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THE GEMOLOGICAL PROPERTIES OF
THE DE BEERS GEM-QUALITY
SYNTHETIC DIAMONDS

By James E. Shigley, Emmanuel Fritsch, Carol M. Stockton, John I. Koivula,
C. W. Fryer, Robert E. Kane, David R. Hargett, and Clayton W. Welch

Gem-quality synthetic diamond crystals
weighing up to 11 ct have been grown in
limited numbers at the De Beers Dia-
mond Research Laboratory since the
1970s. These crystals have been produced
strictly on an experimental basis and are
not commercially available. Examination
of a group of 14 brownish yellow, yellow,
and greenish yellow synthetic diamonds
reveals distinctive gemological properties:
uneven color distribution, geometric
graining patterns, metallic inclusions,
and, in most cases, fluorescence to short-
wave but not to long-wave U.V. radiation.
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De Beers Synthetic Diamonds

he GIA Research Department recently examined a

group of 14 gem-quality synthetic diamonds grown
during the past few years at the De Beers Diamond
Research Laboratory in Johannesburg, South Africa. This
article describes the distinctive gemological properties of
eight crystals ranging in weight from 0.40 to 5.23 ct (figure
1) and six faceted specimens weighing from 0.27 to 0.90 ct
(figure 2). It represents the first report on these gem-quality
synthetic diamonds in the gemological literature. The De
Beers material is transparent, free of cleavages and frac-
tures, and is dark brownish yellow, yellow, or light greenish
yellow in color. De Beers representatives state that syn-
thetic diamond crystals such as these have been grown at
their research facility in South Africa since the 1970s
strictly on an experimental basis, and that none has been
sold for any purpose. However, the fact that De Beers and
other companies (e.g., Sumitomo Electric Industries in
Japan; see Shigley et al., 1986} are able to produce synthetic
diamonds of gem quality and in sizes that can be used in
jewelry demonstrates that the commercial production of
sizable gem-quality synthetic diamond crystals is no
longer limited by technical difficulties, but rather only by
production and marketing costs. At some future time, De
Beers may make synthetic diamonds similar to those we
examined available for certain high-technology applica-
tions.

Although De Beers representatives state that there are
no plans to market this material for jewelry purposes,
examination of these specimens offers us the opportunity
to record the properties of a third group of synthetic
diamonds suitable for use as gem material. By comparing
the properties of the De Beers material with those of the
General Electric and Sumitomo gem-quality synthetic
diamonds (Crowningshield, 1971; Koivula and Fryer, 1984,
Shigley et al., 1986), we can also document the gemological
properties that are distinctive of gem-quality synthetic
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Figure 1. These eight gem-
quality synthetic diamond
crystals (0.40-5.23 ct) were
manufactured on an experi-
mental basis at the De
Beers Diamond Research
Laboratory and loaned to
GIA for study. They fall
into three distinct color
groups: dark brownish yel-
low, yellow, and light green-
ish yellow. Photo © Tino
Hammid.

diamonds in general. In this article, where we
mention features observed in the De Beers syn-
thetic diamonds that we also noted previously in
the General Electric and Sumitomo specimens, the
reader should refer to the articles cited above for
details on the earlier work.

BACKGROUND

In 1970, almost 15 years after creating the first
industrial-quality synthetic diamonds (Bundy et
al.,, 1955}, the General Electric Company an-

188 Dc Beers Synthetic Diamonds

nounced the limited production of gem-quality
synthetic diamond crystals approximately 1 ct in
size (Strong and Chrenko, 1971; Strong and Wen-
torf, 1972; Bundy et al., 1973). Since then, although
General Electric eventually decided to discontinue
work in this area, research on the growth of large,
transparent synthetic diamonds for industrial ap-
plications has proceeded at other companies at an
accelerating pace. The resulting new diamond
synthesis technology has important gemological
implications not only for the production of large
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synthetic diamond crystals, but also for helping to
clarify scientific knowledge of the conditions of
diamond formation in the earth. It may also lead to
a better understanding of the causes of color in
colored diamonds in instances where these causes
(especially when related to irradiation or other
treatment processes| are still not well known.
Until recently, production of large synthetic
diamonds was restricted to a small number of
crystals grown only for experimental purposes,
and thus there was little chance that one of them

De Beers Synthetic Diamonds

Figure 2. These six faceted
De Beers synthetic dia-
monds (0.27-0.90 ct) were
also examined for this
study. They include the
largest faceted synthetic di-
amonds that have ever been
examined at GIA. Photo

© Tino Hammid.

would be encountered in the jewelry market. In
1985, however, Sumitomo Electric Industries in
Japan announced the successful production of 1-2-
ct gem-quality yellow synthetic diamond crystals.
Sumitomo researchers have perfected a method
whereby transparent synthetic diamond crystals
can be grown in a quantity sufficient to meet the
needs of an industrial market. Because of their
commercial availability, some of the Sumitomo
synthetic diamonds have already been encoun-
tered in faceted form in the jewelry marketplace
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Figure 3. A reaction vessel similar to that
shown in this generalized schematic drawing is
used to grow single crystals of synthetic
diamond by the high-pressure flux method.
Temperature differences maintained within the
vessel result in the carbon source material
dissolving in the flux and crystallizing as single
crystals of diamond on the seed crystals. In
reaction vessels of this design, diamond
crystals grow at several levels at the same time.
Parts of the system are labeled as follows:
a=carbon source material (diamond powder);
b=metal alloy flux; ¢=growing diamond
crystal; d=diamond seed crystal; e=heating
unit; f=partition walls; g=bottom wall;
h=insulating and pressure medium. This
diagram is an idealized sketch and does not
depict the actual reaction vessel used in the De
Beers diamond synthesis research program.
Hlustration by Peier Johnston.

(Fryer et al.,, 1987, p. 44). Previous reports on both
the General Electric and Sumitomo gem-quality
synthetic diamonds revealed features that dis-
tinguish them from natural gem diamonds {Crown-
ingshield, 1971; Koivula and Fryer, 1984, Shigley
et al,, 1986). The present article demonstrates that
the De Beers gem-quality synthetic diamonds also
have distinctive gemological properties.

190  De Beers Synthetic Diamonds

The only process that has proved economical
for growing large (1 ct or more) synthetic diamond
crystals is a high-pressure flux method; this was
first used by the General Electric scientists in the
early 1970s and has since been improved (see
Strong and Chrenko, 1971; Strong and Wentorf,
1972; Bundy et al., 1973; Muncke, 1979; Wedlake,
1979). The process involves crystallizing diamond
from a metal alloy flux at temperatures of about
1100 to 1700°C and pressures of about 50 to 100
kbars, using a high-pressure reaction vessel {see
figure 3). De Beers scientists used this same
process to produce the diamond crystals provided
for our examination.

SYNTHETIC DIAMOND
PRODUCTION BY DE BEERS

The De Beers Industrial Diamond Division in
Johannesburg began its own research program on
diamond synthesis in the late 1950s. Within a few
years, De Beers researchers developed techniques
for making industrial-grade synthetic diamonds in
large quantities. Since then, commercial produc-
tion of synthetic industrial diamonds at De Beers
facilities (as well as elsewhere) has steadily pro-
gressed to a level of production of several million
carats annually. During the period 19611986, for
example, 468 million carats of synthetic industrial
diamonds were manufactured by De Beers (De
Beers Consolidated Mines Ltd., 1986 Annual Re-
pott).

Concurrently, the De Beers Diamond Research
Laboratory has also carried out extensive research
on the synthesis of larger synthetic diamond crys-
tals for possible high-technology applications. Ac-
cording to the laboratory director, Dr. R.]. Cav-
eney, De Beers has been manufacturing large
synthetic diamonds since the 1970s. Dr. Caveney
reports that the material loaned to us represents
the various sizes, qualities, and colors of synthetic
diamond crystals currently being produced.

