds arc rare and

i onsequently command

a higherprice than other

fancy-colored diamonds

sin h as yellow or brown.

1*

CANADA
By the end of 2009, diamonds from the Canadian diamond-producing

mines of Victor (Ontario) and Snap Lake (186 miles/300 km north of

Yellowknife) will be included in the aggregation. Diamonds from

Canadian mines owned by Rio Tinto and HI IF Billiton do not use the

DTC to market their production, worth more than US$3 billion in 2006.

AUSTRALIA
Australia's diamond production is not marketed through the DTC dia-

mond pipeline. Rio Tinto, the company that owns the Argyle Mine,

famous for its pink diamonds, has an annual auction of pink diamonds.

According to Rio Tinto, the Argyle mine produces an average of 30 mil-

lion carats of small, colored diamonds per year. In 2006, all 65 pink

diamonds from the annual production were sold to an exclusive group

of 20 invited bidders. The diamond collection in-

cluded a wide variety of polished stones in a broad

range of pink hues and a small selection of violet

diamonds, with si7.es ranging from 0.49 carats to 2.03

carats. Their bids were at an all-time high, exceeding

those of each annual tender held since 1984.

Details of the winning bids and total revenue

generated from the tender are not disclosed in order

to protect bidders' confidentiality; however, pink

diamonds are known to command prices exceeding

I ss [00,000 per carat. 20 times the price of equiva-

lent white (colorless) diamonds, due to their rarity

and market demand. A news report staled thai a

Brisbane jeweler had bought a red diamond at

the auction, which he says is "one ol only seven

ever found in the world." The owner said he was

"prepared to look at offers over US$2 million" and

has already had three offers "over seven figures."

I'he brilliant cut diamond named "The Lady in \<vd"

has a diameter ol 5. 13 mm and weighs 0.5 i carats.
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CUTTING AND POLISHING
Antwerp (Belgium) is still a major cutting center,

though Thailand and India are rapidly increasing their

capabilities. In the past as much as 80% of the total

world production of rough diamonds was thought to

pass through the diamond center of Antwerp. With

the expansion of other diamond trading centers, this

figure is likely to drop. Dubai is tiying to establish

itself as a diamond trading center. Africa is also gain-

ing experience, and cutting centers in South Africa,

Namibia, and Botswana are likely to expand.

INDIA

India employs a vast number of people in cutting

and polishing factories; it has been estimated that of

every 12 polished diamonds, 11 have been polished in India. Many

Indian diamond traders still have an office in Antwerp, but as the

Indian trade increases and the global industry changes, they may

move their offices elsewhere.
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A Jeweler's workshop in

the diamond district of

Mumbai, India.

CHINA
China is investing a great deal in training and gaining a reputation

as a diamond-manufacturing center. China's largest diamond mine

produces about 100,000 carats a year which, in the global arena, is

still small; however, there are plans to expand the industry. There are

already around 100 polishing factories, employing more than 20,000

people. According to unofficial statistics provided by China's diamond

industry, annual sales of consumer-grade diamonds are currently

growing at a rate of 40%, making China one of the world's fastest-

growing diamond jewelry markets.

Wuzhou, a small city in Guangxi Province, is China's largest cos-

tume jewelry center. It is also China's biggest gemstone trading center

(colored gemstones and diamonds). The Wuzhou Gemstone City site

covers an area of S.4 acres (40,000 square meters), and has more than

500 shops and separate businesses.

WHOLESALE TO RETAIL

Diamonds may be resold as rough material or cut and polished before

selling via a network of private offices, diamond clubs and the 26 reg-

istered diamond trading centers (diamond bourses) in the major dia-

mond centers of the world including London, Antwerp, Tel Aviv, New
York, Mumbai (Bombay), Singapore, and Bangkok. Each diamond

may be involved in a number of transactions before being purchased

by a wholesaler, retailer or private individual. Internet and shopping

channel sales continue to increase; for example, one internet site

has listings of over US$2.8 billion worth of diamonds every day.

Diamonds, however, do not tend to be traded once they reach the

customer. The marketing of diamonds centers on its value as an

emotional gift that the owner will not wish to part with.
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DIAMOND CUTTING AND TRADING CENTERS

The major diamond manufacturing centers include Israel. Belgium

(Antwerp). India (Mumhai and Surat). and New York; cutting and

polishing also takes place in South Africa, Botswana, Russia. China,

Sri Lanka, Thailand, Vietnam, and Mauritius.

Map key

Ma|or diamond manufacturing centers

• Diamond bourses

In New York, most of the

i illu is are located in what is

known as the Diamond District -

between Fifth Avenue and the

Vvenue ol the Americas - from

46th to iSth Streets. New York is

red the "gateway to the I S

markei and is also .1 manufacturing

i entei for large diamonds.

London has been the center for

the distribution of rough diamonds

fi ii mi ire than 300 years. The

l »iami 'ml l rading < l< impany < 1 >TC)

(the sales and marketing arm

of De Beers) are here Site holders.

both manufacturers and dealers in

rough, meet in London, once every

veeks 10 times a year, to

their diamond allocations

T"

WESTKRN EURO PI:

DIAMOND BOURSES AROUND THE WORLD
There are 26 diamond trading centers (diamond bourses) registered as

members of the World Federation of Diamond Bourses (see Useful

Links on the lacing page).

7

Diamond Club
West Coast, Inc.

tb*A

iamond Dealers Club

• New York
Diamond Trade &
Precious Stone

Association of

America, Inc.

10

•Miami
Diamond Bourse
of Southeast

United States, Inc.

c
Vri|e Diamanthandel

7

London•
The London Diamond
Bourse and Club

Diamantclub
Van
Antwerpen

Antwerpsche
Diamantkring

Vereniging Beurs Voor
Den Diamanthandel
• Amsterdam

-
B
»Antwerp

b-ty-^.idar

I In Belgium, approximately

.siKi di. inn mil offices are

li x .in 1 1 in Antwerp in three

well-protected, interconnected

slrecls. Antwerp's annual

lurni iver in rough, polished,

and industrial diamonds is

more than I IS$20 billion.
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DIAMOND CUTTING AND TRADING CENTERS

The World Federation of Diamond Bourses (WFDB) was founded

in 1947 to unite and provide bourses trading in rough and polished

diamonds and precious stones, with a common set of trading practices

The WFDB provides a legal framework and convenes to enact regula-

tions for its 26 member diamond bourses. New branches for the

Bourse include Kaliningrad, Yatutsk and Yekaterinburg (2007). The

World Diamond Council, set up by the World Federation, works with

more than 35 governments, the European Union and the United

Nations in a bid to stop the trade in conflict diamonds.

USEFUL LINKS

World Federation of Diamond Bourses

http://www.worldfed.com/website/

World Diamond Council

http://www.worlddiamondcouncil.com

Diamond High Council (HRD)

http://www.diamonds.be

Diamond Chamber
of Russia

Moscow Diamond
Bourse

• Yekaterinburg

Moscow

New in 2007
• Yatutsk

Hong Kong and Taiwan are

important diamond trading centers

and the "gateway" to the Far East

markets including Korea and China.

Shanghai

Diamond
Exchange

• Shanghai
Hong Kong
Diamond
Bourse Ltd

• Hong Kong

kok

Tokyo Diamond
Exchange Inc.

• Tokyo

Diamond Exchange

of Singapore

nond Dealers Club

^f South Africa

In Israel, approximately 1,200

diamond companies are located

in the Ramat Gan area of Tel Aviv,

in the Israel Diamond Exchange

complex in four buildings which

are connected to one another via

.i series of internal walkways.

In India, the offices are

located in Mumbai (Bombay)

mainly in the general area of

the Royal Opera House within

a radius of less than half a mile.

I'he major manufacturing center

is in Surat.
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CONFLICT DIAMONDS - ETHICAL SOURCING

Greater knowledge of the diamond industry has highlighted areas

where the industry has been unable to stop unlawful or unethical

behavior. Probably the best-known example is that of conflict dia-

monds: diamonds that serve to finance illegal behavior, guerrilla war-

fare and wars in areas of conflict. The release of the Hollywood film

Blood Diamond, starring Leonardo DiCaprio as a South African merce-

11.11 \ pursuing a rare pink diamond through Sierra Leone's diamond-

fueled civil war. has served to bring the issue to the general public.

About 75,000 people were killed in the West African conflict, which

ended in Jtidi, The diamond industry, acutely aware of the negative

impact that the film might have on diamond sales, has already begun

an awareness campaign citing the benefits to developing countries of

legally traded diamonds, which contribute about US$8.4 billion to

African economies annually. Around 65% of the world's diamonds are

from Africa, mainly Botswana. South Africa, Namibia and Tanzania.

Prior to the release of the film, and in order to combat conflict dia-

monds, the diamond industry had introduced a certification scheme, the

Kimberley Process, w hich aims to track the route of a diamond from the

mine to the market, whether it follows the DTC diamond pipeline or

not. The certification scheme applies only to natural unworked (rough)

diamonds and not to cut and polished stones.

THE KIMBERLEY PROCESS

1

.

The Kimberley Process is an import/export

control regime designed to stop conflict (blood)

diamonds entering legitimate trade.

2. Diamond-producing countries control the

production and transport of rough diamonds

from the mine to the point of export.

3. Diamonds are sealed in a transparent, tamper-

proof, security bag by a government official.

The official logs the export registration number,

.veight and export value (US dollars) on

ate of Export Origin." The matchin°

the destination country.

ie importing country

nticity of the counterfc

he exporting officials. The

dispatched until the counterfoil

n verified.

THE KIMBERLEY PROCESS
CERTIFICATION SCHEME
The Kimberley Process Certification Scheme

(KPCS, Kimberley Process or KIM is an interna-

tional governmental certification scheme that

was set up following three years of negotiation

between the governments of major diamond trad-

ing and producing countries, representatives of

the diamond industry and non-governmental

organizations CNGOs) to prevent the trade in

diamonds that fund conflict.

The
-

<i member countries, civil society and

the diamond industry developed the certifica-

tion scheme governing trade in over 99"
'n of the

w orkfs rough diamonds.

Countries that agree to participate must pass

legislation to enforce the Kimberley Process.

They must also sel up control systems lor the

import ami export of rough diamonds, Partici-

pants are only allowed l< > trade rough iliamom Is

wiih oilier participants. The aim is to prevent

conflict (blood) diamonds from entering the

Kimberley Process system and to maintain con-

fidence in the diamond marketing process.

The Kimberley Process participants (govern-

ments) and observers (the diamond industry.

NGOs) meet once a year to discuss the imple-

11
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mentation of the scheme. In 2006

about 300 delegates, representing

the diamond industry, producer

countries and non-governmental

organizations (NGOs) from 70

countries, gathered for the annual

review of the trade, worth about

US$37.6 billion a year.

Since the advent of the process

99.8% of diamonds traded have

been certified as sourced from

conflict-free areas. Although the

scheme makes it more difficult

for diamonds from areas of con-

flict and rebel-held areas to reach

international markets, there are

still significant weaknesses in the scheme. The scheme is voluntary

and there are no sanctions or fines for those who are found to be con-

travening the guidelines. Stronger controls (including government

controls) and better systems for identifying suspicious shipments of

diamonds through international trading centers are just two of the

proposals put forward to increase the efficiency of the system.

Other weaknesses include the fact that there is no one official stan-

dardized "Certificate of Export Origin" (Kimberley Process Certificate),

which makes it difficult for customs officers to verify the authenticity

of the certificates.

The Kimberley Process covers only rough material and is a volun-

tary scheme. However, the diamond industry has also signed up to a

code of conduct and a system of warranties and guarantees that all

diamonds (including rough, cut, and polished stones) have been

purchased from a legitimate source. However, this again is a voluntary

and self-regulated scheme open to abuse, without checks or sanctions.

Weaknesses in the Kimberley Process are found across the

diamond pipeline, including in countries with trading, cutting and

polishing centers. A recent United States Government Accountability

Office (GAO) report shows that conflict diamonds may be entering

the US because of major weaknesses in the implementation of the

Clean Diamond Trade Act, the US law which implements the Kimber-

ley Process Certification Scheme.

In the UK, implementation of the Kimberley Process is centered on

the Government Diamond Office (GDO), a team of officers operating

(Hit of the Foreign and Commonwealth Office. The GDO is respon-

sible for authorizing exports of diamonds by issuing the Kimberley

Process Certificate.

To have most impact on preventing the trade in conflict diamonds,

government monitoring and verification of industry compliance with

the Kimberley Process must explicitly be made a minimum require-

ment of the scheme, and statistics on the flow of diamonds between

participating countries should be published.

South African

mercenaries help to

transport diamonds safely

out of Sierra Leone.
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CRYSTAL STRUCTURE

Tektite, aform ofsilica-

rich glass, is amorphi <us

Each gemstone group or variety has a unique chemical composi-

tion that describes its essential elements or ingredients. Each

gemstone is made up of atoms, the smallest building blocks of the

Structure. Where the atoms are constituted in a regular and repeating

three-dimensional pattern, they are said to possess crystal structure

and are referred to as crystalline.

AMORPHOUS
Where there is no crystal structure and atoms are randomly arranged,

the material is said to be amorphous (from amoph meaning "without

shape" or "without form"). Obsidian (volcanic glass) is an example of

an amorphous material that can be used as a gemstone.

Diamond c rystal

octahedron

Pyrite crystal:

pyritohedron

CRYSTALLINE
Most natural and artificial gemstones are crystalline. Crystalline

materials have directional properties, both physical and optical, that

are as a result of the three-dimensional arrangement of atoms and

the type of bonds between them. As the gemstone forms, it grows

by adding layers of atoms. The many ways that the atoms can com-

bine is reflected in the many different crystal shapes including those

with flat faces and sharp edges, needle-like points, or with smooth

and rounded surfaces.

Although the internal crystal structure of the crystalline gemstone

may define its external shape (habit), this is not always the case. Con-

ditions during formation may be such that an irregular shaped crystal

forms, or a crystal may have been broken, cut or polished. Whatever

the final shape of the crystal, the internal structure is still the same, it

is still crystalline.

' i 'i
i soberyl:

twinned c rystal

Corundum trigonal

spindle shaped I

TWINNING
The crystal structure may have parts that are reflected, repeated incor-

rectly or rotated, which may result in the creation of a twin crystal. At

the junction of the parts of the twin, the change in orientation of the

crystal structure (lattice) and direction of growth may be seen as a re-

entrant angle at the surface. Repeated twinning (lamellar twinning)

can sometimes be seen as layers in gemstones. Twinning of a crystal

structure may be due to changes in temperature or pressure during or

after formation.

Rutile:

tetragonalform

Spinel (Ceylonite),

t ubu form

Beryl (heliodor):

hexagonalprism
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CRYSTAL STRUCTURE

POLYMORPH
Occasionally the chemical composition is such that it can form

more than one crystal structure. Each structure is called a poly-

morph (from poly meaning "many" or "more than one," and morph

meaning "shape"). Which of the polymorphs forms will depend

upon factors such as conditions during formation (for instance,

temperature or pressure). Diamond and graphite, for example, are

formed from the element carbon, but the carbon atoms have

bonded in different ways, forming different crystal structures in

each of the minerals.

ISOMORPH
Some gemstones have a range of chemical compositions, but have

the same crystal structure. They are called isomorphs. An example is

the garnet group. At opposite ends of the range are the two end

members and between these are the members of the isomorphous

series. Almandine and pyrope are respectively the iron-rich (Fe) and

the magnesium-rich (Mg) end members of the garnet family.

Diamond: octahedron

with curvedfaces

Almandine crystal

CRYPTOCRYSTALLINE
Crystals composed of many crystal staictures that have grown together

are termed polycrystalline. Where the crystal structure is too small to

be seen with the eye and a microscope is needed, the crystals are

termed microcrystalline or cryptocrystalline (from the Greek crypto

meaning "hidden").

CRYSTAL SYMMETRY
Crystals can be classified into groups depending upon their sym-

metry, which in turn is defined by the degree of regularity in the

arrangement of the atoms in the crystal structure. This arrangement

also affects their optical and physical properties, for example how
they react to light, the way they look and feel, and their hardness.

The main method by which a gemologist usually defines the

symmetry of a crystal is by reference to its planes of symmetiy and

axes of symmetry (sometimes referred to as mirror symmetry and

rotational symmetry).

PLANE OF SYMMETRY
A plane of symmetiy is an imaginary plane (or mirror) that divides a

crystal such that the image on one side of the plane is the mirror

image of that on the other side.

AXIS OF SYMMETRY
An axis of symmetry is an imaginary line (or thread) that runs through

a crystal and about which the crystal can be rotated, in such a way

that it looks the same two, three, four, or six times during a complete

circle (rotation) of 360 degrees.

Planes ofsymmetiy

^r
Axes ofsymmetry
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CRYSTAL STRUCTURE

CRYSTALLOGRAPHIC AXIS (REFERENCE AXIS)

A crystal is also defined by its reference or crystallographic axes. The

crystallographic axis is an imaginary line that runs through a crystal

and indicates both the direction and length of the repeating pattern of

the atoms (the lattice structure). The lengths of the crystallographic

axes are proportional to the repeat directions in the three principal

directions (a, b, and c) in the crystal structure or lattice (x, y, and z).

Crystallographic axes are not the same as the axes of symmetry,

although they may run parallel to each other.

CRYSTAL SYSTEMS
There are seven crystal systems based on their crystal symmetry and

crystallographic axes (length and direction) and all ciystal structures

can be assigned to one of these systems.

Each of the ciystal systems, except triclinic, has horizontal axes (a

and b) and a vertical crystallographic axis (c axis). The direction and

length of each axis and the angles between them (alpha, beta, and

gamma) are defined by the crystal structure (lattice).

Note: In the United States and Canada, it is more usual to refer to six

crystal systems. This is because trigonal and hexagonal are usually

grouped together (as hexagonal).

SYSTEM SYMMETRY REFERENCE AXES

CUBIC Four three-fold axes. Three axes mutually at right-angles, and of

equal length.

TETRAGONAL One vertical four-fold axis. Three axes mutually at right-angles; one axis

conventionally held vertically, differing in

length from the other two.

ORTHORHOMBIC Either one two-fold axis at Three axes mutually at right-angles, all of

the intersection of two different length.

mutually perpendicular

planes, or three mutually

perpendicular two-fold axes.

MONOCLON1C One two-fold axis. Three axes of unequal length; two axes are

not at right-angles; the third, the symmetry axis,

is at right-angles to the plane containing the

other two.

Three axes, all of unequal length, none at right-TRICLINIC Either a center of symmetry

or no symmetry. angles to the plane containing the other two.

HEXAGONAL One vertical six-fold axis. Four axes, three of equal length, arranged in a

horizontal plane; the fourth perpendicular to

this plane and of different length from the

other three.

Same as for hexagonal.TRIGONAL One vertical three-fold axis.
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OPTICAL PROPERTIES

Table and examples q)

//)< different types ofluster

in gemstones

THE IMPORTANCE OF LIGHT
Without light, we would not be able to appreciate the bright green of

emerald, the rich red of ruby, the soothing blue of sapphire, the sun-

shine yellow ofheliodor, or the sunset pinkish orange of padparadscha.

h is the energy of light that brings the colors of the gemstones to life.

Color is the most obvious optical property, but the way that light

interacts with the structure of a gemstone also gives it other optical

properties which combine to make each gemstone unique. Effects

produced by light reflecting off a gem's surface, off layers or struc-

tures within or passing through a gemstone assist the gemologist

in identification, but also give each gemstone its particular quality

and beauty.

I.ighl reflected off the surface of a gemstone gives the gemstone its

luster, whether it looks metallic, glassy, or dull. The brightness and

quality of the luster depends on the condition of the surface, the

degree of polish, and the refractive index (see explanation on the next

page). The greater the amount of light that is reflected back toward

the eye, both from the surface of a gemstone and having entered the

stone, from internal reflections such as off the inside of the back of

the stone (pavilion facets), the brighter the stone will appear, fhe

amount of light, which can pass through a gemstone, will define

whether it is transparent, translucent (enough light for an image to be

seen through the gemstone. but not enough, for example, for writing

to be seen clearly), or opaque.

diani< md
i assiUTite i erussite

cuprite

Mlkl < 11 s

#'
i *

aquamarine

chrysobery] sapphire

spinel

R] s| \OUS

•
amber

staurolite

titanite

vesuvianite

METALLIC

pyrite

hematite

marcasite

schorl

SILKY

gypsum
iii.il.it lute

I" i tolite

silliniaiiii.

opal

d( ili mule

petalite

ih< hiisi mile
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jasper

carnelian

chrysoprase

turquoise

OKI \s>

serpentine

amblygonite garnet

peridot
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OPTICAL PROPERTIES

Dispersion

Sunlight (white light) is made up of the colors of the rainbow (spec-

tral colors). Each color corresponds to a different wavelength of

light and a different energy, and each is refracted (bent) to a different

degree (measured as its refractive index) as sunlight shines through

the rain, effectively separating and spreading the colors to form the

rainbow (dispersion). In a gemstone such as a diamond, which has a

high dispersion, flashes of rainbow colors appear to come out of the

stone as the gem or its light source is moved.

The colors of the rainbow are the colors of the visible spectrum,

the wavelengths of light with the energies we are able to see. On
either side of the visible spectrum other energies such as X-rays, ultra-

violet rays and infrared rays interact with the crystal structure to mod-

ify the color or produce optical effects such as fluorescence and

phosphorescence.

Refractive index, birefringence,and the

refractometer

Light that enters a gemstone is refracted (bent) from its original path

in air as it enters the more dense medium. Cubic and non-crystalline

materials are singly refractive, which means that the light is refracted

equally in all directions. Gemstones from the other crystal systems are

doubly refractive. In doubly refractive gemstones, the light entering

the gem is split into two rays of light; each is slowed and refracted by

a different amount. Where the difference is large, such as in calcite,

double refraction can be seen as a double image through the gem-

stone. In sphalerite, a doubling of the image of the back facets (pavil-

ion facets) can be seen when viewing them through the front of the

stone (crown facets).

There is a mathematical relationship between the angle at which

light strikes a gemstone and the angle of refraction, from which the

refractive index (RI) of a gemstone can be calculated. The refractive

index of most gems can be measured accurately using a refractometer

or Brewster Angle Meter and can be used to help identify the stone.

Singly refractive gemstones have a single refractive index. Doubly

refractive gemstones have a range of refractive indices; the difference

between the maximum and minimum values is the birefringence (DR).

REFLECTION EFFECTS
Interference - iridescence and play of color

Rainbow effects such as those seen in cleavage

cracks and the iridescence of labradorite

feldspar and hematite are due to interference

as light is reflected by thin layers (films)

within the gemstone. In moonstone feldspar,

the effect is known as schiller (sheen), adular-

escence or opalescence and the iridescent

colors on the surface of the pearl is called the

"orient of pearl." As light is reflected, there is

A Dispersion in a

mixed-cut diamond.

A Round brilliant-cut

sphalerite gem.

V Brewster Angle Meter.

•"* ir~

A Labradorite cut

as a cabochon.
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interference of the wavelengths. Where wavelengths coincide, the

color corresponding to the wavelength may be enhanced, in other

places waves may cancel each other out and that color will no

longer be seen.

In opal, interference ol light occurs as it passes between the regu-

larly arranged spheres that make up its structure. The size of the

Spheres and the distance between them affects the amount of disper-

sion and resultant play of color; as well as the direction from which

the opal is viewed. Small spheres produce only the blues and violets

as the opal is turned, while large regularly packed spheres show the

lull range of rainbow colors.

Chatoyancy, asterism, and silk

Other internal reflection effects include chatoyancy. asterism and

silk, which are caused by inclusions. Chatoyancy is the cats-eye

effect seen on some gemstones that are cut as a cabochon (polished

as a rounded dome) and best seen under a bright light such as a

spotlight or torchlight. Light is reflected off a parallel arrangement of

elongated or acicular (needle-like) crystal inclusions of minerals such

as rutile or tourmaline, fibers or long tube-like cavities. Examples of

gemstones that may show a cat's-eye include quartz, beryl, ruby,

sapphire, and tourmaline.

Asterism forms star stones where there are two or more sets of

parallel inclusions instead of a single set. Stars may have four, six, 12,

or even 24 arms (rays). Star sapphires and rubies generally have- six

arms, which lie parallel to the crystallographic axes. Other gemstones

that may show stars when cut as cabochon include garnet, quartz and

spinel.

Where the inclusions or cavities are not present in large enough

concentrations to form a star, they may be seen as silk, with the light

reflected from patches of parallel inclusions, such as can often be

seen in sapphires.

COLORED GEMSTONES
The color of a gem largely depends on how it absorbs or reflects light

energy. When white light strikes a gem. some of the spectral colors

arc absorbed in preference to others (preferential absorption). Those

thai are not absorbed pass through the gem or are reflected back,

giv ing the gem its color.

Some gemstones have a characteristic absorption spectrum thai,

with the use of a gemological instrument called a spectroscope,

can be used to assist identification or, lor example, to distinguish

between two gemstones with a similar appearance but different spec-

tra, such as rub) .\\)^ garnet. Through the spectroscope, the absorp-

tion spec Hum of the gemstone looks like an incomplete rainbow,

with black lines « ii bands replacing some of the color. The lines ami

hands signify the energies with wave-lengths that correspond to those

colors thai have been absorbed; the remaining energies give the gem

us ( c dor.

JO



OPTICAL PROPIiKTIKS

Idiochromatic and allochromatic: gemstones

Where the color of a gemstone is caused by elements that are an

essential part of the chemical composition, the gem is termed

idiochromatic (from idio meaning "same" and chroma meaning

"color"); for example, the green color of peridot is due to iron (Fe),

an essential part of its composition (FeS 2 ).

Most gemstones are allochromatic (from alio meaning "other") and

are colored by small amounts of other elements or impurities

called trace elements that are not an essential part of the chemical

composition. The most common trace elements are the metals

chromium, vanadium, iron, titanium, copper, and manganese.

The bright green of emerald and demantoid garnet is caused by

chromium, which also gives the bright red of ruby. Sapphires are

colored blue by iron and titanium, or green, yellow or brown by

iron. Manganese colors spessartine-garnet orange and rhodonite

pink. Heating, irradiation, and other means of altering, enhancing or

destroying color, are more likely to be effective on allochromatic

gems than idiochromatic gems.

Particolors

During and after gemstone growth, changes in the surroundings may

result in different trace elements being available for incorporation into

the gemstone. These may result in a change in color, color banding,

or patches of color. When one part of a gemstone is a different color

to another part, it is called particolored. Watermelon tourmaline,

with its pink interior and green outer rim, is an excellent

example of a particolored gemstone; others may have more than two

different colors.

Peridot

to
Blue sapphire

Pink sapphire

Watermelon tourmaline

Pleochroic (dichroic and trjchroic) and the dichroscope

A gemstone may also appear different colors or

shades of color when viewed from different direc-

tions (pleochroic). This is as a result of the way light

travels through the crystal structure of the gem-

stone. When a gem shows two different colors or

shades of color, such as in some rubies, the gem is

described as dichroic. Trichroic gemstones such as

iolite (cordierite) and tourmaline show three colors

or shades of color.

To see the different colors you have to view

the gemstone from one direction, remember the

color, and then turn the stone and compare the

image with the color when viewed from the new
direction. Slight changes in color can be difficult

to recognize. The dichroscope, a handheld gem-

ological instrument with a polaroid filter and sim-

ilar in size to a hand lens (loupe), can be used to

view two colors of a pleochroic gem at the same

time enabling comparison to he made more easily.

A This view, through

a dichroscope, clearly

shows the pleochroism

of this crystalfragment
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PHYSICAL PROPERTIES

The manner in which the atoms of a gemstone are arranged and

the strength of the bonds between them directly affects the phys-

ical properties of gemstones, their durability (hardness, toughness,

and stability), the way they break or cleave and their relative density

(specific gravity).

The ability of a gemstone to withstand general day-to-day wear and

tear sufficiently to be mounted in a piece of jewelry and to keep its

polish without becoming unduly scratched, cracked or wTorn is impor-

tant and will affect its value. Generally speaking, the harder the gem-

stone the better it can take and retain a good polish.

HARDNESS
In gemology, hardness is a measure of how easily a surface can

withstand abrasion caused by wear and tear including scratching. If

jewelry items containing a range of different gemstones are stored

together, the harder gems such as ruby and sapphire will scratch the

less hard pieces, for example emerald, amethyst, or opal.

Because hardness is related to the crystal structure and the

strength and direction of the atomic bonds, the gemstone may be

scratched more easily in one direction than another. This differential

hardness is particularly important for the lapidary when assessing

how best to cut and polish a gemstone and in choosing a suitable

mount or setting for the piece.

THE MOHS SCALE OF HARDNESS
The relative degree of "scratchability" or susceptibility to scratching

can be assessed using the Mohs scale of hardness. In 1822 Friedrich

Mohs, a German mineralogist, took 10 minerals that he was able to

obtain easily and tested them against each other. Mohs arranged the

minerals in order, from the softest (talc) that could be scratched by all

the others, to the hardest which could not be scratched (diamond).

He then assigned them numbers from the softest (1 = talc) to the

hardest (10 = diamond >.

Table showing the hardness
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The test is a comparative one, and the scale is not linear and does

not increase by equal increments; for example, the difference in hard-

ness between 1 (talc) and 9 (the corundum group, which includes

ruby and sapphire) is less than that between 9 and 10 (diamond).

Other hardness scales include: (a) the Brinell scale, which meas-

ures how much of a dent can be made when a steel ball is pushed

into the surface (this cannot be used on particularly brittle, thin or

fragile pieces, as they would break); (b) the Knoop scale, which uses

a diamond to make a measurable dent; and (c) the Vickers scale (see

graph), which also uses a diamond to make a dent.

The Mohs test for hardness is quicker, cheaper and easier than the

other methods. An estimate of hardness can be given by looking at

the general wear and tear of the crystal faces (on an uncut "rough"

specimen) or flat surfaces (facets) and facet edges on a cut and pol-

ished gemstone. A set of hardness pencils (each with a point made of

one of the 10 mineral specimens) can be used to test hardness and is

particularly useful on carved pieces, crystal fragments and pebbles.

A word of warning - hardness testing is destructive as it causes

damage to the gemstone. and therefore should only be used in

exceptional circumstances. Before starting to make a scratch, find an

inconspicuous place and, if necessary, make a very small scratch

while viewing the gemstone through a microscope or hand lens (xlO

magnification).

STREAK
When a softer mineral is Ribbed or scratched across a harder surface,

a fine layer of the softer mineral may be removed and deposited as a

fine dust or a colored mark referred to as a "streak." for example, the

writing left on paper when a graphite pencil is used.

Some minerals leave a characteristic streak, for example the dark

blood-red streak of hematite and the gray streak of galena. Testing

for streak is destructive and is seldom undertaken by gemologists,

particularly as it is of little use with small, cut stones. However, it may

be useful with larger uncut specimens, rock fragments and decorative

pieces, as well as to check for dying or color impregnation. For

example, malachite has a green streak, but another rock type dyed

green to imitate malachite may have a white streak and only a thin

green dyed layer.

CLEAVAGE
The internal arrangement of atoms within a crystalline material (the

crystal structure) has a regular three-dimensional pattern. The atoms

may be bonded in a number of different ways, with bonds of different

strengths. As a result, the crystal may have one or more planes or

directions of relative weakness along which it will break more easily.

These are called "directions of cleavage." When a crystalline material

breaks along a cleavage plane, it will Leave a flat, or nearly Hat, cleav-

age surface. Cleavage can only occur in crystalline materials and may

be defined as perfect, good, fair, or poor.

A calcite crystal has

perfect cleavage

Rutile has a distinct,

prismatic cleavage

An emerald crystal has

poor, basal cleavage
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Diamond is the hardest gemstone. bui with a well-aimed hit, it is

possible to break a diamond in two with a clean break. The clean

break occurs along one of its three perfect cleavage planes.

This ability to cleave is taken into account during the fashioning of

a diamond, and may be the first step in the process of cutting. The

ease with which a gemstone cleaves and the number of cleavage

directions it possesses are also important with regard to its durability

and its identification.

FRACTURE
Fracture is a random, non-directional break that can be caused by

impact, stress, pressure, or a rapid change in temperature. Fracture is

not related to planes of weakness in the crystal structure and can

therefore occur in both crystalline and amorphous (non-crystalline)

materials.

The fracture surface may be described, for example, as uneven.

irregular, conchoidal (shell-like), or hackly (uneven and jagged).

\1 .:'" I

Obsidian has a

< otii hoidalfroH ture

Labradorite has an

unevenfracture

Silver has a

hacklyfracture

Kunzite has a

splinteredfracture

TOUGHNESS
Toughness in a gemstone is a measure of how well it can resist a frac-

ture developing, i.e. how far a crack will propagate. Gemstones that

are polycrystallinc (made of more than one crystal grain), such as

jadeite, nephrite, and agate ( polv crystalline quartz variety), are gener-

ally tough atul difficult to break. The interlocking crystal grains are

oriented in different directions, therein slowing or stopping the prop-

agation oi the fracture.

Zircon is brittle, it is easily chipped and the corners break oil as it

cleaves easily. A great deal of care and attention is therefore required

at all stages of fashioning by the lapidary, and later in terms oi storage

bv the retailei ami ultimately the owner.
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suspension

wire

stone in cage

STABILITY

in addition to physical stress due to an impact, light,

heat, or some other event, chemicals may alter the

structural and surface conditions, particularly of the

organic gemstones such as pearl and amber. The

chemicals in some perfumes, for example, will act to

wear away the outer surface covering of pearls,

removing their glimmering luster. For a gem to be

stable, it must be able to resist both chemical and

physical alteration.

RELATIVE DENSITY OR SPECIFIC GRAVITY
If you hold two specimens of the same size but of

different gem species in your hand, you may notice

that one feels heavier than the other. The larger the

gemstones, the easier it will be for you to recognize

the difference in weight. Also, if you take two gem-

stones of different gem species that have been cut to

weigh the same, one will be larger.

The difference in weight is due to differences in

chemical composition and crystal structure, which affects the way in

which the atoms are arranged within the gemstone. In some gem-

stones, the atoms are more densely packed than in others and will

have a higher relative density.

The relative density (specific gravity) of a gemstone is found by

comparing the weight of the gemstone with the weight of an equiva-

lent volume of water. It is useful in the identification of unmounted

gems (those that have not yet been put in a ring, brooch, or other

piece of jewelry), whether they have been cut or polished, fashioned

as beads or sculptures, or simply left in their natural state (rough).

The hydrostatic weighing method of measuring the specific gravity

of a gemstone is based on Archimedes' principle. The principle

explains the apparent loss of weight of an object when it is sub-

merged in water as the loss of weight is equal to the weight of the

water that is displaced. The weight of the equal volume of water dis-

placed is equal to the weight that the gemstone would be if it were

made of water, so the two can be compared.

The procedure is quite straightforward: simply weigh the gemstone

in air and then in water. The specific gravity (SG) of the gemstone is

the weight of the gemstone weighed in air (a), relative to the differ-

ence in its weight in air compared with its weight in water (weight in

air - weight in water, a - w), or:

suspension-

stand on pan

water

bridge

over pan

pan

digital

display

Single-pan balance used to

determine a gem 's relative density

(specific gravity). First, weigh the

gem on the balancepan and

record the result (a). Then take a

beaker two-thirdsfull of distilled

water andplace it on the bridge.

Totally immerse the stone cage iu

the /rater and reset the balance to

zero Now insert the stone into the

cage without spilling any water,

immerse the cage again and

weigh (w) The relative density

(SG) is ia) divided by (a - te).

SG =

A spring balance is often used for larger specimens including carv-

ings. More sensitive balances are needed for smaller stones
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FASHIONING AND CUTTING

Gem materials have been fashioned and polished for millions of

years \\ here they have hern left in their rough state, it may be

because they look just fine as they are, and their natural beauty and

desirability is worth retaining. For others, there may be a belief that

the strength, soul or energy of the gemstone may be released or in

someway affected detrimentally by intervention.

Budding jewelry

designers may start by

making bracelets and

net klai es using beads

WORKING WITH GEMSTONES
The vast majority of gem materials, however, can be improved by the

creative and practical skills of the artist and scientist. As techniques

and skills have developed, the range of possibilities for the sculptor,

carver, or the lapidary (the person who cuts and polishes gemstones)

and others has grown, but the aim has remained the same - to work

with natural materials to bring out their best qualities.

The transformation from the rough gem (such as a pebble, crystal,

or crystal fragment) to the finished product (a valuable, sparkling

gemstone) depends upon the expertise of the lapidary. The style of

cutting or fashioning chosen will depend primarily on the optical and

physical properties of the gem and the shape and condition of the

rough stone.

If you are just starting out as a jewelry designer or lapidary, or

would like to have a go at making your own jewelry, take time to

look at examples of both rough material and material that has been

cut and fashioned in a range of styles and designs. The use of the

gemstones will depend partly on your creative abilities and partly on

the inherent qualities of the gemstones that you choose. If you are

a collector of rough and/or polished material, take time to visit

gem and mineral fairs, art ami craft shops ami museums, and look

carefully at the colors, shapes and sizes of crystals, their localities

and their appearance, including any surface features (for example,

striatums), or internal features dor example, inclusions) ol the

crystal or the quality of the cut.

HEADS, CARVINGS, AND CABOCIIONS
Gems that are heavily included or Hawed, colored

or patterned, opaque or translucent are generally

fashioned as beads and carvings or cul as a cabo-

chon. A cabochon consists of a domed polished top

wiih a flat, unpolished back and has an oval or

round outline. It is the simplest and oldest style of

cut. It is also used lo show the optical effects of iri-

descence, sheen, cats' eves (or c haloyancy ), and

star stones '< >r aslerism ).

beads are generally a good place lo Start lor the

buckling jewelry maker as they can be purchased

l.urlv c he.iplv from arls and craft shops and gem

and jewelry fairs, beads can also be reused or

recycled from unwanted or broken necklaces, etc.

Possibly an even cheaper option is lo make use ol

V,
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tumbled and polished pebbles or crystals and

other rough pieces of material. Depending

upon where you live or your vacation destina-

tions, you may also be able to collect your own

material (including pebbles, crystals, and shells).

FACETED GEMSTONES
In order to facet material, you will need your

own lapidary equipment or access to equipment.

A beginner would be wise to find a local lap-

idary course or join a lapidary club before invest-

ing heavily in stock or equipment. Joining a

course or club will also give you the opportunity

to meet others with the same interest, share

lapidary experiences (both good and bad), and

maybe even swap material.

Most transparent gemstones are faceted. The

gems are cut and polished such that they have a

number of flat polished surfaces (facets). The

number of facets and the angles between them

are worked out mathematically, so that the facets

act as mirrors that allow the maximum amount

of light to enter the stone and also be reflected

back out of the front of the stone to the viewer.

A well-cut gemstone will be cut to show the

body color, brilliance, fire, and sparkle to its

best effect. However, a compromise usually has

to be found to reach a good balance between these four attributes,

which will give the final appearance - referred to as the "make" of the

stone. It may also be necessary to retain as much weight as possible,

as the weight of the gem directly influences its value.

A Jewelry making is a

rewarding hobby which

may be developed into

a successful business.

LAPIDARY AND JEWELRY MAKERS
When choosing the best gem material for a piece of jewelry, the lap-

idary and jewelry maker will be thinking of the finished product and

how well fitted the material is to their specifications, or taking inspira-

tion from the material and working out how to make the best possible

piece from it. They will be assessing color, clarity, and shape as well

as the durability of the gemstone, as this will affect how it can be

worked, cut and set or mounted, and how it should be cared for to

avoid it becoming scratched, cracked, or otherwise damaged.

The skill of the lapidary, jewelry maker or jewelry designer lies in

their ability to recognize the qualities of the gem materials and work

with them to their best abilities to produce a piece that is both

admired and sought after. They will need to find the best compromise

between what is possible and what is practical, whether they are

sawing, grinding, sanding, lapping, polishing, drilling or tumbling, to

produce beads and spheres, cabochons, faceted gemstones, inlays or

mosaics, cameos or intaglios, carvings or sculptures.
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\s a rough guide to the care needed to work gem material and the

difficult) in working with a material:

• The tougher Cmore durable) the material, the less likely it is to

fracture, but the more brittle, the more likely it is to chip, crack

or shatter.

• rhe better the cleavage, the more likely it is to break cleanrj

along a cleavage surface.

• The softer the material, the easier it is to scratch or carve, but

the hauler it is. generally the better the polish it will take.

DURABILITY AND HARDNESS
Hardness is a measure of "scratchability"; toughness is a measure of

h< >w resist. mi .1 gem material is to attack by physical and chemical

processes, \ gemstone such as spinel with a hardness of 8 (on Molis'

scale of hardness) is relatively hard, but because it is also brittle and

e.isiK broken extra care must be taken when handling or working

with it. In contrast. ,i gem material like jadeite with a hardness of less

than ~~
is exceptionally durable. Corundum has a hardness of 9. so

hard that the prongs or setting may be damaged before the gemstone.

When cleaning or working with corundum jewelry, check that the

gemstone is secure in its setting. Tourmaline is both brittle and fragile,

and care must be taken to provide a setting that protects the gem-

sit me. Rubover settings and claws will help protect the edges (if

fragile gemstones.

Quartz and chalcedony have a hardness of 7, are quite durable and

relatively easy to work with. The\ are available in large sizes, abun-

dant and fairly inexpensive, and can be engraved, caned or faceted.

Lapis lazuli (hardness 5-6) and malachite (hardness are versatile

rock materials and can be worked in a number ol ways, including

sawing, carving, and faceting.

A jewelry maker

sorting through gemstones

lookingfor those ofa

similar shape and size
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FRACTURE AND CLEAVAGE
Topaz has perfect cleavage in three directions and

particular care should be taken when cutting, pol-

ishing or setting to avoid breakage. The emerald

cut or octagonal cut is mainly used for emeralds;

the corners are removed during faceting so that

they cannot be knocked off accidentally while

being set or later when the finished product is

being worn. Rhodochrosite is also liable to break

along planes of cleavage.

Agate is banded may break parallel to the band-

ing, so care should be taken. The layering in

feldspars may also weaken the material, so care

should be taken. Chalcedony and agate, are porous

and will easily take a dye or stain, to change or

enhance their color, but may just as easily become

stained unintentionally by chemicals or oils, etc., so

care must be taken when handling and working

with them. Care should be taken with other porous

gemstones, such as turquoise and opal.

COLOR AND SHAPE
Irregular-shaped tumbled gemstones, pebbles,

beads and crystal fragments can inspire a jewelry

designer. A well-proportioned and well-cut gem-

stone is easier to work with than an irregular or uneven faceted gem-

stone. Where a gemstone is cut to give an unbalanced gemstone,

either too shallow or too deep, care should be taken to ensure that

the gemstone is held securely, and that the prongs and setting do not

accentuate the lack of balance in the gemstone. A gemstone may
have been cut particularly deep in order to improve a pale or

insipid-colored gemstone, to add weight to a gemstone, or possibly

to avoid using a fractured or heavily included part of the original

crystal or pebble. A dark-colored gemstone may have been given a

shallow cut, for example, in order to brighten the color. These gem-

stones may need to be recut.

Gemstones occur in a range of colors and finding matching gem
material, for example, for a pair of earrings is easier for some gem
materials than others. Tourmaline has a very wide range of colors

and matching can be particularly difficult. It may be easier to use

rough material from which to fashion two matching pieces rather than

try and match already faceted gemstones from different crystals.

A Topaz crystal (left) and

a faceted topaz (right).

CLARITY
The position, type, and number of inclusions in a gemstone affect

the durability of the gemstone and will affect how it is fashioned

and set. Where inclusions are close to, or reach, the surface they

may cause an uneven surface or weaken the gemstone. Inclusions

such as the "lily pad" inclusions in peridot may cause internal stress
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and so weaken the gemstone. Care should be taken when working

with included gemstones such as emerald and a selling chosen that

< liters adequate protection.

CATS-EYE AND STAR STONES
< are should be taken to orient gemstones that show optical phenom-

ena, for example star stones, eats-eyes, or materials showing irides-

cence. A star stone or eats-eye should be cut as a cabochon and set

to show a well-centered eats-eye or star. Cheek the base as well as

the dome of a cabochon as a cabochon of chrysoberyl, garnet or

i halcedony, etc., may have a rounded or uneven base which makes it

more difficult to set.

PLEOCHROISM
The orientation of a pleoehroic gemstone. one showing more than

one color or shade of color when viewed from a different direction,

is important and care should be taken to examine the gemstone from

all angles in order to choose the best way to display or set a gemstone

in a piece of jewelry to show its best color. Tourmaline, for example,

is strongly pleoehroic and should be examined carefully.

KEY

Toughness (durability)

jxinr orfair

" very good

( leavage

X no cleavage

< leavage, indistim i

" cleai I lake care

" perfe< t <. leavage m one

<» more direction, take

partu uliir ( are

MAKING A CHOICE
i'he lapidary or jewelry maker will take these attributes into account

when choosing a gem material and working with it. and should also

be aware of the effect of water, acids and other chemicals, strong heat

or light, etc.. on gem materials so that care can be taken in handling

and working with them (see Caring for Gemstones and Jewelry,

pages 68-9).

Jewelers also need to understand the strengths and weaknesses ol

various gem materials in order that they can be confident of the iden-

tity of the material they are trading and also so that they can advise the

customer on the best care and cleaning methods (see pages 68-9), add

interest by providing details on where the gems may have formed and

most importantly disclose any treatments for example oiling or heat-

ing, which ma\ ailed the value, use or durability of the article.

TOUGHNESS CLEAVAGE NOTES

Amber * X I 'seel as tumbled stones, beads or for carving.

Ami nnsi * * or ** Faceted or used as tumbled stones or beads, cut as

cabochons or used for carving.

Faceted or used as tumbled stones or beads.\oi IMARJN1
*

Chau 1 no\i *** X Used mainly for tumbled stones, polished slabs, beads,

(INC H l)|s S(,\|| ) pendants, and carvings

< HRYSOBI id i

" to "• Xor* faceted or cut as cabochons.

CrnuNi •• • or " faceted or used lor beads and carvings.

'
1 IRA] • to

" \ 1 seel mainly for beads. pendants, earrings, necklaces,

cameos, and carvings. Scratches easily.
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TOUGHNESS CLEAVAGE NOTES

Diamond

Emerald

*** Diamond cutting equipment needed. Faceted.

* to
**

***

Emerald (and beryl) toughness depends on clarity.

Faceted or used as tumbled stones or beads.

Cleavage perfect and lack of toughness, used mainly for

beads, pendants, earrings, necklaces, and carvings.

Fl.UORITE

Garnet

*

** X No cleavage, but may have indistinct parting. Faceted or

used as tumbled stones, beads or cut as cabochons.

High density makes it heavy for jewelry, used mainly for

beads, pendants, and carvings.

Hematite * X

Ivory * X LIsed mainly for beads and carvings. Scratches easily.

Jade is particularly tough. Nephrite jade is even tougher

than jadeite jade. Mainly used for beads, pendants

necklaces and carvings.

Jadeite and

nephrite jade

X

Jet * to** X Used mainly for beads, pendants, earrings, necklaces,

and carvings. Scratches easily.

Lapis lazuli
* X Used mainly for beads, pendants, earrings, necklaces,

and carvings.

Used mainly for beads, pendants, earrings, necklaces,

and carvings. Scratches easily.

Cleavage perfect or easy in two directions, used mainly

as beads and cabochons.

Malachite * X

Moonstone and *

amazonite feldspars

Opal * X Irregular shaped pieces used in jewelry, cut as

cabochons or carved.

Used for necklaces and earrings.Pearl * X

Peridot *to** * Faceted or used as tumbled stones and beads.

Used mainly for beads, pendants, earrings, necklaces,

and carvings.

Harder than rhodochrosite, used mainly for beads,

pendants, earrings, necklaces, and carvings.

Faceted or cut as cabochon.

Faceted, cut as cabochon or carved.

Rhodochrosite

Rhodonite

*

*

X

X

X

X

Ruby

Sapphire

***

Shell
* X LIsed mainly for beads, pendants, earrings, necklaces,

cameos, and carvings. Scratches easily.

Spinel **

*

*

***

Faceted or cut as cabochon.

Faceted. Cleavage perfect in one direction.

Faceted. Cleavage perfect in one direction.

Faceted or used for tumbled stones, beads, pendants,

earrings, necklaces, and carvings.

LJsed mainly for beads, pendants, earrings, necklaces,

and carvings.

Tanzanite

Topaz * ***

Tourmaline * X

XTurquoise

Zircon

* to
**

*
to
« * Faceted.
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, 1

~

7 C

. \n Deco diamond brooc

b

(c. 1930), set with old

European-cut diamonds

Table i ul

Brilliant < ul

In
tin.' gemstone trade, diamonds are usually treated separately from

other colored gemstones. They are the hardest gemstone and arc

generally cut and fashioned by diamond cutlers, who will specialize

in their manufacture, or even just one stage in the diamond cutting

And polishing process

The earliest diamond cuts probably entailed no more than lemm-

ing the top of an octahedron crystal, known as the point cut. Another

early cut is the table cut, where the point of the octahedron is flat-

tened to a square facet called the table. As cutting techniques devel-

oped, further cuts were made and the polishing ol facets was

introduced. The rose cut, with a flat back and domed and faceted

front made of triangular facets, was introduced by the lath century.

The most common cut for a diamond is the brilliant cut. The first

type of brilliant was the single cut (or hall cut) with the main table

facet surrounded by eight smaller facets on the crown (the upper part

of the stone) and eight on the pavilion (the lower part of the stone).

During the 17th century, this evolved to the double cut (or Mazarin

cut), with 16 crown and pavilion facets and a culet (the small face

formed by polishing the point of the pavilion to a Hat facet). The

number of facets continued to increase. By the middle of the 17th

century, the triple cut (or Peruzzi cut), and variations including the

Brazilian cut and Lisbon cut. had 58 facets (including the culet) - the

same number as in the modern-day brilliant, which was introduced in

the lS2()s along with mechanical bruting (sec page 45).

BRILLIANT CUT
The proportions of the modern brilliant cut were developed by a

number of cutters, among whom the most influential was Henry

Morse, who in I860 opened the first diamond-cutting factory in the

I nited States at Boston, Massachusetts. Other designs have since been

introduced, including the "round brilliant" of Marcel Tolkow.sky,

whose book Diamond Design (1919) systematically analysed the

optics of a diamond to show the best lire and brilliance. The brilliant

cut is also used lor main other gemstones. Variations continue to be

developed, usually in accordance with the designs for standard pro-

portions of Eppler, Scandinavian Diamond Nomenclature (SCAN DN
(ait), and the International Diamond Council (IDC).

Round brilliant < ul

//lillii ; / B( li/

The fat ets qj

tl hnllitiul I III

"1table

stat facet

i rown main (kite) crown

facet facets

upperglrdle

(be el) hurl

girdle

lowei girdle fat et

pavilion main /<t< et

, ulet

pavilion

hurl,
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FANCY CUTS
Fancy cuts include variations on the round brilliant cut. such as the

oval, pear or drop-shaped (pendeloque), and boat-shaped (navette or

marquise) brilliants in addition to triangular, hexagonal, pentagonal,

kite-shaped, etc. With advances in computer technology and lasers,

new shapes and styles are entering the market, including computer

generated designs and gems engraved by laser. Marquise

STEP CUTS
Step-cut (also known as trap-cut) gems are generally cut to show

their color rather than fire or brilliance. In gemstones that show

pleochroism, the gem is oriented and cut to show the best color

when viewed through the table facet. Sapphires and other gems that

may show a color banding are oriented so that the banding is paral-

lel to the steps of the cut and cannot be seen clearly through the

table. If there is an area of a stronger color, it is best placed toward

the base of the gemstone, deep within the

_^^^fe^ pavilion, so that the color appears to flood

JM ^k the whole stone when viewed through the

jfl B table facet.

M^4 The step cut has a square or rectangular

table facet and girdle, surrounded by a

series of parallel four-sided facets. The num-

ber of facets is determined by the size of the

gem. In brittle gems, such as emerald, the

corners may be easily damaged, so they are

^^^^.„ usually removed during cutting. The result-

^^^^ ing cut is called the emerald cut or modified

step cut. As more of the corner is removed,

the gem nears the outline of a regular octa-

gon and may be called an octagonal cut.

Peudeloque-cut

pyrope garnet

Step-cut

gosbenite gem

^^^
Baguette-cut

tourmaline gem

%
Cushion-cut

cuprite gem

CUSHION CUT AND MIXED CUTS
In order to get the best "make" and maintain

a good weight, the cushion cut is often

used. The cushion cut is a variation of the

brilliant cut, with rounded cushion-like

appearance. Mixed cuts optimize both the

color and the fire of a gemstone by using

different cuts on the crown and pavilion

facets. The most common mixed cut is a

brilliant-cut crown with a step-cut pavilion.

STAGES IN FACETING A BRILLIANT-

CUT DIAMOND
The main diamond-cutting centers are

Antwerp, Mumbai (formerly Bombay), New
York City, and Tel Aviv (Israel). Although

much of the process can now be carried out

Pendeloque

Fancy

Step

Baguette

Cushion

Mixed

43



GEMSTONE CI fS FOP DIAMONDS

v

Brilliant-cut treated

yellow diamond ring,

weight 10.12 carats, with

<i two-tiered marquise-< ut

diamonds

with the aid of computers, there is still a need lor the "eye" of the

expert n> check the progress and assess the accuracy, make, and over-

all K » >k ( >l the gemstone. A different expert may earn -

out each step of

the proc ess

STAG! 1 The designer will cleeide how best to use the shape of the

rough stone, taking into account any Haws or inclusions, the

weight, and the overall quality of the stone. The designer may be

looking to produce the largest stone possible, or several smaller

stones with a larger combined weight. There will usually be a com-

promise between the number and size of the stones that could be

produced and the final yield. The value and quality of the polished

diamond will be judged on its color, cut, clarity, and carat (weight)

- the 4Cs.

Stag] 1 Once the decisi< >n has been made how best to use the rough

stone, it is marked for the first cut (saw) or cleavage (a break along a

plane of weakness related to the atomic structure of the diamond).

Nowadays, diamond sawing can be carried out by in a factory by

computer-controlled lasers.

Stage 3 The first step in faceting an octahedral diamond crystal may

be to saw off the top of the crystal using a rotating disc coated with a

coarse diamond abrasive, A diamond may also be cleaved to divide it

in two. In order to cleave a diamond, the diamond is first cemented to

a stick (dop), a small groove (kerf) is made along the mark into which

is placed a steel blade. The blade is then given a sharp hit with an

iron bar to cleave the diamond in two.

Stag] t The diamond is given a rounded outline by holding it

against a revolving cast-iron wheel, known as a "scaife," coated with a

Gem polisher at work

in IIuiiIhikI
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( v<>\\.\

/Ml 1UOS

Atfar left, the ideal

proportions ofa brilliant-

cut diamond .1/ left, two

brilliant-cut diamonds:

the larger table (top) has

less reflection, while light

is reflected upward in the

smaller table (hot/om ).

diamond powder paste. This process, called "bruting," gives the dia-

mond the appearance of frosted glass. The girdle, the widest part of

the stone, which will separate the top (crown) facets from the lower

(pavilion) facets, can be seen at the end of this stage.

Stage 5 The facets are then made using the scaife. The flat table facet

is ground first and then the bezel facets. The facets are ground and

polished in a particular order; first the pavilion main facets, the culet,

star facets, upper girdle facets and lower girdle facets.

Stage 6 A "brillianteer" then adds the remaining 24 crown and 16

pavilion facets, bringing the total to SS facets including the culet. A

finer-grained diamond abrasive powder is used for each progressive

stage of polishing. The diamond is then ready to be mounted in a ring

or other piece of jewelry.

CHOOSING THE MOST SUITABLE CUT
When choosing the best cut for a gemstone that is being fashioned

to be set in a piece of jewelry and sold by a high street retail outlet

or jewelry shop, a lapidary will look for a compromise between

appearance and size (carat weight) as the value of the piece will

depend partly on size. For colored gemstones, the color is the

most important attribute, and a good colored gemstone will have a

premium. For designer jewelry, the gemstone may take second

place, with the value added by association with the fame of the

designer and the appearance of the setting. Where gemstones are

used, they should be well cut.

An appraisal of the cut of the gemstone is referred to in the

jewelry trade as the "make" or "cut." A gemstone with a good make

or cut with symmetrical, facet edges should be sharp and given a

good polish and the angles of the facets should be fashioned so that

as much light as possible is reflected back through the front of the

gemstone, giving the gemstone the best possible sparkle and fire.

The gemstone should look well-proportioned, neither too deep or

too shallow, or top or bottom heavy. The "shape" of a gemstone is

the term used to describe the outline of the faceted gemstone: for

example, round (as in round brilliant cut), oval, square, rectangle, or

fancy shapes such as heart and kite.
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T .-) ;<>«' ofrough

diamonds arranged in

order ofclarity (top)

and color \\ hen being

i beckedfor clarity.

diamonds are given grades

rangingfromflawless to

heavily included \\ hen

chirkedfor color they are

given grades ranging from

I > u olorless) to "Z" in

normal range ofyellow,

gray, and brown Outside

this color range diamond''

arc considered Jam ies'

ifthey hare a strong color.

The Diamond Trading

Com/>an y sorts diamonds

into around 12.000

categories ofclarity, color,

i mat weight, and cut.

known as the iCs.

The value of a diamond is .said to be in its ability to evoke emo-

tions of love and romance. Diamonds arc most often given as a

token of love, so selecting a diamond is important to both the cus-

tomer as well as the recipient. Most diamonds are sold at Christmas

and Valentine's Day. a clay associated with romance. Many engage-

ment rings contain a single diamond (solitaire) or a colored gemstone

and one or more diamonds. The most popular cut is the round

brilliant, a traditional cut with perfect symmetry and a high degree of

sparkle. Customers will pay between 1 (
)— 1

S

1 '

( . more lor a well-made

round brilliant cut. Other cuts such as princess, emerald, baguette,

marquis, and pave cuts are a more personal choice.

Buying a diamond may be an impulse buy, but il possible take time

to learn more about the diamond industry, get to know local jewelers

and spend time looking at diamonds, reading about them and talking

about them.

When choosing a diamond for yourself or as a gift for a loved one.

remember that the cost of the diamond is decided following an

assessment of the color, cut, carat (size), and clarity oi the stone.

There will also be other costs to take into account too, such as the

value added by the setting, the fame attached to a jewelry designer,

and also overheads needed to cover a proportion of the costs

incurred by the shop, such as rent, heating, lighting, and staff costs.

The mark-up between the wholesaler and the retailer may be as much

as 300%. The mark-up from the value of the rough to the finished
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product is probably somewhere in

the region of -KK)"n or S00"i>. The rea-

son why gems are typically priced so

high to the ultimate consumer is

because of the number of "middle

men" each taking a cut in order to run

a profitable business.

Diamonds and colored stones fol-

low a similar route once they reach

the importer, passing from the whole-

saler to the manufacturer, the whole-

sale jeweler, to the retail jeweler and

finally to the customer. The same dia-

mond may cost more in a well-

known jeweler's shop in the center of

a capital city than in a local town.

AREYOU ONE OF THESE BUYERS?

I . Size is most important - the bigger the better

Color and clarity don't matter to you.

Go for the yellowish diamond with inclusions - as long as the

yellow isn't too obvious and the inclusions don't detract from

the beauty of the stone too much.

'ow about I carat and amy ana L-7V1 color.

2. Size is important - but it has to look good too

Color and clarity are important, but not the main concern.

Go for the slightly yellowish diamond with inclusions that are so

small they are hardly noticeable.

How about 0. 75 carat and larger, I I clarity and K color.

WHAT TO LOOK FOR?
You may be looking for a particular

color or shape or may be just con-

cerned with size. If possible, have a

look at a number of different dia-

monds. A diamond that is certified as

having very small inclusions (VS1 or

VS2) which are difficult to see without

a xlO hand lens will cost less than a

diamond which has inclusions that

are difficult to see even for an experi-

ence diamond grader using a xlO lens

(WS1 or WS2), and far less than a

flawless diamond which shows no

inclusions under a xlO lens.

Most people are unlikely to use a

xlO when wearing a piece of jewelry

or noticing a piece of jewelry worn

by a friend or colleague, and even

quite a large inclusion (SI1 or SI2) is

unlikely to be noticed across the

candle-lit table. Unless the diamond

contains obvious inclusions which can sometimes be seen

easily with the naked eye (II, 12 or 13) it is unlikely that the inclusions

will be noticed even by the most curious admirer.

Some jewelers talk about the 20% rule. If you are looking at two

diamonds of the same shape and quality (color and clarity), to look

larger, one must be a minimum of 20% more in carat weight. This is

known as the 20% rule and is important, as there is little point in

buying a slightly heavier stone, which will cost more, if it looks no

larger. Unless, of course, you just want to be able to quote the carat

weight of the diamond you buy, in which case the heavier the belter.

3. Size and quality are equally important

The diamond doesn't have to be perfect, but it should look

How about 0.50 carat and larger, SI I clarity and l-J color.

4. Quality is more important than size

The diamond must not only be eye-clean, it has to be

reasonably clean when examined under a jeweler's loupe

(x 1 magnification). It must be white and sparkle.

How about 0.50 carat or larger, VS I clarity and G color.

5. Profit is most important, so the right shape is

essential

For an investor who aims to store the diamond and resell it at a

later date for a profit, a round brilliant-cut stone is best.

How about I carat and larger, WS / to FL clarity and D, E, F color.

The diamond should come with a diamond-grading laboratory

report from a reputable laboratory.
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A Inclusions are not uncommon

in diamonds This image shows

the diamond magnified xlO

so. think about what yon are happy to buy - do you want to know

that the diamond you give is flawless, the biggest or the best, even

though the receiver probabtj will not notice the difference? Do you

want to know the value, the clarity and color grading, and the carat

weight of the diamond that you receive, or arc you content to have a

diamond thai is given by someone special and looks just fine?

Success in the diamond industry is based very much on reputation

and personal contacts. Mam jewelers and gem dealers can trace their

trade through several generations. Nowadays it is even more impor-

tant for a reputable local jeweler to be aware of what he she is selling

and to offer a fair price in order to compete with internet sales.

shopping channels and other large ventures. Choose a jeweler with

whom you leel confident, meet regularly, and ask questions.

CERTIFICATION
II you are buying a particularly large or expensive diamond you may

wish to check that it has been certified by a gemological laboratory

mk\ that the jeweler is certain of the identification. Generally, how-

ever, a certificate is not necessary unless you are a diamond investor

buying investment-grade diamonds and intend to sell them on at a

later date, or you are a diamond investor buying tancy-coiored

diamonds and need certification that the color is natural, or you are

concerned that the jeweler might exchange your diamond for a

different stone (synthetic or imitation) or a diamond of lesser value,

lor example, when resetting a stone, cleaning a stone or modifying a

piece of jewelry. In the final scenario, if you are worried, ask the

jeweler to plot internal characteristics (inclusions. Haws, and so on)

of your diamond, take its measurements, and sign these on the job

sheet before the work is done. I lave these checked again alter the

work is done. II you are really worried, go elsewhere.

For a diamond report to be valid, it must be recent (within six months)

and the diamond must not have been worn since certification. If you are

having diamonds certified to guarantee current quality before selling

them, do not allow them to be worn as this could invalidate the report.

There are main synthetics, simulants and imitations on the market,

and without up-to-date training and knowledge it is difficult lor many

jewelers to keep aware of the modern technologies. Ask whether the

jeweler is a member of a Hack' organization ami whether their stall

receive- regular industry updates and training.

SPOTTING A FAKE
What can von look for? Without having seen a number of natural

diamonds and diamond simulants, it is difficult to spot the difference

between a diamond. CZ (cubic zirconia), moissanite, or another

c olorless stone designed to imitate a diamond. It is even more difficult

when the Stone is set in a piece ol jewelry. Comparison ol a CZ and

a diamond will show thai the fire (sparkles ol differenl colors) in a

< / ,iic- bnghtei and somehow "loo much," compared with the subtle

but wonderful rainbow shown by a diamond when it is moved with a

.s
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light shining on it. Glass (paste) looks tin II and lifeless compared with

diamond. There are a number of other tests, though most need to be

carried out using gemological equipment. The "spot test" and "tilt test"

are a couple of tests yon might like to try at home.

The spot test is more easily done on an unset round brilliant-cut

diamond, but may also be possible where the diamond is not set in a

elosed setting, i.e. the culet (the point on the back of the stone) can be

seen clearly from the back of the piece of jewelry. The band of a ring

would usually make it too difficult to get a good enough view of the

back of the stone to test it. If the diamond is not set in a ring or a piece

of jewelry and the cut (or make) of the stone is good, i.e. the stone is

well-proportioned, symmetrical and has been cut well, no light should

leak out of the back of the stone. Draw a spot on a piece of white

paper and place the diamond table facet down on top of the spot. The

black spot will not be visible through the diamond but will be visible

through a brilliant round-cut CZ, paste, quartz (rock crystal), spinel,

white (colorless) sapphire, moissanite, or other diamond simulant.

The tilt test can be carried out on a diamond that is set in a ring or a

piece of jewelry, as long as the edge of the table facet (the large flat

face on the front of the stone) can be seen clearly. Hold the diamond so

that the table facet is horizontal. Look along (not at) the surface of the

table facet and then gradually tilt the stone toward you. This test is

similar to the spot test, and if, as you tilt the gemstone, you see a dark,

fan-shaped area through the table facet, it is unlikely to be a diamond.

If you are concerned about the source of the diamond and wish to

support ethical sourcing, ask the jeweler where he/she buys the dia-

monds, and do they buy from a reputable source? Can the wholesaler

follow the route back to the cutter/polisher, and can they confirm that

the rough material was certified using the Kimberley Process Certifica-

tion Scheme?

V A pair ofengagement

ringsfeaturing diamonds

set in a platinum ring.

WHAT SHOULD YOU PAY?

There isn't a right amount. There have been some studies of the

amount that men spend on engagement rings, with results ranging

from a proportion of their monthly income in some countries to five or

more times their monthly income in others, but as much depends on

personal circumstance and more often than not a totally free choice to

buy the perfect diamond is just not possible. Who buys diamonds?

They are sold in practically every country of the world. However, as a

luxury item, they are more likely to be purchased in developed coun-

tries than those where getting enough food and fresh water are the

main concerns. Most of the diamonds are produced in Third World

countries for sale in developed countries. The US, with only 5°/o of the

world's population, absorbs about 50% of the global diamond market.

It you are a jewelry designer, you will be concerned not only

with the -tCs, but will be looking for other attributes, looking for how
best to use the diamond or diamonds to create a piece of jewelry

that demonstrates creativity, originality, wearability, and craftsman-

ship. The color, shape, and size serve as a source of inspiration.
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T As with till colored

gemstones, the < olorof

an emerald will affect its

market value, the rit her the

green, the more valuable

thegem This is a 75 < arai

emerald, set m platinum

and surrounded by 129

diamonds

Many people are not aware that there are still new gemstone

sources being discovered and that sources which have not pro-

duced for a while are stalling again. An overview on what is new or

iH-wK available helps dealers and retailers adjust pricing and get bet-

ter samples Keeping up to date with new discoveries and knowing

what new gemstones are available will help you decide which gem-

stones to buy and which sources to trust.

Most importantly, buy from a reputable dealer or retailer, buy what

you can comfortably afford and what you like. If you are buying for

investment, ensure that the gems that you are buying for your portfolio

have the best color, clarity, and quality that noli can afford. If possible,

get advice from a gemologist before investing. Avoid buying without

viewing the stones and if possible view them both in daylight and

artificial light, as the intensity and hue of the color may vary depend-

ing on the light source. Some stones may also be color-change stones

and show quite different colors or shades of color when exposed to

sunlight or artificial light. Colored gemstones. particularly rough

material (including crystals) should also be viewed from all sides as

color and intensity may vary (see pleochroic gemstones, page 31 ).

When buying colored gemstones, the color is the most important

attribute and may count for as much as 50% of the value of the stone.

Clarity counts lor about 25—30% of the value, Inclusions and Haws

ma\ detract from the appearance ol the stone and lessen its value, but

interesting, attractive or characteristic inclusions may add to the value,

for example the characteristic horsetail" inclusions found in green

demantoid garnet and rutile inclusions seen in colorless quartz (rock

crystal). The cut is subjective and may have little or no effect on the

price. The remaining value is based on carat weight, so when buying

colored gemstones, it is better to buy for beauty rather than size.

