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Shopping for jewelry is no longer a simple and straightforward adventure. The buyer is faced with a 

plethora of choices in the form of materials that never existed before, materials that are natural and 

unmodified, and ones (both natural and human-made) that have been treated and altered in myriad 

ways. Sometimes the history of the object being offered for sale is revealed to the buyer. Often it is 

not. 

Shoppers everywhere are probably familiar with the phrase “caveat emptor” - a Latin expression 

meaning “buyer beware”. I suggest that a new expression should become more appropriate for 

the modern gem and jewelry marketplace: esse conscius emptor - “buyer BE AWARE”!  It is no 

exaggeration to suggest that the proliferation of gemstone treatments and the flood of imitation and 

synthetic gems offer the most formidable challenge to its image and integrity ever faced by the gem 

and jewelry trade. 

 

Gemstones have been desired and acquired over the centuries for many different reasons. 

Primitive people saw in gemstones the embodiment of natural forces that were all-powerful, but 

incomprehensible. To posses such an object might be a way to keep these forces at bay. Ancient 

civilizations attached magical and mystical powers to gems.  Ownership, especially in the form of 

amulets and talismans, became a path to harnessing and using such powers for personal benefit. 

Gems were also rare and valuable, and therefore symbols of status and authority, so in every 

society they became objects of adornment for the influential and wealthy.  

 

Belief in the magical and healing powers of gems appears throughout the world. India, for example, 

has an ancient and rich literature on the subject, and Chinese culture has embraced the curative 

power of gemstones for centuries. A modern incarnation is the “crystal consciousness” movement, 

which has spawned an entire industry devoted to the metaphysical attributes of minerals, gems 

and crystals. 

 

The rarity of top quality gemstones has made these objects extraordinarily valuable. There are few 

(if any) other things coveted by mankind that might represent $50 million in value and can be held 

within a closed adult fist. As portable wealth, gems have enjoyed a unique position in human 

affairs, and their role as financial objects remains unchallenged. But in all the above cases - as 

concentrated wealth, as healing objects, as fashion items, as gifts for oneself and others, as 

“patrimony” (inheritance) and in many other applications  - their value is based on the fact that 

gems are extremely rare natural materials.  

 

This value, of course, has inspired heroic efforts at mimicry. People have, for millennia, used glass 

and other materials to imitate gems. Serendipitous accidents in ancient times also revealed the fact 

that certain stones change color when heated. Knowledge gleaned in accidents was eventually 

harnessed, and gemstone “treatment” (ie, producing some kind of artificially induced change) 

became a reality. Some materials, such as blue and colorless zircon, would not even exist if not for 

heating.  



Other changes, such as removing the yellow from blue-green aquamarine to reduce or eliminate 

the green component, or the production of a uniform rich blue color in otherwise intensely 

pleochroic tanzanite, are done routinely and accepted by the marketplace without fuss. Other forms 

of treatment are much less benign.  

 

As technology has improved, methods for manipulating, altering and imitating gemstones have 

become alarmingly sophisticated. Laboratories and factories also now manufacture a bewildering 

variety of chemicals that can be produced in the form of transparent crystals. Some of these have 

the same composition and properties as natural stones, and many do not. Efforts are constantly 

being made to improve the techniques for growing crystals of materials that duplicate the 

chemistry, structure and properties of naturally occurring gem materials. 

 

In times past, all gems were assumed to be natural (having been dug out of the ground and 

fashioned in some way to enhance their appearance, such as carving, faceting, polishing, etc.) and 

only a few materials were known to be heated. Glass and other simulants had been around for 

millennia and were easily detected and identified, despite the fact that gemology as a discipline is 

only a century old. This simplistic paradigm has vanished. 

The combination of treatment, duplication and imitation has changed the very nature of the gem 

and jewelry industry. “Natural origin” can no longer be assumed. The production of crystals is a 

global enterprise, and so laboratories and factories around the world (as well as mines) have to be 

considered as potential sources for materials that are sold within the gemstone industry. The 

number and type of such materials is astonishing. Equally amazing (and disturbing) is the number 

and variety of methods that can be used to change the appearance of both natural and synthetic 

materials. Heat is still part of the menu. But now the gemstone treatment kitchen uses irradiation, 

diffusion,  and many other techniques to expand the palette of objects that are eventually set in 

metal and sold in jewelry stores. New methods and materials are coming into the marketplace all 

the time, and the jewelry industry, mired in tradition and slow to change, simply cannot keep up.  

You can’t get what you want unless you know what you are getting, and in many cases a seller 

doesn’t even know what has been done to a particular stone, or exactly where it comes from. Few 

jewelers have scientific backgrounds, but science is the core of the problem. And the problem itself 

can be summed up in a single word: disclosure. 

There is nothing inherently wrong with selling pretty cut stones composed of materials that were 

created in a factory or laboratory. There is nothing inherently bad about altering the color and 

appearance of any kind of jewelry stone, whether natural or manufactured. Treatment often 

improves the appearance of natural stones that, because of imperfections or poor color, would 

otherwise be difficult to sell. These human-made and treated materials offer the marketplace an 

enormous range of products. All of these products have a place in the market, at prices 

commensurate with their beauty, scarcity and demand. The gem and jewelry buyer now has many 

more choices than existed a few decades ago, and can select a product that is exactly suited to the 

intent of a purchase. It is potentially a buyer’s dream come true. Unfortunately, the dream has 

turned into a nightmare.  



What good is acquiring something for a specific purpose if you don’t know what you are buying?  

How can you evaluate the proper cost of an item, or compare the costs of different items, if 

everything is mislabeled?  

It is certainly not the intention of the jewelry market to misrepresent its products. The essence of 

the problem involves missing information, and can be identified with a particular phrase: chain of 

custody. The items in a store typically traveled a long and circuitous path before ending up in a 

showcase. Jewelers and gemstone dealers may not know all the stops made along the way by the 

products they are selling. Was a stone heated right at the source? Could a gemstone have been 

treated immediately after cutting? Is a particular stone in a parcel natural (mined from the ground), 

or created in a laboratory? By the time an item has changed hands several times this vital 

information has often been lost – or sometimes deliberately obscured. The future of the gemstone 

trade may therefore depend on a seller’s ability to provide a “pedigree” from everyone who has 

handled a product, starting at its point of origin.  

Gemstones that can be guaranteed as natural (mined) and unmodified in any way will certainly 

have a special market niche, one that I have long referred to as “the organic food section of the 

gemstone supermarket”. The growth of this niche is indeed likely to parallel that of organic foods, 

and become a huge and important product category. The issue of chain of custody has thus far 

only been seen publicly in the case of “blood diamonds”. People around the world expressed 

outrage over the atrocities committed to acquire diamonds that are used to fund armed resistance 

movements in African countries. The jewelry trade responded to this negativity by creating a forum 

known as the Kimberley Process, an affiliation of people and organizations whose goal is to 

enhance the chain of custody of rough diamonds, and make everyone in the marketplace 

accountable for the source of the stones they sell. This admirable intent is stymied by rampant 

smuggling and the great difficulty in identifying where a diamond came from by just looking at the 

stone itself.  

In the case of all other gemstones, there is nothing whatever at work that is comparable to the 

Kimberly Process. The chain of custody is almost universally unsupported by any assumption of 

responsibility. As long as this situation persists, it will be up to the end user – the gem and jewelry 

customer – to demand relevant information. Esse conscius  emptor – the buyer MUST become 

aware of the nature and extent of the problem. If you don’t know about gemstone treatments and 

manufactured stones, you cannot ask the critical questions that will enable you to avoid the (mostly 

unintentional) misrepresentation that pervades the gem and jewelry industry.  

The following is an attempt to compress a staggering amount of information into a manageable and 

readable summary. In order to understand and learn about this subject, we must deal with 

terminology. Labeling has become a part of the problem instead of a solution. There is little 

advantage in trying to compress, into a single word or phrase, detailed information that can only be 

properly understood with a simple, but somewhat longer, explanation.  

 

 

 



 

BASIC TERMINOLOGY 

A gemstone is defined as a mineral that is cut and polished for ornamental purposes. Attributes, 

such as “hard”, “durable”, “beautiful” and “rare” CANNOT be used to define anything, but only to 

describe. A definition MUST be unambiguous and non-subjective. There are about 400 minerals 

that have been cut and polished for one reason or another, including adornment, investment, 

collections …. and even curiosity! Some of these are hard and durable. Many are extremely soft 

and fragile. Some are rare, and some are extremely abundant. Many are beautiful, and many are 

drab or nondescript. But these descriptions merely categorize - they do not serve to tell us what 

something IS. 

A mineral is defined as a naturally occurring element or compound that has a definite crystalline 

structure and a composition that varies within specified limits.  

Anything called a “gem”, with no modifying adjectives, must be a mineral (or one of the few 

historically validated exceptions discussed earlier, such as amber, coral, pearl, etc). The use of the 

term “gem” in the marketplace has been expanded in recent years to include materials that are not 

minerals. In all such cases, a qualifying adjective is required to provide a full description. Thus we 

have such terms as “synthetic gem”, imitation gem”, “simulated gem”, “treated gem”, and so on. A 

polished stone that is simply labeled “gemstone” must therefore be a naturally occurring, 

unenhanced and untreated material, or it is being misrepresented.  

Gemstones are bought and sold in a global marketplace that is ancient and ubiquitous, steeped in 

traditions and customs, and even has its own language. Unfortunately, this language has evolved 

from circumstances having to do with buying and selling products.  Words and phrases such as 

“sparkle”, “dazzling”, “fine color” and “top gem quality” are not scientific, but rather try to capitalize 

on the “romance” of gems and jewelry and their universally admired history and lore. When 

language that is intentionally nebulous, suggestive and flowery, meets the necessarily precise and 

rigorous terminology demanded by science, a battle ensues. This conflict cannot produce either 

winners or losers – only frustration and endless debates. 