According to Dr. Caveney, the De Beers syn-
thetic diamond crystals are grown using a molten
metal alloy flux {(which acts as both a solvent and a
catalyst for diamond formation) as well as a stan-
dard design reaction vessel similar to the type used
to produce commercial diamond grits. Small dia-
mond seed crystals are usually used to initiate
crystal growth. Experimentation has shown that
there is an optimum number and positioning of the
seed crystals in the reaction vessel that will yield
the largest and best-quality single crystals.
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The synthesis process involves: (1) a starting
arrangement of the diamond powder source mate-
rial and the molten metal alloy flux, and (2) a
temperature gradient imposed within the reaction
vessel. This gradient causes the diamond powder
to dissolve in the metal alloy flux in the hotter
source region (where the molten flux is undersatu-
rated with respect to carbon) and the carbon to
crystallize as single crystals of diamond in the
cooler growth region {where the molten flux is
supersaturated with respect to this element). A
number of diamond crystals ranging up to 6 or 7 ct
can be grown in the reaction vessel during a single
production run. Recently, De Beers researchers
produced an 11.14-ct brownish yellow gem-qual-
ity synthetic diamond crystal (figure 4). The
growth period for a 1-ct crystal is reportedly about
60 hours, and fora 5-ct crystal it is about 180 hours.
The starting material, composition of the metal
alloy flux, nature and positioning of the diamond
seed crystals, temperature gradient, absolute tem-
perature, and type of reaction vessel all influence
the size, morphology, and yield of large diamond
crystals that can be grown.

The synthesis process can be controlled from
one production run to the next so that similar
diamond crystals can be grown on a repeated basis.
The color of a synthetic diamond depends on the
type and amount of trapped impurities, which in
turn can be influenced by adjusting the chemistry
of the components of the growth system. Accord-
ing to Dr. Caveney, while a few pale yellow and
colorless synthetic diamonds have been manufac-
tured, currently they are not as easy to grow in
high-quality single crystals as the brownish yel-
low, yellow, and greenish yellow crystals we exam-
ined. Blue type IIb synthetic diamond crystals are
also more difficult to grow at the present time.
However, De Beers is not growing diamond crys-
tals to produce particular colors, but rather to
obtain certain desired properties, such as high
thermal conductivity, for specific industrial appli-
cations. Since the total number of crystals that can
be grown during a particular time period is re-
stricted by cost and by the limited amount of
synthesis equipment available, De Beers represen-
tatives believe that the industrial use of their large
synthetic diamonds will remain restricted to
highly specialized applications.

RESULTS OF TESTING
Table 1 provides the color, weight, dimensions, and

De Beers Synthetic Diamonds

Figure 4. This 11.14-ct synthetic diamond
crystal is the largest gem-quality synthetic
diamond crystal grown thus far at the De Beers
Diamond Research Laboratory in Johannesbursg.
The crystal (17 mm in its longest dimension) is
an elongate octahedron modified by cube faces.
Photograph courtesy of Dr. R. ]. Caveney.

v

physical description of the De Beers synthetic
diamonds we examined. The eight crystals (figure
1) were reported to be in the same condition as
when grown except for cleaning to remove pieces
of flux and other surface contaminants. To facili-
tate viewing of internal features, the upper and
lower surfaces of the crystals had also been pol-
ished. The amount of material removed by polish-
ing was reportedly limited, but the specimens as
supplied to us actually represent only portions of
complete crystals (although they are herein re-
ferred to as crystals). In the description of crystal
morphology and surface features that follows, the
characteristics given apply to all of the crystals
except as indicated. No obvious differences in
shape or surface features were noted between
crystals of the three colors; however, the brownish
yellow crystals are the largest while those that are
greenish yellow are the smallest (which may just
be coincidental).

The six faceted synthetic diamonds we exam-
ined (figure 2) were cut in standard brilliant and
step cuts. Dr. Caveney reported that no problems or
unusual behavior were encountered during the
faceting of these synthetic diamonds. Table 2
summarizes the more distinctive gemological
properties documented by conventional testing
methods that we found in these six faceted syn-
thetic diamonds.
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Morphology of the Crystals. The synthetic dia-
mond crystals supplied by De Beers are octa-
hedrons modified by cube, dodecahedral, and other
faces (reported to be trapezohedral faces—see
Woods and Lang, 1975—and described herein as
such) in order of decreasing surface area and
frequency of occurrence (figures 1 and 5). We noted
the same kinds of crystal faces on the General
Electric and Sumitomo synthetic diamond crys-
tals. Some of the De Beers crystals have a square
shape, but the majority are rectangular {figure 4).
These crystals have relatively sharp edges and
corners as well as predominantly flat faces. In
contrast, although many natural gem diamond
crystals also take the form of an octahedron, they
often have rounded edges and corners, convex-
appearing surfaces, a more complex arrangement
of crystal faces, and can be less symmetrical in
shape. Our observations suggest that the De Beers
crystals have a simpler (and thus more recogniz-

able) crystal form than do many natural diamonds.
This ideal shape results both from the controlled
growth environment and from the fact that dia-
mond crystals produced in the laboratory do not
undergo the complex history of growth and disso-
lution stages that is encountered during the forma-
tion of many natural diamond crystals (Strong and
Chrenko, 1971; Strong and Wentorf, 1972;
Muncke, 1979).

Surface Features of the Crystals. A number of
researchers have observed several important dif-
ferences between natural and synthetic diamonds
in surface features or markings on the crystal
faces; they have attributed these differences to the
respective conditions of crystal growth (see, e.g.,
Tolansky and Sunagawa, 1959; Bovenkerk, 1960;
Tolansky, 1961, 1962; Patel and Ramanathan,
1963; Patel and Ramachandran, 1968; Orlov, 1977,
Moore, 1979). We found the crystal faces of the De

TABLE 1. Data on the De Beers gem-quality synthetic diamonds examined for this study.

Specimen Color Weight Dimensions Description
number (ct) (mm)

1 Brownish yellow 5.23 11.83 x 991 x 4.68 Portion of an octahedron modified by small cube
and dodecahedral faces, with two polished
surfaces on opposite sides of the crystal

2 Brownish yellow 4.56 12.74 x 9,35 x 457 Portion of an octahedron modified by small cube
faces, with two polished surfaces on opposite
sides of the crystal

3 Brownish yellow 4.10 10.57 x 10.06 x 4.02 Portion of an octahedron modified by very small
cube and dodecahedral faces, with two polished
surfaces on opposite sides of the crystal

4 Yellow 0.97 6.09 x 5.57 x 2.90 Portion of an octahedron modified by small cube,
dodecahedral, and other faces, with two polished
surfaces on opposite sides of the crystal

5 Yellow 0.57 540 x 451 x 227 Portion of an octahedron modified by small cube
and very small dodecahedral and other faces,
with two polished surfaces on opposite sides of
the crystal

6 Yellow 1.03 540 x 533 x 2.81 Portion of an octahedron modified by small cube
faces, with two polished surfaces on opposite
sides of the crystal

7 Greenish yellow 0.39 4.80 x 4.32 x 1.82 Portion of an octahedron modified by small cube
and dodecahedral faces, with two polished
surfaces on opposite sides of the crystal

8 Greenish yellow 0.44 476 x 451 x 1.80 Portion of an octahedron modified by small cube
faces and other faces, with two polished surfaces
on opposite sides of the crystal

9 Brownish yellow 0.76 594 x 584 x 3.54 Faceted round brilliant cut

10 Brownish yellow 0.90 6.49 X 6.48 x 3.60 Faceted round brilliant cut
11 Greenish yellow 0.43 572 x 342 x 2.21 Faceted rectangular step cut
12 Greenish yellow 0.36 436 x 4.31 x 218 Faceted square step cut
13 Yellow 0.30 500 x 3.68 x 2.54 Faceted oval brilliant cut
14 Yellow 0.26 379 x 3.16 x 2.25 Faceted rectangular step cut
192  De Beers Synthetic Diamonds GEMS & GEMOLOGY  Winter 1987



TABLE 2. Distinctive gemological properties of the brownish yellow, yellow, and greenish yellow faceted De Beers synthetic

diamonds®.
Property Brownish yellow Yellow Greenish yellow
Ultraviolet fluorescence®
Long wavec None None None
Short wave Moderate to strong intensity; None Weak intensity; vellow;
yellow or greenish yellow; zoned
strongly zoned with
nonfluorescing areas
Phosphorescence to None None Weak intensity; yellow;
ultraviolet radiation duration of 10 seconds
or more

Visible-range absorption
spectrum

Color distribution

No sharp bands

Distinct color zoning; aligned
with pattern of internal graining
Graining

Internal Often obvious; sometimes
colored; “hourglass” pattern of
intersecting lines

Surface (on table) Octagonal “stopsign” pattern
Inclusions

pinpoints; larger metallic inclusions

Crystal surface featuresd
synthetics

Dense clouds of tiny, white-appearing

No sharp bands No sharp bands

Distinct color zoning; aligned Subtle to distinct color
with pattern of internal graining zoning

Often obvious; sometimes
colored; "hourglass” pattern of
intersecting lines

Faint lines

Clouds of tiny, white-
appearing pinpoints;

larger metallic inclusions

Rarely visible; pattern
of intersecting lines

Faint lines

Isolated, tiny, white-
appearing pinpoints;
larger metallic inclusions

Dendritic patterns; triangular pyramids; granular or irregular surfaces possible on faceted DeBeers

aSome gemological properties noled as being prominent in the synthelic diamond cryslals are less evident or are
completely absent in the faceted specimens. Thus, the information provided in this table is based on observations made

only on the ¥aceted synthetic diamonds.

bThe perce/veg intensity and color of the ultraviolet fluorescence of a gemstone can be influenced by the observation
conditions (type and age of the U.V. lamp, condition of the short-wave filter of the lamp, viewing arrangement, brightness

of the roomn, elc.).

cA weak orangy yellow or yeliow fluorescence was observed in some of these samples (especially in the greenish yellow
ones) with a more intense long-wave UV, lamp (such as a GIA GEM Instruments Model No. 745 unit).
dCrystal surface fealures such as these could be retained at places along the girdle of a faceted slone where there are

unpolished remnants of the original crystal faces.

