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FOREWORD
EVEN THOUGH THE POPULAR IMAGE OF DIAMONDS

has traditionally been that of a colorless gem, colored diamonds came to the forefront late in the 20th century. As the Argyle mine in
Western Australia began turning out pink and “champagne” diamonds in the mid-1980s—at the
same time new cutting styles were bringing more fancy-color yellow diamonds into the marketplace—public perception started to change. In 1987, the 0.95 ct Hancock Red diamond fetched
over $926,000 per carat at auction, more than seven times the previous record per-carat price
paid at auction for a gemstone. More recently, colored diamonds have become a staple among
Hollywood celebrities, further magnifying the public’s exposure to these natural treasures.
At Gems & Gemology, colored diamonds have always been a topic of interest. Since its founding in 1934, G&G has explored some of the world’s most famous colored diamonds, including the
Hope, the Tiffany Yellow, and the Dresden Green. The journal has also published numerous
reports on the unique characteristics and the color grading of fancy-color diamonds. And as color
enhancements have become more prevalent—and increasingly sophisticated—G&G has featured
critical research in distinguishing between natural- and treated-color colored diamonds.
At a time when natural-color colored diamonds are undeniably at the pinnacle of the diamond
industry, we are pleased to present Gems & Gemology in Review: Colored Diamonds, the second
in a series of collected works originally published in G&G. The editor of this volume is John M.
King, technical director of the GIA Laboratory in New York and a respected authority on fancycolor diamonds. With more than 25 years of laboratory experience, Mr. King has written a number
of landmark articles for Gems & Gemology, and he frequently lectures on colored diamonds and
laboratory grading procedures. He is also an accomplished artist whose training in fine arts included studies in both color theory and color naming and order systems, which have supplemented his
work in the laboratory.
Many others were instrumental to this volume. The Gems & Gemology in Review series editor,
GIA Research Director James E. Shigley, helped compile the material and provided many valuable
suggestions. G&G associate editor Stuart Overlin prepared and edited the manuscript, while managing editor Thomas Overton coordinated the book’s printing and drafted the index. Carol M. Stockton,
G&G’s consulting editor, reviewed the text for accuracy and thoroughness, and technical editor
Sally Magana offered a number of helpful recommendations. G&G art director Karen Myers was
responsible for the design and layout. Allison DeLong assisted in the book’s proofing and production.
A special thank you goes to the many authors, past and present, who contributed their writings to
the journal.
Alice S. Keller
Editor-in-Chief
Gems & Gemology
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PREFACE: THE ALLURE OF COLORED DIAMONDS

W

hile colored diamonds have
been known and admired
for centuries, the more widespread
passion for them is a relatively
recent phenomenon. In the not-sodistant past, only large, historic
diamonds such as the Hope or the
Dresden Green commanded much
attention even within the gem and
jewelry community. Today, we
have come to appreciate the beautiful range of natural-color colored
diamonds (figure 1) as well as their
rarity: available in relatively small
quantities, yet just plentiful
enough to sustain an active market. It is an exciting time in which
the consumer and the jewelry
industry alike are learning that
few other gemstones occur in the
depths and ranges of color seen in
diamonds. It may be the only gem
where stones with the least color
and those with the most color
carry the highest premiums.
Although colored diamonds
comprise only a small percentage
of total mine production, they are
often the center of attention at
major auctions or at closely
Figure 1. The diamonds here illustrate some of the intriguing
colors of fancy-color diamonds. The large (20.17 ct) blue
watched media events such as
emerald-cut stone in the center, courtesy of SIBA Corp., was
the Academy Awards and the
graded Fancy Deep by GIA. Photo © GIA and Harold & Erica
Cannes Film Festival. What has
Van Pelt.
caused this change?
Since the late 1970s, developments in areas such as diamond cutting, mining, marketing, and grading have helped put colored diamonds squarely in the public eye. While much of this activity has been recent, Gems
& Gemology has a long history of publishing reports on colored diamonds. This volume of
Gems & Gemology in Review presents a selection of the articles and notes on colored diamonds that have appeared in the journal since its inception in 1934. Before the sections of this
volume are introduced, let’s take a brief look at the developments mentioned above and their
impact on our perception of colored diamonds.

xiv

CUTTING INNOVATIONS
Historically, colored diamonds were manufactured in the same shapes, cutting
styles, and proportions as their colorless
and near-colorless counterparts. That
began to change in the 1970s, as a handful
of diamond cutters began experimenting
Figure 2. The radiant cut was one of several cuts developed
with ways to attain better yield from
in the 1970s and 1980s that maximized the color of fancy
rough and create new face-up appearances. diamonds. Photo by Harold & Erica Van Pelt.
Little did they realize they were laying the
foundation for a revolution in the availability of colored diamonds in the marketplace. By the mid-1970s, New York manufacturers such as
Stanley Doppelt and Henry Grossbard were devising variations on Basil Watermeyer’s 1971 Barion
cut, a square mixed cut whose step crown and modified-brilliant pavilion improved brilliance and
increased yield over the traditional step cut. Their assumption was that the increased scintillation
from the mixed cut would better disguise inclusions, resulting in a more pleasing appearance. But as
both Doppelt and Grossbard eventually discovered, their experimental proportions and facet variations also strengthened the face-up color of light yellow and other yellow diamonds.
By the late 1970s and early 1980s, the trade had become aware of the full potential of these new
cutting styles. Doppelt, in conjunction with diamantaire Louis Glick, introduced the StarBurst cut,
which helped popularize yellows. Grossbard, meanwhile, purchased an off-color 109 ct diamond
named the Cross of Asia at Sotheby’s Zurich auction in 1976. His decision to refashion this diamond
into his new radiant cut resulted in a 79 ct Fancy yellow* Flawless diamond. Despite the loss of 30
carats, the renamed Radiant Cut diamond was considered significantly more valuable than the original Cross of Asia.
With the success of the StarBurst and radiant cuts, more manufacturers began recutting light yellow
diamonds into these new styles to achieve face-up color grades of Fancy Light or Fancy. The new cutting styles moved away from maximizing white light return, fire, and strongly contrasting scintillation
patterns—the aspects of cut that are sought after in near-colorless diamonds—to improving and intensifying color appearance (figure 2). Key features of these new cutting variations were half-moon facets
on the pavilion, French culets, and a greater number of facets in general. Over time, the new shapes
and cutting styles were used not just during recutting but also on diamond rough, a practice that resulted in better color grades and weight retention. As a result, the manufacturing of light yellow rough
became more profitable. Even more than increased mining output, this revolution in cutting was
responsible for the greater availability of intensely colored yellow diamonds in the marketplace. Over
time, these cutting variations were successfully applied to a variety of diamond colors. Today, most
colored diamonds are manufactured in the various styles that maximize their face-up color.
Experimentation in diamond cutting continued worldwide, and many of these innovations were
applied to colored diamonds. For example, Gabi Tolkowsky’s “Flower Cuts” (the Marigold, Dahlia,

*Graded prior to the GIA Laboratory’s modifications to its colored diamond color grading system.
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Zinnia, Sunflower, and Fire Rose) from the late ’80s were designed to increase yield and brilliance in shallow rough unsuitable for traditional proportions. They were also found to help
lighten dark brown diamonds and intensify the color appearance in lighter ones.

THE ARGYLE MINE AND ITS MARKETING EFFORTS
The discovery of the Argyle mine in Western Australia during the late 1970s marked another turning
point in the availability of colored diamonds. Within a few years of coming on line in 1982, the mine
became the largest volume producer of diamonds in the world. A very high percentage of Argyle’s
production was in brown diamonds, which had never received much recognition in the marketplace.
As the mine’s production soared, however, Argyle set out to change that.
From the early ’90s on, Argyle aimed its advertising at the large customer bases in the United
States and Japan, created an alluring image for brown diamonds by connecting them with festive and
sophisticated tastes (figure 3). A key aspect of this campaign was associating the diamonds’ broad
range of brown colors with “champagne” and “cognac.” Jewelry design
Figure 3. In the early 1990s, Argyle launched a marketing
contests featuring brown Argyle diacampaign for its “champagne” and “cognac” diamonds that
monds raised further awareness, and
cultivated consumer demand for these previously overhigh-profile designers such as
looked colors. Courtesy of Argyle Diamonds.
Michael Bondanza and Cornelis
Hollander began using them in their
creations. Prior to this, such extensive marketing efforts were typically
limited to diamonds in the near-colorless range. Creating such positive
associations for a product long
ignored was a significant innovation,
and its impact continues to be felt.
Additionally, Argyle acquired a
certain cachet as the only mine that
consistently produced small quantities of fine pink diamonds.
Previously, the production of pinks
had been sporadic at best, so these
diamonds immediately seized the
industry’s attention. Like the
browns, the Argyle pinks were marketed in innovative ways. Special
annual “tenders” of the few topquality pinks (figure 4) garnered considerable coverage in the trade press.
Initially these auctions were held at
a luxury hotel in Geneva, but in
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recent years they have traveled worldwide to
accommodate the many potential buyers who
want to view these diamonds prior to bidding on
them. In addition to the pinks offered at tender,
Argyle sold smaller ones directly to jewelry
manufacturers and designers, who pavé set
them for maximum impact. This eventually
stimulated a trend toward colored diamond pavé
work in general.

THE IMPACT OF AUCTION SALES,
EXHIBITIONS, AND THE MEDIA

Figure 4. The limited production of fine pink diamonds from the Argyle mine, offered at annual
tenders, continues to receive widespread coverage
in the trade press. Courtesy of Argyle Diamonds.

Yet another watershed event for colored diamonds came with the 1987 auction of the
Hancock Red at Christie’s New York. This 0.95
ct purplish red diamond sold for over $926,000
per carat, still the record price per carat for any gem ever sold at auction. Virtually overnight, colored
diamonds became part of every diamantaire’s conversation. Auction houses also began to offer more
colored diamonds at the pinnacle of their
respective colors. Diamonds in the “end
Figure 5. Colored diamonds such as these blues generally
grades” of Fancy Deep, Fancy Intense, or
command the highest prices of any gems. Courtesy of SIBA
Fancy Vivid became regular highlights.
Corp. and Rima Investors Corp. Photo by Robert Weldon.
While the record of the Hancock Red has yet
to be topped, colored diamonds continue to
command the highest per-carat prices of any
gems (figure 5). At two major auctions in
1995, a 7.37 ct Fancy Intense purplish pink
diamond sold for $818,863 per carat and a
4.37 ct Fancy Deep blue fetched $569,000
per carat. More recently, a 0.90 ct Fancy
Vivid green brought $736,111 per carat in
1999, while a 3.95 ct Fancy Deep blue sold
for $420,557 per carat in 2001. These steep
prices continued to hold their ground up to
the time of this writing. A 3.10 ct Fancy
Vivid purplish pink diamond sold for
$592,129 per carat in June 2005; four months
later, a 4.24 ct Fancy Vivid blue brought
$426,415 per carat.
Even with the occasional exhibition of
colored diamonds from royal and state
collections, historically there were few
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opportunities for the public to see significant numbers of colored diamonds in a wide range of
colors. Fortunately, over the course of the last century, a handful of passionate individuals have
managed to bring them to the attention of broader audiences. Atanik Eknayan exhibited his
collection of colored diamonds at the St. Louis Exposition in 1904, where it was said that more
than 70 different colors were on display. Long-term loans to museums also provided opportunities for viewing colored diamonds, such as Andre Gumuchian’s 40-plus-diamond Spectrum
Collection, which was on view at the American Museum of Natural History in New York from
1976 to 1986. Between 1981 and 1984, Eddie Elzas’ Rainbow Collection of approximately 300
diamonds toured a number of venues, including the American Museum of Natural History and
the Los Angeles County Museum of Natural History. Alan Bronstein and Harry Rodman’s
Aurora Collection, which now consists of 296 colored diamonds, was exhibited at the
American Museum of Natural History from 1989 to 2005. Their Butterfly of Peace Collection,
developed over a 12-year period (figure 6), was on display at the Houston Museum of Science
from 1994 to 1996 and the Smithsonian Institution from November 2004 to July 2005.
Other temporary museum exhibitions have
Figure 6. Some one million people saw the Aurora Butterfly of Peace
brought colored diamonds
Collection during its display at the Smithsonian Institution from 2004
to a much larger audience.
to 2005. The collection consists of 240 loose colored diamonds, at a total
Notable examples were
of 166.94 carats. Courtesy of Aurora Gems; photo by Robert Weldon.
“The Nature of Diamonds,”
which premiered in New
York and traveled to San
Diego in 1999, and
“Diamants,” which opened
in Paris in 2001. Blue diamonds were chosen by De
Beers to express the feeling
of uniqueness in witnessing
the start of a new millennium in 2000. Centered on
the 27 ct Fancy Vivid blue
Heart of Eternity (illustrated here on p. 47), a group of
11 blue diamonds were featured as part of the De Beers
Millennium Collection.
This collection was
unveiled at the Millennium
Dome in London on New
Year’s Eve 2000. Together
with the 203 ct D-color,
Flawless De Beers
Millennium Star, these blue
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diamonds sent a strong message to the public about
diamonds and their timeless beauty.
The Smithsonian’s summer 2003 “Splendor of
Diamonds” exhibit reportedly received between 10,000
and 15,000 visitors a day. In addition to the impressive
attendance figures, the seven diamonds that made up the
“Splendor” exhibit (illustrated here on p. 44) drew much
press and television coverage and were regularly disFigure 7. This 6 ct Fancy Intense pink rectancussed as embodying the idea of rarity. Two years later,
gular mixed-cut diamond was given by actor
the Natural History Museum in London premiered
Ben Affleck to singer/actress Jennifer Lopez
“Diamonds” in the summer of 2005. The exhibit
in 2002. Courtesy of Rima Investors Corp.
highlighted a group of unique diamonds (including
Photo by Harold & Erica Van Pelt.
some from the “Splendor” exhibit) and featured historic and modern jewelry as well as mining displays.
With this increased exposure has come trade backing for colored diamonds in ways that had not existed before. In 2003, the Natural Color Diamond
Association (NCDIA) was established. To date, the association has sponsored fashion shows in conjunction with trade and media events, and has launched a website to help consumers and diamond
professionals alike better understand colored diamonds.
Of particular importance to the growth in consumer awareness of colored diamonds is the greater
coverage by the mainstream media of colored diamond purchases and adornment by celebrities. For
example, in 2002 and 2003 considerable attention surrounded the 6 ct pink diamond in the engagement ring given to singer/actress Jennifer Lopez by her then-fiancé, actor Ben Affleck (figure 7).
Other large colored diamonds have adorned celebrities at media events, such as Halle Berry wearing
the 5.54 ct Pumpkin diamond (part of the “Splendor of Diamonds” exhibit) when she accepted her
Best Actress Oscar in 2002. She followed this at the 2003 Golden Globe awards by wearing a blue
diamond pendant and ring. While the presence of colored diamonds at such events isn’t a new phenomenon, the attention that now surrounds these gems is unprecedented.

REFINEMENTS IN GRADING AND CHANGES AT THE LABORATORY
During the late 1980s, GIA began work on strengthening its system for color grading colored diamonds. While the basic framework of the system had been in place since the mid-1950s, GIA laboratory officials recognized that it needed to be refined to respond to the greater availability of naturalcolor diamonds in a broader range of colors. Building on the format of the Institute’s Colored Stone
Grading System, which had been introduced into its education courses in 1980, this research effort
continued through the early 1990s. A preliminary summary was presented at GIA’s 2nd International
Gemological Symposium in Los Angeles in 1991 (King, 1992). In early 1995, GIA formally introduced
the modifications, which included the use of two additional Fancy-grade terms, Fancy Deep and
Fancy Vivid (see Part 3 of this book). Today, the GIA color grading system is used globally as a consistent way to communicate color in colored diamonds.
Since these modifications were introduced, demand for GIA’s colored diamond grading services
has steadily increased. Between 1998 and 2003, for example, requests rose 68% overall. It is important
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to bear in mind that greater demand for grading services is better seen as an indicator of colored
diamonds’ popularity rather than increased mining supply. Colored diamonds that might not have
received reports in the past are now routinely submitted. Yet of the hundreds of thousands of diamonds submitted annually to GIA for reports, less than 8% are colored diamonds and most of
those are yellow.
Another trend we are seeing is a shift in the type of grading report requested. Of the two
types of reports GIA offers for colored diamonds—a comprehensive grading report, and what
is known in the trade as a “color only” report—in recent years we have seen a greater proportion of requests for the comprehensive report. For example, in 1998, 57% of the requests
were for the comprehensive report, whereas this number had grown to 75% in 2003. As the
value and awareness of colored diamonds have increased, interest in the more comprehensive
report has grown as well.
While they are not the focus of this book, diamond treatments have become much more
prevalent since the ’90s. The last few years have also seen synthetic colored diamonds become
commercially available for the first time. Indeed, their importance to the gem industry prompted the first volume in the Gems & Gemology in Review series, Synthetic Diamonds (2005).
Treated-color diamonds and colored synthetic diamonds can provide a benefit for some consumers because they offer affordable alternatives for those interested in the unusual, and in
some cases they encourage future purchases of natural stones. However, they can also present
serious identification challenges. An understanding of the properties of natural-color colored
diamonds, especially the causes of the many hues in which they occur, is critical to meeting
these identification challenges. Many of the articles and notes reproduced here have added significantly to our knowledge of the physical and optical properties of natural-color diamonds—
and, thus, to the ability of the research gemologist to separate them from their synthetic and
treated-color counterparts.

NOTES REGARDING THE ORGANIZATION OF THE BOOK
AND THE COLOR TERMINOLOGY USED
Most of the information in the present volume was originally published in Gems & Gemology
between the years 1935 and 2006. The entries appeared as feature articles, shorter “Notes & New
Techniques,” reports from the GIA Laboratory (originally “Developments and Highlights at GIA’s
Labs,” but known as “Lab Notes” since 1981), or “Gem News” (now “Gem News International”)
items. Also included are summaries of relevant presentations at GIA’s International Gemological
Symposia in 1991 and 1999, which originally appeared in Proceedings volumes published by the
Gems & Gemology staff.
This information is organized in four parts:
1. Historic and Notable Colored Diamonds
2. Characterization of Colored Diamonds
3. Color Grading of Colored Diamonds
4. Colored Diamonds with Unusual Characteristics
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Each of the book’s four parts is preceded by
an introductory essay. Within each part, the
material appears in largely chronological order
to help the reader follow the evolving areas of
interest and understanding in studying these
gems. In many cases, the original entries have
been reformatted to fit the style of this volume. Note, too, that the earlier angstrom (Å)
units have been converted to nanometers (nm),
the internationally recognized SI unit (1 Å =
0.1 nm). Following the Epilogue, which looks
at the future for colored diamonds, information
on each contributor is consolidated in the
About the Authors section. Starting on page
Figure 8. Accompanying this volume is the GIA
298, the reader will find a consolidated bibliog- Colored Diamonds Color Reference Charts booklet.
raphy containing all the references cited in the
These charts illustrate the color grade color transioriginal publications. This method was chosen tions in the hues most commonly encountered at
the GIA Laboratory.
to avoid repetition, since many of the references appear in several entries.
It is important to remember that color descriptions on laboratory reports have changed over
time, especially since GIA introduced its modified system in 1995. Because of these differences, it
can be challenging to compare some past color descriptions that are no longer used with GIA’s
newer Fancy grades. Where appropriate, a note of clarification will accompany the entry.
This volume also contains the works of non-GIA authors who used terms similar to those associated with GIA’s colored diamond color grading system. The use of GIA terms by non-GIA authors does
not imply that the grading, and thus the description, is the same as would be applied by GIA. While
GIA does not discourage others from using the terminology it has developed, the Institute has no way
of verifying the color standards, methodology, equipment, or training used by other laboratories.
Finally, a booklet of color reference charts is included with this volume to help the reader understand the relationship of color appearances as they are described in GIA’s color grading system for
colored diamonds (figure 8). While the charts do not attempt to represent all of the colors in which
diamond occurs, they do reproduce examples from a wide range of colors encountered in the jewelry
industry. Earlier versions of some of these charts were first published in conjunction with articles in
this book—such as the grading and characterization articles on blue, pink, and yellow diamonds—
while others were developed specifically for this booklet. This booklet will help the reader gain a
better understanding of these intriguing diamonds and their varied color appearances. Please note
that, due to the inherent difficulties of controlling color in printing (as well as the instability of inks
over time), the color of images in these charts may differ from the actual color of the diamonds they
are intended to represent.
John M. King
Editor
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COLORED DIAMONDS

Part 1
Historic and Notable
Colored Diamonds

INTRODUCTION
D

espite their undeniable appeal, colored diamonds were once considered less relevant
than colorless and near-colorless diamonds in the marketplace, and the limited coverage in early issues of Gems & Gemology attests to this. The reports that did appear
tended to focus on historic and notable colored diamonds. The first two entries in this
book provide an example of the journal’s early reporting: Robert Shipley’s Fall 1938 profiles of the 41 ct Dresden Green and the 128.51 ct yellow Tiffany, and a Summer 1940
note on the “chestnut”-colored 455 ct Darcy Vargas rough diamond. With little or no
access to these treasures, the reports tended to dwell on the history, lore, size, and noticeable color instead of specific gemological characteristics. In some instances, they were
simply based on interesting news. While not included here, the journal’s coverage also
included such items as a 56 ct rough pink diamond from the Williamson mine in present-day Tanzania being cut as a wedding gift for the future Queen Elizabeth II (Winter
1948–49), a rumored sale of the Tiffany (Spring 1960), and the Eureka diamond going on
permanent loan to the De Beers Mine Museum in Kimberley, South Africa (Spring 1984).
As noted in the preface, the 1987 sale of the 0.95 ct Hancock Red at Christie’s New
York for a record $926,000 per carat marked a turning point in colored diamonds. Prior to
the sale, GIA laboratory and research staff were given the unique opportunity to collect
data on the Hancock Red, along with a purple-pink and a reddish purple diamond that
went to auction with it. Interestingly, this was the second opportunity for GIA staff to
see the Hancock Red, which originally had been graded in 1956. Robert Kane’s Summer
1987 article on these three diamonds acknowledged their historic importance and rarity
while documenting properties of colors that are not often encountered.
As interest and awareness continued to grow, new opportunities to observe colored
diamonds arose. In 1988, a casual conversation between GIA and Smithsonian
Institution staff revealed that the Hope diamond would be taken out of its setting for
repairs to the mounting. Recognizing the rarity of this opportunity, GIA offered to send a
team to Washington, D.C., to perform the first-ever grading of this historic blue diamond. G. Robert Crowningshield’s account in the Summer 1989 issue provided the most
thorough documentation to date of its properties and characteristics. The uniqueness of
the situation struck home when we realized how few people had handled the Hope since
it was donated to the Smithsonian Institution by Harry Winston in 1958.
By coincidence, approximately one month earlier, GIA’s Robert Kane and Shane
McClure had traveled to Dresden, in what was then East Germany, to examine the
famed Dresden Green diamond. With Green Vaults director Dr. Joachim Menzhausen,
they published an account in the Winter 1990 issue that added greatly to our knowledge
of this remarkable diamond and of the origin of color in green diamonds in general.
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Because the characteristics of natural-color green diamonds (which derive their hue
from exposure to radiation in the earth) are similar to those of diamonds colored green
by irradiation treatment in the laboratory, documenting the visual and spectral characteristics for a green diamond of known provenance yielded valuable insights on the
occurrence of this color.
On occasion, Gems & Gemology has reported on colored diamonds—specimens
exceptional for their size, color, or characteristics—that would later become famous. In
the Summer 1992 issue, Thomas M. Moses reported on a 22.28 ct chameleon diamond, one of the largest ever seen in the laboratory at the time, that eventually
became the subject of an essay by noted jewelry historian and gem dealer Benjamin
Zucker in Derek J. Content’s 1995 A Green Diamond. A Spring 1994 Lab Note
recounted the grading of the 545.65 ct “Unnamed Brown” diamond, which was later
renamed the Golden Jubilee when it was presented to the King of Thailand in 1997 on
the 50th anniversary of his coronation. A rare orange diamond described in the Fall
1997 issue became known as the Pumpkin diamond a year later when it was purchased at auction by Harry Winston, Inc. Worn by actress Halle Berry when she
accepted her Oscar for Best Actress at the 2002 Academy Awards, this 5.54 ct Fancy
Vivid orange diamond received further acclaim as part of the “Splendor of Diamonds”
exhibit at the Smithsonian Institution in 2003.
More recently, Christopher Smith and George Bosshart’s Spring 2002 article thoroughly documented the history and the Gübelin Gem Lab’s grading of the 128.48 ct Star
of the South. Discovered in 1853, it was the first diamond of Brazilian origin to receive
international acclaim. This editor and Dr. James E. Shigley wrote a Summer 2003 report
on the seven spectacular diamonds from the Smithsonian’s “Splendor of Diamonds”
exhibition, which brought together six colored and one colorless diamond from private
collections around the world. At the close of the exhibition, a once-in-a-lifetime opportunity arose to compare three of the rarest blue diamonds in the world. This editor collaborated with Dr. Elizabeth Johnson and Dr. Jeffrey Post of the Smithsonian Institution
in the Winter 2003 issue to compare the 27.64 ct Heart of Eternity from the “Splendor”
exhibit with the 45.52 ct Hope and the 30.62 ct Blue Heart, both part of the
Smithsonian’s permanent collection.
Part 1 closes with a note on the historic Cullinan blue diamond necklace, which
holds a special place in the history of African diamond mining. Thomas Cullinan, then
chairman of the Premier mine in South Africa, presented it to his wife in 1905 to commemorate the gift of the 3,106 ct Cullinan diamond to England’s King Edward VII and
his own subsequent knighthood.

INTRODUCTION
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IMPORTANT DIAMONDS
OF THE WORLD
Robert M. Shipley

THE DRESDEN GREEN

THE TIFFANY YELLOW

If, in addition to size, transparency, and brilliancy, a diamond possesses a marked body color, no
gem can surpass it in relative value. Of green diamonds, the finest and one of the largest known is
the Dresden Green, so called because preserved in
Dresden, Germany. It was purchased in 1743 by
King August the Strong of Saxony, for the royal
treasury. He is said to have paid $60,000 for it. It
was valued by Kluge, a German authority, in
1860 at $150,000. It is of almond or pendeloque
shape and weighs 49.8 metric carats. It is 1 1⁄ 2 in.
long and 5⁄6 in. thick. It is clear apple-green color,
being intermediate between emerald and chrysoprase in tint, and is perfectly transparent and
flawless. It is probably of Indian origin, but nothing is known of its history previous to its purchase by August the Strong. This king had a passion for collecting rare gems and jewels, and a
large exhibit of these, including this green diamond, is still to be seen in the Green Vaults
(Grüne Gewölbe) in Dresden. Another green diamond in the collection is a brilliant weighing 40
carats which it is said the King was accustomed
to wear in his hat.

This, perhaps the largest and finest of yellow diamonds, was found at the Kimberley Mine,
Kimberley, South Africa, about 1878. It was cut in
Paris to a double brilliant weighing 128.5 metric
carats. It has 40 facets on the crown, 44 on the pavilion or lower side, and 17 on the girdle, a total of 101
facets. Dr. [George Frederick] Kunz stated that this
unprecedented number of facets was given the stone
not to make it more brilliant, but less brilliant. The
stone was of yellow color, and it was thought better
to give it the effect of a smothered, smoldering fire
than one of flashing radiance. The stone has the
unusual feature, in a yellow diamond, of retaining its
color by artificial light. It was exhibited at the
World’s Columbian Exposition in Chicago in 1893,
and again at the Century of Progress, Chicago
World’s Fair, 1933–34, by Tiffany and Company of
New York City, and it is still a highly prized possession of that firm.

Much of the information in these entries has since been corrected. For
a more current description of the approximately 41 ct Dresden Green,
please refer to Kane et al. (1990), reproduced here on pp. 14–30. For
a more current description of the yellow Tiffany, please refer to
Balfour (2000); the diamond is illustrated here on p. 192.—Ed.
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From GEMS & GEMOLOGY, Vol. 2, No. 11, 1938, p. 183
© 1938 Gemological Institute of America

STUDY OF THE DIAMOND
“DARCY VARGAS”
Esmaraldo Reis

Study made by Professor Dr. Othon Henry
Leonardos and Dr. Reynaldo Saldanha da Cama,
the former of the National Museum (Brazil), and
the latter of the Rio de Janeiro Faculty of Science
and Philosophy, acting with them as expert technical appraiser, Mr. Esmaraldo Reis, of the Mint
Appraising and Classifying Bureau.

Habit. The diamond presents an octahedral habit
with strong deformation and accentuated rounding
(see figure 1). Under certain angles it has the aspect
of a shapeless mineral; under others, it shows
marked furrows and re-enterings.
Morphology. The existence is verified of a growth of
parallel individuals with a predominance of octahedron faces (111), out of which no more than one, in
a certain corner of the specimen, is perfectly plane.
Between this and that individual there are still to be
noted small cube faces (100) and faces of a
triakistetrahedron. It was impossible to obtain
goniometric measurements.
Corrosion. Tiny corrosion figures are to be
observed on the curved and deformed surfaces, only
a very few of them permitting to see, by means of a
lens, their triangular contours, mostly ill-defined.
The large quantity of these figures gives the specimen its rugose appearance. A beautiful microphotograph was obtained of a large number of neatly
outlined, typically triangular figures on the small,
flat octahedral face.

Figure 1. The Darcy Vargas diamond.

of a marked chestnut hue. Exposed to ultraviolet
rays it shows no appreciable luminescence.
Specific Gravity. It was determined at 21°C, and
found to be 3.517, after applying correction for 4°C.
Dimensions. Measurements taken in the position
shown by figure 1 gave the following results:
Length, 53 mm; width, 39.9 mm; height, 25.6 mm.
Weight. The weight of the specimen is 460.00 metric carats. The diamond “Darcy Vargas” was discovered about two kilometers from the place where the
“Presidente Vargas” diamond was found, in the
Municipality of Coromandel, State of Minas Gerais.

From GEMS & GEMOLOGY, Vol. 3, No. 6, 1940, p. 83
© 1940 Gemological Institute of America

Coloring. The diamond is perfectly transparent and

THE DARCY VARGAS DIAMOND (1940)
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THREE NOTABLE
FANCY-COLOR DIAMONDS:
PURPLISH RED, PURPLE-PINK, AND
REDDISH PURPLE
Robert E. Kane

Three fancy-color diamonds were recently
sold at auction by Christie’s, the largest—
a 0.95 ct purplish red—for $880,000.
These diamonds are notable for their unusual colors, of which the purplish red is the
rarest. This article provides a comprehensive description of the visual appearance
and gemological properties of these three
diamonds.

O

n April 28, 1987, at Christie’s in New
York, a 0.95 ct Fancy purplish red round
brilliant–cut diamond was sold for
$880,000. This extraordinary sale set a new world
record per-carat price, at auction, for any gem:
$926,000. The previous world record per-carat price
for a diamond sold at auction was $127,000, for a
7.27 ct pink stone (Christie’s, May 14, 1980). Also
sold at the recent auction were a 0.54 ct Fancy reddish purple diamond ($65,880; $122,000 per carat)
and a 0.59 ct Fancy purple-pink diamond ($135,000;
$229,000 per carat).
The three fancy-color diamonds (figure 1) were
put up for auction by the heirs of a Montana collector, who reportedly bought the 0.95 ct stone in
1956 for $13,500 (Arnold Baron, pers. comm.,

* Graded prior to modifications to GIA’s colored diamond color grading system in 1995.—Ed.
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1987). According to Mr. Baron, the “0.95 ct round
red diamond” was “found in a Brazilian collection
of fancies” he had purchased in the 1950s; the
other two diamonds described here were also part
of the same “Polychrome” collection. These stones
were assembled by a Brazilian cutter from rough
purchased at various mines in Brazil.
In August 1986, these three diamonds were submitted by Christie’s to GIA’s Gem Trade
Laboratory, Inc., in Los Angeles for origin-of-color
reports. Christie’s also gave the laboratory and the
GIA Research Department the opportunity to study
and photograph them. The purpose of this article is
to document the gemological characteristics of
these three extremely rare fancy-color diamonds
(see table 1).

COLOR
The three fancy-color diamonds were quite saturated
in hue, and dark enough in tone to surpass easily the
“Fancy Light/Fancy” color grade distinction, and
were all given the “Fancy” grade. The following
grades* were assigned to these three round brilliants:
0.95 ct—Fancy purplish red
0.59 ct—Fancy purple-pink
0.54 ct—Fancy reddish purple

See end of article for Acknowledgments.
From GEMS & GEMOLOGY, Vol. 23, No. 2, 1987, pp. 90–95
© 1987 Gemological Institute of America

absorption became extremely intense when the diamond was cooled. No 415.5 nm line was observed in
the 0.59 ct and 0.54 ct diamonds at room temperature. However, the 0.59 ct diamond showed an
extremely weak, and the 0.54 ct a weak, 415.5 nm
line when they both were cooled. All three diamonds showed almost total absorption below 410
nm, both at room temperature and when cooled.
The 0.95 ct purplish red diamond also exhibited
a broad, diffuse band of moderate intensity from
approximately 530 to 590 nm, and a weak band
from approximately 495 to 510 nm. Unlike the
415.5 nm line, these absorption features were much
weaker at low temperature than at room temperature. The two smaller diamonds exhibited the same
temperature-dependent behavior, but the absorption
in the same areas was much weaker.

TRANSMISSION LUMINESCENCE

Figure 1. These three round brilliants are among the
rarest of fancy-color diamonds. They are, from top to
bottom: a 0.95 ct purplish red, a 0.59 ct purple-pink,
and a 0.54 ct reddish purple diamond. Courtesy of
Christie’s; photo © Tino Hammid.

Although intense pink diamonds are rare (Hofer,
1985), a color description that includes “red” is
even more rare, especially where red is the primary
hue, such as purplish red. Rarest of all is pure red
with no secondary hue. For the few descriptions in
the literature of such stones, see Kunz (1925b and
1928), Shepherd (1934), Ball (1935), and Gaal (1977).
In the almost 30 years of records of Gem Trade
Laboratory reports available, there is no mention of
a diamond with “red” as the only descriptive term.

When the diamonds were placed over a strong light
source from the opening of the iris diaphragm on
the spectroscope unit, all three displayed a luminescence often seen in various fancy-color diamonds,
which is frequently referred to as “transmission.”
This phenomenon is most evident when the diamond is placed table-down over the concentrated
beam of light. If the luminescence is strong enough,
it will be visible even in sunlight (or any artificial
light), as was the case with the 0.59 ct purple-pink
diamond.
The 0.95 ct purplish red diamond displayed a
weak to moderate whitish blue luminescence, the
0.59 ct purple-pink diamond transmitted a strong
blue (figure 3), and the 0.54 ct reddish purple
diamond exhibited a very weak chalky blue-white
uneven luminescence of moderate intensity. When
this last diamond was positioned table-down
toward the edges of the concentrated beam of illumination, a slight, dull green, “oily” appearance
was also observed.

SPECTRAL ANALYSES
The visible-light absorption spectra (400 to 700 nm)
of the three fancy-color diamonds were examined
using a “hand-held” type spectroscope, first at room
temperature and then at low temperature (around
−54°C [−65°F]), cooled by an aerosol refrigerant. At
room temperature, the 0.95 ct purplish red diamond
exhibited a moderate to strong 415.5 nm line, which
is very common in diamonds, including some in the
pink to red and purple color range (figure 2). This

REACTION TO ULTRAVIOLET
RADIATION AND X-RAYS
The three diamonds were exposed to long-wave
(366 nm) and short-wave (254 nm) ultraviolet radiation in a completely darkened room. When
exposed to long-wave UV radiation, the 0.59 ct
purple-pink diamond fluoresced a patchy, slightly
chalky, moderate blue; the 0.95 ct purplish red diamond fluoresced a distinctly zoned, weak chalky

THREE NOTABLE FANCY-COLOR DIAMONDS (1987)
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TABLE 1. The gemological properties of three notable fancy-color diamonds.
Properties
Color
Absorption
spectruma
(400–700 nm)
Transmission
luminescence
Long-wave
UV radiation
Short-wave
UV radiation
X-rays

0.95 ct diamond
Fancy purplish red
Moderate to strong 415.5 nm
line; weak band at 495–510
nm; broad, diffuse band of
moderate intensity at approx.
530–590 nm
Weak to moderate
whitish blue
Distinctly zoned, weak
chalky pink and chalky
bluish white fluorescence
Essentially the same
fluorescent colors as
long-wave but intensity
very weak
Moderate chalky
bluish white

0.59 ct diamond

0.54 ct diamond

Fancy purple-pink
Very weak band at
495–510 nm; weak,
broad, diffuse band at
approx. 530–590 nmb

Fancy reddish purple
Very weak band at 495–510
nm; weak, broad band at
approx. 530–590 nmb

Strong blue

Very weak chalky blue-white

Patchy, slightly chalky,
moderate blue
fluorescence
Essentially the same
fluorescent colors as
long-wave but intensity
very weak
Moderate chalky
bluish white

Opaque, chalky, moderate
bluish white fluorescence
Essentially the same
fluorescent colors as
long-wave but intensity
weak
Moderate chalky
bluish white

aAs observed at room temperature through a GIA GEM Instruments spectroscope unit with a Beck prism
spectroscope.
bWhen cooled with an aerosol refrigerant, the 0.59 ct stone showed an extremely weak, and the 0.54 ct stone
a weak, 415.5 nm line.

Figure 2. The absorption spectrum of the 0.95 ct
purplish red diamond as viewed at room temperature on a GIA Gem Instruments spectroscope unit
with a Beck prism spectroscope.

Figure 3. Transmission luminescence was readily
visible in the 0.59 ct purple-pink diamond.

pink and chalky bluish white; and the 0.54 ct reddish purple diamond fluoresced an opaque, chalky,
moderate bluish white (figure 4). The three diamonds reacted essentially the same to short-wave
UV radiation, except that the intensity was very
weak for the 0.95 ct and 0.59 ct diamonds, and
weak for the 0.54 ct diamond. None of the stones
showed phosphorescence.
When exposed to X-rays for a few seconds, all
three diamonds fluoresced a fairly even chalky
bluish white of moderate intensity. Again, no phosphorescence was observed.

OBSERVATIONS WITH THE MICROSCOPE
When examined with polarized light in a binocular
gemological microscope (see Kane, 1982, for a
description of this technique), all three diamonds
showed second-order (bright and vivid) interference colors. The 0.95 ct purplish red diamond
showed strong linear banded strain patterns, as
well as strong mottled strain patterns (figure 5).
The strong linear banded strain patterns intersected in two directions in some areas to form a crosshatched pattern. Such a pattern is frequently
referred to as the “tatami” type of birefringence
pattern because of its resemblance to the Japanese
woven mat of that name (Orlov, 1977; for illustra-
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Figure 4. All three diamonds—from left to right here,
the 0.59 ct, 0.95 ct, and 0.54 ct stones—fluoresced to
long-wave ultraviolet radiation. Photo by Shane
McClure.

tions, see Kane, 1982). The mottled birefringence
areas are irregular patterns that appear to undulate
as the diamond is moved within the field of view
or as one Polaroid is rotated.
The 0.59 ct purple-pink diamond exhibited
strong, well-defined, linear banded strain patterns,
which correspond directly to the prominent color
zoning and color graining visible with darkfield
illumination (figure 6). In addition, localized strain
patterns around two crystal inclusions (probably
olivine) were observed. The 0.54 ct reddish purple
diamond also exhibited “tatami” birefringent strain
patterns when viewed under crossed polars. Also
present throughout this diamond were strong mottled and localized strain patterns, which are
undoubtedly related in part to the numerous inclusions of various types in this diamond.
When viewed with darkfield illumination, all
three diamonds were found to contain significant
quantities of easily visible graining. Although the spe-

Figure 5. When the 0.95 ct purplish red diamond
was examined at 25× magnification with polarized
light, strong linear banded (as well as mottled)
strain patterns were evident in some areas. Crosshatching of the linear banded strain patterns forms
a “tatami” pattern.

cific causes of color in diamonds in this color range
are not entirely understood, current explanations
involve defects in the atomic structure that result
from gliding (the slight movement of atoms along the
octahedral direction) as a result of plastic deformation
(Orlov, 1977). This is readily apparent through the
microscope as graining and color zonations within the
graining (which can vary from weak to quite prominent). The three diamonds examined in this study
exhibit closely spaced red and pink graining and color
zoning (see figure 7). Considered in conjunction with
the author’s experience with numerous pink and purple diamonds of somewhat low tonal values (much
lighter in color than the diamonds discussed here),

Figure 6. In the 0.59 ct purple-pink diamond, the strong linear banded strain patterns observed with polarized light (left, magnified 30×) correspond directly to the color zoning and graining evident with darkfield
illumination (right, magnified 25×).
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Figure 7. The closely spaced red and pink graining and
color zoning seen in the 0.59 ct purple-pink diamond
(here immersed in methylene iodide) were evident in
the other two fancy-color diamonds as well. Diffused
light; magnified l5×.

this suggests that the tightness of the spacing and
intensity of color in the graining is directly correlated
to the intensity of the “face-up” color of such
diamonds.
The “tatami” pattern was also easily visible as
color graining in the 0.54 ct diamond in darkfield
illumination, with the grain planes intersecting at
approximately 45°. The two directions of color
graining were also present in the 0.95 ct purplish
red and the 0.59 ct purple-pink diamonds, but were
very subtle and somewhat difficult to observe. In
these two diamonds, one direction of graining was
significantly stronger than the other.
In addition to the graining features discussed

Figure 8. A deep cavity is evident in the table of the
0.95 ct diamond. When viewed from the pavilion, parallel angular growth steps can be seen. Darkfield illumination; magnified 35×.

Figure 9. A second cavity in the 0.95 ct diamond
begins at the girdle plane. Note the frosted appearance
in reflected oblique illumination. Magnified 25×.

above, all three diamonds contain other inclusions.
The 0.95 ct stone contains a large, deep cavity in
the table (figure 8), with numerous parallel angular
growth steps that are most evident when viewed
from the pavilion. A second cavity—long, narrow,
and irregularly shaped—begins at the girdle plane
and extends onto the crown to the star facet. It is
interesting to note that the highly irregular surface
of this second cavity was transparent and glossy in
darkfield illumination, in contrast to the white
frosted appearance seen with reflected oblique illumination (figure 9). The slightly iridescent fracture
seen extending inward from the girdle is aligned
precisely with one of the tightly spaced graining
planes easily visible through the pavilion. There are
three naturals: one is a deep V-shape with sharp
angular parallel growth steps, while the other two
have a subtle irregular glossy texture reminiscent of
alluvial diamond rough. The 0.95 ct diamond also
contains both randomly oriented and intersecting
groups of small, black, acicular crystals.
The two smaller diamonds were found to contain
naturals, fractures, and clouds of pinpoint inclusions
(probably olivine). The 0.59 ct stone contains two
crystal inclusions (also probably olivine). The 0.54 ct
stone contains several small, and some very large,
graphite inclusions.

Acknowledgments: The author would like to thank Russell
Fogarty and François Curiel, of Christie’s, for the opportunity
to examine these diamonds and publish this report. Arnold
Baron kindly provided the provenance information. All photomicrographs are by the author.
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Notes & New Techniques

GRADING THE HOPE DIAMOND
G. Robert Crowningshield

For the first time ever, the famous Hope
diamond has been graded by a widely
recognized system. Although the 45.52 ct
weight was confirmed, the GIA Gem Trade
Laboratory graders found the clarity—
recently reported as “apparently flawless”—to be VS1. Color graded “Fancy
Dark grayish blue,” the Hope phosphoresces an exciting red to short-wave UV
radiation.

M

uch has been written about the history of
the Hope diamond and especially the misfortunes that have supposedly befallen
many who have owned it (see, e.g, Patch, 1976;
Balfour, 1987; Krashes, 1988). In the more than 30
years since Harry Winston donated it to the
Smithsonian Institution in 1958, however, the
Hope has been an object of great admiration. One of
the most popular exhibits at the Smithsonian, it is
probably seen by more people each year than any
other diamond.
Although the Hope has been in the United
States for most of the 20th century (since its purchase in 1911 by Evalyn Walsh McLean), it had
never been formally graded. In December 1988, the
opportunity presented itself when GIA learned that
the Hope was being removed from its mounting for

a number of reasons, including photography (figure
1) and the making of a model. Several representatives of the New York office of the GIA Gem Trade
Laboratory traveled to Washington to prepare a
complete grading report on the Hope, the first
using a widely recognized grading system.
Earlier individual efforts had already provided
some of the required information that would only
need to be confirmed for the GTL report. For example, in 1960 GIA’s Bert Krashes had tested the stone
with a conductometer and determined that it was
semiconductive, as is characteristic of natural-color
type IIb diamonds, which are usually blue. He also

Figure 1. Since the Hope has been removed from its
mounting so seldom in modern times, this is one of
the few photographs ever taken of the famous 45.52 ct
diamond unmounted. Photo © Tino Hammid.

See end of article for Acknowledgments.
From GEMS & GEMOLOGY, Vol. 25, No. 2, 1989, pp. 91–94.
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remarked on the red phosphorescence to short-wave
ultraviolet radiation (see Crowningshield, 1960a). In
1975, Herbert Tillander suggested (in a paper presented at the 15th Inter national Gemmological
Conference in Washington, D.C.) that since the stone
had last been weighed before the metric carat had
been accepted worldwide, its weight was undoubtedly greater than had heretofore been reported. He subsequently persuaded then-curator Paul Desautels to
have the stone unmounted and weighed: It was
indeed found to be 45.52 ct rather than the previously
published weight of 44.50 ct.
The mystery of the Hope is further compounded
by Dr. Frederick Pough’s recent report (Westman,
1988) that the Hope was recut slightly while in the
possession of Harry Winston in the 1950s. It is puzzling that the actual weight was not reported to the
Smithsonian at the time of donation (J. White, pers.
comm., 1989).
For the present study, the GTL staff members
provided a Mark V Gemolite microscope, Polaroid
plates, a long- and short-wave fluorescence unit, a
conductometer, a camera for photography of the
inclusions, and two ColorMasters* with a fluorescent daylight equivalent source. The results of their
efforts are shown in figure 2 and reported below.
Figure 2. This GIA Gem Trade Laboratory report represents the first time the Hope has been formally graded by a widely recognized system.

SHAPE AND CUT
In the presence of the graders, Smithsonian gem collection curator John Sampson White weighed the
25.60 × 21.78 × 12.00 mm cushion antique brilliant

Figure 3. Although historically the Hope was believed
to be “of the greatest purity,” close examination with
10× magnification revealed some wear marks, such as
the abraded table edge shown here, in addition to a
few small feathers and bruises. Photomicrograph by
David Hargett.
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Figure 4. Also affecting the clarity of the Hope is the
graining shown here at 10× magnification. Because of
the graining, the clarity could never be better than
VVS1. Photomicrograph by David Hargett.

on an analytical balance. The 45.52 ct weight reported in 1975 was confirmed.

PROPORTIONS
We calculated depth percentage to be 55.1% and
the table 53%. The girdle, which is faceted, ranges
from very thin to slightly thick. Although the culet
is very large, symmetry was found to be fair to
good. The polish is good.

CLARITY GRADE
The clarity of the Hope has been variously noted as
“all perfection without specks or flaws” (Françillon,
1812), “of the greatest purity” (Hertz, 1839), “a perfect brilliant” (Bauer, 1904), and “apparently flawless” (1975 Smithsonian data, as reported in Patch,
1976). The Gem Trade Laboratory clarity grade of
VS1 was based on the few wear marks that the stone
has accumulated during its adventures over the
years (figure 3), a few minor feathers, and whitish
graining (figure 4). Although whitish graining is
characteristic of natural-color blue diamonds, it is
not always present to the extent that it will affect
the clarity grade, as it does on the Hope. Because of
the graining, the highest grade possible for this
stone would be a VVS1.

COLOR GRADE
Like the clarity, the color of the Hope has also been
described in a number of different ways since the
stone in its present form first appeared in the literature in 1812. According to Françillon (1812), the
Hope is a “superfine deep blue”; in the Hope catalog (Hertz, 1839), it is described as a “fine deep sapphire blue.” The 1975 Smithsonian description (as
reported in Patch, 1976) is “dark blue, often
described as steel blue.”
Our graders determined the color to be a “Fancy
Dark grayish blue.”** The ColorMaster description
and notations are: Blue 7.5/1.5 (D 02/25/53). It
should be noted here that most blue diamonds have
a perceptible amount of gray.
Although there was no fluorescence to long-

* ColorMaster was a color comparison tool used in GIA’s Colored
Stone Grading system in the 1980s and early ‘90s.—Ed.
** When reexamined in 1996, a year after GIA introduced modifications to its color grading system for colored diamonds, the Hope was
graded Fancy Deep grayish blue (see p. 50).—Ed.

Figure 5. One of the most distinctive characteristics
of the Hope diamond is its distinct red phosphorescence to short-wave ultraviolet radiation. Photo
© John Nels Hatleberg.

wave ultraviolet radiation, and its presumed red fluorescence to short-wave UV appeared to be masked
by the visible light from the ultraviolet unit, we
were fascinated to see the strong red phosphorescence to short-wave UV (figure 5), which lasted
15–20 seconds. Such red phosphorescence is not
unknown in blue diamonds, but it is limited almost
exclusively to dark blue stones and is seldom as
intense as that seen in the Hope.

CONCLUSION
The Hope diamond is undoubtedly one of the most
famous stones in the world. Certainly it is the most
famous blue diamond—unusual for its large size,
depth of color, and the rich, if often tragic, history
that has been attributed to it. The grading of the
Hope by the GIA Gem Trade Laboratory is part of
an ongoing program to more thoroughly document
such notable stones (see, e.g., Fryer and Koivula,
1986) for the benefit of future gemologists.

Acknowledgments: Dave Hargett, John King, Ingrid Nolte,
Eddie Schwartz, Tom Yonelunas, and Phil Yurkiewicz, all of
the GIA GEM Trade Laboratory, participated in the grading
of the Hope. John Sampson White and Russell Feather, of
the Smithsonian Institution, were invaluable in making the
arrangements for the grading session.
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THE LEGENDARY
DRESDEN GREEN DIAMOND
Robert E. Kane, Shane F. McClure, and Joachim Menzhausen

The approximately 41 ct Dresden Green diamond is the largest, and perhaps the finest, green
diamond known to have a color of natural origin. A diamond so rich in history is well worth
studying for that reason alone, but the Dresden Green offers the unique opportunity of adding
valuable data to the quest for means to distinguish natural from laboratory-irradiated green diamonds. In November of 1988, two senior GIA staff members visited the Green Vaults with this
goal in mind. The Dresden Green diamond proved to be not only of extraordinary quality but
also a very rare type IIa—one of the purest forms of diamond. In addition, the spectral characteristics of this stone were found to overlap those of known treated diamonds. The history, locality
origin, and properties of the Dresden Green diamond are discussed in detail in this article.

M

any gemologists dream of being able to
examine some of the truly famous gemstones of the world. Unfortunately, few
such dreams are realized, since these gems are rarely
made available. This was the case for many years
with the fabled Dresden Green diamond (figure 1).
Yet just such an opportunity came to pass in late
November 1988, when the three authors met in the
ancient city of Dresden (figure 2), in what was then
East Germany, for the purpose of examining the
Dresden Green in the Green Vaults.
Noted jeweler and diamond historian Herbert
Tillander was instrumental in making these
arrangements. Mr. Tillander is a grandson of the
famous Alexander Tillander, who founded A.
Tillan der Jewelers, a well-known firm in St.
Petersburg around the turn of the century. The
Imperial family of Russia was among their clients.
At a conference they had both attended in 1985, Mr.
Tillander explained to Mr. Kane that during his
research he had had the opportunity to examine
many of the diamonds in the Green Vaults. He subsequently made the necessary introductions and
inquiries that enabled GIA to negotiate the first
complete gemological examination of the Dresden
Green diamond. The administrators of the Green
Vaults gave their consent to the project in January
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1986. As one might expect, the details of such a trip
were many and complicated. It was ultimately
agreed that the examination should take place
November 19–25, 1988, when the museum would
be closed for cleaning and the diamond could be
removed from its display case. An invitation was
subsequently extended to George Bosshart, of the
Swiss Foundation for the Research of Gemstones
(SSEF), to examine the stone at the same time.
The importance of examining this diamond
goes beyond its size and history, to the need to distinguish natural from laboratory-irradiated green
diamonds, which is a key concern of GIA and a
number of others in the jewelry industry. One of
the stumbling blocks of research on this subject is
the fact that very few diamonds available for
examination possess a green body color that can be
proved to be of natural origin. The history of the
Dresden Green is documented from 1741 to the
present. Its recorded color descriptions over 250
years parallel its present appearance (Inventory

See end of article for Acknowledgments.
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Figure 1. For more than
200 years, the approximately 41 ct Dresden
Green diamond has
resided in this hat ornament made by Prague
jeweler Diessbach in
1768. The flowery bottom portion was originally fashioned by
Geneva jeweler André
Jacques Pallard in 1746
as a section of a badge
of the Order of the
Golden Fleece. Photo by
Shane F. McClure.

Book, 1733; Gruner, 1862; Streeter, 1882; Erbstein
and Erbstein, 1884; Bauer, 1896, 1904; Sponsel,
1915; Menzhausen, 1968), which precludes the
possibility that the diamond might have been irradiated during its brief tenure in the USSR after
World War II. In the authors’ opinion, the consistency of these color descriptions with the current
appearance of the stone provides overwhelming
evidence that this diamond is naturally green. It is

also the largest natural green diamond known. In
the more than 30 years of GIA Gem Trade
Laboratory reports available, there is no record of a
natural-color green diamond this large.
This article presents a brief history of the Green
Vaults, a detailed chronology of the legendary green
diamond, a discussion of the probable locality origin
of this stone, and a complete gemological description of the Dresden Green.
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Figure 2. Today, the Green Vaults are part of a museum complex in the heart of Dresden. The Elbe River
is in the foreground. Photo by Shane F. Mcclure and Robert E. Kane.

A BRIEF HISTORY OF THE GREEN VAULTS
In 1721, Friedrich Augustus I, elector of Saxony
(1694–1733) and king of Poland (1697–1733)—better
known as Augustus the Strong—gave orders that a
certain room of about 90 m2 on the somewhat elevated ground floor of the Dresden Palace should
have an opening made in its northern wall to make
it accessible from the adjoining hall. This “room”—
actually three chambers—was his original treasury.
The three original chambers were designated the
“Silver Room,” the “Jewellery Room,” and the
“Hall of Preciosities.” Historically in this region,
royal and religious treasuries alike had been closed
repositories, well guarded and secured (Menzhausen,
1968). By opening these rooms to more general
access, Augustus the Strong announced his intention to have his treasury represent a new kind of collection: a museum.
The walls had originally been painted green, a fact
discovered recently when portions added in the 18th
century were taken down for restoration. There is
also reference by Augustus the Strong in 1727 to
rooms with vaulted ceilings in this general area that
were used to house his collection. The descriptive
name Green Vaults (Grünes Gewölbe) had very probably been used colloquially by the inhabitants of the
palace ever since this part of the building was completed in 1554; the name appears for the first time in
a document written in 1572. Today, Green Vaults is
the name given to the rooms that house the collections in what is now known as the Albertinum, the
museum that occupies the structure that used to be
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the Dresden Palace. The Green Vaults still contain
artifacts and works of art from the original collection
of Augustus the Strong (Menzhausen, 1968).
In 1942, during the upheaval of World War II, the
collections of the Green Vaults were packed into
crates and removed to nearby Königstein Fortress,
where they had been deposited twice before, during
the Seven Years’ War (1756–1763) and the “Wars of
Liberation” (1813). With the end of World War II, in
1945, former French prisoners of war held at
Königstein took command of the fortress. They protected the collection until a detachment from the
Soviet army that was specially commissioned to
safeguard works of art arrived to take it to Moscow
(Menzhausen, 1968).
Although most of the original Dresden Palace
was destroyed during the war, along with the entire
center of Dresden, two of the original three rooms of
the Green Vaults remained almost intact. There was
considerable damage, however, to the Jewellery
Room (figure 3). In addition, the special library of the
collection was destroyed by fire, including all the
card indexes and records, as well as several files concerning the history of the Green Vaults. Hundreds of
descriptive reports were also lost, together with the
drawings made by the 18th-century court jewelers.
Only the inventory books were saved, thanks to the
care and energy of Dr. Erna von Watzdorf, one of the
scholars then working in the Historical Museum,
who had them taken to a repository outside of
Dresden. They now form the basis for all new work
on the Green Vaults. The collection of the Green
Vaults was returned to the German people by the

Figure 3. The graceful
vaulted ceilings complemented the Jewelry
Room of the Green
Vaults before they were
damaged during World
War II. Photo © The
Worshipful Company of
Goldsmiths, London.

Soviet government in 1958 (Menzhausen, 1968). The
collection is now on display in the contemporary
surroundings of the Albertinum (figure 4).

HISTORY OF THE DRESDEN GREEN DIAMOND
The Dresden Green diamond has had a fascinating
and complex history. In researching this history, we
used a variety of sources, including archives in
Dresden, London, Idar-Oberstein, and the United
States. The known chronology of the Dresden
Green diamond is summarized in the accompanying box and discussed below.
The first reference to the presence of the green
diamond in Dresden is in inventory book no. 16 of
the Green Vaults (figure 5). The entry for the
Dresden Green reports that in 1741 a merchant
named Delles sold it to the son of Augustus the
Strong, Friedrich Augustus II, elector of Saxony and
(as Augustus III) king of Poland (1733–1763).
Little is known about the diamond before 1741.
It was mentioned in a 1726 letter from Baron
Gautier, “assessor” at the “Geheimes Rath’s
Collegium” in Dresden, to Le Coq, then Polish
ambassador to London. The letter spoke of the
green diamond being offered to Augustus the Strong
by a merchant from London for the sum of 30,000
pounds sterling (Boutan, 1886).
The only other reference to the existence of the
green diamond before 1741 that the authors were
able to locate was encountered in a book by respect-

ed mineralogist C. J. Spencer (1971). Spencer makes
reference to a model of the Dresden Green diamond
that was part of the massive collection of Sir Hans
Sloane, which was acquired by the British Museum
of Natural History in 1753. On checking with the
museum, we discovered that they did indeed have
such a model (figure 6). In fact, they have two. The
registry index cards (registry no. 85438 A and B) for
these models state that one of them is probably
Figure 4. The collections of the Green Vaults are now
housed in a contemporary museum, the Albertinum,
built on the site of the original Dresden Palace. The
Jewellery Room is at the far end of this photo. Photo
by Shane F. McClure.
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from Sloane. An entry that appears to be from
Sloane’s own catalog of his collection is quoted on
the registry card: “A modell of the green diamond
brought from the diamond mines in Golconda by
Marcus Moses valued at 20000 ls.” This remarkable
record, of which we could find no previous report in
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the literature, both establishes a firm link between
the green diamond and India, and names the man
who first brought the rough to the West. We could
find no further mention of Marcus Moses in the
course of our research. Because it is unlikely that a
private collector could have acquired a model of the

Figure 5. The hat ornament containing the Dresden Green diamond is seen here displayed on the original
inventory book no. 16 of the Green Vaults. The book is open to entry No. 50, in which the acquisition of the
green diamond is recorded. A translation of this entry is given below. It is interesting to note that the cover
of the book is green (see inset). Photos by Shane F. McClure.
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Dresden Green after the stone was in the hands of
Saxon royalty, the logical source of the model is the
cutter of the diamond, sometime before 1741.
Friedrich Augustus II purchased the green diamond at the Great Annual Easter Fair at Leipzig
(Boutan, 1886). The merchant, Delles, has been alternately described as Jewish (Green Vaults inventory
book no. 16), Armenian (Boutan, 1886), Dutch
(Copeland and Martin, 1974), and English (von
Watzdorf, 1962). The purchase price of the Dresden
Green is also a matter of controversy in the literature. The most frequently quoted figure is 200,000
thaler (Streeter, 1882; Erbstein and Erbstein, 1884;
Führer, 1918; von Watzdorf, 1962; Holzhausen,
1966; Menzhausen, 1968; Balfour, 1987), while other
references list 60,000 thaler (Cattelle, 1911; Bauer,
1932). The most interesting reference we uncovered
quotes still another price. It is mentioned in a collection of letters of Frederick the Great, king of Prussia
(1712–1786), that was compiled by Max Hein (1914).
The quote states that “For the siege of Brünn the
King of Poland was asked for heavy artillery. He
refused due to the scarcity of money; he had just
spent 400,000 thaler for a large green diamond.”
In 1742, Friedrich Augustus II ordered Court
Jeweler Johann Friedrich Dinglinger to set the green
diamond in a badge of the Order of the Golden Fleece.
This order was founded in 1429 by Philip the Good to
encourage and reward virtue and faith among men of
high lineage (Tillander, 1988). The original Golden
Fleece only survived four years. For reasons unknown,
Dinglinger’s badge was broken up in 1746. Friedrich
Augustus II then commissioned Geneva goldsmith

Figure 6. This glass model of the Dresden Green diamond was acquired by the British Museum of Natural
History in 1753. Courtesy of the British Museum;
photo by Shane F. McClure.

Figure 7. This rendering of a badge of the Order of
the Golden Fleece reportedly manufactured by
Pallard in 1746 is a theoretical reconstruction based
on a suggestion by Tillander (1988). The top section
holding the approximately 49 ct Saxon White diamond and the center section holding the Dresden
Green diamond still exist today in a shoulder knot
and a hat ornament, respectively. The flames and
fleece on the bottom of the piece are based on written descriptions and existing examples of Pallard’s
work. Rendering by Judy Evans, Krementz
Gemstones; © Robert E. Kane.
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André Jacques Pallard (who was then living in Vienna)
to fashion another Golden Fleece featuring the
Dresden Green together with the largest diamond in
the Green Vaults collection, the Saxon White (which
has alternately been described as weighing 48.50 ct
[Menzhausen, 1968] and 49.71 ct [Gaal, 1977]). These
two stones reportedly remained in this setting for
more than 20 years (Menzhausen, 1968). The rendering of this piece shown in figure 7 is based on a reconstruction suggested by Tillander (1988).
From 1756 to 1763, the contents of the Green
Vaults were stored at the Königstein Fortress to protect them against the ravages of the Seven Years’
War. Several years after the close of this war (in
which Saxony was defeated), Pallard’s Fleece was
also dismantled. In 1768, a jeweler named Diessbach
from Austrian Prague was commissioned to dismantle the badge and use two of the main sections to
fashion a shoulder knot and a hat ornament, both of
which exist today (Menzhausen, 1968).
The Dresden Green now resides in Diessbach’s
hat ornament (figure 1). The bottom portion of the
ornament that contains the green diamond is actually an intact section of the Golden Fleece made by
Pallard (Menzhausen, 1968). From the back (figure
8), one can still see a loop on the bottom of the
piece that once connected it to the flames of the
Golden Fleece. Above this section Diessbach added
a ribbon-like design set with rows of small oldmine-cut diamonds that sweeps up from the sides
and culminates in a bow. The bow is set with somewhat large antique-brilliant-cut diamonds. In addition, two large antique-cut brilliants were added,
one in the center of the bow and another directly
below it in the middle of the ribbons. On the back
of the bow are two large loops that allowed the hat
ornament to be attached by a ribbon or hat band.
The green diamond remained in the Green
Vaults for the next several decades, until the early
19th century, when the Wars of Liberation forced
the contents of the Green Vaults to once again be
moved to Königstein Fortress.
In 1925, Prof. S. Rösch (a German mineralogist)
and Dr. W. Krümbhaar (former director of the
Dusseldorf Laboratory for Diamond Research) were
allowed to examine the Dresden Green in great
detail with an optical goniometer. This enabled
them to measure exact facet angles within the limits of the bezel that still held the diamond (Rösch
and Krümbhaar, 1926; Rösch, 1957).
In 1942, the treasures of the Green Vaults were
once again moved to Königstein Fortress for safe-

Figure 8. The back side of the Dresden Green hat
ornament clearly shows, on the bottom of the piece,
the loop that is a remnant of the Golden Fleece manufactured in 1746. Photo by Shane F. McClure.

keeping. At the close of World War II, a Russian
organization called the Soviet Trophies Commission
took the contents of the Green Vaults to Moscow;
they were returned to Dresden in 1958.
The Dresden Green and its hat ornament are now
on display in the Green Vaults as part of a jewelry set
referred to as the “Brilliant Garnitur” (figure 9).

THE COUNTRY OF ORIGIN DEBATE:
INDIA OR BRAZIL?
Tillander (1988) states that “without doubt the rough
diamond [from which the famed 41 ct Dresden Green
was cut] is of Indian origin even though in a few
publications Brazil has been suggested.” The latter
suggestion probably results from reports in the literature of a colorless diamond from Brazil of similar
shape (but larger, 76 ct) owned by a Mr. E. Dresden
(see, e.g., Reis, 1959). This stone was also referred to
as the English Dresden (Streeter, 1882).
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Figure 9. Today, the hat
ornament that holds the
Dresden Green is displayed as part of this set
of jewelry known as the
“Brilliant Garnitur.” The
hat ornament had been
removed for our examination at the time this
photo was taken; a disturbance in the open area of
velvet above the sword
indicates where it was
mounted. This set of jewelry also contains the
Saxon White diamond
(approximately 49 ct), set
in the shoulder knot on
the left, and the Dresden
Yellow diamond (38 ct),
one of the unmounted
yellow diamonds at the
bottom center. Photo by
Shane F. McClure.

Tillander’s statement receives further support
from the registry card to the Sloane Collection
model of the diamond that was discussed above. The
description that accompanied the model stated that
the original stone was of Golconda (India) origin.

THE DRESDEN GREEN:
PHYSICAL APPEARANCE
We began our examination of the Dresden Green
with a thorough evaluation of its physical appearance and characteristics. These included the shape
and cut, estimated carat weight, proportions, finish,
clarity, and color (see table 1).
Shape and Cut. The Dresden Green diamond is a
modified pear-shaped brilliant cut. It has the general
facet shape, small table, and large culet that are
commonly associated with the old-mine and old-
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European styles of cutting. The attractive overall
shape of this stone has been referred to as a “pendeloque” (Boutan, 1886; Balfour, 1987).
Although the Dresden Green is securely set in a
gold bezel with eight prongs, we used a screw
micrometer in conjunction with a gemological
microscope to obtain what we believe are accurate
measurements of the stone: 29.75 mm long × 19.88
mm wide × 10.29 mm deep.
Carat Weight. Because the famous green diamond
could not be removed from the bezel-prong mounting without risk of damage to the historic metalwork, we could not obtain an accurate weight with a
modern electronic balance. However, we were able to
establish an estimated weight. On the basis of extensive archival research, we concluded that the last
time the diamond was weighed was before it was set
in its present “bezel” mounting in 1742. The original

1741 handwritten entry in the no. 16 inventory book
of the Green Vaults (again, see figure 5) states that
the green diamond “has a weight of 160 green [sic].”
This is in reference to the English word “grain.”
Based on numerous calculations made by Streeter
(1882), there are four grains in an antique carat. This
would equate to a weight of 40 antique carats for the
Dresden Green. The carat as a unit of measure was
not standardized until the metric carat (200 mg) was
accepted in the beginning of the 20th century. Before
then, its value depended on the city or country in
which it was being used. In Leipzig, where the
Dresden was purchased, one carat was equal to 205
mg (Lenzen, 1970). Thus we arrive at the generally
accepted weight of 41 metric carats for the Dresden
Green (Menzhausen, 1968, 1986). Prof. Rösch and Dr.
Krümbhaar (1926) arrived at approximately the same
weight on the basis of the calculations they made
during their 1925 examination of the stone.
Proportions. As discussed above, in 1925 Rösch and
Krümbhaar used an optical goniometer to measure
the angles of inclination of all the completely accessible facets outside the bezel mounting (Rösch, 1957;
see table 2). Tillander (1988) also studied the cutting
and proportions of this diamond. Table 3 shows the

present authors’ analyses of the Dresden Green’s
proportions.
The depth percentage of a pear shape is its depth
(table to culet) expressed as a percentage of its maximum width (perpendicular to its length) at the girdle.
This value is calculated by simply dividing the actual
depth by the width. The depth percentage of the
Dresden Green diamond is 51.8%.
The accepted method of expressing the table percentage of fancy-cut diamonds is first to measure
the width at the center of the table, point to point,
in millimeters. This measurement for the Dresden
Green was 10.15 mm. This value is then divided by
the largest width (at the girdle), which was 19.88
mm. The table percentage for the Dresden Green
diamond was calculated to be 51%.
Because of its unique bezel-prong setting, about
20% of the girdle was completely obscured from
view. The areas that were visible ranged from
extremely thin to very thin, and were marked by
numerous nicks, abrasions, and small chips. The
girdle was slightly wavy.
The culet, an elongated heptagon, measured
3.25 mm × 1.65 mm. In GIA diamond-grading
terms, the culet of the Dresden Green would be
called slightly large.

TABLE 1. Gemological description of the Dresden Green diamond.
Shape and Cut
Measurements
Weight
Proportions
Depth
Table
Girdle
Culet
Finish
Polish
Symmetry
Clarity
Color e
Hue
Tone
Saturation
Fluorescence

Modified pear-shaped brillianta
29.75 x 19.88 x 10.29 mm
41 ct b
51.8%
51%
Extremely thin to very thinc
Slightly large
Very good
Good
VS1 (Very Slightly Included)d
Green
Medium (5)
Slightly grayish (1.5)
Nonef

aFacet shape and size are consistent with the antique style of cutting commonly associated with old-mine and
old-European cuts.
bAs reported by J. Menzhausen (1986).
cNearly the entire area of the girdle is covered with nicks and chips, with a very few bruted areas.
dThe nature and location of the inclusions and surface blemishes that could be seen (given the presence of the
bezel) suggest that if this diamond were properly recut it could possibly receive an Internally Flawless or even a
Flawless grade. We are not, however, suggesting that such an important historical diamond ever be recut.
eIn accordance with GIA Colored Stone Grading System nomenclature. [Prior to GIA’s 1995 modifications.—Ed.]
fWhen exposed to a GIA Gem Instruments 4-watt combination short-wave (254.6 nm)/long-wave (366 nm) ultraviolet radiation lamp.
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TABLE 2. Data and illustrations from Professor Rösch and Dr. Krümbhaar's 1925 detailed examinations of the
Dresden Green diamond, including precise facet angle measurements obtained using an optical goniometer (Rösch
and Krümbhaar, 1926; Rösch, 1957).
Facet namea

Surface
number

Table
Star facets

1
0
—
4–5
22.3
38.2
3–6
30.8
72.0
2–7
30.1
100.9
9–8
27.5
157.0
14
26.9
0.0
13–15
37.3
62.7
12–16
42.6
86.9
11–17
37.6
130.0
10
38.0
180.0
25–26
40.1
33.2
24–27
39.9
57.7
23–28
48.2
74.1
22–29
48.5
81.7
21–30
47.5
93.2
20–31
45.5
118.0
19–32
44.2
150.0
18–33
44.6
171.2
34
0
—
39
21.4
0.0
38–40
29.6
61.3
37–41
32.1
84.4
36–42
26.2
123.8
35
24.3
180.0
Professor Rösch was unable to obtain
goniometrical measurements on the lower
girdle facets, because the girdle was obscured
by the bezel mounting. He did, however, state
“that their angle is around 40 degrees”
(Rösch, 1957).

Bezel facets

Upper girdle
facets

Culet
Pavilion
main facets

Lower girdle
facet numbers
43–58

aThe

Angle of
inclination

Azimuth
angle

English translation of most of the facet names has been converted

Finish. We were very impressed with the quality of
the finish. It seemed remarkable that a diamond cut
prior to 1741 would have a polish of sufficient quality to deserve a “very good” grade by today’s rigid
diamond-grading standards. The symmetry was
“good,” displaying only very minor pointing and
alignment faults, a slightly wavy girdle, and several
extra facets on the pavilion at the girdle.
Clarity. One is immediately impressed by the exceptional transparency of the Dresden Green. In spite of
the considerable thickness of the diamond, objects
viewed through it could be seen very clearly. While
the superior polish on the stone certainly contributes
to this, the diamond itself has an apparent transparency that is, in the experience of the authors, very
rare. It is reminiscent of that observed in colorless
diamonds from the ancient Golconda mining district
of India, which are also frequently large (see Krashes,

24

HISTORIC AND NOTABLE COLORED DIAMONDS

This 1925 photo taken at the Green Vaults by Rösch and
Krümbhaar shows crown and pavilion views of the
Dresden Green, along with a 17 ct drilled briolette-cut
colorless diamond and a light blue diamond set in a ring.
Courtesy of the Rudolf Dröschel Archive, ldar-Oberstein.

1988, for illustrations and descriptions of famous
Golconda diamonds once sold by Harry Winston).
Diamonds from the Golconda district are legendary
throughout the diamond trade for their exceptional
transparency, which is rarely equaled in diamonds
from other localities (Bauer, 1896, 1904; Gaal, 1977;
R. Crowningshield, pers. comm., 1990). Although the
assessment of transparency is unavoidably subjective, the remarkable transparency of a “Golcondatype” diamond is not soon forgotten.
We determined the clarity of the green diamond
to be VS1. As the plotting diagram in figure 10
shows, all of the chips and small feathers are near
the girdle and all are fairly shallow. The only completely internal inclusion is a tiny opaque brown
crystal (approximately 0.1 × 0.05 mm) that is plotted
under a bezel facet. We estimated the crystal to be
located approximately 0.15 mm from the nearest
surface of the pavilion. Even with high magnifica-

TABLE 3. Proportions of the Dresden Green diamond.
Parameter

Measurement (mm) Percentagea

Length
29.75
Width
19.88
Total depth
10.29
Depth percentage
—
Tableb
10.15
Crown height
Averagec
4.2
End
5.0
Tip
4.0
Center, right
3.7
Center, left
4.1
Girdle
—
(concealed by bezel)
Pavilion depthc
6.1
Length to width ratio—1.5:1
Crown angled —43°
Pavilion angled —32°

—
100
—
51.8
51.1
21.1
25.2
20.1
18.6
20.6
—
30.7

aAIl percentages are expressed in relation to the width
of the stone (width=100%).
bWidth.
cEstimated averages.
dRefers to average of surface angles of center bezel
facets and center pavilion main facets, respectively, in
relation to the girdle plane, as reported by Rösch (1957).

tion (near 120×), we could not identify a clear crystal
habit for this inclusion. It appeared to be an aggregate composed of minute, slender, pointed crystals.
Over the course of two-and-a-half centuries, the
Dresden Green diamond has suffered only very
slight abrasion damage on some of the facet junctions, primarily around the edge of the table. A few
minute abrasions are present on other crown facet
junctions, as well as on the junctions in the vicinity
of the culet. Even the most prominent of these abrasions are not easily visible with the unaided eye.
There is also one small scratch on the table, as
shown on the diagram in figure 10. Even with the
viewing limitations imposed by the bezel mounting, we feel that it would be possible to recut the
Dresden Green diamond to improve its clarity, perhaps even to “flawless,” without a significant
weight loss. While we certainly do not suggest that
this should ever be done to such a historic diamond,
it is a measure of the superior quality of this stone.

ally estimated the color of the diamond to be a medium slightly grayish green. Insofar as the mounting
permitted, we determined that the current GIA Gem
Trade Laboratory system would grade this historic
stone as “Fancy green.”
The ingenuity of the cutter of this stone becomes
apparent when one realizes that the Dresden Green
shows much more color face up than it exhibits
face down. The cutter apparently understood that

Figure 10. In this plotting diagram of the Dresden
Green diamond, the prongs are shown in black; chips,
a feather, and a small crystal are plotted in red; the
scratch and the radiation stains are plotted in green;
and the cavity is plotted in red and green. Artwork by
Peter Johnston.

Color. The color of the Dresden Green diamond is
its most intriguing feature and was the principal
focus of this investigation. This color has been
described in the literature by many fanciful terms,
with “apple green” perhaps the one most commonly
used (Streeter, 1882; Bauer, 1896; Webster, 1947;
Smith, 1950; Twining, 1960; Balfour, 1987). Using
GIA Colored Stone Grading nomenclature, we visu-
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different proportions are necessary to maximize the
face-up color of fancy-color diamonds. He cut the
green diamond with a ratio of crown height to pavilion depth that was contrary to what was common
practice at that time. London jeweler David Jeffries,
in his 1750 treatise on the methods of manufacturing diamonds, stated that the proper proportions
were approximately 33% for the crown and 66% for
the pavilion. The Dresden Green, however, was
fashioned with approximately 41% for the crown
and 59% for the pavilion. Tillander (1988) states that
during the early 1700s, cutting of this quality almost
certainly was done in London.

GEMOLOGICAL PROPERTIES
A thorough investigation was carried out on the
Dresden Green diamond to document as many
gemological characteristics as possible and to search
for any evidence that might prove useful in distinguishing natural and laboratory-irradiated green diamonds. Some of these observations concur with
those reported by Bosshart (1989); others reflect our
research conducted during and subsequent to the
examination.
Color Distribution. Examination of the diamond in
darkfield and diffused transmitted illumination
revealed no evidence of color zoning. The body
color was evenly distributed throughout the gem.
Graining. When the stone was examined with magnification and darkfield illumination, internal planar
graining was evident in three different directions (figure 11). The appearance of the colorless, parallel striations was consistent with that often referred to by
gemologists as “phantom” graining (Kane, 1982).
These growth features, or graining, appeared to be of
a triangular octahedral stratified structure. However,
as discussed below, this diamond is a type IIa, and
Orlov (1977) states that “type II diamonds do not
show octahedral-plane stratification.”
The distinctly triangular pattern formed by these
three directions of graining is not often seen in
faceted diamonds. It suggests that the Dresden
Green is a “three point” diamond; that is, the table
has been oriented parallel to the direction of a possible octahedral face (for more information, see
Watermeyer, 1982).
Strain. Polarized microscopy with the stone held
table to culet revealed strong, tightly woven, “cross-
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Figure 11. The unusual triangular pattern of graining
seen in the Dresden Green indicates that it is a “threepoint” diamond. Artwork by Peter Johnston.

hatched” birefringence patterns that are sometimes
referred to as “tatami,” after the Japanese straw mat
of the same name (Orlov, 1977). Both these “tatami” patterns and the linear strain patterns that were
also present appeared gray to black. Turning the
stone in various directions revealed strong linear
and loose cross-hatch strain of a somewhat higher
order, with dull, moderately saturated colors of yellow and blue.
Some of the areas of linear strain visible with
crossed Polaroids seemed to correlate directly to the
colorless graining seen in darkfield illumination
through the crown.
Reaction to Ultraviolet Radiation. With a standard
GIA GEM short-wave/long-wave ultraviolet lamp
used in conjunction with a GIA GEM ultraviolet
viewing cabinet in ideal conditions of darkness, we
observed no fluorescence in the Dresden Green
diamond to either long- or short-wave ultraviolet
radiation.
We then used a more powerful long-wave ultraviolet radiation unit (VEB Quarzlampen Markkleeberg
UA150.1, 220 volt, 140 watt, 365 nm). With this
extremely strong source, we observed a weak dull
green fluorescence. There was no phosphorescence.
Transmission Luminescence. Because some diamonds exhibit a phenomenon known to gemologists as transmission luminescence, we examined
the Dresden Green for this characteristic. The diamond was placed, both table down and table up,
over the strong light source emanating from the

Evidence of Radiation Damage. One of the first
things we looked for when examining the Dresden
Green with the microscope was the presence of
green or brown “radiation stains” (as they are
referred to in the gemological literature), which
indicate radiation damage to the stone. We fully
expected to find some and were not disappointed.
Three areas displayed small dark green stains: two
at the girdle edge on one side of the diamond and
one on an upper girdle facet (figure 12). The last was
unusual because the stains were coating the walls of
a small, narrow cavity that reached the surface by
means of a thin fissure (figure 13). This suggests
that the diamond was exposed to a radioactive solution that was able to penetrate the cavity through
the minute fissure. It is possible that other stains
could have been present on the small portion of the
girdle obscured by the remaining bezel.
While these stains provide evidence that the
Dresden Green originated from a green-skinned
piece of rough, they are much too small to account
for any of the face-up color of the stone. The
Dresden Green diamond is a “body color” green diamond; that is, the color is uniform throughout.
Diamonds with green “skins” or scattered green
patches (radiation stains) are common. They are

found in varying concentrations in many diamond
deposits (Orlov, 1977; Vance et al., 1973). When such
diamonds are cut, they generally produce near-colorless stones.
Faceted diamonds with a natural green body
color, like the Dresden, are extremely rare. Unlike
transparent green surface coats, green body color
can be produced by only a few types of ionizing radiations. Alpha and beta particles penetrate diamond
to a very shallow depth, on the order of hundredths
of a millimeter and a millimeter, respectively
(Ashbaugh, 1988), which virtually excludes them
from causing the color in the Dresden diamond,
although they typically cause the green “skins” or
radiation stains. The penetration of ionizing radiation forces carbon atoms out of their positions in
the crystal lattice, leaving behind what are known
as vacancies. These vacancies produce what is
referred to as a GR1 color center, which displays a
sharp absorption band at 741 nm and absorbs light
in the red portion of the spectrum, thereby contributing to the green color in a diamond.
The same process occurs with gamma rays and
neutrons, but penetration depths are much greater
than for alpha and beta particles. As the documented
history of the Dresden Green predates the nuclear
industry by almost two centuries, natural-occurring
radiation sources are responsible for the color.
Nuclides and daughters (decay products) of uranium238, thorium-232, and potassium-40 are the probable
materials, as these produce alpha, beta, and gamma
rays. Of these, gamma rays seem the most likely

Figure 12. At first glance, this appears to be a normal
radiation “stain” (evidence of radiation damage) on
the surface of an upper girdle facet of the Dresden
Green diamond. Photomicrograph by Robert E. Kane;
magnified 25× .

Figure 13. Upon closer inspection in reflected light,
it can be seen that the radiation stain is actually
inside a cavity that has only a very narrow opening
at the surface. Photomicrograph by Robert E. Kane;
magnified 25 × .

small opening of the nearly closed iris diaphragm
over the transmitted light portal of the microscope.
The stone showed no transmission luminescence at
all, not even the very weak, whitish scattering of
light seen in many fancy-color diamonds.
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candidate, but there is another possibility.
Uraninite, a concentrated uranium-bearing oxide,
sometimes undergoes natural spontaneous nuclear
fission, which releases neutrons, so that neutrons as
well as gamma rays may have damaged the Dresden
Green to give the diamond a green body color (G.
MacKenzie, pers. comm., 1990).
Nuclear laboratory radiation sources are much
more intense than natural sources, and therefore
produce in a matter of hours, or even minutes, a coloration in diamond that may require hundreds of
millions of years in nature (C. Ashbaugh, pers.
comm., 1990). Nuclear reactors generate both
gamma rays and fast neutrons.
Small green-to-brown radiation stains (damage)
on the surface of diamonds used to be considered a
strong indication (but not proof) of natural color
(Fryer et al., 1981; Crowningshield, 1985a, 1986),
since such stains had not been reported to have been
produced artificially (Fritsch et al., 1988; Kammerling et al., 1990a; Shigley and Fritsch, 1990).
However, the possibility now exists that near-colorless and light green or yellow diamonds with these
stains may be irradiated to induce or intensify (to
light, medium, or dark) a green color. In fact,
Kammerling et al. (1990a) examined several faceted
diamonds with brown radiation stains both before
and after irradiation treatment. Even though the
originally pale green and near-colorless stones turned
dark green with irradiation, there was no change in
the appearance of the radiation stains.
Spectra Visible with a Hand-held Type of Spectroscope. We initially examined the visible-light
absorption spectrum (400 to 700 nm) of the Dresden
Green diamond using the GIA GEM Maxilab unit
with a Beck prism spectroscope. Close inspection at
room temperature revealed no distinct absorption
features; only a very weak, broad absorption was visible around 500 nm.
UV-Vis Spectra. The UV-visible absorption spectrum
of the Dresden Green was recorded on a Pye Unicam
SP8-100 UV/Vis spectrophotometer, which was supplied and operated by George Bosshart of the SSEF.
This examination, performed at close to liquid nitrogen temperature, revealed a well-developed GR
(General Radiation) absorption system as well as very
weak lines at 495 nm and 594 nm, the TR12 line
(470 nm), R11 and R10 lines (310.8 nm and 393.5 nm,
respectively) and a steep absorption edge beginning at
approximately 225 nm (as illustrated in Bosshart,
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Figure 14. This visible absorption spectrum of a
type II green diamond that was identified as being
treated by means of characteristic color zoning at
the culet shows many features that are present in
the spectrum of the Dresden Green. Courtesy of
GIA Research.

1989, p. 358). It is interesting to note that the spectrum of the Dresden Green shares many similarities
with a dark green diamond that was identified as
being artificially irradiated (see figure 14). The presence of a color-zoned culet identified this diamond as
being treated (Fritsch and Shigley, 1989).
The steep absorption at 225 nm, the fundamental absorption edge, is observable in type II diamonds, which have fewer crystal defects than their
type I counterparts (Clark et al., 1956a). The GR
series, ranging from GR1 through GR8, is found in
all diamonds that have been subjected to radiation
damage, with the GR1 at 741 nm being by far the
strongest (Collins, 1982a). The TR12 line (TR
standing for Type II Radiation) is the strongest in a
series of lines that are referred to as TR12 through
TR17 (470.1, 468.8 [TR12A], 464.3, 446.5, 444.7,
440.2, and 438.0, respectively). Davies et al. (1981)

reported that these lines have only been found in
type II diamonds that have been irradiated. The
R11 (310.8 nm) and R10 (393.5 nm) lines are also
produced by radiation damage. The R11 is reported
to be found only in type IIa diamonds (Davies,
1977); the R10 is also known as ND1 and can be
created in all types of diamonds. It is not usually
visible in type Ia diamonds because it is masked by
a secondary absorption edge typical of that type
(Walker, 1979).
For many years, the presence of a 594 nm line
was believed to prove laboratory irradiation in a
faceted diamond (see, e.g., Liddicoat, 1989). The line
is associated with the annealing of irradiated diamonds (Dugdale, 1953; Crowningshield, 1957;
Collins, 1982a; Guo et al., 1990; Fritsch et al., 1988),
so it is normally visible in annealed colors (e.g., yellow, brown, orange, pink). It is also occasionally
seen in laboratory-treated diamonds that are still
green (Kane, 1988; Fritsch et al., 1988). While the
594 nm line has been reported in a number of uncut
natural-color diamonds (Cottrant and Calas, 1981;
Guo et al., 1990; Shigley and Fritsch, 1990), it has
rarely been reported in faceted diamonds that could
be proved to be natural. By virtue of its documented
250-year history, the Dresden Green now stands as
an undisputable example of such a diamond.
Infrared Spectra. To determine which of the wellrecognized diamond types the Dresden Green
belongs to, infrared spectroscopy was used. For a discussion and excellent review of these types (Ia, Ib,
IIa, IIb, or a mixture) see, for example, Robertson et
al. (1934), Custers (1952), Davies (1977), Clark et al.
(1979), Collins (1982a), Davies (1984), and Shigley et
al. (1986). Very simply stated, type I diamonds have a
fairly substantial (up to 3000 ppm, or 0.3%) nitrogen
content (Shigley et al., 1986). Type Ia diamonds have
aggregated nitrogen atoms, while the nitrogen atoms
in type lb diamonds are isolated or “singly substitutional.” Type II diamonds have an extremely low
nitrogen content, if any (undetectable or barely
detectable using IR spectroscopy); type IIb diamonds
contain boron, while type IIa stones do not contain
boron in detectable quantities. A diamond can be
readily characterized as to type by the way it absorbs
or transmits infrared radiation between about 1400
and 900 wavenumbers (cm−1; see figure 15).
The infrared spectrum of the Dresden Green diamond (figure 16) was recorded at room temperature
on a Carl Zeiss/Jena Specord 75IR infrared spectrophotometer by Dr. K. Herzog and Mrs. R. Lunk -

Figure 15. These infrared absorption spectra were
recorded with the GIA Research’s Nicolet 60XS FTIR
spectrometer for each of the four basic types of diamond. Each type can be readily characterized by the
way it absorbs or transmits radiation between about
1400 and 900 wavenumbers (cm −1).

witz of the Technical University of Dresden. The
green diamond was mounted in the sample chamber with the infrared beam perpendicular to the
table, so that it entered at the table and exited at the
culet. The large culet and the depth (10.29 mm) of
the green diamond allowed for easy set-up and an
excellent optical path. As shown in figure 15, the
spectrum is typical of a type IIa diamond, that is,
largely free of nitrogen features in the 1400 to 900
wavenumber region.
Type IIa diamonds (of any clarity and color, or
absence thereof) are very rare in nature (Field, 1979).
Natural diamonds that are of type IIa and have a
dominant green color, whether irradiated naturally
or in a laboratory, are exceedingly rare. In an ongoing
GIA Research project that formally began in 1986,
more than 1300 colored diamonds (which were
either submitted to the GIA Gem Trade Laboratory
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Figure 16. The infrared spectrum of the Dresden
Green diamond. Note the similarity of the area
between 1400 and 900 wavenumbers with that illustrated in figure 15 for type IIa diamonds. This spectrum was originally recorded in transmittance; here,
it is shown converted to absorbance. Spectrum
recorded by Dr. K. Herzog and Mrs. R. Lunkwitz of
the Technical University of Dresden.

for official reports or loaned to GIA for scientific
study) have been carefully documented to date. Of
these, approximately 300 were predominantly green
(some with secondary hues of gray, brown, yellow,
blue, etc.), with varying tones and saturation (J.
Shigley, pers. comm., 1990). Of these 300 “green”
diamonds, only 18 were classified as type IIa, with
the remainder being type Ia; none was in the Ib or IIb
categories. Therefore, not only is the famed Dresden
Green the largest known natural green diamond, but
it is also a very rare type IIa. This was an unexpected
discovery, since type Ia diamonds represent as much
as 95% of natural gem diamonds (Collins, 1982a).

CONCLUSION
Natural green body-color diamonds are extremely
rare in nature, and there are few documented examples. The Dresden Green falls into this category.

The vast majority of natural-color green diamonds
are only green on the surface of the rough, with the
color produced by surface stains and coatings. These
stones are usually no longer green when they are
cut. The cause of the green surface coloration has
been attributed to the diamond being in close proximity to an alpha particle–emitting source for a very
long period of time.
Laboratory-irradiated green diamonds have
become increasingly common in the trade. Green
color in diamonds has been produced by radium
salts since 1904, by cyclotron treatment since 1942,
and more recently by high-energy electrons, neutrons, and (less commonly) by gamma rays. Whereas
radium and americium salts and cyclotron treatment leave readily identifiable clues (radioactivity
and what is commonly referred to as the “umbrella”
effect, respectively; see Kammerling et al., 1990a),
treatment by the more modern methods is extremely difficult to detect in most green diamonds.
Alan Collins stated in 1982 that it would be of
considerable help to the understanding of naturally
occurring color centers if absorption spectra could
be obtained for a natural body-color green diamond.
This unique opportunity to examine the Dresden
Green provided such information. The documentation of this famous diamond is now complete, with
the exception of the precise weight, which may
never be known. Our investigation uncovered evidence to support the opinion that the stone was
mined in India and cut in London. It was also
shown to be a rare type IIa diamond. Most important, perhaps, is the fact that the spectral characteristics of this stone overlap those of known treated
green diamonds, which indicates that we must continue the search for reliable tests to separate natural
from treated green diamonds. It is ironic that a
stone with a history that spans more than two and a
half centuries should play such a pivotal role in confirming the need for this research.
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LAB NOTES

From GEMS & GEMOLOGY, Vol. 28, No. 2, 1992, p. 124

LARGE CHAMELEONTYPE DIAMOND
Thomas M. Moses
The color and appearance of the
22.28 ct heart-shaped brilliant-cut
diamond (figure 1) recently submitted to the East Coast lab suggested that the stone might be a
chameleon-type diamond. A
strong greenish yellow fluorescence to long-wave ultraviolet
radiation (figure 2) and a persistent
yellow phosphorescence, combined with absorption bands at 415
and 425 nm, identified the stone as
diamond and proved the natural
origin of its color (see, e.g., Fritsch
et al., 1991). Furthermore, gentle
heating with an alcohol lamp
prompted a color change from

Figure 1. At 22.28 ct, this heart
shape is by far the largest
chameleon-type diamond ever
tested at the East Coast lab.
Photo by Nicholas DelRe.

fancy grayish yellow to nearly pure
yellow with similar intensity.
Although we have encountered
chameleon diamonds with more
dramatic color changes (see, e.g.,

Figure 2. The strong fluorescence
to long-wave UV radiation (and
persistent phosphorescence) of
the stone in figure 1 is typical of
chameleon-type diamonds. Photo
by Nicholas DelRe.

Fryer, 1982), this stone was nearly
three times larger than any previous chameleon diamond tested in
the East Coast lab.

From GEMS & GEMOLOGY, Vol. 30, No. 1, 1994, pp. 39–40

COLOR ORIGIN OF THE
“UNNAMED BROWN”*
DIAMOND
Thomas M. Moses and John M. King
A second purpose of the recent
trip to London by GIA Gem Trade
Laboratory staff members was to
examine and issue an Identi fication and Origin of Color report
on the 545.65 ct diamond known
as the “Unnamed Brown” (figure
1). This provided a unique opportunity to document the properties
of this important diamond and to
authenticate the origin of color.
Examination of the diamond
with magnification revealed characteristic brown planar graining

* Later named the Golden Jubilee.—Ed.

alternating with near-colorless
zones in some areas. The diamond was inert to both long- and
short-wave ultraviolet radiation,
although it did weakly transmit
the short-wave UV radiation. This
latter feature, coupled with its
ultraviolet and infrared absorption
spectra, showed the diamond to
be a type IIa. The UV-visible spectrum was essentially devoid of
sharp features, showing only a
gradual rise in absorption toward
the shorter wavelengths. These
combined properties provided
proof of natural color.
The shape of the diamond was
described on the report as a modified cushion brilliant, and the
color was graded Fancy yellowbrown, Natural Color. This report
was accompanied by a letter stat-

ing that it was the largest diamond on which the GIA Gem
Trade Laboratory had issued a
report as of the date of testing.
Figure 1 The largest diamond on
which the GIA Gem Laboratory
has reported to date is the 545.65 ct
natural-color, Fancy yellow-brown
“Unnamed Brown” diamond.
Courtesy of CSO Valuations AG.
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STAR OF THE SOUTH:
A HISTORIC 128 CT DIAMOND
By Christopher P. Smith and George Bosshart

The Star of the South is one of the world’s most famous diamonds. Discovered in 1853, it became
the first Brazilian diamond to receive international acclaim. This article presents the first complete
gemological characterization of this historic 128.48 ct diamond. The clarity grade was determined
to be VS2 and the color grade, Fancy Light pinkish brown. Overall, the gemological and spectroscopic characteristics of this nominal type IIa diamond—including graining and strain patterns,
UV-Vis-NIR and mid- to near-infrared absorption spectra, and Raman photoluminescence—are
consistent with those of other natural type IIa diamonds of similar color.

R

arely do gemological laboratories have the
opportunity to perform and publish a full analytical study of historic diamonds or colored
stones. However, such was the case recently when
the Gübelin Gem Lab was given the chance to analyze the Star of the South diamond (figure 1). This
remarkable diamond is not only of historical significance, but it is also of known provenance—cut from
a piece of rough found in the state of Minas Gerais,
Brazil, almost 150 years ago. In addition, the Star of
the South has a natural pinkish brown color and is
classified as a nominal type IIa diamond (refer to the
Spectrometry section). Because of the age and previous descriptions of this diamond, which predate the
growth of synthetic diamonds and modern colorenhancement techniques, we are able to guarantee
that it was natural and unaltered.

A BRIEF OVERVIEW OF
DIAMOND DEPOSITS IN BRAZIL
The most frequently cited date for the discovery of
diamonds in Brazil is 1725 (Legrand, 1980; Lenzen,
1980; Wilson, 1982). Cassedanne (1989) indicated
that the first reference to Brazilian diamonds was in
1714, although the source for this information is
not provided. However, it is likely that some diamonds were recovered as a by-product of gold panning activities during the 17th century and even
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earlier. What is commonly referred to as “The
Brazilian Era” in the history of diamonds extended
from approximately 1730 to 1870, during which
time Brazil was the world’s principal source of diamond. This era ended with the discovery of more
significant quantities of diamonds in South Africa.
According to Levinson (1998), it has been estimated that prior to the Brazilian finds only about
2,000–5,000 carats of diamonds arrived in Europe
annually from the mines of India. In contrast, the
Brazilian finds supplied an estimated 25,000 to
100,000 carats of rough diamonds per annum (for
some years, such as 1850 and 1851, production
reached 300,000 carats). This sudden influx of relatively large quantities of diamonds had a significant
effect on the world’s diamond market. As Lenzen
(1980, p. 55) states, “The importance of the Brazilian
discoveries is reflected in the fact that within five
years, from 1730 to 1735, the world diamond market
exploded. Prices dropped by three-quarters.”
Almost all of the diamonds recovered in Brazil to
date have been from secondary (alluvial) deposits.
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Figure 1. The 128.48 ct Star of the South was originally discovered in Brazil in 1853 and faceted
shortly thereafter (in 1856 or 1857). It was the first
Brazilian diamond to achieve international acclaim
for its size and quality. Photo by Phillipe Hitz.

The first kimberlite pipe was not even discovered
until 1965 (Wilson, 1982). Since then, a large number of kimberlites have been identified, but the vast
majority were found to be barren of diamonds. To
date, the diamondiferous ones have not been found
to contain sufficient concentrations of diamonds to
support commercially viable mining operations.
Brazil’s alluvial diamond deposits have been classified into three basic types based on where they
occur relative to the waterways that are associated
with the deposits (Lenzen, 1980; Wilson, 1982):
high-level deposits (roughly 1,200–1,500 m above
sea level), low- or terrace-level deposits (in the river
valleys, above the high-water level), and fluvial or
river deposits (in the river sediments).
Brazil’s diamond deposits are spread out over an
extensive surface area. The Diamantina region alone
covers approximately 10,000 km2 (Cassedanne,
1989). Wilson (1982) indicated that diamonds have
been discovered in 40 districts in 11 states. He added
that the most significant deposits lie in the southwest portion of Minas Gerais, in an area known as
the Mining Triangle.
The concentration of diamonds throughout most
of these regions is very low. However, there are

some exceptions to this general rule. Holes or
depressions along some river tributaries occasionally have provided a rich cache of diamonds. Some
holes are small and relatively shallow, whereas others have been described as being as large as caves
(Lenzen, 1980).
The first large diamond discovered in Brazil,
called the Regente de Portugal, reportedly was
found along the Abaeté River in Minas Gerais in the
mid-18th century (Reis, 1959). It is believed to have
been cut into a 215 ct stone, but nothing is known
of its subsequent disposition; there is even some
question as to whether it ever existed, or was in fact
a topaz (Reis, 1959). In 1938, the largest Brazilian
diamond ever documented was found. It weighed an
impressive 726.6 ct and was named the President
Vargas diamond, in honor of Brazil’s then president
(Balfour, 2000); several stones were cut, the largest
of which—originally 48.26 ct (since recut to 44.17
ct)—is known as the Vargas diamond (Krashes,
1984). Certain areas of Minas Gerais have become
well known for the number of large diamonds they
have yielded. The Coromandel region alone, where
the President Vargas was found, produced nine diamonds that weighed more than 200 ct each, as well
as another 16 that were more than 100 ct, during
the period 1935–1965 (Legrand, 1980). In one fiveyear period, Coromandel yielded five stones that
had an average weight of 320 ct (refer also to
Cassedanne, 1989). Cincora, Monte Carmelo,
Romaria, Cascalho Rico, Grupiara, Patos, and
Estrêla do Sul are other areas that have supplied
large diamonds (Wilson, 1982). It was in the area
now known as Estrêla do Sul that the Star of the
South was found (e.g., Streeter, 1877; Bauer, 1896;
Reis, 1959; Balfour, 2000).
For a more thorough discussion of the Brazilian
diamond deposits, the authors refer readers to the
following reviews: Legrand (1980), Lenzen (1980),
Wilson (1982), Cassedanne (1989), and Levinson
(1998). Good descriptions and historical aspects of
the large diamonds found in Brazil are provided by
Reis (1959).

STAR OF THE SOUTH: KNOWN HISTORY
The Star of the South has earned notoriety for a
number of reasons. It was the first Brazilian diamond to become renowned worldwide. In addition,
and unlike many historical diamonds, the early history of the Star of the South is well documented.
According to Dufrénoy (1856), near the end of July
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Figure 2. According to
the authors’ research,
noted French mineralogist A. Dufrénoy provided the only firsthand
description of the original crystal from which
the Star of the South was
cut. (It is unclear if
Barbot actually examined the rough.) These
three crystal drawings
(Figs. 1, 2, and 3—drafted
by M. Lemaître, an associate of A. Dufrénoy) represent different views of
the crystal, as described
in the text. Emanuel
(1867) made a more realistic rendering of this
crystal seemingly from
Dufrénoy’s originals. The
resulting 128.48 ct cushion-shape faceted stone
was illustrated by
Simonin (1869).

1853 a slave woman working in alluvial diamond
deposits of the Bagagem River in Minas Gerais discovered a diamond that weighed an impressive
52.276 grams or 254 1⁄ 2 “old” carats (calculated to
261.38 metric carats). The rough measured 42 × 35
× 27mm (Dufrénoy, 1856). As a result of this fortuitous discovery—and as a reward for turning the
stone over to the mine owners—the slave woman
was given her freedom and, reportedly, a pension
for the remainder of her life (see, e.g., Streeter,
1882). For more than a century, the Star of the
South held the distinction as the largest diamond
ever found by a woman. In 1967, the Lesotho diamond, weighing an astounding 601.26 ct, was discovered by Ernestine Ramaboa (Balfour, 2000).
Noted French mineralogist A. Dufrénoy, while a
professor at the Natural History Museum of Paris,
provided a first-hand description of the original crys-
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tal from which the Star of the South was fashioned
(Dufrénoy, 1856, pp. 93–95). He wrote (as translated
by GB; all figure references refer to the three line
drawings of the crystal reproduced in figure 2 here):
One observes on one of the faces of the diamond a
rather deep octahedral cavity, situated in a (fig. 1, pl.
225); it represents the impression left by a diamond
crystal that earlier was implanted on the surface of the
Star of the South. The interior of this cavity, examined
with a loupe, shows pronounced octahedral striae. One
also sees, in b, the trace of three other diamonds,
which were grouped on the main diamond. The rear
face of the Star of the South still bears traces of two
diamonds, which have been detached . . . . The kind of
base on which one naturally places this diamond, and
which we have represented [in] fig. 3, still offers, in d,
marks of the adherence of several other small diamond
crystals. On this side, one notes in f a flat part where

the cleavage appears. I am very inclined to consider it
as a breakage, maybe the point of attachment of this
diamond to the matrix; . . . . I have already noted that
this beautiful diamond is not symmetrical [refers to
figs. 1, 2, and 3]. . . .