The situation is made even more difficult by competition between groups within the jewelry 

industry, each with its own ideas about ‘what to call things’. Some groups, including appraisers, 

gem scientists and professional gemologists, push an agenda that relies on terminology that is 

more acceptable to other scientific disciplines. The market-oriented groups (and there are many) 

lean towards a “kinder” language (“faux” instead of “fake”, “cultured” instead of “synthetic”, etc.) 

that is much less precise, but which is viewed as less ‘damaging’ to seller-oriented product 

imagery. These approaches are diametrically opposed, but all agree that a compromise must be 

reached. The compromise has become an attempt to conjure up single words or specific phrases 

that everyone agrees will serve to fully describe any particular type of product that is being offered 

for sale.  

 



This approach is doomed to fail, mainly because the use of abbreviated and simplistic terminology 

incorrectly assumes a prior level of knowledge in the hands of consumers, one that is sufficient to 

make the chosen oversimplified terminology comprehensible. A MUCH more efficient way to deal 

with the problem is to simply explain to the customer where the product comes from and what has 

been done to it on its way from origin to consumer. Unfortunately this often requires a level of 

scientific awareness that is not readily found in the retail marketplace.  

This marketplace is therefore steadily and relentlessly burdened with more and more products that 

are mislabeled, misidentified and misrepresented, while an endless and futile debate over ‘words’ 

goes on and on within the trade organizations. Everyone loses. The job of “educating the public” 

about these products is viewed by many gemologists and jewelers as either extremely daunting or 

simply impossible. Why? 

Gem materials are treated, assembled and manufactured in many ways. There is a lot of 

information in the upcoming pages. It may be tempting to skip over it and deal with it some other 

time. After all, learning about all the pretty stones is fun and easy, and the knowledge will definitely 

enhance your shopping experience. But as soon as your wallet emerges and a sale begins, you 

have a problem, because you might not be getting what you think you are buying, and the 

salesperson may not be aware of this discrepancy either. So it is up to you to bring enlightenment 

to all concerned, and have the satisfaction that comes from knowing you are in control of a tricky 

and awkward situation. 

 

DEFINITIONS 

A natural gemstone is one that has emerged from the ground without any processing other than 

lapidary (cutting and polishing). Treatment is anything done to alter the appearance or properties 

of a material (natural or otherwise). 

A gemstone or other material may be enhanced, i.e. treated, i.e. processed in a way that 

improves its appearance.  Other terms, such as “modified”, “improved”, “purified”, etc. all mean 

essentially the same thing. Heating is one such process, and has been used for centuries to 

change the color of various materials. Dyes are routinely used to add color in cases where a 

material is either porous or has networks of microscopic cracks and channels into which vapors, 

colored liquids or even melted glass can penetrate. In recent times, radiation has also been used to 

modify the internal structure of materials and create what are called “color centers”. Also recent is 

the perfection of the process of diffusion, which is the forced penetration of a coloring agent directly 

into the crystal structure of a solid material. In this case the colorant does not enter via cracks or 

channels, but moves through the structure on an atomic scale.  

DEFINITIONS  

It is important to clarify the terminology associated with laboratory-produced gemstones since some 

confusion exists in the literature.    The International Committee on Technical Terminology (ICTT) in 1974, 

after three years of meetings and deliberations, proposed the following definitions: 



Synthetic (n.) A human-produced chemical compound or material formed by processes that combine 

separate elements or constituents so as to create a coherent whole; a product so formed. 

Synthetic (adj.) Pertaining to, involving, or of the nature of synthesis; produced by synthesis; especially not of 

natural origin.  

Homocreate (n.) A human-produced substance (solid, liquid, or gas) whose chemical and physical 

properties are within the range of those possessed by the specific variety of the natural  substance that the 

homocreate is intended to duplicate.  

Homocreate (adj.)  Synthetic and possessing chemical and physical properties that are essentially the same 

as those of its natural counterpart; created the same as.   

 A substance such as emerald, made in the laboratory, is a homocreate. Its properties are specifically designed 

to resemble those of the equivalent substance produced by nature. However, cubic zirconia, GGG, and 

YAG are true synthetics - simply compounds made in the laboratory, assembled from components. They 

have no natural counterparts and are used as gemstones based on their own meritorious properties. In 

other words, all homocreate materials are synthetic; but not all synthetics are homocreate.  

These definitions were unanimously approved by the ICTT and have been adopted by most 

professional scientific societies. If gemology is ever to consider itself  a true science, it will only do so if it begins to 

walk in step with other disciplines having a much longer history of empirical and theoretical evolution. 

 

A synthetic material is one that has been created or manufactured by humans and therefore 

represents the antithesis of ‘natural origin’. The word synthetic itself derives from Greek, meaning 

“put together”, i.e. by intent. The phrase “synthetic mineral” is therefore actually a contradiction in 

terms. Scientists have avoided this dilemma by creating better descriptive words. One such is 

homocreate, which is a manufactured product that has the properties of a naturally occurring 

material. Alas, the gemstone field has never accepted or used this term. We also encounter 

phrases like “synthetic gemstone”, which does have the benefit of the preceding adjective that is 

required to modify an otherwise precisely defined word. Other phrases, such as “lab grown”, 

“man-made”, etc. are all different ways of saying the same thing.  Another popular marketing term 

is cultured, which somehow implies sophistication, but in the case of most gems is just another 

way of saying “synthetic”. In the pearl market, however, “cultured” has an entirely different 

meaning. Cultured pearls are indeed pearls made by shelled animals, but the process is initiated 

by human intervention. In most cases this involves the insertion of a “nucleus” of some kind, 

around which the animal creates layers of nacre that eventually build up to produce the object that 

is harvested for use in jewelry. 

The term artificial specifically refers to something that is made by humans. The word itself is 

derived from Latin words for “to make” and “skill”.  An artificial gemstone is something that is made 

to look like a gem, and could be composed of any suitable material (glass, plastic, synthetic crystal, 

etc.). A simulant (from a Latin root meaning “copy”) is something that is intended to appear to be 

something different.  



A simulated gemstone could be made of any suitable material, whether natural or synthetic. Its 

intent is mimicry. A “simulated ruby” might be red glass, red plastic, a red synthetic crystal, or even 

a natural red garnet or spinel!  A less popular but equally accurate word for this would be 

imitation, or the much more popular version “faux” (fake).  

The word “real” means ‘in a state of actual existence’, as opposed to something that is thought or 

appears to exist. A ‘real gemstone’ is something that merely has an objective existence in the 

physical universe. If it is not natural in origin, and is sold as a gemstone, it is misrepresented, 

unless described with a suitable adjective (e.g. synthetic, simulated, etc.). Something that is 

“genuine” means ‘having the attributes and properties that are claimed for it’, which of course does 

not mean the object is natural. A “genuine synthetic emerald” is authentically synthetic, but if a 

man-made stone is marketed as “genuine emerald” without the modifying adjective, we have a 

case of misrepresentation. The word authentic does not imply natural origin, any more than 

‘genuine’. 

A new and troubling material, widely sold without disclosure, is a blend of red-colored glass and 

bits of natural (low grade) ruby that have been melted together. The final product can be quite 

transparent and attractive, and is often marketed simply as “ruby”. The exact mix varies but can be 

as much as 50% (or more) glass. Nobody knows what to call this stuff. It does have natural ruby 

(red corundum) in it, but there is often too much glass present for it to be simply called “treated 

ruby”. Some gemologists advocate the word “hybrid”. Others like the phrase “assembled”, and 

still others “composite”. There is a lively debate over what single word or phrase is most 

appropriate to use when selling this material, even though a single word obviously cannot suffice. 

Perhaps the best descriptor is “red corundum glop”, but this term has not yet been seriously 

advocated.  

Another troubling aspect of selling this ruby-glass mixture, fraud notwithstanding, is the fact that the 

glass can be degraded even by household cleaners, and may even turn white when exposed to 

liquids as ordinary as lemon juice. Lead glass-filled “rubies” are also subject to falling apart when 

placed in some of the acid solutions that are typically used in cleaning metal jewelry. Needless to 

say, these circumstances would be disturbing to both the person doing the cleaning and the owner 

of the so-called “ruby”! 

None of the single words being debated within the gemstone trade completely and accurately 

describe this material. It seems much easier to simply explain what it is, as above, so buyers can 

then translate into an appropriate image ANY of the marketing terms that gemologists and sellers 

decide to use. Basic education totally avoids the illusory “problem” of having to come up with  

single all-inclusive word to describe something that defies this kind of simplistic approach. But the 

problem of educating the mass-market sufficiently to achieve this goal remains a perceived 

immovable barrier within the gem and jewelry industry. This perception cannot be correct. 

 

 

 



A BIT OF HISTORY 

Glass has been manufactured for thousands of years. Glassmaking was considered a great art by 

the ancient Egyptians, and Greek and Roman jewelry studded with glass replicas of gems can be 

seen in museums. Even today glass is a widely used and popular substitute for colored gems 

such as ruby, emerald, aquamarine and amethyst, and it can sometimes be effective and 

attractive. Glass stones are often set with a backing of metallic foil. The foil reflects light and 

creates a far greater brilliance than the glass alone could achieve. But glass lacks the hardness 

and dispersion of many natural gemstones, and mankind has long sought better gem substitutes. 

One by one, during the past hundred years, each of the major gems has been duplicated in the 

laboratory. The first to appear were ruby and sapphire, followed by spinel, quartz, emerald, 

diamond, opal, turquoise, and chrysoberyl. These ‘synthetic gems’ are homocreates and are 

therefore optically and chemically identical with their natural counterparts. The long list of 

gemstone synthetics now includes aquamarine, golden and red beryl, garnet, zircon, opal, 

turquoise and many others. 