Beers synthetic diamonds to display some distinc-
tive surface features that could be retained on
unpolished sections of the girdle of a faceted stone,
and thus could be of use gemologically.

Specifically, the octahedral crystal faces on the
De Beers synthetic diamonds have the smoothest
surfaces. When observed with magnification,
these relatively smooth faces can have an irregu-
lar, hillocky appearance with slightly raised or
lowered areas that form a polygonal arrangement.
We noted several distinctive features on these
octahedral faces.

Gemologists generally use the term trigon to
describe any triangular-shaped marking on an
octahedral face of anatural diamond crystal. These
trigons are sometimes seen on unpolished portions
(referred to as “naturals”) at the girdle of a faceted
natural diamond, and they are used as a confirma-
tion that the faceted stone is in fact a diamond.
Such triangular-shaped features can actually occur
either slightly above or slightly below the sur-
rounding surface. Trigons correctly refer only to

De Beers Synthetic Diamonds

small triangular depressions on an octahedral face
of a diamond (Webster, 1970). If they project above
the surface, these features should correctly be
described as triangular pyramids (Patel and
Ramanathan, 1963). We observed triangular pyra-
mids of various sizes on the octahedral faces of
many of the De Beers synthetic diamond crystals
{figure 6). However, we found no trigons, although
other researchers have reported seecing them on
synthetic diamond crystals in rare instances
(Bovenkerk, 1960; Tolansky, 1962). The presence of
triangular pyramids and trigons on the octahedral
crystal faces of both synthetic and natural dia-
mond crystals indicates that these features cannot
be used as an identification criterion.

Other surface features occur on the octahedral
faces of most of the De Beers synthetic diamond
crystals. These include: (1) numerous tiny pits on
the triangular pyramids and other elevated areas of
a face that may have resulted from etching when
the crystal was cleaned of flux and surface contam-
inants; (2) a slightly raised edge around part of a
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face; and (3) slightly elevated dendritic markings
covering portions of a face (figure 7}, which is one
of the most characteristic surface features seen on
synthetic diamond crystals (Tolansky and Sun-
agawa, 1959; Tolansky, 1962; Shigley et al., 1986).

The cube faces are smaller than the octahedral
faces, but they were observed on all of the De Beers
synthetic diamond crystals we studied. In con-
trast, cube faces are not commonly seen on natural
gem diamond crystals, and when they do occur,
their surface texture is quite rough and pitted
{Tolansky, 1961, 1962). On the De Beers crystals,
the cube faces are planar but they display an
irregular, polygonal, or granular appearance over
their entire area (figure 8). We also observed a few
square pyramids as well as some dendritic surface
markings on these faces.

The dodecahedral faces are small, elongate,
and have rough surfaces. They commonly exhibit
striations oriented parallel to the long direction of
the face and often running its entire length. These

Figure 5. In this drawing of an idealized
synthetic diamond crystal, the crystal is an
octahedron modified by other smaller faces.
The crystal faces are identified as follows:
o=octahedral; a=cube; d=dodecahedral;
n=trapezohedral. On an actual crystal like the
ones we examined, the number, arrangement,
and relative sizes of the crystal faces may differ
slightly from what is depicted here. Illustration
by Peter Johnston.

194  De Beers Synthetic Diamonds

Figure 6. Triangular pyramids were observed on
the octahedral faces of many of the De Beers
synthetic diamond crystals. This
photomicrograph was taken by the Nomarski
interference contrast method, which
emphasizes slight differences in relative surface
elevation by the use of color. The triangular
features shown here are all pyramids that
project above the surrounding surface {and
therefore should not be called trigons).
Magnified 60 x.

faces are unequally developed in size, and do not
appear at all on some crystals.

The fourth type of crystal face (believed to be
trapezohedral) almost always occupies the small-
est surface area on the De Beers synthetic diamond
crystals. These faces have the roughest appear-
ance, can also be striated, and, like the do-
decahedral faces, do not appear on all crystals.

Our observations on the De Beers crystals
confirmed many of the surface features (e.g., cube
faces, dendritic markings) that have been found on
other synthetic diamonds, such as the Sumitomo
material. Whether these features on the De Beers
crystals are the result of growth processes or of
partial dissolution is unclear. However, the ab-
sence of trigons combined with the fact that most
surface features (such as the triangular pyramids)
project above the surface suggests that these fea-
tures result from growth processes. Nevertheless,
the dendritic markings and some of the other
surface features are distinctive of these and other
synthetic diamond crystals, and they have not
been observed on natural diamond crystals. There-
fore, these features can provide useful identifica-
tion guidelines.

For the most part, the girdles of the faceted De
Beers synthetic diamonds we examined are either
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Figure 7. Dendritic surface markings on an
octahedral face, shown here on a De Beers
specimen, are one of the most characteristic
features of a synthetic diamond crystal.
Nomarski interference contrast; magnified 40X

polished or have a bruted appearance. We did find
several small unpolished areas that display the
same rough, dendritic, striated, or irregular sur-
face features that we observed on the synthetic
diamond crystals. If observed on a cut stone, such
features could be useful for identification pur-
poses.

Color. Five of the 14 De Beers synthetic diamonds
examined are dark brownish yellow; this group
includes the largest crystals and cut stones. Five of
the synthetic diamonds are yellow, while the last
four are light greenish yellow. We found the color
in most of the synthetic diamonds to be unevenly
distributed {figure 9) with respect to either hue or
intensity. This color zonation can vary from rather
subtle to quite pronounced. The boundaries be-

De Beers Synthetic Diamonds

Figure 8. The cube faces of the De Beers

synthetic diamond crystals examined all have

an irregular, granular appearance. Nomarski
interference contrast; magnified 45 X% .

tween areas of slightly differing color may be sharp
or gradual, and they are sometimes marked by
grain planes that are themselves colored. Although
uneven coloration was also noted in the General
Electric and Sumitomo synthetic diamonds, the
patterns of color zoning in these three instances do
not correspond.

Figure 9. In this faceted yellow De Beers
synthetic diamond, the unevenness of the color
is quite pronounced, with both yellow and
colorless areas forming a geometric
arrangement. Color zonation such as this is
rarely if ever seen in a faceted natural diamond
of similar color. Magnified 10x.
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We found that this color distribution in the De
Beers synthetic diamonds, although uneven, usu-
ally forms aregular geometric pattern. The pattern
of color zoning can be correlated not only with the
outer shape of the crystal but also, more impor-
tantly, with the internal growth structure of the
diamond. An explanation of this relationship re-
quires some brief remarks on the different mecha-
nisms of diamond crystal growth in the earth
versus those in the laboratory.

It is possible to find natural diamond crystals
that are virtually free of internal structural irregu-
larities. This is due to the fact that natural dia-
mond crystals grow over extended periods of time
in the earth by the addition of layers of material
mostly parallel to the surfaces of an octahedron.
This octahedral-type growth (also described as
“faceted” growth because of its very planar charac-
ter) produces the prominent octahedral faces that
are characteristically seen on many natural dia-
mond crystals.

In the laboratory, diamond formation takes
place in just a matter of days. This rapid crystalliza-
tion leads to the growth of crystals by the addition
of material parallel not only to octahedral faces but
also to cube, dodecahedral, and possibly other
crystal faces as well {see Lang, 1979, for details). As
aresult, in a large laboratory-grown diamond there
invariably seem to exist different internal regions,
or sectors, of the crystal. Within each sector,
growth parallel to a particular crystal face |octa-
hedral, cube, or other) predominates during crystal
formation. These various growth sectors can differ
from one another in impurity content, in the
number and kinds of structural defects, and in
physical properties such as polishing hardness.
Such differences provide a means of differentiating
between growth sectors. As growth proceeds, the
boundary zones between adjacent sectors also
become the sites where impurities and defects are
likely to become concentrated.