Prof. Dufrénoy mistakenly proposed that this
diamond grew as part of a larger cluster of diamonds, with this crystal attached to the matrix
wall. He suggests that diamonds coated the walls of
a geode-like formation, similar to quartz geodes.
This explains why he interpreted the cavities and
flat area of the crystal as he did. Barbot (1858, pp.
161–162) further described the piece of rough and
clarified certain statements made by Dufrénoy:
. . . the “Étoile du Sud” [Star of the South], was a
rhombic dodecahedron, bearing along each of its faces
a curved junction [where adjoining faces meet] so that
it became a solid of 24 faces. The natural faces were
matte and striated . . . . this incomparable diamond
exhibited, on one of its faces, a cavity so deep that
some have believed it to be due to the implantation of
an octahedral crystal of the same nature; we are certain, after further consideration, that this cavity was
only an interruption of one of the [crystal] growth layers; the other, shallower cavities were certainly due to
the same cause. The flat part that appeared cleaved is
probably an accident of nature . . . .
The . . . late Mr. Dufrénoy thought that this diamond had to be part of a group of diamondiferous crystals; in this, he was mistaken: diamonds grow isolated
in diverse sections of their matrix, and never agglomerate, or are superimposed, or graft on one another like
pyrites and crystals of spar [calcite] and quartz . . . .”

All subsequent mineralogical descriptions and
illustrations of this crystal seem to be derived from
these two original descriptions and crystal drawings
(see, e.g., Kurr, 1859, plate I, figure 5; Emanuel,
1867; Streeter, 1882; Bauer, 1896; as well as all modern references).
The first owner of the diamond, Casimiro de
Tal, sold it shortly after its discovery for a reported
£3,000, apparently well below its international market value (Streeter, 1882). In the two years that followed, the diamond remained in its rough state and
was again sold, this time for £35,000 (Streeter,
1882). In 1855, the rough diamond was showcased
at the Paris Industrial Exhibition (Kurr, 1859). At
that time, it was owned by Messrs. Halfen (two
brothers who were diamond dealers in Paris) and
christened Star of the South (Dufrénoy, 1856).
Barbot (1858) stated that the Halfen brothers chose

this name. In 1856 or 1857, the diamond was taken
to Amsterdam, where it was cut by a Mr.
Voorzanger of the firm Coster. We are able to establish this date of cutting because Dufrénoy (1856)
reports that the diamond was still in the rough state
when he examined it after the 1855 Paris
Exhibition, whereas Barbot (1858) indicates that he
examined the faceted diamond.
The fashioning of the diamond took three
months; the cut stone was illustrated by Simonin
(1869; again, see figure 2). Barbot (1858, p. 162)
described the cut gem as follows: “Its oval form is
rather charming and permits it to refract light well.
It is, by the way, a very spread stone, for it is 35 millimeters long by 29 millimeters wide, but only 19
millimeters thick.” Various weights and descriptions have been given for the cut stone: Streeter
(1882) describes it as an “elegant oval” of 125 “old”
carats. In more modern references, some (e.g.,
Balfour, 2000) describe it as a 129 ct elongated cushion, whereas others (e.g., Notable Diamonds of the
World, 1990; Liddicoat, 1993) refer to it as a 128.80
ct oval brilliant. Shipley (1935) gives a weight of
128.5 ct. Its color was described in early publications
as having a “rather pronounced pink tint” (Barbot,
1858, p. 162) or “decided rose tint” (Streeter, 1882, p.
81), as well as “not perfectly white and pure”
(Emanuel, 1867, p. 85). No modern first-hand observations of the faceted diamond’s color were found.
All contemporary publications seem merely to be
repeating these comments.
Subsequently, the small town of Bagagem, near
the place where the diamond was discovered in the
Bagagem River, was renamed Estrêla do Sul (in
Portuguese) in honor of the large gem (see, e.g.,
Balfour, 2000). According to Simonin (1869), a replica of the faceted diamond along with replicas of several other famous diamonds was put on display during the 1862 London Exhibition and the 1867 Paris
World Exhibition. However, most modern references
state incorrectly that the actual diamond was put on
display (see, e.g., Bruton, 1978; Liddicoat, 1993;
Balfour, 2000).
According to Balfour (2000), during the 1860s the
Star of the South ranked as the sixth largest faceted
diamond in the world. Sometime between 1867 and
1870, Khande Rao, then Gaekwar (official sovereign
ruler) of the Indian kingdom of Baroda, purchased the
stone for a reported £80,000 (approximately $400,000;
Shipley, 1935; Balfour, 2000). Prior and Adamson
(2000) incorrectly state that the diamond was
acquired in 1865. This was not possible, since the
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The English Dresden reportedly was sold by the
rulers of Baroda to Cursetjee Fardoonji of Bombay,
India in 1934 (Balfour, 2000), and Bruton (1978)
reported that the Star of the South also came into
the possession of Rustomjee Jamsetjee sometime
around 1939. However, this latter claim is not correct. It is now known that the original necklace
containing both the Star of the South and the
English Dresden was still intact and in the possession of Sita Devi, Maharani of Baroda, as of 1948
(figure 4). The whereabouts of these two diamonds
could not be verified after about 1950, and the Star

Figure 4. In the town of Baroda, India, at the celebration of her husband’s birthday in 1948, Sita
Devi, Maharani of Baroda, was photographed wearing a slightly modified version of the necklace
shown in figure 3, where more diamonds had been
added around the bottom portion of the English
Dresden. Photo and information by Henri CartierBresson, © Henri Cartier-Bresson/Magnum Photos.

Figure 3. Khande Rao, Gaekwar of Baroda, had this
fabulous necklace created to display both the Star
of the South and the 78.5 ct English Dresden below
it. The date of this photograph is approximately
1880. Photo courtesy of the British Library,
Oriental and India Office.

diamond was only offered for sale to the Gaekwar of
Baroda after the 1867 exhibition (Streeter, 1882). The
diamond remained in the collection of the Gaekwars
of Baroda for at least 80 years. In 1934, the grand
nephew of Khande Rao, Sayaji Rao III Gaekwar of
Baroda, informed Robert M. Shipley (founder of the
Gemological Institute of America) that the Star of the
South had been set in a necklace along with the
English Dresden diamond (figure 3; “Owner of
famous jewels. . . ,” 1934; Shipley, 1935; Prior and
Adamson, 2000). Also from the Bagagem River, the
English Dresden (1191⁄ 2 ct in the rough, cut as a 78.53
ct pear shape; see, e.g., Balfour, 2000) had been found
in 1857, not far from the discovery site for the Star of
the South.
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of the South’s location for the next 50 years is not
clear. In 2001, however, it was purchased through a
broker by owners who wish to remain anonymous.
In December 2001, the Star of the South was submitted to the Gübelin Gem Lab for a diamond grading report, thus enabling us to assemble the following detailed information.

ANALYTICAL METHODS
Clarity assessments and the study of internal
characteristics such as inclusions and graining
were carried out with a binocular microscope and
various lighting techniques. We used crossed
polarizing filters to observe the internal strain patterns and interference colors. Weight determination was made using a Mettler AE 1000 C electronic scale, calibrated to ± 0.001 ct. Color observations were made in the neutral viewing environment of a MacBeth Judge II light box. Reaction
to long- and short-wave ultraviolet radiation was
observed in a darkened room with a dual 365 nm
and 254 nm lamp.
We recorded the diamond’s ultraviolet-visiblenear infrared (UV-Vis-NIR) absorption spectrum at
liquid nitrogen temperatures in the region from 200
to 2500 nm using a Perkin Elmer Lambda 19 dual
beam spectrometer, equipped with a beam condenser. The spectrum was run at a speed of 1
nm/sec and with a spectral slit width of 0.2 nm.
The near- to mid-infrared spectrum was taken at
room temperature in the region 7000 –400 cm−1,
recording 200 scans at the standard 4 cm−1 resolution of a Pye-Unicam PU9624 Fourier Transform
infrared (FTIR) spectrometer. Both a SpectraTech
diffuse reflectance unit and a Specac 5× beam condenser were used.
Raman photoluminescence spectrometry was
conducted at liquid nitrogen temperatures with a
Renishaw 2000 Raman microspectrometer equipped
with a helium/cadmium laser (He/Cd–excitation
324.98 nm) and an argon-ion laser (Ar-ion–excitation
514.5 nm). Five areas were analyzed: two in the center of the table, two on bezel facets on either side of
the diamond, and the culet.

eight large pavilion mains (again, see figure 1). Its
dimensions are: 34.21 × 28.10 × 18.72 mm. The
table facet measures 21.10 mm parallel to the
length of the stone and 18.80 mm parallel to the
width. The octagonal culet facet measures 3.10 and
2.65 mm in the corresponding directions. The total
depth percentage is 66.6%. The average percentage
for crown height is 15% and for pavilion depth is
52%. The majority of the circumference of the diamond, where the crown meets the pavilion, forms
a knife-edge girdle. However, several small girdle
facets have been polished, and in some areas a
number of extra facets have been placed, primarily
around the girdle area.
Color. We color graded the Star of the South as
Fancy Light pinkish brown. In the face-up position,
the color appeared slightly more concentrated at
both ends of the diamond, as a result of its shape
and cut. Face-down, subtle lamellar bands of a light
brown hue could be seen traversing the width of
the stone.
Internal Features. Considering the large size and
long history of this diamond, one might expect it to
have more inclusions and surface blemishes than it
does. The clarity grade of the Star of the South is
VS 2 (figure 5). The most prominent inclusion

Figure 5. The Star of the South received a clarity
grade of VS2 , with inclusions consisting of two
indented naturals (one on each side) and a number
of shallow chips and small bruises. In addition, a
small remnant of a cleavage was present in the table
and a pinpoint inclusion can be seen under a bezel
facet at one side. Red outside of green = indented
naturals, green = naturals, black = extra facets, and
red = chips, bruises, cleavage, and pinpoint.

GEMOLOGICAL CHARACTERISTICS
General Description. The Star of the South diamond weighs 128.480 ct. Its antique cushion shape
has a slightly asymmetric outline. It is faceted in
the brilliant-cut style, with eight bezel facets and
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Figure 6. Whitish graining was evident in certain
areas and viewing directions of the Star of the
South. This optical effect imparted a sheen-like
cast to these areas, as seen here through a bezel
facet. Photomicrograph by Christopher P. Smith;
magnified 7× .

features consist of one indented natural on each
side of the diamond. The larger of the two indented
naturals contained deep triangular depressions,
whereas the other displayed a series of parallel striations. Both of these features revealed the orientation of these natural surfaces, along octahedral
crystal faces. We also saw several other essentially
planar naturals on various areas around the girdle.
A pinpoint inclusion in one side of the diamond
was visible through either a lower girdle facet or a
bezel facet. A small remnant of a cleavage plane
was present in the table, as were several small circular feathers in the areas surrounding the naturals.
As a result of wear and tear over the years, there
were also several, mostly minor, chips around the
girdle, as well as numerous other small bruises and
tiny feathers on the surface of various other facets.
Since the majority of the clarity-affecting inclusions were at or just beneath the surface of the
gem, recutting the diamond could improve its clarity to VVS (although the authors strongly recommend against recutting any historic diamond).
Graining and Strain Patterns. An optical phenomenon that relates to structural disturbances,
described by gemologists as whitish “graining,”
was visible in specific areas of the gem when
viewed at certain angles (figure 6). Internal strain
patterns—banded and “tatami,” with blue and
gray interference colors—also were prominent
when the diamond was viewed between crossed
polarizing filters. Depending on the crystallographic viewing direction, distinct, irregular or cellular
strain patterns with strong interference colors of
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Figure 7. One distinctive feature of the Star of the
South is the prominent irregular strain patterns,
which exhibited purple-pink, orange, yellow, green,
and blue interference colors. Such strain patterns
more typically are associated with type Ia naturalcolor brown or pink diamonds, although they are
encountered in some type IIa diamonds. Also seen
here is the larger of two indented naturals. The triangular patterns reveal the octahedral orientation of
this remnant of the original crystal surface. Photomicrograph by Christopher P. Smith; magnified 7×.

purple-pink, orange, yellow, green, and blue also
were seen (figure 7).
Fluorescence. The Star of the South fluoresces a
uniformly distributed blue of moderate intensity to
long-wave UV radiation (figure 8), and a similar
but weaker blue to short-wave UV. No phosphorescence to either long- or short-wave UV was
observed.

Figure 8. A homogeneous blue fluorescence of moderate intensity was emitted by the Star of the South
when it was exposed to a long-wave UV lamp. Photo
by Franzisca Imfeld and Christopher P. Smith.

tures in the one-phonon region of the infrared
spectrum. However, by expanding the spectrum in
this region, a minute, broad absorption band was
observed, located at 1174 cm−1, which relates to
minute traces of nitrogen in the form of B-aggregates. Therefore, we further qualified this diamond
as a nominal type IIa. No other traces of nitrogen,
or of hydrogen or boron, were detected in the
infrared region.
Raman Photoluminescence. Overall, the spectra
recorded on various facets of the diamond did not
reveal significant variations (table 1).
Figure 9. This representative UV-Vis-NIR absorption
spectrum of the Star of the South, recorded at liquid
nitrogen temperature and high resolution, displays
increasing general absorption starting at approximately 600 nm, which is responsible for the primary
brown coloration, as well as a faint broad band at
approximately 560 nm, which causes the pinkish
color modifier. Other characteristics are peaks at
229.5, 236.0 (N9), and 415.2 (N3) nm, a very weak
peak at 503.2 (H3) nm, and weak, broad bands centered at approximately 375 and 390 nm.

He/Cd laser (325 nm). Two dominant photoluminescence systems were apparent (figure 11A): the 415.2
nm (N3), with a series of broad and progressively
weaker bands between 420 and 480 nm; and the
503.1 nm (H3), also with a series of broad and progressively weaker bands between 510 and 530 nm. A
weak, sharp band located at 437.9 nm was superimposed on a phonon replica of the N3 system. In addition to these, several other more subordinate PL spectral features were present (see figure 11A and table 1).

SPECTROMETRY

Ar-ion laser (514 nm). With this excitation, several
additional PL features above 530 nm were recorded
(figure 11B). The 535.9 nm peak and two closely
spaced, but unrelated PL bands at 574.8 (N-V)0 and
575.8 nm were the most dominant spectral features

UV-Vis-NIR. The UV-Vis-NIR absorption spectrum
recorded at cryogenic temperature is featureless
down to about 600 nm, at which point the absorption
starts to increase gradually and becomes steeper until
it reaches the fundamental absorption edge at 225
nm in the ultraviolet region (figure 9). Superimposed
on this general absorption are five very weak to weak
absorption bands in the yellow-green to violet
regions: a very weak, broad band centered at approximately 560 nm; a weak, sharp peak at 503.2 nm (H3);
a more distinct, sharp peak at 415.2 nm (N3); and
two weak, broad bands at 390 and 375 nm. At the
foot of the fundamental absorption edge of the diamond, there are two additional small but distinct
peaks situated at 236.0 (N9) and 229.5 nm.

Figure 10. The FTIR absorption spectrum of the Star
of the South reveals the two- and three-phonon
absorption bands, which are intrinsic to diamond
(i.e., at 2650–1500 and 4000–2650 cm−1, respectively), but no distinct absorption features related to
nitrogen impurities. Hydrogen or boron impurities
were not detected either.

Mid-IR and Near-IR. The mid-infrared spectrum of
the Star of the South diamond reveals the twophonon and three-phonon absorption bands intrinsic to diamond (2650–1500 and 4000–2650 cm−1,
respectively; see figure 10). No absorption was
apparent in the one-phonon region of the spectrum
(1500–1000 cm−1). We classified this diamond as a
type IIa as a result of the relative absence of IR fea-
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TABLE 1. Raman photoluminescence of the Star of
the South diamond recorded at cryogenic temperatures.a
Band (nm)

Band allocation

He/Cd laser, 325 nm excitation
350
380
406.0
415.2
N3
437.9
503.1
H3
535.9
537.4
574.8
(N-V)0
575.8
Ar-ion laser, 514.5 nm excitationb
535.9
564.3
565.8
566.1
566.5
567.5
569.2
570.4
574.8
(N-V)0
575.8
600–620
630.5
637.0
(N-V)−

Description
Faint, broad
Weak, broad
Faint, sharp
Strong, sharp
Weak, sharp
Moderate, sharp
Weak, sharp
Weak, sharp
Faint, sharp
Weak, sharp
Moderate-strong, sharp
Faint, sharp
Faint, sharp
Weak, sharp
Weak, sharp
Weak, sharp
Weak, sharp
Faint, sharp
Moderate-strong, sharp
Moderate-strong, sharp
Weak, broad
Weak, sharp
Moderate-strong, sharp

aFor

an explanation of the N3, H3, (N-V)0, and (N-V)− defects, see
box A of Smith et al. (2000).
bDepending on the facet analyzed, the following peak ratios and
FWHM (full width at half maximum) values were obtained:
575.8/574.8 nm peak ratio = 0.64 to 2.89
574.8/637.0 nm peak ratio = 0.92 to 2.88
574.8 nm peak FWHM = 0.37 to 0.58 nm
575.8 nm peak FWHM = 0.21 to 0.29 nm
637.0 nm peak FWHM = 0.47 to 0.56 nm.

present with this laser. The ratio of the 575.8 nm to
the 574.8 nm (N-V)0 peaks was variable for the five
measurements taken on different facets. The (N-V)−
center at 637.0 nm was present in all the spectra. In
all but one of the spectra, the intensity of the (N-V)−
was weaker than the (N-V)0 (also refer to Chalain et
al., 2000; Fisher and Spits, 2000; Smith et al., 2000).
The full width at half maximum (FWHM) of the
(N-V)−, (N-V)0, and 575.8 nm peaks was also variable.
Several other weaker PL bands were also recorded
(see figure 11B and table 1).

DISCUSSION
When diamonds were discovered during the 1860s
in South Africa, these hugely prolific finds signaled
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the inevitable end to the Brazilian Era and Brazil’s
status as the world’s primary source of gem-quality
diamonds. Although today several countries surpass Brazil in the quantity and value of diamonds
mined, Brazil still produces an annual average of
approximately 1 million carats, which includes
occasional pieces of rough that yield large, highquality faceted diamonds.
A number of discrepancies were discovered
during our search for historical references to the
Star of the South diamond, notably the weights
indicated for both the rough gem and the faceted
stone. The discrepancies in the weight of the original rough are easier to explain, in that it has been
reported as either 2541⁄ 2 or just 254 “old” carats, or
as 261.24 to 261.88 when converted to metric
carats. In part, this is due to differences in “old”
carats before this unit of measurement was standardized in 1914 as 0.2 gram (Liddicoat [1993, p.
275] provides a list for local variances for “old”
carats from different trading areas.) However, if previous researchers had accessed Dufrénoy (1856, p.
93), they would have seen the accurate weight in
grams (52.276), which he calculated to 2541⁄ 2 “old”
carats. The conversion to modern metric carats
would have been straightforward (261.38 ct). For
the faceted gem, Streeter (1882) indicates a weight
of 125 “old” carats and Bauer (1896) gives the
weight as 125 1⁄ 2 “old” carats; however, most modern references indicate 128.80 metric carats (the
128.8[0] ct figure appears to be a calculated weight,
as opposed to one that was measured). It is interesting that Shipley (1935) came closest to the actual
weight when he stated 128.5 ct. Considering the
measurements indicated by Barbot (1858) compared
to those taken for this study, as well as the
“antique” quality of the polish and the weight indicated by Shipley (1935), there is no evidence to suggest that the diamond has been repolished. The
description of the diamond as an oval by some and
a cushion shape by others is understandable, since
gemstones with this general shape commonly have
an outline that is intermediate between an oval and
a cushion.
Other discrepancies were encountered in
regard to the name “Star of the South.” For both
the English and Portuguese derivations, we found
more than one diamond with this name (see, e.g,.
Reis, 1959; Liddicoat, 1993; Balfour, 2000). In
English, the other Star of the South is a 14.37 ct
kite shape that was purchased in 1928 by Evalyn
Walsh McLean (who at the time also owned the

Figure 11. Raman photoluminescence spectra of the Star of the South were taken at liquid nitrogen temperature for significantly improved sensitivity and spectral resolution. Spectrum A, taken with the helium/cadmium laser (325 nm excitation), shows two dominant photoluminescence systems, resulting from N3 and H3
defects, in addition to several other peaks that were also present. Spectrum B, taken with an argon-ion laser
(514 nm excitation), recorded strong PL bands at 535.9, 574.8 (N-V)0, 575.8, and 637.0 (N-V)− nm. Another
series of weak to moderate PL bands were resolved between 564 and 571 nm.

Hope diamond) and sold by her estate to Harry
Winston (Krashes, 1984). In Portuguese, a 179.36
ct rough diamond found during 1910 or 1911, also
in the Bagagem River, was called Estrêla do Sul or
Estrêla do Minas, but nothing is known of its ultimate disposition (Reis, 1959). A 140 ct green piece
of rough discovered in Minas Gerais in 1937 was
christened “New Star of the South” (Cassedanne,
1989); again, though, nothing is known about the
current location of this diamond (Reis, 1959). It is
not uncommon to encounter such potentially
confusing information when attempting to trace
the history of famous gems. However, the provenance of the present diamond as the original “Star
of the South” is well established.
Diamonds are classified as type IIa based on the
relative absence of nitrogen-related features in the
infrared region of the spectrum (1500–1000 cm−1)
when recorded at room temperature (for a general
discussion of diamond type, see, e.g., Fritsch and
Scarratt, 1992, pp. 38–39). However, it is not
uncommon for such diamonds to reveal minute
traces of nitrogen-related (and even hydrogen-related) absorption in the ultraviolet and visible regions
when the spectrum is taken at liquid nitrogen temperature with a high-quality UV-Vis-NIR or Raman
spectrometer (see, e.g., Fisher and Spits, 2000;

Smith et al., 2000). The spectral analyses of the Star
of the South identified that it is such a nominal
type IIa diamond. It revealed traces of nitrogenrelated point defects in very low concentrations
when analyzed at cryogenic temperatures with UVVis-NIR and Raman. These included very weak to
weak absorption bands of H3, N3, and N9 recorded
in the UV-visible range, as well as very weak to
strong photoluminescence excitation of the (N-V)−,
(N-V)0 , H3, and N3 systems with a Raman spectrometer. In addition, we recorded several other PL
bands that we are unable to assign to specific point
defects in diamond.
As a nominal type IIa, most of the properties and
characteristics of the Star of the South were consistent with those of other type IIa diamonds of similar
color. This includes its large size and the relative
lack of inclusions, the banded and tatami strain patterns, and the essentially featureless spectral trace
throughout most of the visible and near-infrared
region of the spectrum, as well as the gradual
absorption leading to the fundamental absorption
edge of diamond at 225 nm, and the He/Cd and Arion Raman PL spectral features. One rather less
common trait was the strong irregular or cellular
strain pattern with distinct purple-pink, orange, yellow, green, and blue interference colors. This type
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of strain pattern is observed more often in type Ia
pink or brown diamonds. However, the authors
have noted similar strain on occasion in other
brown to colorless type IIa diamonds. Also, the blue
UV fluorescence seen in the Star of the South is
more intense than the faint to weak blue luminescence evident in some type IIa diamonds (others
typically are inert or have a weak yellow—or, rarely,
distinct orange—reaction). In addition, the pinkish
brown color is not a common hue in the family of
brown type IIa diamonds.
The primary brown coloration of the Star of the
South is due to the increase in general absorption
that begins at about 600 nm and continues into the
ultraviolet region of the spectrum, whereas the
weak, broad band centered at approximately 560
nm is responsible for the pink modifying color.
Brown type IIa diamonds have received a lot of
attention recently because it is now known that the
color of such diamonds may be modified using highpressure/high-temperature annealing (for a review,
see Smith et al., 2000). Recording spectral data on
diamonds with a known history that confirms the
natural, unaltered origin of their color is crucial for
building a database of natural-color diamonds
against which diamonds of a questionable origin of

color can be compared. This helps better establish
identification criteria for both natural- and treatedcolor type IIa diamonds.

CONCLUDING REMARKS
The 128.48 ct Fancy Light pinkish brown Star of
the South now enters an elite circle of historic diamonds for which a full gemological characterization has been published. Other diamonds in this
group include the Hope (Crowningshield, 1989), the
Dresden Green (Bosshart, 1989; Kane et al., 1990),
and the Tavernier (Lu et al., 1998). We identified
the earliest references to this 149-year-old diamond
in both its rough and cut forms, which clarified
several details of its early history, and provided significant new information about its more-recent history. In addition, we were able to characterize this
diamond with advanced analytical techniques,
such as Raman photoluminescence using He/Cd
and Ar-ion lasers, which were not routinely available to those other researchers. The spectral data
obtained on this historic diamond will help future
researchers better understand the properties of—
and establish identification criteria for—naturalcolor type IIa diamonds.
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Notes & New Techniques

AN IMPORTANT EXHIBITION
OF SEVEN RARE GEM DIAMONDS
John M. King and James E. Shigley

From late June to mid-September 2003, seven
important gem diamonds went on temporary public display at the Smithsonian Institution in
Washington, D.C., in an exhibit titled “The
Splendor of Diamonds.” These diamonds, one
colorless and six colored, are some of the rarest in
the world: the 203.04 ct D-color De Beers
Millennium Star, the 101.29 ct Fancy Vivid yellow Allnatt, the 59.60 ct Fancy Vivid pink
Steinmetz
27.64 ct Fancy Vivid blue
DescriptionPink,
Goesthe
Here
Heart of Eternity, the 5.54 ct Fancy Vivid orange
Pumpkin, the 5.51 ct Fancy Deep blue-green
Ocean Dream, and the 5.11 ct Fancy red
Moussaieff Red. This article provides background
information on these spectacular diamonds and a
record of some of the gemological observations
obtained during their quality grading by GIA.

F

rom June 27 through September 15, 2003, “The
Splendor of Diamonds,” a collection of unique
gem diamonds, is on temporary display at the
National Museum of Natural History (NMNH) at
the Smithsonian Institution in Washington, D.C.
(see figure 1). This museum is the home of the U.S.
national gemstone collection, and is where the
famous 45.52 ct blue Hope diamond has resided
since its donation by Harry Winston in 1958. Since
its renovation in 1997, the Harry Winston Gallery
in the Janet Annenberg Hooker Hall of Geology,
Gems, and Minerals has been one of the most popular sites in the museum. Typically around two to
three million people visit this hall every summer (J.
E. Post, pers. comm., 2003).
On only one other occasion has another impor-

tant diamond been displayed in the same room;
this was the historic 41 ct Dresden green diamond,
which was exhibited on a rare loan from the Green
Vaults in Dresden, Germany, in October 2000
(“Harry Winston . . .,” 2000). The exhibition of
these seven diamonds in the same setting attests to
the rarity of this special collection. “The Splendor
of Diamonds” at the NMNH includes the 203.04 ct
colorless De Beers Millennium Star as well as six
exceptional diamonds that represent some of the
rarest of naturally occurring colors. On the initiative of GIA representatives and with the sponsorship of the Steinmetz Group, the seven diamonds
were brought together from private collections
throughout the world. Each is unique in its combination of size, color, and quality.
Over the years, GIA staff members have examined many important gemstones as part of our laboratory grading services and for research purposes.
These opportunities have allowed us to characterize and document the gemological properties of a
number of unique diamonds in public and private
collections that would otherwise not be available
for gemological study. Fryer and Koivula (1986, p.
102), in their account of the examination of four

See end of article for Acknowledgments.
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Figure 1. This collection of extraordinary gem diamonds is on temporary display at the National Museum of Natural
History at the Smithsonian Institution in Washington, D.C., during Summer 2003. Counter-clockwise from center, the
203.04 ct De Beers Millennium Star (courtesy of De Beers LV), the 59.60 ct Fancy Vivid pink Steinmetz Pink (courtesy
of Steinmetz Group), the 27.64 ct Fancy Vivid blue Heart of Eternity (courtesy of a private collector), the 5.54 ct Fancy
Vivid orange Pumpkin (courtesy of Harry Winston Inc.), the 5.11 ct Fancy red Moussaieff Red (courtesy of House of
Moussaieff), the 5.51 ct Fancy Deep blue-green Ocean Dream (courtesy of Cora Diamond Corp.), and the 101.29 ct
Fancy Vivid yellow Allnatt (courtesy of SIBA Corp.). Photo by Chip Clark, courtesy of the Smithsonian Institution.

important gemstones on public display for a limited time (the Star of Bombay sapphire, the
Portuguese diamond, and the Marie Antoinette
diamond earrings), concluded with this statement:
“We hope that our examinations will provide a
more complete record on these stones for future
researchers, and that the opportunity will become
available to provide similar reports on other
named pieces as we seek to learn more about these
touchstones of gemology.” Since then, Gems &
Gemology has published gemological reports on
the Hope diamond (Crowningshield, 1989), the
Dresden Green (Kane et al., 1990), and, most
recently, the 128 ct Star of the South (Smith and
Bosshart, 2002). The information on the seven dia-
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monds discussed here represents a continuation of
this kind of documentation for gemologists and
the public.
GIA has issued Diamond Grading or Colored
Diamond Grading Reports on all seven of these diamonds. Understanding the importance of the diamonds requires an understanding of their grading,
inasmuch as all are extraordinary for their size in
their color grades. Colorless to light yellow diamonds are color graded against a set of “master
color comparison diamonds,” and their color grade
is expressed as a set of letters from “D” to “Z”
according to the grading system established by GIA
in the early 1950s. For diamonds in the standard
colorless to light yellow or brown range, those that

are “most colorless” (“D” in the GIA system), like
the De Beers Millennium Star, are not common
and are typically valued much higher than the next
grade.
For colored diamonds, the color grade is by far
the most important factor in their value. They are
graded using a series of “Fancy” grade terms that
refer to a three-dimensional color space. Those diamonds in the “end grades” of Fancy Intense, Fancy
Deep, and Fancy Vivid are the most strongly colored and valued. For more information, please see
the articles by King et al. (1994, 1998, 2002) which
elaborate on GIA’s fancy-color diamond grading
system.
The following takes a brief look at the known
history of each of these special diamonds and summarizes the gemological observations made during
grading by GIA.

THE DE BEERS MILLENNIUM STAR
In the early 1990s, an unnamed miner in an alluvial digging in the Mbuji-Mayi district of Zaire
(now the Democratic Republic of Congo) discovered a 777 ct piece of rough (figure 2), the sixth
largest “colorless” gem-quality diamond ever
found (Balfour, 2000). De Beers purchased the large
crystal fragment on the open market. Following
three years of study, planning, and work by the
Steinmetz Group on three continents, the
original crystal was divided into three
parts. The largest diamond cut from
this crystal was a 203.04 ct, 54facet pear-shaped brilliant measuring 50.06 × 36.56 × 18.54
mm. De Beers called it the
De Beers Millennium Star.
In late 1999, the “De Beers
Millennium Jewels” exhibit was unveiled at the
Millen nium Dome in
London. This unique collection of diamonds was
assembled to mark the
passing of the millennium,
an event De Beers had anticipated since purchasing the
enormous piece of rough years
earlier (Balfour, 2000). The centerpiece of this collection was the
De Beers Millennium Star; all
would soon be the focus of one the

Figure 2. Shown here is the 777 ct piece of rough from
which the 203.04 ct De Beers Millennium Star was
cut. Courtesy of Steinmetz Group.

most flamboyant robbery attempts in modern history (see below).
When graded by GIA in 1997, the
De Beers Millen nium Star was
noted to be “D” color and
Flawless (no internal or surface
clarity characteristics were
seen using a binocular microscope and a fully corrected
10× loupe). It exhibits excellent polish and symmetry,
and it has no fluorescent
reaction when exposed to
long-wave ultraviolet (UV)
radiation. Large, colorless
rough crystals with few or
no mineral inclusions are
usually type IIa diamonds (see
Fritsch and Scarratt, 1992, for
more information on diamond
types); the laboratory confirmed
that the De Beers Millennium Star is
a type IIa.
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THE ALLNATT
This strongly colored yellow diamond is thought to
have originated from the De Beers mine in South
Africa, which produced a number of large yellow diamond crystals during its early years of production
(Balfour, 2000). It is named for its former owner,
Major Alfred Ernest Allnatt, a British soldier, sportsman, art patron, and noted philanthropist who purchased the diamond in the early 1950s.
Originally the Allnatt weighed 102.07 ct and
was graded Fancy Intense yellow when it was
purchased at the Christie’s Geneva May 1996
auction (for a total price of US$3,043,496). Subsequently, the Allnatt was recut in a successful
attempt to intensify the color appearance. When
graded again by GIA in 2000, it weighed 101.29 ct
and was classified as Fancy Vivid yellow. The
clarity grade was VS 2.
The Allnatt, a type Ia diamond, is a round-cornered square modified brilliant that measures 24.44 ×
23.74 × 21.60 mm. Its shape and cutting style are
classic examples of those used
in the early 20th century to
retain maximum weight from
well-formed octahedral rough
crystals. Its shape is also probably influenced by the fact that
its manufacture predates the
use of sawing. Therefore, the
diamond naturally retains a
closer relationship to the shape
of the original piece of rough. It
has steep crown and pavilion
angles and a small table. In the case of this diamond,
these proportions act to intensify the color appearance. When examined by GIA, the Allnatt also was
noted to have good polish and good symmetry. When
exposed to UV radiation, it exhibited weak blue longwave fluorescence, and weak orangy yellow shortwave fluorescence, both common reactions in many
yellow diamonds (Moses, 1997).
Yellow color in diamond may result from the
presence of small amounts of nitrogen occurring
either as single atoms or as aggregates of a few atoms
at carbon sites in the atomic lattice. The cause of the
strong yellow color in this diamond is due to aggregated nitrogen in triples (clusters of three atoms,
called the N3 center), which is known in traditional
gemological terminology as the “cape” absorption
series (Liddicoat, 1993). Among colored diamonds,
yellow and brown are the most common colors, but
natural-color diamonds of this size with this
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strength of yellow are extremely rare. This is one of
the largest strongly colored yellow diamonds ever
seen in the GIA Gem Laboratory.

THE STEINMETZ PINK
Both intriguing and highly valued, pink diamonds
have been treasured for many hundreds of years.
Adding to this allure are the few famous pink diamonds with rich histories—such as the approximately 60 ct Nur-Ul-Ain, plundered from Delhi in
1739; the 28.15 ct Agra, believed to have belonged to
the first Mogul Emperor Babur in the 15th century;
or the 20.53 ct Hortensia, stolen from the French
Royal Treasury during the French Revolution
(Liddicoat, 1993; Bari and Sautter, 2001; King et al.,
2002). Pink diamonds were encountered only sporadically until the discovery of the Argyle mine in
the 1980s. While some of the small quantities of
Argyle pink diamonds recovered thus far occur in
very strong colors, these characteristically type Ia
diamonds seldom exceed one carat and are often
highly included (Shigley et al., 2001). Type IIa pink
diamonds occur in larger sizes, but they are not commonly encountered with strong color (King et al.,
2002). Therefore, a saturated-color pink diamond of
this size is almost unprecedented.
The approximately 100 ct rough from which the
Steinmetz Pink was cut was recovered from a mine
in southern Africa (Moody, 2003), and the 59.60 ct
oval-shaped mixed cut diamond was cut over a
period of almost two years by the Steinmetz Group.
It was only revealed to the public—around the neck
of model Helena Christensen in May 2003 at its
unveiling in Monaco.
The cause of color in pink (and red) diamonds is
what scientists call a color center—a microscopic
imperfection at the atomic level that, in the case of
pink diamonds, is thought to be the result
of plastic deformation of the diamond’s atomic lattice (Harlow,
1998; King et al., 2002). When
graded in 2001 by GIA, the
Steinmetz Pink was classified as
Fancy Vivid pink and Internally
Flawless. It measures 26.93 ×
20.64 × 13.68 mm, and displays
very good polish and symmetry.
When exposed to long-wave UV, it
exhibited weak blue fluorescence and, to short-wave,
very weak blue fluorescence. To date, it is the largest
Fancy Vivid pink diamond graded by GIA.

THE HEART OF ETERNITY
As part of the Millennium Jewels display at London’s
Millennium Dome, De Beers also assembled an
extraordinary group of 11 blue diamonds, with a total
weight of 118 carats, known as the Midnight
Collection (Balfour, 2000). Like the majority of blue
diamonds in recent times, all of these blues were
recovered from the Premier mine in South Africa; all
11 were also manufactured by the Steinmetz Group
(see figure 3). The largest diamond in this collection
was the 27.64 ct Fancy Vivid blue Heart of Eternity
(Balfour, 2000).
Despite the enormous security surrounding these
diamonds (including a special reinforced concrete
viewing vault and 24-hour remote surveillance), this
priceless display proved to be too great a temptation
to a gang of jewel thieves. On the morning of
November 7, 2000, in a scene reminiscent of a James
Bond movie, the gang crashed a stolen
earthmover into the Millennium
Dome, through the outer security and up to the vault, lobbing
smoke bombs and firing nail
guns as they went. They
planned to seize the diamonds
and escape in a waiting speedboat down the Thames River.
Fortunately for De Beers,
Scotland Yard had learned of the
plan months beforehand and surrounded the Millennium Jewels display
with more than 100 elite undercover officers on the
morning of the attempted robbery. When the gang
entered the vault, they were trapped and swiftly
arrested; the diamonds themselves had previously
been replaced with replicas. The would-be thieves
received sentences ranging from five to 18 years in
prison (see Hopkins and Branigan, 2000; “Gang . . . ,”
2001; Branigan, 2002).
The Heart of Eternity diamond was graded by
GIA in 1999. It is the largest Fancy Vivid blue diamond GIA has graded to date. Blue diamonds such
as the Heart of Eternity are very rare in nature
(King et al., 1998); those with a very strong color
such as this one are even more so.
The Heart of Eternity is cut as a heart-shaped
modified brilliant measuring 19.25 × 21.76 × 11.43
mm. It exhibits very good polish and good symmetry.
When exposed to ultraviolet radiation, it was inert to
long-wave UV, but very weak red to short-wave UV.
Similar to the Hope diamond (Crowningshield, 1989),
when the exposure to short-wave UV was discontin-

Figure 3. Shown here with several other rough crystals
is the sawn rough from which the Heart of Eternity
was cut (second from left). Photo by John King.

ued, the diamond continued to emit strong red phosphorescence lasting for approximately 15 seconds.
When examined with magnification, it exhibited
small included crystals, pinpoint inclusions, and
internal graining. Its clarity grade is VS2. Color zoning was also observed, appearing as narrow parallel
bands of colorless and blue areas. Strategically locating color zoning during the manufacturing process is
important to obtain the most saturated, even, face-up
color appearance; this was done quite successfully in
the Heart of Eternity. As is typical of natural-color
type IIb blue diamonds, the Heart of Eternity is electrically conductive. This behavior is the result of
small amounts of boron in the diamond’s atomic
structure, which substitutes for carbon, giving rise to
the blue color as well as the conductivity.
In addition to the rare assemblage of the seven
diamonds in this exhibition, “The Splendor of
Diamonds” also offers an extraordinary opportunity to see three large, strongly colored blue diamonds in close proximity. In the same gallery, the
famous Hope (its color grade updated in 1996) is a
Fancy Deep grayish blue; nearby in the gem collection is the 30.62 ct Blue Heart, which was graded
Fancy Deep blue (King et al., 1998). While all are of
relatively similar tone, subtle differences in saturation account for the differences in color grade.

THE PUMPKIN DIAMOND
Diamonds in the orange hue range are typically dark
toned and weak to moderate in saturation. This generally results in a brown or brownish color appearance; an unmodified orange appearance is extremely
rare (King and Moses, 1997). Many diamonds in
the orange hue range are type Ib, but the Pumpkin
was found to be type IIa (King and Moses, 1997).
The Pumpkin diamond was discovered in South
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Africa in the mid-1990s, and the
rough is reported to have appeared predominantly brown with only a hint of
orange (W. Goldberg, pers. comm.,
1997). After cutting, however, this 5.54 ct
gemstone displayed a pure, strongly saturated
orange hue. When purchased by Harry Winston Inc.
at auction in October 1998, its striking color and the
date of the sale—the day before Halloween—led the
company to dub it the Pumpkin (Auction report,
1997). It was loaned to actress Halle Berry for the
2002 Academy Awards, the night she won the Oscar
for Best Actress, the first African-American ever so
honored (“The Splendor . . . ,” 2003).
The Pumpkin diamond is fashioned as a cushionshaped modified brilliant and measures 9.88 × 9.85 ×
7.04 mm. The diamond was graded by GIA in 1997
as Fancy Vivid orange. It is one of the largest diamonds of this color ever examined by GIA. As has
often been observed in diamonds in this hue range,
the Pumpkin diamond displays cloud-like and needle-like inclusions as well as crystals. It exhibits very
good polish and good symmetry. When exposed to
ultraviolet radiation, the diamond emitted moderate
orange fluorescence to long-wave UV, and weak-tomoderate orange fluorescence to short-wave UV.
When the UV lamp was turned off, observers noted a
weak yellow phosphorescence. Because of the type
of reports requested by the clients, clarity grades
were not provided for the Pumpkin, Ocean Dream,
and Moussaieff Red diamonds.

THE OCEAN DREAM
The 11.17 ct rough from which this diamond was
manufactured was recovered in central Africa in
2002. The crystal was polished into a 5.51 ct modified triangular brilliant in New York by Cora

Diamond Corp.; it was dubbed the Ocean Dream
because of its deep, saturated blue-green color.
Because large, natural-color diamonds with this
coloration are extremely rare, most in the diamond industry associate them with artificial treatment (i.e., irradiation). Not
only is such naturally occurring color
highly unusual, but it is virtually
never seen in diamonds this large.
Natural blue-green to green color
in diamonds is the result of exposure
to radiation in the earth and the subsequent formation of radiation-induced
color centers. In nature, such radiation is typically alpha or beta; the limited penetrating ability of
these particles is the reason most rough “green” diamonds have only a thin “skin” of color (Kane et al.,
1990). A saturated body color can only be produced by
high-energy penetrating radiation such as gamma or
neutron, and in nature such sources are very rare,
though they are easily produced in a nuclear reactor
(Ashbaugh, 1988). Furthermore, these colors tend to
be unstable to heat. For a diamond to acquire a saturated green or blue-green body color in nature, it must
remain close to a gamma or neutron source for thousands if not millions of years without being exposed
to excessive heat (Ashbaugh, 1988; Kane et al., 1990).
It is this very rare set of conditions that makes a diamond like the Ocean Dream almost unique.
Determining the cause of blue-green color—natural
or altered—is challenging, as both situations produce
similar gemological features (Kane et al., 1990). In
addition, important identification criteria may be lost
during the process of faceting the diamond, because
of the shallowness of the green surface layer typically
produced by natural radiation exposure (see
Crowningshield, 1963–64). Determination that the
color of the Ocean Dream was natural was aided by

Figure 4. Shown here are
two preform stages in
the cutting of the 11.17
ct rough from which the
5.51 ct Fancy Deep bluegreen Ocean Dream was
fashioned. Photo by
Elizabeth Schrader.
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numerous examinations of the diamond throughout
the cutting process from rough crystal until it was
finished (see figure 4). Its origin was confirmed by
microscopic examination of gemological features
such as color zoning, as well as various spectroscopic
results compared to data from smaller blue-green diamonds of known natural color.
When graded by GIA in 2003, this type Ia diamond was classified as Fancy Deep blue-green. It
measured 11.49 × 11.47 × 6.47 mm. When exposed
to long-wave UV, the Ocean Dream showed a moderate blue reaction. Its reaction to short-wave UV
was a weak yellow.

THE MOUSSAIEFF RED
Few gem diamonds that could be described as predominantly red have ever been documented in the
jewelry industry. They are so rare that less than two
decades ago, Kane (1987) could report that the GIA
Gem Laboratory had never graded a diamond with an
unmodified “red” hue. As recently as 2002, King et
al. listed only four Fancy red diamonds in the public
domain, one of which was the Moussaieff Red.
Awareness of red diamonds expanded greatly following the 1987 public auction of the 0.95 ct
“Hancock Red” (a purplish red stone) for a record
$926,316-per-carat price (Kane, 1987). While
the Moussaieff Red, a 5.11 ct modified
triangular brilliant, may not seem large
in comparison to the other gemstones
in this collection, for a diamond of
this color it is astounding—no other
Fancy red diamond reported to date
approaches even half its size. To have
such a color in a diamond of this size is
truly unprecedented. As discussed above
and by King et al. (2002), the cause of color in pink
and red diamonds is believed to arise from color centers created by plastic deformation.
The Moussaieff Red was fashioned from a 13.90 ct
crystal that a Brazilian farmer recovered from an allu-
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vial deposit during the mid-1990s (W. Goldberg, pers.
comm., 1997). The finished stone was manufactured
by the William Goldberg Diamond Corp. in New
York, and measures 11.02 × 10.57 × 6.06 mm. When
examined under a UV lamp, it emitted moderate-tostrong blue long-wave UV fluorescence, and weak
blue short-wave UV fluorescence. The Moussaieff
Red was found to be a type Ia diamond, and at the
time of grading in 1997, it was noted to be the largest
Fancy red diamond ever documented by GIA.

CONCLUSION
Members of the public have a unique chance to
view a collection of superb gem diamonds at the
Smithsonian’s National Museum of Natural
History in Washington, D.C., from June 27 through
September 15, 2003. The “Splendor of Diamonds”
exhibit brings together seven diamonds that are
each outstanding examples in terms of their color,
quality, and size. Examination of these diamonds
allowed GIA to record important information for
the science of gemology.
It is difficult to explain to a public audience just
how rare the gems in this special collection actually
are. In nature, it is challenging for geologists to find
diamond-bearing rocks, and all but a few occurrences lack sufficient high-quality diamonds to
make them economically feasible to exploit. Even at
productive mines, recovery of diamonds is tremendously expensive, and in most instances the number
of crystals suitable for manufacturing as gemstones
is very limited. Larger diamonds that are completely
colorless or highly colored, such as the seven in this
exhibit, are so unusual that even the majority of
experienced diamond dealers and collectors will
never have the chance to handle them. Large colored
diamonds with colors like these described in this
article are uncommon even for GIA to encounter.
For most gemologists, as for members of the public,
this is a once-in-a-lifetime opportunity to see and
enjoy these “touchstones” of gemology.

general public through a museum display and to provide information for this article. William Goldberg of William Goldberg Diamond
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diamonds. The authors also thank Dr. Jeffrey E. Post, curator of
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GEM NEWS INTERNATIONAL
A COMPARISON OF THREE
HISTORIC BLUE DIAMONDS
John M. King, Elizabeth A. Johnson, and Jeffrey E. Post
This summer’s “Splendor of Diamonds” exhibition
at the Smithsonian Institution in Washington,
D.C., presented a unique opportunity for the public
to view seven of the world’s rarest diamonds (see,
e.g., King and Shigley, 2003). The closing of the
exhibition brought another opportunity—for the
contributors of this entry to compare the properties
of three of the largest documented strongly colored
blue diamonds. Two of these diamonds, the 45.52
ct Hope and the 30.62 ct Blue Heart, are part of the
Smithsonian’s permanent collection; the third, the
27.64 ct Heart of Eternity, was part of the special
exhibit (figure 1). Arrangements were made to
remove the Hope and the Blue Heart from their
mountings and to allow the contributors one
evening to examine and test them in conjunction
with the Heart of Eternity prior to its being
returned to its owner.
GIA has graded all three diamonds since the
1995 introduction of enhancements to its colored
diamond color grading system (King et al., 1994).
The Hope diamond was described as Fancy Deep
grayish blue in an updated grading performed in
1996; the Blue Heart was graded Fancy Deep blue
in 1997, and the Heart of Eternity was graded Fancy
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Vivid blue in 1999. Given the different color
descriptions for each of these diamonds, this was a
special chance to see how the color appearances
related to the terms defined by the grading system.
In GIA’s system, fancy-grade terminology is used
to describe a range of the combined effect of tone
(the lightness to darkness of a color) and saturation
(the strength or purity of a color). For blue diamonds, for example, Fancy Deep describes those of
medium to dark tone and moderate to strong saturation. Fancy Vivid describes those that are medium to dark in tone and strong to very strong in saturation. These fancy-grade ranges are further divided
by color terms such as blue, blue-gray, or bluish
gray to refine the location of the color appearance.
“Cooler” colors, such as blue, appear more grayish
or gray as they become darker in tone and/or weaker in saturation, and modifiers of grayish or gray are
used in the color description to reflect this aspect.
When the color space for blue diamonds was discussed by King et al. (1998), the authors noted that
the range of saturation in which blue diamonds
occur is relatively compressed. This means the
appearance differences between color terms can be
more subtle than similar terms for other colors.
From the report descriptions, one would expect
these three diamonds to have similar tone (with
small variations) and subtle differences in saturation. The Hope, which has been described as

Figure 1. Shown here from
left to right, the 30.62 ct
Blue Heart, the 45.52 ct
Hope, and the 27.64 ct
Heart of Eternity are three
of the largest strongly colored blue diamonds that
have been documented
gemologically. To encounter one such diamond is
extremely rare, and to
have an opportunity to
observe all three together
was a unique experience.
Photo by Shane McClure.
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“steely” in appearance, is less saturated than the
other two. The Heart of Eternity has the strongest
color, with the Blue Heart falling between them.
The Heart of Eternity’s color is strong enough for it
to merit a different grade range (i.e., Fancy Vivid).
Figure 2 shows the relationship of these three diamonds on a section of a tone/saturation grid.
This occasion also presented a chance to view
the unique phosphorescence associated with some
natural-color type IIb blue diamonds. Type IIb blue
diamonds that phosphoresce do so almost solely in
response to short-wave UV radiation and do not
react to long-wave. King et al. (1998) noted that
three-quarters of the blue diamonds that phosphoresced showed a very weak to weak reaction. The
most common color was a chalky blue to green,
with rare red or orangy red reactions. The Hope diamond’s strong red phosphorescence to short-wave
UV radiation has been described a number of times
(and is illustrated in Crowningshield, 1989), so it
was interesting to note a similar reaction in the
Heart of Eternity. When the UV source was turned
off, both diamonds showed a similar intensity of
phosphorescence; however, while the Hope’s could
be observed for more than a minute, the Heart of
Eternity’s faded rather quickly. In addition, the
Hope’s reaction was a slightly warmer red than that
of the Heart of Eternity. The Blue Heart exhibited a
more typical, very subtle white to chalky blue reaction that also faded quickly. There is no known

explanation for why two of these diamonds show
such a dramatic reaction and the third does not.
The differences in cutting philosophy between
the two heart-shaped diamonds also were intriguing (figure 3). Smithsonian records indicate that the
Blue Heart was cut in the early part of the 20th
century; we know that the Heart of Eternity was
cut in the 1990s. Bearing in mind that each piece of
rough is approached individually to achieve the
best weight retention, color, clarity, and cut, there
are still distinct differences in style between the
two. The culet on the Blue Heart is near the center
of the diamond, and is surrounded by radiating
facets similar to how sapphires are cut. The edges
between facets are sharp and well-defined, which
often results in more brilliance in the face-up position (see again figure 1). The Heart of Eternity has a
French culet (four pavilion mains) and a number of
relatively large flat facets on the pavilion near the
girdle. The angle between adjacent facets is rather
shallow in a number of areas on the pavilion, making these facets appear less distinct. These cutting
aspects help deepen and intensify the face-up color
appearance of the Heart of Eternity.
These contributors also performed infrared spectroscopy on all three diamonds. The Hope has a
large culet facet, and the infrared beam entered
through the table and passed out the culet, for a
path length of 12 mm through the diamond
(assuming no internal reflections). The Blue Heart

Figure 2. The three blue diamonds described here are placed on a portion of a tone/saturation grid to illustrate
their relationship in color space. All are relatively similar in tone (lightness to darkness) but differ in saturation
(the strength or purity of the color). The Hope is the least saturated, the Heart of Eternity is the most saturated,
and the Blue Heart is between them in saturation and slightly lighter in tone.
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Figure 3. While the cutting of each diamond is
approached individually, a general difference in cutting philosophy is seen here in the profile view of the
two heart-shaped diamonds. The Blue Heart (left)
was cut in the early part of the 20th century, and the
Heart of Eternity (right) was cut in the 1990s. The
two faceting approaches result in different face-up
appearances. Photo by Shane McClure.

has a small culet that is subparallel to the table
(11.9 mm in this dimension); thus, the infrared
beam was aimed directly through these two facets.
The Heart of Eternity does not have a culet facet,
so the spectrum was taken across the width of the
heart, with a beam path length of approximately 20
mm (again, assuming no internal reflections).
Mid-infrared spectra (8000–400 cm −1) were
obtained with a Bio-Rad Excalibur Fourier-transform infrared spectrometer using a KBr beam splitter and DTGS detector at 4 cm−1 resolution. The
infrared spectrum of the Hope diamond is shown in
figure 4. The absorption characteristics of the Blue

Figure 4. The infrared
spectrum of the Hope diamond shows features that
are consistent with boroninduced blue color and
type IIb diamonds in general (see text). Note that
portions of some bands in
the 3800–1600 cm−1 region
were actually off the scale
of the spectrometer.
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Heart and the Heart of Eternity were essentially
identical to that of the Hope diamond, but due to
lower transmission of light through these samples
the spectra were of lower quality.
There are two principal causes for the absorption
features in this energy range: lattice vibrations of the
diamond and electronic transitions due to substitution of boron into the diamond structure. The lattice
vibrations appear from 4000 to 1200 cm−1, and consist
of the transverse optic (TO) mode, the Raman-active
mode, and bands in the second- and third-phonon
regions (King et al., 1998). The broad absorbance that
results from substitution of small amounts of boron
for carbon in the diamond structure starts roughly at
3000 cm−1 and extends into the near-infrared and red
region in the visible spectrum; it is the cause of the
blue color (see Smith and Taylor, 1962; Austin and
Wolfe, 2003). As reported by Smith and Taylor (1962),
the other absorption features seen in figure 4 are due
to boron-related electronic transitions (2928, 2799,
and 2460 cm−1) and the combination modes of the
boron transitions and lattice vibrations (5404, 5041,
4097, and 3726 cm−1). The spectra of all three blue diamonds lacked any detectable nitrogen bands in the
1400–1000 cm−1 region, consistent with the definition
of type II diamonds.
To our knowledge, this is the first mid-infrared
spectrum obtained on the Hope diamond; it shows
features consistent with the presence of boron as
the cause of the blue coloration and its categorization as a type IIb diamond.

LAB NOTES
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FOUR BLUE DIAMONDS
FROM A HISTORIC NECKLACE
John M. King, Thomas M. Moses,
and Wuyi Wang
The Cullinan blue diamond necklace (figure 1) holds a special place
in the history of African diamond
mining. While its classic style,
workmanship, and rare blue diamonds have made it famous, it
started as a personal memento—a
gift to celebrate a special event.
This Edwardian gold back, silver
top, festoon necklace was presented by Thomas Cullinan, then
chairman of the Premier mine, to
his wife Annie in 1905 to commemorate the gift of the 3,106 ct
Cullinan diamond to England’s
King Edward VII and Cullinan’s
subsequent knighthood. Mr.
Cullinan could not have known at
the time that blue diamonds such
as those in the necklace would
one day become as synonymous
with the Premier (recently
renamed Cullinan) mine as the
famous large colorless crystals it
has produced. Nor would he have
known that blue diamonds would
remain rare and among the most
highly valued of all diamonds.
The exhibition of the Cullinan
blue diamond necklace at GIA’s
museum in Carlsbad this fall presented a welcome opportunity to
examine the necklace for the first
time in many years, and to do so
in detail for the first time ever.
For this occasion, the current
owner requested that detailed
gemological information accompany the exhibition of the piece
so as to better inform the public
about this unique necklace. For
our examination, the four princi-

Figure 1. The Cullinan blue diamond necklace dates back to 1905 and
contains several rare type IIb blue diamonds, the largest of which is
2.60 ct. Courtesy of S. H. Silver Co., Menlo Park, California. Photo by
Harold and Erica Van Pelt.

pal blue diamonds (an oval shape
weighing 2.60 ct—referred to as
the Cullinan blue diamond—and
three Old European cut brilliants
weighing 0.75 ct, 0.73 ct, and 0.42
ct) were removed from the
mounting for grading (figure 2),
and the necklace itself was given
a thorough inspection. Three of
the four blue diamonds (all except
the 0.42 ct) had been previously
graded by GIA, most recently in
1993. That grading took place
prior to the 1995 enhancements
to GIA’s colored diamond color
grading system. Additionally, the
0.75 ct and 0.73 ct Old European
brilliants had been graded in the
mounting, which did not allow

a precise assessment. Thus, this
was an important opportunity
to review the grading of these
diamonds.
The 2.60 ct oval-shaped center
stone was described as Fancy
Intense blue. The three Old
European brilliants were each
color graded Fancy grayish blue.
The range of color in which blue
diamonds occur is relatively compressed in saturation, and varies
more widely in tone. Therefore,
appearance differences are often
differences in lightness to darkness rather than the strength or
purity of the color. The four blue
diamonds are relatively similar in
tone, which explains their selec-
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Figure 2. The four main blue diamonds are shown here removed from
the necklace. The Fancy Intense blue oval at top weighs 2.60 ct, while
the three Fancy grayish blue Old European brilliants weigh, from left to
right, 0.75 ct, 0.42 ct, and 0.73 ct. Photo by Elizabeth Schrader.

tion for the necklace. It is the
stronger saturation of the 2.60 ct
oval that accounts for its Fancy
Intense grade.
Other gemological properties
were consistent with those of
typical type IIb natural-color blue
diamonds (see King et al., 1998).
None of the diamonds showed a
noticeable reaction to long- or
short-wave ultraviolet radiation,
and all of them were electrically
conductive. Electrical conductivity is measured by placing the
stone on a metal base plate and
touching a probe carrying an electrical current to various surfaces
of the diamond. The conductivity
value can vary with direction, so
a number of measurements are
made and the highest value is
recorded. As noted in previous
studies (again, see King et al.,
1998), the highest electrical conductivity value can vary widely
within and between color grades.
We found this to be the case with
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these diamonds, as each showed a
range of values. Interestingly, the
Fancy Intense blue oval—the
most strongly colored—displayed
the lowest value.

Figure 3. Minor chips and abrasions such as those seen here on
the 0.42 ct Old European brilliant are often encountered on
diamonds that have been worn
over a long period of time.
Photo by Wuyi Wang.
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It is common for type IIb blue
diamonds to phosphoresce after
exposure to short-wave UV radiation, and this characteristic was
noted for all four stones.
Although the best-known phosphorescent reaction in blue diamonds is that of the famous Hope
diamond, the Hope’s long-lasting
strong red phosphorescence is
actually quite rare. It is much
more common for phosphorescence to be very weak to weak
blue or yellow and of short duration; this more common reaction
was exhibited by the diamonds
from the necklace.
Microscopic examination
revealed characteristics consistent
with other type IIb blues. Such
diamonds frequently have an
uneven color distribution, which
was observed here. It is also typical for them to have relatively few
solid inclusions, with fractures
and indented naturals being more
common. This was also consistent with our findings. As would
be expected, the blue diamonds,
as well as other diamonds in the

Figure 4. This luminescence
image of the 2.60 ct oval-shaped
diamond was collected using the
De Beers DiamondView. A blue
luminescence and networks of
polygonized dislocations are evident; such dislocation networks
are characteristic of natural diamond. Photo by Wuyi Wang.

necklace, exhibited minor chips
and abrasions consistent with the
necklace’s nearly 100-year history
(figure 3).
Examination of these historic
stones also gave us an important
opportunity to study spectroscopic features of known natural
IIb diamonds. Infrared spectroscopy showed absorptions in
all four stones at 2801 and 2454

cm−1, which are typical features
of type IIb diamonds. Photoluminescence spectra collected using
an argon laser (at 488 nm excitation) revealed emission features
characteristic of natural diamonds. A relatively strong 3H
emission (503.5 nm) was detected in all four stones.
Luminescence imaging is a
useful way to study diamond

growth, and was performed using
the De Beers DiamondView. As
shown in figure 4, blue luminescence and networks of polygonized dislocations are evident.
Similar dislocation features were
observed in all four stones. This
type of dislocation network is
a specific feature of natural diamond, and has never been
observed in synthetic diamond.
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COLORED DIAMONDS

Part 2
Characterization of
Colored Diamonds

INTRODUCTION
W

hat determines value and importance in gemstones? What knowledge is needed
to make decisions about the factors that distinguish a particular gem from its
counterparts? Addressing these questions as they relate to colored diamonds has long
been a topic of interest in Gems & Gemology. This part looks at various ways the journal’s authors have distinguished colored diamonds over the years. The growing interest
and availability of these diamonds has been accompanied by greater attention to the
subtle details involved in assessing their quality characteristics. The reader need only
compare Sidney Ball’s article “Fancies: Notes on Colored Diamonds” in the SeptemberOctober 1935 issue with some of the later articles in this section that address the modern characterization of colored diamonds.
At the time of Mr. Ball’s article, colored diamonds were not regularly encountered in
the trade. Thus, his discussion was limited to the rarity of various colors, geographic
areas in which various colors were known to occur, and considerations in their cutting
as gemstones. Colors were described in the broadest of terms—red, green, blue, yellow,
and brown—with some indication of pale or dark. Seventy years later, those aspects
described by Mr. Ball are still relevant, but many additional factors have come into play
when classifying color or documenting gemological properties to establish color origin.
In this section, the reader will be able to see the greater amount of detail that is important to the evaluation of colored diamonds today.
Even so, understanding the range in which diamond colors occur was considered
important in the sale of diamonds as early as 1940. A method for illustrating differences between colors was presented in the Fall 1940 issue with the description of a
color comparison gauge. The concept of using “master” reference stones to show the
differences between colorless, yellow, and brown diamonds was meant to help consumers understand that the subtle tints they saw in near-colorless to light yellow diamonds were not significant when compared to the more obvious color of yellow and
brown diamonds. While the main purpose of this Fall 1940 note was the introduction
of a sales tool, it is a crude but interesting prelude to our current understanding of the
full range of a given color and the importance of color comparisons to known samples
during diamond grading.
The increased availability of treated-color diamonds in the marketplace was noted
by G. Robert Crowningshield in 1977, and documenting and distinguishing them from
their naturally occurring counterparts grew in importance for the trade and the end consumer. These articles from the Summer 1977 and Winter 1977–78 issues detail spectral
distinctions noted at the time between some treated-color and natural-color diamonds.
Kenneth Scarratt’s Summer 1982 article on the identification of artificial color treatments summarized much of the data on the subject to that date, as it alerted gemologists to the challenges involved in such identifications. While he noted the greater detail
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that could be observed in a spectrum by cooling the diamond to a very low temperature
(cryogenic cooling), he also warned that virtually any spectral band induced through
irradiation and annealing by treatment might also occur naturally. While it might
appear that an article on artificially colored diamonds is outside the scope of this book,
it is included for its extensive section on the characteristics of natural-color diamonds.
The development of the Argyle mine in Western Australia was much publicized in
the early 1980s, but the GIA Laboratory’s first encounters with the mine’s highly prized
supply of pink diamonds was more understated. A dramatic increase in the number of
pinks submitted to GIA in the first months of 1985 raised the staff’s suspicions of a possible new source. Indeed, the 152 pinks submitted in the first three months of 1985 were
more than previously would have been submitted for an entire year. Stephen Hofer’s Fall
1985 article described a number of the distinctive gemological properties of these pink
diamonds. Two other entries on Argyle diamonds appear in this part, both summaries of
posters presented at GIA’s International Gemological Symposia: John Chapman and
Peter Humble’s 1991 report on causes of color in pink and champagne diamonds, and
Chapman and C. J. Noble’s 1999 discussion of pink and blue coloration.
The five remaining articles in this section discuss somewhat unusual colored diamonds—unusual in that they are considered novelties or are not encountered frequently enough to establish a consistent market. Even so, such diamonds are intriguing to
many throughout the industry as well as to the gemologist. Emmanuel Fritsch and
Kenneth Scarratt’s 1992 article on nonconductive gray-to-blue diamonds correlated
high amounts of hydrogen to this color range, a cause that had not previously been
documented.
Black diamonds are the subject of the next three articles. Robert C. Kammerling et al.
investigated a suite of jewelry set with relatively large black diamonds and reported on
them in 1990. A main objective of the authors was to better describe the cause of color
and provide a table with gemological characteristics to help in the separation of natural
black diamonds from other gem materials with which they might be confused. Thirteen
years later, Sergey V. Titkov et al. added to the understanding of the cause of color in
black diamonds by using analytical scanning and transmission electron microscopy on
samples from Siberia. Finally, a 2006 Gem News International entry by Sutas
Singbamroong and Emmanuel Fritsch reported on a black diamond with unusual growth
structures.
In the last article in Part 2, Thomas Hainschwang et al. studied a collection of 39
chameleon diamonds, which have the unusual property of temporarily changing color
when gently heated or left in the dark for a period of time. This 2005 study provided an
opportunity to document the characteristics of several of these diamonds in detail and, in
so doing, confirm many of the properties previously observed in isolated samples.
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FANCIES:
NOTES ON COLORED DIAMONDS
Sydney H. Ball

F

or over two thousand years, the beginner in
mineralogy has been taught that color is an
important characteristic of each mineral
species, and yet the principal gems—the diamond,
the ruby-sapphire family, and the emerald-berylmorganite family—appear in practically all colors.
Color in a marked degree is normal to the latter two
species, but “fancies,” the “pierres de fantaisie” of
the French, that is, diamonds of vivid color when
cut, are among Nature’s rarest products. To show
that fancies are no newcomers in the gem market,
we quote old John Mandeville, who accuses the diamond of taking “pleasure in assuming in turns the
colors proper to other gems.” When of deep color,
due to their wonderful brilliance and play of prismatic colors, fancies exceed in beauty all other gems.
The Abbé Haüy described gems as the flowers of the
mineral kingdom; fancies are its orchids.
Blue-whiteness* is associated with the diamond, and such stones are of course most sought
by the public. They harmonize with every gown,
nor must the feminine wearer, as with colored
gems, decide whether they fit her type.
Of the diamonds produced each year, one-half is
bort, of value for industrial purposes only, a quarter
is limpid and colorless (i.e., excellent gem material)
and a quarter tinted (mediocre gem material). The
tint is usually feeble and often of an undesirable
shade and normally detracts from the value of the
stone.
Of the markedly colored diamonds, the blues,
the reds, the greens, and the pinks, together with

exceptionally fine canary-yellow, orange and golden brown, and fine black stones, are “fancies.” The
latter gem is occasionally found particularly in
Borneo, less commonly in Brazil and South Africa;
when cut, while it has no prismatic play, it has a
magnificent luster, almost metallic. It is much in
demand as a mourning gem in eastern countries as
it is in Portugal.
Of the colors characteristic of typical fancies,
yellows are most common, then browns, then rose
and light green, to be followed in my opinion by
blue, then decided green and lastly, rarest of all, red.
Thomas Nicols was a great admirer of the red diamond and refers to the “glorious beauty of its perfection” and emphasizes the “excellencies of supercelestial things” (Nicols, 1652). In the corundum
family, as is well known, the sapphire is much
more common and occurs in larger pieces of gem
quality than the ruby; similarly, fine blue diamonds
are not only more common but also occur in larger
crystals than the red. Their rarity being considered,
fancies other than those of deep red color probably
average with limpid diamonds as to size.
The color may be evenly distributed; on the
other hand, it may occur as a spot of intense color,
or as bands of varying intensity parallel to the crystal faces. In the first case, a skillful diamond cutter
may produce a fine fancy stone. John Mawe (1813)
even mentions a parti-colored diamond, yellow and
blue. Brazilian and Transvaal, and less commonly
Congo rough, frequently has a distinctly green exterior, although many such stones are limpid on cut-

* Blue-white is an old term used to describe colorless diamonds
with strong blue fluorescence (also called “Jagers”). Since 1938, the
Trade Practice Rules of the U.S. Federal Trade Commission have
restricted its use to diamonds that show an actual blue or bluish
color appearance.—Ed.

From GEMS & GEMOLOGY, Vol. 1, No. 11, 1935, pp. 309–311
© 1935 Gemological Institute of America
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ting. Indeed cutting fancies or “potential” fancies is
a gamble of the first order as the results may be
astonishingly satisfactory or most disappointing.
What appears to be a fancy in the rough may cut
into an unattractive off-color stone, while a brown
“industrial” may cut into a pleasing brown fancy.
Some brown stones, subjected to radium examinations, assume a greenish tint, but upon heating
the original color is restored; such stones do not
come within the definition of fancies.
No adequate figures exist as to how rare fancies
are. I am inclined to believe, however, that of the
total world’s diamond production to date, including
of course much material wholly unsuitable for
gems, that fancies make up but about 1/100 of a per
cent of the total. Of unusually fine cut material, one
stone in from 2500 to 5000 may be a fancy.
In proportion to production, India is the outstanding source of fancies in every color; next come
Borneo and Brazil, while the African fields, South
Africa, Angola, Congo, and the Gold Coast produce
almost none. In other words, the fields, which were
relatively rich in fine colored stones, are today
insignificant factors in the world’s diamond production. Most of the famous fancies came from India.
Borneo produces from time to time a red or a bottlegreen fancy, more frequently an “ajer-laut” (one of
sea-green color), and of course it is the home of the
black gem variety; it also produces the “soul of the
diamond,” a gray or black kernel enclosed in a colorless shell. The Malay value it as a talisman and
wear it around their neck to procure luck. Brazil
produces an assortment of colors, particularly red
and rose, less commonly fine greens, and very rarely
blues. Had South Africa been a less prolific diamond
producer, we would rank its fine canary and orangecolored stones, which it produces much higher
among “fancies” than we do. Indeed the Abbé
Reynal (1784), ranks emerald-green as most valuable and thereafter, as a group, the rose, blue, and
yellow. South Africa, besides producing a surfeit of
yellows, also produces fine coffee-browns and from
time to time an occasional blue, green, red, or rose
stone, but in proportion to its production these lat-

ter are unusually rare. Jagersfontein has produced
sapphire-blue stones; Bultfontein, heliotrope;
Voorspoed, rose-colored; and the Kimberley
Premier, deep-orange stones. The ancient alluvial
stones occasionally recovered from the Reef gold
mines, Transvaal, are frequently greenish, but normally the color is lost upon cutting.
It is not necessary here to more than mention
the famous fancies: the Tavernier Blue (now split by
a vandal’s hand into the Hope and the Brunswick
Blues*); the Dresden Green; Paul I’s Red; and Le
Grande Conde and the Fleur de Peche, both rosecolored gems. Among collections of colored diamonds, we may cite that in the Royal Museum of
Vienna, a collection from Brazil on which a
Tyrolese, Virgil von Helmreichen, spent the major
part of his life, and the attractive specimens of
African colored diamonds assembled by the late
Gardner F. Williams.
Fancies, because of their beauty and rarity, are
like fine paintings without fixed price. Each is
unique, and the price is determined largely by the
sum the seller is willing to accept and the buyer is
willing to pay. With the exception of radium, they
are the most precious of commodities. A fancy of
decided color is always more valuable than a fine
colorless diamond of equal weight. That master of
precious stones, Dr. George F. Kunz (1925a), some
ten years ago, gave the following per carat values for
exceptionally fine diamonds:
White—$3,500
Blue—$6,850
Green—$7,000
Red—$8,500
Before the discovery of the South African fields, a
fine yellow would have been equally high-priced, but
today, owing to the old law of supply and demand, it
is indeed a fine yellow stone which brings a price
equivalent to that of a white diamond.
* Recent computer simulations convincingly showed that only the
Hope could have been cut from the Tavernier Blue (renamed the
French Blue while part of the French Crown Jewels).—Ed.
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A DIAMOND
COMPARISON GAUGE
Charles Carolyne

T

his gauge (figure 1) is used to illustrate the
color of a diamond. Practically every customer who comes into a jewelry store, upon
being shown a diamond, during the course of sale
asks if the stone is yellow or if it is “blue-white.”
This gauge is used to show the correct color by a
yellow diamond mounted at the top of one prong
with a hole drilled below, a masterstone, mounted
at the top of the short prong, and a brown diamond
(the only other bad color of the trade than yellow)
is mounted in the other long arm with an observation hole drilled below it.
When a customer mentions the question of
color, the gauge is opened up by a catch at the top
and each arm is spread out; the two not in use may
serve as a handle. Now if a customer claims a stone
to be yellow, swing the arm bearing the yellow
stone into position and turn the other two around
to a handle. Insert the stone which the customer
believes to be yellow in the lower opening and compare it with the yellow diamond mounted above it.
Similarly, comparison with a known brown
stone may be made by employing the proper arm.
Finally, by using the masterstone, which is mounted in the short prong, the fine color of a good-quality stone may be demonstrated. When not in use
this gauge can be used as a charm on a chain. From
one side, it would appear with two diamonds showing, the yellow diamond at the top and the master
diamond showing through the opening below.
From the other side, the brown diamond and the
pavilion of the masterstone are seen. It is planned
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Figure 1. This gauge allows a diamond’s color to be
compared against masterstones of known color.

to produce the gauge for sale to jewelers if sufficient demand is evidenced. It would be made in silver or platinum, diamonds to be supplied and set
by the purchaser. Stones around one-quarter carat
are most satisfactory.

From GEMS & GEMOLOGY, Vol. 3, No. 7, 1940, p. 105
© 1940 Gemological Institute of America

COLOR RANGE AND FORM
VARIATIONS IN DIAMONDS
Ralph J. Holmes

S

ome conception of the color range and the
variations in external form of diamond rough
can be gained from figure 1, which originally
appeared in Gardner F. Williams’ book The
Diamond Mines of South Africa and later in his
son’s masterly work on The Genesis of the
Diamond (Williams, 1932).
The principal crystal forms occurring on diamond are the octahedron, dodecahedron, and cube.
Often these forms are combined on the same crystal; the combination of octahedron and dodecahedron in which the twelve faces of the latter bevel
the edges of the former is a frequent occurrence.
The large gray stone in the lower right corner and
the large white one in the center of figure 1 are
excellent examples of octahedral crystals consisting of eight faces, each an equilateral triangle.
The dodecahedron, a twelve-sided form with
rhombic-shaped faces, is illustrated by the large
yellow crystal midway up the left side of the plate.
Somewhat modified dodecahedra are also represented by the two green stones just above the violet-colored group near the lower left corner. The
flat triangular stones in the upper right corner are
twins or macles. Contact twins of this type (spinel
twins) are very common among diamonds. Less
frequent in occurrence are the more complex star
twins, three of which are shown. These star twins
are actually pairs of twins of the spinel type, consisting of four individual crystals.
Diamonds may also occur in an endless variety of distorted shapes, and many of them are

Figure 1. These diamonds are from the collection of
Alpheus F. Williams, author of The Genesis of the
Diamond.
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completely irregular. Such irregular types are to
be seen among the pink and brownish red stones
at the upper left.
In addition to well-formed crystals and completely irregular shapes, diamonds also occur in
spherical or rounded nodular masses which, if light
in color, are called ballas or, if very dark gray or
black, are known as carbonado. The nodular masses, which are never used as gem material, are especially valuable industrially since they are exceedingly tough. This excessive toughness is a consequence
of the intricate aggregate structure—sometimes
radial, sometimes random. Such stones are aggregates of large numbers of individual crystalline particles, frequently full of inclusions and varying from
translucent to opaque.
Although diamonds are usually thought of as
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colorless, or nearly so, they actually exhibit a wide
variety of hues. For over forty years, Gardner F.
Williams and then his son Alpheus F. Williams,
were general managers of De Beers Consolidated
Mines Ltd., Kimberley, South Africa, and had
exceptional opportunities to secure unusual stones.
The crystals illustrated are from the personal collection gathered by the father and son.
Figure 1 represents some of these strikingly colored “fancy” diamonds. Excellent examples of yellow, orange, brown, rose, pale violet or mauve,
green, and red stones are shown. The greens are all
rather pale as compared to emerald. Also absent is a
truly ruby red stone. It is doubtful if deep emerald
green or ruby red stones have ever been found. The
only major color variety lacking in this collection is
a distinct blue.

MINOR ELEMENTS IN
DIAMONDS AND THEIR EFFECT ON
DIAMOND COLORS
J. F. H. Custers

D

iamonds as found in nature show a great
variety of colors. Although the exact nature
of the color centers in diamond crystals is
still somewhat of a debatable point, it is certain that
minor elements play a predominate role in most
cases.* Various impurity elements, of which aluminum, calcium, magnesium and silicon are quite
common, happen to be dissolved in the diamond
crystal lattice in much the same way as zinc may be
dissolved in copper. By this we do not imply, however, that diamond crystallized from the molten state of
carbon; neither is it alleged that the just-mentioned
elements always act as chromophores in diamond.
Diamond colors resulting from the presence of
minor elements are highly stable, even at temperatures up to about 500°C. This is understandable if it
is realized that impurity atoms were trapped in the
crystal lattice when the lattice was formed. This formation, as is now generally assumed, came about
under quasi-equilibrium conditions of high temperature and high pressure. Since the dissolved elements
have been subjected to these extreme conditions, we
expect them to be hardly or not at all affected, either
chemically or physically, at the so much milder conditions of raising the temperature to 500°C at ordinary pressure. Even a temperature of 1000°C is mild
when compared with the assumedly much higher
temperature of diamond formation. Impurity-introduced diamond colors are stable at this fairly high
temperature as well, but a quite drastic and purely
physical phenomenon takes place even at temperatures lower than 1000°C. The diamond crystal is
transformed into graphite, an altogether different
allotropic crystal modification. The activation energy

at this temperature is, still too small for any chemical
reaction to take place involving the minor elements
present and in the absence of air. Heating a diamond
to 500°C is actually a simple method to verify
whether the color, if present at all, was introduced
after the diamond was crystallized. If the color has
not changed after the diamond is cooled down again
to room temperature, it may be assumed that minor
elements are responsible for its color. If, on the other
hand, the color does change, it is highly probable that
the color centers, whatever they may be, were introduced at very much less severe conditions than those
at which diamonds were formed in nature.
Two types of diamond colors are known to
change on moderate heating. One color is introduced
artificially either by bombardment with neutrons
from nuclear reactor, with electrons from a highvoltage electron source, or by irradiation with sufficiently energetic gamma rays. The resulting color is
green, blue and greenish blue, respectively, and all of
these colors turn into a pale brown or yellow when
heating the artificially colored diamonds to 450°C. A
representative of the other type is a natural green
diamond frequently found in Sierra Leone. It shows
the same bottle-green color as a neutron-bombarded
diamond, and it will also turn light brown on
raising its temperature sufficiently high. Its green
color can be explained by assuming that the
diamond has been in contact with a radioactive
substance (such as uranium) dispersed in the rock
in which the diamond was embedded or present

From GEMS & GEMOLOGY, Vol. 9, No. 4, 1957–1958, pp.
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* Scientific study since the publication of this article has not supported
some of the views expressed here.—Ed.

MINOR ELEMENTS IN DIAMONDS (1957–1958)

65

Figure 1. Shown are the
absorption curves for
(1) a colorless diamond,
(2) a mauve diamond, and
(3) a light pink diamond.
The absorption at wavelengths shorter than 400
nm (4000 Å) has no significance so far as color production is concerned. The
letters N2, N3, and N4
refer to groups of absorption bands.

in the alluvial ground in which diamonds occur.1
Such diamond colors that change on heating the
crystal are not due to minor elements, since it is
impossible for these elements to diffuse out of the
crystal lattice during the short period that heat is
applied. Neither can a color change be explained by
assuming that the configuration around the impurity
atoms is altered on heating, or that these atoms might
take up new equilibrium positions which could cause
the electronic energy levels and thus the color to
change. The reason for this is that the minor-element
atoms already occupied the most stable equilibrium
positions when the diamond was crystallized.
It is now well known that the just-mentioned artificial coloration is due to a certain fraction of the carbon atoms themselves being displaced from their original positions, and this so-called radiation damage
may be more or less severe depending on the type of
projectile and on its energy. It is assumed that a fast
neutron penetrating a diamond crystal can raise its
temperature locally to extremely high values, as if the
diamond, in a space of the dimensions of a few
Angstrom units, was made to boil for a very short
time. A somewhat chaotic atom arrangement is thus
created under conditions that are far from equilibrium.
This chaos can be undone only partly by subsequent
heating, and the result is a pale brown diamond.
Of course, it cannot be excluded that some of the
impurity elements will be transmuted to other elements when bombarding the diamond with neutrons
1
The characteristic bottle-green color of Sierra Leone diamonds might
point to the presence of uranium compounds somewhere near the
spots where diamonds are found.
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or other atomic projectiles. Such nuclear reactions are,
however, entirely overshadowed by the above-mentioned carbon-atom displacement. It should be
remembered that the minor-element concentrations
are small and very seldom larger than 0.1% by weight.
An extensive program of research on the subject
of artificial diamond coloration and on the effect of
heat on such diamonds has been carried out at the
University of Reading. The results of this investigation have been published by Clark, Ditchburn, and
Dyer (Clark et al., 1956a, b).
The Diamond Research Laboratory has been
engaged for quite some time in trying to establish a
relation between the natural color of diamonds and
their impurity-element content. A fairly comprehensive paper on the subject of minor-element content
has been published by Raal (1957). It was found that a
relation as mentioned above could not be clearly
established, although there was a tendency for some
elements such as iron and copper to be present in colored diamonds. One of the difficulties in relating a
certain minor element to a color is that normally
more than one element is found. Another difficulty is
that the light-absorption curves of diamonds, as determined by means of an absorption spectrophotometer
have, even at low temperature, no well-defined maxima that can be ascribed to certain impurity elements. It is true that type I diamonds in particular
show sharp absorption maxima, as is evident from
the paper by Clark, Ditchburn, and Dyer (1957a), but
these maxima are due to the electronic and vibrational energy levels of the diamond crystal itself, and
definitely not to minor elements. Moreover, they
occur for the greater part in the ultraviolet, and

thus cannot greatly contribute to color production.
For the first time, however, we have established
that the color of mauve and pink diamonds is most
probably due to one element only—namely, manganese. A white, a strongly mauve colored and a
light-pink diamond, respectively, were carefully
examined with respect to both their minor-element
content and their absorption spectra. A new absorption band was found to be present in all pink and
mauve diamonds thus far examined. The maximum
of this broad band was situated at 550 nm (5500 Å;
as shown in figure 1) for the pink and mauve stone,
respectively. Some brown diamonds also show this
band apart from a fairly strong general absorption in
the violet part of the spectrum, which gives the
stone its predominantly brown color.
It will be seen that the maximum for the mauve
diamond is much more pronounced than that of the
pale one, as one would expect, since the first-mentioned color was much stronger than the pink.
The next step was to analyze the diamonds for
minor-element contamination, and it was found by
Raal and his coworkers that manganese was present
besides the elements silicon, calcium, magnesium,
and aluminum, which are common to nearly all diamonds. The analysis was semi-quantitative, resulting
in a larger manganese concentration in the deeper colored stones. It is thus highly probable that the color of
mauve and pink diamonds is due to manganese.
In a few cases of pale pink diamonds, the persistent spectral lines of manganese could not be
detected. This may have been due to the manganese
concentration being smaller than about 10 parts per
million (ppm), in which case it would be very difficult to establish the presence of these lines: Their
appearance depends also to some extent on the
other minor elements present, since these will
affect the excitation in the high-temperature electrical arc of the element to be analyzed.
We can ask ourselves in what form the manganese
is present in the diamond crystal. It may be assumed
that it occurs in the form of an ion, either as the trivalent ion Mn3+, or as the divalent ion Mn2+. The absorption of the ion will depend on its atomic surroundings.
In diamond it is surrounded by covalent bonded carbon atoms, which may be considered as C4+ ions. Now
it is known from extensive investigations on colored
glasses (Weyl, 1951) that Mn3+ ions give a strong purple color, whereas Mn2+ results only in weak yellow
and pale brown colors. The absorption maximum of
the Mn3+ ion lies between 470 and 520 nm, depending
on the base glass. We are thus led to suggest that the

manganic ion Mn3+ is the coloring agent in the pink
and mauve diamonds. Since in diamond the Mn3+ ion
is surrounded by C4+ ions, as opposed to O2− ions in
the case of glass, the maximum of its absorption
would tend to shift somewhat towards longer wavelengths compared with its position in glasses.
Finally, we should mention the peculiar steel-blue
color shown by nearly all semiconducting diamonds
that have been classified as type IIb (Custers, 1952,
1954c, 1955). Some of these type IIb’s are among the
purest diamonds ever analyzed; they are generally
purer than type IIa diamonds, which are again purer
than type I’s. We know that the semiconductivity
and the color are related somehow, and we never
came across an exception to the rule that all natural
blue diamonds are semiconducting. On the other
hand, however, we found a few semiconducting diamonds that were pale brown.
The only minor elements found spectrographically in natural blue diamonds were aluminum, magnesium, and silicon, in very low concentrations. We do
not think that either one of these elements is the coloring agent, for diamonds that were found to contain
very much more of these elements (in one case 50
ppm of silicon) were not blue.* Neither could silicon
or magnesium be the cause of the semiconductivity
of type IIb diamonds, since we would expect only elements of which the valency is 3 or 5 to be responsible
for this electrical phenomenon. The only possibility
left would be aluminum, which has a valency 3, and
could thus act as an acceptor atom. But again we
would then ask why so many diamonds containing a
high aluminum content are colorless.
It is obvious from the above short survey that we
do not know nearly all of the aspects of this interesting subject of minor-element content in diamonds. It
is even possible, in so far as semiconductivity is concerned, that the method of spectrographic analysis
cannot give the answer, since its analysis capacity
does not go below a concentration of 1 ppm. We
know from the elements silicon and germanium that
they can be made into semiconductors by the introduction of foreign atoms in concentration of one part
per ten million, or even less. The author also feels
that the blue color of the great majority of semiconducting diamonds might not be due to an impurity
element but to some other type of lattice defect that
would also be responsible for the electrical properties
of this type of diamond crystal.
* The impurity responsible for the blue color in type IIb diamonds is
now known to be boron.—Ed.
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LAB NOTES
NOTES ON FANCY
COLORED DIAMOND
G. Robert Crowningshield
In recent issues of national jewelry
trade magazines we have seen at
least four advertisements for treated-color diamonds. Several offer
not only stock but the service of
treating diamonds. This development seems to indicate a greater
acceptance of treated diamonds
but also indicates a greater need to
review testing procedures. While
pursuing the latter we have come
upon several observations which
are not covered in the GIA
Diamond Course or are in error.
In the past year we have seen
more small treated pink to purplepink diamonds than in all the
years since we identified our first
stone of 0.01 ct. Last year an exciting red-purple stone of nearly 0.75
ct was seen and found to have the
typical absorption spectrum as
shown in Liddicoat (1975). We are
indebted to New York diamond
broker and Gem Trade Laboratory
member Arthur Reik for securing
on loan for our study a [parcel] of
more than 20 pink, yellow-pink,
purple pink to fine light pink treated diamonds weighing as a lot
nearly 3.00 carats—by far the
greatest number we have seen at
one time. It was comforting to see
that they all had the typical
absorption spectrum. We still do
not know what type of diamond
becomes this exciting color upon
treatment. The fact that they have
a cape line at 415.5 nm at first suggested that the stones must be
some shade of yellow to greenish
yellow before treatment. Recent
observations of a lot of rough
Brazilian pink stones in which we
detected the 415.5 nm line in any
stone that fluoresced blue in longwave ultraviolet forced us to aban-
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don that theory. We have not
noted in the literature any mention of a cape line in fluorescent
pink natural-color diamonds.
Because the lot of pink rough was
submitted to determine if the color
was natural, we scurried off to find
known natural pink diamonds in
established collections and can
report that every stone tested
which had medium to strong blue
fluorescence also showed the 415.5
nm absorption line.
In the past year or so we have
issued individual color origin
reports on a large number of natural color black diamonds as each
was finished. We note a recent
advertisement in which the stones
are being promoted. Many of the
stones were very difficult to polish
and in some cases only the crown
would be completed. We were told
that polishing wheel life was
short. Some of the stones were
truly opaque, but most exhibited
some light transmission over a
powerful light such as that used
for the spectroscope. Some show a
“sugary” appearance, and light
reflected from internal fractures
appears white. Thus we can state
categorically that the note formerly found in Lesson 18 of GIA’s
Diamond Course (page 3) was
incorrect. If thin sections of a
black diamond (or reflections from
fractures) appear green, it is an
excellent indication that the stone
is treated—not natural.
An oversight in the course
came to our attention recently
when, because of some unexplainable “hunch,” the writer placed a
large hexagonal step-cut brown
diamond on the conductometer
and found that it conducted, but
not uniformly. Most gemologists
believe that no other than blue or
gray diamond could show type IIb
characteristics. The fact that
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stones which appear brown to the
eye could be conductive seemed
not to have gotten into GIA’s
lessons. In self-defense the writer
contacted Mr. Joseph Gill of J. &
S.S. DeYoung, Boston, who is
working on a master cross-reference of topics in gemological and
jewelry trade publications. In a
matter of minutes while I was
waiting on the telephone, he came
up with two entries in past issues
of Gems & Gemology where this
fact was noted—embarrassingly,
by this writer. In these earlier references it was noted that these
brown conductive diamonds seem
to be laminated with alternating
zones of type IIb and some other
type. In one case, the zones were
clearly alternating light blue and
brown, but the overall appearance
was a peculiar brown—perhaps,
though not necessarily, similar to
the recently tested hexagon which
was tested for conductivity.
We have long thought that the
brown to yellow and greenish yellow-green transmitting diamonds
which show two absorption lines
at approximately 498 nm and 504
nm are distinct from those stones
which show the cape spectrum. It
came as a surprise to examine a
typical brown green-transmitting
stone which showed in addition
to the 498 and 504 lines the basic
cape line at 415.5. Similarly, we
were surprised to see a distinct
line at approximately 570 nm
from a yellow brilliant with an
otherwise typical strong cape
spectrum. This measurement
coincides almost exactly with the
fluorescent line produced by ordinary fluorescent light. Interesting
enough, we noted the line nearly
20 years ago as an oddity easily
overlooked if any stray fluorescent light strikes the spectroscope
aperture.

LAB NOTES
AND NOW, DIAMOND
G. Robert Crowningshield
We have reported before that type
IIb conductive diamonds are not
all blue. Most recently we mentioned the possibility of brown
stones which seem to be laminated with brown and blue. (I am
reminded of a flat crystal kindly
lent to us for photographing by
Lazare Kaplan and Sons in which
half was blue and half was brown.)
Also, most gray to “transparent”
black diamonds are conductive.
As an experiment, one friend of
the Laboratory showed us a conductive gray diamond with the
statement that he planned to bombard it with electrons in order to
give it a blue color. This he proceeded to do, but upon retesting
for conductivity it was found to be
inert. If this is, indeed, the reaction of irradiation on conductive
stones, it is a comfort to know
since conductivity has always
indicated natural color.
One color of diamond which
we rarely see and then mostly in
mêlée sizes is a light greenish
blue resembling un–heat treated
aquamarine. Sometimes the small
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stones have greenish to brown
spots in naturals, and some show
a cape spectrum suggesting natural irradiation as the source of
color. Recently, we examined an
ex quisite light greenish blue
emerald-cut stone weighing more
than 25 carats and which was,
incidentally, Internally Flawless.
The stone apparently had some
history suggesting that it was in
existence as a cut stone long
before irradiation was used to
alter colors. It was inert to ultraviolet and did not conduct.
Moreover, there were no naturals
present to search for “skin.” We
were curious to determine if the
stone might not be a type IIa,
which is highly transparent to
short-wave ultraviolet as type IIb
stones are, but are not conductive.
This stone was transparent to
short-wave ultraviolet (using the
“scheelite test” in a dark room).
We are eager to examine more
stones of this rare color to see if
our findings have any meaning.
We are especially interested in a
pair of stones cut from the same
piece of rough which the cutter
said had a “skin” of brown spots.
Unfortunately, they were all cut

Figure 1. The color origin of this
large, light greenish blue diamond
could not be determined.

away so that there is no means of
determining the color origin.
They resemble a light greenish
blue electron-treated stone given
to GIA some years ago by the
Diamond Research Laboratory in
Johannesburg. The two stones
have weak 415.5 nm cape lines,
which the large emerald cut did
not have. Incidentally, both they
and the large emerald-cut stone
were noticeably more transparent
than most “white” diamonds.
Figure 1 depicts this unusual large
emerald cut.
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THE IDENTIFICATION OF ARTIFICIAL
COLORATION IN DIAMOND
Kenneth Scarratt

Since Robert Crowningshield’s discovery in the late 1950s that diamonds that have been artificially
colored by irradiation and subsequent annealing could be identified by their characteristic absorption spectra (in particular, the band at 595 (592) nm, much more information has become available
about the radiation-related bands seen in the visible spectra of diamonds. The introduction of cryogenics has made the observation by hand spectroscope or the recording by spectrophotometer of a
diamond’s visible spectrum less troublesome. But it has also opened the eyes of the gemologist to
the fact that virtually any band that can be artificially induced in the spectrum of diamond by irradiation and subsequent annealing can also occur naturally. This makes identification of the source of
color in some diamonds, particularly fluorescent green and some yellow stones, very difficult.

D

iamond combines a magnificent brilliance
and durability with a wealth of differing colors, characteristics that make it unique
among gemstones. Recently, diamonds with a definite body color have become very popular, so that the
volume of work concerned with these stones over
the past few years has increased out of all proportion
at the Gem Testing Laboratory of London. If this can
be taken as an indication of current trends, then at
long last the gem-buying public is finding out not
only that black diamond is not another term for
coal, but also that it is possible for diamonds to occur
in superb shades of yellow, green, brown, pink, and
blue (figure 1) that often make other colored gemstones seem quite dull in comparison.
It is hardly surprising, therefore, that as with
other highly prized gemstones man has found it necessary to try to exert his influence on the poorer
examples to “improve their quality,” a practice that
many gem merchants and customers find unacceptable. And it follows that the trade has requested the
advice of gemologists to distinguish a natural from
an artificially colored stone. Because of the great difficulties that can be involved, though, most gemologists have tended to leave the problem in the hands
of the relatively few laboratories or individuals who
have been able to specialize in the subject.
In some cases, the trader can himself determine
the origin of color in a diamond fairly quickly and
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simply. Two methods involving the application of a
diamond merchant’s normal instrumentation are discussed below. In those more difficult cases where
radiation treatment and subsequent annealing are
involved, spectroscopy is the most useful technique.
There are some cases, though, which will also be discussed below, in which even absorption spectra
enhanced by cryogenic spectroscopy may not be able
to prove conclusively the origin of color in a diamond.

SOME SIMPLE METHODS OF DETERMINING
WHETHER THE COLOR OF A DIAMOND IS
NATURAL OR MAN INDUCED
Virtually all diamond merchants possess some form
of instrument to examine their stones at various
magnifications—be it a hand lens or a microscope—
and a source of ultraviolet radiation. With some
experience, the merchant often can use the information gleaned from the stone with these instruments
to determine whether the stone in question is naturally colored or has been treated.
In many cases, colored diamonds have very dis-
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Figure 1. A suite of colored
diamonds. The light pink
(0.68 ct) and light blue
(0.56 ct) stones are naturally colored. The yellow,
orange, and green stones
have been treated to
improve color, although
yellow and orange hues
similar to those shown
here are known to occur
naturally. Photo by Tino
Hammid.

tinctive internal features. For example, the color in
many natural brown stones is zoned (Kane, 1980),
alternating between brown and colorless (not unlike
the zoning seen in some sapphires). In other natural
brown diamonds, the color zoning may appear to be
angular. When some natural pink diamonds are
examined with a lens, their color can be seen to be
associated with the internal structure of the stone,
which appears in the form of pink zoning on a colorless background (figure 2).
Although cyclotron-treated stones often display a
form of zoning, natural zoning is usually associated
with growth phenomena and, therefore, is aligned

Figure 2. The color in some naturally pink stones can
be seen to be associated with their internal structure.
Here it reveals itself on a colorless background as
thin pink lines crossing crown facets. Magnified
approximately 80×.

with the original crystal form. The zoning in a
cyclotron-treated stone is associated with the shape
of the cut stone; that is, it may appear as a color concentration at the culet, which looks something like
an opened umbrella, or as a color concentration at
the girdle (figure 3).
When natural type IIb blue diamonds are bathed
in short-wave ultraviolet radiation, they reveal characteristics that are distinctive of this type of diamond. Such stones either have a relatively weak fluorescence or are virtually inert, but they have a
phosphorescence that is among the strongest
observed in any type of diamond. They are also usually relatively clean internally and quite large. Very
large pink diamonds are usually quite light in color
and are type II stones, which allow short-wave
ultraviolet radiation to pass, exposing any photographic paper on which such a stone may be placed.
In the majority of cases, though, the internal features of the stone and its reaction to radiation are
inadequate for the conclusive determination of the
source of color. This is particularly true with diamonds that have been irradiated and then annealed
to enhance or change the natural color by methods
other than cyclotron treatment.

DETERMINING THE SOURCE OF COLOR
IN DIAMONDS THAT HAVE BEEN IRRADIATED
AND SUBSEQUENTLY ANNEALED
Man first learned that he could influence the color of
diamond at the beginning of this century, when it
was discovered that a green color could be induced
by intimately exposing the stone to radium
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Figure 3. Zoning in a cyclotron-treated
diamond appears as a concentration of
color associated with the shape of facets
of the cut stone. Left = color zoning paralleling the edges of the crown viewed
through the pavilion, 40×. Right = color
zoning paralleling the edge of the culet
viewed through the table, 30×. Photomicrographs by Robert E. Kane.

(Webster, 1972). However, stones treated in this
manner retained radioactivity at levels that were
easily detectable with a Geiger counter (a test that
continues to be of importance in the examination of
green diamonds today).
It was not until halfway through the century that
it was discovered that a number of other forms of
atomic bombardment could be used commercially to
“treat” diamonds and that after subsequent annealing the irradiated green stones would alter once again
to yellow and brown. These resulting colors were
found to he strong and, in the main, deep penetrating
and stable. From this point on, the task of identifying
the nature of color in diamond became in some cases
very difficult, because these irradiated stones do not
retain any detectable radioactivity for a significant
length of time, nor any other obvious indications of
treatment. We were indeed fortunate that at this
juncture Robert Crowningshield, director of gem
identification of the GIA Gem Trade Laboratory in
New York, came to the rescue of gemologists
(Crowningshield, 1957). After observing the visible
spectra of thousands of these irradiated and annealed
diamonds, he determined the presence of an absorption band at 595 (592)1 nm in almost every instance.
Since that time, determination of whether the
color in a particular diamond is due to a process of
nature or to man’s intervention is usually based on
the information obtained by the observation of that
stone’s visible spectrum. Over the years, however,
other factors have come to light which make detection by this manner in some colored diamonds
extremely difficult.
Spectrum Changes Induced by the Process of
Irradiation and Annealing. A number of changes
occur in the visible spectrum of a diamond during
the process of irradiation and subsequent annealing.
Knowledge of these changes is essential to the understanding of the source of color in a given stone.
Depending on the diamond and on the condi1 This sharp absorption band is observed between 592 and 595 nm.
The tradition in American gemology has been to refer to this feature as
the 592 nm absorption center.

72

CHARACTERIZATION OF COLORED DIAMONDS

tions of irradiation, during the initial irradiation
process the stone usually turns some shade of green
and a group of absorption bands are induced into the
spectrum at varying strengths. These bands have
been “numbered” by physicists and given the prefix
GR (general radiation). The principal band and the
one observed most often by gemologists is the GR1,
at 741 nm (Clark and Walker, 1972). Upon annealing, at least two other absorption bands are induced.
Typically, one of these is the sharp band at 595 nm.
Also apparent may be either the band at 503 nm or
the one at 496 nm, and very often both are seen.
Any naturally occurring absorption that was evident in the spectrum prior to irradiation, such as
the band at 415 nm, remains unaffected (figure 4).
The relative strengths of the induced bands are
affected by the annealing temperature (Collins, 1978).
As the temperature increases, the GR1 reduces in
strength until it disappears at around 800°C. The 595
nm band increases to its maximum at around 800°C,
but above this temperature the 595 weakens until it
disappears at around 1000°C. The band at 503 nm,
which has the greatest effect on the color of the irradiated diamond, remains comparatively unaffected
Figure 4. Absorption spectrum recorded at about
−160°C for a yellow diamond that has been irradiated and then annealed. The 503, 496, and 415 nm
lines have been labeled by physicists as H3, H4, and
N3, respectively. The small peaks around 741 nm
are part of the GR system.

at least until several hundred degrees beyond the
position where the band at 595 nm “anneals out.”
It follows then that it is possible to produce an
irradiated diamond with a strong yellow color in
which the only indication of radiation treatment
may be the bands at 503 and 496 nm. Inasmuch as
these two bands can and very often do occur naturally, identification of treatment in such stones may be
very difficult.
Another way in which the 595 nm band is temperature dependent is sometimes evident from its
behavior when the spectrum is being examined. If
the stone is heated much above room temperature,
very often the band will broaden and, if it is weak to
start with, the band will become undetectable with
the hand spectroscope until the stone has cooled.
This has led gemologists to seek methods by which
they can keep the stone cool while under examination (see, for example, Hofer and Manson, 1981).
Low-Temperature Spectroscopy. The most successful cooling method to date entails the use of liquid
nitrogen or the gas produced from it. The method
used at the London Gem Testing Laboratory
ensures a temperature in the region of −160°C for
the period of examination. This temperature is
reached gradually over approximately a quarter of
an hour. The stone is first set in soft metal and then
placed into a double-walled glass vessel. The space
between the two walls is evacuated in a manner
similar to a thermos flask. The nitrogen gas is then
allowed to pass through the vessel and thus cools
the stone (figure 5).
The size of the vessel used depends on the size of
the stone. For the examination, the vessel is set in
the center of an optical bench with the light source
at one end and the spectroscope at the other.
This system not only ensures that if the band at
595 nm is present, it will not disappear, but it also
makes the band sharper and therefore easier to see
when it is at its weakest, say, after the stone has
been annealed to 900°C. In fact, this cooling of the
stone sharpens all the radiation-related bands to
such an extent that observation becomes quite easy.
This point is brought home when one realizes that
with the stone held at a low temperature it is possible to observe the GR system, with its main band at
741 nm, using the hand spectroscope (Scarratt,
1979). While this method of observation has in
many respects made the task of color identification
easier, it has also raised a number of other questions.
Of particular importance is the discovery in some

Figure 5. One of the glass vessels used to hold a colored
diamond at about −160°C, at which temperature any
absorption lines that may be present in the stone’s visible spectrum are seen at their sharpest. The stone is
held in soft metal in the center; the nitrogen gas enters
via an insulated pipe on the left, flows over the stone,
and exhausts through the metal tube on the right.

cooled natural stones of absorption bands formerly
believed to appear only in artificially colored stones.