COLOR
\s with diamonds, where it is important to make the distinction

between color grading, which can be carried out on unmounted dia-

monds, and a color assessment which is

carried out on diamonds set in jewelry,

the color of a gemstone will be affected

by the color and reflectance of the setting

and the light under which it is viewed, 'file

selling and the light should therefore be

taken into account when assessing the

color ol any colored gemstone.

The intensity ol color is important, for

example the intensity of the green color

ol an emerald will greatly influence its

value. A pale or insipid green will be less

valuable; a green beryl will cost less than

an emerald. The most prized emeralds

are mined in Colombia, South America.

Recently, new deposits ol emeralds have
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been found in Zambia and Zimbabwe in East

Africa. However, they arc not as accepted as the

Colombian gems, and tend to sell for a 50%

discount to the Colombian gems.

The color of gemstones may also be associ-

ated with the locality, for example, rubies from

Burma (Myanmar) have a premium, as do

Kashmir sapphires. Sapphires from Burma

have a stronger blue color than those from

Sri Lanka or Thailand, though heat-treatment

can enhance a stone lacking in intensity or of a

lesser color. The color that is associated with

a particular gem may be usual or rare, for exam-

ple sapphire occurs in many colors and can be

treated to change or enhance its color.

Natural untreated pink-orange of padparad-

scha has a premium as it is unusual compared with blue sapphire.

Premiums for unheated Burmese and Kashmir sapphires and unheated

Burmese rubies are expected to increase as some dealers and collectors

are avoiding heated fancy-colored sapphires clue to the beryllium

diffusion treatment (see Gemstone Enhancement, pages 61-3). Un-

heated stones are now commanding -40-50% premiums over heated

goods. It is difficult to identify gemstones that have had this treatment

and even professional dealers are generally advised not to buy

corundum without a report from a major independent laboratory.

Be especially careful of intense orange, vibrant yellow sapphires and

pink-orange padparadscha.

In opal, the stones that show flashes of red are generally more

valuable than those that show only blue and green, as red is more

unusual. It may be, however, that you find the flashes of blue and

green more attractive and would gladly spend more on a piece that

you particularly like, rather than a smaller piece that is more expen-

sive. The same could be true for any other gemstone that shows

an optical effect or is special to you in some way. It may even be a

pebble or a crystal of a particular color or shape that catches your eye

rather than the most expensive piece of jewelry in the shop.

Most diamonds are colorless with a yellowish tinge or a hint of

yellow. Colorless diamonds are more valuable than those with a yel-

lowish tinge. Fancy-colored diamonds are assessed on the intensity

of their color. Red diamonds are the rarest and therefore the most

valuable, though red diamonds can now be produced from lower-

value diamonds by high-pressure, high-temperature (HPHT) methods

(see Gemstone Enhancement, pages 61-3). After red. comes green,

blue, pink and yellow. Yellow to colorless diamonds can be valued

between hundreds to thousands of US dollars per carat. Some fancy-

colored diamonds, for example pink diamonds, may be valued in the

region of tens of thousands of US dollars per carat.

In general, gemstones that are in bright colors, such as red,

blue, green, and yellow, are more valuable than those that are dark

A Pink and bine rough

diamonds. Tlxse colors are

rare in diamonds and are

known as "fancies. "Pinks

are found in Tanzania and

Australia, and bluesfrom

Citllinan in South Africa.
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colored, such as brown, gray, or black. If the gemstone is heavily

included or opaque, the color may have less influence on the

value. There are exceptions and sonic gemstones arc only found in

these darker colors, for example hematite (metallic gray in color)

.\nd jet I black). The low price does not necessarily mean that the

gemstone is unattractive: it may be that it is more readily available

than another «emstone.

Fine andpoor examples

i ''in i utting a ni/

polishing a well < m i Urine

i vellou > iiinl ii poorly < ;//

sapphire (blue)

CLARITY
Clarity in diamonds i.s one of the main criteria used in valuations,

along with color, cut. and carat weight (the 4Cs), and grading for

clarity follows specific guidelines and grading schemes (see page 46).

The appearance and quantity of inclusions or Haws in colored gem-

stones is less prescriptive. Much depends on where the inclusions are

and whether they are easily seen. Attractive, distinctive or character-

istic inclusions can add value to a gemstone. They may also serve to

show that the gemstone has a natural origin rather than being a

product ol a laboratory. Laboratory-produced artificial gemstones

and synthetics will not contain naturally formed inclusions. They may

even look "too clean to be real." The value is in the overall appear-

ance of the gemstone rather than its clarity.

Optical phenomena such as cat's-eyes and star stones are formed as

a result of inclusions. These may add value and interest to an otherwise

translucent or opaque gemstone. Other optical phenomena that may

add value to the gemstone include: adularescence (e.g. moonstone);

labradorescence (e.g. labradorite); aventurescence (e.g. aventurine

quartz); iridescence (e.g. hematite). When buying a gemstone that

may show these optical phenomena, be sure to view the gemstone in

both natural and artificial light and to move the light source, or the

gemstone. as you look at it.

for gemstones such as ruby and sapphire, a translucent or opaque

gemstone is unlikely to be faceted and will be cut en cabochon, or

fashioned as a polished slice. These are of far less value than a faceted

transparent piece that has been well cut.

Unfaceted gemstones generally cost less than

faceted pieces as they cost less lo produce

and material of a lower clarity can be used.

Cut

The value thai is added or taken from the

gemstone bv (he quality and type ol Cut

chosen is subjective, as ii will depend on

how n affects (he attractiveness of the gem-

stone. A poorly chosen cut may not show the

gemstone al ils best, and a poorly or badly

mt gemstone may be discounted by as much

as 50% in ordei for the dealer to sell it. A new

or fashionable cut or a particularly attractive

or well cut piece may be sold al a premium.

Si
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Carat weight

Gemstones are usually sold by weight (carat weight)

rather than size. Generally the higher the carat weight,

the more valuable the piece. However, with colored

gemstones, as noted above, there is more to the value

than just the weight. When buying gemstones, a

dealer may have separated faceted gemstones of

a particular type into categories, each with a per-carat

value. To work out the cost of the gemstone multiply

the carat weight by the per-carat cost. By comparing

per-carat prices of transparent gemstones rather than

total price, it is easier to compare prices accurately.

Also, when comparing gemstones try to compare "like

with like," that is. gemstones of the same color, size,

shape, and quality. Gemstones such as amethyst and

blue topaz occur in a wide range of sizes and each

may have the same or similar per-carat price. Gem-

stones such as mby, sapphire and emerald, which are

seldom found as large gemstones, will have a higher

per-carat price for the larger gemstones than for the

smaller, more usual, sized pieces.

Two gemstones of equal weight can be different

sizes. This is because of the difference in density;

for example, a 1-carat ruby and a 1-carat emerald

each weigh 1 carat, but the emerald will be larger

because it has a lower density (see specific gravity,

page 35).

It is also important to note whether the carat weight is that of a single

gemstone or of the total within a piece of jewelry or in a purchase

Larger gemstones are more rare and therefore more valuable. Check care-

fully to see whether the label says "1-carat total weight" (TW) or "1 carat,"

the weight of the gemstone. There is also a premium for a gemstone that

is cut to a full weight, for example 0.5 carat or 1.0 carat, and the lapidary

will bear this in mind when cutting and polishing a gemstone.

A Diana, Princess of Wales,

wearing a suite ofsapphire

and diamondjewels

presented by the Crown

Prince ofSaudi Arabia, and

the Spencerfamily tiara.

THE PRICE OF COLORED GEMSTONES
Gemstones fall broadly into three categories: those that one might buy

for everyday wear and are fairly affordable; those bought for special

occasions; and the veiy expensive gemstones that only a very small

minority would ever have the opportunity to own. Values and prices

vary considerably, so it is not possible to give a definitive list.

Just a few examples of the better-known gemstones are given on

page 54 to show the wide range in value, from gemstones costing less

than US$200 per carat to those costing tens of thousands of US dollars

per carat for a well-cut gemstone of good color and quality. This

table is only a rough guide to comparative values. Particular gemstones

may also be valuable for reasons other than color, cut, carat, and

clarity, for example those that are associated with a particular member

of royalty, a film star or celebrity, a particular locality or famous mine.

53



BUYING COL( )K1 I) GEMS! ONES

COLORED GEMSTONE PRICES

Alexandrite

Demantoid garnet

Diamond

Emerald

Fire opal

Irradiated blue topaz

Irradiated blue zircon

Labradonte

Paraiba tourmaline

Peridot

Pyrope garnet

Ruby

Sapphire - natural

Sapphire heat-treated

or synthetic

Star ruby

Star sapphire

A Comparative gemstone

valuesfor a well i ut

t, me q) good i olor

and quality from less than

i S$200pe> carat < > i<> tens

ofthousands oft S dollars

pet i •at u ( ***).

a historical event, or a record breaker such as the

largest, the best color, the heaviest, and so on.

In order to keep up to date and follow trends in

the market, gemstone traders and valuers work

from lists that are updated daily or weekly. A gem-

stone's value may vary depending on any number

ol reasons including fashion, availability of stock.

the discovery of new sources and the closure of old

sources, changes in import and export duties and

taxes, the introduction of new treatments, and con-

flict in areas of gemstone mining or production.

BUYING ABROAD
Although it is usually best to buy from a reputable

jeweler near to home, so you can return any pur-

chase, many people like to buy while traveling

abroad. Beware and buy only what you can com-

fortably afford. It can lie fun to buy while traveling

in your own country or abroad, and many people

return with beautiful mementoes of a special visit or

holiday. However, others may have been pressur-

ized into buying gemstones by traders well experi-

enced in the "art of the hard sell," or buy out of

desperation, tor example just as a tour bus is about

to leave and the pressure is on to make a quick

decision. They may regret such a hasty purchase.

Relying on buying gems as a means of financing a

trip is inadvisable, for example students spending

more than they can comfortably afford in the hope

of selling the gemstones on their return may find that

the experience does not turn out to be a happy one. It is extremely

unlikely that gemstones bought in this way will cover the finances of

the trip, and without an understanding of import export laws and taxes,

the costs entailed ma\ even exceed the original budget.

As long as you bu\ gemstones that you are pleased with and can

afford, then any bad news, such as the stones are not worth as much

.is you paid lor them, or that they are lakes, simulants or synthetics,

should not leave you too much out ol pocket, merely a little wiser.

Most countries have reputable high-street jewelers. I low ever, il

you wish to be a little more daring and bring something back that you

might not normally find in your own country or something that is

typical ol the country, such as a souvenir ol a particular plate, then

the following section on traveling abroad may help you decide what

you might like to look out lor. You m.i\ even have time to look tor

and col lei. t your own specimens, Even il you find what you think you

are looking lor. beware, as the new initiate is always at risk from

unscrupulous vendors, and even an experienced gemstone buyer

in. a make a mistake or be taken m by the atmosphere mu\ what mav

seem like the "once in a lifetime" opportunity.
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TRAVELINGABROAD
If you wish to sec some of the best material that has been sourced

locally or a range of specimens from around the world, including

crystals, cut and polished gemstones that have not been set in

jewelry, and jewelry (traditional and contemporary), you may wish to

take an opportunity to visit local and national museums and galleries

as well as jewelry centers and retail outlets. Be wary of street traders

and market stalls. Short breaks to the capitals of Europe or longer

trips further afield can reveal many hidden treasures.

This table shows just a few countries you might visit, the gem

cutting and polishing areas and jewelry retail centers that you might

like to head for. a few museums and galleries with royal regalia,

collections of gemstones or jewelry, and some of the gemstones to

look out for when visiting. The list is not exhaustive, and you may

find your own favorite museums, visit workshops on your travels,

see mineral and gem collections, and explore shops packed full of

wonderful displays of minerals, gemstones, and jewelry that you

would not find back home.

Gem cutting and polishing Museums and galleries with Gems and minerals, and

AREAS AND JEWELRY RETAIL COLLECTIONS OF GEMSTONES MINERAL LOCALITTES

CENTERS AND/OR JEWELRY

Europe
England The jewelry centers of The collection of royal regalia Jet (Scarborough and

London (Hatton Garden) housed in the jewel house in Whitby), Blue John and

and Birmingham (jewelry the Tower of London. other fluorspars, agates and

quarter). The Natural History Museum
(London), Victoria and Albert

Museum (London), Wallace

Collection (London) have

collections of minerals, gems,

and jewelry.

jasper, etc. Peak District.

Scotland National Museum of Smoky quartz and

Scotland (Edinburgh). Cairngorm (Scotland).

Wales Displays ofWelsh gold at the Disused gold mines and

National Museum of Wales slate mines (Wales).

(Cardiff).

Belgium Antwerp is the jewelry National Museum (Brussels).

center of Belgium.The Royal Belgian Institute of

diamond district houses Natural Sciences (Brussels).

diamond bourses and the Diamond Museum (Antwerp).

Holland

Diamond Museum.
Diamond-cutting factories The Amsterdam Diamond
(e.g. Stoeltie Diamonds, Center.

Gassen Diamond) offer

Finland

France

guided tours (Amsterdam).

Ylarnaa Clem Museum. Labradorite and iolite.

Gem shows in Paris in The Louvre with crown jewels. Tourist sites with lapidary

December. etc (Paris).The Museum of museums for example in

Natural History and the Avignon, Perigueux and

Mineralogical Museum, Castlenay Castle.

housed in the University -

Ecole des Mines (Paris).
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(iIMII 1TING AND POLISHING Museums and galleries with Gems and minerals, and
AREAS AND JEWTLRY RETAIL COLLECTIONS OF GEMSTONES MINERAL LOCALITIES

CENTERS and/or JEWELRY

(il RMAM The center of the gem The Edelstein Museum of Area traditionally famous for

trade is in the joint towns Gemstones (Idar-Oberstein). agates, can still visit a

of Idar-Oberstein. Dresden's Green Vault houses traditional agate mine, see

the famous Dresden Green demonstrations of agate

diamond. Museum Reich der cutting (though most is

Kristalle. Munich. imported) (Idar-Oberstein).

Munich annual gem and

mineral show.

Czech w.ilk the lanes of Prague Renowned for its Bohemian Pyrope garnet.

Republh to see shops full of garnet gems (garnets), visit the Natural

jewelry.

Fashion stores of Milan,

History Museum (Prague)

\\\\\ Museums in Rome, Florence Coral workings in Naples

Koine. Florence and Naples. and Milan, see also the and cameo workshops
Yicenza gem and jewelry Castellani Collection of (coral, agate and shell)

fairs and trade shows. ancient Etruscan coins, gold

and jewelry at the National

Etruscan Museum in the Villa

If you are keen on making

Giulia, Rome.
Spain Museo de Joyeria Regina Andalusite and chiastolite

your own jewelry, there jewelry museum (Cordoba). from Andalusia. Simulated

are a number of wholesale Mineralogical museum in pearls (Majorca). Peridot

head and fixtures traders Valverde de Camino and (Canary Islands).

who will sell to the individ- Seville. Museum of the School

ual (Barcelona and Madrid). of Mines (Madrid).

Jewelry center (Cordoba).

Switzerland ( enter for precious stones The Geological Museum of

(Geneva). Lausanne.

TURKEY Topkapi Palace Museum Carved pipes made of

(Istanbul). meerschaum. Diaspore.

RlSSIA Russia is a major supplier The State Hermitage Museum Alexandrite, charoite, amber.

of synthetics. and its amber room (St Peters-

burg). Fersman Mineralogical

Museum, Moscow.
The Middle East

Sai di Arabia, Gold and silver rather than Pearl museum (Dubai) though Quartz pebbles marketed as

Ki « \n. gemstones. pearl industry now mainly "Saudi diamond."

Bahrain, cultured.

Dubai, Qatar
()\iw

Israel Major cutting center. Geological Museum of the Eilat stone cut en cabochon.

Jewelry center in Ramat- Hebrew University. Jerusalem.

Gan area ofTel-Aviv has

Israels Diamond Exchange

and Colored Stone Exchange.

North America
i SA Fashion stores of Fifth Smithsonian Institution Tuscon annual gem and

Avenue, \cw York The Gem (Washington. D.C.) houses mineral show, the largest in

Museum/Store, (Honolulu, the national collection of the world with more than

Hawaii) has more than gemstones, including the Hope 1,000 exhibitors Turquoise

60,000 gems and minerals. Diamond. American Museum used in traditional Native

including lapis from Of Natural History (New York). American jewelry.

Afghanistan. Harvard Mineral Museum.
Boston.

Canada Diamond mining. Pacific Ammolite and mammoth
Mineral Museum, Vancouver. ivory (Rocky Mountains).

Labradorite and sunstone.

Nephrite jade.
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Gem cutting and polishing Museums and galleries with Gems and minerals, and
areas and jewelry retail COLLECTIONS OF GEMSTONES MINERAL LOCALITIES

centers AND/OR JEWELRY

Central ane < South America

Brazil Brazil supplies the world H. Stern Gem Museum, Rio de A must for the crystal and

with a vast array of crystals Janeiro, includes workshop mineral collector.

and gems. Agates and geodes tours and private collection

on sale in tourist shops of tourmalines, etc.

(e.g. Rio Grande do Sul).

Mexico Center of opal production Jade production and museums Fire opal, water opal, jadeite

and lapidary work is the Antiqua Guatemala (Western and garnets.

state and city of Querataro, Highlands) and San Cristobal

134 miles (215 km) de las Cusas (Chiapas State).

northwest of Mexico City.

Dominican Amber sold in many shops. Larimar Museum, Santo Amber (Amber Valley). Blue

Republic Domingo and amber museums. pectolite, known as larimar.

Africa

Tunisia The Bardo Museum (just out- Compressed amber and
side Tunis) has Roman mosaics, amber simulants.

artifacts and jewelry.

Madagascar Wide range of gemstones in

dealers' shops and on market

stalls.

Beryl.

Asia

China Wuzhou Gemstone City in Gem museums in university

Guangxi Province is China's towns including Gem Museum
largest costume jewelry in Dalian. Mineral museums
center, covering a vast area including Mineral Museum,
of nearly 5.4 acres, with Shenzen (Guangdong Province)

over half devoted to separate near the mouth of the Pearl

businesses and 500 shops. River, Mineral Museum in

Shekou, Nantau Peninsula

Natural, cultured and dyedHong Kong Large displays in commercial Natural History Collection,

areas and large shopping Hong Kong Museum of pearls. Dyed jade.

malls. History.

India Moonstone.
Indonesia Market stalls may sell rough Bandung Geological Museum,

and faceted material includ- Bandung,West Java.

ing Java and Barjamasin.

Sri Lanka Very wide range of gem- Visit museums to see the range Cats-eyes of various

stones, the "Land of gems." available, e.g. Gem Museum, gemstones. Moonstone.
Ratnapura is the "City of gems." Kandy.

Thailand Gemstone supermarkets Museum of Mineral

(Bangkok) offering gem- Resources, Bangkok.

stones from around the

world, particularly Thailand,

Sri Lanka, India, Madagascar,

and Burma (Myanmar). Major

trading center for ruby and
sapphire (Chantaburi), with

weekend gem markets (for the

professionals). Bangkok gem
and jewelry show.

Australasia

Australia Opal, diamond and sapphire.

Argyle Diamond Mine,

famous for its pink diamonds.
New Zeaiani: i Nephrite jade, paua shell

and soapstone. Kauri gum
may be mistaken for amber.

57



IMITATION AND SYNTHETIC GEMSTONES

Art Nouveau pendant

set with an oval green

paste (glass) gem and

matching i/m/>

A (,nhl< .11, mild (CZ)

a diamond Minnliiiil

Because of the value ofgemstones and their rarity, there will always

be a market for imitations or cheaper copies. Generally speaking,

imitation gemstones are made to deceive. They are made from any

material, natural or man-made, that looks similar enough to be taken

for the real and more expensive gem.

Imitations have been made for at least 6,000 years, for example

blue faience (glazed clay) was used by the Egyptians to imitate

turquoise. Romans used colored glass to imitate gemstones including

emeralds and rubies. The Victorians used a number of materials

including glass (paste), plastics, and resins to imitate both the natural

mineral gemstones and the organic gems such as amber and shell.

GLASS
Glass is a versatile material as it cm be made almost any color and

can be molded or faceted to give the required appearance. However,

there are noticeable differences between glass and gems. Glass is gen-

erallv not as hard as the gemstone that it imitates, and so will scratch

more easily. Furthermore, its facet edges may appear scratched and

worn. There may also be bubbles or distinctive swirls within the glass,

which can be easily seen with the use of a hand lens (loupe) at a xlO

magnification. A gemologist will also be able to distinguish glass by

its single retraction and the value of its refractive index (1.5—1.7), as

there are no singly refractive gems with the same refractive index.

DIAMOND SIMULANTS
( )ne gemstone can be used to imitate another more expensive variety,

for example citrine to imitate topaz, or colorless glass or quartz to

iniitale diamond. Colorless glass does not make a convincing dia-

mond imitation (simulant) as it lacks the hardness, fire, and sparkle.

There have been other diamond simulants, including, for example,

yttrium aluminum garnet (YAG) ,\ud strontium titanate, but all have

either lac keel fire (spinel, quartz, topaz, paste, plastics), or had too much

(strontium titanate, rutile), been loo soft or brittle. Diamond simulants

can be distinguished from diamond by the lad that they conduct heal far

less readily than diamond. Conventional diamond testers test for thermal

conductivity and are useful in separating diamond from simulants such

as cubic zirconia. corundum, glass, synthetic rutile. and zircon.

( )lher diamond imitations include CZ (cubic zirconia) and moissan-

ilc. Synthetic moissanite was produced in the l

( )~0s. but early Stones

were yellowish. Moissonite is now produced as an almost colorless

material which is nearly as hard as diamond, measuring more than

nine on the Mohs scale- and quite difficult to identify, The main differ-

ence is lh.it diamond is singlv refractive, while moissanite is doubly

refractive. In larger moissonite gemstones. this can be seen as a

doubling ol the pavilion facets when viewed through the stone, but in

small stones mounted in jewelry, moissanite can be difficult to iden

nlv Thermal diamond testers cmnot be used to discriminate diamond

from moissanite. bee a use- both are thermally Conductive, I low ever, an

elei tin al conductivity tester will indicate moissanite.
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COMPOSITES - garnet-topped doublets and

sonde emeralds

Imitations may also be composites - made ot more

than one part. For example, a piece of green glass

topped with a slice of red garnet can be used to imi-

tate an emerald or green garnet. The garnet-topped

doublet (GTD) is made of two parts and the junction

between them can usually be recognized by the dif-

ference in luster. There may also be characteristic bub-

bles in the glass, which are not visible in the garnet.

When viewed through the table facet, the gem-

stone appears green, but when viewed from the

side, or immersed in water, the red slice of garnet

will be more obvious. GTD can be made to imitate

gemstones of all colors by altering the color of

the glass beneath the gemstone top. Another com-

posite is the soude emerald, made of two layers of colorless quartz,

sandwiching a thin green layer of gelatine or glass.

COMPOSITES - opal doublets and opal triplets

Opal often occurs in thin seams with the precious opal forming just a

thin sliver or slice. An opal doublet (made of two parts) is made by

cementing a piece of precious opal (showing a play of color) to a

"backing" layer of "potch" opal (non-precious opal). Opal doublets

may also have a quartz, chalcedony, glass, or plastic base. Opal

triplets have a protective covering of quartz above the opal in addi-

tion to a backing layer.

OPAL SIMULANTS
The play of color seen in precious opals is due to interference of

light by its internal spherical structure. In 1974 the French scientist

Pierre Gilson unveiled the first laboratory-produced opal. Gilson

imitation opals can be distinguished from natural opals by their

patchy appearance and the mosaic-like junctions between colored

"grains." The US scientist John Slocum created a glass opal, known

as "Slocum stone." The patches of color in Slocum stones have a

slightly crumpled look when magnified.

SYNTHETICS
Gemstones can also be made in the laboratory. Where they have the

same chemical composition as their natural counterpart, they are

referred to as synthetic. Synthetic gemstones therefore have virtually

the same physical and optical properties of the natural gemstone.

Verneuil flame-fusion method

In 1902, French scientist Auguste Verneuil ( 1856-1913) established the

first commercially successful process for manufacturing synthetic-

rubies and sapphires. He used a flame-fusion process, melting the

powdered ingredients (aluminum oxide and a coloring agent) and

A Garnet-topped doublet

(GTD), a composite

imitation gem.
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A Synthetic emerald.

pendeloque cut

allow in» these to drip on to a revolving stand. As the stand revolves,

the drips cool and solidity, forming a candle-like shaped solid (boule)

ot the gem, which can then be faceted. Synthetic spinel can be made

using the same process, and colored to imitate other natural gem-

stones, for example blue synthetic spinel to imitate aquamarine.

Adding titanium oxide to the leed powder produces rutile inclusions,

which form synthetic star stones. The rays of a synthetic star stone

lend to look straighter and more regular than its natural counterpart.

Flux-melt and hydrothermal methods

In IS French chemist Edmond Fremy (1814-9-t) introduced the flux

method of producing synthetic emeralds, which was improved in the

19s0s and is still in use today. Ingredients are melted at high temper-

atures in a platinum crucible with a solvent (flux) before slowly cool-

ing to produce the crystals. This flux-melt process is slower and more

expensive than the Verneuil method, and is used for manufacturing

synthetic emerald, ruby and alexandrite.

Inclusions inside n

fluorite gemstone

Inclusions in synthetic gemstones

A perfectly clear stone, without flaws or inclusions (internal features

of gemstones, such as solids, liquids or gases, that have become

enclosed within the gemstone during or after formation) is usually a

warning sign to a gemologist that the stone may be synthetic. How-

ever, some synthetics may be identified by the type of inclusions,

formed as a result of the method of manufacture. Flame-fusion gem-

stones may include specks of the powdered ingredients that have

failed to melt sufficiently, and have curved growth-lines, rather than

the straight lines that develop in natural specimens.

Synthetic-flux emeralds may have inclusions of the minerals

phenakite or platinum (from the platinum crucible), twisted veils and

feathers (characteristic patterns of inclusions), and two-phase inclusions

(a liquid and a solid). Synthetic hydrothermal emeralds usually have

only a few inclusions, possibly of phenakite and occasionally veiy fine

two-phase inclusions.

Natural inclusions

Natural inclusions may be specific to one gem or even to

a particular country or mine. Emeralds, for example, tend

to be so heavily included that the view down a micro-

si ope (340 magnification) is sometimes referred to as

/tirt It n (French, "garden"). Natural emeralds may have

inclusions of the minerals mica, tremolite, actinolite,

pyrite, or cal< ite. Colombian emeralds may contain char-

acteristic three phase inclusions (solid, liquid, and gas),

wilh a cubic salt crystal and a gas bubble within a fluid-

filled cavity, Other gemstones with characteristic inclu-

sions include peridot, which has inclusions that resemble

"lily pads' (liquid droplets around a crystal ol chromite)

and the iiv.u K appearance of hessonite garnet.
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ENHANCEMENT
The color and appearance of natural and synthetic gemstones can be

enhanced by methods such as oiling, dying, staining, foiling, heat-

treating, irradiating, drilling, and filling. Heavily included gemstones,

such as emerald, are oiled to fill cracks and give the stone a clearer

appearance. Oiling has been carried out for more than 2,000 years,

and is an acceptable part of the trade. Oiling, waxing, staining and fill-

ing cracks may be temporary, but more long-lasting resins have

recently been introduced.

Oiling, staining, waxing and foiling

Oils and stains may leak and can be identified by wiping with a soft

absorbent cloth. Turquoise, lapis lazuli, jade, and agates may be given

a coating of wax. Agates are often stained, sometimes to bright

colors that have no natural counterpart and are therefore easily

recognized as fakes, though some find them attractive. Placing a piece

of foil behind a mounted gemstone to increase its fire and sparkle

was a method used by Victorians, particularly for costume jewelry

(paste). The appearance or a closed mount may alert the gemologist

to the possibility of foiling.

Heat-treatment

Probably the oldest method of enhancing the appearance of a gem-

stone is by heat-treating. In India, carnelian has been heat-treated for

more than 4,000 years. Heating may be carried out in oxidizing con-

ditions (with oxygen present) or in reducing conditions. For example,

the pale creamy-gray sapphire from Sri Lanka, known as geuda,

when heat-treated (2,730-3,450°F/l,500-1 ,900°C) in reducing con-

ditions turns blue, and dark-colored rubies and sapphires may have

their color lightened and improved by heat-treatment (1,470-2,550°F/

800-1 ,400°C) in oxidizing conditions.

Heat-treatment and irradiation

Heat-treating and irradiating gemstones (with electrons or radioactive

particles) can be used to change or enhance color. For example, color-

less and pale brown topaz can be heat-treated or irradiated to give blue

topaz. In addition, lasers can be used to drill even the hardest diamonds

to remove inclusions and the drill hole may then be filled.

Heat-treated rubies

(left) compared with

natural rubies (right).
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High pressure, high temperature

High-pressure, high-temperature (HPHT) treatments have been used to

improve the color of diamonds. The treatment has been used to pro-

duce red diamonds from natural diamonds of different colors. All red

diamonds thai have been produced by this treatment should have a

mark on the girdle of the cut stone which has been inscribed by laser.

Laser drilling and filling

Diamonds that contain inclusions can be drilled to remove the inclu-

sion and so increase the value of the gemstone. This leaves a perma-

nent drill hole that may be seen as a flash of color when the

diamond is moved in a light source. In order to make the drill hole

less obvious it may be tilled with a glass-like filling. This technique is

not permanent and care should be taken not to dislodge the filling for

example by using ultra-sound cleaning techniques.

Beryllium diffusion (hulk diffusion, surface diffusion)

The process was first used about 30 years ago. Following laboratory

trials in 2002, gemologists studying pink-orange sapphires that were

being sold in Thailand as padparadscha were able to report on the

possible process that was being used. They were first alerted to the

possible treatment because of the increase in padparadscha on the

market without any notice of a new source.

They found that already faceted pink sapphires from Madagascar were

being coated in b< irax and heated at high temperatures in the presence of

oxygen (dissolving the outer layers and then reforming them in another

color). An orange rim was formed that penetrated the surface or near-

surface areas of the stone only. When removed from the furnace the

orange coloration could be seen. The gemstones were then cleaned and

repolished to reduce the obvious orange color, so that they look pink

with only a subtle orange color (a padparadscha color).

The new technique is similar to other surface diffusion treatments

that have been used for sapphire but penetrate further. The technique

is now being used for most corundum varieties in order to enhance

Glass in/ill mi n spinel

i\ imii' eable at tl>i^

ti/lt ,il mil
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London blue topaz.

"Shy blue. " "Swiss blue" and

"London blue" are trade

names describing the color

of topaz. London blue topaz

is the darkest, usually due

to heat-treatment and/or

irradiation.

color inc|ut)ing ruby and blue, green, yellow, orange and orange, reel

treated sa-i0phjres _ as well as the original pink/orange treated stones.

Green topa z a color which does not occur naturally in topaz, is also

becoming mt )re common as a result of diffusion treatment.

DISCLOSURE
Most gemstones i m t he market have been enhanced or treated

in some way. Sohne treatments such as oiling emeralds (to

enhance clarity) or heW-treating sapphires (to enhance color) are

so commonplace that thc
y are seldom mentioned, others are easily

identifiable. Many buyers, are not aware that treatments and

enhancements exist and some. f tne modern treatments are difficult

to detect without gemological fining and equipment. A jeweler

should only refer to a gemstone as natural and untreated if it is just

that. Disclosure of all treatments is encouraged, ideally without

confusing or alarming the buyer, and air ieWelers should be aware
of what they are selling.

In the US, the obligation to hilly disclose all I'.ivatments is covered

by legislation. The US Federal Trade Commission (FTC) Guides for

the gem and jewelry trade require disclosure of an\ treatments that

substantially affect the value of the gems or jewelry. Stalfev deceptive

practice regulations in the US require that vendors do not .--nislead

customers about the treatment of the gems they sell. Non-disdos!U re

can amount to fraud.

The World Jewelry Confederation (CIBJO) has introduced best-

practice principles for its members to ensure the jewelry industry is

run in an ethical and professional way and publishes rules, regulations

and guidelines. Compliance includes full disclosure of all treatments to

natural gemstones and of wholly or partly synthetic gemstones and of

simulants at all levels of the jewelry distribution chain.
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Tlic Canning

Jewel is namedfor the 2nd

i ts< "iini ( anning, who bought it

in i I860 Probably datingfrom

the 16th century, the jewel is

i inches ( 10 centimeters) long

The merman is made ofgold

and enamel, studded with rubies

and diamonds and his torso is

farmed by ti large baroque pearl.

This 14th-century manuscript

illustrationfrom the Book oi

Marvels shows Marco Polo being

offeredgems as he travels through

Siam (present day Thailand)

The historj ol gemstones is rich with stories (it adventures, of

legends, of tales of good fortune or curses resulting in financial

ruin ill health, or even death. Throughout antiquity, gemstones have

been worn .is a talisman, valued for their healing properties and

endowed with spiritual values. The magical and mystical properties

that are ascribed to gemstones have much to do with their rarity.

beauty, feel, and color.

Gems have long been seen as exotic, rare and valuable. Manx

were carried long distances along perilous trade routes from distant

and unknown lands, which added to their wonder and their value.

As different gemstones have become available, fashions have

changed and preferences have varied worldwide. Nowadays, a dia-

mond is thought of as the ultimate gem. worn in engagement rings

and given as a token of love, but this has not always been the case.

At various times in the past, n rqi < >isi . AMETHYST, 1 vris 1 \/i n. 1
\si> R

and i vk\i UAM have all been regarded as the ultimate gem. Jade was a

favorite in China and Mexico The ancient Egyptians and the civiliza-

tions of Central and South America valued emeralds. Emeralds, sap-

phires, amethyst, jasper, and carnelian were the Romans' preferred

choice, while diamonds were used to engrave cameos rather than be

worn as jewclrv

.

Many of the stories associated with gemstones have been handed

down by word ol mouth. < )thers are gleaned from the diaries and let-

ters of travelers or collectors, or as entries in the inventories of private

collections, museums, or royalty. In the l.sth century, Marco Polo

ic 1254-1324), a trader from Venice, traveled to \M a and wrote in his

journal, The Book ofMarvels, that he carried sapphires as calling cards

when he visited the court of Kublai Khan, thje Mongol Emperor. The

sapphires were horn southwest Sri Lank;', (formerly Ceylon), from

the area around Kalnapura ("City of Cents" in Sinhalese). In the 17th

century, the French merchant Jean-Barjtiste Tavernier ( 1605-89) made
Ins fortune In trading in gemstones. Tavernier made six trips to India

and Persia mow Iran) between ',(,M and [668, described main large

diamonds and acquired a nilSftoer of gems, some of which were sold

to King Louis Xl\ ol fiance.

Most of the famous, named

gemstones are diamonds, Re-

naming and recutting as owner-

ship changes may complicate

their history, and the secrecy

surrounding some gems and

then whereabouts makes con-

firmation ol Size, shape. An<\

weight difficult if not impossible

Museum specimens can be

researched and some famous dia-

monds can be recognized from

paintings or photographs, but

those that are bought at auction

in
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by an "unknown private buyer," or those that are lost or

are the victims of theft, simply "disappear," sometimes

for many years. The azure "Nassak" (now 43 carats but

originally 90 carats), also known as "The Eye of the

Idol," was placed in the forehead of a statue of Shiva at

a temple in Nassak, India, but disappeared when British

troops looted the temple in 1818. In 1927 it resurfaced

and was recut in New York.

The oldest diamonds with the longest histories

largely originate from the alluvial deposits of the Gol-

conda region of south-central India. They include the

Koh-i-Noor, Orlov, Regent (Pitt), and Hope diamonds.

Some of the largest and most famous diamonds are

from the Premier Mine in South Africa, including the

Cullinan and the Taylor-Burton (cut 69.42 carats). The

largest diamonds in the world, the Golden Jubilee or Unnamed

Brown (545.67 carats) and the De Beers Millennium Star (203 carats,

which took 10 people two years to cut) are both African. In 1988

the Centenary diamond (599 carats uncut, 273.85 carats cut) was cut

by the company De Beers to celebrate the 100th anniversary of its

De Beers Consolidated mining operations.

Famous colored diamonds include the blue Hope diamond, the

Dresden Green, and the golden-yellow Tiffany diamond (cut 128.54

carats). Other blue diamonds include the Townshend Blue (in the

Victoria and Albert Museum, London), and the aforementioned pale

blue Nassak. The Dresden Green is the world's largest pear-shaped

green diamond (41 carats) and, apart from occasional loans, it has been

kept in the vaults at Dresden Palace since its purchase by Frederick

Augustus II of Saxony for US$150,000 at a Leipzig fair in 1743.

Today, pink diamonds from the Argyle mines in Western Australia

are particularly prized. In 1986, a huge diamond referred to as the

"Unnamed Brown" was used by De Beers to test their new laser cut-

ting technology. The diamond weighed 755.50 carats when rough and

545.7 carats once cut. It was renamed the "Golden Jubilee" after its

presentation to King Rama IX of Thailand in celebration of 50 years

on the throne. Another brown diamond is the "Incomparable" (407

carats) found in the Democratic Republic of Congo (formerly

Zaire) in 1980. Black diamonds have been cut weighing more

than 115 carats. The Black Orlov or "Eye of Brahma" cushion-

cut black diamond (67.50 carats, not to be confused with the

Orlov, see page 36) is said to have been stolen from a shrine in

Pondicherry, southern India, and to have weighed 195 carats

in the rough.

Other famous gemstones include the red spinels known as the

Black Prince's ruby (in the British crown jewels) and the Kuwait

ruby (formerly the Timur ruby), Saint Edward's sapphire and

the Stuart sapphire (both in the British crown jewels), the

Devonshire emerald, the Edwardes ruby, and the Rosser

Reeves and Appalachian Star rubies.

A The Centenary Diamond,

weighing 273-85 carats, was cut

to celebrate the 100th anniversary

of the De Beers Consolidated

mining operations. It is the largest

modern-cut diamond in the

world.

The Koh-i-Noor diamond.

105-60 carats, at the center

of the crown ofQueen Elizabeth

(the Queen Mother).
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HOPE DIAMOND
The blue Hope diamond, known largely for its history and legends of

curses and bad lurk, rather than its size ( 15.52 carats), is presently nn

display at the Smithsonian Institution in Washington. D.C. Named after

its British buyer, 1 lenry Philip 1 [ope, there is strong evidence to suggest

that the 1 lope diamond once formed part of the Tavernier Blue." In

1642 Jean-Baptiste Tavernier bought a 116-carat diamond in India. In

1668 Tavernier sold the gem to King Louis XIV. who had it recut it into

a 67-carat stone and set in gold. In 1792, at the height of the French

Revolution, the "French Blue" was stolen from the royal treasury.

Ki)l>i Noor diamond,

/<Vs (>() c mills

KOH-I-NOOR DIAMOND
Koh-i-Noor means 'Mountain of Light" in Persian. In legend, the Koh-i-

Noor was worn by the god Krishna and the person who owns it is

invincible. However, it is also said to bring misfortune to any male

owner. The first record of the gem is in the memoirs of Babur, founder

of the Mogul Empire in India. Babur recorded that the gem. weighing

739 carats, was among the treasures seized from the Raja of Malwa in

1304. The Mogul Emperors recut the stone, reducing it to 186 carats. It

remained in Mogul hands until 1739, when the Persian ruler Nadir Shah

conquered the Mogul Empire. In 1849 the British acquired the dia-

mond, and the following year it was given to Queen Victoria. In 1SS2,

the Amsterdam lapidary M. Coster recut the Koh-i-Noor to its present

oval and weight of 105.60 carats. The recutting took nearly 450 hours ol

labor. In 1936 the Koh-i-Noor was mounted into the crown of Queen

Elizabeth (the Queen Mother).

< iilliiinii I diamond,

5 \0 20 < arats

< ullinan ll diamond

:/ in < units

CULLINAN DIAMOND
The Cullinan is the largest gem diamond ever found. In 1905

Frederick Wells, a superintendant of the Premier Mine in South Africa,

discovered the colossal gem embedded in a mine wall. According to

reports, when Wells took it to be weighed, the inspector thought the

Stone was too large to be a diamond and threw it out of the window.

Wells retrieved the gem, which was later authenticated at 3,106 carats

- three times larger than any other known diamond. The diamond

was named alter the mine's owner. Colonel Thomas Cullinan.

The Transvaal government bought the stone and presented it to

King Edward VII on his 66th birthday in iw-
. in 1908 the Amster-

dam lapidary Joseph Asscher was given the task of cleaving the dia-

mond. Apparendy, the knife broke on the first attempt but the

diamond remained intact. A second cleavage yielded three main

sections. Each day for eight months, diamond cutters worked on

the stone, producing nine major gems (Cullinan l-Ciillm.m l\i and

96 smaller brilliants.

Cullinan I 'also known as the Star ol Africa") was the largest dia-

mond tut from the rough crystal. Cul as a pear-shape and weighing

530.20 carats, it is mounted in the Sovereign's Royal Scepter ol the

British crown jewels. Cullinan ll is a >i
_

10-carat, cushion-cut stone

mounted in the British imperial slate crown.
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EUREKA DIAMOND AND THE STAR OF SOUTH AFRICA
Although not a particularly exceptional stone, the Eureka diamond

(10.73 carats) has historic importance. The Eureka was cut from the

first diamond to be discovered in South Africa. In 1866 Erasmus

Jacobs, a young shepherd, picked up what he thought was a pebble

on the banks of the Orange River, near Hopetown. The pebble was

later discovered to be a 21.25-carat yellow diamond and prompted

the diamond rush of 1867. The second diamond found in South Africa

was the so-called "Star of South Africa." According to legend, the 82.5-

carat rough stone was found in 1869 by a young shepherd, who
exchanged it for 500 goats, 10 head of cattle, and a horse. It was cut

into a 47.69-carat flawless pear-shaped diamond.

REGENT (PITT)

It is said that in 1701 a slave worker at an Indian mine discovered a

410-carat rough diamond. The slave escaped with the stone hidden

inside a wound in his leg. In return for safe passage, the slave

divulged his secret to an English sea captain, who murdered him.

The captain then sold the diamond to an Indian merchant and soon

after committed suicide. In 1702 the merchant sold the gem to

Thomas Pitt, governor of Madras. Pitt had it cut into a 140.50-carat

cushion-shaped brilliant cut. In 1717 it was sold to Philippe, Due of

Orleans and Regent of France, and henceforward was known as the

"Regent diamond." In 1723 the diamond was part of the coronation

crown of King Louis XV. In 1804, for his coronation as Emperor,

Napoleon had it mounted in his sword hilt. In 1825 it was placed

in the coronation crown of King Charles X. Emperor Napoleon III

had it placed in a diadem for Empress Eugenie in 1889. It is now on

display at the Louvre, Paris.

A Star ofSouth Africa is a

47.69-carat flawless pear-shaped

diamond. Its discovery prompted

the Colonial Secretary to declare.

"This diamond, gentlemen, is

the rock upon which the future

prosperity ofSouth Africa will

he built."

ORLOV
The size and shape of a pigeon's egg, the rose-cut Orlov is one of the

world's biggest diamonds (189.62 carats) and is named after Count

Orlov, who presented it to his lover Russian Tsarina Catherine the

Great. Catherine mounted it in the Imperial Scepter, where it remains

today on displayed in the Kremlin. In the 17th century, according to

legend, the diamond was stolen from the eye of a statue of a Hindu god

in a temple in Mysore, southern India. It was sold

to an English sea captain for £.2,000. It traveled via

Persia to Amsterdam, where Orlov bought it in 1773-

SHAH
Unique in that it is engraved with the names of

three shahs: "Bourhn-Nizam-Shah II, 1000" (Gover-

nor of India, 1591), "Son of Jehangir Shah Jehan

Shah, 1051" (during the Government of Shah Jehan,

10 H ), and "Kadja Fath Ali Shah" (Shah of Persia). It

was given to Tsar Nicholas I in 1820, and is dis-

played in the State Diamond Fund at the Kremlin.

W Orlov diamond, 189.62 carats.

has an upper surface marked by

concentrated rows oftriangular

facets, with correspondingfour-

sidedfacets on the loiter surface.

In total, it has around 180 facets
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CARING FOR GEMSTONES AND JEWELRY

Gemstones and jewelrj are bought to be worn and to be admired,

so it is important to consider how best to look alter your jewelry

and gemstones. "Wear and tear" and dirt are the two main culprits;

changes in heat and moisture can also affect gemstones.

WEARAND TEAR
In order to reduce wear and tear to a minimum it is best to remove your

jewelry when doing household work, washing the car, gardening, or

taking pan in physical activities or work. Harder gemstones such as dia-

mond, ruby and sapphire are less likely to succumb to scratching, but

may be cracked or broken if hit or knocked against a hard surface such

as the edge of a table or sink. Avoid wearing several rings on the same

or adjacent fingers where gemstones could scratch one another.

When removing jewelry each piece should be carefully stored. Ring

trees and jewelry boxes help to keep pieces separate so that one gem-

stone does not scratch another.

DIRT AND GREASE
Dirt and grease on a gemstone can make an otherwise bright and

sparkling piece of jewelry look dull. Household dust will settle on any

gemstones that are not covered or protected. Try to avoid touching

the gemstones. Dirt and grease can also collect at the back of a ring,

caught in the setting or covering the back of the gemstone.

Pearls are sensitive to the chemicals in perfume and to the moisture

on the skin. The acids wear away the outer layers of the pearl, removing

the luster. Pearls are also sensitive to changes in heat, and as they are

slightly porous, should be kept away from water as much as possible.

Clean jewelry carefully

using a soft brush, such as

tin aid toothbrush

HEAT AND MOISTURE
The atmosphere or environment surrounding the gemstones may

have an effect; for example, porous gemstones such as opal and

turquoise may dry out in hot temperatures. Sudden temperature

changes, such as sunbathing and then plunging into cold water or

taking food out of a freezer, can cause a porous gemstone to crack.

Porous gemstones should not be worn on aeroplane flights where the

atmosphere is dry, or moved from dry to moist areas rapidly.

CLEANING GEMS TONES AND JEWELRY
\ soli brush such as an old toothbrush can be used to clean between

tin- prongs of thi' setting and also to clean the back of the stone,

unless in a closed setting where the back is nol accessible. He careful

not tO damage sellings as lliis may cause tin' gcmsloncs lo become

loose anil possibly dislodged. Avoid using cloths or low els (excepl

possibly soli jewelry cloths) to remove dust or dry jewelry, as the

prongs ol the sellings could become entangled in the threads of the

material and damage the sellings.

Diamonds may be cleaned using a small amount ol warm soapy

water and a soli brush. Do noi be tempted io scratch dirt oil: just

leave il a little longer and try again with the soil brush or jewelry
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CARING FOR GEMSTONES AND JEWELRY

(.loth. Rinse in warm water and leave to dry. The same method can be

used with most colored gemstones.

Emeralds are usually oiled and should not be immersed in hot

water as this could cause fillings to leak and the cracks to become

more obvious. Do not soak in cleaning solutions as this could also

dissolve fillings. Ultra-sound cleaners should not be used with emer-

ald jewelry as cracks may be made worse and the gemstone might

break. Diamonds, rubies and sapphires are generally fine in ultra-

sound cleaners, but check that rubies are not heavily included.

Opals and turquoise should not be cleaned with hot or cold water

or with washing-up liquid, but can be wiped with a gentle cloth. Ultra-

sound cleaners should be avoided as opals and turquoise are porous

and the ultra-sound bath could damage the gemstones. Pearls may be

wiped with warm soapy water but should not be left to soak. Jewelry

is particularly susceptible to damage from the effects of chemicals

present in perfume, hairspray, nail polish remover and deodorant.

T A cleaning guide table to the

more commonlyfound gemstones.

Ifyou have any doubt how best to

careforyourparticularpiece of

jewelry visit your localjeweler,

who should be able to advise you

on the best course of action.

Soak in warm

soapy water

Use ultra-sound

cleaner

Amber X X

Amethyst

Aquamarine

/

/

/

/ with caution

Chrysoberyi. / / with caution

Citrine / / with caution

Diamond / /

Emerald X X

Garnet / / with caution

Jadeite and

nephrite jade

/ / with caution

Opal X X

Pearl X X

Peridot / X

Ruby / / with caution

Sapphire / / with caution

Spinel / / with caution

Tanzanite / with caution X

Topaz / with caution / with caution

Tourmaline / / with caution

Zircon / with caution /

CLEANING GUIDE

Notes

Avoid strong heat, strong sunlight, pressure, acids

and chemicals (solvents, etc.).

Avoid strong heat, abrupt temperature changes.

Avoid strong sunlight.

Avoid strong heat, abrupt temperature changes,

strong sunlight.

Avoid strong sunlight.

Avoid abrupt temperature changes.

Avoid strong heat, strong sunlight, acids

and chemicals.

Avoid acids and chemicals, strong heat, strong

sunlight.

Avoid acids and chemicals, strong sunlight.

Avoid acids and chemicals, strong sunlight.

Avoid strong heat.

Avoid abrupt temperature change, acids and

chemicals, strong sunlight.

Avoid strong sunlight.

Avoid abrupt temperature change.

Avoid strong sunlight.
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COLOR KEY

Color can be .1 useful clue to aid in identification of a gem, but

11 can also mislead, so beware! Gemstones may look different

under different light sources; for example, chrysoberyl with a

color change ma\ show Hashes ol green in daylight, but has

flashes ol red indoors under artificial light. The color of a gemstone

nia\ be enhanced or altered (see pages 61—3), and imitations (see

pages 58-60) maj be fashioned to look exacdy the same color as

the natural gem the) imitate

A gemologist will take the color of the gemstone into account,

but will also look for other clues; for example, wear and tear of the

facet edges, scratches .\nd pit marks give an idea of hardness,

while fire and sparkle suggesl possible values for dispersion and

refractive index. Appropriate tests may then need to be carried out

to establish the identification of the gemstone.

YELLOW TO BROWN GEMS

e?
Agati

see pages 202-3

ft*
Arag< >\i 11

seepage IOK

(,\n 111

seepage 10

1

( *

CHRYSOBl KYI

sec page ')()

Amber

see page 233

AxiNin:

see page 152

Carnelian

sec page 196

ClTRINI

sec page IXX

Amblygonite

see page 120

Baryte

see page 1/5

Cassiterite

see page 100

^^

Diamond

sec pages 78-81

*

Anglesite

seepage 116

C* J •
Bra/.ii.ianite

see page 119

Chatoyant quartz

see page l')2

©
Dravite

sec page 167
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COLOR KEY

YELLOW TO BROWN GEMS (continued)

Enstatite

seepage 170

r-

Hessonite

see page 137

Epidote

see page 150

Hypersthene

see page 171

Fire opal

see pages 205-6

Orthoclase

see page 208

. -i

* 1
^s .

Heliodor

see page 158

Padparadscha

see page 96

Prehnite

see page 183

Sard

seepage 198

/
S» i

'

Pyrite

see page 83

Sardonyx

see page 200

RllTILE

see page 101

Cittl
SlNHALITE

seepage 113

Sapphire

see pages 93-4

I

Smoky quartz

see page 190

*•

Sphalerite Sphene Sunstone Topaz

see page 82 seepage 12 'J seepage 2/3 seepages 146-8

>-gflfl%rfM'*

j^^^
OTHER YELLOW TO BROWN

GEMS INCLUDE:

Apatite Spessartine

Fluorite garnet

Tortolseshell Zircon Scheelite Tourmaline

see page 229 seepages 130-1 Staurolite Vesuvianite
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COLOR KEY

RED TO PINK GEMS

Red bi m i

see page 161

Ri HI LUTE

see page 164

Zn« i >\

see pages 130-1

9 &

RlIOIHX IIROSITI

see page 105

'

Rhodonite

seepage 178

Run
see pages 97-9

Sapphire

see page 93-5

f>

>'<%
Al MANDIN1 Corai Cuprite Grossular garnet

seepage /.>5 see pages J'30-1 see page 85 seepage 138

Jasper Lepidoute Morganite Pyrope

seepage 195 see page /#/ see page 160 see page 134

<§l

Rose quartz

seepage 189

SCAPOUTE

see page 218

SPl SSARTINl Spinel Sl'OIM MINI (Kl NZITE) Watermelon

eepage 136 see pages 86-7 see page 17', TOURMALINE

see page l(>3

Zoism ( i in 1 1 1
1

)

see page / 5 /

OTHER REDTO PINK (JPIV1S

INCLUDE:

Diamond (rarely) Rutile

Garnet-topped Smithsonite (pink)

doublet Topaz

Violet jadeite Tourmaline
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COLOR KEY

BLUE TO VIOLET GEMS

Aquamarine

seepages 156-7
Amethyst

seepages 186-''

J&;

DUMOURTIERITE

see page 132

Q
lOLITE

seepage 162

Pectolite

see page 178

Sodalite

see page 214

Zircon

seepages 130-1

Fluorite

seepages 102-3

Kyanite

see page 144

Sapphire

see pages 93-5

Spinel

see pages 86-

^^ w
ZOISITE (TANZANITE)

see page 151

AZURITE

see page 112

HaOyne

see page 215

Lapis lazuli

see pages 216-7

SlLI.IMANITE

see page 143

it-

Topaz

seepages 146-8

&
Diamond

seepages 78-81

Indicolite

seepage 165

Lazulite

seepage 124

Smithsonite

seepage 106

Turquoise

seepages 122-3

OTHER BLUE TO VIOLET GEMS
INCLUDE:

Agate Axinite

(stained) Euclase

Apatite Scapolite
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COLOR KHY

GREEN GEMS

Ct * I
AlEXANDR] II

seepage 91

Bloodstoni

seepage 191

Diopside

seepage l~~2

m
I umtte

.sec pages 1 14-5

N I. I'll id 1

1

see page 1 76

I I K I III (MOI DA\ III)

seepages 222-3

Andaslusite

seepage 142

Chrysocholla

see page 111

DlOPTASE

see page 128

KORNERUPINE

see page 127

I'l RIDOI

sec page 125

Topaz

see pages I i6-8

Andradite

seepage 139

*
Chrysoprase

see page 201

Emerald

seepages 154-5

Malachite

see page 1 10

J^
Sapphire

see pages 93-5

TSAVOMTl GARNET

seepage /.US

Apatite

see page 121

Demantoid garnet

see page 140

51
HlDDENITE

seepage 111

MlCROCLINE

see page 210

Serpentine

seepage IH2

M Q •
I fVAROVTTE GARNET

.see page I 1

1
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COLOR KEY

GREEN GEMS (continued)

Vesuvianite

see page 169
Zircon

see pages 130-1

OTHER GREEN GEMS INCLUDE:

Agate Sapphire

Diamond (rarely) Tourmaline

Enstatite Watermelon
Euclase tourmaline

Fluorite (pink and

Prehnite green)

COLORLESS GEMS

k
*

<X*B"

ACHROITE Celestine

see page 166 see page 114

Diamond Dolomite

seepages 78-81 see page 107

Natrolite Phenakjte

see page 219 see page 126

J*-

Topaz

see pages 146-8
Zircon

see pages 130-

1

Cerhssite

see page 109

Euclase

see page 149

Danburite

see page 173

Goshenite

see page 159

I
V

Rock CRYSTAL Scheelite

see page 185 seepage 118

HER COLORLESS GEMS INCLUDE

Albite Grossular garnet

Anglesite Moonstone
Apatite Orthoclase

Calcite Petalite

Enstatite Sapphire

Fluorite Scapolite
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COLOR KHV

WHITE GEMS

(il I'M \l

***

Mil K ^ QUARTZ Moonstone Opal

see page 117 seepage 19/ see page 209 see pages 205-6

OTHER WHITE GEMS INCLUDE:

Agate Jadeite

Baryte Nephrite

Calcite Serpentine

Pearl Shell Coral Thomsonite

seepage 227 see page 228 Ivory

BLACK GEMS

& W w
Diamond

seepages ^8-8/
Hematite

see page 88

see page I 'J')

S< MORI,

.sec page 1 68

Jet

see page 236

Tektite

see pages 222-.]

Oissidian

see page 22

1

OTHER BLACK
GEMS INCLUDE:

Andradite

(melanite)

Coral

Pearl

IRIDESCENT GEMS

I IK! \(,\ll

seepage 20 /

Labradoriti

see page 212
Mother-of-pearl

see page 228
Opal

see pages 205-6
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CLASSIFICATION

In
the gem-description section that follows, we ha\e organized the

gems by their chemical composition. The gems are grouped in the

following classification scheme:

Carbon (diamond, pages
-
S-81)

Si hums (pages 82—i)

Oxides and hydroxides (pages 85-101)

Haiides (pages 102-3)

Carbonates ( pages 104-112)

Borate (sinhalite, page 113)

Sulfates and chromates (pages 114-17)

Tungstate (scheelite, page 118)

Phosphates (pages 119-124)

Silicates (pages 125-220)

Igneous rock (obsidian, page 221)

Tektites (pages 222-3)

Synthetics and imitations (pages 224-5)

Organics (pages 226-36)

At the end of the main section, we describe the

precious metals (gold, silver, platinum, pages 237-43).

This scheme has the advantage of placing each gem species within its

mineralogical class, enabling the reader to see an individual gem in

relation to its nearest chemical associates.

When appropriate, we have placed gem species in mineral groups

within each mineralogical class. For instance, sapphire is a gem
species of the corundum group within the oxide and hydroxide class

of minerals.

The silicates are such a large class that, while the primary classifica-

tion is based on a chemical criterion, they are subdivided on a struc-

tural basis.

The tables on this page list the

chemical symbols of the elements

referred to in the book.

ANIONIC GROUPS
Al.O, etc. Aluminate

BO„ B sO, i

CI, CI, etc.

etc. Borate

Chloride

CO, Carbonate

CrO^ etc. Chromate

F, F, etc. Fluoride

O, O, etc. Oxide

OH, (OH), etc. Hydroxide

PO.etc. Phosphate

S, S, etc.

SiO„ Si 20- etc.

SO,

WO, etc.

Sulfide

Silicate

Sulfate

Tungstate

F Fluorine

Fe Iron

H Hydrogen

K Potassium

Li Lithium

Mg Magnesium

Mn Manganese

Na Sodium

o Oxygen

p Phosphorus

Pb Lead

s Sulfur

Si Silicon

Sn Tin

Sr Strontium

Ti Titanium

W Tungsten

Zn Zinc

Zr Zirconium
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DIAMOND

Diamond is the hardest natural substance and the n

gemstone. The name tomes from the Greek wo

Round brilliant-cut

diamond, 17.16 carats (top),

brilliant < ut diamond.

5 25 carats twiddle).

( ushion-cut yellow diamond

i hoitorn i

DIAMOND
( ill \ll( w COMPOSITION

COLOR COLORLESS,YELLOWISH,

Kl 1 l(\( IIVI l\l)l \

BROWN, RED, BLACK

2.41

ki i mini DENsrn 3.5

HARDNESS 10

( KIM \l GROl P CUBIC

( II WM.I PERFECT

1 KM II Kl CON< HOID.VI.

II \\( 111

viavi

NONE

vntini;

1 ( IM

MM IK

rRANSPARENCT IKVVSI'VKI \l 1(1 IK.WS1

DISPERSION STRONi ;, .044

Dim PRINGI \< 1 \o\i

PI l()( HROISM NONI

i<>< \ii<>\ Vng( 'I a. Austi alia. Borneo, Botsw ana.

Brazil, Canada, < Jiuia. D( I raiK Republic of

Congo, < rhana, ( ruinea . ( riiyana, India.

Namibia. Russia, Sierra I •
i me, Soi nli \ln< a

fanzania i nit< (1 siau-s. Venezueh i. Zimbal we.

most valued

>rd adamas

meaning "invincible," and this alludes to the hardness and durability of

diamond. The stones are more intensively mined and strietly graded

than any other gemstone. Diamond is composed of pure carbon, like

graphite, but its extreme hardness is a result of its atoms being com-

pacted and bonded by high pressures and high temperatures in the

Earth's Upper mantle. Most diamonds are formed at depths of

x-tween SO and <)() miles (80 and L50 kilometers) in the Earth's crust.

Because diamond is made up of carbon, it burns in oxygen or in

air heated to a very high temperature. The idea that diamond is

combustible was first proposed in Id" by Sir Isaac Newton

(1642-1727), the English scientist and mathematician, and the

first incineration of diamond was completed 19 years later by

two Italians. Averani and Targioni.

Diamond commonly occurs as octahedral crystals frequently

of flattened habit, and more rarely as cubes, often with curved

faces. Most diamonds came from alluvial deposits (mainly river and

>each gravels) until the discovery in the mid- 19th century in South

Africa of pipe-like intrusions that have risen from great depths and are

filled with a variety of peridotite that was named kimberlite, being

first identified in Kimberley. This igneous rock is rich in magnesium,

iron, and calcium. Such intrusions are also found in lamproitic rocks,

which are the source of diamonds in Western Australia. Intrusions can

remain deep in the Earth until volcanic eruptions force them to the

surface within hours. .Some diamonds have also been found in iron

meteorites.

Diamonds were known in India some 2,300 years

ago but were not deliberately broken or cut. since it

C was thought this would destroy magical properties of

the stone. Roman scholar anil naturalist Pliny the

Elder < vi> 23-79) recorded the existence of diamonds

in the 1st century, but they had little value because

Rough diamonds

such as these arc found

in pipe like intrusions

in kimberlite and

lamproitu ro< ks and

in alluvial deposits.

h
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DIAMOND

the Romans could not solve how to cut

such a hard stone. In the 1 ttli century,

Europeans began to produce table cuts

from octahedral crystals and rose cuts

from cleavage fragments. The brilliant cut

first appeared in the 17th century and

was greatly improved in 1919. Lasers are

now used to cut diamonds.

Diamonds are the primary gem meas-

ured in carats. The value of a carat has

been different in various countries

through the years, but has been stan-

dardized as 0.2 grams or 200 milligrams

since 1907. The term "carat" supposedly

derives from the weight of Mediter-

ranean carob seed pods, which have

long been used to weigh precious

stones. The name is derived from the

Greek term keration, meaning "fruit of

the carob."

Diamonds have a perfect crystal form

and high symmetry. Uncut crystals may

look greasy and somewhat rounded, but

when broken or cut, the faces show bril-

liant adamantine (diamond-like) luster

and dispersion. This gives the stone a

fiery brilliance that is probably best dis-

played by brilliant cuts, which are the most popular today. This cut

reflects the most light possible through the front of the gem. Other

common cuts are the cushion, pendeloque, marquise, fancy, round,

and square cuts. Diamonds are popular for all types of jewelry, such

as earrings, brooches, rings, and bracelets. The stones are traditionally

set in gold and platinum. "Melee" is the term used to describe a group

of small diamonds, each weighing less than 0.2S carats, that are used

to embellish the mountings for larger gems.

DIAMOND
Major diamond fields are located in Kimberley, Trans-

vaal, South Africa, with the first diamond being

reported in 1 866 in gravels near the River Orange.

Famous diamonds, such as the Koh-i-Noor, have

come from mines in the Golconda area of southern

India. India was the major source of diamonds until

about 1725, when diamonds were discovered in

Brazil. Small stones of good quality are still found

in Brazil. Since the late 1 9th century, South Africa has

been the major source of gem-quality diamonds.

Australia is a major producer of fancy colors. The

Democratic Republic of Congo (formerly Zaire)

once produced the largest quantity of diamonds,

almost all being of industrial grade. !

exist in the United States in Pike County, Arkansas,

and the Kelsey Lake Mine, Colorado. Alluvial dia-

monds have been discovered in nearly every US

state. Canadian stones are found on St Helen's Island

in Montreal, Quebec, and in the Northwest Terri-

tories. Other major fields exist in Serbia, Russia,

Venezuela, and from the seabed off Namibia.

Mouawad Splendor,

101.84 carats

Mouawad Magic,

108.81 carats

Mouawad Blue.

42.92 carats

The Ahmedabad,

78.86 carats
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i)l Wll )\l)

tirilluiiit

Cushion

Pendeloque

The gem-qualitj specimens, which are sufficiently transparent,

colorless and unflawed to be used in jewelry, for example, account

for less than one-quarter of mined diamonds. More than half of their

weighl is losl during cutting. The value of diamonds varies according

to their color and transparency. Perfectly colorless and transparent

gems are the most expensive and rare, since most diamonds have

impurities, usually nitrogen that causes yellowish, brown, green.

and black colors. The rarest colors are red. blue, and green. Deep

shades are called "fancy colors" and are greatly valued; the most

sought alter is blood red. Diamonds are also colored artificially

using irradiation.

Because of its hardness, the only stone that can cut and polish a

diamond is another diamond. Imitation diamonds have been made

using si'i\i i. sapphire, zircon, strontium titanate, rock crystal, glass,

paste, the man-made YAG (yttrium aluminum garnet), and other

stones and materials. Synthetic diamonds were first produced in L955,

and are widely used for industrial purposes.

Fant r

Marquise

*?,
q

Round brilliant < ut blat k

diamond ring, 16 56 < arats

flanked bj tu o pear shaped

diamonds

ihis Belle Epoque diamond

hi, e 1905) has </ beautiful

independent <>ld l uropean i ut

yellou diamond til ih < oiler
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DIAMOND

More than three-quarters of all mined

diamonds are of industrial quality,

although this percentage varies from

mine to mine. Usually colored gray to

brown, these finely granular diamonds

are called bort, ballas, or carbonado. They

are low-quality stones used in drill bits,

glass cutters, styli for record players, saws for

cutting building stones, and dies that draw fine wire.

Other uses include fine-grinding and polishing, as well as for cutting

other diamonds. One diamond can be used to cut another because a

crystal will be more brittle in certain directions than in others. The

ease of cleavage can also be used to split crystals because diamonds

have perfect cleavage in four different directions that are parallel to

the octahedral crystal faces.

Diamonds are classified as Type I or Type II according to their

physical properties. Type I stones contain nitrogen, and these are

further divided into Type la, which have the nitrogen in layers, and

Type lb, which have the nitrogen dispersed. About 999 out of every

1,000 diamonds are Type I crystals. Type II diamonds, such as

naturally blue ones, have no nitrogen and are laminated. Type Ha

stones do not conduct electricity, but Type lib will. Fine specimens

are found in both Type I and Type II, and some diamonds are a

mixture of the types.

The largest gem diamond so far discovered is the Cullinan (see

page 35), which weighed 3,106 carats. It was found in 1905 at the

Premier Diamond Mine near Pretoria in the Transvaal, South Africa,

and later cut into brilliants as nine large stones and 96 others. The

largest of the cut stones is "Cullinan I," also called the "Star of Africa"

(530.20 carats), is mounted in the Sovereign's Royal Scepter of the

British crown jewels. Another dia-

mond, the blue Hope (45.52 carats)

from India, is infamous for its repu-

tation of bringing bad luck to anyone

who owns it. The Hope (see page 34)

is now on display in the Smithsonian

Institution, Washington, D.C. Also on

display in the Smithsonian is the largest

known crystal that is perfectly devel-

oped, the yellow "Oppenheimer"

(253.70 carats) from South

Africa. The largest industrial

diamond, a mass of carbonado

(3,167 carats), came from the

Brazilian state of Bahia.

•^ Brooch with circular-

cii/d baguette-cut diamonds.

•4 Round brilliant-cut trailed

yellow diamond, 10.12 carats,

surrounded by a ring of

marquise-cut diamonds.

T The Cullinan 1 or "Star

ofAfrica, " seen here in the

Sovereign s Royal Scepter of the

British crown jewels, is a pear-cut

diamond weighing 530.20 carats.



SPHALERITE

Brilliant

Mixed

Sphalerite's name gives a clue to its nature - it derives from the

Greek word sphaleros meaning "misleading.". Since it is variable in

color and appearance, it can be hard to identify and is often confused

with other minerals. < )ver the years, ii has attracted many other names

such as: "blende" from the German word for "blind or deceiving";

black jack; and "mock lead-ore."

Although it is too fragile for jewelry, sphalerite is a magnificent

stone for collectors. Its high refraction and high dispersion give it a

fire higher than a diamond. It also looks wonderful in a display with

other gemstones.

SPHALERITE

Sphalerite is an important zinc ore and

is exploited industrially. It is frequently

associated with galena in hydrothermal

veins and also occurs in limestones

where ore bodies have been formed

by replacement.