In the brownish yellow or yellow De Beers
synthetic diamond crystals we examined, these
growth sectors can be recognized by marked varia-
tions in their color and ultraviolet fluorescence, by
the occurrence of prominent grain planes {parallel
to cube faces) in the cubic growth sectors that are
absent in the others, and by the occasional pres-
ence of inclusions along boundaries between some
sectors. Growth sectors are also present in the
greenish yellow crystals but are less easy to
distinguish. Figure 10 is an idealized drawing of
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the arrangement of octahedral and cubic growth
sectors in a brownish yellow synthetic diamond
crystal. These internal growth sectors may not be
as equally well developed or as centrally posi-
tioned in some crystals as is depicted here, and
they may not be quite as obvious to the eye. For all
of the crystals, the growth sectors were more easily
visible when the stones were immersed in meth-
ylene iodide. Even in some of the faceted speci-
mens, the growth sectors are apparent (the color
zoning in the cut stone in figure 9 results from
sector growth).

We suggest that this arrangement of distinct
growth sectors, as evidenced by variations in color
zoning and other gemological properties, is one of
the most prominent characteristics of yellow syn-
thetic diamond crystals like the De Beers material.
Although not fully appreciated at the time, this
sector growth is responsible for the distinctive
color zoning and graining that we noted as being so
prominent in the Sumitomo synthetic yellow dia-
monds. We should caution, however, that we have
observed somewhat similar-appearing color zon-
ing (that is perhaps due to causes other than sector
growth) in faceted natural yellow diamonds, but
only on very rare occasions.

Spectroscopy. The vast majority of natural yellow
diamonds are classified as type Ia (for details of
diamond classification by type, see Shigley et al.,
1986), and they usually display one or more sharp
absorption bands of varying intensity in the violet
and blue portions of their visible-range spectrum
(including those known as the “Cape” series of
bands). When viewed with a hand spectroscope,
the spectra of the De Beers synthetic diamonds
exhibit no sharp bands in the visible range; there is
only a gradually increasing absorption toward the
ultraviolet. This was also the case for the General
Electric and Sumitomo synthetic yellow dia-
monds. Visible-range absorption spectra of this
kind are characteristic of type Ib diamonds. The
spectrophotometer graphs reproduced in figure 11
confirm these observations, and also help to illus-
trate the differences in color among the De Beers
synthetic diamonds. For the brownish yellow and
yellow specimens, the spectral curves begin to rise
markedly at about 560 nm. Both kinds of synthetic
diamond absorb violet, blue, and some green light
and transmit the remaining portions of the spec-
trum, which gives rise to their yellow color.

The spectra of the four light greenish yellow
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Figure 10. This idealized drawing of the
internal structure of one of the brownish yellow
synthetic diamond crystals (viewed from a
direction perpendicular to a cube crystal face)
illustrates the prominent internal sector growth
and the resulting distinctive graining patterns
and color.zoning. These features have been
accentuated here for clarity and to emphasize
their spatial relationship to each other.
Octahedral and cubic growth sectors of similar
size are arranged in cross-shaped patterns
around the central core of the crystal (which is
also a cubic growth sector). Crystal growth
proceeded outward from the center in these
sectors. Within the cubic sectors, crystal growth
was accompanied by the development of
colored graining. Graining is absent in the
adjacent octahedral sectors. Along the edge of
the central zone there are several
crystallographically oriented metallic
inclusions as well as additional grain lines that
mark this boundary. lllustration by Robin
Teraoka.

synthetic diamonds are slightly different. Specifi-
cally, these synthetic diamonds absorb less light in
the violet and blue. Their spectral curve is shifted,
and begins to rise at about 520 nm, and it also
exhibits an increase in absorption above 620 nm
thatis slight but nonetheless significant in modify-
ing the otherwise yellow color of this material.
The absorption of violet and blue, as well as some
orange and red, gives rise to a transmission win-
dow in the green-yellow region between 520 and
620 nm and thus to the greenish yellow body color.

De Beers Synthetic Diamonds
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Figure 11. The visible-range absorption spectra
of the three colors of De Beers synthetic
diamonds exhibit no sharp absorption bands
but only a gradually increasing absorption
toward the violet. The spectrum of the greenish
vellow material also exhibits a slight increase
in absorption toward the red. The spectra were
recorded at room temperature with a Pye-
Unicam 8800 UV-VIS spectrophotometer from
crystals that have two nearly parallel, polished
sides. Absorption values along each curve were
normalized for a unit path length to permit
direct comparison of the spectra. lllustration by
Peter Johnston.
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The greenish yellow color of synthetic dia-
monds has been the subject of other scientific
studies. For instance, Collins and Spear {1982)
investigated some General Electric synthetic
green diamonds grown from a nickel flux. They
indicated that the green color results from absorp-
tion at the violet end of the visible-range spectrum
(due to nitrogen} in conjunction with a broad-band
absorption centered in the near-infrared (at about
1.4 eV) and extending into the red portion of the
visible spectrum (about 2.0 eV). Wedlake (1979)
noted that the green color in some other synthetic
diamonds is concentrated near nickel inclusions.
Orlov {1977, p. 127} described experimental work
in which natural diamonds had been colored green
by the diffusion of nickel into their surfaces. On
the basis of this circumstantial evidence, Collins
and Spear suggest that the 1.4 eV broad-band
absorption extending from the near-infrared into
the visible range that contributes to the green color
of synthetic diamonds is associated with nickel
that becomes incorporated in the diamond crystal
structure during crystal growth in the laboratory.
They also attribute the presence of two groups of
sharp absorption bands in the visible range at
approximately 659 and 494 nm in this material to
nickel. The fact that the De Beers synthetic dia-
monds display metallic inclusions that contain
nickel (see later discussion) may indicate that the
greenish yellow color of some of the De Beers
material is also the result of trace amounts of this
element,

Infrared Spectra. The infrared spectrum can be
used to classify a diamond according to its type.
Figure 12 shows the infrared spectra obtained with
a Fourier Transform infrared (FTIR) spectrometer
for each of the three colors of De Beers synthetic
diamonds that we examined; these spectra indi-
cate that the synthetic diamonds have nitrogen
impurities in the form of type Ib. The yellow color
of type Ib diamonds is caused by nitrogen that is
dispersed as single atoms substituting for carbon
atoms in the diamond crystal structure (Chrenko
etal., 1971; Clark et al., 1979). Most natural yellow
gem diamonds are type Ia, and they contain nitro-
gen in the form of small clusters of neighboring
atoms. Natural type Ib yellow gem diamonds are
rare. As mentioned above, such diamonds lack
sharp absorption bands in their visible-range spec-
tra. However, natural type Ib diamonds with dis-
persed nitrogen atoms also invariably contain a
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small amount of nitrogen atoms in an aggregated
form (but not enough to produce absorption bands
in the visible range). Thus, the infrared spectra of
natural type Ib diamonds display not only the
dominant Ib-related absorption bands but also
bands of weaker intensity that are caused by this
small percentage of type Ia character. This differ-
ence in infrared spectra distinguishes natural type
Ib from synthetic type Ib diamonds, which display
no type la—related infrared absorption bands (see
Shigley et al., 1986).

The infrared spectra in figure 12 also reveal a
relationship between the nitrogen content and the
intensity of the color of the De Beers synthetic
diamonds. The dark brownish yellow specimens
have the highest relative nitrogen content, the
yellow specimens have less nitrogen, while the
light greenish yellow specimens contain the least
nitrogen.

The infrared spectra of the De Beers synthetic
diamonds exhibit an additional interesting fea-
ture. As noted above, the visible-range absorption
spectrum of the greenish yellow specimens is
somewhat different from that of the other two
colors. Microscope examination of one of the
greenish yellow faceted synthetic diamonds re-
vealed a color zonation in which most of the
internal growth sectors are yellow, a few are
colorless, and some appear distinctly green. In
addition to the expected type Ib absorption, the
infrared spectrum of a green sector of this speci-
men (figure 13) displays weak bands that look very
similar to infrared features characteristic of type
ITb natural diamonds, which are electrically con-
ductive because of the presence of boron instead of
nitrogen and are usually blue or gray. The type
ITb-like infrared absorption features that we ob-
served in this stone (and which would not be
expected in the infrared spectrum of a nitrogen-
containing type la or type Ib diamond) are located
at 4090, 2930, 2800, and 2450 cm~!. Whether
these bands are associated with boron or with
some other defect center is currently under study.