NATURAL IRRADIATION IN
COLORED DIAMONDS
B. W. Anderson first noted the 595 nm absorption
band in a colored diamond in 1943 (Crowningshield,
1957). This was not in the spectrum of a treated
stone but in that of a natural uncut brown stone
from the Central African Republic (figure 6). This
stone was one of a pair given to Mr. Anderson. We
have since been able to examine both diamonds at
low temperatures, and found not only that the 595
nm band was present in the spectrum of both stones

Figure 6. Absorption spectrum recorded at about −160°C
for an uncut brown diamond from the Central African
Republic, with color confined to the surface (see figure
7) because of natural radiation damage and annealing. The GR1 and 595 nm lines are clearly present.
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Figure 7. Brown natural radiation “staining” on the
surface of a diamond crystal from the Central African
Republic. Magnified approximately 50×.

but also that the GR system was still present in the
one that did not show the 595 nm band at room
temperature. When it was determined that the color
of these stones was confined to the surface (figure 7)
and would, therefore, be removed with faceting,
gemologists tended to ignore this natural occurrence
of the 595 nm line. However, these stones do give us
some background information that is of great help in
our understanding of colored diamonds.
Specifically, the presence of the GR system tells
us that the brown surface coloration in this pair is
due to natural radiation. We also know that these
stones have been subject to an annealing process,
both because of the presence of the 503 and 595 nm
bands and because of the brown rather than green
coloration (Mendelssohn et al., 1979). This information helped us a few years ago in our understanding
of one particular faceted stone, with a fluorescent
green body color. All naturally colored diamonds of
Figure 8. Absorption spectrum recorded at about −160°C
for a naturally colored, fluorescent-green faceted diamond. The spectrum is indistinguishable from that of
a normal treated yellow stone (see figure 4).

this type reveal very similar spectra: that is, the
presence of the 503, probably the 496, and certainly
the 415 nm bands. But when the spectrum of this
stone was examined at −160°C (figure 8), the 595
nm line was also seen to be present. In fact, the
spectrum was indistinguishable from that of a normal treated yellow stone, and yet we know from
the stone’s history that the color must be natural.
We know that the lines at 503 and 496 nm can
be induced by the annealing of a stone that has been
irradiated, so we should not have been too surprised
at recording the 595 nm band in this type of stone.
To our knowledge, though, it was the first time it
had been seen in a natural faceted stone.
At least this particular stone revealed evidence
of natural radiation damage and annealing in the
form of brown radiation stains on an uncut portion
of the girdle (figure 9), but the fact that the 595 nm
band has been observed in this stone makes the
identification of the origin of color in these fluorescent green stones very difficult.
Of late, we have also been observing the GR system in the spectrum of very large, naturally colored,
brown type II stones. Because of the increased popularity of colored diamonds, any diamond with a definite body color, almost regardless of quality, is
being sorted out as a possible fancy stone. As a
result, in addition to the attractive canary yellow
stones that have been traditionally sought after (figure 10), we are seeing many more type Ib stones
which, not many years ago, would have been rejected by the trade as undesirable. Many of these stones
are easily recognizable because of their characteristic large areas of cloud-type inclusions, and because
their yellow body colors usually have some other
component present, that is, green or brown.
In the past, color identification in this type of stone
presented no problem for the gemologist, because norFigure 9. Natural radiation “staining” on an unpolished portion of the girdle of the stone referred to in
figure 8. Magnified approx. 70×.
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Figure 10. Naturally colored canary yellow diamond,
0.63 ct. Photo by Tino Hammid.

mally the true canary yellow (like any other natural
type Ib diamond) shows no sharp changes in transmission in the visible spectrum at room temperature. The
color is due to the gradual absorption of wavelengths
that are shorter than 550 nm.
The appearance in the lab of more of these stones
and the advent of low-temperature spectroscopy
caused us considerable worry a year or so ago when,
in addition to the normal gradual absorption of the
shorter wavelengths, we noted at low temperatures
the occurrence of the radiation-related peak at 637
nm and sometimes the 503 nm band (figure 11).
Researchers have found that the 637 nm band
occurs primarily in diamonds that contain a high percentage of the nitrogen impurity in isolated substitutional form, that is, in type Ib diamonds. It has been
proved experimentally that irradiation and subseFigure 11. Absorption spectrum recorded at about
−160°C for a naturally colored yellow type Ib diamond,
showing the peaks at 637 and 503 nm and the typical
Ib type absorption of wavelengths shorter than 550 nm.

quent annealing induce the 637 nm band in synthetic
type Ib diamonds, during which process the color of
the stone is altered from its original yellow to pink
(Davies, 1977). In fact, the 637 nm band had previously been reported only in treated diamonds, particularly in treated pinks (Liddicoat, 1969), and so the diagnostic value of this line when seen at low temperatures in yellow type Ib stones had to be determined.
After recording the absorption curve in the nine
stones of this type in which we had observed the 637
nm band, we noted that in each case the line was
extremely weak, and it soon became apparent that
the obvious cause of the body color was the gradual
absorption of the shorter wavelengths. This being a
natural phenomenon, we decided that if these stones
had been artificially subjected to radiation and
annealing it could only have been in minimal
amounts and as such had no effect on the color of the
stone. In fact, our view was that this was yet another
case of the natural occurrence of a radiation-related
peak and that under these circumstances it should be
reported accordingly.

IN CONCLUSION
I emphasize that the foregoing problems affect only a
small percentage of colored diamonds. Certainly, as
discussed above, reliable methods for the detection
of cyclotron-treated diamonds are now readily available to diamond merchant and laboratory gemologist alike. And in the “vast majority” of cases where
a yellow diamond has been irradiated and annealed
by man, it is virtually always possible to recognize
this fact with the adept use of the hand spectroscope
in conjunction with a cold light source.
However, I can foresee a time when, at least with
some of this small percentage of colored diamonds, the
methods currently available will not be adequate to
determine whether the color is caused by man’s interference. It is likely that the problem of differentiating
between irradiation by man and irradiation by nature
will continue to arise and with even greater frequency.
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PINK DIAMONDS
FROM AUSTRALIA
Stephen C. Hofer

During the first few months of 1985, the New York office of the GIA Gem Trade Laboratory
examined more than 150 gem-quality fancy pink diamonds, most of which had similar color,
spectra, luminescence, color zoning, surface textures, and inclusions. This dramatic increase in
the number of pink diamonds offered in the trade recently, along with the fact that a great majority exhibit similar physical properties, suggested a new source of pink diamonds. This observation,
together with information received from several diamond dealers to the effect that pink diamonds
had been recovered from the Australian deposits, suggests that most or all of the above-mentioned stones originated in Australia. This article reports on the gemological properties of these
“new” pink diamonds and describes a number of characteristics that, seen in combination in a
stone, are indicative of Australian origin.

D

iamonds with a pink body color have long
been considered one of the rarest color varieties of diamond. Their rarity is due to the
fact that pink diamonds are known to occur in only a
few mines throughout the world, and none of these
mines has ever proved to be a steady commercial
source for gem-quality pinks. The famous alluvial
deposits in southern India (stretching eastward from
the Deccan Plateau highlands) produced a limited
quantity of pinks during the active mining years in
the 17th century. The many alluvial deposits
throughout Brazil have historically been a notable
but infrequent source of pinks, and in recent years
Brazil has boasted a small production of pinks from
the area around Diamantina (S. Moskal, pers. comm.,
1984). Several Russian and African deposits—including the Williamson mine in Tanzania, a kimberlite
deposit known as the Mwadui pipe—have also contributed to the sporadic output of pink diamonds
worldwide. Usually, though, these deposits have
yielded no more than a few carats of gem-quality
pink stones at a time. It is therefore quite unusual to
encounter parcels of natural pink diamonds. In fact,
the number of natural fancy pink diamonds (152)
examined in the first three months of 1985 at GIA’s
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New York Gem Trade Laboratory represents more
than the total number of pink diamonds examined in
any previous year. According to diamond dealers
who handled the rough material, the stones were
from the recent productions of the newly discovered
Argyle deposits in northwestern Australia (A.
Arslanian, A. Bronstein, E. Elzas, W. Goldberg, pers.
comms., 1985). Their information favored the notion
that a significant number of these small stones were
being fashioned by skillful cutters from larger, “lower
quality” rough pink diamonds. In one example, the
author examined a 0.38 ct round brilliant of fancy
purplish pink color, heavily included, that was
reportedly cut from the “cleanest area available from
within a 2.50 ct rough Australian stone” (E. Elzas,
pers. comm., 1985).
In an effort to characterize this new material, the
author made a number of observations and conducted several gemological tests on 138 of these unusual
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described as “smoky purplish pink” (figure 1), characteristic spectral absorption patterns, similar fluorescent and phosphorescent reactions, distinctive color
zoning, and irregular surface and internal features
with a pitted texture that appears “frosted” or “sugary,” in addition to well-formed colorless crystal
inclusions. The refractive index and specific gravity
measurements on all stones in this study were found
to be within the normal range for diamonds.

Figure 1. These examples of Australian pink diamonds
from the study group illustrate the subtle differences
among the characteristic hues. The stones range in
size from 0.20 to 0.37 ct. Photo © Tino Hammid.

pink diamonds. While there appears to be no one
feature by which these stones can be distinguished,
there are several characteristics that, when they
appear in combination, indicate that a pink diamond is of Australian origin.

GEMOLOGICAL PROPERTIES
On reviewing the available literature, it became
apparent that relevant gemological information on
pink diamonds is sparse and often articles or notes
on pink diamonds are based on observations of one
stone. Therefore, we were pleased that our clients
were willing to give us the opportunity to study a
large selection of these pink diamonds.
Consequently, several gemological tests were
conducted by the GIA Gem Trade Laboratory on 138
pink diamonds (ranging from 0.04 to 2.65 ct) that had
been cut from Australian rough. The testing and initial observations of several of these pink diamonds
revealed a number of distinctive characteristics,
including an unusual body color that can be loosely

Color. Of the 138 pink diamonds color graded during this study, nearly all had a body color strong
enough to be in the “Fancy” grade, a small percent
were “Fancy Light,” and only a very few were considered “Light” pink. The fact that most of the
stones—even round brilliants (figure 2)—had a color
strong enough to be graded “Fancy” is unusual, considering that the majority of pink diamonds examined in the laboratory previous to this study were in
the “faint” through “Fancy Light” grades (R.
Crowningshield, pers. comm., 1985).
Diamonds in the pink color family often contain
secondary colors in addition to the primary pink
color, referred to as modifiers. Modifying colors such
as orange, purple, and brown are common in pinks;
gray is also seen as a modifier, but less often. The
assortment of natural pinks in figure 1 illustrates the
variety of color seen in the pinks examined in this
study: ranging from pink through purplish pink and
including some with brownish overtones.
Most of the 138 stones when viewed separately
appeared to contain some purple (again, see figure
1). However, when several stones were viewed side
by side and table-down, the differences in color—
including the subtle nuances of brown—were recognizable. In many of the purplish pink gems, these
hints of brown were so weak and not readily observable face-up that they were not mentioned in the
color grade; rather, such stones were graded as purplish pink. In the experience of the Gem Trade
Laboratory, this unique combination of a very weak
“smoky” brown together with varying amounts of
purple is not often seen in natural pink diamonds
and thus helps the gemologist recognize and differentiate these diamonds from others in the pink
color family.
The intensity of the pink color in the diamonds
in this study is also unusual and is exemplified by a
0.72 ct fancy purple-pink gem that exhibited such a
strong color saturation that it was outside the range
of colors normally associated with natural pink diamonds (see the cover of the Fall 1985 issue of Gems
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Figure 2. This necklace contains a total of 14.80 ct of
Australian pink diamonds, including 143 brilliants.
Only the 5.57 ct pear-shaped drop is from Brazil.
Photo courtesy of R. Esmerian, Inc.

& Gemology, in which this article appeared). In
fact, the color is comparable in strength to that seen
in treated pinks, which have been referred to as
“cranberry” pink. Also included in this study group
were two diamonds that were graded as brown-pink
that retained an attractive face-up color.
Spectral Analysis. The optical absorption spectra
were observed with a Beck hand-held prism spectroscope first at room temperature and then at low
temperature by resting the diamonds on an aluminum viewing block cooled with dry ice (Hofer
Figure 3. The absorption spectrum recorded (at low
temperature) from the 0.72 ct purple-pink heart-shaped
stone shown on the cover of the Fall 1985 issue of
Gems & Gemology. Photo © Harold & Erica Van Pelt.

and Manson, 1981). All the diamonds examined in
this study showed the familiar 415 nm (cape)
absorption line in the violet region. In addition, a
weak “smudge” was observed at about 520 to 580
nm in the green spectral region of two vivid purplepink stones (figure 3).
Further testing with a Pye Unicam SP8-400 dualbeam spectrophotometer confirmed both absorption
features (see spectra A and B in figure 4). The
absorption strength of the 415 nm line at room temperature varied from weak to moderate and tended
to be stronger in the purple-pinks. The broad
absorption feature centered at approximately 550
nm correlates with the position and strength of the
“smudge” seen in the hand spectroscope. This band

Figure 4. Optical absorption curves of two Australian
pink diamonds from the study group. Spectrum A
(lower) is recorded from an intense 1.64 ct purple-pink
stone. Spectrum B (upper) is from a 1.93 ct brown-pink
diamond.

PINK DIAMONDS FROM AUSTRALIA (1985)

79

Figure 5. An obvious pink grain line as viewed through
the pavilion of a colorless diamond at 10× magnification. Note the difference in appearance as the angle of
observation changes. Photomicrograph by R. Kane.

Figure 6. This 5× view inside an Australian pink diamond shows the concentrated areas of minute pink
grain lines. Note the pink “patches” of color.

at 550 nm was first noted in the spectra of pink,
purple, and brown diamonds from Africa (Raal,
1958). Raal’s study of pink diamonds states that
“the strength of the band at 550 nm varies considerably and is correlated with the intensity of coloration of the diamond” (p. 846). Examinations and
testing of natural pink diamonds at the Gem Trade
Laboratory supports and confirms this previously
published observation.
Further study of pink-diamond spectra was made
by comparing the spectra of the two diamonds in
the present study that exhibit the greatest visual
color difference (again, see figure 4). The absorption
curves are similar in appearance—that is, both
resemble spectral absorption curves recorded for
diamonds in the pink color family (Raal, 1958).
However, it can be stated that the absorption spectra recorded on all pink diamonds from this study
are markedly different from the spectra of treated
pink diamond as observed in the hand spectroscope
(Liddicoat, 1981, p. 193).

EXAMINATION WITH THE MICROSCOPE

Luminescence Reactions. All of the diamonds from
the study group were exposed to ultraviolet radiation in a darkened room: for each the color and the
strength of the fluorescent glow were noted. The
fluorescence varied from a very weak to a very
strong blue when exposed to long-wave (366 nm)
ultraviolet radiation and from none to a moderate
blue when exposed to short-wave (254 nm) ultraviolet radiation. In addition, a yellow phosphorescence
was noted in diamonds that fluoresced very strong
blue, and virtually no phosphorescence was seen in
diamonds that had a weaker blue fluorescence.
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A binocular microscope was used to examine all
138 stones at 5× to 75× magnification. The stones
were examined for color zoning and distribution of
color, birefringence patterns, surface and internal
features and their textures, and inclusions.
Color Distribution and Zoning. Generally speaking,
the color in pink diamonds is unevenly distributed
throughout the body of the stone. The color occurs
along narrow directions or zones known as grain
lines. When viewed at various angles under magnification, the color in the grain lines (referred to by
some diamond graders as “pink graining”) appears to
be concentrated along parallel, “needle-like” directions that alternate with colorless areas (figure 5;
Kane, 1982). In most diamonds, these distinctive
color-zoning features are usually very faint or are
sparsely distributed throughout the crystal and
therefore lack the potential in most cases to impart a
strong pink color to the diamond when cut and
viewed face-up.
By comparison, the diamonds in this study, the
majority of which have a very obvious pink color
face-up, have numerous minute pink grain lines
that are more closely spaced than has been observed
in most diamonds with pink graining examined previously. At low magnification, the pink graining
appears very fine and close-knit, occurring throughout the entire stone or, more commonly, with the
grain lines grouped together as patchy areas of pink
(figure 6). The color in these areas looks similar to
strokes of pink watercolor paint on paper and is
referred to by the author as “brush stroke” graining.

The minute pink grain lines that comprise these
“brush stroke” areas are so slender and so closely
spaced together that they are extremely difficult to
resolve under high magnification. The most satisfactory results in examining these features are
obtained by using low-power magnification and a
shadowing technique to accentuate the details
(Koivula, 1982). The concentrated patches of grain
lines (figure 7) produce the overall appearance of
strong pink color seen in these diamonds.
An early study (Raal, 1958) proposed that manganese causes the color in pink diamonds, but this
theory has since been refuted (Du Preez, 1965).
Current explanations for the cause of pink color in
diamonds involve defects in the atomic structure
that result from gliding (the very slight movement
of atoms along the octahedral direction) as a result
of plastic deformation (Orlov, 1977). To confirm
this and correlate these “defects” with the color in
the pink grain lines, it is necessary to observe the
birefringence pattern of diamonds.
Birefringence. Birefringence, or the strength of double
refraction, is virtually nonexistent in strain-free, unincluded diamond (diamond is isotropic). However,
most diamonds show some anomalous birefringence
as a result of included crystals, various growth irregularities, or because they have been subjected to an epigenetic event such as plastic deformation (exposure to
extreme temperature/pressure conditions after formation), as discussed by Lang (1967). Studying birefringence patterns in diamonds gives the gemologist a
clue as to how strain is distributed within a diamond.
Birefringence can be examined with a microscope fitted with polarizing filters by holding the
Figure 7. Needle-like pink grain lines can be seen
cutting across an irregular pale pink color zone in
an Australian diamond. Magnified 10×.

diamond in tweezers culet-to-table and viewing
through the stone’s pavilion at an oblique angle in
transmitted or diffused transmitted light. With the
diamond so positioned between the crossed polaroid
plates, the pattern of interference colors, their
strength (low-order grays up through high-order
bright colors), and their coincident location around
inclusions or grain lines can be observed.
All the pink diamonds in this study revealed a
linear pattern of bright interference colors that coincided in strength with the pink graining (figure 8).
This confirms the observations of previous studies
that birefringence at grain lines is more distinct
than any other form of birefringence (Orlov, 1977).
It should be noted, however, that a brightly colored
linear pattern only indicates that a diamond has
strain characteristic of plastic deformation, and is
not proof that a pink diamond is from Australia.
Surface Textures and Forms. Irregular “frosted”
cleavage cracks and narrow voids or channels with a
rough or “pitted” texture on the surface of the stone
are considered to be very characteristic of the
Australian material (figure 9). R. Liddicoat (pers.
comm., 1985) saw large lots of rough during a recent
visit to Australia and reported that nearly all the
rough had an irregular “frosted” surface that resembles etching. This observation was further substantiated by R. Buonomo (pers. comm., 1985), who
examined recent productions from the Argyle
deposits at the Central Selling Organisation in
London. His description of the Australian material
noted the surface textures as appearing “frosted” or

Figure 8. A 10× view inside the same stone as in figure 7, using polarized light, shows the typical banded or linear birefringence pattern that signifies
internal strain in the diamond, coincidental with
the grain lines.
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Figure 9. A cleavage crack that has been naturally
etched appears “frosted,” similar to worn beach glass.
Note the extent of the etching inward and the open
void at the girdle. Magnified l0×.

Figure 11. Etching that proceeds along a zone of weakness in a diamond can propagate in many directions
inside the gem, resulting in many unusually shaped
voids or hollow channels. Magnified 25×.

“sugary” to the unaided eye. The presence of similar features on the pink diamonds in the study sample is consistent with the Australian origin reported
for these stones.
Researchers studying the process of etching have

established that very strong heating of diamonds in
situ can lead to the action of dissolution (process of
dissolving) and consequently etch features (Frank and
Puttick, 1958). As dissolution proceeds, the surfaceetching textures develop in various stages. Starting as
small pits (weak etching), they subsequently develop
into frosted planes and eventually, with prolonged
heat, result in narrow voids (highly etched channels)
resembling cracks (Berman, 1965; Orlov, 1977).
The various stages of etching noted by these
workers is similar to that seen in the pinks examined in this study. For example, some of the
diamonds had etch features seen on unpolished surfaces (naturals) resembling smooth “frosted” glass
that suggest early stages of etching. Various gradual
stages up to intensive etching were also seen to
occur on the surface and along fractures in several
cut diamonds (figure 10). Where etching has proceeded along a cleavage direction, the etching
appears to widen and deepen the cleavage. These
etch features were thus seen to propagate inward in
the diamond, resulting in a network of unusual
voids and channels (figure 11). When such channels
intersect, they seriously affect the durability of the

Figure 10. The early stages of etching are evident on
a flat cleavage plane inside this pink diamond. Note
the triangular markings that resemble trigons, which
are actually triangular etch pits (Orlov, 1977).
Magnified 45×.
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Figure 12. A part of the original surface on the girdle of
this pink diamond shows evidence of “frosted” etching. Note the small amount of dirt or polishing material that has remained intact in the narrow section
parallel to the girdle plane. Magnified 20×.

diamond and often result in breakage. In addition,
narrow etch channels open at the surface are commonly filled with a dark material, possibly from the
polishing process or simply from dirt, which can
darken the appearance of the voids (figure 12).
Other Inclusions. Of the 138 pinks examined in this
study, all of which had considerable pink graining
and showed evidence of etching, the majority (more
than 90%) also contained numerous small, solid,
colorless, polyhedral crystal inclusions (figure 13).
Microscopic study of these inclusions showed that
they did not have a characteristic crystal habit;
rather, they assumed the morphology of the host
diamond. They are very similar in appearance to the
colorless olivine inclusions commonly seen in diamonds found in kimberlite deposits (Mitchell and
Giardini, 1953; Hall and Smith, 1984). Because such
inclusions are common in diamonds found at various locations, they cannot be considered conclusive
proof of Australian origin. However, colorless crystals when observed in a natural pink diamond with
the previously described color, spectra, luminescence, graining, and surface features can be considered indicative of Australian origin.

Figure 13. This cluster of colorless, polyhedral, solid
crystal inclusions (possibly olivine) in pink diamond
appears in moderate to high relief in darkfield illumination. Magnified 20×.

natural pink diamonds in the gem market reinforces
the idea that continued mining and recovery efforts
may significantly augment the traditionally limited
supply of natural fancy-colored diamonds annually
recovered.
The gemological and microscopic findings
reported in this article suggest that there are several
features that are characteristic of pink diamonds
from Australia: their intense purplish pink color,
the concentrated patches of “pink graining,” luminescence, birefringence, a “frosted” surface, and
included small, colorless crystals. While no one or
two of these features alone would provide proof of
the stone’s origin, the occurrence of several of these
features in a pink diamond would strongly suggest
that the stone came from the Australian mines.

In August 1985, the GIA Gem Trade Lab in New York was informed
that certain brownish pink diamonds from Australia improve in color
with repeated heat treatment (not identifiable by known gemological
tests). Somewhat similar behavior in brownish pink diamonds was
reported previously (Fryer, 1983, p. 114).—Ed.

CONCLUSION
The author was not able to obtain information on
the abundance and availability of these Australian
pink diamonds. It has been reported in the literature, however, that deposits at the Argyle project in
northwest Australia “produce a characteristic pink
diamond, which is likely to be the signature of the
mine over the next few years” (McIlwraith, 1984).
The sudden occurrence of increased numbers of
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Notes & New Techniques

AN INVESTIGATION OF A SUITE OF
BLACK DIAMOND JEWELRY
Robert C. Kammerling, Robert E. Kane, John I. Koivula, and Shane F. McClure

This article reports on the gemological properties of
six large black diamonds set in a suite of jewelry.
The color of the diamonds was determined to be
caused by numerous black inclusions lining cleavages and fractures. Such stones are difficult to cut
and polish, and require great care in setting. They
can be separated from artificially irradiated dark
green black-appearing diamonds and from other
black and black-appearing materials on the basis of
their distinctive visual and gemological features.

R

eports in the gemological literature have
described diamonds in a great variety of colors
and have ascribed the causes of these colors to
a number of mechanisms. According to the comprehensive review by Fritsch and Rossman (1988),
these include structural defects of unknown origin
(which produce purple, pink to red, and brown colors in diamond); band transitions caused by the
presence of boron (which are responsible for blue); a
general radiation (GR1) center (neutral carbon
vacancy) plus defects that absorb in the red (which
cause green); and aggregated or isolated nitrogen
impurities (resulting in yellow).
However, relatively little has been written about
black diamonds and even less about the cause of
their color. Some of the information that is available
is contradictory or incomplete. An early reference
(“Black Diamonds,” 1934, p. 86) reported that black
diamonds are opaque, with a structure “like finegrained steel.” They “are not used as gems, but solely
for industrial purposes.” Orlov (1977, p. 113)
described black diamonds as resembling hematite,
having no visible inclusions and being deeply colored
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throughout. He speculated that the color “may be
due to partial changes in the crystal structure and the
formation of finely dispersed graphite particles, invisible even at very high magnifications.” Subsequently,
however, Bruton (1978, p. 390) described black diamonds as being “usually translucent to very strong
light” and often having gray spots. He attributed the
black color to “their very large number of very small
or sub-microscopic black inclusions which absorb
nearly all the light falling on the stone.” Later (1986,
pp. 110–111), Bruton expanded on the controversy:
“Prominent diamantaires have long declared that
there are no black diamonds—that they exist only in
detective stories. The origin of this belief may be that
some so-called black diamonds are actually dark
brown with so many specks of dark mineral inclusions that they only appear black.” In some cases,
artificial irradiation may produce a green color that is
so dark that the diamond appears to be black
(Liddicoat, 1989).
Some notable black diamonds are known, but the
mechanism(s) responsible for their color has not
been studied in detail. These include the Black Star
of Africa, at 202 ct reportedly the largest of this color
(Bruton, 1986), and the Black Orloff, a 67.50 ct cushion-shaped stone that has been described as having a
“gunmetal” color (Bruton, 1986; Balfour, 1987).
Recently, the authors had the opportunity to
examine a suite of jewelry that featured six brilliantcut black diamonds (figure 1): a pendant with a
heart-shaped black diamond measuring approxi-
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Figure 1. The six black diamonds in this impressive
suite were studied for this
report. The largest stone
measured approximately
19.20 mm × 20.70 mm ×
9.60 mm. Jewelry courtesy
of Jean-Pierre Kuntz; photo
by Shane F. McClure.

mately 19.20 × 20.70 × 9.60 mm; a ring with a round
center stone measuring approximately 16.05–16.20 ×
10.02 mm; and a pair of clip-back drop earrings, each
containing two round black diamonds ranging from
11.0–11.2 × 7.85 mm to 12.7–12.8 × 9.6 mm. All of
these stones were subjected to standard gemological
tests and examined with the microscope. The results
of these tests are provided below, and conclusions
are drawn with regard to the cause of color in these
six stones and to the features that can be used to separate them both from artificially irradiated blackappearing diamonds and from other black gem materials with which they might be confused.

and (lack of) transparency contributed to the high
luster, which gave the stones an almost metallic
appearance. As would be expected for diamond, the
facet junctions were extremely sharp, unlike what
would be seen on a gem material with a very dark
body color and high luster but lower hardness, such
as “Alaskan black diamonds,” a misnomer sometimes used for faceted hematite. Careful examination revealed that all six stones were heavily variegated, consisting of a few transparent areas surrounded primarily by opaque zones that are caused
by dense concentrations of black inclusions. Also
evident to the unaided eye were small cavities and
irregular interconnecting fissures on the surfaces of
these stones (figure 2).

GEMOLOGICAL PROPERTIES
Visual Appearance. Several interesting observations
were made with the unaided eye using overhead
illumination (both incandescent and fluorescent).
The body color as observed in oblique incident light
could best be described as black. The luster of all six
stones, as expected for diamond, was adamantine.
The authors agreed that both the dark body color

Transmission of Light. It is the authors’ experience
that the only conclusive method of determining if
the color of a black diamond results from artificial
irradiation is to pass light through a thin edge,
such as at the girdle or culet. Artificially irradiated
“black” diamonds exhibit a very dark green color
(figure 3) at the thin edges and in the relatively
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Figure 2. Even with the unaided eye, numerous breaks
can be seen reaching the surface of the black diamonds,
as illustrated here by one of the round brilliants. Photomicrograph by John I. Koivula; oblique illumination.

transparent areas when examined using a 150-watt
tungsten-halogen fiber-optic illuminator or when
placed over the intense tungsten-halogen base
light on a GIA GEM spectroscope unit (Liddicoat,
1989).
A fiber-optic illuminator placed perpendicular to
the table under each of the mounted black diamonds
revealed the following: The diamond in the ring was
almost completely opaque, with only a very few,
minute areas allowing the passage of white light; the
lower stone in one of the earrings was also almost
totally opaque, with even fewer transparent areas
than the stone in the ring; the other three black diamonds in the earrings all showed several small areas
that were transparent and appeared essentially colorless; the heart-shaped stone in the pendant showed
numerous areas (some large) that transmitted light
and ranged from light gray to colorless. At certain
positions the fiber-optic light pipe caused a blue
luminescence (as is seen in “Jager diamonds,” an old
trade term for colorless diamond with a strong blue
fluorescence) in the transparent areas of the heartshaped diamond (figure 4) and in the upper diamond
of one of the earrings.
Microscopic Features. As with virtually all of the
natural black diamonds the authors have collectively examined, the polish on these six stones was
poor. The facets were pitted and covered with
prominent polishing and drag lines, which would
appear to be due to the abundance of cleavages, fractures, and inclusions that break the surfaces of the
stones (figure 5). It is generally known in the trade
that black diamonds are very hard to polish and can
damage polishing lap.
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Figure 3. Artificially irradiated black-appearing diamonds typically reveal a dark green coloration
through thin, relatively transparent edges when examined with intense illumination. This treated diamond,
however, appeared green throughout most of the
stone, even under the table as shown here.
Photomicrograph by Robert E. Kane; magnified 10×.

Examination of near-surface areas and thin edges
revealed that the opacity of the stones was due to
numerous minute black inclusions that lined the
extensive system of cleavages and fractures (figure 6).
In one area on the heart-shaped stone that was covered with these opaque black inclusions, a minute
part of a small cleavage plane was exposed on the surface. Careful application of a needle probe to this
small section revealed that these inclusions had the
platy texture and easy cleavage characteristic of
graphite, in addition to the typical black color. It is
known that cleavage and fracture systems in diamonds can become lined with graphite through the

Figure 4. The transparent areas of the heart-shaped
black diamond luminesced blue to an intense fiberoptic light source. Photomicrograph by Robert E.
Kane; magnified 15×.

the stones were so heavily cleaved and fractured, we
decided that the potential for damage was too great to
attempt to obtain a scraping for X-ray diffraction analysis. Unfortunately, the client could not leave the
suite in the laboratory for the time needed to perform
chemical analysis on this material.

Figure 5. The numerous pits and polishing and drag
lines seen on all the black diamonds studied for this
report are evident on this stone. Photomicrograph by
Robert E. Kane; coaxial illumination, magnified 15×.

process of graphitization, in which the surface layer of
diamond in the breaks is converted to graphite
(Harris, 1968; Harris and Vance, 1972). Some sulfides,
such as pyrrhotite and pentlandite, may look similar
to graphite when viewed with transmitted or darkfield illumination, and may be found in cleavages and
fractures immediately surrounding silicate and sulfide
inclusions. However, they have an entirely different
appearance (i.e., brassy yellow compared to the characteristic gray of graphite) when oblique illumination
is used. We know of no published report where oxides
or sulfides that resemble graphite have been seen to
line the faces of extensive surface-reaching cleavage
and fracture systems of the type observed in these
“black” diamonds. Therefore, we concluded that the
inclusions in these diamonds were graphite. Because

Figure 6. Numerous minute black inclusions lining
cleavages and fractures were responsible for the almost
opaque nature of the black diamonds. Photomicrograph
by Robert E. Kane; oblique illumination, magnified 20×.

Absorption Spectra. The visible-light absorption
spectra (400 to 700 nm) of the six black diamonds
were examined using a hand-held type of Beck
prism spectroscope, first at room temperature and
then cooled with an aerosol refrigerant to approximately −54°C (−65°F). Because the diamonds were
essentially opaque, the external reflection method
of spectroscope lighting was used. At either room or
low temperature, we observed no distinct lines or
bands in any of the six black diamonds.
It should be noted that treated green blackappearing diamonds may on very rare occasions
reveal the treatment-associated 595 nm line in the
hand-held spectroscope.
Ultraviolet Fluorescence. Some of the black diamonds displayed a very unusual reaction to longand short-wave ultraviolet radiation. The heartshaped stone in the pendant and the top stone in
one of the earrings (the same stone that showed a
blue luminescence with transmitted light) exhibited
a strong blue fluorescence to long-wave UV radiation that formed very distinct patches and veins,
intermixed with inert areas (figure 7). The sections

Figure 7. The heart-shaped black diamond and the
upper black diamond in one of the earrings fluoresced
an uneven, strong blue in distinct patches and veins,
intermixed with inert areas, to long-wave UV radiation. Photo by Shane F. McClure.
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TABLE 1. Comparison of natural black diamonds to gem materials with which they may be confused.a
Material

R.I.

S.G.

Mohs
hardness

Black
diamond

2.417

3.52

10

Adamantine

Irradiated
“black”
diamond
Hematite
Imitation
hematite

2.417

3.52

10

Adamantine

Melanite
(titanian
andradite
garnet)
Psilomelane
with
chalcedony
Black
cassiterite
YlG (yttriumiron garnet)
Uraninite
(pitchblende
in massive
form)
aThis

Approx. 3.0
Over limits of
conventional refractometer; no
measured data
available
1.885

5.08–5.20
4.00–7.00

Additional features
With magnification, numerous black inclusions
can be seen lining cleavages and fractures; nonincluded areas are transparent and range from
light gray to colorless
Dark green color in transmitted light; may rarely
show a 595 nm absorption line in spectroscope

5.5 – 6.5
2.5– 6.0

Metallic
Metallic

Reddish brown streak, splintery fracture
Dark brown to black streak, granular fracture,
magnetic

3.84

6.5–7.0

Subadamantine
to vitreous

Conchoidal to uneven fracture, white to gray
streak

1.535–1.539

3.0–3.1

6.5–7.0

Metallic to
submetallic

May be banded; conchoidal fracture, white to
gray streak

2.006– 2.097

6.99

6–7

Adamantine to
submetallic or
vitreous
Vitreous to
submetallic
Submetallic,
also resinous
to greasy

White, grayish, or brown streak, subconchoidal
to uneven fracture

.
No measured
data available
No measured
data available

Approx. 6
7.5–10.0
(single crystals)
5.2–9.0
(pitchblende)

No measured
data available
5 –6

Strongly attracted to magnet, does not exhibit
electrical conductivity
Causes radiation burns if worn, will generate
autoradiograph; fracture is conchoidal to
uneven, streak is black, brownish black, gray,
or brownish green

information is based on the six stones examined for this article. The properties of the other gem materials are as reported in Liddicoat (1989).

that fluoresced seemed to correlate to the more
transparent areas of the stones. These same sections
fluoresced a moderate chalky greenish yellow to
short-wave UV radiation. Although still very mottled, the short-wave fluorescence was even more
extensive than the long-wave fluorescence: There
were very few inert areas.
The other black stone in the same earring also
fluoresced to long-wave UV radiation, but the reaction was quite different from that described above:
a very weak, chalky greenish yellow over most of
the stone, again with some mottling. The large
stone in the ring and both stones in the other earring were inert to both long- and short-wave UV
radiation.
When we examined the stones with magnification, we saw that all had been glued into their
mountings. This was evident from the numerous
gas bubbles present in the glue. The glue was also
marked by the white fluorescent line it produced
around portions of the girdle when the pieces were
exposed to both long- and short-wave ultraviolet
radiation. The long-wave reaction, however, was
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the stronger of the two. The authors hypothesize
that the diamonds were glued into their mountings
because of concern that any pressure from setting
might cause these highly cleaved and fractured
stones to break.
Streak. All six of the black diamonds cut easily into
the streak plate without leaving any residue.
Thermal Conductivity. All six black diamonds registered well within the “Diamond” range on a GIA
GEM Instruments pocket diamond tester.
Refractive Index. As is the case with all diamonds,
the refractive indices of all six study stones were
over the limits of the conventional refractometer
(1.80 or 1.81).

SEPARATION FROM POSSIBLE SIMULANTS
There are some black or black-appearing gem materials that, because of their relatively high luster,
might be visually confused with black diamonds.

Table 1 summarizes the distinguishing properties
of black diamonds and these other materials.

to separate them from artificially irradiated blackappearing diamonds, which are in reality a very
dark green. They can be separated from other black
or black-appearing materials on the basis of their
distinctive gemological properties.

CONCLUSION
The six black diamonds examined for this report all
contained extensive cleavage/fracture systems that
were lined with black inclusions that are believed
to be graphite. The presence of these inclusions is
undoubtedly responsible for the black color exhibited by these stones. The fact that the areas of transparency in these stones were colorless and the
absence of a 595 nm line in the spectroscope served

Acknowledgments: The authors wish to thank Jean-Pierre
Kuntz of Marina del Rey, California, for providing the opportunity to examine and photograph the suite of black diamond jewelry shown in figure 1.

SYMPOSIUM PROCEEDINGS
THE CAUSES OF COLOR IN ARGYLE PINK
AND CHAMPAGNE DIAMONDS
John Chapman and Peter Humble
The Argyle mine in Western Australia produces an
abundance of brown (champagne) diamonds and a
small quantity of highly valued pink diamonds.
The cause of the color in both pink and champagne
diamonds has been generally attributed to a high
level of plastic deformation in these stones. The
reported formation of brown diamond from a colorless diamond subjected to high pressure in an anvil
application supports this hypothesis, although it is
also known that most IIa diamonds have a high dislocation density and most stones of this type are
colorless.
Two stones that were each partly colorless and
partly pink were examined using transmission electron microscopy to determine their dislocation content. It was found that the colorless and pink portions have very similar dislocation densities. The
infrared absorption spectra from the colorless and
pink regions, however, did show distinct differences. The pink regions exhibit absorption peaks
that have not previously been reported: The main
IaB feature at 1170 cm −1 is split into two peaks, one
at 1185 cm−1 and the other at 1155 cm−1, and there

From Proceedings of the International
Gemological Symposium 1991, p. 159

are marked subsidiary peaks at 1235, 1215, and
1074 cm−1.
The existence of stones that are partly colorless
and partly pink, and the non-uniform coloration of
most pink stones in general, strongly suggests that
the coloration is due to a diffusion process that
involves some impurity. The techniques of secondary ion mass spectroscopy (SIMS) and nuclear
activation analysis (NAA) were applied to Argyle
stones in an attempt to identify impurities that
might be responsible for this coloration. An
enhanced level of Na was found in a pink diamond
(compared to a colorless one) using SIMS; and NAA
of a collection of pinks showed trace levels of Na,
Mn, Fe, and Sc that are significantly higher than
those in colorless stones.
Nuclear activation analysis of a group of Argyle
champagne diamonds showed very low levels of
trace elements relative to the colorless samples. As
the nitrogen content in Argyle diamonds is also generally lower than that found in stones from most
other mines, it may be that the overall low impurity content makes Argyle diamonds more prone to
plastic deformation. This, together with the lack of
impurities to bind to broken bonds at the cores of
the dislocations, may give rise to electronic states at
the cores which result in the brown color.

ARGYLE PINK AND CHAMPAGNE DIAMONDS (SYMPOSIUM 1991)
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SYMPOSIUM PROCEEDINGS
COLOR EFFECTS IN NATURAL DIAMONDS
Roman B. Zezin and Vladimir F. Nasedkin
In a number of cases, the visual evaluation of color
cannot be accounted for by individual peculiarities
of the transmission spectra of natural diamonds.
However, information concerning color, tone, and
photoluminescence intensity can help interpret
observations on diamonds by supplementing the
data on transmission spectra in the visible region.
Defects are detected particularly in diamonds that,
on visual color perception, appear to have a nearcolorless or brown shade, yet the transmission spectra indicate the presence of a yellowish shade.
When light sources with certain spectral characteristics and illumination levels are used, the color of a
particular diamond sample may correspond to the
color of its luminescence, which can be accounted
for simply by the presence of inherent luminescence that is visually perceived as the diamond
color under these conditions.
Thus, regardless of spectral peculiarities and, at
first glance, sometimes even in spite of them, it is
possible in this way to account for the absence of a
color shade as well as for the presence of such colors
as light blue, yellow, green, and some intermediate
hues.
The phenomenon of pink-lilac color is rare in
gem-quality natural diamonds. Such crystals possess characteristic submicrostructures in planar
zones along the slip line. These zones consist of isolated blocks of altered orientation with respect to
the principal structure of the bulk crystal. The suggested model for the emergence of a pink-lilac shade
in which the above zones give color to the whole
crystal is based on the assumption of selective light
reflection at a structural defect of the above-mentioned type, just as in the case of selective monochromatic reflection from a transparent thin film.
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From Proceedings of the International
Gemological Symposium 1991, pp. 159–160

This assumption enables us not only to account for
the pink-lilac shade, but also to calculate the thickness of this structural defect. Thus, the film thickness is such that the film selectively reflects only
red and violet rays of the incident white light.
For red and violet rays, an integer number [“k”]
of wavelengths [“λ∀] should lie within the film
thickness. Hence, for the minimum thickness “h”
it follows:
(λvio)(k) = (λred)(k−1)
The values of λ vio = 380–390 nm and λ red =
760–780 nm satisfy rays beyond the visible region;
with the same “k” but a different thickness, the
film should have a different color shade. Also, it is
clear that k=2 is the only possible value (for the
minimum thickness “h” and a given film color); for
k>2, the film would have a different color tone; and
with a thickness that is a multiple of “k” or with
k>>2, the reflection selectivity vanishes. The thickness “h” is determined from the expression for the
difference of ray paths:
Δ = (λvio)(k) = 2n (n + Δ n)
where “n” is the principal refractive index; and
“Δ n” is the refractive index variation for a structural defect.
For estimation of the value of “h,” the difference
“Δ n” may be neglected, hence:
h = (λvio)(k/2n) = 160 nm
Thus, it is possible to explain the nature of pinklilac shades of the so-called slip lines and planes as
well as those shades of natural diamonds that are not
always in accordance with the transmission spectra.

Note: The editors were unable to confirm some of the assumptions
made in this article.

Notes & New Techniques

NATURAL-COLOR NONCONDUCTIVE
GRAY-TO-BLUE DIAMONDS
Emmanuel Fritsch and Kenneth Scarratt

Two new categories of gray-to-blue diamonds are
described. First, two type IIb blue crystals with what
appears to be a type IIa outer skin were not electrically conductive in the rough, but conducted electricity once faceted. Second, some non–electrically
conductive gray-to-grayish blue diamonds from the
Argyle mine, Australia, were determined to be type
Ia and to contain unusually high amounts of hydrogen. This latter type of coloration, not previously
reported for diamonds, may be due to hydrogenrelated defects in the crystal structure.

T

o date, all natural-color blue diamonds
described in the literature have been electrically conductive. In fact, the measurement of
electrical conductivity has been a major deciding factor in gemological testing for artificial coloration in
blue diamonds: All natural-color stones were
believed to be type IIb and electrical conductors,
whereas all laboratory-irradiated stones were insulators (Custers, 1954b; Liddicoat, 1987). However, the
authors have examined several diamonds in the grayto-blue range—known to be natural color because of
other tests or the fact that they were obtained directly from the mine—that did not conduct electricity.
Moreover, the ultraviolet luminescence of these
stones was significantly different from that of the
majority of natural blue and bluish gray diamonds.
This report presents the gemological properties
of what appear to be two new categories of blue diamonds. First, we studied two crystals that did not
test positive for electrical conductivity in the rough,
but were electrically conductive after they had been
cut. Second, we examined four faceted stones, all

from the Argyle mine in northwestern Australia,
that are type Ia, insulating, gray-to-grayish blue diamonds, in contrast to the type IIb character expected for diamonds of similar color (see Box A for a
detailed discussion of diamond types).

MATERIALS AND METHODS
Table 1 gives a basic description of the six diamonds
studied for this article. Stones A and B (rough and
cut) and C (cut) were examined and color graded at
the Gem Testing Laboratory of Great Britain (GTLGB); faceted stones A and B, as well as stones D, E,
and F, were examined at GIA Research and color
graded at the GIA Gem Trade Laboratory. The color
descriptions provided by each lab are noted in the
table. We do not know the locality of origin of
stones A and B, but stones C to F came from the
Argyle mine in northwestern Australia.
Using a standard voltmeter for the stones tested
in the GTL-GB and a GIA-GEM conductometer for
those tested in GIA Research, we measured electrical conductivity as the difference in potential
between two separate points on the surface of the
diamond. We recorded ultraviolet-visible absorption spectra at liquid-nitrogen temperature using a
Pye-Unicam 8800 spectrophotometer. Infrared
spectra were recorded in a transmission mode on a
Nicolet 510 (GTL-GB) or a 60SX (GIA Research)
FTIR spectrometer at room temperature, with a
resolution of 4 cm−1.

See end of article for Acknowledgments.
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Figure 1. The crystals from which this 4.15 ct Fancy
bluish gray pear shape (stone A) and 3.06 ct Fancy
Dark blue cushion modified brilliant (stone B) were
fashioned were not electrically conductive, although
the faceted stones are. Diamonds courtesy of Mr. R.
Vainer and Mr. Th. Horovitz; photo by Robert Weldon.

NONCONDUCTIVE BLUE DIAMOND CRYSTALS
Stones A and B were first examined in the rough and
found to be electrical insulators, although they displayed the grayish blue-to-blue colors typical of natu-

ral blue diamonds. One should note that it may
sometimes be difficult to detect electrical conductivity on rough type IIb stones, because their irregular
shape and etched surface may not allow a good electrical contact. Our measurements, however, were
conducted with sharp probes to ensure the best contact. These stones appeared to be a true anomaly, as
the infrared absorption spectra of both were in fact
typical of type IIb, electrically conductive diamonds.
Stone A was retested for electrical conductivity
both during the cutting operation and after its completion. Stone B was retested only after faceting was
completed. Faceting of stone A produced a 4.15 ct
Fancy bluish gray pear shape; faceting of stone B
resulted in a remarkable 3.06 ct Fancy Dark blue
square cushion cut (figure 1). Stone A was found to
conduct electricity after it had been blocked; both A
and B did so after faceting. The infrared spectra of
both stones after cutting were the same as those
taken on the rough. Because stone B is significantly
bluer than stone A, the former showed stronger
absorption in the region above 3000 cm−1. Truly blue
diamonds (those without a secondary color modifier)
generally exhibit stronger type IIb absorptions in the

TABLE 1. Description of the six natural-color diamonds.
Sample
A
Before
faceting
After
faceting

Weight
(ct)
12.83

Color

Gray bluec

4.15

Fancy bluish blackc
Fancy bluish grayd

5.38

“Royal blue”c

3.06

Fancy bluec
Fancy Dark blued

C

0.30

D

B
Before
faceting
After
faceting

Shape

Comments

Roughly
triangular
Pear shape

Ultraviolet fluorescenceb
Long-wave
Short-wave

Typea

Electrical
conductivity

IIb

No

————

————

IIb

Yes

V. wk. orange

Wk. to mod. orange
V. long reddish orange
phosphorescence

Roughly
triangular
Square
cushion

Radiation
stains
Internally
Flawless

IIb

No

————

————

IIb

Yes

Inert

Grayish bluec

Emerald
cut

From Argyle
mine

Ia

No

0.34

Fancy grayd

Round
brilliant

From Argyle
mine

Ia

No

E

0.75

Fancy grayd

Marquise

Ia

No

F

0.68

Fancy grayd

Pear

From Argyle
mine
From Argyle
mine

Strong yellow
Wk. to mod.
phosphorescence
Strong yellow
Wk. to mod.
phosphorescence
Not tested

Mod. orange
Reddish orange
phosphorescence
Wk. orangy yellow
Wk. to mod.
phosphorescence
Wk. orangy yellow
Wk. to mod.
phosphorescence
Not tested

Ia

No

Mod. yellow
Wk. to mod.
phosphorescence

Wk. yellow
Wk. to mod.
phosphorescence

a

As determined by infrared spectroscopy.
Abbreviations: v. = very, wk. = weak, mod. = moderate.
Color terminology of the Gem Testing Laboratory of Great Britain.
d
Color terminology of the GIA Gem Trade Laboratory.
b
c
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infrared than grayish blue-to-bluish gray stones. A
small hump at about 1295 cm−1, although situated in
a region where absorptions due to nitrogen typically
occur, is a feature observed in the spectra of all natural type IIb diamonds (see, e.g., Smith and Taylor,
1962).
From our observations, one can only assume
that the outer skin of both crystals consisted of a
different diamond type, one that is not electrically
conductive. This layer was not detected by infrared
spectroscopy, either because it was probably of type
IIa diamond, and therefore did not modify the shape
of the infrared spectrum, or because it was of type Ia
but too thin to induce a measurable absorption. The
nonconductive layer was undoubtedly removed during faceting, so that the two stones conducted electricity afterward. This is a good example of the presence of two different diamond types within the
same crystal, a concept that is not always made
clear in the gemological description of diamonds
(again, see Box A).
Interestingly, faceted stones A and B were also
found to exhibit unusual luminescence behavior
after faceting. Most natural blue diamonds are inert
to ultraviolet radiation, both long- and short-wave,
or show only an extremely weak yellow phosphorescence to short wavelengths. When exposed to
long-wave UV radiation, stone B was inert but stone
A emitted a very weak orange luminescence. When
exposed to short-wave UV, however, both stones
produced a reddish orange luminescence of weakto-moderate intensity. This light emission was followed by a persistent reddish orange phosphorescence after the ultraviolet lamp was turned off. The
phosphorescence lasted unusually long in stone A:
It was visible for more than four minutes in a completely darkened room. These two stones are therefore similar in their fluorescence characteristics to
the Hope diamond (Crowningshield, 1989).
Sometimes, blue diamonds are represented as having been cut from the same rough as the Hope
because of their orangy red luminescence. Stone B
provides a well-documented counter-example to
this naive belief.
Of additional interest was the presence in stone
B of brown radiation stains on the surface of the
rough (figure 2). Such stains are known to result
from irradiation by alpha particles, possibly coming
from uranium radioisotopes (Meyer et al., 1965).
Although they are fairly common on type Ia diamonds, radiation stains have been reported only
once before on type IIb diamonds (Hargett, 1991a).

Figure 2. Brown radiation stains were observed on
the surface of stone B before it was faceted.
Photomicrograph by Kenneth Scarratt; magnified 10×.

NONCONDUCTIVE GRAY-TO-GRAYISH
BLUE DIAMONDS FROM ARGYLE
Stones C to F were all tested as faceted stones.
Although the gray-to-grayish blue colors they display resemble those normally seen in natural type
IIb, electrically conductive diamonds (figure 3), they
do not conduct electricity. Moreover, their ultraviolet-visible absorption spectra differ significantly
from that which is perceived as normal for gray-toblue diamonds (Collins, 1982a), as do their infrared
spectra.
These stones fluoresced a moderate to strong
yellow to orangy yellow to long-wave ultraviolet
radiation, and a weak to moderate yellow to orangy
yellow to short-wave UV. They also displayed a

Figure 3. Stone E in this study is a natural-color gray
non–electrically conductive type Ia diamond from the
Argyle mine, in northwestern Australia. Stone courtesy of Argyle Diamonds; photo by Robert Weldon.

NONCONDUCTIVE GRAY-TO-BLUE DIAMONDS (1992)
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BOX A: A NOTE ON DIAMOND TYPES
An ideal diamond crystal is colorless and its structure
is made exclusively of carbon atoms, regularly
arranged in a perfect lattice. Most natural gem diamonds, however, contain a number of defects and/or
impurities, which may significantly affect some of the
physical properties, such as color or electrical conductivity, of the stone. Some impurities such as nitrogen
or boron may substitute for carbon atoms, which
means that one carbon atom is replaced by one nitrogen or boron atom in the diamond structure. When a
carbon atom is missing, the empty volume it leaves in
the structure is called a vacancy. To account for the
differences in physical properties observed, in 1934
Robertson et al. conveniently grouped diamonds into
two main “types”—type I and type II. Historically,
these types have been distinguished on the basis of
their ultraviolet transparency and absorption in the
infrared—specifically in the 1400–1000 cm −1 section
(also called “the nitrogen region”) of the mid-infrared
range (Clark et al., 1979).
The characteristic absorption features in the
infrared spectra of type I diamonds (see figure A-1) have
been attributed to the presence of nitrogen in a number
of different forms. Type I diamonds can be further subdivided into types Ia and Ib depending on the form that
the nitrogen takes within the crystal structure of the
individual stone. The nitrogen in type Ia diamond is
present in various aggregated forms. The A aggregate is
a pair of singly substituting nitrogen atoms, and the B
aggregate is formed from an even number of nitrogen
atoms, not exceeding eight (Bursill and Glaisher [1985]
propose four nitrogen atoms surrounding a vacancy).
The presence of one of these two aggregates allows type
Ia diamonds to be further categorized into two subdivisions, types IaA and IaB, according to which aggregate
is involved. However, most Ia diamonds contain both
the A and the B forms in various proportions (and are
sometimes noted for this reason as type IaAB; the spectrum of the type Ia diamond in figure A-1 is that of a
type IaAB diamond). Another aggregate center, the N3
center, composed of three nitrogen atoms surrounding
a vacancy, is believed to be formed by a minor side
reaction during the main aggregation process of A to B
(Woods, 1986). This aggregate is responsible for the N2
and N3 systems, which are best known to gemologists
as “cape lines” or “cape series” in the visible-range
absorption spectrum. Note that the A and B aggregates
have characteristic absorption features in the infrared
(and none in the visible), whereas the N3 center has
typical absorption features in the visible (but none in
the infrared).
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Type Ia diamonds usually contain large amounts of
nitrogen impurity (1000 ppm is common, but they may
have up to 3000 ppm; see Field, 1983). Depending on
the strength of the cape series, type Ia diamonds may
vary in hue from near-colorless (possibly a weak band
at 415 nm, with none of the other bands in the series
being present) to a deep cape yellow (in which all of the
bands in the series are present in some strength, particularly the 478 nm band). Other factors may sometimes
affect the color, and type Ia diamonds are effectively
opaque to wavelengths shorter than 300 nm. The vast
majority of gem diamonds are type Ia.
Type Ib diamonds are distinguished by the fact that
the nitrogen atoms they contain are dispersed in isolated substitutional sites (i.e., one nitrogen atom replaces
one carbon atom in a number of carbon atom sites).
These nitrogen atoms produce a characteristic infrared
absorption feature with a peak at 1131 cm−1 (again, see
figure A-1). Type Ib diamonds contain only small
amounts of nitrogen (usually about 25 to 50 ppm, but
500 ppm has been reported for synthetic type Ib diamonds; Clark et al., 1979; Field, 1983). The dispersed
nitrogen atoms are responsible for the continuous and
gradual absorption of wavelengths shorter than 560 nm
(Clark et al., 1979). Therefore, type Ib diamonds generally do not show sharp absorption lines in the handheld spectroscope, in contrast to type Ia stones. Their
absorption in the visible region tends to produce a deep
yellow (in rare instances, brown) body color. Because of
the deep yellow color, such diamonds are sometimes
referred to in the trade as “true canaries.” Type Ib diamonds are said to be rare, at least among gem-quality
crystals.
The total amount of nitrogen present in type I diamonds is the sum of nitrogen contained as singly substituting nitrogen, A and B aggregates, N3 centers, and
other nitrogen-containing defects that do not absorb in
the visible or infrared range.
Type II diamonds do not show any of the nitrogenrelated absorption features in the infrared that are present in type I stones (again, see figure A-1), and therefore
they are believed to contain no significant amount of
nitrogen (Field, 1979). It is interesting to note that the
definition of type II diamonds actually rests on an instrumentation limit, that is, the detection limit of the
infrared spectrometer used. With the advances that have
been made in infrared spectroscopy, especially the development of the more sensitive Fourier-Transform infrared
(FTIR) spectrophotometer, a diamond formerly identified
as a pure type II might today be called, for example, a
type Ia diamond with a very low nitrogen content.

Figure A-1. These infrared spectra illustrate the four
basic types of diamond. Each type can be characterized by its transmission in the 1400–1000 cm−1 range.
In addition, absorption in that range identifies some of
the kinds of aggregates present in type Ia diamonds.

Type II diamonds that do not conduct electricity are
designated type IIa. They may contain up to 20 ppm of
nitrogen (not detected by infrared spectroscopy; Badzian
et al., 1986). These diamonds are very transparent in the
short-wave ultraviolet range, down to approximately 230
nm. By testing stones for their short-wave ultraviolet
transparency, gemologists have generally been able to
successfully separate type IIa diamonds from other diamonds in the absence of sophisticated equipment (Fryer,
1981a). Unless type IIa diamonds contain structural
defects, they do not absorb visible light; therefore, they
are usually colorless. While famous colorless diamonds
such as the Cullinan and Koh-i-Noor gems are type IIa,
other type IIa diamonds may have a yellow to brown or
pink body color, due to unknown color centers (Collins,
1982a). Type IIa gem diamonds are believed to be rare.

Type II diamonds that conduct electricity have been
called type IIb. Natural-color blue diamonds reported
prior to this article have all been type IIb. Type IIb stones
show a distinct spectrum extending over the whole midinfrared range that is quite different in appearance from
that of the other types (again, see figure A-1). Such stones
contain boron as an impurity, in concentrations of a few
parts per million or less (Lightowlers and Collins, 1976;
Badzian et al., 1986). They transmit light down to about
230 nm (as do type IIa). The boron atoms create an
absorption in the near infrared that extends into the visible range, absorbing some of the red and orange; therefore, type IIb diamonds are commonly blue. However,
their color often shows a gray component, and sometimes they are pure gray. Occasionally, when very pale,
they appear to be near-colorless.
The differences in these diamond types relate to differences in trace-element chemistry. For example, the
average nitrogen concentration decreases from types Ia
to Ib to II. Boron has so far been reported only in type
IIb stones (Field, 1979). Hydrogen has been found exclusively in type I stones (Fritsch and Scarratt, 1989).
Diamond types are, therefore, more than just a convenient way to classify diamonds on the basis of their
infrared spectra; they also have potentially important
geochemical significance. For example, different types
of diamond may represent different geologic origins.
The relative rarity of the various diamond types
reported here reflects the figures provided in the preponderance of the literature (e.g., Field, 1983).
Although it provides a “common wisdom” on the subject, one should keep in mind that the proportions
cited (presumably) for all diamonds mined may not
necessarily apply to diamonds of gem quality, or to colored diamonds or any other subgroup. For example,
Tolansky and Rawle-Cope (1969) demonstrated that
there is an unusually high proportion of type IIa diamonds among high-clarity microdiamonds, whereas
type IIa diamonds are reported (by Field, 1983) as being
uncommon in gem quality.
In many articles describing diamonds, it is generally
implied that one diamond crystal contains only one
diamond type. Actually, most diamond crystals are a
more or less homogeneous mixture of different types.
For example, most natural type Ib diamonds have a
type IaA component, too, which can be recognized in
their infrared spectra. Also, Milledge et al. (1989; see
also Boyd et al., 1987) demonstrated that type Ia diamond shows very thin growth banding of various
“nuances” of diamond types, such as a strong variation
in the relative proportion of A and B aggregates.
Gemologists should remember, for gem identification
procedures, that many gem diamond crystals may not
be composed of one single diamond type.
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Figure 4. The UV-visible absorption spectrum of the
gray diamond (stone E) in figure 3 proves that it is a
type Ia diamond.

weak to moderate yellow phosphorescence to both
wavelengths. Although we could find no prior reference to such luminescence behavior in natural grayto-blue diamonds, it is not uncommon for type Ia
faceted diamonds.
The UV-visible absorption spectra of stones C to
F (figure 4) show two bands, at 405 and 415 nm, that
are superimposed on the increasing absorption
toward the ultraviolet (the “UV cutoff”). They
represent the N3 center, which is responsible for
the cape lines commonly found in the visible spectra of type Ia diamonds but has not been reported to

occur in natural blue diamonds. Two weak absorptions at about 425 and 445 nm are accompanied by
a broad, complex absorption system that has an
apparent maximum at about 550 nm and a distinct
shoulder near 520 nm. Absorption increases from
approximately 600 nm toward the infrared. With
the exception of the N3 system, these features have
not been described previously in the literature on
the spectra of diamonds (although some features at
approximately the same wavelengths but with different shapes or widths have been reported).
At present, we cannot explain the variation in
hue among these stones. Answering this question
would require a detailed study of transmission spectra and thus the availability of parallel-window
samples of known thickness, which are virtually
impossible to obtain on gem-quality—especially
faceted—diamonds of such great value.
Since the spectra of stones C to F reveal that
they are type Ia rather than IIb, their lack of electrical conductivity cannot be explained by a zonation
of diamond type within the stone, as in the situation described for the two pieces of rough. Most
remarkably, the infrared spectra of all four stones
show very sharp bands at about 1498, 2786, and
4499 cm−1, with two very intense ones at 3107 and
3237 cm −1 (figure 5). There are also a number of
related absorptions in the near-infrared (around
5555, 5880, 6070, 7500, 7850, 8255, and 8615 cm−1),
some relatively new to the scientific literature
(Fritsch et al., 1991). In fact, the spectrum in figure 5
is similar to that reported by Fritsch and Scarratt
(1989) as typical for a group of diamonds with a gray

Figure 5. The room-temperature midinfrared absorption spectrum of stone
E, while unusually intense for diamonds, is typical of those recorded to
date for gray-to-blue diamonds from
the Argyle mine, Australia. The sharp
bands at 4499, 3237, 3107, and 2786
cm−1 are due to hydrogen. The “noise”
between 1400 and 600 cm −1 is due to
complete absorption of these energies
by the diamond.
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component to their color. The sharp bands at 3107
and 3237 cm −1 in figure 5 have been attributed to
hydrogen complexes (Woods and Collins, 1983;
Davies et al., 1984). They are, however, unusually
intense in these Argyle diamonds.
In fact, these unusually intense absorption features related to hydrogen have been observed in
over 100 colored diamonds from various sources
that we have studied. We have found distinctive
absorption features or behavior (a list is provided in
Fritsch et al., 1991) in all of these “hydrogen-rich”
diamonds, which can be brown to yellow to gray,
gray to blue or violet, white (opalescent), or exhibit
a “chameleon” behavior. The broad absorption
complex around 550 nm reported for the stones
examined for this article is one of these unusual
absorptions, and is responsible for a gray-to-blue coloration. This absorption complex has been observed
in more than a dozen stones, always in association
with very strong hydrogen bands in the infrared.
This suggests that the presence of the 550 nm
absorption complex and the other unusual absorption features associated with it correlates to the
presence of hydrogen-related defects. Quantitative
research is ongoing to confirm this hypothesis.

DISCUSSION AND CONCLUSIONS
The samples described here demonstrate the existence of natural-color gray-to-blue diamonds that do
not test positive for electrical conductivity, some in
the rough and others in faceted form. We conclude
that there are natural-color non-electrically conductive gray-to-blue diamonds, and that the absence of
electrical conductivity should not be used as the
sole criterion in identifying a diamond in this color
range as treated. Of course, electrically conductive
gray-to-blue natural diamonds are invariably of natural color (with the exception of the currently very

rare, noncommercially available near-colorless diamonds that have been treated with blue synthetic
diamond thin films; as reported by Fritsch in
Koivula and Kammerling, 1991). Therefore, gray-toblue diamonds can no longer be separated from
their treated counterparts on the basis of electrical
conductivity alone.
We have also described here a number of previously unreported absorption features in the visible
spectrum that appear to be responsible for a newly
observed kind of blue-to-gray coloration in gem diamonds. We believe that these features may be related to the presence of unusually high concentrations
of hydrogen. Previously, nitrogen—mostly in combination with structural defects—and boron were
the only trace elements thought to play a role in the
coloration of diamonds. To the best of our knowledge, this is the first time that hydrogen has been
suggested as a cause of color in diamonds.
So, when a gray-to-grayish blue diamond does not
test as electrically conductive, luminescence must
be taken into greater consideration. If the stone
exhibits a yellow to yellow-green luminescence that
is stronger to long- than short-wave ultraviolet radiation, and produces a moderate yellow phosphorescence after exposure to both wavelengths, it is probably a natural-color diamond that belongs to the new
category of blue-to-gray diamonds described here.
We recommend, however, that UV-visible and
infrared absorption spectroscopy be used to confirm
this diagnosis.
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SYMPOSIUM PROCEEDINGS
STUDIES OF THE PINK AND BLUE
COLORATION IN ARGYLE DIAMONDS
J. G. Chapman and C. J. Noble
A suite of 13 pink and three blue diamonds from
the Argyle deposit were examined using electron
spin resonance (ESR), Fourier-transform infrared
spectroscopy (FTIR), luminescence, and other techniques in an attempt to identify the color centers
responsible for their coloration. Seven of the pink
samples had saturations ranging from low to high,
whereas the other six pink diamonds showed similar moderate saturation. The blue samples showed
high saturation.
No new or unique ESR centers were observed in
the pink samples, indicating that the color center
responsible for their pink color was not ESR active.
Some correlation was apparent between the ESR P1
center (single uncharged nitrogen) and the saturation level of the pink diamonds: The intensity of
the P1 center increased with the strength of the
pink color. This correlation is obviously not direct,
however, as the P1 center is also present in nonpink diamonds.
A striking relationship was observed during
photo- and thermo-chromic experiments, in which
the color saturation of the pink diamonds was
altered with UV radiation or heat treatment. These
color changes were reflected by modifications to
the concentrations of P1 and other nitrogen centers
in the specimens. The darker heat-induced colors
were accompanied by a substantial reduction in the
P1 levels.
A possible explanation for these observations is
that the pink color center exists in more than one
charge state, only one of which gives rise to the
pink color. The P1 center is a strong donor (of elec-
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trons) and will affect the Fermi level in a diamond.
This level will, in turn, determine the population of
the charge state of the center that causes the pink
coloration. UV radiation or heat treatments may
thus induce charge transfers between pink color
centers and nitrogen defects.
Photoluminescence (PL) spectra of pink diamonds using 633 nm excitation revealed several
sharp lines. One set, comprising lines at 1.871,
1.817, and 1.693 eV, showed a strong correlation to
the depth of pink coloration. Specimens that did not
conform to this correlation exhibited atypical IR
spectra for Argyle pink diamonds, which mostly
have low levels of nitrogen. Some of the PL peaks
were at energies very similar to those that have
been reported (Sittas et al., 1996) for Ni-Si catalyzed
synthetic diamonds.
Electron paramagnetic resonance (EPR) and
electron nuclear double resonance (ENDOR) analysis of the blue diamonds showed the NE2 center,
which has been observed in synthetic diamonds for
which the center has been proposed to be an Ni+
ion with three neighboring nitrogen atoms
(Nadolinny and Yelisseyev, 1994). A previously
unreported EPR center was observed, which is consistent with an Ni− ion in a substitutional site with
a N+ ion on a fourth nearest neighbor site. This
defect is found exclusively in Argyle blue diamonds. The presence of high concentrations of
nitrogen and hydrogen has also been reported in
Argyle blue diamonds (Fritsch and Scarratt, 1992),
but it is not clear how they are related to the nickel
centers observed or to the color.
The presence of nickel in Argyle blue diamonds
and the PL observations for the pink diamonds
suggest that nickel may be involved in the pink
coloration.

Notes & New Techniques

AN INVESTIGATION INTO THE
CAUSE OF COLOR IN NATURAL BLACK
DIAMONDS FROM SIBERIA
Sergey V. Titkov, Nikolay G. Zudin, Anatoliy I. Gorshkov,
Anatoliy V. Sivtsov, and Larisa O. Magazina

Black and dark gray diamonds from Siberia,
Russia, were studied by analytical scanning and
transmission electron microscopy. Their color is
caused by the presence of dark inclusions. Unlike
some previous reports on black diamonds in
which the dark inclusions were primarily graphite,
the Siberian samples with the most intense black
color contained predominantly magnetite inclusions, while the dark gray diamonds most commonly contained inclusions of hematite and native
iron. Moreover, the black diamonds studied exhibited anomalously high magnetic susceptibility,
which may serve as one criterion for determining
the natural origin of black color.

N

atural diamonds occur in almost all colors
(Orlov, 1977; Hofer, 1998). Most colors—
including brown, pink, red, orange, yellow,
green, blue, and violet—are caused by defects in the
diamond’s crystal structure, most commonly nitrogen and boron impurities, vacancies, and dislocations (Collins, 1982a; Fritsch and Rossman, 1988).
In contrast, black and gray colors in untreated natural diamonds are due to the presence of mineral
inclusions rather than structural defects.
Strange as it may seem, the nature of these
inclusions has not been studied in detail, although
high-quality faceted black diamonds have attracted
considerable interest in the marketplace (see, e.g.,
Gruosi, 1999; figure 1). Data on mineral inclusions
in black diamonds available in the gemological literature are based mainly on examination with the
optical microscope. Black inclusions clearly seen

with an optical microscope have been described
previously as graphite (see, e.g., Kammerling et al.,
1990b). Orlov (1977) suggested that finely dispersed graphite microparticles also occur in those
black diamonds in which individual inclusions
could not be seen with the optical microscope.
Although very rare, facetable black diamonds
are found in primary kimberlite and secondary
alluvial deposits worldwide. Such diamonds are
mined in Siberia, eastern Russia, mainly from the
Mir kimberlite pipe. A number of companies, such
as Rony Carob Ltd. (Moscow), V. N. Almaz LLC
(New Jersey), and V. B. International Corp. (New
York), cut black diamonds from Siberia for use in
jewelry (see, e.g., figures 2 and 3).
The aim of this article is to document the identification of mineral inclusions in black and nearblack diamonds from Siberian deposits using analytical scanning and transmission electron
microscopy methods. In our previous work
(Gorshkov et al., 2000; Titkov et al., 2001; and references therein), we used these techniques to
investigate microinclusions in polycrystalline diamond aggregates (bort and carbonado) from various
deposits. That data expanded our knowledge of
inclusions in natural diamonds, and demonstrated
their mineralogical diversity. In particular, we
found that native metals—including common Fe
and rare Cr, Ni, Ag, Au, Cu, Ti, and Fe-Cr, Fe-Ni,
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Figure 1. Black diamonds have become
increasingly popular in
modern jewelry such as
this brooch, which contains 992 black diamonds (total weight
54.50 ct) and 170 colorless diamonds (total
weight 1.90 ct). The center diamond weighs 2.51
ct. Courtesy of Chanel
Fine Jewelry, from the
Collection Privée.

Ag-Au alloys—occur widely as inclusions in natural polycrystalline diamonds. It is noteworthy that
some of these metals, most often Ni and Fe, are
used as fluxes in diamond synthesis, and synthetic
crystals often contain them as inclusions
(Muncke, 1979).

MATERIALS AND METHODS
We studied four rough black diamonds (samples
1–3 and 6), and two rough nearly black or dark gray
diamonds (samples 4 and 5), from which polished
brilliants could be manufactured. Samples 1–5
were recovered from the kimberlites of western
Yakutia and weighed 13–25 ct each; sample 6, 1.8
ct, came from the Anabar placer deposit in northern Yakutia.
All six diamonds were examined with an
Olympus BX51 optical microscope, and photomicrographs were taken using a MIN-8 microscope
with a Pentax-MZ5N camera.
The six diamonds were then studied with analytical electron microscopy (Wenk et al., 1995;
Shindo and Oikawa, 2002), and the inclusions
were identified by their chemical composition and
structural parameters. Investigations were per-
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formed using a JEOL JEM-100C transmission electron microscope (TEM) equipped with a goniometer and a Kevex 5100 energy-dispersive X-ray spectrometer, allowing the detection of elements from
Na to U. We also used a JEOL JSM-5300 scanning
electron microscope (SEM) equipped with an
Oxford LINK ISIS energy-dispersive X-ray spectrometer, which permitted detection of elements
from Be to U (including, most significantly, oxygen). With these two instruments, we obtained
information on micromorphological features (from
SEM backscattered electron images and TEM
images), line and volume structural defects (from
TEM images), structural parameters (from selected-area electron diffraction patterns obtained using
the TEM), and chemical compositions (from energy-dispersive spectra) of inclusions as small as a
fraction of a micron. Box A provides more information on analytical electron microscopy.
In preparation for analysis, each sample was
crushed after being wrapped in a special thick
paper to avoid contamination. In large fragments,
quantitative energy-dispersive analysis of inclusions was performed by SEM on polished surfaces,
and semi-quantitative analysis was performed on
rough, unpolished surfaces that were quite flat and

BOX A: ANALYTICAL ELECTRON MICROSCOPY
Analytical electron microscopy is the combination of
transmission or scanning electron microscopy (TEM
or SEM) with energy-dispersive X-ray spectroscopy
(EDS). It is one of the most powerful tools available
for characterizing the solid-state substances that
occur as micron-sized inclusions in minerals.
The electron microscope uses a beam of accelerated electrons instead of visible light (as in an optical
microscope). Electron microscopy provides for magnifications of more than 500,000×, and a spatial resolution of 3 angstroms (or 3 × 10 −10 m), because the
wavelength of an electron beam is about four orders
of magnitude shorter than that of visible light.
In TEM, the electron beam is focused by a magnetic lens through a specimen that is thin enough
to be transparent to the beam. In image mode, it
provides electron micrographs that reveal various
defects (dislocations, misoriented microblocks,
microtwins, etc.) in a specimen. In diffraction
mode, the instrument generates selected-area electron diffraction patterns, calculation of which
reveals structural characteristics. The general principle behind electron diffraction patterns is similar
to that of X-ray diffraction patterns. Analysis of
these patterns is very complicated, because published lattice parameters obtained with this technique are quite rare in the mineralogical literature,
and absent from the gemological literature. The
analysis and calculation of electron diffraction patterns are discussed in Hirsch et al. (1977).
Electron diffraction patterns may be of two
types: point and ring. Point diffraction patterns are
formed if the sample studied is a perfect single crystal, with each point corresponding to the reflection
from a specific set of atomic planes in the lattice.
Ring diffraction patterns are produced by polycrystalline aggregates, with each ring corresponding to a
certain reflection from many microblocks, or grains,
in various orientations (i.e., a ring consists of many
points, each of which corresponds to one misoriented block). Discrete-ring diffraction patterns may
arise if microblocks in the aggregate have a preferred orientation, or if the aggregate is characterized by a certain texture.
Some important limitations of the TEM technique in gemology are that the sample must be very
thin (i.e., it must be crushed to a powder or chemically etched), and the area analyzed is only about 1
mm in diameter.
In a scanning electron microscope (see, e.g., figure
A-1), images are recorded using secondary and

backscattered electrons reflected from a sample surface. SEM provides information on micromorphology, grain and pore sizes, sample homogeneity, the
relationship between different phases, and the like.
For both TEM and SEM, the interaction of the
electron beam with a sample produces characteristic X-ray radiation. Measuring the intensities of
these X-rays with energy-dispersive detectors (the
basis of EDS) reveals the chemical composition of
the sample.
In summary, analytical electron microscopy
provides unique information on micromorphological features (from SEM images and TEM images),
line and volume structural defects (from TEM
images), structural parameters (from electron
diffraction patterns obtained using the TEM), and
chemical composition (from EDS) of samples as
small as a fraction of a micron. For more information on analytical electron microscopy, see Wenk
et al. (1995), Shindo and Oikawa (2002), and references therein.
Facilities equipped with SEM+EDS and
TEM+EDS instruments can be found at some universities or research centers, particularly those specializing in materials science, chemistry, physics, or
geology. The approximate costs of these instruments are typically: SEM, $100,000–$300,000;
TEM, $500,000 –$1,000,000; and EDS detector,
$70,000–$300,000.

Figure A-1. The scanning electron microscope used
for this study was equipped with an energy-dispersive X-ray spectrometer, for analysis of elements
ranging from Be to U. Photo by M. K. Sukhanov.
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Figure 2. These two faceted diamonds are from the
Siberian deposits in Russia, which were also the
source of the samples examined for this study. The
hexagon-shaped stone measures approximately 8.4
mm in diameter. Photo by M. A. Bogomolov.

oriented nearly perpendicular to the electron
beam. These samples were carbon coated to disperse electrostatic charge in the SEM. For TEM
analysis, the crushed diamond powder was placed
into a test tube with distilled water, and treated
ultrasonically to obtain micron-size particles.
Drops of this suspension were placed onto a copper
grid with an electron-transparent film and dried
under a lamp. In each suspension sample, about
100–200 particles were analyzed, and for each particle, a TEM image, an electron diffraction pattern,
and an energy-dispersive spectrum were obtained.
The relative abundance of various types of inclusions was estimated based on the frequency of
their presence in the suspension sample.
The magnetic susceptibility of the largest fragments of the six samples was analyzed with a
Kappabridge KLY-2 magnetometer. Box B provides
information on magnetic susceptibility.

Figure 3. The dark gray and black diamonds in these
brooches came from Siberia. The length of the brooch
on the right is 6.8 cm. Courtesy of Rony Carob Ltd.;
photo by M. A. Bogomolov.

RESULTS
Samples 1–5 were irregular rounded diamonds (see,
e.g., figure 4). Examination with an optical microscope showed that they consisted of polycrystalline
aggregates of intergrown grains from 0.5 to 5.0 mm
in size, with parallel striations. Some of their surfaces showed characteristic post-growth dissolution
features (e.g., block sculpture, ditrigonal striations,
etc.; see Orlov, 1977). Sample 6 was a rounded, distorted crystal with octahedral habit that also displayed dissolution features (block- and drop-like
hillocks; see Orlov, 1977). All six diamonds were

Figure 4. These two
rough polycrystalline
diamonds were among
the six studied to determine their cause of
color. Shown are sample
2 (left, 25.26 ct) and
sample 5 (right, 22.36
ct). Photos by M. A.
Bogomolov.
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BOX B: MAGNETIC SUSCEPTIBILITY OF MINERALS
All substances, including minerals, possess magnetic
properties to some degree. These properties may be
characterized by magnetic susceptibility, as well as by
magnetization, magnetic permeability, magnetic
structure, and the like. Magnetic susceptibility (χ) is a
physical value that characterizes the relationship
between the induced magnetization of a substance
and a magnetic field applied. Volume magnetic susceptibility is defined by the ratio of the magnetization
per unit volume of a substance to the strength of the
magnetic field applied. For most practical purposes,
specific magnetic susceptibility is expressed—that is,
the volume of magnetic susceptibility calculated per
kilogram of the material (in units of m3⁄kg). For ferromagnetic (e.g., native Fe and Ni), ferrimagnetic (e.g.,
magnetite, chromite), and paramagnetic (e.g., garnet,
mica, tourmaline) minerals, magnetic susceptibility is
positive. Its value reaches the order of 106 for the first

almost opaque, due to a combination of numerous
inclusions and microfractures.
Inclusions. Examination of the six samples using an
optical microscope revealed large numbers of very
small, dark inclusions (figure 5), the apparent cause
of the black or dark gray color. To the unaided eye,
these inclusions generally appeared to be evenly distributed throughout the sample. However, examination with the optical microscope revealed that they
typically formed clusters or linear boundaries
between individual diamond grains, where a great

Figure 5. Examination with an optical microscope
revealed numerous black inclusions in the sample
diamonds. Photomicrograph by M. A. Bogomolov,
oblique illumination; the field of view is 2 mm.

two groups, but is only about 10−6–10−9 for the last.
For diamagnetic minerals (e.g., diamond, quartz,
feldspar), magnetic susceptibility is negative, being on
the order of 10−8–10−9.
Magnetic susceptibility may be measured with a
special magnetometer, called a χ-meter (or kappa
meter). In this device, a tube containing the material
under examination is suspended from the arm of a
balance between the poles of an electromagnet.
When the magnetic field is activated, it will produce
a certain amount of downward magnetic force,
which is measured by the weight necessary to compensate for it. From the value of the downward magnetic force and the strength of the magnetic field
applied, the magnetic susceptibility of the mineral
can be calculated.
For more information on magnetic susceptibility,
see O’Reilly (1984).

number of microfractures also occurred.
Both SEM and TEM images revealed that the
inclusions were diverse in size, ranging from 0.1 to
100 μm. Most consisted of magnetite, hematite, and
native iron, which were identified by their chemical
composition as obtained with energy-dispersive
spectroscopy and by their structural parameters as
calculated from TEM electron diffraction patterns.
Magnetite. Magnetite (Fe2+Fe3+
2 O4) was identified in
five of the six diamonds (samples 1–3, 5, and 6), and
was predominant in the two samples that showed the
darkest black color (1 and 2). SEM backscattered electron images (see, e.g., figure 6, left) revealed that magnetite inclusions occurred as both individual irregular
grains (1–4 μm) and clusters of these grains, in the diamonds themselves and along microfractures. Energydispersive spectra of these inclusions usually indicated the presence of only Fe and O (figure 6, right), as
would be expected for magnetite. Some grains from
sample 6 contained Mn impurities (about 8 wt.%).
In TEM images obtained from suspension samples, the magnetite appeared as irregular particles
with varying degrees of perfection (i.e., single crystal
vs. polycrystalline aggregates; see figure 7, left). The
electron diffraction patterns of most of the magnetite
particles showed a series of discrete ring reflections
(figure 7, right), which is characteristic of a polycrystalline aggregate with preferred orientation of grains,
in sizes smaller than 1 μm. For some of the magnetite particles, the diffraction patterns exhibited
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Figure 6. An SEM backscattered electron image (left) of the broken surface of one of the black diamonds studied
revealed that magnetite inclusions (bright white spots) occurred as both individual grains and clusters in the
diamond matrix (dark area). The energy-dispersive spectrum of such inclusions (right) typically indicated the
presence of only Fe and O. The carbon (C) is from the carbon coating on the sample.

continuous ring reflections (characteristic of polycrystalline aggregates with random grain orientation)
and point reflections (characteristic of single crystals).
Processing of these patterns yielded diffraction characteristics typical of the magnetite structure.
Hematite. In the two dark gray diamonds (samples 4
and 5), hematite (Fe2O3) inclusions were predominant. SEM images revealed that the hematite inclusions usually formed scale-like particles (figure 8,
left). Energy-dispersive spectra of these particles
showed peaks for Fe and O, and rarely a weak peak
related to Mg impurities (figure 8, right). TEM
images revealed that the particles were actually single crystals (figure 9, left) that showed point reflections in the diffraction patterns (figure 9, right); they
also formed rounded polycrystalline aggregates (figure 10, left) that gave a discrete-ring type of diffraction pattern (figure 10, right).
Metallic Elements. Inclusions of native iron were
detected in all six samples, but they were less abun-

dant than the inclusions of Fe oxides. The native
iron formed individual isometric grains and clusters
(figure 11, left); most were essentially free of impurities (figure 11, right), though some showed minor
Cr, Mn, Ni, and/or Cu. In TEM images, native Fe
was seen as irregular particles (figure 12, left). Their
electron diffraction patterns yielded a series of discrete ring reflections (figure 12, right).
In addition to native Fe, sample 1 contained
inclusions of native Cu, sample 2 exhibited inclusions of an Fe0.9Cr0.1 alloy, and sample 3 displayed
inclusions of native Ag and native Zn.
Other Dark Mineral Phases. Inclusions of an exotic
phase consisting of Cu (55–65 wt.%), Sn (7–16 wt.%),
Ni (4–8 wt.%), and O were found in samples 1 and 2.
This mineral filled cracks in the black diamonds and,
in some cases, formed irregular grains. Analysis of the
elemental distribution within these inclusions—
which was obtained using characteristic X-ray radiation of Cu, Sn, Ni, and O—indicated that it was quite
homogeneous, rather than a mixture of several phases.
Figure 7. This TEM image (left)
of a suspension sample from a
black diamond shows that
most of the magnetite inclusions consist of irregular aggregates. The electron diffraction
pattern (right) of this grain
shows a series of discrete ring
reflections, which is characteristic of a polycrystalline aggregate
with preferred orientation of the
grains. The diffraction reflections of the corresponding lattice planes have been indexed.
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Figure 8. Hematite inclusions, which were most common in the dark gray diamonds, usually occurred as scalelike particles, as shown by the bright white grains in this SEM image (left). The energy-dispersive spectrum of
the hematite (right) showed peaks for Fe and O and, rarely, Mg. The Al peak is due to interference, and the C
peak corresponds to the carbon coating.

Electron diffraction patterns of this phase showed a
series of discrete ring reflections, consistent with a
polycrystalline structure. Processing of these electron
diffraction patterns revealed structural characteristics
that, combined with the chemical composition, have
not been reported previously to our knowledge.
In sample 1, small quantities of the sulfide minerals chalcocite (Cu2S) and pyrite (Fe2S) were detected.
Graphite inclusions were extremely rare in our
samples. A few scale-like graphite particles were
found, but only in samples 1 and 3.
Non-black Inclusions. A minor amount of Fehydroxide minerals formed inclusions in samples 1,
2, and 6. Calculation of their structural parameters
from electron diffraction patterns identified some
as goethite (rhombic modification of FeO-OH) and
others as akaganéite (tetragonal modification of
FeO-OH).
Inclusions that apparently were not related to
the black coloring of the diamonds were also found
in the samples. Most of the diamonds contained
inclusions of chrysotile (Mg3[Si2O5]OH), which

filled microfractures and microcavities. Also detected were common calcite (CaCO3) and dolomite
([Ca,Mg]CO3), as well as rare olivine ([Mg,Fe]Si2O4),
anhydrite (CaSO4), fluorite (CaF2), halite (NaCl),
cuprite (CuO), quartz (SiO2), feldspars, and some
other minerals. Most of these have been previously
identified as inclusions in diamond (see Harris,
1992; Gorshkov et al., 2000; Titkov et al., 2001).
Magnetic Susceptibility. The measured specific
magnetic susceptibility of the dark gray and black
diamonds varied over a wide range, from –0.6 × 10−8
m3⁄kg to +36 × 10 −8 m3⁄ kg. (By comparison, pure
diamond has a specific magnetic susceptibility of
−0.62 × 10−8 m3⁄kg; Novikov, 1993.) The maximum
magnetic susceptibility was measured in sample 1,
which also had the darkest black color. However,
the
relationship
between
the
depth
of black color and magnetic susceptibility was
not straightforward, because our measurements of
the volume magnetic susceptibility were influenced by all of the various mineral inclusions in a
sample.

Figure 9. Single-crystal
particles of hematite (as
shown in a TEM image,
left) produced point electron diffraction patterns
(right). The (001)* index
shows the general orientation of the particle.
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Figure 10. Polycrystalline
aggregates of hematite
(shown in a TEM image,
left) produced a discretering type of electron
diffraction pattern (right).

DISCUSSION
Our results suggest that the color of the black and
dark gray diamonds studied was caused primarily by
inclusions of magnetite, hematite, and native Fe.
Inclusions of Cu-based oxides detected in some samples also may have contributed to the black color of
these diamonds. In samples of the darkest color, magnetite was the most common inclusion. In the dark
gray diamonds, inclusions of hematite and native Fe
were predominant. Further detailed studies of black
diamonds from other localities are required to determine whether the presence of magnetite, hematite,
and native Fe inclusions are merely a characteristic
feature of black and dark gray diamonds from Siberia,
or if they are typical of all such diamonds worldwide.
Nevertheless, magnetite has been reported as abundant inclusions in some dark gray diamond aggregates from African deposits (Jeynes, 1978).
In previous studies, magnetite was observed as
isolated inclusions in single crystals of transparent
diamond (Prinz et al., 1975; Harris, 1992). Its syngenetic character (i.e., formed at the same time)
with diamond was established on the basis of

observations that the inclusions were completely
isolated in diamond and were not accompanied by
fractures; furthermore, they showed growth steps
characteristic of the host diamond (Prinz et al.,
1975). Inclusions of native Fe, as well as other
native metals, are rather widespread in polycrystalline and translucent diamonds from various
deposits worldwide (Gorshkov et al., 2000; Titkov
et al., 2001; and references therein), so their appearance in the samples studied was not unexpected.
Graphite, commonly presumed to be the cause of
black color in diamonds, was detected in very small
amounts in only two of our samples, so it cannot be
responsible for their coloring. Sulfide minerals also
were very rare, and so they did not have a significant
impact on the color of our samples. It should be
noted that in transparent single-crystal diamonds,
dark sulfides are common (Harris, 1992), but so far
they have not been documented in large enough
quantities to cause dark gray or black coloration.
Sulfides were absent in the opaque single-crystal
black diamond studied here (sample 6).
The inclusions of magnetite, hematite, and

Figure 11. Most native-iron inclusions (bright white in the SEM image on the left) were essentially free of impurities, as shown by the energy-dispersive spectrum on the right. The Al peak is due to interference, and the C
peak corresponds to the carbon coating.
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native Fe apparently contributed to the unusual
magnetic properties of the diamonds studied. The
wide range of values we measured was probably due
to the variable content of magnetic inclusions, and
to the presence of numerous inclusions of other
minerals. In previous work (Jeynes, 1978), diamond
polycrystalline aggregates (e.g., bort) that could be
separated from other diamonds by an electromagnet
were referred to as stewartite.
The unusual magnetic properties of these naturalcolor black diamonds may be useful in separating
them from their artificially colored counterparts.
Black may be produced by irradiation with neutrons
or gamma rays in a nuclear reactor (Collins, 1982a),
by ion implantation in a linear accelerator (Moses et
al., 2000), and by heating in a vacuum to cause internal graphitization (Notari, 2002). None of these processes induces magnetism, and the relatively inclusion-free natural diamonds that are irradiated to produce a black color are not magnetic. Therefore, magnetic properties could provide an important criterion
for identifying natural black coloration. It is important to note that anomalously high magnetic susceptibility is also characteristic of synthetic diamonds
grown from Fe melts and containing metallic flux
inclusions (Novikov, 1993). One magnetic synthetic
“black” diamond was described by Reinitz (1999),
but its color was actually very dark blue, caused by
abundant boron impurities rather than inclusions.
It is interesting to speculate that the weak magnetism of these natural black diamonds may be
responsible for the positive health benefits ascribed
to black diamonds in ancient times.
The inclusions in natural black and dark gray
diamonds are also interesting when we consider the
genesis of these diamonds in the earth. The widely
accepted hypothesis is that most gem-quality diamonds crystallized from silicate mantle melts (of
eclogite and peridotite compositions) at a depth of

about 150 km, and then were carried to the surface
by kimberlite or lamproite magma (Orlov, 1977;
Kirkley et al., 1991; Harris, 1992). According to this
theory, the occurrence of the inclusions revealed in
our samples may be explained only as a result of
post-growth formation within fractures in the host
diamonds. However, most of the black inclusions
were entirely surrounded by the diamond matrix,
indicating that they were incorporated into the host
diamonds during growth. Previous work has also
established that magnetite and native-iron inclusions in diamond can be syngenetic (Prinz et al.,
1975; Harris, 1992; Gorshkov et al., 2000; Titkov et
al., 2001). Furthermore, these black inclusions were
abundant in our samples, while inclusions of silicate minerals that are typical of mantle rocks (e.g.,
garnet, olivine, pyroxene) were nearly absent—
despite the fact that silicate inclusions should be
present in polycrystalline diamonds if they actually
crystallized from silicate melts.
The abundance of magnetite, hematite, and
native-iron inclusions in the diamonds that we studied might be better explained by another mechanism
of diamond formation. This hypothesis assumes that
diamond crystallized as a result of the injection of
deep-derived hydrocarbon-bearing fluids into moreoxidized rocks of the lithosphere and their subsequent interaction (W.R. Taylor and Green, 1989;
Navon, 2000). Most of the inclusions in our samples,
in particular native Fe and magnetite, might be products of redox (oxidation-reduction) interactions
between hydrocarbon fluids and lithospheric rocks
(eclogite and peridotite). In the process of these interactions, the redox potential could change dynamically, causing the formation of inclusions representing
very different redox conditions, for native metals on
the one hand and for oxide and carbonate minerals
on the other. Understanding the occurrence of these
inclusions requires further detailed study.

Figure 12. In TEM
images (e.g., on the left),
native Fe often appeared
as irregular particles.
Their electron diffraction patterns (e.g., right)
gave a series of discrete
ring reflections.
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SUMMARY AND CONCLUSION
Black diamonds, cut and rough, continue to gain popularity in contemporary jewelry (figure 13). Yet there
has been little detailed research to date on the cause
of color in these unusual gems. This investigation by
analytical electron microscopy has shown that the
coloring of the black and dark gray diamonds studied
was caused primarily by the presence of inclusions of
magnetite, hematite, and native Fe. The diamonds
with the darkest black color contained predominantly magnetite inclusions, while the dark gray samples
most commonly contained inclusions of hematite
and native Fe. These mineral inclusions are responsible for the anomalously high magnetic susceptibility
of our samples, which may prove to be of value as a
criterion for the natural origin of black color.
Figure 13. Even rough black diamonds have found a niche
in contemporary jewelry. This ring, set with a 5.8 ct black
diamond, is designed by and courtesy of Pam Keyser.
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GEM NEWS INTERNATIONAL
BLACK DIAMOND WITH UNUSUAL
GROWTH STRUCTURES
Sutas Singbamroong and Emmanuel Fritsch
The Dubai Gemstone Laboratory received a large
black round brilliant mounted in a ring for identification (figure 1, left). As measured in the mounting,
the stone was approximately 20 mm in diameter
and 12 mm deep. It was identified as diamond with
standard gemological testing and the presence of the
1332 cm−1 diamond Raman peak. It was inert to
both long- and short-wave UV radiation. With very
strong fiber-optic illumination, the stone appeared
dark brown (figure 1, right). Due to the size of the
stone and the nature of the mounting, it was not
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possible to perform a detailed investigation of the
color origin using FTIR spectroscopy. Nevertheless,
there was no indication that the color was the result
of treatment.
Closer examination with fiber-optic illumination
revealed some unusual growth features in this diamond (figure 2). Near the center of the table were
dark bands that defined a roughly four-sided curvilinear structure. The shape of this feature is fairly typical of cuboid growth in diamond. Surrounding these
dark bands were faint concentric bands and a radiating structure, which are suggestive of fibrous growth.
Both of these growth types can be found in
brown diamond. Cuboid growth is always curvilinear, never straight, with a mean orientation corre-

Figure 1. This large (20
mm) apparently black
diamond (left) had a
dark brown bodycolor
with intense fiberoptic illumination
(right). Photos by
S. Singbamroong,
© Dubai Gemstone
Laboratory.

sponding to cube faces (hence the name). Moreover,
because the table apparently intersected this
growth pattern in a random orientation, the nearcubic orientation of the growth in the core was not
immediately evident. Although the structure
observed in the outer portion was strongly suggestive of fibrous growth, such diamond is typically
opaque (relative to cuboid growth), and when it is
brown, it is usually not as saturated as seen in the
present stone. Therefore, the fibrous structure seen
in this dark brown diamond was rather puzzling.
An alternate explanation for this diamond’s growth
would be that the entire stone formed via
spherulitic (fibrous) growth; however, a diamond
spherulite of this size would be quite unusual.
Only X-ray topography could unambiguously confirm the growth sequence, but this technique was
not available to study this sample.
If our interpretation is correct, this growth succession of a cuboid core followed by a fibrous overgrowth is quite unusual. Theoretically, there is no
reason why there could not be a progression of
cuboid to fibrous growth; the sequence from octahedral to fibrous growth in “coated” diamonds is wellknown. It is therefore surprising that a cuboid-

fibrous growth combination has not yet been previously noted. The reason for the apparent rarity of
this sequence of growth conditions is unknown at
this time.

Figure 2. Curvilinear growth layers, which are fairly
typical of cuboid growth, are visible near the center of
the “black” diamond’s table facet. A more puzzling,
aggregate growth structure appears to radiate from the
curvilinear core. Photomicrograph by S. Singbamroong,
© Dubai Gemstone Laboratory; magnified 16×.
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A GEMOLOGICAL STUDY OF
A COLLECTION OF
CHAMELEON DIAMONDS
Thomas Hainschwang, Dusan Simic, Emmanuel Fritsch, Branko Deljanin, Sharrie Woodring, and Nicholas DelRe
Chameleon diamonds are among the rarest of gem diamonds. This article reports on a unique collection of 39 chameleon diamonds ranging from 0.29 to 1.93 ct, which exhibited temporary
changes in color when heated to approximately 150°C and, for some, after prolonged storage in
the dark (i.e., thermochromic and photochromic color changes, respectively). Most changed from
“olive” green to brownish yellow or yellow, although some changed from light yellow to a more
intense greenish yellow. The thermochromic and photochromic color change observed in the
“olive” green chameleon diamonds is typical of “Classic” chameleons, whereas the solely thermochromic change shown by the light yellow group was the “Reverse” of that seen in Classic
chameleon diamonds. The Classic and Reverse groups showed different spectroscopic and UV fluorescence characteristics, but all stones exhibited strong long-lasting phosphorescence after shortwave UV excitation. Hydrogen was identified in all samples by FTIR spectroscopy, and minor Nirelated emissions were detected by photoluminescence spectroscopy in most. Using this combination of reaction to UV radiation and spectroscopic properties, a gemologist can separate
chameleon from other green diamonds without unnecessary exposure to heat.

T

he rarity of chameleon diamonds and their
interest for the connoisseur are due to their
unusual ability to change color temporarily
when heated to about 150°C (“thermochromism”) or
after prolonged storage in the dark (“photochromism”;
see Fritsch et al., 1995). The stable color shown by
chameleon diamonds is typically grayish yellowish
green to grayish greenish yellow (“olive”), while the
unstable hue is generally a more intense brownish or
orangy yellow to yellow (figures 1 and 2). After heating, the color of a chameleon diamond quickly returns
to its stable hue. The color change after storage in the
dark is usually not as dramatic as that seen on heating.
Some of these chameleons have a stable color reminiscent of “normal” green diamonds. While the
green color of these diamonds is caused by exposure
to radiation (either naturally or in the laboratory),
the mechanism behind chameleon coloration is not
yet well understood. Nevertheless, chameleons are
among the few green diamonds that can be conclusively identified as natural color, since this behavior
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cannot be created or enhanced in the laboratory.
Relatively little has been written about
chameleon diamonds, and the precise definition of
this behavior is not at all clear. For some members
of the trade, a temporary photochromic color
change must be present for a diamond to be referred
to as “chameleon”; in contrast, many publications
describe chameleon diamonds as having either a
thermochromic (using rather low annealing temperatures) or photochromic temporary color change
(Raal, 1969; Liddicoat, 1993; Fritsch et al., 1995).
Chameleon diamonds were first documented in
1943 (Liddicoat, 1993), and since then they have
been described in several brief reports (see, e.g.,
Chabert and Reinitz, 2000). Extensive research on a

See end of article for Acknowledgments.
From GEMS & GEMOLOGY, Vol. 41, No. 1, pp. 20–35
© 2005 Gemological Institute of America

Figure 1. One of the
more spectacular
chameleon diamonds
examined for this study
was this 1.01 ct marquise
diamond, shown at
room temperature (left)
and at approximately
150°C (right). Photo by
T. Hainschwang.

single large chameleon diamond was published by
E. Fritsch and colleagues (1995). Most recently,
Shigley et al. (2004) reported additional data on
chameleon diamonds, including the presence of Nirelated emissions detected by photoluminescence
spectroscopy. We believe the present article is the
first extensive study of a large number of
chameleon diamond samples; it is part of ongoing
research by EGL USA on colored diamonds in
collaboration with other gemological laboratories
and universities worldwide. Some preliminary
observations on this collection of chameleon diamonds were published by Deljanin (2004).
Figure 2. These images show typical color changes
seen in chameleon diamonds of the Classic (top,
0.83 ct) and Reverse (bottom, 1.09 ct) types. The left
images show the stable color, while the unstable
color is on the right. Photos by T. Hainschwang.

MATERIALS AND METHODS
Thirty-nine chameleon diamonds were included in
this study (as described in table 1 and illustrated in
figure 3). Unfortunately, the geographic origins of
these diamonds are unknown. The stones were purchased between 1987 and 2004: 40% were obtained in
India, 30% in Antwerp, and 30% in Tel Aviv. All the
diamonds were accompanied by grading reports from
either GIA or EGL, which stated that, under certain
circumstances, they exhibited a change in color.
The stable color of the chameleon diamonds was
graded by the above laboratories, while the unstable
color was described by two of the authors (TH and
DS). Luminescence to ultraviolet radiation and
phosphorescence were observed with a 4-watt UVP
UVGL-25 Mineralight Lamp using 254 nm (shortwave) and 365 nm (long-wave) excitation.
Observations between crossed polarizers were made
with a gemological microscope using Leica optics at
10–60× magnification. Color distribution was studied with each stone immersed in methylene iodide.
The change in color was observed using a 6500 K
daylight-equivalent light and a hot plate (range of
40–325°C); the temperature during the heating process was monitored using a thermocouple connected to a digital multimeter. The samples were also
cooled in liquid nitrogen to monitor possible color
changes induced by low temperature.
We recorded infrared spectra in the range of
6000–400 cm −1 on a Nicolet Nexus 670 FTIR
spectrometer, using a diffuse reflectance (DRIFTS)
accessory as a beam condenser to facilitate the analysis of small faceted stones, with an accumulation of
100 scans at a resolution of 2–4 cm−1. We recorded
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photoluminescence spectra with the diamonds
~ –196°C), using an
immersed in liquid nitrogen (T ~
Adamas Advantage SAS2000 system equipped with
a 532 nm semiconductor laser and an Ocean Optics
SD2000 spectrometer (resolution 1.5 nm) with a
2048-element linear silicon CCD-array detector. VisNIR spectra in the range of 400–1000 nm were collected with the SAS2000 system, using the same
spectrometer and detector as described above, with a
resolution of 1.5 nm and 60–250 sample scans. The
measurements were performed using an integrating
sphere at liquid nitrogen temperature. Also, to monitor changes due to heating, we recorded spectra at

room temperature as well as with some stones heated to approximately 325°C; the higher temperature
was used to assure that the diamond was in its
unstable color state during the accumulation of the
spectrum.
In addition to the 39 diamonds included in the
chameleon collection, one additional chameleon diamond was analyzed (box A); the sample, referenced
as TH-A1, was first described by Hainschwang
(2001). An FTIR spectrum of a hydrogen-rich
chameleon diamond, which was not part of the collection, called “TH-cham1,” is included to compare
the strength of color change with hydrogen content.

TABLE 1. The 39 chameleon diamonds in this study and their changes in color.
Stone no./
Grading laba

Classic or
Reverse group

Magnitude of
color change

1.1/GIA

0.39 ct round

Classic

1.2/GIA

0.64 ct marquise

Classic

1.3/GIA

0.43 ct marquise

Classic

1.4/EGL

0.63 ct marquise

Classic

Fancy Dark grayish
greenish yellow
Fancy Dark brownish
greenish yellow
Fancy Dark grayish
yellowish green
Fancy Deep green yellow

1.5/GIA

1.60 ct pear

Classic

Fancy Dark yellowish brown

1.6/GIA

0.46 ct pear

Classic

1.7/EGL

0.83 ct heart

Classic

1.8/GIA

1.75 ct cushion

Classic

1.9/GIA

0.67 ct oval

Classic

2.1/GIA

1.93 ct marquise

Classic

2.2/GIA

0.72 ct marquise

Classic

2.3/GIA

0.58 ct marquise

Classic

2.4/GIA

0.81 ct heart

Classic

2.5/GIA

0.48 ct marquise

Classic

Fancy Dark grayish yellowish
green
Fancy Deep grayish
yellowish green
Fancy Dark grayish
yellowish green
Fancy Dark grayish
yellowish green
Fancy Deep brownish
greenish yellow
Fancy brownish
greenish yellow
Fancy grayish greenish
brown yellow
Fancy Deep brownish
greenish yellow
Fancy brownish yellow

2.6/GIA

0.29 ct marquise

Classic

2.7/GIA

0.57 ct heart

Classic

2.8/EGL

0.46 ct round

Classic

2.9/EGL

0.52 ct round

Reverse

aDescriptions

Fancy brownish greenish
yellow
Fancy grayish greenish
yellow
Fancy Deep brownish
greenish yellow
Fancy Light brownish yellow

Fancy Intense
orangy yellow
Fancy Deep brownish
orangy yellow
Fancy Deep brownish
orangy yellow
Fancy Deep brownish
greenish yellow
Fancy Deep brownish
orangy yellow
Fancy Intense orangy
yellow
Fancy Intense orangy
yellow
Fancy greenish yellow

Strong
Strong
Strong
Weak
Strong
Strong
Strong
Weak

Fancy Intense yellow

Strong

Fancy Deep brownish
orangy yellow
Fancy Deep orangy
brown yellow
Fancy Deep brownish
orangy yellow
Fancy Deep brownish
orangy yellow
Fancy Intense yellowish
orange
Fancy Intense orangy
yellow
Fancy brownish yellow

Strong

Fancy Deep brownish
orangy yellow
Fancy greenish yellow

Strong

Strong
Strong
Strong
Strong
Strong
Strong

Moderate

of the unstable colors for all of the diamonds were determined by the authors. Note that, presently, GIA only recognizes the Classic type
(and not the Reverse type) as a chameleon diamond.
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RESULTS
Color Description. Two different stable-color
groups were observed in the chameleon diamonds
(see figure 3, top):
1. Green with a gray, brown, or yellow color component (“olive”); or yellow with green, brown, or
gray modifying colors. These are referred to hereafter as “Classic.”
2. Light yellow with typically a greenish, grayish, or
brownish component. These are referred to as
“Reverse.”