In recent years technological developments in the areas of semiconductors and lasers have 

required the development of new and special crystals with useful optical or electronic properties. 

Some of them are brightly colored or have other characteristics suitable for use in jewelry. These 

new synthetic gems have no natural counterparts. They are laboratory creations that have 

extended the world of gemstones in new and unique directions. 

It is important to remember that even imitation materials can be so good at simulating natural 

gems that the eye alone cannot tell the difference. A safe generalization is that, with few 

exceptions, the authenticity and origin of a gem cannot be determined with the naked eye. 

Color is not a suitable criterion, because nearly any color can be duplicated with the right 

combination of chemicals. Synthetics can so resemble natural gems that even gemologists are 

sometimes fooled. Manufacturers may even try to purposely add natural-looking inclusions and 

imperfections to their products. The production of “gem” materials has become a major business, 

and manufacturing techniques have become a fine art. Detection of synthetics is an ongoing 

challenge, and should be entrusted only to a professional gemologist or gem laboratory. Proper 

identification often requires expensive and sophisticated scientific equipment that is far beyond the 

reach of a typical jewelry store. The jeweler who might "authenticate" a stone by squinting at it 

against a sunlit window is often fooling both himself and his client.  

There is nothing intrinsically wrong with synthetic gems. They make the colors and brilliance of the 

finest gemstones affordable to a vast portion of the gem-loving marketplace. But the reasons for 

acquiring synthetic versus natural gems are often very different, and problems arise only when a 

synthetic or treated material is sold as a natural stone.  

For example, a five-carat ruby of the finest color and transparency might cost $100,000 per carat, 

or more. A synthetic ruby of identical color and clarity that might, to the eye, be indistinguishable 

from the natural stone, could sell for a few hundred dollars, or less. The natural gem has 

tremendous value because of its scarcity. But to the person who simply wants a ruby for personal 

adornment because of its rich color and brilliance, the synthetic might be perfectly suitable and 

should not be downgraded because of its low cost and ‘ignoble’ origin.  



CRYSTAL GROWTH 

A crystal is characterized by long-range order; that is, the atoms in a crystal are arranged in regular, periodic 

arrays or patterns (like wallpaper). The object of crystal growth is to add more atoms and perpetuate the 

pattern. A seed crystal is used to provide the basic template, and the raw material (loose atoms) remains 

mobile by being vaporized, melted, or dissolved in a solution. Thus, we may speak of vapor growth, melt 

growth, flux growth, or solution growth, depending on the medium used for crystallization. Crystal 

growth is achieved by forcing the unattached atoms in the growth medium to attach themselves to the seed. 

This is theoretically relatively simple to do. All that is required is to cause the growth medium to contain more 

unattached atoms than the medium can handle at a specific temperature. Unfortunately, it is not so easy to 

make the atoms go exactly where you want them to go. This is why some people speak of the "art and 

science of crystal growing." 

 

In human societies, when cities become too crowded there is often an exodus to the suburbs. If a growth 

medium, let's say a solution, is forced to contain excess dissolved material at a given temperature, the  

system may turn out to be ‘out of equilibrium’ at a lower temperature. The direction of spontaneous 

change is the one that ‘dumps’ some of the dissolved material back out of solution, like commuters fleeing 

the crowded downtown in favor of the quiet countryside! If the ‘dumping tendency’ is strong enough (for 

example, a drop in temperature) the atoms will stick together and create many small clusters, called nuclei. 

The alternative to random, uncontrolled nucleation is to provide a template, or seed crystal, for the 

‘dumped’ atoms to attach to. 

 

Crystal growth is tricky and many things can go wrong. In light of this, it is absolutely amazing that gems exist. 

A gemstone is a transparent and outwardly perfect crystalline mass, (ideally) free of visible imperfections or 

flaws, of uniform color and sometimes of immense size. It is difficult enough to grow such perfect crystals in 

a controlled laboratory environment. It is nothing short of miraculous that, given the randomness of natural 

environments, there exist crystals large and perfect enough to yield gemstones.  

 

Following is an abbreviated summary of the basic methods used to grow crystals. All of the 

gemstones being made in laboratories are made by one or more of these methods. 

 

Vapor Growth:   Substances best grown from vapor are those that pass directly from a solid to a vapor 

when heated or those whose components can easily be trans- ported in vapor form. Materials that pass 

readily from solid to vapor are said to be volatile. In vapor-transport techniques, the desired substance reacts 

(usually at a high temperature) with another material, and the products of  the reaction  are  even  more 

volatile  than the original substances. These newly formed products are moved to a new location, usually at 

a lower temperature, where they react in a reverse way to recreate the starting materials. If the procedure is 

done carefully, the reaction yields single crystals. Vapor-grown crystals are characteristically long needles or 

thin plates; in some cases crystal growth yields lacelike aggregates known as dendrites (for example, 

snowflakes).     

 

CVD 

Chemical Vapor Deposition is a technique that has been used for decades to put thin coatings onto 

surfaces. The most familiar is the blue coating on camera and binocular lenses. It’s only significant 

gemological application is in growing diamond (to be discussed later). 



 

Melt Growth  

Most natural crystals were formed in molten environments deep within the Earth. The sizes of the 

crystals (grains) in a rock and the way in which the grains have grown together are meaningful to geologists 

and tell a great deal about the cooling history of the rock. Gemstones, including olivine (peridot), feldspars and 

others, are occasionally cut from larger crystals that are found in such igneous materials. 

 

The general term for melt growth is solidification. Everyone grows crystals from a melt. Water, after all, is 

nothing more than molten ice, a crystalline solid that freezes (solidifies) at only 32°F Snowflakes, although 

dendrites, are single crystals of ice. However, the ice cubes in your refrigerator are not. Uncontrolled freezing of 

a melt generally results in the formation of many tiny crystallites that all grow at the same general rate to fill up the 

available space. An ice cube is thus a polycrystalline aggregate, consisting of myriad intergrown crystals. 

Poured ingots of molten metals crystallize in much the same way. 

 

Growth from the melt is very convenient and in many cases requires relatively unsophisticated equipment.  

This method is unsuitable, however, for growing materials that contain water or volatile components; 

such materials decompose at their melting point. In technical language, a "congruently melting" material is 

one that does not change composition at the boundary between the solid and liquid state and can 

therefore be grown by one of the following methods.     

 

The Verneuil Technique, or flame fusion, was developed in the late 1800s by August Verneuil, one of the 

great pioneers of gemstone synthesis. Verneuil had deposited sealed papers with the Paris Academy of 

Sciences in 1891 and 1892.  When opened in 1910, these documents revealed the details of 

Verneuil's work on ruby synthesis, opening the door to large-scale production. The equipment detailed by 

Verneuil was so cleverly designed that modern factories still employ furnaces with essentially the same 

specifications as the original. Perhaps several hundred materials have been grown by the Verneuil method, 

and it is one of the least costly of all crystal growth techniques. Verneuil crystals are routinely sold for only 

pennies per carat, and are readily available to hobbyists and gem cutters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

VERNEUIL CRYSTAL GROWTH FURNACE 

 

TYPICAL EARLY VERNEUIL “BOULES” OF RUBY 



The primary feature of a Verneuil furnace is an oxy-hydrogen or oxy-acetylene torch. A powder of 

the substance to be grown is dribbled through this flame, and the molten drops fall onto a rotating rod, 

which is slowly withdrawn. The withdrawal rate is adjusted carefully, so that the molten droplets ‘raining’ onto 

the rod solidify in a controlled fashion and build up a single crystal. The purity of the finished crystal is a 

function of the starting powder and the atmosphere in which the crystal is grown. The quality of the Verneuil 

crystal, or boule (French for ball) depends on the purity and particle size of the feed powder, the flame 

temperature, rate of rotation and withdrawal of the seed rod, and the ability to shield the crystal from drafts.  

The popularity of the Verneuil method for crystal production is illustrated by the fact that, by the 1920s, 

factories in Europe were turning out hundreds of millions of carats of Verneuil crystals annually. Among the 

gem materials produced commercially in this way are sapphire, ruby, star corundum, spinel, rutile, 

strontium titanate, and a vast array of oxides and other compounds.  NOTE: a ruby in a ring inherited from your 

great-grandmother does not have to be natural, just because it’s over 100 years old! 

 

The Czochralski technique, or ‘crystal pulling’, was originally developed to measure the speed of crystallization 

of metals. It is now as important as the Verneuil method in gemstone crystal growth. The technique involves the 

melting of a starting powder in a crucible, generally platinum, iridium, graphite, or ceramic. A rotating rod with a 

tiny seed crystal on the end is lowered into the crucible until it just touches the melt, and then is slowly withdrawn. 

Crystallization at the interface between the melt and the seed proceeds in two ways: (1) surface tension 

pulls some of the melt slightly out of the crucible onto the seed. Once this material leaves the melt, it cools just 

enough to solidify, adding to the seed crystal. (2) heat conduction allows the solid to extend very slightly into 

the melt, assuring that ample material is pulled out to make the growing crystal ever larger.  Crystal growth 

continues in this way until the entire contents of the crucible have been pulled out and added to the rod. 

 

The pull-rate is normally on the order of 1 mm to 10 cm per hour. Czochralski crystals can be enormous - 

the size of baseball bats! A number of technologically vital crystals, such as pure silicon, are grown by pulling, as 

are many materials that are cut as gems. These include ruby, sapphire, YAG, GGG, alexandrite, and a wide 

variety of unusual oxides.  