In the previous section we briefly described a
thesis that proposes that the greenish color of some
of the De Beers synthetic diamonds could be due to
the presence of traces of nickel in the diamond
crystal structure (see Collins and Spear, 1982). On
the other hand, if boron or some other defect center
that gives rise to type ITb-like bands in the infrared
spectrum were present in the green sectors of the
greenish yellow De Beers synthetic diamonds, this
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Figure 12. Features in the 1000-1400 cm~!
portion of the infrared spectra of the dark
brownish yellow (top), yellow (middle), and
light greenish yellow (bottom) De Beers
synthetic diamonds indicate that they are all
principally type Ib with no type la character.
The spectra of natural type Ib diamonds
invariably contain not only the dominant type
Ib-related infrared bands, but weaker type
Ia—related bands as well. The spectra shown
here also reveal that the De Beers synthetic
diamonds have different relative contents of
nitrogen, ranging from relatively high in the
dark brownish yellow, lower in the yellow, and
lowest in the light greenish yellow specimens.
The spectra were recorded with a Nicolet 60SX
FTIR spectrometer system. Absorption values
along each curve were normalized to a unit
path length to permit direct comparison of the
spectra.

might account for some of our observations on the
properties of these specimens.

If both dispersed nitrogen (type Ib} and dis-
persed boron (type IIb) coexisted in neighboring
sites in the crystal lattice of a diamond, they could

De Beers Synthetic Diamonds
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Figure 13. This portion of the infrared spectrum
of a green growth sector in a greenish yellow De
Beers synthetic diamond (bottom) strongly
resembles that of a blue type IIb natural
diamond (top), which suggests that the green
sectors of this synthetic diamond have a type
IIb-like character. The spectra were recorded
with a Nicolet 60SX FTIR spectrometer system.

compensate for each other electrically (depending
on their relative amounts), and they should not
give rise to their expected yellow and blue colors
simultaneously. We speculate that, in the green
sectors of this synthetic diamond, these two impu-
rities may be either dispersed as single atoms far
enough apart from each other in the lattice as not
to interact, or they may form a mosaic-like array of
separate nitrogen- or boron-rich domains, or re-
gions, within the diamond on an ultramicroscopic
scale. Either distribution of nitrogen and boron
atoms might account for the superposition of both
the type Ib (yellow)— and type IIb (blue)-related
features observed in the visible-range and infrared
absorption spectra. This would also provide an
alternative to the theory that the green color in
these specimens is due to trace amounts of nickel.
Absorption of violet and blue light (by nitrogen)
and of orange and red light (by boron) could result
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in a diamond with a green color. Separation of
dispersed boron and dispersed nitrogen atoms, or
separation of type IIb domains from one another by
type Ib domains, might also account for the lack of
electrical conductivity in this cut stone {although
such conductivity is a characteristic feature of
type IIb diamonds, and was observed on the sur-
faces of the greenish yellow crystals).

Interestingly enough, a weak, sharp absorption
band at 659 nm was recorded at room temperature
with the FTIR spectrometer in all the De Beers
synthetic diamonds except the greenish yellow
specimens. Collins and Spear (1982) observed a
band at this location in the spectra of nickel-doped
General Electric synthetic diamonds recorded at
the cryogenic temperature of 77 K (—196°C).
However, our observations of this band only in the
brownish yellow and yellow De Beers synthetic
diamonds suggest that any relationship between
the greenish color of the greenish yellow synthetic
diamonds that we examined and the presence of
nickel impurities from the flux metal still seems
questionable.

Ultraviolet Fluorescence. We tested the reaction of
the De Beers synthetic diamonds to ultraviolet
radiation at room temperature with standard U.V.
lamps {Ultraviolet Products models UVG-11 and
UVL-11). When exposed to long-wave U.V. radia-
tion, all 14 of the De Beers synthetic diamonds are
inert. In contrast, the reaction to short-wave U.V.
radiation is varied. All of the brownish yellow
specimens fluoresce a moderate to strong yellow or
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Figure 14. When this brownish
yvellow De Beers synthetic diamond
crystal was exposed to short-wave
ultraviolet radiation, the cubic
growth sector in the center and the
four sectors that form a “cross”
pattern fluoresced intensely while
the intervening octahedral sectors
were inert. Parallel graining in the
four outer cubic sectors was also
highlighted by the fluorescence
emission. The same pattern of
fluorescence emission from portions
of a crystal can also be seen on the
crystal exterior, with the cube faces
fluorescing brightly while the
octahedral faces are inert. Magnified
6X; five-hour exposure.

greenish yellow; the yellow synthetic diamond
crystals fluoresce weak to moderate yellow, but
the faceted specimens are inert; and all of the
greenish yellow synthetic diamonds fluoresce a
weak yellow. When the short-wave U.V. lamp is
turned off, only the greenish yellow specimens
phosphoresce, with a weak yellow color that lasts
for 10 seconds or more {a common feature among
the type 1Ib natural diamonds we have examined).
This fluorescence and phosphorescence is most
pronounced near the outer portions of the greenish
yellow crystals.

In some cases, the short-wave UV fluores-
cence is emitted in a geometric zonal pattern that
corresponds to the arrangement of internal sector
growth described earlier; this is most pronounced
in the brownish yellow crystals. As shown in figure
14, the cubic growth sectors of this crystal fluo-
resce intensely, while the adjacent octahedral sec-
tors fluoresce little or not at all. Within the cubic
sectors, parallel grain lines (see discussion below)|
are highlighted by the fluorescence emission. In
addition, the fluorescence is frequently brighter
near the edges between sectors. This zoned pattern
of fluorescence was also observed in some of the
faceted De Beers synthetic diamonds {figure 15).

This ultraviolet fluorescence behavior, partic-
ularly the response to short-wave U.V. radiation, is
more varied than that observed in the Sumitomo
synthetic diamonds. Thus, U.V. fluorescence may
be less reliable as an identifying gemological
property for synthetic diamonds of other than
brownish yellow or intense yellow color.
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Figure 15. In faceted specimens, too, Lthe short-
wave ultraviolet fluorescence of a brownish
yvellow De Beers synthetic diamond shows the
zoned pattern related to the internal growth
sectors of the crystal. Magnified 20% ; four-hour
exposure.

Fluorescence to X-Rays. The De Beers synthetic
diamonds were tested with a conventional X-ray
unit operating at 72 kV and 13 mA for several
seconds af exposure. The brownish yellow speci-
mens fluoresce a dark yellow or greenish yellow of
moderate intensity, again in a zonal pattern, with

very slight or no phosphorescence. The yellow
specimens fluoresce in a similar pattern and color
but with greater intensity. Again, there is little or
no phosphorescence. The greenish yellow syn-
thetic diamonds fluoresce an even stronger yellow
in a zonal pattern and, in addition, exhibit a strong
phosphorescence that persists for more than 10
seconds. When tested in a similar manner, the
General Electric synthetic yellow diamonds were
inert while the yellow Sumitomo material fluo-
resced bluish white with no phosphorescence.

Cathodoluminescence. Diamonds will often lumi-
nesce when exposed to an electron beam, a charac-
teristic referred to as cathodoluminescence. Pre-
vious studies of synthetic diamonds indicate that
they can display intense and often geometrically
zoned cathodoluminescence, and that this re-
sponse usually differs from the pattern of cathod-
oluminescence observed in natural diamonds. As
figure 16 illustrates, this markedly zoned lumines-
cence can also be quite useful in investigating the
internal growth sectors as well as in studying the
differences in growth history of both natural and
synthetic diamonds {see Kiflawi and Lang, 1974,
Woods and Lang, 1975; Hanley et al., 1977).

Figure 16. In a natural diamond crystal (left), visible cathodoluminescence is exhibited by parallel
zones on four sides of the crystal, where they mark successive positions of the outer edge of the
diamond as it grew. Crystal growth occurred by addition of new material along planes parallel to the
faces of an octahedron. Although this diamond crystal formed almost entirely by octahedral-type
growth, the complicated pattern of visible luminescence is evidence of the complex growth history
that is typical for many natural diamonds. In the faceted brownish yellow De Beers synthetic
diamond (right), the pattern of cathodoluminescence reveals an internal structure consisting of cubic
{luminescing a greenish yellow) and octahedral (inert) growth sectors. Photographs courtesy of

Dr. . S. Woods, C. S. O. Valuations, London (left) and Mrs. M. T. Rooney, D. T. C. Research Centre,

Maidenhead (right).
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Our examination of the De Beers specimens
with a Luminoscope cathodoluminescence unit
revealed that the brownish yellow and yellow
synthetic diamonds luminesce an orangy yellow,
yellow, or greenish yellow that varies in intensity
from weak to strong. The greenish yellow syn-
thetic diamonds luminesce a weak greenish yel-
low. While these cathodoluminescence colors
alone may not help distinguish synthetic from
natural diamonds, results of the studies cited
above demonstrate that observation of the zoned
patterns of cathodoluminescence (as recorded, per-
haps, with more sophisticated equipment) can
often be significant in making this separation.