Stone no./
Grading Lab

The Classic group of chameleons (31 of the 39
diamonds) exhibited a distinct change in color when
heated (figure 3, bottom). The unstable color varied
from saturated brown-yellow to orange-yellow to
yellow. The same change of color also was observed
after prolonged storage in the dark for all except four
stones, but it was not nearly as pronounced as the
change induced by heating. Usually a couple of
hours in darkness was sufficient to induce the color
change. Cooling to liquid nitrogen temperature did
not provoke a color change.
The Reverse group (8 of the 39 diamonds) differed from the first group in that heating induced

Classic or
Reverse group

Magnitude of
color change

3.2/GIA
3.3/GIA

1.52 ct oval
0.47 ct marquise

Classic
Classic

Fancy grayish yellowish green
Fancy grayish yellowish
green
Fancy Deep brownish yellow

Fancy Deep brownish yellow
Fancy brownish yellow

Strong
Strong

3.4/GIA

0.58 ct marquise

Classic

Fancy Deep brownish
yellow
Fancy Intense yellow

Strong

3.5/GIA

1.01 ct marquise

Classic

3.6/GIA

1.54 ct marquise

Classic

Fancy grayish yellowish
green
Fancy gray yellowish green

Fancy grayish yellow

Moderate to
strong
Strong
Strong

3.7/GIA
3.8/GIA

0.41 ct round
0.29 ct round

Classic
Classic

Fancy Dark greenish gray
Fancy Dark greenish gray

3.9/GIA

0.47 ct round

Classic

3.10/GIA

0.47 ct round

Classic

3.11/GIA
3.12/GIA

0.51 ct round
0.39 ct round

Classic
Classic

4.2/GIA
4.3/EGL
4.4/GIA

0.47 ct round
0.57 ct round
0.56 ct round

Classic
Reverse
Classic

4.5/EGL

0.59 ct round

Reverse

Fancy Dark grayish
yellowish green
Fancy grayish yellowish
green
Fancy gray greenish yellow
Fancy yellowish-yellowish
green
Fancy Light yellow
Light grayish greenish yellow
Fancy Light grayish greenish
yellow
Very Light yellow

4.7/EGL
4.8/EGL

0.51 ct marquise
0.46 ct marquise

Reverse
Reverse

Very Light grayish yellow
Light grayish greenish yellow

Fancy Light greenish
yellow
Fancy yellow-green
Fancy Light yellow-green

4.9/EGL

0.58 ct marquise

Reverse

Light brownish yellow

Fancy greenish yellow

4.10/EGL

0.47 ct marquise

Reverse

Light yellow (U-V)

4.11/GIA

0.80 ct marquise

Classic

4.12/EGL

0.36 ct marquise

Reverse

Fancy brownish greenish
yellow
Light yellow (U-V)

Fancy Light greenish
yellow
Fancy Intense orangy
yellow
Fancy Light greenish
yellow

Fancy Intense yellow
Fancy Deep brownish
yellow
Fancy Intense yellow

Strong

Strong

Fancy Intense yellow

Strong

Fancy greenish yellow
Fancy orangy yellow

Moderate
Strong

Fancy greenish yellow
Fancy yellow-green
Fancy brownish yellow

Weak
Moderate
Weak
Moderate to
strong
Strong
Moderate to
strong
Moderate to
strong
Moderate
Strong
Moderate
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Figure 3. The collection
of 39 chameleon diamonds (0.29 to 1.93 ct)
is shown at room temperature (top) and
when heated to 150°C
(bottom). Photos by
Julia Kagantsova, EGL.

only a weak-to-moderate change to a more saturated and greener color (again, see figure 3, bottom).
Storage in the dark, even for days, did not provoke a
change in color. As in the Classic chameleons, the
color was not influenced by cooling to liquid nitrogen temperature (−196°C). We use the term Reverse
for such chameleon diamonds, because their yellow-to-yellowish green color change is almost the
opposite of the green-to-yellow change seen in typical chameleon diamonds.
The change in color due to heating began at
approximately 100–120°C in both groups. For the
majority of the stones, the unstable color was most
intense between 120 and 140°C. Although the diamonds were heated up to 300°C, no further changes
in color were observed above about 140°C. At this
temperature, a complete change in color could be
induced within a few seconds.
Color Distribution. The color in most of the
chameleon diamonds was evenly distributed; however, a few of the samples from the Classic group
showed very slight patchy (irregular) color zoning.

114

CHARACTERIZATION OF COLORED DIAMONDS

One diamond, also from the Classic group, exhibited very distinct yellow-brown banding (figure 4).
Anomalous Double Refraction. Between crossed
polarizing filters, no characteristic pattern was
seen. Some strain was observed in all samples, evident as interference colors of various intensity, and
was mainly associated with inclusions.
Deformation-related extinction patterns along octahedral slip planes (as typically seen in many brown
to brownish yellow-green diamonds) were observed
in only a few samples, and were localized and very
indistinct.
Reaction to UV Radiation. All samples exhibited
characteristic long- and short-wave UV fluorescence. There were basically two types of responses:
1. Classic group: chalky white to chalky yellow to
yellow, stronger to long-wave than to short-wave
UV (figure 5)
2. Reverse group: chalky blue to blue to long-wave, weaker chalky blue to yellow to short-wave UV (figure 6)

Most of the diamonds displayed moderate to
strong luminescence to long-wave UV radiation,
with a weak to moderate response to short-wave
UV. The most interesting feature was that all stones
exhibited persistent phosphorescence, more distinctly to short-wave than to long-wave UV. The
phosphorescent color was yellow for all samples,
but its strength and decay time varied considerably:
Light yellow stones of the Reverse group that exhibited blue fluorescence had much weaker and shorter
phosphorescence than the Classic-group diamonds
that exhibited chalky white to yellow luminescence
(again, see figures 5 and 6). Some of the diamonds of
the Classic group emitted a faint, but still eye-visible, yellow glow over one hour later. In contrast, the
phosphorescence of the Reverse group diamonds
lasted just a few seconds to a few minutes. A
Reverse-type diamond (TH-A1) analyzed prior to
this study exhibited a remarkable inversion of luminescence and phosphorescence behavior when heated (box A).

Figure 4. This 1.93 ct chameleon diamond from the
Classic group was the only sample that showed distinct color banding. Photo by T. Hainschwang.

Infrared Spectroscopy. The infrared spectra also help
distinguish the two groups of chameleon diamonds:
1. Classic group: low to moderate concentrations of
nitrogen, mainly A aggregates (rarely A~B), and
low-to-moderate hydrogen content (figure 7)
2. Reverse group: high to very high concentrations

of nitrogen, mainly in the form of B aggregates
(very rarely B<A), and low-to-high hydrogen content (figure 8)
Classic Group. The low-to-moderate nitrogen, type
IaA chameleon spectra (Classic group) are characterized by hydrogen-related absorptions at 4496, 4167,

BOX A: AN UNUSUAL REVERSE CHAMELEON DIAMOND
What is believed to be the first report of a “low-temperature” (i.e., below 200°C) thermochromic color
change observed in a very high-nitrogen and highhydrogen yellow diamond exhibiting Reverse
chameleon behavior was published by Hainschwang
(2001). The 1.09 ct marquise cut diamond, here
referred to as TH-A1 (figure 2, bottom; figure 8,
orange trace), exhibited a Vis-NIR spectrum with several hydrogen-related peaks—notably at 425, 440,
452, 462, 474, 545, and 563 nm—similar to the spectrum shown in figure 11 (green trace). The Reverse

chameleon diamonds included in the present article
exhibit only a few of these absorptions, and they
commonly show distinctly less IR-active hydrogen.
Nevertheless, the color change shown by those diamonds is as strong, and in some stones stronger, than
exhibited by sample TH-A1. An interesting characteristic of this diamond is that the luminescence and
phosphorescence behavior change on heating (table
A-1). Further research will be needed before the
mechanism that produces these phenomena can be
understood.

TABLE A-1. Variations in the emissions excited by UV radiation observed in sample TH-A1.
Luminescence

Fluorescence
Phosphorescence

Long-wave UV

Short-wave UV

Room temperature

Hot (~200°C)

Room temperature

Hot (~200°C)

Violetish blue
Weak yellow

Zoned blue and yellow
Distinct blue

Chalky bluish yellow
Distinct yellow

Blue with yellow zones
Weak blue
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Figure 5. These samples
(nos. 2.1–2.8, from left
to right) demonstrate
the appearance of
Classic chameleon diamonds when exposed
to long-wave UV (top
row), short-wave UV
(center row), and after
the UV source was
turned off (bottom
row). Composite photo
by T. Hainschwang.

3235, 3186, 3181, 3160, 3143, 3138, 3107, 2786, and
1405 cm−1 (not all of these are visible in figure 7). A
peak present in most Classic chameleons at
1434–1428 cm−1 (again, see figure 7) was relatively
weak and broad (FWHM ~25–35 cm−1). This absorption was in no way related to the intensity of a
platelet peak at 1358–1380 cm−1, as described by
Woods (1986; see figure 9). Most of the stones
showed a weak type Ib character, which was visible
as some hydrogen-related peaks such as the 3143
cm−1 line (Woods and Collins, 1983), a shoulder at
1135 cm−1, and in a few stones as very weak sharp
peaks at 1344 cm−1.
In addition to the hydrogen- and nitrogen-related
features, the Classic chameleon diamonds exhibited
absorptions at 1548–1544 cm−1 and 1590–1577 cm−1,
plus a weak peak at 1464 cm−1.
Reverse Group. The high-nitrogen, mostly type IaB
chameleon spectra (Reverse group) also exhibited
hydrogen-related features: sharp peaks at 4496, 4167,
3236, 3107, 3055, 2982, 2813 and 2786 cm−1 were
observed (figure 8; peaks at 3055, 2982 and 2813 are
too small to be seen at this scale). However, the
Reverse chameleon diamonds lacked any features
assigned to a type Ib character. The peak at 1430 cm−1
was found to be asymmetric and relatively strong
and sharp (FWHM ~8–9 cm−1), and it could be directly correlated with the intensity of the platelet peak
(figure 9) as documented by Woods (1986).
The N-related absorptions in the one-phonon
region were truncated in the Reverse chameleon
spectra (see figure 8), so the strengths of the 1282
and 1175 cm−1 absorptions that indicate the relative
amounts of A- and B-aggregates could not be compared. Consequently, to determine which aggregates were dominant, related peaks at 1010 cm−1 (Baggregates) and 482 cm−1 (A-aggregates) were compared. In these stones, the 482 cm−1 peak was typi-
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cally very weak or absent, whereas the 1010 cm−1
feature was always strong; it thus could be concluded that the Reverse chameleon diamonds are predominantly type IaB diamonds.
Several absorptions between 1577 and 1450
cm−1 were noted in spectra of certain Reverse
group diamonds (i.e., at 1577, 1554, 1551, 1546,
1543, 1526, 1523, 1521, 1518, 1508, 1500, 1498,
1490, 1473, and 1450 cm−1). None of the studied
chameleon diamonds exhibited deformation-related amber center absorptions (i.e., with main features in the range of 4165–4065 cm−1; Du Preez,
1965 and Hainschwang, 2003).
Vis-NIR Spectroscopy. As was the case for standard
gemological testing and FTIR spectroscopy, the two
groups of chameleon diamonds also showed different
absorption spectra in the visible to near-infrared range.

Figure 6. These samples (nos. 4.7–4.10, from left to right)
demonstrate the appearance of Reverse chameleon diamonds when exposed to long-wave UV (top row), shortwave UV (center row), and after the UV was turned off
(bottom row). Composite photo by T. Hainschwang.

Figure 7. The infrared
spectra of Classic
chameleon diamonds
show variable hydrogen
and nitrogen contents.
The spectrum of sample
2.5 is the exception,
since strong B-aggregate
absorption is very rare in
such diamonds. The
spectra show that the
quantity of IR-active
hydrogen does not correlate to the intensity of
the color change. The
hydrogen-related
absorptions indicating a
type Ib character are
shown in the inset. The
spectra have been shifted vertically for clarity.

Classic Group. Diamonds from this group showed
absent or usually weak absorption at 415 nm (N3),
weak absorption at 425 nm, a weak to distinct
broad band at 480 nm, and a very broad band centered at 775–825 nm (figure 10).
Spectra taken at temperatures of 150–350°C (i.e.,
with a stone exhibiting its unstable color) revealed a
weakening of all the above-mentioned absorption
features. There was also a general decrease in trans-

mittance in the blue and, particularly, green regions
of the spectrum (again, see figure 10). This behavior
was reported previously by Fritsch et al. (1995).
In addition to the hydrogen-related features
recorded in the infrared spectra (e.g., at 3107 and 1405
cm−1), evidence of hydrogen was found in the visible
range as the 425 nm absorption, which always
occurred together with the 480 nm band. The 480
nm band is known from type Ib/aA diamonds of

Figure 8. The infrared
spectra of Reversechameleon diamonds
show similar features,
except for a more variable hydrogen content.
The spectrum of sample
4.5 is the exception,
since strong A-aggregate
absorption is very rare in
such diamonds. The
spectra show that the
quantity of IR-active
hydrogen does not correlate to the intensity of
the color change. The
spectra have been shifted vertically for clarity.
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Figure 9. The 1430 cm−1 absorption is present in the
IR spectra of both Classic and Reverse chameleon
diamonds. However, the specific appearance of this
absorption and absence of a platelet peak in the
Classic chameleon diamonds indicates that the 1430
cm −1 peak in those diamonds has a different origin
than the platelet-related 1430 cm− 1 feature in the
Reverse chameleons.

Figure 10. These Vis-NIR spectra were recorded for a
Classic-group chameleon diamond at room temperature, when cooled with liquid nitrogen, and when
heated. The characteristic 425 nm band and the broad
features at 480 and 800 nm became less pronounced
when the diamond was heated. The spectra have been
shifted vertically for clarity.

orange to orangy yellow color (Field, 1992; Zaitsev,
2001, p. 296). In the experience of the authors, hydrogen-related bands are known mainly from the spectra
of grayish green to grayish yellow diamonds. A comparison of these spectra with that of a Classic
chameleon diamond can be seen in figure 11.

Reverse Group. Diamonds from this group
showed strong N3 and N2 centers, with absorptions between 415 and 478 nm (cape lines) and a
broad asymmetric band in the 650–900 nm region
that was centered at 750–800 nm (figure 12). The
differences between the spectra of heated and
ambient-temperature stones were not always very

Figure 11. These Vis-NIR spectra compare the absorption features of a yellow-orange type Ib/aA diamond
colored by the 480 nm band, a grayish yellow-green
H-rich diamond, and a Classic chameleon diamond
showing the 480 nm band and H-related features. The
spectra have been shifted vertically for clarity.

Figure 12. These Vis-NIR spectra of a Reverse-group
chameleon diamond were recorded at room temperature and when heated. Heating weakened the characteristic peaks between 415 and 478 nm and the broad
band centered at 750–800 nm. The spectra have been
shifted vertically for clarity.
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Figure 13. Typical PL
spectra for Classic
chameleon diamonds
are shown here. The
peaks in the NIR region
between 700 and 950
nm are characteristic.
The spectra have been
shifted vertically for
clarity.

distinct. All of the absorption features commonly
weakened on heating (again, see figure 12).
Photoluminescence Spectroscopy. Again, two different groups of spectra were obtained, corresponding to the Classic and Reverse groups (figures 13
and 14). While the spectra differed considerably
between the two groups, they also had some peaks
in common, such as a strong emission at 701 nm.

The Classic group exhibited a total of 44 PL emissions between 554 and 949 nm, versus 20 emissions for the Reverse group.
Classic Group. The broadband emission of the
Classic group chameleon diamonds occurred mainly as one band centered at 630–650 nm; a weak
band centered at 730 nm also was usually visible,
which is caused by the vibronic structure of the 701

Figure 14. This PL spectrum is typical for a
chameleon diamond of
the Reverse group (sample 4.5), as shown here.
Characteristic features
include the peak at 604
nm, the dominant 701
nm center, the doublet
at 641/645 nm, and the
GR1 peak at 741 nm.
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Figure 15. In this PL
spectrum of a natural
yellow-orange diamond
colored by the 480 nm
band, the broadband
emission is very similar
to the one observed in
the Classic chameleon
diamonds.

nm center (Iakoubovskii and Adriaenssens, 2001).
The color of this luminescence induced by the 532
nm laser is equivalent to reddish orange or orangy
red. In the experience of the authors, this broadband
emission is similar to the one exhibited by type
IaA/Ib orange to orangy yellow diamonds that
exhibit the 480 nm band (figure 15), which is consistent with the comparison seen in figure 11.
The chameleon diamonds of the Classic group (figure 13) were characterized mainly by usually strong
emissions at 590 and 595 nm, sometimes a weak to
strong peak at 701 nm with associated vibronic sidebands at 716 and 726 nm (Iakoubovskii and
Adriaenssens, 2001), and several weaker but very characteristic peaks in the NIR region of the PL spectrum,
at 769, 794, 800, 819, 839, 882, 926, and 949 nm.
Reverse Group. For the Reverse group, PL variations from stone to stone were minor (figure 14).
These diamonds had luminescence spectra that
basically consisted of one large, sloping plateaulike structure comprised of multiple bands
between 580 and 800 nm. The luminescence excited by the 532 nm laser was equivalent to an orange
yellow to orange emission.
The PL spectra of the Reverse group samples (figure 14) were characterized mainly by a peak at 604
nm, a doublet at 641 and 645 nm, and a strong to very
strong emission at 701 nm with vibronic sidebands at
716 and 726 nm (Iakoubovskii and Adriaenssens,
2001). The PL peaks in the NIR region of the Classic
samples were not present in the spectra of the Reverse
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chameleons, except for the 926 nm feature, which
was detected in the spectra of two samples. Most of
the Reverse group diamonds showed a very weak 741
nm GR1 peak and a weak feature at 763 nm.

DISCUSSION
Analysis of the Vis-NIR absorption spectra of the
chameleon diamonds confirms that the transmission window between the two broad bands at 480
and 800 nm is responsible for the green color of the
Classic group (Fritsch et al., 1995). On heating, the
480 nm absorption is slightly reduced and the 800
nm band practically disappears, which explains the
change in color (Fritsch et al., 1995). The 800 nm
band is very broad and ranges all the way from
about 575 to 1000 nm; thus, it absorbs from the red
all the way to the yellow region. Therefore, there is
a transmission window centered at about 560 nm,
which is shifted toward the red and yellow regions
on heating. The 480 nm band absorbs slightly in the
blue and accentuates the transmission window at
560 nm in the green. Unfortunately, UV-Vis absorption spectroscopy at room and elevated temperatures did not record any features consistent with a
change to a greener color in the Reverse group.
Further work is needed to establish the cause of
this color modification. The reduction of the bands
centered at 750–800 nm would only explain a yellower color, but not a greener hue. A luminescence
effect can be excluded, since no green transmission
luminescence was observed in the Reverse

chameleon diamonds, regardless of temperature.
The long-lasting phosphorescence is a very characteristic feature of chameleon diamonds. Conversely,
the authors have noted a lack of phosphorescence in
samples of yellow to “olive” hydrogen-containing
diamonds with spectral properties similar to
chameleons, but lacking any chameleon behavior.
The Reverse chameleons contain more nitrogen
and hydrogen than the stones from the Classic
group. There is a known correlation in diamond
between the presence of hydrogen and relatively
large amounts of nitrogen (Iakoubovskii and
Adriaenssens, 2001; Rondeau et al., 2004); therefore,
any H-rich diamond will be N-rich as well. As
expected, Reverse chameleons show more distinct
absorptions related to their hydrogen-rich character,
in particular in the visible range, with bands of the
“yellow-gray to violet to brown family,” for example, at 563 and 474 nm (Fritsch et al., 1991).
Although no definite proof exists that these absorptions are due to a defect containing hydrogen, the
authors can confirm that all these absorptions are
exclusively present in hydrogen-rich diamonds and
are therefore hydrogen-related. The absorption complex between approximately 600 and 900 nm, with
apparent maxima in the range of 820–860 nm (not
seen in Classic chameleons) is also probably Hrelated (see figure 11). Therefore, the change in color
seen in the Reverse chameleon diamonds, mostly
explained by the reduction in these bands at around
140°C and above, is clearly related to the presence
of hydrogen. The exact atomic-scale nature of these
defects is unknown at present.
In the infrared range, the C-H related absorptions
in H-rich diamonds have been described by Fritsch et
al. (1991), as well as by Woods and Collins (1983), and
have been recently reviewed by De Weerdt et al.
(2003) and Rondeau et al. (2004). In the chameleon
diamonds studied here, no correlation was found
between the strength of the color change and the
amount of the IR-active hydrogen. On the contrary,
yellow to “olive” diamonds with very high hydrogen
content usually exhibit no chameleon behavior
(Hainschwang, 2004). “Olive” diamonds colored by
plastic deformation do not show a chameleon behavior, either. However, such stones do clearly show different color distribution in the form of colored graining along octahedral slip planes (Hainschwang, 2003).
The infrared spectra of such “olive” type IaA and Ib
stones exhibit amber center absorptions (Du Preez,
1965), typically with the main feature being a double
peak at 4165 and 4065 cm−1 (Hainschwang, 2003;

Massi, 2003). Previous work has demonstrated that
in strongly zoned Classic chameleons, the more
intensely colored zones are richer in hydrogen; thus,
at least the intensity of color appears to be hydrogenrelated (F. Notari, pers. comm., 2004).
The presence of the 1495 cm−1 absorption seems
to imply that Reverse chameleons have undergone
irradiation and annealing (Zaitsev, 2001, p. 44) in
nature, unlike the Classic ones. This natural irradiation is confirmed by the presence of a weak GR1
emission at 741 nm in the PL spectra of most
Reverse chameleons.
The 1430 cm−1 absorption seen in both groups
appears to be different: In the Classic chameleons,
the observed range of positions between 1434 and
1428 cm−1, the band width of 25 to 35 cm−1, and the
missing correlation with the platelet peak indicate
that this absorption is not the same as the 1430 cm−1
absorption described by Woods (1986). This is in fact
the first report of this feature. In contrast, the sharp
1430 cm−1 absorption in the Reverse chameleons correlates well with the platelet peak and thus clearly
points toward the feature published by Woods (1986).
The Classic chameleon category shows two
absorptions (at 1590–1577 and 1548–1544 cm−1) that
may correspond to those reported at 1580 and 1544
cm−1 by Collins and Mohammed (1982) in natural
brown diamonds. Interestingly, the somewhat broad
1434–1428 cm−1 feature was only present together
with the 1548–1544 cm−1 and 1590–1577 cm−1
absorptions; none of them occurred as isolated features. Even though these absorptions were found
only in the Classic chameleon diamonds, which
were richer in hydrogen, a direct correlation between
them and the hydrogen content could not be established with certainty. Nevertheless, our observations
indicate that these absorptions may tentatively be
assigned to a hydrogen-related defect. The features at
1546, 1543, 1518, and 1500 cm−1 seen in the Reverse
chameleons have been described by Iakoubovskii and
Adriaenssens (2001) and Hainschwang (2004) in
hydrogen-rich diamonds. The absorptions at 1577
and 1546 cm−1 seem to be the same as those seen in
the Classic chameleons.
Emissions at 581 and 596 nm detectable by PL
spectroscopy have been reported previously, for diamonds with yellow luminescence (Zaitsev, 2001, pp.
212, 216) to long-wave UV. They are absent in
Reverse chameleons, which primarily luminesce
blue to long-wave UV. The vibronic structure of the
701 nm center (with its sidebands at 716 and 726 nm)
was identified by Iakoubovskii and Adriaenssens
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Figure 16. In this PL
spectrum of an Ni-rich
HPHT-treated synthetic
diamond, the emissions
in the NIR region are
typical for Ni-related
defects. There are many
similarities to the features seen in Classic
chameleon diamonds
(figure 13); identical
peak positions are
marked in red.

(2001) as probably nickel-related. The 794 nm emission seen in the PL spectra of many Classic
chameleon diamonds is interpreted as a nickel-nitrogen defect that has been documented in synthetic
and certain natural diamonds (Lawson and Kanda,
1993). A distinct doublet at 883 and 884 nm found in
synthetic diamonds grown by the temperature-gradient method with an Ni catalyst was assigned to a
nickel defect (Lawson and Kanda, 1993); in certain
samples, a single peak at 882 nm was found instead
(figure 16). The peak observed in the Classic
chameleon diamonds at 882 nm can most probably
be assigned to the same or a similar Ni-related defect.
The 926 nm PL peak in the Classic (and rarely
also the Reverse) chameleon diamonds has been
recorded by one of us (TH) in some hydrogen-rich
violet-blue-gray and “straw” yellow diamonds, as
well as in one HPHT-treated yellow diamond that
was originally olive-brown. In this diamond, the 926
nm peak (absent before treatment) was created during the HPHT process (2000°C at 65 kbar for 10
minutes). Interestingly, it was produced together
with a vibronic system, yielding peaks at 701, 716,
and 726 nm (Hainschwang et al., 2005b). The tentative assignment of the 701 nm center to an Ni-related defect by Iakoubovskii and Adriaenssens (2001)
leads to the possible attribution of these apparently
related features to a nickel-nitrogen defect. This is
due to the fact that a defect created by the annealing
of a “normal” type Ia diamond most probably
involves nitrogen. Assuming that this is a nickel
defect as proposed by the above authors, its creation

122

CHARACTERIZATION OF COLORED DIAMONDS

by annealing indicates a nickel-nitrogen complex
for the defects at 701 and 926 nm.
Most of the other sharp bands in the PL spectra of
Classic chameleon diamonds also have been observed
in natural brown diamonds (Smith et al., 2000;
Zaitsev, 2001; Hainschwang, 2003), and the ones seen
in the Reverse chameleons are seen in hydrogen-rich
diamonds from the Argyle mine (Iakoubovskii and
Adriaenssens, 2001). The defects responsible for most
of these emissions are unknown. Many of the PL
emissions shown by Classic chameleons are reminiscent of those seen in synthetic diamonds grown with
an Ni catalyst; such stones characteristically show
multiple emissions in the NIR range (figure 16).
The presence of Ni in the Classic and the
Reverse chameleons as indicated by PL spectroscopy was recently confirmed by one of us (TH)
using EDXRF chemical analysis: two Reverse and
two Classic chameleons were analyzed and all of
them exhibited rather distinct Ni peaks.
The observation of a color change solely induced
by relatively low heat in the Reverse chameleons
indicates that a thermochromic color change can be
caused by a hydrogen-related defect. The photochromic color change induced by storage in the
dark is unique to the Classic chameleon diamonds.
Three factors may be involved in the combined thermochromic and photochromic chameleon behavior
of the Classic group: the implied weak type Ib character, a specific (although unknown) hydrogen-related defect, and possibly the presence of Ni.
The Classic and Reverse groups are related to

some degree and do have significant properties in
common. However, the fact that the Reverse group
lacks a photochromic color change and exhibits only
a weak-to-distinct thermochromic color change raises the question as to whether such solely thermochromic diamonds should be called chameleon
diamonds, or whether this name should be reserved
for diamonds exhibiting both thermochromic and
photochromic color change. Presently, the GIA Gem
Laboratory only recognizes diamonds in the latter,
“Classic” group as chameleons.

CONCLUSIONS
This study has differentiated two sample groups
from a collection of 39 chameleon diamonds: those
showing only thermochromic color change and
those that exhibit both thermochromic and photochromic behavior. Each group exhibited distinctive hue changes. We propose the term Classic for
those that show the green-to-yellow behavior with
heating or after prolonged storage in the dark; this
color change is commonly associated with
chameleon diamonds. Those that lack a photochromic color change—that is, they become slightly
greener and more saturated only when heated—are
here called Reverse chameleons.
The presence of the 480 nm band and hydrogenrelated features such as the 425 nm absorption suggests that Classic chameleon diamonds fall between
very hydrogen-rich diamonds and type IaA/Ib diamonds that exhibit the 480 nm absorption band (figure 11). This is also strongly indicated by the fact that
some truly hydrogen-rich diamonds such as the
Reverse chameleons exhibit this “low temperature”
(i.e., below 200°C) thermochromic color change. This
is further confirmed by comparison of the PL spectra
of Classic chameleons and those of type Ib/aA orange
diamonds that exhibit the 480 nm band (again, see
figures 13 and 15). Hydrogen-rich diamonds very frequently exhibit PL spectra reminiscent of those of
the Reverse chameleons (Hainschwang, 2001;
Iakoubovskii and Adriaenssens, 2001). The influence
and role of single nitrogen and the 480 nm band in
the color change of the Classic chameleon diamonds
will be the subject of future research by the authors.
We have shown that the easiest way to identify
chameleon diamonds is by heating them to moder-

ate temperature and observing the change in color.
However, this study proved that the Classic
chameleon diamonds also could be identified by a
combination of their spectroscopic properties and
their reaction to UV radiation. This is preferable to
heating, to avoid modifying the color of green diamonds that are not chameleons; their radiationcaused coloration is rather sensitive to heat and in
some cases absorptions in the visible range are
known to be modified at temperatures as low as
275°C (see, e.g., Collins et al., 1988). All of the
chameleon diamonds exhibited yellow phosphorescence after exposure to short-wave UV. The absence
of this yellow afterglow in any hydrogen-containing
yellow to “olive” diamond indicates that no
chameleon effect will be present. Also, in the experience of the authors, stones that lack traces of hydrogen in their IR spectra and stones that show ambercenter absorption were never found to exhibit this
unusual change in color (see e.g., Hainschwang,
2003). The Reverse chameleon diamonds cannot
always be identified without heating, but since yellow diamonds are not permanently modified by simple heating at relatively low temperature, the heating test is not problematic for such samples.
The presence of hydrogen and nickel in these
diamonds has been demonstrated by various spectroscopic methods; emissions assigned to Ni impurities were identified particularly in the Classic
group by PL spectroscopy.
At present, we can only speculate about the cause
of the color change in Classic chameleon diamonds.
The results presented here point toward a defect
involving hydrogen combined with the 480 nm band,
which is related to isolated single nitrogen atoms.
This combination seems to cause the thermochromic
and photochromic change in color; whether Ni
plays a role in this color change remains to be seen.
In the diamonds exhibiting only a thermochromic
color change, such as the Reverse chameleons, the
defects appear to be solely hydrogen-related.
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COLORED DIAMONDS

Part 3
Color Grading of
Colored Diamonds

INTRODUCTION
S

ince early times, humans have attempted to master color’s diversity and better
understand it through various methods of ordering. The first-known color circle was
created by Finnish astronomer Aron Sigfrid Forsius in 1611. Numerous systems to
describe and match colors have been developed since then, usually in response to the
requirements of specific tasks. With gemstones, the reasons behind a color-ordering system include identification and valuation, as well as the ability to understand the location and relationship of certain colors in color space.
GIA has long understood the importance of color-order systems. The D-to-Z color
scale introduced by Richard T. Liddicoat and others in the early 1950s continues to be
the benchmark system for grading the most plentiful diamonds encountered: those
that are colorless to light yellow or light brown. Recognizing the importance of consistently identifying color appearances for colored stones, GIA developed a color description system during the 1970s that became part of the Institute’s course curricula in
1980. Yet as colored diamonds grew in popularity, the need for an even more robust
system for these gems became critical.
The colored diamond research that GIA began in the late 1980s culminated with
the publication of the Winter 1994 article “Color Grading of Colored Diamonds in
the GIA Gem Trade Laboratory.” This article reviewed the observation techniques,
equipment, and mappings in color space that helped update and expand the color terminology system for colored diamonds into one that is now recognized and used
worldwide.
With the overall grading system in place, the GIA Laboratory embarked on a series
of articles between 1998 and 2005 that described the grading and characterization of the
most frequently encountered colored diamonds. The journal’s seminal articles on blue,
pink, and yellow diamonds have helped industry professionals understand the history,
scientific studies, and color grading of these diamonds.
In the mid-to-late 1990s, blue diamonds stood at the pinnacle of the gem and jewelry
industry, routinely commanding some of the highest per-carat prices for gems at auction.
Recognizing the importance of these diamonds and the role of color grading in their valuation, GIA Laboratory staff undertook a study of blue diamonds in the late 1990s. A 1998
trip to South Africa further enhanced their research, as two of the authors were able to
visit the Premier mine (the only mine then known to consistently produce small quantities of blues) and observe the initial cutting of diamonds that would later become part of
De Beers’s Millennium Collection of blue diamonds. “Characterizing Natural-Color
Type IIb Blue Diamonds” appeared in the Winter 1998 Gems & Gemology.
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In the Summer 2002 issue, “Characterization and Grading of Natural-Color Pink
Diamonds” looked at the color space in which these diamonds occur. Unlike blues,
pink diamonds occur in a wider range of hues and are more likely to differ from one
another in their gemological properties. This article presented data for nearly 1,500 pink
diamonds, both types I and II. The specimens examined included Argyle pinks, a 50.08
ct orangy pink, and the extremely rare reds.
Yellow diamonds are the most abundant of colored diamonds seen at the laboratory,
and a Summer 2005 G&G article reported data collected on more than 24,000 of them.
“Characterization and Grading of Natural-Color Yellow Diamonds” described many of
the color grading situations encountered at the lab and explained laboratory grading
methodology. Also, for the first time, the authors identified five subgroups of type I yellow diamonds.
Following the yellow diamond color grading article are a number of Lab Notes published between 1995 and 2002. These describe unusual diamonds with interesting
inclusions or characteristics that serve to explain specific details of the color grading
system in greater depth. For example, the effect of inclusions on color appearance (and
therefore color grade) was discussed in entries from the Fall 1995 and Winter 1996
issues, respectively. Another Lab Note, from Summer 2002, examines the challenges in
recognizing a color attribute’s effect on color grading. These and the remaining notes in
the section will assist the reader in understanding some of the unusual challenges that
can arise when color grading colored diamonds, and the techniques used by the laboratory to solve them.
Over the years, efforts have been made to develop or adapt color measurement
devices to solve the perceived problems in visually color grading colored diamonds.
Although not included in this book, Adolf Peretti’s and Stephen Hofer’s poster presentations at the 1991 International Gemological Symposium dealt with this subject
(abstracts of their presentations can be found in Peretti and Boguth, 1992, and Hofer et
al., 1992). While these devices are useful and can supply a measurement of a colored diamond’s color, it is not necessarily the same color that the human eye sees face-up in the
diamond, and an evaluation of how the output of these instruments relates to human
observation remains the primary goal. It will be interesting to follow future developments in this area and the role such instruments may play in supporting visual observations of diamond color.
Through the entries in Part 3, the reader will gain a better appreciation of the key
developments in grading colored diamonds over the past 20 years.

INTRODUCTION
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The GIA Gem Trade Laboratory (GIA GTL) presents the system it uses to color grade faceted colored diamonds, and the information on which it is based. This system involves a trained grader
establishing the characteristic color in a standardized illumination and viewing environment,
using various reference materials for color comparison. Here, the Munsell color system is used to
illustrate the relationships between the different color terms used. GIA GTL “Fancy grade”
nomenclature for colored diamonds has been expanded to better address all colors. This color
terminology will soon be incorporated into a new GIA GTL colored diamond report.

N

atural-color colored diamonds, traditionally
referred to as “fancy colors,” hold a special
position in the diamond industry. To recall
such historic diamonds as the blue Hope, the
Dresden Green, or the pink Agra is to conjure up
visions of mystery and intrigue, royalty and revolution. Known to many as the “ultimate gem” (figure
1), fancy-color diamonds often command extremely
high prices. Perhaps the most celebrated example is
the 0.95 ct round brilliant Hancock Red diamond,
first graded “Fancy purplish red” by the GIA Gem
Trade Laboratory (GIA GTL) in 1956 (Kane, 1987;
Federman, 1992a). Purchased at that time by a
Montana collector for US$13,500, in 1987 it sold at
auction for $880,000, a record $926,000 per carat.
Seven other fancy-color diamonds were sold at auction in the past few years for prices over $250,000
per carat (see list in Giovannini-Torelli, 1993). And
in October 1994, a 20.17 ct blue diamond of
unknown provenance sold at Sotheby’s New York
for $9,902,500, or $490,952 per carat (see figure 2).
Whereas colored diamonds were once infrequently encountered, today we see increasing numbers—and a broader variety of colors—in the marketplace (figure 3). For example, during the last
decade the Argyle mine in Western Australia has
made significantly more colored diamonds available
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(Hofer, 1985). Some of these diamonds, such as the
intensely colored pinks (figure 4), command high
prices ($75,000 or more per carat; Federman, 1989a;
Cockle, 1994; Winton, 1994); others, such as the
brown stones being sold today under the trade
names “champagne” and “cognac,” provide an
affordable alternative to “white” diamonds (Sielaff,
1992; Wagstaff, 1994).
As colored diamonds increased in availability
and value, publicity in the trade press also increased
(Federman, 1989a and b, 1990a and b; Shor, 1990,
1991; Stephenson, 1992; Bronstein, 1994).1 This has
generated even more interest in colored diamonds
and awareness of their special value, further stimulating the market.
In addition, as natural-color colored diamonds
have become more prevalent and more valuable,
more diamonds that have been color altered by laboratory treatment have also entered the trade.
Establishing the “origin of color” of a colored diamond (that is, whether it is natural or laboratory

See end of article for Acknowledgments.
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Figure 1. Fancy-color
diamonds represent some
of the most prized objects
in recorded history. These
diamonds illustrate some
of the colors that diamonds may exhibit naturally, as well as different
GIA GTL color grades, For
example, the marquiseshaped stone in the ring
on the left is a 1.86 ct
Fancy Deep blue, whereas
the 2.14 ct pear shape is a
Fancy blue. The center
stone in the other ring is a
1.11 ct Fancy Intense
yellow-green. The 12.50 ct
briolette is Fancy yellow.
The 2.15 ct briolette is
Fancy Deep pink, while
the 4.43 ct cushion-cut
stone to its left is Fancy
pink. These six stones are
courtesy of SIBA Corp.,
Ishaia Trading Corp.,
Moses Jewelers, Isaac
Wolf, and Lazar Wolf.
Photo © GIA and Harold
& Erica Van Pelt.

treated) is a great concern for many clients of the
GIA Gem Trade Laboratory. Addressing this question has been a major ongoing research effort
(involving the examination of several thousand colored diamonds) at both GIA Research and GIA
GTL (see, e.g., Ashbaugh, 1992; Fritsch and Shigley,
1989, 1991; Fritsch and Scarratt, 1992; figure 5). As
a result, every year thousands of colored diamonds
are now submitted to GIA GTL for color-origin
determination and, if the stone is found to be of
natural color, a color grade on the laboratory report.
GIA GTL recognizes that a means to communicate the colors of such diamonds clearly and consistently is vital to effective commerce. In contrast to

1Other sources of information on the mining, marketing, and lore of
colored diamonds are the books by Balfour (1992), Blakey (1977),
Bruton (1978), Davies (1984), Federman (1988, 1992b), Krashes
(1993), Legrand (1984), Orlov (1977), Sinkankas (1993), and Zucker
(1984). Information on recent auctions of colored diamonds can be
found in the Christie’s and Sotheby’s sales results, and in pricing
guides such as D. Palmieri’s Diamond Market Monitor.

colorless-to-light yellow diamonds (i.e., those graded
on GIA’s “D-to-Z” scale), the value of a colored diamond usually depends more on the rarity of its
color than on its clarity, cut, or even its carat
weight. In fact, in the words of one prominent diamond cutter, “When you’re cutting colored diamonds, you throw away the book” (L. Wolf, pers.
comm., 1994). Witness the 0.95 ct Hancock Red
diamond that sold for $880,000; although it was not
graded for clarity, inclusions were readily visible.
No grading system can completely capture the special character of an individual stone, or its effect on
the eye of the beholder. Nevertheless, a meaningful
color description (or “color grade,” as it appears on a
laboratory report) is a critical communication tool
for dealer and consumer alike (Kane, 1987).
GIA GTL has provided a color description standard for natural-color diamonds for many years.
Since the mid-1950s, when GIA GTL began issuing
colored diamond reports, periodic refinements have
been made to respond to significant developments—especially treatments and new sources. The
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Figure 2. This 20.17 ct Fancy Deep blue diamond
recently set a record for the highest per-carat price
($490,952) for a blue diamond sold at auction.
Courtesy of Sam Abram, SIBA Corp. Photo © GIA
and Harold & Erica Van Pelt.

system is based on a side-by-side visual comparison
of the diamond to one or more “color comparators,”
under controlled lighting and viewing conditions.
Prompted by the fact that almost every significant
colored diamond sold in recent years has been
accompanied by a GIA Gem Trade Laboratory report,
this article describes the system used by GIA GTL to
achieve consistent color descriptions for faceted colored diamonds. Although there are other grading systems for colored diamonds and other gemstones, they
are beyond the scope of this presentation.
This article also introduces an expanded “Fancy
grade” terminology. Historically, GIA GTL reports
have used a series of Fancy-grade terms to describe
attributes of certain natural diamond colors. These
include Faint, Very Light, Light, Fancy Light,
Fancy, Fancy Intense, and Fancy Dark. In the past,
not all of these terms have been used for all diamond colors. In this article, these terms are defined,
and two new Fancy-grade terms (Fancy Deep and
Fancy Vivid) are introduced. In addition, all Fancygrade terms will be applicable to all natural-color
colored diamonds. GIA GTL will soon introduce a
new laboratory report for colored diamonds, which
uses this expanded Fancy-grade terminology and
includes other improvements.2

2Note that this article contains a number of photos of colored diamonds. Because of the inherent difficulties of controlling color in
printing (not to mention the instability of inks over time), the color in
an illustration may differ from the actual color of the stone.
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Since its inception in the 1930s, GIA has played an
active role in developing practical color grading systems for diamonds and, more recently, colored
gems (Shipley and Liddicoat, 1941; Manson, 1982);
this includes the 1988 introduction of a colored
stone grading course in GIA education. In the early
1950s, GIA introduced its students to the “D-to-Z”
grading system for faceted, colorless-to-light yellow
diamonds (Liddicoat, 1955), which comprise the
vast majority of diamonds seen in the trade. These
letter designations were chosen at that time to differentiate the GIA grading system from other, more
loosely defined trade classifications, which typically
began with the letter A. In the mid-1950s, the GIA
Gem Trade Laboratory issued its first laboratory
reports using this “D-to-Z” color grading terminology. Since then, several million GIA GTL grading
reports have been issued. “GIA has given the trade
an objective nomenclature, a living standard that is
verifiable through its grading reports,” according to
diamantaire Martin Rapaport (pers. comm., 1994).
This has led to increased consumer confidence in
faceted diamonds accompanied by these reports—
and to a greatly expanded diamond market.
Each letter in this grading system designates a
range of diamond color appearances. Specifically, it
describes the relative absence of yellow color (e.g.,
from “colorless” [D] to “light yellow” [Z]) seen in
the diamond by a trained grader working in a controlled lighting and viewing environment. To establish a letter grade for a particular stone, the grader
visually compares the color appearance of this stone
to that of one or more “master color-comparison
diamonds” (often referred to as “masterstones”). He
or she views them side-by-side in the same approximate orientation, and predominantly table-down
through the pavilion facets. In this viewing position,
the effects of facet reflections are minimized, and
the subtle bodycolor is more apparent.
By definition, each GIA GTL masterstone designates the position with the least color in a given
color-grade range along a scale often perceived as
linear. For example, a single color description of “E”
represents a range of color between the finest “E”
and that which is just better than the “F” master; a

Figure 3. This collection represents the dramatic range
of colors in which diamonds occur naturally. Courtesy
of Aurora Gems; photo © Harold & Erica Van Pelt.

Figure 4. Since the mid1980s, when the mining
operation at Argyle in
Western Australia went
into full production, the
market has seen an influx
of attractive, highly saturated pink diamonds. The
Argyle diamonds illustrated here were part of a lot
of more than 50 stones
that were submitted to
GIA GTL on a single occasion. Photo © Harold &
Erica Van Pelt.

stone with less color would be graded “D”. The
boundaries on this scale were established both to
provide a simple description terminology and to
reflect visual color distinctions made in a practical
way within the jewelry industry. Some concepts of
the “D-to-Z” grading system formed the basis for
GIA GTL’s ensuing work on grading colored diamonds. These include boundaries marked by diamond masterstones, color terms applying to ranges
of color appearances, and side-by-side comparisons
in a controlled lighting and viewing environment.
The “D-to-Z” system was specifically designed
for colorless-to-light yellow diamonds, but it proved
readily adaptable to include near-colorless to light
brown diamonds as well. As we continued to refine
the GIA GTL grading system, modifications were
made to accommodate those “brown” (relatively
common) and also “gray” (less common) faceted
diamonds that could be considered equivalent to
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grades between “K” and “Z”. For brown stones, a
letter grade plus word descriptions of Faint, Very
Light, and Light brown are used for grade ranges
K–M, N–R, and S–Z, respectively. For gray stones,
we apply verbal descriptions only of Faint, Very
Light, and Light gray for these same three lettergrade ranges. (Those brown or gray diamonds that
appear more colorless than the “K” masterstone
continue to receive the appropriate letter grade
without further description.)
GIA GTL’s interest in the color origin of colored
diamonds was initially sparked in early 1953, when
staff members were first shown diamonds treated to
“yellow” by cyclotron irradiation (see reports on
diamond irradiation by Custers, 1954a; Crowningshield, 1958; and Schulke, 1962). As news of the
availability of cyclotron-treated diamonds spread in
the trade, GIA GTL began to receive large numbers
of colored diamonds from clients wanting to know

whether the color had been altered by laboratory
irradiation and annealing. Almost as soon as it was
introduced in 1956, GIA GTL’s origin-of-color
report began a process of systematic standardization
in describing colored diamonds.
During GIA GTL’s early efforts to describe color
in faceted natural-color diamonds, two important
differences from the “D-to-Z” grading system
quickly became obvious. First, the presence of color
in the diamond, rather than its absence, was the
important criterion. Second, color was best assessed
with the faceted diamond in a face-up position,
given the potentially great influence of cutting style
on color appearance. Diamond manufacturers (e.g.,
L. Wolf, pers. comm., 1984), like our staff, recognized that diamonds that appeared to have a similar
bodycolor when viewed table-down could look
noticeably different when viewed face-up.
The most obvious example of this is in the transition area for yellow diamonds from the “D-to-Z”
scale to the grades used for colored diamonds. Some
shapes (such as the “radiant”) may intensify the
face-up color appearance to the extent that a diamond that might have been graded in the W-to-X
range table-down would grade onto the colored-diamond scale. GIA GTL policy is to assess a diamond’s color face-up when that color is more
intense than that of the “Z” masterstone face-up.
The term Fancy was first used on GIA GTL laboratory reports to describe those natural-color
faceted diamonds that exhibited either a noticeable
color appearance when the diamond was viewed
face-up, or a face-up color that was other than yellow or brown. The laboratory’s color grading system
was further refined in the late 1960s and early
1970s, when GIA GTL added several master colorcomparison diamonds for fancy yellow diamonds to
its diamond master sets. These new masterstones
were used to judge the face-up color of yellow diamonds; like “D-to-Z” masterstones, they provided
important terminology boundaries. Their use was
initially prompted by confusion in the trade about
the term canary, which lacked an accepted definition (G. R. Crowningshield, pers. comm., 1994).
Subsequently, additional Fancy-grade terms were
introduced (such as Fancy Intense), some for diamond colors other than yellow (i.e., some blue and
some brown diamonds were described as being
Fancy Dark). In addition, we began to articulate on
our reports the relative proportions of different colors seen in a diamond (e.g., greenish blue means
that the overall color is less green and more blue).

Figure 5. Green diamonds are an important subject
of ongoing research at GIA regarding the separation
of natural-color from laboratory-treated diamonds.
This 4.24 ct natural-color Fancy green diamond is
surrounded by a suite of yellow to green rough diamonds. The cut stone is courtesy of SIBA Corp.; the
crystals are from Cora Diamond Corp. Photo by
Robert Weldon.

Whenever possible, in collaboration with the
trade, we established important boundary distinctions and added appropriate master color-comparison
diamonds. However, we acknowledged early on the
practical problems of finding and purchasing all the
masterstones that would be needed to cover the wide
range of colors in which diamonds occur naturally
(again see figure 3). Also significant was the problem
of obtaining more than one stone of a specific color
for use at laboratory locations in different cities.
The appearance of diamonds with very subtle
colors other than yellow posed an additional challenge to our nomenclature system. Some diamonds
were encountered that, at first, did not appear to
exhibit any color when observed in the face-up
position; however, when compared to diamonds
associated with the “D-to-Z” color grading scale,
they clearly displayed hues different from the yellows (and browns or grays). Thus, they required
some form of color grade outside of that scale. For
example, a diamond graded as “Very Light pink”
would have a “color” similar to that seen in the
near-colorless range for yellow diamonds tabledown and it would display a very subtle pink color
face-up. This need to discriminate such extremely
subtle colors by a practical system separates the
color grading of diamonds from other gemstones.
The relative values associated with particular colors, like pink, are very different for these two
groups of stones.
Although the system appeared to work well
and was repeatable—e.g., from one grader or laboratory locality to the next—GIA GTL continually
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sought ways to control the variables involved,
such as the lighting and viewing environment and
color-comparison standards.

SOME BASIC CONCEPTS
FROM COLOR SCIENCE
Evaluating the color of an object (such as a faceted
gem) by visual means requires some appreciation of
what is actually involved in both observing and
describing color. The following paragraphs briefly
discuss some of these issues; for further details, see
the standard textbooks on color science by Billmeyer
and Saltzman (1981) and Wyszecki and Stiles (1982).
Observing and Comparing the Color of an Object.
Whenever a person tries to establish the color of an
object, or compare the colors of two objects side-byside, several factors must be considered. Color science methodology (see ASTM standard D1729-89
and references cited above) indicates the following:
1. One should use a consistent, standard source of
light with known illumination characteristics.
2. The observation should take place in an appropriate surrounding environment that is neutral
in its color appearance.
3. A rigorously defined geometry should be used
between the light source, the object, and the
observer.
4. If the object’s color is to be compared to that of
another object, the latter should ideally be a
standard color reference material.
5. Observations must be made by a person with
normal color vision.
Because any of these factors can influence the visual perception of an object’s color, they all must be
controlled if accurate and consistent results are to
be obtained.
These factors are particularly important when
observing color in a gem material. Illumination and
viewing environment were addressed early in the
development of the “D-to-Z” color grading scale.
GIA designed (in concert with color researchers at
Macbeth Instruments; R. T. Liddicoat, pers. comm.,
1994) and marketed the DiamondLite. According to
Shipley and Liddicoat (1941), the DiamondLite was
intended to provide constant daylight-equivalent
illumination from a filtered incandescent light
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source, with a controlled lighting direction and surrounding environment, for color grading colorlessto-light yellow diamonds. Subsequently, a constant,
daylight-equivalent, fluorescent-type light source
was adopted for the DiamondLite. The use of a carefully controlled light source and viewing environment for diamond color grading has been extensively taught through GIA’s educational programs.
Because of its size and design, the DiamondLite is
convenient as well as effective for grading the relative
absence of color in faceted “colorless” diamonds held
in a fixed, predominantly table-down position. As our
understanding of the factors that influence color
appearance in colored diamonds expanded, however,
we recognized the need for a different viewing box. It
required the controlled light source and neutral color
environment that made the DiamondLite so effective
for “colorless” diamonds, yet it had to be large
enough to meet the viewing and positioning requirements for evaluating colored diamonds.
The systematic observation of color in a faceted,
transparent object also presents challenges in viewing
geometry and color comparison that are not typically
encountered in other fields of color science. When
looking at a faceted gemstone, one sees a mosaic of
color sensations, depending on the stone’s orientation and the relative positions of both the light
source and the viewer’s eye. In addition, the pattern
and relative size of these sensations varies from one
stone to another. Diamond’s high refractive index,
typical manufacture for brilliance, and precise cutting
all affect the path of light through a stone and, thus,
its color appearance. The size and cut also affect the
total path length of light travel within the stone and,
therefore, the amount of light absorption. Likewise,
both factors influence the overall distribution of color
sensations seen by the eye. For example, a large piece
of uniformly colored diamond rough will often yield
cut stones that vary in color appearance depending
on their size and cut (see figure 6). It is the need to
determine, from this mix of sensations, which color
best represents that of the entire gemstone that most
clearly distinguishes the evaluation of color in a
faceted diamond from its evaluation in other objects
(such as fabrics, glasses, plastics, etc.), which usually
present a more uniform color appearance.
Finally, the ability to perceive color varies
among people, even those who are not regarded as
color blind. Those involved in evaluating colored
diamonds should be aware of the characteristics of
their own color vision, which can be determined
through standard vision testing.

Figure 6. The 407.48 ct
Internally Flawless,
Fancy brownish yellow
“Incomparable” diamond
is shown here with satellite stones (1.33–15.66 ct)
cut from the same piece of
rough. Note the range of
colors that result from different sizes and different
cutting configurations.
When GIA GTL examined
the original 890 ct piece of
rough prior to cutting, it
was noted to be essentially uniform in color appearance. Photo by Tino
Hammid; courtesy of
Christie’s New York.

Describing the Color of an Object. Color is a continuum that can be defined and described in terms of
three attributes (see figure 7):
1. Hue, the attribute of colors that permits them
to be classed as, for example, red, yellow,
green, blue, or anything in between
2. Tone, the relative impression of lightness to
darkness of the color (also known as lightness
or value in color science)
3. Saturation, the strength or purity of the color
(also known as chroma or intensity in color
science)
Figure 8 illustrates these three attributes threedimensionally, as they appear when combined.
The range of all visible colors is known as a color
space. A color-order system is a method of ordering
and specifying the colors in a color space by means of
a set of standards selected and displayed so as to adequately represent the whole set of colors under consideration (Wyszecki and Stiles, 1982, p. 506). A number of different color-order systems have been devised
in an attempt to describe the colors that surround us.
When observing the colors of several objects one
at a time, it is natural to rely on color memory to

help distinguish one from another. However, a person’s visual color memory cannot provide the
degree of repeatability that is necessary to describe
color consistently (Burnham and Clark, 1955; Bartleson, 1960). Therefore, color comparators—that is,
objects of established color in a chosen color system
that are used as standard references—are critical.
The most obvious comparator would be of the same
material as the sample, to remove appearance variables. As previously noted, however, colored diamonds represent a wide variety of often very subtle
colors, some of which are quite rare, and their monetary value may be extremely high. In addition, the
color of the stone is influenced by its size and cutting style. Consequently, the cost and time to develop a comprehensive set of diamond color comparators (or masterstones) is challenging. Thus, GIA
GTL has investigated other materials that could
also function as color comparators.
One additional consideration needs to be mentioned. Color descriptions can vary from simple to
complex. A rigorous description must involve
terms for all the attributes of color—hue, tone, and
saturation. The level of detail is referred to as the
fineness of the description. One of the better-known
summaries of the various “levels of fineness” in
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for a larger number of color distinctions and having
a more complex description terminology (table 1).
The needs and level of understanding of the user
determine the level of fineness chosen for a color
description system. In the case of colored diamonds,
a balance must be struck between the need for sufficient detail to describe the color, the need to make
the description simple enough to be meaningful to a
broad constituency, and the need to describe the
color consistently when it is seen in more than one
diamond, or in the same diamond on different occasions or in different locations.

THE GIA GTL GRADING SYSTEM

Figure 7. The three attributes of color can be seen
here: Hues are located on a circle around a center
axis, tone (“lightness” [i.e., toward white] to
“darkness” [i.e., toward black]) forms the vertical
axis, and saturation forms spokes that radiate outward horizontally from least saturated at the center to most saturated at the rim.

color terminology is presented by Kelly and Judd
(1976). They relate color descriptions to one of six
levels of fineness, with each higher level providing
Figure 8. Combined, the three attributes of color
seen in figure 7 appear as shown here. Note that the
saturation steps on the horizontal axis vary with
each hue and tone. Illustration courtesy of Minolta
Camera Company.

136

COLOR GRADING OF COLORED DIAMONDS

The procedures discussed here for observing and
describing color in colored diamonds are primarily
based on many years of experience on the part of
the GIA GTL staff. In the almost 40 years since the
laboratory first began issuing colored diamond
reports, staff members have examined and graded
tens of thousands of colored diamonds of all colors,
sizes, and cutting styles. This cumulative experience has been the most important factor in developing and refining the system described here.
Light Source and Viewing Environment. The current
standardized lighting and viewing environment for
grading colored diamonds was adopted after the laboratory investigated approximately a dozen possibilities. First, we researched several prototype viewing
environments manufactured by GIA GEM
Instruments to GIA GTL specifications. We also tested a xenon-type D65 “daylight” light source, which
is used as a standard in GIA Research. Because GIA is
first and foremost a nonprofit educational institution,
however, we feel it is important to be able to teach in
our training courses what we do in the laboratory.
Hence, as our investigation progressed, we recognized that we must use a commercially available
viewing box and light source that, if desired, could be
purchased by someone in the trade at a reasonable
cost. We investigated various alternatives that
could be produced by GIA GEM Instruments, but
ultimately rejected the concepts of a custombuilt viewing environment or the very expensive
xenon-type light source. Instead, we turned to
products used in other industries, each of which
differed slightly in its lighting characteristics. These
included viewing boxes manufactured by Macbeth,
Pantone, Hunter Labs, and Tailored Lighting (the
lighting characteristics of each can be obtained

from the respective manufacturers). The viewing
boxes we evaluated were reviewed in terms of:
1. The characteristics of its light source—such as
lamp type, measured correlated color temperature (a term used to describe the color of a light
source) and illuminance (the amount of light
energy incident per unit area on a surface, multiplied by the spectral sensitivity of the eye),
calculated color rendering index (a measure of
the degree to which the perceived colors of
objects illuminated by a given light source conform to those of the same objects illuminated
by a standard light source) and calculated index
of metamerism (a measure of the degree to
which pairs of colors with different spectral
characteristics appear the same under a standard light source and different under a “test”
light source), spectral power distribution, and
expected lamp life. These characteristics all
contribute to a person’s ability to distinguish
colors while using the particular light source.

Minolta CS-l00 Chroma-meter; illuminance level
and evenness of light distribution were measured
with a Luftron LX-102 light meter. A barium sulfate
(BaSO4) plate was used as a white reflectance standard for illuminance-level measurements. In each
case, a set of reference colored diamonds were examined in the viewing box by a number of experienced
diamond-grading staff members, so project leaders
could judge how effectively the color was seen in that
viewing environment. Everyone who participated in
this experiment was first checked for normal color
vision using the Farnsworth-Munsell 100 Hue test.
On the basis of this evaluation, GIA GTL is currently using a viewing box manufactured by the
Macbeth Division of Kollmorgen Instruments
Corp., and referred to as the “Judge II” (figure 9), for
grading colored diamonds. The box is located in a
darkened room to minimize color distractions to
the operator. Its interior measures (H × W × D) 20 ×
24 × 20 inches (50.8 × 60.9 × 50.8 cm). We have
found that the Judge II box offers several specific
advantages for observing color in colored diamonds:

2. The overall illumination level, and evenness of
the illumination, within the box.

1. Its size allows the grader to look at the stone
face-up at what, from our experience, is an
optimal viewing distance of the stone from
both the light source (18 inches, about 45 cm)
and the observer (8 to 12 inches, about 20 to 30
cm). At the same time, it provides adequate
shielding from extraneous light.

3. The size and design of the box as it relates to
its intended use—that is, grading colored diamonds.
4. The unit cost and ready availability of replacement lamps.

2. The box is deep enough to eliminate color distractions from the surrounding area. We found
that graders described the sample colored dia-

The correlated color temperature of the light
sources in these viewing boxes was measured with a

TABLE 1. The six levels of fineness of the Universal Color Language.a
Level of fineness
Color name designations
Parameters
Number of color
divisions
Type of color
description

Examples of color
description

Numeral and/or letter color designations

Level 1
(least precise)

Level 2

Level 3b

Level 4

Level 5

Level 6
(most precise)

~13

≈~
~ 30

≈~
~ 270

≈~
~ 1,000–7,000

≈~
~100,000

≈~
~ 5,000,000

All hue names
and neutrals

All hue names
and neutrals
with modifiers

Color-order
systems

Greenish blue

Light greenish
blue

Munsell 5B 9/2

Generic hue
names and
neutrals
Blue

Visually interpolated Munsell
notations (from
Munsell Book
of Color)
41⁄2 B 8.3/2.4

Instrumentally
interpolated
notation

aAdapted
bFor

from Kelly and Judd (1976).
reporting purposes, GIA GTL uses a level-3 description terminology for colored diamonds.
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parators discussed below. Color grading by eye is a
subjective process, so decisions on procedural matters such as these were based, after repeated trials,
on the recommendations of the grading and technical staff involved.
A faceted diamond’s face-up color is evaluated
most consistently when the light source is positioned directly above the diamond (figure 10). The
stone itself is placed in a grooved, matte-white, plastic tray. (A tray colored gray like the interior of the
viewing box tended to make the diamond appear
too dark.) Tweezers or other stone holders were all
found to potentially influence the diamond’s color
appearance. In some cases, they add an unwarranted
color to that of the stone, especially in paler colors.
Figure 9. The Judge II box provides a standardized
viewing environment, with a neutral gray interior
color, controlled lighting, and sufficient working distance for making consistent color comparisons of colored diamonds. Photo by R. Weldon.

monds most accurately and consistently when
they allowed their eyes to color adapt by looking into the box for several minutes and were
not subsequently distracted by colors from the
surrounding room.
3. The Munsell “N7 neutral gray” interior color
reduces color contrasts between the diamonds
and the background.
4. One of the light sources available for this box
(it comes with several) simulates average daylight with a 6500K color temperature. From
our testing, we found that this light source provided superior overall illumination, at a high
brightness level, for observing diamond colors
at our chosen viewing distance within the box.
Viewing Geometry. As mentioned above, a colored
diamond typically has a number of color sensations,
and these sensations are often subtle. Therefore,
both the position of the diamond in the viewing
box, and how the stone is held, are important. We
have conducted experiments on various methods of
holding the diamond, including the use of tweezers
or other metal stone holders and white plastic trays.
We have also experimented with holding the diamond in various places within the box to determine
where its color is most easily seen. These same considerations apply to the viewing of the color com-
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Determining the Diamond’s Color Grade. GIA GTL
uses a three-step process in color grading a colored
diamond: (1) determine the face-up color that is to
be described; (2) locate the position of that color
(first hue, then tone and saturation)—i.e., bracket
it—in color space, by visually comparing the stone
side-by-side to reference comparators under controlled lighting conditions in the viewing box; and
(3) assign GIA GTL color terminology (i.e., the color
grade) for that portion of color space.
Characteristic Color. The GIA GTL system
describes a single color as being “characteristic” of
the diamond as a whole. We define this single color
as the overall color sensation seen when the stone
is viewed face-up (that is not obvious surface
reflection, dispersion, windowing [“washed out” or
“see through” areas], or extinction [“dark” or
“blackish” areas]). To help determine the characteristic color, the grader moves the diamond slightly by rocking the tray, so that the stone is viewed
from perpendicular to the table facet to perpendicular to the crown facets. In our experience, this process of moving the diamond through a slight angle
minimizes the effects of surface reflection, dispersion, windowing, and extinction; for the most part,
light enters and returns through the crown facets of
the stone (see figure 11).
The “color grade” that a colored diamond receives
on a GIA GTL laboratory report is a description of
this characteristic color using standardized terms.
Figure 12 illustrates various colored diamonds and
where the characteristic color is seen in each.
Color Comparators. Once the characteristic color
has been determined, it is bracketed in color space

Figure 10. Using a standard viewing geometry such as
the one shown here, a trained grader can most readily
see and evaluate a faceted diamond’s face-up color.

by means of a side-by-side comparison with two or
more color comparators. As mentioned earlier, it is
not always possible to use diamonds themselves as
color comparators. However, GIA GTL does use reference colored diamonds for most common dia-

mond colors and, equally important, for significant
color distinctions, For example, a substantial distinction that must be made for some blue diamonds
is between “Fancy Light” and “Fancy.” Therefore,
GIA GTL uses a blue diamond at the boundary
between these two grades, even though blue is a relatively uncommon diamond color.
To supplement our available collection of colored diamonds and, in particular, to help provide
samples for those colors in which diamonds are
seen only rarely, we tested comparators from a
number of well-known color-order systems. For
each system, we considered the commercial availability of the comparators, the number provided and
their arrangement in color space, and the range of
colors they represented (relative to the colors we
know to occur in natural-color diamonds).
We determined that some color-order systems
were not compatible for various reasons (for further information on these systems, see Billmeyer
and Saltzman, 1981, pp. 25–30; and Wyszecki and
Stiles, 1982, pp. 506–507). The first group of systems rejected for our purposes—for example, those
of Maerz and Paul, Lovibond, Pantone, and the ICI
Color Atlas—are all based on colorant behavior.
They employ the principle of systematically mixing various colorants to produce selected color

Figure 11. The viewing geometry used to grade colored diamonds acknowledges that transparent, high-R.I., threedimensional, faceted gemstones present a range of color sensations, as shown in these two photographs. To determine
the characteristic color, the grader rocks the tray through a slight angle, so that the diamond is viewed from several
positions. In this particular stone, “windowing” hinders observation of the characteristic color when the table facet is
tilted slightly away from the grader (left); rather, the grader sees the color in this stone best when viewing it perpendicular to the table (right). In another diamond, however, the situation might be reversed, or the characteristic color
might be most evident with the table at a slightly different angle. Photos by N. DelRe.
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Figure 12. For each of these four fancy-color diamonds, the characteristic color is illustrated by the shaded area on
the accompanying drawing. Photos by S. F. McClure and (heart shape) N. DelRe.

samples (e.g., glasses, plastics, inks, paints, etc.).
We found that these comparators are arrayed
either too close or too far apart in color space for
our purposes.
A second group of systems, represented by that
of Ostwald, is based on color-mixing laws; that is,
additive mixing of two or more colorants or colored lights in the same proportions yields the same
color. Because there is no widely available collection of samples based on this type of system, the
comparators in this group, too, were deemed not
applicable.
A third group, called “color appearance systems,” is derived from the principles of color perception. Here, opaque color chips are used as color
comparators, each spaced uniformly in color space
in accordance with the perceptions of an observer
with normal color vision (Wyszecki and Stiles,
1982, pp. 507– 513). This group includes the
Munsell Color System, that of the German Insti tute of Standards (DIN), the Swedish Natural
Color System (NCS), Chroma Cosmos 5000, and
the Optical Society of America (OSA) Color
System. We found that most of these systems
were too complex for our specific application. In
the course of our investigation, however, we
determined that the opaque color chips provided
as part of the Munsell system (Munsell, 1905) best
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suited our needs. This system represents a systematic, three-dimensional, well-distributed sampling of color space (Kuehni, 1983; Billmeyer and
Saltzman, 1981, pp. 28–30; Wyszecki and Stiles,
1982, pp. 507–509; Billmeyer, 1987; see also figure
13).
In particular, the distribution of the color comparators in the well-documented and widely used
Munsell system along three color attributes (comparable to GIA’s terms hue, tone, and saturation) is
relatively easy to understand and communicate,
which helps its application for our purposes.
Because locations of the opaque chips in color
space can be mathematically translated into other
color-order systems, they are compatible to systems
used in other countries. These opaque chips are a
standard color reference for comparison with other
objects (ASTM D1535-89) and are sold commercially as the Munsell “Book of Color,” which contains
as many as 1,500 chips (figure 14).
It is important to note that each Munsell chip
does not have a descriptive color name. Rather, it
carries only its Munsell notation, which positions it
in color space (in the Munsell system, on a Munsell
hue page). For example, chip 5Y 8/4 is located on
page 5Y at a “value” (i.e., tone) of 8 and a “chroma”
(i.e., saturation) of 4 (again, see figure 13). We have
correlated our color grading system to the arrange-

ment of these Munsell chips, to illustrate how our
description terms relate to one another in this colororder system.
Factors in Assigning the Color Grade. When masterstones are used as color comparators, the grader
systematically compares the color of the diamond
being graded to the colors of the reference diamonds, bracketing each color attribute in the
viewing box (figure 15). At this point in the grading
process (i.e., after the characteristic color has been
established), the diamonds are held in a fixed position. (This is in contrast to the situation mentioned earlier where the subject diamond is moved
slightly to help the grader determine the characteristic color.)
For those less frequent situations where there is
not a comparable masterstone, we use the Munsell
opaque color chips in much the same way: bracketing by side-by-side comparison of the characteristic color of the diamond with the color of the
chip, in the viewing box (see figure 16). ASTM
D1535-89 describes the bracketing concept. The
grader’s goal is simply to place the characteristic
color of the diamond in the proper region of color
space, so the GIA GTL color-description terminology for that portion of color space can be applied to
the stone.
An important aspect of the GIA GTL system is
the separate analysis of the perceived distribution of
color (i.e., evenness or unevenness of color seen
face-up). In most cases, unevenness is an effect of
the stone’s cut; occasionally, the diamond is color
zoned. Because this perceived color distribution can
affect the diamond’s face-up color appearance, it is a
factor in how the stone is traded. The grader analyzes color distribution by placing the diamond
face-up in a viewing tray and, as with determining
the characteristic color, rocking the tray slightly so
the stone is viewed from perpendicular to the table
to perpendicular to the crown facets. We have found
that this rocking motion helps balance the effects of
the cut, so the grader is not unduly influenced by
the stone’s appearance in only one position. The
distribution of the color is evaluated in relation to
the stone’s total face-up area. Most fancy-color diamonds are considered to be evenly colored and are
noted as such on the laboratory report (figure 17). In
those less-common situations where the characteristic color clearly does not predominate face-up, the
color distribution will be called uneven on the
report (figure 18).

Figure 13. This representation of the Munsell color system shows the arrangement of individual opaque
color chips in a color space. Courtesy of the Macbeth
Division of Kollmorgen Instruments Corp.

Figure 14. In the Munsell system, opaque color
chips are provided in a book, with the chips
arranged on what are called Munsell hue pages.
Photo by N. DelRe.
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Figure 15. To determine the color description, the
grader judges the characteristic color of the diamond
against that of color reference diamonds. When comparing the two stones, it is important to place them in
the same fixed viewing geometry and close to each
other without touching. Here, a colored diamond (left)
is compared to a reference diamond in the viewing
box. Photo by S. F. McClure.

GIA GTL COLOR GRADING TERMINOLOGY
The principles behind GIA GTL’s terminology for
grading colored diamonds are consistent with those
of color nomenclature used in other industries. The
Inter-Society Color Council—National Bureau of
Standards (ISCC-NBS), when developing their
“Method of Designating Colors” (NBS, 1955), used
a “level 3” terminology. This level of language was
defined by the ISCC-NBS to promote a practical
color description terminology simple enough to be
generally understood by an average person, yet
accurate enough to be scientifically useful. As

Figure 16. In some instances, opaque color chips are
used as color comparators. As with the reference diamonds, the chips are placed in the same fixed viewing geometry, close to but not touching the stone.
The opaque chip shown here simulates what we consider to be the characteristic color of this diamond.
Photo by N. DelRe.

shown in table 1, this level includes all hue names
(e.g., blue), neutrals (e.g., black, white, and gray), and
color modifiers (e.g., light grayish, deep, intense, and
other terms that express a related area of tone and
saturation values). The GIA GTL system uses a
comparable level-3 terminology to describe colored
diamonds in terms of hue, tone, and saturation.
GIA GTL is aware that the grader can visually
discern more color distinctions than those used in
our color grading system. In our experience with colored diamonds, however, a greater degree of “fineness”—i.e., more terms—reduces the consistency
and repeatability of the resulting color descriptions.
In addition, such color distinctions are only relevant
as long as they are meaningful and understandable in
the commerce of diamonds; making too subtle or
too coarse a distinction is not practical.
Hue Terms. The GIA GTL color-grading system
uses 27 hue names (figure 19). Each name represents a range of color sensations around the hue circle. In using these hue names, our concern is to
mark the boundaries of a given hue—not to designate just a “single” color sensation. We have chosen
color comparators to represent the boundaries of
each of the 27 hues.
Some of these 27 hue names include a modifying color (e.g., reddish orange); in our grading system, the predominant color is stated last. Note
that this hue-naming convention differs from that
used in GIA’s Colored Stone Grading System
(where, for example, green-blue and blue-green are
synonymous). This is because, in the diamond
trade, the final hue name in a stone’s color description has significant commercial implications that
do not necessarily exist in the colored stone industry (e.g., a green-blue diamond is considered a
“blue” stone, while a blue-green diamond is considered a “green” stone, and each has a particular
market). These 27 hue names also represent the
beginning of what we call our color terminology
“grid” for colored diamonds. This grid divides
color space into various zones of hue, tone, and
saturation; it is helpful in illustrating the relationships among GIA GTL color terms.
Tone/Saturation Terminology. To describe the
color of a faceted colored diamond correctly, one
must identify its tone and saturation as well as its
hue. The Munsell color chips are particularly useful
in this regard.
We conducted a series of color-naming experi-
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Figure 17. The color in this 9.05 ct Fancy Vivid yellow
diamond is well distributed throughout the face-up
appearance of the stone. It would be described as
“even” on a GIA GTL report. Courtesy of B. Najjar;
photo by R. Weldon.

ments for Munsell chips, involving experienced
GIA GTL grading staff. We used a special computer
program to select approximately 700 chips from the
“Book of Color” so that they were at roughly equal
distances from one another in color space. Thus,

Figure 18. The color appearance of this diamond
would be described as “uneven” on the GIA GTL
laboratory report. Photo by N. DelRe.

this subset of chips uniformly spanned the portion
of color space covered by the Munsell system
(which also spanned the range of colors observed in
colored diamonds). We then put these chips in a
random sequence, and gave them (one at a time) to
each of 12 graders very experienced at describing
colored diamonds. The experiments were conducted over a period of several days, to prevent eye
fatigue on the part of the participants. We asked
each grader to look at a single chip in a viewing box
under controlled lighting conditions and then to
write down a color description of the chip (using
GIA GTL terminology) as if it were the characteristic color of a faceted diamond. We used the results
of these experiments as one way to relate our color
grades to the Munsell system.
Further experiments with the Munsell color
chips and over 3,000 colored diamonds, again using
trained grading staff and standard color-comparison
methodologies (ASTM, 1991, D1729-89), also
helped refine the color-comparison process used for
grading. Where masterstones are available for color
reference, we have located their positions in color
space on the terminology grid by means of extensive visual comparison experiments conducted
using GIA GTL grading staff. In addition, we have
sought advice from members of the diamond trade
to ensure the compatibility of our color-grading terminology with current trade usage.
GIA GTL’s term for the combined effect of tone
and saturation in a colored diamond is referred to
as a “Fancy grade.” Historically, the laboratory has
used a series of these Fancy-grade terms on its colored diamond reports; the grade given to an individual stone may have a significant commercial
impact. The laboratory’s use of these “Fancy”
grades is similar to the convention used in the
ISCC-NBS system, in which ranges of like tone
and saturation values are grouped together and
described with the same term (e.g., light, dark,
strong, etc.). The Fancy-grade terms used on GIA
GTL reports can be depicted by means of our terminology grid (figure 20). According to GIA GTL
convention, Fancy-grade terminology is used only
to describe the characteristic color in a faceted diamond, and not to describe other aspects of a colored diamond’s face-up appearance (such as
uneven color distribution).
Using the masterstones, opaque chips, and
bracketing process, the grader assigns the characteristic color of the diamond to a “volume” of color
space. For illustrative purposes, these volumes can
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Figure 19. GIA GTL uses
27 hue names on a continuous hue circle to
describe colored diamonds. Also shown is the
approximate portion of
the hue circle to which
each name corresponds.

be bounded at the corners by the positions of the
Munsell chips (see figure 21). Each volume in the
grid is designated by a particular color description
(e.g., “Fancy orangy yellow”) in our grading system. More than one volume may have the same
description.

istic color of the diamond belongs, and thus its verbal color description as well.
With this grid one can visualize GIA GTL’s
grading terms by looking at two of the three
attributes of color at one time. Specifically:

Using the Terminology Grid. In the grading process,
the terminology grid is used as follows. A diamond
is first compared to one or more of the colored diamond masterstones. In most cases, the grader can
establish the verbal description of the characteristic color at this stage, which concludes the color
grading process. At a minimum, the grader usually
establishes one attribute (hue, tone, or saturation) of
the diamond’s characteristic color by comparison to
these masterstones. If necessary, the grader then
uses the opaque chips to refine the location in color
space of the remaining attributes. Again, the goal is
merely to locate the color between known boundaries—not necessarily to match the diamond’s
color. By this process, the grader establishes the portion of the terminology grid to which the character-

2. Tone and saturation, where there is a constant
hue
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1. Hue and saturation, where tone is kept constant

These terminology grids help the grader do two
things—assign a hue name and assign a “Fancy”
grade. As shown in figures 19 and 20, portions of
color space with the same hue and Fancy-grade
terms are not all equal in size. The slight differences in the placement of our terminology boundaries are due to the natural occurrence and relative
rarity of various diamond colors. Because yellow
is by far the most common, a greater depth of
this color is required for a stone to receive a
“Fancy” grade. In contrast, colors such as pink and
blue are both relatively rare and occur in much narrower (lower) saturation ranges. Thus, a “Fancy”
grade is given for a paler stone. Such differences in

Figure 20. This drawing illustrates the general interrelationship of GIA GTL Fancy-grade terms in color
space. The boundaries of these terms shift slightly
from one area on the hue circle to another, because
not all colored diamonds attain the higher-level saturations. As a result, for some diamonds (such as pink
or blue), the GIA GTL grading system gives a palercolored stone the same Fancy-grade description as a
stronger-colored stone with a more common color
(such as yellow). Also shown on this illustration are
two new Fancy-grade terms, Fancy Deep and Fancy
Vivid, and their relationship to the other terms.

terminology boundaries are illustrated in figure 22.
GIA GTL selected the color descriptions shown
on the terminology grids, and the sizes of their
respective areas, to provide both (1) a practical
limit to the number of terms that would be used
based on visual observation, and (2) precise enough
terminology to be useful in making commercial
distinctions.
Modifications of Hue Terms. There are two kinds of
changes that can occur to the 27 hue names, and
their boundaries, as one “moves” through the GIA
GTL terminology grid. One is a reduction in the
number of hue names around the hue circle, and
the other is the use of modifying terms as the saturation decreases.
At low saturation levels, and at either light or
dark tone levels, we recognize fewer than 27 hue
names (figure 23) because there is a smaller number
of discernible colors. According to industry sources,

Figure 21. This illustration indicates how a portion
of color space can be divided by the arrangement of
Munsell chips. Three volumes—labeled here A, B,
and C—are shown. By means of the color-comparison and bracketing process, the characteristic color
of a faceted diamond can be located within one of
these volumes, each of which has been assigned a
color grade. In some instances, the grader determines
that the characteristic color of the diamond matches
that of a particular chip. As the figure shows, however, the chips are actually located at the corners of
several different volumes. To prevent any confusion
in this situation, the grader uses those terms that
represent the highest saturation, lightest tone, and
the hue in a clockwise direction around the hue circle. For example, if the match were with chip 7.5Y
5/4—right between A and B—the diamond’s color
would be described with the terminology that
applies to volume A.

this parallels how such diamonds are traded: broader distinctions are made between stones in very
dark and very light tones, and at low saturation levels. This is analogous to the convention used in
other systems, such as the ISCC-NCS, where fewer
hue names are used (i.e., a wider range of colors are
grouped together) at lower saturation levels.
When fewer hue names are needed, our 27 hue
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Figure 22. Shown on tone/saturation charts are the
Fancy-grade terms for blue and yellow diamonds.
Note that the boundaries between terms are different
for the two hues. A relatively rare color that typically
occurs in lower saturations, such as blue, is assigned
certain “Fancy” grades at lower saturation levels than
a color such as yellow, which typically occurs in higher saturations. At lower levels, yellow diamonds are
graded in the “D-to-Z” range. The shaded areas represent the approximate ranges in which these two colors
have been seen to date in diamonds.

names are modified in one of two ways. The first is
when an English language term is used for paler colors, such as the substitution of “pink” for “red” in
the paler versions of “purplish red,” “red,” and
“orangy red” (again, see figure 23). The second way
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Figure 23. These two hue/saturation grids illustrate
the effect that changes in tone and saturation have on
the 27 hue names used in the GIA GTL color grading
system for colored diamonds. Because the saturation
range at very high and very low tone levels is so limited, visual distinctions between these colors become
less practical. Consequently, fewer hue names are
used in these areas of the two grids. For example, in
the bottom illustration, the hue names purplish red,
red, and orangy red (shown on the hue circle in figure
19) first become—at this tone and intermediate saturation levels—purplish pink, pink, and orangy pink,
respectively. At even lower saturation levels, these
three names are combined into just one—first brownish pink, and finally brown-pink. Such a modification
in hue terminology is due to the difficulty of discerning the purplish red, red, and orangy red hues at levels
of low saturation, and either high or low tone. Similar
terminology situations occur throughout the color
space used by the GIA GTL colored diamond grading
system, as also seen in the top illustration.

is to modify the hue name by the addition of either
“gray/grayish” or “brown/brownish.” Some colored
diamonds are described in the trade as being brown
or, to a lesser extent, gray. In our system, these are
not hue terms per se, but they are appropriate color
terms to use for the appearance of stones that are at
lower saturations of various hues. For example, diamonds in the yellow-to-red hue ranges appear

Figure 24. These nine diamonds (0.19–1.06 ct), all
in the orange-yellow hue
range, are placed on a
tone/saturation grid to
illustrate the relationship
of Fancy-grade terms and
color appearance. Note
how changes in tone
and/or saturation affect
the appearance of a hue.
Toward the left-hand
(lower saturation) side of
the grid, brownish and
brown are more common
in the hue descriptions.
Photo © GIA and Harold
& Erica Van Pelt.

brown when they are particularly low in saturation
and/or dark in tone. Most gray diamonds are those
that are so low in saturation that no hue is readily
perceived, only the light-to-dark tonal changes.
New Fancy-Grade Terminology. One of the recent
additions to the GIA GTL colored diamond grading
system is the recognition of two new Fancy-grade
terms: Fancy Deep and Fancy Vivid. They supplement the previously existing terminology as follows:
Faint, Very Light, Light, Fancy Light, Fancy, Fancy
Dark, Fancy Deep, Fancy Intense, and Fancy Vivid
(see, e.g., figures 24 and 25). Referring back to figure
20, Fancy Deep represents colors that have a medium
to dark tone and a moderate to high saturation (as
illustrated in figure 26), while Fancy Vivid represents
colors that are light to medium tone and very high
saturation. With the use of these two new Fancygrade terms, areas of color space of important, highly
colored diamonds will now be given even more accurate and appropriate color descriptions.

regarding the consistency of such instruments for
quantifying the color appearance of faceted diamonds (see, e.g., Collins, 1984) and other gemstones.
The many sizes and shapes of fashioned gems influence instrument positioning and path length for
light traveling through the stone—and, thus, the
accuracy of instrumental color measurements.
An even more fundamental problem is relating
the results of instrumental color measurements to
the color appearance of faceted gems as observed by
eye. Several colorimeters have been marketed for
evaluating faceted colorless-to-light yellow diamonds, including the Gran Colorimeter currently
being sold by GIA GEM Instruments. If one recalls

Figure 25. These four yellow diamond masterstones
(0.39–1.53 ct) mark the most commonly seen lower
saturation boundaries of their respective grade ranges
(from left to right: Fancy Light, Fancy, Fancy Intense,
and Fancy Vivid). The last color grade is a recent addition to the GIA GTL system. Photo by R. Weldon.

OTHER CONSIDERATIONS
IN COLOR GRADING
Using Instruments to Measure Color. Certain
attributes of color appearance can also be measured
with instrumentation, such as a spectrophotometer
or a colorimeter (for further general information, see
Billmeyer and Saltzman, 1981; chapter 3). Although
color measurement may provide finer color distinctions for some materials, questions have arisen
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Grading Mounted Colored Diamonds. While the
most accurate color comparisons are made on
unmounted diamonds, practical situations arise
that require the color grading of some colored diamonds in mountings. As with mounted diamonds
in the “D-to-Z” range, in these instances the color
grade is expressed more generally in the form of a
range (e.g., “Fancy Light to Fancy yellow”) to
account for the potential influence of the mounting.

Figure 26. All of these diamonds (0.14–0.57 ct) would
be graded “Fancy Deep,” a recent addition to GIA
GTL terminology that encompasses colors of medium
to dark tone and moderate to high saturation. Photo
by R. Weldon.

the factors that influence color observation—the
light source, the object, the eye (or, here, the instrument’s light detector), and the geometry between
these different elements—deriving a consistent set of
standards for both visual observation and instrumental measurement of color in gems is a great challenge
and, in our opinion, one that has not yet been solved.
While instruments such as the Gran Colorimeter do
provide useful color measurement data (and can be
helpful as back-up for the visual color grading of nearcolorless to very light yellow diamonds), the relationship between these data and visual color observations
of the same diamond has not been rigorously demonstrated. The challenge is even more profound for
fancy-color diamonds. Nevertheless, GIA continues
to investigate the use of color measurement instrumentation to supplement visual color grading.
Treated Diamonds. Since GIA GTL first began issuing
origin-of-color reports in the 1950s, it has maintained
a policy of not color grading diamonds that they have
identified as treated. This policy continues today.*
* Since 2004, the GIA Laboratory’s policy has been to color grade
diamonds that have been identified as treated if the color is stable to
normal conditions of wear, care, manufacture, and repair.—Ed.
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“Additional” Colors. Occasionally, the laboratory
encounters diamonds that display an “additional”
color that is clearly different from the characteristic
color chosen. For example, a blue diamond might
contain an orange limonitic (iron oxide) stain in a
fracture. In these instances, the additional color
component is not included in the color grade but is
mentioned as a comment on the laboratory report.
To avoid redundancy in terms (i.e., such as “dark
black” or “light white”), natural black and opalescent white diamonds are referred to only as “Fancy”
for their Fancy-grade term.

SUMMARY AND PERSPECTIVE
One of the primary goals at the GIA Gem Trade
Laboratory is to support the diamond industry with
services that protect and enhance the trade, and
thus the public trust. That entails a comprehensive
program to address all aspects of reporting on the
criteria that govern the identification and grading of
diamonds. Of significant importance today is the
nature of colored diamonds—specifically, their
color origin and color grading. This is consistent
with the special position that natural-color diamonds have held historically and especially over
the last decade (figure 27).
While the “D-to-Z” system used to color grade
most diamonds encountered in the jewelry industry
(i.e., colorless to light yellow, including light
browns and light grays) has been documented, the
system used by GIA GTL for colored diamonds has
not. Part of the challenge has been to apply scientific, yet practical, time-tested standards to such rarities of nature, and to continuously improve the
reporting of such information via laboratory reports.
This article has traced the history and development of GIA GTL’s system for describing and grading colored diamonds. This system uses both (1) a
controlled viewing and lighting environment to
observe the color of faceted natural-color diamonds,
and (2) color comparators in the form of colored dia-

mond masterstones and Munsell color chips. These
standards help a trained grader identify the characteristic color of a diamond, on the basis of which a
descriptive terminology—i.e., a grade—is assigned.
The color-grading terminology uses a level-3 fineness, consisting of 27 hue names and possible modifier terms. Supplementing these hue names is a
series of Fancy-grade terms that convey information
about both the tone and saturation of the diamond’s
color appearance. The system provided has a basis
in color science, yet it is a practical approach to the
visual evaluation of colored diamonds.
GIA GTL continues to seek ways to strengthen
the system and make it more meaningful. One
recent development is the addition of two Fancygrade terms, Fancy Deep and Fancy Vivid, to the
terminology that will soon appear on GIA GTL
reports for natural-color colored diamonds.
Grading the color of colored diamonds is one of
the greatest challenges in gemology. The description must be a thoughtful blend of both art and science. GIA GTL’s system seeks to use the best of
both disciplines, fully describing each subtle color
while meeting the practical need to make consistent, repeatable color decisions. It is not an easy process. It requires a robust system with consistent
standards. A Fancy yellow diamond must be the
same yesterday, today, and tomorrow.
Finally, to neglect history and tradition, or to distance ourselves from the mystique and romance
associated with natural-color diamonds, is to do
injustice to their beauty. In the end, our responsibility is to study the problem thoughtfully, document
the information carefully, and report the results
objectively. Recognizing the extremely high values
of certain colors in diamond, the system described
provides the support necessary to protect and
enhance the stability and prosperity of the trade.

Figure 27. Colored diamonds continue to play a special
role in the jewelry industry, as they have for hundreds
of years. Illustrated here are some jewelry pieces provided by J. & S.S. DeYoung and U. Doppelt & Co. The
ring in the lower right contains three Fancy Intense
yellow diamonds (1.03, 0.80, and 0.57 ct); the Fancy
yellow diamonds in the earrings weigh 7.44 and 7.34
ct, respectively; the nine “greenish yellow-to-green”
diamonds in the brooch have a total weight of approximately 21.24 ct; the Fancy Intense orangy yellow ovalcut diamond weighs 1.83 ct; and the 1.54 ct round brilliant-cut diamond is Fancy brownish orangy pink.
Photo © GIA and Harold & Erica Van Pelt.

Acknowledgments: The authors thank Richard T. Liddicoat, William E. Boyajian, Ilene Reinitz, Scott Hemphill, and D. Vincent
Manson of GIA, and the GIA GTL colored-diamond grading staff, for their help. G. Robert Crowningshield of GIA GTL in New York
provided useful suggestions and a historical perspective. Dona Dirlam, of GIA’s Richard T. Liddicoat Gemological Library and
Information Center, assisted in the archival research. The authors also thank Kurt Nassau, as well as Mark Fairchild of the Munsell
Color Science Laboratory at the Rochester Institute of Technology, for their support. The authors also thank Sam Abram of SIBA
Corp., Ara Arslanian of Cora Diamond Corp., Mace Blickman of Jerry Blickman Inc., Stanley Doppelt of U. Doppelt & Co., Ishaia
Gol of Ishaia Trading Corp., William Goldberg of William Goldberg Diamond Corp., Manny Gordon of Manny Gordon Trading, Eli
Haas of Diamstar International, Merril Moses of Moses Jewelers, Joe Samuel Jr. of J.& S.S. DeYoung, Isaac Wolf, Lazar Wolf of
Lewis Wolf Trading, and Benjamin Zucker, for their helpful comments and/or loan of colored diamonds.

COLOR GRADING OF COLORED DIAMONDS IN THE GIA LABORATORY (1994)

149

CHARACTERIZING NATURAL-COLOR
TYPE IIB BLUE DIAMONDS
John M. King, Thomas M. Moses, James E. Shigley, Christopher M. Welbourn,
Simon C. Lawson, and Martin Cooper

Although rarely encountered, blue diamonds are among the most famous, and most distinctive,
of fine gemstones. To better understand these unique gems, more than 400 were studied at the
GIA Gem Trade Laboratory over several years to reveal additional information about the relationships between their color, clarity, and other gemological properties. The overwhelming
majority of natural-color blue diamonds are type IIb. The color appearance varies widely from
light to dark, but there is a limited range of color saturation. As a result, color appearance
between neighboring GIA GTL color grades can be subtle. Of the blue diamonds examined at
GIA GTL, few had any solid inclusions. Nevertheless, internal features such as graining and
color zoning can make the processing of these diamonds a challenge.

B

ecause of their great beauty and rarity, blue
diamonds are both intriguing and highly valued (figure 1). Such important historic diamonds as the Hope, the Blue Heart (also called the
Unzue or Eugénie Blue), and the Idol’s Eye have
greatly added to the fascination and mystery surrounding blue diamonds throughout history.
In recent years, auction sales have also placed
blue diamonds in the forefront of industry interest.
The current record per-carat price paid for a blue
diamond at auction, $569,000, was set in November
1995, for a 4.37 ct Fancy Deep blue oval shape
which sold at Christie’s Geneva. Only three diamonds have sold at auction for higher per-carat
prices; indeed, of the 10 highest per-carat prices paid
for colored diamonds at auction, six have been for
blue diamonds (World Diamond Industry Directory
& Yearbook, 1997/98, p. 56).
Even with their high profile, blue diamonds
have long been considered among the rarest of
gems (Federman, 1989c, 1998). The De Beers
Polished Division, in their published compilation
Important Diamond Auction Results (1997), noted
only 18 blue diamonds offered for sale that year at
the auction houses of Christie’s, Sotheby’s, and
Phillips (in contrast to 143 predominantly yellow
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diamonds noted for the same period). Of the
numerous colored diamonds submitted for grading
reports to the GIA Gem Trade Laboratory (GIA
GTL) during the first half of 1998, only 0.3% were
described as predominantly blue. Although such
diamonds are much sought after, dealers indicate
that only a couple of new blue diamonds come to
their attention during the course of a year (K.
Ayvazian and I. Gol, pers. comm., 1998). This
observation is consistent with the current mining
recovery rate. Of all the De Beers South African
rough production, there is on average “only one significant blue” mined per year. When they occur,
such finds are said “to cause excitement along the
chain from the discovery at the mine to the sorting” (M. Semple, pers. comm., 1998).
In GIA GTL’s color grading of colored diamonds,
there are other natural colors that are more rarely
encountered than blue (such as purple or red).
However, it is the combination of relative rarity

See end of article for Acknowledgments.
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Figure 1. Blue diamonds are
among the most highly prized
objects in contemporary society. The connoisseur of such
stones appreciates the subtle
differences and nuances of
color. Shown here are a range
of appearances from the
strongly colored heart shape
in the ring to the gray-blue
marquise shape at the upper
left. The diamonds range from
0.48 ct to 2.01 ct; the 1.04 ct
blue diamond in the ring is
surrounded by approximately
2 carats of near-colorless diamonds. Loose stones courtesy
of Rima Investors Corp.; the
ring is courtesy of Martin
Kirschenbaum Trading, Inc.
Composite photo © Harold &
Erica Van Pelt.

(although the numbers are small, they are sufficient
to enable a recognized market to be established),
high value, and trade enthusiasm that makes it critical to expand our knowledge of blue diamonds. In
particular, precisely because blue diamonds are so
rare, few dealers understand their full range of color
appearances. This is important to accurately assess
the relationship of one blue diamond to another. As
is the case with other aspects of diamond valuation,
subtle differences in color appearance (reflected in
differences in grading terminology)1 can result in
large differences in value. Therefore, understanding

1 Note that this article contains a number of photos illustrating subtle
distinctions in color. Because of the inherent difficulties of controlling
color in printing (as well as the instability of inks over time), the color
in an illustration may differ from the actual color of the diamond.

and consistently describing color in blue diamonds
is critical.
To this end, GIA GTL and GIA Research have
been compiling for several years (as well as drawing
on the Laboratory’s more than 40 years of reporting
on these stones) information based on a significant
quantity of blue diamonds they have graded and/or
otherwise documented. This study represents the
largest number of blue gem diamonds ever examined by a single organization, including some of the
most famous diamonds known.
Following a discussion of the history of blue
diamonds and a mention of some of the main
localities where they are found, the present article
reports on the relationship of the various color
appearances of blue diamonds, as reflected in their
GIA GTL color grades, to their other gemological
properties.
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Figure 2. The excitement generated by the historic 45.52 ct Hope diamond, now on display
at the Smithsonian Institution, is due as much
to its Fancy Deep color as to the dramatic
events associated with its various owners.
Photo © Harold & Erica Van Pelt.

BACKGROUND
History and Geographic Origin. Historically, blue
diamonds have been recovered from several localities. Early accounts cite the Kollur mine (and possibly other mines) along the Krishna River valley near
Golconda, in the Indian state of Hyderabad (now
called Andhra Pradesh; Scalisi and Cook, 1983).
This region was described by noted French traveler
and gem dealer Jean-Baptiste Tavernier (1676). Over
the course of almost 40 years (1631–1668),
Tavernier made six journeys from Europe to India.
At that time, India was the source of almost all gem
diamonds. During these visits, Tavernier saw many
spectacular rough diamonds, a number of which he
purchased and brought back to Europe.
Tavernier is widely believed to have acquired
one of the world’s most famous diamond crystals,
the 112.5 ct stone that became known as the
Tavernier Blue, in India in 1642 (Tillander, 1975).
He sold this rough diamond to Louis XIV of France
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in 1669, who had the diamond cut into a triangular
shape of 67.12 ct (possibly with additional smaller
cut stones). In 1792, during the French Revolution,
this and other diamonds were stolen from the collection of the French Crown Jewels housed in the
Garde Meuble palace. It is believed that, to avoid
detection, subsequent owners had the Tavernier
Blue recut twice, ultimately to a weight of 45.52 ct,
before Henry Philip Hope purchased it in 1830 (figure 2). Currently on exhibit in the Harry Winston
gallery at the Smithsonian Institution in
Washington, D.C., the Hope diamond is seen by
more than four million museum visitors each year
(J. E. Post, pers. comm., 1998).
The 70.21 ct Idol’s Eye is also reported to have
been found in the Golconda district in the early
17th century. Like the Hope, it is a classic example
of a diamond with a history surrounded by myths
and legends (Krashes, 1993). It was claimed to have
been set in the eye of an idol in the Temple of
Benghazi, rumored to have been seized from its
original owner for payment of debts, and disappeared for 300 years before resurfacing. This light
blue diamond was rediscovered in the possession of
Abdul Hamid II (1842–1918) in 1906, who became
the 34th Ottoman Sultan.
A number of other important blue diamonds
have published histories (see, for example, Balfour,
1997) and specific names that have lasted for many
years. Table 1 presents a list of some of these
notable blue diamonds, with their weights, color
descriptions, cut shapes, and the most recent year
that individual stones were examined by GIA staff
members.
Today, there is little production at the Indian
mines. The Premier mine in South Africa is now
considered the most significant source of the blue
diamonds entering the market (Federman, 1989c; G.
Penny, pers. comm., 1998).
The Premier Mine. Discovered in 1903, the Premier
mine was initially worked by open-pit methods (figure 3); in 1905, it yielded the largest rough diamond
ever found, the 3,106 ct Cullinan. In celebration of
the gift of this diamond to King Edward VII of
England, Thomas Cullinan, then chairman of the
Premier mine, presented his wife with a necklace
that contained several blue diamonds, including a
2.60 ct center stone (illustrated in Janse, 1995, p. 240).
The open-pit operations were closed in 1932, but
De Beers reopened the Premier in 1946 as an underground mine, with full production attained in 1949.

Underground operations continue to the present
time (figure 4).
Since mining began at the Premier in 1903, 278
million tons of ore have been processed and 90.5
million carats of gem and industrial diamonds
recovered. Current production is approximately 1.6
million carats per year. The yield is 50 carats per
100 tons of ore, or approximately 0.50 ct per ton. Of
this production, diamonds with any evidence of
blue color (but that would not necessarily color
grade as blue once cut and polished) represent less
than 0.1% (H. Gastrow, pers. comm., 1998). The
Premier mine is well known as a source not only of
blue diamonds, but also of large, colorless diamond
crystals. Indeed, it is the three or four blue and/or
colorless “specials” recovered each year that make
the Premier mine a viable operation (G. Penny, pers.
comm., 1998). To date, there is no known correlation between the geologic conditions of the host
rock and the type or color of diamond recovered

from the Premier mine or elsewhere; the recovery of
blue diamonds is random and very sporadic (D. E.
Bush, pers. comm., 1998).
Other South African mines that have produced
blue diamonds include the Jagersfontein and
Koffiefontein (both near Kimberley); the Bellsbank
mine near Barkly West; and the Helem mine at
Swartsruggens. Very rarely, blue diamonds have
been found in alluvial deposits at Lichtenburg in the
Western Transvaal. Guinea, in western Africa, is
also known to have produced blue diamonds
(Webster, 1994). Historically, central Africa has
been rumored to be a source of blue diamonds, especially Sierra Leone for lighter blues (A. Arslanian,
pers. comm., 1997). Outside of Africa, blue diamonds have been reported from Kalimantan on the
island of Borneo in Indonesia (Spencer et al., 1988),
from several regions in Brazil (Cassedanne, 1989),
and from areas of Guyana and Venezuela (Webster,
1994; also see Bruton, 1978).

TABLE 1. Notable blue diamonds.a
Name

Weight
(carats)

Color description b

Shape

Date of the most recent
GIA Gem Trade Laboratory
report/examination

Brazilia
Idol’s Eye
Mouawad Blue
Copenhagen Blue
Hope c
Tereschenko
Graff Imperial Blue
Wittlesbach
Sultan of Morocco
North Star
Blue Heart (Unzue Blue) c
Blue Lili
Transvaal Blue
Howeson
Begum Blue c
Brunswick Blue
Graff Blue
Marie Antoinette Blue
Cullinan Blue necklace (center stone)

176.2
70.21
49.92
45.85
45.52
42.92
39.31
35.50
35.27
32.41
30.62
30.06
25.00
24
13.78
13.75
6.19
5.46
2.60

“light blue”
Light blue
Fancy Dark blue
“blue”
Fancy Deep grayish blue
“blue”
Fancy Light blue
“blue”
“bluish gray”
“blue”
Fancy Deep blue
Fancy blue
“blue”
“blue”
Fancy Deep blue
“blue”
Fancy Dark blue
“blue”
“blue”

Rough
Modified triangle
Pear
Emerald
Cushion
Pear
Pear
Oval
Cushion
Pear
Heart
Cushion
Pear
nr d
Heart
Pear
Round
Heart
Cushion

ne e
1995
1984
ne
1996
ne
1984
ne
ne
ne
1997
1980
ne
ne
1995
ne
1990
ne
1993

a

Information obtained from GIA GTL reports or examination of individual diamonds (as indicated by a date given in the last
column), as well as from Liddicoat (1993), Christie’s Jewellery Review 1995 (1996), and Balfour (1997).

b

Color descriptions for diamonds graded by GIA GTL (i.e., those that are not set off by quotation marks) represent the color
grading terminology that prevailed at that time. Modifications to the GIA GTL colored diamond color grading system
and its nomenclature were introduced in 1995.

c Diamonds

that were examined as part of this study.
= not recorded.
e ne = not examined.
d nr
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Figure 3. Opened in 1903, the Premier mine in
South Africa is considered the principal producer of
blue diamonds today. Note the original open-pit
mine in the background and the modern processing
plant in the foreground. Photo courtesy of De Beers.