 

The Bridgman-Stockbarger Method was developed around the same time by R W. Bridgman 

(American), D. C. Stockbarger (German), and the Russians J. Obreimov, G. Tammann, and L. Shubnikov 

in the period 1924-1936. A specially shaped container is used, generally a cylindrical tube that tapers to a 

cone with a small point at one end. The tube is filled with powder of the desired crystalline material and 

lowered through a heater (radio-frequency or electrical resistance types are most common), pointed side 

down. The material in the tube melts, but the small conical tip is the first  part of the container to emerge 

from the heater. In ideal circumstances (not all that difficult to achieve) the first  bit of molten material to solidify 

forms a single crystal, rather than a polycrystalline aggregate. Further solidification continues as an extension 

of the pattern provided by this induced seed crystal, until the entire cylinder is frozen, and the container is filled 

with a single crystal. 

 

There are many variations of this technique, some adapted for specialized applications such as the 

growth of high-purity metals. The method is extremely simple in concept and can be employed to grow 

truly immense crystals, the largest to date being more than 3 feet across and weighing more than a ton 

(sodium iodide, cesium iodide, and others). It is commonly used for the growth of halides, many sulfides, and 

a variety of oxides.   



A problem arises when materials are so reactive that they cannot be melted, even in such un-reactive 

containers as platinum and iridium, or if the melting point of the material to be grown exceeds that of the 

available container materials. The latter is the case with cubic zirconium oxide (CZ) which melts at the fantastically 

high temperature of 2750°C. (4982°F.) Single crystal growth of CZ was not managed until the 1970s, when 

a research group in the USSR perfected a technique (previously known) called skull melting.  The ‘skull’ 

is an open-ended cup made of copper cylinders, filled with powdered zirconium oxide and heated until 

the powder melts. The cylinders are hollow and water cooled, so the molten zirconia is thus effectively 

contained within a 1-millimeter-thick shell of solid zirconium oxide that forms just inside the copper walls. 

The entire assembly is then allowed to slowly cool until the entire mass has solidified. A typical skull 

contains about a kilogram of material, of which half emerges as cuttable CZ.  Zirconium oxide is the only 

important gemstone material grown by this method, and it is made in a wide variety of colors and 

in many different locations. Global CZ production is reported in tons, rather than carats! 

 

Solution Growth 

Solutions are perhaps the most familiar crystal growth environments. Even the simple act of making a 

cup of instant coffee is a study in solubility. If you go swimming at the beach, the slippery and often 

uncomfortable feeling you get after a while is caused by evaporating seawater leaving a fine crust of 

sodium chloride and other salts on your skin. You can even see their crystal shapes (cubes in the 

case of sodium chloride) with a magnifying glass. 

 

Solution growth has major advantages, including high mobility of dissolved components, convenience, 

and ease of control. The apparatus for solution growth can be as simple and inexpensive as a pot of 

water and some mason jars; most gemstones, however, require far more elaborate and expensive 

apparatus!  Although as much as 5 pounds of sugar can be dissolved in a quart of boiling water (you will 

find out about this if you make hummingbird food), such high solubilities cannot be found among oxides and 

silicates. In addition, although pure water is an excellent solvent for many compounds, the materials 

of gemological interest have such low solubilities that, for practical purposes, they may be considered 

insoluble. As in the case of natural environments, however, a bit of mineralizer (for example, sodium 

hydroxide) dissolved in hot water dramatically increases its capability for dissolving silicates such as quartz, 

beryl, etc. It is also much more effective to put the water under both high pressure and high 

temperature. Under these conditions, called hydrothermal growth, many mineral crystals can be 

duplicated in the laboratory. Moreover, since these are the same kinds of conditions that prevail in the 

ground, the resulting crystals often look strikingly like those found in ore deposits.  

 

A major difference, however, is size. Nature is relatively unconcerned about the corrosion of container 

walls, the rupturing of growth vessels if the pressure gets too high, or even the exact chemistry (or purity) of 

the growth solutions. Nature produces very high temperatures and pressures with impunity. The result 

can be spectacular indeed: spodumene crystals up to 40 feet long, feldspars the size of railroad 

boxcars, and people-sized quartz crystals. To date the largest hydrothermal (quartz) crystals grown in 

laboratories weigh less than a few hundred pounds. The growth of sugar crystals (rock candy) and 

other salts can be achieved at room temperature and pressure in simple containers. Silicates cannot 

be grown in this way. These substances can, however, be crystallized in steel cylinders  called bombs, 

which  are loaded with feed material, water,  mineralizers, and seed crystals and placed inside a sealed unit 

called an autoclave   



Hydrothermal growth apparatus is a pressure cooker. The bomb is heated within the device, and, since it 

is sealed, once the water in it expands to fill the cylinder, the pressure rises as the temperature is increased. 

The ternperature is carefully monitored, and the water added to the bomb is exactly measured, to 

achieve a predetermined pressure level. Mistakes here, not surprisingly, can be embarrassing! 

 

Hydrothermal synthesis is not of great significance for technological applications, except in the case of 

quartz. It is, however, of tremendous importance for synthetic gemstones because so many 

natural materials form hydrothermally within the Earth. Among the gems routinely produced in this 

way are emerald, amethyst, and citrine.  Hydrothermal growth is especially suited to materials that 

contain water or other volatile components and that therefore decompose on melting. 

 

Flux Growth:  Water is molten ice, and is an effective solvent for many substances familiar to us all. 

It is not, however, a powerful enough solvent to dissolve most oxides, silicates, and other hard materials. 

Ice is a crystalline solid that melts at 32°F. Other crystalline solids can be melted at temperatures as low 

as a few hundred degrees. If water (molten ice) is a good solvent, what about the solution capabilities 

of other molten substances? It turns out that a number of compounds, including borax, lithium oxide 

+ molybdenum oxide,  potassium fluoride, lead oxide and fluoride, and other mixtures are powerful 

solvents when melted; in fact, some crystal growers believe that it should be theoretically possible to 

find a molten-salt solvent for any given crystal. The earliest gem crystals, the rubies made by Fremy, 

were grown from molten-salt solutions of corundum. A vast array of compounds, many of 

gemological interest, can be grown in this way, including alexandrite and emerald. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Special Methods:  The previous discussion encompasses the overwhelming majority of materials. 

However, some crystals require very unusual growth conditions (this was certainly true of cubic zirconia until 

skull melting became a commercial process!). Perhaps the most notable of these is diamond. 

 

Diamond is a product of extremely high temperatures and pressures, conditions that are chiefly found in 

the Earth's mantle at a depth of 15 or more miles below the surface. The major obstacle to diamond synthesis 

was finding (1) equipment that could produce these conditions, and (2) materials to use in making this 

equipment that would allow the equipment itself to survive (and maintain) these conditions! Success was 

claimed often in the period 1850-1950, but never truly documented. That situation has changed, 

dramatically and irreversibly, over the past 60 years. 

  

  FLUX GROWTH SETUP         FLUX GROWN RUBY CRYSTALS 



Synthetic Diamond 

Diamond is made of pure carbon. The hardness and optical properties of diamond are unique 

because of its compact, tightly bonded crystalline structure. The conditions needed to produce this 

structure were for many years believed to be very high temperature and pressure, similar to the 

growth environment for natural diamonds. Attempts to duplicate nature's process in the laboratory 

as early as the 1880s (J.B. Hannay, in Glasgow, and in 1896 by Henri Moissan in France) were 

inconclusive.  

Unquestionable proof of diamond synthesis was, in fact, not forthcoming until 1955, when scientists at 

General Electric Co. announced a breakthrough. A 1,000-ton press achieved a simultaneous temperature 

of 5,000°F and pressure of 1.5 million pounds per square inch. Diamond forms from carbon very quickly 

(seconds to minutes) at these conditions. The largest crystals grown by GE were about one carat and 

a few small gems were cut from them. The manufacturing cost, however, was so high, and the 

process so difficult, that synthetic diamond gems could not, at that time, compete with natural 

stones.  By contrast, synthetic diamond powder for abrasives was relatively easy to produce and 

has now become a staple and quite inexpensive industrial product, but the production of large, 

transparent diamond crystals suitable for gemstone use remained technologically elusive, and very 

expensive.  

As long as the conditions of extreme temperature and pressure that exist at great depth, where 

diamond forms within the earth, were not attainable in a laboratory or industrial environment, the 

diamond trade remained immune to the devastating effects of undisclosed synthetics and 

treatments, problems that have plagued the rest of the gemstone marketplace.  

Curiously, the impetus to make large diamonds did not come primarily from gemstone demand. It 

turns out that diamonds are among the best known conductors of heat. The limitation on 

miniaturization of microelectronics is the dissipation of heat generated by electrons moving in 

these ultra-small circuits. The CPUs in modern computers generate so much heat that they even 

have their own dedicated cooling fans! It had long been speculated (and was later verified) that a 

huge increase in component density can be achieved by using diamond as a substrate instead of 

silicon, leading to a revolutionary advance in miniaturization. The enormous size of this potential 

electronics market, totally dwarfing any possible gemstone use, inspired significant advances in 

diamond crystal growth methods.  

 

One of these, known as CVD (chemical vapor deposition) was initially projected to be capable of 

growing transparent single diamond crystals as large as 2-inch cubes!  The long-term potential 

therefore now exists for making polished gem diamonds of almost any desired size. This 

(relatively unrecognized) situation has profound implications for the jewelry industry. 

 

TYPES OF DIAMOND 

 

Diamonds are grouped into several categories. Type I stones contain nitrogen, either in clusters 

(type IA) or as isolated atoms (type IB). All type I stones are electrical insulators and have 

absorption bands within the infrared portion of the spectrum. They commonly fluoresce yellow in 

ultraviolet light.  