Spalerite is one of the few minerals

that has six directions of cleavage. This

makes cutting very difficult. Transparent

stones suitable for cutting are found at

Santander, northern Spain, and Naica,

Chihuahua, northern Mexico.

A Brilliant-cut

sphalerite gem.

oral brilliant-

iii I sphalerite gem.

k Sphalerite

i rystals <»i matrix

SPHALERITE

CHEMICAL composition ZnS

COLOR DARK BROWN TO BLACK,

SOMETIMES GREEN, ORANGE-RED

OR VII IOW ISM-BROWN

REFRA< tint: INDEX 2.37-2.42

RELATIVE DENSITY

HARDNESS

3.9-4.2

3.5-4.0

CRYSTAL GROUP CUBIC

CLEAVAG1

FRA< II HI

PERFECT

CONCHOEDAL

1 1 \ \( 111

LUSTER

BRITTLE

; TO VITREOUSMETALLIC

TRANSPAREN< "i

DISPERSION

IRAN (PARENTTO rRANSLUCBNT

STRONG, .156VERY

BIREFRINGENCE

PI M« HROISM

NONE

NONE

me ation Australi;

( icrmany, Mexfc

I Inited Kingdi mi.

, Burma ( Myanmar

, Morocco, Peru, S|

i fnited Mates.

),

ain.
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PYRITE

Pyrite is one of the most common and widely distributed sulfide

minerals. Although lighter than gold, prospectors used to mistake

pyrite for the precious metal, earning it the synonym "fool's gold."

It also resembles marcasite. It can be distinguished from gold and

marcasite by its crystal form. Its name comes from the Greek word pyr

meaning "fire" because pyrite emits sparks when struck. It has been

used to start fires since prehistoric times, and is now sometimes used

to produce sulfur, sulfuric acid, and iron sulfate.

When found in its raw state, pyrite crystals can be shaped as cubes,

octahedrons, and pyritohedrons (12 faces). Twinning causes "iron

crosses" that look like interpenetrating cubes. Pyrite is highly reflective

and the Incas used pyrite tablets as mirrors. The ancient Greeks

polished pyrite to make pins, earrings, and amulets.

Pyrite gemstones were popular in Victorian Britain,

but today are mostly used for costume jewelry,

and are often fashioned into cabochons. Careful

cutting is required because of its brittleness. Collec-

tors like a flattened nodular variety called "pyrite

suns" or "pyrite dollars."

PYRITE

Cabochon

Polished

fossils, where it

Pyrite is present in igneous rocks as an

accessory mineral, in sedimentary rocks,

especially black shales, and in metamor-

phic rocks, notably in slates when it fre-

quently forms well-shaped cubic crystals.

Pyrite is a common replacement mineral

in fossils, where it will take the place of

weaker minerals present in certain bone

and shell materials.

Among the richest deposits are those

at RioTinto, southw—1

tals exist on the island of Elba, west Italy,

and high-quality specimens are found

near Freiberg, southwest Germany. Pyri-

tized fossils have been found worldwide.

Pyrite is mined in many US states, includ-

ing Vermont, New York, and Pennsylvania.

It is also found in Australia, South Africa,

Switzerland, Italy, China, Czech Republic,

Sweden, Greece, Norway, Russia, Japan,

and Peru.

PYRITE

CHEMICAL COMPOSITION

PALE BR

FeS,

COLOR ASS-YELLOW

REFRACTIVE INDEX NONE

4.9-5.2

6-6.5

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP CUBIC

INDISTINCTCLEAVAGE

FRACTURE CONCHOIDAL TO UNEVEN

TENACITY BRITTLE

LUSTER

TRANSPARENCY

METALLIC

OPAQUE

DISPERSION

BIREFRINGENCE NONE

PLEOCHROISM NONE

location Australia, China, Czech Rep., France,

Germany, Greece, Italy, Japan, Mexico, Norway,

Peru, Russia, South Africa, Spain, Sweden,

Switzerland, United Kingdom, United States.

w ,

A Mass of inter-

penetrating cubic pyrite crystals

•^ Interpenetrating cubes ofpyrite.
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MARCASITE

Rose cut

MARCASITE
Marcasite is deposited at low temperatures in hydrothermal

veins containing zinc and lead ores. It is found in near-surface

deposits, most commonly in sedimentary rocks such as lime-

stone, especially chalk, and clay, as single crystals, concretions,

or as a replacement mineral in fossils. Exposed to air; it

oxidizes easily and finally crumbles to dust. Over decades,

marcasite in collections will disintegrate, freeing sulfur that

forms sulfuric acid, which eats into the specimens' cardboard

boxes.

Deposits have been discovered at Dover and in Derby-

shire (spearhead-shaped form), England. In the United States,

marcasite is mined in Hardin County, Illinois; Grant County,

Wisconsin; and at Joplin, Missouri. Other significant sources

include Carlsbad and Rammelsberg, Germany, as well as at

sites in the Czech Republic, Russia, China, France, Romania,

Peru, and Mexico.

An iron sulfide that is common worldwide. Marcasite is a poly-

morph of pyritc. having the same chemistry but different struc-

tures and crystal shapes. It was confused with pyrite until a French

mineralogist. R.J. Haiiy (1743-1822), distinguished it in 1814. Mar-

< asite and pyrite are very similar in appearance, but marcasite has a

paler color (causing it to be called white iron pyrite"). Both were

used as medicines in the Middle Ages. Its name derives from an

\i.ibic or Moorish word used for pyrite and other minerals like

bismuth and antimony.

The crystals are commonly

tabular, often with curved faces,

but also massive stalactitic or

as radiating fibers. Twinning is

common and can produce a

spearhead-shaped form (some-

times mistaken for Roman

weapons) or "cockscomb aggre-

gates." In Victorian times, mar-

casite was popular for jewelry,

and today it is often fashioned

into reasonably priced rings, ear-

rings, pendants, and bracelets.

Small rose cuts are common.

Confusingly, jewelers still use

the name marcasite in reference

to small polished and faceted

pyrite stones inlayed in sterling

SILVER. Polished marcasite has

also been used to produce

ornaments.

A Twinned marcasite

i rystals forming

• '., I/*,, ombs

Interpenetrating < uhc\

<>j man asite, i < mats

MARCASITE

CHEMICAL COMPOSITION FeS,

COLOR PALE BRONZE-YELLOW

REFRAOIVE INDEX 1.8

RE1ATIVE DENSITY 4.8-4.9

HARDNESS 6-6.5

CRYSTAL GROUP

CLEAVAGE

ORTHORHOMBIC

POOR

FRACTURE UNEVEN

TENAC 1 1

1

BRITTLE

LUSTER METALLIC

TRANSPARENCY

DISPERSION

OPAQUE

BIREFRINGENCE

Pi.EoeiiKoisM NONE

location China, Czech Republic, England,

France, Germany, Mexico, Peru, Romania.

Russia, l Inited States.
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CUPRITE

A Cushion-cut

cuprite gem.

Sometimes known as "ruby copper"

liecau.se of its deep red color,

cuprite is a major ore of copper.

Although it is mined throughout the

world and is commonly used indus-

trially, cuprite is comparatively rare as

a gemstone. The name derives from

cuprum, the Latin word for "copper."

For the gem collector, the coloration of cuprite

is appealing. In the best samples, true deep reds

are visible in reflection inside the almost black

crystal. Its color is veiy similar to pyrope garnet.

Cuprite has a high refractive index, greater even than diamond. It also

has a semimetallic luster and can easily be mistaken for hematite.

Well-developed cubic crystal forms are the most

sought after, and good crystals are rare. Although it

is very attractive, cuprite is too soft to be used as

jewelry, and it is extremely difficult to cut. Only

some crystals found in Santa Rita, New Mexico,

United States, and Onganja, Seeis, central Namibia,

are suitable for cutting into brilliants for display.

Chalcotrichite, a variety of cuprite, is also

attractive to collectors. Consisting of fine, red,

hair-like crystals of cuprite, chalcotrichite samples

have a very high sparkle. Its name literally means

"hairy copper."

CUPRITE

Cuprite is usually formed as a second-

ary mineral in the oxidized zone of

copper deposits, and it is commonly

accompanied by malachite, azurite and

chalcocite. Small deposits of cuprite

(copper oxide) are sometimes found in

association with malachite or azurite on

ancient coins that have been buried for

thousands of years.

Major sources of cuprite include the

Flinders Range, South Australia; Atacama

Desert in Chile; Haut-Rhin, Alsace,

northeast France; the Black Forest,

Baden Wurttemberg, southwest Germany;

Lavrion, Attica, east-central Greece;

Zacatecas, north-central Mexico; and

Cornwall, southwest England.

Brilliant

Cushion

CUPRITE

CHEMICAL COMPOSITION Cu2

COLOR CRIMSON-RED

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

2.85

6.1

3.5-4

ISOMETRIC-HEXOCTAHEDRAL

CLEAVAGE NONE

FRACTURE

TENACITY

CONCHOIDAL

BRITTLE

LUSTER

TRANSPARENCY

DISPERSION

ADAMANTINE OR SUBMETALLIC

TRANSPARENT TO TRANSLUCENT

NONE (ISOTROPIC)BIREFRINGENCE

PLEOCHROISM

location Worldw

United States.

de, especially Chile, Namibia,

Cuprite crystals

on matrix.
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SPINEL

.• Fancy-cut

red spinel.

A Scissors-cut

blue spinel

Fat vied spinelsfrom Burma

i Myanmar) showing a range

oj i olors

For centuries, spinels have been mistaken for rubies. For example.

the so-called "Black Prince's Ruby" in the British Imperial state

crown is actually a 170-carat spinel. Until 1851, the "Kuwait Ruby."

also pari ol the British crown jewels, was considered to be the world's

largest ruby, weighing 352.5 carats. It is relatively easy to mistake

spinel for ruby because the two gems share many of the same desir-

able properties: they are chemically similar, deriving their red hue

from chromium, and they have similar luster, density, and hardness.

Like rubies, spinels seem to fluoresce or glow in natural daylight.

Spinels tend, however, to have a slightly pinker hue than rubies.

The derivation of the name is uncertain. It may come From the Latin

sjiina tor "spine'' or "thorn." because the stone is often found as sharp

crystals. Since medieval times, it has also been known as the "Balas

sI'INEL

< III \ll< \l < OMPOSITION MgALO,

( OLOR RED, BROWN OR lilACK,

SOMETIMES GREEN OR BLUE

REFRAI ll\l l\DI \ 1.715-1.720

RELATTV] DENSITY

HARDNESS

( RYSTAI (.KOI 1'

3.6

8

CUBIC

CLEAVAG1

ll<\( ll Id

NONE

CON< IIOIDAI

ii NAcrn HKII III.

ll STER \IIKIOI s

rRANSPARJ \( "i

DISPERSION

BIREFRINGEN< l

imiix HROISM

TRANSPARENT

MEDIUM, .020

M l\l

NON1

location Afghanistan, Australia. Burma

(Myanmar), Italy, Madagascar, Pakistan, Russia,

Sri Lanka. Sweden. Turkey, United Males
A Aggregate of

spinel < rystals

H(,



SPINEL

!

A Spinel ring with

diamond openwork.

ruby," alter Balascia (today Badakhshan),

a region of northeast Afghanistan that for

many years was a source of fine specimens

ol spinel.

Although it is reel spinels that are the most

renowned, the stone occurs in a variety of

colors from hot reds and pinks through to

cooler blues and greens and even a black,

non-translucent variety called ceylonite. The

reddest stones are known as ruby spinels, orange-reds are known as

rubicelles, and green are sometimes called chlorospinels.

Rubies may be more prized - and more expensive - but good,

gem-quality spinels are more rare. The best spinels are chosen for

their lively color. They are cut into brilliants, cushions, step cuts, and

are occasionally fashioned as round cabochons. Spinels can also be

synthesized and synthetic spinels are used to imitate other gems. The

magnetic properties of the spinel mineral magnetite, also known as

lodestone, was used to help ancient mariners with navigation.

< The large red spinel

known as "Tlje Black

Princes Ruby' set in the

Imperial Slate Crown.

A small ruby is sel in the

spinel itself.

imm

wn%^m

Brilliant

Cushion

Step

Cabochon

Mixed

SPINEL

Spinel occurs as an accessory mineral

in basic igneous rocks. Spinel's hardness

and resistance to weathering means

that it can be found as rolled pebbles

in river and beach sands. It is often

found in association with rubies and

sapphires. Gem-quality spinels occur

in limestone or limestone gravel and

are most commonly found in Burma

(Myanmar), Sri Lanka, India, and Russia.

Undoubtedly, the finest spinel comes

from the Mogok mines of Mandalay,

central Burma (Myanmar).
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HEMATITE

lictnl

( aboi hon

( ameo

Brilliant

B
Table

HEMATITE
Hematite is widely distributed, occurring as an accessory

mineral in igneous and sedimentary rocks, and in hydro-

thermal veins. It is called "iron rose" when arranged like

flower petals. Specular hematite, which has dark gray or black

crystals with a metallic luster, is also called "looking-glass ore"

and was once used as mirrors by the Aztecs. A "kidney ore,"

especially sought by collectors, is found in metallic black or

red-brown lumpy masses resembling kidneys.

Large quantities of hematite are found in the Canadian

provinces of Quebec, Nova Scotia, and Newfoundland.

Hematite is also present in several US states, including the

Lake Superior regions of Michigan, Wisconsin, and Minnesota.

Crystals measuring 6 inches ( 1 5 centimeters) have been dis-

covered in Minas Gerais, Brazil. "Kidney ore" is found in

the Forest of Dean and Barrow-in-Furness, England,

and "iron roses" at St Gotthard, Switzerland, and Elba.

T

HEMATITE
( III \ll( \l COMPOSITION Fe.O,

COLOR Mill -GRAY, RED, BLACK

KIIKM ll\l IM)I \ 2.94-3.22

RELATIVE DENSITY

HARDNESS

4.9-5.3

5-6.5

(KIM \l (,l«)l P TRIGONAL

< II \\\(,l

1 l( \( II RE

ii w< in

NONE

I \l \l \, BRITTLE

liRII III

M Ml l<

IKWM'AKI \( V

DISPERSION

Ml 1 \l 1 l< . so\ii iimis DULL

OPAQUE

it ll< l PRINGENt l

PI me iikoisM

he most important iron ore, hematite (or

haematite) takes its name from the Greek

word haem lor "blood." which describes the color

of its powdered form. Ground and powdered, it was

used by prehistoric man to make cave paintings, by the Egyptians to

decorate tombs of pharaohs. and by Native Americans as a war paint.

Hematite was once believed to stop bleeding wounds. Today, it is still

used as reel ocher pigment and as a metal polishing

powder called "jeweler's rouge."

Hematite is popular for jewelry but can be

heavy. Types of cut include cabochons, table cuts,

and brilliants. It is also caned for such items as fig-

urines, pendants, necklaces, cameos, and intaglios

in signet rings. The best cuttable sources come from

Cumbria, northwest England; Rhineland Palatinate,

Germany; and the island of Elba, Italy. Black vari-

eties were once used lor

mi mion Ascension Island. Australia. Austria.

Brazil, Canada, France, Germany, Italy, Mexico,

Norway, Romania, Russia, Switzerland, United

Kingdom, i nited Mates. Venezuela,

mourning jewelry,

Polished

hematite

cabochons.

A Hematite

" .' ' crystals on

matrix

HS



CHRYSOBERYL

A A pair of

chrysoberyl cat 's-

eye and diamond

cluster earrings.

The cb rysober) '/ groi ip shown

here (left) with a collection of

spinels (right). The chrysoberyl

group includes a cat's-eye

chrysoberyl gem (bottom left), a

chrysoberyl crystal on matrix, and

a crosspendant set with cats-eyes.

Chrysoberyl has a variable chemical composition and the

chrysoberyl group contains a range of gem-quality minerals. All

types of chrysoberyl are of great hardness, exceeded in this respect

only by DIAMOND, Rt BIES, and SAPPHIRES among the gem minerals. This

makes chrysoberyl hard-wearing and particularly valuable for jewelry.

Chrysoberyl also possesses a relatively high refractive index, giving its

gemstones a desirable brilliance.

Chrysoberyl is found, like beryl, in chromium- and beryllium-rich

rocks, such as granite, pegmatites, and mica schists. Most chrysoberyl

is recovered from alluvial-rich river sands and gravels.

Mineral collectors especially prize chrysoberyl for its mode of twin-

ning - its crystals habitually form attractive heart-shaped contact

twins. The process can be repeated cyclically to yield three pairs of

twins, forming a sixfold structure called a "trilling."

The gemmy varieties of chrysoberyl are among the world's rarest

gems. Chrysoberyl itself is usually transparent and simply faceted. Its

colors range from yellowish green to green, yellow and shades of

brown. It is a fine gemstone, but is eclipsed by its more valuable

cousins, alexandrite, named after Tsar Alexander II (on whose

birthday it was first discovered), and cymophane (cat's-eye

chrysoberyl), with its highly prized "milk and honey" coloring. High-

quality alexandrite displays the most extreme example of color

change (pleochroism) in the chrysoberyl group, and can display

different colors under natural and artificial light sources. Cymophane

shows strong chatoyancy or "cat's-eye" effect.
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CHRYSO BERYL i urn m>hi in i

( 'abocbon

Brilliant

Because chrysoberyl is often yellowish in color, the Greek word

chryso, meaning "golden," was added to its name to distinguish

h from beryl. Chrysoberyl is very rarely found as gem quality, making

it a rare .\^\ cosdj gemstone.

Chrysoberyl is sometimes faceted. But the important variety cymo-

phane is usually em en cabochon to take advantage of its remarkable

optical properties. "Cymophane" means "wavy appearance" - a refer-

ence to the minerals shimmering cat's-eye effect. The cats-eye (a

narrow line ot light visible in the polished stone) is due to needle-

like inclusions. The term "cat's-eye." applied by itself, properly refers

only to chrysoberyl cats-eye; other stones showing chatoyancy

should be called "tourmaline cat's-eye." "ruby cats-eve," and so on.

The effect of chatoyancy is probably seen most clearly in cymophane.

I'he most valuable examples of cymophane or cat's-eye tend to show

a thinner line of light.

Cushion

Mixed

Twinned

i rystal of

i hrysoberyl,

forming 'trilling

CHRYSOBERYL
Cat's-eye occurs in granitic rocks and pegmatites, and in

mica schists. It is also frequently found in alluvial sands and

gravels. It has a white streak. Mineral collectors distinguish

chrysoberyl from beryl by the fact that its crystals are tabular,

rather than prismatic. It may be confused with peridot.

The most important locations in which chrysoberyl is

found include the Ural Mountains of Russia, southern India,

Sri Lanka, Burma (Myanmar), Zimbabwe, and Brazil. Although

/soberyl is found in the United States, there are no major

jrces of the mineral there.

CHRYSOBERYL
< in \n< \i < oMPOsrnoN

COLOR

Kl I KM MM l\l)l \

RELATW1 DENSITY

HARDNESS

< RYS1 \l GROl I'

( ll w \(,l

I l(A( II 1(1

ii \\< in

li STER

rRANSPARENC 1

DISPERSION

BIREFRINGENC I

l'l loi HROISM

BeALO,

GREEN,YELLOW

1.74-1.75

3.5-3.8

8.0-8. SO

ORTHORHOMBIC

PRISMATIC, POOR

I M VI \ TO (ONCIIOIDAI.

1(1(11 II I

VITREOUS

rRANSPARENI TO ["RANSI I ( I \l

(IIS

.01

STRONG in Di 1 1' < OLORS

mi \uo\ Brazil, Burma (Myanmar), India.

Mozambique, Russia, Sri Lanka. ISA. Zimbabwe.

Chrysoberyl cat's-eye.

Yellow chrysoberyl

in a variety ofcuts

(cushion, right; mixed.

left; marquise, bottom).
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i IIK1 sum R> I ALEXANDRITE

Alexandrite, a rare variety of chrysoberyl, is prized for its remark-

able optica] properties. In daylight, which is rich in shorter wave-

lengths, it looks bright green. In the warmer, longer-wavelength light

of candles or tungsten bulbs, it takes on a rich red

or brownish-red color. It has therefore been

described as "emerald by day, ruby by night."

The color change is due to chromic oxide,

which in alexandrite partially replaces the

aluminum oxide that occurs in the chemical

composition of chrysoberyl. Color changes

occur in some types of sapphire, tourmaline,

apatite, and many other gemstones, but alexan-

drite shows the most dramatic effect.

An important source of alexandrite was the Ural

Mountains of Russia, where the variety was first

described in 1830. The story has it that it was

discovered by emerald miners on the birthday of

the future Tsar Alexander II, and was named in

his honor by the mineralogist Nils Nbrdenskjold.

The name was doubly appropriate since red

and green were the Russian

imperial colors. The gem-

stone became popular

in Russian jewelry and

the Urals mines were

soon exhausted. In the

1920s, Tiffany produced

some beautiful rings with

alexandrite set in platinum.

Brilliant

Cushion

A Alexandrite

gems are strongly

pleochroic. Mixed

A Oval brilliant-

cut alexandrite.

A Twinned crystals

ofalexandrite,

forming "trilling.
"

ALEXANDRITE
For much of the 20th century, with no

new major discoveries of the mineral,

alexandrite was extremely rare. Then in

1 987, a new find was made at Hematita,

Minas Gerais, Brazil. Alexandrite from

Hematita has a dramatic color change

from raspberry red to bluish green.

In 1993, there was another major find

of alexandrite on the border ofTanzania

and Mozambique.

ALEXANDRITE

CHEMICAL COMPOSITION BeAl.O,

COLOR GREEN IN DAYLIGHT, REDDISH

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTl IRE

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

location Brazil, Moz

IN INCANDESCENT LIGHT

1.745-1.757

3.71

8.5

ORTHORHOMBIC

DISTINCT

CONCHOIDAI., BRITTLE

VITREOUS TO GREASY

TRANSPARENT

.015

.009

STRONG

imbique, Russia, Tanzania.
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CORUNDUM

Ruby and sapphire cut

stones The various colors of

corundum arc due to trace

metallic impurities.

Corundum is an aluminum oxide found worldwide. Only diamond

is harder and more durable than corundum. Ruby, sapphire, and

emery arc varieties of corundum. The red gem variety is known as

ruby and all the other colors of gem-quality corundum are known as

sapphire. PADPARADSf ha is a rare, pinkish-orange sapphire found only

in Sri Lanka. The name "corundum" comes from several ancient

names for the stone, such as kurundam in Tamil and kurund in

Hindi. The ancient Cheeks mined corundum on the island of Naxos in

the Aegean Sea. and Naxos remains the major source of the abrasive

emery, used in powdered form on nail files.

Pure corundum is colorless. Today, it is used primarily as an

ornamental stone, for bearings in watches, and as an abrasive -

either as fragments produced by grinding massive corundum or as

the impure form of emery, which is a mixture of corundum, mag-

netite, and HEMATITE.

Corundum occurs in certain nepheline syenites and nepheline

syenite pegmatites. It is also found in metamorphic rocks such as

marble, gneiss, and schist. Large crystals occur in some pegmatites,

and emery deposits exist in some regionally metamorphosed rocks.

Corundum often occurs in rivers. It is found in the United States,

Canada, Scotland, Greece, Russia, Australia, Switzerland, India,

Madagascar. South Africa, Afghanistan, Burma (Myanmar), Thailand,

Sri Lanka, Cambodia, and Japan.
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I OKI \|1| \l SAPPHIRE

Any corundum gem that is not red is called sapphire, although

popularly sapphire is associated only with blue stones. The usua

range of sapphire colors is from very pale blue to deep indigo. Other

colors are generally called "fancy sapphires," and these can be black,

purple, violet, green, dark gray, yellow, orange, and white. Fine

gems are most available under 2 carats but can be found from

5 to 10 carats. Sapphire has been greatly prized as a gemstone

since around 800 BC. Rulers of ancient Persia believed the sky had

been painted blue by reflection from sapphire stones. Others wore it,

like a ruby, as a talisman to ward off illness or as protection while

traveling. People in the Middle Ages thought wearing it suppressed

wicked thoughts.

Sapphire's various shades are due to iron and titanium impurities.

The colors are often in bands, zones, or blotches. The gem's many

inclusions reflect light that yields a faint sheen known as "silk." Leuco-

sapphire is the name given to the most transparent colorless variety.

Sapphire normally occurs as crystals that have tabular, pyramidal,

rhombohedral, or barrel shapes. Repeated twinning usually exists.

The gem is normally associated with such gem minerals as ruby,

topaz, zircon, garnet, spinel, and tourmaline. Some gems, called

"color-change sapphire," will produce different shades of blue in

natural and artificial light. These are not as well known but have been

popular when set in gold jewelry. Most of these stones come from

Sri Lanka or Africa. All sapphires are pleochroic, changing hue when

the stone is turned. Alexandrite sapphire seems blue in daylight but

reddish or violet under an artificial light; alexandrite, a variety of

chrysoberyl, also changes color in different light.

Sapphires come in a variety of shapes and sizes. They have a

vitreous luster, and the most valuable (costing tens of thousands of

dollars) have a clear, deep blue color. White sapphire is bought as a

substitute for the more brilliant diamond and is

popular in engagement rings, such as the one

Prince Charles gave to Lady Diana. Black sapphire,

A Sapphire and diamond brooch.

The calibre-cat sapphires

surround the diamond pistil.

A Cushion-cut sapphire

ring, 9.60 carats, flanked

by two tsai'orite garnets.

Spindle-shaped

corundum crystal.

Treated blue

sapphire, brilliant-cut.

SAPPHIRE

chemical composition

COLOR

refractive index

RELATrVE DENSITY

HARDNESS

CRYSTAL CROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

A12 3

BLUE, YELLOW, PINK, GREEN

1.76-1.77

3.9-4.1

9

TRIGONAL

NONE

UNEVEN TO CONCHOIDAL

BRITTLE

VITREOUS

TRANSPARENT TO TRANSLUCENT

WEAK, .018

.008

STRONG

location Australia, Burma (Myanmar),

Cambodia, China, India, Madagascar, Nigeria,

Sri Lanka, Tajikistan, Thailand, United States.
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by contrast, is inexpensive. Star stones occur when several tiny

needle-like inclusions of rutile reflect light (asterism), usually show-

ing a glittering figure w ith six points. This effect can be seen when the

Stone is CUl as a cabochon. The American Museum of Natural History.

New York, is the home of the "Star of India." a star sapphire weighing

563 carats.

fy

O

SAPPHIRE

The most prized sapphires come from Kashmir Kashmiri

stones have a rich blue hue and unique "velvet" luster; caused

by the presence of minute inclusions. In the 1 880s, produc-

tion peaked in Kashmir and the mines now yield little. Gems

from the MogokValley of Burma (Myanmar) are well regarded,

and Mogok yields many star sapphires. Sri Lanka is the

world's largest producer of sapphires larger than 1 00 carats.

Sn Lankan gems tend to be a lighter cornflower blue.

Rakwana stones are particularly prized. Dark and inky blue

sapphires are found in New South Wales and Queensland,

Australia. Gems from Pailin, western Cambodia, are also

highly regarded, but small. China and Nigeria produce dark,

iron-rich sapphires. The Bo Ploi mines in Kanchanaburi,

Thailand, produce fine stones. In the United States, Yogo

Gulch, Montana, produces small sapphires of a metallic blue

color Sri Lanka is the best source for fancy (non-blue)

sapphires, and deposits of blue sapphire, pink sapphire and

ruby have been discovered in Madagascar The Umba Valley,

Tanzania, and Montana, USA, are also notable locations.

Faceted

sapphires, sboii'iiifi

a range oft olors.

4 Crystalfragment

ofstar sapphire.

The cabochon "Star

ofIndia, "a star sapphire

weighing 563 carats.

Oral light blue star sapphire

broot h with openwork <>l<l < ///

diamond surround, mounted

in silver and gold, ( 1880
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Sapphire is normally faceted as mixed-cut gems, with colorless

varieties mostly cut in the brilliant style. Star sapphires and other

non-transparent varieties are generally cut as cabochons. It a stone-

is partly blue and also colorless, a lapidary will put the clear part

at the front so the blue at the back makes the entire stone appear

blue. Due to the hardness of gem-quality sapphires, carved and

engraved sapphires are extremely rare, with most examples dating

back to ancient times when lapidaries had royal patrons for cus-

tomers. This attribute of hardness makes sapphire a fine choice for

jewelry that must stand up to everyday wear and tear, such as rings

and bracelets.

Most of the sapphires sold today are heat-treated to eliminate

impurities and to improve the gem's color and clarity. This form of

enhancement is usually permanent. Another stable treatment involves

using natural chemicals to alter colors, but this only works on a thin

surface layer. If the gem is chipped, the unaltereel interior of the stone

may be seen. Some fancy sapphire is also irradiated to create intense

shades of orange or yellow.

Synthetic sapphire stones, which have been made commercially

since 1902, are created by the flame-fusion process using aluminum

and adding titanium for color. Imitation stones include a garnet-

topped doublet with blue glass base. Star sapphire is imitated by a

quartz cabochon with reflective colored pieces at the base.

Brilliant

Cushion

Pendeloque

Cabochon

t

•

%

A Brilliant-cut round sapphire.

^ Ring and earrings with pink

and yellow circular-ait sapphire

petals, circular-cut garnet leaves,

with diamond center
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Mixed

PADPARADSCHA
< 111 \1K \1 ( OMPOSITION

( OLOR

Kl I KM I IX I INDEX

ki i mix i DENsrn

HARDNESS

CRYS1 \l GROl P

< II w \(,l

IK\( TURE

rENAcm

II M IK

IKWSI'AKI \( X

DIMM RSION

BIREFRING1 \< I

PLECH HROISM

AlzOj

PINKISH-ORANGE

1.76-1.77

39-4.1

9

HEXAGONAL (TRIGONAL)

NONE

UNEVEN TO CONCHOLDAL

BRITTLE

ADAMANTINE TO VTTREC >I IS

1 1< VNSPARJENT TO TRANSLUCENT

WEAK, .018

.008

WEAKLY DICHROIC

Padparadscha is a very rare variety of sapphire with a delicate

pinkish-orange color, caused by tiny amounts of chromium, iron,

and vanadium. The name (sometimes also spelled as "padparadsha")

comes from the Sinhalese words padma radschen, meaning

lotus-blossom color." Although it is difficult to find gems more than

2 carats in weight, a specimen from Sri Lanka weighing 100 carats is

on display at the American Museum of Natural History, New York.

Padparadscha is one of the world's most expensive gems, with

prices similar to those fetched by fine ruby or emerald. The most

pricey stones display uniformity and purity of color. Unlike other

sapphires, the finest color of padparadscha is not a

function of intensity (saturation). The most valuable pad-

paradschas display a delicate mixture of pink and orange.

Today, many stones arc enhanced by heat-treatment. Oval

and cushion are the most common cuts.

io( \iio\ Madagascar. Sri Lanka. Vietnam.

A Largest knou u gemstone q)

padparadscha, 100 18-carat oval,

mi display m the Amerh mi Museum

oj Natural History Sett York

•^ Round mid

lived brilliant-cut

padparadscha

gems.

Padparadscha

( rystal

PADPARADSCHA
Purists argue that Sri Lanka is the only legitimate

source of padparadscha. However, pinkish-orange

sapphires have also been unearthed at the Quy

Chau mines in Vietnam, theTunduru district of the

Umba Valley in northeast Tanzania, and on the

island of MadagascarThe Tanzanian gems tend to

be more brownish orange and are sometimes

referred to as "African padparadscha."

%



CORUNDUM RUBY

T~) ubies arc very rare gems. They exist

jw'iv LYin i
-:\ shack's of red, from pinkish

flj to purplish or brownish red. The red

color is determined by the amount of

chromium, which further enhances the

color by causing a red fluorescence. A

ruby's brownish color indicates iron.

The name comes from the Latin word

for red, rubeus. The true ruby has

sometimes been called an "oriental

ruby" to distinguish it from the red

spinel. Garnets and purple sap-

phires have also been mistaken for

rubies. Besides their obvious value

as precious gems, rubies are also

used extensively in laser technology.

The great value of rubies is men-

tioned in the Bible. Ruby mining goes

back more than 2,500 years in Sri Lanka and

was recorded in the 6th century ad at Mogok, Burma (Myanmar).

The Burmese wore the stone as a talisman to protect them against ill-

ness or misfortune. Many in the ancient world believed they could

predict the future based on the changing color of a ruby they wore.

The rare and valued "pigeon's blood" variety now mined in Burma

was previously called "blood drops from the heart of Mother Earth"

by the Burmese. The Hindus, who thought a ruby burned with an

internal fire, called it "the king of precious stones." Rubies have also

been assigned various mystical powers and are said to bring the

wearer romance, friendship, energy, courage, and peace.

Queen Consort's Ring with

a 50.15-carat ruby at its center.

4 Oval ruby and diamond

drop earrings.

A Ring with a star ruby

cabochon weighing 52.27 carats.

Ruby doublet

Ruby crystal from

Burma (Myanmar).

RUBY
CHEMICAL COMPOSITION AL.O,

COLOR RED TO BROWNISH RED

REFRACTIVE INDEX

RELATIVE DENSITY

1.76-1.77

3.9-4.1

HARDNESS 9

CRYSTAL GROUP TRIGONAL

CLEAVAGE

FRACTURE

NONE

UNEVEN TO CONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION WEAK, .018

BIREFRINGENCE .008

PLEOCHROISM STRONG

location Afghanistan, Australia, Burma

(Myanmar), Cambodia, India, Kenya,

Madagascar, Pakistan, Sri Lanka, Tajikistan,

Tanzania, Thailand, Vietnam.
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The center of the ruby trade is located in Bangkok. Thai-

land, which was once one of the most important ruby min-

ing localities. The Thais developed many ruby cutting and

polishing techniques. Thai and Cambodian rubies (largely

from around Pailin. western Cambodia) are of high clarity

but lack any light-scattering silk inclusions, and only those

facets where light is totally internally reflected are a rich

red.The best-quality rubies come from the MogokValley of

Burma (Myanmar) and Mong Hsu in the northeast. Mogok

rubies are prized for red fluorescence and tiny amounts of

light-scattering rutile silk, which give the stones a beautiful

crimson glow. The Vietnamese mines of Luc Yen and Quy

Chau also yield superb stones. Sri Lanka is one of the best

sources of alluvial "star" rubies. Kenya and Tanzania yield

excellent fluorescent stones, but facet-grade material is

rare. The situation is similar in Jegdalek, Afghanistan. The

state of Karnataka, southwest India, has a history of ruby

mining but produces largely low-grade star rubies. The

state of Orissa, east India, is a new source. Other sites

include Harts Range, Australia; Madagascar; where new

fields are being worked; and Tajikistan, which is making an

impact as a ruby locality.

Rubies occur in bands of crys-

talline limestone, and the associated

minerals include mica, feldspar,

spinel, garnet, graphite, pyrrhotite,

and wollastonite. Ruby is a hard

stone but can fracture where the

crystals are twinned. The hexag-

onal, barrel-shaped crystal prisms

have flat or tapering ends. Short,

prismatic crystals have been found

in Tanzania in green zoisite,

and rubies measuring more than

2 inches (S centimeters) were dis-

covered in mica schists in the

Hun/a Valley, Pakistan. Like sap-

phires, rubies are pleochroic and

their hue will change if the stone

is turned.

Large rubies have earned higher

prices per carat at auctions than

flawless diamonds. Fine stones that

are more than 2 carats are rare

and expensive. The prized colors

are pure reds without traces of

"Lion mask bracelet by

Bulgari The hand <>/'the bracelet

consists ofcabochon-cut rubies

enham ed by i in ular < ut

diamond spat ers The < lasp

features a i aboi hon-t ut emerald

V Madagascar < ushion cut rubies

in a rnri<i\ oj shapes

brown or

blue- Less value

is placed on lighl or

dark shades. Intensely colored

i lear pink varieties are also greatlj valued, especially when cut well,

Kubies are usually fashioned as a mixed cut or cabochon. They are

verj durable, and are used for rings, bracelets, necklaces, earrings,

and oilier iien is < >i jewelry. Breakage rarely oc cms because there is no

easy < lea\ age.
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Rubies should lie evaluated under different intensities of light. A

very strong light normally gives a ruby a very intense color, while

normal light may show a less intense coloring. The stones should

also be assessed lor their symmetry by placing them face up.

Like sapphires, rubies may have needle-like inclusions that appear

as a "silk" sheen. A cabochon-cut allows these inclusions to resemble

a six-pointed star. The "Eminent Star" ruby, an oval cabochon with a

six-ray star, weighs d.-tdS carats. Attractive star inclusions can add to

a ruby's value. Some sellers may fill fissures with materials such as

glass or borax to improve the gem's appearance and durability,

but the filler material may break or fall out with rough treatment or

exposure to heat.

Synthetic rubies were the first synthetic gemstones to become

commercially available in large quantities. Small fragments of the real

stone were once fused together to create "reconstructed rubies," but

this practice came to an end in 1902 when French chemist Auguste

Verneuil flame-fused powdered aluminum oxide and a coloring

material to produce a synthetic stone. Today, synthetic rubies can be-

very difficult to distinguish from true rubies.

Brilliant

f^^
^^^

Step

Mixed

Cabochon

A Edwardes ruby in the Natural

History Museum. London; weight

167 carats.

¥ Ruby cut as a cabochon.
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Mixed

The major ore of tin, cassiterite is also appreciated for its sparkle.

which derives from its high luster. It is often found as an eight-

sided prism, consisting of two four-sided prisms, one of which is

usually dominant. While it is generally black, reddish-brown crystals.

large enough for cutting, are also occasionally found. It is named from

the Greek word kassiteros for tin.

Cassiterite's importance as a tin ore has been known for millennia.

During the Bronze Age. it was added to molten copper to form

bronze, a copper alloy that is strong and durable yet easily worked.

Some of the oldest cassiterite mines, such as those in Cornwall,

England, have been worked since 2000 B< and are now exhausted

of minerals. Cassiterite is generally located within or near granite

masses. It is associated with wolframite.

arsenopyrite, bismuthinite, topaz, quartz,

rot rmaline, and mica. Today, because

so many established mines have

been intensively worked over

the centuries, most cassiterite is

found in alluvial deposits.

CASSITERITE

In addition to its industrial use as a

source of tin, cassiterite is also used as a

gemstone. It needs polishing to bring out

its best, which may be time-consuming,

but cutting is straightforward because it

is hard and cleavage is imperfect. Large

cut stones, of more than I carat, are

rare. The best stones for cutting come

from Erongo, central Namibia, and from

Galicia, Spain.

A Cassiterite faceted as

an oral brilliant-cut.

•^ Cassiterite crystals

A Agglomeration

/tetragonal < rystals

•
•I

i assitertte

CASSITERITE

CHEMICAL COMPOSITION SnO,

COLOR USUALLY BLACK

REFRACTIVE INDEX 1.99-2.09

RELATIVE DENSITY 6.8-7

HARDNESS 6-7

CRYSTAL GROUP TETRAGONAL

CLEAVAGE PRISMATIC, IMPERFEI T

FRACTURE UNEVEN

TENACITY

LUSTER ADAMANTINE

TRANSPARENCY OPAQUE

DISPERSION .071

BIREFRINGENCE STRONG, .096

PLEOCHROISM DICHROIC, DEFINITE

](» ahon Bolivia,

Mexico, Namibia.

( :hin.i.

Russia,

Indonesia,

Spain.

Malaysia,
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RUTILE

Although its high refractive index endows it with sparkle that is

greater than diamond, rutile's fire is dimmed by its reddish-brown

to black color. It is this color that gives it its name, which derives from

the Latin rutilus, meaning "reddish."

Rutile occurs as an accessory mineral in a variety of igneous rocks,

as well as in schists, gneisses, metamorphosed limestones and

quartzites. It is also a secondary mineral produced by the breakdown

of titanium-bearing minerals such as titanite and some micas, and

may be concentrated in alluvial deposits and beach sands. In addition

to being a gemstone, rutile is a major ore of titanium, which is used

in high-tech alloys and as a pigment in paint,

porcelain, and false teeth.

In jewelry, rutile has been used for thousands

of years. The black or dark brown stones were

traditionally used in mourning jewelry. The

stones are usually polished to show off their dark

color. Because they have fine internal cracks

along their prismatic faces, they are difficult to

cut. Their low translucence means that cutting

may not be that beneficial to their appearance,

but rutiles are sometimes found shaped into

baguettes. The gem is said to encourage feelings

of tranquillity and forgiveness, and to help

strengthen the immune system.

While rutile on its own is an attractive stone, it is

perhaps more interesting when it appears with

other gems. When rutile occurs as a microscopic

inclusion in gemstones such as tourmaline, ruby or

sapphire, it creates striking light effects like cat's-

eyes or asterisms. Rutilated quartz is found when

golden rutile needles are embedded in clear quartz,

giving an appearance of golden hair in the crystal.

This popular gemstone is sometimes known as

"Venus' hair" or "Cupid's darts."

Baguette

Mixed

RUTILE

CHEMICAL composition

color

TiO,

reddish-brown; also can

be yellow or black

refractive index 2.63

RELATIVE DENSITY 4.25

HARDNESS

CRYSTAL GROUP

CLEAVAGE

6-6.5

TETRAGONAL

PRISMATIC, DISTINCT

FRACTURE

TENACITY

CONCHOIDAL TO UNEVEN

LUSTER ADAMANTINE TO SUBMETALLIC

TRANSPARENCY

DISPERSION

TRANSPARENT WHEN THIN,

OTHERWISE SUBTRANSI.UCENT

TO OPAQUE

OUTSTANDING

BIREFRINGENCE .285-.296

PLEOCHROLSM WEAK TO MODERATE

location Brazil,

United States.

Switzerland,

RUTILE

Some of the best rutile samples have

been excavated from the mines in

Minas Gerais, southeast Brazil. There,

yellowish brown, yellowish green and

transparent stones have been found,

which are prized by collectors. Crystal

twinning also forms some interesting,

symmetrical samples.

%

Polished crystal

fragment of quartz

willi rutile inclusions.

•4 Rutile crystal

fragment on matrix
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FLIO RITE
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^
Step

Cushion

Mixed

Cameo

FLUORITE

< HEMICAL ( OMPOSmON CaF2

< OLOR YELLOW, GREEN, BLUE, PI KIM r,

PINK, RED, BLACK, COLORLESS

REFRAi nVE INDEX 143

hi i \ii\i. di Nsrn 3.2

HARDNESS 4

< RYSTAL GROI P ( l BI<

( ll WAG! PERFECT

ll(\( M Id si BCON< MOIDAI.

i i \ v< i n BRITTLE

LUSTER VITREOl S

ntANSPAR] \< V

DISPERSION

rRANSPARJ M TO TRANSLUCENT

.007

BIREFRING] N( l \o\l

i'l EOCHROISM \o\l

MX mion \ustria, Bulgaria, Canada, china.

Czech Republic, England, France, German}

Italy, Kazakhstan, Norway, Pakistan, Poland,

Russia, Switzerland, ( nited States.

Fluorite is a widely distributed mineral iliai is mined in great quan-

tities. In occurs in mineral wins, either alone or as a gangue min-

eral wiih metallic ores and in association with Ql vktz. BAR} n. CALCITE,

CELESTINE, DOLOMITE, galena, CASSrTERITE, SPHALERITE, TOPAZ, and many

other minerals. Its crystals are commonly cubic, often with rounded

corners. It is less frequend) octahedral or rhombdodecahedral, and

interpenetrant twins are common. The name comes from the Latin

word fluere meaning "to How" - a reference to its low melting point

and use as a flux in the smelting of metals. Fluorite has given its name

to the phenomenon of fluorescence.

Fluorite is worked mainly for use as a flux in the smelting of iron

and in the chemical industry. It is used in the preparation of fluorine

compounds like hydrofluoric acid. Smaller amounts are used as

decorative stones and in the manufacture of specialized optical equip-

ment, pottery, enamels, plastics, toothpaste, refrigerants, and coatings

for non-stick pans.

Although fluorite is too soft and too readily cleavable to be used

as a faceted gemstone. some stones have been faceted as trap cuts,

brilliants, and occasionally as cabochons. Irregular pieces are

tumbled for necklaces. The color variation, particularly in the

color-banded variety known as blue John, has made it prized as an

ornamental stone from which vases and ornaments have been

fashioned since ancient times. English miners once called the

crystals "ore flowers." and collectors have said fluorite i.s "the most

colorful mineral in the world."

Blue John is a variety of fluorite with curved bands of blue,

purple, violet, yellow, and white. Some of the darker colors may

appear black. The distinctive colors of this fluorite were made

millions of years ago either by the inclusion of

manganese or oil. There are at least 1 \ different

banding patterns, blue John is fragile and may be

/>/i c rystals

offluorite
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FLUORITE

Besides Derbyshire's stone, excellent crystals are found

at Weardale near Durham, and at Alston and Cleator Moor

in Cumbria, England. Fluorite is found worldwide. Major

sources in North America include Haliburton County and

Hastings County, Ontario, Canada; Trigo Mountains, La Paz

County, Arizona; San Juan County, Colorado; Cave-in-Rock,

Hardin County, Illinois; Franklin, New Jersey; and Socorro

County, New Mexico. Sites in Australia include the Flinders

Range, South Australia. Other locations include Alsace,

northeast France.

A Cabochoti-cut

fluorite gem.

bonded with resins to help protect against damage. The name

was supposedly derived from the French bleu et jaune, meaning

"blue and yellow." The only source of blue John is at Castleton in

Derbyshire, England, giving the town its nickname of "Gem of the

Peaks." The stone, in a fibrous to columnar form, was discovered

by early miners seeking lead and is now found in two

caverns in the Peak District National Park: Treak Cliff

Cavern (where 500 kilograms are mined annually)

and Blue John Cavern. The larger veins in the Derby-

shire mines have been overworked and no longer exist, so

decorative objects made today are smaller.

Blue john was used by the ancient Romans for ornamental

objects, with vases discovered in the ruins of Pompeii. It became

very popular in the late-lSth and 19th centuries, when it was

often used to fashion vases, urns, and dishes. Splendid examples

of blue john ornaments are on display at Windsor Castle, England,

and in many English stately homes, such as Chatsworth House in

Derbyshire, as well as in the White House in Washington, D.C.,

and the Vatican, Rome.

f Bluejohn vase in

the Natural History

Museum, London.

Polished slice

of blue john
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Polished

CALCITE
Calcite is normally found in veins within

rock. Associated minerals include fluo-

RITE, QUARTZ, Sulfur, GOLD. Copper,

emerald, and apatite. In limestone caves, it

produces stalactites and stalagmites, and

it also forms seashells of living organisms

which, on death, form limestone.

Calcite occurs worldwide. Eskifjord in

Iceland yields Iceland spar. In Canada,

major calcite deposits include Cobalt,

Timiskaming County, and Dungannon

Township, Hastings County, Ontario. In

Australia, the Mount Lofty Ranges in

South Australia have notable deposits.

US locations include Cochise County,

Arizona, and Franklin, New Jersey.

UK sources include Egremont, West

Cumbria, and Leadhills, Strathclyde.

i iiU iic gem

One oi the most common and widely distributed minerals.

calcite is the major constituent of limestone, marble, and

chalk. The name is derived from the Latin word calx, meaning

lime Calcite is quarried as limestone to make cement, building

blocks, ornamental stones, and fertilizers. Pure metamorphosed

limestone forms white granular marble, and the presence of Other

minerals results in colored, figured marble used for buildings,

decorations, and carvings. Banded Mexican onyx is a variety of

calcite with a marble like texture used for ornamental work and

can ed into figurines.

Calcite crystals are more varied than any other mineral, with the

best formed in rock cavities. They are large, trans-

parent, and colorless prismatic crystals intergrown

with other minerals. More than 300 forms arc-

known, and they combine into a thousand dif-

ferent variations. Because of its softness, calcite is

only faceted for collectors. Pink or red cobalto-

calcite makes beautiful items. A white, fibrous

variety is cut into cabochons to show the cats-eye

effect. Iceland spar, a variety first found in lava

cavities in Iceland, is colorless and transparent,

having large clear prisms. It is used to make spe-

cial lenses, including those for the clichroscopc.

an instrument that displays the pleochroic colors

ol gemstones. Iceland spar is also doubly refract-

ing, meaning the crystal splits light into two rays

to produce a double image.

u<

CALCITE

( IILMICAI. COMPOSITION CaCO,

COLOR COLORLESS OR whtte; shades

OK GRAY,YELLOW, GREEN, RED,

PI IRPLE, BLUE, BROWN, BLACK

REFRACTIVE INDEX 1.48-1.66

RPIATIVE DENSITY 2.7

HARDNESS 3

TRIGONALCRYSTAL (.ROUP

CLEAVAG! PERFECT

FRACTURE CONCHOIDAL BUT RARE

nwe rn BRITTLE

II Ml K VITREOUS

TRANSPAREN l IX ) I'RANSl.l tCENT

OR NEARLY OPAQUE

TRANSPARENT v

DISPERSION wi:ak,.()()8-.()17

.15-19BIREFRING1 \< 1

PI IO( IIROISM NONE

io( aiiox Austria. (

France, ( rermany, I

Namibia. 1 mled St

anada, China, England,

celand, Ireland, Mexico,

lies.



RHODOCHROSITE

1 ' J

Rhodochrosite is a manganese carbonate with a vivid pink-rose

and red color derived from manganese. Its descriptive name

comes from the Greek words rhodon ("rose") and chroma ("color").

[f massive aggregates are mined, the mineral can be an ore of

manganese. It is best known, however, in gemstone jewelry. Some

fine crystals of rhodochrosite are cut into gems, but this is difficult

because of the perfect cleavage. Such items are seldom for everyday

usage because of rhodochrosite's brittleness. A few cabochons have

been cut from exceptionally clear crystals.

Fine-grained, banded rhodochrosite became a popular ornamental

stone during the 1930s, and this is often carved into decorative objects

like figurines. Bands can be pink and red, as well as pink and white.

Collectors especially value tubular stalactitic forms that are cut

into cross-sections to show concentric bands.

Rhodochrosite occurs in hydrothermal mineral veins contain- J

ing ores of silver, lead, and copper. It has also been noted in
*

metamorphic and metasomatic rocks of sedimentary origin, and

in sedimentary deposits of manganese oxide, where it is of sec-

ondary origin. Individual crystals are found in rhombohedrons and

sometimes scalahedrons, but large crystals are rare. Rhodochrosite

is distinguished from rhodonite, also a pink manganese mineral, by

its inferior hardness, and often develops a brown or black crust on

exposure to air. Associated minerals include calcite, ankerite,

alabandite, rhodonite, bementite, fluorite, manganite.

quartz, galena, pyrite, and chalcopyrite.

RHODOCHROSITE
The United States is the primary producer of

rhodochrosite. The Sweet Home Mine in Alma,

Colorado, has excellent gem crystals of a clear

quality, including deep-red specimens, Other US

states with mines include California, Oregon,

and New Jersey. San Luis province in central

Argentina has been a key source since the 1 3th

century, when Incas worked the local silver

mines. Its banded rhodochrosite is sometimes

also called "Inca rose." Another important site

is at Capillitas near Andalgala, northwest

Argentina. Mont Saint-Hilaire, Quebec, Canada,

produces many fine pinks and reds, and North

Cape Province, South Africa, is the site of the

banded variety and fine transparent crys

Rhodochrosite is also mined at Pachuca, Hid

southern Mexico; Linopolis, Minas Gerais, so

east Brazil; and the Lima Department of Peru.

Bead

Cabochon

4 Rhodochrosite

crystals.

RHODOCHROSITE
CHEMICAL COMPOSITION MnCO,

COLOR ROSE-PINK, RED

REFRACTIVE INDEX 1.60-1.80

RELATrVE DENSITY 3.4-3.7

HARDNESS 3.5-4.5

CRYSTAL GROUP TRIGONAL

CLEAVAGE PERFECT

FRACTURE UNEVEN

TENACITY BRITTLE

LISTER VITREOUS

TRANSPARENCY TRANSLUCENT

DISPERSION WEAK

BIREFRINGENCE .218

PLEOCHROISM NONE

location Argentina, Australia, Br;

Germany, Mexico, Peru, Romania,

Africa, Sweden, United States.

Lizil, Canada.

Russia, South

4 Oral mixed-

cut rhodochrosite.
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SMITHSONITE

( abochon

Sky-blue

cabochon gem of

smithsonite.

Tins intriguing stone is named for U

Smithson I 1765-1829), the Briti;

geologist who first defined the min-

eral, and who left his fortune upon

Ins death to be used to found the

Smithsonian institution in Wash-

ington. D.C.

The main occurrence oi smith-

sonite is in the oxidized zone of ore

deposits carrying zinc minerals. It is corn-

monk associated with sphalerite, hemimorphite,

galena, and CALCITE. It generally forms in dry

climates, as primary sulfite zinc ores are weath-

ered. Although smithsonite's official chemical composition makes it a

zinc carbonate, some of the zinc is often replaced by other minerals,

which gives the stone a unique color. When basalt is present, the

stone lakes on a pink to rose tint; the best examples come from the

Tsumeb mine in northern Namibia, and the Kabwe (formerly broken

Hill) mine in central Zambia. Cadmium gives the stone a yellow-

color, and this is known as cadmium smithsonite. In the best-known

mix. copper makes smithsonite appear green or blue. The most

sought-after color variety is purple to lavender.

Collectors are also attracted by the unique rounded

and bubbly shape of smithsonite samples. They

have a botryoidal crystal shape, lending the stone

the appearance of a bunch of grapes, as radiating

crystals grow out from a central point and then

back into each other. The best samples benefit from

a silky luster, which is said to resemble that of

molten wax gleaming in the candlelight.

A Smithsonih

\ah on i)Kiin\
«*>

SMITHSONITE

CHEMICAL COMPOST

COLOR

REFRACTIVE IM)I \

no M ZnCO,

UALLY GRAY, BROWN,

(.RAVISH WHITE

us

1 .62 1 - 1 .849

4.4-4.5KlXATIVi; DENSITY

HARDNESS 4-5

TRIGONAL

1BOHEDRAL, PERFECT

UNEVEN

BRITTLE

VITREOUS

< RYSTAL GROUP

CLEAVAGE RHOU

FRACTURE

ii \.\( rn

LUSTER

TRANSPARENCY

DIMM RSION

I1IKI 1 l(l\(.l \i 1

I'l tin HROISM

TRANSLUCENT

.037

.228

NONE

lo( ATION < ircei e. It,

1 flited Males, /.mil

:ily.

>ia.

Mexico. N; miibia, Spain.
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DOLOMITE

Dolomite i.s a mineral composed of calcium and magnesium car-

bonate, being similar to CALCITE. It was named after D. Dolomieu

( L750-1801), a French mineralogist who described it in 1798 during a

visit to Egypt with Napoleon Bonaparte. The mineral's original name

was dolomie. It is used in the manufacture of refractory bricks for

furnace linings. Pearl spar is a variety with a pearly luster and

colored white, gray or pale brown. Bitter spar is an iron-bearing

variety, colored brown by ankerite.

Dolomite crystals are colorless, white, pink, or yellow, forming

rhombohedrons or sometimes having curved faces that combine into

distinctive saddle-shaped growths. They are rarely faceted because of

dolomite's softness and perfect cleavage, but step-cuts are popular

with some collectors.

Dolomite is found in metamorphic marble rock

and occurs as a gangue mineral in veins with

sphalerite or galena. Its most important occurrence,

however, is as a rock-forming mineral in carbonate

rocks. Sedimentary dolomite rock is called

dolomitic limestone, magnesian limestone, dolo-

stone, and, previously, dolomite. Made up almost

totally of the mineral dolomite, with small amounts

of calcite, it is found worldwide in shades of white,

cream, gray, brown, and pink. Dolomitic limestone

is used as a building stone and to produce special

cements. Also, it is a source of

magnesium oxide, and is

used as an antacid and in

insulating materials.

<* Round brilliant-

cut dolomite gem.

Brilliant

Step

DOLOMITE
CHEMICAL COMPOSITION CaMg(CO,),

COLOR WHITE, COLORLESS, YELLOWISH,

BROWN, PINK

REFRACTIVE INDEX 1.50-1.68

RELATIVE DENSITY-

HARDNESS

CRYSTAL GROUP

2.9-3.2

3.5-4

TRIGONAL

CLEAVAGE

FRACTURE

PERFECT

SUBCONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS TO PEARLY

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION WEAK

BIREFRINGENCE .18

PLEOCHROISM NONE

location Austria, Brazi

Republic, England, Get

Saudi Arabia, Scotland,

United States.

, Canada, Czech

many, Italy, Mexico,

Spain, Switzerland,

DOLOMITE
Deposits of dolomite are found in

Brosso and Traversella, Piedmont, Italy;

Binnenthal, Switzerland; the Freiberg

and Schneeberg mines in Germany;

Cornwall and Cumbria, England;

Scotland; St Eustache, Quebec, Canada;

Guanajuato, Mexico; several US states,

including Vermont, New York, New
Jersey, North Carolina, Missouri, Iowa,

Wyoming, and Colorado; Spain; Austria;

Czech Republic; Brazil; and Saudi Arabia.

'

fcv '

n
,/#T>

: ^* '#&.:, ." n

A Dolomite

crystals on matrix.

- ' j

V

/:
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ARAGONITE

Aragonite is a carbonite min-

eral ( hemic allv the same as

Head

Polished Pendeloque-cut

aragonite gem.

ARAGONITE
Aragonite occurs as a deposit from hot

springs and in association with beds of

gypsum. It has been noted in veins and

cavities with calcite and dolomite, and in

the oxidized zone of ore deposits, where

it is found together with secondary min-

erals such as malachite and smithsonite.

Areas rich in aragonite include

Aragon, Spain; Bastennes, France;

Cumbria, England; Leadhills, Scotland;

Agrigento, Sicily; Tsumeb, Namibia;

Carinthia, Austria; Harz Mountains,

Germany; and in the southwest United

States including Chester County, Penn-

sylvania; Socorro County, New Mexico;

and Fort Collins, Colorado.

calcite, but unlike its more

common polymorph it has a

fibrous, rounded form and no

rhombohedral cleavage, Arag

onite is a popular glass} orna-

mental stone that can also be

found in layered or banded varieties,

Especially beautiful crystals have been

found in Wind Cave, South Dakota, I'SA. and

the Sicilian sulfur deposits of Italy.

Aragonite was named in

1790. after the Spanish province of Aragon where it

was first noted. The shells of certain molluscs, such

as the abalone, are made of aragonite. which gives

them a mother-of-pearl luster. Many fossil shells

now composed of calcite were formed originally of

aragonite. which is unstable in high pressures and

temperatures. These fossils have usually lost the

original pearly luster. Natural pearls are also mostly-

formed by aragonite bonding with conchiolin, a

process that takes about seven years.

Prismatic twinning is a common feature of the

aragonite crystal, and if three twins occur the

mineral becomes pseudo-hexagonal. The flos-ferri

("iron flowers") variety has thin, intertwined and

clumping branches that resemble worms or trees.

Some of the well-known sites for flos-ferri are in

Austria. Russia. Mexico, and the United Slates.

Rough spe< unci/

<>/ aragonite

ARAGONITE
CHEMICAL COMPOSITION CaCO,

COLOR COLORLESS, CRAY, WHITE, YELLOWISH

REFRACTIVE INDEX

RELATIVE DENSITY

1 .67- 1 .69

2.9

HARDNESS 3-4

CRYSTAL CROUP ORTHORIIOMHIC

CLEAVAGE PINACOIDAL, IMPERFECT

FRACTURE

TENACITY

SI l« ONCHOIDAI.

BRITTLE

1 1 STIR

TRANSPARENCY

DISPERSION

VITREOUS

TRANSPARENTTO TRANSLUCENT

NONE

1SS

NONE

BIREFRINGENCE

PI.EOC IIKOISM

LOCATION Aiislii.

Italy .
Mexico. N

1 fnited States,

. England, France, Germany,

tmibia, Poland, Scotland. Spain,

bis



CERUSSITE

A lead ore, cerussite gets its name from the Latin word cerussa,

meaning "white lead." Although its natural form is rarely used as

a pigment, the synthesized form, lead carbonate, has been widely

used in paintings since the 5th century bc. Today, cerussite is of

great interest to collectors for its fantastic sparkle, which derives

from its high lead content, as well as for its complex, twinned

crystals.

Cerussite is usually of secondary origin, found in the oxidized

zone of lead veins. It is frequently found in association with many

other minerals, most commonly anglesite, galena,

SMITHSONITE, promorphite, and sphalerite. While

cerussite itself is clear and transparent, it may

derive some color from the minerals with which

it is associated: for example, a cerussite sample

rich in galena will appear gray, while one with

malachite will be green. Clear cerussite minerals

are the most valuable.

The twinned crystals of cerussite form very

intricate structures. There are three types:

chevron shapes are the most common; cyclic

crystals often create fantastic, six-pointed stars;

while reticulated crystals are the most complex.

Some of the best crystal samples, found in

Tsumeb, northern Namibia, have been up to

2 feet (60 centimeters) tall.

Cerussite is very soft and brittle, and must be

handled with care. Because it is so fragile, it is

extremely difficult to cut and, as a result, faceted

gems are highly prized by collectors.

Brilliant

CERUSSITE

CHEMICAL COMPOSITION PbCO,

WHITE, GRAY, GREEN

2.07

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY 6.58

HARDNESS 3-3.5

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE PRISMATIC IN TWO

DIRECTIONS, DISTINCT

FRACTURE CONCHOIDAL

TENACITY

LUSTER

BRITTLE

ADAMANTINE

RENT TO TRANSLUCENTTRANSPARENCY TRANSPA

DISPERSION

BIREFRINGENCE

STRONG, .051

VERY STRONG, .274

PLEOCHROISM NONE

location France

Namibia, Spain,

, Germany, Mexico, Morocco,

United States.

CERUSSITE

Stones suitable for cutting come from

Spain or Namibia. The type locality

is Vicentin, Italy. Other sources of

cerussite include the Haut Rhin, Alsace,

northeast France; Oberpfalz, Bavaria,

southern Germany, and Aachen, North

Rhine-Westphalia, western Germany;

the Sierra de las Encinillas, Chihuahua,

north-central Mexico, and Jacala, Hidalgo,

southern Mexico; and Mibladen, Khenifra,

central Morocco.

Oral cushion-

cut cerussite gem,

<**?£

-»»..-.

like) crystals of

cerussite on matrix.
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MALACHITE

M \l.\< IIITE

i 111 MI< \l ( OMPOS1 in >\

( OLOR

lil FRA< HM l\l)l X

i;i i \n\ i Di Nsrrv

HARDNESS

( IOs| \l GROl P

CLEAVAG1

Cu2CO,(OH)2

BRIGHT GREEN

1.85

3.9-4.0 (MASSIVE VARIETIES

\s io\\ \s 3.5)

3.5-4

\K>\(>< 1 INK

PINACOIDAL, PERFECT

FRA< II RE si BCONCHOIDAL OR UNEVEN

ii \\( in BRITTLE

1 1 S UK FIBROUS VARIETIES SILKY, DIM.

WHIN MASSIVE, < RYSTALS ADAMANTINE

rRANSPAREN( "i TRANSL1 < 1 M
DISPERSK >N NONE

lill(IIUI\(,l \( 1 .254

PI iik HROISM WEAK

ii » \iio\ Austral

Congo, England

Namibia, Russia.

ia. Democratic Republic of

. France, Germany, Israel,

i nited states.

Malachite is a common secondary copper mineral

wiih a vivid green color. Its name derives from

the Greek word moloche meaning "mallow," because

it has the color of mallow leaves. Malachite was

crushed as a green pigment in the Bronze Age and

has been valued as a gemstone since ancient times.

The Greeks and Romans fashioned

vases and sculptures from mala-

chite, and wore it as amulets to

ward off evil spirits and illnesses.

Later, the Russian Tsars used it as a

decorative stone, quarrying vast

deposits in the Ural Mountains

to create magnificent structures.

such as the columns of St

Isaac's Cathedral in St Peters-

burg, western Russia.

Malachite is a relatively soft mineral, but some is

cut into rounded cabochons and other rounded

shapes, while some is fashioned as beads. The

quality required for jewelry is mined at several

sites, including Hilat in Israel. This can be carved

and polished to reveal alternating bands of shades

of green, from pale to near-black layers, and can

show intricate patterns on the polished surface. The

ornamental stone is also used for items like table-

tops, bowls, vases, and carved animals.

A Earring with

malachite drops

and head.

C. I860.

A Polished dn <

alai bite

Mass of

iiuil/u bite

(green) mid

lie

< dark l)lu<

MALACHITE
Malachite mineral is common in the oxidized zone of copper

deposits and normally found in opaque green masses that are

granular, knobbly, and massive. It is usually with azuwte, which

has a deep azure blue color Chessylite is the name given to

banded malachite and azurite occurring in Chessy, near Lyons,

France. Malachite is also associated with coppei

chalcocite, chrysocolla, chalcopyrite, and limonite.

e renowned Urals deposits in Russia are becoming

.epleted. Most large deposits are found in copper-mining areas,

with the Shaba province of the Democratic Republic of Congo

the major producer Other sites are at Betzdorf, Rhineland-

Palatinate, Germany; Potosi in New South Wales, Ausi

Redruth in Cornwall, England; and in the United States at

Bisbee in Arizona, Stevens County in Washington, and the states

>f Pennsylvania, North Carolina, and New Mexico. Other mines

also operate in France, Mexico, Zambia, Namibia, and Sweden.

I 10



CHRYSOCOLLA

a:

Greenish-blue

polished chrysocolla

lydrous copper sili-

cate, chysocolla is a

^w minor copper ore. It is espe-

cially found in copper mines in

arid areas, such as the southwest

United States. Some examples have

been used as an alternative to turquoise

when it resembles that stone's color. The

name first appears (315 bc) in the writings of

Theophrastus and comes from the Greek

words chrysos for "gold" and holla for "glue,"

because chrysocolla resembles other materials, including borax, used

as a flux in soldering gold in ancient times.

Chysocolla forms as crusts, stalactites or stalag-

mites, and in botryoidal (grape-like) shapes, as

well as inclusions in other minerals. Crystals do

not occur naturally. Chrysocolla is quite soft and

fragile and tends to break easily when exposed

to the atmosphere. However, intermixture with

quartz or chalcedony gives it durability. Lapi-

daries can polish the stone to accentuate the

colored chrysocolla and sparkles of quartz.

It is often cut as beautiful greenish-blue cabo-

chons, and used for ornaments such as carving

and figurines. In the 1950s, US lapidaries voted

chrysocolla-colored chalcedony the "most popular

American gem."

Bead

Cabochon

CHRYSOCOLLA
CHEMICAL COMPOSITION (Cu,Al),H,Si,Os

(OH),.n(H,0)

COLOR SKY-BLUE, GREENISH-

BLUE, GREEN

REFRACTIVE INDEX 1.58-1.64

RELATIVE DENSITY 2-2.4

HARDNESS 2-4

CRYSTAL GROUP MONOCLINIC

CLEAVAGE NONE

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSLUCENT TO ALMOST OPAQUE

DISPERSION

BIREFRINGENCE .13-. 17

PLEOCHROISM NONE

location Australia, Democ
Congo, France, Germany,

Kingdom, United States.

ratic Republic of

Israel, Mexico, United

CHRYSOCOLLA
:curs in copper ve

md is formed by

ca. It is often mixec

ompouncis, and assoc

and malachite. It is similar to malachite

but is more bluish in color.

A mottled blue-and-green variet

comes from Arizona, and chrysocolla i

found in other US states including Cali-

fornia, New Mexico, New Jersey, Utah,

Michigan, and Pennsylvania. Key deposits

are also in Wanlockhead, Dumfries

and Galloway, Scotland; Chihuahua in

Mexico; South Australia, Australia; Alsace,

France; and Shaba province, Democratic

Bluish crystals

of chrysocolla

on matrix.

Ill



AZURITE

( 'abochon

( atneo

AZURITE
Despite its attractive colon azunte is not used

for jewelry that frequently because of its low

hardness. However it may be coated with wax

or another clear substance to protect it. When

shaped, it is generally fashioned into thin table

cuts. Correct fashioning will enhance its luster

making it almost adamantine in appearance.

Polished azurmalachite, often cut into cabochons,

reveals banding of alternating deep blue and

bright green.

Azurite is found around the world. Significant

deposits are in Tsumeb, Namibia; Utah, New

Jersey, and Arizona in the United States; and near

Adelaide, Australia.