Past Studies of Blue Diamonds. Although blue diamonds have been known for centuries, only relatively recently have they become the subject of scientific study (see Box A). One of the results of such study
was the identification of most blue diamonds as type
IIb. Historically, the classification of diamond into
two types has been determined by the differences in
the diamond’s transparency to ultraviolet (UV) radiation and in its infrared spectra (Robertson et al.,
1934). In a type I diamond, UV radiation is not transmitted substantially below about 300 nm, whereas
type II diamonds transmit UV down to 230 nm.
Because only simple equipment is needed, UV trans-
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parency is commonly used by gemologists to separate diamonds into these two basic categories.
The region of the infrared spectrum that is used to
determine type (1000–1400 cm−1) is referred to as the
“nitrogen” region. Type I diamonds (which comprise
most gem-quality stones) contain significant amounts
of nitrogen, whereas type II diamonds do not. (For a
discussion of diamond types, see Fritsch and Scarratt
[1992], pp. 94–95 of this volume.) A further distinction within the type II classification was made in
1952 (see Box A). In the 1950s, irradiation and annealing of “off-color” diamonds began to be used commercially for the color treatment of gem diamonds, some
of which turned blue (see, e.g., Schulke, 1962). As a
result, concerns quickly arose in the trade about how
a treated-color blue diamond could be identified by
jewelers. During this period, J. F. H. Custers reported
that natural-color blue diamonds display electrical
conductivity with an efficiency capacity somewhere
between that of a conductor (such as copper) and a
nonconductor (such as glass or typical near-colorless
diamonds); this capacity is referred to as semiconductivity (Custers, 1954c, 1955). Because of their electrical conductivity and their lack of substantial nitrogen,
and because they exhibit a mid-infrared spectrum that
is quite different from the spectra of other diamonds,
these semiconducting blue diamonds were designated
as type IIb (again, see Box A).
On the basis of this electrical conductivity, early
cooperation between GIA and De Beers resulted in
the development of a simple conductometer in 1959
(Crowningshield, 1959a; Benson, 1959). This proved
very effective in distinguishing natural-color type
IIb blue diamonds from treated-color blues of other
diamond types (Custers and Dyer, 1954; Custers et
al., 1960).
Recently, gemological researchers have recognized the existence of two other categories of naturalcolor blue diamonds (figure 5): (1) blue to green-blue
type Ia or IIa diamonds that owe their color to natural
radiation exposure (Fritsch and Shigley, 1991); and (2)
gray-blue to gray-violet type Ia diamonds, in which
the color is associated with the presence of hydrogen
(Fritsch and Scarratt, 1992). These other two groups
of natural-color blue diamonds are not electrically
conductive, and their gemological properties differ
from those of type IIb diamonds. In our experience,
these two categories of diamonds are rarely described
as simply “blue” (without a modifier) in the GIA
GTL grading system. Those non-IIb diamonds that
are described as “blue” represent a miniscule number
of the blue diamonds examined in GIA GTL. For

these reasons, they are not part of this study. In addition, because the overwhelming majority of diamonds described as blue by GIA GTL are naturalcolor type IIb, this article deals only briefly with their
separation from treated-color diamonds. (The latter
are typically green-blue, not blue, and are never electrically conductive). Likewise, although gem-quality
synthetic type IIb blue diamonds have been produced
experimentally (Crowningshield, 1971), they are not
commercially available. Therefore, they are not a significant part of this study either.
Some information on blue diamonds is presented
in books by, for example, Liddicoat (1987, p. 230),
Webster (1994), and Hofer (1998). A brief summary
of the gemological properties of natural-color type
IIb blue diamonds was presented as part of a natural/synthetic diamond identification chart by

Figure 4. Since 1946, the Premier mine has been
operated underground. The occasional recovery of
blue diamonds helps make the expensive underground mining viable. Photo courtesy of De Beers.

Shigley et al. (1995). To date, however, we know of
no previous systematic study in which the gemological characteristics of a large number of blue diamonds have been documented.

MATERIALS AND METHODS
Samples. Over the course of the past 40 years, and in
particular during the 1990s, staff members at the
GIA Gem Trade Laboratory and GIA Research have
examined hundreds of natural-color type IIb blue
diamonds. For the present study, we gathered data
from a representative sample of more than 400 of
these diamonds, each of which was described as predominantly blue (i.e., blue, grayish blue, and grayblue), to explore their color relationships with each
other and with their gemological properties. The polished diamonds ranged from 0.07 to 45.52 ct (65
weighed more than 5 ct). Based on their infrared
spectra and/or electrical conductivity, the diamonds
in this study were all type IIb. Because of time constraints or other restrictions, it was not possible to
gather all data on all of the blue diamonds included
in this study. Some data (such as duration of phosphorescence) are not typically recorded in the course
of routine gemological testing, as it is the absence or
presence of the phenomenon that is most relevant.
In specific cases, some tests could not be performed
due to the conditions under which we were required
to grade. For example, we typically cannot perform
comprehensive testing (e.g., for the Hope diamond)
when the grading must be done off the GIA GTL
premises. Also, because GIA GTL offers different
reporting services for colored diamonds, different
data are captured for different stones. For example,
laboratory clients do not request a clarity grading on
all colored diamonds. Consequently, we collected
data on random subsets of blue diamonds for some
properties (e.g., duration of phosphorescence). The
number of stones examined for some key characteristics are listed in table 2; other sample numbers are
given in the Results section.
Grading and Testing Methods. We used standard
GIA GTL colored diamond color-grading methodology to determine the color descriptions and relationships of the study diamonds (see King et al.,
1994). We have continued to look into instrumental
measurement to assist in color determinations. To
date, however, we have not identified instrumentation that can adequately describe the complex faceup color appearance of a colored diamond with the
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BOX A: THE PHYSICS OF BLUE TYPE IIB SEMICONDUCTING DIAMONDS
The classification “type IIb” was suggested by Custers
(1952) for type II diamonds that displayed phosphorescence after excitation with short-wave UV radiation.
He noted that these diamonds also showed higher electrical conductivity than usual. The diamonds studied
in this initial work were described as “water white” or
light brown. However, in a note, Custers mentioned
that similar characteristics had been seen in a diamond
that was “a diluted bluish color.” Further work by
Custers (1954c) showed that blue diamonds did indeed
consistently exhibit high electrical conductivity and
phosphorescence.
It was initially believed that the impurity responsible for the characteristic features of type IIb diamonds
was aluminum (Austin and Wolfe, 1956; Dean et al.,
1965; Lightowlers and Collins, 1966). However, when
Wentorf and Bovenkerk (1962) produced synthetic diamonds doped with boron, they found that depth of
blue color increased with boron content. They proposed that boron was responsible for the characteristic
features of type IIb diamonds. Subsequently, Collins
and Williams (1971) and Chrenko (1973) found that
aluminum concentrations could not account for type
IIb characteristics in diamonds, whereas Chrenko
(1973) and Lightowlers and Collins (1976) showed that

there was a good correlation between boron concentration and electrical conductivity in diamonds.
Electrical measurements (Leivo and Smoluchowski,
1955; Custers, 1955; Brophy, 1955; Austin and Wolfe,
1956; Dyer and Wedepohl, 1956; Wedepohl, 1957;
Collins and Williams, 1971) showed that type IIb diamonds behave as semiconductors: The electrical conductivity increases with increasing temperature. These measurements also revealed that the conductivity is p-type.
In p-type semiconductors, electrical current is carried by
positively charged “holes,” whereas in n-type semiconductors it is carried by negatively charged electrons.
A “hole” is what is left behind when an electron is
missing from the normal bonding structure of a semiconductor. If an electron moves in to fill the hole, then
another hole is left at that electron’s original position.
Although it is actually the negatively charged electron
that has moved, the effect is the same as if a positively
charged hole had moved in the opposite direction.
Holes result when impurities known as acceptors are
present. An acceptor can “accept” an electron from the
bonding structure of the semiconductor, leaving a hole
behind. In diamonds, boron acts as an acceptor; a
boron atom contributes only three electrons to the
bonding structure of the diamond crystal, whereas a

Figure A-1. The UV-Vis-IR spectrum of a natural type IIb diamond is shown in blue and, for comparison, that
of a natural type IIa diamond is in red. The IR absorption of the type IIb below 1332 cm −1 results from lattice
vibrations induced by boron impurities. The bands at 2928, 2802, and 2455 cm −1 are due to transitions of holes
from the ground state to excited states of the boron acceptors. The absorption starting at 2985 cm −1 and continuing with decreasing intensity into the visible range corresponds to electrons being excited from the valence
band to neutral acceptors. The fact that this absorption extends into the visible part of the spectrum, and
decreases in intensity from the red end toward the blue end, gives rise to the blue color in type IIb diamonds.
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carbon atom contributes four electrons (thus there is a
deficiency of one electron per boron atom).
Analysis of the electrical measurements cited
above implied that not all of the boron acceptors present in diamonds contribute to the semiconducting
behavior. Even in type II diamonds, there are sufficient
concentrations of nitrogen (although typically less than
0.1 ppm) to influence the electrical behavior. Nitrogen,
which contributes five electrons to the bonding structure of a diamond crystal, acts as an electron donor.
They donate electrons to boron acceptors, which
become permanently ionized. These acceptors are said
to be “compensated” by an electron from the nitrogen.
Only the uncompensated acceptors contribute to semiconductivity, so the strength of this behavior depends
on the difference between the boron and nitrogen concentrations, not on boron concentration alone.
The blue color of type IIb diamonds results from
the decreasing edge of a region of absorption that is
centered in the infrared and extends into the visible
region of the spectrum. In addition to the intrinsic
absorption exhibited by all diamonds, the infrared
spectrum of type IIb diamonds, when measured at
room temperature, has a series of bands located at
2455, 2802, and 2928 cm−1 (figure A-1). These bands
were first observed by Blackwell and Sutherland
(1949). Austin and Wolfe (1956) and Wedepohl (1957)
found that their intensity is related to the concentration of neutral (i.e., uncompensated) boron acceptors.
Smith and Taylor (1962) found that when the infrared
spectrum was recorded at low temperature (−188°C),
it was evident that these bands were composed of
numerous sharp lines, the details of which are still not
completely understood.
The basic shape of this spectrum can be explained
in terms of the energy-level diagram shown in figure A2. The energy level of the boron acceptor is located 0.37
electron volts (eV) above the valence band. The continuum absorption above 2985 cm −1 results from the capture of electrons by boron acceptors at various depths
in the valence band; this leaves holes in the valence
band that can take part in electrical conduction, a process called photoconduction. Thermal stimulation of
electrons from the valence band onto the acceptors also
results in holes in the valence band being available for
electrical conduction. The higher the temperature, the
greater the number of acceptors that are ionized, the
greater the number of holes in the valence band, and so
the higher the electrical conductivity will be.
Phosphorescence in boron-doped synthetic diamond has recently been studied in some detail.
Whereas natural type IIb diamonds are known to
exhibit both red and blue phosphorescence, synthetic
type IIb diamonds always exhibit blue phosphorescence, occasionally accompanied by orange. Both may
exhibit a greenish blue fluorescence when excited by
electrons (cathodoluminescence) or short-wave UV

radiation. This luminescence has been attributed to
transitions between a donor and the boron acceptor,
where the donor is believed to be nitrogen related (see
Klein et al., 1995). It has been observed that whereas
the fluorescence is also a characteristic of diamonds
that have been so heavily boron doped as to be very
dark blue or black, the phosphorescence is only dominant and long lived in lightly boron-doped diamonds
(containing less than about 10 ppm of uncompensated
boron and appearing pale blue to dark blue).
Watanabe et al. (1997) have proposed a model to
explain this phosphorescence behavior. Essentially,
their recombination model shows that following shortwave UV excitation and the rapid fluorescence decay,
the rate of electron transition from the donor to the
boron acceptor is limited by the availability of holes in
the valence band. At room temperature, only about
0.2% of the boron acceptors are ionized; the lower the
concentration of these acceptors is, the lower is the
probability that the donor-to-acceptor transition can
occur. Such low-probability transitions are characterized by long decay times, so strong, long-lived phosphorescence is a characteristic only of lightly borondoped material. Boron concentrations in natural type
IIb diamonds are usually a few ppm at most, and often
considerably less than this, so their phosphorescence
behavior is similar to that of the lightly boron-doped
synthetic diamonds.

Figure A-2. In this schematic energy-level diagram for
the boron acceptor in diamond, the acceptor ground
state is located 0.37 eV above the top of the valence
band. The excited-state energy levels are shown in
simplified form for clarity. In fact, they are split into a
number of sublevels. Bound-hole transitions from the
ground state to these excited states give rise to the
bands in the infrared spectrum at 2928, 2802, and
2455 cm−1. If a hole is excited from the acceptor
ground state into the valence band, either thermally
or by photons of energy greater than 0.37 eV, it
becomes available for electrical conduction.
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TABLE 2. Clarity, phosphorescence, and electrical conductivity of blue diamonds as they relate to GIA Gem Trade
Laboratory color grades.a
GIA GTL
color grade
Grade

SW UV phosphorescence
intensity

Clarity
FL/IF

VVS

Faint
9
Very Light
10
Light
27
Fancy Light
44
Fancy
226
Fancy Intense 84
Fancy Dark
10
Fancy Deep
46
Fancy Vivid
6

2
2
5
3
35
29
1
6
3

3
2
3
6
28
12
2
7
0

0
2
6
7
55
14
0
12
2

4
3
3
5
18
9
0
5
0

462

86

63

98

47

Totals
a

No.

VS

SI/I

No.

SW UV phosphorescence duration
(seconds)

None

Wk

Med

St

VSt

No.

<5 6–15 16 –25 26–35 36–45 45+ Avg

No.

9
9
17
21
136
64
3
30
5

0
0
1
2
5
1
1
4
0

1
2
7
16
70
14
3
12
5

1
1
4
0
16
3
1
4
1

0
0
0
0
2
0
0
1
0

0
1
0
0
1
0
0
0
0

2
4
12
18
94
18
5
21
6

—
—
2
4
9
8
1
1
2

—
—
0
2
6
1
2
3
4

—
—
0
1
2
0
0
0
0

—
—
1
0
0
1
0
1
0

—
—
0
0
0
0
0
1
0

—
—
0
0
0
0
0
0
0

—
—
12
6
8
7
6
18
8

0
0
3
7
17
10
3
6
6

294

14

130

31

3

2 180

27

18

3

3

1

0

—

52

Abbreviations: No. = number of samples tested in each subcategory, Wk = weak, Med = medium, St = strong, VSt = very
strong, Avg = average. The clarity grade ranges follow the standard GIA GTL system for clarity grading of diamonds.

perspective that an experienced observer can provide in a controlled grading environment such as
that used in our laboratory.
Standard equipment was used for gemological
documentation, including a Gemolite Mark VII

Figure 5. Three categories of diamonds have been
associated with a natural blue color: (1) type IIb,
which are colored by boron impurities; (2) those type
Ia or IIa that owe their color to radiation exposure;
and (3) those type Ia in which the color is associated
with hydrogen. Of these, only type IIb diamonds (like
that in the center) are typically described as blue
(without a hue modifier) in the GIA GTL colored diamond color-grading system. Those naturally colored
by exposure to radiation are usually described as
green-blue (left), whereas those colored by color centers associated with hydrogen are described as grayviolet to gray-blue (right). The photo of the 1.01 ct
blue marquise is by Shane F. McClure; those of the
0.28 ct gray-violet heart shape and the 0.15 ct greenblue round brilliant are by Robert Weldon.
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binocular gemological microscope, a GIA GEM
Instruments ultraviolet unit with long-wave (365
nm) and short-wave (254 nm) lamps, a desk-model
spectroscope, and a GIA GEM Instruments conductometer. Electrical conductivity measurements
were made by placing the diamond on a metal base
plate and touching a probe carrying an electric current to various surfaces of the polished diamond.
Because we found that in some diamonds the measured conductivity values varied from one location
to the next, we made several measurements on
each stone and recorded the highest conductivity
reading in our database. When documenting conductivity and reporting the results here, we used a
numerical value that expresses the electrical current that passed through the diamond relative to
the current measured when the probe was touched
to the metal base plate (which, in this study, was
always 135). This was also done to compensate for
minor variations in line current. Because of the difficulty of making good, consistent contact between
the instrument and the diamond, these values do
not represent a precise measurement of the electrical conductivity. At best, they provide a relative
indication of differences in conductivity among the
blue diamonds tested.
A Hitachi U-4001 spectrophotometer was used
to collect visible absorption spectra, from 400 nm to
800 nm, at low (liquid nitrogen) temperatures. To
investigate the relationship between the depth of
color and the visible absorption spectra, we selected

Electrical conductivity
values b
10 –30 31–50

51–70 71–90

GIA GTL
color grade

90+

Avg

No.

Grade

—
—
3
4
12
3
0
1
2

—
—
4
7
31
7
0
3
1

—
—
2
11
35
7
5
6
1

—
—
0
3
17
8
2
6
1

—
—
0
1
8
3
1
6
1

—
—
41
56
60
64
76
77
62

0
0
9
26
103
28
8
22
6

Faint
Very Light
Light
Fancy Light
Fancy
Fancy Intense
Fancy Dark
Fancy Deep
Fancy Vivid

25

53

67

37

20

—

202

Totals

b

All 462 samples were electrically conductive.

four diamonds of similar size and shape but different depths of blue color (GIA GTL grades Very
Light, Fancy Light, Fancy, and Fancy Intense). We
also tested a Fancy Light gray diamond for comparison. We recorded the spectrum of each diamond
with the light directed into a bezel facet and emerging from the pavilion facet on the opposite side. We
then corrected the measured absorbance values for
the approximate size of the diamond. Light passing
through a diamond does not follow a straight path
without any internal reflections, and a large portion
of the diamond is illuminated in the instrument.
Therefore, to simulate the direction and length of
the light path through the diamond, we calculated
an approximate sample thickness as the average of
the girdle width and the table-to-culet thickness.
For the purposes of this study, infrared absorption spectra were recorded with a Nicolet Model
510 FTIR spectrometer over a range of 6000 to 400
wavenumbers (cm-1) on the same five diamonds for
which visible spectra were recorded. Laser Raman
microspectrometry and energy-dispersive X-ray fluorescence (EDXRF) analysis were attempted to identify the inclusions in two other blue diamonds.

of GIA GTL fancy grades, as shown in figure 6.
Details of the hue (such as blue in this case), tone
(the lightness or darkness of a color), and saturation
(the strength of a color) of the diamonds—that is,
their location in color space—are described below
(again, for details on this color-grading system, see
King et al., 1994).
Hue. The diamonds in this study typically occur in
a restricted region of the hue circle (figure 7). This
supports our past observations that the hue of type
IIb blue diamonds does not transition smoothly
into the neighboring color hues (i.e., their hue does
not extend into violetish blue in one direction
around the hue circle, or into greenish blue in the
other direction). Within this region of the hue circle,
there are two narrow populations. The fact that
type IIb blue diamonds occur within such narrow
ranges is very different from the situation with yellow diamonds, in which subtle hue shifts are seen
throughout its hue range.
Tone and Saturation. Figure 8 shows the general
location of the blue diamonds in our study on a tone
and saturation grid. Of the three color attributes,
blue diamonds showed the greatest variation in tone:
The samples covered a broad light-to-dark range.
Compared to other colors in diamond, however, a
relatively narrow range of appearance distinctions
was seen for the saturation of blue diamonds. For
example, at its widest region—i.e., corresponding to
such GIA GTL fancy grades as Fancy, Fancy Intense
Figure 6. This pie chart illustrates the percentages
of the 462 blue diamonds studied that appeared
in each GIA GTL fancy grade category.

RESULTS
Color Appearance. One of the most important parts
of this study was the unique opportunity to document the range of color appearances of blue diamonds. The study samples covered the entire range
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Figure 7. The blue diamonds studied appear to
group into two narrow,
restricted populations
(indicated by the arrows)
within the range of color
GIA GTL associates with
the term blue. This is
unlike the broader occurrence within the hue
ranges of other colored
diamonds, such as yellow, that we have
encountered.

or Fancy Deep, and Fancy Vivid—the saturation
range for blue diamonds is less than one third that in
which yellow diamonds occur. This compressed saturation range means that the degree of difference in
color appearance within each GIA GTL fancy grade
is much narrower for blue diamonds than for yellow diamonds. For example, the range of appearances between Fancy Deep yellow and Fancy Vivid
yellow is broader than the range between Fancy
Deep blue and Fancy Vivid blue.
For the diamonds in our study, and in our general experience, we found that there are four smaller
clusters in color space where blue diamonds most
commonly occur. These are indicated on the grid in
figure 8 by the circles.

Figure 8. The beige area on this grid illustrates the
tone and saturation range observed for the blue diamonds in this study. Note that the tone values occur
over a broader range than the saturation values.
Within this area are four smaller clusters (here, shown
as circles) in which the colors of blue diamonds are
typically observed.
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GIA GTL fancy grades represent a combined
effect of tone and saturation (King et al., 1994).
Figure 9 shows the general relationship of the

Fai nt

Very Li ght
Li ght

Fancy Li ght

Fancy i ntense
Fancy

Figure 9. The images of
blue diamonds superimposed on this chart of GIA
GTL fancy grades illustrate the range of colors
seen to date in blue diamonds. Note that the
fancy-grade terms have a
general relationship to the
tone/saturation grid
shown in figure 8. For
example, the lighter, least
saturated blue diamonds
are in the upper left (Faint
or Very Light), whereas
the darker, most saturated
blue diamonds fall toward
the lower right (Fancy
Deep to Fancy Vivid). For
the purposes of this composite illustration, the
sizes of some of the diamonds were altered relative to one another. It also
should be noted that these
images were compiled
over several months in
New York and California.
It may not be possible to
find such a complete range
of fancy grades in the market at a given time. Photos
by Harold & Erica Van
Pelt, Robert Weldon,
Shane F. McClure, and
Maha DeMaggio.

Fancy Vi Vi d

Fancy dark

Fancy deep

images of several blue diamonds superimposed on a
chart of the GIA GTL fancy-grade categories. Such a
chart illustrates the subtle distinctions in color
appearance between the various “fancy” terms.
Microscopic Examination. Clarity. As shown in figure 10, 29% of the 294 diamonds analyzed for clarity were Flawless or Internally Flawless; 84% were
VS or higher (these data include diamonds in which
clarity could potentially be improved even further
by the removal of shallow imperfections). These
percentages are much higher than we have
observed in other diamonds. The high clarity
grades of these polished blue diamonds are consistent with the high “purity” (i.e., clarity) of the
rough as compared to most other diamonds (D. E.
Bush, pers. comm., 1998).
Inclusions. In the subset of 62 diamonds that we
examined specifically for inclusions, we found that
approximately 35% (22) had no inclusions. Of the
remaining stones, 78% had fractures or cleavages
and only 25% had solid inclusions (and, in some
cases, fractures or cleavages as well). In the small
percentage of blue diamonds that contained solid
inclusions, the tendency was for the inclusions to
have a consistent shape and appearance. The inclusions in figure 11 are typical of those observed.

Figure 10. This pie chart illustrates how the 294 blue
diamonds in this study that were clarity graded fit
into the various GIA GTL clarity grade ranges.
Although marketing factors may influence these
results, the most surprising feature of this diagram is
the very high percentage of diamonds in the
Flawless/Internally Flawless category (much greater
than for other diamonds).
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They tend to be opaque, dark, platy in habit, and
would best be described as “flakes” with a slightly
rough surface. They have an almost hexagonal,
somewhat geometric outline. At magnification
higher than 10×, the outlines are jagged and appear
to be composed of interconnected and overlapping
plates. When examined with reflected fiber-optic
illumination, the inclusions appear gray and the
roughness of the surface becomes most apparent.
With magnification and polarized light, the
opaque inclusions are surrounded by visible strain
halos composed of low-order interference colors.
The inclusions do not align with any linear strain
pattern of the host diamond. Instead, they seem to
interfere with the otherwise orderly arrangement of
the crystal structure, causing additional strain to
the host crystal.
Since GIA acquired its Raman spectroscopy system in the fall of 1997, there has been limited
opportunity to analyze the solid inclusions in blue
diamonds. Raman analysis of solid inclusions in
two diamonds proved inconclusive because of the
small size of the inclusions and the fact that their
rough surfaces caused the laser beam to scatter
rather than return to the detector. The resulting
Raman spectra were of poor quality and such weak
intensity that they could not be matched with the
spectral features of likely inclusion materials (such
as graphite or a sulfide mineral inclusion; see following paragraph). EDXRF chemical analysis of the
inclusions also was not diagnostic. For both techniques, the composition and size of the inclusion,
its depth below the surface of the diamond, and its
location within the diamond were all factors that
prevented successful analysis.
From our visual observations of these inclusions
with respect to their luster, dark color, morphology, and lack of transparency, we believe that the
inclusions are either a sulfide or graphite (see, e.g.,
Harris, 1972; Meyer and Tsai, 1976). The fact that
the inclusions are positioned in seemingly random
directions, and they cut across distinct linear strain
planes in the diamond, suggests that they are sulfides, because graphite forms most commonly
along cleavage planes as a result of diamond alteration (see Harris, 1972; Harris and Vance, 1972; and
Meyer and Tsai, 1976). Graphite inclusions would
be expected to follow the planar structures in a diamond, rather than cutting across those layers. The
excessive strain surrounding each of these inclusions also supports their identification as sulfides.
Graphite forming as an alteration product along

Figure 11. In 10 of the blue diamonds examined for inclusions in this study, we observed dark solid inclusions. On the left are several such inclusions in a 1.22 ct Fancy blue diamond. On the right is an isolated
example of a flattened inclusion in a 4.57 ct Fancy Intense blue emerald cut. Visual examination suggests
that these are probably sulfide mineral inclusions. Photomicrograph on the left is by Nick DelRe, magnified 30 ×; right, by Vincent Cracco, magnified 63×.

planes in the diamond would not be expected to
produce detectable strain in the host, whereas visible strain halos around sulfide inclusions are typical (J. I. Koivula, pers. comm., 1998).
Graining. Internal graining is more common in blue
diamonds than in near-colorless type Ia diamonds.
Readily noticeable graining—which would carry a
comment of “internal graining is present” on the
report—was seen in approximately one-fourth of
the 40 sample diamonds that had internal features.
Graining is commonly believed to result from irregularities in the crystal structure that form during or
after crystallization. In our samples, the graining
Figure 12. This Fancy Deep blue diamond, which
weighs more than 10 ct, exhibits parallel bands near
the culet. Such graining is not uncommon in blue diamonds. When graining is this extensive, it affects the
clarity grade. Photo by Vincent Cracco; magnified 10×.

most often appeared as whitish bands (figure 12) or
reflective internal planes.
Color Zoning. We saw color zoning, often very subtle, in more than 30 of the 62 diamonds in the
inclusion subset. This zoning was most easily seen
with diffused lighting and darkfield illumination. It
typically appeared as discrete blue and colorless
areas or parallel bands (figure 13). When cutting
such a diamond, manufacturers try to locate the
color zoning strategically to give the stone a uniform, more saturated blue appearance when it is
viewed face-up (see Box B).

Figure 13. Color zoning is often observed in blue diamonds. This photograph, taken at 10× magnification,
shows parallel banding of colorless and blue areas.
The position of the zones can have a significant
impact on the face-up color (but typically not the clarity) of the diamond. Photo by Stephen Hofer, © GIA.
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BOX B: MANUFACTURING BLUE DIAMONDS
Like many other aspects of blue diamonds, the manufacturing processes (planning, cutting, and polishing)
often follow a path different from those used for nearcolorless diamonds and even other fancy colors.
Several factors must be considered. First, the rough
usually lacks a symmetrical form (figure B-1), unlike
type Ia diamonds, which often occur in common
habits such as octahedra or dodecahedra. Thus, it
may be more difficult than normal to determine
appropriate cleaving and polishing directions. Second,
the blue color may be unevenly distributed: Color
zoning frequently occurs along growth directions or
in isolated regions, often as alternating blue and nearcolorless bands. Orienting these color zones to obtain
the best face-up color appearance is a challenge similar to the cutting and polishing of blue sapphire, but
the much higher value of blue diamonds (in which
every point removed could mean a loss of thousands
of dollars) means that the consequences are far more
serious. Third, the surfaces of strongly asymmetric
diamonds are commonly sculpted and translucent
(Orlov, 1977). Thus, the cutter must polish several
“windows” on the crystal to see any color zoning and
inclusions before planning the cut.
These manufacturing challenges make modern
computer-assisted cutting programs such as the Sarin
Dia-Expert (Caspi, 1997) less useful in planning cuts
for blue rough. Larger blue rough sometimes is shaped
first in a rudimentary manner, maintaining flexibility
regarding the final shape until the cutter can see the
internal features more clearly. One may start out with
plans for an oval or perhaps a pear shape, but make the
final decision late in the faceting process. Weight
recovery is often less than that typically obtained with
colorless to near-colorless octahedral diamond rough.
The final face-up color of a blue diamond is much
Figure B-1. These rough blue diamonds (approximately 0.75 to 2.00 ct) are typical of the irregular
shapes, color zoning, and sculpted, translucent
surfaces associated with this material.

less predictable than for most diamonds in the D-to-Z
range or even than for other fancy colors because of
such features as color zoning. However, modern cutting and polishing techniques used to retain, improve,
and spread color in all fancy-color diamonds also
apply to blue diamonds. These techniques include
the adaptation of “half-moon” facets and French
culets to nearly all known brilliant-cut designs and
shapes (figure B-2). Half-moon-shaped facets are cut
along the girdle on the pavilion (on straight or curved
sides), usually at high angles relative to the girdle
plane. These half-moon facets create more internal
reflection, which produces a more intense face-up
color appearance. A French culet distributes the color
more evenly throughout. Conventional pavilion
faceting typically concentrates the color in the points,
corners, or heads of longer shapes such as ovals and
pears. The color in the center (under the table) is
weaker, creating an uneven two-tone effect. The
French culet reduces this collection of color at the
point and, with the half-moon facets, can prevent loss
of color in the center of the faceted diamond.
Because of the irregular shape of the rough, the polishing directions are often difficult to orient. A cutter
must be conscious of heat build-up and surface burning
from misorientation on the polishing wheel, especially
when working on large facets such as the table.
The fact that blue diamonds occupy a small
region of color space means that subtle changes in
appearance can influence the color description or
grade. After deciding on a final shape, the cutter
methodically adjusts the pavilion and crown angles,
factoring in any previous experience with those
angles in similarly colored rough. Often each side is
cut to different angles, and the resulting effects on
color appearance are compared. In fact, in some cases
this asymmetrical faceting is left on the finished
stone. Manufacturing blue diamonds is often a slow,
arduous process that requires careful inspection of the
face-up color appearance at each stage.

Figure B-2. The
use of a French
culet (A) and
half-moon
facets (B) on
the pavilion
often creates a
blue diamond
with a stronger,
more evenly
colored face-up
appearance.
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Figure 14. Type IIb blue
diamonds are electrically
conductive. In some cases,
different locations on the
surface of the diamond differ in conductivity. Shown
here are the results of conductivity measurements
recorded for various locations on the famous Hope
diamond. On the basis of
our convention to record
the highest number
obtained through repeated
measurements, the number recorded for the Hope
was 70:135.

Fluorescence/Phosphorescence. Ninety-eight percent of the diamonds in this study showed no
observable fluorescence to long-wave UV, and 91%
showed no observable fluorescence to short-wave
UV. However, subtle fluorescence was difficult to
observe because of the blue bodycolor combined
with the purple surface reflections from the UV
lamps. Of the small number of diamonds that did
show a readily observable fluorescence to long- or
short-wave UV radiation, the reaction was chalky
blue to green or, rarely, red; the intensity was weak.
It should be mentioned that extremely weak fluorescence in a diamond could be recorded as “none”
on a GIA GTL report. Thus, the actual percentages
of diamonds that fluoresce is likely to be higher
than the values given above.
As is typical of type IIb blue diamonds, there was
almost never a phosphorescence to long-wave UV,
but a reaction to short-wave UV was common
(again, see table 2). In fact, it was usually much easier to see phosphorescence from our samples than to
see fluorescence. Of the blue diamonds that phosphoresced (92%), the reaction varied from very
weak to very strong, with almost three-quarters
showing a very weak or weak reaction. The most
common color was the same as the fluorescence
color, chalky blue to green; rarely, it was red or
orangy red. Because the important criterion in our
typical gemological examinations of blue diamonds
is whether or not a phosphorescent reaction is
noted, for this study we recorded the duration of the
phosphorescence in a random subset of 52 blue diamonds. The duration varied from a few seconds to as
long as 45 seconds. Within the subset, we also noted

that the Fancy Deep diamonds had the most persistent phosphorescence, at an average of 18 seconds.
During our most recent examination of the (Fancy
Deep) Hope diamond, we checked this feature closely
and noted that the total phosphorescence, which was
red, actually lasted almost 45 seconds.
Electrical Conductivity. All the diamonds in our
study were electrically conductive. The samples
showed a wide range of measured values, both in general and within each fancy-grade category (see table
2). The lowest value measured among our samples
was 10:135, and the highest was 120:135 (again, reading on the diamond and reading on the metal plate).
As mentioned above, we sometimes noted a
variation in conductivity within individual stones
by touching the probe to different areas. A good
example is the data we recorded for the Hope diamond in 1996, as shown in figure 14.
Visible Absorption Spectrum. Type IIb blue diamonds lack sharp absorption bands in their visible
spectra. Rather, they exhibit a gradually increasing
absorption toward the red end of the spectrum.
Figure 15 shows the absorption spectra of four blue
diamonds of differing intensities and a gray diamond.
Infrared Absorption Spectrum. Figure 16 shows
the mid-infrared spectra of the same five diamonds
for which the visible spectra were illustrated in figure 15. The features that are characteristic of a
type IIb diamond were more intense in the two
diamonds with a stronger blue color relative to the
other diamonds.
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DISCUSSION
Type IIb blue diamonds are unique in a number of
their gemological properties, such as their electrical
conductivity together with their phosphorescence
to short-wave UV. This allows for their separation
from other materials more readily than is the case
for many gems. In addition, diamonds of other types
that are described as blue typically are not of the
same hue, nor do they have similar reactions to
other gemological tests. Therefore, this study
focused less on the identification of natural from
treated or synthetic blue diamonds and more on
understanding their distinctive color appearance.
Because of the critical role that color plays in the
evaluation of type IIb blue diamonds, the following
discussion will examine the relationship of the various color appearances to the characteristics documented in natural type IIb blue diamonds.
Color Relationships Among Blue Diamonds. An
important goal of this study was to better understand
how blue diamonds relate to one another in color
space—that is, hue, tone, and saturation—especially
as these relationships are articulated in the GIA GTL
color grading system for colored diamonds.
Hue. From the tight hue clustering found in the type
IIb blue diamonds studied, it appears that boron, the
element that causes the color (again, see Box A), creates a very limited range of color appearance.

Tone and Saturation. For many people, tone and
saturation are the most difficult aspects to discriminate in the face-up color appearance of a faceted
gemstone. Because the hue range is limited, the
variation in color appearance among blue diamonds
is mainly determined by the tone and saturation of
their colors. In the GIA GTL grading system, a variety of color appearances can be included within the
same fancy grade. The system uses the same set of
fancy grades for describing all colored diamonds, but
for blue diamonds, these grades are compressed into
a smaller region of color space.
As the results of this study indicate, the colors of
type IIb blue diamonds occur in a relatively wide
tone range (i.e., light to dark) but a narrower saturation range (i.e., weak to strong intensity) in color
space (see again figure 8). Because of this distribution, the color appearances that one usually sees in
blue diamonds are more likely to result from differences in tone (see figure 17). For an unfamiliar
observer of blue diamonds, differences in tone can
be misinterpreted as saturation differences.
As mentioned earlier, the colors of most blue
diamonds tend to be concentrated around four clusters on the tone/saturation grid (see again figure 8).
This clustering can cause misconceptions about the
color grades of blue diamonds. For example:
1. Some of these clusters fall across grade boundaries. In this situation, subtle differences in color

Figure 15. The visible spectra of blue diamonds lack sharp absorption bands; rather, they have gradually increasing absorption toward the red end of the spectrum. Spectra A to D are for blue diamonds of differing color intensity (A =Fancy Intense, B =Fancy, C =Fancy Light, and D =Very Light); spectrum E is for a Fancy Light gray diamond.
These spectra were recorded at low (liquid nitrogen) temperature. The diamonds, all oval or marquise shapes of
similar weights and proportions, were positioned so that light entered a bezel facet and exited an opposite pavilion facet. Each of these spectra was normalized to the approximate sample path length, so the spectra could be
compared. Because of the similarity of the spectra from one sample to the next, we could not correlate them with
the depth of color in the five diamonds. However, this similarity in spectra is consistent with the narrow range of
color appearances in which blue diamonds occur.
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appearance between two blue diamonds can
result in their being described with different
fancy grades (figure 18). Judging from the more
common situation involving yellow diamonds,
some people may expect the differences in color
appearance for some blue diamonds with different grades to be more pronounced than is actually the case.
2. When one looks at two blue diamonds that fall
within the same cluster on the tone/saturation
grid, at first these two colors may look sufficiently different that the observer feels that two
grades are warranted. However, when the colors
of these two blue diamonds are compared to that
of a third diamond that is noticeably different in
appearance, the close correspondence in color of
the first two becomes apparent (figure 19). In this
situation, use of two grades to describe the colors
of blue diamonds that occur within the same
cluster is not warranted.
3. In contrast to the colors of blue diamonds that
fall within a cluster, a situation can occur where
the color of a less-commonly seen blue diamond
falls outside one of the four clusters. Despite the
differences in appearance, these blue diamonds
could still be assigned the same grade.
It is also important to recognize that the narrow
saturation range in which blue diamonds occur is
relatively close to the neutral gray region of color
space. In general, the eye can discern fewer color
distinctions in this region. Again, though, the trade
expects—and an orderly description system
implies—an equal number of grades for blue diamonds as for other colors despite the inequality
between respective areas of color space. For a blue
diamond and a yellow diamond in the same grade,
the color of the yellow diamond is relatively
stronger so the color differences between grades are
more readily perceived.
Consequently, our experience with blue diamonds suggests the following:
1. Color grading of blue diamonds requires use of a
controlled methodology and grading environment to ensure the maximum consistency and
repeatability.
2. To evaluate the significance of a difference
between two colors, it is important to have references of known color location in color space for
bracketing (see figure 20).

Figure 16. The mid-infrared spectra of the five diamonds for which visible spectra are presented in figure 15 reveal the pattern of absorption features that is
characteristic of type IIb diamonds. These features
are most intense for the two stronger-blue diamonds
(spectra A and B).
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Figure 17. These four
Fancy blue diamonds
(from left to right, 2.03,
0.48, 2.01, and 1.15 ct) are
similar in saturation, but
they differ in tone; that is,
they become progressively
darker from left to right.
These differences might
be misinterpreted as
increasing saturation by
an inexperienced observer. Photo © Harold &
Erica Van Pelt.

Clarity. The fact that blue diamonds are generally of high clarity is related to their type, not their
color. Other type II diamonds, such as colorless
type IIa diamonds, as well as some pink diamonds from India (Scarratt, 1987), show the same
high clarity. Marketing decisions made by the
manufacturer also probably influence this high
clarity. That is, in some sizes, it may be that
some markets prefer blue diamonds that are
smaller but Flawless to those that are larger and
of lower (SI and below) clarity (M. Kirschenbaum,
pers. comm., 1998). Ultimately, as with other colored diamonds, color is by far the most important
factor.

Figure 19. Because of the clustering in tone and saturation encountered with blue diamonds, those in similar clusters (such as the two diamonds on the left,
1.19 and 2.03 ct) may initially appear to differ in
depth of color more than they actually do, since the
observer has a natural tendency to make distinctions.
When a diamond of different tone and saturation (far
right, 1.82 ct) is placed next to them, the similarities
between the first two become clearer. Unlike the situation in figure 18, these first two diamonds were not
near a grade boundary, so both were graded Fancy
blue. Photo © Harold & Erica Van Pelt.

Figure 18. Colored diamonds located near fancygrade terminology boundaries may appear similar
yet still be described differently in the GIA GTL
grading system. Because of the narrow saturation
range in which blue diamonds occur, this effect is
heightened, as the fancy-grade saturation boundaries are closer together than for other colored diamonds. The two diamonds shown here are of similar tone and differ slightly in saturation. Because
they are near a fancy-grade boundary, the 1 ct
marquise shape diamond on the left is described
as Fancy blue and the (more saturated) 0.78 ct
pear shape on the right is Fancy Intense blue.
Photo © Harold & Erica Van Pelt.

Correlations of Depth of Blue Color and Other
Gemological Properties. With the large number of
blue diamonds available for study, we were able to
establish some general correlations between depth
of color and other properties (again, see table 2).
Phosphorescence. In general, the Fancy Deep blue diamonds had the longest lasting phosphorescence.
There was no clear correlation between intensity of
phosphorescence and strength of color (more than
50% across all grades showed weak phosphorescence).
Electrical Conductivity. While it is difficult to establish a direct relationship (partly due to the problems
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Figure 20. For centuries,
people have devised ways
to understand color
appearance relationships
through various order
systems such as those
shown in the background
of this photograph.
Understanding the color
ordering of gems is particularly important for grading blue diamonds. The
bracelet contains a 3.56 ct
Fancy Dark gray-blue oval
brilliant with 30.87 carats
of D-color, Internally
Flawless pear brilliants. In
the three rings are a 2.87
ct Fancy Deep blue emerald cut, a 1.64 ct Fancy
gray-blue marquise, and a
12.38 ct Fancy blue rectangular modified brilliant.
The three unmounted pear
brilliants are a 1.02 ct
Fancy blue, a 4.02 ct
Fancy Intense blue, and a
15.29 ct Fancy blue.
Courtesy SIBA Corp. and
Rima Investors Corp.
Photo by Robert Weldon.

encountered in obtaining consistent measurements,
as mentioned above), the general trend among our
samples was for the blue color to be darker and/or
stronger as the electrical conductivity increased.
There are exceptions to this behavior, as can be seen
by the measurements recorded for individual diamonds within a grade range (see table 2). Also, we
have noted several highly conductive dark gray (i.e.,
unsaturated) diamonds, and we recently encountered a Fancy Light blue diamond with a conductivity value that was similar to those of many of the
blue diamonds graded as Fancy Deep or Fancy Dark.
Although electrical conductivity is not a completely accurate indicator, diamond manufacturers
occasionally use strength of conductivity to identify
potentially stronger and weaker areas of color in the
rough diamond (K. Ayvazian, pers. comm., 1998).
They believe that in combination with visual observations of color zoning, this can be helpful in pro-

ducing the most saturated face-up color appearance
possible in the finished diamond (again, see Box B).
Visible and Infrared Spectra. Comparison of the
five spectra in figure 15 shows very little difference in absorption. We could not completely correlate the intensity of the face-up color of these
five diamonds (as expressed by the fancy grade
description) and their spectra. This lack of correlation can be attributed to several factors. First,
these spectra were recorded for a light path
through the bezel and pavilion facets of the stone
in an attempt to measure the bodycolor. The color
grade, however, was established by visual observation of the face-up color. Second, the face-up color
appearance of a colored diamond is determined
not just by the bodycolor but also by effects of the
faceting style and the lighting and observation
conditions. Nonetheless, the overall similarity of
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TABLE 3. Blue diamond identification.
Property

Natural diamond a

Type
Color

IIb
Pale to deeply
colored blue

Cause of color
Size of cut stones

Trace amounts of boron
To more than 50 ct

Natural diamond a
IIa or Ia
Pale to deeply colored
green-blue and, rarely,
blue to violet
Radiation exposure
Up to 20 ct

IIa or Ia
Pale to deeply colored
green-blue and, rarely,
blue
Radiation exposure
Depends on sample
selected for treatment

Even, sometimes uneven
with blue and nearcolorless zones; color
zoning may be located
near surface radiation
stains
Occasional planar
graining, sometimes
colored or, rarely,
whitish
Sometimes mineral
inclusions

Even, sometimes uneven
with blue and near-colorless zones; color zoning may
follow faceted shape —
often concentrated at
the culet
Not diagnostic

Features seen
with magnification
Color
distribution

Often even, sometimes
uneven with blue/
colorless zoning

Graining

Sometimes whitish
reflective or transparent
graining

Inclusions

Usually free of mineral
inclusions; sometimes
opaque black
inclusions

Other internal
features

Occasional fractures
or cleavages

Strain

Weak to strong
anomalous double
refraction, sometimes
in parallel or crosshatched patterns
No sharp bands,
increasing absorption
toward the red end
of the spectrum
Usually none, rarely
weak red to orange-red,
occasionally blue to
greenish blue to SWUV
Blue to green, rarely
red to orangy red

Visible
absorption
spectra
Ultraviolet
luminescence
Phosphorescence

Treated diamond b

Sometimes mineral
inclusions

Occasional fractures,
cleavages, pinpoints,
clouds
Weak to strong
anomalous double
refraction, sometimes
in parallel or crosshatched patterns
Sometimes weak to
strong bands (415,
478, 496, 504,
595 nm)
Sometimes weak to
strong blue, greenish
blue, green, yellow,
or orange
None

Occasional fractures,
cleavages, pinpoints,
clouds
Weak to strong
anomalous double
refraction, sometimes
in parallel or crosshatched patterns
Sometimes weak to
strong bands (415,
478, 496, 504,
595 nm)
Sometimes weak to
strong blue, greenish
blue, or green
None

Cathodoluminescence

Usually greenish blue,
sometimes shows
cross-hatched pattern

Not examined

Not examined

Other features

Electrically conductive

Green or brown radiation
stains on surface or
along open fractures

May exhibit residual
radioactivity

Synthetic diamond c
IIb
Pale to deeply
colored blue
Trace amounts of boron
Less than 1 ct

Usually uneven, with
blue and near-colorless
zones related to internal
growth sectors; may form
cross-shaped pattern
Planar graining marking
boundaries of color zoning,
may form cross- or hourglassshaped patterns
Elongated or rounded
opaque metal inclusions,
isolated or in small
groups; occasional
pinpoints
Generally free of fractures
and cleavages
Weak anomalous
double refraction,
sometimes in a cross
pattern
No sharp bands,
increasing absorption
toward the red end of
the spectrum
Weak to moderate blue to
greenish blue to SWUV;
uneven distribution related
to internal growth sectors
Moderate to strong blue,
sometimes with orange;
persistent duration
Weak to strong greenish
blue; sometimes with uneven distribution related to
internal growth sectors; some
sectors show no reaction
Electrically conductive,
may be attracted by a
strong magnet

Adapted from Shigley et al. (1995) and (for natural type IIb blue diamonds) based on data gathered for this study.
Based on data accumulated at the GIA Gem Trade Laboratory and GIA Research.
c
Based on observations by GIA Research and the DTC Research Centre.
a

b

these five spectra lends support to the results of
the visual observation portion of this study, that
the range of color appearances from gray to grayblue to blue is limited.
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Although the infrared spectra of all 5 stones
were similar, we did note that the type IIb features
were most prominent in the two diamonds with the
strongest blue color.

Identification and Separation. The properties and
appearance of type IIb blue diamonds do not typically overlap with those of treated blues, and synthetic
type IIb blue diamonds are not available on the commercial market. Still, it is valuable to understand the
separation of these diamonds. Table 3 presents a
brief comparison of the gemological properties of
natural, treated, and synthetic blue diamonds.

SUMMARY AND CONCLUSION
The special qualities of blue diamonds, and the rich
history associated with many of them, has made
such diamonds highly valued and desirable in the
gem and jewelry industry today. The earliest references to blue diamonds came centuries ago, when
the Tavernier Blue was brought from India. Although
blue diamonds have occasionally been reported from
sources other than the Premier mine in South Africa,
this historic mine has produced most of the blue diamonds seen in the marketplace. Currently an underground operation, the Premier mine is viable primarily because of the handful of blue or large colorless
“specials” that are recovered each year.
Because virtually all the diamonds described as
blue by the GIA Gem Trade Laboratory are type IIb,

we chose to focus on this type for our study. In
addition to their unique color attributes, type IIb
diamonds have distinctive traits such as electrical
conductivity, boron as the coloring agent, and a
characteristic phosphorescent reaction to shortwave UV. Fancy Deep blue diamonds had the
longest phosphorescence, but there was no correlation to intensity of the phosphorescence. Also,
there was a trend among the samples for diamonds
that were a stronger and/or darker blue to have
higher electrical conductivity. We have found that
blue diamonds typically are of higher clarity than
other diamonds. However, the fact that the rough
may be color zoned and is typically irregular in
shape makes the manufacturing of these diamonds
challenging.
A key goal of this study was to provide a better
understanding of the narrow color range in which
type IIb blue diamonds occur and the color appearances associated with their various GIA GTL fancy
grades. Blue diamonds are unique among colored
diamonds in that they occupy isolated regions in
their hue range and primarily occur in four small
tone/saturation clusters. If we understand this, we
can understand how these diamonds relate to one
another and to diamonds of other colors.
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CHARACTERIZATION AND GRADING OF
NATURAL-COLOR PINK DIAMONDS
By John M. King, James E. Shigley, Scott S. Guhin, Thomas H. Gelb, and Matthew Hall

The GIA Gem Trade Laboratory (GTL) collected gemological data on 1,490 natural-color pink
gem diamonds—both types I and II. While there was some overlap in gemological properties
between the two diamond types, they did show differences in their color ranges, ultraviolet
fluorescence, absorption spectra, and microscopic features. The color description terminology
used for pink diamonds on GIA GTL grading reports is discussed and illustrated, with a separate commentary on red diamonds.

K

nown for their great beauty and rarity, pink
diamonds have long been sought after by jewelers, collectors, and consumers (figure 1).
Notable pink diamonds such as the Darya-i-Nur
(reported to weigh more than 175 ct), the Agra
(known historically to weigh 32.24 ct and recently
recut to 28.15 ct), and the 20.53 ct Hortensia (figure
2) add to and sustain interest in these gems (Balfour,
2000). Table 1 lists a number of larger “named”
faceted pink diamonds that have contributed to our
fascination with them over the years. As with blue
diamonds, however, the infrequency with which
pink diamonds were encountered in the trade (prior
to the discovery of the Argyle mine in Australia) or
were documented by gemological laboratories resulted in a scarcity of published information on them.
This article presents data for an extensive population of nearly 1,500 pink diamonds examined in the
GIA Gem Trade Laboratory (GTL) over a specific
period during the last few years. To the best of our
knowledge, this report is the first gemological study
of a large sample of pink diamonds that are representative of what currently exists in the marketplace.
Following some comments on the history of pink
diamonds and their geographic sources, this article
will focus on expanding the database of information
on this important group of colored diamonds by documenting and reporting on their range of color and
other gemological properties. In particular, we looked
for correlations of characteristics or properties with
the two type classifications in which pink diamonds
occur: those with a relatively high nitrogen content
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(type I), and those with virtually no nitrogen (type II).
Note that, throughout this article, the term pink is
used generically, when appropriate, to refer to the
entire color range of pink diamonds. This includes
those having brown, purple, or orange modifying
components. In all these instances, however, the predominant color appearance is pink; thus, pink is the
last term in the diamond’s color description. For a
discussion of “red” diamonds, see box A.

BACKGROUND
Historical and Geographic Origin. Over the centuries, pink gem diamonds have been recovered
from several localities. Some historic diamonds,
such as the Agra, originated in India (Balfour, 2000);
their exact geographic sources in that country
remain uncertain, although the Golconda region is
one likely area. A number of pink diamonds—some
quite large—have been found sporadically in alluvial
workings along the interior rivers of Brazil, particularly in the region called Triangulo Mineiro
(“Mining Triangle”; also known as Alto Paranaiba,
near the city of Uberlandia; see Svisero et al., 1984;
Cassedanne, 1989) in the state of Minas Gerais. A 78
ct pink diamond crystal was found at an undisclosed

See end of article for Acknowledgments.
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© 2002 Gemological Institute of America

Figure 1. The fascination with
pink diamonds dates back
centuries. For the contemporary diamantaire, the range of
colors—such as those shown
here—offers many possibilities
for different tastes. The diamonds in the two rings are a
Fancy Intense purplish pink
(left, 5.04 ct) and Fancy
Intense pink (right, 3.75 ct);
the round and triangular loose
diamonds (0.38 and 0.54 ct)
are Fancy Intense purplish
pink, and the 1.12 ct oval is
Fancy Deep orangy pink. The
rings are courtesy of Rima
Investors Corp. (left) and
Mona Nesseth, Custom &
Estate Jewels (property of a private collector). Photo © GIA
and Harold & Erica Van Pelt.

location in Minas Gerais in 1999 (Hart, 2000).
Beginning in the 1940s, the Williamson mine in
Tanzania produced a small number of pink diamonds, the most famous of which was a 54.5 ct
crystal section that was fashioned into a 23.6 ct
round brilliant (the “Williamson Pink”) and presented to then-Princess Elizabeth on the occasion of her
wedding (“Pink diamond gift …,” 1948; Balfour,
1982). Another occasional source is Kalimantan,
Indonesia, on the island of Borneo (Ball, 1935; reported to be along the Kapuas River—see Fritsch, 1998),
although no large or deeply colored pink diamonds
are known from there. On occasion, the Premier
mine near Johannesburg in South Africa has produced pink diamonds (L. Wolf, pers. comm., 2002).
From the late 1980s on, however, the supply coming from the Argyle mine in Australia greatly
increased the availability of pink and, on rare occasions, red diamonds (Hofer, 1985; Shigley et al.,
2001). Even with this production, from April 2000 to
April 2001 pink diamonds represented fewer than
10,000 carats of the 25 to 30 million carats of rough
production from this one mine. Of these, fewer than
10% weighed more than 0.20 ct (Michelle, 2001).
The most important of the pink Argyle diamonds are
offered at special auctions (“Argyle Diamond’s Pink
Diamond Tender, 1985–1996,” 1997; Roskin, 2001a).

Noted Auction Sales. In recent history, pink diamonds have been important components of highprofile sales by auction houses. In November 1994,
Christie’s Geneva sold a 19.66 ct Fancy pink diamond for $377,483 per carat; a year later, in November 1995, Sotheby’s Geneva sold a 7.37 ct Fancy
Intense purplish pink diamond for $818,863 per
carat. More recently, in May 1999, Christie’s

Figure 2. The 20.53 ct Hortensia was included in the
1791 inventory of the crown jewels of France, but
was one of several pieces stolen from the Grande
Meuble palace in 1792. It was recovered shortly
thereafter, and later became associated with the
family of Napoleon. It is currently displayed in the
Galerie d’Apollon at the Louvre Museum in Paris.
Photo courtesy of Art Resource.

Note that this article contains a number of photos illustrating subtle
distinctions in color. Because of the inherent difficulties of controlling
color in printing (as well as the instability of inks over time), the color
in an illustration may differ from the actual color of the diamond.
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TABLE 1. Notable named faceted pink diamonds,
weighing more than 9 ct.a
Weight (ct)

Shape

Colorb

242.31 c
175 to 195 d
140.50
72
70.39 e
60.75
60 f
56.71
40.30 g
34.64
29.78
28.15 h

Flat oblong
Rectangular step
Cushion brilliant
Cushion brilliant
Pear brilliant
(Not stated)
Oval brilliant
Table
Pear brilliant
Cushion brilliant
Pear brilliant
Rectangular
modified brilliant
Pear brilliant
Emerald-cut

"Light pink"
"Light pink"
"Pink"
"Rose pink"
Fancy Light pink
"Light rose"
"Rose pink"
"Light pink"
Fancy Light pink
“Pink”
"Pink"
Fancy Intense pink

Great Table
Darya-i-Nur
Regent
Nepal Pink
Empress Rose
Cuiaba
Nur-ul-Ain
Shah Jahan
Carlotta
Princie
Pink Sun Rise
Agra

"Light pink"
“Pink”

Round brilliant
Marquise brilliant
Rectangular
modified brilliant
Square
Shield
Square
Pear brilliant
Cushion brilliant
Rectangular step
Pear brilliant

"Light pink"
Fancy pink
Fancy pink

Peach Blossom
Mouawad Lilac
Pink
Williamson Pink
Winston Pink
Mouawad Pink

"Rose"
"Pink"
"Reddish pink"
"Pink"
"Pink"
"Pink"
"Light pink"

Mazarin no. 7
Hortensia
Mazarin no. 12
Kirti-Nur
Paul I
Orchid
Grande Conde

24.78
24.44
23.60
22.84 i
21.06 j
21.00
20.53
17.00
15
13.35
9.93
9.01

Name

a Sources of information: GIA Gem Trade Laboratory grading
reports, as well as Henry (1979), Liddicoat (1993), Hofer (1998), and
Balfour (2000).
b Color descriptions in quotation marks are taken from the literature.
GIA GTL fancy grade descriptions represent the terminology in use
at the time of the report (modifications to this terminology were
introduced in 1995; see King et al., 1994).
c Weight in old carats.
d Estimated weight range.
e Examined by GIA in 2001.
f Estimated weight.
g Examined by GIA in 1978.
h Examined by GIA in 1998. The Agra was known historically to
weigh 32.24 ct but was subsequently recut.
i Examined by GIA in 1974.
j
Examined by GIA in 1989.

Geneva auctioned a 20.83 ct Faint pink for $474,000
per carat, and a 5.74 ct Fancy pink for $665,000 per
carat (Blauer, 2000).
Past Studies. Except for occasional discussions of
famous examples and/or historical geographic
sources, there have been few published studies of the
gemological properties of pink diamonds as a group.
Some information on them can be found in Orlov
(1977), Liddicoat (1987), Harris (1994), Webster
(1994), and Hofer (1998). Most recent discussions
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have been on the type I pink diamonds found at the
Argyle mine (see, e.g., Chapman et al., 1996; Shigley
et al., 2001). Less information has been documented
on type II pink diamonds, although two exceptions
are Anderson (1960) and Scarratt (1987).
There have also been some shorter reports on
“pink” diamonds:
• General information (Henry, 1979; Kane, 1987;
Shigley and Fritsch, 1993; Fritsch, 1998;
Balfour, 2000; Roskin, 2001b), and absorption
spectra and fluorescence reactions (Scarratt,
1987; Fritsch, 1998)
• Descriptions of particular diamonds in the GIA
Gem Trade Lab Notes section of Gems &
Gemology (e.g., Crowningshield, 1959b, 1960b)
• Reports on the photochromic behavior of some
pink diamonds, in which they change color
under different conditions (Van Royen, 1995;
Liu et al., 1998; Van Bockstael, 1998; Koivula
and Tannous, 2001)
• Treated “pink” diamonds and their identification (Crowningshield and Reinitz, 1995; Kammerling et al., 1995; King et al., 1996; Reinitz
and Moses, 1998)
• Treated synthetic red diamonds and their identification (Moses et al., 1993)
• Information on auction sales (Blauer, 2000)
Color and Color Origin. The cause of color in type I
and type II pink diamonds (figure 3) is still the subject of scientific investigations (see Collins, 1982a;
Chapman and Humble, 1991; Fritsch, 1998;
Chapman and Noble, 1999). There is no evidence
that this coloration is due to any trace element (such
as nitrogen or boron) in the crystal structure of the
diamond (although early work erroneously suggested
that manganese was responsible for the pink color;
see Raal, 1958). The cause appears to be similar to
that which produces brown coloration in diamond,
that is, a color center (or centers)—an atomic-level
lattice defect that can selectively absorb light in the
visible region of the spectrum (Collins, 1982a;
Jackson, 1997). In type I and some type II diamonds,
this color center is often concentrated along parallel
slip planes, so that pink or brown planes (i.e., colored
graining) are seen in an otherwise near-colorless diamond (figure 4). This similarity of color origin is supported by observations that diamonds can vary from
pink through brown-pink to brown, and that all of
these hues have some similar features (i.e., banded

internal colored graining and a visible spectrum
dominated by a broad 550 nm absorption band of
varying intensity; Collins, 1982a).
When the coloration is planar, it is thought to
have been the result of plastic deformation of the
diamond while it was in the earth (Collins, 1982a).
During this deformation, layers of carbon atoms
that are parallel to the orientation of the applied
stress are displaced slightly with respect to one
another along parallel gliding or slip planes. As
mentioned above, this situation gives rise to the creation of a color center of unknown structure along
these slip planes that can in turn produce the spectral feature responsible for the pink or brown color.
GIA Color Description Nomenclature for “Pink”
Diamonds. Colors appear different in a given hue
range depending on their tone and saturation. The
color description GIA gives for colored diamonds on
grading reports is based on the hue designation on the
color wheel (figure 5) or on the tone and saturation of
that hue (see, e.g., King et al., 1994). At certain saturations and tones, the term pink is used to describe diamonds in the hue range from reddish purple to
orange. Although at higher saturations the hue is
clearly reddish purple to orange (as indicated by the
solid circle next to the hue name in figure 6), at lower
saturations and lighter tones the overall color appearance is predominantly pink (i.e., pink is the only or
final word in the color description, such as purplepink, purplish pink or orangy pink—or any of these
color terms with a “brownish” modifier, as well as
brown-pink). Even at some relatively higher saturations and darker tones, diamonds in the purple-red,
purplish red, red, and orangy red hue ranges also
appear predominantly pink.
Because the GIA Gem Trade Laboratory uses the
term pink to refer to certain combinations of
tone/saturation attributes for a range of color hues,
it is always applied independently of the term red.
This means that our terminology system for colored
diamonds does not use the descriptions “reddish
pink” and “pinkish red” (this would be similar to
the use of color names such as “strong bluish blue”
or “pale yellowish yellow,” which are not part of
our grading terminology either).
It is also important to note that color nomenclature systems are not universal, so the visual appearances associated with terms such as pink and red in
diamonds are not necessarily the same as for color
naming systems for other materials, such as fabrics,
paints, or other gemstones.

Figure 3. Pink diamonds may be either type I or type
II. In this photo, two type I pink diamonds, the smaller 0.41 ct Fancy Deep pink pear shape on the left and
the 1.53 ct Fancy Deep pink square on the right, are
juxtaposed with four type II pinks. The type II pink
diamonds range in size from the 1.03 ct Fancy
Intense orangy pink heart shape on the lower right to
the 8.01 ct Fancy Vivid pink pear shape in the center.
Photo by Elizabeth Schrader.

MATERIALS AND METHODS
Samples. Since the 1950s, many thousands of colored diamonds have been submitted annually to the
GIA Gem Trade Laboratory for identification and/or
grading reports. For the present study, we gathered
data on a group of 1,490 diamonds (see table 2; for
specific data within each group, please see the Gems
& Gemology data depository at www.gia.edu/

Figure 4. In many “pink” diamonds, especially
those that are type I, the pink color is distributed
unevenly, and is concentrated along parallel
bands. These bands are oriented along the octahedral {111} planes; they probably are the result of
plastic deformation of the diamond during its geologic history in the earth. Photomicrograph by John
I. Koivula; magnified 15×.
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Figure 5. This diagram
illustrates the relatively
wide range of hues in diamonds (indicated by the
arrows) that GIA GTL associates with the term pink.
Because pink is used to
indicate a color appearance
for diamonds, and is not a
true hue term, this range
also includes orange, where
pale colors can appear pink.
The arrows used here to
note the range of occurrence of pink diamonds
also indicate the distribution of the two types in our
sample. While there is overlap throughout the hues, a
larger quantity (shown by
the wider size of the arrow)
of type I pinks are often
“cooler” in appearance
than type II. The opposite
was noted for type II diamonds, which tend to be
“warmer” in appearance.

Figure 6. Each of the eight
tone/saturation grids shown
here relates to one of the
hues in figure 5 with color
appearances described as
pink in the GIA GTL system. Each square in a grid
(which is actually a threedimensional box in color
space) represents a range of
appearances associated with
a color term. The shaded
areas in each hue indicate
boxes that would be associated with a description that
is predominantly pink. It is
important to remember that
these boxes include pink
descriptions modified by
orangy, purplish, purple,
brown, and brownish, as
well as simply pink.
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TABLE 2. Distribution of the sample pink diamonds by
fancy grade and diamond type.
Grade
Faint
Very Light
Light
Fancy Light
Fancy
Fancy Intense
Fancy Deep
Fancy Vivid
Total

Overall
No.
114
78
170
156
488
282
147
55
1,490

%
8
5
11
10
33
19
10
4
100%

Type I
No.
64
49
99
104
402
257
142
49
1,166

staff evaluated each of the diamonds using a standardized D65 “daylight” lighting environment (as
provided by the Macbeth Judge II illumination box).
Typically from three to six staff members independently compared the overall face-up characteristic
color of each diamond to GIA colored diamond color
references within this viewing box.
Equipment used for the gemological examinations
included a standard gemological microscope, a GIA
Gem Instruments ultraviolet unit with long-wave
(365 nm) and short-wave (254 nm) lamps, and a deskmodel prism spectroscope. For a representative group
of stones, we recorded visible absorption spectra with
a Hitachi U4001 spectrophotometer (350–750 nm) at
cryogenic (liquid nitrogen) temperatures, and infrared
spectra with a Nicolet 510 FTIR spectrometer
(6000–400 cm−1) at room temperature. Diamond type
was determined by one or more methods, including
absorption spectra (by use of the prism spectroscope
or an infrared spectrometer), short-wave UV transparency, and photoluminescence (PL) spectroscopy
using a Renishaw laser Raman spectrometer. It
should be mentioned that these two type categories (I
and II) are not completely distinct (i.e., there is no
strict boundary between them). As the nitrogen content decreases, the two types become less easy to distinguish. Historically, the type II category was defined
simply by the lack of nitrogen-related features in the
infrared spectrum of a diamond (Robertson et al.,
1934). With the increased sensitivity of newer infrared
spectrometers, weak nitrogen-related spectral features
can be detected more easily. Consequently, the number of diamonds considered type II has tended to
decline (for a discussion of diamond type, see Fritsch
and Scarratt, 1992).

Type II

%
5
5
8
9
34
22
12
5

No.
50
29
71
52
86
25
5
6

100%

324

%
15
9
22
16
26
8
2
2
100%

gemsandgemology, click on “G&G Data Depository”), the total number submitted to GIA GTL during a specific period within the past few years. Each
of these diamonds was described on our laboratory
reports as being predominantly pink in color appearance (i.e., pink was the final term in the color
description; table 3 indicates the color breakdown
for the four stronger grade ranges, which represent
the largest number of samples). The diamonds in the
overall group ranged from 0.06 to more than 50 ct
(92 weighed more than 5 ct, and 30 of these weighed
more than 9 ct). Some gemological observations
could not be made on all the diamonds in this group
because of time constraints in the grading service or
the type of service (e.g., a less comprehensive “identification and origin” report) requested by the client.
Grading and Testing Methods. We used the GIA
Gem Trade Laboratory methodology for color grading colored diamonds to describe all of these study
samples (see King et al., 1994). Trained laboratory

TABLE 3. “Pink” color descriptions in the sample diamonds for the four stronger
grade ranges.
Fancy

Fancy Intense

No.

%

Purple-pink
Purplish pink
Pink
Orangy pink
Brownish purple-pink
Brownish purplish pink
Brownish pink
Brownish orangy pink
Brown-pink

33
70
115
81
7
11
64
47
60

7
14
24
17
1
2
13
10
12

Total

488

100%

No.

Fancy Deep

Fancy Vivid

Total no.

%

No.

%

No.

%

10
140
112
20
0
0
0
0
0

3
50
40
7
0
0
0
0
0

2
35
54
19
1
0
2
19
15

1
24
37
13
1
0
1
13
10

5
38
9
3
0
0
0
0
0

10
69
16
5
0
0
0
0
0

50
283
290
123
8
11
66
66
75

282

100%

147

100%

55

100%

972
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BOX A: UNDERSTANDING THE RELATIONSHIP OF PINK AND “RED”
DIAMONDS IN GIA’S COLOR GRADING SYSTEM
Diamonds described as predominantly red are among
the most intriguing and highly valued gems in the
world, both because of the richness of their color and
their extreme rarity (figure A-1). Trade and public
recognition of red diamonds expanded greatly following the record $926,316-per-carat price paid for a 0.95
ct purplish red diamond (known as the Hancock Red)
at a Christie’s auction in New York in 1987 (Kane,
1987; Federman, 1992a). A decade later, in 1997,
Christie’s Geneva offered a 1.75 ct diamond crystal
that was described by GIA GTL as purplish red (figure
A-2). Typically, rough diamonds are not offered at auction, because the outcome of their color appearance
after cutting would still be in question. Nonetheless,
diamonds described as being predominantly red are so
rare that it was feasible in this instance. At auction,
this 1.75 ct crystal sold for $805,000 (we do not know
if it was subsequently faceted). The staff of the GIA
Gem Trade Laboratory first examined this diamond
crystal 20 years earlier, when they confirmed its natural color. As recently as December 2001, Phillips (New
York) sold a 1.92 ct Fancy red diamond for approximately $860,000 per carat, the second highest percarat price paid at auction for a gemstone.

Although occasional reports have been published, very few red diamonds have been documented in detail (see, e.g., Kane, 1987). Table A-1, which
lists diamonds in the public domain that have been
given a “red” color description by GIA GTL since
the sale of the Hancock Red in 1987, gives some perspective on the rarity of predominantly red diamonds (as we have done throughout this article, we
refer here to diamonds for which the predominant
color appears red: orangy red, red, purplish red, purple-red, brownish red, and brown-red).
There are two aspects of the GIA Gem Trade
Laboratory’s colored diamond color grading system
that, when combined, describe a diamond’s color
appearance. One is the fancy grade, which represents
regions of the combined effect of tone and saturation
on the face-up appearance of a colored diamond. The
other is the color description, which locates the hue
range and, at times, more specific areas within the
fancy grade. For example, within the grade range of
Fancy Deep (which describes diamonds that are moderate to dark in tone and moderate to strong in saturation) are areas described as pink, brownish pink,

TABLE A-1. “Red” diamonds in the public domain
documented by GIA.a

Figure A-1. This 5.11 ct Fancy red shield shape, now
known as the Moussaieff Red, is an example of this rare
color in diamonds. In the experience of the GIA Gem
Trade Laboratory, and as seen in table A-1, most of the
diamonds described as predominantly red are “cooler”
in appearance and termed purplish red. This diamond,
which is “red” without any modifier, is quite unusual.
Courtesy of William Goldberg Diamond Corp.; photo
by Elizabeth Schrader.
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Weight
(ct)

Shape

5.11
1.92
1.78
1.75
1.12
1.06
1.00
0.95
0.75
0.73
0.59
0.54
0.42
0.41
0.25

Shield
Rectangle
Oval
Rough
Square
Oval
Pear
Round
Rectangle
Rectangle
Oval
Emerald
Emerald
Round
Oval

Color grade

Fancy red
Fancy red
Fancy purplish red
Purplish red c
Fancy purplish red
Fancy purplish red
Fancy purplish red
Fancy purplish red
Fancy purplish red
Fancy red
Fancy purplish red
Fancy purplish red
Fancy purplish red
Fancy purplish red
Fancy red

Featured byb

Year last
examined by
GIA GTL

William Goldberg
Phillip’s New York
Argyle Tender
Christie’s Geneva
Christie’s Geneva
Argyle Tender
Christie’s New York
Christie’s New York
Christie’s Geneva
Christie’s Hong Kong
Christie’s Hong Kong
Argyle Tender
Argyle Tender
Christie’s New York
Christie’s New York

a While many people in the industry may describe a diamond as red, the
lack of a systematic approach to that determination makes such statements difficult to substantiate. Because of this, the table presents only GIAdocumented red diamonds in the public domain. Not all diamonds graded
red by GIA are included in this table because of client confidentiality.
b Company that has promoted or otherwise placed the information in the
public domain.
c Rough diamonds are not given “Fancy grades”; rather they are only given
a color description.

1997
2001
1997
1997
2001
1998
1997
1987
1998
2001
2000
1998
1997
2001
1996

Figure A-2. “Red” diamonds are so rare that this 1.75 ct
purplish red crystal sold at the Christie’s Geneva
November 1997 auction for $805,000. Courtesy of
Christie’s.

brown-pink, and pink-brown. A Fancy Deep pink diamond is located in the moderate to lighter toned,
more saturated portion of the Fancy Deep range,
whereas Fancy Deep pink-brown diamonds are in the
darker, weaker portion of the range.
This relationship of fancy grade and color descriptions in GIA’s system is also consistent with the
term red. In our experience to date, diamonds described as red or reddish occur in a limited range of
tone and saturation. Consequently, we have applied
only one fancy grade thus far: “Fancy.” Since the
range of color depth in which red diamonds are
known is not wide, additional fancy grades have not
been required.
As with the transition from one grade to the next
for pink diamonds, the transition in appearance
between pink and red is smooth (figure A-3). The
majority of diamonds described as red to date tend to
cluster near the pink/red description boundary (in the
GIA GTL system, the typical transition is between
either Fancy Deep or Fancy Vivid “pink” and Fancy
“red”). As is the case throughout the system, diamonds near a boundary may have a similar appearance yet be described differently. While the appearance difference between pink and red may be subtle
at times, the tone and saturation of color that results
in the face-up appearance associated with red is seldom encountered.
A special problem with red diamonds is that few
people in the trade ever have the opportunity to see
significant quantities of them. Just as for pink diamonds, a red “determination” requires the use of
consistent methodology and comparison to known
references. Without examples readily available in
the market, opinions can vary greatly regarding what
a “red” diamond should look like. Dealers impas-

sioned about the prospect of having a diamond of
this color often believe that moderately dark, moderately strong pinks are red because they lack points of
reference. Alternatively, some dealers feel diamonds
that are described as red are too pale because they
don’t look like rubies; although “red” diamonds represent the strongest, darkest color appearances in
their hue range, they may not look like other “red”
gemstones. Or, only having seen a purplish red diamond, a dealer may incorrectly feel that a warmer
red is “brownish” (similar situations also have been
encountered with warmer pink diamonds). In the
GIA GTL system, the appearance associated with
the description “red” should be and is related to diamond, not other gems, so the color appearance of red
in diamond may be very different from red in garnet,
ruby, or spinel.
From the limited number of predominantly red
diamonds seen by GIA, it appears their cause of color
is the same broad 550 nm absorption band, with an
associated band at 390 nm, that is found in the spectra of pink diamonds, except that in red diamonds it is
considerably stronger. Our observations over the last
several years have not revealed any distinctive gemological features associated with diamonds described as
red as compared to their pink counterparts.

Figure A-3. This illustration reproduces the darker,
most saturated (lower right) area of the pink grid in
the fold-out chart accompanying this article. The
transition in color appearance between diamonds
described as “pink” and “red” is smooth, if often
subtle. Nevertheless, the tone and saturation necessary to yield a face-up color appearance described as
predominantly red is rarely encountered.

Fancy Vivid
Pink

Fancy Deep
Pink

Fancy Red
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DATA ANALYSIS AND RESULTS
Diamond Type. Of the 1,490 diamonds examined for
this study, 1,166 were type I and 324 were type II.
Weight. Twelve percent of our type II samples were
5 ct or larger, whereas only 5% of our type I diamonds were in this category (see figure 7). This is
consistent with observations made over the years

Figure 7. These two pie charts illustrate the distribution of the 1,166 type I and 324 type II pink diamonds in the sample by several weight categories.
Note that type II pink diamonds tend to be larger
than their type I counterparts.

Figure 8. As indicated in figure 7, type II pink diamonds tend to be larger than type I pinks. This
unusually large (50.08 ct) Fancy orangy pink diamond is a type II. Courtesy of Julius Klein
Diamonds, Inc.; photo by Elizabeth Schrader.

that large diamonds (in colors other than yellow)
frequently are type II (see figure 8).
Color Appearance. The three diagrams in the accompanying GIA Colored Diamonds Color Reference
Charts booklet illustrate the wide range of color
appearances associated with pink diamonds at three
positions on the hue circle (i.e., purplish red, red, and
orangy red). Each diagram shows the lighter, less-saturated colors in the upper left, and the darker, more-saturated colors toward the lower right. The transitions
among hue, tone, and saturation for pink diamonds are
relatively smooth, with subtle differences in appearance typically encountered between neighboring colors. Understanding the appearances of pink diamonds
is challenging because they occur in such a wide range
of hues (again, see figure 5). This is very different from
the situation of, for example, blue diamonds (King et
al., 1998), where the hue range is very limited.
GIA GTL Fancy Grade Terminology. The 1,490
study samples covered all of the GIA GTL fancy
grades except Fancy Dark. For pink diamonds, this
color grade usually is dominated by brown (and
therefore typically results in descriptions of pinkbrown, pinkish brown, or brown). Figure 9 shows
how the 1,490 diamonds fell into the remaining
eight grade categories used by GIA GTL.
Hue. There is a smooth gradation from one hue to
the next in pink diamonds (figure 10). While there
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Figure 10. The colors of pink diamonds transition
smoothly from one hue to the next. The diamonds
shown here illustrate four of the more typical hue
appearances encountered in this study. The 0.28 ct
marquise on the left is Fancy Intense purple-pink,
the 0.41 ct round brilliant is Fancy Intense purplish
pink, the 0.48 ct emerald cut next to it is Fancy
Intense pink, and the 0.33 ct rectangular diamond
on the far right is Fancy Intense orangy pink. Photo
by Jennifer Vaccaro and Elizabeth Schrader.

was complete overlap of the color ranges for both
types I and II in the study samples, type I pink diamonds more commonly exhibit “cooler” hues (i.e.,
toward purple), whereas type II pink diamonds
more commonly occur in the “warmer” hue ranges
(i.e., toward orange). Of the 324 type II diamonds,
42% were in the warmer hues (with descriptions
such as brownish orangy pink, brown-pink, and
orangy pink), whereas of the 1,166 type I diamonds,
only 29% were in that range.
Tone and Saturation. The tone and saturation ranges
of pink diamonds can vary greatly depending on
their hue (again, see figure 6). As illustrated in figure
9, 66% of the 1,490 diamonds fell into the four
stronger-saturation and darker-tone categories
(Fancy, Fancy Intense, Fancy Deep, and Fancy
Vivid). It was interesting to note that this group
encompassed 73% of the 1,166 type I diamonds but
only 38% of the 324 type II diamonds. Based on the
samples in our study (and our experience in general), type I pink diamonds are almost twice as likely
as their type II counterparts to be stronger and darker in color. Type II pink diamonds are generally
lighter in tone, although they vary in saturation
from very weak to moderately strong.

Figure 9. These pie charts illustrate the percentages
of the 1,490 pink diamonds studied in each of the
GIA GTL fancy grade categories. Note that a higher
percentage of type I pink diamonds (1,166 samples)
were found in the more saturated grade ranges of
Fancy Deep, Fancy Intense, and Fancy Vivid.
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Microscopic Examination. Clarity. Pink diamonds
tend to be included, as is reflected in their clarity
grades (figure 11). Of the 691 diamonds examined for
clarity, only 7% were in the Flawless or Internally
Flawless (FL/IF) grades, whereas almost half (49%)
were in the Slightly Included (SI) or Included (I)
grades. Overall, the most common clarity grade
range was SI (35%). However, 56% of the 488 type I
diamonds in this group had the lower clarity grades
(SI and I), compared to only 32% of the 203 type II
diamonds. Thus, on average, type II pink diamonds
receive higher clarity grades (FL/IF, VVS, and VS)
than type I pink diamonds.
Inclusions. Pink diamonds may exhibit fractures or
cleavages as well as mineral inclusions. The internal
features observed in our study samples were typical
of those generally seen in other included diamonds.
Dark, opaque graphite spots (figure 12, left) or pinpoint inclusions were more common in the type II
pink diamonds than in the type I pinks (similarappearing inclusions have been observed in blue diamonds; see King et al., 1998). In our study sample,
the type I pink diamonds more often contained mineral inclusions such as garnet and pyroxene (figure
12, right), or anhedral crystals of diamond.
Graining. Both internal and surface graining are frequently seen in pink diamonds. The photomicrographs in figure 13 illustrate some common forms
of this graining. Surface graining typically appears as
linear patterns that cross facet junctions (figure
13A). If the linear pattern is extensive and reflects
around the diamond when it is viewed in the faceup position, it can lower the clarity grade. Even if
there are only a few surface lines, they are noted in
the “Comments” section of the grading report for
identification purposes.
Internal planar graining that reaches the surface
is sometimes seen as reflective sheets that may
appear colorless, pink, or brown (figure 13B); such
graining may impact both the clarity grade and the
color description. The presence of both pink and
brown colors of graining in the same diamond is
uncommon, but we have observed it on several
occasions. This graining can occur in one or more
Figure 11. These pie charts illustrate the breakdown
by clarity grade for the 691 pink diamonds examined for this characteristic, overall and by type.
Note that the (203) type II samples were generally
higher in clarity than the (488) type I samples.
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Figure 12. The mineral inclusions
in the pink diamonds studied
were typical of those generally
seen in other diamonds. Left: Type
II pinks were more likely to have
dark, opaque graphite spots. Right:
This type I diamond contains
inclusions of garnet and pyroxene.
Photomicrographs by Thomas H.
Gelb and John I. Koivula; magnified 50× and 15×, respectively).

planes oriented along octahedral {111} directions.
In addition to surface lines and reflective planes,
internal graining also can appear as whitish bands (figure 13C), or as an overall hazy appearance (figure
13D). When observed with magnification, this haziness may appear cottony, wispy, or silky, and can
impart a shimmer- or rain-like quality that may affect

A

B

the transparency and clarity grade of the diamond.
Among our study samples, the type I pink diamonds were more likely to have surface grain lines
and reflective internal planes. In contrast, graining
in the type II samples was more likely to appear as
an overall haze with varying degrees of transparency
rather than as distinct bands.

Figure 13. Surface and internal graining were
common features in the pink diamonds studied
for clarity. Surface graining (A) appears as a line
or lines crossing facet junctions; when there are
numerous lines, as seen here at 23× magnification, the clarity grade may be affected. Internal
graining can appear in a number of different
forms: as internal reflective planes (B, magnified
10×), as parallel whitish bands (C, magnified
20×), and as an overall whitish haze (D, magnified 10×). Photomicrographs by Vincent J. Cracco.

D

C
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stronger, darker colors. Therefore, it was not surprising to find color zoning observed in 65% of our type
I samples, but in only 12% of the type II diamonds
examined. In the more intensely colored type I diamonds, we observed the pink coloration as broad
bands oriented parallel to the internal graining. In
some samples, the color zoning occurred as thin, discrete bands (figure 14) that appeared either pink or
brown depending on the direction of the illumination. In type II diamonds, banding may be present
but is much less obvious.
Figure 14. Color zoning may appear as thin, discrete,
parallel bands. In this 2.12 ct oval brilliant, very narrow color zones are visible in the girdle, paralleling
the table facet. The orientation of such bands may
affect the face-up color appearance. Photomicrograph
by Vincent J. Cracco; magnified 20×.

Color Zoning. Color zoning was noted in 46% of the
diamonds examined. This zoning most often appeared as discrete, parallel bands of darker pink color
or alternating pink and colorless areas (again, see figure 4). Less commonly, color zoning was seen as an
indistinct distribution of color. Zoning was noted
more often in those pink diamonds that displayed a
greater depth of color; it is likely the darker color
contributed to making the distinction between colored and colorless, or differently colored, areas more
visible. As mentioned previously, the type I pink diamonds in our study were more likely to display

Figure 15. This pink diamond displays bright interference colors in a mosaic pattern when it is observed
with magnification between crossed polarizing filters.
This anomalous birefringence is evidence that the
diamond was subjected to plastic deformation while
it was in the earth. Photomicrograph by Vincent J.
Cracco; magnified 23×.
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Anomalous Birefringence (Strain). As noted above,
pink diamonds may be subject to plastic deformation in the earth. The resulting strain pattern can
be seen when crossed polarizing filters are used (figure 15). These patterns may parallel the orientation
of the pink color zoning, but more typically they
are seen as a mosaic arrangement of bright interference colors that change as the diamond is tilted
during observation.
Ultraviolet Fluorescence. In our sample, 1,363 pink
diamonds of both types were examined for fluorescence to short- and long-wave UV radiation. We
found that 79% showed either no reaction or a faint
reaction to short-wave UV (SWUV), whereas approximately 20% exhibited medium fluorescence, and
only 1% exhibited strong fluorescence (figure 16).
When exposed to long-wave UV (LWUV), 44%
exhibited no or a faint reaction and 56% displayed
medium to strong fluorescence.
More than half of the type I pink diamonds
exhibited a medium to strong reaction to LWUV,
most commonly blue in color. The same samples
exhibited no or only a faint reaction to SWUV, usually blue or yellow.
Most of the type II pink diamonds exhibited faint
to medium fluorescence to LWUV, usually blue;
84% showed only a faint (usually blue) or no reaction
to SWUV. It has been our experience that increasing
the duration of SWUV exposure by a number of seconds tends to strengthen the intensity of the fluorescence reaction (to a level similar to the LWUV reaction). On occasion, type II pink diamonds display
medium-to-strong orange fluorescence to both kinds
of UV radiation (Anderson, 1960; Scarratt, 1987; and
our own observations). These diamonds commonly
exhibited a 575 nm absorption line at room temperature (seen with a desk-model spectroscope) and an
adjacent emission line on the low energy side.
In some diamonds, the fluorescence reaction

appeared “transparent,” whereas in others it appeared
cloudy, turbid, or chalky. The type I pink diamonds
more frequently appeared chalky to both LWUV and
SWUV, whereas their type II counterparts usually did
not exhibit a chalky appearance.
Infrared/Visible Spectra. Figures 17A and 17B depict
typical infrared spectra of a type I and type II pink
diamond, respectively. These are consistent with the

Figure 16. In general, the pink diamonds examined
for fluorescence (1,363 samples) showed a stronger
reaction to long-wave UV radiation than to shortwave UV. This same pattern was consistent for
both the type I and type II diamonds, although
type I pink diamonds tended to have a stronger
reaction (medium to strong) to long-wave UV than
their type II counterparts (faint to medium).

spectra observed for diamonds in this study.
Absorption features in the one-phonon region
(between 1000 and 1400 cm−1) indicate the presence
of nitrogen in a diamond (Fritsch and Scarratt, 1992).
As mentioned above, as the nitrogen concentration
decreases, the one-phonon absorption decreases.
When this absorption is not detectable, the diamond
is by definition type II.
The dominant feature in the visible spectra of
pink diamonds is a broad absorption band centered
around 550 nm (figures 17C and 17D) that, as mentioned above, is responsible for the color in most pink
diamonds (Collins, 1982a). Typically, the 550 nm
absorption band occurs together with a band at 390
nm (Collins, 1982a). This applies to both type II and
type I diamonds, although in the case of type I diamonds (figure 17C), the 390 nm band is superimposed on the N3 center. Further evidence that the
550 and 390 nm bands are linked is that they increase or decrease together in response to thermochromic or photochromic (heat- or light-related)
effects (C. Welbourn, pers. comm., 2002).
In addition to absorptions at 550 and 390 nm, the
visible spectra of many pink diamonds contain an
absorption line at 415 nm. This feature is due to the
N3 center (Collins, 1982a). In type I pink diamonds,
the N3 center overlaps the 390 nm absorption band,
and is typically accompanied by an increase in
absorption toward the ultraviolet. The N3 center in
type II diamonds is generally very weak to nonexistent due to the low nitrogen content; consequently,
the 390 nm absorption may be clearly observed in
the spectrum (figure 17D).
In type I diamonds, in addition to the 415 nm
line, we occasionally noted absorption bands at 494
and 503 nm (associated with the H3 color center
[Collins, 1982a]).

DISCUSSION
Color Relationships. GIA GTL color descriptions
for pink diamonds depend on variations in hue,
tone, and/or saturation. The subtle differences that
can occur in these three color attributes, independently or in combination, add to the complexity of
consistently determining the fancy color grade
or description of pink diamonds. For example:
• “Warmer” (i.e., orangy) pink diamonds may be
confused with brownish pink if color is not
compared to color references using consistent
observation methodology (figure 18). It is not
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uncommon for observers who see a “warmer”
color appearance to associate it with low saturation (i.e., with the terms brownish or brown)
instead of with a certain hue. Relatively strong
warmer color appearances, such as orangy
pink, can be incorrectly valued if their color is
not analyzed properly.
• “Cooler” (i.e., purplish) pink diamonds often
appear weaker than warmer pinks of similar
tone and saturation (figure 19), as has been
noted in color studies for other materials
(Albers, 1975). Again, if such diamonds are not

analyzed using consistent methodology and
comparison to known references, such colors
may be graded lower for strength.
It is important to remember that all of these factors (hue, tone, and saturation) are a continuum in
color space. The GIA grading system has established boundaries for groups of diamonds representing a range of tones and saturations of color within
this continuum. For different hues, the tone and saturation boundaries will differ because of the natural
range in which that color occurs (e.g., just as blue
occurs in a narrower range of saturation than yellow

Figure 17. Spectra A and B depict typical infrared spectra of type I and type II pink diamonds. Absorption
between 1000 cm−1 and 1400 cm−1 approximates the concentration of nitrogen in a diamond, and in turn
determines the diamond type. Spectra C and D represent typical visible spectra of type I and type II pink
diamonds. Both these spectra exhibit broad absorption at 550 nm; however, type I diamonds show strong
absorption at 415 nm, whereas in type II diamonds the 415 nm absorption is absent or very weak.
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[see again, King et al., 1998], pink occurs in a slightly narrower range than orangy pink). The fancy
grade and color description boundaries gradate subtly around the hue circle (King et al., 1994). As a
result, for each hue (e.g., red [pink] or orangy red
[orangy pink]), the range of tones and saturation
may differ from one fancy grade to another. That is,
as illustrated in figure 20, a pink diamond that falls
within the Fancy Intense grade range may be similar in tone and saturation to an orangy pink diamond in the Fancy range.
Clarity. The primary importance of color in the valuation of colored diamonds is clearly supported
with pink diamonds. As shown in figure 11, over
half (56%) of the sample diamonds were of SI or I

Figure 18. When evaluating the appearance of a colored diamond, it is necessary to compare the stone
in question to known color references. If this is not
done, it is difficult to judge correctly what
attribute(s) are affecting appearance. “Warm”-color
pink diamonds are often considered weaker (i.e.,
browner) unless they are compared to graded-brownish/brown diamonds. On the top, a pink diamond
(left) is shown next to an orangy pink diamond. In
this comparison, it is easy to misinterpret the orangy
pink color appearance as brownish. On the bottom,
the same orangy pink diamond (now on the left) is
placed next to a brownish pink marquise—and the
difference in color appearance is apparent. Photos by
Elizabeth Schrader and Don Mengason.

Figure 19. Pink diamonds with a noticeable purple
component to their color may appear less saturated
if compared to a pink diamond of warmer color. For
example, the two diamonds seen here are considered to be of similar saturation in the GIA grading
system. To the inexperienced observer, however,
the cooler pink of the marquise on the left might
appear weaker than the warmer pink of the heart
shape on the right. Photos by Elizabeth Schrader.

clarity grades, yet dealers indicate that this grading
aspect is of secondary importance to that of color in
determining the value of a pink diamond (M.
Kirschenbaum, pers. comm., 2002).
Type II diamonds have been noted to be of higher clarity than type I diamonds (Scarratt, 1987). This
observation was supported by our study, as 68% of
the type II pink diamonds in our sample group were
FL/IF, VVS, or VS.
Graining and Color Zoning. As mentioned previously, the graining and color zoning in type I pink
diamonds often occurs in discrete bands. The number of planes and their intensity of color affect the
overall depth (i.e., the combination of tone and saturation) of color in a pink diamond (which is the
basis for judging face-up color appearance; see King
et al., 1994). In our sample, we found a direct correlation between more intense or more numerous
banded colored graining (that is appropriately oriented) and a stronger face-up color appearance.
Manufacturing. Many of the concerns manufacturers have when working with pink diamonds are
similar to those discussed previously for blue diamonds (King et al., 1998). To achieve the best faceup color appearance, diamond cutters often use
French culets and half-moon facets on the pavilion
around the girdle (Watermeyer, 1991). These techniques help cutters achieve the strongest face-up
color with an even distribution.
As mentioned above, color zoning in pink diamonds can affect the intensity of color. When such
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Figure 20. Because different hues encompass different ranges of tone and
saturation, it is not
uncommon to encounter
two diamonds of similar
tone and saturation but
different fancy grades, as
seen here for these two—
Fancy Intense pink and
Fancy orangy pink—diamonds. The chart shows a
section in color space,
with different fancy
grades for the red (pink)
and orangy red (orangy
pink) hues denoted by
three-dimensional
“boxes.” Photos by
Elizabeth Schrader.

zones are present, their orientation relative to the
table during cutting is critical to obtaining the best
face-up appearance for a given facet arrangement.
One important distinction in the manufacture of
pink diamonds is the change in color appearance
that can occur during the cutting process. Manufacturers have reported observing a range of changes
during the polishing process. When hot from the
polishing wheel, some pink diamonds may appear
weaker (closer to colorless) than their stable color.
Immediately on cooling, the same diamonds may
appear stronger than their stable color. This color
change is temporary, and the diamonds do not
retain the stronger pink color. Input energy (from

heat due to the friction created by the rotating polishing wheel) produces these changes (M. Witriol,
pers. comm., 2002).
As is often the case with colored diamond rough,
the change in color appearance from the original
rough to the faceted diamond can be significant.
Figure 21 shows the transition in appearance of a
diamond that when finished was graded Fancy
Vivid orangy pink.
Spectroscopy. The broad region of absorption centered at about 550 nm is due to a color center of
unknown structure along slip planes in a pink diamond (Raal, 1958; Collins, 1982a; Fritsch, 1998). The

Figure 21. When pink diamonds are manufactured, the potential difference in color appearance between
the rough and the faceted gem can be dramatic. This series show the original cleaved rough (left), the gem
being cut from this rough at an interim stage in the faceting process (17.39 ct; middle), and the final 12.74
ct Fancy Vivid orangy pink diamond (right). Courtesy of Jacques Mouw; photos by Elizabeth Schrader.
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broad band at 550 nm is always accompanied by a
band at about 390 nm (again, see figures 17C and D).
Shigley and Fritsch (1993) presented a comparison of
the visible spectra of three diamonds (red-brown, purplish red, and purplish pink) to illustrate the presence
of the same 550 nm absorption band in differing
intensity in each spectrum. In our samples, we also
noted the increasing strength of the 550 nm absorption band with greater depth of the pink-to-red color.

SUMMARY AND CONCLUSIONS
The beauty and relative rarity of pink diamonds
have made them highly valued and desired through
the centuries. Although they have been recovered
from a number of localities around the world, historically their production has been quite sporadic.
Only in the past 20 years has one source, the Argyle
mine in Australia, produced a consistent supply of
pink diamonds, which has given these special gemstones broader commercial importance in the jewelry marketplace (figure 22).
This report is based on the largest sample of pink
diamonds published to date. With regard to the two
types in which pink diamonds occur, I and II, this
study confirmed that while the gemological characteristics associated with pink diamonds in these
two categories may overlap, in the majority of cases
there are some general differences in color appearance, clarity, and graining.
A key goal of this study was to illustrate aspects
of the color grading of pink diamonds, which span a
wide range of color hues, tones, and saturations.
Again, this large sample confirmed the broader
range of tones and saturations in some hue categories, and the importance of using consistent
observation methodology and established color references in the color grading of colored diamonds.
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Figure 22. With the discovery of the Argyle mine in
Western Australia, pink diamonds have become
more available and gained broader commercial
importance. As illustrated here, pink diamond
melee and even larger single stones have established a special niche in the gem and jewelry industry. The Fancy orangy pink diamond in the ring
weighs 1.15 ct; whereas the cross, dangle earrings,
and brooch are set with a total weight in pink diamonds of 0.33 ct, 1.14 ct, and 1.43 ct, respectively.
Courtesy of Alan Friedman Co., Beverly Hills,
California; photo © Harold & Erica Van Pelt.
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CHARACTERIZATION AND GRADING OF

NATURAL-COLOR YELLOW DIAMONDS
John M. King, James E. Shigley, Thomas H. Gelb, Scott S. Guhin, Matthew Hall, and Wuyi Wang

To better understand the yellow diamonds currently in the marketplace, as well as identify possible
changes in their trends seen over a five-year period, researchers at the GIA Gem Laboratory analyzed gemological data collected on more than 24,000 natural-color yellow diamonds examined
in the calendar years 1998 and 2003. These data included color grade, type of cut, clarity grade,
weight, ultraviolet fluorescence, and UV-visible and infrared spectra. Among natural-color colored
diamonds, those with a yellow hue are some of the most abundant; even so, they are much less
common than the colorless to light yellow diamonds associated with GIA’s D-to-Z color grading
scale. Since the yellow color is a continuation of the gradation of color associated with the D-to-Z
scale, there can be misconceptions about the color grading, which involves different procedures
from those used for D-to-Z grading. The grading and appearance aspects, as well as other characteristics of yellow diamonds, are discussed to clarify these differences. The authors have also identified five subgroups of type I yellow diamonds, which (with some overlap) are characterized by representative spectra and color appearances.

T

oday, yellow diamonds are among the most
widely encountered of the “fancy color” diamonds (figure 1). From 1998 to the present,
GIA has issued grading reports on more than
100,000 yellow diamonds, by far the most common
of the fancy-color diamonds submitted to our laboratory. In 2003, for example, 58% of the diamonds
submitted for GIA Colored Diamond Grading
Reports or Colored Diamond Identification and
Origin of Color Reports were in the yellow hue.
Nevertheless, these represented only 2.4% of all
diamonds submitted for various grading reports that
year. The dichotomy between being common
among colored diamonds yet relatively rare overall
has created a mix of information and sometimes
erroneous assumptions about yellow diamonds. In
addition, although information about their “origin
of color” or unusual characteristics (see below) has
been documented over the years, little has been
published about their color appearance and its relationship to color grading (one exception being
Hofer, 1998).
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This article presents data on more than 24,000
fancy-color yellow diamonds that were examined
by the GIA Gem Laboratory during the years 1998
and 2003. While our main concern in this study was
gathering information to characterize the gemological and spectroscopic properties of the entire population of samples, we were also interested in identifying any trends in size, color grade, or clarity grade
among the yellow diamonds submitted to us that
might be revealed over time. To that end, we selected a sample population from these two years separated by a five-year span.
Following a brief review of the literature on the
geographic sources, cause of color, and other physical properties of fancy-color yellow diamonds, this
article will focus on expanding the published infor-
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Figure 1. While abundant
compared to other colored
diamonds, fancy-color yellow
diamonds represent a small
portion of overall diamond
production. Their beauty and
the depths of color in which
they occur offer a wide range
of possibilities to the jeweler.
The bracelet and the 4.13 ct
oval and 6.20 ct emerald cut
in the rings are courtesy of
Harry Winston Inc.; the 8.70
ct (total weight) StarBurst cuts
in the earrings are courtesy of
Jonathan Doppelt Inc.; the yellow gradation eternity band is
courtesy of N. Smid; and the
two unmounted diamonds
and the crystal are courtesy of
the Scarselli family. Photo by
Harold & Erica Van Pelt.

mation about these diamonds by documenting and
reporting on their range of color, color grading, clarity grading, and other gemological properties, as
well as their spectroscopic characteristics.
We will also look at a number of aspects of color
observation and appearance (as they apply to these
diamonds) that are known and commonly addressed
by vision scientists but may not be recognized by
the layperson or even the experienced diamond
dealer or retailer. As with the previous GIA studies
of blue and pink diamonds (King et al., 1998, 2002),
this article describes and illustrates some of these
aspects to aid in understanding how they apply to
color grading yellow diamonds.

BACKGROUND
History and Geographic Origin. Yellow diamonds
have long been recognized and prized among collectors (Mawe, 1813; Bauer, 1904; Copeland and
Martin, 1974; Gleason, 1985). For example, in his
description of several famous diamonds he encountered while in India, the French traveler and gem
dealer Jean-Baptiste Tavernier (1676) mentioned
seeing a 137.27 ct yellow diamond that he referred
to variously as the “Florentine,” the “Austrian
Yellow,” and the “Grand Duke of Tuscany.” As
with other colors, yellow diamonds have come to
the public’s attention through the interest generated
by a number of special stones, such as the historical

128.54 ct Tiffany (figure 2; see Balfour, 2000) and
101.29 ct Allnat (see King and Shigley, 2003) diamonds, or the extraordinary 407.48 ct Incomparable
(illustrated in King et al., 1994, p. 227). Indeed, the
first reportedly authenticated diamond found in
Africa, which was cut into the 10.73 ct Eureka, is a
distinct yellow (Balfour, 2000; shown in Janse, 1995,
p. 231). Its discovery in late 1866/early 1867 helped
start the ensuing African diamond mining rush.
Although there were occasional finds over the
centuries in India, Brazil (Cassedanne, 1989), and
perhaps elsewhere, the first major discovery of
quantities of what today would be considered
fancy-color yellow diamonds occurred at several
locations in South Africa in the late 1860s (Janse,
1995; figure 3). The early preponderance of light
yellow diamonds from the Cape Province in South
Africa led to their description in the jewelry trade
as “cape stones,” a usage that continues today (see,
e.g., Liddicoat, 1993). While these light yellow diamonds are not now considered colored diamonds
(rather, they fall toward the lower end of GIA’s Dto-Z color scale), their noticeable color distinguished them from those of other deposits that
yielded near-colorless or brown diamonds. Also
found, however, were numerous diamonds that
ultimately would be considered yellow. The earliest recorded find along the banks of the Orange
River was, as noted above, a 21.25 ct (old carat
weight) yellow crystal that was subsequently cut
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Noted Auction Sales and Other Publicity. As with
other colored diamonds, yellow diamonds can command high prices and generate much public attention. At its 1988 auction, the Fancy brownish yellow1
Internally Flawless Incomparable diamond reached a
bid of $12 million before it was withdrawn without
having met its reserve (Balfour, 1997). An 18.49 ct
Fancy Intense* yellow known as the “Golden Drop”
sold at auction for $203,461 per carat in 1990 (Hofer,
1998), while a 13.83 ct Fancy Vivid yellow sold for
$238,792 per carat in 1997. In February 2005, a 10.02
ct Fancy Vivid yellow diamond sold for $772,848
(more than $77,131 per carat) at Sotheby’s St. Moritz.
Recently, a 101.28 ct Fancy Vivid yellow cushion
modified brilliant known as the “Golden Star” was
unveiled to the public in Palm Beach, Florida, by jeweler Laurence Graff, who reported that this diamond
had been cut from a large crystal found at the Finsch
mine in South Africa.