Type I stones can be colorless, grayish or green (rarely blue or violet), but are normally yellowish 

to brownish, and include the Cape Series of yellowish stones that comprise the vast majority of 

diamonds seen in the gemstone trade. Type II diamonds do not contain nitrogen and are good 

conductors of heat. Type IIA stones are colorless, but IIB ones contain boron, have a bluish 

(sometimes brownish or gray) color and are electrically conductive. A very rare category called 

HGBV (hydrogen-rich, gray to blue to violet color) is produced by the Argyle Mine in Australia. 

HGBV stones contain hydrogen and also nickel, which is extremely rare in diamonds from other 

localities. Bluish type I stones are extremely rare, and can be distinguished from boron-rich type 

IIB stones because they are non-conductive and have different fluorescence. 

 

Some diamonds are “allochromatic” and colored by impurities, such as nitrogen and boron, which 

create “color centers” that selectively absorb certain light. However, an enormous range of hues is 

created by various kinds of structural defects, such as vacancies. These occur naturally, but can 

also be produced by a wide range of energetic processes. 

 

In 1904, notable physicist William Crookes buried some diamonds in a packing of radium salts. In 

a relatively short time the stones turned green. Unfortunately, they also became intensely 

radioactive! Fast forward to the 1940s – by now, particle accelerators were invented and widely 

used in high-energy physics experiments. It was discovered that cyclotron bombardment (with 

protons, alpha particles and deuterons) could color diamonds green, blue-green and yellow-

brown. It was later discovered that the yellow and brown hues were actually caused by the heating 

of the stones as a result of the bombardment. By the 1950s and 1960s cyclotrons and LINACs 

(linear accelerators) were used to commercially produce colored diamonds. Color penetration 

tended to be shallow and often in characteristic patterns, and while blue and green stones were 

the norm, occasional unexpected hues were encountered. 

 

Later, nuclear reactors were used for treatment, but the high energy particles tended to zip right 

through the diamonds; the secondary electrons they generated, however, caused structural defect 

colors, just like a LINAC. Blue and green hues were the typical result, and these colors were 

shifted to yellows and browns by heating. It was even discovered that heating a type IA diamond 

under high pressure could turn it bright yellow, and that a tinge of yellow could result even from 

the heat generated during diamond polishing!  

 

Heating an irradiated diamond “anneals” the material, and changes the color by altering the light 

absorption of the defect color center created by high energy bombardment. Heat can even 

eliminate coloration, in the case of the yellow hue in stones containing nitrogen. The GE Company 

obtained patents during the 1970s for a process of removing the yellow color in diamonds.  But in 

the 1990s the company found that heating under very high pressure worked even better, and was 

also capable of actually creating diamond crystals from carbon in various forms (one famously 

reported GE result was making diamond from peanut butter!). This method of “growing” diamond 

was labeled HPHT (high-pressure high-temperature).  

 

 

 



HPHT PROCESS 

 

HPHT is now a widely-used commercial process and is employed by companies in Russia, 

Sweden, Asia, the U.S. (notably by Chatham, and Gemesis in Sarasota, Florida). Diamonds can 

be produced in a wide range of colors, and these colors can be further modified by irradiation and 

heating.  The combination of HPHT, irradiation and heat is now capable of generating a diamond 

in virtually ANY DESIRED COLOR. This creates an ongoing challenge for gem laboratories. The 

detection problems that have plagued other gemstones now apply to diamond as well. The 

urgency of this challenge forced the major testing labs to develop methods for detecting diamond 

synthetics and treatments, and so far they have kept up with all new technologies. 

Here is a general overview of the products created by HPHT.  

 

Diamonds generally emerge from the equipment as yellow/brown stones (type IB) and sometimes 

yellow or greenish or orangy (type IIA). The few colorless stones are type IIA, and can have a light 

gray or blue tone, especially if some boron is added.  If these original crystals are irradiated, 

greenish, yellowish-green or bluish-green stones tend to emerge. If the original stones are 

irradiated and then annealed at high temperature, type IB stones can turn pink, orangy or 

brownish or purplish-pink. Type IB and some IA stones can turn red, purple and orangy-red. 

Lucent Diamonds (Denver) is marketing “Imperial Red” diamonds that result from the three-step 

process (HPHT annealing + irradiation + low temperature annealing). Gemesis is mass-producing 

yellow stones, and Chatham is marketing synthetics in yellow, blue and pink hues. The 

manufacturer employed by Chatham seems to be using a slightly modified HPHT process, 

because the stones are less saturated and more evenly colored, making them harder to identify as 

synthetic. 

 

The HPHT method can produce diamonds in reasonably short times only if a flux is used; carbon 

is dissolved in the flux and precipitates out as diamond crystals. The fluxes used are metals: iron, 

nickel and cobalt. These metals quite often appear as microscopic inclusions within the diamonds 

and are an extremely useful means of identification. Iron can sometimes be present in sufficient 

quantity to make the stones magnetic!  The HPHT method generates very well-formed diamond 

crystals. Small crystals (up to 3 carats) are produced in a matter of a few days! Larger stones are 

possible but take a longer time to grow.  

 

The limitation on crystal size in HPHT led to a search for other methods of diamond synthesis. 

Thin film research as early as the 1940s and 1950s, especially in Russia, led eventually to a 

process called CVD (chemical vapor deposition). Only a few years ago, Apollo Diamond (Boston) 

started growing and marketing gem-sized CVD diamonds. Their process decomposes methane 

gas at high temperature, releasing carbon, which then deposits onto a substrate at relatively low 

temperature and pressure. Gem sizes from CVD crystals range from melee up to about ¾ carat, 

but one great advantage versus HPHT is that CVD diamonds can easily be made colorless 

(although dark brown and fancy orange and pink stones are also produced). And the process can 

be scaled up without enormous cost. The presence of metallic particles in a diamond is the 

easiest situation – proof positive of HPHT origin. Anomalous birefringence, a common feature in 

natural diamonds, is observed only along growth sectors in HPHT synthetics.  



Since manufactured diamonds are typically cubic (natural stones are overwhelmingly octahedral), 

cubic growth patterns visible in ultraviolet light are definitive for synthetic origin. Other properties 

that have become increasingly important include spectroscopy (especially in the infrared), 

cathodoluminescence (CL, = fluorescence under a beam of electrons) and fluorescence under 

ultraviolet (UV) light (both SW = short wave, and LW = long wave).  

 

The DTC (Diamond Trading Company, an arm of DeBeers) in the mid 1990s developed several 

instruments designed to assist the jewelry trade in identifying synthetic diamonds. “DiamondSure” 

measures absorption of visible and UV light and spits out “pass” (the stone is natural) or “refer” 

(more tests are needed). DTC claims the machine identifies 100% of HPHT synthetics and only 1-

2% of natural diamonds are ‘referred’ for more testing. “DiamondView” does photoluminescence 

(PL) imaging using short wave UV, and records a digital image of the surface luminescence. 

“DiamondPlus” does high sensitivity measurements using lasers and spectrometers, with stones 

held in liquid nitrogen (spectra become much sharper at ultra-low temperatures).  

 

The gemological literature is filling up with articles and reports of new testing methods and new 

processes. CVD methods are being used to apply diamond coatings to cubic zirconia and other 

stones. New combinations of irradiation and heat are constantly being tried on synthetics made 

with all the known methods. It is difficult even to keep all the test results straight in your head 

when doing an evaluation.  

 

Detection of CVD, HPHT and other synthetic diamonds, one of the biggest challenges to the 

gemological world, relies on measuring a variety of properties, few of which individually can be 

used to make a definitive ruling. Moreover, the required equipment is typically complex and 

expensive and far beyond the reach of jewelry stones and small laboratories. Realistically, 

unambiguous certification of a diamond as natural versus synthetic can only be properly done by 

major testing laboratories. The cost of analysis is high enough to prevent all but a relative handful 

of polished diamonds to be examined. This means that perhaps 99.999% of ALL polished 

diamonds will never be certified. Bulk screening has been offered as a potential solution, but some 

screening methods only identify gems that might not be natural and therefore will require further 

testing. Newer technologies are being developed that might offer somewhat more reliable 

confirmation. The major issue is not “can you identify” a manufactured diamond. The issue is “will 

you do the proper testing”. This is a function of cost, which may turn out to be prohibitive for all but 

larger and more expensive stones. The disparity offers to unscrupulous traders the opportunity 

and incentive to add synthetic polished diamonds to parcels of natural stones, relying on their 

identical appearance and properties to avoid detection. It is possible that, in the future, many small 

diamonds will be sold with no guarantee that they originated in a mine and not a laboratory or 

factory.  

 

NOTE: HPHT has been used to convert low quality amber into stunning chunks of transparent 

right red and green material, totally unlike any amber found in nature. The process even preserves 

some of the insect remains that are typically found in amber from certain localities, as well as 

“stress formations” that are routinely used to identify natural amber. It seems likely that additional 

uses will be found for HTHP in the future for the treatment of other gem materials. 



Ruby and Sapphire 

Ruby is aluminum oxide colored red by chromium. Synthetic ruby is often made by simply melting 

aluminum oxide that contains a trace of chromium. The resulting crystal has the same internal 

atomic structure as natural ruby, as well as the same optical properties, hardness, and chemical 

composition. In fact, the only significant difference between this material and natural ruby is the 

place of origin: a laboratory, rather than deep within the earth. 

Ruby and sapphire have long been considered two of the most desired and valuable gems. 

Natural material has never been available in sufficient quantity to meet world demand. It is 

therefore not surprising that their synthesis would be considered a worthy goal. The earliest 

experiments were those of Marc Gaudin in France in the mid-19th Century, although he never 

achieved the creation of gem quality corundum. In the mid 1880's, however, rubies appeared on 

the gem market that were initially thought to be natural, but which careful study showed to be 

manufactured products. Many of these rubies, known as "Geneva rubies," because it was thought 

that they were made near Geneva, Switzerland, were sold as natural. Just after the turn of the 

century another type of ruby appeared on the market. Termed "reconstructed ruby," this material 

was supposed to have been made by melting together bits of natural ruby. In recent years it has 

been demonstrated that such a process will not work, so these rubies must also have been 

synthesized from chemical raw materials. 