Wideh used in the ancient world and through the Middle Ages as

a pigment and dye, a/urite is easily identified by its spectacular,

blue color. Its name derives from the Persian word for blue, lajward.

\ basic carbonate of copper, azurite is found wherever there are

copper deposits. It is a secondary mineral, treated by weathering in

the upper oxidation /one of copper ore. It is formed either by water

containing carbon dioxide reacting with copper-bearing minerals, or

by cupric salts reacting with limestones. Azurite often forms sharp

crystals, which are either tabular or short and prismatic. It is frequently

found in association with malachite, a striking, green mineral that

results from further oxidation of azurite and is thus more stable. The

mixture of azurite and malachite is known as azurmalachite. The strik-

ing combination of azurite's deep blue and malachite's vivid green is

popular with jewelry enthusiasts and gem collectors. Azurite has

been valued for its color for many centuries and was particularly

popular among painters in the Middle Ages. Today.

it is still used as a color base for some paints.

However, its oxidation process is ongoing, and over

time its color may tend toward

greenness when it is used in

paints without fixatives.

VWX

A Azurite

i rystals mi matrix

Cabochon-i ui

azurmalachite gem.

AZURITE

CHEMICAL COMPOSmW )N Cu,(CO,)2(OH)2

COLOR VARIOUS SHADES OF

DEEP AZURE-BLUE

REFRACTIVE INDEX 1.7-1.8

RELATIVE DENSin 3.7-3.9

HARDNESS 3-4

CRYSTAL (.ROUP monoci.ink:

CLEAVAGl prisma ri< , perfect;

PINACOIDAL, LESS SO

FRA< TORE

TENACrn

CONCHOIDAL

BRITTLE

VlTRIOl S

NTTO TRANSLUCENT

II ST1.R

TRANSPARENT 1

DISPERSION

HIKl I RINGEN< l

PI IO( IIROISM

TRANSPARI

none:

II

WEAK

location Worldwide, especially

i ranee, Mexico, Morocco, Nam
Males,

Australia,

ibia. i fnited

I L2



SINHALITK

A Oval mixed-cut

sinhalite gem.

Popular with collectors of rare

and unusual gems, sinhalite was

only identified in 1952. Previously,

similar brown gemstones found in

Sri Lanka were thought to be a

variety of peridot, but chemical and

crystallographic analysis revealed the

truth. Its name derives from the Sanskrit

word for Sri Lanka, Sinhala.

Virtually all sinhalite is found in the gem

gravel beds of Sri Lanka, associated with other

gem gravel minerals such as ruby, sapphirf,

peridot, and garnet. Large specimens are avail-

able, and gems of more than 100 carats have been

found. However, crystals are very rare, although

some are found in Burma (Myanmar).

Sinhalite cuts beautifully, like peridot, and is

mostly found in stepped and mixed cuts. While it is

suitable for jewelry, although somewhat fragile to

be used in rings, it is extremely rare. Only specialist

dealers will stock gemstones either for jewelry

or for collectors. Its best attribute is its strong

pleochroism, varying from greenish-brown and

light brown to dark brown.

Buyers should beware that brown zircon is

sometimes passed off as the rarer and more expen-

sive sinhalite. The best way to tell them apart is

that zircon has a higher birefringence (double

retraction) than sinhalite.

SINHALITE

Ratnapura, Sabaragamuwa province, Sri

Lanka, is the type locality for sinhalite.

f^^Tl

Step

Mixed

region of Russia, the Warwickite Occur-

rence in Ontario, Canada, and the

Mogok mines in Mandalay, Burma. There

are unconfirmed reports of sinhalite in

the Edison-Bodnar quarry, New Jersey,

United States.

SINHALITE

CHEMICAL COMPOSn

COLOR

REFRACTIVE INDEX

noN MgAlBO,

BROWN

1.669-1.707

REIATIVE DENSITY

HARDNESS

3.47-3.50

6.5

CRYSTAL GROl IP

CLEAVAGE

ORTHORHOMBIC

DISTINCT IN TWO DIRECTIONS

FRACTURE CONCHOIDAL

TENACITY TOUGH

LUSTER VITREOUS

TRANSPARENCY

DISPERSION

BIREFRINGENCE

TRANSPARENT TO

TRANSLUCENT

STRONG, .038

.038

PLEOCHROISM STRONG

location Burma (My;inmar), Ru ssia, Sri Lanka.

A Translucent

sinhalite crystal.
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CELESTINE

Brilliant

Mixed

Round brilliant-

(. m i elestine gem.

CELESTINE

Notable occurrences, besides Madagas-

car, include bluish crystals from Glouces-

tershire, England, and from Agrigento,

Sicily. Italy. Large crystals are found along

Lake Erie, especially at Put-in-Bay, Ohio,

United States. Other US sites include

Jefferson County, NewYork; Death Valley,

California; Monroe County, Michigan;

Bell's Mill, Pennsylvania; and Clay Center

Ohio. Fine celestine is also mined in

Hastings County, Ontario, and Lower

Saxony, Germany.

Celestine (or celestite) is used mainly as a source of strontium

lor fireworks and flares. The powdered form gives oft a bright

crimson color il burned. It is also used as an additive to batten lead.

io manufacture rubber, paint, glass, and ceramics, and to refine sugar

beet. Although usually colorless, its name comes from the Latin

word caelestis, meaning "celestial." because of the beautiful pale blue

color ot some crystals.

Celestine's perfect cleavage makes it very fragile, but it can be

cut for the collector, (ait stones are rare and without vivid fire.

A favorite with collectors is blue celestine with bright yellow

sulfur. Most crystals that can be faceted come

from Majunga. Madagascar.

Celestine occurs in sedimentary rocks, par-

ticularly dolostone. as cavity linings associated

with BARYTE, GYPSUM, halite, anhydrite, cal-

cite, dolomite, and fluorite. It has the same

structure as baryte, and forms similar crystals.

The two may appear identical by ordinary

methods, but a flame test can distinguish them.

By scraping dust from the crystals into a gas flame,

the flame's color confirms the identity of the

crystal. II the flame is a pale green, it is baryte; if the

flame is red. it is celestine. Celestine occurs along-

side anhydrite in evaporite deposits and is often

associated with sulfur in both the sedimentary

environment and in volcanic areas. It occurs as a

gangue mineral in hydrothermal veins with galena

and SPHALERITE, also forming concretionary masses

in clay and mail.

4 Prismatic

crystals n/

< elestine mi

V

.*•
matrix.

CELESTINE

CHEMICAL COMPOSITION SrSO,

COLOR

BLI

COLORLESSTO EAINT

HSU WHITE. OR REDDISH

REFRACTIVE INDEX 1.62-1.63

RELATIVE DENSITY 3.9-4.0

HARDNESS 3-3.5

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE l'EREECT

FRACn HI UNEVEN

TENA< 1 1 -i BRITTLE

LUSTER VITREOUS

TO TRANSLUCENTTRANSPARENCY TRANSE VKI \l

DISPERSION

BIREFRINGENCE .01

l'l lo< HROISM NONE

mi aiion < lanad

( icnn.mv . Italy,

i nited Males.

i.

M
Egypt, 1

idagasc

•ng

ar,

land, France,

Mexio >. Tunisia,

II
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BARYTE

Baryte (or barite) is the most common mineral source of barium.

Its name comes from the Greek word barys, meaning "heavy," as

it is unusually heavy tor a non-metallic mineral. Stones are faceted

only tor collectors, making fine specimens. The octagonal mixed cut

is especially popular. The crystals are often large, being transparent or

whitish. They are normally tabular and sometimes prismatic, giving

a diamond-shaped outline. They can also be fibrous or lamellar, and

appear in cockscomb masses.

The mineral has many industrial uses. For example, it is powdered

to produce "heavy drilling muds" used in oil wells to help prevent

blowouts. Hospitals use baryte concrete and bricks to shield radioac-

tive sources, and give "barium meals" to patients before X-rays. Baryte

is also used to refine sugar, as a base for white paint, and a pigment

and filler for paper.

It occurs as a vein filling and as a gangue mineral, often in lead

and silver mines. It also accompanies ores of copper, zinc, iron, and

nickel, together with calcite, quartz, fluorite, dolomite, and siderite.

It is often confused with celestine. Baryte also occurs as a replacement

deposit of limestone, and as the cement in certain sandstones,

sometimes with characteristic rosette-like forms called

"desert roses." Hot springs also deposit the mineral.

BARYTE
The finest large crystals, up to 3 feet

( I meter) long, have been discc

Cumbria, Cornwall, and Deroysmre,

England. In the United States, reddish

brown "desert roses" exist in Oklahoma

and Kansas, blue crystals are found in

Colorado, and other specimens have

been discovered in Connecticut, New
York, Pennsylvania, South Dakota,

North Dakota, and Michigan. Other

major locations include Transylvania,

northwest Romania; Freiberg, eastern

Germany; and Pribran, Czecl

tss^
Step

Mixed

Polished

A Yellow octagonal

step-cut baryte.

Baryte

crystals.

BARYTE

CHEMICAL compos

COLOR

ITION BaSO,

Y

COLORLESS TO WHITE, TINGED

ELLOW, BROWN, BLUE, GREEN, RED

1.63-1.65

4.3-4.6

2.5-3.5

refractive index

relative density

HARDNESS

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE

FRACTURE

TENACITY

PERFECT

UNEVEN

BRITTLE

LUSTER VITREOUS

TRANSPARENT TO TRANSLUCENTTRANSPARENCY

DISPERSION WEAK

BIREFRINGENCE .012

PLEOCHROISM NONE

location Czech

Germany, Italy,

Republic, England, France,

Romania, United States.
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ANGLESITE

3

kg
Step

Aran.' lead mineral, anglesite lias a sparkle that makes ii popular

as a gemstone, especially in its yellow variety. It was named in

1832 alter the Isle of Anglesey, Wales, where it was discovered at

Porys Mine, and anglesite probably remains the best-known Welsh

mineral among collectors. It is also valued as a source of lead, used in

consumer items such as ear batteries and computer screens.

Anglesite occurs in weathered deposits of lead ore.

formed by the oxidation of primary deposits of galena. It

is found as coatings or crusts on galena, often as masses

surrounding a galena core, and as crystal aggregates

filling the cavities of galena, (aid smm is often confused with

anglesite. ami other associated minerals include wullenite.

SMITHSONITE, mimetite. pyromorphite. and limonite. Anglesite

is part of the baryte group, having the same structure as

'ante with similar crystals that are normally Hat blades or

pendent columns jutting from the rock.

Anglesite ns

t rystal aggregate

Anglesite crystak

ANGLESITE
Some of the best gems come from

Tsumeb, Namibia, where high-luster,

diamond-shaped deposits measuring up

to 20 inches (50 centimeters) have

been recovered. Other sites include

Broken Hill, Australia; Leadhills, Scotland;

Cumbria, England; North Rhine-

Westphalia, Germany; Cagliari province,

Sardinia; Oujda, Morocco; and various

US locations, such as Chester County,

Pennsylvania; Dividend, Utah; and Bing-

ham, New Mexico.

ANGLESITE

CHEMICAL COMPOSITION PbSO,

COLOR

REFRACTIVE INDEX

COLORLESS TO WHITE,

SOME TINGED YELLOW, GRAY,

GREEN, BLUE

1.88-1.89

RELATIVE DENSITY

HARDNESS

6.32-6.4

2-3

CRYSTAL GROUP ORTHORHOMB1C

( 1 EAVAGE BASAL, GOOD;

PRISMATIC, DISTINCT

FRACTURE CONCHOIDA1.

TENACITY BRITTLE

LUSTER ADAMANTINE

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION .044

BIREFRINGENCE .017

PLEOCHROISM NONE

LOCATION Australia

Mexico, Morocco,

United states.

, Canada

Namibia,

Germany, Italy,

United Kingdom,

Round

brilliant-cut

anglesite gem
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GYPSUM

Gypsum is .1 hydrated calcium sulfate, which is the most common

sulfate mineral. The name is derived from the Greek word

gypsos, meaning "plaster." Gypsum can be scratched with a

fingernail and easily cut by a knife. It has several distinctive varieties

that are used as gemstones, especially the fine-grained alabaster. Satin

spar, fibrous gypsum and white gypsum have a silky luster and are

often cut as cabochons and polished to produce the cat's-eye effect.

Soft selenite, which is colorless and transparent, is sometimes cut.

Popular with mineral collectors are the beautiful "desert roses," the

"swallow-tail" twins, and stellate, or star-like, forms.

Gypsum is also used in plasters, such as plaster

of Paris, fertilizers. Portland cement, and as a filler

in paper, paints, and crayons. It is the most com-

mon evaporite, a deposit left after the evaporation

of water. Gypsum is discovered in massive beds in

sedimentary rocks with limestones and shale. It is

usually produced by the secondary hydration of

anhydrite. Gypsum is also associated with calcite,

sulfur, quartz, dolomite, halite, and clay. Some

gypsum is deposited by the evaporation of saltwater

or crystallizes in dry lakes as soft, translucent

crystals. It also occurs as free crystals in clay, as cap

rock on salt domes, and in volcanic areas. Alabaster,

both massive and fine-grained, is used for statues

and ornamental carvings. This same softness,

however, causes it to break easily and weather

badly. It is generally translucent with a white,

pinkish, or brownish color.

Cabochon

GYPSUM
Most alabaster comes from Volterra in Tuscany,

Italy, and from Derbyshire, Staffordshire, and

Nottinghamshire in England. Pink alabaster mines

exist in the Vale of Glamorgan, Wales. Other

countries with alabaster sites include Spain, Iran,

and Pakistar ie "alabaster

Egypt and Rome for vases, tombs, and other

objects was, in fact, marble (calcium carbonate).

Varieties of gypsum occur in several US states,

such as Arizona, California, Utah. Colorado,

Oklahoma, New Mexico, Ohio, Michigan.Virginia,

Kentucky, Pennsylvania, Washington, and New
York. Other important mines are in Nova Scotia,

Ontario, and New Brunswick, in Canada, and

GYPSUM
CHEMICAL COMPOSITION CaSO,.2rTO

COLOR COLORLESS to white,

SOMETIMES SHADES OF YELLOW,

GRAY, RED, AND BROWN

REFRACTIVE INDEX 1.52-1. S3

RELATIVE DENSITY 2.3

HARDNESS 2

CRYSTAL GROUP MONOCLINIC

CLEAVAGE ONE PERFECT,TWO GOOD

FRACTURE CONCHOIDAL

TENACITY SECTILE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION STRONG

BIREFRINGENCE

PLEOCHROLSM

.010

NONE

location Australia, Canada, France, Germany,

Italy, Kazakhstan, Mexico, Russia, United

Kingdom, United States.

* Ifc

\

v>

A Cabochon-cut

gypsum gem

•4 Crystals of

gypsum on matrix.
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SCHKKLITE

lirillhi ni

(iS=EEES$>

^SESE^
Step

Mixed

s< HI£ELITE

i hi \ik w < composition CaWO,
( olOR \\ 111 N. SOMETIMES SHADES OF

YELLOW, GREEN, BROWN OR RED

KIIR\( 1TVE INDEX 1.92-1.93

ki iaiim di Nsm 5.6-6.1

4.5-5.0HARDNESS

< RYSTA1 GROl P TETRAGONAL

CLEAVAG1 PYRAMIDAl . DISTINCT

ll<\( II Rl

rENAcm

CONCHOIDAL

li STER VII Rl l H s

rRANSPAREN( "i rRANSPARENI IOTRANSLI CENT

DISPERSION MODI RATI 11 UK, 11, .026

HIRIIRIV.I \( 1

PLECH HROISM

MEDIUM, .014-.016

DICHROIC YELLOW I'osinu .

BROW N to orange;

COLOR] ess: none

i'» \iio\ Australia, Brazil, China, Finland,

France, Italy, Mexico, Sri Lanka, Sweden, United

Kingdom, I Inited States.

Scheelite appeals to collectors ol rare and unusual "cms. In its raw

state, u tonus perfect tetragonal dipyramidal crystals thai look like

octohedrons. It is also attractive when faceted and polished. Scheelite

generalrj accompanies wolframite in pegmatites and high-temperature

hydrothermal veins. Associated minerals are < vssrrERiTE, molybdenite,

iiioKiii. and roPAZ. It also occurs in contact metamorphic deposits

together with VESt voantte, axinite, garnet, and wollastonite.

Named for Carl Wilhelm Schecle ( 1742-86), the Swedish chemist

who discovered tungsten, scheelite is one of the major ores of tung-

sten and the biggest source of tungsten in the United States. Because

it is quite soft, scheelite is rarely used for jewelry. However,

faceted gems of scheelite are quite attractive-, and specimens from

the Pingwu mine in Sichuan province, west-central China, have an

attractive- yellow to orange color and good fire that appeal to

collectors. When cutting, it is important to be careful, and a perfect

polish may not be possible.

Scheelite fluoresces a vivid blue under shortwave

ultraviolet light. In fact, some prospectors find the

rock by searching at night

using fluorescent lamps.

Pendeloque

cut scheelite

from Sri Lanka.

I

)
-

I

< Scheelite

crystals on

matrix.

' '

1

.»'

l(i< i -li <

t

fl heellie &
SCHEELITE

Other mines exist in Yukon Territory,

Canada; Cornwall, England; Inyo County

and San Bernardino County, California,

and Okanogan County, Washington,

United States.
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BRAZILIANITK

a:
phosphate mix of sodium and alu-

. minimi, brazilianite was discovered

in 19m at Minas Gerais, southeast

Brazil, and at first incorrectly assumed

to be chrysoberyl. It is a member of

the phosphate group and has often

been confused with topaz, apatite, and

BERYL. The US mineralogist F. H. Pough

soon identified the mineral and, with co-author

E. P. Henderson, named it after its country of discovery.

Jewelers and collectors prize the gemstone, which is a rare, unusual,

and beautiful crystal with a striking yellowish-green color. It is

considered to be more precious than the phosphate mineral apatite,

but brazilianite is too new to mineral markets to be very popular

worldwide. The crystals, brittle and fragile, chip easily, breaking

along the direction of cleavage. Although lapidaries must take great

care in cutting, brazilianite has been faceted as cushion, baguette,

pendeloque, brilliant, and oblong step-cut gems. Most gems are under

5 carats, but some large stones have been cut,

including the first specimens of f9 and 23 carats.

Cushion

Pendeloque

Baguette

A Round

cushion-cut

brazilianite gem.

Brazilianite

crystals on matrix.

BRAZILIANITE

CHEMICAL COMPOSITION NaAlJ(OH),/PO,] 2

COLOR YELLOW GREEN

REFRACTrVE INDEX 1.60-1.62

RELATIVE DENSITY 2.99

HARDNESS 5.5

CRYSTAL GROUP MONOCI.INIC

CLEAVAGE GOOD

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSI.l 1CENT

DISPERSION WEAK, .014

BIREFRINGENCE .02

PLEOCHROISM WEAK

location Brazil United States

BRAZILIANITE

Brazilianite is one of the hardest phos-

phate minerals. Its associated minerals

include mica, quartz, feldspar, mus-

covite, beryl, apatite, and tourmaline.

It occurs in phosphate-rich pegmatites

as druse crystals that are longitudinally

striated, a feature that helps in the

selection of cuts.The crystals may have a

multifaced termination, and be either

long and pointed or short and columnar.

Massive examples are extremely rare.

The major sources of the stone are

near Conselheiro Peno and Linopolis,

Minas Gerais, Brazil. In 1 947, the gem

was also discovered in the US state of

New Hampshire at the G. H. Smith

Mine at Newport and the Palermo

Green marquise-cut

brazilianite gem.
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AMBLYGONITE

Hhlluiiil

Mixed

AMBLYGONITE
Amblygonite's type locality is Penig,

Chemnitz, Saxony, east-central Germany.

Amblygonite mines are found in Minas

Gerais (particularly around Aracuai),

southeast Brazil; Sakangyi, Mogok,

Mandalay, central Burma (Myanmar);

Montebras, Limousin, central France;

Bernic Lake, Manitoba, central Canada.

Major US locations include Maricopa

County, Arizona; Taos County, New
Mexico; Riverside County, California;

and the Black Hills of South Dakota.

Gem-quality amblygonite is mined mostly

in Brazil and Burma (Myanmar).

An aluminum and lithium fluophosphate, amblygonite was first

discovered in 1817 in Saxony, cast-central Germany. Its name.

from the Greek words amblys ("blunt") and goni ("angle"), refers to

the mineral's four angles ol cleavage. Used as a common source of

lithium and phosphorus, amblygonite is also popular in porcelain

enamels and increases opacity in glass dinnerware. The best examples

ol us yellow varietj are turned into gemstones, with some samples

clean enough to be faceted The presence of lithium can be deter-

mined In a gas-flame test of powdered amblygonite, yielding a

bright red flame. Strong sulfuric acid is used to recover the

lithium as sulfate,

Amblygonite is rare and its good crystal forms, shaped as narrow

prisms, are even rarer. The mineral occurs in granite

pegmatites in compact, cleavable masses, usually

white. These veins are alongside other phosphates

and lithium minerals, such as SPODt MEN! . LEPIDOLTTE,

TOURMALINE, and vimn. Albite and quartz are often

mistaken for amblygonite. Some of amblygonite's

lithium is replaced by sodium and some of its

fluorine by hydroxyl. Although amblygonite and

montebrasite have the same structure and are

normally considered the same, amblygonite is

richer in fluorine and montebrasite in hydroxide.

Other members of the amblygonite group are

natramblysonite, natromontebrasite, and laconic.

Square < m
amblygonil

Amblygonite

• rystal

AMBLYGONITE
CHEMICAL COMPOSITION

COLOR

(Li,Na)AlPO,(F,OH)

WHITE, PALE GREEN, PALE

Mil E, IMXk, PALEYH low

REFRACTIVE INDEX

RELATIVE 1)1iNSm

1.58-1.61

3.0-3.

1

HARDNESS 5.5-6

IKK link;( in si. vi GROUP

CLEAVAGE ONE PERFE< l. rWO

GOOD, ONE DISTINCT

1 RA< II 1(1 UNEVEN

TENACrn

1.1 si 1 R VI ikioi s lo GREASE OR PEARLY

SI ^TRANSPARENT

TO TRANSLUCENT

rRANSPAR] N< >

DISPERSION

I1IKI 1 RING] N< 1

WEAK

.020-.027

NONEPLEOCHROISM

io< viio\ Brazil, Burma

I i.iih e, < icmi.mv. Namil

( \l\ .iiiiuar). Canada.

>ia. Sweden, i fnited States,

[20



APATITE

Apatite is a caliiiini phosphate that is fashioned into colorful

gemstones, although the mineral is too soft to gain a worldwide

importance as a gem (it can he scratched with a steel knife). While

jewelry is fashioned, normally cut into cabochons, apatite is not

used in rings because of its poor durability. The mineral's phos-

phorous is used to manufacture fertilizers. Apatite also contains

calcium, iron, chlorine, and fluorine.

Apatite occurs as fluorapatite (the principal constituent in teeth and

bones), chloroapatite, and hydroxylapatite. The members of the

apatite group, which also include mimetite and vanadinite, are the

most common phosphorus-bearing minerals.

Apatite's name was created in Germany from the Greek word

apatao, meaning "to deceive," because its many colors create con-

fusion with other gemstones, such as beryl and olivine. The array of

apatite colors include white, yellow, green, violet, blue, brown, and

gray. A Spanish yellow-green variety is called "asparagus stone"

because it resembles the vegetable's color.

Present in many countries, apatite is normally found as small crys-

tals that are usually prismatic or tabular. It is an accessory mineral in a

wide range of igneous rocks. Apatite is a main constituent of fossi

bones and other organic matter in sedimentary

rocks. Large crystals occur in pegmatites and

some high-temperature hydrothermal veins

Apatite also occurs as larger crystals in

metamorphic rocks, especially in metamor-

phosed limestones and skarns. This variety

is known as collophane or collophanite.

APATITE

CHEMICAL composition Ca,(POJ,(ECl,OH)

COLOR GREEN, GRAY-GREEN, WHITE,

BROWN, YELLOW, BLUISH, REDDISH

REFRACTIVE INDEX 1.63-1.64

RELATIVE DENSITY 3.1-3.3

HARDNESS 5

CRYSTAL GROUP HEXAGONAL

CLEAVAGE INDISTINCT

FRACTURE CONCHOIDAL, UNEVEN

TENACITY BRITTLE

LUSTER VITREOUS TO SUBRESINOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION .013

BIREFRINGENCE .003

PLEOCHROISM WEAK TO STRONG

location Brazil,

Czech Republic,

Mexico, Norway

United Kingdom

Burma (Myanmar), Canada,

Germany, India, Madagascar,

Russia, Spain, Sri Lanka,

,
United States.

Step

Baguette

Cushion

APATITE

Major deposits of

at Durango, Mexic

specimens of yellov

Ontario, Canada;

Mogok, centra! bui i

Vestfold, Norway; Nev

Kola Peninsula, Russia; B»

iland, bwecie

A Green prismatic

crystal of apatite.

Oval cushion-cut

apatite gem.

121



TURQUOISE

_ .-

Ahydrated phosphate oi copper and aluminum, turquoise is

prized as a gemstone whose intense blue color is often

mottled with veinlets of brown limonite or black manganese oxide

("spiderweb" turquoise). The name comes from the French tun/noise,

meaning Turkish,' since it arrived in Europe through Turkey,

originating in Iran li has been mined in Iran for more than 3,000

years, although the earliest source oi turquoise may have been

Eg) pi's Sinai Peninsula

Turqu< use is cul as cabi ich< >ns, i >r as flal pieces for inlaid work, it is

also used as heads and cameos, irregular pieces are set in mosaics.

The most renowned turquoise jewelry in the United States has long

been produced by Native .Americans, especially the /ami and Navajo

peoples. They create turquoise and silver jewelry pieces like

bracelets, necklaces, rings, earrings, pendants, brooches, and belt

buckles. Other inlays are often included, such as SHELL, CORAL, LAPIS

i \/i ii. and MALACHITE. The overall piece is then sanded and polished.

Jewelers must take special care, because the friction of polishing

can turn turquoise an unattractive green color. The stone is also sen-

sitive to sunlight, soap, water, dry air. perspiration, and grease. Some

porous spec linens, especially "i the United states, may require an

impregnation with resin or wax in order to resist lading and cracking.

"Turquoise matrix.'' a natural aggregate ol turquoise with limonite or

other minerals, is also used for gemstones. Exceptional white or

brown matrix stones exist in the southwest United Stales. In 1972, an

imitation "Gilson turquoise was created in France, made up of blue

A
A Art Nouveau turquoise,

.;"//,/ ,iikI annuel net kla< e,

made in i 1900 The

centerpiet < <•/ the net klat e

is (i t abot bon • ni

turquoise

Cabix lu, n i ul

lllllfll

TURQUOISE
Turquoise is a secondary mineral occurring in veins in associ-

ation with aluminous, igneous or sedimentary rocks that have

undergone considerable alteration, usually in arid regions. It is

distinguished from chrysocolla by its greater hardness. It

can be confused with lazuutg, vanscite, and wardite. A very

small amount of turquoise replaces bones and other fossil

materials. The crystals are rare and minute, usually massive,

granular to cryptocrystalline habits as reniform or encrusting

masses, or in veins. Distinct crystals have only been found in

Campbell County, Virginia, United States.

Other US turquoise occurs in the Mojave Desert of

California, the Cerrillos Hills near Sante Fe in New Mexico,

and the states of Arizona, Nevada, Utah, and Colorado,

hese deposits were mined centuries ago by Native

Americans. Sky-blue turquoise occurs in Iran and a green

Tibet. Additional mines are in Cornwall in England,

Victoria and Queensland in Australia, Siberia in Russia, and

France, Germany, Chile, Egypt.Tibet, and China.
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Tl RQ1 OIS]

angular pieces on a white background. Other imitations have included

stained limestone, howlite, < hal< edony, glass, enamel, and fossil bone

and tooth.

Turquoise was one of the first gemstones ever mined, perhaps

dating hack to 6000 BC in Egypt's Sinai Peninsula. It has been used for

thousands of years as jewelry by the ancient Egyptians, who buried

fine pieces with mummies, and by Native Americans, who combined

turquoise with silver. The Aztecs fashioned elaborate turquoise masks.

In North America, the Zuni people of New' Mexico have created strik-

ing turquoise jewelry set in silver, once believing these protected

them from demons. The Navajo believed the blue stones were pieces

that had fallen from the sky, and Apache warriors wore it in the belief

that it Improved their hunting prowess. It was also worn by other

peoples in the belief that the stone's color change could indicate

illness or danger.

Bead

< abochon

A Two masses

ofturquoise

showing

botryoidal habit

Cameo

•4 Turquoise and diamond

necklace made in c. 1880.

Designed as a snake, the

head supports a heart set with

cabochon-cut turquoise. The

ctcn are cabochon-cut garnets,

framed by rose-cut diamonds

TURQUOISE

CHEMICAL COMPOSITION CuAUPO,),

(0H)8.4H,0

COLOR SKY-BLUE, BLUE-GREEN

TO GREENISH GRAY

REFRACTIVE INDEX

RELATIVE DENSITY

1.61-1.65

2.6-2.8

HARDNESS 5-6

CRYSTAL GROUP TRICUN1C

CLEAVAGE NONE

FRACTURE CONCHOIDAL

ITNACITY BRITTLE

LI 1STER WAXY' IF massive;

Vitreous as crystals

TRANSPARENCY NEARLY OPAQUE

DISPERSION NONE

BIREFRINGENCE

PLEOCHROISM

.04

WEAK

location Australia, Chile, China, Egypt,

England, France, Germany, Iran, Mexico. Russia,

Tibet, Turkmenistan, United States.
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LAZULITE

< dhiK bon

LAZULITE

Lazulite is the official gemstone of Yukon

Territory, Canada. The gem's type localities

are Werfen, Salzburg, central Austria, and

Frefinitzgraben, Styria, southeast Austria. The

Graves Mountain Mine in Lincoln County,

Georgia, United States, produces a striking

mixture of deep blue lazulite, light blue

kyanite, and gray quartzite. Other sources

of lazulite include Skane, Sweden; Bavarian

Forest, Germany; Tuscany, Italy; and the

US states of California, Connecticut, New
Hampshire, and North Carolina.

A rare aluminum phosphate, lazulite has a luster akin to glass and

is used as .1 gemstone. lis name derives from the Arabic word

azul meaning "heaven," because of its often sky-blue color, and the

Greek word lithos for stone. The colors range from a whitish blue

h i Jeep blue,

Lazulite is a rare ornamental stone with mostly dull crystals,

\\ hk h have a bipyramidal form that is normally flattened into a tab-

ular shape Gem-quality pieces that can be cut are rare. Tiny crystal

fragments can be found that are semitranslucent or opaque and

well formed. 11 more than a lew carats, they

can letch exceptional pieces. They are often

carved and polished into decorative stones

and beads that are much sought alter because

of their rich color. A cabochon's polished

dome can reveal a beautiful blue and white

mottling effect.

Lazulite occurs in pegmatites and quartz

veins and in quartzites. Associated minerals

include kyanite, corundum, rutile, sillimanite,

garnet, and brazilianite. Scorzalite, an iron-

rich mineral, is similar to lazulite. being less

transparent, darker, and more dense. When
massive, lazulite is difficult to distinguish from

Other blue minerals and may be confused with

TURQUOISE, variscite, and the similarly named

i \/i nut (lapis lazuli), and \/i kith.

Lazulite i rystal

in matrix.

T Polished mill

lazulitefrom

Pakistan. 7.6 < arats

LAZULITE

( HI Ml< \l COMPOSI'

COLOR

noN (Mg,Fe)Al,(PO,),(OH),

DEEPAZI Ul -Ml i l

REFRA( TIM-: INDEX

ki I \n\i: DENSITY

1.61-1 .64

3.0-3.1

HARDNESS 5-6

MONOCLLNIC( RYSTAL GROUP

( LEAVAGE l'l(IS> IATIC, INDISTINCT

UNEVEN

BRITTLE

VrTREOUS

TRANSLU< I NT

1 K\( II 1(1

TENACITY

LUSTER

TRANSPAREN< Y

DISPERSION

I1IKI 1 i(l\(,l \< 1

NONE

PLECK HROLSM STRONG

li H \IH i\ \llslll.l

Pakistan. Russia,

i nited States.

Brazil, Germany
sloxak Republic,

. Italy,

Sweden.
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PERIDOT

Peridot is tin.' gem-quality variety ol the mineral olivine. A rock-

forming mineral, olivine occurs in silica-poor igneous rocks, such

as basalts, gabbro, troctolite, and peridotite. The crystals mostly project

as granular olivines, but also in tabular forms. Peridot's shades of

green are caused by the presence of iron, and it often has a greasy

luster. The mineral is named for the French word peritot, meaning

"gold," because the mineral can vary toward this color.

Peridot crystals are fashioned in the trap-cut

style, and also faceted as cabochon, pende-

loque, step, table, brilliant, rose, and mixed cuts

Peridot is too soft to lie used as gemstones in rings or

bracelets, but is popular for earrings, pendants, clasps, and

brooches. Small crystals are relatively common, but large, good-quality

ones are rare. In some locations, finding a stone of 5 carats causes

excitement. The Smithsonian Institution in Washington, D.C., has a cut

stone of 310 carats.

,,v*

"d- 7/
'7f*

•^ Salamander brooch

by Van Cleefand

Arpels, set with peridots,

red }>amet eyes, and

diamond details.

[&EEEE^
Step

PERIDOT
The main source of peridot in the

ancient world was Topazos Island

(now Zebirget or St John's Island) in the

Egyptian Red Sea, and the stones were

called topazios. They were used for

carved talismans in ancient

Middle Ages, l.

crystals back from the Crusades to

decorate church plates and robes. In

the 1 9th century, the mines on Zebirget

Island produced millions of dollars'

worth of peridot; today they lie almost

silent. US sources include the San Carlos

Apache Reservation, Arizona; Kilbourne

Hole, New Mexico; and Salt Lake Crater

Hawaii (beach pebbles). Other sources

include Pyaung gaung, Mogok, Burma

(Myanmar), and Northwest Frontier

Province, Pakistan.

Three faceted

peridot gems.

A Crystalfragment

ofperidot

Baguette

Cushion

PERIDOT

CHEMICAL COMPOSITION (Mg, Fe),.Si0 4

COLOR OLIVE GREEN TO YELLOWISH GREEN

REFRACTIVE INDEX 1.64-1.69

REIATIVE DENSITY 3.34

HARDNESS 6.5

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE INDISTINCT

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS TO GREASY

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION MEDIUM, .02

BIREFRINGENCE .036

PLEOCHROISM DISTINCT

location Burma (Myanmar), Canada, Egypt,

Norway, Pakistan, United States.
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IMIHNAKITl-

Brilliant

Mixed

Triangular

fancy-cut

pbenakite gem.

ft

PHENAKITE
A rich site for phenai

Sverdlovskaya region in the eastern

foothills of the Ural Mountains, south-

ern Russia, where the mineral was first

discovered in emerald mines in the

early 19th century. Good-sized color-

less crystals have also been found in

Minas Gerais, Brazil, and long columnar

ones at Kragena, Norway. A colorless

fragment of 1,470 carats was recently

discovered in Sri Lanka and cut into a

569-carat oval and other smaller

stones. US sources include El Paso

County, Colorado, and Carroll County,

New Hampshire.

Phenakite (or phenacite) is a rare beryllium

mineral that is not often used as

a gemstone. lis name derives from

the Greek word phenakos, meaning

deceiver," a name acquired because of

us close similarity to quartz, especially

rock crystal, Indeed, phenakite was

initially thought to be a variety of quartz,

but us crystal twinning is distinct. Ii has also

been confused with diamond, sapphire, topaz, A Cabochon-cut

and beryl. phenakite gem.

Phenakite crystals are often rhombohedral

and sometimes prismatic, showing wedge-shaped ends. Clear,

hard specimens tan be turned into valued gemstones despite

their lack of color and fire. If cut properly, they display a silvery

look. Transparent crystals, which are bright and

hard, are the only ones that are faceted, normally

as brilliant cuts but also as mixed cuts. Translucent

white phenakite can be cut to display a cats-eve

effect.

Phenakite and dioptase are silicate minerals

with trigonal symmetry. Phenakite occurs in

cavities in granites and in granite pegmatites

in association with beryl, chrysoberyl, topaz,

apatite, quartz, albite, and mica. It also occurs in

metamorphic rocks carrying beryl and in

hydrothermal veins. The pink, yellow, and brown

specimens max lade under sunlight within months

of being extracted.

,v.-;. 'V

Phenakite

< rystah on

matrix

PHENAKITE

CHEMK VI ( OMPOSITION Be2,iO,

< OLOR COLORLESS,WHITE,

V ELLOW, PINKISH, BROWN

REFRA< rivi: INDEX 1.65-1.67

RELATIVE DENSITY 3

HARDNESS 7.5-8

CRYSTAl GROI P TRIGONAL

< 1 EAVAGE POOR

FRACTUR]

ii vv< in

CONCHOIDAL

BRITTLE

1 1 s | M< VITREOUS

TRANSPARENI \ TRANSPARENTTO TRANSLUCENT

DISPERSION WEAK, .015

HIKl l RINGENt 1

PLECM HROISM

.01

nisi i\( i DS < OLORED STONES

location Brazil,

i nited Males,

\orv\ ay, Russia, Sri Lanka,
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KORNERUPINE

Kornerupine is a rare mineral and gemstone. The intense color

resembles that of the emerald, and it has the inclusions ol that

gem. Kornerupine is distinguished by its pleochroic colors that

change from a yellowish green, through blue, to brownish red as the

stone is turned. It is mostly a collector's stone. Few retail jewelers

stock the stones, but they are becoming more popular for jewelry,

being moderately priced and providing a gemstone for everyday

wear. Kornerupine is cut on the green axis for the highest value.

Cat's-eye stones are polished as cabochons. It is named after Andreas

N. Kornerup (1857-81), a Danish geologist who explored Greenland,

where the mineral was discovered at Fiskenaesset in 1884.

A metamorphic mineral, kornerupine is a complex

magnesium aluminum boro-silicate, whose crystals

have long prismatic forms or occur as rounded grains

often found in gravel deposits behind rocks and at

bends of rivers. It is deposited with other gems

like sapphire, chrysoberyl, ruby, topaz,

garnet, zircon, diopside, andalusite, spinel,

sphene, and iolite.

Cushion

Step

Baguette

'/'he crystal

is usual/)' cut

on the green

axis hut can

also he blue.

KORNERUPINE
Fiskenaesset, Nuuk, Greenland, is the

type locality of kornerupine, but speci-

KORNERUPINE
CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

MgAUCO,
OH),/BOy(Si0 4)4]

GREEN, GREENISH BROWN,

BLUE, BROWNISH RED

1.66-1.68

3.28-335

6.5-7

ORTHORHOMBIC;

GOOD

CONCHOIDAL

BRITTLE

VITREOUS

TRANSPARENT

MODERATE, .018

.01

STRONG

location Australia, Burma, Canada, Greenland,

Kenya, Madagascar, Sri Lanka, Tanzania.

mens are rare and are not ot gem quality.

The best gemstones, including rare

cat's-eyes, are found in Mogok, Mandalay,

central Burma (Myanmar). Some of the

finest colors of kornerupine gems are

mined at Betroka, Madagascar Other

sources include Ratnapura in southwest

Sri Lanka, and the Harts Range in

Northern Territory, Australia. Round mixed-

cut kornerupine

Mem
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DIOPTASE

Brilliant

, In m

Dioptase

i rystals mi

matrix

Despite its beautiful emerald-like green color, dioptase is not as

highlj valued as emerald because of its relatively low hardness

ol 5, which makes n vulnerable to damage when sei in jewelry. It is

sometimes known as the emerald ol the poor" for this reason. It was

named in 1797 by mineralogist R, I. Hai'iy ( l

-
B-1822) from the Greek

dia for "through" and optomai"to see' - a reference to the visibility of

its internal cleavage planes Other names for dioptase include "copper

emerald" and "achrite."

Dioptase is highrj valued by mineral collectors. Its crystals usually

take the form oi short, six-sided prisms, often terminated by rhombo-

hedra. It also occurs in massive form. It is not a common mineral, but

is found in the oxidized, weathered parts of copper sulfide

deposits and with copper minerals such lis CHRYSOCOLLA. It is also

found in association with i» >n (MITE, ( ah hi . ci ri SSITE, and limonite. It

grows in cracks in rocks ami in the cavities of druses. In the field.

mineralogists recognize dioptase by the distinguishing features of

its color, crystal form, and association with copper minerals.

Its streak is green.

Onh the clear ends of large crystals are used for

faceting, (ait stones often have a pearly appearance

auseci by reflection from tiny internal cleavage

i ra< ks. The perfect cleavage makes it difficult to

fashion step- and table-cuts. lane-grained masses

)f dioptase may be made into cabochons.

DIOPTASE

( III \ll( \l ( ( (MPOSl 1 [ON CuSK),(OH),

< olOK EMERALD-GREEN

REFRAi MM IND1 X 1.65-1.71

hi i \n\i di Nsrn 3.28-3.35

HARDNESS 5

CRYS1 \l (.Koi p IKK.OWI

CLEAVAGI PERI i< i

HIV II HI CONCHOIDA1 lo i \l\l N

1 1 \ \< in HUM II 1

II s 1 1 |< VrTREOl s

ntANSPARENi 1 ntANSPAR] NTTO IIIWM I ( 1 \l

DISPERSION STRONG, .028

BKEFRINGI \< l .053

PLECH HROISM w BAK

io( aiion Chile Democratic Republi< ol Congo,

Republic ol the < ongo, Kazakhstan, Mexico,

Namibia 1 nilcd Males

DIOPTASE

Major dioptase deposits exist on the

type site of Mount Altyn-Tyube, Kazakh-

stan. In Africa, large crystals are found

in Otavi, Namibia, and the Pool region

of the Republic of the Congo. Other

sources include the Shaba province of

the Democratic Republic of Congo. In

the Americas, dioptase is found in Chile

and Argentina. Pinal County, Arizona, is

the maior source in the United States.

Cushion < ni

dioptasefrom

Small . l//v< (/.

/ in i mill
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SPHENE

An unusual and beautiful gem, sphene (or titanite) is rarely seen

either in jewelry or in gem collections. Sphene has a fire

greater than diamond, but it is rather soft and brittle so must be

handled with extreme care. The name "titanite" derives from the fact

that it is an ore of titanium, while the name "sphene" is a reference to

its wedge-shaped crystals.

Sphene is widely distributed as an accessory mineral, particularly

in coarse-grained igneous rocks, such as syenite, nepheline syenite,

diorite, and granodiorite. It occurs similarly in schists or gneisses and

in some metamorphosed limestones. Sphene is appealing because of

its high birefringence and adamantine luster, as well as

for the strong pleochroism apparent in the

colored stones. Collectors appreciate its

crystals, in which twinning is common,

as well as the striking appearance of

the faceted gems. It is best cut into

brilliants or mixed cuts. They are

usually small in size, because

gems of more than 2 carats

are extremely rare. Although

sphene's softness makes it

unsuitable for use in rings, it

can make beautiful earrings and

pendants, which catch the light ^
wonderfully.

Cushion

Step

4 Bladed sphene

crystals on

matrix.

SPHENE

CHEMICAL COMPOSITION

COLOR

CaTiSiCX

BROWN AND GREENISH

YELLOW, SOMETIMES GRAY

OR NEARLY BLACK

REFRACTIVE INDEX

RELATIVE DENSITY

1.885-2.05

3.4-3.56

HARDNESS 5.5

CRYSTAL GROUP MONOCLINIC

CLEAVAGE

FRACTURE

PRISMATIC, DISTINCT

CONCHOIDAL

TENACITY BRITTLE

LUSTER

TRANSPARENCY

RESINOUS TO ADAMANTINE

TRANSPARENT TO TRANSLUCENT,

OCCASIONALLY NEARLY OPAQUE

DISPERSION STRONG, .051

BIREFRINGENCE .13

PLEOCHROISM STRONG IN DEEP-

COLORED STONES

location Canada

Pakistan, Russia,

United Stales.

, Germany, Italy, Norway,

Sweden, United Kingdom,

The major sources of sphene include

Gilgit, northern Pakistan; Eifel Mountains,

Rhineland-Palatinate, western Germany;

Mount Vesuvius, Naples, southern Italy;

Kola Peninsula, northern Russia; Vast-

manland, Sweden; Haliburton County

and Hastings County, Ontario, Canada;

and Orange County, New York, and

Sussex County, New Jersey, USA.

Cushion-cut

sphene gem,
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ZIRCON

Brilliant

Cushion

I
Baguette

Mixed

Zin on

The zin on t ut

requires additional fat ets

on thepavilion o)

the slmii-

Zircon is a zirconium silicate well known for its popular gem-

qualit) stones. The name derives from the Arabic word zargun,

meaning "golden color." Zircon is a source oi the metal zirconium,

which look us name From the mineral and is now used in the produc-

tion of nuclear rea< t< »rs

Gem-qualitj zirc< >n ( r\ stals ha\ e an adamantine luster and are nor-

mally found as pebbles in alluvial deposits. In pegmatites, the crystals

can reach a considerable size, but most are small, usually prismatic,

with bipyramidal terminations. Twinning is common, giving knee-

shaped twins, impurities produce blue, red, brown, green, yellow,

and orange varieties. Most zircons contain traces of radioactive

uranium or thorium that substitute for zirconium and will eventually

break clown the crystal structure. These decayed stones, often green,

are know n as "1< >w zircon."

Sri Lanka has produced gem-quality zircon lor more than 2. (too

years, and zircon jewelry has been fashioned there and in India for

centuries. 'The eemstone, however, did not become fashionable in

ZIRCON
Zircon is one of the most widely distributed accessory

minerals in igneous rocks such as granite, syenite, and

nepheline syenite. It occurs in hydrothermal veins in associa-

tion with minerals such as quartz, fluorite, dolomi

ind chalcopyrite. Zircon is also found

in metamorphic rocks, such as schists and gneisses, and

becomes concentrated as a detrital mineral in beach and

river sands. It is found also in sandstones bearing gold.

Zircon is widely distributed. Pailin, western Cambodia, is

the best source for gem-quality blue zircon. Other top sites

for high-quality zircon gems include the Mogok mines in

Mandalay, central Burma (Myanmar); Ratnapura, Sri Lanka;

and Kanchanaburi, Thailand. Well-formed red crystals come

from the Auvergne, France. Brown crystals are found at

Arendal, Norway, and near-white rolled pebbles exisl

Tanzania. Other sources include Victoria and the beach s

of New South Wales, Au ind Langesund, Nor-

Penmsula and the gold gravels of th

-urton Co mgs County, O'

Obe ms, Rhine:

u, Japan;

Swe> I Litchfield, Maine, United States. US def

include A* Greenwood, Maine; El Paso County, Col-

10; Sussex Couin New
1

ie Moon.
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/IKCON

^ Gem-quality zircon can be

found in a number of colors.

Impurities produce blue, red,

brown, green, yellow, and

orange varieties. It can also be

heat-treated to create a variety

of colors.

f

western countries until the 1920s. It can be heat-treated to create a -

variety of colors. Most colorless, blue, and golden stones used in

jewelry are heat-treated brown zircons from Thailand, Vietnam, Sri

Lanka, and Cambodia. Blue zircon reheated in oxygen will change to

a golden yellow color. Artificially colored zircons may fade in -*

sunlight over time.

The gem's luster, hardness, and many colors make it a popular A Zircon crystals

stone for rings. Reddish-brown varieties have been called hyacinth or on matrix.

jacinth. It is most popular as blue, brown, golden, or colorless stones.

The colorless and pale stones are usually cut as

round and oval brilliants. Reddish-brown hyacinth is

also fashioned into step, mixed, baguette and cushion

cuts. Transparent zircon is used for gemstones, and

colorless zircon resembles diamond and has been

sold as such, especially when fashioned as rose cuts

in earlier times. Like diamond, it can break up white

light into spectral colors. Zircon differs from diamond

by its double refraction and, because of its extreme

brittleness, by the wear and chipping on the faceted

edges of cut stones. Zircon should not be confused

with the artificial stone cubic zirconia (CZ).

Faceted

zircon showing

range of colors.

ZIRCON

CHEMICAL COMPOSITION ZrSiC

COLOR LIGHT BROWN TO REDDISH

BROWN, COLORLESS, GRAY,

YELLOW, GREEN, BLUE

REFRACTIVE INDEX 1.93-1.98

RELATIVE DENSITY 4.6-4.7

HARDNESS 7.5

CRYSTAL GROUP TETRAGONAL

CLEAVAGE

FRACTURE

INDISTINCT

CONCHOIDAL

TENACITY VERY BRITTLE

LUSTER

TRANSPARENCY

VITREOUS TO ADAMANTINE

TRANSPARENT TO TRANSLUCENT,

OCCASIONALLY

NEARLY OPAQUE

DISPERSION STRONG, .039

BIREFRINGENCE .058

PLEOCHROISM WEAK EXCEPT IN BLUE STONES

location Australia, Brazil, Burma (Myanmar),

Cambodia, Canada, France, Germany, Italy,

Nigeria, Norway, Russia, Sri Lanka, Tanzania,

Thailand, United States, Vietnam.
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DIMORTIKRITE

Cabochon

Cameo

A Cabochon-cut

dumortierite gem.

Polished

DUMORTIERITE
tts type locality is Beaunan, Rhone-

Alpes, eastern France. Other important

sources include Ambositra, Madagascar;

Altai, southwest Siberia, Russia; Koralpe

Mountains, Styria, southeast Austria. In

China, dumortierite has been used as a

substitute for lapis lazuli. Gem-quality

specimens from Nevada, like some from

India, are impregnated with quartz.

Other US locations include Oreana,

Nevada; King County, Washington; and

Fremont County, Colorado.

Because il has ium one distinct

cleavage and an uneven frac-

ture, and lacks the- clear trans-

parency required in a gemstone,

dumortierite is nol faceted.

Instead it is made into cabochons

01 carved into sculptures to bring

oul its bright greenish-blue color and

us vitreous luster. Dumortierite can be

mistaken for sodaltte, lazulite, or lapis lazuli.

However, the last two differ from dumortierite

in not being fibrous, and sodalite shows more

extensive light-colored areas. Though the most

sought-after specimens are violet to blue in color, dumortierite also

occurs in white-, brown, black, and red colors, li has a bluish-white

Streak. The mineral is mostly found in the form of fibrous masses but

can occur as prismatic columns. It often forms fibrous inclusions in

QUARTZ ("dumortierite quartz"), lending it a pale blue color. The

minerals associated with dumortierite are numerous, and include

quartz, cordierite, kyanitt, whmimii. and sillimanite.

The mineral was identified in 1NN1 by the French

mineralogist M. F. Gonnard, who named it for the

French palaeontologist Eugene Dumortier (1803-

73). Dumortierite is relatively hard, and is employed

in industry for making ceramics - as used in spark

plugs, for example.

DUMORTIL-RITE

CHEMICAL COMPOSITION AItBOjCSiOOjO,

COLOR BRIGHT GREENISH BLUE

REFRACTIVE INDEX 1 .686- 1 .723

RELATIVE DENSITY 326-341

HARDNESS 7-8.5

c RYSTAI GROUP ORTHORHOMBIC

CLEAVAGE ONE DISTINCT

FRACTURE I INEVEN TO HACKLY

LUSTER VITREOUS

TRANSPARENI ^

DISPERSION

BIREFRINGENCE

PLEOCHROISM

TRANSPARENT TO TRANSLUCENT

STRONG, 1 .7

.014-.027

STRONG

U >< \iion Austria.

India, Madagaseai

United States.

Ch

,
N

na, France, Germany,

•w Zealand, Russia,

^ Rough V"'< tmen

<>/ dumortierite.
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GARNET
The gemstone family "garnet" contains more than 10 different gemstones with

a similar chemical structure, The main differences in physical properties

of the garnet group are slight variations in color, density, and refractive index.

The name garnet comes from the Latin granatus, meaning "seed," because it

often resembles small round seeds when found.

Garnets are isomorphous, meaning that they share the same crystal structure.

This leads to similar shapes and properties. Garnets belong to the cubic crystal

class, which produces very symmetrical, cube-based crystals. The most

common crystal shape for garnets is the rhombic dodecahedron, a 12-

sided crystal with diamond-shaped faces. Although the color red is

the one which occurs most frequently, there are also garnets showing

different colors of green, pale to bright-yellow, fiery orange, and fine

earthy shades. Many of these are rare and beautiful.

Garnets as a group are relatively common in highly metamorphic and

some igneous rocks. They form under high temperatures and pressure.

Garnets can be used by geologists as an indication of the temperatures and

pressures at which the rock was formed.

The jewelry trade tends to use six main garnet types: pyrope, almandine,

spessartine, grossular garnet, andraclite, and uvarovite. Best known among the

garnets are the deep-red almandine garnet and pyrope garnets. The almandine

is what most people think of when garnet is mentioned. It is dark and slightly

brown or red. The pyrope garnet tends to have less brown in it. Fine-quality

pyrope garnet may be confused with a dark ruby, but medium-quality pyrope

looks much like almandine. In the late 1960s, a new garnet was discovered

which made green an important garnet color. This is the tsavorite, named after

the Tsavo area of southeast Kenya. The increasing scarcity of fine emerald

has contributed to tsavorite's importance. The very rare demantoid variety of

andradite is an emerald green with diamond-like fire. Uvarovite garnet may also

be emerald green, but it is found only as a very small stone.

Garnets occur in relative abundance and enjoy widespread use. Today,

garnets come mainly from African countries, but are also found in India, Russia,

and Central and South America.

The centetpiece of

this Nardi brooch is a

cawed garnet plaque

with a foliate motif

A modified rose-cut

garnet sits above the

figure 's rose-cut pink

sapphire turban.

The garnet family

contains more than

10 different gems.

Red varieties are the

most common, while

the more expensive

varieties lend In he

green oryellow. 'this

photograph of crystals,

faceted garnets, and

heads shows the < olor

range ofgarnets.
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PYROPE

Brillunit

Mixed

FYKOI '1

( III Ml< \1 < OMPOSITION Mg,.\I,(Si(),),

c OLOR DARK RED TO RIH1 HI 1)

Kl IK\< ll\l INDEX 1.7-1.73

3.51-3.65RILUIM DENSITV

HARDNESS 7.25

< RYS1 U GROl P [SOMETRK

ABSENTCLEAVAG1

ll<\( 1! Kl < 0N< IIOIDAL

1 1 \ \< 111

M STER

BRnTLE

vitreoi s

rRANSPARENI 1 ntANSPARENl ro rRANSU CENT

DISPERSION .022

MIKMKIV.IV 1 .01

I'lKH KROISM DISTINCT

io( \iio\ Czech Republic, Germany, Mauritania,

Russia. South Africa, United States.

Pyrope is the onlj garnet that is

always a shade of red. Ii is one

ol the most popular garnets in

jewelrj lis name comes from

the Greek word pyropos, meaning

hen -eyed."

Pyrope is a magnesium aluminum

silicate and occurs mainly as rounded grams

Unlike the other garnets, pyrope is not commonly

found in metamorphic rock. Most pyrope comes from igneous rocks

in varying proportions of \i\i\\ni\i -pyrope mixes. A mixture of two

pyrope to one almandine is known as rhodolite - a purplish-red gem

popular in jewelry. Pyrope is usually clearer and less

flawed than almandine. Glass imitations are warmer to the

touch than genuine pyrope.

Step-cut

pyrope garnet.

< Rhodolite

crystalfragment

SP I «£:#*?

Rounded

in! fragment

ofpyrope garnet

from Mozambique

:> 4.
'

4>
Faceted

pyrope-garnet

gem (left) and

faceted rhodolite

gem (right).

PYROPE
In the past, Czechoslovakia provided huge

quantities of "Bohemian garnet," popu:

the jewelry of the late 1 9th century. Today,

pyrope is still found in Bohemia, Czech Rep-

ublic (particularly around Bilin), and jewelers

continue to use the 19th-century style of

tightly packed small pyropes. Pyrope is often

found associated with diamond and is common

in the Kimberley region of South Africa, where

known as "Cape ruby." Other sources

include the diamond fields of the Yakut region

of Siberia, Russia; the Harz Mountains, Lower

Saxony, northwest Germany; McBnde Province,

Queensland, Australia; Monastery Mine,

Orange Free State, South Africa; Touajil region

of northern I
. Mogok mines of

Mandalay, central Burma. In North America,

pyrope deposits exist in McKinley County, New
ico. and Albany County, Wyoming.
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ALMANDINE

T

A Red almandint

garnets in garnet

mica schist.

he most common of the

arnets, almandine, some-

times also called the "Ceylon

ruby," has been popular in

jewelry at least since

Roman times. It was given its

name by the Roman scholar,

Pliny the Elder (23-79), who
called it "alabandicus," referring

to a type of stone found and

worked at Alabanda in Turkey.

However, almancline's history goes

jack even further than that and it has

been found in Bronze Age excavations.

Almandine is a member of the pyralspite

subgroup of garnets. It is an iron aluminum

garnet, and derives its red color from its iron

content. While garnets are widely distributed

in metamorphic and some igneous rocks,

almandine is the most common garnet found in

schists and gneisses. Transparent almandines

are popular as gemstones, although they tend to be somewhat

brittle and the faceted edges are prone to chipping.

It is, however, one of the hardest of the garnets

and can take heavy wear. The best specimens

show a clear and uniform color. It is said to bring

spirituality to relationships.

Almandine is usually darker reel than pyrope, but

the two are closely related, and most red garnets

are a hybrid of the two. Pure almandine and pure

pyrope are both very rare. In fact, the make-up of

spessartine, almandine and pyrope runs along a

continuum as the manganese content of spessartite

gives way to the iron of almandine or the magnesium

of pyrope. One way to establish the type of garnet

is with a density test.

ALMANDINE
Sources of almandine include Nordland,

Norway; Northwest Frontier Province,

Pakistan; Rajasthan, India; and Kola

Peninsula, Russia. Notable US locations

include Wrangel, Alaska; Middlesex

County, Connecticut; and Oxford County

and Androscoggin County, Maine.

Cdbochon

Mixed

ALMANDINE
CHEMICAL COMPOSITION Ca

(SiO,),

..FeCMg^M,,

,(Si,07),(OH)
1 „

RED

1.83

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY 4.3

HARDNESS 6.5-7.5

ISOMETRIC

NONE

CRYSTAL GROUP

CLEAVAGE

FRACTURE CONCHOIDAL

BRITTLETENACITY

LUSTER VITREOUS

SPARENT TO TRANSLUCENTTRANSPARENCY TRAN

DISPERSION MODERATELY high,.024-.027

BIREFRINGENCE NONE

NONEPI.EOCHROISM

location India, It;

Sweden, United St

ily,

ites

Norw

, Ziml

ay, Pak

xibwe.

istan, Russia,

Brilliant-cut

almandine gem

/rum Sri Lanka.

f
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SPKSSARTINK

HrillUtnl

^
^

Step

< aboi hmi

SPESSARTINE

Gem-quality stones were extremely rare until the 1 99 1 dis-

covery of a vein at Kombat Mine, Otavi, northern Namibia.

Since then, beautiful orange stones with few inclusions have

also been mined in Nigeria and Fujian, China, but sources

remain hmited.The gemstones should be faceted to bring out

the best color, and they benefit from high refraction. Speci-

mens larger than 1 carats are very unusual. Other locations

include Nuristan, Afghanistan; Sahatany Valley, Madagascar;

and Baltistan, Pakistan. Major US sources include San Diego

County, California, and Middlesex County, Connecticut.

Also known as .Mandarin garnet for its

vivid orange color, spessartine is

one of the rarest members of the garnet

family. It is the manganese-rich end

member of the pyralspite group. As it

approaches umandini in its chemical com-

position, it becomes a darker red. and as it

moves toward wdkadhi. it Pendeloque-cut

becomes almost black. But the spessartine gem.

pure orange stone is the most

sought after of the spessartine garnets.

Spessartine is found in manganese-rich metamor-

phic environments, as well as in some granite

pegmatites. It is named for the rcgioji <>!'• Spessart.

Bavaria, southern Germany,

4 Spessartine

i rystal fragment

SPESSARTTNE

CHEMICAL COMPOSITION Mn,AJ,(SK),),

COLOR ORANGETO REDDISH-ORANGE

REFRACTIVE INDIA 1.74-1.89

kiiaiim DENSITY 4.18

HARDNESS 6.5-7.5

< RYS1 \l GROt P CUBIC

( LEAVAG1

1 l< A( 1 1 Kl

VERY POOR

CONCHOIDALTO HACKLY

TENAcrn I1KII II 1

1 1 s 1 IK VTTREOUSTO GREASE

rRANSPARJ \< 1 rRANSPARJ NTTO ikaxsii < i \i

DISPERSION MEDIUM, .027

BIREFRINGl n< i NONI

PLEOI HROISM NONE

mi \iio\ China,

Pakistan. Sri Lan

Mad

<a, I

agascar. Namibia. Nigeria.

nited States.
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HESSONITE

t;

A Cushion-cut

hessonite garnet.

1hc orange version of grossi lae garnet,

hessonite is also sometimes known as

"cinnamon stone" because of its distinc-

tive brownish-orange color.

Like other grossular garnets, hes-

sonite is usually found in metamorph-

ically impure limestones. Hessonite

derives its orange color from iron and

manganese content.

Hessonite has been a popular stone for

thousands of years. The ancient Greeks and

Romans used the stones in jewelry, faceting

it and setting it in silver or gold, or using it in

cameos and intaglio work. It gets its name from the ancient Greek

word for "inferior," esson, because it is noticeably less hard and less

dense than other varieites of garnet. In the past, many hessonite

gems were mistakenly identified as the orange variety of zircon

(sometimes known as hyacinth). The difference is readily detected

by measuring their relative densities: hessonite has a relative den-

sity between 3-64 and 369, whereas zircon has a relative density of

approximately 4.6.

Hessonite is also an important stone in Vedic

astrology. Known in Hindu as gomedba, it is

believed to have been formed from the fingernails

of the great demon Vala, which were scattered

among the lakes of the East. When it is set in gold,

it is believed to be a powerful talisman, increasing

happiness and lifespan.

Most hessonite is rich in inclusions, which give it

a swirly, treacie-like appearance.

Brilliant

Mixed

Cushion

HESSONiTE

CHEMICAL COMPOSITION Ca,Al,Si,O l2

COLOR ORANGE TO

BROWNISH-ORANGE

REFRACTIVE INDEX 1.73-1.75

RELATIVE DENSITY 3.64-3.69

HARDNESS 6.5-7.0

CRYSTAL GROUP ISOMETRIC

CLEAVAGE NONE

FRACTURE conchoidalto hackly

TENACITY BRITTLE

LUSTER VITREOUS TO GREASY

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION MEDIUM, .027

BIREFRINGENCE NONE

PLEOCHROISM NONE

location Canada,

Italy, Russia, Sri L

Czech Republic, Germany,

anka.

HESSONITE
The clearest stones are the most prized.

Major sources of hessonite include

Asbestos, Quebec, Canada; St Barbora

Adit, Bohemia, Czech Republic; Bavaria,

Germany; Valle dAosta, northwest Italy;

Chelyabinsk Oblast, Urals, central Russia;

Zermatt in the Alpine canton of Valais,

southern Switzerland; and Okkampitiya,

southeast Sri Lanka. Hessonite deposits

in the United States include Redding,

Fairfield County, Connecticut, and

Middlesex County, Massachusetts.

A Hessonite

crystals on matrix.
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GROSSULAR GARNET

lirilliaiil

Haul

I'olishal

Square c /// pink

grossular garnet

Although in its pure state, grossular garnet is clear and colorless, it

often takes on color from impurities it contains. For this reason.

the stone can be found in a wide range of colors, and some of its

varieties are popular as gemstones. It derives its name from the Greek

word grossularia, for "gooseberry," because its crystals sometimes

resemble the fruit in both color and shape.

Some colored grossular is found in its massive state, such as the

pink grossular thai derives its color from the presence of iron. The

massive green grossular known as Transvaal jade resembles JADEITE

and sometimes contains bl.uk specks of magnetite. However, the

transparenl gemstone varieties of grossular, like orange hessonite, are

more popular and valuable.

The most sought-after gem variety of grossular is known as tsavorite

(or tsavolite). Tsavorite relies on the same trace impurities for its

color as emerald - vanadium and sometimes chromium. However,

its higher refractive index and double dispersion give

it a much brighter sparkle. In terms of color, the

best specimens ol tsavorite are easily comparable to

emeralds, and should be selected for their intense.

medium-green color, avoiding any with a yellowish

tinge, because the color is similar, tsavorite is often

found in an emerald cut, but

in tact it displays its

sparkle best when cut

as a brilliant.

GROSSULAR GARNET
e was disc

:, near Arusha, northeast

further vein was found at

vince, southeast Kenya. I

/ and Co., the first jeweler to

stone, after the Tsavo National

e is found in East Afi

e element

een color.

ivorite

( ohred < ryslals "/

net

Oral brilliant-cut

tsavorite garnet

GROSSULAR GARNET
( III Ml< Al COMPOSITION Ca (AI, Si ,(),,

COLOR ( II VK.OK.V WIDE RANGE OF

( OIOK FROM BKOVV NIC)

ORANGE, PINK OR GREEN

REFRAt livi INDEX 1.73-1.75

Ri.Lvrivi DENSITY 3.42-372

HARDN1 ss 6.5-7.0

c RYSTA] (.KOI P ISOMllltK

( 1 SAVAGE NONE

I RA< rURE ( ONCHOIDAL ro HACKLY

II \.\< in BRITTLE

ii STER V'l'l'ltioi s io GR1 vsv

TRANSPARJ \< \ rRANSPARJ NTTO rRANSU < 1 \l

DISP1 RSION

m id ii(i\<a \( i

vii DIUM, .027

NONE

PI Mil IIKOIsVl \o\l

n» vno\ ( icnnanv . Kc

lan/ania.

nva. Madagascar,
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ANDRADITK

Black crystals

of melanite garnet

on matrix.

A fairly common mineral, andradite is found

in a wide range of colors. It is popular

with collectors as a specimen stone, both

tare and valuable, but dimactoid, its

emerald-green variety, is a highly sought-

after gemstone.

Andradite forms in contact or regional

metamorphic environments, especially mar-

bles or skarns. The most famous andradite

deposit is found in the Ural Mountains,

central Russia, but this source is now
largely depleted. The stone is named

after the famous Brazilian

mineralogist J. B. de Andrada

e Silva (1763-1838), who first

described it.

Brilliant

Mixed

ANDRADITE
CHEMICAL COMPOSITION Ca,Fe>[SiO,],

COLOR GREEN, YELLOWISH GREEN,

BROWN, BLACK

REFRACTIVE INDEX 1.85-1.89

RELATIVE DENSITY 3.7-4.1

HARDNESS 6.5

CRYSTAL GROUP CUBIC

CLEAVAGE NONE

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER VTTREOUS TO ADAMANTINE

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION MEDIUM, .027

BIREFRINGENCE NONE

PLEOCHROISM NONE

location Italy, Mexicc , Norway, Russia,

Switzerland, United St ites.

^ Carved crystal of

andradite garnet.

Polished crystal

ofandradite garnet.
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OKMANTOID

o

Brilliant

Mixed

Dl MANTOID
( HEMIC \I < OMI'OMTION CaJ--c,[SK),|,

( OLOR (,l(l 1 N

REFRACnVE INDEX 1.89

KII.MIM 1)1 NMTY 3.82-3.85

HARDNESS 6.5

( K1M\I GROl P ISOMI IKK

< II WAGE [MPERl l< l lo NONE

1 K\( n re SI B< ON( IIOIDAI

BRITTLE1 1 N \( 1 1 -i

II MIK VTTREOl S lo \d\m\niini

IR\Ns|>\R|N( 'i rRANSPARl NT K) IKANMI CENT

inc. ii, .057DISPERSION

HIIUIRIN(,IN( 1 STRONG

I'IKK HROISM NONl

LOCATION Iran. It;•iy. Namibia. Russia. Tajikistan.

oi the rarest and most valuable of gemstones, demantoid is

green variety of vndraditi garnet. Its name comes from the

Dutch (tenia at. meaning "diamond," because its tire

is greater even than diamond, and at its best, its

color rivals the i mi RAID.