Figure 2. The Tiffany yellow diamond is one of the
best-known diamonds in the world. The 128.54 ct diamond has been in the Tiffany collection since 1879,
and today it is displayed in its own case (as part of
Jean Schlumberger’s jewel, “Bird on a Rock”) at
Tiffany & Co. in New York City. It was graded by
GIA in 1984. Photo courtesy of Tiffany & Co.

into the Eureka (Janse, 1995). In 1878, a 287.42 ct
piece of rough recovered from a claim on the
Kimberley mine was later fashioned into the
Tiffany diamond (again, see figure 2). In 1964, the
Dutoitspan mine yielded a spectacular 253.70 ct
transparent yellow octahedral crystal known as the
Oppenheimer diamond, which now resides in the
Smithsonian Institution.
Today, yellow diamonds are found in the productions of mining operations throughout the
world (Field, 1992, p. 353). The occurrence of fancycolor yellow diamonds is so widespread that no
particular deposit stands out as an important
source (though many of the larger pieces of yellow
rough continue to originate from South Africa).
Some data correlating diamond color and size has
been published for certain deposits (in particular,
the kimberlites in South Africa; see, e.g., Harris et
al., 1979), but the literature contains no such information on yellow diamond abundances for other
occurrences.
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Past Studies. Differences noted in crystal form and
physical and spectroscopic properties between (what
were discovered to be) nitrogen-containing diamonds
and those much rarer diamonds with virtually no
nitrogen led early in the 20th century to the recognition by scientists of the type I and type II categories,
respectively (Robertson et al., 1934; also see Anderson,
1963). At the atomic level in type I diamonds, nitrogen
substitutes for carbon as either multiple atoms (aggregates) that occupy adjacent positions in the lattice
(type Ia) or as single isolated atoms (type Ib).
There have been several recent reviews of the
physical properties of diamond, including Field
(1992), Davies (1994), and Wilks and Wilks (1994). A
number of articles have discussed the visible and
infrared spectra of yellow diamonds as they relate to
the discrimination of natural-color diamonds from
those that have been treated to change their color
(Clark et al., 1956a,b; Crowningshield, 1957–8;
Scarratt, 1979, 1982; Collins, 1978, 1982a,b, 2001;
Woods and Collins, 1982, 1986; Woods, 1984;
Collins et al., 1986; Mita, 1996; Fritsch, 1998; Haske,
2000; Kaminsky and Khachatryan, 2001; De Weerdt
and Van Royen, 2001; Zaitsev, 2001). Additional
articles have discussed the potential use of spectral
measurements to quantitatively evaluate the color
of faceted yellow diamonds (Vendrell-Saz et al.,
1980; Sato and Sunagawa, 1982; Collins, 1984).

*Graded prior to modifications to GIA’s colored diamond color grading system in 1995.

Gemologists have also recognized that certain
inclusions are characteristic of particular gemstones and, as such, help provide information on
their geologic history and diamond type. For example, Crowningshield (1959c) reported that needlelike inclusions, as well as oriented plate-like inclusions, are found on occasion in some yellow diamonds. Such inclusions were later associated with
type Ib yellow diamonds (Crowningshield, 1994).
Color and Color Origin. In general, the presence of
nitrogen atoms gives rise to two kinds of absorption
in the blue region of the visible spectrum; the
remainder of the spectrum is transmitted, leading to
an observed yellow color. In type Ia diamond, aggregates of nitrogen atoms in the form of the N3 center
cause absorption as a sharp line at 415 nm. The N3
center is believed to consist of three nearest-neighbor substitutional nitrogen atoms all bonded around
a common lattice site of a missing carbon atom (a
vacancy). This absorption produces the lighter yellow coloration typical of “cape” diamonds.
The same N3 center is also responsible for blue
long-wave ultraviolet fluorescence when seen in type
Ia diamonds (Nayar, 1941; Mani, 1944; Dyer and
Matthews, 1957). Based largely on observations with
the prism spectroscope, Anderson (1943a,b, 1962)
noted the general correlation between the intensity of
the 415 nm absorption band and the strength of the
diamond’s yellow color (also see Anderson and Payne,
1956). Occasionally, the N3 center is accompanied by
additional broader but weaker lines at 452, 465, and
478 nm (the N2 center; see Clark et al., 1956a; Davies
et al., 1978; Davies, 1981), which also contribute to
the yellow color. These lines are superimposed over a
region of absorption that increases gradually toward
the blue end of the spectrum.
Collins (1980) gave nitrogen concentration values
of up to 3000 ppm for type Ia diamonds. Two additional nitrogen aggregates—designated A (a pair of
nearest-neighbor nitrogen atoms) and B (four N
atoms surrounding a vacancy)—are usually present
in type Ia diamonds, but neither gives rise to absorption in the visible region (thus, they do not produce
any coloration, but they do produce characteristic
absorption features in the infrared spectrum).
In the much-less-common type Ib diamond, single-substitutional nitrogen atoms cause a broad region
of absorption that increases below about 560 nm (but
no sharp 415 nm absorption band), which in turn produces a more saturated yellow color. In some cases,
type Ib diamonds exhibit a very weak to weak yellow

or orange short-wave UV fluorescence (see Dyer et al.,
1965; Fritsch, 1998, pp. 26–30 and 36–37; Hofer, 1998,
pp. 354–359). Such diamonds have often been
described as having a “canary” color (Wade, 1920;
Anderson, 1943a; Liddicoat, 1976–77). In contrast to
type Ia yellow diamonds, those that are type Ib contain much smaller amounts of nitrogen, normally
well under 100 ppm (Collins, 1980; Field, 1992).
These subcategories of type I diamonds can be
distinguished on the basis of characteristic features
in their visible and infrared absorption spectra. It
should be mentioned that these subcategories are
not mutually exclusive, since at the atomic level
the diamond lattice can contain different ratios of
aggregated and isolated nitrogen atoms from one
diamond to the next. In addition, infrared spectral
features associated with both isolated and aggregated forms of nitrogen can be recorded from different
portions within the same diamond. For example,

Figure 3. The late 1860s saw the first major discovery of diamonds in South Africa, and with that
came an influx of yellow rough into the market.
The Kimberley and Dutoitspan mines, between the
Orange and Vaal Rivers, were some of the significant early (and continuous) sources of production.
In 1964, the latter mine yielded the spectacular
253.70 ct yellow octahedral crystal known as the
Oppenheimer diamond. Modified from Janse (1995).
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Collins (1980) suggested that many type Ib diamonds also contain A-aggregates (type IaA) of nitrogen. For additional information on diamond types
and optical centers, see Davies (1972); Davies and
Summersgill (1973); Collins (1982a,b, 2001); Bursill
and Glaisher (1985); Fritsch and Scarratt (1992, pp.
38–39); Briddon and Jones (1993); Wilks and Wilks
(1994); and De Weerdt and Van Royen (2001).
GIA Color Descriptions for “Yellow” Diamonds. A
hue has different color appearances depending on its
tone and saturation (King et al., 1994, 2002). The
color description that GIA gives diamonds on grading reports is based on the hue, and on the tone and
saturation of that hue. For example, when a yellow
hue becomes darker in tone and weaker in saturation, it appears increasingly brown, and this is
reflected in the color description (i.e., brownish yellow). In certain darker/weaker areas of the yellow
hue range, the color appears to have both brown and
green components (as compared to similar tones
and saturations of adjacent hues), which results in
descriptions such as brownish greenish yellow and
brown–greenish yellow. Figure 4 illustrates these
appearance relationships within and surrounding
“yellow” on the hue circle. (For a more detailed discussion of the GIA color description system for colored diamonds, please see King et al., 1994.)

MATERIALS AND METHODS
Samples. The 24,668 diamonds reported on in this
article were examined in 1998 (7,213) and 2003
(17,455) at our laboratories in New York and
Carlsbad. The color of each was identified as being
of natural origin (using standard and, where appropriate, advanced gemological testing) and was
described on the grading report as being yellow,
brownish yellow, brownish greenish yellow, or
brown–greenish yellow (again, see figure 4). The diamonds ranged in weight from 0.30 to 219.35 ct.
For the purposes of this study, we did not
include diamonds in the narrower greenish yellow,
green-yellow, orangy yellow, or orange-yellow hues.
Not only did these samples represent less than 13%
of the diamonds given “predominantly yellow”
hues for the two years in which we retrieved data
for this study—with no single hue representing
more than 4%—but they are also approached differently in their trading and valuation (K. Ayvazian,
pers. comm., 2004).
Because of time constraints or the type of labo-
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ratory service requested by the client (e.g., a less
comprehensive “identification and origin” report),
the database does not include the same gemological
observations for all the diamonds. For these reasons, we have indicated in the Results if the data
being discussed originate from some smaller subset
of these 24,668 diamonds.
Grading and Testing Methods. We used the GIA
Gem Laboratory standard methodology for color
grading colored diamonds to describe all of the
study samples (see King et al., 1994). Screened and
trained laboratory staff evaluated each of the diamonds using a standardized D65 “daylight-equivalent” lighting environment (as provided by the
Macbeth Judge II illumination box). Typically, from
three to six staff members independently compared
the overall face-up characteristic color of each diamond to GIA colored diamond color references in
order to determine the appropriate color description
and location in GIA’s color space.
Equipment used for the gemological examination included a standard gemological microscope, a
GIA Gem Instruments ultraviolet unit with longwave (365 nm) and short-wave (254 nm) lamps, and
a desk-model prism spectroscope.
Absorption spectra in the ultraviolet to visible
(UV-Vis) range were recorded with a ThermoSpectronic Unicam UV500 spectrophotometer over
the range 250–850 nm with a sampling interval of
0.1 nm. The samples were mounted in a cryogenic
cell and cooled using liquid nitrogen (−196°C).
Infrared absorption spectra were recorded in the
mid-infrared (6000–400 cm−1, 1.0 cm−1 resolution)
range at room temperature with a Thermo-Nicolet
Nexus 670 Fourier-transform infrared (FTIR) spectrometer, equipped with a KBr beam splitter. A 6×
beam condenser focused the incident beam on the
sample, and a total of 1,024 scans (per spectrum)
were collected to improve the signal-to-noise ratio.
Diamond type was determined by infrared and visible spectroscopy. We selected a subset of 10,399
samples in order to study spectral differences within
the two categories (Ia and Ib) of type I yellow diamonds, and to see if there were any relationships
between spectra and color appearance or observations with the microscope.
Absorption coefficients for all spectra were calculated assuming a straight light path through the
faceted gemstone. Using absorption coefficients, we
were able to calculate approximate nitrogen concentrations (Field, 1992).

Figure 4. The diamonds within the bold lines of this chart
illustrate some of the color appearances seen among the
samples in the study and the terms associated with them,
which are based on hue, tone, and saturation. As shown
here, diamonds in the yellow hue range often appear to
have brown and green components as they become weaker and/or darker. For the purposes of this illustration, the
transition in color seen from the outer ring (at the top) to
the inner ring (at the bottom) is of weakening saturation
and increasing darkness (as illustrated on the tone/saturation chart to the left). Examples from the adjacent hues of
orangy yellow and greenish yellow are included here for
comparison. Note that brown-yellow (and, if the full range
was shown, yellow-brown and yellowish brown) is in the
orangy yellow hue range, not the yellow range.
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DATA ANALYSIS AND RESULTS
Weight. A significant portion of our samples—
30%—weighed 3 ct or more, while 17% weighed 5
ct or more and 5% weighed more than 10 ct. Of the
latter, 23 were larger than 50 ct, and three were larger than 100 ct. In general, there are slight (statistically insignificant) differences in these percentages
for 1998 and 2003 (figure 5).
Cut. Yellow diamonds in the modern marketplace
are most often fashioned as fancy shapes. This trend
was apparent in our data, where 94% of the yellow
diamonds examined were shapes other than round
brilliants. Variations on the radiant cut are included
in the “square” and “rectangular” categories that
together represent 52% of all the diamonds studied
(figure 6).
Color Appearance. Figure 7 illustrates the range of
tones and saturations in which these yellow diamonds occur. As these charts illustrate, the colors
of yellow diamonds transition smoothly throughout
the ranges of hue, tone, and saturation (i.e., the
changes in appearance are gradual without abrupt
differences between them). The lighter, most-saturated colors are located toward the upper right corner of the charts (Fancy Intense, Fancy Vivid), while
the darker, less-saturated colors lie toward the opposite corner (Fancy Dark). It is important to note that
this distribution of color appearances differs from
those of pink and blue diamonds (see King et al.,
1998, 2002), where the stronger colors are darker in
tone (i.e., toward the lower right corner of the
chart). Five percent of the samples exhibited a
brownish yellow, brownish greenish yellow, or
brown–greenish yellow color appearance.
GIA Fancy Color Grades. The study samples covered
all the GIA “fancy” grades associated with yellow
diamonds (i.e., Fancy Light, Fancy, Fancy Intense,
Fancy Dark, Fancy Deep, and Fancy Vivid). Unlike
other colored diamonds (except brown), yellow diamonds with grades of Faint, Very Light, and Light are
not considered to be fancy-colored diamonds, but are
part of GIA’s D-to-Z color grading scale.
The pie charts in figure 8 show how the yellow
diamonds in our study fell into the fancy grade categories for 1998 and 2003. Colored diamond grading activity at GIA more than doubled from 1998 to
2003, but, as seen in figure 8, the general colorgrade distribution remained consistent during these
two years.

196

COLOR GRADING OF COLORED DIAMONDS

Figure 5. These three pie charts illustrate the distribution of the 24,668 diamonds in the study in several
weight categories. The bottom two charts show that
there was very little difference seen in the weight categories between 1998 and 2003.

Hue. As noted above, the diamonds in this study
transition smoothly throughout the yellow hue
range. This is consistent with GIA’s observations of
yellow diamonds over the past 50 years. At the
extremes, two subtly different color appearances are

observed (“cooler” toward the greenish yellow
boundary and “warmer” toward orangy yellow) that
are still described as yellow with no modifying terms
(figure 9). In the more saturated grades of Fancy
Intense and Fancy Vivid, the diamond community
sometimes refers to these two appearances as “lemony” and “golden,” respectively (N. Livnat, pers.
comm., 2004).
Tone and Saturation. Yellow diamonds occur in
broad ranges of tone and saturation. They reach their
strongest saturation at relatively light tones (again,
see figure 7), with saturation strengths as high as we
have encountered for any other diamond color.
Microscopic Examination. Clarity Grades. Of the
17,152 diamonds examined for clarity, 30% were
VVS or Flawless/Internally Flawless (FL/IF), 50%
were Very Slightly Included (VS), and 20% were
Slightly Included (SI) or Included (I). Some variations
were noted between samples graded in 1998 versus

Figure 6. This pie chart illustrates the percentage
breakdown for the various shapes in which the yellow diamonds in our study were fashioned. Each
shape category may include different cutting styles
(such as step, modified brilliant, and brilliant cuts).
Included in the miscellaneous category are shapes
such as marquise, triangle, shield, kite, and briolette. The “cut-cornered or round-cornered rectangular/square” sections include variations on the radiant cut, which helped revolutionize the availability
of fancy-color yellow diamonds in the marketplace.

2003 (figure 10). For example, there was a decrease
in the percentage of FL/IF (from 9% to 5%) and an
increase in those graded SI (from 14% to 19%).
We were interested to see if there might be a
correlation between depth of color and the clarity
of the yellow diamonds in our study, so we
reviewed the overall distribution of clarity grades
for those diamonds graded Fancy Vivid versus those
graded Fancy Light (as these two grades would represent the extremes in strength of color). In general,
the distribution was similar (figure 11), although a
higher percentage of Fancy Vivid diamonds
received grades of Flawless or Internally Flawless
(12% versus 4% for the Fancy Light group); conversely, a higher percentage of Fancy Light diamonds received VS grades (55% versus 45% for the
Fancy Vivid group).
Inclusions. It is common to encounter small clouds
or strings of pinpoint-like solid inclusions in yellow diamonds (figure 12; see also Crowningshield,
1994). Occasionally dark crystals are seen as well
(figure 13). We also noted the presence of small
pinpoint or cloud-like inclusions toward the center
of a number of the large (over 30 ct) diamonds in
our study.
Graphite was the most common mineral inclusion observed, typically occurring in fractures of
various sizes, displaying a flat shape. We occasionally observed euhedral crystals of both peridotitic and
eclogitic minerals. Olivine (colorless), pyrope garnet
(purple), and diopside (green) were observed as inclusions from the peridotitic group, which in general is
more abundant in natural diamonds than the
eclogitic group. From the eclogitic group, we usually found almandine-rich garnet (orange; figure 14),
omphacite (grayish blue), and rutile (dark reddish
orange). These inclusions were generally smaller
than 100 μm, but they ranged up to several hundreds of micrometers in longest dimension. In rare
cases, these inclusions displayed octahedral morphology. Over 80% of all natural diamonds are peridotitic (Meyer, 1987). However, in the majority of
the yellow diamonds, it seems that macro inclusions of eclogitic group minerals were as common
as those of peridotitic groups. Euhedral macro inclusions rarely occur in diamonds dominated by isolated nitrogen, and this was also the case for most of
the type Ib diamonds examined in this study. What
we did observe in a few of these type Ib samples,
however, were small, needle-like fractures surrounding solid pinpoint inclusions.
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GIA YELLOW DIAMOND COLOR CHART
“WARMER” YELLOW

Figure 7. These two tone/saturation charts illustrate the color appearances at two locations in the
yellow hue range: “warmer” yellow diamonds that lie toward the orangy yellow/yellow hue
boundary, and “cooler” ones that lie toward the greenish yellow/yellow boundary. In each case,
the lighter, more saturated colors are seen in the upper right of the diagram, whereas the darker,
weaker colors are located toward the lower left. On each diagram, the inset chart shows the generalized boundaries of the GIA Gem Laboratory fancy grades. The shaded areas on the two charts
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“COOLER” YELLOW

indicate the areas in the yellow hue range in which diamonds described as predominantly brown
(not part of this study) occur. Note that these two diagrams are for illustrative purposes only; by
themselves, they are not adequate for use in color grading. Because of the inherent difficulties of
controlling color in printing (as well as the instability of inks over time), the colors of the images
shown here may differ from the actual colors of the diamonds. Photos by Elizabeth Schrader and
C.D. Mengason.
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Figure 8. These pie charts show the percentages of
the diamonds in the study in each of the GIA Gem
Laboratory fancy-color grade categories for the
years 1998 and 2003. Note the relatively consistent
distribution between 1998 and 2003, even though
requests for laboratory services more than doubled
over this time period.

Figure 9. These Fancy Intense yellow diamonds illustrate four different positions within this color group.
Members of the diamond trade sometimes describe
those colors that lie near the yellow/greenish yellow
boundary (like the diamond on the far right) as
“lemony,” and those near the orangy yellow/yellow
boundary (as seen in the diamond on the far left) as
“golden.” Photos by Elizabeth Schrader.
Figure 10. The diamonds studied were relatively
high in clarity, with approximately 80% of the
studied samples receiving grades of VS or higher.
These percentage distributions were relatively consistent between the sample groups examined in
1998 and 2003.
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Figure 12. Stringers of numerous tiny inclusions, some
in reflective orientation, create an interesting cloud
formation in this brownish yellow diamond. The presence of this cloud further supports the diamond’s natural-color determination. Photomicrograph by John I.
Koivula; magnified 30×.

Color Zoning. Only 8% of the diamonds in our
study exhibited noticeable color zoning. When present, the zoning often took the form of diffused or
concentrated patches of color (an appearance occasionally referred to as “scotch and water”).
Ultraviolet Fluorescence. We found that 71% of our
samples showed either no or a very faint reaction

Figure 11. These two pie charts show the clarity grade
distributions among those yellow diamonds in our
total sample population with Fancy Vivid and Fancy
Light color grades (which represent the extremes in
yellow color saturation).

Figure 13. Clusters of small black and metallic-looking needles and platelets, such as this triangular
grouping, were seen in some of the yellow diamonds.
These inclusions are probably composed of sulfides
and graphite. The triangular form of this cluster suggests that it might also be a phantom plane.
Photomicrograph by John I. Koivula; magnified 25×.

Graining. When observed under standard diamond
grading conditions, the vast majority of the yellow
diamonds did not exhibit typical forms of internal
graining such as reflective planes or colored banding
(i.e., whitish or brown). However, we found that one
form of internal graining not commonly encountered
in other fancy colors occurs more frequently in yellow
diamonds. In this type of graining, the internal reflective graining plane exhibits a dispersion of color (figure 15) and maintains this appearance through a range
of viewing angles. Because of the dispersive color
appearance, this graining is described as “rainbow”
graining; in some cases, it may affect the clarity grade.
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Figure 14. The most recognizable color for an eclogitic
garnet inclusion in a diamond is orange. Such garnets
are mixtures of almandine and pyrope. Their presence
also provides proof of the diamond’s natural origin.
Photomicrograph by John I. Koivula; magnified 20×.

(both of which are referred to as “none” on grading
reports) when exposed to long-wave UV radiation,
while 25% displayed a faint to medium reaction. A

Figure 15. This 5.04 ct yellow diamond exhibits “rainbow” graining, a type of graining seen more commonly in yellow diamonds than in other colors. When this
dispersion of colors remains visible through a range of
motion, it can affect the clarity grade. Photo by
Vincent Cracco; magnified 12×.
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strong or very strong reaction was observed in less
than 4% of the total group (figure 16). Of these latter samples, 92% exhibited blue fluorescence, while
the remainder displayed other colors (including
green, yellow, orange, and white).
Eighty-eight percent of the samples displayed no
reaction or a very faint to faint reaction to shortwave UV radiation. The remainder had medium
(11%) or strong reactions (1%). In terms of their fluorescence colors, 91% were yellow. The remainder
fluoresced various other colors, but predominantly
blue or green.
Spectrometry and Diamond Type Groups. Based on
our subset of 10,399 diamonds, we found that type I
yellow diamonds may be broadly categorized into
five groups based on their UV-visible and infrared
spectroscopy. Representative samples for each
group are illustrated in figure 17.
Group 1. This first group represents the vast majority of yellow diamonds in the subset (92.8%). Based
on the intensity of features in their spectra, they
demonstrated a high concentration of nitrogen and
highly aggregated nitrogen impurities, consistent
with type Ia diamond. Spectral features arising from
isolated nitrogen were rarely seen in the samples in
this group. The UV-visible and infrared spectra for a
representative 1.31 ct Fancy Vivid yellow diamond
are displayed in figure 17A. The UV-visible spectrum is dominated by absorptions due to the N3
center, with zero-phonon-line absorption at 415 nm
and its related sidebands with peaks at 376, 384, 394,
and 403 nm. Other absorption features present—at
425, 438, 452, 465, and 478 nm—are all related to
the N2 center (Collins, 1982a,b). The absorption features seen between 1400 and 1000 cm−1 of the
infrared spectrum suggest high concentrations of
aggregated nitrogen. Due to the completely radiation-absorbing nature of the type Ia nitrogen, spectral fitting could not be performed to calculate exact
concentrations of nitrogen; however, these features
suggest that this diamond has nitrogen concentrations of at least 200 ppm. Other spectral features
characteristic of this group include a strong peak at
about 1370 cm−1 associated with platelets—an
extended defect composed of interstitial carbon and,
possibly, nitrogen atoms (Collins, 2001)—and weak
absorption peaks at 1547, 1520, and 1495 cm−1. At
higher wavenumbers, weak peaks at 3236 and 3106
cm−1 are present, which are indicative of the presence of a trace hydrogen impurity (Field, 1992).

Group 2. These diamonds comprise approximately
4% of the sample set, and they share many of the
same nitrogen-related infrared and UV-visible spectral features as the diamonds detailed in Group 1.
However, they differ significantly from the Group 1
samples due to strong absorption features related to
hydrogen. This group is represented by a 1.26 ct
Fancy brownish yellow diamond. The infrared spectrum (figure 17B) displays high concentrations of type
Ia nitrogen (similar to Group 1 diamonds) but clearly
differs from them by features at 4495, 4168, 3236,
3106, 2813, 2785, and 1405 cm −1—all related to
hydrogen defects (Fritsch and Scarratt, 1992). The
UV-visible spectrum also displays the N3 and N2 features associated with Group 1 diamonds, but it contains hydrogen-related absorptions at 474 and 563
nm—and two weak but broad bands at 545 and 555
nm—as well. Furthermore, a weak rise from a broad
band resulting from a broad band center around 700
nm to longer wavelengths, possibly hydrogen related,
is present (Fritsch and Scarratt, 1992).
Group 3. We found that 1.7% of the sample set fell
into this group. These diamonds differed from all
the other yellow diamonds because of their green
luminescence to visible light. The 0.40 ct Fancy
Intense yellow diamond seen in figure 17C is an
example of this group. The UV-visible spectrum displays absorption due to the N3 center and weak N2related absorption features situated on a gradual rise
at the blue end of the spectrum (which are collectively responsible for the predominantly yellow
color). The weak green luminescence observed in
these diamonds is a result of the H3 center (a defect
consisting of two nitrogen atoms and a vacancy) at
503.2 nm. The infrared spectrum suggests that
almost all of the infrared active nitrogen is type IaB,
with a calculated total B-aggregate nitrogen concentration of more than 350 ppm.
Group 4. This group encompassed 0.8% of the sample set and is represented by a 2.03 ct Fancy Vivid
yellow diamond. Unlike the other groups, the
infrared spectrum (figure 17D) displays a relatively
low concentration of nitrogen (calculated to be 16
ppm by means of spectral fitting). The nitrogen is
mostly unaggregated (~11 ppm), and these predominantly type Ib diamond spectra exhibit a sharp
absorption line at 1344 cm −1, and a broader peak at
~1130 cm−1. A small amount (~5 ppm) of aggregated
type IaA nitrogen, represented by an absorption at
1282 cm−1, is also present. Notably, the 1600–1450

Figure 16. These two pie charts illustrate the strength
of fluorescence of the studied diamonds to long- and
short-wave UV radiation. In general, more than 80%
of the samples displayed no fluorescence or faint fluorescence to both wavelengths. The most common colors observed were blue (92%) for long-wave and yellow (91%) for short-wave UV.

cm−1 region lacks any distinctive features. The visible spectrum is virtually featureless aside from a
rise in absorption from 500 nm to shorter wavelengths. However, some diamonds in this group
showed nitrogen-vacancy (NV) related absorption
features at 575 and 637 nm.
Group 5. The fifth group of yellow diamonds made
up 0.7% of the sample set. It is represented by a
1.56 ct Fancy Intense yellow diamond. Absorption
features related to N2 are generally much weaker
than those in Group 1 for comparable color saturations. Similar to the samples in Group 4, the UV-
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Figure 17A–E. Yellow diamonds may be broadly
divided into five different groups based on their UVvisible and infrared spectra. One set of spectra for
each of the five diamonds illustrated was chosen to
represent the individual groups.

visible spectrum displays a gentle rise in absorption
from 500 nm to shorter wavelengths, but with an
obvious N3 zero-phonon line and its related sidebands. A weak H3 absorption was also observed.
The infrared spectrum, like the spectra for diamonds in Groups 1 and 2, typically consists of
totally absorbing type Ia nitrogen and the platelet
peak. However diamonds of this group commonly
had a broad absorption at 1650 cm−1; three absorptions at ~1480, 1450, and 1430 cm −1 of varying
sharpness; and, in many cases, a very weak absorption at 1344 cm −1 due to isolated (type Ib) nitrogen
(figure 17E).

DISCUSSION
Weight. With nearly one-third of our samples for
both years of our study weighing more than 3 ct, it
appears that the likelihood of encountering comparatively large yellow diamonds is significantly higher
than for other colored diamonds, which typically
occur in small sizes (see, e.g., Hofer, 1998; King et
al., 1998, 2002). To confirm this, we looked at the
average weight for colored diamonds submitted to
the laboratory in the various hues in 2003. The average weight for yellows (3.23 ct) exceeded that for all
other hues and was more than one-third larger than
the average for blues. King et al. (1998) indicated that
14% of the blue diamonds studied were over 5 ct,
compared to 17% for this study. While these percentage differences do not initially appear great, the
largest diamond in the blue study weighed 45 ct,
whereas the present study included 23 diamonds
over 50 ct and three larger than 100 ct. Indeed, from
our experience, no other colored diamond color
occurs so consistently in such large sizes.
Cut. As discussed in previous studies (King et al.,
1998, 2002), the primary goal of the cutter of colored
diamonds is to enhance the final face-up color
appearance. As shown by our data, yellow diamonds
are typically cut as fancy shapes to help attain the
most intense face-up color appearance. For a detailed
discussion on manufacturing aspects of yellow diamonds, see box A.

Clarity. As with other natural-color diamonds, color
is the primary factor in the valuation of yellow diamonds. Still, their relative abundance causes the diamond trade to seek additional means to differentiate
among them, so the value placed on clarity is higher
than for more rarely encountered colors (N. Livnat,
pers. comm., 2005). This situation is evident in the
shift in requests for specific GIA colored diamond
reports between the two years of our study. Of the
two colored diamond grading services offered by the
laboratory, the Colored Diamond Grading Report
includes clarity grading, while the Identification and
Origin of Color Report (which focuses on the diamond’s color information) does not. Requests for
reports that included a clarity grade for the yellow
diamonds described here increased from 57% in 1998
to 75% in 2003. The increased desire for more grading information (as represented by clarity grades)
appears to parallel the increasing interest in yellow
diamonds over this time frame.
Because a higher clarity grade can be a positive
marketing factor, it is not unusual for a manufacturer to try to attain a minimum “VS” grade when possible (M. Witriol, pers. comm., 2005). Such an
approach is consistent with the finding that 80% of
the diamonds in our study were graded VS or higher. Manufacturers indicate that it is easier to attain
a higher clarity grade with yellow diamonds than
with diamonds in other colors because of the relative purity of some of the larger yellow rough (M.
Witriol, pers. comm., 2005).
Interestingly, our data showed a percentage
decrease for the clarity grade categories of FL/IF and
VVS (from 9% to 5% and 26% to 22%, respectively)
between the two years of our study, but an increase
from 14% to 19% for SI. We do not know if these
changes in clarity grade distribution are a result of
more requests for reports with clarity grades (from
57% to 75%, as noted above), greater effort to
quickly fill market need (i.e., manufacturers are
working toward quicker turn-around rather than
higher clarity), a change in the quality of rough
being used, or a combination of these factors.
The analysis of clarity grade versus strength of
color supported our assumption that there was little
or no relationship between these two characteristics.
As noted in our results, the distribution of clarity
grades for Fancy Light and Fancy Vivid was similar,
with the exception of FL/IF, where there were three
times more diamonds in this category for Fancy
Vivid than Fancy Light. The rarer a diamond’s inherent color, the more likely it is that a manufacturer
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BOX A: THE IMPORTANCE OF CUT IN YELLOW DIAMONDS
Manufacturing. Today, yellow diamonds (and colored
diamonds in general) are typically cut as fancy shapes
to enhance their color appearance (see figure A-1). It is
not unusual for yellow rough to occur as octahedra (I.
Wolf, pers. comm., 2005). The best yield and potential
color retention for such crystals is found in square or
near-square shapes such as radiants, emeralds, or cushions (which comprised as many as 61% of the samples
in this study; see again figure 6).
Given the relative lack of inclusions and color zoning in large yellow rough, manufacturers can focus more
on weight retention and color appearance (M. Witriol,
pers. comm., 2004).
Cutting Innovations. Much of the framework on which
today’s cutting decisions are based originated with innovations begun in the 1970s. Previously, diamonds with
light yellow bodycolor were manufactured in the
shapes, cutting styles, and proportions of diamonds on
the D-to-Z scale. Recent personal accounts to one of the
authors (JMK) described how some of these changes
came about (M. Blickman and J. Doppelt, pers. comms.,
2005). By the mid-1970s, New York manufacturers such
as Stanley Doppelt and Henry Grossbard had begun
experimenting with variations on Basil Watermeyer’s
1971 Barion cut, a square mixed cut whose step crown
and modified-brilliant pavilion improved brilliancy and
increased yield from the traditional step cut (see Kerr,
1982), in an attempt to hide imperfections in “cheap,
square-cut diamonds.” The assumption was that the
increased scintillation from the mixed cut would better
disguise inclusions, thus giving a more pleasing appearance to the eye. From an early point in this experimentation, Mr. Doppelt (and later Mr. Grossbard) realized
these variations also enhanced the color of the yellow
diamonds they were recutting, especially light yellow
hues. Throughout the mid- to late 1970s, other experienced cutters experimented with the angles on these
diamonds (from “off-color” to noticeably yellow) to produce the best face-up color appearance.
In the late 1970s and early 1980s, the trade became
aware of these potential cutting benefits. Mr. Doppelt,
in conjunction with Louis Glick, introduced the “StarBurst” cut, which helped gain popularity for yellow diamonds. Mr. Grossbard, for his part, patented the radiant
cut (Overton, 2002). Mr. Grossbard’s 1976 purchase at
Sotheby’s Zurich of an off-color 109 ct diamond then
named the Cross of Asia would eventually add to trade
interest as well. He decided to recut that diamond to his
new cut. Industry observers felt that the resultant 79 ct
Flawless, Fancy yellow renamed the Radiant Cut diamond was significantly more valuable than the original
Cross of Asia (M. Blickman, pers. comm., 2005; this
stone was graded prior to the 1995 modifications to the

206

COLOR GRADING OF COLORED DIAMONDS

Figure A-1. This 10.12 ct Fancy Vivid yellow pear shape
illustrates the effect a fancy shape can have on intensifying the color in a yellow diamond. Courtesy of the
Scarselli family; photo by Elizabeth Schrader.

GIA colored diamond color grading system).
As others in the trade became aware of this recut
diamond and the effectiveness of these new cuts in the
market, more manufacturers began recutting light yellow diamonds into these styles in an effort to achieve
grades of Fancy Light or Fancy (M. Kirschenbaum, pers.
comm., 2004). Key features of these cuts were halfmoon facets on the pavilion, French culets, and a greater
number of facets in general. The most dramatic differences in face-up color appearance were often seen when
the starting material was a round brilliant (figure A-2).

Figure A-2. Some of the most striking differences are seen
when a light yellow round brilliant is recut into a shape
and cutting style, such as the radiant, that can accentuate
the color appearance. For example, the 6+ ct round brilliant diamond on the left was graded in the W-X range of
the D-to-Z scale. When recut as a 4.61 ct radiant (right), it
was graded Fancy yellow. Courtesy of the Scarselli family;
composite photo by Elizabeth Schrader.

Figure A-3. Use of a diamond cut that highlights brightness can cause a light-toned yellow diamond to appear
even lighter. The diamond on the left has numerous
small, bright spots as a result of the manufacturer’s cutting decisions. The one on the right is the same diamond
with the spots digitally removed and replaced with the
average face-up color. When the small bright spots are
removed, the color appearance is subtly deeper (i.e., it
appears slightly darker and stronger). If such a diamond
were near a grade boundary, this subtle difference in
appearance could move the diamond into a higher grade.
Composite photo by Elizabeth Schrader.

Over time, the new shapes and cutting styles were used
on diamond rough—a practice that resulted not only in
better color grades but also in better weight retention, so
manufacturing light yellow rough became more profitable (I. Wolf, pers. comm., 2004). Even more than the
opening of new mines or a mine’s increased production,
these cutting activities were responsible for the greater
number of more intensely colored yellow diamonds that
appeared in the marketplace.
Effects of Cut on Yellow Diamond Color Appearance.
As noted above, the appearance of light-toned colors is
easily influenced by the effects of cut. Cutting can create brightness (white or near-white light return), fire (the
dispersion of various colors), windows (“see-through”),
and dark areas (extinction). Because colored diamonds
are graded in the face-up position, the overall blend of
sensations—small areas of brightness, windowing,
and/or extinction—may intermingle with the yellow
face-up color and affect the overall color appearance. For
example, brightness can visually blend with color to create a softer, lighter appearance. If the color is near a

grade boundary, such an appearance often results in the
diamond being placed in a lower grade (i.e., with a weaker color; figure A-3). Similarly, small areas of windowing
can mix with the color to create an overall washed out,
weaker (i.e., less saturated) appearance. Overall darkness, or numerous dark areas due to extinction, can
cause a “grayed-out,” weaker look. Occasionally, these
extinct areas can create a deeper appearance. Again,
these effects can have an impact on color grade if the
diamond is near a grade boundary.
Many diamond cutters are aware of the range of proportions that yield an attractive face-up cut appearance
in colorless to near-colorless diamonds, but those who
also cut colored diamonds often say “when it comes to
color, you can throw away the book” (I. Wolf, pers.
comm., 2005). An example of this is the rare Fancy
Vivid yellow round brilliant in figure A-4. When
observed by experienced staff and members of the trade,
all agreed it was an exceptional color. But with a total
depth of more than 65% and crown angles greater than
39°, it was unorthodox for a round brilliant and, if it had
been near-colorless, would likely be considered less
attractive than many other near-colorless diamonds.
Clearly, the assessment of diamond cut for fancy-color
diamonds is based on very different considerations than
their D-to-Z counterparts.
Finally, cutting can also affect the perceived distribution of color when the diamond is viewed face-up.
When the characteristic color does not predominate in
the face-up position, it is reported as “uneven” for the
“distribution” entry on grading reports (see King et al.,
1994). Figure A-5 shows four examples of uneven color
distribution in different shapes and cutting styles of yellow diamonds.
Figure A-4. With colored diamonds,
cut is evaluated first in terms of its
effect on the color. While this 1.51
ct Fancy Vivid yellow diamond
has proportions that would be
considered unorthodox for a
colorless or near-colorless round
brilliant, here they have produced
a spectacular color appearance.
Photo by Elizabeth Schrader.

Figure A-5. In some diamonds, the yellow
color can appear limited to a minority of
areas relative to the total area in the faceup position. Such yellow diamonds would
be described as having an “uneven” color
distribution on GIA grading reports. As
illustrated here, the appearance produced
by this uneven distribution can vary
depending on the cut and proportions used.
Composite photos by Elizabeth Schrader.
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will consider working on other characteristics to further enhance its marketing potential (N. Smid, pers.
comm., 2005). For the less-saturated colors, the manufacturer will factor in additional cutting (loss of
weight), time costs, and current market salability
into the decision to work toward the highest possible
clarity. This approach is followed for colorless to
near-colorless diamonds as well. It is much more
likely for a manufacturer to try, when possible, to
achieve a Flawless grade on a “D” color diamond
than on a “K” color (N. Smid, pers. comm., 2005).
Inclusions. Given that the vast majority of the yellow diamonds in our sample group were type Ia, it
is not surprising that their inclusions appeared to be
the same as those encountered in diamonds on the
D-to-Z scale (Koivula, 2000). Since the composition
of these diamonds is essentially the same as those
on the D-to-Z scale (differing only in concentration
of defects), such a continuity of appearance would
be expected.
Over the years, we have tracked the frequency
with which pinpoint or small cloud-like inclusions
occur toward the center of large (over 30 ct) diamonds
submitted to the lab. A brief review of some of our
historic records indicated that they were observed in
more than half of 29 yellow diamonds weighing
between 50 and 60 ct. The reason for this centrally
located feature is not known, although these inclusions may represent growth conditions similar to
those of symmetrical micro-inclusion “clouds” seen
in other diamonds (see, e.g., Crowningshield, 1965).
In our experience with yellow diamonds, the cloudlike inclusions may be distributed randomly throughout a stone, or they may follow specific growth sectors; in particular, cubic growth sectors {100} tend to
contain more clouds than any other sector (see, e.g.,
Wang and Mayerson, 2002). Occasionally, the clouds
are very obvious and can affect the color appearance
as well as the clarity grade. Although little is known
about the chemistry and phase relations of the tiny
clouds, with few exceptions high levels of infraredactive hydrogen (see below) were commonly detected
by infrared spectroscopy in the regions where these
clouds were concentrated.
Color Zoning. To see if there was a relationship
between our overall findings (8% of the samples
exhibited color zoning) and the diamond type
groups, we examined our subset of 10,399 diamonds
for which type spectra were obtained. Most (92.3%)
of our type Ia yellow study diamonds (Group 1) did
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not exhibit noticeable color zoning. However, diamonds with different kinds of nitrogen aggregations
(as evidenced by features in their spectra) had much
higher occurrences of uneven color zoning.
Specifically, 62.3% of diamonds that showed hydrogen absorption lines in their visible spectra (Group
2) had uneven color zoning, usually in the form of
brown growth sector–related zones. In addition,
65.1% of diamonds that had green visible luminescence (Group 3) showed uneven zoning, which usually appeared as straight yellow lines paralleling
internal graining. The type Ib diamonds (Group 4)
showed color zoning in 56.8% of its samples, most
commonly in the form of diffused zones or concentrated patches of color, occasionally referred to as
“scotch and water.” Unlike in other colors, such as
type I pinks and type IIb blues where the zoning
tends to form in discrete bands, the “scotch and
water” zoning has less effect on manufacturing
decisions with regard to orientation of the zoning in
relation to the face-up appearance (I. Wolf, pers.
comm., 2005). Like Group 1, the diamonds in
Group 5 did not show noticeable color zoning.
Ultraviolet Fluorescence. Of the 10,399 diamonds
studied for diamond type, only 75 showed a shortwave UV reaction that was stronger than the longwave reaction. Perhaps most interesting was that 58
(77.3%) of these diamonds were type Ib. While not a
conclusive test, this observation may be helpful to
the diamantaire who does not have access to sophisticated equipment but wishes to have an indication
of diamond type.
Spectrometry and Diamond Type Groups. As noted
earlier, the yellow color observed in natural diamond is mainly a result of nitrogen, the most common impurity found in this gem. Both aggregated
and isolated forms of nitrogen within the diamond’s
lattice are responsible for the unique absorption features in the blue portion of the visible spectrum,
which in turn give rise to the yellow coloration.
Variations in nitrogen aggregation that begin during
diamond formation (as well as the addition of other
trace impurities and other defects) lead to the differences seen in nitrogen-related spectral features.
The complex stages of nitrogen aggregation in
diamond take place over geologic time at high pressures and high temperatures within the earth.
During the initial stages of growth, nitrogen atoms
may substitute for single carbon atoms within the
diamond lattice. Diamonds containing isolated

nitrogen are classified as type Ib (here, Group 4);
they owe their unique “golden” yellow color to a
rise in absorption from 500 nm to lower wavelengths (again, see figure 17D). In general, these yellow diamonds have low total nitrogen, even though
their color is usually strongly saturated. As nitrogen-bearing diamonds continue to develop within
the earth, the nitrogen atoms will migrate through
the diamond lattice and over time may begin to
form the commonly observed A, B, and N3 aggregates. Our spectroscopy results suggest that these
optical centers are represented in the remaining
four groups.
Group 1 diamonds contain a high concentration of N3 centers as well as N2 centers, which are
attributed to a vibronic transition of the N3 center
(Zaitsev, 2001). These are by far the most abundant yellow diamonds. Figure 18 shows overlain
spectra of the Fancy Vivid yellow diamond in figure 17A and a Fancy Light yellow diamond also
from Group 1. These spectra illustrate that the
N2- and N3-related absorptions are stronger in the
Fancy Vivid yellow diamond. Data from our entire
subsample of diamonds on which spectra were
taken suggest that the N2 centers in highly saturated yellow diamonds absorb more strongly than
their less saturated counterparts; however, in
many cases we observed that the N3 center in
intensely colored yellow diamonds had the same
absorbance as in their less intense counterparts.
These data suggest that the N2 center plays a large
role in determining the strength of yellow color
saturation in Group 1 diamonds, as well as contributing to their “lemony” yellow color.
Group 2 diamonds are closely related to Group
1; however, our representative spectra for this group
indicate high concentrations of hydrogen compared
to Group 1 diamonds. Hydrogen-related absorptions
in the UV-visible spectra may contribute to the
modifying brownish and greenish appearances associated with these diamonds.
Similar to Groups 1 and 2, Group 3 diamonds
contain aggregated N3 and N2 centers that contribute to the overall body color. In addition, however, Group 3 diamonds contain a green luminescence component that is attributed to small concentrations of another form of aggregated nitrogen,
the H3 center, at 503.2 nm. Group 3 diamonds also
tend to contain significant concentrations of highly
aggregated type IaB nitrogen. In fact, our infrared
data suggest that the vast majority of the type Ia
nitrogen in most yellow diamonds with H3-

Figure 18. These two UV-visible spectra represent the
Fancy Vivid yellow diamond from Group 1 (shown in
figure 17A) and a Fancy Light yellow diamond from
the same group. There are obvious differences in the
strength of the N3 and N2 absorptions between these
two diamonds of very different saturation.

attributed green transmission luminescence is in
the form of B-aggregates.
As diamonds containing aggregated nitrogen
mature in the mantle at elevated temperatures and
pressures, it is possible that defects and nitrogen
aggregates may begin to break up. Group 5 diamonds
have spectral features similar to groups 1, 3, and 4,
and some of these features may be linked to the
destruction of defect centers and the disaggregation
of nitrogen. The presence of the 1480 cm−1 peak in
the IR spectrum has been linked to the degrading of
the platelet peak at 1360 cm −1; other features at
1650, 1450, and 1430 cm−1 may also be platelet related and increase in intensity as the platelets are
destroyed by increased annealing (Kiflawi et al.,
1998). In addition, Group 5 diamonds typically show
trace amounts of isolated (type Ib) nitrogen, which
suggests the breakdown of aggregated nitrogen after
heating (Fisher and Spits, 2000).
Color Appearances as They Relate to the Diamond
Type Groups. Despite the overlap, we did note different representative color appearances associated
with the five groups. This can be seen in the photos
accompanying the spectra of each group (again, see
figure 17). The chart in figure 19 shows the general
distribution of the diamonds in these groups in relation to the yellow fancy grades. The appearances
associated with this larger distribution of tones and
saturations can be seen when the areas noted in figure 19 are compared to the images in the corresponding locations in figure 7.
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The diamonds associated with Group 1 (more
than 90% of our samples) have the appearance most
commonly associated with yellow diamonds. In the
stronger grades of Fancy Intense or Fancy Vivid yellow, these diamonds are often described as “lemony.” Group 5 diamonds were similar in appearance
to those in Group 1.
The green luminescence characteristic of Group
3 diamonds can be strong enough to affect the
apparent color. However, the luminescence in our
study samples was not noticeable enough under
standard grading conditions to place the diamonds
outside of the yellow hue range, although they were
located toward the “cooler” side of that range (i.e.,
toward the yellow/greenish yellow boundary).
Group 2 diamonds often appeared brownish or
had brown and green components, which may be
due to the hydrogen-related absorptions in the UVvisible spectra. It is also likely that the spectral features of Group 4 diamonds (all type Ib) are responsi-

Figure 19. While there are overlapping color appearances among the five “spectral groups” of yellow
diamonds identified in our study, some areas are
more representative of each particular group than
the others. This generalized tone/saturation chart
(with the fancy grades for yellow diamonds overlaid) illustrates the most common areas in which
the diamonds in the five groups occur.
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ble for the strongly saturated, “warmer” yellow typical of these diamonds. Such “golden” color appearances are often associated with grades of Fancy
Vivid and Fancy Deep yellow.
Color Appearance Transitions. As mentioned
above, unlike other colors, the initial colored diamond grade associated with yellow is Fancy Light
(again, see figure 7). The grade descriptions of Faint,
Very Light, and Light are part of the D-to-Z scale,
and they correspond to the K–M, N–R, and S–Z letter grade ranges, respectively (King et al., 1994). The
transition in color appearance from these D-to-Z
scale diamonds to fancy-color yellow diamonds is
smooth, but the grading methodology and philosophy between the two scales changes abruptly.
A fundamental difference between these two
grading scales is the value placed on “absence of
color” in one (D-to-Z) versus “presence of color” in
the other (colored diamond). The “absence of
color” is primarily observed with the diamond in
the table-down position, whereas the “presence of
color” is only judged in the face-up position (King
et al., 1994).
As the depth of color increases for diamonds on
the D-to-Z scale, the role of face-up observation (in
addition to table-down viewing) also increases in
importance during grading. The transition boundary
between the D-to-Z scale and a fancy-color grid is
the “Z” grade. At this location, face-up appearance
becomes the determining factor in assigning the
color grade (i.e., a diamond must have a stronger
face-up color appearance than the Z “master” to be
considered a fancy color regardless of the bodycolor
observed table down; figure 20).
Not only does methodology differ between these
approaches, but the ranges of tone and saturation
associated with a given grade are quite different as
well. Grade ranges for fancy-color diamonds are significantly broader in both tone and saturation
attributes than those on the D-to-Z scale.
In past observations, we have noted that some
yellow color appearance transitions are more common than others, and this was supported by our
data. The most common transition is throughout
the saturation range rather than throughout tone or
both tone and saturation. This is seen in the breakdown of our samples’ fancy-color grades as well as
their color descriptions. For example, about 97% of
the diamonds in our study (representative of all diamonds in the yellow hue range submitted to the lab
for 1998 and 2003) were Fancy Light, Fancy, Fancy

Intense, or Fancy Vivid. All of these grades occur in
a restricted tone range of medium to light, but they
span the entire saturation range for yellow diamonds. Just as fancy grades are defined by related
areas of tone and saturation in color space, some of
the word descriptions (i.e., brownish or greenish)
associated with them are also determined by their
area of tone and saturation within the grades. Many
color order/description systems (e.g., Natural
Bureau of Standards, 1976), including GIA’s, arrange
their terms in color space to accommodate increasing appearances of brown or gray that occur as colors darken in tone and weaken in saturation. Since
most of the yellow diamonds in our study were
lighter in tone and of relatively strong saturation,
they did not have a brown or green component.
Understanding this ordering convention, and the
occurrence of our samples in color space, clarifies

why so few of the yellow diamonds in our sample
(5%) had descriptions of brownish yellow, brownish
greenish yellow or brown–greenish yellow. It is
understood, of course, that the GIA Gem
Laboratory may not see the full range of yellow diamonds available. Nevertheless, given the large
number of samples examined, this distribution may
serve as a good indication of what goods are prominent in the marketplace.
Grade Distribution Over Time. It was interesting to
note from our data that the distribution of fancy
grades among our sample population was relatively
consistent for the two separate years of our study.
While far from being conclusive, these data give
some indication as to the general distribution of yellow diamonds in that segment of the marketplace
that uses GIA reports.

Figure 20. The transition from the D-to-Z scale to the fancy-color diamond scale for yellow diamonds is
greatly affected by the cutter’s ability to concentrate and intensify the face-up color, since it becomes the
factor in determining the grade (not the “bodycolor” seen table down). In the diagram on the left, the X
marks the location of a yellow diamond that lies near the end of the D-to-Z scale. The shaded area illustrates the range of potential tones and saturations and, in this case, grades the diamond could receive
depending on how well the cutter was able to intensify the perceived face-up color. This is illustrated by the
two yellow diamonds on the right. When observed table-down (top), both have a similar bodycolor.
However, when the same diamonds are observed face-up (bottom), the differences in appearance are obvious. While the table-down bodycolor of these two diamonds placed them near the end of the D-to-Z scale,
their face-up appearances resulted in the one on the left being placed on the D-to-Z scale and the other
being graded as a fancy color. Photos by Elizabeth Schrader.
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important methodology questions: (1) Where and for
what is the grader looking when grading color in a
diamond (i.e., observation)? And (2) how does that
diamond relate to other diamonds in terms of color
appearance (i.e., bracketing)?

Figure 21. The evaluation of color
in a colored diamond requires
that the observer focus on overall
blend (the characteristic color)
rather than detail (individual
components of the color). To see
the overall blend, the observer
uses a technique similar to that
used when viewing a 19th century pointillist painting. The detail
highlighted in this famous
Georges Seurat work, A Sunday
on La Grande Jatte, shows a number of distinct, individual colors; when the observer steps back and looks
at the painting as a whole, these colors blend into a
single color sensation. When grading a colored diamond, one can also pick out colors from a mosaic of
appearances in the diamond, but the grade assigned
is based on the overall blend. 1884, oil on canvas,
81 3⁄ 4 × 121 1⁄ 4 in.; image courtesy of The Art Institute
of Chicago, Helen Birch Bartlett Collection.

A REVIEW AND ELABORATION OF
FACTORS INVOLVED IN COLOR GRADING
When GIA’s colored diamond color grading system
was first documented in this journal (King et al.,
1994), we described our grading methods, environment, and terminology, to help those who use our
reports understand the procedures and factors
involved in assigning a color grade. Since that time,
we have described the grading of blue diamonds and
pink diamonds, specifically (King et al., 1998, 2002).
Here, we would like to use yellow diamonds to
review and elaborate on important aspects of color
grading. From our discussions over the years, we
have found that differences in grading interpretation
can often be resolved by consistently answering two
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Observation. As mentioned before, when observing a
colored diamond, the face-up position is the only
view used. However, even when restricted to the
face-up position, differences between observers in the
“plane of focus” can yield different results. This
plane can be thought of as an imaginary surface parallel to the table facet where the eyes of the observer
are focused to evaluate the color. Depending on the
location of this plane—near the table facet, at a depth
near the girdle, or even deeper within the pavilion of
the diamond—an observer can reach different conclusions about the color. At the GIA Gem Laboratory,
this plane of focus is located close to the table facet,
not deep inside the diamond, so the grader observes
the overall blend that constitutes the predominant
single color appearance (i.e., the characteristic color).

Figure 22. A thorough understanding of yellow diamond color evaluation requires an awareness of the
full range in which the color occurs. For example,
when the Fancy Deep yellow diamond on the left is
shown next to a Fancy Intense yellow diamond (top
right), the color of the former appears darker and
slightly less saturated, which some might consider less
attractive. However, when the same Fancy Deep yellow diamond is shown next to a Fancy Dark
brown–greenish yellow diamond (bottom right), the
attraction of its rich yellow hue is more evident.
Photos by Elizabeth Schrader.

Figure 23. Yellow diamonds that lie near the yellow/greenish yellow boundary may appear less saturated if compared to a yellow diamond of similar
strength that lies near the yellow/orangy yellow
boundary. The two Fancy Intense yellow diamonds
seen here are of similar saturation in GIA’s grading
system. To the inexperienced observer, however,
the cooler yellow diamond on the right might
appear weaker than the warmer one on the left.
Photos by Elizabeth Schrader and C.D. Mengason.

Even with consistent lighting, environment, and
viewing geometry, if one grader focuses deep into the
diamond (or changes his/her focus to “pick out”
highlights at different depths), it is possible to arrive
at a conclusion different from that of another grader
who is focusing on the table plane and observing the
overall blend of face-up appearance.
The blended appearance that results from using
a plane of focus near the table of a colored diamond
can be likened to the merging effect that viewing
distance has on color appearance in a 19th century
pointillist painting such as Georges Seurat’s A
Sunday on La Grande Jatte (figure 21), a commercially printed page (produced with very small dots
of cyan, yellow, magenta, and black ink), or a
checkerboard pattern. In each instance, more than
one color is visible on close inspection, but they
blend to a single overall color appearance when
viewed at a distance.

those toward the “cooler” end of the range is
different from those at the “warm” end, and this difference may be confused with strength of color if the
diamond is not compared and bracketed consistently
(figure 23).
Because yellow diamonds commonly transition
in color appearance through a relatively narrow
range of lighter tones, it is easy to misinterpret
those falling outside that norm. To prevent this,
observers need to be aware of the appearance relationships seen throughout the complete tonal range.
Unless compared to known samples, the saturation
of less commonly encountered colors of darker tone
may be considered stronger than they are (figure 24).
For example, the difference in appearance between a
typical Fancy Light yellow diamond and one that is
Figure 24. If a diamond is near a grade boundary,
darker tone can be confused with increasing saturation if known references are not used. Here, two
examples illustrate this situation. On the far left are
three diamonds near the Y-Z/Fancy Light yellow saturation boundary; the diamonds are of similar saturation and differ only in tone. Comparison to the Fancy
Light yellow reference diamond to their right establishes their grade on the D-to-Z scale. On the right, a
similar situation is seen with three diamonds near the
Fancy Intense/Fancy Vivid boundary; their Fancy
Intense grade is clear when they are compared to the
Fancy Vivid yellow reference diamond to their right.
These tonal differences can be misinterpreted by an
inexperienced observer. Photos by Elizabeth Schrader.

Bracketing. Thorough bracketing of the characteristic color with color references of known location
is crucial to understanding the grading of a colored
diamond. This process allows the observer to
understand the color’s location in color space and the
description related to that location. Without that
understanding, proper evaluations may be lacking.
For example, a diamond that appears darker and
weaker when compared to lighter, stronger reference
diamonds (figure 22, top) will appear rich in color
when compared to its darker and weaker counterparts (figure 22, bottom).
Bracketing is also important to accurately grade
yellow diamonds of similar tone and saturation but
at opposite ends of the hue range. The appearance of
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Figure 25. The light-toned yellow diamond shown in
the center appears to “stand out” relative to the other
two diamonds. Nonetheless, all three diamonds have
the same Fancy yellow color grade. Photo by
Elizabeth Schrader.

darker toned might lead to the incorrect assumption
that there is a difference in saturation, and hence to
the diamond being graded Fancy yellow. Similarly,
fancy-color yellow diamonds that are light in tone
often appear to “stand out”’ from darker diamonds
of similar hue, resulting in the misinterpretation of
a “higher” grade. Lightness does not necessarily
mean they are stronger or weaker in saturation and
therefore fall into a different grade (figure 25).
Even though saturation-based grade transitions
are relatively common among yellow diamonds, the
observer may not know the full range of appearances within a grade, especially since grade ranges
are quite different from those on GIA’s D-to-Z scale.
One can incorrectly assume that two yellow diamonds near the upper and lower boundaries of a
grade’s saturation range are in different grades if the
entire range is not understood.
A number of the examples above illustrate the
fact that there is a different appearance associated
with each transition step in each one of a color’s
three attributes. The change in appearance between
a tonal step (lightness to darkness) is different from
that seen in a saturation (strength of color) step.
Similarly, a transition in hue appears different from
one in tone or saturation. Without understanding
the difference between these appearance transitions,
it is difficult to locate one color in relation to others.
The process is further complicated by the complex
face-up appearance of diamonds. In our experience,
by working consistently with known references
(and, preferably, the same references), a grader can
develop an understanding of the appearance relationships between them and consistently interpret the
transition. Changing references may result in less
consistency because the observer risks misinterpreting an attribute in the changed reference that is not
the determining factor for a grade.
An interesting aspect of grading observation that
occurs at the laboratory but is more common in the
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marketplace is the occasional need to make a general assessment of a diamond’s color while it is in a
jewelry mounting. The appearance of yellow diamonds may be influenced by jewelry mountings to
various degrees, as the color of the metal (especially
yellow gold) can affect the apparent color of the diamond. It is important to keep this in mind when
making color comparisons. At the laboratory, we
follow our standard grading methodology when
grading colored diamonds mounted in jewelry, but
we assign a more generalized, multiple grade range
for the diamond. Figure 26 shows a loose diamond
that was near the Y-Z, Light yellow/Fancy Light
yellow grade boundary before it was mounted (top)
in an 18K gold ring (bottom). The color appearance
of the diamond when mounted was well within the
Fancy yellow range; depending on the cut, this
effect can be more or less pronounced.

Figure 26. The color of most yellow diamonds may
appear noticeably darker and stronger when set in a
mounting. The diamond on the left in the top image is
near the Y-Z, Light yellow/Fancy Light yellow boundary and is shown next to a Fancy yellow reference diamond. In the bottom image, the larger diamond is
mounted in a ring and placed next to the same reference diamond. While the jewelry designer can use
these effects to enhance the appearance of a yellow
diamond, it is important that the observer be aware of
this difference when evaluating the color of mounted
diamonds. Courtesy of the Scarselli family; photos by
Elizabeth Schrader.

SUMMARY AND CONCLUSIONS
Yellow diamonds occur in a wide range of tones and
saturations, but the majority encountered in the
industry fall into the saturation range represented by
the grades Fancy Light, Fancy, Fancy Intense, and
Fancy Vivid. Yellow diamonds occur in some of the
highest levels of saturation we have seen in colored
diamonds to date. The fact that they also occur in
larger sizes than other colored diamonds offers greater
versatility for the jewelry designer (figure 27). With
clarity grades that are commonly “VS” or higher, the
manufacturer is often able to cut to proportions that
offer maximum weight yield and the most intensified
face-up color appearance without requiring as many
modifications for clarity characteristics as with other
colors. An important manufacturing consideration
with yellow diamonds is that the lighter tones are
more readily affected by cutting decisions than darker,
deeper colors. Brightness, windows, and extinction
can affect the grade if the color is already near a grade
boundary. Understanding the effect of jewelry mountings on the color is also important for the designer or
laboratory/jewelry professional who needs to evaluate
yellow diamonds when mounted.
Many of the routine manufacturing decisions
used for colored diamonds today had their roots in
the cutting innovations first seen with yellow diamonds in the 1970s (again, see box A). Early experiments with cut variations employed to hide inclusions were found to also intensify the face-up appearance of light yellow diamonds. Soon these techniques
were applied to a broader tone and saturation range of
yellow diamonds and, eventually, other colors.
While it is difficult to define groupings within type
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From GEMS & GEMOLOGY, Vol. 31, No. 3, 1995, pp. 197–198

INCLUSIONS IN DIAMOND
THAT AFFECT BODY COLOR
Thomas M. Moses and Ilene Reinitz
Sometimes inclusions are the
main cause of color in a diamond.
In the most common example of
this phenomenon, dark inclusions
in a near-colorless diamond contribute to an appearance considerably darker than the intrinsic body
color and may lead to a lower
color grade for the stone. More
rarely, a bright colored inclusion
contributes to the color of a colored diamond, which was the case
with a 3.36 ct very light green
marquise seen in the East Coast
laboratory last fall. The diamond
contained a row of included crystals, most of which appeared to be
diamond (figure 1). However, at
least one of the crystals was prismatic and yellow-green, an
appearance that suggested either
pale diopside or enstatite.
Testing indicates this inclusion
is the sole source of green color in
the diamond. A visible spectrum
showed no absorption at 741 nm,
the primary line of the GR1 center, which proved that the stone
had not been exposed to ionizing
radiation. Small dark spots around
some of the diamond-like included crystals looked at first like radi-
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Figure 2. The garnet inclusion in
the center of this 5.10 ct Fancy
yellow diamond has no apparent
effect on the stone’s overall color.
Photomicrograph by John I.
Koivula; magnified 40×.

Figure 1. This crystal in a row of
included crystals is green. It
imparts a green component to the
face-up appearance of this otherwise near-colorless 3.36 ct marquise diamond. Photomicrograph
by V. J. Cracco; magnified 126×.

ation stains, but at higher magnification we determined that they
were graphite.
In other cases, colored inclusions do not contribute to the
color of a diamond. In figure 2, for
example, an eye-visible brownish
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orange inclusion breaks the table
surface of a 5.10 ct Fancy yellow
cut-cornered rectangular modified
brilliant-cut diamond. Color and
morphology suggest that the
inclusion is garnet. EDXRF analysis of the inclusion showed the
presence of iron and manganese,
which supports this identification
and suggests almandine-spessartine. Although this eclogitic garnet was centered in the table and
substantially lowered the diamond’s clarity grade, it made a
striking contrast against the yellow body color of the host diamond but did not seem to contribute to the overall color of the
stone.
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From GEMS & GEMOLOGY, Vol. 32, No. 4, 1996, pp. 278–279

UNUSUAL CAUSE OF
UNEVEN COLOR
DISTRIBUTION IN DIAMOND
Thomas H. Gelb
A 1.15 ct octagonal modified brilliant-cut diamond submitted to
the East Coast lab presented an
unusual example of a colored diamond with uneven color distribution. In the color grading of colored
diamonds, color distribution is
defined as the perceived evenness
or unevenness of color seen in the
diamond in its face-up position
(King et al., 1994). In most colored
diamonds, uneven color distribution is an effect of cutting (for
instance, the tips of a marquise
brilliant may show color, while
the center of the stone may appear
near-colorless), although occasionally the diamond is actually color
zoned. In the case of this diamond,
a large cleavage (and its reflection)
concentrated color in some areas,
while other areas appeared nearly
colorless. Consequently, the color
distribution of this stone was classified as “uneven.”
The cleavage not only influ-

Figure 1. There is no foreign substance in the cleavage of this 1.15
ct round brilliant-cut diamond;
the presence of the cleavage is
enough to profoundly affect its
face-up color. Photo by V. J.
Cracco; magnified 10×.

enced the perceived distribution of
color, but it also affected the
apparent strength of color. As we
have noted before (Crowning shield, 1985b), in some cases the
way a diamond is cut may intensify the color appearance. In this
stone, the cleavage performed a
similar role, by internal reflection
and refraction (figure 1). When
examined table-down, the dia-

Figure 2. When viewed face up
next to the “Z” masterstone on
the left, the 1.15 ct diamond in
figure 5 appears more intense,
which resulted in a Fancy Light
yellow color grade. The color
appears to be concentrated in
regions where the cleavage and its
reflection are visible. Photo by
Nicholas DelRe.

mond appeared to be in the W–Z
range, that is, Light yellow. Faceup, however, the angle of the
cleavage intensified the color so
that it appeared deeper than the
“Z” masterstone (figure 2). In
accordance with GIA GTL policy
to assess a diamond’s color face-up
in such a situation (see p. 225 of
King et al., 1994), this stone was
graded Fancy Light yellow.

From GEMS & GEMOLOGY, Vol. 33, No. 2, 1997, pp. 134–135

DIAMOND WITH
“ADDITIONAL” COLOR
John M. King
Occasionally we encounter diamonds with overall characteristic
color ap pearances that result
from factors other than those that
color the diamond itself. For

example, inclusions are often
responsible for the apparent body
color (see, e.g., Moses and
Reinitz, 1995; Kammerling et al.,
1990b). In some cases, however,
such factors do not affect the
overall color, but they do produce
an “additional” color. This is
well illustrated by a 1.20 ct heart

shape recently submitted to the
East Coast lab.
During color grading, we observed a distinct patch of orange
that was separate from the yellow body color (figure 1). Closer
examination revealed an orange
limonitic stain that was confined to a fracture (figure 2).
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Figure 1. A distinctive orangecolored area can be seen under
the table and toward the tip of
this 1.20 ct heart-shaped Fancy
yellow diamond. Photo by
V. J. Cracco.

Figure 2. Stains in fractures, such
as this orange limonitic stain in
the stone shown in figure 1, can
impart an additional aspect to the
color appearance of a diamond.
Photomicrograph by V. J. Cracco;
magnified 32×.

LAB NOTES
DIAMOND WITH DIFFERENT
COLOR APPEARANCES
DEPENDING ON VIEWING
POSITION
John M. King
From our discussions with members of the diamond trade, we are
aware that they move colored diamonds through a number of positions when assessing the color.
While this can be helpful in making manufacturing decisions, it
has been our experience that consistent, repeatable results for color
grading are best obtained by limiting the color appearance variables
and, especially, controlling the
viewing environment. With colored diamonds, the face-up position best accounts for the influence of cutting style on color
appearance and is also the angle
from which the diamonds will be
viewed when worn in jewelry (see,
e.g., King et al., 1994). For these
reasons, the laboratory color
grades colored diamonds in the
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When the stone was viewed in
the standard face-up color-grading position, the orange reflections from this stain were seen
under the table edge toward the
tip of the heart.
In situations such as this
where the additional color component does not affect the color
grade, a comment is included in
the report. We graded this stone
Fancy yellow and added the comment: “The orangy color appearance of this diamond is influenced
by a stain in a fracture.” In our
experience, boiling in acid will
usually remove such stains.

From GEMS & GEMOLOGY, Vol. 34, No. 2, 1998, p. 129

face-up position only.
A 2.67 ct emerald-cut diamond
that was recently submitted to
the East Coast laboratory provided an interesting example of the
potential confusion that can arise
if the stone is placed in more than
one position for grading. Fol lowing GIA GTL’s standard colorgrading methodology, the diamond was described as Fancy
Deep brown-yellow (figure 1).
Later, during the diamond’s exam-

ination for origin determination,
it was viewed through the pavilion and a noticeably different
brown-orange bodycolor was
observed (figure 2). A grader
attempting to reconcile these two
appearances might reach a color
description that was not directly
observed from either viewing
angle. Examination of the stone
face-up, though, results in the
most consistent description of the
diamond’s characteristic color.

Figure 1. The face-up color of this
2.67 ct emerald-cut diamond
received a grade of Fancy Deep
brown-yellow. Photo by Maha
DeMaggio.

Figure 2. The bodycolor of the
diamond in figure 1 appears to be
much more orange when it is
viewed through the pavilion.
Photo by Nicholas DelRe.

COLOR GRADING OF COLORED DIAMONDS

LAB NOTES
DIAMOND WITH
PSEUDO-DICHROISM
John I. Koivula and Maha Tannous
In the day-to-day business of diamond grading, the color grading
of fancy-color diamonds presents
certain problems and challenges
for the gemological laboratory.
One of these is how to deal with
color zoning. A case in point is
the strongly color-zoned 0.24 ct
diamond shown in figure 1,
which appeared brownish pink
face up.
The grader had to determine
the relative influence of each of
the color components, brown and
pink, in order to establish which
of the two was dominant and,
therefore, would be designated
the priority color. One factor that
can affect the final outcome is
color zoning. While not all fancycolor diamonds show color zoning, those that do present special
challenges; in addition, the difficulty of determining the final
color increases as the zoning
becomes more prominent.
When examined through its
pavilion in two different viewing
directions (180° apart) the diamond appeared to be essentially
brown with only a slight influence of a pink component (figure
2, left). When this same stone was
rotated 90° from either of these
positions, the dominant color was
an obvious pink that appeared

From GEMS & GEMOLOGY, Vol. 37, No. 1, 2001, pp. 59–60

only slightly brownish. We also
noticed that the color in these
alternate views was strongly
zoned and uneven in its distribution (figure 2, right). This change
of color with viewing direction
created the illusion of dichroism
in the diamond. Since true dichroism is impossible in a singly
refractive mineral such as diamond, this pseudo-dichroism was
attributed to the very strong directional color zoning, which is not
often encountered in diamonds.
At the GIA Gem Trade Laboratory, color grades for fancycolor diamonds are assessed
through the crown and table
facets only (see, e.g., King et al.,
1994), so this pseudo-dichroism
did not affect the color call of
brownish pink. In instances

Figure 1. This 0.24 ct color-zoned
diamond appeared brownish
pink when viewed face-up. Photo
by Maha Tannous.

where the face-up appearance
shows distinctly different colors,
those colors are noted on the
reports.

Figure 2. When viewed from certain directions through the pavilion, the
diamond shown in figure 1 appeared a slightly pinkish brown (left).
When the diamond was rotated approximately 90° (right), the color
observed through the pavilion changed dramatically to a much more
intense pink, which gave the appearance of pseudo-dichroism. Strong
color zoning was also visible. Photomicrographs by John I. Koivula;
magnified 10×.
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LAB NOTES
COLOR GRADE VS. VALUE FOR
FANCY-COLOR DIAMONDS
John M. King
When determining the value of a
polished diamond, the standard
practice is to place the various factors (i.e., the four Cs) on a scale. In
most instances, one thinks of a
scale as progressing linearly from
one point to another. While subtle
variations from this concept exist
in grading diamonds in the D–Z
range, GIA’s color-grading scale

From GEMS & GEMOLOGY, Vol. 38, No. 1, 2002, p. 80

for fancy-color diamonds is actually three-dimensional: It places
the diamond within a range of
combined tones and saturations
so as to provide a general understanding of its appearance in relationship to that of other fancycolor diamonds. Typically, such
diamonds placed in ranges representing stronger color are more
highly valued in the trade.
However, since there is more than
one grading category for fancycolor diamonds with substantial

Figure 1. Fancy-color grades describe ranges of tone and saturation
associated with the overall face-up appearance of the diamond. The
2.18 ct emerald cut on the left was graded Fancy Intense blue, whereas
the 2.47 ct diamond on the right was graded Fancy Deep blue. The saturated color appearance of both diamonds makes it difficult to justify
objectively valuing one of these grades more than the other. Photo by
Elizabeth Schrader.
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color, questions have been raised
as to which of these grades is
most “valuable.”
In 1995, GIA introduced
enhancements to its system for
color grading colored diamonds
(see King et al., 1994). Since then,
clients frequently have asked
whether a Fancy Intense (a bright,
strong color) is “better” than a
Fancy Deep (a deep, rich color) or
vice versa. The two blue diamonds
in figure 1 illustrate the complexity of this issue. The diamond on
the left is in the range described as
Fancy Intense, whereas the one on
the right is described as Fancy
Deep. In our system, we describe
these two grades as having similar
strength of color and varying only
in tone (lightness to darkness).
Fancy Intense describes colors
that are moderate to light in tone
and moderate to strong in saturation, whereas Fancy Deep de scribes colors that are moderate to
dark in tone and moderate to
strong in saturation. To say one is
“better” or “worse” is a matter of
personal preference. Such an
example supports the importance
of judging each colored diamond
on its visual merits and not solely
on its color grade.

LAB NOTES

From GEMS & GEMOLOGY, Vol. 38, No. 2, 2002, pp. 162–163

CHALLENGES IN RECOGNIZING A COLOR ATTRIBUTE’S
EFFECT ON COLOR GRADING
FANCY-COLOR DIAMONDS
John M. King
GIA fancy grades for colored diamonds represent a range of
appearances based on the combination of a color’s attributes (hue,
tone, and saturation). If a diamond is located near the boundary of its grade range, subtle differences between it and another
diamond in one or more of these
attributes can result in different
grades. For example, in King
(2002), we reported on two blue
diamonds that had such a result
based on their difference in tone
(lightness to darkness). However,
there are also situations in which
recognizable differences in an
attribute may not affect the grade
because the different appearances
occur within the established
range (i.e., if the range of differences does not cross a boundary,
the grade will be the same).
Even in situations where a
grade is not affected, understanding which attribute is causing an
appearance difference is important because it is not uncommon
for a difference in one attribute to
be confused with that in another.
As a result, some observers interpret differences in an attribute,
such as tone, as a difference in
saturation or hue. If, for example,
two diamonds of different tone
were both Fancy yellow and the
difference was confused with sat-

Figure 1. These three diamonds (1.03–2.80 ct) are in the same hue range
and of approximately the same saturation. The differences in appearance are due to variations in tone (i.e., relative lightness or darkness),
all of which are within the range that would be described in GIA’s colored diamond color grading system as Fancy Vivid yellow-orange.
Photo by Elizabeth Schrader.

uration, they might be thought of
as Fancy and Fancy Intense; if
hue, the perception might be yellow and orangy yellow. Con sistent evaluations are very difficult without a systematic ap proach, using references of known
location in color space (such as
diamonds with established locations in grade ranges), and they
require a familiarity with the way
colors change with different
attributes that can only be at tained by observing considerable
numbers and varieties of colored
diamonds.
A group of colored diamonds
recently submitted to the East
Coast laboratory highlights the
challenges of identifying the
cause of appearance differences

without a consistent approach
and awareness of how colors
change. The three diamonds in
figure 1 appear slightly different
in hue and saturation, which
could lead one to believe they
are of different fancy grades and
hues. When observed under controlled conditions with known
references, however, all were
found to be in the same hue
range and of the same approximate saturation. The perceived
differences are due to differences
in tone within an area of the
GIA color space that does not
cross a grade or hue boundary. In
this case, all three diamonds
received the same color grade
and description: Fancy Vivid yellow-orange.
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Part 4
Colored Diamonds
With Unusual Characteristics

INTRODUCTION
M

ost of the entries in this part are taken from Gems & Gemology’s regular Lab
Notes feature. In these entries, GIA laboratory staff shared their encounters with
interesting colored diamonds in a style that was brief and informal. Many times, these
notes represented the first documentation of certain gemstone characteristics or
allowed for the documentation of those characteristics that were out of the ordinary.
The reader will find that this section has been subdivided first by some of the basic
colors seen at the laboratory over the years—green, blue, pink, yellow, brown, and
“chameleon” diamonds—followed by a number of miscellaneous entries. Within these
subsections, notes on a similar topic have been grouped together in chronological order.
The first subsection, green diamonds, begins with entries on general identification
that date from 1937 to 1991. These are followed by a series of notes related to the radiation staining typically seen on the exterior of natural-color green diamonds. With each
subsequent encounter, more was learned about this feature. Our growing awareness of
the role of stains in identifying the origin of color in green diamonds can be seen in the
series of entries from 1965 to 2004.
Paralleling the importance of radiation stains in characterizing green diamonds is
electrical conductivity in blue diamonds. This property of type IIb blue diamonds, the
most common type of natural-color blues, was first discussed in the Summer 1954
issue. Subsequently, a number of unusual cases have been encountered when testing
blue diamonds for electrical conductivity. These are described in a series of entries written between 1959 and 1991.
G. Robert Crowningshield’s Fall 1967 note on four very light blue diamonds offered
interesting insight into the rarity of these gems. Crowningshield observed that with the
exception of three other samples, they were the only very light blue diamonds seen at
the laboratory in the previous 15 years. Other assorted notes on blue diamonds describe
unusual inclusions (Spring 1993), the challenges in cutting color-zoned blues (Summer
2000), and unusual causes of color appearance (Fall 2004).
The subgroup of entries on pink diamonds begins with a series of observations on
the temporary color change in some samples. This behavior was first noted by Lester
Benson in Summer 1960, when he observed a loss of color following temporary exposure of a pink diamond to X-radiation during testing. In another example, the effect
was caused by the heat of the cutting wheel, which was noted by Crowningshield in
Spring 1983. Notes documenting unusual inclusions in pink diamonds also appear in
this section. These include the Winter 1992 entry by Crowningshield on a pink diamond with numerous etch dislocation channels, Patricia Maddison and Robert
Kammerling’s Fall 1993 entry on a brown-pink diamond with green graining, and
Wuyi Wang and Thomas Gelb’s Spring 2004 entry on a pink diamond with green radiation stains.
Because yellow and brown diamonds are encountered more commonly than other
colors, there have been more opportunities to document their properties and unusual
characteristics. The browns and yellows are further divided here by topics such as inclusions, spectra and fluorescence, stains, and other miscellaneous notes. These reports
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illustrate the range of testing methods used by the gemologist in the study of colored
diamonds. Through microscopic examination, for example, Crowningshield observed
needle-like inclusions characteristic for yellow diamonds in the Spring 1959 issue; 35
years later, in the Spring 1994 issue, he used infrared spectroscopy to note their association with type Ib yellows. Similarly, brown diamonds containing central cloud-like
inclusions are represented here with notes from Spring 1963 and Spring 1965. At times,
identification requires the use of more-sophisticated laboratory techniques such as UVvisible and infrared spectroscopy, and in this area G&G has also reported on many
unusual characteristics. Included are a number of entries describing distinctive spectra
for yellows and browns from the early 1960s to 2004.
The unusual characteristics of the rare “chameleon” diamonds, which temporarily
change color due to heating or changes in light exposure, have long been of interest to
GIA’s laboratory staff. One of the earliest entries was in Summer 1959, which noted the
obvious color change in a diamond from brownish yellow when first removed from the
stone paper to green on exposure to daylight.
A long-standing practice at the laboratory has been to highlight and describe rarely
encountered colors, and the end of Part 4 contains miscellaneous notes on such stones.
One group reports on electrical conductivity in colors other than type IIb blue diamonds. The laboratory has seen such examples since the early 1960s, when an electrically conductive gray diamond was described in the Fall 1962 issue. The subject of rare
colors goes back to the earliest days of the journal and has continued to the present. In
the first report, from Spring 1934, a 5 ct “red” diamond is mentioned as being on exhibit
at the Chicago World’s Fair. While there are no extant records that would allow us to
know if this stone would be described as red today, it is interesting to think of the
changes in diamond valuation that are evident by comparing this diamond with the
Hancock Red discussed in Part 1 of this book. Whereas the 5 ct red at the 1934 World’s
Fair was said to be valued at $150,000, or approximately $30,000 per carat, the 0.95 ct
Hancock Red sold for $926,000 per carat in 1987. (The 1934 price would have been
equivalent to about $254,000 per carat in 1987 dollars.) A number of other entries on
rarely encountered colors document spectral characteristics, at times noting the representative features so as to preserve this information. For example, the Summer 1988
Lab Note on a grayish purple diamond mentioned a 550 nm band in its visible spectrum
that is typical of pink and purple diamonds. Unusual spectral features are also
described, such as those recorded for a Fancy Vivid pinkish orange diamond in the
Spring 2003 issue.
Over time, such notes may gain more relevance as additional samples are studied or
the information is contrasted with that of other colors. A note from Fall 1993 regarding
the mix of type IIa and IIb characteristics in a light violet-gray diamond was a useful
reference in researching the Summer 2005 note on similar features in a light blue diamond (included in the subsection on blues, pp. 242–243). The book’s final entry, a
report from the Summer 2000 issue detailing the characteristics of three Fancy white
diamonds, also adds to our knowledge of these uncommon gems.
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LAB NOTES
GREEN DIAMONDS TESTED
Through the courtesy of the De Beers Consolidated
Mines of South Africa, the Gemological Institute
has received two natural green diamonds. A test
proved that neither of these affects a photographic

From GEMS & GEMOLOGY, Vol. 2, No. 8, 1937, p. 130

plate; green diamonds artificially colored by radium
make a self-exposure on a plate. This tends to confirm the effectiveness of the self-exposure method
as a test between natural and artificially produced
green diamonds.

From GEMS & GEMOLOGY, Vol. 10, No. 11, 1962, p. 344

DETERMINING ORIGIN OF
COLOR IN DIAMONDS
Richard T. Liddicoat Jr.
A magnificent diamond-platinum brooch, in which
the large number of diamonds represented almost as
many different colors, was examined to determine
the origin of color of the stones. Although it is now
possible to make positive identifications of the origin of color in yellow diamonds, not enough green
diamonds have been examined to make definite
statements about them. The principal reason for this
is that we have been unable to obtain enough natu-

SYMPOSIUM PROCEEDINGS
THE MYSTERY OF GREEN DIAMONDS:
WAYS OF IDENTIFICATION
George Bosshart
One of the major gemological identification problems—the secure separation of natural and artificial
green body color in diamonds—has so far remained
unresolved.
The absence of reliable identification criteria for
laboratory testing is unsatisfactory, especially in
view of two conflicting facts: (1) the extreme rarity
of documented, natural green body-colored diamonds in museum collections; and (2) the strangely
increasing number of cut diamonds on the market in
the past decade that display radiation-induced colors
(pale green to green, as well as blue or black).
Historically documented natural-color green specimens and artificially irradiated diamonds have been
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ral-green diamonds to be sure that the properties we
have encountered in every stone are always present.
In the spectroscope, every natural-green diamond we
have studied has shown a prominent 504 nm line; a
498 nm line is usually present as well, but the former is much the stronger of the two. Although diamonds irradiated either in a nuclear reactor or
cyclotron usually have these two lines also, treated
greens show the 504 nm peak as either weaker than
the 498 nm line or equal in strength, at best. In all
naturals observed to date, the 504 nm peak is either
the only line visible or it is much stronger than
the 498 nm line.

From Proceedings of the International
Gemological Symposium 1991, p. 163

analyzed by: (1) low-temperature UV-Vis absorption
spectroscopy (figure 1; complemented by mid- and
near-infrared), (2) low-power stereo-microscopy
(applying a variety of illuminants, filters, immersion),
and (3) sensitive radioactivity measurement.
At least five different kinds of diamond have
been recognized with green color components unrelated to irradiation. No artificially colored counterparts are known.
Diamonds with radiation-induced GR1 absorption present a more complex situation. Some cases
of inhomogeneous color can be determined with a
fair degree of certainty. However, even with the
availability of high-resolution spectra of historic
specimens, successful identification of green to blue
body color is restricted by:
• Essentially identical absorption systems in natural and artificially colored diamonds

• Unknown faceting (and lasering) temperatures
that may have reduced or destroyed thermally
sensitive absorption systems (GR1, 3H, 667
nm) and generated previously absent bands
(594 nm, H3)
• The absence of true annealing effects
(H1b/H1c, etc.)
• The difficult detection of color inhomogeneities, particularly in pale greens
• The absence of residual radioactivity
Figure 1. Low-temperature absorption spectra of two
halves of a type Ia diamond octahedron (0.88 ct
before sawing): (a) natural yellowish green; (b) greenish yellow, partly faceted, showing annealing effects
from cutting at temperatures of more than 600°C.

LAB NOTES
NATURAL-COLOR
GREEN DIAMOND
G. Robert Crowningshield
We recently examined the first
natural-color green diamond having the deep-green color associated with atomically treated stones.
In several places on the girdle of
the stone were dark-brown natu-

A major breakthrough may come from the investigation of difficult-to-get, natural body-colored
(rather than skin-colored) rough and the subsequent
recording of annealing effects and color shifts under
various cutting conditions.

From GEMS & GEMOLOGY, Vol. 11, No. 12, 1965–1966, p. 362

rals that graded into the green,
internally [“radiation stains”—
Ed.]. They had been positioned
under or near prongs, as seen in
figure 1.

Figure 1. This natural green diamond exhibited a number of
brown naturals.

From GEMS & GEMOLOGY, Vol. 15, No. 8, 1976–1977, p. 247

NATURAL GREEN COLOR
WITH BROWN “STAINS”
G. Robert Crowningshield
We rarely see a green diamond
that we feel sure is of natural
color. Certainly, in the past 25
years we can recall only one or
two dark tourmaline-green stones
whose history could establish the
natural color. Also, each such
stone had dark brown to greenish
brown naturals. We have seen

several very light, almost aquamarine color bluish green diamonds
which we feel are natural in color
by virtue of brown “stains” in
naturals. Figure 1 illustrates this.
On at least two occasions cutters
who know that these important
clues may be cut away in polishing have shown us rough crystals
which have a brownish green skin
but are very transparent and a
most attractive color even before
cutting.

Figure 1. The bluish green color of
this diamond was felt to be natural due to the brown “stains.”
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From GEMS & GEMOLOGY, Vol. 17, No. 4, 1981, p. 227

GREEN DIAMONDS
Charles W. Fryer, Ed.
Occasionally, we encounter pale
green diamonds with green or
brown spots on their naturals or
faceted girdles (figure 1). This suggests—but does not prove—that the
stones have been exposed to natural
irradiation, which often produces
green-skinned and brown-skinned
rough crystals (see figure 2).
Other pale bluish green diamonds seen recently in the New
York laboratory were determined
to be type IIa stones, which are
transparent to short-wave ultraviolet light. The dark-centered stone
on the right in figure 3, a shortFigure 1. Brown spots on the
faceted girdle of a diamond.
Photomicrograph by Rene Moore;
magnified 20×.

Figure 2. Green skin on a naturally
irradiated rough diamond crystal.
Photomicrograph by Rene Moore;
magnified 15×.

wave transparency test photo, is
type IIa; the other stone is type I.
Although the color could be due
to irradiation, type IIa crystals that
have this color naturally have
been recorded. The questions
arise: Can the color green in diamonds ever be due to factors other
than irradiation, either natural or
man induced? What caused the
color of such famous green diamonds as the Dresden Green?
Figure 4 illustrates a dark green
round brilliant with mossy color
patches over the entire surface.
Such an appearance immediately
suggests radium treatment. However, the stone neither reacted to
the scintillometer (Geiger counter)

Figure 3. Short-wave ultraviolet
transparency test of type I (left)
and type IIa (right) diamonds.
Photo by Rene Moore.

nor “took its own picture” from
radioactivity when placed on a
film overnight. Every indication
points to a treated stone, but we
do not know what treatment
method was used.
Figure 4. Mossy color patches on
what appears to be a treated green
diamond. Photomicrograph by
Rene Moore; magnified 15×.

From GEMS & GEMOLOGY, Vol. 22, No. 3, 1986, pp. 171–172

NATURAL-COLOR LIGHT
GREEN DIAMONDS
G. Robert Crowningshield
Although the presence of small
green or brown irradiation stains
on the surface of light green diamonds (usually in or near naturals)
does not automatically prove that
the color is natural, it is a strong
indication. We know of no such
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stains being produced artificially. It
is important to note, however, that
while these irradiation stains are
most probably of natural origin,
they do not prove that the “body
color” of the diamond is entirely of
natural origin. Near-colorless or
faint green diamonds with such
stains could be artificially irradiated to darken the color or produce a
light to dark green color.

COLORED DIAMONDS WITH UNUSUAL CHARACTERISTICS

Sometimes the heat of polishing will alter the green “skin”
color to brown. This evidently
occurred on the stone shown in
figure 1, where a tiny brown natural irradiation stain may be seen
at the culet. The stone was graded
“very light green,” with a statement to the effect that the presence of an irradiation spot indicates natural color.

Figure 1. Irradiation stains on
green diamond rough are sometimes altered to brown, as seen
here, by the heat of polishing.
Photomicrograph by David
Hargett; magnified 20× .

Nearly all diamonds cut from
the green “speculative” rough sold
by the Diamond Trading Company are considered speculative
because they usually do not
remain green after being cut;
rather, they end up being in the
near-colorless “G–H” range. The

LAB NOTES
GREEN DIAMOND WITH
NATURAL SURFACE COLOR
Thomas M. Moses and Ilene Reinitz
In our ongoing study and documentation of green diamonds at
both labs, we welcome every
opportunity to follow rough diamonds through the manufacturing process (see Hargett, 1991b).
These repeated observations allow
the labs to examine how properties—such as UV luminescence,
UV-visible and infrared spectra,
and color distribution—may
change with cutting. We have
noted that some absorption features are altered or created, most
likely because of heat generated
during cutting and polishing.
The 7.56 ct octahedral crystal
shown in figure 1, examined in

thin green “skin” effectively
masks the true body color. Very
rarely, one of these stones turns
out to be faint to light green even
if all surface evidence of the green
skin is removed. Since the color is
due to irradiation and, in most
cases, no tests exist to distinguish
between natural and man-induced
irradiation, stones of this color but
without a green- or brown-stained
natural are saddled with a “color
origin undetermined” report. On
occasion, the laboratory has
advised cutters to leave a little of
the colored surface on the finished
stone if it is one of the rare pieces
of green rough that retains some of
the color after cutting.
One example of green surface
irradiation staining that left no
doubt as to the natural origin of
the surface color is shown in figure
2. The 2.35 ct rough crystal was

very kindly loaned to us for study
by a New York diamond dealer. It
is difficult to imagine what conditions within the earth could have
caused this dendritic surface pattern. The rough would probably
cut a near-colorless stone, al though it is hoped that it will not
be cut, since in its present state it
is a true phenomenon of nature.
Figure 2. This unusual green dendritic irradiation stain was
observed on the surface of a 2.35 ct
diamond crystal. Photomicrograph
by John I. Koivula; magnified 10×.

From GEMS & GEMOLOGY, Vol. 28, No. 1, 1992, pp. 53–54

the East Coast lab, is a surfacecolor green diamond. Note the
abundant starburst-like green

Figure 1. This 7.56 ct (12.33 ×
12.17 × 12.13 mm) octahedral diamond is an example of rough with
green surface color. Photo by
Nicholas DelRe.

radiation stains (estimated depth
of penetration, 0.20 mm), which
resulted from exposure to alpha
particles emitted by radioactive
nuclides. The crystal (reportedly
from Brazil) also had a few brown
radiation stains in one area (figure
2). Because of their close proximity to a green stain, also seen in figure 2, they could not have resulted from a general heating.
Surface-colored green rough
rarely yields a finished stone with
any green color. However, this
stone was cut carefully to enhance
the very shallow layer of color
through internal reflections. The
crystal was sawed off-center, producing a 6.02 ct square modified
brilliant (figure 3) and an 0.88 ct
cut cornered rectangular mixed
cut. The cutter obtained an almost
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Figure 2. Brown stains were
observed next to a green one at a
trigon on the rough diamond
shown in figure 1. Photomicrograph by Nicholas DelRe;
magnified 126×.

unbelievable weight recovery of
over 91%!
No special precautions were
taken to cool the stone during
manufacture, yet the radiation
stains remained green. Total sawing time was approximately 26
hours. The longest continuous
sawing time was 12 hours, and the
longest continuous cutting or polishing operation took four hours.
As part of his effort to retain
some of the shallow green color in
the finished stones, the cutter left
extremely large naturals on the
upper pavilions of both. Naturals
comprise about 30% of the surface
area of the 6.02 ct stone, including
the girdle (figure 4). When we
examined the two stones table
down, with a view through the
polished parts of the pavilion, we
determined the body color of both
to be a slightly greenish yellow,
approximately equal to “M” on
the GIA color-grading scale.
However, the size, position, and
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surface color of the naturals
allowed both stones to retain
enough color to qualify, faceup, as
Fancy or Fancy Light grades. The
6.02 ct stone was graded Fancy
grayish yellowish green, and the
0.88 ct diamond was graded Fancy
Light yellowish green.
Both the rough and finished
stones fluoresced weak orange to
long-wave UV radiation, but were
inert to short-wave UV. No graining was visible in the original
crystal, but cutting revealed weak
planar graining along octahedral
planes. There was no detectable
transmission luminescence with
microscope illumination, or when
the stones were illuminated by
the lamp in the desktop spectroscope. A Victoreen Geiger counter
(see Ashbaugh, 1988, p. 196) registered no radiation above background levels in either the rough
or the finished stones, eliminating
the possibility of treatment with a
radioactive compound such as
radium bromide.
The spectral features, as
observed with a spectrophotome-

Figure 3. This 6.02 ct stone was
cut from the 7.56 ct rough diamond in figure 1, together with a
smaller, 0.88 ct stone. Photo by
Nicholas DelRe.
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Figure 4. To retain as much of the
original green as possible, the cutter left large naturals on the
pavilion surfaces and girdle of
both the 6.02 ct diamond shown
in figure 3 and its smaller counterpart. This cutting technique
also undoubtedly contributed to
the exceptional weight retention.
Photomicrograph by Nicholas
DelRe; magnified 15×.

ter, were consistent with those of
known natural surface-color rough
and polished diamonds. The rough
crystal showed a spectrum with
strong cape lines, a 3H center at
504 nm, and a moderate-strength
GR1 center from radiation. The
zero-phonon line of this center at
741 nm was well defined, but
broad—as observed in other natural-color stones with abundant
green surface stains. The larger
finished stone yielded an identical
optical spectrum. The smaller
stone showed no 3H absorption
and only a very weak GR1, which
may have resulted from the passage of a large flux of heat through
a small stone during cutting and
polishing. It is also possible that
the spectral differences reflect an
uneven distribution of impurities
in this diamond crystal. Most diamond crystals are chemically
inhomogeneous, which can lead
to both spectral and color differences in stones cut from a single
piece of rough.

LAB NOTES
MOON-LIKE SURFACE
ON A CRYSTAL
Wuyi Wang, Taijin Lu, and
Thomas M. Moses
Most diamonds are subjected to at
least one period of dissolution after
their formation and subsequent
transport to the surface of the
earth. This process results in various surface features, from macroscale modifications of the crystal
morphology to micro-scale etch
figures. All of these features are the
result of the interaction between
corrosive solutions and a diamond’s crystal structure (in particular, lattice imperfections in that
structure). Common dissolution
features include pyramidal trigons
produced at dislocation outcrops,
flat-bottomed trigons related to
dislocations and/or impurities, and
etch figures with hexagonal or
rhombic forms that are related to
twin boundaries on the surfaces
(see, e.g., Tolansky, 1955; Orlov,
1977). We recently examined a
very unusual rough diamond, submitted for origin-of-color determination, with a surface that not
only had numerous green radiation

Figure 1. In addition to numerous
green radiation stains, the surface
of this 2.70 ct diamond crystal
was seen to have many unusual
round depressions of varying sizes.
Photo by Elizabeth Schrader.

From GEMS & GEMOLOGY, Vol. 40, No. 2, 2004, pp. 163–164

stains but also showed a large
number of round, crater-like
depressions of varying sizes.
The 2.70 ct modified dodecahedron/octahedron (figure 1) measured 8.38 × 7.98 × 5.18 mm.
Infrared spectroscopy established
that it was a type IaA diamond,
with a high concentration of
nitrogen. The green radiation
stains covered the entire surface,
forming the typical shallow green
“skin” seen on diamonds that
have been subjected to natural
irradiation. The interior of the
stone, as viewed through polished
“windows,” appeared to be nearcolorless. Exami nation with a
microscope revealed that the
crater-like depressions (figure 2)
occurred randomly over approximately half of the diamond’s surface, with no specific relationship
to crystal orientation observed.
All were almost perfectly round,
with the maximum depth estimated at less than 10 μm. Some
depressions overlapped one another, and some small “craters” were
present within larger ones. They
varied significantly in diameter,
from ~500 μm to less than 10 μm,
with most of them smaller than
100 μm. These features constituted a very interesting phenomenon
that called to mind the surface of
the moon, with its many round
meteorite impact craters. There
was no clear corresponding relationship between these depressions and the green radiation
stains, although some stains were
observed in the flat bottoms of
certain depressions.
Judging from the curved corners, faces, and edges of the crystal, it was obvious that it had
been subjected to dissolution. The
round depressions possibly also
formed due to etching. Unlike
those etch figures that are seen

Figure 2. With magnification, the
diamond shown in figure 1
revealed an unusual moon-like surface with many round depressions
due to etching. The largest “crater”
shown here is about 500 μm in
diameter. Photo by Wuyi Wang.

more commonly, these depressions are most likely discoid
sculptures (see Orlov, 1977),
which have been observed on the
curved surfaces of rounded crystals from certain diamond
deposits. Formation of these discoid sculptures could be related to
some special lattice defects in the
crystal and selective dissolution
processes. The spatial distribution
of the green stains and round
depressions indicates that the
etching process took place before
the natural irradiation, which
would be expected since such irradiation typically occurs after diamonds have been weathered from
their primary deposits.
Detailed investigation of the
fine structures of these discoid
sculptures and the related green
stains could provide a better
understanding of the interaction
of dissolution and irradiation processes in diamond.
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BLUE DIAMONDS

DISCRIMINATION BETWEEN
NATURAL BLUE DIAMONDS AND
DIAMONDS COLORED BLUE ARTIFICIALLY
J. F. H. Custers and H. B. Dyer

N

early all diamonds, as found in nature, are
colored, although generally this color is
weak. A yellowish or light brown color is
quite common, pink and orange diamonds are fairly
rare; once in a while a green diamond is found, blue
diamonds are sometimes found in special mines,
and pure water-white diamonds are highly valuated
because they are both rare and optically highly
attractive. They show a vivid fire and high light
“reflection” in all parts of the visible spectrum, as
they absorb very little light. It is, however, not quite
correct to call them white or blue white. White is a
surface color which is applied to certain light
reflecting surfaces which also are more or less highly diffusing, such as white paper, white paint, white
textiles, etc. We do not say that pure water, which
also has no absorption in the visible spectrum, is
white. It is colorless.
It is well known that pure “white” and blue diamonds are highly priced. Blue diamonds differ from
pure “white” diamonds in that they are distinctly
blue in color. They are only found in a few mines,
of which the Premier mine in South Africa is the
most important.
One of the items of the research program of the
Diamond Research Laboratory is to try to establish a
relation between the minor elements in the diamonds and their color, for the color of most diamonds is thought to be due to the presence of some
impurity and such elements as iron, silicon, titanium, calcium, etc. often found in diamonds, might be
responsible. Another item is the exact specification
of diamond colors by means of a system like the I.C.I.
chromaticity coordinates.* It would be very valuable
if the color indication of diamonds could be placed on
a sound and objective basis. In this article we shall
not go any deeper into this aspect of diamond color.
We also know that diamonds may be colored
*This system is a triangular chart with the primary colors at the vertices and white at the center.—Ed.
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artificially by bombarding them with atomic projectiles—that is, particles which are found in the atom,
either in or outside the atomic nucleus, and which
have been given high speeds in one way or another.
For the production of fast neutrons, a nuclear reactor is generally used. Protons and deuterons may be
accelerated to high speeds in a cyclotron or a linear
accelerator, whilst fast electrons can be produced in
various ways, perhaps the most common being the
Van de Graaff generator, which may also be used to
accelerate protons and deuterons.
When a diamond is placed in the path of, for
example, a beam of fast neutrons, these neutrons
penetrate into the crystal, and collide with the atoms
of the crystal lattice. Some of these collisions will be
sufficiently violent to eject the atom from its lattice
site, into some interstitial position. The atom may
even be given so much energy by the bombarding fast
neutron that it comes to rest only after having
knocked several other atoms from their normal positions. This displacement of atoms is known as radiation damage. Associated with this damage in the
crystal is the absorption of light by electronic transitions previously forbidden in the undamaged lattice.
We know that diamonds which are irradiated by
fast neutrons in an atomic pile turn green (Dugdale,
1950). Other colors have been reported after deuteron
bombardment (Ehrmann, 1950). When a diamond
crystal is bombarded by electrons, it will turn blue,
under favorable conditions (Dugdale, 1953; Custers,
1953). This artificial blue coloration is nearly indistinguishable by eye from the color shown by a natural blue diamond, although it is readily detectable
when the artificially colored diamond has the shape
of a rectangular block. It will then be seen that the
coloration is superficial, as the depth of penetration

From GEMS & GEMOLOGY, Vol. 8, No. 2, 1954, pp. 35–37
© 1954 Gemological Institute of America

of the bombarding electrons is only about 0.5 millimeters. However, when the table facets of a brilliant cut diamond have been irradiated and made
blue, it is difficult to distinguish such a stone from a
genuine blue diamond, as nearly all the incident light
and the light that is reflected from the back facets
pass through the table. Discrimination is, however,
not very difficult when we do not have to rely upon
the eye alone, but examine other non-visible parts of
the spectrum as well. Before going into this somewhat more deeply, we will first mention a most
remarkable property of all natural blue diamonds, a
property which will make it an extremely simple
matter to establish whether the color of a blue diamond is natural or not. It has been found that all natural blue diamonds are electrically conductive, even
at fairly low potentials of the order of 100 volts
(Custers, 1952). We have, in the course of the last
year, tested about 50 natural blue diamonds, both
whole stones and cleavages, varying in weight from
100 carats to 0.1 carat. On the application of 125
volts across these diamonds, they all carried an electric current which differed from stone to stone
(Custers, 1954c). This current is usually of the order
of 0.1 milliamp, but it may be much larger. A diamond of size 3 × 5 × 5 mm passed, initially, a current
of about 1 mA, which increased gradually to about 5
A. At this current the diamond becomes red hot;
therefore the current should be allowed to flow only
for a short time in order not to ruin the diamond.
This conductivity is, in all probability, a structural property of this special type of diamond which
has been classified as type IIb (Dugdale, 1953;
Custers, 1953). Electrons trapped at crystal imperfections play an important role in this conductivity.
When the temperature of the diamond rises gradually, due to the heat developed by the electric current,
these electrons will be raised to the conduction
band of the diamond, where they can take part in
the current which will thus increase.**
A very simple method for discriminating between
artificially colored and natural blue diamonds would
therefore be to measure their conductivity. This could
be done by bringing two metal points into contact
with the diamond and by applying about 100 volts
across the points. A milli-ammeter will then show a
current if the diamond is a natural blue; it will not
when the diamond is a normal stone which has been
made blue artificially. For with a very few exceptions,
**An updated description of this can be found in King et al. (1998),
Box B.—Ed.

all diamonds which are not blue belong to either type
I, which is most common, or to the rarer type IIa, both
being nonconductors of electricity.
There are two other methods suitable for the discrimination of blue diamonds. One method refers to
the absorption by the diamond of ultraviolet light,
the other to absorption in the infrared region of the
spectrum. It has been found that natural blue diamonds have a low absorption of radiant energy in the
ultraviolet. They are transparent down to about 225
nm, also a property of type IIa diamonds. They differ,
however, from type IIa diamonds not only in their
electrical conductivity, but also in their phosphorescence. We therefore have classified the natural blue
diamonds as a different type: i.e., IIb. The common
type I, however, absorbs very strongly at wavelengths
shorter than about 300 nm (Robertson et al., 1934),
either before or after having been made blue. It is,
therefore, a simple matter to discriminate between a
natural blue diamond of type IIb and an artificially
colored type I, by means of a filter which is selectively transparent at about 270 nm.
Type IIa diamonds, we have seen, do not absorb
strongly in this part of the spectrum in their natural
state, but after having been irradiated with electrons,
show a clearly observable absorption which will
again assist in distinguishing a natural blue diamond
of type IIb from an artificially colored type IIa. In both
cases, that is type I and type IIa made blue artificially,
a photoelectric cell which is sensitive at 270 nm can
be used as a detector, or as an alternative, a substance
which fluoresces when irradiated by radiant energy of
270 nm wavelength may be applied.
It has also been established that natural blue diamonds show a very strong absorption in the infrared,
in the region from 1 to 2 microns, whereas neither
type I nor type IIa absorb appreciably in this part of the
spectrum, even after irradiation with electrons. Again
a filter transparent for radiant energy of about 1 to 2
microns in combination with a suitable infrared sensitive detector can be used for distinguishing between
natural and artificial blue diamonds. The detector
may be an image-converter tube or a thermopile.
All these devices are still in the laboratory stage.
It is, however, felt that a few of these could be simplified to such an extent as to make them a simple
tool in the hands of a layman who will thus be in a
position to verify simply and rapidly whether the
color of a blue diamond is natural or man-made. It
is also felt that the diamond gem trade will benefit
in this way as the buyer will want to know the origin of the diamond color.
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CONDUCTIVITY OF
BLUE STONES
G. Robert Crowningshield
Since the trade has become more
generally aware that many colors
of diamond may be produced by
atomic bombardment, we have
been asked to examine diamonds
the colors of which have not yet
been reported. Among these colors are blue to steel blue and definite pinks. However, greenish
blue stones and brownish pink
stones have been produced. In
anticipation of the day when artificially colored blue diamonds
will be marketed, Lester Benson
designed and constructed circuit
testers for both of the GIA

From GEMS & GEMOLOGY, Vol. 9, No. 10, 1959, p. 291

Laboratories in order to test for
the electrical conductivity known
to be present in all known natural-blue stones. In the past several
months, we have had occasion to
test and report on a number of
blue stones, all of which showed
electrical conductivity on the circuit tester. It is interesting that in
some cases (notably a large, bright
blue, marquise-cut stone), the circuit tester reading was as high as
when a penny was substituted for
the diamond. Other natural
stones that we have found to be
conductive are the iron minerals
hematite (and, unfortunately,
hemetine); pyrite; marcasite;
impure crystals of rutile, but not
gemmy crystals; about half of the

jadeite specimens tested, but not
really gem-quality stones; most
gray to blue chalcedony; moss
agate; all black chalcedony tested,
including a five-pound piece of
undyed gray; a large block of
nephrite, but no gem-quality
stones; verdite mica; a large block
of lepidolite; impure cassiterite,
but not colorless stones; and
houlandite. I am sure that if we
had time to test more minerals
we would find specimens of others that would be conductive.
Among synthetic stones the most
striking was blue synthetic rutile
that was as conductive as any natural-blue diamonds we have tested. Also, specimens of carborundum are strongly conductive.