A commercial process for manufacturing ruby was developed by Edmund Fremy of Paris. His 

rubies, however, all emerged in the form of thin plates. They could be manufactured cheaply in 

great quantity, and were sold widely for use in watch and instrument bearings. But they were too 

thin to provide large gems of fine color. In the last decade of the 19th Century, one of Fremy's 

assistants, August Verneuil, developed a new and different technique for synthesizing ruby. 

Fremy's method involved dissolving aluminum oxide in a molten salt, and allowing ruby to 

crystallize from the melt by slow cooling. Verneuil's method has already been described. 

Ruby can be made by adding a pinch of chromium to the aluminum oxide. Sapphire in various 

colors requires different combinations of metal oxides. It is interesting that the basic design of the 

Verneuil furnace hasn't changed much since the day it was first introduced in 1904. The furnaces 

can be automated so minimal staff can run many machines. Factories in Germany, France, and 

Switzerland may contain nearly 1,000 furnaces running at the same time, night and day. Massive 

production also exists in China, Thailand and elsewhere. The output of such factories is measured 

in tons, rather than carats, and the cost of rough synthetic corundum can be as low as a few cents 

per carat. The crystals so produced, called boules, are cut in mass-production shops, sometimes 

by machine, or by hand where labor is inexpensive. 

There are other techniques for manufacturing corundum. Ruby for lasers can be grown by ‘pulling’ 

crystals from a melt (Czochralski method), which can yield single transparent crystals inches 

across and several feet long. A more refined version of Fremy's method is also used to a limited 

extent. Today the method is called flux fusion, and the process yields ruby of fine color and clarity, 

although it is far more expensive than the Verneuil process. The flux process for ruby was 

perfected decades ago by Judith Osmer, but her trademarked “Ramaura” ruby is unfortunately no 

longer available in the marketplace. 



Synthetic sapphire and ruby appear in a variety of commercial jewelry, such as class rings and 

birthstone jewelry. Usually a ring sold as "alexandrite" or "amethyst," where the label includes the 

quotes, is a synthetic stone. The so-called "alexandrite" sold to tourists throughout the world for a 

few dollars per stone, is actually synthetic corundum that has a color change reminiscent of true 

alexandrite. Colorless corundum, or "white sapphire" is manufactured in huge quantities for use as 

colorless gems and for bearings in electric meters, as well as for use in specialized electronic and 

military applications. 

 

 

 

 

 

 

 

 

 

 

Star ruby and sapphire can be made by adding titanium oxide to the feed powder in a Verneuil 

furnace. As the corundum cools, the titanium oxide forms crystals of the mineral rutile within the 

host corundum. The rutile crystals are needle-like and orient themselves according to the 

symmetry of the corundum, which is hexagonal (six-sided), producing a six-rayed star when 

cabochon-cut. The color range of synthetic star corundum is the same as that of the faceted 

gems. Synthetic corundum has distinguishing characteristics. The Verneuil process always 

produces curved growth lines, which are visible under magnification and with the correct 

illumination. No natural mineral ever displays such curved lines, called striae, and their presence 

is a guarantee of synthetic origin. Another characteristic of synthetics and glass is the presence of 

perfectly round bubbles, sometimes with a small tail, like a tadpole. Flux-grown rubies may show 

characteristic inclusions of the flux.  

Spinel 

The first synthetic spinel was produced accidentally when some magnesium oxide was added to 

the feed powder in making synthetic Verneuil corundum. Spinel was not considered an especially 

valuable gem, however, so more than 20 years passed before synthetic spinel was used 

commercially in quantity. Natural spinels are not commonly encountered in the gem trade, but 

synthetic spinels are seen almost everywhere. These gems are widely used to imitate other gems 

that are considered more desirable, such as emerald, aquamarine, and tourmaline.  

 

 SYNTHETIC CORUNDUM GEMSTONES 
GROWN BY FLAME FUSION METHOD 

   SYNTHETIC STAR SAPPHIRES, GROWN BY 
               THE VERNEUIL METHOD 

 



Synthetic spinel is normally made by the Verneuil process, and boules in a tremendous variety of 

rich colors can be grown. These colors are due to the addition of chemical impurities because 

pure spinel, as with pure sapphire, is colorless.  In addition, spinel powder mixed with cobalt oxide 

and fused in an electric furnace produces a dense, deep-blue material that strongly resembles 

lapis lazuli. A spinel that resembles moonstone was introduced in 1957. Some spinel has also 

been made by flux fusion, and this material can be difficult to distinguish as synthetic. 

Synthetic spinels may not show the curved growth lines seen in synthetic Verneuil corundum. But 

they can usually be identified as spinel (by refractive index) and the colors of the synthetic gems 

are usually sufficiently different from those of natural stones to warrant further testing.  

Synthetic Quartz 

Natural quartz is common and inexpensive. Yet synthetic quartz can be made in sufficient quantity 

and at low enough cost to make gem quartz manufacture worthwhile. Citrine, or yellow quartz, is 

colored by iron. Amethyst is made by adding specific impurities that produce a brownish color. A 

purple he is created when this quartz is irradiated by a radioactive source. Colorless quartz is 

made in ton quantities for use in electronic applications, but is seldom cut as a gem. Green quartz 

is also manufactured in limited quantity. Quartz is synthesized by the hydrothermal method. This 

is the way most natural mineral crystals form, in veins and cavities within the earth. While natural 

solutions are very dilute, and mineral crystals may take many years to form, in the laboratory the 

action is dramatically speeded up. 

 

 

 

 

 

 

 

Synthetic Beryl 

Of the various beryl colors, by far the most valuable is the deep green of emerald. Experiments at 

emerald synthesis are known as early as 1848, but crystals weighing more than one carat could 

not be synthesized until 1912. Richard Nacken, who also developed the basic process for quartz 

synthesis, produced small emerald crystals up to about 2/s inch long, using a hydrothermal 

process similar to that used  for quartz. Later German experimenters succeeded in growing small 

emeralds of fine color which were marketed as "Igmerald" by the I. G. Farbenindustrie 

conglomerate as early as 1934. 
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   After World War II, Carroll Chatham of San Francisco introduced emeralds of large size and fine 

color. These were the result of research dating back to 1930, and apparently were made using a 

flux-growth technique. Synthetic emeralds have also been manufactured by the Linde Air Products 

Company, Pierre Gilson of Paris, Zerfass of Germany, and many others. The Linde emerald is 

grown hydrothermally using seed plates of colorless beryl. Gems are cut from the emerald that 

accumulates above or below the seed plate, so large thicknesses are required and are expensive 

to prepare. Large crystals of superb color are made by Gilson, and clusters of synthetic crystals 

are frequently offered for sale as jewelry items. 

   Synthetic emeralds can usually be distinguished from natural gems by the presence of 

characteristic inclusions. Natural emeralds have specific kinds of inclusions which are often 

diagnostic pf the country or mine of origin. Sometimes present are so-called "three-phase" 

inclusions consisting of a cavity filled with liquid, within which is a gas bubble and a crystal of 

sodium chloride or another salt.  Synthetic emeralds do not generally display such inclusions, but 

may contain pieces of flux, or other characteristic internal markings. Detection always requires the 

use of a  microscope  and sometimes additional gemological testing instruments.  

Other Synthetic Gems 

Pierre Gilson of Paris introduced three remarkable synthetic gems: opal, turquoise, and lapis 

lazuli. It is now known that the color flashes in precious opal are due to the regular accumulation 

of layers of minute spheres. Gilson duplicated this  process in the laboratory, and his synthetic 

black and white opal is spectacular and natural looking. Careful tests may be required to 

distinguish  it from natural opal. 

Gilson turquoise resembles the finest Persian turquoise. It is extremely uniform in color and 

texture, and available in cut stones or rough blocks. Under the microscope this turquoise consists 

of an aggregate of tiny spheres of uniform size, allowing it to be readily distinguished from natural 

turquoise. 

Synthetic alexandrite is not corundum with an alexandrite-like color change, but rather a true 

synthetic chrysoberyl containing suitable impurities. The color change is green to red, resembling 

Russian alexandrite. Large cut gems are available, but the cost is high for a synthetic - in the 

range of synthetic emerald. 

Synthetic rutile, chemically titanium oxide, appeared on the market in 1948, under various trade-

names. Natural rutile is nearly always opaque or a very dense, deep-red color. Synthetic rutile can 

be made by the Verneuil process in a variety of colors, including brown, yellow, red, and blue. 

Completely colorless stones cannot, however, be produced and always have a tinge of yellow. 

The colored varieties were seldom seen in the gem trade. Rutile is too soft to be useful as a 

gemstone (hardness 6-6.5 on the Mohs scale). But its dispersion is about six times higher than 

that of diamond. Cut rutile therefore blazes with myriad colors. The color display is so dazzling 

and breathtaking that cut rutile loses credibility as the diamond it is supposed to imitate. There is 

simply too much fire to be "real." Cut rutile, sold as "Titania," is occasionally still available, but long 

ago lost its popularity to more suitable diamond imitations, especially cubic zirconium oxide.  



Some other synthetic materials that have natural analogs include: scheelite (calcium tungstate); 

apatite (calcium phosphate); wulfenite (lead molybdate); proustite (silver arsenic  sulfide); gahnite 

(zinc aluminate, a variety of spinel); periclase (magnesium oxide); fluorite (calcium fluoride);  

zincite  (zinc oxide); bromellite (beryllium oxide); feldspar (aluminum silicate); zircon (zirconium 

silicate);  phenakite (beryllium silicate); and sphalerite (zinc sulfide). All of these have probably 

been cut as curiosities for gem collectors. 