Demantoid was lust discovered in the

Ural Mountains of central Russia in L868.

the Ural stones were distinguished by

horsetail" inclusions of byssolite fibers.

They soon became popular, not only with

jewelers like Carl l'aberge and Tiffany's

of New York, but also among the most

discerning collectors of the Victorian era.

The Russian tsars were known lo be particularly

fond ofjewelrj sel with demantoids.

Demantoid is usually fashioned as brilliants or cushion

cuts. Stones with lighter color have greater tire, and so the

buyer has to choose between body color or fire, because

it is soft, it is not well suited to use in rings. Specimens are

generally small, around 1 carat.

A The outer row of

ibis brooch (c. 1870)

features oral demantoid

garnets with rose-cut

diamondpoints.

Crystalfragment

ofdemantoid garnet.

Faceted

demantoid

^|^

DEMANTOID
Demantoid garnets have always been very rare and, after

World War I, the gem's scarcity forced it into obscurity.

However, the discovery of a new source of the stone, in

Namibia in the 1 990s, reminded collectors of its appealing

qualities. The Namibian stones have excellent color, ranging

from light green to a bluish green. However, the horsetail

inclusions that characterize the Russian stones are absent,

and as a result the Namibian stones are less valuable

example of a gem that increases its value because of an

inclusion. At the same time, a number of mines in the Urals,

once considered exhausted, have returned to production,

although on a small scale.

I HI



UVAROVITE

With its beautiful emerald-green color, uvarovite is the only

member of the garnet family to be consistently green. But

despite its striking color, uvarovite is rarely used as a gem because

its crystals are normally too small to be cut.

Uvarovite is formed from the metamorphism of impure siliceous

limestones and some other chromium-containing rocks. It is this

chromium that gives uvarovite its characteristic

color. It is named for Count Uvarov (1765-1855). a

Russian statesman who made it his life's work to

catalogue the mineral wealth of his country. Uvarov

was the first to write about this member of the

garnet family.

Uvarovite is sometimes found as a druse - fine

crystal clusters on the host matrix. In this form, it is

too fragile to be used for rings but is suitable for

other types of jewelry.

Brilliant

UVAROVITE

CHEMICAL COMPOSITION Ca,Cr,[SiOJ,

COLOR GREEN

REFRACTIVE INDEX 1.86

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

3.4-3.8

6.5-7.0

CUBIC

CLEAVAGE NONE

FRACTURE

TENACITY

CONCHOIDAL

BRITTLE

LUSTER

RANSPAR

vitreous

ent to translucentTRANSPARENCY

DISPERSION

T

BIREFRINGENCE none to .0005

NONEPLEOCHROISM

location Finland, Italy,

Africa, United States.

Russia, Turkey, South

A Crystalfragment

ofuvarovite garnet.

A Uvarovite garnet crystals

on matrix.
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ANDALUSri I.

lihlluuil

Baguette

A Cushion-cui

andalusite gem.

ANDALUSITE
Dark-green andalusite gemstones come

from alluvial gravels in Sri Lanka,

while green andalusite gemstones are

found in Brazil, principally the states

of Espi'rito Santo and Minas Gerais.

Brazilian andalusites are small, rare, and

very expensive.

Large, columnar crystals of andalusite

occur at Lisenz, Austria. Major US

locations of andalusite include the White

Mountains, California; Standish, Maine;

and Delaware County, Pennyslvama.

An aluminum silicate, andalusite was

discovered al Umeria in the south-

ern Spanish province of Andalusia, From

where ii gets its name, li is heated to

form mullite, a refractor) material with

industrial uses such as spark plugs,

Andalusite is a polymorph with two other

minerals, the triclinic iowiii and the fibrous

orthorhombic sillimanite. Souk- crystals have

carbonaceous in< lusions, arranged so that in cross-

section they form a dark cross. This variety is

called chiastolite, named after the Greek letter chi

(symbol X or "cross"). Chiastolite existed in schists near the town of

Santiago de Compostela, northwest Spain, and many amulets of the

"cross stone were sold to pilgrims. Other important sites of chiastolite

include: Bimbowrie. Australia; Hunan Province, China; Siberia. Russia:

Brittany. France; Cumbria, England; Massachusetts, United States.

Andalusite occurs typically in thermally meta-

morphosed pelitic rocks, and in pelites that have

been regionally metamorphosed under low-

pressure conditions. It also occurs, together with

CORl \Di \i. rot RMALINE, TOPAZ, anil other minerals, in

some pegmatites (lor example. Velke Mc/irici,

Moia\ ia. Czech Republic).

Transparent green andalusite is a gemstone oi

top quality. Unlike other pleochroic gemstones.

such as mini and ZOISITE, where gem-cutters try to

reduce the pleochroism and highlight the single

Ih'si color, cutters of andalusite attempt to get a

good mix of colors in the stone.

/ t

J
•^ Andalusite

( rystals mi

matrix

^ Andalusite

? i < hiastolite)

m* i rystal

ANDALUSITE

CHEMICAL COMPOSITION

COLOR

Al.SiO,

BLUE, GREEN, UROWN

REFRACTIVE INDEX 1.71-1.73

RELATIVE DENSITY 3.56-3.68

HARDNESS 1.5-7.0

( RYSTAL GROUP TKKIINK

< ll WAGE DISTINCT

FRA< II 1(1 UNI A 1 \

ii NAOTY BRTrTLE

ll STER VITREOUS, PI ARM ON CLEAVAGE PLANE

rRANSPAREN( 1 i RANSPARENTTOTRANSL1 ( ENT

DISPERSION MEDIUM, .02

BIKII l(l\(,l \( 1 .01

I'l Mil IIKOISM I)ISHN( 1

LO( VTION Austria A u sir ilia. Br i/il, ( Ihina,

< ve< li Republii 1 r. im i
. In (ll.

. Russia, Spain,

Sri Lanka, 1 nitei Kingc loin .
1 nited stales

12



SILLIMANITE

Beautiful and rare, sillimanite is found in two forms: one clear and

glassy, and the oilier silky and fibrous. It is named for the IS

geologist Benjamin Silliman (1 ""'9-186-1). When it is found in its

fibrous state, it is often known as fibroUte.

Sillimanite occurs typically in schists and gneisses produced by

high-grade regional metamorphism. It is generally scattered among

fixers of metamorphic rocks, often around hot springs or areas of

volcanic activity.

While mineral collectors prize the fibrous crystals, the glassy

crystals are used as gemstones. However, gem-quality stones are very

rare, and they are also brittle and difficult to cut. Some crystals

demonstrate a cats-eye effect, and when they are polished as

cabochons they glow mysteriously, like a cat's eyes

at night. These cat's-eye cabochons make beautiful

rings. When fibrolite is polished, the straight,

parallel crystals are clearly visible.

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

Cushion

Cabochon

SILLIMANITE

The clear, blue stones, found in Ohn-

gaing, Mogok, Burma (Myanmar), are

the most sought after. Gray to green

stones come from Sri Lanka. The larger

stones found in the Clearwater River

Valley in Idaho, USA, are often made

into carvings. Type localities are Moldau

and Schuttenhoten, Czech Republic, and

Chester, Middlesex County, Connecticut,

USA.

SILLIMANITE

CHEMICAL COMPOSITION Al.SiOs

COLOR COLORLESS TO WH III
,

YELLOW, BLUE OR BROWN

REFRACTIVE INDEX 1.65-1.68

3.24

6-7

ORTHORHOMBIC.

PINACHOIDAL, GOOD

FRACTURE UNEVEN

BRITTLE

VITREOUS

PARENT TO TRANSLUCENT

.015

.018-.022

DISTINCT

TENACITY'

LUSTER

TRANSPARENCY

DISPERSION

TRANS

BIREFRINGENCE

PLEOCHROISM

location Burma (Myanmar)

Sri Lanka, Ignited States.

, Czec i Republic,

Blue ctisbion-ai!

sillimanite gem.

Sil/iineinite

cat's-eye cabochon.

" Sillimanih

crystals on matrix

143



KYAXITE

ffl^^Sh

v^sg^
Step

Baguette

Cabochon

KYANITE

Kyanite is extracted from alluvial

deposits at Villa Rica, Brazil. Rare, color-

less kyanite is found at Machakos, Kenya.

The schists of St Gotthard in the Tyrol

Mountains of Switzerland yield very

fine kyanite crystals in association with

staurolite. Major US locations include

Yancey County, North Carolina, and

Madison County, Montana.

Kyanite is .m attractive mineral in-

frequently used as a gemstone in

jewelry, lis brittleness means that

extreme care must be taken when

handling, cutting, and polishing

the stone, Kyanite has perfeel

cleavage in one direction, lis name

derives horn the Greek kyanos,

meaning blue." It is used in the manu-

facture of spark plugs.

Kyanite is unique among gems in thai it has a

wide variation in hardness across the same crystal -

being L5 along the length and 7 across the width. It

is also known as disthene because of this variation

in hardness.

Kyanite occurs in metamorphic rocks such as schist and gneiss.

Associated minerals include anclalusite. corundum, and staurolite.

In jewelry, the most prized ky.mites are transparent and deep

cornflower blue, pale blue, or bluish-green in color.

Kyanite can be mistaken for sapphire or aqua-

marine. It is often fashioned into long rectangular

and step cuts or into oval cabochons. It sometimes

has magnetic properties similar to tourmaline.

Step-cut

kyanite gem.

K<%
1
v .w

KYANITE

( III MICAI. COMPOS

COLOR

REFRACTIVE INDEX

moN
BLUE,

Al2SiO,

GREEN, BROWN

1.71-1.73

RELATIVE DENSITY

HARDNESS

3.56-3.68

4.5-7.0

TRICLLNIC

DISTINCT

CRYSTAL (,I«)UP

CLEAVAGI

FRACTt RE

VITRE(

(

ARENT T(

UNEVEN

BRITTLE

)i s, PEARLY ON

1 1 w \(,l PLANE

> TRANSLUCENT

MEDIUM, .02

.01

DISTINCT

TENACm

n STER

TRANSPARENCY TRANSP

DISPERSION

BIREFRINGENCE

i'i MK HROISM

LOCATION Brazil, China, India

\l< tzambique, Nepal, Russia.

Sw il/erland. United Stales.

. Kenys

Serbia,

t.

4 Kyanite

( rystals m matrix
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STAUROLITE

Often known as "fairy stones" or "fairy crosses," staurolite intrigues

collectors because it occurs naturally In the shape of a cross.

Named for the Greek stauros and litbos, or "cross stone," tor centuries

it has been prized as a good-luck talisman and worn as an amulet.

Today, genuine specimens are rare, and many staurolites on the

market are actually other stones carved into the sought-after shape.

Real staurolite can be determined by its ability to scratch glass.

Staurolite displays the classic penetration form of twinned crystals.

It forms two types of twins, one at 60 degrees (known as St Andrew's

crosses) and one at 90 degrees (known as Greek crosses). Rare

specimens display both types of twinning and resemble roughly

drawn stars.

Many legends are attached to this gem. One says that the crosses

are formed by the tears of fairies falling upon the ground. Another

says that they are the tears of the Cherokee tribe

of Native North Americans, following the "Trail of

Tears" (1838) to reservations after they were forced

to leave their ancestral lands.

This tragic journey reduced

the Cherokee population by

more than 25%. In addition

to cross-shaped specimens,

serious collectors look out

for transparent, faceted

staurolites. These are

extremely rare, because it

is unusual to find a

staurolite crystal that

is both light-colored

and large enough to

be faceted.

•4 Stan volile

crystals

on matrix

®
Step

Baguette

Cameo

STAUROLITE

CHEMICAL COMPOS

COLOR

REFRACTIVE INDEX

inoN (Fe,+,Mg,Zn),AL,

(Si,Al) H0„(OH) 2

REDDISH-BROWN TO

BROWN-BLACK

1.739-1.792

RELATIVE DENSITY 3.65-3.77

HARDNESS 7-7.5

CRYSTAL GROUP MONOCLINIC,

PSEUDO-ORTHORHOMBIC

CLEAVAGE ONE, DISTINCT CLEAVAGE

FRACTURE SUBCONCHOIDAL

TENACITY

LUSTER VITREOUS TO RESINOUS

TRANSPARENCY TRANSLUCENT TO

NEARLY OPAQUE

.023DISPERSION

BIREFRINGENCE .011-.015

PLEOCHROISM DISTINCT TRICHROIC

location Brazil,

United States.

England, France, Switzerland,

STAUROLITE

Staurolite occurs typically as prophyro-

blasts in medium-grade schists and

gneisses, often in association with

garnet, kyanite, and mica. Cherokee

County, North Carolina, USA, remains

a major source of the gem. Staurolite

crystals occur in the

shape ofa cross.
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TOPAZ

j*

Topaz is a hydrous aluminum fluoro-

silicate that occurs typically in the

veins and cavities ol granite pegmatites,

rhyolites, and quartz veins. The hardest

silicate mineral ami one ol the hardest

minerals, topaz makes excellent mineral

specimens because of its high luster,

attractive colors, and well-formed crystals. Ii

is found in granites that have been subjected

!o alteration by fluorine-bearing solutions, and

can be accompanied by fluorite, ["ourmaline,

\r\nii. beryl, qi vrtz, and the tin-bearing mineral

i vssiterite. Topaz can thus be an indicator of the presence of tin ore.

It also occurs as worn pebbles in alluvial deposits. Perfect cleavage

helps identify topaz on sight from similar minerals.

The name comes from the Cheek tOpazion, which may originate

from the Sanskrit tapas, meaning "fire," or from the Egyptian island

ol Topazos (now Zebirgel or St John's Island) in the Red Sea. The

Latin writer I'lim the Elder (ad 23-~ 1 )) used the- island's name for a

yellowish-green stone found there, and it soon became the name for

most yellow stones.

A Pale green

step-cut topaz.

a

G»
A Various colors

anil < tits "/ topaz

gems

Yellou topaz

TOPAZ
The largest topaz crystals are found at Minas Gerais, Brazil,

where specimens with a width of 1 2 inches (30 centimeters)

have been discovered. They have a sherry-brown color.

Brazil also yields honey-yellow, red, pink, blue, and white

crystals, and topaz pebbles known as pingos d'agua or "drops

of water." Blue, yellow, pink, and colorless stones occur in

the Urals in Russia, and colorless and pale brown varieties

are found in Queensland and Tasmania, AustraliaThe United

States has colorless, yellow, reddish, and pale blue crystals,

with sources in San Diego County, California; Juab County,

Utah; the Pike's Peak area of Colorado; Lords Hill in Maine;

and in other states, including New Hampshire, Connecticut,

Virginia.Texas, and Utah.

Other deposits include dark wine-yellow stones from

Siberia in Russia, and Mino province in Japan. There ate

occurrences also in Durango in Mexico, and Australia, Ireland,

Norway, Sweden, Germany, Russia, Ukraine, Pakistan, Nigeria,

and Sri Lanka. Topaz that is not of gem quality is found in

Northern Ireland, the Cairngorm Mountains of Scotland, and

in Cornish tin mines, as well as St Michael's Mount and Lundy

Island off the Cornwall and Devon coasts of England.

I i',



TOPAZ

fir

^ Three-strand

blue topaz

necklace. Each

strand is made

up offaceted

blue topaz beads.

Brilliant

&

Pendeloque

Cushion

Mixed

Topaz produces some of the largest crystals,

weighing up to 660 pounds (300 kilograms). The

largest cut topaz, the pale blue "Brazilian Princess"

found at Teofilo Otoni north of Rio de Janeiro,

weighs 21,327 carats and was fashioned as a

square cut. A smaller but even better-known stone

is the "Braganza" from Ouro Preto, Minas Gerais,

Brazil, which was mistaken for a diamond when
discovered in 1740. It was set in the Portuguese

royal crown.

Crystals are normally attached at one end to rock

cavities and will break along a flat surface when
detached. The columnar crystals of topaz are usually

prismatic, often with two or more vertical prism

forms and with vertical striatums on the faces.

Massive, granular forms also exist. The crystals

occur in a variety of colors, according to the

amount of metallic trace elements present when
formed, such as iron and chromium. Dark-orange

topaz is called hyacinth. The less valuable citrine is

sometimes sold as "Brazilian topaz."

TOPAZ
CHEMICAL COMPOSITION Al 2SiO,(OH,F),

COLOR COLORLESS, PALE YELLOW,

PALE BLUE, GREENISH, PINK

REFRACTIVE INDEX 1.60-1.63

RELATIVE DENSITY 3.5-3.6

HARDNESS 8

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE PERFECT

FRACTURE SUBCONCHOIDAL TO UNEVEN

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

WEAK, .014DISPERSION

BIREFRINGENCE .01

PLEOCHROISM DISTINCT

location Australia, Brazil, England, Germany,

Ireland, Japan, Mexico, Nigeria, Norway,

Pakistan, Russia, Scotland, Sri Lanka, Sweden,

Ukraine, United States.

147



I OPAZ

Vavette-cut Belle Epoque

U 1910)pink topaz and

diamond pendant !!><

cushion-cut f>inL> topaz

upendedfrom

a diamond collet.

?

The ancient Greeks and Romans greatly valued topaz as a

gemstone. Small wine-yellow "Saxonian topaz" was mined at

Schneckenstein in the Erzgebirge Mountains, Saxony. Germany,

in medieval times, and these specimens were worn in jewelry

by several rulers. Peep mining was later used at the site from

\~y (o 1800. Topaz was a prized but rare stone from the

Middle Ages until discoveries of large deposits in Brazil

in the mid-19th century. Now it is a popular and very

affordable gem.

A distinctive feature of topaz is its perfect, easy

cleavage. This requires careful handling when stones

are cut and polished, since specimens may split or

develop internal cracks. Even the warmth of a hand

can cause cracks within. Colorless topaz is often cut

as round or oval brilliants. Pendeloque stones in the

mixed-cul style are also popular. Colored topaz is

frequently cut as trap and table cuts. The stones will

take a very smooth polish.

[Tie clear or pink. blue, and honey-yellow varieties are

especially valued. The most sought-after and expensive colors are

called 'imperial topaz." Pale pink topaz is often backed by red foil

to increase its color. Orange stones are moderately priced. Some

varieties, such as purplish ones, are treated with heat or radiation to

enhance- the color, and pink ("burnt") gem topaz is obtained by

heat treating the dark yellow stones. Yellowish-brown specimens

from Brazil turn red. Stones with a slight blue color are normally

irradiated with gamma rays to darken the color. Extended heating

will produce- colorless stones, but colorless topaz will turn brown

when radiated.

Selection ofdifferent < olors

mid i nit oftopaz Thesepale

( olored topaz sumc\ < an be

mely i aluable

I IS



EUCLASE

A rare mineral, euclase sometimes has the clarity to be used as a

gemstone. It is a silicate of beryllium and aluminum, as is beryl,

but euclase also contains hydrogen. Its name comes from the Greek

words eu ("well") and klasis ("breaking"), which refer to its easy

cleavage. The first samples were discovered in South America and

sent to Europe in 1785. Euclase sometimes occurs in gem-quality

crystals, hut its brittleness means that they seldom exceed 1 inch

(2 centimeters) in length.

Euclase has become popular with mineral collectors, but special

care must be taken when cutting and polishing gemstones due to the

tendency of the well-formed crystals to chip. This is because the cleav-

age is parallel to the plane of symmetry. Euclase gems are most often

rendered into step and table cuts, with the bluish-

green color being the most valued. Some specimens

suffer from an uneven color distribution. Once cut,

euclase resembles topaz and types of beryl, such

as aquamarine. The crystal's fragility also causes

problems with the gemstone's durability.

Euclase is found in granite pegmatites in associ-

ation with other beryllium minerals, especially

beryl. It sometimes occurs as small crystals next to

feldspars. The crystals are vertically striated prisms

that have slanted termination faces with acute

pyramids. Twinning is unknown, and foreign

impurities are rare. Euclase may be discovered

alongside gold as eroded pebbles in rivers and

streams. Other associated minerals include quaetz,

micas, and pericline.

fr^^TI^^
Step

Tabic

EUCLASE

CHEMICAL COMPOSITION BeAlSiO.OH

COLOR COLORLESS TO

PALE BLUE-GREEN

REFRACTIVE INDEX 1.65-1.67

RELATIVE DENSITY 3.0-3.1

HARDNESS 7.5

CRYSTAL GROUP MONOCLINIC

CLEAVAGE , ONE PERFECT

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION WEAK, .016

BIREFRINGENCE .02

PLEOCHROISM DISTINCT

location Brazil, Colombia, Germany,

Mozambique, Russia, Sri Lanka, United

Kingdom, United States, Zimbabwe.

EUCLASE
Euclase is found at several locations in

the southeastern Brazilian state of Minas

Gerais, especially the type locality of

Ouro Preto, and at Alto Equador,

Rio Grande do Norte, northeast Brazil.

maior sites

;rn Germany; Yakutia,

ia, Russia; (

Boyaca, central Colombia; Fichtelgebirge,

Bavaria, southern Germany; Yakutia,

northeast Siberia, Russia; (

Devon, southwest England; and Fairfield

County, Connecticut, USA.

Blue euclase from Mwame, Hurungwe

District, Mashonaland, northern Zimbab-

we, was first collected in the late 1 970s.

Oval step-cut

euclase. ^.97 carats.

^ Euclase crystal.

ism*.
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Cushion
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EPIDOTE

Epidote is widely distributed. Its type locality is

Bourg d'Oisans, Isere, eastern France. Fine

crystals are found at Krasnoyarsk, central Siberia,

Russia. Other European locations include

the Jilove district, Bohemia, Czech Republic;

Erzgebirge. Saxony, east Germany; Valle d'Aosta.

northwest Italy, and Liguria, northern Italy; Nora,

Vastmanland, eastern Sweden; Isle of Mull,

western Scotland; and the Lizard Peninsula,

Cornwall, southwest England.

In the Americas, epidote is found in Baja Cali-

fornia, Mexico, and a rare colorless variety has

been discovered at Tierra del Fuego, Argentina. In

the US. fine specimens come from Fairfield County,

Connecticut Middlesex County, Massachusetts;

Houghton County, Michigan; Grafton County,

New Hampshire; Sussex County, New Jersey;

Sterling Lake, Orange County, New York;

Berkeley, Rhode Island; Buckhorn Mountain,

Washington; and Gteen Monster Mine, Prince of

Wales Island, Alaska. In Canada, major sites

include Bancroft District Hastings County, and

CobaltTimiskaming County. Ontario. Other loca-

tions include Mri md.Tasmania.Australia.

Step i hi

Epidc >te is ,u the iron-rich end of a chemical scries, at the other end

oi which lies clinozoisite. Both these minerals are widespread in

medium- to low-grade metamorphic rocks, especially those derived

from igneous rocks such as basall and diabase, or from calcareous

sediments. They also occur in contact-metamorphosed limestones,

and in veins in igneous rocks

Epidote's color, dark green to black, masks its optical properties.

One variety of epidote has a distinctive pistachio-green color, which

has led to its being dubbed "pistacite." The lighter green and yellow

transparent specimens can be faceted, though they tend to result in

smaller gems of less than 5 carats. When polished to form cabochons.

epidote can produce cats-eye stones.

Epidote's distinguishing features are its distinctive

yellow-green color and prismatic habit. Epidote

can be mistaken lor TOURMALINE, but the latter

lacks cleavage and has a hexagonal or triangular

cross-section.

epidote -'''in

Epidote crystals.

EPIDOTE

( ill vik VI COMPOSITION Ca2(Al )
Fe3+)jSiJ 12OH

COLOR YELLOWISH GREENTO BLA< K

REFRA< nVE INDEX 1.71-1.79

RELATIVE 1)1 \s|IV 3.3-3.6

HARDNESS 6-7

CRYSTAL GROUP MONOCI.INIC

( 1 1 W V(,l ONE PERFECT

FRACTURE UNEVEN

ii \ v in

LUSTER

BRITTLE

VITREOUS

TRANSPAR1 N< v

DISP1 i(si( i\

rRANSPARENl TO nearly opaque

iong, .019-.03sn

hiki l RINGENCE

PI it >< HROISM

.015-.049

STRONG

io( vno\ Argentina, Australia, <

[talj . Gei main . Mexi< 0, Russia.

1 mled Kingdi mi. 1 nihil States,

an

Svv

nki. France,

eden.
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ZOISITE

2:

Thulite, thepink

variety ofzoisite.

r
oisite is a hydrous calcium alu-

iminurn silicate mineral. It was

named after Austrian scientist Sig-

mund von Zois ( 1747-1819), who

discovered it in the Saualpe moun-

tains of Carinthia, Austria, which

provided the mineral's first name of

"saualpite." Zoisite occurs in schists and

gneisses and in metasomatic rocks, together

with garnet, vesuvianite, and actinolite. It is

found occasionally in hydrothermal veins.

Normally it forms aggregates that can be

lumpy, fibrous, or bladed. Zoisite can be confused by the naked eye

with the more common mineral clinozoisite.

Zoisite generally has long, prismatic or tabular crystals that are

commonly striated lengthwise. The blue variety called tanzanite is

a valuable gemstone discovered in 1967 in Tanzania. Thulite, a

massive pink variety colored by manganese and found in Sor-

Trondelag, Norway, is used in jewelry, polished and carved into

cabochons and beads, as well as small ornaments. A massive

brilliant-green variety, which contains an irregular

spread of rubies and sometimes hornblende, is

also polished, carved or tumbled to create

ornaments, or a colorful stone used in decorative

work. A grayish-green variety from California is

also popular for jewelry. Zoisite gems are often

heat-treated to enhance their color.

rf&==*>

Step

Cabochon

Cameo

ZOISITE

CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PI.EOCHROISM

Ca2Al,Si,0,,OH

GRAY, SOMETIMES PINK,

PALE GREEN, OR BROWN

1.69-1.70

2.3-3.4

6

ORTHORHOMBIC

PERFECT

UNEVEN

BRITTLE

VITREOUS

TRANSPARENT TO SUBTRANSLUCENT

RELATIVELY STRONG

.01

STRONG

jm
Zoisite (thulite).

rough.
/4» 1
0/

location Austria, Norway, Pakistan, South

Africa, Sweden, United States.

4 Various shapes

and cuts of

tanzanite gems
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AXIMTF

Brilliant

Mixed

A complex calcium and aluminum borosilicate that normally occurs

as thin brown crystals. The name derives from the Greek word

axine, meaning "axe," which describes the thin wedgelike form of its

crystals. Axinite is collected as a mineral specimen, for its excellent

luster and well-formed flattened crystals make it a popular choice.

Vxinite crystals are rarely cut as gems because of their low clarity. A

gem-quality variety is found at Bourg d'Oisans, [sere, eastern France.

The members of the axinite group, which have the same structure

but are different in terms of chemical composition, include the pale

blue magnesio-axinite and the yellow -orange manganaxinite, both

magnesium rich; the lilac brown ferro-axinite. iron rich and most com-

mon member; and the yellow tin/enite. having iron and manganese.

Axinite occurs in calcareous rocks that have undergone contact

metamorphism and metasomatism, and also in cavities in granites.

Its crystals are normally broad with sharp edges, and also massive,

lamellar, or granular. Its associated minerals include

i.)l SKI/, c swill. \\|)i;\i)Mi garnet. DIOPSIDE, EPIDOTE,

si III 1 LITE, and PREHNITE.

AXINITE

As well as the French Alps, large

deposits of axinite exist around St Just,

Cornwall, southwest England. Other

sites include Timiskaming, Ontario.

Canada: Sauerland, North Rhme-

Westphalia, western Germany, and the

Erzgebirge Mountains, eastern Gerr

and Tasmania, Australia.

v.

^1

AXINITE 1

7^J

/>

nun

gem

ik/c/i

Jtlllll.

( hi mk \i ( oMPOsrnoN (Ca,Mn,Mg,Fe)3

A12BSL,0„OH

>SI-15KOSS N,Y1 1 IOSSINII.

CK.SVSIOII 1 ll\(,l

< OIOK an
i nfl'a

KiiK\( n\i i\di\ 1.66-1.70

mi \n\i DENsrn 3.3-3.4

IISKDMss

( RYSTAJ (.Itol P

6.5-7
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fRANSl

< o\( moidsi

\ITKlol s
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\OM

.010-.021

STRONG

que-cut

vinite

< Wedge-shaped

crystals ofaxinite.

io( si ion Australia. < aiiada. Prance, Germany,

Russia, i Inited Kingdom
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BERYL

In
its pure state, beryl is colorless and of average fire and

brilliance, and would attract little notice. But impurities in the

stone give it a beautiful range of colors that excite the interest

of jewelry lovers and gem collectors alike. The presence of

chromium and vanadium produces the brilliant green of the

EMERALD, one of the most sought-after gemstones. Iron produces the

blues of aquamarine and the yellows of heliodor, while manganese

gives rise to the pink of morganite and the extremely rare red beryl.

Because there are so many appealing varieties, beiyl is sometimes

known as the "mother of gemstones."

Beryl most commonly occurs as an accessory mineral in granites,

and is usually found in cavities and in granite pegmatites. Beryl

crystals in some pegmatites grow to very large sizes - as much as

30 feet (10 meters). It also occurs in mica schists and gneisses in

association with phenakite, rutile, and chrysoberyl. Most beryl is not

of gem quality. Beryl is the major industrial source of beryllium,

which is an extremely strong metal used in the nuclear industry and

in alloys for aircraft.

Beryl is one of the oldest recorded stones, and it has been used in

jewelry and ornaments for thousands of years. A mine in Egypt, for

instance, produced the emeralds that enhanced the famed beauty of

Cleopatra. It has also long had practical applications. Goshenite, the

clear form of beryl, was used for lenses and the first spectacles - the

Roman Emperor Nero is said to have used a monocle cut of beryl.

Collectors are attracted not only by the vivid colors of the beryl

varieties but also by the striking crystals. Most are combinations of

hexagonal prisms and basal pinacoids. They generally vary from just

a few fractions of an inch (centimeter) to almost 3 feet (1 meter);

some tmly gigantic examples

have also been found, weighing

several tons. Well-formed crys-

tals can be found embedded in

a variety of different stones,

making attractive displays.

Today, much beryl is heat-

treated or irradiated to improve

the color. This is especially

true of aquamarines, but also

applies to morganite and the

other varieties.

A Pair of carved green beryl and

diamond earpendants. A carved

green berylflower supports a

pearl-shaped beiyl gem.

Beryl group showing a small

crystal on matrix next to a

massive crystal. Below are

examples of the various colors

and cuts of beryl gems.
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EMERALD

I MERAJ 1)

( Ml \IK \1 ( OMPOSITION

COLOR

RJ I KM ll\ I 1X1)1 \

RELATTV] 1)1 Nsrn

HARDNESS

(KIM \l (.KOI P

CLEAVAG1

I KM II Kl

rENAcm

LUSTER

ntANSPARJ \< 1

DISPERSION

hiki i RING1 \i i

PI UK HROISM

Ik*.AIM sO„

GRJ l N

L.57-1.58

2.67-2.78

--8

PRISMATK

BASAL, POOR

< ON< HOIDAI TO I \E\'EN

BRITTLE

VTTREOI s

IKAXM'AKI XI TO 1KAXSI1 ( I XI

IOW. .014

low, .005-.009

\\ EAK

location Afghanistan, Australia, Austria, Brazil,

Colombia, India, Madagascar, Mozambique,

Pakistan. Russia, South Africa. United States.

A Step < hi emerald

a ithin brilliant < ///

diamond surround

Renowned lor its incomparable color, the emer-

ald lias been prized lor millennia. The ancient

Eg} ptians mined emeralds as early as 3000 B( . from

a source by the \<cd Sea that was later known as

"Cleopatra's Mines - the queen of legendary beauty

was known to adore the jewel. The gem is also

prized m the Vedas, the sacred texts of Hinduism,

and was worn as a sacred talisman. In the New
World, the Aztecs and the Incas both worshipped

the stone, and the lamed treasure of Montezuma

contained many large and beautiful emeralds. The

name derives from the ancient Cheek word.

smaragdos, meaning green gemstone."

The vivid green of the emerald symbolizes spring

and rebirth in many traditions. It also has strong ties

to love - the ancient Romans dedicated the color

green to Venus, the goddess of love. In the Middle

Ages, emerald was used to foresee the future, and

also to protect against evil spirits.

Like other members of the m EO i group, emeralds typically occur in

granite pegmatites, but also significantly in mica schists and limestone

deposits. Normally colorless, beryl takes on its emerald-green color

from the presence of chromium and sometimes vanadium. However,

not all green beryl is emerald - the presence of chromium distinguishes

emerald from ordinary green beryl. Emeralds, like other beryls, form

hexagonal crystals, which can sometimes be very large: the biggest

ever found, discovered in l

l )(>
(
). weighed in at

-
.()2S carats. Other

huge crystals include the "Devonshire Emerald," an uncut crystal of

1,38395 carats, and the "Patricia Emerald," at hM carats (the Patricia

Emerald was uncovered by dynamiting the vein, and in the process

an even larger crystal was said to have been blown up!).

Practically all emeralds possess inclusions, giving them a

solt. mossy internal appearance, which is known as their jiirdiu

(from the French for "garden"). A transparent stone with a pure,

•^ The inn hi Patricia

Emerald, 6 \2 i arats

Beryl (emerald)

( rysiiil mi matrix *?#? /
\ |

*?*

->
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EMERALD

green color is the ideal, but the jardin does not necessarily detract

from the stone's value, assuming that its color is good and that the

inclusions do not run so deep that they weaken the stone. In tact,

sometimes the stones with the best color are also the most included.

Typically, emeralds are fashioned in a step cut - this is so common

that the rectangular step cut is familiarly known as the "emerald cut."

The many fissures and inclusions in the stone mean that it is quite

tricky to cut, making cut stones of more than 2 carats very expensive.

There are specialist emerald cutters in both Jaipur, India, and Tel Aviv,

Israel, who devote their lives' work to master the stone.

Emeralds are treated with oils and resins during cutting and

polishing to fill fissures and produce a better finish. Sometimes

hardeners are incorporated to make the finish longer-lasting. As a

result, emeralds must be treated with care: they should not be

immersed in detergents or cleaned in ultrasonic cleaners, and they

should also be professionally re-oiled every two to three years to

maintain their best condition. Today, synthetic

emeralds are produced that imitate the

color of the best gems but without

the inclusions that "fog" the stone,

yet most collectors maintain that

artificial stones lack the depth and

' complexity that contribute to the

natural beauty of a real emerald gem.

i ne mines ot uoior

quality emeralds. In the 1 6th century, the Inca emerald mines

were seized by Spanish conquistadors, who were as da

by the brilliant green stones as they were by the Incan gold.

Legend has it that many far;

—

reputedly as large as ostrich eggs, went down with ship-

wrecks in the Atlantic Ocean, as the conquistadors failed to

return home with the riches they had plundered.Today, Muzo

and Chivor in Boyaca, central Colombia, once worked by the

Incas, are still producing lovely gems; those from Chivor

tend toward the bluer, cooler end of the spectrum, while

the Muzo stones are warmer and more yellow. Today, the

Coscuez mines are the largest source of emeralds in Colom-

bia. But while the Colombian mines were once responsible

for around 80-90% of world production, today that figure is

probably less than 60%.The Copperbelt in northern Zambia,

and Bahia, northeast Brazil, are also major sources of

top-quality gemstones. North Carolina, USA, has the largest

deposits of emerald in North America.

Step

Pendeloque

Cabochon

Brilliant-cut oval emerald.

V Emerald and diamond brooch

with rectangular- and square-cut

emeralds.
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AQUAMARINE

lirilluml

l®=5&
^^s^

Step

< aboi hon

a—i-~i- »J

"

t:
•he clear blue oi aquamarine attracts jewelrj

makers and gem collectors alike- lis

tone flatters all skin colors and harmonizes

with all precious metals. Ii is

relatively easy to cut and can -^^flfc

often be found in innovative t '}"*

,.-Jf>;

i

I
Jf ^^

A Three brilliant-cut

aquamarine gems

in a variety ofshapes.

T Pendeloque-cut

aquamarine gem.

w ilh new tonus.

Aquamarine is a member oi

the beryl group. Beryl com-

monly cm ui's as an accessory mineral

in granites, and is usually found in cavities

and in granite pegmatites. Beryl is usually

clear, bul iron conteni gives aquamarine its

characteristic blue color, beryl crystals m
some pegmatites grou to vcrv large sizes.

even up to 30 feet ( L0 meters) - aquamarine

crystals oi up to 3 feet < 1 meter) long are not

uncommon. Aquamarine is also sometimes

found in stream gravels. It is generally free from inclusions, meaning

that it is a durable stone: this is also why it is easy to cut. However,

inclusions of biotite. mini . PYRITJ . and in \i\iu i are possible.

Aquamarine is a fairly common stone, which makes it less expen-

sive than the other gems oi the beryl group,

such as emerald. Its name derives from t he-

Latin aqua, for water, and nituv. for sea.

and many superstitions and legends

about the sea have been attached to

the gemstone over the years. It has

been said to come from the treasure ^.'

:W

Aquamarine anil diamond

pendant with large step i ///

and ra (angular < m < ornered

aquamarine

Aquamarine < rystals

'

*****

.

J

state of Mmas Gerais,

AQUAMARINE
The major source of aquamarine is the state of Mmas Gerais,

southeast Brazil, especially the mines around Aracuai'. The

Brazilian mines produce stones of a characteristic color with

distinctive inclusions, and gemmologists can often determine

the mine from which a particular stone came based solely on

a visual inspection.

In addition to the mines of Minais Gerais, important

sources of aquamarine include Kunar Province, Afghanistan;

Mianyang City, Sichuan, west-central China; Embu, central

Kenya; Zambezia, central Mozambique; Haramosh Mountains

of Baltistan, northern Pakistan; and Buryatia Republic, eastern

Siberia, Russia. Sites in the United States include Albany and

Auburn, Maine.

1%



AQUAMARINE

< Huge

aquamarine

crystal with other

beryl crystals of

morgan ite, heliodor,

and emerald.

chests of mermaids. Sailors often took aquamarine with them to sea

as a lucky charm to protect against shipwreck; sometimes the stone

was carved with the image of Poseidon or Neptune, the gods of the

sea. When it is immersed in water, the stone is practically invisible

and the water in which it was immersed was long considered to have

curative properties.

A top-quality aquamarine should be clear and

free of inclusions. Today, the most popular stones

are a clear blue, avoiding a tinge of either yellow,

green, or gray. In the 19th century, jewelry

aficionados sought out sea-green gems. Because

aquamarine's color is usually pale, only larger

specimens display any depth of pigment, but

smaller stones are lively and decorative, especially

when set with diamonds. Aquamarines are generally

found in step cuts or as brilliants.

Today, most aquamarine is heat-treated to prod-

uce the favored clear, blue color. This treatment

reduces ferric-iron content and thus removes any

yellow tinge. The treatment is permanent, stable,

and acceptable in the market. However, because

aquamarine is sensitive to heat, it should be protected

from excessive sun and heat exposure.

AQUAMARINE
CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

BejAl2Si«018

BLUE

1.57-1.59

2.68-2.80

7.5-8

HEXAGONAL

ONE DIRECTION, POOR

CONCHOIDAL

BRITTLE

VITREOUS

TRANSPARENT TO TRANSLUCENT

LOW, .014

low, .004-.008

WEAK

location Afghanistan, Brazil, China, India,

Kenya, Madagascar, Nigeria, Pakistan, Russia.
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HKLIODOR

I
lUivucttc

Marquise

lahlc

Tins golden-yello

i o\ ered at Rossi

Octagonal,

step-cut

heliodorgem.

HELIODOR
Other sources of heliodor include Minas

Gerais, southeast Brazil; Rangkul in

the Tian Shan Mountains, northeast

Tajikistan; Litchfield County, Connecticut;

Mursinsk, Urals, central Russia; and

Nasarawa state, northern Nigeria.

i>w stone \\ as rirst dis-

ossing, Erongo, western

Namibia in 1910. Because of its unusually

vibrant yellow color, it was named

heliodor, from the Greek belios and

doron, meaning "gift from the sun."

Initially, only golden beryl found in

Namibia was called heliodor. but today

the name is applied almost indiscriminately to

all varieties oi yellow aiu\ golden beryl. Strictly, it

should only be used for the yellow varieties that

net their color from trace iron impurities,

Like the other members of the beryl group of

gems, heliodor most commonly occurs as an accessory mineral in

granites, and is usually found in cavities and in granite pegmatites.

Beryl crystals in some pegmatites grow to very large sizes, even up

to 30 feel i in meters), and heliodor is famous for its large, perfect

golden crystals. It is sometimes associated with quartz feldspars and

muscov ite mica.

Heliodor is usually cut as step cuts to enhance

its depth of color. When cut as a cabochon. it

sometimes displays chatoyancy or asterism. Larger

crystals tan be carved into ornaments. Its warm,

yellow color is said to enhance intuition and

compassion.

Like other beryls, heliodor can be oiled or heat-

treated. Heating can eliminate the yellow tint,

resulting in a clear or even aquamarine blue stone.

Irradiation can reverse this effect,

V
?

•

Baguette < ui heliodor

gem Hi)/" i aboi bon • ul

< (ii s eye heliodor (below)

4 Heliodot < rystal

HELIODOR
< ill vii( VI < OMPOSmON

COLOR

Id I KVi r INI INDIA

RELATIVE DENSITY

HARDN1 ss

< RYSTA1 GROt P

CLEAVAG1

I KVC II Kl

I I \ V( I I V

LUSTER

TRANSPARJ \< v IK

DISP1 RSION

lilld lld\(,l \< I

PI lo< HROISM

io< mion Brazil, Namibi;

Tajikistan, I nited states

Bt\Al,Si„0, s

YELLOW, FROM ORANGE-

V l now 10 GREEN YELLOW

1.57-1.6

2.80

7.5-8

HEXAGONAL

ONI DIKK HON, POOR

CONCIIOIDAI.

HKII II I

VI I KIOI S

v\si'\ld M TO TRANSLUCENT

row, .014

row, 0.00 i-.008

VV I \k

. \igena. Russia,

158



GOSHENITE

While most members of the beryl group, such as emerald or

\oi \\i\ki\i. are famous tor their colors, goshenite is the

clear variety of the gem. It is named for Goshen, Hamphire County,

western Massachusetts, where it was originally found, but is also

known as white beryl or lucid beryl, names that are more descrip-

tive of its appearance.

Because the other varieties of beryl derive their color from

impurities, it is tempting to believe that goshenite is colorless

because it is pure, but this is not necessarily the case: some impurities

present in the stone may actually inhibit the color that would

normally be produced by other impurities.

Goshenite has been used since ancient times. The Greeks used it

for lenses, and goshenite lenses made up the first spectacles. Because

it facets and polishes well, it has also been long used as a gemstone. It

is also a popular material for crystal balls, and some people believe

it is a better conduit than quartz.

On its own, goshenite is an attractive stone. The best specimens

are free of inclusions, except those that create

asterism. Large crystals are often available, which

appeal to collectors.

Inexpensive because it is relatively abundant,

goshenite has been used to imitate other gems. In its

pure state, it is occasionally used as a substitute for

diamond. It is also used in composite stones, where

colored cement or a thin slice of a colored stone

is sandwiched between goshenite and then bezel

mounted. Equally, it is found in foilback stones, in

which colored foil, especially green (to imitate

emerald) or silver (to imitate diamond), is placed

behind goshenite, which is then mounted in a

closed setting. Goshenite, like other beryls, can also

be irradiated to produce a yellow or blue stone.

Brilliant

Step

GOSHENITE

CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

location Brazil, Canada,

United States.

Mixed

Be^AhSicAs

CLEAR

1.57-1.6

2.6-2.8

7.5-8

HEXAGONAL

ONE DIRECTION, POOR

CONCHOIDAL

BRITTLE

VITREOUS

TRANSPARENT

LOW, .014

low, .004-.008

NONE

China, Pakistan,

GOSHENITE
Goshenite is found in most beryl loca-

tions. Beryl most commonly occurs as

ccessory mineral in granites, and is

usually found in cavities and in granite

pegmatites. Beryl crystals in some peg-

matites grow to very large sizes, even

up to 30 feet (10 meters) in length. It

also occurs in mica schists and gneisses

in association with phenakite, rutile, and

CHRYSOBERYL.

A Step-cut

goshenite gem

Goshenite crystal.
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MORGANITE

Step

V
Scissors-cut

morganitegem

MORGANITE
Morganite was discovered in Madagascar

in 1 99 1 , and named by the gemmologist

George Frederick Kunz (1856-1932).

The Madagascar lode set the standard

for the coloration of the gem, and its

bright lilac-pink color has not been

equaled since. Other sources include

Nuristan, Afghanistan: Mmas Gerais,

southeast Brazil; and Pala District, San

Diego County, southern California.

Named after the banker and gemstone aficionado I. P. Morgan

1 1837-1913), morganite is the rare pink member of the beryl

group of gems. It^ color, which ranges from a yellowish salmon-

pink, through champagne, to an almost lilac pink, is the source of its

attraction to jewelry lovers and gem collectors.

Like other beryls, morganite commonly occurs as an accessory

mineral in granites, and is usually found in cavities and in granite

pegmatites Because ol its hardness, it is also sometimes found in

alluvia] deposits. It is associated with qi \ki/. albite, and muscovite

mica, as well as other pegmatite accessory minerals. It is occasionally

known as vorobevite.

Beryl is essentially colorless, but morganite derives

its pink color from impurities of magnesium

present in the stone. Iron impurities can give

the stone a yellowish tinge. However, heat-

. mg reduces the iron content, resulting in a

ft purer pink stone.

Moiganite is one of the rarest of the beryls,

, making it an expensive stone. Specimens

should have a nice luster and not have any

obvious inclusions. Faceting is important to bring

out the luster. Unfaceted, morganite resembles

i« isi qi vim/, but cutting enhances its appearance,

Morganite is also dichroic, showing pink from one

angle and clear from another, and cutting must

take that into consideration. Rarely, bicolorcd

stones are found that are part-morganite and part-

voi vvivkim. but these are museum pieces.

>V

- Morganite

MORGANITE
( III MK.AI. COMPOSITION

( OLOR

REFRAC T1YI-. INDEX

mi vi iv i DENSITY

HARDNESS

< msi vi GROUP

CLEAVAGE

I KAMI RE

I I VV< I I V

II s
I I U

IK ANSPAR1 \c V

DISPERSK >\

iiiki I RING! \< I

I'l K >< IIKOISVI

km viion Afghanistan, Brazil, Italy, Madagascar,

Mexico, Namibia. Pakistan, United states.

Zimbabwe,

lk\Al,Si„0,„

PINK, FROM SALMON-PINK

lo ALMOST UlAC:

1.57-1.6

2.71-2.9

7.5-8

HEXAGONAI

ONE DIRECTION, POOR

CONCHOIDAL

HUM II I

VITREOUS

TRANSPARENT

iov\, .014

low, .00 i-.008

NONE
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RED BERYL

t:
tie rarest of the gems in the beryl

group, red beryl is only found in three

places, all in the United States: the Wah
Wall Mountains and the Thomas Moun-

tains of central Utah, and the Black

Mountains of southwest New Mexico.

It occurs in the silica-rich volcanic

rock known as topaz-bearing rhyolites.

There, it is associated with quartz, topaz,

spessartine, and hematite, among others. It

derives its red color from manganese, which is thought

to substitute for aluminum in the beryl structure.

In 1904 the collector Maynard Bixby discovered the bright red

stone in the Thomas Range in Juab County, Utah. The stone was

named bixbite for him. However, this name is easily confused with

bixybite, a manganese iron oxide that is also mined in Utah but is

not a gemstone. Because of this confusion, the gem is frequently

known as red beryl, or even sometimes red emerald, linking it to its

illustrious green cousin. But red beryl is more rare and more costly

than emerald.

The best red beryl has a deep raspberry color

and is free of obvious flaws or inclusions. Large

gemstones are incredibly rare, and the average

faceted stone is 0.15 carats, with faceted stones of

more than 2 carats infrequently seen. The largest

crystal yet recovered weighed about 54 carats, and

the largest faceted gemstone to date weighed 8.0

carats. Because flaws and inclusions are common,

the stone is challenging to cut, and clarity dramati-

cally increases a specimen's value.

Brilliant

•< Brilliant-cut

red beryl gem.

f Red beryl crystal

on matrix.

RED BERYL

The only gem-quality red beryl is mined

in the Wah Wah Mountains, and produc-

tivity is very low: it is estimated that only

tonne of ore. Mining has taken place only

since 1 978. In fact, most crystals are not

of gem quality, because they are too

small to be faceted - most are under

RED BERYL

CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

location United States.

BeALSi,O IK

RED

1.57-1.6

2.66-2.70

7.5-8

HEXAGONAL

INDISTINCT

CONCHOIDAL

BRITTLE

VITREOUS

TRANSLUCENT TO OPAQUE

MEDIUM, .014

weak, .006-.009

distinct, purple-red

to orange-red

1(1 1



IOLITK

'- R
^

Step

( itltinhnii

Faceted iolite

gemstones

IOLITE

Cordiente is a relatively common min-

eral found in aluminous rocks that

have undergone medium- to high-grade

contact or regional metamorphism. It is

found in hornfelses, schists and gneisses

in association with andalusite, spinel,

quartz, and biotite mica. It is also found

us rocks that have assimilated

aluminous sediments. The best gem-

es come from Sri Lanka, India,

•i. and Bum

enowned For us pleochroism, the

.mineral cordierite has both aesthetic

and industrial applications. Although

n was only officially named in L812,

for P. L. A. Cordier I l~~~-isi.li. the

French geologist who described it. it

has been used and admired tor centuries.

In addition to being set in jewe

cordierite also lias industrial anil scientific uses.

Ii is said that the Vikings used a thin sliver of I Slightly included

cordierite as a polarizing lens, a navigational cushion-cut iolite

tool that determines the exact position of the gem, 3-67 carats.

sun. Today, cordierite is used as an

electrical insulator and in heating implements.

Iolite is the variety of cordierite that is used as a gem-

stone. Its name derives from the Creek io, meaning "violet

flower." Because it is common, it is an inexpensive gem. Inn

its strong pleoehroism makes it distinctive. Depending on

the angle from which it is viewed, a stone tan vary from

bluish-purple to a wan gray-yellow. Sometimes it is also known

as water sapphire' because a clear stone can resemble a

slightly violet SAPPHIRE, lolites were very popular in

jewelry, in Europe in the lsth century, but today

thc\ are used infrequently. Durable if slightly

brittle, lhe\ are usually cut into steppecT rectangles.

When cutting, it is important to orient the stone

for color in order to enhance its color display.

Beads of iolite are also fashioned.

< brdierite

( tystal mi

matrix

IOLITE

(III \1l( Al < OPPOSITION (Mg,I ;e)AI,Si,0,„

COLOR DARK BLUE, GRAYISH BLUE

REFRA< mi; INDEX 1.5

1(1 I.AIIU 1)1 NSm 2.53-2.65

ll\UI)\lss 7-7.5

( insi \i GROl i' ORTHORHOMBK

< 1 1 W A(,l ONE! POOR CLEAVAGE,

BASAL PARTING

1 1<\( ii id si h< o\< HOIDALTO UNI \ 1 N

n NAcrn 1(1(1 III l

li STER VITREOUS

TRANSPARJ N< "i TRANSPARENT l'< 1 TKANSI.t l< INI

DISP1 l(sio\ ,017, VI 1 \K

mid i Ki\i,i \c i .01

n B x HROISM STRONG

io( mion Bolivia Br i/il. Burma (Myanmar),

Canada. Finland, ( rermanj . Madagascar,

Sri L.mka. Sweden, I nileil Slates.
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TOURMALINE
T1 b

tourmaline is a complex ferromagnesian silicate that contains

boron. It displays a greater range of color than any other gem-

stone, with different colored members of the group having separate

names. These include SCHORL (black), rubellite (pink, red), indicolite

(blue), achroitk (colorless), drayite (brown), buergerite (brown),

ehromdravite (green), siberite (violet), and uvite (black, brown,

yellow-green). Often a crystal will have different colors at its two

ends, or one color at the center and another outside.

Tourmaline was first discovered on the island of Elba, off the west

coast of Italy. The name derives from the Sinhalese term turmali

given to colored mixed crystals on the island of Sri Lanka. These

were imported to Europe in the early 19th century as zircons, but

were found to be a previously undescribed mineral. The true mineral

name for most gem tourmaline is elbaite, named for its type locality.

Tourmaline commonly occurs in granite pegmatites, or in granites

which have undergone metasomatism by boron-bearing fluids. It also

occurs in sediments adjacent to such granites, and as an accessory

mineral in schists and gneisses. The crystals are usually long thin

prisms vertically striated. When heated or rubbed, a crystal acquires an

electric charge and attracts small objects such as dust and hair. Tour-

maline is used in electrical devices and to produce pressure gauges.

Colored crystals are used as gemstones when perfectly transpar-

ent. The most popular cuts are the mixed, trap, table, and step.

Inclusions, such as black patches, are sometimes cut en cabochon

to show a cat's-eye. Tourmaline is fashioned into jewelry like

pendants, bracelets, rings, and earrings. It is also popular for beads

and carved figurines.

91

Watermelon-tourmalineplaque

enhanced with an old mine-cut

diamond.

I Tourmalines can he made up

of two or more colors: a pink

and white gem (middle), and

a pink and green watermelon

tourmaline (bottom).

I Tourmaline gems come in

a wide range of colors.
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sic/i

( abcx bon

The red or pink variety of i< >i rmalini . rubel-

lik- is the raresl member of its gem family

In fad ii is more tare than ri u\ or red spinel,

which it rivals in color. These three gems are

the only ones that occur in a true deep red.

Rubellite, named tor the Latin word for red.

is a member of the elbaite group of tourma-

lines Like other minerals in the group, it is

a high-pressure, high-temperature mineral.

It usually occurs in granite pegmatites, or in

granites that have undergone metasomatism

by boron-bearing fluids. It is also found in

sediments adjacent to such granites, and as

an accessory mineral in schists and gneisses

Rubellite is rich in lithium and tree of mag-

nesium and iron.

Rubellite can form crystals of up to 3 feet

( I meter) long. The crystals, often elongated,

are trigonal anil prismatic, with vertical striations. The red color of

rubellite occurs because of impurities in the center of the stone. These

impurities usually Haw the stone internally or cause it to crack. That is

why good-quality rubellite is so rare.

Rubellite tends to be a bit pinker than ruby or red spinel. 1 fowever,

the similarity in appearance is strong enough that some of the red

stones in the Russian crown jewels, for centuries believed to be

rubies, are today thought to be rubellite. Some rubellite specimens

may show a cat's-eye effect when cut as a cabochon, and the gem

is strongly dichroic, which differentiates it from

red spinel. A hard ami durable stone, rubellite is

suitable for jewelry and ornamental caning.

Rubellite

crystals.

RUBELLITE

• in \ii< \i ( OMPosrnoN Na(Li,Al) tAl,,(BO ( )*

si„<uon),

COLOR PINKTO RED

* Brilliant < ui

rubellite gem

Id l RA< MM INDEX

RELATIVE DENSITY

HARDNESS

( in stai GROUP

( LEAVAGE

FRACTURE

TENACITY

LUSTER

[TRANSPARENCY Ol

DISPERSION

ItlKI IKIM.I \< I

IM.i:o< HROISM

i' " \no\ Afghanistan, Brazil,

Madagas* ar, I fnited Mates

1.62-1.64

303-3.10

7-7.5

TRIGONA)

NONE

CONCHOIDAL

BRITTLE

VITREOUS

AQUETO TRANSPARENT

.017, MEDIUM

.014-.024, MEDIUM

STRONG

< iciinany.

IM



roi i; m m i \ i INDICOLITK

A Step-cut

indicolite gem.

Indicolite or indigolite is a deep,

almost neon, blue gemstone

variety of tourmaline. Its name

derives from its distinctive

color. It is a richer blue than

many other blue stones, such as

AQUAMARINE.

Indicolite is a gem variety of the

elbaite mineral group. Like other minerals in

the group, it is a high-pressure, high-temperature

mineral. It commonly occurs in granite pegmatites,

or in granites that have undergone

metasomatism by boron-bearing fluids; it also occurs

in sediments adjacent to such granites, and as an

accessory mineral in schists and gneisses.

Indicolite is strongly pleo-

chroic, and the stone appears

darker as you look down the

crystal. This must be con-

sidered during cutting. It is

sometimes heat-treated to

lighten the color. When cut as

a cabochon, some indicolites

show a cat's-eye effect. Its

tranquil, blue color is said to

heighten relaxation.

n^^^rl

Weeeee^)

Step

Cabochon

Iiulicolile crystal.

Indicolite is a very rare form of tour-

maline. Only small stones are available,

and anything more than I carat is very

expensive. A violet blue type of indicol-

ite, known as siberite, is found in eastern

Siberia, Russia. In 1989 a very precious

neon-blue variety containing copper and

a high gold content was discovered at

Sao Jose de Batalha, Paraiba, Brazil.

Other sources of indicolite include

Linopolis, Minas Gerais, southeast Brazil;

the Erongo Mountains, Damaraland,

northwest Namibia; and Gilgit, northern

Pakistan.

INDICOLITE

CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY'

DISPERSION

BIREFRINGENCE

PLEOCHROISM

location Brazil, Mexico.

Russia, Llnited States.

Na(Li,Al)^l(,(BO0,

SL.O IK(OH)4

BLUE

1.62-1.68

3.03-310

7-7.5

TRIGONAL

NONE

CONCHOIDAL

BRITTLE

VITREOUS

OPAQUE TO TRANSPARENT

MEDIUM, .017

MEDIUM, .014-.022

STRONG

Namibia, Pakistan,

A Various cuts

and colors of

indicolite.
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ACHROITE roi RMAI IM

Bnllumt

Mixed

Oral cushion-

cut achroite gem.

L* J
ACHROITE
( 111 MM V < OMPOSITION

< OLOR

KIIK\( ll\l l\l)l\

km \n\i di Nsrn

HARDNESS

(KIM \l (.KOI p

( ii w\(,i

I K\( II Kl

I I \ u 1 1

1

I I s 1 1 R

rRANSPARJ N( »

DISPERSION

I1IKIIKIN(.I\( I

I'lHx HROISM

Achroite is the colorless variety

of tourmaline. The gem is

extremely rare, and there is little

demand for it. While some speci-

mens are naturally occurring, it is

also possible to generate achroite

In heating pale pink, gemstone-

qualit) tourmaline.

Achroite derives from the Greek word

achroos, meaning without color." It is a member

of the elbaite group of tourmalines. Like oilier

minerals in the group, it is a high-pressure, high-

temperature mineral.

Achroite commonly occurs in granite peg-

matites, or in granites that have undergone meta-

somatism by boron-bearing fluids. It also occurs

in sediments adjacent to such granites, and as an

accessory mineral in schists and gneisses. Like

other tourmalines, elbaite is piezoelectric, which

means thai when a crystal is heated, compressed

or vibrated, a different electrical charge collects

at opposite ends of the crystal. Conversely, if an

electrical potential is applied to an elbaite crystal,

it w ill \ ibrate.

Achroite is rarely used in jewelry. It is sometimes

possible to find a stone that contains a spot of

color surrounded by clear material, and these are

particularly striking when cut appropriately. In gen-

eral, because it is clear, achroite can be cut in any

direction. In gemlore, its clarity is said to facilitate

communication with the angelic realm.

Collectors should be aware thai the term

"achroite" can also be applied to oilier gems, such

as a< lin lite hi km.

Achroite t rystal

in matrix

NaCLi.AlXAUBOO,

Si„( )„(()! I),

COLORLESS OR NEARLY so

1.62-1.64

3.03-3.10

7-7.5

TRIGONAL

NONE

( o\( HOIDAl

BRITTLE

VITREOUS

OPAQ1 l lo rRANSPARJ \l

Ml 1)11 M, .017

Ml 1)11 M. 01 I- 02 I

STRONG

io( mion Afghanistan, Madagascar. United

Kingdom. I lllled Males

ACHROITE
The major source of achroite is the

mines around St Austell, Cornwall,

southwest England. It is also found in

Androscoggin County and Oxford

County, Maine, United States. Other

lies include Afgl and
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liH KM MINI DRAVITE

Dravite is the least known of the gems in the tourmaline family,

but deserves a higher profile. It makes a beautiful faceted gem-

stone with a hardness suited to jewelry, and it also forms large, well-

shaped crystals that are an asset to any respectable gem collection.

Dravite is an end member of the tourmaline family, and it derives

its color from its high magnesium content. Its name comes from

the district of Drave, Styria, southeast Austria, where it was first

identified. Like other varieties of tourmaline, it is a high-pressure,

high-temperature mineral. It usually occurs in granite pegmatites, or

in granites that have undergone metasomatism by boron-bearing

fluids. It is also found in sediments adjacent to such granites, and as

an accessory mineral in schists and gneisses.

While brown dravite is not uncommon, gem-quality stones are

reasonably rare. Many tend toward the darker color variations,

although heat treatment can lighten them. Like other tourmalines,

dravite is strongly dichroic and must be cut to take

advantage of the lighter, more attractive coloration.

Because of its natural, earthlike coloring, dravite is

said to help restore emotional

balance and stability.

Dravite crystals can be

quite large.

Brilliant

Cushion

DRAVITE

CHEMICAL COMPOSITION

Brilliant-cut

dravite gem.

DRAVITE

Some of the best dravite crystals come

from Yinnietharra in Western Australia.

Other sources include Cochabamba,

central Bolivia; Aracuaf, Minas Gerais,

southeast Brazil; Ossola Valley, Piedmont,

northwest Italy; eastern Siberia, Russia;

Nora, Vastmanland, eastern Sweden;

and the Pamir Mountains.Tajikistan. Sites

in North America include Sandon, Bi

Columbia, Canada, and Oxford County,

Maine, USA.

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LLISTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

location Australia, Bolivi;

Mexico, Tajikistan, United

Na,Mg.,AL,(BO0<

SLO./OH),

LIGHT TO DARK BROWN

1.62-1.68

3.03-3.15

7-7.5

TRIGONAL

NONE

UNEVEN TO CONCHOIDAI.

BRITTLE

VITREOUS

OPAQUE TO TRANSPARENT

.017, MEDIUM

.014-.024, MEDIUM

STRONG

i, Brazil, Canada,

States.

Rough pebbk

ofdravite.
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SCHORL roi RMALINl

lihllunil

Mixed

SCHORL
Schorl is widely distributed and is the most

abundant member of the tourmaline group.

Major deposits are found at South Australia and

Victoria, Australia: Minas Gerais, southeast Brazil;

Quebec, Canada; Haut-Rhin, Alsace, northeast

France: Fichtelgebirge, Bavaria, southern

Germany; Sahatany Valley, Antsirabe, central

Madagascar; Baltistan. northern Pakistan; Devon

and Cornwall, southwest England. Sites in the

United States include Androscoggin County and

Oxford County, Maine; Cheshire County. New
Hampshire; Middlesex County, Connecticut; and

San Diego County. California.

Although h is rarely used in jewelry, schorl, the black form of

tourmaline, forms very attractive, long crystals, with a great

number ol crystal faces, which appeal to collectors

S< nor! is one ol the end members of the tourmaline family. It is rich

in sodium and derives its black color from its high iron content. Like

other minerals in the group, it is a high-pressure, high-temperature

mineral. It usually occurs in granite pegmatites, or in granites that

have undergone metasomatism In boron-bearing fluids. It is also

found in sediments adjacent to such granites, and as an accessory

mineral in schists and gneisses

In its pure form, schorl is not often cut because it is black, although

it facets well like the other tourmaline gems. In the late l
l)ih century,

it was commonly used in mourning jewelry. Today, schorl is

sometimes used in inlay work, since it is hard-wearing. When
long, thin crystals of schorl are found as inclusions in clear, the

resulting specimen is known as tourmaline quartz.

With the black, needle-like

crystals criss-crossing the

clear stone, it is very

attractive and often

used for jewelry.

( >rn.intents And tum-

bled stones.

^ Schorl i rystah

mi matrix

Mixed-cut

schorlgem.

SCHORL
< in \ik ai ( oMPOsrnoN

COLOR

KM RA< ll\l INDEX

K I I AT1VI 1)1 NSIfl

HARDNESS

( KYSTAl (.koi l'

< il WAG!

1 1<\( n Id

n \\( in

II s| ||(

[RANSPAR1 \< 'i

DISPERSION

mid l RTNGI \< i

l'l l o< HROISM

Na,Fe
J

%Al„(BO0 (

Si„(),„(OH),

BLACK

1.62-1.65

3.10-3.25

7-7.5

TRIGONA1

NONE

UNEVBNTO CONCHOIDA1

BRITTLE

VITREOUS TO SUBMETA1 1 1<

OPAQUE

.017, MEDIUM

.014-.02 I, MEDIUM

STRONG

mi \iio\ Australia, Brazil, Canada. Germany,

Madagascar. Pakistan, 1 nited Kingdom,

i Inited stall's.
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VESUVIANITE

A Baguette-cut

vesuvianite gem.

First identified on the slopes of Mount

Vesuvius, southern Italy, vesuvianite ha

since been discovered to be widespread

While it is usually colorless, its colored

varieties attract the attention of collectors

and jewelry lovers alike.

Vesuvianite occurs in impure limestones that have

undergone contact metamorphism, such as the blocks

of dolomitic limestone erupted from Vesuvius. It

is frequently accompanied by grossular garnet,

wollastonite. diopside, and calcite. Massive varieties may easily be

mistaken for garnet, epidote, or diopside.

The gemstone is also known as idocrase, from the Greek words idea

(meaning "likeness") and krasis (meaning "mixture"), because its crys-

tals show a mixture of other mineral forms. Visually it is often confused

with garnet, axinite, peridot, and varieties of tourmaline.

One of the most popular varieties of vesuvianite

is californite, a lumpy, green variety that

resembles jadeite. Usually cut as a cabochon,

or carved into figurines or small bowls, it is

also sometimes known as vesuvian jade.

Another popular variety is blue cyprine,

most of which is mined in Norway.

The appearance of vesuvianite is enhanced

by cutting. The more transparent stones are

suitable for jewelry and are usually fashioned into

table cuts or step cuts. Intact crystals of display size are rare and

therefore very expensive. The crystals, usually short and thick, are

striated along their length.

Brilliant

Baguette

Mixed

4 Vesuvianite

crystals on matrix.

f Polished

vesuvianite gem

VESUVIANITE

CHEMICAL composition Ca,.,Fe(Mg,Al)»Al 4

(SiO4)10(Si2O7)4(OH)w

COLOR usually dark green or

brown, also yellow

REFRACTIVE INDEX 1.70-1.75

RELATIVE DENSITY 3

HARDNESS 6-7

CRYSTAL GROUP TETRAGONAL

CLEAVAGE POOR

FRACTURE SUBCONCHOIDAL TO UNEVEN

TENACITY

LUSTER

BRITTLE

VITREOUS TO RESINOUS

TRANSPARENCY SUBTRANSPARENT TO TRANSLUCENT

DISPERSION

BIREFRINGENCE

WEAK, .019

.005

PLEOCHROISM WEAK , DISTINCT IN THICK SECTIONS

location Italy, Norway,

United States.

Romania, Switzerland,

VESUVIANITE

Recently, a wide range of colors have

been found including green specimens

from California and Pakistan, yellow from

New York, blue from Norway, and

colorless from Siberia. Clear, purple

vesuvianite crystals have been found in

addition to the classic pink and green

vesuvianite crystal clusters from the

Jeffrey Mine, Asbestos, Quebec, Canada,

the world's largest asbestos mine.
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ENSTATH 1

( (ilxuhaii

ENSTATITE

lude Quebec, Canada; the

i n Germany;

:

. Valley, Northwest

; Kola Peninsula, northwest Rus

a; Mogok, Mandalay, central

west Tanzania: and the Lizard

t England. Important US

ir, New York; Boulder Colorado;

Wet n County and Corundum Hill. Macon Col.

No master County, Pennsylvania; Bare Hills,

com County, Washington.