From GEMS & GEMOLOGY, Vol. 9, No. 10, 1959, pp. 296–298

CONSTRUCTION OF
CONDUCTIVITY TESTERS
Lester B. Benson Jr.
Some interesting problems were
encountered in the construction of
the circuit testers mentioned in
the New York Lab column [above].
The first references to the testing
of natural blue diamonds by this
method were presented by Dr.
Custers, of the Diamond Research
Laboratory in South Africa, about
two years ago (see Custers and
Dyer, 1954). His, as well as subsequent articles on the subject,
referred to the use of a normal 110volt circuit for the test. Since the
exposed prods required for making
contact with a stone used in conjunction with high-ampere current
of this type would be rather dangerous in the hands of a novice, the
construction of such an instrument for routine testing could not
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be considered. Tests showed that
very low-ampere currents were
equally effective, provided suitable
contact could be made with the
stone. When using a low-ampere
current, placing a diamond on a
metal contact plate and using a
clean metal point for a prod will
not in itself always make a suitable contact on a diamond surface,
even when considerable pressure is
brought to bear. Oftentimes, under
these conditions, a minute amount
of arcing could be observed in a
dark room from various points
between the polished surface of
the diamond and the base plate.
Constructing a tester to provide a
wet surface plate and a hand probe
that contained a small cotton pack
that can also be dampened by simply dipping it in water solved the
problem. Work done in conjunction with that performed in the
New York Lab has verified that a
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considerable range of conductivity
is presented by different crystals.
In one case, a large blue crystal
was encountered that failed to
conduct any current through one
portion. Polished stones, for example a tapered baguette, have
shown a proportionate degree of
conductivity for the depth of the
stone tested; again, however, the
degree of conductivity versus the
depth varies tremendously with
different stones. One very small
cyclotron-treated purple stone
proved to be a conductor, but all
conductive stones tested thus far
were at least to some degree
bluish, although in a few cases
they were virtually colorless.
Production of these circuit testers
has not been contemplated, unless
unexpected demand arises. This is
because the average wholesale or
retail firm would have little occasion to test such stones.

LAB NOTES
HOPE DIAMOND
ELECTRICALLY CONDUCTIVE
G. Robert Crowningshield
Bert Krashes had occasion to use
the electrical conductivity test for
natural blue diamonds, which was
devised by J. F. H. Custers, and
implemented by Lester B. Benson,
when he examined the Hope dia-

From GEMS & GEMOLOGY, Vol. 10, No. 1, 1960, p. 10

mond recently in Washington.
(The Hope “behaved good like a
blue diamond should!”) As expected, the stone was highly conductive. Thus far, the only electrically
conductive diamond encountered
in the laboratory, aside from the
steel-blue to sapphire-blue natural
stones, has been a nondescript
grayish-greenish yellow stone.

According to the Diamond
Research Laboratory of De Beers,
only type IIb diamonds are electrically conductive, and these have
always been described as blue, or
bluish gray. The laboratories of the
Institute continually check all diamonds of unusual color for the
conductive property, since much
is yet to be learned about them.

From GEMS & GEMOLOGY, Vol. 10, No. 2, 1960, pp. 49–50

AUDIO CONDUCTION
DETECTOR
Lester B. Benson Jr.
A recent report from Dr. J. F. H.
Custers, of the Diamond Research Laboratory in Johannesburg, South Africa, included the
accompanying photograph of a
simple instrument devised for
detecting electrical conductivity
in type IIb diamonds (figure 1;
see Custers and Dyer, 1954). It
consists of a ground plate, or
holder, upon which a stone is
mounted or clamped, and a contact probe connected to a lowresistance earphone. The power
is supplied by a 30-volt battery
(figure 2). With this hookup, a
slight scratching noise is heard
in the earphone as the probe is

Figure 2. This diagram shows the
electrical circuit of the conduction
detector.
Figure 1. This audio conduction
detector was used to detect conductivity in type IIb diamonds.

drawn across the surface of a
type IIb diamond. Due to the

nature of the semiconductivity
of natural blue diamonds, it is
essential that the probe be connected to the negative pole of
the dry battery.
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From GEMS & GEMOLOGY, Vol. 10, No. 2, 1960, pp. 50–51

GIA CONDUCTOMETER
Lester B. Benson Jr.
In response to several recent
requests for additional information on the conductometer used
in the GIA Laboratories, the unit
in use is shown in the accompanying illustrations (figure 1). This
simple instrument incorporates a
small voltmeter connected to a
110-volt AC current. Two ground
contacts are provided, one of
which is a flat base plate and the
other a vertical hollow probe.
Stones may be placed table down
on the base plate or, if the specimens are mounted with the
prongs extending above the surface of the stone, they may be
placed over the vertical probe
with the culet centered in the
opening. The hand probe, in
either case, is merely brought into
contact with the stone. Because of
the difficulty of making good electrical contact, wet surfaces are
used to overcome this limitation.

Figure 1. Left: The GIA Conductometer. Top: Enlargement of the probes
to show the cotton inserts.

As shown in the illustration, a
small cotton pack is embedded in
the tip of the hand probe, as well
as in the vertical ground probe.

Moistening the surface of both
the base plate and the cotton
packs permits an ideal method of
providing suitable contacts.

From GEMS & GEMOLOGY, Vol. 12, No. 4, 1966–1967, p. 116

BLUE DIAMONDS
G. Robert Crowningshield
Recently, we examined three dia-

monds varying from approximately 5 to 26 ct in weight that were all
Flawless and above the GIA color
scale, being exceedingly transpar-

ent and very light blue. All three
stones were conductive, though
only in certain areas, indicating
that they were in part type IIb.

From GEMS & GEMOLOGY, Vol. 21, No. 2, 1985, pp. 108–109

FANCY BLUE DIAMOND
G. Robert Crowningshield
Frequently when the laboratory
staff is testing a blue diamond for
conductivity, it becomes necessary to probe very carefully until
certain “sensitive” areas are
touched. The color zoning shown
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in figure 1, taken in the New
York lab, suggests the reason for
the difficulty: current is conducted most readily along the blue
bands. In addition to causing
problems when testing, such
color zoning makes it difficult for
the planner of the rough to orient
the stone for best color.
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Figure 1. Color zoning in a 2 ct Fancy
blue diamond. Photo by Steve Hofer;
magnified 10×.

LAB NOTES
HIGHLY CONDUCTIVE
BLUE DIAMOND
Ilene Reinitz
The GIA Gem Instruments
Duotester measures the rate at
which heat passes through a
stone as a means to distinguish
diamond from its simulants; it
features an alarm that buzzes
when the probe tip touches
metal, a reaction to the high electrical conductivity of the metal (a
different property from heat conduction). The East Coast lab was
surprised when a routine test of a
1.07 ct Fancy gray-blue diamond
(figure 1) made the Duotester
alarm sound. Repeated trials set
off the alarm when the stone was
held either with tweezers or fingers. When the stone was set in

From GEMS & GEMOLOGY, Vol. 27, No. 1, 1991, p. 41

clay, the alarm did not go off, but
the tester needle moved all the
way to the right, indicating the
high thermal conductivity of the
diamond.
Type II diamonds, which
have very low levels of nitrogen,
typically show higher thermal
conductivity than type I diamonds (see Burridge, 1972, p. 72).
These low-nitrogen stones are
subdivided into two categories:
high-purity, electrically insulating type IIa and boron-bearing,
semiconducting type IIb. This
stone showed much higher electrical conductivity than the typical IIb diamond, in that it transmitted 90% of the voltage applied to it (as compared to 80%,
and as low as 15%, for other blue
diamonds).

Infrared spectroscopy confirmed
that the stone is type IIb. In addition, it was inert to long-wave
ultraviolet radiation, but fluoresced
and phosphoresced a weak red to
short-wave UV, a characteristic of
many blue type IIb diamonds.
Figure 1. Routine testing of this
1.07 ct Fancy gray-blue diamond
revealed that it had unusually
high electrical conductivity. Photo
by Nicholas DelRe.

From GEMS & GEMOLOGY, Vol. 11, No. 4, 1963–1964, p. 104

NATURALS PROVE
COLOR ORIGIN
G. Robert Crowningshield
Occasionally, we have seen 0.10
to 0.20 ct greenish blue diamonds that by their colored naturals could be determined to be

untreated. The largest diamond
of this kind we have examined
weighed nearly 1.30 ct and
resembled a greenish aquamarine. It showed remnants of dark
green naturals, some dark green
inclusions close to the surface at
the point (it was pear shaped),

and a slight greenish “stain”
from an original colored natural
at the culet. These stones are
associated with Brazilian rough,
which frequently shows pronounced dark green spots in the
“skin.”

From GEMS & GEMOLOGY, Vol. 12, No. 7, 1967, p. 209

RARE LIGHT BLUE DIAMONDS
G. Robert Crowningshield
We have no explanation why we
have seen four very fine, type IIb,
very light blue diamonds recently,
when we have only seen three

others in more than 15 years of
looking for them. These four
stones, when graded against our
best color masterstone (E color on
the GIA scale), appear a decided
very light blue, but not grayish or
leaden in color. They would be

undoubtedly accepted by most
people as truly “blue-white.” We
do fairly commonly test dark blue
and gray diamonds that are found
to be type IIb. It is interesting to
note that the four stones mentioned above were also Flawless!
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LAB NOTES
TYPE IIB DIAMOND
WITH NATURAL
IRRADIATION STAINS
David Hargett
In the laboratory, we often
observe natural irradiation stains
on rough and sometimes even
polished diamonds. They are
thought to be caused by the
proximity of the diamond crystal
to a natural source of radiation.
Although such stains may be
green, they are usually brown
because of exposure to heat

From GEMS & GEMOLOGY, Vol. 27, No. 3, 1991, pp. 174–175

either in the earth or during
fashioning.
These stains have been seen
on some type Ia and IIa diamonds and, rarely, on type Ib
diamonds (for a brief discussion
of diamond types, see Shigley et
al., 1986, p. 197). Recently, the
East Coast laboratory observed
brown irradiation stains on a
type IIb Fancy blue diamond.
Figure 1 shows several small
stains on the girdle of this 0.40
ct old European–cut brilliant. To
our knowledge, this is the first

Figure 1. Irradiation stains can be
seen on the girdle of this type IIb
Fancy blue diamond. Photo by
David Hargett; magnified 60×.

time irradiation stains have been
reported on a type IIb diamond.

From GEMS & GEMOLOGY, Vol. 29, No. 1, 1993, pp. 47–48

BLUE DIAMOND WITH
UNUSUAL INCLUSIONS
G. Robert Crowningshield
Figure 1 shows an inclusion consisting of strings of small crystals
of an unidentified black material,
arranged in a fingerprint-like pattern. Such a pattern in a blue gemstone would ordinarily suggest a
sapphire and prove its natural origin. In this instance, however, the

stone was a 1.02 ct fancy blue,
marquise-shaped, brilliant-cut diamond. We established that the
color was natural on the basis of
the stone’s electrical conductivity
and its typical reaction to shortwave ultraviolet radiation.
Although such inclusions are
very rare in diamonds, a colorless
diamond with a similar inclusion
was illustrated in Crowning shield (1968).

Figure 1. Although a black fingerprint-like inclusion in a blue stone
suggests sapphire, here it occurs in
a blue diamond. Photomicrograph
by Nicholas DelRe; magnified 40×.

From GEMS & GEMOLOGY, Vol. 36, No. 2, 2000, pp. 156–157

ZONED BLUE DIAMOND
Matthew Hall and Thomas M. Moses
Recently, the East Coast laboratory
had the opportunity to examine a
strikingly zoned blue 3.43 ct rough
diamond (figure 1) and, later, the
1.33 ct round brilliant that was cut
from it (figure 2). Strongly colorzoned faceted blue diamonds have
been presented in this column in
the past (Crowningshield, 1985c).
However, in this case we were able
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to examine the rough diamond and
record infrared spectra of both the
blue and near-colorless portions.
Trace amounts of boron are
the most common natural cause
of blue color in diamond; such
boron-bearing diamonds have a
strong near-infrared absorption
band that extends into the visible
range, absorbing red light and
imparting a gray-to-blue color.
Diamonds that contain boron are
described as type IIb, and have a
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characteristic mid-infrared spectrum with peaks at about 1300,
2455, 2800, and 2930 cm−1. (For
further information on diamond
types, see Box A in Fritsch and
Scarratt, 1992.) Diamonds that are
depleted in boron (and nitrogen,
i.e., type IIa) do not have these
same characteristic peaks in the
mid-infrared and exhibit no
absorption in the near-infrared or
visible range. The IR spectrum of
the blue portion of the 3.43 ct

Figure 1. This irregularly shaped
3.43 ct rough diamond shows
strong zoning of the blue color.
Photo by Vincent Cracco.

rough diamond (figure 3A) displays prominent absorption peaks
typical of type IIb diamond, while
that of the colorless portion (figure 3B) shows very little absorption at these positions. This
demonstrates that the uneven distribution of boron correlates to the
uneven distribution of blue color.
Cutting blue diamonds is often
very challenging because of the
typically asymmetrical shape of
the rough and the irregularity of
the color zoning (see also Box B in
King et al., 1998). The ultimate

Figure 2. An attractive face-up appearance (left) is shown by the 1.33 ct
Fancy Deep blue round brilliant diamond that was cut from the color-zoned
rough shown in figure 1. The view on the right shows how a wedge of the
strong blue color was placed at the girdle to take advantage of multiple
internal reflections to produce a saturated, well-distributed face-up color.
Photos by Elizabeth Schrader (left) and Vincent Cracco (right).

goal is to achieve a maximum
blue saturation with a moderate
tone in the face-up position. If the
color zone is oriented poorly, low
saturation or a dark tone can yield
a gray face-up component, which
is considered less desirable than a
“pure” blue color. Many of the
same issues are encountered when
cutting blue sapphires; however,
the consequences of a mistake
with a blue diamond are much

more dramatic in terms of both
overall face-up appearance and
loss of value. This diamond was
fashioned so that the strong wedge
of blue color penetrated along the
girdle plane (figure 2, right). This
position takes advantage of internal reflections to produce an
attractive, well-distributed face-up
color appearance, and the diamond
received a grade of Fancy Deep
blue.

Figure 3. The mid-infrared spectrum of the blue portion (A) of the 3.43 ct rough diamond displays characteristic
boron peaks at about 2930, 2800, 2455, and 1300 cm−1, while the colorless portion (B) mainly shows absorptions
typical of type IIa diamond. Spectrum B has been smoothed to remove noise.
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From GEMS & GEMOLOGY, Vol. 39, No. 3, 2003, pp. 215–216

SOME UNUSUAL
TYPE II DIAMONDS
Wuyi Wang, Matthew Hall, Christopher
Smith, and Thomas M. Moses

In contrast to the more common
type Ia diamonds, type IIa diamonds are relatively pure, containing little (if any) nitrogen
impurities. By definition, type IIb
diamonds contain traces of boron
(usually less than 1.0 ppm), but
the overall concentration of impurities in type IIb diamonds is typically even less than in type IIa diamonds. Because of their high purity, type II diamonds (both IIa and
IIb) display fairly consistent luminescence features in comparison
to type Ia diamonds. Natural type
IIa diamonds may show a weakto-moderate blue fluorescence to
long-wave UV radiation, and
weak blue or yellow fluorescence
to short-wave UV; they rarely
phosphoresce. The vast majority
of type IIb diamonds show no
observable fluorescence to either
long- or short-wave UV radiation.
Of the small number that do
show a readily observable fluorescence, the reaction is a weak yellow, chalky blue, or, rarely, red to
either wavelength. Type IIb diamonds also commonly phosphoresce to short-wave UV radiation,
showing yellow, chalky blue, or
red or orangy red.
The East Coast laboratory
recently examined one type IIa
(1.53 ct) and two type IIb diamonds (5.69 and 42.05 ct; figure
1) that displayed unusual luminescence features and photoluminescence spectra, which suggest a
new type of lattice defect in diamond. All three diamonds were
apparently submitted by coincidence, within a narrow time
frame, from two different clients.
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Figure 1. These type IIb diamonds (5.69 and 42.05 ct) showed unusual
luminescence features and photoluminescence spectra. Photos by
Elizabeth Schrader (left) and Wuyi Wang (right).

The smaller type IIb diamond,
fashioned as a cushion brilliant,
was graded Fancy grayish blue.
The larger type IIb diamond,
reportedly from southern Africa,
was only partially faceted (and
thus not graded). It showed strong
blue coloration, and was partially
covered by natural resorbed surfaces. Unlike most type IIb diamonds that show luminescence,
these two diamonds fluoresced
weak orange to long-wave UV,
and moderate to strong yellow
(with a very strong blue phosphorescence—lasting more than 60
seconds) to short-wave UV (figure
2). The same luminescence features also were observed in the
type IIa diamond, which was a Dcolor pear-shaped brilliant. The
two faceted diamonds were free
of inclusions when examined
with the gemological microscope,
up to 60×. Our preliminary examination of the larger type IIb blue
diamond did not reveal any inclusions. No indications of any coating or overgrowth in these three
diamonds were observed.
Nearly identical photoluminescence spectra were recorded
from the three diamonds with
514.5 nm laser excitation using a
Raman spectrometer at liquid
nitrogen temperatures. We record-
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ed more than 20 sharp emission
lines in the visible-infrared range,
which in our experience is very
unusual for type II diamonds. Six
point analyses performed on randomly selected spots on the type
IIa diamond yielded no observable
differences in peak position or relative intensity. This observation
also was confirmed for the two
type IIb diamonds. In general, the
emission lines could be divided
into two groups according to their
positions. Eight sharp lines
occurred in a narrow region of
725–745 nm, with the four strong-

Figure 2. As shown here for the
5.69 ct stone, the type IIb blue diamonds displayed very strong blue
phosphorescence to short-wave UV
that lasted more than 60 seconds.
Photo by Elizabeth Schrader.

est lines at 727.2, 729.2, 734.8,
and 736.9 nm. A total of 19 sharp
emission lines occurred in the
region 768–791 nm, with the four
strongest lines at 770.1, 774.4,
781.5, and 782.8 nm. This kind of
emission spectrum is quite distinct from the vibronic optical
centers that usually occur in diamond, which each consists of a
sharp zero-phonon line and a
broad side band at the lower energy side. Interestingly, when photoluminescence spectra were
recorded using red laser excitation
(632.8 nm), the second group of
emission lines was absent.
Many of these emission lines,
such as those at 780–800 nm,
have not been reported in the literature previously; however, the
line at 727.2 nm is very close to
the well-studied 727.0 nm emis-

LAB NOTES

sion in type Ib synthetic diamonds grown in high pressure/
high temperature conditions,
which is attributed to Ni-related
defects (see, e.g., Lawson et al.,
1996). The emission line at 736.9
nm is slightly but clearly shifted
away from the Si-related defect at
737.5 nm seen in many synthetic
diamonds grown by chemical
vapor deposition. Considering that
these three diamonds were all type
II, and all showed the unique
multi-emission lines in a narrow
region, it is unlikely that they
could contain any detectable Ni or
Si impurities. EDXRF analysis of
the 5.69 ct blue diamond confirmed that there was no
detectable chemical impurity
above sodium. Because these emission lines were nearly identical in
the type IIa and IIb diamonds, a

direct relationship of the defect(s)
to boron or a boron/nitrogen complex could also be ruled out.
The physics of the defect(s)
responsible for these emission
lines remains unclear, but it is
reasonable to assume that more
than one defect was involved
based on the reactions of those
emission lines to different laser
wavelengths. It is also reasonable
to assume that the defect(s) contributed to the uncommon reactions of these diamonds to UV
radiation. Based on their spectroscopic data and gemological features, we are confident that these
diamonds have not been HPHT
treated. To the best of our knowledge, there is no published report
that irradiation or ion implantation could produce the unusual
spectroscopic features either.

From GEMS & GEMOLOGY, Vol. 40, No. 3, 2004, p. 245

UNUSUAL CAUSE OF
BLUE COLOR IN A DIAMOND
John M. King, Wuyi Wang, and
Thomas M. Moses
It is unusual for the laboratory to
encounter natural blue diamonds
with a cause of color other than
boron impurities, natural irradiation, or the presence of hydrogen
(see, e.g., Fritsch and Scarratt,
1992; King et al., 1998). Thus, it
was quite a surprise when the
East Coast lab recently tested an
oval diamond over 12 ct (figure 1,
center) with a blue color typical
of that produced by boron but
none of the other properties one
would expect for such diamonds.
When color graded, the oval
was classified as Very Light blue.

Figure 1. The color appearance of the 12+ ct Very Light blue type IaB
oval modified brilliant in the center is due to scattering of light and not
to any of the typical causes of natural blue color. The 6+ ct pear-shaped
diamond on the left is colorless (D-color); the 5.5+ ct type IIb on the
right is Fancy Light blue. Photo by Elizabeth Schrader.

On testing for electrical conductivity, the diamond was found to
be nonconductive. We observed a
moderate blue reaction to both
long- and short-wave UV radiation. Infrared spectroscopy proved

that the diamond was type IaB and
did not show any elevated levels
of hydrogen. Spectroscopic analysis further ruled out any possibility that this stone was irradiated in
a laboratory. However, microscop-
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ic examination revealed clouds of
pinpoints and internal whitish
graining.
In this case, we believe the
color was caused by a scattering of
light in the diamond from the
clouds of pinpoint inclusions.
This effect is similar to the one
that causes cigarette smoke to
appear blue, a phenomenon often
referred to as the Tyndall effect.
Named after its discoverer, 19thcentury British physicist John
Tyndall, this effect is caused by
reflection and/or scattering of
light by very small particles in
suspension in a transparent medium. It is often seen from the dust
in the air when sunlight enters a
room through a window or comes

down through holes in clouds.
Most diamonds that have dense
clouds and also show scattering
have a predominantly white or
gray appearance (e.g., figure 2).
The difference in color is probably
related to the size of the particles
and the density of the cloud.
We have documented diamonds
with these properties from a few
different geographic locations,
including India and Australia. This
unusual stone indicates that microinclusions in diamond can generate
colors other than black, gray, and
white. The nature of the microinclusions (chemistry, particle size,
density, and distribution) and the
size of the stone, along with the
light source and its distribution of

LAB NOTES
LIGHT BLUE DIAMOND,
WITH TYPE IIB AND IIA
ZONES
Christopher M. Breeding
Like some forms of nitrogen,
boron occurs as individual atoms
substituting for carbon in the diamond structure. However, boron
and nitrogen typically do not coexist in natural diamonds. Unlike
nitrogen-bearing diamonds and
synthetic blue diamonds, which
frequently exhibit distinctive
growth zoning (best seen with the
DTC DiamondView), most natural type IIb diamonds appear to
have no—or only very subtle—
zoning.
An interesting 0.67 ct Light
blue pear shape was recently submitted to the West Coast laboratory for grading (figure 1, left). Initial
infrared absorption spectroscopy
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output, are all factors in determining the final color appearance of
the diamond.
Figure 2. More typically, the
scattering of light from micro
inclusions produces a predominantly white (as shown in this
7.00 ct marquise) or gray color
in diamond. Photo by
Elizabeth Schrader.

From GEMS & GEMOLOGY, Vol. 40, No. 2, 2005, pp. 167–168

indicated that this diamond was
type IIa, which suggested that the
color was due to radiation-related
defects. Low-temperature visible
absorption spectroscopy, however,
revealed the spectrum of a colorless IIa diamond with no evidence

of radiation damage. The discrepancy between the spectroscopy
and the light blue bodycolor led us
to undertake a careful gemological
examination.
The diamond was inert to longwave UV radiation and fluoresced a

Figure 1. This 0.67 ct Light blue pear-shaped diamond (left) was submitted
for a colored diamond grading report. A DiamondView phosphorescence
image (right) shows weak blue phosphorescence concentrated near the
head and point of the pear shape. Photos by Maha Calderon (left) and
Christopher M. Breeding (right).
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Figure 2. Mid-infrared (top) and visible (bottom) absorption spectra were collected from two different portions of the Light blue diamond, as indicated by
the two lines in the phosphorescence image (top, inset). As would be expected
from that image, the presence of boron is apparent only in the no. 2 spectra, as
evident from the 2803 cm−1 IR feature and the increase in absorption at the
red end of the visible spectrum (~600–700 nm).

very weak yellow to short-wave
UV, with brief, very weak blue
phosphorescence. When tested
with a gemological conductometer,
the stone showed slight electrical
conductivity in certain directions.
No color zoning was apparent

when the pear shape was viewed
with the microscope and diffused
white light. Because in general
these properties are consistent with
type IIb diamonds, we decided to
perform detailed UV imaging and
collect spectroscopic data from dif-

ferent parts of the stone.
Phosphorescence in type IIb
diamonds directly reflects the presence of boron, so we examined the
diamond using the phosphorescence setup of the Diamond View to try to map the boron distribution. We were able to see
small blue phosphorescent areas
near the head and point of the
pear shape that were not visible in
the belly (figure 1, right). The
degree to which the phosphorescent areas near the point represented boron enrichment is
unclear, due to the tendency of
pear-shaped brilliant cuts to collect color at the point. Our initial
spectroscopic data had been collected by passing the beam
through the girdle of the diamond
at the belly; however, when the
same measurements were taken
near the head (where we saw the
phosphorescent areas), the new
absorption spectra revealed the
presence of low concentrations of
boron (figure 2). Although it is
possible that hydrogen-boron
complexes within the diamond
may contribute to some of the
observed features, the distinct differences in phosphorescence and
the spectroscopic data collected
from various parts of the stone
strongly suggest that the diamond
consisted of a mixture of type IIa
and IIb zones.
The Lab Notes section has
published reports on a few other
mixed type IIa and IIb diamonds
(see Crowningshield, 1963, 1966–
67; Reinitz and Moses, 1993; and
Hall and Moses, 2000). Although
spectroscopic data were not available from these reports, the nature
of the type IIa/IIb zoning appears
very similar to that of the diamond described here. This type of
zoning in blue diamonds may be
more common than we have
believed.
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STRONGLY COLORED
NATURAL TYPE IIB BLUE
DIAMONDS

From GEMS & GEMOLOGY, Vol. 40, No. 3, 2005, pp. 258–259

Figure 1. These two strongly colored Fancy Deep blue diamonds (0.71 ct, left;
1.04 ct, right) showed some unusual characteristics in addition to their color.

Paul Johnson and Kyaw Soe Moe
Natural blue diamonds are
among the rarest of all fancycolor diamonds. It is even rarer
for type IIb boron-containing diamonds to be relatively dark and
strongly colored (see King et al.,
1998). Recently, the East Coast
laboratory had the opportunity to
examine two Fancy Deep blue
diamonds, a 0.71 ct octagonal
brilliant and a 1.04 ct round brilliant. As can be seen in figure 1,
both displayed strong blue color.
Gemological and spectroscopic
tests performed on these diamonds yielded some interesting
observations.
When examined with magnification, these two diamonds
revealed few internal features
beyond scattered pinpoints and
needles, with no color zoning evident. Both had very high electrical conductivity, as would be
expected for type IIb diamonds.
Fluorescence was very weak yellow to inert to both long- and
short-wave UV radiation from a
handheld lamp.
Both diamonds displayed
unusual phosphorescence (figure
2) after observation in the DTC
DiamondView, which employs
strong short-wave UV radiation.
While the 1.04 ct diamond
showed moderately strong purplish blue phosphorescence, the
0.71 ct stone displayed some of
the most intense red phosphorescence that we have ever observed.
This color reaction to the shortwave UV of the DiamondView in
natural type IIb diamonds is rare,
just as it is for a handheld lamp
(again, see King et al., 1998). One
well-known example of red phos-
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Figure 2. After exposure to strong short-wave UV radiation in the
DiamondView, the diamonds in figure 1 displayed strong phosphorescence. The intense red reaction of the 0.71 ct stone is among the strongest
ever seen at the GIA Laboratory. Photos by Wuyi Wang.
Figure 3. The mid-IR spectrum of the 1.04 ct round brilliant shows complete saturation in the region of the boron features, reflected in the neartotal absorption above ~2000 cm −1. Also present is the 1332 cm−1 intrinsic
diamond peak; the assignment of the peak at 1290 cm−1 is unknown.
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Figure 4. The PL spectra of the two
diamonds reflect the relative
strength of their red phosphorescence. The emission peak at 776.5
nm for the 0.71 ct octagonal brilliant, with its strong red reaction,
is of greater intensity than that for
the 1.04 ct round brilliant (with
its weaker purplish blue phosphorescence). The spectrum of a diamond with blue phosphorescence
usually does not show 776.5 nm
emission. (The diamond Raman
peak at 1332 cm −1, which occurs
in the PL spectrum at 521.9 nm, is
normalized to the same intensity
for the three spectra.)

phorescence is the Hope diamond
(see Crowningshield, 1989).
The mid-infrared absorption
spectrum of the 1.04 ct stone
revealed some very unusual features. Due to a very high concentration of boron, absorption above
2000 cm−1 was so strong that the

spectrum was entirely “saturated”
(figure 3). Photoluminescence (PL)
spectroscopy, collected using Arion laser (488 nm) excitation,
showed a very strong emission at
776.5 nm in the 0.71 ct stone (figure 4). In the 1.04 ct stone, this
emission was distinct but much

weaker in intensity. Natural type
IIb diamonds with the more common blue phosphorescence usually do not show this emission.
These observations indicate a possible genetic relationship between
the 776.5 nm emission and red
phosphorescence.
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LAB NOTES
THREE PINK DIAMONDS
Lester B. Benson Jr.
Three pink diamonds, weighing
0.18, 0.50 and 0.51 ct, respectively, were checked to verify the
characteristics of pink stones as
reported recently by Bob Crown ingshield of the GIA New York
Laboratory, B. W. Anderson of the
London Laboratory, and Dr.
Gübelin of Switzerland. As
expected from these previous
reports, the stones changed color

From GEMS & GEMOLOGY, Vol. 10, No. 2, 1960, pp. 45–46

when subjected to X-radiation.
The change was somewhat in proportion to the depth of color, as
follows: One stone was very light
pink, and it reverted to colorless.
The second stone, which was
medium pink, changed to a very
light brown. The third stone was
deep pink, similar to the color of a
fine kunzite; this specimen reverted to a purplish color with a slight
brownish overtone. All specimens
reverted to their original colors
when exposed to incandescent

light plus slight heating for a period of about five minutes. No
unusual absorption characteristics
were noted on the light- and
medium-pink stones. However,
the dark-pink stone displayed a
series of emission lines ranging
from approximately 450 to 600
nm. This was fluorescence in the
form of emission lines, rather
than a continuous spectrum
resulting from excitation by visible light in the blue-violet portion
of the spectrum.
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PINK DIAMOND
G. Robert Crowningshield
A highly laminated pink diamond
was examined and found to be
without any absorption characteristics and fluorescent only under

From GEMS & GEMOLOGY, Vol. 10, No. 3, 1960, p. 74

long-wave ultraviolet light and Xrays. Following exposure to the
latter, it lost the pink color and
became light brown. This reaction
was expected. Following a few
minutes’ exposure to a strong
light, the former fine pink color

returned. This reaction of some
pink natural-color diamonds has
been noted by B. W. Anderson,
and Dr. Edward J. Gübelin; it had
also been observed by Dr. J. F. H.
Custers of the Diamond Research
Laboratory, in Johannesburg.

From GEMS & GEMOLOGY, Vol. 19, No. 1, 1983, pp. 43–44

PINK DIAMONDS
Charles W. Fryer, Ed.
Figure 1 shows a beautiful 3.31 ct
“salmon” pink, heart-shaped diamond, brought into the New
York lab, that the cutter says
came off the wheel as intense a
pink as he had ever seen. The
owners were overjoyed when
they saw the stone after it had
been boiled out. When viewed
through the table toward the
shoulders of the stone, totally
reflected areas were actually red.
Within a few days, however, the
red had disappeared and in its
place was a more common
brownish pink. Boiled in acid, the
stone temporarily regained some
of its exciting red color, only to
lose it again in a few days. Later,
the stone was heated to a much

higher temperature in an alcohol
flame; the red again returned, but
only temporarily.
We are told that this behavior
is not unusual with yellow diamonds. Frequently stones appear
intense yellow while hot from
the wheel but assume a more
normal color when finished and
offered for sale. This is the first
time such a color change in naturally colored pink stones has been
reported to us.
We are reminded of another
pink diamond, a magnificent 16 ct
pear shape, which turned an ordinary brown following exposure to
long- and short-wave ultraviolet
and then X-radiation in rapid succession. Gentle warming in the
light well of a Gemolite for a few
minutes restored the pink color. A
series of small rough pink diamond

Figure 1. Pink heart-shaped diamond, 3.31 ct. Photo by Andrew
Quinlan; magnified 10×.

crystals were later exposed in the
same manner. Fewer than half of
the 16 specimens responded to the
irradiation and warming in the
same way. Clearly, all pink diamonds do not respond alike to irradiation and subsequent warming.

From GEMS & GEMOLOGY, Vol. 38, No. 2, 2002, pp. 165–166

UNUSUAL “PINK” DIAMOND
Shane Elen and Ronnie Geurts
Some diamonds display a change
of color when exposed to light or
heat. The most frequently
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encountered diamonds exhibiting
this phenomenon are chameleon
diamonds, which change from
yellow to yellowish green or green
when exposed to light after storage in the dark. Gentle heating of
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this type of diamond produces a
temporary bright yellow color. In
addition, some Argyle pink diamonds have been observed to
change from pink to brownish
pink or brown when exposed to

Figure 1. This 3.58 ct heartshaped diamond was graded Very
Light pink in a standard laboratory viewing environment. When
exposed to short-wave UV radiation, however, it became F color.
Its appearance with standard
lighting provided no clue to its
unusual luminescence behavior.
Photo by Maha Tannous.

ultraviolet radiation. In both
cases, the color change is temporary, with the diamond quickly
returning to a stable color state
once it is removed from the environment that produces the temporary color.
Recently a 3.58 ct Internally
Flawless type IIa diamond was
submitted to the West Coast lab
for investigation of its colorchange phenomenon. When
examined in the lab’s standard
viewing environment, this partic-

LAB NOTES
PINK DIAMONDS
G. Robert Crowningshield
We had the unusual pleasure of
examining before and after repolishing two beautiful pink dia-

ular diamond was given a color
grade of Very Light pink (figure 1).
When it was exposed to shortwave UV radiation, however, the
gem changed to an F color. The
pink could be restored by exposure to either long-wave UV or
daylight.
In contrast to the above-mentioned more common “chameleon” change in color, this diamond showed no change during or
immediately after storage in the
dark. Thus, the diamond remained
pink if it was stored as a pink diamond or colorless if it was stored
as a colorless diamond. The pink
color “returned” slowly after
exposure to long-wave UV radiation or daylight.
Note that, in addition to producing a strong orange fluorescence when exposed to long- or
short-wave UV radiation (which is
typical for some type IIa pink diamonds), the 3.58 ct diamond also
exhibited orangy red fluorescence
to the wavelengths of blue light.
Depending on the initial diamond
color, the excitation wavelength,
exposure duration, and number of
exposures, up to four different
phosphorescence states were
observed in this diamond:
1. Diamond color “pink”: medium orange phosphorescence

lasting 3 to 15 seconds
2. Diamond color changing from
“pink” to “near colorless”: no
phosphorescence
3. Diamond color “near colorless”: strong greenish blue
phosphorescence lasting 2 to 60
minutes or more
4. Diamond color changing from
“near colorless” to “pink”:
weak orange phosphorescence
lasting 1 to 2 seconds, changing
to moderate greenish blue
phosphorescence lasting 5 to 30
seconds
Although the observation of
phosphorescence typically requires
a darkroom environment, the
strong greenish blue phosphorescence was visible for quite some
time even in dim light under certain exposure conditions.
This is one of the very rare
color-change “pink” diamonds in
which the illumination history of
the diamond can produce different
fluorescence and phosphorescence
phenomena and result in different
color states. For these types of diamond, a careful neutralization of
the temporary phenomenon is
necessary before a final color
grade can be determined. A more
detailed report on the unusual
properties of this particular diamond is currently underway.

From GEMS & GEMOLOGY, Vol. 11, No. 3, 1963, p. 86

monds that, by coincidence, were
both flawless after recutting and
of precisely the same weight,
although of entirely different cuts.
One of them was the orange-fluorescing kind, such as the famous

“Princie” diamond, which was
auctioned at Sotheby's, in
London, in 1960. It is the first of
this kind we have examined.
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From GEMS & GEMOLOGY, Vol. 28, No. 4, 1992, pp. 262–263

DIAMOND WITH ETCHED
DISLOCATION CHANNELS
G. Robert Crowningshield
Some unusual inclusions in a 2.04
ct light pink pear-shaped diamond
were illustrated in Schwartz
(1992). Subsequently, we were
shown a 1.28 ct Fancy pink diamond, reportedly from Australia,
with similar inclusions: rectangular hollow channels (figure 1),
some of which “zigzagged” for
quite a distance (figure 2).
Emmanuel Fritsch, of GIA
Research, informed us that X-ray
topographers use the term zigzag
dislocation for features of similar
geometry seen with X-radiography (the phenomenon is not limited to diamond). The dislocations
represent zones of weakness in
the crystal structure. Under certain geologic conditions, the dislocations may become etched, in
Figure 1. The surface-reaching
inclusions in this 1.28 ct Fancy pink
diamond are actually rectangular
hollow tubes. Photomicrograph by
Vincent Cracco; magnified 33×.
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Figure 2. At 63× magnification,
one can see the extent of the
“zigzagging” in one of the inclusions shown in figure 1. Photomicrograph by Vincent Cracco.

which case they are called etched
dislocation channels.
The channels that we observed
in the two diamonds mentioned
above would appear to be related
to the various etch phenomena
noted by Hofer (1985) in his article
on pink diamonds from Australia.
Although Hofer describes these
etch phenomena as typical of
Argyle pink diamonds, we also
noted an open cleavage that had
been etched in a 0.87 ct Fancy yellow diamond (figure 3) that was
reportedly from Argyle.
It is possible that the series of
long, blade-like, nearly parallel
inclusions observed in still another
0.75 ct diamond could also be evidence of etched dislocation channels. When the round brilliant was
viewed face-up, these inclusions
were reflected in other facets, so
that the whole stone resembled a
kaleidoscope (figure 4). Of necessity, many jewelers have been forced
to handle diamonds with lower
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Figure 3. This etch feature, typically associated with pink diamonds from Argyle, was seen in a
0.87 ct Fancy yellow stone, also
reportedly from that locality.
Photomicrograph by Vincent
Cracco; magnified 45×.

clarity grades than they had been
accustomed to handling in the past.
It is interesting that these inclusions were first observed while our
client was examining stones for evidence of fracture filling, turning
what might have been a chore into
an opportunity to discover heretofore unappreciated beauty in the
inclusions themselves.
Figure 4. These long, blade-like
inclusions produce a kaleidoscopic
effect when this 0.75 ct diamond
is viewed faceup. Photo by
Nicholas DelRe; magnified 16×.

LAB NOTES
BROWN-PINK DIAMOND
WITH “GREEN GRAINING”
Patricia Maddison and
Robert C. Kammerling
“Green graining” (colorless or
brown graining that appears green
because of transmission luminescence) is most commonly associated with brown, orange, and yellow diamonds, and has been seen
in some green and near-colorless
stones. Recently, the West Coast
lab received a 0.52 ct brown-pink
round brilliant for grading and
determination of its color origin.
Magnification showed green graining throughout the pavilion; when
used in conjunction with fiberoptic illumination, it revealed that

From GEMS & GEMOLOGY, Vol. 29, No. 3, 1993, pp. 198–199

the green graining was actually
brownish pink graining that was
luminescing green (figure 1).
When examined with fiberoptic illumination, the diamond
also exhibited a moderate overall
green transmission luminescence.
With a desk-model spectroscope,
we observed absorption lines at
498 and 504 nm (but no 594 nm
line), which is typical of stones
that exhibit green graining. We
also observed an absorption line at
415.5 nm, as well as the weak
bands centered at about 500 and
580 nm that are commonly seen
in natural-color pink diamonds.
The observed spectrum, plus the
presence of pink graining, proved
that the stone was of natural

Figure 1. This 0.52 ct naturalcolor brown-pink diamond is
unusual because it exhibits
brownish pink graining that
luminesces green. Photomicrograph by John I. Koivula; magnified 15×.

color. Such “green graining” is
extremely rare in natural-color
pink diamonds.

From GEMS & GEMOLOGY, Vol. 33, No. 2, 1997, pp. 135–136

ROUGH WITH
CONTRASTING COLORS
Ilene Reinitz
In recent years, we have been
encouraging diamond manufacturers to show us diamonds with
a strong green color component
when they are still rough or when
blocked, because examination of
the original crystal surface of
such diamonds can be very helpful in determining whether the
green component is natural or
caused by laboratory treatment.
We document the diamond’s
properties and use these observations along with those of the finished stone when it is submitted
for a laboratory grading report. In
keeping with this practice, one
manufacturer brought us the 2.14

ct piece of green-and-pink rough
shown in figure 1.
The slightly distorted octahedron had the properties of a natural-color pink diamond, especially
the pink graining, an absorption
at 415 nm visible with a deskmodel spectroscope, and blue fluorescence to long-wave UV. The
green came from strongly colored
green radiation stains that lined
several fractures. With magnification, one of these stained fractures showed the spotted appearance typical of natural radiation
stains (figure 2). Because these
stains were on the surfaces of the
fractures and did not penetrate
the body of the stone, we predicted that it would be difficult to
retain any green color after cutting and polishing—unless one or

Figure 1. This 2.14 ct distorted
octahedral diamond crystal
shows strongly saturated areas of
both pink and green. Photo by
Nicholas DelRe.

more of the color-causing fractures were also retained. Ulti mately, the rough was cut into a
1.07 ct heart shape that was color
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graded Fancy Intense purple-pink.
All of the fractures were removed
during cutting and, as we had predicted, there was no green color
in the finished stone.
We have reported radiation
stains on colored diamonds before
(e.g., Moses and Reinitz, 1991;
Hargett, 1991b; Kammerling,
1993), but we had not previously
seen a stone with such contrasting colors. This example is a
reminder that any diamond—

regardless of its color or inherent
properties—may be exposed to
natural radiation and thus develop
green stains.

Figure 2. With 30 × magnification, we saw that fractures in the
diamond shown in figure 1 have
the streaked and spotted appearance typical of natural radiation
stains. The green color is largely
confined to fracture surfaces.
Photo by Nicholas DelRe.

LAB NOTES
RARE TYPE IIA PINK
DIAMOND, WITH GREEN
RADIATION STAINS
Wuyi Wang and Thomas H. Gelb
The color of some diamonds can
be attributed to exposure to natural radiation. Green and brown
radiation stains are occasionally
observed on rough diamond surfaces or within fractures, but generally they do not contribute to
the bodycolor of the diamond.
Most of the diamonds in which
such stains are seen are yellow,
brown, or green. Rarely, brown
radiation stains have been
observed in blue type IIb diamonds (Hargett, 1991b).
Recently, we examined a large
pink diamond with green radiation stains located mainly within
fractures. While much of the formation of radiation stains is not
completely understood, this
observation indicates that natural irradiation can and does occur
with all types of diamond,
regardless of color and nitrogen/
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From GEMS & GEMOLOGY, Vol. 40, No. 1, 2004, pp. 59–60

boron concentrations.
The 20.24 ct pear-shaped brilliant cut (31.62 × 17.73 × 3.70 mm)
in figure 1 was color graded Faint
pink. It fluoresced weak blue to
both long- and short-wave UV radiation. No phosphorescence was
observed. This stone had very few
internal characteristics, but many

Figure 1. This Faint pink 20.24 ct
pear-shaped brilliant revealed
many green radiation stains
when examined with magnification. This is a rare feature in pink
type IIa diamond, and it indicates that natural irradiation can
occur in diamonds of all types.
Photo by Wuyi Wang.
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fractures were present around the
girdle. Though most were very
shallow, a few larger ones penetrated as deep as 4 mm. Many small
green radiation stains were visible
along these fractures (figure 2). It is
believed that these stains are
caused by radioactive isotopes
transported in fluids that enter surface-reaching fissures in the rough
diamond (see, e.g., Collins, 1982a).
The stains in this diamond

Figure 2. The green radiation
stains in this Faint pink diamond
generally have well-defined
boundaries. Length of this image
is about 4 mm. Photo by Wuyi
Wang.

generally had well-defined boundaries. The radiation was not
strong enough to affect the bodycolor of even this weakly colored
pink stone, which was caused by
a broad absorption around 550
nm. Spectroscopic analysis confirmed that this stone was type

LAB NOTES

IIa, with extremely low concentrations of some point defects
common in type IIa diamonds.
While the combination of pink
color and green radiation stains is
rare, it represents proof that this
stone was not HPHT treated.
HPHT processing can create pink

diamonds from brown ones, but
the heat necessary to change the
color of a type IIa diamond would
also change the color of the radiation stains. Depending on the
temperature used, the green stains
could turn brown or perhaps even
disappear entirely.

From GEMS & GEMOLOGY, Vol. 40, No. 4, 2004, pp. 324–325

“MAGNETIC” NATURAL
PINK DIAMOND
Andy H. Shen and James E. Shigley
One interesting feature of some
synthetic diamonds is their attraction to a simple magnet. (Strictly
speaking, diamonds do not possess any magnetism.) This apparent “magnetism” is due to the
existence of metallic inclusions—
usually the flux materials, such as
Fe, Ni, or Co, used in the growth
process. While magnetism is a
very good indication that a diamond is synthetic, some rare
exceptions do exist.
Recently, a 0.12 ct Fancy
Intense purplish pink diamond (figure 1) submitted to the West Coast
laboratory demonstrated apparent
magnetism (figure 2). In addition to
pink graining, magnification
revealed several inclusions, among
them “feathers” and dark features,
a few of which reached the surface.
Some of these features had a platy
habit, while others were irregular
in shape. The diamond also had
several cavities on the girdle and
pavilion facets that were filled
with a dark material. It had a few
cloud-like patches of pinpoint
inclusions, but their appearance
was different from the clouds we

Figure 1. This 0.12 ct Fancy Intense
purplish pink natural diamond
demonstrated apparent magnetism. Photo by Maha Tannous.

have seen in synthetic diamonds.
When observed with a desk-model
spectroscope, the diamond showed
only a 415 nm cape line. It fluoresced blue to standard long-wave
UV radiation, and yellow and blue
to short-wave UV. When examined with the DTC DiamondView
fluorescence imaging system (figure 3), it did not show the crossshaped zoning typically seen in
most synthetic diamonds. Last, no
bands that could be attributed to
Ni or other flux metals were
observed in the photoluminescence spectrum. On the basis of
these results, we concluded that

Figure 2. Because of iron-containing residue in surface cavities,
this diamond could be suspended
when touched by a magnet.
Photo by Maha Tannous.

the diamond was natural.
When a magnet was brought
close to the diamond, however, it
attracted the dark material that
was exposed in cavities along the
girdle (figure 4). When we analyzed this dark material using
energy-dispersive X-ray fluorescence (EDXRF) spectroscopy, we
found Fe and Ca to be the major
components. We studied the
exposed dark material further
using Raman spectroscopy and
found features that could be
attributed to hematite, limonite
(rust), and diamond. We concluded
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that this dark material was residue
from the manufacturing process.
Metallic fragments within the
residue caused the magnetic
behavior of this sample, while oxidation of the iron fragments generated the hematite and limonite
peaks observed in the Raman
spectra. We attempted to analyze
the dark inclusions in the diamond with Raman spectroscopy,
but the spectra did not reveal any
recognizable features. Raman
analyses of some of these inclusions where they reached the surface produced spectra similar to
the spectrum of the dark material
in the cavities, but this also may
be from residue covering those
inclusions.
The magnetic response of this
natural diamond was similar in
intensity to what we have seen
in synthetic diamonds with
metallic inclusions. Cleaning the
diamond with acid would pre-

sumably dissolve this residue,
and thereby render the diamond

Figure 3. In this fluorescence
image recorded with the DTC
DiamondView, the cross-shaped
zoning pattern typical of most
synthetic diamonds is absent.
The residue-filled surface cavities
can be seen along the girdle on
the left side of the diamond.
Photo by Andy Shen.

“nonmagnetic.” Attraction to a
magnet remains a useful way to
check for synthetic diamonds,
but as with other gem testing
methods, this should not be the
sole identification criterion.

Figure 4. This photomicrograph
shows the residue-filled surface
cavities along the girdle of the diamond. Chemical analysis by
EDXRF revealed the presence of Fe
and Ca in the residue. Magnified
60×. Photo by Andy Shen.

YELLOW DIAMONDS

LAB NOTES
CHARACTERISTIC INCLUSIONS
IN FANCY-COLOR DIAMONDS
G. Robert Crowningshield
Gemologists can identify some
gemstones with moderate certainty by their characteristic inclusions. For instance, demantoid
garnet is well known for its
“horsetail” inclusions, and natural spinel for its inclusions of
octahedral crystals. The lowrelief, rounded crystal inclusions
and roiled appearance of hessonite
garnet also come to mind, as do
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From GEMS & GEMOLOGY, Vol. 30, No. 1, 1994, pp. 41–42

emerald’s very frequently encountered “three-phase” inclusions.
As we continue our research
into the problems of determining
the origin of color in colored diamonds, we now routinely establish
the diamond type of the stone
under examination. This usually
requires the use of an infrared spectrometer to study the mid-range
infrared spectrum of each stone.
(See Fritsch and Scarratt, 1992, for
an excellent discussion of different
diamond types.) One type—the
rare type Ib diamond—is noted for
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producing one of the most commercially desirable fancy colors,
called a “true canary” by some in
the trade. Here, the nitrogen impurities are dispersed throughout the
crystal, replacing some carbon
atoms rather than clustering in
aggregates. We study such stones
in detail when they appear in the
lab, because of both their rarity and
their intensity of color. Note that
type Ib stones do not show the
cape spectrum commonly seen in
type Ia diamonds with a hand spectroscope.

Figure 1. Needle-like inclusions
such as these are often found in
type Ib Fancy Intense yellow diamonds. Photomicrograph by
Nicholas DelRe; magnified 63×.

Figure 2. This 1.01 ct Fancy Intense
yellow, pear-shaped brilliant cut—
in which the inclusions shown in
figure 1 were found—is a type Ib
diamond. Photo by Nicholas DelRe.

Over the past few years, as
more information has become
available on diamond types,
researchers and laboratory gemologists have been able to establish
correlations between some of the
inclusions in a diamond and its
type. By extension, these inclusions can be used as indications of
the origin of color in fancy-colored diamonds. One feature noted
in nearly all predominantly type
Ib diamonds, but not in other
types, are clusters of fine dark
needles of unknown composition.

On the basis of the presence of
such clusters (figure 1), we surmised that the 1.01 ct Fancy
Intense yellow diamond in figure
2 was a type Ib. The mid-range
infrared spectrum proved that our
thoughts were correct.
Some Fancy Intense yellow
diamonds have another distinctive
inclusion—oriented platelets—
that is even rarer than the dark
needles in type Ib stones. We saw
numerous such platelets (figure 3)
in another fancy yellow diamond
examined in the East Coast lab.

These inclusions are reminiscent
of those seen in some East African
rubies and sapphires. Again, on
the basis of the inclusions and the
characteristic color, one experienced staff member predicted that
the stone would prove to be a type
IaA diamond. The mid-range
infrared spectrum showed it to be
type IaA>>B, plus minor Ib (to
which the intense yellow color is
attributed).
However, because of the typeIa component, such a stone may
also show a weak 415 nm line of
the cape series (as was the case
with the sample described above).
Observation of such needles or
platelets helps establish that an
intense yellow diamond is both
natural and naturally colored.

Figure 3. These oriented platelets
appear to be unique to type IaA
fancy yellow diamonds. Photo micrograph by Nicholas DelRe;
magnified 63×.
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From GEMS & GEMOLOGY, Vol. 35, No. 2, 1999, pp. 137–138

DIAMOND WITH ABUNDANT
ETCH CHANNELS
Ilene Reinitz
This past spring, staff members at
the East Coast laboratory had the
opportunity to examine a 25.02 ct
brownish yellow round brilliant
diamond with a multitude of etch
tubes. Figure 1 shows an example
of these densely intertwined
channels in one area of the girdle.
We have previously reported on
etch tubes and channels (see, e.g.,
Schwartz, 1992; Crowningshield,
1992; Cracco, 1994), but this
stone showed much more internal
etching than any of us had ever
seen in a gem diamond.
Etching — whether it forms
tubes, channels, grooves, pits, or
other structures — occurs along
crystal defects in the diamond
(Orlov, 1977). Like other naturally
colored diamonds of similar hue,
this round brilliant owes its
color—and its distinctive gemological properties—to a variety of
crystal defects. We saw mediumto-strong lines in the desk-model
spectroscope at 415 nm, 494 nm,
and 503 nm. The diamond fluoresced with medium strength in a
mixture of blue and yellow colors
to both long- and short-wave UV
radiation, and it showed a mixture
of blue and green fluorescence to
strong visible light (“transmission” luminescence). These properties indicate two optical centers
in this diamond—the N3 and
H3—which are composed of three
nitrogen atoms, and two nitrogen
atoms with a neutral vacancy,
respectively (Collins, 1982a).
The diamond also showed
medium-to-strong phantom grain-
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Figure 1. This dense tangle of natural
etch channels was typical of the
numerous etch features observed in a
25.02 ct brownish yellow round brilliant diamond. Photo by Vincent
Cracco; magnified 17×.

Figure 2. In this view of the
25.02 ct diamond, several etch
channels have converged to
form a rough-surfaced, undulating “cavern.” Photo by Vincent
Cracco; magnified 20×.

ing, with pale brown color along
two sets of graining planes; such
colored graining is believed to
form from dislocations between
octahedral planes in the diamond
(again, see Collins, 1982a).
However, all colored diamonds
contain some crystal defects, and
many show defect combinations
similar to those observed in this
diamond, but relatively few show
any etch tubes. The presence of
such extensive etching suggests
that the original crystal (1) was
full of dislocations and other
weaknesses, and (2) had an unusually prolonged exposure to the
caustic geologic fluids that can
chemically oxidize diamond.
The etch features in this diamond formed in a number of interesting shapes (see, e.g., figures 1
and 2), as well as in a range of sizes
(see, e.g., figure 3). They serve as a
reminder of the many differences
between laser drill holes and natural etch tubes or channels (see, e.g.,
Johnson et al., 1998). Although the
individual tubes in this diamond
were rather small in diameter,

they showed angular outlines,
rather than the round or oval outlines formed by laser drilling. Drill
holes are usually straight, but etch
tubes rarely are. Most tellingly,
drill holes tend to lead to some
inclusion, such as a void from
which a dark crystal was removed,
or a feather, which may be fracture
filled. In contrast, etch tubes follow atom-size crystal defects, and
thus appear to meander randomly
through the diamond.
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Figure 3. Note the width variations within this single etch channel, which abruptly narrows and
turns back on itself, looping in
tight curves. Photo by Vincent
Cracco; magnified 33×.
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DIAMOND WITH MANY
MICROSCOPIC CARBONATE
INCLUSIONS
Wuyi Wang and Thomas M. Moses
Mineral and fluid inclusions in diamond have been studied extensively,
because of the unique information
they offer about diamond formation
and the geochemistry of the Earth’s
mantle. Carbonate, phosphate, and
water inclusions of microscopic scale
also have been reported in the coatings on many of those natural diamonds that have a translucent outside “skin” and a transparent gemquality core (see, e.g., Navon et al.,
1988). Ranging up to 1 mm thick,
these coatings generally are removed
by the cutting and polishing process,
although coatings on some (usually
very small) cuboid opaque diamonds
could extend to the central part of the
crystals. The East Coast laboratory
recently examined a faceted diamond
(figure 1) that had dense microscopic
carbonate inclusions similar to those
found in such coatings; however, the
micro-inclusions occurred throughout the entire stone, with relatively
large particles aligned in many nearly
parallel bands (figure 2). These inclusions also showed some interesting
features in their composition.
The 2.38 ct round brilliant cut
(8.63 × 8.66 × 5.27 mm) was color
graded Fancy Dark brown–greenish
yellow, and its clarity was at the bottom of the GIA clarity grading scale.
Indeed, it was translucent due to the
micro-inclusions. No transparent
region was observed even with magnification. Infrared absorption spectroscopy showed that the diamond
was a type IaA, with very low nitrogen but relatively high hydrogen concentrations (figure 3; 3107 cm−1 peak).
Strong absorptions at 1471–1433 and
874 cm −1 , and a weak but sharp
absorption at 729 cm−1, from microinclusions of calcite and dolomite-

Figure 1. This 2.38 ct Fancy Dark
brown–greenish yellow diamond
contains numerous microscopic
carbonate inclusions. Photo by
Elizabeth Schrader.

ankerite were detected. These features are similar to those observed for
micro-inclusions in diamond coatings. However, a strong and sharp
peak at 3698 cm−1 also was observed,
which is not present in coatings and
rarely occurs in diamond. Another
unusual feature of this diamond was

Figure 2. Micro-inclusions occur
throughout the 2.38 ct diamond,
and relatively large particles are
aligned to form many nearly parallel bands. Width of the image
is 3.2 mm. Photo by Wuyi Wang.

that no water component was detected. Water is very common in diamond coatings, and the absence of
water and the relatively large size of
this diamond indicate that it crystallized in a stable carbonate-rich and
water-poor environment.
Despite the low clarity, this diamond was of interest due to the
numerous micro-carbonate inclusions and their uniform arrangement.

Figure 3. The IR absorption spectrum of this unusual diamond revealed
the presence of calcite and dolomite-ankerite (i.e., features at 1471–1433,
874, and 729 cm −1). The absorption at 3698 cm −1 is rarely observed in diamond or its inclusions; its assignment is unclear.
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From GEMS & GEMOLOGY, Vol. 10, No. 6, 1961, pp. 184–185

NATURAL YELLOW
DIAMONDS
G. Robert Crowningshield
It has been our finding, having
observed thousands of natural yellow diamonds, that up to a point,
the deeper the yellow, the stronger
it will display the cape series of
absorption lines in the spectroscope. However, a truly fine, richyellow natural stone will display
no absorption bands whatsoever.
Therefore, we were surprised
when we examined a 5 ct marquise of a color in which no bands
were expected to see the absorp-

Figure 1. When examined with the spectroscope, this yellow diamond displayed a strong cape series of absorption lines.

tion spectrum illustrated in figure
1. Instead, the cape series was
stronger than we have ever seen,
and, in addition, there were two

lines, one at about 512 nm and
another at 504 nm. Its fluorescence was sulfur yellow under 365
nm long-wave ultraviolet light.

From GEMS & GEMOLOGY, Vol. 10, No. 11, 1962, p. 338

UNUSUAL DIAMOND
SPECTRUM
G. Robert Crowningshield
Figure 1 illustrates an unusual
spectrum of a bright yellow, natural-color diamond that fluoresced
an intense yellow-green. The
bright line at approximately 504
nm is undoubtedly due to the
unusual fluorescence.

Figure 1. The absorption spectrum of a yellow diamond that
fluoresced green.

From GEMS & GEMOLOGY, Vol. 15, No. 8, 1976–1977, p. 235

TRUE CANARY
Richard T. Liddicoat Jr.
A truly lovely square-cut canary
diamond in a turn-of-the-century
platinum mounting was received
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for identification and a determination as to whether the color was
natural. It had a beautiful orangy
fluorescence to both short-wave
and long-wave ultraviolet and was
totally without the usual cape spec-
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trum of a canary diamond. This is
what Basil Anderson, longtime
director of the London Laboratory,
referred to frequently as a true
canary. It was a very lovely stone.
We do not see these very often.
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From GEMS & GEMOLOGY, Vol. 26, No. 4, 1990, pp. 295–296

FANCY INTENSE YELLOW
DIAMOND
G. Robert Crowningshield
Ever since the laboratory first
encountered a Sumitomo synthetic yellow diamond in the course
of routine testing four years ago,
we have routinely tested all
intense yellow diamonds with
both long- and short-wave UV
radiation. Readers may recall that
Sumitomo synthetic yellow diamonds do not fluoresce to longwave UV, but do fluoresce a
chalky greenish yellow to shortwave UV (see Shigley et al., 1986).
In addition, because they are type
Ib diamonds, they do not exhibit
any absorption lines in the handheld spectroscope, which are present in many type Ia’s.
Thus far, with the exception of
the 0.80 ct round-brilliant-cut
stone referred to in the above article, all the faceted Sumitomo synthetic diamonds we have seen
have been small (less than
0.25–0.30 ct) square step cuts, having been fashioned from the squarish tablets prepared and sold by
Sumitomo for use as heat sinks for
electronic applications. Although
we would be surprised at this time
to encounter any other shape, we
do test all small intense yellow
diamonds, regardless of shape.
While writing this note, we

Figure 1. Two of the fancy-color
yellow diamonds in the brooch of
0.5–1.0 ct stones fluoresced to
short-wave, but not to long-wave,
UV. Photo by Nicholas DelRe.

learned that Sumitomo has manufactured a few gem-quality synthetic yellow diamond crystals in
excess of 9 ct (J. Shigley, pers.
comm., 1990). However, the firm
still maintains that it has no plans
to market crystals to the jewelry
industry.
Recently, the East Coast laboratory received for examination a
brooch (figure 1) that contained a
number of fancy-color yellow marquise and pear-shaped brilliants.
We were surprised to observe that
two of the marquise shapes (each
approximately half a carat) did not
fluoresce to long-wave, but did fluoresce greenish yellow to shortwave, UV radiation. Because of
the settings, we could not deter-

Figure 2. The similarity in appearance between a Sumitomo synthetic yellow diamond (here, the
0.19 ct stone in the center) and the
natural fancy-color yellow diamonds in this brooch shown in figure 1 is striking. The stone at the
lower left is one of the two that fluoresced to short-wave UV radiation. Photo by Nicholas DelRe.

mine if these stones had the color
zoning that is sometimes visible
in the Sumitomo synthetic diamonds. However, infrared spectroscopy established that these
two stones were not pure type lb
diamonds, as all gem-quality synthetic yellow diamonds encountered to date have been. They
were a mixture of types Ib and Ia, a
strong indication of natural origin.
Figure 2 shows a magnified view
of a section of the brooch with a
0.19 ct Sumitomo synthetic diamond placed in the center for
comparison. The stone at the
lower left is one of the two that
fluoresced to short-wave UV.
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From GEMS & GEMOLOGY, Vol. 33, No. 1, 1997, pp. 54–55

TWO NOTEWORTHY STONES
FROM THE AMERICAS
Thomas M. Moses
The October 11, 1996, Rapaport
Diamond Report included an
article on the purchase of a 28.3
ct rough diamond, recently recovered from the Kelsey Lake mine
in Colorado (Johnson and Koivula, 1996). The highly etched
brownish yellow crystal yielded a
5.39 ct pear-shaped brilliant (figure 1). A rather deep, etched
feather was seen in the pavilion
of the finished stone (figure 2).
Although this stone was submitted to the laboratory for an
Identification and Origin of Color
Report only, we would have graded the clarity in the SI range; the
color was graded as Fancy Deep
brownish yellow.
Fluorescence to long-wave
ultraviolet radiation was strong in
intensity and predominantly blue
with small zones of strong yellow.
The diamond fluoresced a weaker
yellow to short-wave UV. The
absorption spectrum, seen at low
temperature using a desk-model
spectroscope, showed a strong
cape series and weak, sharp bands
at about 545 and 563 nm. These

Figure 2. An etched feather can
be seen in the pavilion of the
Kelsey Lake diamond shown in
figure 1. Photomicrograph by
Nicholas DelRe; magnified 57×.
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Figure 1. This 5.39 ct Fancy Deep brownish yellow diamond was cut from
a 28.3 ct piece of rough recovered from the Kelsey Lake mine in Colorado.
Photo by Nicholas DelRe.

properties are consistent with
hydrogen-rich diamonds (Fritsch
and Scarratt, 1993). Although the
distinctive properties of this class
of diamond were observed dec ades ago, hydrogen’s role in causing the color was only recognized
in the last five years. These hydrogen-rich diamonds have also

Figure 3. This 2.15 ct old-minecut diamond was graded Fancy
Intense greenish yellow. Photo by
Maha DeMaggio.
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occurred in other recently developed sources, such as in Australia,
Russia, and the Jwaneng mine in
Botswana.
Only a few days after we saw
the Kelsey Lake stone, a long-

Figure 4. The green transmission
luminescence in the diamond in
figure 3 is best seen when the
stone is excited with a strong
incandescent light source, such as
fiber-optic illumination. Photo by
Maha DeMaggio.

time GTL client submitted a 2.15
ct old-mine-cut diamond (figure 3)
that was reportedly from Brazil.
Graded Fancy Intense greenish
yellow, this stone revealed gemological properties common to
stones with strong “green transmission” luminescence. The H3
optical center that is associated
with this effect gives rise to
absorption bands at about 494 and
503 nm. Diamonds with this optical center not only routinely fluoresce strongly to UV radiation,
but they also are excited by visi-

LAB NOTES

ble light—often appearing quite
green when exposed to a strong
incandescent light source (figure
4). This strong luminescence may
influence the color grade of such
diamonds, as it did with this one.
In our experience, some diamonds
with these properties do originate
from Brazil and Venezuela, thus
lending support to this stone’s
reported provenance (see also
Cottrant and Calas, 1981).
According to our client, the
stone was reportedly given by
Pedro II (emperor of Brazil from

1831 to 1889) to his niece. A
member of the Braganza royal
family, which ruled Portugal
from 1640 until 1910, Pedro II
was purportedly greatly interested in diamonds and mineral
specimens.
The submission of diamonds
of known or well substantiated
provenance provides the laboratory with the opportunity not only
to document the properties of
such stones, but also to help
answer ongoing questions related
to the origin of color in diamonds.

From GEMS & GEMOLOGY, Vol. 39, No. 2, 2003, pp. 144–145

BROWN-YELLOW DIAMONDS
WITH AN “AMBER CENTER”
AND PINK LAMELLAE
Wuyi Wang and Thomas M. Moses
Color in diamond is caused by
defects that have selective absorption within the visible range
and/or a tail of an absorption
band that extends into the visible
range. The ~480 nm band (known
as the amber center) commonly
causes a pleasing yellow-orange
coloration, while the ~550 nm
band results in an attractive
pink. These broad absorption
bands are distinct from many
other defects in diamond because
of their coupling between electronic and vibrational transitions. This coupling is so strong
that the zero-phonon line is too
weak to be detected, with the
result that the side bands broaden into a single band. The East
Coast laboratory recently examined two unusual diamonds that
displayed not only a strong ~480
nm band, but also pink lamellae
that are caused by a ~550 nm
band (see Fritsch, 1998). The color

Figure 1. These two natural-color brown-yellow diamonds (1.02 and 2.03
ct) have an unusual combination of defects. Photos by Elizabeth Schrader.

of these stones appeared to be
influenced primarily by the
amber center, resulting in a less
attractive, predominantly brownyellow bodycolor.
The two diamonds (1.02 and
2.03 ct) were fashioned as marquise brilliants (figure 1). The
smaller one (11.24 × 5.28 × 2.99
mm) was graded Fancy Deep
brown-yellow, and the larger
(14.98 × 6.16 × 3.75 mm) was
graded Fancy Dark brown-yellow.
Both were type IaA, with relatively low concentrations of nitrogen
and moderately high levels of
hydrogen impurities. The smaller
diamond showed a moderately
chalky, strong orangy yellow flu-

orescence to long-wave ultraviolet radiation, and moderate yellow fluorescence and phosphorescence (lasting for more than 30
seconds) to short-wave UV. The
same fluorescence and phosphorescence features were also
observed in the larger diamond,
except for small portions that
showed a blue reaction to longwave UV. We did not observe any
mineral inclusions with the
gemological microscope. An outstanding feature of the larger diamond was the presence of strong
parallel pink lamellae in about
half the stone (figure 2). Weak
pink lamellae were seen at one
tip of the smaller stone. Most of
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Figure 2. The 2.03 ct brown-yellow diamond contained parallel
pink lamellae in about half the
stone. Photomicrograph by Wuyi
Wang; magnified 60×.

these individual bands led to a
gradual increase in absorption
from ~600 nm to the higher energy side, resulting in the brownyellow coloration.
The defects responsible for
the 480 and 550 nm absorption
bands are not known. The occurrence of pink lamellae in a yellow stone and also of two vibronic centers without a zero-phonon

line within the same diamond is
very unusual. There are no
reported cases of these absorptions having been created by any
sort of treatment in either natural or synthetic diamonds. Based
on this and the other gemological
and spectroscopic features, the
evidence was compelling that the
color in these two diamonds was
natural.

Figure 3. An unusual combination of absorption bands in the UV-Vis region
produced the brown-yellow coloration in both the 1.02 and 2.03 ct diamonds.
(Incident light passed through girdle of 5.28 mm in maximum dimension.)

these gemological features are
comparable to natural yelloworange diamonds that have an
amber center, and the blue fluorescence to long-wave UV is common in pink diamonds.
UV-Vis spectroscopy of both
diamonds showed two strong,
broad absorption bands at 370
and 480 nm (figure 3). In addition, relatively weak absorption
bands at 415 (N3) and 426 nm
were also detected. A ~550 nm
band related to the pink lamellae
is not evident in figure 3, due to
overlap with the tail of the 480
nm band. The combination of

GEM NEWS INTERNATIONAL
A NATURAL YELLOW DIAMOND WITH
NICKEL-RELATED OPTICAL CENTERS
Jean-Pierre Chalain
A Fancy Light yellow 2.95 ct round brilliant diamond
was recently submitted to the SSEF Swiss
Gemmological Institute for color authenticity determination (figure 1). In the course of standard testing,
we noticed the presence in its UV-visible spectrum
of clear nickel-related optical centers, which are usually encountered in flux-grown synthetic diamond.
Further spectroscopic analysis, as described below, in
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combination with the growth patterns, proved that
this Ni-containing diamond was natural and not a
synthetic. Although the presence of nickel in natural
diamonds has been previously documented (Noble et
al., 1998), we are not aware of any previous mention
of this in the gemological literature.
Microscopic observation of this diamond revealed
several small black-to-brown inclusions of unknown
origin. Numerous swirl-like patterns were visible
with darkfield illumination, and were more distinct
when crossed polarizers were used. With long-wave
UV radiation, the stone showed a strong “lemon” yel-

low reaction, which was mostly even except for a few
weaker zones close to the culet. The short-wave UV
reaction was similar in color though weaker in intensity. No magnetic test was performed.
The infrared spectrum showed a strong plateletrelated peak (higher than the two-phonon zone) and
a large and saturated absorption band between 1300
and 1050 cm −1. These features are typical for type Ia
diamonds that contain significant concentrations of
nitrogen. Several characteristic peaks in both the
one- and three-phonon zones indicated that the diamond also contained a moderate concentration of
hydrogen. This is consistent with its yellow UV fluorescence. If we consider both the presence of a
well-defined 1010 cm−1 peak and the absence of the
484 cm −1 peak, it is reasonable to assume that the
majority of nitrogen was present as B aggregates.
The UV-Vis absorption spectrum, recorded at
approximately –120°C, showed a strong N3 center,
with an absorption coefficient of 2.0 cm −1 at 415.2
nm. A series of weak peaks (343.6, 347.3, 360.3,
363.5, and 366.9 nm) were recorded that so far have
been described only in synthetic diamonds (Field,
1992). Also present was another series of weak peaks
(467.9, 473.0, 477.5, and 546.7 nm) that have been
previously attributed to nickel- and nitrogen-related
absorptions in annealed type Ib synthetic diamonds
(Shigley et al., 1993). In addition, a weak peak was
recorded at 793.3 nm (with an absorption coefficient
of 0.1 cm −1), which is commonly observed in both
natural and synthetic nickel-containing diamonds
and is almost certainly due to a nickel-nitrogen complex (D. Fisher, pers. comm., 2003).
The Raman photoluminescence spectrum of this
Figure 1. This 2.95 ct Fancy Light yellow natural diamond was found to contain Ni-related absorption features in the UV-visible region that have previously
been associated only with synthetic diamonds. Photo
by M. Krzemnicki, © SSEF.

Figure 2. This De Beers DiamondView image of the
Fancy Light yellow diamond with Ni-N–related optical centers shows irregular patterns of blue fluorescence, indicative of natural origin. Photo by J.-P.
Chalain, © SSEF.

diamond, recorded at approximately –120°C with a
514.5 nm (green) laser, showed two peaks of moderate intensity at 640.5 and 693.9 nm, and a very
strong peak at 700.5 nm. This last peak is usually
seen in natural type Ia diamonds. None of the
Raman photoluminescence peaks could be ascribed
to Ni-related optical centers.
Notwithstanding the features seen in the UV-Vis
spectrum, the natural origin of this diamond was
supported by many properties, the first of which was
the presence of irregular growth patterns. A
DiamondView image (figure 2) revealed blue fluorescence with irregular patterns close to the culet and
no phosphorescence (a synthetic diamond would
have displayed regular cubo-octahedral growth patterns, as shown in Welbourn et al. [1996]). The high
concentration of nitrogen, especially in the form of B
aggregates, the presence of a high platelet peak, and a
strong N3 center are also valuable indications for
natural diamond.
In conclusion, examination of this interesting diamond allowed us to observe, for the first time, Nirelated defects in a natural diamond by means of UVvisible absorption spectroscopy. The natural origin of
the diamond’s color was proven by the absence of
any coating, as well as the lack of any spectroscopic
features indicative of HPHT treatment or irradiation
and annealing.
This contributor is grateful to Dr. D. Fisher of
DTC Research, Maidenhead, UK, for providing constructive comments.
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GEM NEWS INTERNATIONAL
AN UNTREATED TYPE IB DIAMOND
EXHIBITING GREEN TRANSMISSION
LUMINESCENCE AND H2 ABSORPTION
Thomas Hainschwang and Franck Notari
These contributors recently analyzed a small greenish brownish yellow (“olive yellow”) diamond that
exhibited green transmission luminescence (figure
1) as well as an unusual combination of absorption
features. At first sight, the 0.12 ct diamond did not
appear particularly remarkable, except for its UV
luminescence, which was green to long-wave and
greenish yellow to short-wave UV radiation.
However, an infrared spectrum showed that the diamond was a low-nitrogen type Ib/IaA, with the single nitrogen clearly dominating the A-aggregates
(figure 2; see specifically the inset showing the
1358–1000 cm−1 region). This was surprising, since
green luminescence caused by the H3 center (the
combination of paired nitrogen [A aggregate] with a
vacancy) is commonly observed in type Ia diamonds
but seen only very rarely in type Ib diamonds.
Furthermore, the extremely low A aggregate concentration would not normally indicate the formation of distinct H3 luminescence. The total amount
of nitrogen in the diamond was roughly estimated
from the spectrum to be 15 ppm by comparison
with samples of known nitrogen content.
A strong “amber center” with its main peak at
4165 cm−1 was visible in the near-infrared region of
the spectrum (again, see figure 2), indicating a deformation-related coloration. This also was unusual,
since the amber center is typical for type Ia brown
diamonds colored by deformation and related defects
(Du Preez, 1965). In “olive” and brown type Ib diamonds with deformation-related coloration, the
main absorption of this defect has been found at
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4115 cm−1 or as a doublet at 4165 and 4065 cm−1
(Hainschwang, 2003). A “single” amber-center peak
at 4165 cm−1 in a type Ib diamond has not previously
been described.
The deformation-related color was confirmed by
observation in transmitted light between crossed
polarizers. The diamond showed very distinct parallel gray to black extinction in two directions along
octahedral growth planes, following “olive”-colored
graining visible in the stone (figure 2, inset). This
colored graining and extinction along the graining
are very common features in “olive” diamonds. The
order of extinction indicates that the stone is severely deformed and thus not optically isotropic. This is
explained by the fact that the dislocations (broken
bonds) caused by the deformation interfere with the
direct passage of light that would be expected in
truly isotropic materials. Even though strain associated with linear extinction and/or interference colors
can be found to some degree in practically all diamonds, strong parallel extinction in a colored diamond provides a good indication for deformationrelated coloration. Regardless of whether their green
coloration is hydrogen- or radiation-related, “olive”
diamonds seldom exhibit the strong strain pattern
described here.
These observations prompted further analysis of
the sample. A low-temperature spectrum was
recorded in the visible/near-infrared range, which
added to the unusual assemblage of absorption centers found in this diamond. The spectrum exhibited
a combination of weak H3 (503 nm), NV− (637 nm),
and H2 (986 nm) absorptions with associated structures, plus moderate broad bands at about 550 and
800 nm (figure 3). The H3, NV−, and H2 absorption
centers are typical of the visible-NIR spectra of
HPHT-treated type Ia diamonds (Collins et al.,

Figure 1. This 0.12 ct
diamond, shown on the
left in daylight, exhibits
green transmission
luminescence in darkfield illumination
(right), as well as an
unusual combination of
absorption features.
Photos by T.
Hainschwang.
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Figure 2. The FTIR spectrum of the diamond in figure
1 reveals that it is a type Ib/IaA, with isolated nitrogen clearly dominating the A-aggregates. The region
between at least 5000 and 4165 cm−1 comprises the
“amber center,” of which the 4165 cm−1 peak is the
main feature. The amber center is deformation related; the deformation is apparent in the extinction patterns visible with crossed polarizers (see inset; photo
by T. Hainschwang).

2000), and also can be created in type Ia or Ib diamonds through irradiation followed by annealing
(Zaitsev, 2001, pp. 136–137), although these features typically are moderate to strong in treatedcolor diamonds.
Despite this correlation, other features indicated
unambiguously that the diamond had not been
treated by either method, and was indeed natural
color. HPHT treatment of a brown-to-olive type Ib
diamond, even at very moderate temperatures,
would aggregate much of the single nitrogen and
destroy the amber center (Hainschwang et al., 2005b;
Katrusha et al., 2004). Besides the temperature/pressure conditions, the aggregation is influenced by the
total nitrogen content and the types of defects present. The combination of factors in this diamond
would enhance nitrogen aggregation under commonly used HPHT conditions. In addition, irradiation of a type Ib diamond followed by annealing
would create a very distinct NV− absorption, resulting in pink to purple coloration (Bienemann-

Figure 3. The low-temperature Vis-NIR spectrum of
the diamond in figure 1 shows weak absorptions for
the H3, NV −, and H2 centers, which is an unusual
combination for an untreated natural diamond.

Küespert et al., 1967). Radiation treatment would
also leave other traces, such as the 595 nm and the
H1a and possibly H1b absorptions, which were not
detected in this diamond.
The authors have recently seen the H2 center in
a suite of very rare type Ib diamonds containing
large concentrations of single-nitrogen that may
exceed 400 ppm. These stones showed no deformation-related features and were distinctly different
from the stone reported here. In contrast to these
high-nitrogen type Ib diamonds, this is the first type
Ib “H2 diamond” we have seen that shows a combination of H3, NV−, and H2 centers with classic
strain patterns between crossed polarizers and a
very low nitrogen concentration. The properties
observed for this diamond are, at this point, difficult
to explain. The deformation pattern and color distribution indicate octahedral growth and dynamic
post-formation conditions. Besides the strong postgrowth deformation and associated defects (dislocations, vacancies, and interstitials), the observed features suggest prolonged natural annealing at a low
enough temperature to avoid aggregation of the single nitrogen, but nevertheless resulting in the combination of defects noted.
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GEM NEWS INTERNATIONAL
A NATURAL DIAMOND WITH
VERY HIGH NICKEL CONTENT
Thomas Hainschwang and Franck Notari
Nickel in diamond (as point defects and nickel-nitrogen complexes) is mainly known in synthetics that
are grown from a Ni-containing catalyst. These synthetic diamonds may contain a large number of Nirelated absorption features in a wide region of the
spectrum, from the UV to the NIR (Lawson and
Kanda, 1993). The presence of trace Ni impurities in
natural diamonds has been known for years, but little has been published on the associated spectral features. Iakoubovskii and Adriaenssens (2001) and others have attributed a number of photoluminescence
features detected in natural diamonds to nickel.
More recently, the UV-Vis-NIR optical centers related to Ni and nickel-nitrogen complexes in a natural
diamond were published by Chalain (2003).
The present contributors recently analyzed a saturated orangy yellow 1.33 ct natural diamond (figure 1) that contained elevated contents of Ni and
exhibited very interesting properties. The diamond
fluoresced pinkish orange to both long- and shortwave UV excitation, which is a very rare emission
color for diamond. Yellow phosphorescence lasting
several seconds also was observed, which was more
distinct after short-wave UV excitation.
Internal features consisted of fractures and distinct etch channels, some with a tabular appearance (figure 1, inset). The morphology of these etch

Figure 1. This 1.33 ct orangy yellow natural diamond
displayed unusual Ni-related absorption features.
The stone contains numerous hollow etch channels
(see inset; magnified 25×), some of which appear dark
in the photo of the diamond. Photos by F. Notari.
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channels resembled that of the metallic flux inclusions in some HPHT-grown synthetic diamonds.
These inclusions are sometimes dissolved during
particular post-growth conditions, leaving behind
hollow channels.
Infrared spectroscopy revealed that this was a
low-nitrogen type IaA diamond with a very distinct
Ib character, as shown by peaks at 1359 and 1237
cm−1 and several sharp, weak absorptions between
3270 and ~3000 cm−1, with main features at 3180
and 3143 cm−1 (figure 2; see Woods and Collins,
1983). This spectrum indicated natural origin, since
most of the features recorded are unknown in synthetic diamonds.
A low-temperature Vis-NIR spectrum in the
400–1000 nm range was recorded to detect possible
color treatment (figure 3). This spectrum was very
unusual and exhibited at least 36 absorptions, with
multiple oscillations between 600 and 720 nm. These
oscillations are apparent as two distinct groups of
absorptions with individual peaks that show regular
spacing (i.e., 6–9 nm for the first group [610–647 nm]
and about 8–9 nm for the second group [686–720 nm]).
The oscillating nature of the second group is clearer
than the first, which has rather variable spacing, intensity, and curve shapes (see figure 3, inset). Such
spectral properties in diamond have been reported
before, and the oscillating nature of the defects has
been documented by Reinitz et al. (1998). Those
authors indicated that such a spectrum is extremely
rare and possibly due to vibronic interactions of some
unknown molecular species, particularly in green diamonds. In contrast, the saturated orangy yellow color
of the 1.33 ct diamond described here can be explained
by the absence of the two broad bands centered at
~700 and 600 nm, as seen in the spectrum of a green
diamond published by Reinitz et al. (1998). The transmission window in the green part of the spectrum of
the 1.33 ct diamond is distinctly weaker, so the stone
appears yellow. There is no indication that the color of
this diamond resulted from a treatment process.
A strong absorption at 891 nm (not mentioned
by Reinitz et al., since their spectra did not extend
above 850 nm) appeared to be a “normal” zerophonon line, and thus the broad band centered at
approximately 800 nm can be interpreted as the
vibronic structure of this defect (again, see figure 3).
To our knowledge, this is the first time that the 891
nm system has been documented in any diamond,
natural or synthetic.
In our experience, the general appearance and

Figure 2. The FTIR spectrum indicates that the
sample is a low-nitrogen
type IaA natural diamond
with a distinct Ib character, as shown by peaks at
1359 and 1237 cm −1 and
several sharp absorptions
between 3270 and ~3000
cm −1 (see insets). The
spectrum proves natural
origin, since most of these
features are unknown in
synthetic diamonds.

positions of several absorptions in this spectrum
have distinct similarities to the spectra of certain
synthetic diamonds grown with a Ni catalyst, especially after annealing at high temperature. We have
recorded Vis-NIR spectra of high-Ni synthetic diamonds with up to 25 sharp absorptions between 470
and 819 nm. Some of the absorptions seen in the
spectrum of the 1.33 ct orangy yellow diamond were
detected by us in a Ni-rich dark yellow-brown
Gemesis synthetic diamond (i.e., at 572, 610, 617,
647, 661, 670, 694, 711, 747, and 819 nm). In contrast, the combination of bands at 426 and 480 nm is
known in natural diamonds exhibiting a thermochromic and photochromic color change, the socalled “chameleon” diamonds (Fritsch et al., 1995).
Such diamonds also exhibit an 800 nm band,
although they lack the vibronic structure seen in the
spectrum of this sample. The 426 nm band provides
additional proof that this is a natural diamond.

The low-temperature photoluminescence spectrum of the diamond provided further evidence of Nirelated defects (figure 4). The PL spectrum was very
similar to those of chameleon diamonds analyzed by
these contributors, and many of the observed emissions correspond to known features that are assigned
to Ni point defects and nickel-nitrogen complexes.
The features at 639, 657, 677, 690, 705, 723, 739, 800,
and 884 nm seen in this diamond have been identified in Ni-catalyst synthetic diamonds and attributed
to nickel defects (Zaitsev, 2001). In addition to these,
the present authors know of emissions at 581, 590,
604, 616, 647, and 756 nm in synthetic diamonds
grown from a Ni-containing catalyst.
EDXRF spectroscopy of the diamond revealed
distinct peaks for both Ni and Fe. From the spectrum we estimated the Ni content of the diamond at
30–50 ppm. While the Fe content was not too
unusual for a natural diamond, the detection of Ni

Figure 3. Numerous absorptions are evident in this lowtemperature Vis-NIR spectrum
of the diamond. The inset
view of the 560–940 nm region
shows two separately recorded
spectra from this sample to
demonstrate the reproducibility of the small absorptions.
Besides the possibly oscillating
nature of the defect(s) responsible for the 600–720 nm
absorptions, the vibronic
nature of the broad band at
800 nm with its zero phonon
line at 891 nm is apparent.
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by EDXRF spectroscopy has so far been restricted to
synthetic diamonds grown by the temperature gradient method using a Ni-containing catalyst (Shigley
et al., 2002). In natural diamonds, the Ni content is
generally far too low to be detected by this method.
The same holds true for UV-Vis-NIR absorption
spectroscopy, by which Ni point defects and nickelnitrogen complexes can be identified in synthetic
diamonds; in contrast, Ni-related features in natural
diamonds are very rarely detected by this method.
The only nondestructive method to effectively
detect extremely low Ni contents in diamond is
photoluminescence spectroscopy (see Zaitsev, 2001).
The complex Vis-NIR and PL spectra of this diamond are explained with high probability by the
presence of an unusually high concentration of Nirelated defects. Our observation of many absorptions
at approximately equal positions in the Vis-NIR and
PL spectra of Ni-catalyst synthetic diamonds, combined with the detection of remarkable amounts of
Ni in the 1.33 ct stone by EDXRF, lead us to propose
that at least some of the many peaks in these spectra
are due to naturally occurring Ni and/or nickelnitrogen complexes. It would be very surprising not
to detect Ni-related optical absorptions in the PL and
Vis-NIR spectra of a diamond with such elevated Ni
content, especially after the natural annealing this
stone must have experienced, since substantial
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amounts of its nitrogen were aggregated. Further
chemical analyses of diamonds exhibiting these
spectral features will be performed to confirm these
findings as we encounter the appropriate samples.
We thank Dr. Ilene Reinitz of the GIA Gem
Laboratory in New York for reviewing this report.

Figure 4. The low-temperature photoluminescence
spectrum of the diamond exhibits several emissions
that appear to be Ni-related. The inset shows the
weak Ni-related feature at 884 nm plus a weak 930
nm peak of unknown origin.

LAB NOTES
DIAMOND WITH
NATURAL INTERNAL
IRRADIATION STAIN
G. Robert Crowningshield
Green and brown surface irradiation stains have traditionally been
used to identify natural color in
green diamonds. These characteristic stains are a result of natural
irradiation within the earth.
Occasionally, a near-colorless or
very light yellow diamond may
also have some natural irradiation
stains. Theoretically, such a stone
could be artificially irradiated to
produce a green color. Con sequently, these stains are not
proof of natural origin of color,
but only an indication. Unfor tunately, not all artificially treated diamonds exhibit the 592 nm
absorption line that, when present, has been considered charac-

From GEMS & GEMOLOGY, Vol. 21, No. 4, 1985, p. 233

teristic of artificially irradiated
diamonds.
A 2.40 ct very light yellow
pear-shaped diamond was submitted to the New York laboratory
for a damage report. During the
initial examination we noted a
natural brown irradiation stain on
the girdle. While examining the
flaw in question (an inherent fracture) we noticed a natural irradia-

tion stain within the stone on one
of the planar surfaces of the fracture (figure 1). This is the first
time the laboratory has seen an
irradiation stain inside a diamond.
It was located at a depth of
approximately 1 mm. We can
only speculate as to the cause of
the interior staining. Perhaps a
radioactive liquid infiltrated the
fracture at one time.

Figure 1. Internal irradiation stain on a fracture in a diamond. Photo by David
Hargett; magnified 20×.

From GEMS & GEMOLOGY, Vol. 25, No. 2, 1989, pp. 102–103

FANCY INTENSE YELLOW
DIAMOND WITH A GREEN
IRRADIATION STAIN
David Hargett
The East Coast laboratory recently examined a 1.68 ct Fancy
Intense yellow natural color,
cushion octagon-shaped modified
brilliant-cut diamond. The green
irradiation stain on the pavilion
(figure 1) is the first such stain
this lab has seen on a naturally
colored fancy yellow diamond.
With the Beck hand-held spectroscope unit, the diamond displayed a rich cape series spectrum.

It also displayed a fine absorption
line at about 520 nm. This line is
occasionally observed in intense
yellow cape series diamonds. The
diamond showed no evidence of
irradiation in its spectrum, and the
fact that the irradiation patch was
still green is another indication of
natural color. If irradiation patches
were present on a treated yellow
diamond, the heat from the
annealing process that must be
used to create an artificial yellow
color would cause them to turn
brown. Brown irradiation stains
also occur, if rarely, on natural yellow diamonds.

Figure 1. A green irradiation
stain visible at 60× magnification on this facet junction is a
good indication that the color of
this Fancy Intense yellow diamond is natural. Photomicrograph by David Hargett.
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LAB NOTES
GREEN SURFACE-COLORED
ROUGH FASHIONED TO A
FANCY LIGHT YELLOW
David Hargett
A client recently allowed the
East Coast laboratory to follow
the progress of a 22.94 ct light
green rough octahedral diamond
through sawing, cutting, and polishing and record its gemological
and spectral characteristics at
each stage.
Examination of the rough diamond with both the unaided eye
and a gemological microscope,
using diffuse illumination, led us
to speculate that the green color
was confined to the surface. Once
the crystal was cut and polished,
we believed, the green color
would disappear and the resulting
faceted stones would have a yellow body color.
Infrared spectroscopy of the
rough crystal revealed that it was
a type IaA + B, with the body color
due to absorption caused by the
presence of nitrogen. The crystal
displayed the classic cape absorption lines in the Beck hand-held
spectroscope.
We then examined the rough

From GEMS & GEMOLOGY, Vol. 27, No. 2, 1991, pp. 109–110

crystal with a Pye Unicam model
8400 UV-Vis spectrophotometer
to look for absorption lines associated with the radiation damage
to the lattice structure that contributes to a green color. The
crystal did reveal this type of
absorption, known as the GR1,
with its characteristic sharp band
at 741 nm.
Although we saw no natural
brown or green radiation stains on
the rough crystal, we believe that
the green coloration was natural.
The stone was reported to be from
Angola, and Central Africa is
known to be uranium rich; natural
radiation from uranium can affect
the coloration of diamond crystals.
Furthermore, there was no artificial color zoning such as is
induced by electron or cyclotron
treatment.
The crystal was then sawed
into two pieces, 15.93 and 6.56 ct.
Although these two pieces
retained the original greenish coloration (figure 1), we were surprised that both showed a very
weak absorption line at 503 nm
that was not present in the original piece of rough. Perhaps this
was caused by the heat of sawing,

Figure 1. Even after a diamond
with what appeared to be a green
“skin” was sawed, the green surface color was still prominent. The
6.56 ct piece is shown here. Photo
by David Hargett.

which required three eight-hour
days to complete.
The larger piece of rough yielded an 11.01 ct radiant cut with no
trace of green color visible; this
stone was graded Fancy Light yellow. Thus, our original speculation about the final color proved to
be correct. The UV-visible spectrum of the fashioned stone also
showed that the GR1 radiation
absorption band was no longer
present, undoubtedly because the
green surface had been completely
removed in fashioning.

From GEMS & GEMOLOGY, Vol. 10, No. 3, 1960, p. 71

GRAYISH YELLOW* DIAMOND
G. Robert Crowningshield
Most electroconductive diamonds reported have been blue,
although other colors have also
been found to be electroconductive. It is assumed that all such
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diamonds are type IIb diamonds.
We examined a 17 ct marquise
diamond of a nondescript grayish
yellow color and found it to be
highly conductive. Under immersion, it was found to be highly
laminated, and in places the laminations were blue. Other proper-
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ties, such as X-ray phosphorescence, were consistent with type
IIb diamonds.

*This color would likely be considered “grayish greenish yellow” today.—Ed.

LAB NOTES
AN ODD CANARY DIAMOND
Richard T. Liddicoat Jr.
We had occasion to examine a
canary diamond recently to deter-

From GEMS & GEMOLOGY, Vol. 12, No. 6, 1967, pp. 186–187

mine whether the color was natural or the result of irradiation plus
heat treatment. During the course
of the examination, we were startled at the reaction of the stone in

GEM NEWS INTERNATIONAL

light that had passed through a
copper-sulfate solution. The stone
turned to a rather bright red. We
can never recall having seen such
a reaction in the past.

From GEMS & GEMOLOGY, Vol. 20, No. 4, 1984, p. 243

WORLD’S LARGEST UNCUT DIAMOND
DISPLAYED AT SMITHSONIAN
John I. Koivula, Ed.
The world’s largest existing uncut diamond—890
ct—was placed on display at the National Museum
of Natural History, Smithsonian Institution, following its unveiling by The Zale Corporation in
Frankfurt and New York (figure 1). The date and
place of the stone’s discovery are not known.
Cutting of the stone was scheduled to begin
immediately after the close of the exhibit on
January 6, 1985. The undisclosed cutter estimates it
will take 18 months to finish the faceted gem. The
final shape has not yet been determined, though the
modern pear, oval, and briolette are among the cuts
being considered.
Only three rough diamonds larger than this one
have ever been found—the Cullinan (3,106 ct), the
Excelsior (995.2 ct), and the Star of Sierra Leone
(968.9 ct). The largest individual polished diamonds
in the world are the Cullinan I and II, which weigh
530.20 and 317.40 ct, respectively, and currently
rest among the British Crown Jewels. Some experts
feel that Zale’s diamond could yield a cut stone larger than either of these.*
The diamond is owned by Christ, the European
subsidiary of The Zale Corporation.

Figure 1. The 890 ct Zale diamond, the fourth largest
rough diamond ever discovered, with its 1 ct faceted
counterpart.

*This rough ultimately yielded the 407.48 ct Fancy brownish yellow, Internally Flawless diamond now known as the Incomparable.
See King et al. (1994; p. 135 in this volume) for a photo and more
information.—Ed.
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LAB NOTES

From GEMS & GEMOLOGY, Vol. 30, No. 2, 1994, p. 116

DIAMOND WITH UNUSUAL
COLOR ZONING
Robert C. Kammerling and
Shane F. McClure
Diamonds with a yellow body
color generally have fairly even
color distribution throughout.
When color zoning does occur, it
is usually in the form of areas
that are lighter and darker yellow, with indistinct boundaries.
So, the West Coast lab staff were
surprised to see the unusual
color zoning evident in the 1.08
ct marquise brilliant shown in
figure 1. Microscopic examination revealed two very distinct,
parallel, dark yellow color bands
in a stone of otherwise lighter
yellow color. Running the length
of the stone, the bands were
more reminiscent of color distribution commonly seen in yellow
sapphires.
With long-wave ultraviolet radiation and magnification, the band-

Figure 1. Parallel color banding is
sharply defined in this 1.08 ct
marquise brilliant-cut diamond,
which measures 10.71 × 5.25 ×
3.26 mm. Photomicrograph by
Shane F. McClure; magnified 17×.

ing was strikingly pronounced. It
fluoresced a strong yellow that contrasted with the weaker blue fluorescence of the main body of the
stone (figure 2). In fact, the orientation of the bands combined with
the strength of their fluorescence to
give the stone an overall yellow fluorescence when viewed face-up
with the unaided eye.

Figure 2. When the diamond in
figure 1 was examined with longwave UV radiation, the bands
fluoresced yellow and the rest of
the stone fluoresced blue.
Photomicrograph by John I.
Koivula; magnified 17×.

This color distribution, obviously unrelated to the faceted
shape, is an indication of natural
color. Considering this and the
fact that the diamond exhibited
no distinct absorption lines that
would be associated with laboratory irradiation, we concluded
that the color was natural.

From GEMS & GEMOLOGY, Vol. 32, No. 3, 1996, pp. 204–205

DIFFERENT COLORS
FROM THE SAME ROUGH
Ilene Reinitz
Yellow to brown colors in diamond are usually caused by nitrogen impurities found in various
states of aggregation (see Collins,
1982a). It has been shown that
nitrogen is often distributed
unevenly in the diamond crystal
(see, e.g., Boyd et al., 1988). Con sequently, it is common that two
near-colorless diamonds cut from
the same piece of rough will differ
by a few color grades. Hydrogen
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impurities may also cause an
uneven distribution of gray or
brown color in diamond (see
Fritsch and Scarratt, 1993).
Last fall, a diamond dealer
shared a particularly vivid example of the consequences of such
variability with staff members in
the East Coast lab. Although he
had noticed some unevenness to
the color before sawing the rough
diamond into the two pieces
shown in figure 1, he had expected that the rough would produce
two fancy-color stones. However,
the larger of the two pieces yield-

COLORED DIAMONDS WITH UNUSUAL CHARACTERISTICS

Figure 1. These two pieces are from
the same brownish yellow rough
diamond. Nearly all the color ended
up in the 7.32 ct portion, whereas
the 1.35 ct piece is near-colorless.
Photo by Nicholas DelRe.

ed a 3.79 ct “radiant” cut with a
color grade of Fancy brownish yellow, whereas the smaller piece
finished out as a 0.78 ct pear
shape of G color.
Although the two pieces had
some similar gemological properties—such as inclusions in both of
small brown crystals (probably
garnet, judging from their partly

dodecahedral shape)—there were
substantial differences in their
infrared spectra, which reflect
their different impurity concentrations. The larger, brownish yellow piece had strong peaks due to
nitrogen and moderate hydrogen
peaks; however, the near-colorless
piece showed moderate nitrogen
and weak hydrogen absorptions.

The nitrogen in both pieces had
the same aggregation state, with
approximately equal amounts of
A and B aggregates. Much of the
color in the brownish yellow
piece was concentrated in a
swirling cloud in the center, a distribution sometimes seen in
hydrogen-rich diamonds (again,
see Fritsch and Scarratt, 1993).
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LAB NOTES
ORANGE-BROWN DIAMOND
G. Robert Crowningshield
An orange-brown diamond,

From GEMS & GEMOLOGY, Vol. 9, No. 9, 1959, p. 268

which showed no evidence of
treatment in the spectroscope,
displayed intense red fluorescence under short-wave ultravio-

let, but there was no fluorescence
under long-wave ultraviolet. No
phosphorescence was observed
under either wavelength.

From GEMS & GEMOLOGY, Vol. 11, No. 2, 1963, pp. 38–39

DARK GREENISH BROWN
DIAMOND
G. Robert Crowningshield
Figure 1 is the absorption spectrum of an unusual dark greenish
brown diamond. We could detect
no absorption bands, but the bright
line at almost 630 nm (6300 Å) is a
fluorescent band, which is un doubtedly related to the stone's
intense orange fluorescence under
short-wave ultraviolet.

Figure 1. The absorption spectrum of a dark greenish brown diamond.
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LAB NOTES
NATURAL BROWN DIAMOND
G. Robert Crowningshield
When a natural-color dark brown
diamond was examined under
ultraviolet light, the staff was
surprised to see that only certain
areas fluoresced a bright yellow
and appeared to resemble the
face of a whimsical, big-eyed cat.
Figure 1 is a photograph taken of

From GEMS & GEMOLOGY, Vol. 11, No. 12, 1965–1966, p. 360

the stone under ultraviolet light,
using the Photoscope and a fiveminute exposure.

Figure 1. This brown diamond
exhibited uneven fluorescence.

From GEMS & GEMOLOGY, Vol. 11, No. 12, 1965–1966, pp. 366–367

YELLOW FLUORESCENT
DIAMOND
G. Robert Crowningshield
A dark yellow-brown, 3.57 ct marquise-cut diamond with intense
sulfur-yellow fluorescence yielded
the rather odd absorption spectrum
shown in figure 1. The lines and
bands at approximately 523, 548,
558, and 564 nm (5230, 5480, 5580,
and 5640 Å) form a combination
that we had never encountered.

Figure 1. This absorption spectrum for a dark yellow-brown diamond contained a combination of lines and bands that had never been encountered.