CHARACTERISTICS OF SYNTHETICS 

 

Each crystal-growing method is somewhat unique and uses different equipment, chemicals, 

containers, and so forth. Natural crystals also grow in a wide variety of physical and chemical 

environments. Every crystal-growth process leaves its mark on the growing crystal in the form of color zones, 

inclusions, surface shapes, and so forth.  At any given moment during the growth of a crystal the surface is 

characteristic of both the environmental conditions and the growth process. As material is added to this 

surface, the newly added layer becomes the new outermost layer. We can therefore say that crystal growth 

is characterized by a succession of surfaces, and a crystal's history is documented by the record of its surfaces, 

in a way very analogous to tree rings. Moreover, crystal growth environments are seldom absolutely pure. 

Contaminants may enter the growing crystal and be trapped within it; these may be chemical impurities 

or sometimes crystals or bits of foreign substances.  Even the kinds of surfaces bounding the crystal during 

growth are characteristic of the growth process.  Many of these features are visible, with correct illumination, 

under a microscope. Microscopy is therefore unquestionably the most powerful working tool for the 

gemologist who wishes to distinguish between natural and synthetic materials. This is especially important 

because most homocreate materials have properties almost identical to their natural counterparts, or 

properties within the range observed for the natural substances. Easily measured properties such as 

refractive index, specific gravity, emission spectrum, optic sign, even color, are not always definitive in identifying 

homocreates. 

 

Also, the range of materials and growth methods used today is so vast that considerable experience is 

required to make positive identification. Crystal inclusions may be so small that magnifications up to 50x or 

more are required to see them properly; such inclusions may be the only proof of natural versus synthetic 

origin. Some gemstones, such as amethyst and citrine, are extremely difficult to distinguish, and in some 

cases identification is impossible. The value of a gemstone in the market-place is largely a function of rarity, a 

feature not typical of synthetic stones. The marketplace has expressed great concern over the issue of non-

detectable synthetics and their impact on gemstone prices. To be sure, a non-detectable homocreate 

would be a serious problem if no tests could be developed to recognize it. It must be realized that 

pecuniary interests drive all markets. In the past few years the emphasis has been heavily weighted 

toward making good homocreates since the monetary return for success is immense and far greater 

than the reward for developing new detection methods. In other words, you can make a lot more 

money fooling the marketplace with a newly created gemstone than by selling instruments to detect 

these gemstones. The gemological field has a lot of catching up to do.     

 

Following is a brief summary of the characteristics typical of various homocreate and synthetic gems 

produced in laboratories. It must be remembered that overlap in features is common, and single 

characteristics, with a few notable exceptions, are seldom sufficient for positive identification. Vapor growth is 

not discussed in detail because this method is not of major importance for gemstones.  



 

Melt Growth:  Some techniques, such as Bridgman-Stockbarger, would leave virtually no identifying 

characteristics. Czochralski and Verneuil crystals, however, have such rapid growth rates that certain features 

become apparent. Melt growth is typified by rounded surfaces versus the plane surfaces found in natural 

crystals. These are observed as faint (sometimes distinct) lines visible with correct lighting. If you want to 

see what these so-called curved striae look like, take a telephone book, bend it slightly, and look at the side 

with a 2x magnifying lens. This image of a stack of gently curved parallel lines is very similar to the series of parallel 

bands (actually the series of former surfaces of the growing crystal) seen in most Verneuil crystals. Curved 

striae are instantaneous proof of synthetic origin. They are never found in natural crystals. Pulled crystals, 

however, normally do not display such features. Instead, we may find tiny metallic inclusions that separated 

from the container that was used to grow the material (for example, platinum) and occasional round 

bubbles. Round bubbles or tadpole-shaped bubbles with curved tails are also typical of melt-grown 

crystals and are positive identification features.  

 

Solution Growth:  This is a real gray area since natural crystals typically grow in hydrothermal solutions.  

The highest percentage of misidentified homocreates probably falls into this category. Experience, a 

good, high-powered microscope, and a suspicious nature are likely to be a gemologist's most useful tools. 

Multiphase inclusions (gas/liquid) are found in both natural and solution- grown  crystals, although three-phase 

inclusions  (solid/liquid/gas) have not yet been duplicated in the laboratory in sufficient numbers to create 

identification problems.  

 

Flux Growth:  The most commonly observed feature is flux particles trapped in the synthesized 

crystal; these may resemble breadcrumbs or comets, clouds of dust-like particles, twisted veils, and so 

forth.  No single feature may prove diagnostic in some cases. Rather, the gemologist must rely on 

experience and a broad pattern of features for identification. Even so, it is common for some stones to defy 

analysis. The best rule of thumb is when in doubt, don't buy. If you pay the price for a fine quality natural stone, 

be sure it can be proven so. 

 

Diamond Imitations 

The appearance of rutile on the market started a hunt for crystals that, when cut, would resemble 

diamonds. A problem existed with rutile because of its unavoidable yellowish color. This problem 

was solved with the introduction of strontium titanate in 1955. Closely related to rutile, strontium 

titanate's advantage was its pure white color, with no yellowish tinge. Its hardness, however, 6 on 

the Mohs scale, is still too soft to be very useful in rings. Another advantage of strontium titanate is 

its dispersion, which, though very high (four times higher than diamond), is lower than that of rutile 

and thus more realistic. Cut gems do resemble diamonds very strongly, especially when they 

acquire a slight oily film which further cuts down the dispersion. Strontium titanate does not exist 

as a natural mineral.  Its softness left an opportunity for a still better diamond imitation material. 

This marketing gap was filled by a material called YAG, an acronym for Yttrium Aluminum  Garnet. 

YAG is one of a family of so-called "garnets," named because their internal atomic structure is like 

that of the natural garnets. But here the similarity ends, because YAG and its brothers with similar 

rare-earth chemistries, such as GGG (Gadolinium Gallium Garnet), do not occur in nature.   



YAG was originally grown for use in lasers, which is still its major application. It was accidentally 

discovered that, when properly cut, YAG strongly resembles cut diamond, even though its 

dispersion is relatively low. In addition, the hardness of YAG is about 8 on the Mohs scale, so cut 

gems are durable and do not scratch easily. YAG can be colored richly by impurities, and cut 

stones may resemble emerald, kunzite, sapphire, and other gems, although YAG's are too brilliant 

and hard to be convincing substitutes for most gems. The newest and most important imitation 

diamond material is cubic zirconium oxide, or "zirconia." This material is as hard as YAG (8.5), but 

has a much higher dispersion. In fact, the dispersion of zirconia is slightly higher than that of 

diamond, giving extremely realistic "fire" to cut gems. Such stones are lively, hard and durable, 

and virtually indistinguishable from diamond to the untrained eye. Small zirconia gems in jewelry 

settings sometimes pose severe detection problems for the jewelry trade. Zirconia sells for several 

tens of dollars per carat or less, offering the consumer a stone with much of the beauty of 

diamond at a fraction of the diamond price. Other  gem materials created solely in the laboratory  

include lithium niobate, sometimes sold as "Linobate," with a Mohs hardness of 6, yttrium 

aluminate,  and  potassium  tantalate-niobate,  whose chemical acronym is KTN. Few cut gems of 

these materials have appeared on the market, but if encountered they could pose a real detection 

problem for the average jeweler. 

 

 

 

 

 

 

Doublets and Triplets 

Doublets and triplets are composite stones, with either two or three layers. The number of 

possible combinations of materials usable in making such gems is very large, and a large variety 

of composites exists in the gem trade. 

   The normal purpose of a composite stone is to display a good color or present a hard upper 

surface. Seldom is the bottom portion a genuine stone, although doublets of diamond on sapphire 

or spinel are known. Commonly seen are doublets with garnet tops and pavilions of glass. The 

garnet portion is so thin that its color is dominated by the color of the glass, which may be blue, 

green, pink, red, or blue-green. Colorless doublets are also made. Sometimes a doublet is created 

with a hollowed-out crown that is filled with liquid and cemented to a colorless base. In past years  

factories created doublets with colorless synthetic sapphire or spinel crowns and strontium titanate 

bases. These were effective diamond imitations in which the softer titanate provided dispersion 

color but was protected from wear by a resistant top. Soude emeralds are made by cementing 

together components of colorless quartz or synthetic spinel, using a green cement to give color to 

the gem. Such stones are easily detected if unset and viewed from the side.  
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STRONTIUM TITANATE GEMS 



Other kinds of doublets include those with quartz top and glass base, or with quartz top and 

colored-glass base. Opal doublets consist of slices of opal mounted on a backing of onyx, 

ceramic, or opal. An opal triplet has an added quartz top. Ingenious jadeite triplets have been 

made consisting of translucent jadeite top and bottom, but with the upper portion hollowed out and 

a mass of the same material carefully fitted and glued in with a green-dyed cement. The resulting 

stone sometimes resembles the finest "Imperial" jade. 

Altering Gemstone Color 

The oldest method of enhancing the color of gems was the use of foil backings. Modern methods 

are much more subtle and difficult to detect. The color of opal may be improved by coating the 

back with a black substance. Occasionally diamonds are "painted" with a pale-colored dye to 

offset a yellowish tinge, but the coating soon wears off. Quartz is sometimes stained or dyed to 

resemble jade or tourmaline. Chalcedony is porous and readily absorbs dyes to produce a variety 

of bright-colored stones. ‘Black onyx’ is made by soaking grayish-colored chalcedony in a sugar 

solution and then blackening in sulfuric acid. This process leaves very tiny particles of carbon in 

the pore spaces of the chalcedony. There are many ways to improve the color of turquoise, such 

as by soaking in wax (paraffin) or impregnating with plastics, techniques that are often referred to 

as “stabilization”. Such methods are usually detectable, but should generally be suspected if 

turquoise of deep-blue color is presented at a modest price. Grayish jadeite can be stained to 

produce an "Imperial" color, or dyed an intense mauve. There is natural mauve jadeite, but the 

dyed material is much darker in hue. Serpentine, a material not related to jade, can also be 

stained a rich green color that resembles Imperial jade. 