Wo.

enstatii

ENSTATin

( HI MJ( M ( OMPOSITII IN

< i )|i >K

Mg Si (K>

I'M I (.1(1 I \ in l)M(K

BROWNISH GREEN

hiikm n\i index l ,65-1.68

Kl I MINI DENSITY 3, 1-3-3

HARDNESS 5-6

< RYSTAI <.K"i I- ORTHORHOMBH

< ii IVAGI rWO DIMlNt I

ikm iiki UNEVEN

IINSCIII ItKI II I I

li xi i h VITREOUS

IKWM'nkim 1 ikwmmim. RAREU ntANSPARENl

DISPERSION W\ \K l<> MODERATI

BIREPRINCENa 007 020

I'll i » IIM< HsM I)|S|I\< I

ittoN Burma (Myanmar), India, Norway,

I. hi/. mi. i. I niicd Kingdom,

I r in* < 1 M li

Enstatite Ik--- al the magnesium-rich end of the orthopyroxene

series rhese minerals are those members of the pyroxenes that

crystallize in the orthorhombk system, Ai the other end of the

orthopyroxene series lies the very rare, iron-rich mineral ferrosilite,

1 1 1 ,Mg) Si ( >
.

l Ik- n.ii ne In persthene is often applied to intermedi-

ate members ol this series Bronzite is a bronze-colored variety ol

enstatite with .1 hypersthene component.

Enstatite is a o immi in ( 1 institueni of igneous rocks such .is gabbro

and pyroxenite It also occurs in some andesitic volcanic rocks and in

sion\ meteorites Enstatite is often found in association with olivine

(gem varietj peridot), phlogopite, clinopj r< ixene, dk ipsidi . spinei . and

1 Its name derives from the < rreek enstates, meaning "opponent'

- a reference to its refractor) nature.

I nstatite is often pale green, Inn can also be li.^hi

brown, colorless, white or gray, li is generally

found in the form ol masses, or in fibrous or

lamellar aggregates, but is occasionally found as

short prismatic crystals. When traces of

i iu> Milium are present, the emeraii

green varietj chromc-enstatite

is formed, \\hnh is

faceted as .1 gem

stone 1 low

Enstatite

< tystals on matrix
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HYPERSTHENE

Hypersthene is a common pyroxene rich in iron. The name

derives from the Greek words hyper, meaning "above," and

stenos, meaning "strength." because hypersthene is harder than horn-

blende, a mineral with which it is often confused. Hypersthene is in a

series of minerals with enstattte, and these two similar members are

sometimes listed as enstatite-hypersthene. The deep color of hypers-

thene is due to the 50% content of iron (with inclusions of hematite

and goethite), whereas enstatite is magnesium rich. Other series

members include bronzite and ferrosilite.

Hypersthene is found in igneous and metamorphic rocks, as well

as meteorites. It is not industrially mined. Associated minerals

include iron, biotite, quartz, feldspars, olivine (gemmy peridot), and

almandine. The crystals are usually massive, or found

in coarse lamellar or fibrous aggregates. They are

often too dark to facet but may be

fashioned into cabochons to

highlight their sparkling

inclusions.

Brilliant-cut

hypersthene gem.

Baguette

Cushion

HYPERSTHENE

CHEMICAL COMPOSITION

COLOR

(Mg, Fe),Si_,0„

PALE GREEN TO GRAYISH

BLACK AND BROWN

HYPERSTH
Gem-quality hypersthene is found in

Germany, the United States, and a few

other countries including Mexico, Russia

and Sweden, but gemstones are not

numerous or well known. Sources

include the Bavarian Forest, southern

Germany; Harz Mountains, Lower

Saxony, northwest Germany; and the

Eifel Mountains, Rhineland-Paltinate,

western Germany. US locations include

the Adirondack mountain region of New
York, especially at North Creek; Crest-

more, California; Comanche County,

Oklahoma; and Los Alamos County,

New Mexico. In the United Kingdom,

deposits exist on Thurstaston Beach,

Wirral, Merseyside, northwest England.

Other deposits of hypersthene include

Nuuk, Greenland; Enderby Land, Antarc-

tica; Filipstad, Varmland, eastern Sweden;

and Zimapan, Hidalgo, southern Mexico.

REFRACTIVE INDEX 1.65-1.67

RELATIVE DENSITY 3.35

HARDNESS 5-6

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE

FRACTURE

TENACITY

GOOD

UNEVEN

VITREOUSLUSTER

TRANSPARENCY TIANSLUCENT TO OPAQUE

WEAKDISPERSION

BIREFRINGENCE .01-.02

PLEOCHROISM DISTINCT

location Antarctica

Greenland, Mexico,

United States.

Canada.

Sweden,

Germany,

United Kingdom,

Bronzite

crystals on

matrix.
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DIOPSIDE

Hnlluml

Baguette

^
Step

< abochon

DIOPSIDE

Fluorescent diopside is found at Hastings County

and Renfrew County, Ontario. Canada, while

e diopside is mostly mined in Yakutia,

ijeria. Other sources of diopside

le the Erzgebirge, Saxony, eastern Germany;

the Valle d'Aosta. northwest Italy, and Mount

>ern Italy; Kola Peninsula,

nd Lake Baikal, southern

central Sweden,

n Sweden. Major

ide Sussex County, New Jersey.

Diopside, calcium magnesium silicate, is widely distributed

around the world, occurring in contact-metamorphosed impure

limestones and skarns and. more rarely, in basaltic' igneous rocks, it is

e\ en found in meteorites.

Diopside falls at one end of the clinopyroxene mineral series,

which ranges from diopside, CaMgSi2 6 ,
to hedenbergite, Cal'cSiO..

Members oi the series differ in the relative proportions ol magnesium

anel iron ions the\ contain (though other ions make an appearance in

Other members of the series), with diopside being at the high-magnesium

end Ml members of the series belong to the monoelinic system. The

clinopyroxenes are in turn members of the pyroxene group.

Crystals of diopside are short and columnar, with a square or eight-

sided cross section, often twinned and often forming striking-looking

assemblages, some specimens are fluorescent.

An important chromium-rich variety of diopside is called chrome

diopside. ami is noted lor its deep green color. A rare blue variety

called violan is found in some parts of Italy. There is also a green

i .a s eye variety, owing the effect to inclusions of rutile needles. Star

diopside also has rutile inclusions, producing a star with lour rays.

Diopside is generally whitish to yellowish, or light green or light

blue, and is transparent or translucent. The crystals have a perfect

cleavage in two directions. The fracture is uneven.

The mineralogist can recognize diopside in the

held b\ the form of its crys-

tals, its color, its fracture and

cleavage, and its while or

white-green streak.

Brilliant-cut diopside

Irum South . Ifrica.

DIOPSIDE

< in \iu vi ( oMPOsrnoN ( aMgSi.O,,

COLOR i iRAYISH WHITE ro lK.lll GR1 1 v

TRANsl 1 CEN1 lo 0PAQ1 1

l(lll(V< IIVI INDIA L.66- 1.72

Kit vi iv I DENSITY 3.2-3.6

HARDNESS 5-6

Diopside

l/s (HI

man

( msi vi GROl I'

< 1 1 vv v<,l

ll< v< II Id

iin.vc in

LUSTER

TRANSPARENI 'i

DISP1 RSION

mm i RING1 m i

IMKX IIUOISVI

Vlo\o< I l\l(

PRISMATIC, GOOD

I'NlV I \

\W\\ II I

VITREOUS

ii< v\sil ( INI TO OPAQUE

vv i ak lo DISTINCT

.02-.03

DISTINCT

io( viion Canada, Germany, Italy. Russia

Sweden, I nited Mates.

r^



DANBURITE

Crystal and carious V
cuts and colors of i^ftk
danburite.

w* I

*£*)*. ;^Si i-
MP*-*!!

J^r ^k^jrfr JjWfe^

4

-7

Jfr

'• -53, '

•y . t ;

«*k«* -

'

Brilliant

(r^^^l

Relatively new to the market and thus little known,

danburite is a stone that is destined to become

more popular. It has many good qualities as a gem,

both for jewelry and for collections.

In jewelry, clear danburite makes a good alter-

native to diamond, harmonizing well with other

gems. However, with a hardness of 7—7.5, it

becomes scratched and worn far sooner than a dia-

mond. Collectors are attracted by its crystal clusters

- the most sought after are the prismatic crystals

from San Luis Potosi in north-central Mexico.

Crystal enthusiasts believe that it is a good healing

stone, particularly the pink-tinted specimens.

DANBURITE

CHEMICAL COMPOSI

COLOR

noN CalB.Si.Od

USUALLY CLEAR, BUT SOMETIMES

YELLOW OR PINK

REFRACTIVE INDEX 1.63-164

RELATIVE DENSITY 2.97-302

HARDNESS 7-7.5

CRYSTAL GROUP ORTHORHOMBIC

CLEAVAGE POOR IN ONE DIRECTION, BASAL

FRACTURE UNEVEN TO CONCHOIDAL

TENACITY BRITTLE

LUSTER

TRANSPARENCY

VITREOUS

TRANSPARENT TO TRANSLUCENT

DISPERSION

BIREFRINGENCE

PLEOCHROISM

MEDIUM, .017

WEAK, .006

WEAK

location Burma (Myanmar), Japan, Mexico,

Switzerland, United States.

Step

Mixed

Triangular

fancy-cut

danburite gem.
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i \di:ite

J

Polished slice

ofjadeite

[AD1 III

( III MK \l ( <IM

( I )| i >l<

KMKV< ll\l IM)I\

KM MIM 1)1 NSm

HARDNESS

CRYS1 vl <.l«il P

( II \\S(.I

ii<\< ii id

I I \ \< I I \

I I S 1 1 K

rRANSPAREHH 1

DISPERSION

HREFRINGEN4 I

PI 1 1 « IIKolxM

ide has been cherished for millennia by cultures as Car apart as

China and Central America, and British Columbia (western Canada)

ind New Zealand.

The lustrous green stone, stronger than steel, lias been used for

tools .\ni\ ornaments, .\nd is still believed to confer luck, health and

spiritual well-being upon its owners

today, we know thai there are actually two separate gemstones

known popularly as jade - jadeite and NEPHRITE - but this discover)

was not made until 1863. The two gems are very similar: both are

aluminum silicates; both are made of intertwined crystals that were

compressed under high pressure: and the\ are often found side by

side Now thai the distinction is known, the two can be distinguished

visually, broadly, nephrite is the more oily of the two, and jadeite

occurs in a more vivid green as well as in a wider range of colors,

including lavender, white, red. yellow, brown, orange, and pink.

Jadeite is formed at high pressures. As a result, the crystals are

densely packed inside, accounting for its high relative density and its

extreme strength, because it is so strong, and also holds a cutting

edge well, it was often used for weapons and tools. There are lew in

Situ sources iA jadeite - most is found as boulders, weathered to

brown on the exterior, or in river gravel. When jadeite is traded, it is

as huge boulders, perhaps with a small window cut in one area, and

purchasers are gambling that the boulder, when split, will reveal

good-quality jadeite.

Jadeite was widely used and revered by all the Central American cul-

tures. The Olmecs, Mayans. Toltecs, and A/tecs created tools as well as

beautifully carved ceremonial objects of jadeite. It was considered a mag-

ical stone, which could bring protection from the gods but also wealth

and good fortune. The Aztecs even instituted a tax payable in jade.

It was in South and Central America that the

Spanish conquistadors discovered jadeite

and brought it back to Europe, where it

was then v irtually unknow n

Its name derives from the Spanish

phrase piedra de ijada. meaning stone

of the side," referring to the beliel that

jade could cure kidney ailments and

hip problems.

Jadeite was also brought to

Europe bv the Portuguese, who

obtained it from their trading

bases m (lima. Jade has

equally an< ienl r< >ois in

( hina. vv here arguablv it

has been worked with

the greatest skill m < Art Deco

the world. Artifacts, hairpinof

both ornaineni.il .tfn\ caned and

utilitarian, have been piercedjade.

NaCAl.Fe^SijOs

l si mm GRE1 x.sovn nviis

WHIM . I VVI \l)l l( OR 1(1 I)

1 .66- 1 .68

3.25-3.36

6.5-7

MONO) iivk

POOR IX l\\o DIKK lloxs

SPLINTERY to I NEVEN

vim ioi (,ii

VIIKIOI s

IKVXsll (|\| |o OPAQI I

XOXI

.02

VIM

/
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IADI Ml

A Cabochon

cut jadeite gem

found dating back as early as the 18th

century bc. For centuries, the Chinese

preferred their native nephrite, mined

in the kunlun Mountains of Xinjiang,

northwest China. When jadeite was first

introduced from Burma (Myanmar) in

the 16th century, Chinese artists and col-

lectors rejected it. calling it disparagingly the

"kingfisher stone," in reference to the many colors

in which jadeite is available. It was not until the

reign (1735-96) of the Qing Emperor Qianlong that

jadeite was accepted in China - and this was the

period during which jade work reached a new artistic peak.

Today, jade remains one of the most popular gemstones. Jadeite,

the rarer variety, is also the most prized, largely because of its better

coloration. When it is found in a rich emerald green color, it is

known as imperial jade, and is the most highly prized; interestingly,

imperial jade derives its green color from the presence of chromium,

the same element that gives emerald its vivid green. Lavender jade, its

color caused by traces of iron, is rare and thus valuable; the rarest

variety is when a green swirl appears in a white stone, a phenomenon

known as "moss in snow."

Jadeite is selected based on its color, which should be free of

brown or gray and should also be vibrant and vivid. The stone should

be clear and free of irregularities. The more translucent the specimen is,

with a honey-like appearance, the more expensive it is; virtually

transparent stones are the most valuable. The best-quality samples are

reserved for shaping into cabochons, while samples with some faults

are reserved for carving, which can take advantage of any irregularities.

Jade's strength makes it hard to work, since it cannot be chiseled. In

fact, when diamonds were first introduced into China, they were prized

for their ability to cut jade and not valued for their own beauty. Today,

hard-wearing abrasives are easily available and are used to shape it.

Jadeite can be dyed, often green or lavender, but such dyed

specimens are usually easily detected thanks to their unusually

uniform appearance.

Bead

Cameo

Polished

JADEITE

Jadeite occurs as grains in metamorphosed sodic sediments

and volcanic rocks, and is associated with glaucophane and

aragonite. It is intermediate in composition to albite and

nepheline, although they have nothing in common in terms

of appearance. Burma (Myanmar) is the major source of

jadeite, and is the only source of red jadeite, although good

stones are also still unearthed in Guatemala.

A Mughal or Deccani

carved jade howl.
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NEPHRITE

/>i •<<</

Polished

Known .is the N 1 1 stone, nephrite jatie- was the "Stone of Heaven"

in ancient China In archaic burial rites, six specific nephrite jade

sculptures were buried with an individual to ensure his passage to

Heaven Nephrite jade was excavated from the Kunlun Mountains of

northwest ( hina, from 5000 B< to the 1

_
< hk. and China remains an

important soun e t< « the mineral.

For centuries, nephrite and [adeiti were considered one and the

same, and it was not until 1863 that they were identified as different

minerals w ith similar appearanc e and properties.

Nephrite is a form of amphibole, a type of rock-forming silicate that

is widely distributed in igneous and metamorphic rocks. It is usually

an actinolitu or tremolitic amphibole. Amphiboles are typically fibrous,

and this explains nephrite's durability: its fibrous crystals interlock.

making it even stronger than steel. Its color varies from white through

yellow to green, and ultimately to brown or black as more and more

iron is substituted for magnesium in its structure. The most common

impurities are the SPINEI minerals, which may undercut or cause pitting.

Nephrite is the toughest of all natural stones - it is so strong that it

cannot be chiseled but has to be ground using sharp abrasives. In

antiquity, it was often used in weaponry because of its great strength.

bday, nephrite has a multiplicity of uses, because it is less trans-

ucent than jadeite, it is belter suited to delicately caned jewelry,

sikh as cameos, its durability suits it to all kinds of carving and also

to architectural applications such .is laminates. Less than 0.05% of

nephrite extracted is ol gem quality, with the rest suited to caning

or building applications.

Nephrite is rarely treated. It is less likely to take

up dye or stains than jadeite, although it may be

waxed or oiled. Older pieces tend to lose some ol

their luster and may benefit from polishing.

NEPHRITE

(in \ii< \i COMPOSITION Cai(Mg,Fe),

|(()II,I-)dSi,(),,l,

COLOR GREEN,WHITE,YELLOW, BROWN TO BLACK

1.61-1.63

2.9-3.1

6.5

MONOCI.INK.

MONK

REFRA< MM 1X1)1 \

RELATTV l DENSm

IIAKDXISS

( RY51 \i GROl i'

CLEAVAG1

Ili.M II 1(1 HACKLY

rENAcrn \ I in lot (.11 (II AS IK )

LUSTER VTTREOl s

[•RANSPARJ x< -i imxsii (ixi to OPAQUE

DISPERSION NONK

BIR1 ikix(,i x< i \\i IK, .003

PLEOCHROISM STRONG

i< >< \iiox A u sir. ilia . 11 irma (Myanmar), < !anada,

( Ihina, |.i| '.in. N w Ze 1
am 1 Russia, 1 allied Stales



SPODUMENE

'onie of the newest minerals to the market, the gem-

"stone varieties of spodumene were only discovered

around the turn of the 20th century: green hidden-

ite was identified in 1879 and lilac kunzite in 1902.

Spodumene occurs typically in lithium-bearing

granite pegmatites and it is a major ore of lithium,

the lightest of metals. It is found in association

with other minerals including tourmaline and

beryl. Spodumene is mainly clear to grayish

white, and its name comes from the Greek

word spodnmenos, meaning "burnt to ashes."

Spodumene has been known to form very large

crystals, some as long as 50 feet (15 meters) in

length and weighing up to 90 tons. The prism

faces are vertically striated lengthwise. Gem-quality

spodumene is rarely found in large crystals.

Kunzite, named for the gemmologist George

Frederick Kunz (1856-1932), is the

better-known gemstone variety of

spodumene. Its lilac color, due to the presence

of manganese, is unique in the gem world.

Hiddenite is much less common, and its color,

caused by the presence of chromium and iron,

varies from yellowish-green to blue-green, and even

sometimes a clear green that approaches the color

of emerald. The best stones show a deep color.

Both kunzite and hiddenite are distinguished by

their strong pleochroism. The top and bottom of a

crystal tend to reveal the deepest colors. This

color shift represents a challenge to cutters, as does

the stone's brittleness and cleavage. Both gem
varieties are usually cut into brilliants or table cuts.

They are best suited to pins, earrings or pendants,

because the stones are too fragile to adorn rings.

Brilliant

A Kttiizile

crystal.

Step

SPODUMENE
CHEMICAL COMPOSITION LiAlSi,0„

COLOR USUALLY WHITE OR GRAYISH-WHITE,

BUT ALSO GREEN OR LILAC

REFRACTIVE INDEX 1.66-1.67

RELATIVE DENSITY' 3.17-3.23

HARDNESS

CRYSTAL GROUP

6-7

MONOCUNIC

CLEAVAGE PRISMATIC, PERFECT

FRACTURE UNEVEN, SPLINTERY

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPj*lRENT TO TRANSLUCENT

WEAK, .017DISPERSION

BIREFRINGENCE .015

PLEOCHROISM STRONG

location Afghanistan, Brazil, Burma (Myanmar),

Canada, Madagascar, Mexico, Namibia,

Pakistan, Russia, Sweden, United States.

SPODUMENE
Spodumene was first discovered in

California, which remains a good

source of the gem, along with Brazil,

Madagascar; and Pakistan. The main

source of hiddenite is the Stony Point

Mine in North Carolina, USA, where the

gem was discovered by W. E. Hidden

in 1879.

T Trillion-cut

kunzite gem.

V'/ r»-
'

A Step-cut

hiddenite gem.

Ill



RHODOMTi:

Haul

x hon

(t^\

Rhodonite

head

RHODONITE
Rhodonite commonly occurs in associ-

ation with manganese ore deposits

drothermal or metasomatic veins,

or else in regionally metamorphosed

nng sediments. Major

ijnd in Broken Hill, New
d the Urals of

tributed.

Taking its name horn the Greek word rhodos,

meaning "pink," rhodonite is popular

wall jewelr) enthusiasts and gem collectors

alike. Its rose pink bod) is laced with black

veins ol manganese oxide, called dendrites,

which form bands, dots or intricate, web-

like patterns in color, rhodonite is similar to

rhodochrosite, but rhodonite is distinguished

In lis dendrites. In addition, it is harder wearing

and mi »re acid resistant than rh< id< x tin isite, and thus

better for jewelry, Initially it may be black on the

exterior, due to oxidation, but its characteristic pink

t< >ne appears on< e it is polished

Rhodonite was first discovered in the l~th century. During the 18th

centur) il was extreme!) popular at the Russian court and was for

man) years considered the national stone oi Russia, used not only in

jewelry but also for architectural ornamentation, such as wall panel-

in". Transparent crystals arc rare .\nd highly sought alter by collec-

tors; ihev arc c\tremel\ fragile Am\ have to he handled delicately.

Ilie\ are sometimes fashioned into table cuts or brilliants. Most collec-

tors value polished slues, which display good patterning. Samples

tan also be carved into figurines, lor jewelry, rhodonite is cut as

cabochons or as beads, it ma) also be used in cameos. Many different

meanings have been attributed to the stone. It is said to be calming

and soothing, and to imbue the- wearer with con-

fidence in matters of the heart. It is also sometimes

called the singers stone" because il is said to

enhance sensitivit) to sound.

Rhodonite < rystal

nil matrix t

RHODONITE
CHEMK ai ( OMPOSITION (Mn.+ ,l''e.+ .Mg.Ca)SiO,

COLOR I'INK IO IllioW \

1(1 1 K\< ll\l l\l)l \ 1.7

Kl 1 \ll\ 1 III NSITY 3. 37-3.82

HARDNESS 5-6

( in MAI GROUP PRISMATIC OR TABULAR

( LEAVAG1 i\ Mild l DIRECTIONS,

ONI. PER] ii l.o\i GOOD

1 RA< H Id ( o\i noiDAl ro UNEVEN

II \A( 111 BRITTLE, BUT LUMP

VARIETIES ARE TOt (.11

II STER \ ITREOl s

rRANSPARl \< ~i TRANSPARENTTO rRANSLI mm

*
DISPERSION NONI-:

IIIKI I l(l\(,l \( I Oil

PI k k HROISM DISTINCT

io( \uo\ Australia, ( !anada, < losta Rica,

Germany, Ital) Mexico, Peru, Russia, Sweden,

i inied Kingdom, I nited States,
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PECTOLITE

Pectolite's name derives from the Greek words pektos ("compacted"),

because of its compacted structure, and lithos ("stone"). Fine

specimens do occur, but the most desirable variety, a pale to sky-blue

color, was not discovered until 1974 in the Bahamas and Dominican

Republic. It is actually a rock mostly composed of pectolite. Sold as

a gemstone under the tradename of Larimar, it often has a white

spider-veined appearance. It looks like n rquoise, and is popular for

jewelry items, including some modern Native American pieces.

Pectolite occurs typically, along with zeolites, in cavities in basalts

and similar rocks. It forms aggregates of fibrous or acicular crystals,

often radiating or stellate. The brittle splinters are sharp and must be

handled carefully. Pectolite is often confused with other similar look-

ing minerals, such as artinite, wollastonite. and okenite. Most of these,

however, do not form with zeolites as pectolite tends to. Associated

minerals include annite, apophyllite,

amphibole, microciine, sodalite,

vesuvianite, poudretteite, cal-

•
. CITE, prehnite, datolite, and

\ SERPENTINE.

^ Pectolite

crystal on matrix.

Cabochoii

X

PECTOLITE

CHEMICAL COMPOSITION NaCa,Si,0„OH

COLOR WHITE, GRAY, BLUE

REFRACTIVE INDEX 1.60-1.64

RELATIVE DENSITY 2.8-2.9

HARDNESS 4.5-5

CRYSTAL GROUP

CLEAVAGE

TRICLINIC

TWO PERFECT CLEAVAGES

FRACTURE UNEVEN

TENACITY' BRITTLE

LUSTER SILKY WHEN FIBROUS,

OTHERWISE VITREOUS

TRANSPARENCY SUBTRANSLUCENT TO OPAQl IE

DISPERSION PERCEPTIBLE

BIREFRINGENCE .037

PLEOCHROLSM NONE

location Bahamas, Canada, Dominican

Republic, Italy, South Africa, UK, United States.

Pectolite's type locality is Mount Baldo

in the Trentino-Alto Adige region of

northeast Italy Other locations include

Labrador; Newfoundland, Canada; Kola

Peninsula, northwest Russia; North Cape

Province, South Africa; and Durham,

northeast England. US sites include

Pulaski County, Arkansas, and northern

New Jersey. Larimar is only found in the

Bahamas and Dominican Republic.

Cabochon-cut

pectolite gem

.
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IM-TALITE

Cushion

Slc/>

i'i i \i.m-:

i hi \ik m ( oMPOsrnoN

COLOR

LiAlSi.O,,,

WHITE, GRAY, GRJ l N,

( OLORLESS, REDDISH

1(1 I l(\< ll\l INDIA 1.50-1.51

kiiaiim DiNsni 2.4-2.5

HARDNESS 6-6.5

< KM \l (.KOI P \1()\()( I INK

( il \\\(.l PERFECT

l K\( ii id si l» (>N( uoiim

il n\( in BRITTLE

li STER \iikioi s; PEARL) ON CLEAVAGE SI RFA< I

rRANSPARJ N< -i TRANSPARENT M> IKANsil < I Nl

DISPERSION NONE

HIKI ll(IN(,l N( I .012

i'i io( HROISM noni

ux moN Afghanistan, Australia, Brazil, Finland,

Italy, Mozambique, Namibia. Russia, Sweden,

I nited Kingdom, United States. Zimbabwe.

Al
it I u ii in aluminum ^ilu .ik-. petalite is nol the most popular

mineral Inn [i is verj collectable, lis name comes from the Greek

words petition, meaning "leaf," an allusion to its distinctive leaflike

cleavage, and lithos, meaning "stone." Petalite crystals arc rare and

small, seldom reaching 3 carats. They an- verj fragile ami seldom cut,

though cushion mixed cuts are seen. Too brink' lor daily wear in

rings, the crystals an- used lor earrings, necklaces, and pendants.

Massive petalite is cut as cabochons

IVtalik' was discovered by Brazilian mineralogist J. B. de Andrada e

Silva t l~>s lsssi in 1800. li occurs typically in lithium-bearing

granite pegmatites alongside minerals such as spodi mini, roi rmaline,

LEPIDOLITE, and FELDSPARS. Lithium was discovered in 1817 by Swedish

chemisl Johann Arfvedson during an analysis of petalite ore. Petalite

resembles cleavage masses of feldspar and is often dis-

tinguishable only by optical tests,

although in flame tests ii gives the

red flame characteristic of

lithium. Crystals have a

glassy appearance and

occur as tabular or

columnar prisms.

Step < ut petalite

m If iiu lint il

A

Petalite <- rystal

fragment

PETALITE

Petalite's ty|

Stockholm, Sweden. Other sources of

petalite include Nuristan, northeast

Afghanistan; Nepean, Western Australia;

Aracuai, Minas Gerais, southeast Brazil;

Alto Ligonha, Zambezia, central Mozam-

bique; Karibib, eastern Namibia; and the

Buryatia Republic, eastern Siberia. It is

also found in Ontario and Manitoba,

Canada. Sites in the US include Oxford

County, Maine; Hampden County,

Massachusetts; Middlesex County,

Connecticut; Strafford County, New
Hampshire; Cleveland County, North

Carolina;Taos County, New Mexico; and

Fremont County,Wyoming.
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LEPIDOLITE

A rare member of the mica group, lepidolite has become available

in large amounts to collectors in only the last decade. Jewelers

are now cutting more stones, often in cabochons, and the pink to lilac

shades of lepidolite gems are becoming more common. Color is the

only way to visually identify the gem from

other micas, and pale lepidolite is often

contused with pink muscovite. A pop-

ular ornamental stone is made up of

pink lepidolite and red tourmaline.

Lepidolite is caned into small objects,

such as ashtrays and vases. Mineral

collectors also value single books

(plates), especially of the violet variety.

This mica is a major source for lithium

Its name derives from the Greek words lepidion,

meaning "scale," because specimens can look

scaly, and lithos, meaning "stone." It is made up of

hexagonal sheets of lithium aluminum silicate

bonded weakly by layers of potassium ions, which

give lepidolite its perfect cleavage. Such a rock is

called "slaty" for its slatelike cleavage. The sheets

are elastic and will return to their original shape

after being bent. Lepidolite occurs in granite

pegmatites often in association with tourmaline,

SPODUMENE, QUARTZ, elbaite, TOPAZ, CASSITERITE,

AMBLYGONITE, and FELDSPARS.

LEPIDOLITE

CHEMICAL COMPOSITION K(Li,Al),(Si,AlX

0,„(OH,F),

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

PALE LILAC TO GRAY OR

PALE PINK; ALSO COLORLESS

1.55

2.8-2.9

HARDNESS 2.5-4

CRYSTAL GROUP MONOCLIN1C

CLEAVAGE

FRACTURE

BASAL PERFECT

UNEVEN

TENACITY ELASTIC

LUSTER vitreous; PEARLY ON CLEAVAGE SURFACES

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION

BIREFRINGENCE

WEAK

.029-.038

PLEOCHROISM COLORLESS

location Afghanistan, Argentina, Brazil,

Canada, Czech Republic, Finland, Germany,

Madagascar, Mexico, Norway, Russia, Sweden,

United States, Zimbabwe.

Cabochon

< Lepidolite

cabochon-cut gem.

, IDOLITE

idolite's type locality is Rozna,

i, Czech Republic. Major sources

• include Kunar Province,

theast Afghanistan; Aracuaf,

Hinas Gerais, southeast Brazil; Bernic

Lake, Manitoba, and Fredericton, New
Brunswick, Canada; Vaasa, western

Finland; Fichtelgebirge, Bavaria, southern

Germany; Ensenada, Baja California,

Mexico; and Karibib, eastern Namibia.

US sites include San Diego County,

California; Gunnison County, Colorado;

Middlesex County, Connecticut; and

Auburn and Oxford County, Maine.

*< Lepidolite

crystal.
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SHRPENTIXH

Named I

been u

Cameo

Polished

ii bon

SERP1 \ll\i

( in \ik \i < omposition

< oloK

1(1 IK\< ll\l 1M)I \

RELATP/1 1)1 \s||1

HARDNESS

< R1s|\| (.KOI I'

( II WAGI

FRA< II Id

niNAcm

LUSTER

ntANSPARI N< "i

DISPERSION

HI Kl IKIV.I \< I

PLECM IIRoIsM

Mg6[(OH)8|Si4O10]

GRAYISH-GRl I N^ i now. BROWN

1.56 (MEAN)

2.53-2.65

2.5-4.0

MONCM LINK

MOOD

( ON< HOIDM.I MM N

SOFTTO SPLINTERY

GREASY,WAXY, SILKY OR DUI.I.

IKWsii < i \i io OPAQ1 I.

NONB

NON1

Vl\l

amed lor the snakeskin il is said to resemble, serpentine has

sed lor ornaments and jewelry tor thousands of years.

because il is suitable lor carving and polishes to an attractive gleam.

Ii may be confused with iadeiti or nephrite, because of its similar

coloration, and is sometimes known as Korean jade" or new jade."

it is softer and scratches more easily than true jade

lite term serpentine encompasses a group of related minerals that

aie widely distributed around the world. It is a secondary mineral

formed from minerals such as <>m\i\i (gem peridot) and ortho-

pyroxene. It occurs in igneous rocks containing these minerals hut

typically in serpentinites, which have been formed by the alteration

ol olivine-bearing rocks. There are two basic forms of serpentine

minerals the antigorites and the chrysotiles. While antigorites are

flaky, chrysotiles tend to he fibrous and are the source of asbestos.

Although serpentine is related to asbestos, which is a carcinogen,

it does not represent a cancer risk unless it is fibrous. However, it is

recommended thai asbestos serpentines should be displayed in sealed

containers.

Serpentine is used in many different ways. It may

be carved into figurines or bowls, used in inlay

work or as wall facings or even countertops. As

jewelry, the stones may be carved into cabochons

or into Hat plates, which can be semitransparent.

because' ii is solt. ii is not suitable tor rings. Serpen-

tine amulets have historically been worn to protect

against snakebite or poisoning. The gem is also said

to stimulate success and courage.

Cabot I'm/ i "/

serpentine gem

location China, England, Italy, \ew Zealand.

Norway, Russia. United states

'fill IIH

to

'

SERPENTINE

Most serpentine is a grayish -green

color, and it gives this color to the

rocks in which it occurs. Howev

popular for jewelry: bowenite. found

in China, New Zealand, and the United

yellowish-green and resembles

villiamsite. found in C

and the United States, is dark green.
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PREHNITE

PREHNITE

Until recent finds in China and New South Wales, Australia,

prehnite was fairly rare. Other notable occurrences are in

Asbestos, Quebec. Canada; the Harz Mountains of Lower

Saxony, northwest Germany; pale green masses in Stirling,

Renfrew, and Dunbarton, Scotland; and aggregates of crystals

exist in Alsace, northeast France. Other locations include

the Black Forest, Baden Wurttemberg, southwest Germany;

Pune, Maharashtra, western India; St just and the Lizard

Peninsula. Cornwall, southwest England; and the Isle of Mull,

Argyll, western Scotland. US sites include New Haven

County, Connecticut; Essex County and Middlesex County,

Massachusetts; Keweenaw County, Michigan; and Passaic

County, New Jersey. Pink and green specimens found in the

Lake Superior area are prehnite and chlorite mixtures.

Bavnciic

Step

Cabochon

Although it is hard enough to cut for jewelry, prehnite is

mostly collected and is sometimes used as an ornamental

stone. Its translucent property assures that it is cut into

cabochons, some like cats-eye. and also facet cut, although

these gems are normally small. Step and baguette cuts are also

popular. Prehnite is typically pale green to yellowish green with a

white streak, but the color fades when extracted and exposed to air.

It is named alter a Dutchman, Colonel H. von Prehn ( 1733-85), who

discovered the mineral at the Cape of Good Hope. South Africa, and

brought the first specimen to Europe.

Prehnite occurs most commonly in veins and

cavities in igneous rocks, often in association with

zeolites. Associated minerals include quart/, i \ihii

copper, stilbite, and datolite. Although harder,

prehnite can be confused with smithsonite, gyrolite,

and hemimorphite. Prehnite occurs in very low-

grade metamorphic rocks, and as a product of the

decomposition of plagioclase feldspar. It can be an

epimorph, which is a crystal growth over another

mineral; a prehnite thick crust over laumontite is

a striking example.

^ Cabochon-cut

prehnite gem.

Prehnite crystals.

PREHNITE

CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CaALSLOmCOH),

PALE GREEN, GRAY, YELLOW, WHITE

1.61-1.64

2.9-3

6-6.5

CRYSTAL GROUP

CLEAVAGE

SPARFN

ORTHORHOMBIC

BASIL, GOOD

FRACTURE

RAN

UNEVEN

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISVI

BRITTLE

T

VITREOUS

r TO TRANSLUCENT

NONE

.022-.033

NONE

LOCATION AUSt

France, Germ
South Africa,

ralia, Austria, Canada, China,

iny, Italy, Namibia. Scotland,

United States.
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QUARTZ

o

Carved rock crystal

brooch with diamond and

green tourmalinepanel. The

mck crystal has diamond

palmette center cli/>s.

Rock-crystal and

smoky-quartz crystals,

amethyst and citrine.

milky-quartz carving,

star and rose quartz

The most abundant mineral, quartz is found in myriad colors,

shapes, and varieties. It has been known and admired since

antiquity, and its name derives from the ancient Greek krustallos,

meaning "ice," because the Greeks (and the Romans) believed that

quart/ was ice that never melted because it was formed by the gods.

Quart/ is formed in many different ways and occurs in many

igneous and metamorphic rocks, particularly in granite and gneiss.

and it is abundant in clastic sediments. It is also a common gauge

mineral in mineral veins, and most good crystals are found in this

type of occurrence Well formed quartz crystals can be obtained

from cavities (geodes), from granite porphyries and from granite

pegmatites. Because it resists weathering, quart/ is also found in

alluvial sands and gravels.

There are two main varieties of quartz: crystalline quartz, which is

discussed here, and cryptocrystallinc quartz, in which the crystals

are so small as to be microscopic. This latter group includes amongst

others CHALCEDONY, v. vn . [ASPER, ONYX, and < vk\i n vv

What is remarkable about crystalline quartz is its amazing range of

crystal Size and color. It occurs in a range of colors, from clear ROCK

crystai to pink kosi qi iRTZ or purple vmethyst, to dark SMOKY QUARTZ.

Sometimes minerals trapped within the crystals create beautiful

effects, as with chatoyani qi vki/oiki [hated qi vrtz. The crystals can

be huge, up to 11 feet (7 meters) in circumference and weighing 50 to

70 tons, or they can be delicate and beautifully formed.

For the collector, this infinite variation in form is the appeal of

quartz. So is its cost - as quartz is so abundant, it is generally quite

affordable. Many varieties make attractive jewelry, and quartz is also

tough enough to be carved and shaped into many different shapes

and ornaments. Quartz vibrates at a Steady rate in reaction to an

electrical charge and synthetic quartz is used in watches to keep time.



Q I \ U I / ROCK CRYSTAL

>r thousands of years, rock crystal has

seen associated with divination and

healing. Famously, it has been used for

crystal balls, although today it is rare

to find crystals of sufficient size

and clarity. The ancient Romans, who

believed that rock crystal was permanently

frozen ice, kept crystal balls in their atria,

resting their hands on the cool stone on hot days.

The most common variety of quartz, rock crystal is colorless and

transparent. It is widely distributed. It has a beauty of its own, which,

combined with the fact that it is easily cut, means that it is used as a

gemstone in its own right. Although it lacks fire and brilliance, it is also

sometimes a substitute for diamond. It is also used for carved ornaments,

especially on chandeliers, and has numerous industrial applications.

Quartz occurs in many igneous and metamorphic rocks, especially

in granite and gneiss. It is abundant in clastic sediments. Quartz is

also a common gauge mineral in mineral veins, and most good rock

crystals are found in this type of occurrence. Fine rock crystals can be

obtained from geodes and from granite porphyries and pegmatites.

Because it is fairly resistant to weathering, rock quartz is also present

in gravel and alluvial sands.

Rock crystal often has inclusions. Often these can add to the

appearance and value of the specimen, as with rutilated quartz. Some-

times, a crystal can be found with inclusions of water and carbon

dioxide: known as a two-phase inclusion, this

appeals to collectors because the movement of

the gas within the water can sometimes be

seen with the naked eye.

Brilliant

$l

Step

Bead

Cabochon

A Cut rock

crystal gem.

Crystals of

rock crystal.

ROCK CRYSTAL

CHEMICAL COMPOSITION SiO,

COLOR COLORLESS

REFRACTIVE INDEX 1.54-1.55

RELATIVE DENSITY 2.6-2.65

HARDNESS 7

CRYSTAL GROUP TRIGONAL

CLEAVAGE WEAK IN THREE DIRECTIONS

FRACTURE CONCHOIDAI.

TENACITY TOUGH

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION LOW, .03

BIREFRINGENCE .009

PLEOCHROISM NONE

location Worldwide.
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AMETHYST ..'I \K I

Rectangular-cut

amethyst, patx

pink sapphire, and

diamond riiifj.

k Various < uts and

shapes ofamethyst

gems

Boasting the famed color ol royalty, amethyst sets the color

standard for .ill other purple gemstones. A variety of quartz,

amethyst has long been prized and has been included in royal collec-

tions from ancient Egypt to the British crown jewels.

\methw. like other quartz varieties, is created in many different

ways and occurs in main igneous and metamorphic rocks, particularly

in granite and gneiss. Ii is abundant in clastic sediments. It is also

a common gauge mineral in mineral veins, and most good crystals

are found in tins type of occurrence, some of the best amethyst is

found in cavities (geodes) from granite porphyries and pegmatites.

Because it resists weathering, amethyst is also touncl in alluvial sands

and gravels.

Amethyst is interesting in that it varies greatly from one location to

another, and experts can identify the source mine of a specimen

based purely on a visual inspection. For example, while amethyst

from Veracruz, eastern Mexico, tends to be very pale and the crystals

are usually "ph.mlotncd" with clear quartz on the interior and purple

on the outside, specimens from Guerrero, southwest-central Mexico,

are "phantomed" the other way around and are some ot the most

valuable amelhv st er\ Stals.

The color ot amethyst is unstable and can diminish with protracted

exposure to sunlight. Amethyst can also be heat-treated to produce

the yellow of the rarer quartz variety, < ITRINE. Pale stones max be set

in a closed setting with a bat king ol toil to enhance the color.

ie name amethyst derives horn the ancient Greek word

amethustos meaning "sober," and it was said that amethyst

could prevent the- bearer from becoming drunk, which was

win wine goblets were sometimes made ol the gem. In

Greek mythology, amethyst was rock crystal dyed purple

In the tears ol Dionysus, the god of wine and revelry. In

l.u i. it owes its purple color to impurities ol iron.

Amethyst

i rystals ">i matrix



Q I \ K I AMI l'HYM

Today, amethyst is very popular for

jewelry. It is found in both long pris-

matic crystals, which arc suitable lor

cutting, or as druses. Because color

can he patchy, it is often cut as round

brilliants to maximize color. Deep

colors are the most valuable.

Amethyst is graded, with the best-

quality, darkest specimens judged

"Siberian," no matter what their actual source;

mid-quality stones are called "Uruguayan"; and

lesser-quality specimens are "Bahain." Pale amethyst is sometimes

called "Rose de France." Poor-quality stones are often tumbled to

make beads or are cut as cabochons.

Sometimes amethyst is part of a mixed crystal: when it alternates

with colorless quartz, it is known as amethyst quartz; when it bands

with citrine, it is called ametrine.

Mixed-cut eei

Brilliant

Baguette

Iid hi

AMETHYST
Today, the best examples of amethyst come from Jalgaon,

Maharashtra, western India; Rio Grande do Sol, southern

Brazil; and Ratnapura, southwest Sri Lanka. Other sources ar

variable. In general, South American crystals ar

African, but the African amethyst has more saturated color.

"Uruguayan amethyst" is famed for flashes of red.

Mixed

< Necklace with II tumbled

amethyst heads spaced hy pace-set

yellow diamond boules, and

joined by a rhodochrosite clasp.

AMETHYST
CHEMICAL COMPOSITION SiCK

COLOR PURPLE

REFRACTIVE INDEX 1.54-1.55

RELATIVE DENSITY 2.65

HARDNESS 7

CRYSTAL GROUP TRIGONAL

CLEAVAGE NONE

FRACTURE CONCHOIDAI.

TENACITY TOUGH

VITRI ( n SLUSTER

TRANSPARENCY- TRANSPARENT TO TRANSIT ICENT

DISPERSION low, .03

BIREFRINGENCE .009

PLEOCHROISM NONE

location Australia,

India, Madagascar,

Sri Lanka, Uruguay

Brazil, Canack

Mexico, South

United States.

, Germany,

Africa,
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CITRINE

Brilliant

i hun

Pendeloque

Natural, brighl yellow citrine is the rarest of the qi vki/ varieties.

Named for the old French word citrin, meaning "lemon," ii lias

been popular for thousands ol years and revered for its rarity. The

ancienl Romans used it for jewelry and intaglio work, and it was verj

popular for jewelrj in tin- b>ih century.

( in im- mi ins in igneous and metamorphic rocks, particularly in

granite and gneiss. It is also found in clastic sediments. Most good

crystals are found as gauge minerals in mineral veins. Well-formed

quartz crystals can be obtained from geodes, and from granite

porphyries and pegmatites, Citrine is often lound in association with

amethyst, but it is much rarer than its purple cousin. Because it resists

weathering, citrine is also found in alluvial sands and gravels.

Today, most citrine is artificially created, as amethyst turns yellow

when heat-treated. It is difficult to distinguish natural from artificially

created citrine, although heal treatment does lend to produce a

slightk red tint. Because citrine is hcat-scnsiliv e. specimens should be

protected from excessive exposure to heat or light. When citrine and

amethyst combine in a banded stone, the gem is known as ametrine

and is also popular.

Citrine is sometimes confused with

\- A roPAZ, which is much more precious

and expensive. Be wary of stones

tailed "topaz quartz." or "citrine

topaz," or the like, because they

* signal the fact that the less

cosily citrine is being passed off

as something more valuable.

A Caned citrinegemfrom

Brazil, 12.80 carats.

•^ Large citrine c rystal

CITRINE

;est supplier of na1

de do Sol state in

m the US

Colorado.

ijle stones

es of

CITRINE

CHEMK vi < OMPOSmON Si().

COLOR ill row io vviiii i<

Id 1 l(A( 1 IX i: INDF.X 1.54-1.55

RELATIVE DENSm 2.6-2.7

ii vi;i>\iss 7

CRYS1 VI <.K<)t P TRIGONAL

c ii vv via VV 1 VK l\ IIIKI 1 DIKK IIONS

FRA< II RE CONCHOLDAL

1 1 \ V( 1 1 V TOUGH

1 1 s | | |(

rRANSPARl \< "i

DISPERSION

I1IKI 1 RING1 N< 1

VIIKIOI s

[TRANSPARENT TO TRANSIJ < ivi

low, .03

.009

PI UK IIKOISV1 NONE

mm wion Brazil. I

i nited Males.

ranee. Madagascar, Russia,

IKH
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.' ROSE QUARTZ

w:

Rose quartz, sapphire and

enamel clock by Cartier.

it 1 1 a color unique among gems,

rose quartz is probably the most

popular of the quartz varieties. Its

pink lines have adorned ornaments

and jewelry .since ancient times.

Most rose quartz is found in the

cores of pegmatites. It is nearly

always found in massive or lump

form - crystals are extremely rare and

so far have only been discovered in

Minas Gerais, southeast Brazil. This is

puzzling because quartz generally is

known for its abundant crystals.

The cause of rose quartz's pink

tint is thought to be due to tiny

impurities of manganese, titanium or

iron. Care must be taken, because it is heat sensitive and can fade to

gray with prolonged exposure to air or sunlight.

Like other forms of quartz, rose quartz is prone to

inclusions. Rutile needles can create asterism, but

even here rose quartz is unlike other gems. While

most asterisms appear when light is shone on a

stone, with rose quartz the asterism is only visible

when light is viewed through the stone.

Most rose quartz is too cloudy to be faceted and

instead is cut as a cabochon. Transparent specimens,

which are so pale as to be almost colorless, are

very rare and valuable. In addition to its use in

jewelry, rose quartz is easily caned into a wide

range of ornaments. When purchasing rose quartz,

be aware that pale specimens are sometimes dyed

to create a more vivid c< >1< >r.

ROSE QUARTZ
While most rose quartz is mined in

Minas Gerais, especially Aracuai, the

best-quality stones come from Samiresy,

Antsirabe, central Madagascar Other

sources include Varna, Nuristan, north-

east Afghanistan; Quadeville, Renfrew

County, Ontario, Canada; and the

Bavarian Forest of southern Germany.

Major US sites include Fremont County,

Colorado; Oxford County, Connecticut;

and Grafton, New Hampshir

Bead

Mixed

ROSE QUARTZ
CHEMICAL COMPOSITION Si0 2

PINKCOLOR

REFRACTIVE INDEX 1.54-1.55

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

2.65

7

TRIGONAL

CLEAVAGE

FRACTURE

NONE

CONCHOIDAL

TENACITY- TOUGH

LUSTER VITREOUS

NERA1.LY TRANSLUCENT TO

^UE, RARELY TRANSPARENT

TRANSPARENCY GE

OPA

DISPERSION MEDIUM, .013

BIREFRINGENCE

PLEOCHROISM

.009

WEAK TO DISTINCT

location Brazil

United States.

Germany, Inc ia, Madagascar,

Flower-cut rose-

quartz gemfrom

Brazil, 2.80 carats.

I

A Crystalfragment

ofrose quartz
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SMOKY QUARTZ Ql \ R I /

Mixed

Cameo

Sniokx quart! is one ol the rare brown gemstones - the others

being sm< »k} n »paz, n n km \i ini . bek\ i . and brown < i >ro \iu m. Like'

other varieties "t quart/, ii has been used and appreciated since

ancient times because il is easj in cut as a gem and equally easy to

shape lor ornaments and practical applications.

sniok\ quartz occurs in mam igneous and metamorphic rocks,

particularly in granite and gneiss. Ii is often found in quartz veins and

granite pegmatic dykes. Ii also often occurs in granitic rocks thai have

small amounts of radioactivity.

While the cause of its color is not known lor certain, ii is believed

that smoky quartz is brown to gray because- ii has been exposed to

radiation. In fact, it can be made in the

laboratory by exposing clear rock

SMOKY QUARTZ
Smoky quartz sometimes has different

based on its provenance ani

coloration. Black specimens are know

as morion; crystals and gems fror

Scotland's Cairngorm Mountains arc

called cairngorm; and crystals that show

black and gray banding are named

raccoon-tail quartz.

Sources include Victoria, Australia; Rio

Doce. Minas Gerais, southeast Brazil;

Monteagle Township, Hastings Count

10, Canada; Haut-Rhin, Alsao

northeast f 'telgebirge, Bavan

iern Germany; Buryatia Republic,

eastern Siberia, Russia. US sources

i'aso County, Colorado;

•: and Grafton County,

New Hampshire.

I Hi
I OT^

A Polished smoky

quat

* S/j,

'ill

CRYSTAl to low-grade radiation

(this effect can be reversed by

heating). Today, most of the

smoky quartz on the market

has been color enhanced or

modified in some way. One

indication of heat treatment

is an excessive uniformity of

color, particularly in very dark

specimens. In crystals, natural

smoky quartz is brown to the base,

while irradiated specimens

will show some while next

to the matrix rock.

II
Smoky quartz i lot k

SMOKY QUARTZ
( mi \iK \i < oMPOsrnoN Si02

COLOR imow \,<.u.\\ OR BLACK

Ml l(\< ll\l l\DI \ 1.54-1.55

RELATIVE Dl NSm 2.65

HARDNESS
7

( KYSTAL GROUP nUGONAL

CLEAVAG1 \\Ukl\ UlKI I- DIRECTIONS

1 KA< II lit CONCHOLDAL

1 1 \\< rn TOUGH

II s II K vitreoi s

rRANSPARJ v ~i rRANSPARJ NTTO ik.wmi < i \i

DISPERSION i.ovv, .03

UlKI FRING1 \< l ,009

n io( HROISM DISTINCT

ioi \no\ Australia, Brazil, Germany, India,

Madagascar, Russia, Switzerland, I nited

Kingdi hii i nited stales.



Q! m; i
MILKY QUARTZ

m;

Rolled pebble

of milky quartz.

iikv quartz owes its soft while color

to microscopic inclusions of fluid

thai were trapped during its formation.

While it is rarely faceted as a gemstone, it

is found in attractive crystal formations

and can be used for ornamental carvings.

Milky quartz occurs in many igneous and

metamorphic rocks, particularly in granite and

gneiss. It is abundant in clastic sediments. It is

also a common gauge mineral in mineral veins,

and most good crystals are found in this type of

occurrence. Well-formed quartz crystals can be

obtained from geodes, from granite porphyries,

and from granite pegmatites. Because it resists weathering, milky

quartz is also found in alluvial sands and gravels.

Milky quartz is interesting in the way in which it

co-exists with other minerals. For example, it is often

found as a "phantom" inside otherwise clear rock

quartz. It is also occasionally found associated with

gold in hydrothermal veins, and the white stone

with its gold inclusions is very attractive.

When cut as a cabochon, milky quartz

has an almost greasy luster and may

be confused with opal.

Brilliant

< Milky quartz

crystals.

f Large milky

(/itartz crystal.

Cameo

MILKY QUARTZ
CHEMICAL COMPOSI

COLOR

noN SiO,

WHITE

1.54-1.55REFRACTIVE INDEX

RELATIVE DENSITY 2.65

HARDNESS 7

CRYSTAL GROUP

CLEAVAGE

TRJGONAL

NONE

CONCHOIDAI.FRACTURE

TENACITY TOUGH

LUSTER VITREOUS TO GREASY

TRANSPARENCY TRANSLUCENT

DISPERSION low, .03

BIREFRINGENCE .009

DISTINCTPLEOCHROISM

location Brazil,

United States.

Madagascar. Namibia, Russia,

MILKY QUARTZ
Sources of milky quartz include Bavaria,

southern Germany; Plaka, Attica, east-

central Greece; and the Great Wheal

Fortune, Breal, Cornwall, southwest

England. US locations include Moosup,

Windham County, Connecticut; Grafton,

Grafton County; New Hampshire;

Westchester County, New York; and
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CHATOYANT QUARTZ Q I \ K I

.'

Ik-tul

Cabochon

Polished

Chatoyant quartz (or cat's-eye quartz) is found in a range of colors.

itk besi known (and mosi common) is tiger's-eye quartz, a dark

brown stone enlivened by yellowish fibers creating the cat's-eye

effed ["here are also two rarer varieties of cat's-eye quartz: a blue-

green varietj known as hawk's-eye quartz, and a greenish-gray variety

also known as cat's-eye quartz. There is also a reddish brown version

known as bull's-eye quart/ or ox-eye quart/..

( uinng is crucial with chatoyant quartzes, tn the rough, the stones

reveal little or nothing of the exciting chatoyancy of the cut and

polished stones. The gems are used for jewelrj . small carvings such as

cameos or intaglios, and ornaments.

Chatoyant quart/ is often heat-treated. Most reel ox-eye quartz is

the result of heat treatment. Acid treatment produces a gray variation,

and staining results in any number of colors. In addition, tiger sew
quartz cm be bleached to produce a stone similar in appearance to

the more valuable cat's-eye < mn si mi in 1

Polished

i hatoyanl

quartz domes

CHATOYANT QUARTZ
Chatoyant quartz is a pseudomorph -

the result of one mineral replacing

another - of crocidolite, which occurs as

veins in bedded ironstones. Crocidolite

is sometimes known as blue asbestos.

and its fibrous nature is what creates the

long fibers in chatoyant quartz. In the

case of hawk's-eye quartz, the crocidolite

rmeated or partially replaced by

quartz; tiger's-eye is the true pseudo-

has also undergone

to produce the golden color

found in gravels and

ied.

Polished and

1 aba, hon < m
• hatoyanl

(jlUtl
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CHATOYANT QUARTZ
CHEMICAL COMPOSITION SiOj

( OLOR

REFRACTIVE INDEX

I1UOW N. Ki:i)I)ISII-BR()\\ \, (,K \"i

1.54-1.55

Kit \ 1 1\ 1 in \sin 2.46-2.71

HARDNESS 7

< RYSTA1 GROl 1" rRIGONAL

( l EAVAGI NONE

1 l(\( II RE C()N( lloin.M OR SPLINTERY

1 1 n \< rn TOUGH

li STER VITREOUS TO SILKY

[•RANSPAR] \< \

Disi'l RSION

5EMITRANSL1 < 1 \l lo OPAQUE

.013

lillll 1 RING] \< l .0090

PI lo< KROISM NONE

li m \no\ Australia

India. Si mill AfriCi

. Brazil, Burma I Myanmar),



1,11 \RT/ RUTILATED QUARTZ

w:
r
hile most cjLiartx is prized for

its clarity, some inclusions cre-

ate interesting and attractive effects.

This is certainly the case for rutilated

quartz, in which large inclusions

of golden or red rutile needles are

found in rock crystal. Rutilated

quartz is used as a gemstone. cut as

cabochons or even brilliants, and is also

worked for ornamental carvings.

Inclusions such as rutile are incorporated into the quartz during the

liquid stage of formation. Sometimes a secondary inclusion can create

startling effects: for example, when hematite is also present, the rutile

needles will radiate out from the center of the hematite in a star

shape, creating a gem known as star rutile.

Rutilated quartz has long captured the imagination and is known

under a variety of names. Some are poetic, such as "Venus' hair" or

fleches d'amour ("arrows of love"). Needlestone simply describes the

appearance of the gem. It is also known as sagenite.

Other inclusions create similar effects in rock crystal. Tourmaline

quartz is created when dark green or black tourmaline is trapped within

clear quartz. Gold and silver may also be included.

Sometimes, the inclusion appears almost

plantlike when green actinolite crystals

are included, or dendritic quartz,

when iron dendrites appear like

ferns or little trees.

Brilliant

Head

Cabochon

Cameo

A Cabochon-cut

rutilated quartz.

Rutilated quartz crystal

RUTILATED QUARTZ
CHEMICAL COMPOSITION SiO,

COLOR COLORLESS OR WHITE

REFRACTIVE INDEX

RELATIVE DENSITY

1.54-1.55

2.65

HARDNESS

CRYSTAL GROUP

7

TRIGONAL

CLEAVAGE NONE

FRACTURE

TENACITY

CONCHOIDAI.

TOUGH

LUSTER

TRANSPARENCY TRANSPARENT

'

VTTRFOtiS

ro translucent

DISPERSION

BIREFRINGENCE

low, .03

.009

PLEOCHROISM WEAK TO DISTINCT

location Austral

Africa, Sri Lanka,

ia, Brazil,

United St

Madaga

ates.

scar. South

lUTILATED QUARTZ
Rutilated quartz is discovered in igneous

and metamorphic rocks, particularly in

granite and gneiss. It is abundant in clastic

sediments. It is also a common gauge

mineral in mineral veins, and most good

crystals are found in this type of occur-

rence. Well-formed rutile quartz crystals

can be obtained from geodes, from

granite porphyries, and from granite

pegmatites. Because it is fairly resistant

to weathering, quartz is also found in

alluvial sands and gravels.
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CHALCEDONY
Chalcedony i^ the name given to compact varieties of silica which

comprise minute, often fibrous, quartz crystals densely packed

but with submicroscopic pores. The two main varieties are chalcedony,

which is uniformly colored, and vgate, characterized by curved bands

or /ones of differing color.

Chalcedony is precipitated from silica-bearing solutions and forms

cavity linings, veins, and replacement masses in a variety of rocks.

It is found in petrified wood and some other fossils. Chert and

flint, which are impure forms of chalcedony, may originate by the

deposition of silica on the sea floor or by the replacement of rocks,

notably limestone, by silica from percolating waters.

Chalcedony's name is derived from Chalcedon or Calchedon, an

ancient port of Bithynia, near present-day Istanbul, Turkey. The stone

was much sought alter in classical times as a gemstone and is still pop-

ular with jewelers and collectors as a gemstone and ornamental stone,

often being artificially stained. Its popularity for caning and sculpture

is due to its toughness and its occurrence in large, unbroken lumps.

Different colored varieties have individual names. Carneuan is red

to reddish blown. SARD is light to dark brown. CHRYSOPRASE is apple-

green, and BLOODSTONE, or heliotrope, is green with red spots. JASPER is

generally red but sometimes yellow, brown, green, and gray-blue.

Moss agate has a milky-white, bluish-white to nearly colorless matrix

containing green and sometimes brown or black colors. Flint and chert

are usually (.lull gray to black, and they fracture with sharp edges, a

property that was exploited by early man to fashion implements.

Chalcedony occurs worldwide. Sources include Brazil, Uruguay, Sri

Lanka. Russia. Iceland, Canada. Germany, Syria, Mexico, India, Mada-

gascar. South Africa, Brazil, United Kingdom, and in several US states

including California, Oregon, Florida, Arizona, Nevada, and Oregon.

c bait edony has

man i different uses

mid display i many
i/i//cicnt < otors

deftetiding mi

the tpet iff < hi
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CHALC1 I" INI JASPER

'asper is a massive opaque variety that is a

mixture of chalcedony, quartz, and opal.

The name comes from the Latin name for the

stone, iaspis, which probably also referred

to other types of chalcedony. Jasper is

found as small veins and replacements

in different metamorphic and sedimen-

tary rocks, and in cracks of volcanic-

rocks. It is fine-grained and colored by

red and yellow iron oxides or green

chlorite and actinolite. It often shows

a combination of red, yellow, brown,

green, and gray-blue. Orbicular jasper is

a red variety containing white or gray

patterns shaped like eyes. Riband jasper

is striped, while hornstone is gray.

Jasper was used by the ancient Egyptians, Greeks, and Romans

who carved portraits and such ornamental objects as amulets. It

was believed that a person wearing jasper would be protected

from illness, especially stomach problems. It has

traditionally been used as a gemstone for jewelry

such as brooches, earrings, necklaces, pendants,

intaglios, and cameos, as well as for carvings and

mosaics. It is normally cut as cabochons. Boulders

of jasper weighing several hundred pounds

(kilograms) have been sculpted in Ukraine and

the Urals of Russia.

Cabochon

Polished

A Cancel cameo jasper

bottle, China, 1770-1860.

JASPER

CHEMICAL COMPOSITION SiO,

COLOR RED, BROWN, YELLOW

REFRACTIVE INDEX

RELATIVE DENSITY

1.53-1.54

2.59-2.61

HARDNESS 6.5-7.0

TRIGONAL

NONE

CONCHOIDAL

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TOUGH

VITREOUS TO WAXY

TRANSPARENCY

DISPERSION

transparent to subtransh icent

VERY WEAK

BIREFRINGENCE .009

PLEOCHROISM VERY WEAK

location Australia, Canada, Chile, Czech

Republic, Egypt. Finland, France, Georgia,

Germany, Iceland, India, Iran, Italy, Kazakhstan,

Libya, Madagascar, Mexico, Norway, Paraguay,

Russia, Slovak Republic, Sweden, Ukraine,

United Kingdom, United States.

JASPER

Jasper occurs thoroughout the world.

Various colors are found in the USA,

such as orbicular jasper in California and

jasperized fossil wood in Arizona. The

Urals of Russia yield red, brown, green,

and white riband jasper. Kazakhstan has

a red-and-green variety, while Venezuela

and India have red jasper. It also occurs

in the Libyan desert, the Nile valley of

Egypt, and the Rhineland of Germany.

A Cabochon-cut

jaspergem.

Polishedface

ofjasper boulder.
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CARXELIAN II M i I DON1

J

/>W</

Cctbochoii-cnt

cornelian gem.

Cabochon

Cameo

Carnelian (or cornelian) is a translucent

chalcedonj that receives its beautiful

red tints from iron oxides, such as

hematite, embedded in the colorless

silica. It may have cither an unbroken

color or be faintly banded. Its name comes

from the Latin word carneus, which means

"flesh} a reference to its color. The ancient

Greeks and Romans particularly valued carnelian.

which they mosth used for intaglios. H has

also long been popular for signet rings. The Romans said

thai dark carnelian represented the male,

while the light color symbolized the

female. People also once believed that

carnelian could calm bad temper or

still the blood Napoleon returned

from his campaign in Egypt with an

impressive octagonal carnelian stone.

A Caned carnelian

and gold ear

pendants 1 1870.

CARNELIAN
Most of today's commercial carnelian is

stained chalcedony that comes from Brazil or

o heat-treated to enhance its

color. Beautiful stones come from India,

where they are put in the sun to transform the

brown color to red. Carnelian is a relatively

inexpensive gemstone. Cut and polished as

cabochons, it is also popular for beads and

urces of carnelian are India,

.id Japan. Three blocks weighing

jnds (1.5 kilograms) have been

ia River, western

nclude Queensland,

;

i Republic; Franche-

ind Bavana.

Lanka;

nd the US

lersey,

•^ Orange and reddish

carnelian polished

slices

CARNELIAN

CHI MICAL COMPOSITION SiOj

COLOR M NOW. ORANGE, RED

id FRA< nvi: INDEX 1.53-1.54

id 1 vrivr: DENSITY 2.59-2.61

HARDNESS 6.5

1 RYSTA1 GROUP IKK.ONAI.

( II VV V(.l NONE

ll(\( 11 id CONCHOtDAL

TENACITY TOUGH

1 1 si IK VITREOUSTO WAX1

IKANSPARJ \< 1 ITtANSPARI \i TO SUBTRANS1 UCEN1

DIM'I RSION v 1 in w 1 vk

mid 1 RING! \< 1

i'i 101 HROISM

vi in low, .009

v 1 in wiiAK

ixx vno\ Australia,

1 ngland 1 ram e, < i

Madagascar. Russia

United States, Urug

Brazil, Czech Republic

crmanv . India. Japan,

. Slovak Republic . 1 kiaine,

uay.



CHALCEDONY BLOODSTONE

Bloodstone, also known as heliotrope, is an opaque green

variety of chalcedony. The name was chosen because of the

stone's many reel spots (caused by hematite), which resemble

drops of blood. The ancient Greeks and Romans believed athletes

would gain endurance by wearing it. In medieval times, some

people believed the spots were originally left by Christ's blood

splashing down from the cross, and the stones therefore had

special powers, such as stopping a hemorrhage if touched. They

also used the stone to carve sculptures depicting the crucifixion and

martyrdom. The heliotrope name derives from the Greek words

belios, meaning "sun," and tropos, meaning "turn," because the

ancients believed it could turn the rays of the sun red and, if placed

in water, show the sun as a blood-red image.

Bloodstone is porous and quite soft, but is a popular gemstone that

is usually cut as a cabochon. It makes a popular choice for beads and

pendants, as a sealstone (with an engraved device), and for men's

signet rings. It has long been cut into cameos and used for decorative

carvings. With heat treatment, the green back-

ground turns to gray and the red spots change to

black. Another variety of chalcedony, closely related

to bloodstone, is plasma, which is also green and

may have yellowish spots. The name bloodstone

sometimes is mistakenly used in

reference to hematite and

fancy jasper.

Bead

Polished

A Two polished

bloodstone cabochons.

BLOODSTONE
The main source of bloodstone is the

Kathiawar Peninsula, western India. It is

also found in the Urals of Russia; the Harz

Mountains in Germany; the Tyrol region

of Austria and Italy; and Bohemia in the

Czech Republic. Sources in the US

include Wyoming, Maine, New York,

California, Oregon, and Pennsylvania.

Polished bloodstone gem.

BLOODSTONE
CHEMICAL COMPOSITION SiO,

COLOR DARK GREEN, GREENISH-BLUE

WITH SMALL RED SPOTS

REFRACTIVE INDEX

RELATIVE DENSITY

1.53-1.54

2.59-2.61

HARDNESS

CRYSTAL GROUP

6.5

TRIGONAL

NONECLEAVAGE

FRACTURE CONCHOIDAL

TENACITY

SPAJ

TOUGH

LUSTER VITREOUS TO WAXY

J-NTTO SUBTRANSLUCENTTRANSPARENCY

DISPERSION

BIREFRINGENCE

TRAN

VERY WEAK

VERY LOW

PLEOCHROISM VERY WEAK

location Austria , Australia Brazi 1, China,

Czech Republic, Germa ny, India, Italy, Russia,

United States.
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SARD II Ml I l>i>\',

Bead

( abochon

Polished

Polished oral

sine ofsard.

carnelian is still

SARD
< HIMK \\ ( COMPOSITION SiO.,

< II1IIK BROWNISH RED

RIIKV M\l INDEX 1.53-1.54

nil \ll\l DENSITY 2.59-2.61

HARDNESS

( RYSTAI (.KOI 1'

6.5

TRIGONAl

CLEAVAGI NONE

il(\( TURE

rENAcm

CONCHOIDAL

TO! (.11

LUSTER VTTREOI S 1') WW.

[RANSPARENI 1

DISP1 RSION

BIREFRINGI \( l

IRANSPARENl TO SI BTRANSLI CENT

VERY w BAK

\ 1 in low

I'l MX IIKOIsM VETO \\l \K

ii>< \iio\ Australia Br

Madagas< ar, Sri Lanka

i/i

1

1. China

nited St

. India.

ates.

Sard is similar to VGATI Inn has no banding.

The name is derived from the Greek word

sardios jnd Latin sarda lor Sardis, the ancient

capita] oi the kingdom of Lydia, Asia Minor

i now Turkey), where the stone was originally

found, sard and CARNEUAN were hist called

sardion until medieval times, and this is the

second oldesl known name for a silica mineral

(alter crystal). Sard ("sardine stone") appears in

(he Exodus and Revelations books oi the Christian

Bible. It is one of the precious stones set into the

breastplate of the high priest.

The color differentiation between sard and

confused, bin sard gems are typically less intense in tone and more

brown than carnelian. The stone's coloring is acquired by the

presence of limonite, the hydrated iron oxide. Sard has been used

for engraved jewelry since antiquity and was especially popular for

such Victorian pieces as cameo rings, signet rings, and seals. It is an

excellent material lor inlay work, and is caned as cameos, intaglios,

and small sculptures. It is also tumbled, cut and polished as beads.

and also often polished as ovals.

Imitation sard is created by saturating chalcedony

w it I i an iron solution. Bands of sard and white i >\i \

are called SARDi >m \. which at

one time was more prec-

ious than gold, silver,

or sapphiri . Sardonyx

is widely used

in i ameos and

intaglios.