Electrical Conductivity. Each of the De Beers
synthetic diamonds was tested for electrical con-
ductivity with a gemological conductometer. All
of the faceted stones are nonconductive, as are the
brownish yellow and yellow crystals. However,
when conductivity between two crystal faces on
the greenish yellow synthetic diamonds was
tested, the faces were found to be slightly conduc-
tive. Perhaps the incorporation of higher levels of
impurities or defects near the outer surfaces of
these crystals may explain the electrical conduc-
tivity as well as the surface ultraviolet fluores-
cence of the greenish yellow crystals (we have
noted both features in natural type ITb diamonds).

Thermal Conductivity. When tested with a ther-
mal conductivity meter (a GIA GEM Instruments
Duotester), the De Beers synthetic diamonds (like
the General Electric and Sumitomo materials)
exhibit the high thermal conductivity expected for
diamonds in general. Therefore, this test cannot be
used to separate synthetic from natural diamonds.

Specific Gravity. The specific gravity of each of the
De Beers synthetic diamonds was determined
using a heavy-liquid procedure devised by Koivula
and Fryer (1984). The specific gravity of these
specimens was estimated to lie between 3.50 and
3.51, which is within the range of natural and
other synthetic diamonds.

Examination with the Microscope. Inclusions.
Several of the De Beers synthetic diamonds of all
three colors contain relatively large, dark inclu-
sions with a metallic luster that we presume to be
particles of solidified flux material. Inclusions
such as these are not found in natural diamonds.
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These metallic inclusions have a tabular, elongate,
or needle-like shape (figure 17). The shapes result
from the inclusions filling cavities in the material
that show distinct crystal faces. The inclusions
occur singly or in small groups, can vary in size,
and are occasionally aligned in a linear or planar
fashion with their long axes parallel to grain lines
or to the boundaries between internal growth
sectors. They can be located either near the edge or
deep within a crystal, and thus are also present in
the faceted specimens. In some instances, the area
immediately surrounding a group of such inclu-
sions appears slightly lighter in color for distances
of several tenths of a millimeter. These inclusions
seem to be larger in the greenish yellow specimens.

Tiny, white-appearing “pinpoints” were also
observed. They, too, are often arranged in a pattern
along grain lines or growth sector boundaries
(gure 18). In some of the faceted specimens, these
pinpoint inclusions occur in such abundance that
they assume a cloud-like form that imparts a
haziness to the stone (figure 19).

Color Zoning. Also interesting are the narrow,
near-colorless, vein-like areas (figure 20) that ex-
tend inward from the edge of a crystal, usually just
beneath a cube or dodecahedral face. When these
areas are clearly visible, their location is seen to
correspond to that of the cubic growth sectors
discussed earlier. The variation in color between
the vein-like areas and adjacent growth sectors is

Figure 17. Large metallic inclusions,
presumably particles of solidified flux filling
cavities in the host stone, were observed in
several of the De Beers synthetic diamonds.
Magnified 25 x.
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Figure 18. Tiny pinpoint inclusions arrayed in
the form of a “cross” in the center of this
yellow De Beers synthetic diamond crystal
mark the boundaries between internal growth
sectors. Magnified 20 x.

likely to be related to the differences in nitrogen
incorporation among sectors during crystal
growth. Near-colorless, vein-like areas of similar
appearance’ were also prominent in the yellow
Sumitomo'synthetic diamonds.

Graining. -Many of the De Beers synthetic dia-
monds also exhibit a distinct pattern of grain lines
that are seen internally and sometimes on the
surface. Before we describe this feature, however,
some remarks about the meaning of the term
graining may help clarify our observations.
Graining is a general term used by gemologists
to describe irregular, linear, or planar growth
features visible either internally or on the surface
of a diamond. When there is surface graining, it
usually can be correlated with internal graining,
Although graining seems to be a relatively com-
mon feature in gem diamonds, and may be an
important factor in the quality grading of other-
wise flawless stones, little has been written on the
subject except for the articles by Kane (1980, 1982).
Internal graining has been ascribed to differ-
ences in lattice orientation, the presence of inclu-
sions, or other structural irregularities in the
diamond (Kane, 1982). Its occurrence often seems
to be associated with optical birefringence, which
might in turn be related to strain. Some internal
graining has been correlated with twinning in
diamond (J-P. Poirot, pers. comm., 1987}. However,
most internal graining occurs in untwinned dia-
mond crystals. While there is probably some rela-
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Figure 19. In some of the faceted De Beers
synthetic diamonds, numerous tiny pinpoint
inclusions form a “cloud” that gives a hazy
appearance to the stone. Magnified 20 %

Figure 20. The narrow, near-colorless, vein-like
areas that extend inward from the four corners
of this yellow De Beers synthetic diamond
crystal correspond to the cubic growth sectors.
These near-colorless areas may not be as well
developed or as obvious in a faceted stone, but
they are commonly seen and are quite
distinctive of this material. Magnified 20,

tionship between internal graining and features
such as irregularities in crystal structure, we
suggest that much internal graining is due to a
slight difference in refractive index between neigh-
boring regions of the diamond that gives rise to an
optical contrast between the two regions. A differ-
ence in refractive index is brought about by minor
variations in composition and/or structure. In the
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case of the synthetic diamonds we examined, these
differences are most likely associated with varia-
tions in nitrogen content.

Internal graining in natural diamonds usually
parallels the four possible octahedral planes in the
crystal, As such, it provides a phantom temporal
record of the crystal shape during earlier stages of
crystal growth. In the De Beers synthetic dia-
monds, however, most of the internal graining is
parallel to cube faces, and is best developed in the
cubic growth sectors (but it is absent in the
neighboring octahedral sectors—again, see figure
10). This may be the result of more rapid growth in
the cubic sectors, which leads to a greater proba-
bility of compositional differences and structural
irregularities (and thus to differences in refractive
index) in these sectors.

Some graining marks the boundaries between
growth sectors where interfacing of compositional
or structural differences can also lead to refractive-
index variations. Both the boundary- and the cubic
sector—related internal graining give rise to the
distinctive “hourglass” and octagonal “stopsign”
patterns seen in some of these synthetic diamonds
(igures 21 and 22). Similar patterns of graining
were noted in the Sumitomo synthetic diamonds.
Internal and surface graining of this kind has not
been reported in natural diamonds, and is thus a
key identification criterion.

Figure 21. The “hourglass” pattern as seen
through the pavilion of this faceted brownish
yellow De Beers synthetic diamond results
from the development of prominent internal
graining; it is a characteristic feature of many
large synthetic diamonds.

Magnified 30 x.
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Appearance in Polarized Light. Natural diamonds
exhibit linear, cross-hatched, mosaic, or inclusion-
related strain patterns when observed in polarized
light. In contrast, the De Beers synthetic diamonds
have a distinct cross-shaped strain pattern (figure
23). Typically, this pattern is centered at the
midpoint of the crystal. In a faceted synthetic
diamond, the strain pattern is aligned along the
same directions as the internal graining, and thus
can be an aid in examining a stone for the “hour-
glass” graining pattern. Some strain may also be
associated with large inclusions in this material.

Chemical Analysis of Inclusions. Using a Cameca
MBX electron microprobe, Paul Hlava investigated
the chemical composition of the large metallic
inclusions exposed at the surfaces of one of the
yellow and one of the greenish yellow synthetic
diamonds. Because of the irregular surfaces of the
inclusions, fully quantitative results could not be
obtained. However, X-ray mapping of the inclu-
sions in the two synthetic diamonds showed them
to be metal alloys that are similar in composition,
with close to 60 wt.% iron and 40 wt.% nickel,
which is a common composition for the flux
material used in diamond crystal synthesis (see

Figure 22. An octagonal “stopsign” pattern of
surface graining is also visible on the polished
table of the synthetic diamond shown in figure
21. Near the lower right-hand edge of the table,
the central cubic-sector core of the crystal is
recognizable from its octagon-shaped outline.
Four narrow octahedral growth sectors extend
outward from the core at right angles to one
another. Also visible are the four cubic growth
sectors with their parallel surface grain lines.
Oblique illumination; magnified 30x.
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Bundy et al,, 1973). Inclusions of metal alloys are
not found in natural diamonds. Mr. Hlava also
noted in the yellow specimen that there are nu-
merous, scattered, 1-2 pm inclusions in which
only iron was detected. The arrangement of these
tiny inclusions observed with the microprobe
corresponds to the visual pattern of white-appear-
ing pinpoints mentioned earlier. Again, although
pinpoint inclusions are seen in natural diamonds,
they do not look like those we observed in the De
Beers synthetic diamonds.