From GEMS & GEMOLOGY, Vol. 13, No. 4, 1969–1970, pp. 126–127

ANOTHER UNUSUAL
DIAMOND
Richard T. Liddicoat Jr.
Within the last few days, we
examined a yellow-brown emerald-cut diamond whose characteristics were quite similar under the
spectroscope to those described in
an earlier report by our New York
laboratory. The stone had yellowish fluorescence, a strong absorption line at 415.5 nm (4155 Å), a
fairly strong line at 478 nm, a very
weak line at about 505 nm (probably the familiar 504 nm line),
another fairly strong line at
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Figure 1. A yellow-brown diamond contained two absorption lines in the
550 nm region, a rare occurrence.

approximately 548 nm, plus a
very thin, sharp, stronger line just
below 570 nm (figure 1). There
was no line at 592 nm.
It seems clear to us that the dia-
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mond was of natural origin, but
the two lines in the 550 nm area
were so rare as to have been reported only a few times in the past and
were thus worthy of mention.

LAB NOTES

From GEMS & GEMOLOGY, Vol. 11, No. 1, 1963, pp. 25–26

NATURAL-COLOR BROWN
DIAMOND
G. Robert Crowningshield
One of the characteristics that we
have noted as fairly typical of certain natural-color brown diamonds that show no absorption
spectrum is dense clouds within
the heart of the stone. Sometimes
the cloud is so dense as to
obscure the culet, and frequently
it has a symmetrical shape.
Figure 1 illustrates a dense irregular cloud, and figure 2 shows a
most unusual snowflake-shaped
cloud that obscures the culet.
Most of these natural, brown
cloud–containing diamonds fluo-

Figure 1. This dense cloud is typical of brown diamonds with no
absorption spectrum.

Figure 2. A snowflake-shaped
cloud obscures the culet of this
brown diamond.

resce under long-wave ultraviolet
light with a yellow to whitish

yellow cast—sometimes, with
almost a sulfur-yellow glow.

From GEMS & GEMOLOGY, Vol. 11, No. 9, 1965, pp. 269–270

CLOUDS IN NATURALCOLOR BROWN DIAMONDS
G. Robert Crowningshield
We have commented before on
the natural-color brown diamonds
that often have a central cloud of
a very symmetrical shape. Recently, all but one of a lot of 17 natural brown diamonds submitted to
the Laboratory showed a central
cloud of this type. Figure 1 illustrates the effect very well.

Figure 1. This cloud-like, symmetrical inclusion was observed in the
center of a brown diamond.
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LAB NOTES
COLORED DIAMOND
CRYSTAL SET IN A
“RENAISSANCE RING”
Thomas M. Moses
The increasing popularity of
fancy-color diamonds is also often
associated with the Argyle
deposit, because of the many
brown and pink diamonds it produces (Federman, 1987). Con sumer awareness has been heightened recently by jewelry manufacturers’ promotions of finished
pieces that incorporate these colored diamonds.
The ring shown in figure 1 was
sent to the East Coast laboratory
for identification of the stone and,
if it proved to be a diamond,
whether the color was natural or
treated. The dark brown octahedron was, without a doubt, a diamond. It measured 5.00 × 4.85
mm wide where mounted into
the bezel; the closed-back setting

From GEMS & GEMOLOGY, Vol. 28, No. 4, 1992, p. 263

prevented measurement of its
height. Using the microscope and
diffused lighting, we observed pronounced brown graining. This,
together with the absence of sharp
absorption bands in the hand
spectroscope and the weak yellow
fluorescence to long-wave ultraviolet radiation, confirmed that the
color was natural.
This ring is very similar in
style to a ring from the Ren aissance period in Europe that is
featured on page 97 of Zucker
(1984). Although old styles are
often reproduced, empirical evidence such as the purity and the
patina of the gold, along with
the burnished effect on the bezel
that occurs with wear, indicates
that this is an original antique.
The intricate workmanship, and
the fact that the ring is very well
preserved, suggests that colored
diamonds have been desirable
for centuries. Also, the apparent

Figure 1. The ring in which this
dark brown diamond octahedron
is set reportedly dates from the
Renaissance period. Photo by
Nicholas DelRe.

age of the ring leads us to
believe that the diamond is of
Indian origin.

From GEMS & GEMOLOGY, Vol. 30, No. 1, 1994, pp. 40–41

FANCY-COLORED
ROUGH DIAMOND
Ilene Reinitz and Thomas M. Moses
In most fancy orange-to-brown diamonds, the color is distributed
along graining throughout much—
if not all—of the stone. Thus, a
New York diamond dealer was
surprised and disappointed when
the cutting of an apparently
“fancy” orangy brown piece of
rough (as illustrated by the remnant in figure 1—right) produced a
near-colorless stone (figure 1—left).
Although this dealer was thoroughly familiar with the green
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Figure 1. The dark orangy brown rough diamond on the right is a remnant of
the piece from which the 1.18 ct rectangular modified brilliant, of I to J
range in color, was cut. Photo by Nicholas DelRe.

and/or brown irradiation stains
seen on the surface of some near-
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colorless rough, which are usually
removed during cutting, he had

never observed this kind of color
distribution in an orangy brown
diamond. Therefore, he brought
the cut stone and remnant to the
East Coast laboratory for examination, noting that the original
rough had been purchased in
Bangui, Central African Republic.
When we examined the remnant with a gemological microscope and diffused transmitted
light, we noted brown irradiation
stains covering the entire surface.
Although some darker stains were
readily apparent at high magnification, most of the stains were
pale brown with poorly defined
edges, which contributed to the
impression that the skin was
evenly brown (figure 2). Almost
all of these stains were extremely
shallow; even the darkest ones did
not appear to penetrate the surface more than 0.05 mm. We
noted one green irradiation stain
as well (again, see figure 2).
The visible absorption spectrum of this rough piece, measured
at low temperature with a PyeUnicam SP8-400 spectrophotometer, revealed a weak line (due to
irradiation) at 741 nm and a moderate absorption at 595 nm. The latter was strong enough to be clearly

LAB NOTES
NATURAL TYPE IB DIAMOND
WITH UNUSUALLY HIGH
NITROGEN CONTENT
Christopher M. Breeding
Nitrogen is by far the most common impurity in diamonds. If
most of the nitrogen in a diamond is present as isolated
nonaggregated atoms within the
crystal lattice (i.e., single substi-

visible with a desk-model spectroscope at room temperature. The
cut stone, of I to J range in color,
also showed an extremely weak
741 nm line in the spectrum, but
not the 595 nm absorption line. We
detected no residual radioactivity
from the shallow surface stains on
the rough remnant, one of the
properties occasionally encountered in laboratory-treated stones.
It appears that this stone was
exposed to both alpha radiation
and moderate heating in nature.
In 1943, B. W. Anderson noted
similar characteristics in brown,
surface-colored rough also from
the Central African Republic (see,
for example, Scarratt, 1982, p. 76).
Laboratory experiments have
shown that heat treating a diamond to 500–550°C will turn
green irradiation stains brown
while developing a 595 nm
absorption peak. However, some
researchers speculate that similar
effects may occur in nature at
lower temperatures maintained
over much longer periods. The
green stain on this piece of rough
suggests that exposure to radiation continued after heating had
stopped.
While the GIA Gem Trade

Figure 2. The color of the rough
shown in figure 1 was due to the
brown natural irradiation stains
that cover its entire surface. Note
also the green irradiation stain
toward the top left of the photo.
Photomicrograph by Nicholas
DelRe; magnified 126×.

Laboratory has seen many rough
diamonds with brown and green
irradiation stains contributing to
the color, this is our first en counter with a stone where the
dark brown stains completely disguised the inherent near-colorless
body color of the diamond crystal.
It also adds to the documentation
of rare naturally occurring 595 and
741 nm absorption features; the
former was once considered to be
evidence of laboratory irradiation
and heat treatment in all cases.

From GEMS & GEMOLOGY, Vol. 41, No. 2, 2005, pp. 168–169

tutional N, or C-centers), the diamond is considered to be type Ib.
Even very small amounts of this
type of nitrogen (<10 ppm) can
produce vivid yellow or orangeyellow colors, sometimes resulting in the highly sought-after
“canary” diamonds (see, e.g.,
King et al, 2005). Most natural
type Ib diamonds contain less
than 100 ppm of single substitu-

tional N, though synthetic diamonds commonly contain much
more. The concentration of Ccenters in synthetic yellow diamonds typically ranges up to
~200 ppm, but may be even higher in deeply saturated yelloworange or brown colors.
The West Coast laboratory
recently had the opportunity to
examine a natural diamond with
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Figure 1. This 0.24 ct Fancy Dark
pink-brown oval-cut diamond
proved to have an unusually high
type Ib nitrogen content. Photo
by Maha Calderon.

unusually high Ib nitrogen content. The 0.24 ct Fancy Dark
pink-brown oval cut shown in figure 1 contained so much nitrogen
that the signal intensity in the
region of the mid-infrared absorption spectrum where nitrogen is
measured (the one-phonon region,
~1400–800 cm−1) exceeded the
limits of our detector. Higher-resolution data revealed that the diamond was mostly type Ib with
some type IaA (aggregated) N and
also contained minor hydrogen
(figure 2). Using FTIR software
specially designed to measure
nitrogen concentrations in diamond, we calculated levels of 364
ppm Ib nitrogen and 132 ppm IaA.
This diamond contained more Ib
nitrogen than any previous natural or synthetic diamond that we
can recall examining in the laboratory. It is unusual that a diamond with such a high N content
escaped aggregation and remained
in its isolated form.
When examined with magnification, the diamond showed
irregular color zoning and only a
few small “feathers” and needlelike inclusions, similar to those
we have previously seen in type
Ib yellow diamonds (see, e.g.,
Crowningshield, 1994; King et al.,
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Figure 2. The mid-infrared absorption spectrum of the diamond in
figure 1 displays peaks at 1344 and 1130 cm−1, indicating a very high
type Ib nitrogen content, as well as some type IaA nitrogen and small
amounts of hydrogen.

Figure 3. The visible spectrum of the diamond in figure 1 shows complete absorption below ~515 nm and a broad band centered at ~610
nm; the latter probably contributes the pink component to
the diamond’s color.
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Figure 4. When exposed to strong
short-wave UV radiation in the
DTC DiamondView, the 0.24 ct
pink-brown diamond shows
zones that resemble the skeleton
of a fish. Photo by Christopher M.
Breeding.

2005). Strain was very weak and
was localized around the inclu-

sions. The diamond showed no
reaction to either long- or shortwave UV radiation from a handheld lamp. In the desk-model
spectroscope, general absorption
was present below ~510 nm.
More detailed data, collected at
cryogenic temperatures using a
high-resolution visible absorption
spectrometer, revealed very
strong absorption through most
of the visible spectrum, with
complete absorption below ~515
nm due to the abundance of Ib
nitrogen (figure 3). The steady
increase in absorption toward the
blue end of the spectrum was
accompanied by a broad band
centered at ~610 nm that likely
contributed the pink component
of the face-up color. The origin of

this band is unclear, but it may
be an extension of the deformation-related 550 nm band that
produces pink-red color in other
natural diamonds.
The diamond was also examined with the DTC Diamond View. Several irregularly zoned
areas of very weak green fluorescence were separated by more
intense green boundaries. The
zoning pattern of one region on
the table was particularly interesting because it resembled the
skeleton of a fish (figure 4). The
reason for this unusual zoning
pattern is not known at this time.
This stone is an excellent
example of a rare and unique scientific treasure that belies its
unremarkable appearance.
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LAB NOTES
UNUSUAL DIAMOND
WITH A TEMPORARY
CHANGE OF COLOR
G. Robert Crowningshield
A most unusual fluorescent diamond seen in the Lab was a fine
brownish yellow when first taken

From GEMS & GEMOLOGY, Vol. 9, No. 10, 1959, p. 293

from the diamond paper. As one
approached daylight from a window, the stone turned green and
remained that color during the
day. Placed overnight in the safe,
it again resumed its brownish yellow color. As one could imagine,
the stone was highly fluorescent

and, in addition, phosphorescent.
The stone showed no spectroscope reaction and no evidence of
color treatment, either, when
allowed in contact with an X-ray
film for 36 hours.
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LAB NOTES
“CHAMELEON” DIAMOND
Charles W. Fryer, Ed.
Some of the rarest fancy-color
diamonds are the medium dark,
yellowish to grayish green stones
known as “chameleon” diamonds because they will temporarily change color and become
yellow after a period in darkness.
They will also turn yellow when
heated mildly. Most return to
their green color after only a short
exposure to light. All such stones
that we have encountered may be
recognized by the strong yellow
fluorescence and phosphorescence. Diamond polishers recognize them by the intense red

From GEMS & GEMOLOGY, Vol. 17, No. 4, 1981, p. 227

glow they emit while on the
wheel.
Recently, in our New York
laboratory, we encountered two
very pale grayish green stones
that we were about to dismiss
with the statement, “Color origin undetermined,” when the
yellow phosphorescence was
noted. On a hunch, we checked
the color before and after mild
heating in an alcohol flame. As
we suspected, when the stone
was heated all traces of green disappeared, leaving a pleasant light
yellow color. The green returned
after about five minutes in the
DiamondLite.
By coincidence, the next day

we received two slightly darker
grayish green “chameleons.”
According to the cutter, both
came from the same rough and
glowed red while on the wheel.
The greatest coincidence
occurred later that day when we
received a pear-shaped, typical
dark gray-green stone that turned
to an intense orange-yellow when
heated. It too returned to green
after about five minutes in the
DiamondLite. A faint absorption
line at about 419 nm could be
seen in the hand spectroscopeone of two absorption peaks in
the area that were observed more
readily with the recording spectrophotometer.

From GEMS & GEMOLOGY, Vol. 18, No. 4, 1982, p. 228

“CHAMELEON” DIAMOND
Charles W. Fryer, Ed.
Perhaps the most striking color
change of a diamond is in the socalled chameleon. These diamonds
were discussed, but not illustrated,
in Fryer (1981b). It was noted at
that time that these stones glow
red while hot from being on the
wheel, then on cooling appear to
be fancy yellow before changing on
exposure to light to the dull yellow
or gray-green usually associated
with chameleon diamonds.
Figure 1 shows a particularly
attractive dark yellow-green
emerald-cut diamond seen recently in the New York lab. The stone
displayed strong yellow fluorescence and phosphorescence. Also
observed were a weak pair of
absorption lines at approximately
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Figure 1. Normal color of this 2.5
ct “chameleon” diamond. Photo
by Andrew Quinlan.

415.5 and 419 nm in the spectroscope. Figure 2 shows the same
stone while it is still warm from
an alcohol flame. In this phase, it
would be considered a Fancy
Intense orange-yellow. Unfor -
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Figure 2. The stone shown in figure 1 after heating and before
exposure to light. Photo by
Andrew Quinlan.

tunately, few future owners will
ever see this color, as the diamond
returned in seconds to its “normal” green as soon as it was
exposed to light.

LAB NOTES
CHAMELEON DIAMONDS,
WITH BLUE-TO-VIOLET
“TRANSMISSION”
LUMINESCENCE
Valerie Chabert and Ilene Reinitz
Chameleon diamonds are popular
with colored-diamond collectors
primarily for two reasons. First,
these diamonds, which range from
greenish gray or brownish greenish
yellow to yellowish green, with
medium-to-dark tones and moderate to high saturation (figure 1), are
among that fraction of colored diamonds for which the green component can be determined to be of
natural origin. Second, chameleon
diamonds show photochromic and
thermochromic behavior; that is,
they change to a yellow to orangy
yellow color when held in darkness for a few days or gently heated. The original greenish color
returns after less than one minute
of exposure to light or on cooling
to room temperature.
Both labs regularly see chameleon diamonds, and we described a
particularly large one, a 22.28 ct

From GEMS & GEMOLOGY, Vol. 36, No. 1, 2000, pp. 60–61

heart brilliant (Moses, 1992). This
past winter the East Coast lab
examined several examples with
strong blue-to-violet luminescence
to visible light (violet “transmission”), a gemological property that
is uncommon in such diamonds.
Chameleon diamonds typically
show a number of diagnostic properties: a moderate to strong absorption line at 415 nm, and a weak
one at 425 nm, in a desk-model
spectroscope; and moderate to very
strong yellow fluorescence—with
strong, persistent yellow phosphorescence, often lasting more than
60 seconds—to both long- and
short-wave UV. There is usually no
observable luminescence to strong
visible light. When a diamond in
the color range described above
shows these properties, it is safe to
test it for thermochromic behavior
to complete the identification.
(Diamonds of greenish color that
do not show a line at 425 nm and
strong, persistent phosphorescence
may have their color permanently
altered by heating.)
A 0.74 ct Fancy Dark gray–yellowish green marquise (figure 1, top)
first focused our attention on this
unusual property. While examining
its reaction to long-wave UV, we
observed clouds of blue fluorescence
mixed with the typical yellow, as
well as strong, long-lasting yellow

Figure 1. These two
diamonds, 0.74
(top) and 31.10 ct,
are typical of the
yellowish green to
greenish yellow
colors seen in
chameleon diamonds. Photos by
Elizabeth Schrader.

Figure 2. The 31.10 ct
chameleon diamond showed
strong blue-to-violet and weak
orange transmission luminescence to the strong visible light
of a desk-model spectroscope.
Photo by Elizabeth Schrader.

phosphorescence; it exhibited a yellow fluorescence and phosphorescence to short-wave UV, which is
typical for chameleon diamonds.
The violet transmission luminescence that appeared when the stone
was placed on the base of our deskmodel spectroscope was quite striking. It was unevenly distributed,
forming a wedge on one side and a
stripe on the other. Although this
property was atypical, the others,
including a 425 nm line seen with
the desk-model spectroscope, indicated a chameleon diamond, and we
observed a good color change to
orangy yellow on gentle heating
with an alcohol lamp.
We saw a more striking example a few weeks later, a 31.10 ct
Fancy Dark gray–greenish yellow
oval modified brilliant (figure 1,
bottom). This stone also fluoresced
yellow with blue clouds to longwave UV, with the typical phosphorescence and reaction to shortwave UV. Over the base of the
desk-model spectroscope, it displayed strong blue-to-violet transmission with weak orange areas
(figure 2). This chameleon diamond
showed a strong color change to
orangy yellow; it took several minutes to heat up and cool down
because of its large size.
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LAB NOTES
GRAY DIAMOND
G. Robert Crowningshield
A very shallow, gray marquise diamond in a platinum engagement
ring came to our attention when
several department stores refused
to appraise it because its appearance strongly suggested a coated
stone and because it was mounted
in such a manner that without

From GEMS & GEMOLOGY, Vol. 10, No. 11, 1962, p. 341

special equipment the appraisers
could not measure the depth. We
noted the same grayish appearance
we have associated with coated
diamonds, but the stone phosphoresced bright blue after being
exposed to short-wave ultraviolet
light and showed pronounced lamination, or growth zoning, under
magnification. In addition, it was
strongly conductive to electricity,

so we had to conclude that it was
a rare type IIb diamond and that
the color, though not blue as one
would expect, was nevertheless
natural. (Boiling in sulfuric acid
subsequently confirmed this.)
However, with special gauges we
were able to obtain the depth and
estimated the stone to be approximately 1 1 ⁄ 2 carats below the
weight represented to the client.

From GEMS & GEMOLOGY, Vol. 11, No. 3, 1963, p. 85

WEAKLY CONDUCTIVE
DIAMOND
G. Robert Crowningshield
A weakly conductive diamond
was submitted to determine if it
had been coated. It, too, was an

older cut and was flanked by two
blue synthetic sapphires. When an
attempt was made to grade the
stone in the Diamondlite, it
appeared grayish, but we assumed
it was drawing color from the sapphires. Out of the mounting, it

appeared to be a very light grayish
brown and showed a quite variable conductivity, as if it were
perhaps a laminated stone with
the IIb components, conducting
only when the probe was positioned properly.

From GEMS & GEMOLOGY, Vol. 13, No. 5, 1970, pp. 157–158

UNUSUAL DIAMONDS
G. Robert Crowningshield
Two additional unusual diamonds
came in the same day and were
the same greenish gray color—a
color that would not normally
prompt a gemologist to use the
conductometer, since only blue
and laminated blue and brown
diamonds are thought to be conductive. However, the fifth stone
from the clasp end of the bracelet
in figure 1 glowed strongly after
short-wave ultraviolet was turned
off, suggesting the phosphores-
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cence of a type IIb diamond. It
proved to be a strong conductor,
as was a loose 1 ct marquise of the
same color. The fifth stone from
the other end of the bracelet was
also conductive but expectably so,
since it was a soft blue in color.
The other 12 stones comprised a
strikingly beautiful collection of
natural fancy-colored gems.

Figure 1. A greenish gray diamond, the fifth stone from the
clasp end in this bracelet, proved
to be a strong conductor.
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From GEMS & GEMOLOGY, Vol. 26, No. 3, 1990, p. 221

FANCY BLACK DIAMOND
G. Robert Crowningshield
A 4.26 ct fancy black round brilliant-cut diamond (figure 1) was
examined in the East Coast laboratory and found to be natural
color and electroconductive in
certain areas. Ordinarily, such
conductivity would indicate a rare
type IIb diamond. Although gray
diamonds are often IIb’s, we have
never encountered a type IIb black
diamond.
Exposure of the stone to longwave ultraviolet radiation produced a distinct patchy blue fluorescence (figure 2) that was confined to clear areas of the diamond. The fluorescence changed
to a chalky greenish yellow with
exposure to short-wave UV.
These reactions indicate that the

Figure 2. The patchy blue fluorescence to long-wave UV radiation of the stone in figure 1 indicated that it was a highly
included type I diamond. Photo
by Nicholas DelRe.

Figure 1. This 4.26 ct natural-color
black diamond was found to be
electrically conductive in selected
areas. Photo by Nicholas DelRe;
magnified 10×.

stone must be a highly included
type I diamond. We subsequently
confirmed this conclusion with
infrared spectroscopy.
We concur with Kenneth
Scarratt, head of the Gem Testing
Laboratory of Great Britain, who

speculated in a letter to the editor
of the Journal of Gemmology
(Scarratt, 1990) that the conductive property of such diamonds is
due to the black inclusions,
which are probably graphite.

From GEMS & GEMOLOGY, Vol. 1, No. 6, 1934, p. 172

LARGEST RUBY-RED
DIAMOND
G. Frederick Shepherd
Two of the finest diamonds of the
world were on exhibit at the

Chicago World's Fair. A five-carat
ruby red diamond, valued at
$150,000, is the largest and most
valuable ruby red diamond in the
world. The other stone, which
brought thousands of visitors to

the Diamond Exhibit, is “La
Favorite” (50.28 ct) said to be the
finest blue-white diamond for its
size in the world today. It is
owned by a Parisian and is valued
at $1,000,000.

From GEMS & GEMOLOGY, Vol. 11, No. 12, 1965–1966, p. 362

GREEN, BLUE, AND RED
DIAMONDS

not do justice to this unusual
group of colored diamonds.

G. Robert Crowningshield
[A dark green diamond] was in a
ring with a dark blue and a true
red stone that weighed approximately 0.60 ct each. Figure 1 can-

Figure 1. This ring contains a green,
blue, and red diamond, each weighing approximately 0.60 ct.
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From GEMS & GEMOLOGY, Vol. 13, No. 6, 1970, pp. 182–184

BICOLORED DIAMOND
Richard T. Liddicoat Jr.
Glenn Nord brought back from
Israel a very unusual bicolored
diamond that had been loaned to
Figure 1. This diamond was mostly yellowish green, except for a red
area in the center.

Figure 2. The absorption spectrum of the bicolored diamond shows a diffused
line at 620 nm (6200 Å) and a very sharp one close to 640 nm (6400 Å).

him by a man who emigrated
from this country to Israel after
having been a jeweler in New
York City. The marquise was generally yellowish green, but in the
center area of figure 1, outlined by
white arrows, a rich, medium-red
color was visible. It was not the
usual garnet-red color of so-called
red diamonds.
The spectrum was quite
unusual: a pair of lines near 500
nm (5000 Å), probably the

498–504 nm pair; a rather diffused
line at approximately 475 nm; a
sharp, narrow line at about 595
nm (probably the 592 nm line,
rarely encountered in naturally
colored diamonds); a diffused line
at 620 nm; and another very sharp
line very close to 640 nm (figure
2). Light that was transmitted
through the diamond gave an
intense yellowish-green cast to its
path. We were satisfied that the
color was natural.

From GEMS & GEMOLOGY, Vol. 32, No. 3, 1996, pp. 206–207

RARE COLOR: FANCY
INTENSE PINKISH
ORANGE DIAMOND
Thomas M. Moses and Ilene Reinitz
Over the years, we have reported on
a number of diamonds notable for
their rare colors (see, for example,
Crowningshield [1965–66], which
illustrated a ring set with natural
green, blue, and red diamonds; Fryer
[1982], which showed a chameleon
diamond with a dramatic color
change; and Hargett [1988], with a
grayish purple round brilliant cut).
The 3.40 ct heart-shaped diamond in figure 1 is another addition to this list. It was graded
Fancy Intense pinkish orange and
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Internally Flawless. (For a description of the GIA Gem Trade
Laboratory color-grading system,
see King et al., 1994) Not only was
the hue unusual for diamond, but
the saturation was unusually high
for such a color: In the rare
instances when we have seen diamonds in this hue, the depth of
color has been much weaker (less
saturated). The rough reportedly
came from Angola.
Infrared spectroscopy revealed
that the stone was a type IIa diamond (i.e., lacking measurable
amounts of nitrogen). The fluorescence was very strong orange to
long-wave UV radiation and moderate orange to short-wave UV. The
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Figure 1. The Fancy Intense pinkish
orange color of this 3.40 ct Internally Flawless heart shape is rare.
Courtesy of Laurence Graff.

long-wave reaction further en hanced the color of the diamond
when viewed in the daylight. The
absorption pattern seen with a
desk-model spectroscope consisted
of a broad band centered at 550 nm.

LAB NOTES
GRAYISH PURPLE DIAMOND
David Hargett
In our experience, truly purple
diamonds are very rare. A short
time ago the East Coast laboratory tested the 0.21 ct grayish purple stone shown in figure 1. The
natural color appears to be the
result of grayish purple graining in
the stone. Also present was the

LAB NOTES

From GEMS & GEMOLOGY, Vol. 24, No. 2, 1988, p. 112

550 nm absorption band typical of
natural-color pink and purple diamonds. The diamond displayed a
strong yellow fluorescence to
long-wave ultraviolet radiation.

Figure 1. The natural grayish purple
color of this 0.21 ct diamond
appears to be caused by graining.
Photo by David Hargett.

From GEMS & GEMOLOGY, Vol. 26, No. 2, 1990, pp. 154–155

ANOTHER PURPLE DIAMOND
David Hargett
As mentioned in Hargett (1988),
purple diamonds are rare. The
1.04 ct modified-bullet-shape brilliant cut shown in figure 1 was
graded as Fancy purple, natural
color. The East Coast laboratory
thought that the key color was
closely matched by ColorMaster
coordinates C-23/59/66, with a
tone of 5.0 and a saturation of 1.0.
Unlike the grayish purple diamond described in the 1988 entry,
this stone had no discernible gray
Figure 2. This infrared absorption curve shows that the purple diamond seen
in figure 1 is a type IaA diamond.
Figure 1. The color of this 1.04 ct
modified bullet-shaped purple
diamond is quite rare. Photo by
Vincent Cracco.

component when examined in
the GIA Gem Trade Laboratory’s
standardized grading environment, using a Verilux daylightbalanced light source. Although
this diamond did not display the
550 nm line in the hand-held
spectroscope seen in other purple
diamonds, it showed broad
absorption in that area when tested with a Pye-Unicam UV-visible
spectrophotometer. It was grained

internally and had numerous surface grain lines as well.
The IR spectrum (figure 2),
obtained using a Nicolet Fourier
transform infrared spectrometer,
shows that this stone is a type
IaA diamond. Type IaA diamonds
contain nitrogen in pairs. Unlike
type IaB diamonds, in which the
nitrogen is bonded in triplets, IaA
diamonds do not display the classic cape series of absorption lines.

MISCELLANEOUS
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From GEMS & GEMOLOGY, Vol. 39, No. 1, 2003, pp. 39–41

INTENSELY COLORED TYPE IIA
DIAMONDS, WITH
SUBSTANTIAL NITROGENRELATED DEFECTS
Wuyi Wang, Matthew Hall, and
Thomas M. Moses
It is widely accepted that type IIa
diamonds contain little if any
nitrogen impurities. These diamonds are generally near colorless to colorless, or they are
brown to pink, possibly due to
plastic deformation. If a type IIa
diamond is a color other than
brown, the color is usually low in
saturation. The East Coast laboratory recently examined two
intensely colored type IIa diamonds (see figure 1), both of
which displayed a substantial
amount of nitrogen-related
defects in the visible spectrum,
but showed essentially no nitrogen-related absorption in the midinfrared region.
A working definition of type
II diamonds are those that do not
show any appreciable absorption
in the mid-infrared range from
1400 to 800 cm −1 when their
spectra are plotted to give a maximum reading of 15 cm −1 in
absorption coefficient (Wilks and
Wilks, 1994). On this scale, the
limit of detection is ~0.1 cm−1,
which corresponds to a nitrogen
concentration of 1–2 parts per
million (ppm).
In nature, after being incorporated during diamond growth,
the nitrogen impurities in most
diamonds go through a complex
aggregation process that involves
both the isolated nitrogen atoms
as well as other point defects
such as vacancies. As a result, a
large variety of nitrogen-related
point defects and extended
defects are possible; however, not
all of them are infrared active
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Figure 1. These two intensely colored type IIa diamonds revealed unusual
spectroscopic properties. The HPHT-annealed diamond on the left weighs
1.15 ct and was color graded Fancy Intense green-yellow. The naturalcolor diamond on the right weighs 4.15 ct and was color graded Fancy
Vivid pinkish orange. Photos by Elizabeth Schrader.

(i.e., a diamond may contain
nitrogen-bearing defects, but not
display any absorption features in
the mid-infrared range). Such
defects include N3 (three nitrogen atoms around a vacancy), H3
(two nitrogen atoms plus a vacancy), H4 (four nitrogen atoms plus
two vacancies), and N-V (one
nitrogen atom plus a vacancy)
centers. While it is theoretically
possible that a type IIa diamond
could contain enough IR-inactive
nitrogen to significantly affect its
color appearance, no such diamond has been recognized thus
far, to the best of our knowledge.
The two diamonds studied here
could help provide additional
information on type and color of
diamond.
The first diamond (figure 1,
left) was a 1.15 ct pear-shaped brilliant cut that had been subjected
to high pressure/high temperature
(HPHT) annealing. It was color
graded Fancy Intense green-yellow. This diamond was also a
“green transmitter;” that is, it
showed very strong green lumines-
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cence to visible light. Diamonds
that are HPHT annealed to this
color typically are type Ia (see, e.g.,
Reinitz et al., 2000). However, the
infrared absorption spectrum of
this diamond (figure 2, top)
showed only a very weak absorption peak at 1344 cm–1 from isolated nitrogen (0.01 cm–1 in absorption coefficient). This corresponds
to approximately 0.25 ppm of
nitrogen, which fulfills the criterion for a type IIa diamond. In addition, the UV-Vis absorption spectrum (figure 3, top) showed a
strong N3 absorption at 415 nm,
and a strong H3 absorption at 503
nm with its side band centered
around 470 nm. Both N3 and H3
are nitrogen-related defects. A relatively strong and broad absorption around 270 nm due to isolated nitrogen, and some sharp peaks
related to H3 (364, 369, 374 nm)
and isolated nitrogen (271 nm),
were also observed.
A second type IIa diamond
(figure 1, right), submitted shortly
after the first, revealed similar
infrared spectroscopic properties.

Figure 2. The infrared absorption spectra of the two intensely colored diamonds show no evident absorption in the 1400–800 cm−1 range, so both
diamonds are type IIa. The 1344 cm−1 peak is shown in the inset. The
absorption coefficient in the inset was calculated using the two-phonon
absorption band of the diamond.

However, this Fancy Vivid pinkish orange diamond, which
weighed 4.15 ct, proved to be natural color. This cushion-shaped
modified brilliant was one of the
more strongly colored diamonds
in this hue that the GIA laborato-

ry has examined. This diamond
showed no nitrogen-related
absorption in the mid-infrared
range (figure 2, bottom), which is
consistent with the definition of
type IIa. However, the UV-Vis
absorption spectrum did reveal

Figure 3. The UV-Vis absorption spectra of the two type IIa diamonds
show strong absorption of N3 and H3 nitrogen-related defects in the greenyellow diamond, and a broad and strong band centered at 507 nm, plus
H4, H3, 575 nm, and 637 nm peaks, in the pinkish orange diamond.

some unusual features (figure 3,
bottom): strong absorption by NV centers at 637 nm and 575 nm,
moderate absorption by H3 (503
nm) and H4 (496 nm), and a weak
absorption by N3. A weak but
broad band around 270 nm, due
to trace amounts of isolated
nitrogen, also was detected.
Obviously the concentration of
isolated nitrogen was above the
detection limit of the infrared
spectrometer. The most outstanding feature was a strong,
broad absorption band centered at
507 nm, which we believe was
the side band of the vibronic 575
nm center.
Strong H3 and H4 absorptions,
in particular those detectable by
UV-Vis spectroscopy, usually do
not occur in a type IIa diamond.
N3 and N-V centers occur in
some type IIa diamonds, but generally they are very weak. In addition, these N-bearing defects in
type IIa diamond usually do not
affect the body color. The greenyellow diamond is unusual
because its N3 and H3 defects are
so strong that they significantly
affect the color appearance. The
green hue is mainly caused by
luminescence of the H3 center,
which absorbs blue and violet
and emits green light. Un fortunately, we do not have spectra on this stone before it was
HPHT-processed. Nevertheless, it
is reasonable to speculate that the
original diamond may have contained some A-form nitrogen (i.e.,
pairs of nitrogen atoms) that combined with vacancies during
HPHT treatment to create H3
centers. Furthermore, some of the
A centers may have disaggregated
to isolated nitrogen during the
HPHT annealing, while the N3
defects mostly survived the treatment. An HPHT-annealed diamond with these spectroscopic
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properties is quite rare.
In the pinkish orange diamond, the broad 507 nm side
band to the 575 nm vibronic center is comparable to the ~550 nm
broad band that is responsible for
brown, pink, red, and purple coloration in some diamonds. With
a shift in this broad absorption to
higher energy, a pinkish orange
coloration results. The strong 637
nm absorption and its side band
at 580–620 nm could also contribute to the pink color to some
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extent. In terms of color origin, it
is very rare to attribute an intense
color to the 575 nm center in natural diamond (Fritsch, 1998).
Since both stones are faceted, we
do not know the exact path
length through the stone during
the UV-visible spectroscopic
analysis. For this reason, the concentration of nitrogen in these
infrared-inactive defects could
not be quantitatively determined.
Most diamonds that possess
nitrogen-related point defects in
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the visible region typically show
appreciable nitrogen-related
absorption between 1400 and 800
cm−1 in the mid-infrared. However, in this rare case, both of
these intensely colored diamonds
are type IIa. These diamonds not
only show interesting spectroscopic features, but they also
reinforce the need to carefully
document both natural- and
treated-color diamonds to better
understand the range of characteristics that may occur in each.

LAB NOTES

From GEMS & GEMOLOGY, Vol. 16, No. 12, 1980–1981, pp. 392–394

SELDOM SEEN ABSORPTION
SPECTRA IN DIAMONDS
Robert E. Kane
In the determination of origin of
color in most colored diamonds,
the use of the spectroscope is
invaluable. This determination is
usually very routine, and we
rarely find any new or unexpected
absorption. In the past year, however, we have seen several yellowbrown diamonds of natural color
that have all exhibited a faint
absorption line at approximately
560.1 nm. When this absorption
line was first seen it was somewhat unexpected; however, it
now seems to be characteristic of
natural color diamonds with a
“dirty” yellow-brown color. All of
these diamonds have exhibited an
orange fluorescence.
Another unusual absorption
pattern was seen in a fancy gray
diamond of natural color weighing slightly over 4 carats. This
diamond was the same stone that
was seen a number of years ago
in our New York laboratory and
was mentioned in Crown ing shield (1969). This diamond
exhibited the unexpected absorption pattern seen in figure 1. This

Figure 1. The absorption pattern of a gray diamond submitted to the New
York laboratory in 1969.

stone had a moderate absorption
line at approximately 551 nm
(5510 Å). This absorption spectrum was so unique, that we felt
it was worthy of mentioning
again. Another unusual feature
that this diamond exhibited was
its reaction to long-wave ultravi-

olet light: a very strong blue color
with zones of yellow. Under
short-wave ultraviolet light, a
similar but weaker reaction was
seen. This zoned fluorescence is
shown in figures 2 and 3, photographed under long-wave ultraviolet light.

Figure 2. The zoned fluorescence
of the gray diamond was photographed under long-wave UV.

Figure 3. Another view of the diamond shown in figure 2.
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From GEMS & GEMOLOGY, Vol. 29, No. 3, 1993, p. 199

LIGHT VIOLET-GRAY
DIAMOND
Ilene Reinitz and Thomas M. Moses
Figure 1 shows the unusual color
of a 27.89 ct pear-shaped diamond
next to a 7.14 ct D-color stone for
comparison. This Internally
Flawless, Light violet-gray diamond—cut by a New York dealer
from a 60-plus-carat piece of
South African rough—exhibited
some unusual characteristics.
During routine examination
with the DiamondLite (the stone
positioned table down), we noticed two well-defined zones of
gray. One was wedge shaped and
located toward the head of the
stone; the other was more rectangular and in the center, just below
the culet. When we viewed the
diamond (still table down) parallel
to the girdle plane and in the
direction of the length, we saw a
pale pink color that was even
more apparent in the pointed end
of this pear-shaped stone when it
was examined table up.
Testing for electrical conductivity revealed a weak conduction,
with the zones of conductivity correlating to the gray areas—thus
indicating that they are type IIb.
The diamond did not react to longwave UV radiation, but it fluo-
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Figure 1. Note the subtle color difference between the Light violet-gray 27.89
ct pear-shaped diamond on the right and its D-color 7.14 ct counterpart on
the left. Photo by Nicholas DelRe.

resced weak orangy red to shortwave UV, with phosphorescence of
the same color lasting about three
minutes. This is consistent with
some other type IIb diamonds.
No absorption features were
visible with a desk-model prism
spectroscope. Nor did the UV-visible spectrum recorded with a Pye
Unicam SP8-400 spectrometer
show any distinct features. The
mid-infrared spectrum, recorded
with a Nicolet 510 FTIR spectrophotometer, showed features
associated with both type IIb and
IIa diamonds. The absence of any
spectral features that would indicate treatment, together with the
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electrical conductivity of this
stone, proved that it was natural
color. In addition, type IIa naturalcolor pale pink diamonds have
been documented by the GIA
Gem Trade Laboratory many
times, as well as reported in the
literature (see, e.g., Scarratt, 1987).
The violet-gray color can be
explained as an optical combination of the gray and pink zones.
Although this is a good example of
the mixture of two diamond types,
it is the first of this combination
(IIa and IIb) that we have recorded.
(For more information on diamond types, see, e.g., Fritsch and
Scarratt, 1992).

LAB NOTES
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FANCY WHITE DIAMONDS
Thomas M. Moses and Ilene Reinitz
Colorless and near-colorless diamonds are sometimes referred to
as “white,” in contrast to fancycolor diamonds, but among the
fancy colors is a rare appearance
described as Fancy white. Such
diamonds contain a high concentration of submicroscopic inclusions that scatter light, yielding a
translucent “milky” white faceup color. The nature of these
inclusions is unknown. These diamonds are sometimes also
referred to as “opalescent”
because of the flashes of color
(caused by dispersion) that are
seen in the face-up position. In
some instances, the appearance is
reminiscent of a white opal with
weak play-of-color.
Fancy white diamonds are encountered infrequently in our laboratories, so it was a treat for the
East Coast lab to receive three of
them this spring for identification
(figure 1). The 1.08 ct and 1.02 ct
cut-corner rectangular modified
brilliants were translucent and
showed strong whitish graining. It
was particularly unusual to see a

Figure 1. The dispersion in these Fancy white diamonds resembles a faint
play-of-color. From left to right, the diamonds weigh 1.08, 0.62, and 1.02 ct.
Photo by Elizabeth Schrader.

matched pair of these stones. The
0.62 ct marquise was translucent,
but no distinct inclusions were
visible with magnification.
None of the diamonds showed
any absorption features with
transmitted light through a deskmodel spectroscope, although all
three exhibited a moderate-tostrong blue fluorescence to longwave UV radiation. (Blue fluorescence is typically due to the N3
center, which also gives rise to an
absorption line at 415 nm.) The
two rectangular modified brilliants showed some yellow fluorescence as well to long-wave
UV, in a clover-shaped cloud. The
reactions to short-wave UV were

similar, but weaker, in each
stone. The two larger diamonds
showed a weak to medium blue
afterglow of more than 10 seconds after the short-wave UV
lamp was turned off.
Infrared spectroscopy revealed
that these three diamonds were
predominantly type IaB, with relatively high concentrations of both
nitrogen and hydrogen (as judged
by the strength of the absorption
peak at 3107 cm−1). Similar white
diamonds have been reported in
the Gem News column: from
Panna, India (Koivula et al., 1992),
and offering an explanation of the
opalescent appearance (Johnson
and Koivula, 1997).
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ooking back over this volume, one sees entries on colored diamonds from as early as 1934. Yet
Gems & Gemology’s coverage of colored diamonds remained rather sporadic until the 1970s and
1980s, when these gems became more widely available and more popular. Indeed, the rise of colored
diamonds has been one of the most significant developments of the last three decades in the gem and
jewelry industry. These diamonds, which were once seldom-seen curiosities, have truly come to
embody distinction.
While most people respond to the variety and intrigue of colored diamonds, these stones pose many
design and marketing challenges that are not encountered with colorless to near-colorless diamonds.
One obstacle for those who market natural-color colored diamonds has been that there are still relatively
few of them. Typically, the unique and exceptional colored diamonds steal the spotlight at auctions, special exhibitions, and celebrity events, which in turn fuels demand for similar gems within the trade and
the consuming public. While these high-end diamonds are remarkable and exciting, their ability to sustain an entire market is uncertain.
Sustainability is already an issue with the Argyle pinks. There is concern over their future supply, now
that open-pit mining at Argyle has nearly run its course. As of this writing, the mine is beginning its next
phase, with underground recovery operations; it remains to be seen what quantity, quality, and sizes of
pinks will be recovered. It is likely that savvy designers will have to embrace a greater variety of colored
diamonds and incorporate some of the more subtle colors and smaller sizes that have been overlooked in
the past. Pieces that highlight color relationships by combining a number of smaller fancies, rather than
showcasing a single large stone, may offer new ways to bring these gems to a broader audience. At the same
time, diamond exploration continues worldwide and may yield new discoveries of colored diamonds that
could improve market supply.
With robust exploration under way, one wonders if diamonds will be discovered in colors that have not
been seen yet, and how that might affect the color grading of fancies. When modifications to GIA’s colored diamond color grading system were introduced in 1995, the color space was considered holistically,
that is, as encompassing the full spectrum and the full range of tone and saturation. Therefore, discoveries
of diamonds in previously undocumented colors should not have an impact on the grading system. Such
colors might be new to the market, but the capability to describe them in the grading system will always
be there.
Nonetheless, the process of color grading will likely be affected by advances in computer software,
lighting technology, and instrumentation. Software that can capture precisely the face-up image of a colored diamond will add to our ability to analyze color, communicate it to a larger audience, and store
more information for future study. As more members of the diamond industry make colored diamonds
part of their buying and selling activities, the need for comparators will become more universal. Due to
the rarity of many colors, though, the need for alternatives to using actual diamonds for color grading
will become more important as well. Therefore, more observers may turn to digital images, color chips,
and printed photos to help get a basic idea of where a colored diamond is located in color space. As time
goes on, more studies on the nature of human perception will be conducted, the findings of which may
prove valuable in potential refinements to observation methodology.
Though not the focus of this volume, technological breakthroughs over the past 10 years have led to
a proliferation of gem treatments and synthetics. Many new techniques have been applied to alter the
color of diamonds, and in some instances to create diamond colors rarely seen in nature. Laboratory
irradiation, high pressure/high temperature (HPHT) treatment, and combinations thereof have been
used to make certain diamonds more colorless and to alter the color of others. Commercially available
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synthetic diamonds, the majority of which are highly colored, are also starting to find their way into
the jewelry market. Given the appeal of colored diamonds, colored synthetics are likely to become
increasingly popular. It will be interesting to see what happens as more consumers become aware of
these treated-color and synthetic diamonds and understand the broader selection and lower costs that
they represent. Nonetheless, full disclosure at each point in the distribution process is critical if the
industry is to maintain the trust of the jewelry-buying public. Gemological laboratories and jewelry
industry organizations must continue to inform and educate the public as these new products become
available.
With the greater availability of synthetic and treated-color colored diamonds, expanding our knowledge of the cause of color in fancy-color diamonds becomes increasingly important. Impurities at the
atomic level, such as nitrogen in yellow diamonds or boron in type IIb blues, cause certain color appearances. Plastic deformation of a diamond’s crystal lattice can yield colors such as brown, red, pink, and
purple, while natural irradiation can cause a range of greens. All these discoveries have added a wealth of
background information for the diamantaire and scientist alike. Understanding the causes of color in diamond has been part of the history of Gems & Gemology, and its story is a significant part of this volume.
Future advances in technology and research in this area will further enhance our knowledge of causes of
color in natural diamonds and greatly benefit laboratory identification, accurate reporting, and consumer
confidence.
Fabled treasures, industry curiosities, items that embody sophistication and rarity—clearly, the allure
of colored diamonds has changed over time. Although their importance in today’s jewelry market is at
an all-time high, there is plenty of room for continued growth. Color, whether in nature or the arts, is an
integral source of pleasure, and when color is observed in a diamond, its complex sensations offer a
unique visual experience.
Many interesting questions surround the future of colored diamonds. For instance, will demand continue to grow? Will worldwide diamond recovery be able to support the demand? Is it possible we will see
color ranges and sizes that were rarely seen in the past? These are but a few of the questions that will
determine what lies ahead for this most intriguing gem.

OTHER VOICES
To get a broader picture, we asked several leaders in the gem and jewelry industry to share their perspectives on the future of natural-color diamonds.

ALAN T. COLLINS
Professor of Physics, King’s College London
Natural-color diamonds seem set to attract the attention of researchers, connoisseurs, and investors for the
foreseeable future. Although the origin of color in blue, yellow, and some green diamonds is well established, the understanding of the defects responsible for the colors of, for example, orange, brown, and pink
diamonds is far from complete. Violet diamonds and color-change (“chameleon”) diamonds also require further scientific investigation. Many natural colors can be simulated by various treatments, and it is essential
for the protection of consumers that techniques for detecting color-enhanced diamonds continue to be
developed. Optical spectroscopy will continue to be the prominent investigative technique to complement
routine gemological testing.
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FRANÇOIS CURIEL
International Director of Jewelry, Christie’s
The vogue for fancy-color diamonds at auction began when the 0.95 ct Hancock Red diamond fetched a record
price of $926,315 per carat at Christie’s New York in April 1987. Before then, the demand for colored diamonds had
been limited mostly to yellows, and fancies had yet to take the world by storm.
In the almost 20 years since the Hancock Red was sold, prices have continued to rise to the point where
fancy-color diamonds consistently outsell colorless diamonds on a price-per-carat basis. As with colorless diamonds, the passion for acquiring the finest blues, pinks, greens, and the rarer hues of red is here to stay, as it is
the ultimate bastion for those who “have it all” to show their uniqueness. No matter how far we move ahead
with technology to produce treated-color diamonds, the pleasure of owning a naturally colored diamond will
remain timeless.

DANNY GOEMAN
Manager of Sales and Marketing, Argyle Diamonds
From a marketing perspective, natural-color diamonds provide a unique and contemporary twist to the classic
colorless diamond. Rio Tinto’s involvement in natural-color colored diamonds goes back to the early 1980s,
through its ownership of the Argyle mine in Australia, which has been one of the largest producers of colored
diamonds for the last two decades. The colors that Argyle produces are primarily a variety of brown shades and
the rarer and famous pinks, which are the mine’s signature stone.
Since 1986, the Argyle mine alone has produced over $3 billion of natural brown diamonds along with, of
course, billions of dollars of colorless diamonds and hundreds of millions of dollars of pink diamonds. That $3
billion of brown rough equates to jewelry with a retail value of $25–$30 billion. This is approximately the total
amount of diamond jewelry sold in the U.S. retail market last year, and it is the reason we stress that naturalcolor colored diamonds are already an established, if unsung, pillar of world diamond demand.
Over the next few years, we will undoubtedly see the increased use of synthetic diamonds, as advances are
made in the technologies of high-temperature fabrication and chemical vapor deposition (CVD). The industry, by
focusing on issues such as detection technology, disclosure standards, and marketing-led differentiation of the
natural-color diamond, will be able to maintain consumer confidence and build an even stronger future for the
product.

NIR LIVNAT
CEO, The Steinmetz Diamond Group
Diamonds are rare, but natural-color diamonds give rarity a whole new meaning. What makes these fancies irresistible is that only a few thousand carats of fine gem-quality colored rough are mined each year. Not only are they
rare, but their unique luster and many hues give colored diamonds an edge over all other gemstones. There’s no
doubt that with demand outstripping supply, the value of colored diamonds will continue on an upward spiral, so
availability will be the key issue in the future. There will always be cheaper substitutes in the form of synthetics or
treated diamonds, but, ultimately, natural-color diamonds will narrow down the market to an ultra-niche segment.

SAMUEL MERKSAMER
Executive Director, Natural Color Diamond Association (NCDIA)
From Hollywood to the local jeweler, there is a growing interest in natural-color diamonds. The unique beauty and
cutting-edge fashion of these gems are major factors in this trend.
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Smart retailers are beginning to offer a full spectrum of natural-color diamonds, from browns and yellows
to the rarer pinks and blues. This is consistent with NCDIA research, which shows that consumers expect
their jeweler to be able to answer questions and introduce them to a broad range of designs and price points.
Increased consumer awareness and retailer expertise will drive tremendous growth for the natural-color diamond market.

THOMAS M. MOSES
Senior Vice President, GIA Laboratory and Research
Colored diamonds have played an integral role in GIA’s history for more than five decades. Investigations into
the causes of their color intensified during the first part of the 1950s, as the early stages of the atomic age saw
diamonds being treated in particle accelerators to change their colors to a range of hues. Robert Crowningshield
along with Richard Liddicoat and Lester Benson, all well-known researchers at GIA, began developing spectroscopic and other methods to differentiate treated-color from natural-color diamonds. Crowningshield’s landmark
discovery in 1956 of the 5920 Å (592 nm) absorption line that identified yellow irradiated diamonds helped allay
significant concerns within the industry. Research into colored diamonds has remained a vital part of GIA’s
work since that time.
Yet we have seen more new diamond treatments and synthetics in the last decade than in the previous four
combined. Developments with high pressure/high temperature (HPHT) annealing to decolorize or change the
colors of diamonds have accelerated in the last few years, and HPHT combined with irradiation and secondary
annealing consistently produces pink to red colors. Such treatments are used to enhance synthetic as well as
natural diamonds. In addition, the discovery of a new locality can suddenly increase the number or variety of
fancy colors available in the market, as the Argyle mine has done with pink diamonds since the 1980s. This
clearly indicates the continuing need for careful characterization of natural, treated, and synthetic diamonds by
gemological laboratories and researchers. Decades of characterizing natural-color colored diamonds have made
it possible not only to color grade them, but also to separate synthetic diamonds and natural diamonds treated
by new methods. Careful gemological characterization and ever-expanding spectroscopic techniques will be
critical to maintaining unambiguous identification criteria for natural-color, treated, and synthetic diamonds in
the future.

EPHRAIM ZION
Managing Director, Dehres International
The future of fancy-color diamonds looks very bright indeed. As people in most of the industrialized and developing countries become more affluent, their desire to own something unique and beautiful invariably grows. These
individuals have been buying the conventional “white” diamonds, and now they are looking for something more
unique—what better way than adding to your collection a fancy pink, blue, or green diamond? The appreciation
of these fancy-color diamonds has been tremendous over the past few years, and all indications point to a continued desire for these special colors.
It’s also important to note that a fine-quality 5 ct Fancy Intense blue or pink that was selling for about
$10,000–$15,000 per carat in 1970 can now fetch an outstanding $500,000 per carat. These diamonds have
become a preferred form of portable wealth, to the degree that some buyers in Asia consider them “real estate in
the pocket.” The way things are going now, it seems clear that both the astute and passionate diamond buyers as
well as the new buyers of fancy-color diamonds will continue to desire these exquisite fancy-color gems well
into the future.
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NUMERALS: SPECTRAL FEATURES
3H center (503.5 nm)
in diamonds in Cullinan blue diamond necklace, 55
in green diamonds, 227, 230
415 nm band. See N3 center
550 nm band
in brown-yellow diamond with
pink lamellae, 259–260
in gray-to-blue diamond, nonconductive, 96–97
in grayish purple diamond, 283
in pink diamonds, 67, 79–80, 175,
185, 188–189, 250
in pinkish orange diamond, 282
in red diamond, 179
592/594 nm band
in bicolored yellowish green–red
diamond, 282
in natural brown diamond, 73f–74
in treated yellow diamond, 72–74
595 nm band
in natural orangy brown diamond
with brown and green radiation
stains, 275
in treated black diamond, 87
in treated yellow and brown diamonds, 72n

in chameleon diamonds, 114
in pink diamonds, 81, 184
Argyle diamond mine (Australia)
brown diamonds, as source of,
xvi, 292
hydrogen-rich diamonds, as
source of, 91, 258
pink diamonds, as source of, xvi,
46, 59, 76– 83, 98, 127–128, 132f,
172–173, 189f, 290, 292
Auctions
of Allnatt diamond, 46
of blue diamonds, notable, 128,
130f, 150
of Hancock Red diamond, xvii, 2,
6, 49, 128, 178, 225, 292
of Incomparable diamond, 192
of pink diamonds, xvii, 173–174,
247
of Pumpkin diamond, 48
of red diamonds, 6, 49, 178t, 179f,
225
of yellow diamonds, xv, 192, 206
Augustus the Strong. See Friedrich
Augustus I
Aurora Butterfly of Peace Collection,
xviii
Aurora Collection, xviii
Australia. See Argyle diamond mine,
Brown diamonds, Pink diamonds

A
“Additional” color, 148, 217–218
ADR. See Anomalous birefringence
Agra diamond, 46, 128, 172, 174t
Allnatt diamond, 44f, 46
Allnatt, Major Alfred Ernest, 46
Amber center (480 nm), 259–260,
262–263f
Analytical electron microscopy, 101
Angola, 282
Anomalous birefringence. See also
Strain

B
Bellsbank diamond mine (South
Africa), as source of blue diamonds, 153
Benson, Lester, 293
Berry, Halle, xix, 3, 48
Bicolored diamonds
green and pink, 249–250
yellowish green and red, 282
Black diamonds
artificially irradiated, 85

Black Orloff, 84
Black Star of Africa, 84
cause of color in, 86–87, 99,
99–108
chalcocite as inclusion in, 105
characterization of, 59, 68, 84–89
EDS analysis of, 100–106
electrical conductivity of, 69, 281
fluorescence of, 87f–88, 281
garnet as inclusion in, 105
graphite
as cause of color in, 86–87, 99,
106
as cause of electrical conductivity in, 281
hematite as inclusion in,
103–104, 105f, 106–107
iron as inclusion in, 103–104,
106f–107f
list of simulants, 88t
magnetism of, 102–103, 105, 107
magnetite as inclusion in,
103–104, 106–107
olivine as inclusion in, 105
pyrite as inclusion in, 105
pyroxene as inclusion in, 105
scanning electron microscopy of,
100–107
separation from simulants,
89t–90
from Siberia, 99–108
surface characteristics of, 86–87
thermal conductivity of, 88
transmission electron microscopy
of, 100–107
transparency of, 85–86
with unusual growth structures,
108–109
visible absorption spectroscopy of,
87
Black Orloff diamond, 84
Black Star of Africa diamond, 84
Blue diamonds. See also Gray-to-
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blue diamonds, nonconductive;
Greenish blue diamonds
4.37 ct Fancy Deep, then-record
per-carat price for, 150
20.17 ct Fancy Deep, then-record
per-carat price for, 130f
auctions of notable, xvii, 130f,
150
Blue Heart, 47, 50–52, 150
boron as cause of color in, 47,
67n, 156–157, 242–243
carat weights of, trends in submission to GIA for grading, 155
cathodoluminescence of, 157, 170t
clarity grades of, trends in submission to GIA for grading,
158t, 162, 168
color grades of, trends in submission to GIA for grading, 158t,
159–162
color grading of, 50–51, 126,
166–167, 168f, 220
color range of, 50–51, 53, 159–162,
166–167
color zoning in, 47, 54, 163, 170t,
236, 238–239
comparison of three historic,
50–52
Cullinan (Premier) mine as source
of, 46, 47, 53, 152–153, 154f,
155f, 171, 232
in Cullinan necklace, 53–55, 153t
DiamondView imaging of, 54f, 55,
242–243, 244–245
EDXRF analysis of, 162, 240–241
electrical conductivity of, 47, 54,
67, 68, 69, 156–157, 158t–159t,
165, 168–169, 170t, 224,
233–237, 238, 244
fluorescence of, 71, 92t, 157, 165,
170t, 240–241, 244–245
FTIR spectroscopy of, 51–52, 154,
165, 167f, 169–170, 242–243,
244–245
graining in, 163
Heart of Eternity, 44f, 47, 50–52
history of, 152–153
Hope diamond, xiv, 2, 11–13, 43,
50–52, 61, 128, 150, 235
hydrogen as cause of color in, 97,
154, 242–243
Idol’s Eye, 150, 152, 153t
inclusions in, 54, 162–163, 170t,
242
manufacturing of, 12–13, 47, 51,
52f, 164
with mixed type IIa and IIb zones,
242–243
phosphorescence of, 12–13f, 47,
51, 54, 71, 92t, 93, 157, 158t,
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165, 168, 170t, 240–241,
242–243, 244–245
physics of, 156
radiation, natural, as cause of
color in, 154
with radiation stains, 170t, 238
rarity of, 50f, 60, 150
scattering of light as cause of
color in, 241–242
separation of natural from treated
color and synthetic, 170t, 171,
232–233
sources of, 152–153
strain in, 162, 170t
types of, 154–155, 170t
visible absorption spectroscopy,
165, 166f, 169–170, 242–243
Blue-green diamonds. See Green diamonds, Ocean Dream diamond
Blue Heart diamond, 47, 50–52, 150,
153t
“Blue-white” diamonds, 60, 62, 86,
237, 281
Borneo. See also Kalimantan
black diamonds, as source of, 50
blue diamonds, as source of, 153
colored diamonds, as source of, 61
pink diamonds, as source of, 173
Boron
as cause of blue color, 84,
156–157, 170t, 238–239, 240
in Blue Heart diamond, 52
in Heart of Eternity diamond,
47, 52
in Hope diamond, 52
as cause of color zoning, 238–239
as cause of electrical conductivity, 156–157
in synthetic blue diamonds, 157
“Bracketing.” See GIA colored diamond color grading system
Brazil. See also Diamantina, Minas
Gerais
black diamonds, as source of, 50
blue diamonds, as source of, 153
colored diamonds, as source of, 61
Dresden Green diamond, as
source of (spurious), 21
English Dresden diamond, as
source of, 21
Hancock Red diamond, as source
of, 6
history of diamond deposits in,
32–33, 40
Moussaieff Red diamond, as
source of, 49
pink diamonds, as source of, 76,
172–173
Star of the South diamond, as

source of, 33–34
“transmission” luminescence, as
source of diamonds with, 259
yellow diamonds, as source of,
191, 259
Bronstein, Alan, xviii
Brown diamonds. See also Pink-brown
diamonds, Pinkish brown diamonds, Yellow-brown diamonds
595 nm band in natural, 73
Argyle mine as major source of,
xvi, 292
cause of color in, 89, 175
cloud-shaped inclusions in, 273
color zoning in, 71
crystal, dark, set in Renaissancestyle ring, 274
electrical conductivity of, 67, 68,
69
Golden Jubilee (“Unnamed
Brown”), 31
marketing of, xvi
plastic deformation of, 89, 175
radiation stains in, 74f, 274–275
unusual growth structures in very
dark, 108–109f
Brown-pink diamond with green
graining, 249
Brown-yellow diamonds, 218, 259
Brownish pink diamond with pseudo
dichroism, 219
Brunswick Blue diamond, 61, 153t
Bultfontein diamond mine (South
Africa), 61, 193f

C
“Canary” diamonds. See also
Nitrogen
unusual reaction to CuS-filter,
269
Cape diamonds. See Nitrogen
Cape series absorption bands. See
Nitrogen, N2 center, N3 center
Carat weight
of Agra diamond, 46, 172, 174t
of Allnatt diamond, 44f, 46, 191
of Black Orloff diamond, 84
of Black Star of Africa diamond,
84
of blue diamonds, trends in submission to GIA for grading, 155
of Blue Heart diamond, 50, 153t
of chameleon diamond, large
heart shape, 31, 279
of Cullinan blue diamond necklace, diamonds in, 53, 54f, 153t
of Cullinan diamond, 269
of Darcy Vargas diamond, 5

of Darya-i-Nur diamond, 172, 174t
of De Beers Millennium Star diamond, 43, 44f, 45
of Dresden Green diamond,
14–15, 22–23t
of Eureka diamond, 191
of Excelsior diamond, 269
of Golden Drop diamond, 192
of Golden Jubilee diamond
(“Unnamed Brown”), 3, 31
of Golden Star diamond, 192
of Hancock Red diamond, 6–10,
49
of Heart of Eternity diamond, 44f,
47, 50
of Hope diamond, 11f–13, 43, 50,
152, 153t
of Hortensia diamond, 46, 172, 173f
of Idol’s Eye diamond, 152, 153t
of Incomparable diamond, 135f,
191, 269n
of Moussaieff Red diamond, 44f,
49, 178f
of Nur-Ul-Ain diamond, 46
of Ocean Dream diamond, 44f, 48
of Oppenheimer diamond crystal,
192, 193f
of pink diamonds, trends in submission to GIA for grading, 177,
180
of Princie diamond, 174t
of Pumpkin diamond, 44f, 48
of Star of Sierra Leone diamond,
269
of Star of the South diamond, 35,
37, 40–41
of Steinmetz Pink diamond, 44f,
46
of Tiffany diamond, 4, 191–192f
of Williamson Pink diamond, 173,
174t
of yellow diamonds, trends in
submission to GIA for grading,
194, 196, 205
of Zale diamond, 269
Carbonate, dense inclusions of, 255
Cathodoluminescence. See also
Luminescence, Photolumi nescence spectroscopy
of blue diamonds, 157, 170t
Causes of color. See Color, individual diamond color entries
Central African Republic, 275
Chalcocite, as inclusion in black diamonds from Siberia, 105
Chameleon diamonds
22.28 ct, 3, 31, 279
Anomalous birefringence in, 114
characterization of, 110–123, 246,

277–279
color zoning in, 114, 115f
EDXRF analysis of, 122
fluorescence of, 111, 114–115,
116f, 123, 279
FTIR spectroscopy of, 111, 112,
115–116, 117f, 118f, 121
hydrogen as cause of color change
in, 121–123
nickel content of, 122f–123
phosphorescence of, 31, 111,
114–115, 116f, 123, 166f, 278
photoluminescence spectroscopy
of, 119–123
range of color changes in,
112t–113t
“reverse,” 111f, 115
Vis-NIR spectroscopy of, 116–121
“Champagne” diamonds. See Brown
diamonds
Christie’s. See also Auctions
auction of 4.37 ct Fancy Deep
blue diamond, then-record percarat price for, 150
auction of Allnatt diamond, 46
auction of Hancock Red diamond,
xvii, 2, 6, 49, 128, 178, 292
auction of pink diamonds,
173–174
auction of red diamonds, 178t,
179f
as source of pricing information,
129n
Clarity grade
of Allnatt diamond, 46
of blue diamonds, trends in submission to GIA for grading,
158t, 162, 168
of De Beers Millennium Star diamond, 45
of Dresden Green diamond, 4,
23t, 24–25
of Heart of Eternity diamond, 47
of Hope diamond, 12f–13
of Incomparable diamond, 135f
of pink diamonds, trends in submission to GIA for grading, 182,
187
of Star of the South diamond,
37f–38
of Steinmetz Pink diamond, 46
of Tiffany diamond, 4
of yellow diamonds, trends in
submission to GIA for grading,
197, 200f, 201f, 205, 206
Clouds
in blue diamond, 242
in brown diamonds, 273
in brownish yellow diamond, 271

in purple-pink and reddish purple
diamonds, 10
in white (opalescent) diamond,
289
in yellow diamonds, 201f, 208
Collins, Alan T., 291
Color
in black diamonds, causes of,
99–108
in blue diamonds, causes of, 47,
67n, 156–157, 170t, 241–243
boron, effect of on, 84, 156–157,
238–239, 240
in chameleon diamonds, causes
of, 121–123
in Dresden Green diamond, causes of, 27–28, 30
in gray-to-blue diamonds, causes
of, 96-97
in green diamonds, effect of inclusion on, 216
nitrogen, effect of on, 193,
208–209, 270–271
in pink-to-red diamonds, causes
of, 9, 49, 179
in yellow diamonds, cause of, 46,
193–194
Color, artificial
induced by annealing, 227; high
pressure/high temperature, 284,
285f
induced by irradiation (in some
cases, with annealing), 61, 65,
66, 72, 85, 107, 132–133, 154,
226–228, 232–233
yellow, 592 nm line as identification criterion for, 72–74, 282
Color change. See also Chameleon
diamonds
acid-boiling, caused by, 246
apparent, caused by viewing from
different directions, 219
in pink diamonds, 98, 174, 185,
224, 265
short-wave UV, caused by exposure to, 246, 247
sunlight, caused by exposure to,
247
X-rays, caused by exposure to,
245–247
Color grade
of Agra diamond, 174t
of Allnatt diamond, 44f, 46
of blue diamonds, trends in submission to GIA for grading,
158t, 159–162
of Blue Heart diamond, 50–51f
of Cullinan blue diamond necklace, diamonds in, 53, 54f
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of De Beers Millennium Star diamond, 45
of Dresden Green diamond, 23t, 25
effect of inclusions on, 216
of Golden Drop diamond, 192
of Golden Jubilee diamond
(“Unnamed Brown”), 31
of Golden Star diamond, 192
of Hancock Red diamond, 6–10,
128
of Heart of Eternity diamond, 44f,
47, 50–51f
of Hope diamond, 13, 13n, 50–51f
of Idol’s Eye diamond, 152, 153t
of Incomparable diamond, 135f,
192
of Moussaieff Red diamond, 44f,
49
of Ocean Dream diamond, 44f,
48–49
of pink diamonds, trends in submission to GIA for grading,
177t, 180, 181f
of Pumpkin diamond, 44f, 48
of Star of the South diamond, 37
of Steinmetz Pink diamond, 44f,
46
value and, 45
of yellow diamonds, trends in
submission to GIA for grading,
190, 196–197, 200f, 210–211
Color grading of colored diamonds.
See GIA colored diamond color
grading system
Color order systems, 126, 135–136,
137t
Color, “uneven.” See “Uneven” color
description
Color zoning
in artificially irradiated diamonds,
28, 71
in bicolored yellowish green and
red diamond
in blue diamonds, 54, 163, 164,
170t, 236, 238–239
in brown diamonds, 71
in chameleon diamonds, 114, 115f
in Cullinan blue diamond necklace, diamonds in, 54
cutting and, 141, 239, 270–271
and electrical conductivity, 236
in Heart of Eternity diamond, 47
in Ocean Dream diamond, 49
in pink-brown diamond with very
high nitrogen content, 276
in pink diamonds, 71, 80, 81f,
184, 187, 219
pseudo-dichroism causing, 219
in rough crystal, resulting in dif-
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ferent colored polished stones,
270–271
strongly defined, in yellow diamond, 270
in treated-color diamonds
in yellow diamonds, 201, 208, 217
Colorado. See Kelsey Lake diamond
mine
Comparison gauge, diamond. See
Diamond comparison gauge
Conductivity, electrical. See
Electrical conductivity
Conductivity, thermal. See Thermal
conductivity
Crowningshield, G. Robert, 293
Cryogenic cooling, effects of, 59, 73,
112–114
Crystal morphology of diamonds,
63–64
Cuboid growth, 108–109
Cullinan blue diamond necklace, 3,
53–55, 153t
Cullinan diamond, 152, 269
Cullinan (formerly Premier) diamond
mine (South Africa), 3, 61, 126
blue diamonds, as source of, 46,
47, 53, 152–153, 154f, 155f, 171,
232
history of, 152–153
orange diamond, as source of, 61
pink diamonds, as source of, 173
production figures for, 153
Cullinan, Thomas, 3, 53, 152
Curiel, François, 292

D
Darcy Vargas diamond, 5
Darya-i-Nur diamond, 172, 174t
De Beers Millennium Star diamond,
44f, 45
De Beers diamond mine (South
Africa), 46, 193f
Deformation, plastic. See Plastic
deformation
Democratic Republic of the Congo,
45
Diamantina (Brazil)
diamond deposits in, 33
pink diamonds, as source of, 76
Diamond comparison gauge, 62
Diamond, cuts and cutting of
Allnatt diamond, 46
blue diamonds, 164
Blue Heart diamond, 51, 52f
color appearance, effects of on,
206–207
color zoning and, 239, 270–271

colored diamonds generally,
60–61, 129
different colored stones from the
same rough, 270–271
Dresden Green diamond, 22–23,
25–26
green diamonds, 25–26, 227–230,
268
Heart of Eternity diamond, 47, 51,
52f
Hope diamond, 12–13, 51
innovations in, xv, 51
pink diamonds, 187–188
radiant cut, xv
Star of the South diamond, 37
StarBurst cut, xv
yellow diamonds, 206–207
trends in submission to GIA for
grading, 196, 197f, 205
Diamond types
of blue diamonds, 170t
color and, 154
definitions of, 94–95
mixed
in blue diamond, 242–243
in violet-gray diamond, 288
spectroscopy of yellow diamonds
and, 202–205, 208–210
trends in pink diamonds submitted to GIA for grading, 180
of yellow diamonds, 192–193
DiamondLite, 134
DiamondView imaging
of blue diamond with mixed type
IIa and IIb zones, 242–243
of Cullinan blue diamond necklace, diamonds in, 54f, 55
of pink diamond with apparent
magnetism, 251, 252f
of pink-brown diamond with very
high nitrogen content, 277
of strongly colored blue diamonds, 244–245
of yellow diamond with nickelrelated optical centers, 260
Dichroism, pseudo, in brownish pink
diamond, 219
Diopside
as inclusion in yellow diamonds,
197
as possible inclusion in a green
diamond, causing the color, 216
Dissolution features
in black diamonds, 102
in brownish yellow diamonds,
254
dislocation channels, etched, 248,
264
in pink diamonds, 81–83

unusual, in green crystal, 231
Dresden Green diamond
cause of color in, 27–28, 30
cutting of, 22–23, 25–26
exhibition at Smithsonian
Institution, 43
grading of, 14–30
history of, xiv, 4, 17–22, 42, 61,
128
source of, 18, 21–22
spectroscopy of, 27–30f
DTC DiamondView. See
DiamondView imaging
Duotester, 237
Dutoitspan diamond mine (South
Africa), as source of Oppenheimer
diamond crystal, 192, 193f

E
EDS (energy-dispersive X-ray spectroscopy) analysis
of black diamonds from Siberia,
100–106
EDXRF (energy-dispersive X-ray fluorescence) spectroscopy
of blue diamonds, 162, 240–241
of chameleon diamonds, 122
of garnet inclusion in yellow diamond, 216
of “magnetic” pink diamond,
251–252
of orangy yellow diamond with
high nickel content, 265–266
Electrical conductivity
of black diamonds, 69, 281
of blue diamonds, 67, 68, 69, 92t,
156–157, 158t–159t, 165,
168–169, 170t, 233–237, 238,
224, 244
of blue gemstones, as compared to
diamonds, 234
of brown diamonds, 67, 68, 69
color zoning and, 236
of Cullinan blue diamond necklace, diamonds in, 54
devices for testing of, 234–237
of gray diamonds, 69, 280, 288
of gray-to-blue diamonds, 91–97
of grayish yellow diamond, 268
of greenish gray diamonds, 280
of Heart of Eternity diamond, 47
of Hope diamond, 235
as separation criterion for naturaland treated-color colored diamonds, 233, 280
variable, in grayish brown diamond, 280
very high, in gray-blue diamond,

237
Electron spin resonance
of pink and blue diamonds from
Argyle diamond mine, 98
Energy-dispersive X-ray fluorescence.
See EDXRF spectroscopy
Energy-dispersive X-ray spectroscopy. See EDS analysis
English Dresden diamond, 21, 36f
Enstatite, as possible inclusion in
green diamond, causing the color,
216
“Etch” features. See Dissolution features
Eureka diamond, 191
Excelsior diamond, 269

F
Faceting. See Diamond, cuts and cutting of
Famous colored diamonds. See individual entries by name
Fancy-grade color grading system,
GIA. See GIA colored diamond
color grading system
Fibrous growth, 108–109
Finsch diamond mine (South Africa),
192
Fluorescence, UV-activated. See also
DiamondView imaging; EDXRF
spectroscopy; Phosphorescence,
UV-activated; X-ray fluorescence spectroscopy
of 22.28 ct chameleon diamond,
31
of Allnatt diamond, 46
of black diamonds, 87f–88, 281
blue, 38, 46, 49, 60n, 68, 80, 86,
87, 114, 115, 184, 193, 202, 240,
249, 252, 254, 258, 260, 261,
270, 279, 281, 289
of blue diamonds, 71, 92t, 157,
165, 170t, 240–241, 244–245
of brown-yellow diamond, 259
of chameleon diamonds, 31, 111,
114–115, 116f, 123, 279
of Darcy Vargas diamond, 5
of De Beers Millennium Star diamond, 45
of Dresden Green diamond, 23t,
26–27
of Golden Jubilee diamond
(“Unnamed Brown”), 31
of gray-to-blue diamonds, nonconductive,92t, 93
of grayish purple diamond, 283
green, 202, 254, 277
of green diamonds, 230

greenish yellow, 31, 88, 281
of Hancock Red diamond, 7–8f, 9f
of Heart of Eternity diamond, 47
of Hope diamond, 13, 13f, 93
of Moussaieff Red diamond, 49
of Ocean Dream diamond
orange, 48, 93, 184, 193, 202, 247,
256, 259–260, 264, 271, 282,
287
orangy yellow, 46, 92t, 259
of pink-brown diamonds, 277
of pink diamonds, 7–8, 68, 80,
184–185t, 247, 249, 260
of Pumpkin diamond, 48
of “red” diamonds, 8t
red, in orange-brown diamond,
271
of Star of the South diamond, 38,
42
of Steinmetz Pink diamond, 46
of white (opalescent) diamonds,
289
of yellow diamonds, 193,
201–202, 203f, 208, 256, 261,
270
with sharply defined color zoning,
270
yellow, 92t, 114, 193, 202, 240,
244, 256, 259, 260–261, 270,
272–273, 274, 278, 279, 283, 289
yellow-green, 256
of yellow synthetic diamonds, 257
zoned, 287
Fourier-transform infrared spectroscopy. See FTIR spectroscopy
Friedrich Augustus I (Augustus the
Strong), 4, 16–18t, 20
Friedrich Augustus II, 17, 18, 20
FTIR spectroscopy. See also UV-VisNIR spectroscopy, Vis-NIR
spectroscopy
of blue diamonds, 154, 165, 167f,
169–170
with mixed type IIa and IIb
zones, 242–243
strongly colored, with unusual
phosphorescence, 244–245
of Blue Heart diamond, 51–52
of chameleon diamonds, 111, 112,
115–116, 117f, 118f, 121
of color-zoned blue diamond,
238–239
of Cullinan blue diamond necklace, diamonds in, 55
and diamond type, 94, 95f
of diamond with many carbonate
microinclusions, 255
of Dresden Green diamond, 29,
30f
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of gray-to-blue diamonds, nonconductive, 92–93, 96
of greenish brownish yellow diamond with amber center and
H2/H3 absorption, 262–263
of Heart of Eternity diamond,
51–52
of Hope diamond, 51–52f
of HPHT-annealed diamond, 285f
with nickel-related optical centers, 260
of orangy yellow diamond with
very high nickel content,
264–266
of pink diamonds, 185, 186f
of pink-brown diamond with very
high nitrogen content, 276
of pinkish orange diamonds, 282,
285–286
of Star of the South diamond, 37,
39, 41
of yellow diamonds, 193–194,
202–205, 208–210, 265f

G
Garnet
as inclusion in black diamonds,
105
as inclusion in pink diamonds,
182, 183f
as inclusion in yellow diamonds,
197, 202f, 271
GIA colored diamond color grading
system
“additional” colors and, 148,
217–218
for blue diamonds, 50, 150–171,
220
D-to-Z scale, relationship to,
130–133, 191, 210, 211f, 214
effect of tone, 221
explanation of, 128–149
factors in assigning a grade, 141
future of, 290
grade transitions, 180, 210,
212–214, 220, 221
grading instruments and, 147–148
history of, xix, 126, 130–134
levels of fineness, 137t
lighting for, 136–138f, 194
methodology of, 136–142f, 177,
179, 210–214, 218, 219, 220, 221
mounting and, 148
Munsell Color System and, 137t,
140–144, 145f
for pink diamonds, 172–189
for red diamonds, 178–180
software, 290
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terminology for, 50, 130, 142–147,
175, 180–181
theory behind, 134–136
treated color and, 148
value and, 220
viewing environment for,
136–138
for yellow diamonds, 190–215
GIA Conductometer, 236
Goeman, Danny, 292
Golconda, India
blue diamonds, as source of, 152
Dresden Green diamond, as
source of, 18, 21–22
pink diamonds, as source of, 172
Tavernier, Jean Baptiste, travels
to, 152
Golden Jubilee diamond (formerly
“Unnamed Brown”), 3, 31n
GR1 (741 nm) absorption line
annealing of, 72, 73f–74, 227
brown radiation stains, in diamond with, 275
in Dresden Green diamond, 27–28
green color, as cause of, 84, 216,
226–227, 230, 268
as identification criterion, 72
removed by faceting, 268
in “reverse” chameleon diamonds, 119f, 120, 121
Graff, Lawrence, 192
Graining
in blue diamonds, 163, 170t
brown, 274
in Dresden Green diamond, 26
in Golden Jubilee diamond
(“Unnamed Brown”), 31
green, in brown-pink diamond,
249
in Hancock Red diamond, 9
in Heart of Eternity diamond, 47
in Hope diamond, 12f–13
in pink diamonds, 9f, 10f, 80, 81f,
83, 174–175f, 182–183, 187
in purple diamonds, 9, 283
“rainbow,” in yellow diamonds,
201, 202f
in Star of the South diamond, 38
Graphite
in black diamonds, as cause of
color, 86–87, 99, 106
electrical conductivity in black
diamonds, as cause of, 281
green diamond, as inclusion in,
216
pink diamonds, as inclusion in,
10, 182, 183f
yellow diamonds, as inclusion in
197, 201f

Gray diamonds. See also Violet-gray
diamonds
submitted to GIA for grading, 280
Gray-to-blue diamonds, nonconductive, 59, 91–97, 242–243
hydrogen as cause of color in, 97
Grayish purple diamonds, 283
Green diamonds. See also Blue-green
diamonds, Chameleon diamonds
3H center in, 227, 230
Dresden Green, xiv, 4, 14–30, 42,
43, 61, 128, 228
enstatite as possible inclusion in,
216
fluorescence of, 26–27, 230
GIA research with, 133f
graphite as inclusion in, 216
H3 center in, 227
manufacturing of, 25–26,
227–230, 268
radiation, natural, as cause of
color in, 27–28, 30, 65–66,
226–231, 268
radiation stains and, 27f–28, 69,
227–231
separation of natural from treated
color, 226–227
UV-visible spectroscopy of,
226–227
UV-Vis-NIR spectroscopy of,
28f–29
visible absorption spectroscopy of,
28, 216
Green-pink bicolored crystal, 249–250
Green Vaults, 2, 4, 16–19f, 21, 23
Greenish blue diamonds, 69, 237
Greenish yellow diamonds, 258–259
Growth sectors, unusual, 108–109
Guinea, as source of blue diamonds,
153
Guyana, as source of blue diamonds,
153

H
H2 center (986 nm), 262–263
H3 center (503.2 nm)
in green diamonds, 227
in greenish brownish yellow diamond with amber center,
262–263
in HPHT-annealed diamond, 284
in pinkish orange diamond, 285
in Star of the South diamond, 41
“transmission” luminescence, as
cause of, 203, 205, 209, 254, 259
in yellow diamond, 256
H4 center (496 nm), 72f, 285
Hancock Red diamond, 129

auction of, xvii, 2, 6, 49, 128, 178,
225
Brazil as source of, 6
characterization of, 6–10
highest per-carat price, xvii, 6, 49,
128, 178, 292
Heart of Eternity diamond, 44f, 47,
50–52
Hellem diamond mine (South
Africa), as source of blue diamonds, 153
Hematite
black diamonds from Siberia, as
inclusion in, 103–104, 105f,
106–107
electrical conductivity of, 234
High pressure/high temperature
treatment. See HPHT treatment
Hope diamond
comparison with Blue Heart and
Heart of Eternity, 50–52
electrical conductivity of, 235
FTIR spectrum of, 52f
grading of, 2 ,11–13, 153t
history of, xiv, 2, 11, 42, 61, 128,
150, 152
phosphorescence of, 13f, 47, 51,
54, 93, 165
Hortensia diamond, 172, 173f, 174t
HPHT (high pressure/high temperature) treatment, 122, 262–263,
284, 285f, 291, 293
proof against, 251
Hydrogen impurities
as cause of color change in
chameleon diamonds, 121–123
as cause of color in nonconductive gray-to-blue diamonds, 97,
242–243
in diamond with carbonate microinclusions, 255
in diamonds with amber centers,
259–260
in white (opalescent) diamonds,
289
in yellow diamonds, 203, 208,
209, 258, 270–271

I
Idol’s Eye diamond, 150, 152, 153t
Impurities. See Hydrogen impurities,
Inclusions, Nitrogen
Inclusions
anhydrite, 105
in black diamonds, 86
in black diamonds from Siberia,
99–108
in blue diamonds, 54, 162–163,

170t
in brown diamond crystal in
Renaissance-style ring, 274
calcite, 105, 255
carbonate, microscopic, 255
as cause of color, 127, 216
chalcocite, 105
characteristic, in fancy-color diamonds, 252–253
chrysotile, 105
clouds, 10, 197, 201f, 208, 242,
271, 273, 289
in Cullinan blue diamond necklace, diamonds in, 54
cuprite, 105
diopside, 197, 216
dolomite, 105
dolomite-ankerite, microscopic,
255
in Dresden Green diamond, 24–25
enstatite, 216
fluorite, 105
garnet, 105, 182, 183f, 197, 216, 271
goethite, 105
in Golden Jubilee diamond
(“Unnamed Brown”), 31
graphite, 86–87, 99, 106, 162, 182,
183f, 197, 201f, 216
halite, 105
in Hancock Red diamond, 8–10f
in Heart of Eternity diamond, 47
hematite, 103–104, 105f, 106–107
in Hope diamond, 12f–13
iron, 103–104, 106f–107f
magnetite,103–104, 106–107
needles, 201f, 253f
olivine, 9, 10, 83f, 105, 107, 182,
183
omphacite, 197
phosphate, microscopic, 255
in pink diamonds, 79–81, 82f,
182–183f
pinpoints, 182, 197, 208
platelets, 116, 118f, 121, 201f,
209, 253f, 261
in Pumpkin diamond, 48
pyrite, 105
pyroxene, 105, 182, 183f
quartz, 105
rutile, 197
in Star of the South diamond,
37–38
sulfides, 105–106, 162, 163f, 201f
water, microscopic, 255
in yellow diamonds, 197, 201f,
202f, 208
Incomparable diamond, 135f, 191,
269n
India. See also Golconda

Baroda, Gaekwar of, as owner of
Star of the South diamond, 36
blue diamonds, as source of, 152
colored diamonds, as source of, 61
Dresden Green diamond, as
source of, 21–22
pink diamonds, as source of, 76
yellow diamonds, as source of,
191
Indonesia. See Borneo
Iron, as inclusion in black diamonds
from Siberia, 103–104, 106f–107f
Irradiated diamond. See Radiation,
artificial; Radiation, natural;
Radiation stains

J
“Jager” diamonds. See “Blue-white”
diamonds
Jagersfontein diamond mine (South
Africa), 61, 153, 193f
Jwaneng diamond mine (Botswana),
as source of hydrogen-rich diamonds, 258

K
Kalimantan (Indonesia)
blue diamonds, as source of, 153
pink diamonds, as source of, 173
Kelsey Lake diamond mine
(Colorado), greenish yellow diamond from, 258
Kimberley diamond mine (South
Africa), 193f
Tiffany diamond, as source of, 4,
192
Koffiefontein diamond mine (South
Africa), 153, 193f

L
Lamellae, pink, 259–260
Liddicoat, Richard T., 293
Livnat, Nir, 292
Long-wave ultraviolet fluorescence.
See Fluorescence, UV-activated
Luminescence. See Cathodoluminescence; Fluorescence, UVactivated; Phosphorescence,
UV-activated; Photo luminescence spectroscopy;
“Transmission” luminescence

M
Magnetic susceptibility of minerals,
103
Magnetism
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of black diamonds from Siberia,
102–103, 105, 107
of pink diamond, due to iron contamination, 251–252
Magnetite, as inclusion in black diamonds from Siberia, 103–104,
106–107
Manganese, as cause of color in pink
diamonds (spurious), 67, 81, 174
Manufacturing. See Diamonds, cuts
and cutting of, individual color
entries
McLean, Evalyn Walsh, 11, 40
Merksamer, Samuel, 292–293
Millennium Star diamond. See De
Beers Millennium Star diamond
Minas Gerais, Brazil
Darcy Vargas diamond, as source
of, 5
diamond deposits in, 33
pink diamonds, as source of,
172–173
Mixed type IIa and IIb zones
in blue diamond, 242–243
in violet-gray diamond, 288
Morphology, crystal, of diamonds,
63–64
Moses, Thomas M., 293
Moussaieff Red diamond, 44f, 49,
178f
Munsell Color System, 137t,
140–144, 145f
Mwadui (Williamson) diamond mine
(Tanzania), as source of pink diamonds, 76, 173

N
N2 center (478 nm), 66f, 94, 118,
193, 202–203, 209, 256
N3 center (415 nm), 41, 46, 66f, 96,
256
in artificially irradiated diamonds,
72f
in bicolored pink-green diamond,
249
in brown-yellow diamonds with
amber centers, 260
as cause of 415 nm absorption
band, 193
as cause of blue UV fluorescence,
193
in chameleon diamonds, 118
in HPHT-annealed diamond, 284
in pink diamonds, 7, 79f–80
in pinkish orange diamond,
285–286
in yellow diamonds, 193,
202–204, 209, 253
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with nickel impurities, 261
N-V center. See Nitrogen-vacancy
centers
Named colored diamonds. See individual entries by name
Natural Color Diamond Association
(NCDIA), xix, 293
Naturals, 69, 227–228, 230, 237
Nickel
in chameleon diamonds, 122f–123
high content in orangy yellow
diamond, 264–266
optical centers related to, yellow
diamond with, 260–261
in synthetic diamond, 265–266
Nitrogen. See also N2 center, N3
center
aggregation of, 193, 208–209,
275–277, 284–286
“canary” diamonds and, 193, 275
cape diamonds and, 193
cape series absorption bands, 68,
69, 253
as cause of yellow color in diamonds, 193, 208–209, 270–271
configuration in yellow diamonds, 193, 208–209
relationship to diamond types,
192–193, 202–205, 208–210, 284
very high content in a pink-brown
diamond, 275–277
Nitrogen-vacancy (N-V) center
(575/637 nm), 40–41, 203,
262–263, 284–286
Nonconductive gray-to-blue diamonds. See Gray-to-blue diamonds, nonconductive
Nur-Ul-Ain diamond, 46

O
Ocean Dream diamond, 44f, 48–49
Olivine
as inclusion in black diamonds,
105, 107
as inclusion in pink diamonds, 9,
10, 83f, 182, 183
as inclusion in yellow diamonds,
197
Omphacite, as inclusion in yellow
diamonds, 197
“Opalescent” diamonds. See White
(opalescent) diamonds
Orange diamonds, See also Pinkish
orange diamonds, Yelloworange diamonds
Cullinan (Premier) mine, as
source of, 61
Pumpkin, 47–48

Orange-brown diamonds, 271
Orangy yellow diamonds, 118, 120
with a very high nickel content,
264–266
Origin of color. See Color, individual
diamond color entries

P
Phosphorescence, UV-activated. See
also Fluorescence, UV-activated; X-ray phosphorescence
of a 22.28 ct chameleon diamond,
31
blue, 243, 244, 280
of blue diamonds, 12–13f, 51, 71,
92t, 157, 158t, 165, 168, 170t,
240–241
with mixed type IIa and IIb
zones, 242–243
trends in diamonds submitted
to GIA for grading, 158t
unusual in, 244–245
of Blue Heart diamond, 51
boron and, 157
of brown-yellow diamonds, 259
of chameleon diamonds, 31, 111,
114–115, 116f, 123, 166f, 278
of Cullinan blue diamond necklace, diamonds in, 54
of Dresden Green diamond, 26
of a gray diamond, 280
of gray-to-blue diamonds, nonconductive, 92t, 93, 96
of Heart of Eternity diamond, 47,
51
of Hope diamond, 12, 13f, 47, 51,
54, 93, 165
orange, 93, 247
of pink diamonds, 80, 247, 250
of Pumpkin diamond, 48
red, 12, 13f, 47, 51, 54, 237, 244,
245f, 288
of “red” diamonds, 8
reddish orange, 93, 247
of synthetic blue diamonds, 157
unusual, in strongly colored blue
diamonds, 244–245
variable, in pink diamond changing color in response to shortwave UV, 247
yellow, 48, 80, 259, 261, 264
in chameleon diamonds, 31,
111, 114–115, 116f, 123, 166f,
259, 278
of yellow diamonds, 261
Photochromism. See also
Chameleon diamonds
in pink diamonds, 98, 174, 185,
247, 265

Photoluminescence spectroscopy.
See also Raman spectroscopy
of chameleon diamonds, 119–123
of Cullinan blue diamond necklace, diamonds in, 55
of orangy yellow diamond with
very high nickel content,
265–266
of pink and blue diamonds from
Argyle diamond mine, 98
of Star of the South diamond, 37,
39–41f
unusual, in type II diamonds,
240–241
of yellow diamond with nickelrelated optical centers, 260
Pink diamonds. See also Brown-pink
diamond, Brownish pink diamonds, Purple-pink diamonds
56 ct rough, 2
550 nm band in, 67, 79–80, 175,
185, 188–189, 250
Agra, 46, 128, 172, 174t
Argyle mine as major source of,
46, 76, 83, 98, 128, 132f,
172–173, 189f
auction sales of, xvii, 173–174
from Australia, 76–83, 172
from Brazil, 76, 78f, 172–173
carat weights of, trends in submission to GIA for grading, 177,
180
cause of color in, 9, 46, 66–67, 81,
89, 174–175
change in color with heat or light,
98, 174, 185, 224, 246–247, 265
clarity grades of, trends in submission to GIA for grading, 182,
187
color grades of, trends in submission to GIA for grading, 177t,
180, 181f
color grading of, 127, 175, 176f,
188f
color range of, 77–78, 127, 177t,
180, 181, 185–186
color zoning in, 71, 80, 184, 187,
219
cuts and cutting of, 187–188
Darya-i-Nur, 172, 174t
diamond types of, trends in submission to GIA for grading, 180
dissolution features in, 81–83, 248
EDXRF analysis of, 251–252
fluorescence of, 46, 68, 80,
184–185t, 247, 249, 260
FTIR spectroscopy of, 185, 186f
garnet as inclusion in, 182, 183f
graining in, 9f, 10f, 80, 81f,
174–175f, 182–183, 187

graphite as inclusion in, 10, 182,
183f
history of, 172–173
Hortensia, 172, 173f, 174t
inclusions in, 79–81, 182–183f
with magnetism due to iron contamination, 251–252
manganese as cause of color in
(spurious), 67, 81, 174
manufacturing of, 187–188
N3 center in, 79f–80
olivine as inclusion in, 10, 83f,
182, 183
phosphorescence of, 80, 247, 250
photochroism in, 98, 174, 185,
247, 265
photoluminescence of, 98
plastic deformation as cause of
color in, 81, 89, 90, 175
Princie diamond, 174t, 247
pyroxene as inclusion in, 182,
183f
with radiation stains, 249–251
rarity of, 7, 172
red diamonds, color relationship
to, 175, 178–179
slip planes as cause of color, 114,
120, 174–175, 189
Steinmetz Pink, 44f, 46
strain in, 81, 184
thermochroism in, 98, 185, 247,
265
Williamson Pink, 173, 174t
X-radiation, effect of on color in,
245, 246
Pink-brown diamond, 275–277
Pinkish brown diamonds. See Star of
the South diamond
Pinkish orange diamonds, 282,
285–286
Pinpoint inclusions
in Heart of Eternity diamond, 47
in pink-to-red diamonds, 10
in Star of the South diamond, 38
in yellow diamonds, 197, 208
Plastic deformation
as cause of color in brown diamonds, 89, 175, 290
as cause of color in pink diamonds, 81, 89, 90, 175, 290
Platelets, 116, 118f, 121, 201f, 209,
253f, 261
Pleochroism. See Dichroism
Premier diamond mine (South
Africa). See Cullinan diamond
mine
President Vargas diamond, 33
Princie diamond, 174t, 247
Pumpkin diamond, xix, 3, 44f, 47–48

Purple diamonds. See also Reddish
purple diamonds, Grayish purple diamonds
1.04 ct bullet-shape, 283
graining in, 9, 283
Purple-pink diamonds, 6–10
Purplish red diamonds. See Hancock
Red diamond
Pyrite
as inclusion in black diamonds
from Siberia, 105
Pyroxene
as inclusion in black diamonds
from Siberia, 105
as inclusion in pink diamonds,
182, 183f

R
Radiant cut, xv
Radiation, artificial
as cause of color, 30, 61, 65, 66,
72–73, 85, 107, 132–133,
226–228
as cause of color in blue to greenblue diamonds, 154, 232–233
Radiation, natural
as cause of color in Dresden
Green diamond, 27–28, 30
as cause of color in green diamonds, 27–28, 30, 65–66,
226–231, 268
as cause of color in Ocean Dream
diamond, 48
Radiation stains
in blue diamond, 170t, 238
in brown diamonds, 74f, 274–275
in gray-to-blue diamonds, nonconductive, 93f
in green diamonds, 27f–28, 69,
224, 227–231
internal, 267
in pink diamonds, 224, 249–251
in yellow diamond, 267
“Rainbow” graining. See Graining
Raman spectroscopy
of blue diamonds, 162, 240
of pink diamonds, 177, 251–252
of Star of the South diamond, 37,
39–41f
of yellow diamond with nickelrelated optical centers, 261
Red diamonds. See also Hancock
Red diamond
5 ct, at 1934 Chicago World’s Fair,
225, 281
auctions of, xvii, 2, 6, 49, 225
bicolored yellowish green–red diamond, 282
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cause of color in, 9, 49, 179
colored gemstones, other red,
color relationship to, 179
color range of, 178–179
fluorescence of, 49
Moussaieff Red, 44f, 49, 178f
pink diamonds, color relationship
to, 175, 178–179
pinpoints in, 10
rarity of, 7, 60, 179f
Reddish purple diamonds, 6–10
Robertson diamond type classification scheme, 294
Rodman, Harry, xviii
Russia
black diamonds from, cause of
color in, 99–108
hydrogen-rich diamonds, as
source of, 258
pink diamonds, as source of, 173
Rutile, as inclusion in yellow diamonds, 197

S
Scanning electron microscopy
of black diamonds from Siberia,
100–107
Scattering of light, as cause of color
in blue diamond, 242–243
SEM. See Scanning electron
microscopy
Short-wave ultraviolet fluorescence.
See DiamondView imaging;
Fluorescence, UV-activated
Siberia, black diamonds from, 59,
99–109
Sierra Leone, as source of blue diamonds, 153
Slip planes, as cause of color in
brown and pink diamonds, 114,
120, 174–175, 189
Smithsonian Institution
exhibition of rare diamonds at,
xviii–xix, 3, 43–49, 50
as location for Hope diamond, 2,
11–13, 43, 47, 152
as location for Oppenheimer diamond crystal, 192
Sotheby’s. See also Auctions
auction of a 20.17 ct blue diamond, 128
auction of pink diamonds, 173,
247
auction of yellow diamonds, xv,
192, 206
as source of pricing information,
129n
South Africa. See also Bellsbank,
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Bultfontein, Cullinan, De
Beers, Dutoitspan, Finsch,
Hellem, Jagersfontein,
Kimberley, and Koffiefontein
mine entries
black diamonds, as source of, 50
discovery of diamonds in, 32, 40,
191
Pumpkin diamond, as source of,
47–48
yellow diamonds, as source of, 61,
191, 192
Spectroscopy. See EDXRF spectroscopy, FTIR spectroscopy,
Raman spectroscopy, UV-Vis
spectroscopy, UV-Vis-NIR spectroscopy, Vis-NIR spectroscopy
Splendor of Diamonds exhibit. See
Smithsonian Institution
Star of Sierra Leone diamond, 269
Star of the South diamond
faceting of, 35
grading of, 32–42
history of, 33–37
StarBurst cut, xv
Steinmetz Pink diamond, 44f, 46
Strain. See also Anomalous birefringence
in blue diamonds, 162, 170t
in chameleon diamonds, 114
in Dresden Green diamond, 26
in greenish brownish yellow diamond with amber center and
H2/H3 absorption, 262–263
in Hancock Red diamond, 8–9f
in pink diamonds, 9f–10, 184
in Star of the South diamond, 38

T
Tanzania. See Mwadui (Williamson)
diamond mine
Tavernier, Jean Baptiste
and large (137.27 ct) yellow diamond, 191
and Tavernier Blue (later the
Hope) diamond, 152
travels to Golconda, India, 152
Tavernier blue diamond, 61, 152
TEM. See Transmission electron
microscopy
Thermal conductivity
of black diamonds, 88
GIA Gem Instruments Duotester
and, 237
Thermochromism. See also
Chameleon diamonds
in pink diamonds, 98, 185, 247, 265
Tiffany & Co., 4, 192f

Tiffany diamond, 4, 191–192f
Tillander, Herbert, 12, 14
Tone, effect on color, 221
Transmission electron microscopy
and analytical electron
microscopy, 101
of black diamonds from Siberia,
100–107
of pink diamonds from Argyle
mine, 89
“Transmission” luminescence
blue-to-violet, in chameleon diamonds, 279
green, 68, 205, 208, 209, 210, 254,
258f–259, 262–263, 284
H3 center, 7
of “red” diamonds, 8
Tyndall effect. See Scattering of light

U
Ultraviolet absorption spectroscopy.
See UV entries
Ultraviolet radiation, diamond reactions to. See DiamondView;
Fluorescence, UV-activated;
Phosphorescence, UV-activated
“Uneven” color description. See also
GIA colored diamond color
grading system
cutting style as cause of, 207
grading, 141, 143f, 207
internal cleavage as cause of, 217
“Unnamed Brown” diamond. See
Golden Jubilee diamond
UV-Vis (ultraviolet visible) spectroscopy
of brown yellow diamonds with
amber centers, 260
of gray-to-blue diamonds, nonconductive, 96f
of green diamonds, 226–227
of HPHT-annealed diamond, 284,
285f
of pinkish orange diamond,
285f–286
of yellow diamonds, 202–205,
208–210
with nickel-related optical centers, 260
UV-Vis-NIR (ultraviolet-visible-near
infrared) spectroscopy. See also
FTIR spectroscopy
of Dresden Green diamond,
28f–29
of nonconductive gray-to-blue
diamonds, 96
as separation criteria for natural
and treated-color blue diamonds,

233
of Star of the South diamond, 37,
39
of type IIb blue diamonds,
156–157

of greenish brownish yellow diamond with amber center and
H2/H3 absorption, 262–263
of orangy yellow diamond with
very high nickel content,
264–266

V
Vacancy. See Nitrogen-vacancy center
Venezuela
blue diamonds, as source of, 153
“transmission” luminescence, as
source of diamonds with, 259
Violet-gray diamonds, 288
Visible absorption spectroscopy
of black diamonds, 87
of blue diamonds, 165, 166f,
169–170
with mixed type IIa and IIb
zones, 242–243
of brown-pink diamond with
green graining, 249
of Dresden green diamond, 28
of green diamond, 74f
of Hancock Red diamond, 7, 8f
of irradiated brown diamond, 73f
of orangy brown diamond with
brown and green radiation
stains, 275
of pink diamonds, 66f, 79f,
185–186f
of pink-brown diamond with very
high nitrogen content, 276
of “red” diamonds, 8t
unusual, in yellow-brown diamond, 272
of very light green diamond colored by inclusions, 216
of yellow diamonds, 193–194
Vis-NIR spectroscopy
of chameleon diamonds,
116–121

W
White (opalescent) diamonds, 289
Williamson diamond mine
(Tanzania). See Mwadui diamond mine
Williamson Pink diamond, 2, 173,
174t
Winston, Harry, 2, 11, 12, 24, 41, 43

X
X-radiation, effect on pink diamonds,
245–247
X-ray fluorescence spectroscopy. See
also EDXRF spectroscopy
of Hancock Red diamond, 8
of “red” diamonds, 8t
X-ray phosphorescence, 268

Y
Yellow diamonds. See also Brownyellow diamonds, Greenish yellow diamonds
890 ct rough crystal (“Zale”), 269
with “additional” orange color,
217–218
Allnatt, 44f, 46, 191
auction sales of, 192
carat weight of, trends in submission to GIA for grading, 194
cause of color in, 46, 193–194
clarity grades of, trends in sub-

mission to GIA for grading, 197,
200f, 201f, 205, 206
color grading of, 127, 210–214
color range of, 194, 195f, 196–197,
198f–199f, 200f, 209–211
color zoning in, 201, 208, 270
cuts and cutting of, 206–207
diamond types, 192–193, 209–210
Eureka, 191
fluorescence of, 193, 201–202,
203f, 208, 256, 261, 270
GIA color descriptions for, 194
graining in, 201
history of, 191–192, 206–207
hydrogen in, 203, 208, 209
inclusions in, 197, 201f, 202f, 216,
252–253
manufacturing of, 196, 197f, 205,
206–207
nitrogen in, 193–194, 202–205,
208–210
phosphorescence of, 261
rarity of, 190
from South Africa, 191–192, 193f
spectroscopic groups of, 202–205,
208–210
Tiffany, 4, 191–192f
treated color, detection of
trends in submission for grading
at GIA, 190, 194, 196–197, 200f,
201f
Yellow-brown diamonds, 272
Yellow-orange diamonds, 221

Z
Zaire. See Democratic Republic of
the Congo
Zale diamond, 269
Zion, Ephraim, 293
Zoning, color. See Color zoning
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