Sard

on matrix

SARD
Sard occurs in Ratnapura, southwest

Sn Lanka, and the Black Hills of

Imperial County, California, United

States. Other sources include India

and China.
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ONYX

o:

A Polished slice

ofonyx.

nyx is a variety of agate, but instead

of curved hands it has straight

parallel ones of alternate black and white.

If reddish-brown hands occur instead of

black, it is called sardonyx. The onyx

name is generally applied in commercial

dealings to the black bands, and this has

led to any black chalcedony being called

onyx, whether it is natural or dyed.

The ancient Romans carved different

patterns in each layer of a multi-layered onyx and often used the

stone for their seals, carving a design in negative relief to produce the

raised print. They had first used the onyx name for a variety of marble

having white and yellow veins, and onyx is the Greek word for "claw"

or "fingernail," because these veins resemble the colors of a fingernail.

The marble is still called "onyx marble," being less valuable and softer

than onyx.

Onyx has been dyed since ancient times to enhance the color.

It has traditionally been used for carving cameo brooches. Because

of the stone's different bands, part of the black layer can be

carved away to create a white background while leaving a

black design on top. The colors can be reversed: Wedgewood

ceramic ware, for instance, resembles onyx cameos with white

figures over a dark gray background.

Onyx items are affordable, and include brooches, beads, earrings,

necklaces, pendants, stones for rings, chess pieces, bookends, cups,

vases, and figurines such as animals. The stone may scratch or chip

easily. Natural black onyx is rare, so the commercial black variety is

nearly always agate that has been stained by the sugar-sulfuric acid

treatment: soaked in a sugar solution and then

heated in sulfuric acid to carbonize the sugar.

ONYX
CHEMICAL COMPOSITION SiO,

COLOR BLACK, DARK BROWN, GREEN

REFRACTIVE INDEX 1.53-1.54

RELATIVE DENSITY 2.59-2.61

HARDNESS 6.5

CRYSTAL GROUP TRIGONAL

CLEAVAGE NONE

FRACTURE CONCHOIDAL

TENACITY TOUGH

LUSTER VTTREOUS TO WAXY

TRANSPARENCY TRANSPARENT TO SUBTRANSLUCENT

DISPERSION VERY WEAK

BIREFRINGENCE VERY LOW

PLEOCHROISM VERY WEAK

location Afghanistan, Brazil, India,

Madagascar, Mexico, F eru, United States.

Bead

Cabochon

Polished

m
Green and black

onyx cabochons.

ONYX
Baja California, northwest Mexico, was

a major source of black onyx until

cheap imitation stones appeared on the

market. Huge slabs of onyx from the

open pit Onyx Mine at El Marmot are

transported to nearby towns for cutting

and polishing. Slabs have even been used

to build the school house at El Marmol

and graves are covered with onyx slabs.

••4

A Onyx necklacefeaturing

20 large onyx heads
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SARDONYX M \l i 1 111 >\V

Bead

< abochon

Polished

Cameo

Sardonyx is another vgati variety with reddish-brown and white

bands Its name reflects its make up, combining sard and onyx.

The ancient Egyptians carved sardonyx into scarab beetles, wearing

them as talismans. Roman soldiers went into battle believing they

gained courage by wearing sardonyx engraved with Mars, the god

ot w.n According to tradition. Queen l'li/abcth 1 gave the Earl of

I ssex a ring ol sardonyx set in gold as a keepsake. In Renaissance

Europe, wearing a sardonyx stone was believed to bestow eloquence

on speakers.

Much natural sardonyx exists, but a large amount is produced b\

staining agate, and it is sometimes called banded agate." Sardonyx

has lung been used in engraved jewelry, And was once considered

more valuable than silver or gold. It was carved for the oldest

cameos known, and todav is used for these and intaglios, because

the layers can be cut to offset image's in relief. The many other

sardonyx items include beads, brooches, and small

statuary. Relatively common and inexpensive, it is

normally cut as cabochons and can be fashioned

to resemble an eve.

oj sardonyx

SARDONYX
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2.59-2.61KM VIIVI 1)1 \sin

HARDNESS 6.5
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location Austral

Madagasi ai. Ku

i rugua)

la, Brazil,

ssia, Sri 1.

Czec

inka.

i Republii . India

1 nited Mates.

.ARDONYX
The best sardonyx has been mined in India for

millennia. In the 2nd century, Egyptian geographer

Ptolemy drew a map of India, which included

"sardonyx stones" in the Sardonyx Mountains.

India remains a major source. Other locations

include the Ural Mountains of central Russia.

Major localities in the United States include

Tampa Bay. Florida, and El Paso County,Texas.

( ameo < awed

from sardonyx.
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CHRYSOPRASE

Chrysoprase, also known as cat's-eye, is the most valued variety oi

chalcedony. The name comes from the Greek words chrysos,

meaning "gold," and prason, meaning "leek," since it resembled the

color of the vegetable. The color can vary from yellowish green

to apple green and grass green, depending upon the content of

hydrated silicates or nickel oxides. In transparency, it ranges from

nearly opaque to nearly transparent. Prase is another form of green

chalcedony. Found in eastern Europe and the US states of Delaware

and Pennsylvania, it is very rare and has a less vivid green

color caused by inclusions of actinolite; it is u

for cameos, beads, and small statuary carvings

Mtorolite is the name given to a variety of

green chalcedony colored by chromium and

found in Zimbabwe.

The ancient Greeks and Romans valued

chrysoprase as a decorative stone and for

jewelry beads. It was very popular in the 14th

century when Holy Roman Emperor Charles IV

decorated chapels with chrysoprase, including

Chapel of St Wenceslas in Prague. The stone was

also a favorite of Frederick the Great of Prussia

and of Queen Anne of England.

Chrysoprase is cut as cabochons and its bright,

even color and texture makes the stone ideal for

beads and cameos. The color will eventually fade in

heat and even sunlight, but it sometimes returns

when chrysoprase is stored in high humidity. Excel-

lent pieces have been sold as Imperial jade and

Australian jade. Dyed agate and glass have also

been sold as chrysoprase.

Bead

Cabochon

Cameo

CHRYSOPRASE

CHEMICAL COMPOSITION Si0 2

COLOR

REFRACTIVE INDEX

YELLOWISH GREEN TO APPLE GREEN

1.53-1.54

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

2.58-2.64

6.5

TRIGONAL

NONE

CONCHOIDAL

TOUGH

CLEAVAGE

FRACTURE

TENACITY

LUSTER VITREOUS TO WAXY

TRANSPARENCY

DISPERSION

BIREFRINGENCE

TRANSPARENT TO SUBTRANSI.UCENT

NONE

.004

PLEOCHROISM NONE

location Australia, Austria.

Republic, Germany, Ka/akl

Poland, Russia, South Afric

Brazil, Czech

IStan, Madagascar,

a, United States.

CHRYSOPRASE
Early chrysoprase came from Bohemia,

Czech Republic, but today the best and

largest single source of chrysoprase is

Marlborough in Queensland, Australia.

Superb stones have long been mined

in Lower Silesia, Poland. Other major

locations include Saxony, east-central

Germany; the Urals of central Russia;

and Sarakul-Baldy, Kazakhstan. US sites

include Gila County, Arizona, and Tulare

County, California.

Silrer gin >le (pendant)

set with chrysoprase and

pearls, designed ( 1903)

by May Morris.

Chrysoprase

cabochons (below)

and rough specimen

< right).
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\c. \rt: II M i I DON1

Polished agate slice

(above), and a moss

agate (right) and

colorful (incite

cabochon (below).

Agate is distinguished In its multiple colors thai are often vivid.

The bands ol color mav be while, red, blue, gray, brown, or

black. These are irregular and sometimes curved, caused by truces of

lion and manganese. Hie parallel hands follow the wavy contour of

the cavit) where silica gel solidified. It part of a cavity remains

unfilled, i r\ stals may form ol amethyst, sm< >ics qi \ki/. or ro< k crystal.

The stones name was derived from the River Achates (now Dirillo),

southwest Sicily, since it was originally discovered in that area. Agate

is one of the oldest known minerals. It was valued by the ancient

Sumerians and Egyptians who used it lor amulets, receptacles, and

ornamental pieces. The Greeks and Romans carved it into cameos

and intaglios, and the latter used agate lor intaglio signet rings. The

stone was especially valued during medieval times. Today, it remains

popular lor broodies, cameos, and other jewelry, and as a decorative

stone lor inlaid work, such as boxes and table tops. In industry, it is

used in the manufacture of grinding equipment.

Agates c ,\n be translucent, transparent, or sometimes opaque.

V Wavy bands of color are often inside a geode (nodule) of

agate. The colorful bands are best seen when the geode is

sawed through and the Hat laces ol the sections polished.

r Cutting the stone into thin slices allows light to pass through

and display the bands. Many varieties are dyed or stained artifi-

cially, as was done in ancient Greece and Rome, and more expertly

by artisans in Constantinople (now Istanbul. Turkey). Blue-stained

agates are called "Swiss lapis' or "false lapis." The most expensive

stones are rough specimens that are easily colored, especially

Polished agate

showing typical

banding pattern

m

AGATE
Agates form in cavities and cracks, mostly in volcanic rocks

where they fill the cavities that were made by escaping gas

during the solidification of molten rock.They form as minute

fibers and crystals, instead of large crystals like quartz. Agate

is found worldwide. Idar-Oberstein, Rhineland-Palatinate,

western Germany was once the prime source, but this is

now depleted. Today, excellent stones come from Rio

Grande do Sul, southern Brazil, and fine naturally colored

agate exists in Bohemia in the Czech Republic. Agate is also

found in the Auvergne, south-central France; the Hansoick

Mountains of Rhineland-Palatinate, western Germany and

the Erzgebirge, eastern Germany; the Deccan region of

southern India; the Urals of Russia; Salto, northwest Uruguay;

and Montrose, Angus, eastern Scotland. Agate is a common

mineral in much of North America. Major sites include British

Columbia, Canada; San Bernadino County, California; and the

western states of Idaho, Montana, Oregon, and Washington.

202



i II \l i I DONH AGATE

Cabochon

< cllllCii

Polished

Brazilian specimens which are more porous and have more opal

content than other stones. All agates respond well to polishing, and

they are strong enough for everyday jewelry.

There are many varieties of agate. Plume agate has a feather-like

design. Moss agate has inclusions of chlorite that form greenish

branched veins resembling a coating of moss on the milky-white

background. Dendritic agate possesses a branching or tree-like

design, while red jasper agate and cloud agate have dark centers in

a cloudy white background. Fortification agate has angular,

zigzag bands that suggest a fort, and lace agate is noted

for its delicate patterns. Turritella

agate is composed mostly of

embedded turritella snail

shells. Iris agate has irides-

cent colors reflected from

between the layers. Star

agate shows star-shaped

designs, and ruin agate is

a rare variety where move-

ments of the Earth have

broken up the filled cavities

and it has re-formed in a different

color. A gem from Mexico showing a

single "eye" is called cyciops agate.

A 19th-centitiy banded agate

himl JniDt Khambhat (Cambay),

Gujarat, western India.

AGATE
CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

^ The BarborJewel

(1590-1600)- an

enameled gold pendant

set with an agate cameo

ofQueen Elizabeth I.

SiG\

ALMOST ANY

1.535-1.540

2.55-2.64

6.5-7.0

TRIGONAL

NONE

CONCHOIDAL

TOUGH

VITREOUS TO WAXY

TRANSPARENT TO SUBTRANSLUCENT

.013

.005

WEAK TO DISTINCT

location Armenia, Australia. Brazil, Canada,

Czech Republic, France, Georgia, Germany,

India, Iran, Italy, Madagascar, Mongolia,

Scotland, South Africa, Ukraine, United

Kingdom, United States, Uruguay.
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FIRI-: AGATE II M i I 1>I >X1

Bead

< abot him

Fire agate has .1 rust) brown color. When lapidaries grind and

polish ,i\\.i\ layers, light passing through the inner layers of silica

a\k\ iron oxide Qimonite and goethite) creates iridescent colors

known as "fire I Ik- finest specimens have a resemblance to burning

embers when properly cut. The red color is the most valued, and

a variety with a mixture ol blue and given is also popular, with

brown being the [east desired. The best pieces also have a continuous

iridescent layering, although most specimens have these in patches.

The stone is relatively inexpensive, costing a fraction of the price of

precious opal, which has a similar play of color. Cabochons are cut

to highlight the rainbow color effect and mixed, round, and oval

cuts are popular. The gem is used for such items as beads, pendants,

and cameos. The hardness and durability make it a good choice for

everyday jewelrj like rings.

Mixed

Cameo

FIRE AGATE
Fire agate is not common or well known, having become

commercially traded only in the late 1 950s when many rough

stones were mined in Mexico. Fire agate is also very difficult

to cut, since the curvature of colored layers has to be

respected, and the stone will be ruined if one layer too many

is removed.

The stone occurs in Sonora, northwest Mexico, and in the

southwest United States, such as Maricopa County, Arizona.

It is formed as warm water saturated with silica and iron

oxide fills cavities in rock and begins to cool.

IIKI \(,\l 1

1 hi mk \i < OMPOsrnoN SiOj

( ol OK Id sn BROVf \

Kl IK\< ll\l l\l)l \ 1.535-1.540

mi \11\1 Di\sin 1 55-.2.61

HARDNESS 6.5-7.0

( RYSTAI <a«n P TRIGONAl

CLEAVAGI VIM

ll(\( II Kl < o\( lionni

1 1 \ m 1 n IOI (.11

II s| J |{ MIKIoi s low \\>

ntANSPAREN< •> OPAQ1 i

DISPI Ksion .013

BKEFRINGI \< 1 .005

l'ilo( KROISM Wl \K lo l)ls|l\< 1

location Mexico, I rtited States

< Polished slab

qj fire agate

c raftedfin

(ivdic i rystal

JO,



OPAL

O:
pal is .1 hydrated silica, which is .1 hard-

'ened gel ol silica and water The name

comes from the Sanskril word upalaoi Greek

opalios, which means "gem" or "precious

st< >ne The refra< tion ol lighl by tightly

packed silica spheres in precious opal creates a

|il.i\ ol color, or "fire," within the gem when it is

k Polished opal turned. Common opal, also known as "potch," is

from Mea translucent or sometimes opaque, hav ing .1 range 1 >t

colors but lacking the lire of precious opal. It is

therefore of little or no value.

OpaN were prized as much as diami »nds In the an< ienl < /reeks and

used for jewelry by the Romans, in the Lsl century, Roman scholai

and naturalist Pliny the Elder (ad 23-79) wrote that opal "has an

unbelievable mixture of colors" The Aztecs ol Mexico mined fine

pieces that were taken back to Europe by the Spanish conquistadors.

Opal is amorphous, having no crystal structure (The only other

major amorphous gemstone is umber.) Ii comes in massive, stalactitic,

and rounded forms. It is deposited at low temperatures from silica-

bearing waters and contains up to 10% water. If the stone dries out

too quickly after being mined, it may (rack. Opal can occur as a

fissure-filling in rocks of any kind, but especially in areas ol geysers

ami hot springs. It can be formed during the weathering and decom-

position of rocks hi. 1 ion 1 ne, or diatom, u eons earth, is a fine grained

sedimentary rock made largely ol opaline silica skeletons of organ-

isms such as sponges and diatoms, it is used .is an abrasive, insulatot

filler, and filtration powder.

fire opal is a variety in wlm h red and yellow colors arc- dominant

and produce flame-like reflections when turned Hyalite is colorless.

botryoidal opal Wood opal is wood that has been

replaced in part by opaline silica. Geyserite (or

siliceous sinter) is an opal deposited by geysers and

ff£=5«l

xsfesEE^
Step

< aboi bon

k. f-'i>v opal

gem

Polished

boulder opal

OPAL
The most valuable opals come from Queensland

and New South Wales in Australia, which has

been the main producer since their discovi

the 1 870s. Fire opal is mined in Hidalgo, southern

Mexico, and is also found in Kazakhstan and

Honduras. Romania has variously colored

sit Ivania. In the US, precious opal

ada, diatomite in California, and wood

iowstone I Park, Wyoming.

Other sites include Arizona, Colorado, Idaho,

Oregon, Washington, and Georgia.Wood opal is

also found on Sardinia, Italy.

Opal < rystal

on matrix
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OPAL

Group ofrough

and narked

specimens and items

ofopaljewelry

Cabochons

ofopalgems in

various colors.

4J0P

( )PAL

< hi mk m ( oMPOsrnoN

< OLOR

Si02.nH2

COLORLESS, MIIKX Will II .

GRAY, RED, BROWN, BL1 l .

green, nearly mack

R] I l(\< ll\l IM)I \ I \\- 1.46

kii \n\i di \sm 1.8-2.3

HARDNESS 5.5-6.5

< KIM \l (.Kol I' VMORPHOl s

< 1 1 w \(.l NONE

FRAI n Kl ( ONCHOIDAL

ii \v in nidi ii i

ii STER MIKIoi S i<> RESINOl S,

soMI IIMIs I'l \un

ITUNSPARENO ntANSPARENI IX) SUBTRANSLUCENl

DISPERSION \ii\i

I1IKIIKI\(.IN( I \()M

I'l io< HROISM NON1

location Australia, Brazil Czech Republic,

Guatemala, Honduras, Italy, Mexico, Romania,

sonili Miic.i i nited States, Zimbabwe.

hot springs, and hydrophane i,s a variety which becomes transparent

w hen immersed in water.

The color of opals is generally determined by metallic oxides and

foreign inclusions Exceptionally fine black opals can be as expensive

as diamonds - Lightning Ridge in New South Wales is a famous

source. Reddish fire opals are also prized. The other sought-after

varieties are white opal, which has ,i good play of color, and colorless

water opal which is dear with Hashes of color. The best-quality

stones are transparent. Manx opals are cut as cabo-

chons and others as step cuts. Fire opals are faceted.

Opal is popular lor jewelry, Inn is soft and can

be easily damaged. It is also caned as cameos.

Imitation opals have been made using Slocum stone,

a man-made glass that gives a play of color.

Chips of Opal and colored plastic are also put into

hollowed rock crystal, and an imitation opal from

Gilson laboratory uses silica spheres.

u i >i n I opal



FELDSPAR

A component of most kinds of rocks, feldspar is an almost

ubiquitous mineral, making up around 60% of the Earth's crust.

But for all that it is so commonplace, of the nearly 40 members of the

feldspar group so far identified, only around nine are familiar.

Although they tend to crystallize in igneous environments, feldpars

are also present in many metamorphic rocks. The name feldspar

refers to crystalline aluminosilicate minerals, which are divided into

two groups depending on their chemical composition. The potassium

types consist of orthoclase, microcline, and others; and the plagioclase

types, in which sodium (Na) and calcium (Ca) substitute for each

other in a continuous series, include albite, labradorite, and oligo-

clase (gem variety, sunstone).

Despite this chemical variation, all feldspars have certain character-

istics in common. Twinning is frequent. Feldspars have no color of

their own, relying on impurities to add coloration. They all also have

two good cleavages, of which one is perfect. At this perfect cleavage,

the luster is pearly, and in cracks perpendicular to it, iridescent colors

may be reflected.

Cleavage properties are at the root of the mineral's name. It is

named for the German feld, meaning "field," and spar, meaning

"easily cleaved mineral." In fact, feldspars are widely distributed and

are often found in topsoil, where they release plant nutrients into the

soil as they weather.

Feldspar is frequently put to industrial use - in the manufacture of

glass, plumbing fixtures, tiles, and pottery. But some varieties are also

prized as gemstones. Many are admired for their special sheen, or

schiller - while labradorite has the best iridescence, moonstone is the

most valuable and also best known of the gem varieties.

T Rough and worked specimens

of albite, oligoclase and

labradorite - all examples

ofplagioclasefeldspar.



ORTHOCLASE

Step

Mixed

ORTHOCLASE
( Ml Ml< \l < i IMPOSITION

( OLOH

R] ll(\< M\l l\!)l \
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( >i i -w i iin:. yellow, pink

TO RED, ORANGE I'o BROfl N

1.51-1.54

2.55-2.58

6-6.5

MONCK LINK
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( ()N( MOIDAI IO I NIVIN

BRITTLE

l)i 1 1 ro VITREOUS
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Of the potassium feldspar types, it is the orthoclase varieties that

are most often used in jewelry. Appealing for their clarity,

orthoclase are also relatively inexpensive. Their tendency to twin also

produces main crystals thai attract the eye of collectors. Although

twinning is common, perfect twins in a single crystal are very rare and

highl) sought alter.

Orthoclase is the common potassic feldspar of most igneous and

metamorphic rocks. It tends to be found in granites and syenites that

cooled moderately quickly. It is also found as grains in sedimentary

rocks. Sanidine is more common in extrusive igneous rocks, like

volcanic rocks, that cooled very quickly. It also occurs in rocks that

have been thermally metamophosed at high temperature.

I he orthoclase lamih gets its name from its cleavage properties. It

Klines from the- (heck orthos, meaning straight.'' and halo, meaning

"cleave" or "break," because the cleavage planes are virtually perpen-

dicular. Several varieties of orthoclase are used as gemstones. The

most popular is known as adularia. It is a clear and colorless variety

that benefits from .i bluish-white sheen, known generally as "Schiller"

or sometimes "aclularcscencv." Because of this iridescent

sheen, adularia is often confused with moonstone. How-

ever, while moonstone is translucent, adularia is clear or

semitransparent. It was very popular in An Nouveau

jewelry in the early 20th century. Sanidine is another

clear form ol orthoclase that is sometimes gem-quality. The

yellow orthoclase. deriving its color from impurities of

iron, is also faceted, usually into step cuts because it tends

to be somewhat fragile. Yellow orthoclase is easily con-

fused with LABRADORITE, a more valuable member of the

feldspar family. The two can readily be- distinguished by

then specific gravities - labradorite is the denser ol the

two. Its type locality is the Adula Mountains, St Gotthard,

Ticino, southern Switzerland.

io< mion Australia, Burma < \1\

.

miliar).

Germany, India. Italy, Madagascar, Mexico,

Sri Lanka, Switzerland, I nited States.

< Orthot lose

i rystals

**m mi matrix
-*

6
~ «

:i

* Oral i ill iirlhin law

ORTHOCLASE
Found in Sri Lanka and Burma (Myanmar) as well

as Germany, ft facets nicely into step and table

cuts.The best specimens come from Madagascar

although stones from Germany, when cut

as cabochons, sometimes display a pleasing

chatoyancy (cat's-eye).



I I I DM' \li MOONSTONE

Long considered a sacred stone in India, moonstone is often

believed to be moonlight in a magical, solid form. A virtually

colorless stone, it is distinguished by a bluish shimmer that

moves across its face as the stone is moved.

Moonstone's magical shimmer, often known

as schiller, is caused by the intergrowth of

orthoclask and albite. another feldspar

variety. To show it at its best, the gem

is generally cut as a cabochon, and the

higher the dome, the more radiant the

shimmer. It is also sometimes carved

into ornaments. Moon faces are a pop-

ular theme, but over the years it has

even been used in cameos. Moonstone's

shimmer is distinctively blue. If the

sheen displays in a variety of hues, the

stone is known as "rainbow moonstone,"

which is actually a variety of labradorith, another

type of feldspar found in India and other countries.

Popular in the Art Nouveau jewelry of the early

20th century, today moonstone is again in demand.

It is rare - and becoming rarer - which makes it

reasonably expensive. Because it is expensive,

moonstone is sometimes imitated, using either glass

or decolorized amethyst. In addition to its beauty,

moonstone is believed to possess strong protective

and healing powers.

•4 Moonstone

cabochon.

MOONSTC
Moonstone is a van

member of the feldspar group of gems.

Sri Lanka is the most important souro

of moonstone, both in terms of volume

and quality. There it is mined by hand,

a slow and laborious process. It is one

of the few gemstones found in situ in

Sri Lanka (Meetiyagoda, southern Sri

Lanka) - the others are exclusively

found in gravel.

Cushion

Cabochon

A Moonstone and

opal ear pendants.

The moonstones are

at top and bottom.

MOONSTONE
CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

K(Al,Si) HOs

COMMONLY COLORLESS OR PALE

1.51-1.57

2.56-2.62

6-6.5

MONOCLINIC

PERFECT IN THREE DIRECTIONS

CONCHOIDALTO UNEVEN

BRITTLE

DULL TO VITREOUS

TRANSPARENT TO TRANSLUCENT

VERY LOW, .012

WEAK TO MEDIUM, .005-.015

NONE

location Australia, Brazil, Burma (Myanmar),

India, Madagascar, Mexico, Norway, Sri Lanka,

United States.

V Moonstone

crystalfragment.
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MICROCLINE

Bead

< abcH hon

< ameo

MICROCLINE

( Ml MH \l < OMPOSmON

COLOR

REFRACIIU l\l)l \

R] i \ii\i di nsity

HARDNESS

CRYS1 M (.KOI I'

CLEAVAG1

ll(\( II HI

! I N \< I I
>

LUSTER

IK\NM-\KIN< "i

DISPERSION

BIREFRflMGl N( I

PI MK KROISM

The bluish-green color of amazonite, the gemstone variety of

microcline, is often confused with pale [adette or lesser-quality

i! k<.«i oise. Ii is an attractive stone in its own right, famously used by

the ancienl Egyptians tor both jewelry and ornamentation.

Microcline is so called in reference to its cleavage properties. The

name derives from the Greek micros, meaning "small." and klino,

meaning "lean." because the cleavage planes deviate very slightly

from 90 degrees

I or collectors, microcline is interesting because ol its crystal habits.

It cm form the largest known crystals of any mineral, and large spec-

imens come to market reasonably often. They are generally opaque,

and translucent crystals are more valuable. Microcline often forms

crystals in association with qi \ki/, known as graphic granite. When
the match is between gem-quality amazonite and s\k no

qi \kiv. the resulting specimen is very striking.

Amazonite gets its green color from smal

impurities of lead. For jewelry it is usually cut

en cabochon. It is frequently veined with white

or yellow bands of plagioclase,

which can be attractive.

K(Al.Si),(K

( o| OKI ESS, WHITE,

YELLOW, GREEN, BLI I

1.52-1.53

2.54-2.
S~

6-6.5

TRICUNIC

PERFECT IN ONI I MUM HON,

GOOD IN ONE DIRK HON

CONCHOIDAL

BRITTLE

VITKIOl s

IK ANSI I ( 1 \| TO ol'AOl I

\i in low, .012

.008

NONE

mi mion Australia, Brazil, Madagascar.

Mozambique, Namibia, Russia. I riited States,

Zimbabwe

A Caboi /'< m

. m (/m</ zonite

gem

Microi line

( rysltils i >ii

quartz matrix.

H

MICROCLINE
A polymorph of orthoclash but with a t

crystal structure, microcline is another of the

feldspar minerals. Microcline is formed in deep-

seated igneous rocks that cooled slowly. It is

found in granites, granite pegmatites, hydro-

thermal veins, and in many schists and gneisses.

It is also found as grains in sedimentary rocks.

Amazonite's name is a bit of a misnomer. It is

named after the River Amazon, but although the

stone is mined in Brazil, it has never been found

near the Amazon. Brazilian legend has it that

Amazon Indians used to give a green stone to

men who met them, but that stone was probably

;t amazonite.

JIM



ALBITE

*

A white or colorless stone, albite, one of the feldspar group of

minerals, is best known to collectors as a partner to rarer and

more colorful gemstones.

The name feldspar refers to crystalline aluminosilicate „£

minerals, which are divided into two groups depend- <sj^/i

ing on their chemical composition. Albite is the

sodium end member of the plagioclase series.

Although it is not that interesting on its own,

albite is often found in association with some

rare minerals, since rare elements tend to get

isolated in the later stages of crystallization.

In this way, albite is often seen as an

accessor}' mineral with tourmaline,

SPODUMENE, or BERYL.

Albite can also form in layers

with potassium feldspar minerals,

especially orthoclase and micro-

cline. The albite is visible as

white stripes. When this occurs,

the resultant stone is known as

perthite. Albite content is also respon-

sible for the special shimmer (schiller) ^^as-

of moonstone, also a feldspar variety.

Brilliant

Albite crystals

on matrix.

ALBITE

Albite is found in pegmatites and in sodic

lavas. It is the last of the feldspars to

crystallize from the molten rock.

The type locality for albite is Finnbo,

Falun, Dalama, Sweden. It is a quartz

quarry in a pegmatite. Fluorite, tourmaline,

topaz, apatite, beryl, and cassiterite are

also found associated with the pegmatite.

A Two brilliant-cut

colorless albite gems.

ALBITE

chemical composition Na(Al,Si),0K

color usually white, sometimes green

refractive index

relative density

hardness

crystal group

cleavage

A White albite

crystals on matrix.

fracture

tenacity

luster

transparency

dispersion

birefringence

pleochroism

1.53

2.6

6-6.5

TRICLINIC

PERFECT IN ONE DIRECTION,

GOOD IN ONE DIRECTION

CONCHOIDAL TO UNEVEN

BRITTLE

DULL TO VITREOUS

TRANSLUCENT TO OPAQUE

VERY LOW, .012

.010

NONE

location Canada, Germany, Norway.
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LABRADORI TE

Cabochon

Polished

Labradorite

cabochon.

LMiRADORITE

( iiimk \i < composition Ca[50-70%]

Na[50-30%](Al,Si)4OB

COLOR GRAYTO SMOKY BLACK

kiikm mi index 1.55-1.57

relative DENsrn 2.70-2.72

HARDNESS 6-6.5

< RYS1 \l <.Kol P TRICUNIC

CLEAVAt.l IMKIK r IN ONE DIRECTION, GOOD

l\ ONI DIRK TION

ll<\( 1! R] < o\< IIOIDAI TO I NEVEN

rENAcrn brittle

II MIK Di LLTO VITREOUS

I K VNSPARENCY TRANSPARENT Ti > I KA\s| 1 < INI,

(i( < \siowi n OPAQ1 I

DISPERSION \l in low, .012

BIREFRINGENC1 WEAKTO MEDK \l. .005-.015

PI l<>( HROISM NONE

mi \iio\ Australia, Canada, Costa Rica, Finland,

Germany, Madagascar, Mexico, Norway, Russia,

I nited states

An limit legend has u thai the Northern

Lights were once imprisoned in some

rocks on tin.' Canadian coast, until a brave

warrior freed most ol them with a blow

From his spear. Those thai remained in the

rock an- the cause of the special irides-

cence oi labradorite, a variety ol feldspar.

Its unique sheen means thai labradorite is ^

rarely mistaken lor any other gem.

The name feldspar refers to crystalline

aluminosilicate minerals, which are divided

into two groups depending on their chemical

composition. The potassium types consist of

ORTHOCLASE, MICROCLTNE, and others, and the plagioelase

types include \imn. labradorite, ami OLIGOCLASE -

labradorite falls midway through the series. Labradorite,

found in igneous and metamorphic rocks, is characteristic

of gabbros and basalts. Rarely found as crystals, it is

usually uncovered as a compact aggregate.

Many feldspar minerals display eye-catching optical

effects, known as schiller. Moonstone is probably the best-

known example. Hut while moonstone's special gleam is

always bluish green, the schiller of labradorite may be blue,

violet, green, yellow or orange, or even all of these at

once- (when this is the case, the resulting gem is known

as rainbow moonstone). This phenomenon, known as

labradoresccnce, is caused by the play of light on lamellar

growths inside the stone that mean that light is reflected

back and forth internally. A rough stone may show some

glints of labradoresccnce, but it takes polishing to bring out

a specimen's true colors.

Today, although it is very abundant, it is not often seen

because ii is difficull to mt, requiring special skill to bring

out its colors. It is best CUl as a low cabochon.

Labradorite < rystal

a ben polished it appears

in < hangejrom

l<> blue

&
if

?w

LABRADORITE
Named for Labrador, Newfoundland, northeast

anada, where the gem was first identified

by geologists in the 1770s, it was popular in

jewelry in France and England in the 18th

century. The best stones still come from

Labrador, but Finland, where it is known as

spectrolite, is also an important source.

1\1



FELDSPAR OLIGOCLASE (SUNSTONE)

With its bright, metallic glitter and its reddish to orange color,

sunstone, the gemstone variety of oligoclase feldspar, seems to

radiate warming rays. It has a long history - it has been found in

Viking burial mounds, and historians believe that it was valued as a

navigational aid, and Native American tribes used it in their Medicine-

Circles, trusting in its healing powers.

Feldspars are crystalline aluminosilicate minerals, which divide

into two groups depending on their chemical composition: the

potassium types, and the plagioclase types, which include albite,

labradorite, and oligoclase, with oligoclase at the sodium-rich

end of the series. Although they tend to crystallize in igneous

environments, they are also present in many metamorphic rocks

Oligoclase is frequently formed in lava flows.

Sunstone is evaluated based on its depth of color and the

orientation of its schiller. It is usually cut as low cabochons.

Rarely, transparent specimens are found that can be faceted,

and these are very valuable. The Norwegian sunstone i

considered the best in the world, although the Indian

stones, with their medium to dark orange color, are also

appreciated. The Oregon sunstone, although new to the

market, is already well respected. m
Sunstone goes under a variety of names, includ-

ing aventurine feldspar and heliotite. While it has

no rivals among naturally occurring gemstones,

beware of goldstone, a man-made imitation created

from glass and copper.

Cabochon

A Sunstone

cabochon set into

a hairpin.

SE (SUNSTONE)
il the 1800s, when good deposits

were found in Siberia, sunstone was a

OLIGOCLASE (SUNSTONE)

CHEMICAL composition Na[90-70%]

Ca[10-30%](Al,Si)4O8

COLOR OFF-WHITE OR GRAY, PALE YELLOW,

GREEN, BROWN, RED TO ORANGE

REFRACTIVE INDEX 1.53-1.55

RELATIVE DENSITY 2.62-2.65

HARDNESS 6-6.5

CRYSTAL GROUP TRICLINIC

CLEAVAGE PERFECT IN ONE DIRECTION,

GOOD IN ONE DIRECTION

FRACTURE CONCHOIDAL

TENACITY BRITTLE

LUSTER DULL TO VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION NONE

BIREFRINGENCE .008

PLEOCHROISM NONE

location Canada, India, Norway, Russia,

United States.

rare and very expensive gemstone.

But even then, supply was erratic and

the stone was little known. In the late

1990s, reserves were discovered in

the northwest US state of Oregon,

and today sunstone is a popular and

widely recognized gem. While most

sunstone gets its schiller from impurities

of hematite and goethite, Oregon

sunstone glimmers because of inclusions

of copper.

Oval cabochon

ofsunstone.
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SODALITK

Cabochon

Polished

Socialite < abot hon

with white call ..

from Namibia,

2. 56 carats

SODALITE

some may be sourced either from

Mount Vesuvius in Italy, or from the Ans

Quarry,Windhoek, central Namibia, they

are rarely large enough to be faceted.

Other locations of sodalite include

Tasmania, Australia; Ayopaya province,

Cochabamba, western Colombia: the

Eifel Mountains, Rhineland-Palatinate,

western Germany; and the Kola Peninsula,

northern Russia.

This rich blue stone takes its name from its high sodium content. H

is .1 constituenl of the gem lapis lazi ii. with which it is sometimes

confused; however, it lacks the sparkle of lapis, which is caused by

the presence ol brass} colored pyrite specks.

Sodalite is a major member of the feldspathoid group of minerals.

rhese minerals are similar to feldspars but with less silica content.

They are formed in alkali-rich but silica-poor environments, as in

alkaline igneous rocks such as nepheline syenites, and also in some

silica-poor dyke rocks and lavas. For example, sodalite is found on

Mount Vesuvius, Naples, southern Italy.

There are only three large deposits of sodalite in the world.

The most important source is the Bancroft

Mine (sometimes known as the "Princess

Mine"), Dungannon Township. Hastings

County, Ontario, eastern Canada. Other

major deposits are in the Ice River com-

plex. British Columbia, western Canada,

And around Litchfield, Kennebec County,

Maine, northeastern United States.

si idalite's pure blue color makes it a popular

stone for jewelry and ornaments. Sometimes

called the "wisdom stone." it is said to enhance

understanding and concentration, and also to

bolster courage. Attractive samples often contain

Stripes of white ( ah in . It is generally cut Hat or as

a cab( ichon.

< Rough

spei imen of

sodalite

1 1 1

B

-' t

'

SODALITE

CHEMICAL COMPOSITION Na„Al,,Si,0,,C,,

COMMONLV BLUE,ALSO PINK,COLOR

YELLOW, GREEN, OR GRAY-WHITE

1.48REFRACTIVE INDIA

id 1 vnVE DENSITY 2.1-2.3

ii VRDNESS 5-6

( in si\i GROUP CUBIC

t 1 1 WAGE RHOBDODECAHEDRAL, POOR

1 RA< 11 Kl CONCHOIDALTO UNEVEN

nitnii.i;TENACITY

1 1 s
1 IK VITREOUS

TRANSPAREN< i rRANSPARENT TO TRANSLUCENT

DISPl RSION NONE

NONE (isoruoi'K )lilld 1 RING] \< 1

I'l itx HROISM NONE

roc aiion Auslrali i. Bi a/il. Canada. Colombia,

( .eiinam .
( preenl and. lial\

. Namibia, Russia,

i nited States,

i\ I



HAUYNE

a;

A Haiiyne cabochon

of 0.71 carats.

rare silicate mineral, haiiyne is noted

.for its intense blue color. It was first

discovered in 1807 among Vesuvian lavas

on Monte Somma in southern Italy and

was named after R. J. Hairy ( 1743- 1822),

a French mineralogist and pioneer in

crystallography. Haiiyne occurs typically as

small, rounded grains in silica-poor, alkali-

rich lavas such as phonolites composed of

alkali feldspars and nepheline. Volcanoes

in Germany and Morocco are well-known

sources. The mineral also occurs in lapis lazuli, being similar in com-

position to lazurite, as well as other members of its sodalite group,

such as sodalite, nosean, bicchulite, kamaishilite,

tugtupite, and tsaregorodtsevite.

Haiiyne rarely occurs as individual crystals but

is grown together with other minerals. Twinning is

common in these well-formed coarse crystals.

Cutting is rare and difficult because of the perfect

cleavage, so pieces are generally faceted for collec-

tors. The gems are priced high, especially those

specimens with a deep sapphire-blue color.

The deep blue grains of

haiiyne are clearly visible.

Brilliant

Cabochon

HAUYNE
Other than Monte Somma of Vesuvius,

deposits are found in the Lazio and

Tuscany regions of west-central Italy.

Other major sites include Cygnet,

Tasmania, Australia; Catalonia, northeast

Spain; the Eifel Mountains, Rhineland-

Palatinate, western Germany, and Kaiser-

stuhl, Baden Wurttemberg, southwest

Germany; and the remote Sumaco Vol-

cano, north-central Ecuador. US deposits

of haiiyne include Sussex County, New
jersey; Colfax County, New Mexico; and

St Lawrence County, New York.

Blue haiiyne

on matrix.

HAUYNE
chemical composition

COLOR

REFRACTIVE index

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PI.EOCHROISM

Na(,CaAl:
,Si„CK

1
(S0

1 ) J

BLUE, ALSO GRAY, BROWN,

YELLOW-GREEN

1.50

2.4-2.5

5.5-6

CUBIC

PERFECT

UNEVEN

BRITTLE

VITREOUS TO GREASY

TRANSPARENT TO TRANSLUCENT

NONE (ISOTROPIC)

NONE

location Australia, Germany, Italy, Morocco,

Spain, Sweden, United States.
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LAPIS LAZULI

Oral lapis lazuli

at the center ofa

brooch pendant with

turquoise, carnelian,

and diamonds.

apis lazuli is a rock, a contact metamorphosed Limestone

that contains lazurite. It also contains pyrtte, which adds a

golden yellow sparkle, and 1 \uiri. which shows as white

flecks. Other trace minerals can include mm yne, sodaute,

diopside, wollastonite, amphibole, feldspar, mica, apatite,

SPHENE, ZIRCON, and pyroxenes. The stone was once

powdered and mixed with oil to produce the pigment

ultramarine (literally, "beyond the sea"), which is seen in

the beautiful blues of Renaissance paintings. Ultramarine

has been made synthetically since 1828. Lapis is Latin for

stone. The names of both la/uli and lazurite are derived

from the Persian word lazhuward and Latin word lazulum,

meaning "blue" or "heaven." The lapis la/uli name, often short-

ened to lapis, is sometimes mistakenly used for the mineral lazurite.

Lapis lazuli was mentioned in 2650 B( in the Sumerian epic of

Gilgamesh. The ancient Egyptians used it extensively in religious

ceremonies, and lapis items were found in the tomb of Tutankhamen.

It was a popular stone in Mesopotamia. Persia, and the ancient city of

I 1, which had a large trade in lapis lazuli. The Greeks and Romans

used it as a reward for bravery. The ancients also employed it for

inlaid work and for jewelry, amulets, and talismans. They named

it sapphirus ("blue"), which is now used for the blue corun-

dum variety of sapphire. Lapis lazuli is mentioned in the

biblical book of Exodus In the 17th century, it was used in

medicine to prevent miscarriages, epilepsy, and dementia.

s.,-;

A Rough spet imen

of lapis lazuli

Blue < rystal

oflapis lazuli

LAPIS LAZULI

Lapis lazuli usually occurs in crystalline limestone and is

formed in contact metamorphic rocks associated with pyrite

and calcite. It normally appears in massive and compact

forms or as fine, granular aggregates. The best lapis lazuli is

found in limestone in the Kokcha river valley of Badakhshan

province in northeastern Afghanistan, and these deposits in

the mines of Sar-e-Sang have been worked for more than

6.000 years. The Arab geographer Istakhri recorded a visit

there in the I Oth century, and Marco Polo visited and wrote

about the lapis mines in c. 1 27 1

.

Other occurrences include light blue boulders at the west-

ern end of Lake Baikal, southern Siberia, Russia; pale stones in

the Andes, near Ovalle, central Chile; and a dark variety in the

Rockies of Colorado, USA. It is also found in Italy, near Rome

and on Monte Somma.Vesuvius. Other sources include Baffin

San Bernardino County, California;

ie Pamir Mountains of central Asia.
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LAPIS l.A/,1 LI

Cabochon

Cameo

Polished

The value of lapis lazuli is largely determined by

the abundance and color of the dark intense blue

lazurite. The colors range from greenish-blue to

purple-blue. The flecks of gold pyrite and white

calcite can often increase the value or, when too

numerous or too large, decrease it. Lapis lazuli is

cut and polished to make gemstones for jewelry

and is also used as a decorative stone. Because it is

slightly soft, it is normally cut as cabochons, and

also used for beads, inlay material, and small

carved items. The opaque mineral takes a good

polish but may lose its luster because of its soft-

ness. A Gilson laboratory imitation was produced

in the mid 1970s but it is more porous. Other

imitations are made using the gem jasper artificially

stained blue; known as "Swiss lapis," and synthetic

spinel colored blue by cobalt.

LAPIS LAZULI

CHEMICAL COMPOSITION (Na,CaK(Al,Si), 2

(0,S),,(SO,Cl,OH),

COLOR AZURE•BLUE, TRANSLUCENT

1.50REFRACTIVE INDEX

RELATIVE DENSITY 2.4

HARDNESS 5.0-5.5

CRYSTAL GROUP CUBIC

CLEAVAGE POOR

FRACTURE UNEVEN

TENACITY

LUSTER VITREOUS

TRANSPARENCY TRANSLUCENT

DISPERSION NONE

BIREFRINGENCE NONE

PLEOCHROISM NONE

location Afghanistan, Angola, Burma

(Myanmar), Canada, Chile, Italy, Pakistan,

Russia, Tajikistan, United States.

Polished lapis lazuli

gem.

< Tliree different cuts

of lapis lazuli.
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SCAPOLITH

linllianl

Step

Violetfancy-cut

scapolite gem

( (IIxk/'i'II

m \ POLITE

< in mi< \i ( OMPOsrnoN (Na,Ca),(Si,Al)

o, 4(ci,c;o, ?
so,),.,

( I I AK H) Will I I OK Hil Ml GRAY,

()K Yiaiow TO ORANG]

AND PINKTO VIOLET

1.54-6.0

2.56-2"

5.5-6.0

TETRAGONAL l)ll"i kamidai

PRISMATK l\ rwo SETS, GOOD

si lie o\< IIOIDA1

HUM II I

VTTREOl s

IKWMI ( I \l |o IKWM'AKI \l

Ml 1)11 M (0. I~)

.012-0.36

DISTINCT

io< mion Australia, Burma (Myanmar), Canada,

Madagascar, Mexico, Norway, Sweden,

Tajikistan, Tanzania, I nited States

s< apoltte

i hi ii^ a round

, abot hon

Scapolite refers to .1 series of gemstones

ranging in color from clear to orange to

purple because of their varying chemical

compositions, from sodium-rich marialite to

calcium-rich meionite. It is commonly found

as prismatic crystals, giving rise to its name —

scapolite comes from a combination of two

Greek words, scapos for "rod." and lithos for

"stone." li is also sometimes known as wemcrite.

after the German geologist A. G. Werner

( 1749-1817).

Scapolite is interesting to collectors because it

belongs io a vcr\ rare symmetry class: the tetragonal dipyrarnidal

c lass. Only powellite and S< in inn are also members of this class. This

means that it has onl\ one primary four-fold axis of rotation and a

perpendicular mirror plane, but unfortunately it is rare to find crystals

in which this can be seen. The best samples are prized for their

color, particularly when yellow to orange or pink to violet. Only a

few gems more than 15 carats have been found. When cut. the stones

often exhibit a cats-eye effect, but because they easily splinter

they are difficult to fashion. Their low hardness means that they are

not suitable for use in rings,

and (he stones must be

treated w ith cue.

< OIOK

Klll<\< ii\i l\l)IX

Kl I \ll\l 1)1 \si| Y

ll\KI)\|ss

< in M U GROl 1'

CLEAVAG1

IK\( II Kl

I 1 \ \< I I 1

LUSTER

rRANSPAREN< ">

DISPERSION

I1IKI I RING1 N< I

l'llo< HROISM

Scapolite

crystals <>n

matrix

if

i T - v •

SCAPOLITE
Scapolite occurs in metamorphic rocks,

particularly in metamorphosed lime-

stone. It is also found in skarns close to

igneous contacts and as a replacement

of feldspars in altered igneous rocks.

>t found in Burma (Myan:

today the best-quality scapolite gem-

stones come from the Umba River area

of northeast Tanzania.
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NATROLITE

Acommon sodium zeolite mineral, colorless and transparent

natrolite has icy clear radiating sprays and is popular with

collectors. There are also varieties that are white or slightly tinted

yellow or brown. It was confirmed as a distinct species and named

in 1<S(H. The name comes from the Greek words natron meaning

"soda." in reference to its sodium content, and lithos for "stone."

Natrolite is fashioned into small faceted gems, such as table

cuts, but the demand for this is not great.

Massive material for cutting is

especially mined in Scotland

and Vestfold, southern Norway.

Natrolite occurs typically in

the cavities of basaltic and

other igneous rocks. Like most

zeolites, it has a porous structure

of well-defined channels on an

atomic scale that makes it into a

molecular sieve. Water and large

ions can travel throughout the crystal structure.

Natrolite is often found with two other fibrous

zeolites: mesolite and scolecite. The three are closely

related and easily confused in the field because

they have a similar acicular (needle-like) habit.

However, natrolite is orthorhombic and the pseudo-

orthorhombic mesolite and pseudo-tetragonal

scolecite are both monoclinic. Natrolite's other

associated minerals include benitoite, apophyllite.

quartz, rhodochrosite, neptunite, and analcime.

Table

Table-cut

natrolite gem.

"ROUTE

NATROLITE

CHEMICAL composition Na Al,Si,0,„2H 2

COLOR COLORLESS, WHITE,

YELLOWISH, BROWNISH

REFRACTIVE INDEX 1.48-1.49

RELATIVE DENSITY 2.2-2.3

HARDNESS 5-5.5

CRYSTAL GROUP orthorhombic:

CLEAVAGE PERFECT IN TWO DIRECTIONS

FRACTURE UNEVEN

TENACITY- BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT TO TRANSLUCENT

DISPERSION NONE

BIREFRINGENCE .0038-.004

PLEOCHROISM NONE

location Australia Canada, Czech Republic,

Germany, Hungary, India, Italy, Norway, Russia,

Scotland, Sweden, United States.

icotland and I

Bohemia in the Czech Republic; Ice

River Complex, British Columbia,

western Canada, and lie de Montreal

County, Quebec, eastern Canada;

Bavaria, southern Germany; Veszprem

County, western Hungary; Sardinia, Italy;

and the Kola Peninsula, northern Russia.

US sites include San Benito County,

California; Horseshoe Dam, Arizona;

Passaic County, New Jersey; and Kings

Mountain, North Carolina.

Natrolite crystals

an matrix.
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THOMSONITE

Bead

Cabot, bon

THOMSONITE
< IIIMK U < OMPOSITION

< OLOR

1(1 I KM ll\l INDEX

Ri i \m\i di Nsrn

HARDNESS

< KIM \l GROl I'

( I! WAGI

FRACII Kl

rENAcm

M STER

IK\\M'\KI\< "1

DISPERSION

BIREFRING1 \< I

1'inx HROISM

Thomsonite is .i rare member ol the zeolite group, occurring in

cavities in lavas, and as .i decomposition product of nepheline.

Because il lias open channels, (Ik- mineral acts as a chemical sieve,

allow ing some ions to pass through bu! blocking others, li was named
in L820 after Thomas rhomson I l 3-1852), a Scottish chemist who
discovered it in the Kilpatrick Mills of Dunbartonshire, west-central

Scodand. It is similar to wiicmn Inn is usualh more coarsely

crystalline. Thomsonite is also difficult to distinguish by sight from

other fibrous zeolites Associated minerals also include calcite,

qi \kt/. stilbite, ami calchabazite.

Thomsonite crystals have an acicular (needle-shaped) form in radiat-

ing or divergent aggregates. Fibrous, spherical, and tabular crystals also

occur Gemstones arc normally pure white, but collectors

prize those tinged with red. green, yellow, and purple

1 1
use crystals have the luster of porcelain, and this is

improved In faceting. Thomsonite

is rarely cut as a gem. ( !ab< ich<

are cut tor rings, and thon

sonite beads are popular

NaCa,ALSuO,.6H.()

WHIM ,SOMl nMES ITNGED

WITH KID. I'l RPL1 .YELLOW,

GREEN.AND BROW N

1 S2- 1.5-4

2.1-2.4

5-5.5

ORTHORHOMBK

coon

i \i\i \

BRITTLE

VITREOUS TO I'l \M\

rRANSPARl M rOTRANSU < I \l

Dlsii\( I ro STRONG

.005-.015

\o\l

io( mion Canada, Czech Republic Germany,

Itah . St otland, l nited States.

Thomsonite

on matrix

nsonite

lions ^Bf

s

THOMSONITE
Sources of thomsonite include Flinders,

Victoria, Australia; Severocesky Kraj,

Bohemia, Czech Republic; the Eifel

Mountains, Rhineland-Palatinate, western

Germany; Sardinia, Italy; Kaipara, North

Island. New Zealand; Kola Peninsula,

northern Russia; and Invernesshire,

northern Scotland. Gem-quality pieces in

the US are found along the shores of

Lake Michigan and Lake Superior;

especially Keweenaw County, Michigan.

Other US deposits include Grant County,

Lane County and Wheeler County, all

in Oregon.

i nil links made

/nun < aboc hulls

"/ thomsonite with

i abo> him rubies

< At it ular < urn lie

like) i rystals oj

ih< imsonite
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OBSIDIAN

Obsidian is the best-known glassy rock. It is a volcanic glass and

is supposedly named after Obsidian, a Roman said to have

brought the first specimens from Lake Shalla, Ethiopia, to Rome. The

rock originates from explosive volcanoes. It is made of the same

minerals as granite but cooled too quickly to crystallize. Obsidian has

no crystalline structure but may contain rare tiny crystals of quartz,

FELDSPARS, pyroxene or magnetite.

Being a siliceous glass, it breaks with a conchoidal fracture produc-

ing sharp slivers that must be handled carefully. Obsidian may be

fashioned into a razor-sharp cutting edge, and ancient civilizations

used it for jewelry, mirrors, arrowheads, spearheads, scrapers, and

cutting tools, such as the sacrificial knives of the Aztecs.

Today, transparent specimens are faceted, usually into step cuts,

while less transparent pieces are fashioned into cabochons or table

cuts. Brilliants are also popular. Dark nodules found in Mexico and in

Arizona and New Mexico in the United States are called

"Apache tears," which Native Americans have long

used for decorative pieces and jewelry, such as

necklaces, bracelets, and amulets. Also especially

prized as jewelry is the rare

snowflake obsidian, with white

patches that are internal bubbles

or crystals of potassium feldspar.

Another favorite is the silky lus-

tered variety with a sheen caused

by minute crystals ("crystallites"!.

ff^^rl

Cabochon

Polished

OBSIDIAN

CHEMICAL COMPOSITION Si0 2 (+ IMPURITIES)

K, SOMETIMES BROWN,

GRAY, REDDISH

COLOR BLAC

REFRACTIVE INDEX 1.48-1.53

RELATIVE DENSITY 2.33-2.60

HARDNESS 5.5-7

AMORPHOUSCRYSTAL GROUP

CLEAVAGE NONE

FRACTURE

TENACITY

CONCHOIDAL

BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSLUCENT TO SEMITRANSPARENT

OR OPAQUE

DISPERSION

BIREFRINGENCE

VERY LOW

NONE

PLEOCHROISM NONE

location Armenia, Ecuador, Germany
Guatemala, Hungary, Iceland, Indonesia, Italy,

Japan, Mexico, New Zealand, Russia, Scotland,

Slovak Republic, United Kingdom, United States.

occurrences in i

Obsidian Cliffs in west-central Oregon,

the Obsidian Cliff at Yellowstone

National Park in Wyoming, the Glass

Buttes in Oregon (entirely of obsidian),

and other states, including New Mexico,

Utah, and Hawaii. Other locations

include Cumbria in England; the Lipari

Islands of Italy; and Mexico, Iceland,

Japan, Java in Indonesia, Hungary, Slovak

Republic, Ecuador, and Guatemala.

Polished

cabochon and

heart-shaped

obsidian.

Obsidian with

typical conchoidal

fracture
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TEKTITE (MOLDAYITE)

Marquise and

heart-shaped

,i moldavite

TEKTITE (MOLDAVITE)

In 1 787, the first tektites were discovered in the

River Moldau (the German name for River

Vltava) in Bohemia, Czechoslovakia - hence their

original name of moldavites.Tektites began to be

discovered in other countries around 1 860, and

the moldavite name is now mostly restricted

to specimens from the Czech Republic and finds

in Germany and Austria. Tektites are named

according to the area in which they are found,

and the other principal types are australites

from the southern pail of Australia, Tasmania

is called "Darwin glass"), and coastal

. philippinites from the Philippines and

southern China; javaites from Java, Indonesia;

malaysianites from ! ndochinites from

a (Myanmar), China, Laos, and

Ivory Coast tektites from the Ivory

bediasites first discovered at Bedias,

USA; and Georgia tektites

lass is some-

i : but is more likely to be an

pecimens from Peru

.ere once throught to be ;

nmericanites. It has been

like 650.000 t

philippinites

000.

Tektites are small glass) objects that, unlike meteorites, are found

onl) in certain, rather limited areas of ihe Earth's surface,

( hemically, tektites comprise a silica-rich glass which is also rich in

aluminum, potash, and lime, and can be matched by a few igneous

and sedimentary rocks. The name comes from the Greek word tektos,

meaning "melted." Tektites are usually small, the majority being

less ih.m 10 ounces (300 grams) in weight, and about 0.5 to 1 inch

(1 to 3 centimeters) across, but some examples up to 2^ pounds

(12 kilograms) are recorded. The shape of tektites is variable, but

iscoid, lensoid, button-shaped, tear-drop, dumb-bell, spherical, and

xxit shapes commonly occur.

Tektites are mostly crustal in composition with uneven or

rough surfaces that show cracks from cooling. This has led

to theories for their origin being the melting of terrestrial

locks through the impact of large meteorites or comets

with the Earth. The australite button form lent strong sup-

port to the theory that tektites tome from outside

the atmosphere, since they melted on the forward

side and this flowed toward the back. This heat

causes part of a meteorite and Earth rock to melt

and combine in a molten mass, like a glass

meteorite that is sometimes known as a "melt

droplet." Some contain bubbles that are round or

shaped like a torpedo, and there are no crystalline

inclusions .is seen in volcanic obsidian. Other

theories proposed an extraterrestrial origin, with

meteors melting as they passed through the

atmosphere, but a terrestrial origin is now favored.

/
*

1

tj) ~~%^%

o australites rv o

o philippinites

\. ^m •. u
o javaites

S- \

^5
o malaysianites

•

o indochinites ' ^
o Ivory Coast tektites

/

o bediasites

o Georgia tektites

o moldavites
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TEKTITE (MOLDAVITE )

Brilliant

Various shape

oftektites. Cushion

Some tektites are smooth and shiny but others have a rough,

strongly etched, and eroded surface, often with a system of grooves

which reflect flow patterns within the glass. Most tektites are jet-

black but thin flakes are transparent or translucent

in shades of brown. The moldavites, however, are

dark green and in thin flakes are transparent and

bottle-green. They have an intense vitreous luster

and are most suitable for faceting, and these are cut

and polished as beads and fashioned into brilliant

and cushion cuts for jewelry. Uncut moldavites

are more valuable and are set in gold and silver.

Specimens have also been carved into small,

decorative items.

Bead

TEKTITE (MOLDAVITE)

CHEMICAL COMPOSITION Si

FeO,MgO

CK.Al.CnTe.GN,

CaO,Na,0,K,0

VLLY DARK GREENCOLOR usu

REFRACTIVE INDEX 1.48-1.50

2.3-2.4RELATIVE DENSITY

HARDNESS 5.5-6.5

CRYSTAL GROUP AMORPHOUS

CLEAVAGE NONE

FRACTURE VARIOUS

TENACITY BRITTLE

LUSTER VITREOUS

TRANSPARENCY TRANSPARENT

DISPERSION NONE

BIREFRINGENCE NONE

PLEOCHROISM NONE

location Australia, Austria, China

Republic, Germany, Indonesia, Ivi

Libya, Malaysia, Philippines, Thai]

United States, Vietnam.

, Czech

3iy Coast,

and,

Mottled

green tektite.

< Map of the

majorfinds

oftektites.
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SYNTHETICS & IMITATIONS

r.
-.'

Cubic zirconia

(CZ) gem

A synthetic gemstone is one that is artifically created. Jewelers

sometimes draw a distinction, saying a simulated gem imitates a

real stone dike colored glass used for ruby), but a synthetic gem is a

real gem produced in a laboratory and having the same chemical com-

position, atomic structure, and physical properties of the natural stone.

Synthetic diamond can he produced by mimicking the diamond's

natural growth using a high-pressure, high-temperature synthesis

process or a chemical vapor deposition (CAD) with a reactive

gas mixture. About 80% of imitation diamonds on the market

are made of cubic zirconia (CZ), a compound that is the cubic

form of zirconium oxide, with yttrium oxide as a stabilizing

agent, both are white, opaque ores before being melted

together by extremely high temperatures. CZ possesses the

diamond's fire and brilliance, is nearly as hard but more brittle,

and weighs 1

-
times as much. The brilliance of CZ can be dulled

by contact with soap, make-up, and the natural oils of fingers.

The best variety is colorless or white, but CZ is also produced in

such colors as yellow, pink and black by adding chemical additives.

It was discovered in 1937 by two German mineralogists, successfully

grown in a laboratory in the 1970s by Soviet scientists, and first pro-

duced for mass consumption in the P),S(ls by an Austrian company.

Yttrium aluminum garnet (YAG) was introduced in 1969, and

became a popular diamond imitation in the 1970s until overtaken by

the newer CZ. lis popularity increased when the actor Richard

burton gave a 69-carat VAC. stone to his wife. Elizabeth Taylor. VAC

has been marketed under many names, including "Diamonaire' and

"Diagem." It has less fire than a diamond and is heavier, but other-

wise shows a good resemblance. It cuts and polishes like garnet.

Bottles "I synthetU ruby

and synthetit sapphire

11 .



SYNTHETICS & IMITATIONS

^ Large crystal

ofsynthetic emerald.

One of the most recent diamond imitations is called moissanite,

which resembles diamond to such a degree that it can be falsely

sold as the true gem. However, a trained gemologist using a

microscope can readily spot the difference. Moissanite is doubly

refractive, whereas diamond is singly refractive. It is made of labora-

tory materials with similar properties to silicon carbide, which was
first discovered in 1893 by French scientist Dr Henri Moissan

(1852-1907) in part of a meteorite in the huge Barringer Meteor

Crater, Arizona. In 199^ the US company Cree developed a process

for producing large, single crystals of silicon carbide. Moissanite is

actually more brilliant than a diamond, has a higher

luster, and is slightly less heavy.

Other diamond simulants have included color-

less synthetic corundum, synthetic and natural

spinel, synthetic and natural rutile, synthetic sap-

phire, synthetic beryl, quartz, zircon, topaz and

glass (paste). Many other synthetic stones are on

the market. For example, synthetic emerald is

made with beryllium aluminum silicate, and

synthetic alexandrite is produced using an oxide of

beryllium and aluminum.

The imitations of organic gems include cultured

pearls and pearls made by dipping alabaster glass

beads into a solution of fish-scale essence and

lacquer; tortoiseshell imitated by plastic; and coral

simulated by staining vegetable ivory, bone, glass,

porcelain, or plastic.

The manufacture of synthetic gems is big business.

In 2006, the estimated production of synthetics in

the US was US$47.4 million.

f Yttrium aluminum

garnet (YAG) gem.

HISTORY OF SYf

Imitation gems have u

7,000 years, with the ancient Egyptians using

a colored ceramic to imitate turquoise.

Laboratory gems, by contrast, were developed

used as industrial gems. In 1902, the first

commercially successful laboratory making

synthetic gems was established by Auguste

Verneuil (1856-1913). He made a synthetic

ruby using powdered aluminum mixed with

chromium oxide. Other creations have included

synthetic spinel produced in 1908, synthetic

sapphire created in 1911, and synthetic diamond

made in 1955.
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ORGANICS

A Mother-of-pearl brooch with

a culturedpearl at the center.

Organic gems are formed by the biological processes of living

organisms, and are therefore found on land and underwater.

The mam organic gems from animals arc pearl, rvoRY, shell (including

MOTHEROF-PEARJ and TORTOISESHELI.), and CORAL, while ihose derived

from plants are v\im k and (1 i The mosl desired are pearls, which are

the second best-selling gem after diamonds. Organic gems were the

earliest type of caned gems, because their softness allowed them to

be cut with simple tools. Ancient burial sites have yielded many

artifacts made of these types of gems.

Secondary organic gems and collectables include tagua nuts and

fossils such as shark teeth And dinosaur eggs. A fossil such as

ammonite can be cut into gems, and other small fossil pieces are used

in necklaces and bracelets. Tagua nuts, known as vegetable ivory,"

are dried seed pods of the tagua palm tree found in the rain forests of

Ecuador. Its outer skin covers a very hard egg-sized white interior that

resembles ivory and can be caned like it. Artisans since the 19th

century have produced items like jewelry pendants, inlays, buttons,

and small figurines such as animals.

Organic gems are soft ami porous. They scratch easily and absorb

cosmetics, perfume anil chemicals like hairspray. processes that could

eventually devalue them. For these reasons, the gems should not be

worn dining intense activity and should not be dipped in chemical

cleaners, but rather wiped clean with a moist cloth. It is also unwise

to store them lor lengthy periods in a closed container because dry air

m.iv cause the gems to crack.

•* Single-strand

net IJtit e of21 baroque

( ultured pearls, pined by

a jKirc diamond < lasp.
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ORG \ \ 1 1
•> PEARL

a:
pearl is the lustrous, hard, and smooth rounded

.mass created inside all bivalve mollusks, but

the only pearls prized as gem quality are in

mollusks that produce them with nacre. Nacre is

\k\i,<)\hf, a calcium carbonate similar to mother-

OF-pearl. Most pearls come from seawater mollusks,

generally the large "pearl oysters" of the genus Pinctada,

although they are not true oysters. Other pearl-producing

mollusks are giant clams and giant conches, and pearls are

also found in freshwater clams and mussels.

Pearls are formed when foreign matter like a grain of

sand or a small parasite invades the mollusk, which

envelops it within a soft body-part such as the mantle

(tissue between the shell and body) which secretes

nacre. A sac surrounds the irritant, and pearl building

takes place within it. More nacre builds up a spherical or near-

spherical "cyst" pearl - a pear-shaped pearl often taking about seven

years. Sometimes an irritant is lodged in the mollusk's muscles, and

the resultant pressure produces odd-shaped "blister" pearls.

Pearls are normally white or bluish-gray but can be pink or black,

or dyed a range of other colors. The most highly valued are oriental

pearls because of their iriciescence, translucence, shape, and deep
pearly luster created by diffraction and interference. Pearls are normally-

worn as earrings or necklaces, because they are comparatively soft

and can be scratched with a coin, pin, or knife. They are also easily

damaged by acids and heat.

Cultured pearls were first created by the Chinese in

the 12th or 13th century, and the Japanese developed the

industry in the late 1890s. These pearls are created by

placing a small bead, usually made from mother-of-pearl

shell, into the mantle of a three-year-old oyster for about

four years. The nacre is laid down in parallel layers, while

a genuine pearl has a concentric construction. If the nacre

is too thin it will rub away.

The pearl was greatly valued in ancient China and India

The Greeks and Etruscans produced jewelry featuring

pearls. The Romans sought them as prized gems and

only citizens of a high rank were allowed to wear them.

During the Renaissance, women wore pearls as necklaces,

pendants, and earrings that dangled from gold wires. The
largest known pearl is the Pearl of Laotze

(or Pearl of Allah), weighing 14 pounds

and 1 ounce (6.37 kilograms),

found inside a giant clam in the

Philippines in 1934.

Bead

** Black and white culturedpearl

earpendant with marquise ami

circular-cut diamonds.

Art Nouveau

pendant, designed

(c. 1900) by

Georges Fouquet.

\. £' i

featuring a pearl.

<>[hiI and rose-cut -i
diamonds.

:- Opaque ovalpearl

from China. 3-10 carats.

PEARL

Seawater pearls are found in subtropical

and tropical waters, such as the Persian

Gulf, especially from Oman to Qatar;

the Gulf of Manaar in the Indian Ocean,

which has the highly valued rose-

colored variety; the coastal waters of

East Africa from the island of Zanzibar

to Mozambique; the Red Sea, although

production has dwindled; the northwest

of the Australian coast which has silvery

white pearls; the islands of the South

Pacific; and the US coasts of California

and Florida. Freshwater pearls occur in

the rivers of Europe and the United

States, such as the Mississippi. "Scotch

pearls" are in Scottish rivers like the Tay

and Spey, and other pearls come from

the River Conway in northern Wales.
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si 1 ELL I MOTHER-OF-PEARL) ORG \\H S

Cabochon

Mother-of-pearl

shellfrom ( hina

i5.10 carats

Cameo

Polished

Pair ofsheUand

gold can lips de

as turbo shells by

Seaman s ( beoos and

enhanced by sapphires

I \mmolite t onsists "I brilliant,

intensely hued bits "I the shell oj

ammonite, a fossilized mollusk

it is found only in southern Uberta

Canada In appearance, it resembles

blot k "i 'a!

Shells are compi sed > >i cal-

cium carbonate and grow

in all <>oi. ins Thej are carved

into cameos, used for ml.i\ work,

and made into buttons, ornaments,

and jewelry like- beads and necklaces.

shclK wiih a pearl} luster are ground back

u> the colorful, iridescent, nacreous interior

layers and then the} are polished

Mother-of-pearl Is nacre, the smooth calcium

carbonate lining ol iridescenl luster found in

some shells, such as (he large pearl oysters,

abalones existing in American waters, pearl mussels, and paua shells

from \cw Zealand Nacre is the substance of which pearls are made.