Magnetic Behavior. The presence of obvious mag-
netic behavior in synthetic diamonds was noted in
the General Electric material by B. W. Anderson
(Webster, 1970) and Koivula and Fryer (1984), and
was subsequently observed in the Sumitomo syn-
thetic diamonds by Shigley et al. (1986). Natural
diamonds are only weakly magnetic if at all
{(Rossman and Kirschvink, 1984). Because of the
presence of large metallic inclusions (believed to
be remnants of flux material on the basis of their
appearance and chemistry), we suspected that the
De Beers synthetic diamonds might be attracted by
a magnet: During the specific-gravity determina-
tion, we tested this by placing a simple horseshoe
magnet next to the glass container that held the
synthetic diamonds suspended in the heavy liquid.
The magnetic response could then be roughly
gauged by the relative movement of the suspended
sample toward the magnet. We found the De Beers
synthetic diamonds to vary from strongly mag-
netic to nonmagnetic. The larger the metallic
inclusions are, the stronger the attraction of the
synthetic diamond is to the magnet. We noted no
relationship between magnetic behavior and the
color of the synthetic diamonds except insofar as
the greenish yellow specimens are more strongly
magnetic because, generally speaking, they con-
tain the larger metallic inclusions.

CONCLUSION

Although large, colored synthetic diamonds in a
size and quality suitable for faceting have been
produced at the De Beers Diamond Research Labo-
ratory since the 1970s, this is the first gemological
examination of this material. These large syn-
thetic diamonds have been manufactured only for
scientific study and are not yet commercially
available. They have not been introduced into the
jewelry market, and De Beers maintains that there
are no plans to do so. However, the cooperation of

De Beers Synthetic Diamonds

Figure 23. This cross-shaped internal strain
pattern, here seen in a crystal, is distinctive of
many of the De Beers synthetic diamonds. Note
also the pattern of graining in the four cubic
sectors. Cross polarized light; magnified 10x.

De Beers representatives in providing synthetic
diamonds as well as information on their diamond
synthesis technology has enabled us to report on
the gemological properties of this material.

The De Beers gem-quality synthetic diamonds
can be easily identified in cut form by means of
conventional gemological testing techniques.
Table 2 summarizes the distinctive properties of
the faceted specimens. Features to look for are the
distinctive zoned pattern of color, ultraviolet fluo-
rescence, and internal graining, as well as the
metallic inclusions. While some of these proper-
ties are unique to synthetic diamonds (i.e., certain
patterns of internal and surface graining, metallic
inclusions), others may resemble those of natural
gem diamonds (i.e., color zonation, pinpoint inclu-
sions). Thus, determination of natural or synthetic
origin should not be based on any one gemological
property alone. In combination, however, the char-
acteristic gemological properties of these gem-
quality synthetic diamonds provide conclusive
identification.

With the exception of ultraviolet fluorescence,
the gemological properties of the De Beers syn-
thetic diamonds are consistent with those noted
previously for the General Electric and Sumitomo
gem-quality synthetic diamonds of comparable
colors. We have now examined samples of gem-
quality synthetic diamonds from three different
sources {two of which represent current technol-
ogy), and have found them to be easily recognizable
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by the gemologist. This suggests that faceted
yellow synthetic diamonds will continue to be
distinguishable from natural gem diamonds of
similar color. Whether or not this will be the case
for other colors of gem-quality synthetic dia-
monds, if and when they are consistently pro-
duced, remains to be seen. Among the synthetic
diamonds we have examined so far, the most
distinctive gemological properties (such as color
zoning) present in the brownish yellow and yellow
material seem to correlate with the relatively
higher nitrogen content. Such properties were less
obvious in the greenish yellow crystals. In the
future, if gem-quality synthetic diamonds with a
lower nitrogen content are produced, as is ex-
pected for colorless stones, these distinctive gem-
ological properties may be less evident or even
absent. On the basis of our observations to date, we
foresee difficulties in separating natural from syn-
thetic colorless diamonds using conventional gem-
ological techniques.

The fact that De Beers and Sumitomo have
independently developed the commercially feas-
ible technology to synthesize yellow gem-quality
diamonds as large as several carats reinforces our
view that in the future synthetic diamonds will be
encountered more frequently in the jewelry indus-
try. We have now entered into a new era of
commercial diamond synthesis technology. We
again recommend that jewelers and gemologists
pay close attention to documenting the gemologi-
cal properties of gem diamonds of yellow color.
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THE HISTORY AND GEMOLOGY
OF QUEEN CONCH “PEARLS”

By Emmanuel Fritsch and Elise B. Misiorowski

Conch “pearls” are calcareous concretions
produced by the Queen conch mollusk,
Strombus gigas, which is found in various
areas of the Caribbean. Although conch
“pearls” occur in a range of colors, the
pink are usually the most desirable.
“Pearls” over 10 ct are rare, but they have
been observed as large as 45 ct. They
sometimes exhibit a porcelain-like luster
and an unusual characteristic called
flame structure, which made pink conch
“pearls” quite popular in jewelry at the
turn of the last century. This article re-
views the history of the conch “pearl,”
discusses S. gigas and its fisheries, and ex-
amines the gemological properties and

other characteristics of this attractive ma-

terial.
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Conch “pearls,” calcareous concretions produced by
the Queen conch mollusk, Strombus gigas, often
have a very attractive pink color that may be enhanced by a
characteristic silky-looking “flame structure” (figure 1.
As described by Stevenson and Kunz (1908, p. 279), many
specimens “present a peculiar wavy appearance and a
sheen somewhat like watered silk, a result of the reflec-
tions produced by the fibrous stellated structure.” In
addition, some conch “pearls” show a smooth, shiny
porcelain-like luster that makes them very attractive.
Because they are nonnacreous, they cannot be considered
true pearls; consequently, the term pearl, commonly used
in the trade to describe this material, appears here in
quotation marks. The name of the mollusk should be
pronounced “conk” and both spellings, conch and conk, are
found in the literature.

Although they are truly rare gems, which are found
only in the waters of the Caribbean and Bermuda and
which seldom occur in a quality and size suitable for
jewelry, conch “pearls” are occasionally seen in period
jewelry, particularly in the Art Nouveau style. Large
unmounted conch “pearls” of high quality have sold for
significant prices. An oval 17-ct pink conch “pearl” went
for just under US$12,000 at a Paris auction in 1984
(Federman, 1987). Last year, a 6.41-ct fine, dark pink,
unmounted conch “pearl” was sold at auction for US$4,400
{Christie’s London, June 24, 1987,).

Recently, Susan Hendrickson, of the Black Hills Insti-
tute of Geological Research, loaned GIA a large private
collection of about 150 conch “pearls.” This remarkable
group, the result of 10 years of patient gathering, shows the
ranges of size, color, and shape in which conch “pearls” can
occur. The purpose of this article is to compile the
scattered historical references to conch “pearls,” review
current knowledge of S. gigas and its fisheries, and examine
the gemological and other properties of this little-known
gem material.
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I

A HISTORICAL LOOK AT

CONCH “PEARLS” AND

SHELL IN JEWELRY

In antiquity, the conch shell was regarded by the
Incas and many early cultures as a symbolic
mouthpiece of the gods. “Perhaps it was because,
when held to the ear, the voice of the sea god
murmured through it” (Dickinson, 1968, p. 7).
Although there is no specific reference in the
literature to “pearls” obtained from S. gigas before
the mid-1800s, it is reasonable to believe that they
were found and used in jewelry, along with
nacreous pearls.