 

 

 

 

 

 

 

Coral is also dyed to give it a more desirable (typically red) color, and black coral can be bleached 

to produce a “golden” colored material. Lapis lazuli, a rock, is also frequently dyed blue or 

“touched up” with colored solutions. Dyes are often readily detected because they tend to 

concentrate along fine cracks and fissures and these dark lines can be seen under magnification. 

Surface coatings (wax, polymers) are easily scratched. Modern devices, such as Raman 

spectrometers, offer a high-tech solution for detecting impregnations and coatings. Even simple 

tests, such as applying solvents (alcohol, acetone) with a Q-tip and seeing if any color “comes off” 

a stone, are sometimes quick and effective for diagnosing dye treatment. 
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CREATION OF BLUE TOPAZ BY           
  IRRADIATION AND HEATING 



Heating and Irradiation 

The effects of heat and irradiation on gems are sometimes unpredictable. In other cases they are 

used to advantage for improving gem color. Topaz, for example, occurs in various colors. Pale-

blue topaz is not uncommon, but deep, intense blue stones do not occur in nature. Such gems 

can be produced by gamma-irradiation of certain colorless topaz. This treatment turns the material 

greenish-brown, but then heating produces a rich blue color. Some golden or yellow topaz can be 

heat-treated to yield a pink or purplish-red color.  

The color of pale-brown or "sherry"- colored topaz can sometimes be improved by gamma 

Irradiation, but heating or exposure to sunlight usually reverses the process. Color fading of 

natural brown, sherry, and some blue topaz is not uncommon.  

Unfortunately, in the case of blue topaz there is no current way to detect color enhancement by 

gamma irradiation. Although some fading may occur, beyond a certain point the color seems to be 

stable. The inability to prove (or disprove) treatment destroyed the large premium in value that 

once was attributed to naturally occurring blue topaz. This experience is sobering, and also a 

warning about the future possible repercussions of non-detectable synthetics and treatments! 

Heating usually lightens the color of tourmaline, but sometimes a dark-green stone can be made 

an attractive emerald color. Gamma irradiation of tourmaline produces spectacular color changes. 

Pale-pink and some colorless stones may turn dark pink. Medium-pink material may turn yellow, 

and blue gems may turn purple.  Pale-yellow tourmaline can be made a peach color by gamma 

rays. Heating is standard procedure with zircon, turning the drab and unappealing brown and 

green material into lovely and desirable colorless and blue gemstones. 

Tanzanite coloration was once a subject of intense study. Heating of certain crystals, which 

eliminates the red-violet color component, produces the lively sapphire-blue color that has made 

the gem so popular. Aquamarine of dark-blue color is quite rare and very costly. Many of the dark 

stones seen in jewelry are produced by heating greenish or brownish material to a temperature of 

400-450°C.  The treatment results in a permanent color change. A rare kind of beryl known as 

"Maxixe type" has a distinctive indigo or cobalt-blue color that can be produced by irradiation. 

Sunlight and heating both bleach the color of this material to yellow or tan, and eventually turn it 

colorless. 

Spodumene is not normally heated, although some yellowish-brown material may be changed to a 

purplish color by heating and lilac kunzite can be turned an intense emerald-green by gamma 

irradiation.  

One of the most commonly heat-treated gems is quartz. Synthetic amethyst is made from a 

specially prepared smoky quartz by gamma-ray bombardment. It appears likely that natural 

amethyst acquires its color in the same manner. Gamma irradiation plus heating of some Brazilian 

quartz produces a bright greenish-yellow color that is not found in nature. This color fades 

substantially in sunlight. Amethyst may turn brownish or red at a temperature between 400 and 

500°C, but sometimes a green color is produced and such gems are sold as "greened amethyst," 

or "Prasiolite." Further heating causes a complete loss of color. Irradiation plus heating may also 

produce brown, orange and yellow hues in quartz. 



The heating of amethyst to a brownish-yellow color is carried out on a commercial scale. The 

resulting material is often sold as "Madeira topaz," a misleading name that should be abandoned. 

A lighter shade has been called "Palmyra topaz," and reddish stones "Spanish topaz." The color 

change of amethyst due to heating is not always predictable and fading is a possibility.  

Gamma irradiation of some pearls leads to a gray or bluish-gray color (though not the "black" 

found in nature). The treatment can be used to improve the color of greenish pearls. The gamma-

induced color is uniform and does not fade noticeably in sunlight. 

Clarity Enhancement 

Many gemstones are typically filled with microscopic (or larger) cracks and fissures that often 

reach the surface of a cut stone. These fissures are clearly visible because of the large difference 

in refractive properties of air versus the host mineral. The cracks “disappear” if they are filled with 

a substance (such as oil, wax, epoxy or some other substance) that closely matches the refractive 

index of the surrounding matrix. The best known example of this treatment is undoubtedly 

emerald, a gemstone that virtually always displays a maze of internal imperfections that has been 

kindly and euphemistically dubbed “jardin” (French for ‘garden’) by the gemstone trade. If an 

emerald is soaked in a green-dyed oil and heated, the oil may penetrate the stone and fill the 

cracks, effectively “clarifying” it and improving transparency and brilliance. Oiling of emerald has 

been done for centuries, typically right at the source; eventually the oil evaporates and escapes 

and the stone returns to its original visibly-flawed condition, but it can be re-treated again and 

again. Fillers such as epoxy and polymer offer a more permanent “fix” and are generally 

detectable with careful testing. Many other gems are clarity-enhanced with a variety of “fillers”. 

Even diamond is routinely treated, using lasers to “burn out” dark colored inclusions within a 

stone. The laser treatment is easy to spot because the intense light beam creates a microscopic 

“tunnel” through the diamond! 

Diffusion 

Diffusion is a process that allows chemical impurities to enter the structure of a gem material on 

an atomic scale. These impurities disturb the structure and affect the way light is absorbed, 

thereby producing a color. The atomically disturbed areas are known as “color centers”. Color 

centers are the source of coloration in most transparent gemstones, and are ubiquitous in mineral 

crystals of all types. But laboratory experimentation has revealed chemical process that allow 

forced introduction of impurities into various gem materials, creating artificial color centers and 

producing hues in these gems that are due entirely to artificial treatment. Diffusion rates are 

extremely low in minerals, unless carried out at very high temperatures that would damage or 

destroy most gems. Exceptions are minerals such as corundum (sapphire) and feldspars that form 

in nature by crystallizing from a melt and can therefore be heated nearly to the melting point 

during treatment. Diffusion is an artificial enhancement process that often radically changes the 

appearance of a gemstone, and is not regarded as “benign” in the same manner as just heating.  

Heating is an ancient and widely used process for improving gemstone color and (with disclosure) 

is considered acceptable by the trade. Diffusion, however, can be challenging to detect and 

therefore has offered unscrupulous dealers an opportunity to commit fraud by intentional 

nondisclosure of the process.  



The most extensively studied gemstone diffusion treatment involves the migration of the element 

beryllium into sapphire. The result is the creation of a new color in the material, frequently orange 

but also blue, yellow and red. In large stones the zone of altered color may be visible as a surface 

layer, but in small gems the beryllium may have penetrated through the entire stone and no such 

color zone is visible. Beryllium treatment is now routinely detected with spectrometers and other 

devices that are typically not used by sellers within the jewelry industry. 

A more egregious example of undisclosed treatment is the gemstone that has been widely sold as 

“red andesine”, a material of questionable origin and marketed in prodigious quantities in recent 

years. Laboratory testing has confirmed that the red (and green) color seen in this product can be 

produced by diffusion of copper into pale yellow colored feldspar. The copper entirely pervades 

the structure of the host and the resulting coloration can be quite uniform (when viewed without 

magnification). The only localities on earth that provably yield naturally occurring red and green 

feldspar are the sunstone deposits in Oregon, and the total production from all these localities 

combined is vastly smaller than the immense volume of cut gems marketed as ‘andesine’. It has 

become generally accepted that “red andesine” is a treated gemstone, despite its continued 

marketing as a natural stone by dealers whose ethics have therefore been called into question.  

Recent experimentation suggests that many other gemstone types might possibly be altered by 

diffusion treatment, even at relatively low temperatures. This implies a future marketplace that is 

pervaded by treated gems for which detection tests have yet to be developed, and the resulting 

expansion of the epidemic of nondisclosure that is killing the credibility of the gem trade. 

CONCLUSIONS 

The jewelry trade is certainly aware of the issues discussed above, and various groups (including 

the Federal Trade Commission) are working to find solutions that are acceptable to all parts of 

their industry. One group, the AGTA (American Gem Trade Association) has proposed a list of 

“codes” to use as product labels, indicating possible treatments. This is an excellent start, and one 

can only hope that awareness, disclosure and integrity will converge to maintain the health and 

viability of one of mankind’s oldest commercial markets. 

ASBL Assembled product    B Bleaching    C Coating 

D Dyeing   E Enhanced    F Filling    G Gamma/Electron radiation 

H Heating   I Infilling IMIT Imitation   L Lasering  MM Manmade 

N Natural   O Oil/Resin Infusion    R Irradiation      S Stabilization 

SYN Synthetic    U Diffusion    W Waxing/Oiling 

 

 

 