The mineral UlAGONm gives the luster to mother-of-pearl, while the

color depends on the mollusk type and its location. Whiteness is

produced by bleaching. Valued for its delicate beauty, a layer of

mother-ol-pearl is used lor jewelrj (often for children), inlay work,

and decorative ornaments, as well as practical pieces, such as buttons

and knife handles

Shells having layers ol different colors are also valued for cameos.

with a figure in one color standing out against a background of

another color. The layered giant conch shell, lor example, is carved as

( ameos to reveal the two colors of pink and white. Helmet shells from

the waters ol the Caribbean are also used to create cameos. All of these

low-relief carvings are curved, following the shape of the shell.

The Operculum is also often used for jewelry. This material

covers the shell opening of the large sea snail from the

tropical waters around Australia, Tahiti, Fiji, and Samoa. The

perculum, from 0.2 to 3 inches 1 5 to 75 millimeters), is dome

shaped with circular markings of green, brown, and white.

Underneath, it has a spiral pattern ol growth.

Another popular shell is the larger top shell. It is a

low ctmical shape and has a pearly interior. The\ are

sometimes made into beads and strung as necklaces.

SHELL (MOTHER-OF-PEARL)

The iridescent color of the mother-

of-pearl of the abalone shell in the

Caribbean is predominantly red and

pink. Abalone is also called ear-shells

ormer in the Channel Islands of Jersey

and Guernsey between England and

France, perlemoen in South Africa, and

m New Zealand. The iridescence

of the paua shell is blue and green.



ORG \\U s SHELL (TORTOISESHELL)

T:
1oitoiseshel] is not the

shell of a tortoise; in

fact it i.s the carapace

(shield) of the hawksbill

sea turtle ( Eretmochelys

inbricatd). The hawksbill

is a tropical marine turtle,

found around coral reefs and

lagoons in the Atlantic, Pacific, and

Indian oceans. Hawksbills nest through-

out the tropics, with important rookeries at

sites in Queensland in Australia, the Seychelles,

Caribbean, and Mexico. The carapace resembles horn,

but is harder and more brittle. The shells must be flattened and can be

pressed together by a heat process. It is then polished and cut.

The marbled pattern of several colors on a

yellow background and the deep translucence of

the shield have long been used to create jewelry

and decorative items like combs, frames for glasses,

necklaces, brooches, clocks, ashtrays, lamps, and

knife handles. Tortoiseshell has also been valued

since Roman times as an inlay for furniture,

although imitative plastic is generally used today.

The Romans were introduced to the shells by the

Egyptians. In the 17th century, the French turned

tortoiseshell carving into an art, adding designs in

gold, silver, and mother-of-pearl.

•^ The marbledpattern

ofpolished and cut

tortoiseshell. The sale

oj Ihe sea turtle's shell

is banned.

SHELL (TORTOISESHELL)

Hawksbill turtles I

endangered species sii 1973, and an

international treaty bans the sale of the

shells.This has nearly killed the thousand-

year-old tradition in Japan of carving

tortoiseshell (bekko in Japanese). Before

the ban, the Japanese annually imported

about 33 tons of hawksbill shell, which is

equivalent to 3
1
,000 turtles.

mm < v* I

> Tortoiseshell. die/mom/,

and ruby brooch designed

by Nardi. The carved

tortoiseshell hand is

modeled on the hand of the

Dogaressa, wife ofthe Doge

< historic rider of Venice).

*<*:

The hawksbill turtle is

endangeredfor two reasons

- its eggs andflesh are

regarded as a delicacy.

and its carapace has

been prized since ancient

times as the sourcefor

tortoiseshell

.
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CORAL . IRG Wli •-

Coral, pearl andgold

cameo ofBat t bus, designed

'< 185 // by i ram ois Desire

Froment- Meuru e

CORAL
\\ types exist in warm waters

from 20 to 1 ,000 feet (5 to 300 meters)

deep, with the best-quality coral found

from 1 00 to 1 60 feet (30 to 50 meters).

Red and pink corals exist along the

Med r s of Italy, Fra nee, and

>!den coral occur off

id the West Indies.

;l comes from the

.vhite

Other deposits

>d off the

Coral is made b} small and simple marine invertebrate animals

such as the coral polyp, which is related to sea anemones. Their

dense limestone (calcium carbonate) skeletons cluster together and

build up over thousands ol years into coral reels and coral islands.

Corals can exisl as single, usually cone-shaped coralites, commonly

tailed horn corals. Mosl corals, however, are joined together in

massive colonies. The mosl abundant fossil corals are scleractinian

corals in reefs As more animals are created In budding, lower

individuals die and their skeletons add new layers that can

form fringing reefs along the shore, barrier reels offshore,

.\])d atolN (circular reels enclosing a lagoon). Marine plants

like algae also add their skeletal structures to the reefs.

Coral reels support living corals and many varieties of

plant and animal life. The most famous reef is the Great Barrier

neei oil northeastern Australia, which extends for more than 1,250

miles (2,000 kilometers i. The reels are now lacing environmental

damage from global warming, water pollution, coastal development,

overfishing, and tourism. In b) l ).s the El Nino climate event destroyed

about 16% of the world's reels in nine months. More than 60 countries

suffered coral bleaching, in which high temperatures expel the algae

from the reefs. The most damaged reels are in the Persian Gulf,

Indian Ocean, Southeast and East \sia. a\u\ the Atlantic Ocean and

Caribbean. The healthiest reels are in the Pacific Ocean and off

Australia. Research by the Global Coral Reel Monitoring Network

predicts that 60% of the worlds reels could be lost by 2030 if

warming continues. Coral harvesting has become

more' strictly regulated and coral more expensive.

Precious coral has long been used lor jewelry

and decoration. The Romans believed red Mediter-

ranean coral had magical and medicinal properties,

and Roman children wore coral necklaces as

protection from dangers. The Cauls used coral to

Coral bran* bes m then

mutual \iaic andpolished

i Mini/ lies



ORG \\l< s CORAL

Bead

Cabochon

Cameo

•4 Four-strand coral

necklace, each strand

composed ofgraduated

coral rondelles.

decorate their helmets and weapons. Victorian babies from wealthy

families had teething rings of coral. Native American artisans, like the

Navajo, Hopi, Zuni, and Pueblo, also created fine coral pieces.

Today, craftsmen, especially in Italy, have developed great skills in

cutting, carving, and polishing coral. Precious red and white corals

are especially used for jewelry. Pieces are cut as cabochons and

many are faceted and fashioned as beads. Coral with different shapes

is perforated to be strung as necklaces and bracelets. Domed pieces

are formed to set in brooches, and others are used in earrings,

pendants, pins, and rings, as well as being carved into small figurines

and cameos.

Black coral is also known as Akabarov "King's coral," and blue coral

is also called Akori. Red, pink, white, and blue corals are made of

calcium carbonate, while black and golden corals are formed from a

material known as conchiolin. All corals have a delicate graining of

stripes or spots in their skeletal structure.

A Polished cabochon

of coralfrom the

Philippines, 20.25

carats.
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Art Nouveau nary amethyst

and enamelpendant and

fir, I i, 1905)

by Rene Lalique

vory is the hard white dentine from the tusks of elephants and

some oilier animals, such .is walruses, sperm whales, and nar-

whals Only the elephant's ivory is large enough to be of good

commercial value Tins thickened dental enamel has a rich

creamy color, excellent texture, and is elastic. Ivory from

African elephants has a transparent mellow color with

almost no grain or mottling. Indian elephants, which have

smaller tusks (or none at all), produce ivory that is more

white but also yellows more easily. Most ivory is soft enough

to lx- carved with ordinary wood-carving chisels, hut hard

ivory is found in the western hall ol Africa. Ivory is very durable,

is difficult to damage or destroy, does not burn, and resists water.

\i us.ms in to retain the original shape oi the ivory piece if possible.

1 )ue to Cn ES restrictions t seepanel below), several materials have been

used to replace ivory. These include plastic, bone. horn, and vegetable

ivory, which is the hard albumen of the seeds ol palm trees such as the

ivory palm from Peru and the doum palm ol the Nile region of Africa.

< arved ivory has been greatly prized for millennia. Carvings esti-

mated io be about 30,000 years old have been found on mammoth

ivory in French caves. The Chinese caned fine ivory figures in the

1 1.m dynasty (206 B< \i> 220). The ancient civilizations of Egypt,

Babylon, Japan, India. Greece, and Rome produced works in ivory,

iven the plague in Britain during the Roman occupation may have

icen caused by rats on ships carrying the popular ivory to the

Romans. Between the 7th and 12th centuries, a very sophisticated

tradition of ivory caning developed in Britain, and by the 13th century

IVORY

Because of ivory's great popularity, elephants have been

slaughtered for their tusks to the extent that their very

existence in Africa is threatened. The African elephant is the

major source of ivory, since male Asian elephants have smaller

tusks and Asian females are tuskless. The African elephant

population fell from 1.3 million in 1979 to 609.000 in 1989.

This led to an international treaty in 1 989 banning the ivory

trade.The treaty was established by the Convention on Inter-

national Trade in Endangered Species (CITES), a United

Nations agency. Before the 1 989 CITES ban, illegal and legal

ivory imounted to 770 tons, or 75,000 elephants.

t eased the restrictions to allow

abwe to cut legal stockpiles.

In 20 d Namibia, South Africa, and Botswana

to sell up to 30 tons of their stockpiles. Illegal poaching

ioday. China and Japan are the leading export
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Bead

Cameo

Polished

4 Two men, amid large piles

of elephant tusks, measure and

weigh a tusk. The ivory was

obtainedfrom an elephant

cull in Kruger National Park,

South Africa.

V Ivory casketsfrom the late

19th century.

Europeans began to create highly elaborate ornamental carvings.

Ivory has also long been used for inlay work and as a fine surface for

miniature paintings.

The modern uses of ivory have included piano keys, fine-toothed

combs, chess pieces, pistol handles, and figurines. Billiard balls were

traditionally made of ivory, but synthetic materials are now used for

these and other items. The Japanese regard ivory as a precious

material and have employed it for ornamental buttons and other

decorative and functional items. Ivory is also a good heat

insulator, and is used in teapots, coffeepots, and some

electronic equipment.

Ivory from other animals has had periods of popu-

larity. Walrus tusks were often carved in the Middle

Ages in northern European lands, and hippopotamus

teeth were widely used in the 18th and 19th centuries

in England and France. Eskimos in North America

carved ivory from walrus tusks, which were also used

along with whale teeth by sailors for their carvings

("scrimshaws").
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Warm, gkro ing and imbued \\ ith the traces of millions of years in

Earth's history, amber has attracted attention since prehistoric

times Stone Age amber artifacts are on display in museums around the

world, in classical times, i< was used medicinally and was also believed

to offer a magical light for the deceased as they progressed through

the underworld. From the lath century, guilds of craftsmen specialized

in creating jewelry m^\ ornaments, both large and small, from amber.

today, it is sought after In collectors and jewelry lovers for its

appearance, as well as In scientists pursuing knowledge of the

ancient history of the Earth.

Amber is not a mineral. Rather it is organic material, the fossilized

resin oi ancient trees formed through natural polymerization of the

original organic compounds. It is usually found within Cretaceous or

Tertiary sedimentary rocks, especially clays, shale and sandstones and

associated with lignite (a woody, brown coal formed from the

remains of the tree that produced the resin). Amber is also found

washed Up on the seashore, because its relative density is such that it

fl< tats in sal! water.

Rubbing amber with a cloth will generate static electricity, causing

paper to stick to it. This property has been recognized since ancient

times, and in fact the word "electricity" derives from the ancient Greek

word lor amber, elektron, meaning "sun-made.'

Amber is very prone to inclusions, because the resin from which it

is formed is a sticky substance, produced by trees as a defense against

wood boring insects. Resin entraps not onl\ inserts, like Hies and

bees, but also larger living things, from grasshoppers to lizards and

even small frogs. More than 1,000 extinct species oi insect have been

idcntiliccl from remains found in amber. Amber also

trapped flowers, mushrooms and leaves, as well as hair

and feathers. These types of inclusions greatly increase the

value of .m amber specimen, and have more bearing on

price than color or clarity. Liquid and air bubbles can also

be included, but when amber is to be used in jewelry,

these- are often removed In

boiling it in rapesced oil

ioi mion I .in ma (Myanmar), Dominican

Republk ,
I siom.i Italy, Latvia, Lithuania,

Netherlands, Romania Russia i nited Kingdom.

I nited Mates

A Various fai ets

and i olors of

(llllllCI
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ORG iNICS AMBIiR

AMBER
Until the mid 19th century, most amber, then often known as

"seastone," was picked up along the seashore. From the mid

1 9th century, dredging operations began along the shores of

the Baltic, and mining, often open-pit, started in the late 1 9th

century.Today, the Baltic states (Estonia, Latvia, and Lithuania)

remain an important source of amber The Curoniar

in western Lithuania is known as the "Amber Coast.

Santo Domingo, and the city of Santiago.

Amber is found in a range of colors. The most common, and most

popular, falls into the yellow to reddish-orange range, but amber can

also be white, green or even blue. Some scientists believe that color

is in a large part due to the source tree: for example, pines produce

golden-yellow amber, while deciduous trees are responsible for the

more reddish material. A green color is due to residues of other

decomposed organic materials. Most amber will darken to a mellow

brown after long exposure to air.

There are two common classification schemes for amber. One is

based on the source location. For example, Romanian amber is

rumanite, Sicilian amber is simetite, and Burmese amber is burmite.

Baltic amber is known as succinite (because it contains succinic

acid). The other scheme is based on appearance. Amber is judged

on its transparency, from clear to cloudy. Cloudy amber is then

subdivided into fatty amber (translucent yellow, with inclusions of

suspended dust particles); bony or osseous amber (opaque and

whitish to brown); and foamy (opaque, very soft, often with

inclusions of pyrite).

Amber requires great care. It is extremely heat-sensitive - it has

been burned as incense for centuries - and must be protected from

heat sources, including hot water and even strong sunlight, which can

cause it to dehydrate. It is also very sensitive to hairspray and

perfume, and contact can produce white encrustations. Because it is

soft, it should also be protected from bumps and scratching: store

separately from other jewelry, and string beads of amber with knots

in between. Ultrasonic or steam cleaning can cause amber to shatter -

it should be cleaned with warm (not hot) water and a soft cloth.

There is much imitation amber on the market, made of glass or

plastic or even modern tree resins. Amber feels warm to the touch

and will float in salt water. The residues from cutting, as well as small

pieces too small to cut or polish, are heat processed to create

ambroid, or pressed amber. In such pieces, the translucence tends to

be variable, and internal air bubbles are sometimes elongated due

to the high pressure. Ambroid may also be artificially colored.

A Insect in fossilized

resin (amber).

w
A The different colors

ofamber may be due to

different source trees.
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Jet,
like diamond, is made primarily of carbon. Mm there the similar-

ities end, because jel is black and opaque, while diamond is clear

and glittering.

Jel is usually found in carbon-rich beds in shale strata. It occurs in

tubers rather than veins, .w\d t\\n also be found washed up on the

seashore. Jet is a type ol brown coal, a fossilized wood of an ancient

spe< ies ol Art nit urn i. a c on iter tree similar to the present-day monkey-

puzzle tree These trees nourished in the Jurassic period about 180

million years ago. When the trees died, some fell into swamps or

rivers, broke up. and were eventually carried out to sea. As the trunks

mu\ branches became waterlogged the} sank to the seabed. Great

pressure from layers ol organisms, mud and detritus flattened the tree

fragments and. together with chemical changes, altered the wood to

jel Analysis ol the oil in hard jet confirms that it was formed under

seawater, while it is probable that soft jet was formed under fresh-

water let s wood origins are sometimes manifested

in a grain-like texture, although most jet is smooth.

Used since Palaeolithic times, jet has had numer-

ous applications. Manx cultures believed it offered

medicinal benefits, especially when the smoke

released by burning was inhaled. Polished jet

produces such a shine that in medieval times it

was used as a mirror. Although set into jewelrj

since the ancients, it was not until Queen Victoria

wore jel after the death ( 1861 > of Prince Albert that

it became the standard for mourning jewelry.

particularly in England.

Jel is common!} faceted for jewelry, and it can

take a high polish. Also, because 1

it is quite light.

n is comfortable to wear. However, care must be

taken that it does not dry out. because dehydration

causes the surface to crack.

Jet has many imitators, both natural, such as

obsidian, and some artificial, like plastic or glass.

Real jel always teels warm to the touch. It can also

become electrically charged if rubbed with a cloth

'although this is also true of some plastics).
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location England France, Germany, Portugal,

Russia spam luike\.l niled Slates

Today, jet is rarely used in jewelry.

Depending on the source, it can be

carved into ornaments - the jet from

Whitby, Yorkshire, north England, is

generally acclaimed to be of the best

quality for carving and jewelry.



PRECIOUS METALS
The main precious metals of gold, silver, and platinum have long

been valued for their beauty, rarity, and as a protection against

international economic collapse. Throughout history, alchemists

have attempted to create gold and silver by transforming base

metals, such as lead and copper. For millennia, gold and silver have

been used as mediums of exchange, and this has more recently

included the rarer platinum. All of the platinum that has been mined

could fit into a 20-foot (6-meter) cube. Other members of the

platinum group of silver-white metals are palladium, rhodium,

iridium, ruthenium, and osmium.

Precious metals are used for expensive jewelry. Two-tone

jewelry is often created, such as combining yellow gold with white

platinum for rings. Platinum is used to hold diamonds and other

precious gems because it is the heaviest of the precious metals, weigh-

ing nearly twice as much as gold. All these metals can be scratched,

so the jewelry should not be worn while doing vigorous work.

Gold, silver, and platinum can be bought as bullion bars, but

investors prefer coins. Besides the value of precious metals for

jewelry, coins, and medals, they have many industrial uses, as in the

production of resistors and objects that must resist corrosion, such as

electrodes. Other uses include dental work (gold), thermocoupling

wire (platinum), and catalytic converters to reduce car exhaust

emissions (platinum, palladium, and rhodium).

Precious metals are measured in troy weight, which has units of

pennyweight, ounces, and pounds, although the latter two are not

equivalent to the more commonly used measures of the same name.

Gold is also measured in metric grams. A French Art Nouveau

gold brooch, styled into the

profile ofa woman (top).

Platinum and white gold

brooch with diamond

stars I bottom left).

Georg Jensen silver brooch

with a stylized bird design

by Henning Koppel (below).
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GOLD PRECIOUS METAL!

Gold andgem ></

broot b, designed 1940)

as a butterfly with u i

studded with diamonds

ciiid synthetic rubies

and sapphires

T Gold nugget

Gold was used more than 5,000 years ago in Mesopotamia, and

has never lost its attraction. A symbol of divinity, used for

religious objects; ol royalty, used for the crowns and scepters of kings

and queens; and an indication of wealth, its gleam adorning the necks

the richest men and women throughout history - gold has been

valued for thousands of years.

The esteem in which gold has always been held is

demonstrated In the fad that it has been accepted in

exchange lor goods and services by all cultures

throughout history. In fact, up until World War 1. the

gold standard was the basis for the world's currencies,

and even today, n"<> of the world's gold is held in

government reserves.

The element gold is found in low concentrations in igneous rocks.

au^\ it rarely combines with other elements. It is often found in

association with copper and lead, and because it does not combine, it

is easih recovered. It also occurs in small amounts in hydrothermal

veins, in association with quartz and pyrite, It is touncl in alluvial

deposits, in which gold, because of its density, is separated from other

minerals during weathering and transported to become concentrated

in stream and other sediments, which may be loose and unconsolidated

or hardened into rock Tiny grains of gold can be carried long dis-

tance's bv streams and can be recovered from gravel by panning,

whuli involves washing awav all but the heavy minerals and then

searching for any Hecks of gold.

Because gold is so soft, it is alloyed with other metals (usually

silver, copper and zinc) to increase its hardness so it can be used in

jewelry. White gold has a higher proportion of silver than yellow

gold does. Cold purity is defined by its carat value - one carat is

equivalent to 1 2-ith, with 24-carat gok

jewelry is either nine-carat or 1 i-car.u gold

pure Most

Gold on

/(Kill

L

GOLD
The market for gold in Europe exploded with the Spanish

conquest of the New World in the 1 5th century, with the

height of gold production m the 1 490s. The New World

mines continued to be productive through the early 1 800s.

when they were overtaken by Russia as the leading source of

gold. Since the end of the 1 9th century, however, South

Africa has dominated the market and is today the source

of around one-third of total global production. Russia, the

United States of America, and Australia together account for

a further one-third.
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Gold is remarkable for its ductility and malleability

- in fact, it is the most malleable metal of all.

For example, 0.6 ounces (20 grams) of gold can

be stretched into a wire more than 0.6 miles

(1 kilometer) long or beaten into a sheet of gold

leaf more than 210 square feet (20 square meters)

in area. In addition to this, it does not tarnish or

corrode because it is chemically inert.

Its durability and workability have inspired crafts-

people and their patrons over the millennia. Beauti-

ful jewelry and ornaments were created by the

earliest cultures, and museums around the world

display gold objects created by Egyptians, Minoans,

Assyrians, and Etruscans. During the Middle Ages,

gold objects and gold-leaf veneers adorned elab-

orate churches, and during the Renaissance, gold

jewelry was worn by the most important people.

Today, although gold is no longer the province of

only the wealthy, because it is more affordable, it is

no less precious for it.

•^ The Sovereign's Orb in

the British crown jewels

was madefor Charles IPs

coronation in 1660. The

hollow <>rb is madefrom

unmarked gold and set

with more than 600

precious stones and pearls,

ft uvighs 42 ounces

( 1 32 kilograms) and is

6. 5 niches (16.5 centimeters)

in diameter.

A Cartier ring with three

gold bands - one set with

diamonds, one set with

rubies, and one set with

sapphires.

GOLD
CHEMICAL COMPOSITION

COLOR

REFRACTIVE INDEX

RELATIVE DENSITY

HARDNESS

CRYSTAL GROUP

CLEAVAGE

FRACTURE

TENACITY

LUSTER

TRANSPARENCY

DISPERSION

BIREFRINGENCE

PLEOCHROISM

An

GOLD-YELLOW

NONE

19.3

2.5

CUBIC

NONE

HACKLY

TOUGH YET MALLEABLE

METALLIC

OPAQUE

NONE

NONE

NONE

location Worldwide, especially Australia, Brazil,

Canada, China, Indonesia, Russia, South Africa,

United States.
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Arts and Craft

silver brooch with

cabochon-cut moonstone

and sapphire gems and
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ilver lias been widely used for jewelry and ornaments, as

well as for mone\ lis while gleam enhances the appearance

ol transparent gems, encouraging the reflection of light, and

lis softness means that it can be worked in great detail.

Silvei is widely distributed. However, compared to other

metals, it is relatively scarce. It is present in many minerals

and occurs m In drothermal veins, or in small amounts

in the oxidized zone oi silver-bearing ore deposits. More

than 80% ol silver produced is recovered as a by-product of

nined copper, lead, or zinc. Native silver normally occurs as

nuggets or grains, although fine dendritic (branch-like) forms are

also sometimes found.

In the periodic table, the element silver is located between gold

and topper, and its properties are intermediate. It ranks second only

to gold in terms of malleability and ductility, making it easy to work.

h has the highest electrical and thermal conductivity of any metal, so

it is also widely used industrially, especially for electronic circuits

and conductors. Silver contacts inside switches turn on and off the

powerful electric current that flows into our homes, our lamps and

our appliances Silver halides (salts) are photosensitive and the

photographic industry is the largest single end-user of silver.

Approximately 2.(100 color photographs can be taken using

ii 3 ounces ( 10 grams) ol silver. Silver's properties make it ideal for

use as a catalyst in oxidation reactions; for example, the production

of formaldehyde from methanol and air by means of silver screens

or crystallites contains a minimum 99.95 weight-percent silver. Silvei

is also used to make mirrors.

The discovery that many liquids stay pure longer in silvei vessels

led to its desirability as a container for long voyages. The Greek

historian Herodotus (< 185 bc-c. i2t bc) noted that Cyrus the Great,

King ol Persia (550-529 B( >. had water drawn from a special stream,

boiled, and very many four-wheeled wagons

drawn bv mules carry it in silver vessels, following

the king wheresoever he goes at any time."

The phrase "born with a silver spoon in his

mouth" refers not to wealth but to health. In the

early 18th century, babies led with silver spoons

were found to be healthier than those (cd with

spoons made from other metals, and silver babies'

dummies became vvidelv used in the United Stales

because ol their beneficial health effects. Silver

also has a variety ol uses in pharmaceuticals. For

instance, silver sulfadiazine is (he most powerful

compound lor burn treatment. Silver is also used as

a bactericide in many water purification systems

The firsl silver artifacts include ornaments and

jewelry found in Sumerian royal tombs, dating

b. ic k h i 1000 B( . bv 2000 in
. mining and smelting of

silvei bearing lead ores was already common in
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Europe and the Middle Fast. But although it is, after gold, the

most widely used metal in jewelry today, silver was rarely used in

jewelry in pre-Classical times. Instead, it was an important materia

for ornamental metalwork; it was never used for weaponry because it

was too soft. Roman silverwork is especially noteworthy.

Silver has also long been used for money, and coinage made of

silver has been found in the Nile region of Africa and the Indus River

valley of Asia dating back to 800 bc. In ad 1995, the United States

Treasury issued more than 6.7 million troy ounces of silver coins.

Because native silver is very soft, it has to be alloyed with another

metal, usually copper, to make it tough enough for use in jewelry,

coinage, and ornaments. The purity of silver is defined as its

"fineness," in parts per thousand. For example, sterling silver is 925

fine. In many countries, sterling silver (92.5% silver, 7.5% copper) is

the standard for silverware and has been since the 14th century.

Jewelry-grade silver is 800 fine. Silver itself is added to gold as an

alloy, to harden it and allow it to be used for jewelry - jewelry-grade

gold can contain around 25% silver.

When freshly polished, silver has a distinctive gleam and silver-

white color. However, on exposure to oxygen, silver forms silver

oxide, a black layer that tarnishes the surface. This is easily removed

with soap and water or a special silver cleaner. However, some

tarnish can serve as a contrast to the natural brightness of polished

silver, enhancing the detail of fine metalwork.

South America. Following the Spanish discovery of the New
World, Europeans quickly began to exploit the silver mines

in Mexico, Bolivia, and Peru, answering a demand for silver in

Europe inspired by the fine craftsmanship of the Renaissance.

The first major exploitation of New World silver was in the

Potosf district of southern Bolivia.

The South American mines dominated the world market

until the mid 1 9th century, when large deposits of silver were

found in the US, most notably the Comstock Lode area in

Nevada, the Leadville district in Colorado, and various

districts in Utah. (Nevada is sometimes known as the "Silver

State.") By the end of the 1 9th century, high-grade ores

throughout the world had been largely depleted, but tech-

nological improvements allowed for increased production,

and by 1920 about 190 million troy ounces of silver were

being produced annually. Today, Mexico and Peru have

overtaken the United States to become the dominant

silver producers.

4 Silver necklace

with rutilated

quartzpendant.

f Intergr

silver

V Ancient silver coin

showing portrait of

Philip II ofMacedon

(382-336 bc).
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Platinum

nugget

I

and soon jewelry made of the rare and precious

metal was much in demand for European

chs. In 1824 large deposits were discov-

ered in the Ural Mountains of Russia. Platinum

prices peaked in 1912, when white gold was

invented as a cheaper substitute. In 1924.

Dr Hans Merensky ( 1 87 1-
1 952) discovered the

world's largest deposits of platinum at the

Bushveld Complex, Transvaal, South Africa. In

1 939, the US government declared platinum a

strategic metal and banned its use in jewelry for

the remainder ofWorld War II.
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A Platinum

and diamond

wristwatch,

Swiss, c. 1925.

n 1790, King Louis \\ 1 ol France declared platinum to

be the onl) metal fit for kings Although it in a relatively

recent scientific discovery, platinum lias quickly estab-

lished itsell .i^ the prestige metal for precious jewelry,

li also has man) industrial and medical uses,

Platinum in a chemical clement. While it has been

known since ancient times, it was only isolated

scientifically in l

-
.^. because, unlike gold, for

example, platinum requires complex chemical

recessing for isolation and identification. The grains

f platinum are usually too small to be seen without

magnification. It is not the major

metal in any ores, but it is usually

disseminated in sulfide ores in igneous

ituks There are also a few small

alluvial deposits, in which platinum

generally occurs as grains rather than

nuggets. Mining and processing is

labor-intensive - it takes LO tons

of ore and five months to

produce 1 ounce (30 grams) ol

pure platinum. Because platinum

has a high melting point, it is a

challenge to work - in fact, it was

not until the 1920s that technology was developed

to work the metal conveniently However, this

means that it can be used in a quite pure state. The

platinum standard is measured at 1,000 parts

equaling 100%. Most platinum jewelry is rated

.ii 950/0 (950) or 90% (900) pure, with the balance

usualK consisting of copper.

Platinum has been used for jewelry and orna-

mentation for thousands of years. The Egyptians

decorated sarcophagi with platinum fittings, and in

south America the Spanish conquistadors found

platinum as ihe\ were panning lor gold. Believing it

to be unnpe silver, the) named it platina, meaning

"little silver," and threw it back in the river.

( )nl\ an Hind 10% ol platinum is used in jewelry.

About the same amount is used in catalytic

converters, and the rest is used for industrial and

medical applications such as computer hard disk

dines. LCD displays, and anti cancer drugs.

Platinum's bright while luster and good weight -

it is almost twice as heaw as gold - suit it as a

selling for precious gems. Platinum resists tarnish

And is extremely hard and h\ poallergeni< < )ver the

years, any si rale lies to platinum are absorbed into

an attractive patina thai replaces a high polish.

1\1



IMPORTANT GEM
LOCATIONS

OF THE WORLD

MAP CONTENTS
EUROPE 244-245

ASIA 246-247

AFRICA 248

AUSTRALASIA 249

NORTH AMERICA 250

SOUTH AMERICA 251

On the following pages we show the

locations of 30 of the more important gems

from around the world.
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NORTH AMERICA
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GLOSSARY

adamantine A "diamond-like" luster.

allochromatic Where the color is

caused by small amounts of other

elements or impurities not included

in the chemical composition.

alluvial deposit Mud, silt or sand left

by flowing water on flood plains, river

beds, and estuaries.

amorphous Where there is no crystal

structure and atoms are randomly

arranged.

asterism A star-like effect caused by

inclusions in a gemstone.

axis of symmetry The imaginary line

that runs through a crystal and about

which the crystal can be rotated while

looking the same.

basal Cleavage on a horizontal plane

by way of its base. Can sometimes be
"peeled

."

birefringence Difference between the

maximum and minimum values of the

refractive index.

cabochon Smooth domed gem,
polished but unfaceted

chatoyancy Cat's-eye effect seen

on some gemstones when cut as

cabochons.

cleavage The direction along which

the stone will break more easily.

conchoidal A shell-like fracture.

crown The upper part of the stone.

cryptocrystalline Where the crystal

structure is too small to be seen with

the eye.

crystalline Where the atoms are

constituted in a regular and repeating

three-dimensional structure.

crystallographic axis The imaginary

line that runs through a crystal and

indicates both the direction and

length of the repeating pattern

of an atom.

crystal symmetry Defined by

the degree of regularity in the

arrangement of atoms in the crystal

structure

crystal system There are seven

crystal systems based on their crystal

symmetry and crystallographic axis.

cubic system Crystal system with four

three-fold axes of symmetry.

dichroic When a gem shows two

different colors or shades of color

when viewed from different directions,

dichroscope An instrument that

reveals the pleochroism of gemstones.

dispersion Degree to which the

spectral colors are reflected through

the gem.
durability Specifically a gem's

hardness, toughness, and stability.

extrusive Erupted volcanic igneous

facet Flat, polished surface.

fracture A random, non-directional

break that can be caused by impact,

stress, or temperature change.

hardness A measure of how easily

the surface of a gem can withstand

abrasion.

hexagonal Crystal system

with one vertical six-fold axis

of symmetry.

hydrothermal veins Fluids that

escape from magmas and may
contain rare elements.

idiochromatic Where the color

of a gemstone is caused by elements

that are an essential part of the

chemical composition.

igneous rock Derived from magma
or lava that has solidified on or below

the Earth's surface.

inclusion A gemstone may contain

crystals of a different mineral within it.

intrusive Magma rocks formed without

eruption.

isometric Crystal system with three

axes, all of them equal in length and

at 90° from the other.

isomorph Gems with a range of

chemical compositions but the same
crystal structure.

lapidary Person who cuts gems.

lattice structure The repeating

pattern of the atoms.

loupe A hand lens.

luster The effect of the light reflected

off the surface of the gem.

melee A group of small diamonds
each under 0.25 carats.

metamorphic rock Derived from

magma or lava that has solidified

on or below the Earth's surface,

microcrystalline Where the crystal

structure is too small to be seen with

the naked eye.

monoclinic Crystal habit with one
two-fold axis of symmetry.

orthorhombic Crystal habit with

either one two-fold axis of symmetry

at the intersection of two mutually

perpendicular planes, or three mutually

perpendicular two-fold axes.

pavilion The bottom part of a

gemstone.

pegmatite Intrusive igneous rock

that produces a wider range of

gemstones than any other rock type,

piezoelectric When a crystal is

heated, compressed or vibrated

and different electrical charges

occur at opposite ends,

pinacoid Crystal habit comprised

of only two parallel faces.

plane of symmetry The imaginary

plane that divides a crystal such that

the image on one side is the mirror

image of the other side.

pleochroic A gemstone that appears

different shades or colors from

different positions.

polycrystalline Crystals composed
of many crystal structures that have

grown together.

polymorph A chemical composition

that forms more than one crystal

structure.

prismatic Crystal habit where a set

of faces run parallel to an axis in the

crystal.

pyramidal Where three planes

intersect all three axes of the crystal.

refractive index The mathematical

relationship between the angle at

which light strikes a gemstone and

the angle of refraction.

relative density (specific gravity)

Difference in weight between a

gemstone and water of equivalent

volume.

schiller Relection of light by thin

layers within the gemstone.

sedimentary rock Formed by

accumulation and consolidation of

minerals and organic fragments that

have been deposited by water.

silk The effect from light reflected

from patches of parallel inclusions.

stability Level of resistance to both

chemical and physical alteration.

streak Fine layer of a softer mineral left

on a gem.

tabular A crystal system where the

crystals are flat in appearance, with

two opposing sides being much wider

than the other four.

tetragonal A crystal system with one
vertical four-fold axis of symmetry.

toughness A measure of how well

a stone can resist fracture.

tracer gem A gemstone that

indicates a potentially rich mining

area.

trichroic When a gem shows three

different shades or colors when
viewed from different directions.

triclinic Crystal system with either a

center of symmetry or no symmetry.

twinning Where the crystal structure

has parts that are reflected, repeated

incorrectly, or rotated forming a twin

crystal.



INDEX

Numbers in bold point

to major reference.

Asterisk (*) next to

number indicates

illustration.

abalone 108,228
achrite see dioptase

achroite75*, 163, 166
actinohte 60, 201

adamantine 28*, 79

adularescence 52

adularia 208
Afghanistan 8

Nunstan 136, 160,

164, 180-1,246
Sar-e-Sang216, 246

African Diamond
Producers Association

14

agate 6*, 38, 39, 61,70*,

194,202-3
Akabar231
Alabanda 135

alabaster 117

Alaska, Wrangell 135,

250
Albany, Maine 157,250
albite207*, 209, 211
Alexander II, Tsar 89, 91

Alexander III, Tsar 176

alexandrite 74*, 89, 91

alexandrite sapphire 93
allochromatic gem 31

alluvial deposits 10-1 1,

78

almandine 25, 72*, 133,

135, 136

aluminum silicate 174

amazonite 210*

amber 28*, 70*, 226,

234-5
properties/uses 40-1

amblygonite 70*, 120
ambroid 235
American Museum of

Natural History 94*.

96*

amethyst 4*, 73*, 184*,

1 86-7, 1 88, 209, 264*

properties/uses 40-1

ametrme 187, 188

ammolite (ammonite)
228*

amorphous material 24,

205, 222, 234
amphibole 176

Amsterdam 55
andalusite74*, 142
Andrada e Silva, J. B. de

139, 180

andradite 74*, 133, 136,

139, 140,226
anglesite 70*, 116
Antsirabe, Madagascar

164, 168, 189,248
Antwerp, Netherlands

20, 43, 55

Apache tears 221

apatite 74*, 121
Appalachian Star ruby 65
aquamarine 28*, 73*,

144, 149, 153, 156-7,
160

properties/uses 40-1

Aracuai, Brazil 156, 167,

180, 181, 189,251
aragonite 70*, 108,

227-8
Arfvedson, Johann 180

Argentina

Capillitas 105, 251

San Luis 105, 251

Arizona

Bisbee 110,250
San Carlos 125, 250

Arkansas, Pike 79, 250
ArtDeco174*, 189*,

242*

brooch 42
Art Nouveau 58*, 208,

209, 227*, 237*, 264*

Arts and Crafts 240*

asbestos 182

Asscher, Joseph 66
asterism 30*, 94*

Auburn, Maine 157, 164

Australia

Broken Hill 178,249
Harts Range 98, 127

NSW, Lightning Ridge
206, 249

Yinnietharra 167

australite 222
Austria, Styria 167, 244
Auvergne 202, 244
aventurescence 52

aventunne feldspar 213

axinite70*, 152, 169

axis of symmetry 25-7*

Aztec 123, 174

azurite 73*, 85, 110*, 112
azurmalachite 1 12*

Bacchus 230*

Badakhshan86, 216
Baffin Island, Canada

216,250
baguette cut 43*

Bahain amethyst 187

Bahamas 179,250
Bahia, Brazil 81, 155,251

Balas ruby 86
ballas 81

Baltistan, Pakistan 136,

151, 157, 168,246
Bancroft Mine, Ontario

214
banded Mexican onyx

104

banded onyx 200
Bangkok, Thailand 98
barite see baryte

barium 1 15

Barnnger Crater 225

baryte 70*, 114, 115
beads 36

bediasite 222
Belle Epoque 80*, 148*

beryl 24*, 89, 90,

153-61, 190

beryllium 153
beryllium diffusion 62
birefringence 29*

Bisbee, Arizona 110,250
bitter spar 107

bixbite 161

Bixby, Maynard 161

black coral 231

black jack 82
Black Mountains, NM

161

black opal 206
Black Orlov diamond 65
Black Prince's Ruby 65,

87*

blende 82
bloodstone 74*, 194, 197
blue coral 231

blue John 102-3*
Bohemian garnet 134

Bolivia, Potosi 241

bonamite 106

Book of Marvels 64*

borax 1 1

1

boron 163

bort81
botryoidal 106, 122*

Botswana, Diamond
Trading Company 15

Bourg d'Oisans, France

150, 152

bowenite 182

bowl 175*, 203*

Boyaca, Colombia 155

bracelet 98*

Braganza topaz 146

Brazil 156, 167, 180, 181,

189,251

Minas Gerais 8, 91, 101,

119, 146-7, 155, 158,

160,164-5, 167-8,

180-1, 189

OuroPreto147, 251

seeing gems 57

Brazilian Princess topaz
146

brazilianite 70*, 119
Brewster angle meter

29*

brilliant-cut diamonds
43-5

Brinell scale 33

Britain, seeing gems 55
British Columbia 174,

176

Broken Hill, Australia

178,249
Bronze Age 100, 110,

135

bronzite 171

brooch 78*, 93*, 94*,

125*, 133*, 140*. 155*,

184*, 216*, 226*, 229*,

237*, 238*

buergerite 163

bull's-eye quartz 192

Burma (Myanmar) 9, 10,

51,86,94,97,98, 125,

127, 130, 134, 143,

170, 175,247
burmite 235
Burton, Richard 65, 225
Buryatia, Russia 157, 247

Bushveid Complex 242
buying colored

gemstones 50-63

buying abroad 54—7

carat weight 53

clarity 52

color 50-2

cut 52
prices 53-4

buying diamonds 46-9

C
cabochon 5

cadmium 106

Cairngorms 146, 190

calcite 33*, 70*, 104
calcium carbonate 108,

230-1

California, USA
Mojave Desert 122, 250
Pala8, 160

San Diego Co. 8, 136,

146, 160, 168,250
californite 169

cameo 200*, 230*

Campbell Co., VA 122,

250
Canada
Baffin Island 216, 250
diamond industry 18

QC, Mont Saint Hilaire

105, 149

seeing gems 56

Canning Jewel 64*

Cape ruby see pyrope
Capillitas, Argentina 105,

251

carat weight 53
carbon 78, 236
carbonado 81

caring for gemstones
68-9

carnelian61,70*, 194*.

196, 198,216*

Cartier 189*, 238*

carving 176*

casket 264*

cassiterite 70*, 100
Castleton, Derbyshire

103

cat's-eye, cutting 40

cat's-eye (chatoyant)

quartz 70*, 184, 192

cat's-eye chrysoberyl 29*,

30,90, 192

celestine (celestite) 75*,

114

Centenary diamond 65*

cerussite 75*, 109
Ceylon ruby see

almandine
ceylonite 24, 87

chalcedony 6*, 39, 111,

194-204
properties/uses 40-1

chalcotrichite 85
Charles, Prince 94
chatoyancy 30*, 89*, 90*.

158*

chatoyant quartz 70*,

184, 192
Chelyabinsk, Russia 137,

246
chemical vapor

deposition (CVD) 224*

Cherokee County, NC
145

chert 194

Chessy, France 110, 244

chessylite 110

chiastolite 142
Chile, Ovalle 216, 251

China
diamond industry 19

Mianyang 157,247
seeing gems 57

Chinese jasper 195*

Chivor, Colombia 155,

251

chlorospinel 87

chromadravite 163

chrome diopside 172

chrome-enstatite 170

chromium 6, 86, 96, 97,

141, 153, 154, 175,

177,201

chrysoberyl 24*, 28*, 70*,

89-91
properties/uses 40-1

chrysocolla 74*, 111
chrysoprase 74*, 194*,

201
cinammon stone see

hessonite

citrine 5*, 24*, 70*, 147,

184*, 186, 188
properties/uses 40-1

clarity of gem 39

cleaning guide to

gemstones 69
cleavage 33*, 39, 40-1

Cleopatra's mines 154

clock 189*, 190
cloud agate 203
coal 234, 236
cobalt 217

cobaltocalcite 104

cockscomb 84*

collophane 121

Colombia
Boyaca 155

Chivor 155, 251

Muzo 155,251
Colombian emerald 1 1

,

155

color identification 39,

70-6*

see also gemstones
color-change sapphire

93

composites 59

Comstock Lode 241

conch shell 228
conchiolin 108, 231

conchoidal fracture 221*

conflict diamonds,
Kimberley Process

Certification Scheme
22-3

Congo, Democratic
Republic of 79, 110,

248
Connecticut, Danbury

173

conquistadors 1 55, 1 74

copper 85, 106, 128,213,

241,242
copper emerald see

dioptase

Copperbelt, Zambia 155,

248
coral 72*, 225, 226,

230-1
properties/uses 40-1

cordierite 162

cornelian see carnelian

Cornwall, St Austell 166,

244
corundum 6, 24*, 38,

92-9, 190

Coster, M. 66
country rock 6*

crocidolite 192

crown 87*

crown jewels, British 65*,

66*, 81*, 87*, 98*,

239*

cryptocrystalline 25

crystalline materials 24
crystal systems 26-7*

reference axes 26-7*

structure 24-7*

symmetry 25-7*

crystallographic axes
26-7*

cubic crystal 26-7*

cubic zirconia 58*, 131,

224*

cuff links 220*

culet42*

Cullinan diamond 65,

66*, 81*

cultured pearl 225, 226*,

227
Cupid's darts 101

cuprite 43*, 72*. 85
Curonian Spit 235, 245
cushion cut 43*

cutting 36^11 , 43-5

Cyclops agate 203
cymophane 89*, 90*

cypnne 169

Czech Republic, seeing

gems 56

danburite 75*, 173
Danbury, Connecticut

173

De Beers 65*, 67*

Koffiefontein mine 16

demantoid31, 74*, 133,

139, 140
demantoid garnet 50
dendrite 178

dendritic agate 203

desert rose 115, 117

Devonshire emerald 65,

154

Diagem 225
Diamonaire 225
diamond bourses 20-1

diamond industry 14-23

aggregation and
sorting 14-15, 16

Australia 18

buying/selling 17,46-9
Canada 18

China 19

253



INDIA

cutting and polishing

centers 17, 19

cutting and trading

centers 20-1

ethical sourcmg 22-3
India 19

marketing 13

Russia 18

selling, wholesale to

retail 19

diamond mining 10-14

marketing 13

ore processing 12

panning 10

primary deposits 11-13

secondary deposits 13

ship retrieval 13

Diamond Trading

Company 14

Botswana 15

diamonds 42*, 58", 70*.

78-81
brilliant cut 43-5
buying guide 17, 46-9
care 68-9
certification 48
color 51, 80
conflict 22-3
faceting 43-5*

fakes 48-9
famous diamonds 65-7
formation 7

HPHT treatment 62
imitation 80
inclusions 47
industrial 80-1

price 49
properties/uses 41

rough, buying 17

simulant 58*. 225*

synthetic 224-5*

tests 48-9

used with other gems
93. 95*, 97*. 98*. 123*.

125*, 131, 134, 140',

148*, 153*. 154-5*.

156*. 159, 163*. 173.

175. 184. 186.216.
226-7, 229, 238*. 242*

Diana, Princess of Wales
53.94

diatomite 205
dichroic gem 31*. 160,

164

dichroscope 31*. 104

diffusion treatment 62
diopside74*, 169, 172
diopside-garnet marble

9*

dioptase74*, 126, 128
disclosure (of treatment)

63
dispersion 29*

disthene 144

Dolomieu, D 107

dolomite 75", 107
dolomitic limestone 107

dolostone 107

Dominican Republic 179,

250
seeing gems 57

double cut 42
Drave. Styna, Austria 167

dravite70*. 163. 167
Dresden Green diamond

65
druse 141

durrv 164
Durango, Mexico 146,

250

ear jewelry 89*. 9'

153*, 196*

244

elbaite 163-6

Embu. Kenya 157.248
emerald, 75 carat 50*

emeralds 11,43, 59, 60*.

61,74*. 128. 153,

154-5
care 68-9
famous 65
properties/uses 41

synthetic 59, 59*. 60*,

155

emery 92
Eminent Star ruby 98
enhancement 61-3

enstatite71*, 170, 171

epidote71*,150, 169
epimorph 183

Erongo, Namibia 158,

165, 248
Erzgebirge, Germany

148,152,172,202,
244

euclase75*, 149
Eureka diamond 67

Exodus 216
Eye of the Idol 64

Faberge, Carl 140

faceting 37, 43-4*

types 42-4
fairy cross 145

fakes and forgeries 5,

48-9
famous diamonds 65-7
fancy cut 43*

fancy sapphire 93
fancy-color diamond 51

,

80
fashioning and cutting

36-41,43-5
feldspar 207-13
ferro-axinite 152
ferrosilite 170
fibrolite 143
fire agate 76* 204
fire opal 71*. 206*

fireworks 1 14

flame-fusion process

59-30, 98
fleche d'amour 193

flos-ferri 108
fluorescence 12

fluonte73*, 102-3
inclusions 60*

properties/uses 41

flux-melt process 60
foiling 61, 148, 159

fool's gold 83
fortification agate 203
fossiliferous limestone 8*

fracture 34, 39

France

Bourg d'Oisans 150,

152

seeing gems 55
Fremy, Edmond 60
Froment-Meunce, F. D.

230*

G
galena 33, 82. 109. 116

gangue 6'

garnet 43*. 123*. 125*.

133-41,169
properties/uses 41

garnet-topped doublet
59*. 94

gem formation 6-9*

gem history 64-7

gemstone mining 10-14

gemstones
buying colored

gemstones 50-63
cleaning 69
cut 52

enhancement 61-3

general care 68-9
porous, care 39, 68
see a/so diamonds
geode 6*

Georgia tektite 222
Germany
Erzgebirge 148, 152,

172,202,244
seeing gems 56
geuda 61

geysente 206
Gilgit, Pakistan 165

Gilson lapis lazuli 217
Gilson turquoise 122

girdle facet 42*

girole 201*

glass 58*. 221

glass infill 62*

gneiss 9*, 153

Golconda, India 65, 79,

246
gold 64*, 122*. 123*,

196*, 237*. 238-9
Golden Jubilee diamond

65
goldstone 213
goshenite 43*, 75*. 153,

159
granite 163

Graves Mountain Mine
124,250

greasy luster 28*

Great Barrier Reef 230,

249
Greece, Naxos92
grossular garnet 72*.

133,137,138
Guerrero, Mexico 186,

250
gypsum 28*. 76*, 117

H
hematite 33, 76*. 85, 88,

193, 197,213
properties/uses 41

hairpin 174*. 213*

hardness

and durability 38
Mohs' scale 32-3*

Harts Range, Australia

98. 127

Harz Mountains 134, 244

Hastings County, Ontario

150, 173,214,250
Hauy, R. J, 84, 128,215
hauyne73\ 215
hawk's eye quartz 192

hawksbill sea turtle 229
heat treatment 61*. 166,

187

heliodor24*, 71*, 153,

158
hehotite213
heliotrope see

bloodstone
helmet shell 228
Henderson, E. P. 119

Herodotus 241

hessonite60, 71*. 137
hexagonal crystal 24.

26-7*. 43*

Hidalgo, Mexico 206,

250
hiddenite 74*, 177*

history of gems 64-7

Hope diamond 65, 66, 81

horn coral 230
horsetail inclusions,

demantoid garnet 50
host rock 1

1

Hunza, Pakistan 98, 246
hyacinth 130, 137, 147

hyalite 206
hydrophane 206
hydrostatic scale 35

hydrothermal fluids 8

hydrothermal process 60

hypersthene 71*. 170,

171

celand spar 104

diochromatic gem 31

docrase 169

gneous rock 7-8
imitation gems 5,

58-60*, 224-5
imperial jade 175

Imperial State Crown 87*

Inca 154-5

Inca rose 105

inclusions 6-7, 60*, 94,

98, 101, 155, 157, 168,

172. 193*, 235*

demantoid garnet 50
Incomparable diamond

65
India

diamond industry 19, 21

Golconda 65, 79, 246
Jaipur 155, 246
Mumbai 43
Orissa 98, 247

indicolite (indigolite) 73*,

163, 165
ndonesia, seeing gems

57

nterference 30
olite 31, 73*. 162
ridescence 29, 52

ns agate 203
ron 6, 30, 96, 97, 125,

153, 156, 158. 175,

177

iron rose 88
irradiation 94, 159

isomorph 25
Israel 21

Tel Aviv 43, 155
Italy

Elba 83, 163, 244
seeing gems 56
Valled'Aosta 137,244

ivory 226, 232-3
properties/uses 41

Ivory Coast tektite 222

jacinth 130

jade 61, 174-6
jadeite 9, 74*, 138, 169,

174-5, 176, 182,210
properties/uses 41

Jaipur, India 155, 246
Jalgaon 187,246
Japan, Mino 146, 247
jardin60, 155

jasper 28*. 72*. 195,217
javaite 222
Jensen, Georg 237*

jet 76*. 226, 236
properties/uses 41

jeweler's rouge 88

Kanchanaburi 94, 130,

247

Kashmir 51, 94, 246
Kathiawar Penisula 197

Kelsey Lake, CO 79, 250
Kenya, Embu 157,248
kidney ore 88
Kilbourne Hole 125, 250
Kimberley, South Africa

78,79. 134,248
Kimberley Process

Certification Scheme
22-3

kimberlite 7*, 78

Knoop scale 33

Koh-i-Noor65*,66*, 79

Kokcha, Afghanistan 216
Kola Peninsula 135,245
Koppel, Henning 237*

Korean jade 182
kornerupine 74". 127
KublaiKhan64
Kunlun Mountains 175,

246
Kunz, G.F. 160, 177

kunzite34\ 177*

Kuwait ruby 65, 86
kyanite73*. 142, 144

Labrador, Newfoundland
212

labradorescence 52, 212
labradonte 29*. 34*. 76*.

207*, 212
lace agate 203
Lalique, Rene 264*

lamellar twinning 24
lamproite 79

lapidary 36-7

lapis lazuli 38,61, 73*.

164,214,217-18
properties/uses 41

Lanmar 179

laser drilling/filling 62
laumonite 183

lavender jade 175

lazulite 73*. 124, 164

lazunte 217-18
lead 109, 116,210
lepidohte 72*. 181
leucosapphire 93
Libyan Desert 195,248
light, spectrum 29
Lightning Ridge, NSW

206,249
lignite 234
lily pads 60
limestone 8*. 9*. 104

limonite122, 198

Linopolis, Brazil 165

Litchfield, Maine 130,

158,214,250
lithium 120, 164, 177, 180

lodestone 87

Los Cernllos, NM 122,

250
Louis XIV of France 64,

66
Louis XVI of France 242
lucid beryl 159

luster 28*

M
McKinley, NM 134,250
Madagascar 160, 164,

168, 189,248
seeing gems 57

Madeira citrine 188

magnesian limestone

107

magnesio-axinite 152

magnesium 152, 167,

170, 172

Maine, USA
Albany 157,250
Auburn 157, 164

Litchfield 130, 158,214,

250
Majunga 1 14

malachite 33, 38, 74*, 85,

109, 110, 112

properties/uses 41

malaysianite 222
Mandarin garnet see

spessartine

manganaxinite 152*

manganese 31, 102, 105,

122, 151, 153, 161,

177, 179

maps, diamond industry,

i utting and trading

Clltl-N. A) 1

marble 9*, 104, 107

lll.in r !c Hi 84

M.in n C.liiM'. .'I/.
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manalite 218
marquise cut 43*

Mazarin cut 42

meionite 218
melanite 139
melee 79

melt droplet 222
Merensky, Hans 242

metallic luster 28*

metamorphic rock 9

Mexico
Durango 146,250
Guerrero 186,250
seeing gems 57

Mianyang, China 157, 247

microcline 74*, 207, 210
Middle East, seeing

gems 56
Middlesex, CT 135, 136,

168,250
milky quartz 76*, 184*,

185, 191
Millennium Star

diamond 65
Mmas Gerais, Brazil 8,

91, 101, 119, 146-7,

149, 155, 158, 160,

164, 165, 167-8, 180,

181, 189

minerals, localities 55-7

mining 10-11*

Mino, Japan 146, 247

mixed cut 43*

mock lead ore 82

Mogok, Burma 87, 94,

97,98, 125, 127, 130,

134, 143, 170,247
Mohs' scale 32-3*

Moissan, Dr Henri 225
moissanite 58, 225
Mojave Desert, CA 122,

250
moldavite 74*. 222*

monoclinic crystal 26-7*

Mont Saint Hilaire, QC
105, 149

Montana, Yogo Gulch
94, 250

Monte Somma 215
montebrasite 120

Montezuma 154

Montrose 202, 244
moonstone 29, 76*, 207,

208,209,211,240
properties/uses 41

morganite 72*, 153, 160
morion 190

Morris, May 201*

Morse, Henry 42
moss agate 194, 203
moss in snow 175

mother-of-pearl 76*,

226*, 228
Mouawad diamonds 79*

Mount Altyn-Tyube 128

mtorolite 201

mudstone 8*

mullite 142

Mumbai, India 43

muscovite 181

mussel 228
Muzo, Colombia 155,

251

N
nacre 226-8
Nadir Shah 66
Namibia 100
diamond industry 15

Erongo158, 165,248
Otavi 1 36, 248
Tsumeb 106, 109, 112,

116,248
Napoleon 67, 107, 196
Narbada River 196

Nardi 133*

Nassak diamond 64

native silver 240-1*

natrolite 75*, 219
Natural History Museum,

London 99
Navajo 122

navette cut 43, 148*

Naxos, Greece 92
necklace 80*, 122*, 123*,

199*, 226*, 231*, 241*,

264*

needlestone 193

nephrite 74*, 174, 176,

182

Netherlands
Amsterdam 55
Antwerp 43, 55

New Mexico, Los

Cernllos 122,250
New York City, USA 43
Newfoundland, Labrador

212
Newton, Sir Isaac 78
Nordenskjold, Nils 91

Nordland 235, 244
Nuristan, Afghanistan

136, 160, 164, 180-1,

246

obsidian 24, 34*, 76*,

221
octahedral crystal 24*

oiling 61

oligoclase 207*, 213
olivine 125
Ontario, Canada
Bancroft Mine 214
Hastings County 150,

173,214,250
onyx 76*, 198,199,200
banded Mexican 104

opal 28*, 30*, 76*, 205,

205-6, 209*, 227*

care 68-9

properties/uses 41

opal doublet 59*

opal simulant 59

operculum 228
Oppenheimer diamond

81

optical properties 28-31*

orbicular jasper 195

ore flowers 102
ore processing 12

Oregon sunstone 213
organics 5, 226-35
oriental ruby 97

Orissa, India 98, 247

Orlov diamond 65, 66*

orthoclase71*, 207, 208,

209
orthoquartzite 8*

orthorhombic crystal

26-7*

Otavi, Namibia 136,248
Ouro Preto, Brazil 146,

251

Ovalle, Chile 216, 251

ox-eye quartz 192

Oxford Co., ME 135, 166,

250
oyster 227, 228

padparadscha 51, 71*,

96
beryllium diffusion 62

Pailin, Cambodia 94, 98,

1 30, 247

paint 88, 109, 110, 112,

216
Pakistan

Baltistan 136, 151, 157,

168,246
Hunza 98, 246

Pala, California 8, 160
particolor 31*, 163

paste 58*, 240*

Patricia emerald 154*

paua shell 228
pavilion facet 42*

pearl 64*, 76*, 108,201*,

225, 226, 227
cultured 225, 226*, 227
properties/uses 41

pearl spar 107

pearly luster 28*

pectolite 73*, 179
pegmatite 8, 163

pendant 148*, 156*,

201*, 241*, 264*

pendeloque cut 43*

peridot 7, 31,31*, 74*,

90, 113, 125, 169

properties/uses 41

perthite 21

1

Peruzzi cut 42
petalite 180
phenacite see phenakite

phenakite (phenacite)

75*, 126
philippinite 222
phosphate 1 19

phosphorus 120, 121

photographic industry 240

physical properties 32-5*

piezoelectric 166

pigment, painting 88,

109, 110, 112,216
Pike Co., Arkansas 79,

250
Pinctada 227

pingos d'agua 146

pistacite 150

placer (alluvial) deposits

10

plagioclase 207*,

211-13*

plane of symmetry 25-6*

plaque 163*

plasma 197

plaster 117

platinum 237*, 242
pleochroism31,40, 89,

91*, 93, 98, 142, 162,

165, 177

Pliny the Elder 79, 135,

146,205
plume agate 203
point cut 42
polycrystalline 34
polymorph 25, 142

porous gemstones 39, 68

Poseidon 156

potassium 207

potch 205
Potosi, Bolivia 241

Pough, F. H. 119

prase 201

precious metals 237-42
prehnite71*, 183
Premier Mine, Transvaal

65,81
Pretoria, South Africa 81,

248
prices of gemstones

53^1

properties/uses 40-1

Ptolemy 200
pyrite 24*, 28*, 83, 84

pyritohedron 24

pyrope43, 71*, 72*, 133,

134, 135

pyroxene 170-2

quartz 6-8, 111, 126, 160,

164, 168, 184-93
rutilated 6*

quartzite 9*

Queen Consort's Ring 98*

racoon-tail quartz 190

rainbow moonstone 209,

212

Rakwana 94
Rama IX 65
Ratnapura, Sri Lanka 1 13,

127, 130, 135, 187,

198,246
red beryl 153, 161
red emerald 161

red jadeite 203
red jasper agate 203
red Mediterranean coral

230*

reference axes 26-7*

refractive index 29*

refractometer 29*

Regent (Pitt) diamond
65,66

relative density 35

resinous luster 28*

rhodochrosite105, 179

properties/uses 41

rhodolite 134*

rhodonite 31, 105, 178
properties/uses 41

riband jasper 195

ring 79*, 87*, 93*, 95*,

97*, 98*, 154*, 238*

Rio Grande do Sul, Brazil

187, 188,202,251
rock crystal 75*, 126,

184*, 185, 190, 191,

193

rock cycle 7*

rose cut 42
Rose de France 187

rose quartz 72*, 160,

184*, 189
Rosser Reeves ruby 65

rubellite72*, 163, 164

rubicelles 87

ruby 61*, 64*, 72*, 86,

87*, 92*, 96-8, 164,

220*, 229*, 238*

properties/uses 41

synthetic 224*, 238*

ruin agate 203
rumanite 235
Russia

diamond industry 18

seeing gems 56

rutilated quartz 7*, 101,

184, 185, 193,241*

rutile 24*, 33*. 71*, 94,

101, 172, 193

sagenite 193

St Austell, Cornwall 166,

244

St Edward's sapphire 65
St Helen's Island 79, 250
Salto, Uruguay 202, 251

San Bernardino Co. 202,

216,250
San Carlos, Arizona 125,

250
San Diego Co.,

California 8, 136, 146,

160, 168,250
San Luis, Argentina 105,

251

Sandawana, Zimbabwe
158,248

sandstone 9*

sanidine 208
Santa Rita, New Mexico

85
Santiago de Compostela

142

sapphire 30-1*, 61,

71^1*, 92-5, 98*, 133,

144, 162, 189*, 216,

228*, 238*, 240*

buying 51

pink (padparadscha) 51,

71*, 96

beryllium diffusion 62

properties/uses 41

synthetic 94, 224*, 238*

Sar-e-Sang, Afghanistan

216,246
sard 71*, 194*, 198,200
sardonyx 71*, 198, 199,

200
satin spar 1 17

saualpite 151

Saxonian topaz 148

scapolite 72*, 218
scheelite 75*, 118
schiller 29, 207-9, 21 1-13

schist 9*, 153

schorl 76*, 163, 168
scorzalite 124

sea-snail 228
sedimentary rock 7, 8-9

selenite 1 17

serpentine 28*, 74*, 182
Shaba, Democratic

Republic of Congo
110,248

Shah diamond 67

shale 9*

shell 76*, 226, 228
properties/uses 41

Siberian amethyst 187

siberite 163, 165

Sierra Leone, panning
for diamonds 10

silicon carbide 225
silk 30*, 93, 98
silky luster 28*

Silliman, Benjamin 143

sillimanite 73*, 143
silver 34*, 201*, 237*,

239, 240-1
simetite 235
simulated gem 224
single cut 42
sinhahte71\ 113
slate 9*

Slocum stone 59, 206
smelting 102

Smithson, James 106

Smithsonian Institution

81, 106, 125

smithsonite 73*, 106
smoky quartz 71*, 184,

190,210
snowflake obsidian 221

sodalite73*, 164,214
sodium 168

Sonora, Mexico 204
soude emerald 59

South Africa 78, 81, 134,

248
Namaqualand 11

Sovereign's Orb 239*

Sovereign's Royal

Scepter 81*

Spain, seeing gems 56

specific gravity 35
spectrolite 212
spectroscope 30
spessartine 72*, 133, 136
spessartine-garnet 31

sphalerite 29*, 71*, 82,
191*

sphene 71*, 129
spinel 24*, 72*, 73*,

86-7,97, 164,217
glass infill 62*

properties/uses 41

synthetic 60
spodumene 72*, 177
Sri Lanka 10,64,94,96,

113, 126, 130,209
seeing gems 57

stability 35
stalactite/stalagmite 104

Star of Africa 66*, 81*

star agate 203
star diopside 172

Star of India 94*
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star rutile 193

star sapphire 30*. 94*

Star of South Africa 67*

star stone see cats-eye
star stone, cutting 40
staurolite 145
step cut 43*

sterling silver 241
Stevens, Washington

110.250
Stone Age 234
Stony Point Mine. NC

177

streak 33. 90
strontium 114

strontium tctanite 58
Stuart sapphire 65
Styria, Austria 167

succinite 235
sunlight, spectrum 29
sunstone71*, 207*. 213*

Sverdlovskaya, Urals 8,

126,246
Sweet Home Mine 105

Swiss lapis 202, 217

Switzerland, seeing
gems 56

synthetic gems 59-60
224-5

synthetic gems 5

alexandrite 225
diamond 224*

emerald 225
ruby 224*. 238*

sapphire 94, 224*, 238*

spinel 224

table cut 42*

table facet 42*

Tanzania, Umba Valley

94,96,218
tanzanite 73", 151
properties/uses 41

Tavernier, Jean-Baptiste

64,66
Taylor, Elizabeth 65, 225

tektite 24*. 74*. 76*.

222-3
Tel Aviv. Israel 43. 155

tetragonal crystal 24,

26-7"

tetragonal-dipyramidal

118.218
Thailand

Bangkok 98
gem polisher 44
seeing gems 57

Theophrastus 1 1

1

Thomas Mountains,

Utah 161

Thomson, Thomas 220
thomsonite 220
thorium 130

thulne 72*. 151
Tiffany and Co. 138, 140
Tiffany diamond 65
tiger's eye quartz 1 92
Timur ruby see Kuwait

ruby

tinzenite 152

titanium 6, 31, 101, 129

Tolkowsky, Marcel 42
top shell 228
topaz 39, 63*, 71*, 73",

74", 75", 146-9, 188,

190
properties/uses 41

topazolite 139
Topazos Island see

Zerbirget

tortoiseshell71*, 225,

226, 229
toughness 34, 40-1

tourmaline 31, 38, 43,

163-8, 169, 181,

184-

properties/uses 41

tourmaline quartz 168,

193

Townshend Blue

diamond 65
tracer gem 11

Trail ofTears 145

Transvaal, Premier Mine
65,81

Transvaal jade 138

trap cut see step cut

trichroic gem 31*

tnclinic crystal 26-7*

trigonal crystal 24, 26-7*

trilling 89, 90*. 91*

triple cut 42
Tsavo National Park 133,

138

tsavorite (tsavolite) 74",

133,138
Tsumeb, Namibia 106,

109, 112, 116,248
tungsten 1 18

Tunisia, seeing gems 57

Turkey, seeing gems 56
turquoise 61, 73*. 111,

122-3, 179,210,224
care 68-9
properties/uses 41

tusk 264"

Tutankhamen 216
twin crystals 24*

twinning 83, 84, 89, 101

U
ultramarine 216
Umba Valley, Tanzania

94,96,218
Unnamed Brown

diamond 65
Urals 8, 91, 110, 126,

139, 140, 178

Sverdlovskaya 8, 126,

246
uranium 130

Uruguay, Salto 202, 251

Uruguayan amethyst 187

USA
Arizona, San Carlos

125,250
Middlesex Cty 135,

136, 168,250
Mojave Desert 122,250
New York City 43

Pala8, 160

seeing gems 56

Utah 161

Uvarov, Count 141

uvarovite 74*. 133, 141

Valled'Aosta 137,244
Van Cleef and Arpels

125*

vanadium 6, 96, 138,

153, 154

Vedic137, 154

Venus' hair 101, 193

Veracruz, Mexico 186,

250
Verneuil, Auguste 59, 98,

224
vesuvian jade 169
vesuvianite 75" 169
Vesuvius, Mount 169,

215
Vickers' scale 32-3*

Vietnam 96, 98
violan 172

vitreous 28*

volcanic glass 24, 221

Volterra 1 1

7

vorobevite 160

W
Wah Wah Mountains,

Utah 161

walrus 264-3
Washington, Stevens

110,250
watch 184,242*

water opal 206
water sapphire 162

watermelon tourmaline
31*. 72*, 163*

waxy luster 28*

Wells, Frederick 66
Werner, A. G. 218
wernerite see scapolite

Whitby, England 236
white beryl 159

white gold 237*. 239
white opal 206
white sapphire 94
wilhamsite 182

wisdom stone 214
wolframite 118

wood opal 206*

World Federation of

Diamond Bourses 21

World Jewelry

Federation 63
Wrangell, Alaska 135,

250
Wyoming, Yellowstone

National Park 206,

250

Yakutia, Russia 134.247
yellow orthoclase 208
Yellowstone National

Park, Wyoming 206,

250
Ymnietharra, Australia

167

Yogo Gulch, Montana
94, 250

yttrium aluminum garnet

(YAG)58, 225
Yu stone 1 76
Yukon Territory 124

Zambia, Copperbelt
155,248

Zebirget7, 125, 146

zeolite 179, 183,219,

220
Zermatt 137,244
zinc 82, 106

zircon 34, 71*, 72*, 73*,

75*, 113, 130-1,137,
163

properties/uses 41

zirconium 130

Zois, Sigmundvon 151

zoisite 72*. 73", 151
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