The earliest mention of conch “pearls,” specifi-
cally from the S. gigas mollusk, can be found in the
1839 Catalogue of the Collection of Pearls e
Precious Stones Formed by Henry Philip Hope,
Esq. and referred to in Stevenson and Kunz (1908,
p. 464). Among the 148 pearls listed are two conch
“pearls”: “an oval conch pearl, pink in general color
and somewhat whitish at the ends, . . . and another
conch pearl ... button shaped, yellowish-white
with a slight shade of pink.” Streeter (1886) also
mentions this collection and goes on to say that
conch “pearls” were quite popular during the 1850s
and 1860s, to the point that supply could not keep
up with demand.

During Queen Victoria’s reign (1837-1901),

Qucen Conch “Pearls”

Figure 1. This group of
exceptional pink conch
“pearls” includes some of
the finest that were stud-
ied for this article. The
largest, an unusually fine
porcelaneous “pearl,”
weighs 40.14 ct (22 x 21
X 12 mm). In some, the
delicate flame structure
typical of conch “pearls”
is visible with the un-
aided eye. Specimens
courtesy of Susan
Hendrickson; photo by
Scott Briggs.

the shell of the conch was imported into Europe for
use in the manufacture of porcelain, to be carved
as cameos, and for collecting as a curio. Italian
cameo carvers preferred the S. gigas shell because
of its delicate pink tints (Streeter, 1886). Actually,
during the 19th century, conch “pearls” were often
referred to as “pink pearls.” Alexandra, consort to
Edward, Prince of Wales, and daughter-in-law to
Queen Victoria, was partial to pearls of all kinds.
Edward and Alexandra were the leaders of upper-
class society during the late 1800s and early 1900s;
the trends that they set in fashion and jewelry
came to be known as the Edwardian style. Edwar-
dian jewelry incorporated a lavish profusion of
pearls and diamonds usually set in platinum.

One example of an Edwardian piece that incor-
porates a conch “pearl” (figure 2) can be seen at the
Walters Art Gallery in Baltimore, Maryland. This
23.5-ct conch “pearl,” at the time one of the largest
known, was purchased around 1900 from George F
Kunz at Tiffany & Co. in New York, where he was
employed as staff gemologist (Mitchell, 1984, p.
179). Bought by Henry Walters as a gift for his niece
Laura Delano, it was eventually presented by her
to the Walters Art Gallery.

While the larger conch “pearls” were popular
with the upper class at the turn of the century,
their smaller counterparts were well suited for use
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Figure 2. Large conch “pearls” were well suited
to the lavishness of Edwardian jewelry. In this
Edwardian piece (circa 1900), the 23.5-ct conch
“pearl” is set in a hinged platinum cage of
prongs with a foliate design. The top can be
turned to release the prongs so that the “pearl”
can be removed. Courtesy of the Walters Art
Gallery.

in the Art Nouveau jewels popular among the
rising middle class and artistic avant-garde during
the same period. Conch “pearls” lent themselves
well to the naturalistic motifs that were common
in Art Nouveau jewelry (Misiorowski and Dirlam,
1986). As Art Nouveau jewels often incorporated a
mixture of fine gems and metals with inexpensive
materials, such as glass and horn, the smaller
conch “pearls” were ideal for use as buds in floral
designs (figure 3). Jewels of this sort are seen at
auction occasionally.

Following the upheaval of World War I, interest
in conch “pearls” waned. The Art Deco style that
predominated after the war manifested itself in
stark geometrics that mirrored the disillusion-
ment of the time and the preoccupation with
streamlined modernity. We can find no evidence of
the use of conch “pearls” in Art Deco jewelry. Not
until the current decade have conch “pearls” re-
gained favor as unique and unusual gems in
jewelry. In the last two years, the competition for
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buying in the Dominican Republic has sharply
increased (S. Hendrickson, pers. comm., 1987).

Recently, Harry Winston, Inc. created a few
pieces of conch “pearl” jewelry intended for its
very special clientele. One magnificent suite of
necklace and earrings features six pink conch
“pearls,” beautifully combined in size, color, and
shape (see cover photograph). The necklace incor-
porates a deep reddish pink button-shaped conch
“pearl”; its pendant contains a magnificent 45-ct
{180-grain) pear-shaped conch “pearl” that is prob-
ably one of the world’s largest. Strong flame
structure is readily apparent in many of the
“pearls” in the suite.

In conjunction with the pink color, the myste-
rious allure of the flame structure in conch
“pearls” has traditionally added to its desirability
as a gem. The rarity of the conch “pearl” precludes
its extensive use in jewelry; unless a culturing
operation is developed, which is unlikely, conch
“pearls” will retain their exclusive status.

BIOLOGY OF THE
STROMBUS GIGAS MOLLUSK

Only S. gigas, a univalve mollusk commonly
known as the Queen conch, grows the calcareous
concretions known as conch “pearls.” However,
one must be careful because the term conch is
sometimes used to describe other kinds of shell (in
fact, the science of shells is called conchology).
Nevertheless, fishermen and divers can easily
distinguish S. gigas from other snails by its distinc-
tive “hook” or “claw,” the horny curved operculum
attached to the animal’s foot. All conchs are
vegetarians, eating essentially algaes, and the
Queen conch is one of the largest of the her-
bivorous gastropods (Brownell and Stevely, 1981).
Unlike most mollusks, the Queen conch snail
moves in a unique “hopping” style (Fleming, 1982),
pushing very hard on its foot to raise its heavy
shell, and then letting itself fall forward, la-
boriously gaining about half a body length.

The natural habitat of the conch (figure 4)
stretches from Bermuda to the Caribbean {Brown-
ell and Stevely, 1981). When L. D. Powles wrote of
his experiences as a barrister in the Bahamas
(1888), he titled his book The Land of the Pink
Pearl. The Queen conch is also found along the
southeast coast of Florida and the Keys. In 1910,
Kunz wrote a slim promotional book for Tiffany &
Co. in which he listed conch “pearl” as one of the
state stones. This suggests that Florida also may
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have been a source for those conch “pearls” used in
jewelry at the turn of the century, although Sin-
kankas (1959, p. 587] states that “prior to 1900, the
vogue for [conch] pearls was largely satisfied by
specimens captured on the reefs of Eleuthera and
Exuma Islands in the Bahamas and the pearls
marketed primarily in Nassau.” Streeter (1886),
Webster (1975), and Farn (1986) also list the Gulf of
California as a source of S. gigas. While this area
might be the home of similar-looking snails, no
marine biology publication mentions tiic presence
of 8. gigas in this location (see, e.g., Abbott, 1954).
Most likely, these reports of “Queen conchs”
outside their normal geographic range are just
cases of confusion caused by the use of ambiguous
common names (E. Iversen, pers. comm., 1987).

Although conchs may undergo minor migra-
tions (Hesse, 1979), they usually remain in the
same general area over their lifetime. They tend to
inhabit stable sandy bottoms, although occa-
sionally they settle in gravel and coral environ-
ments. They may be found in only a few centime-
ters of water or as deep as 75 m, but they most
commonly- live at a level above 30 m in depth
(Brownelliand Stevely, 1981).

Reproduction takes place during the warmer
months, from March to September (Hesse and
Hesse, 1977). After mating, the female produces an
egg mass of about 500,000 units, the size and shape
of a fat banana, which is camouflaged from preda-
tors by a coating of sand. Four to five days later the
eggs hatch and a tiny shell-less conch, called at this
stage a “veliger,” emerges to drift in water for about
four or five weeks, subject to currents and exten-
sive predation, until it settles to the bottom and
acquires a small white shell. The young conch,
now called a “creeker,” seeks protection in the
sand. Over the next two years, it will grow its spiral
shell, at which time it becomes a “roller.” At about
three years of age, the mollusk begins to build up
its shell in a flared lip. At this point, it has reached
breeding maturity and is at optimum size for
fishing. It also seems that this is when the snails
begin to produce “pearls.” The “sanga” or “samba”
is a fully matured conch, with a very thick,
leathery-looking shell. A group of conch shells of
various ages from roller to sanga is represented in
figure 5; note the development of the lip and the
areas of pink coloration.

STROMBUS GIGAS FISHERIES
S. gigas is fished throughout the Caribbean primar-
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Figure 3. Smaller conch “pearls” can be seen in
the Art Nouveau pieces that were popular with
the middle classes at the turn of the century.
The Art Nouveau pendant shown here has a ge-
ranium motif of pink enameled flowers with
conch “pear!” buds and plique-d-jour enameled
leaves. Photo courtesy of Christie’s Geneva.

ily for its meat. The shellfish are found in large
groups of up to several hundred individuals. The
fishermen dive from small boats {figure 6) and
pluck the mollusk from shallow waters or use
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Figure 4. The Strombus
gigas (Queen conch)

mollusk is found |
throughout the waters in &
the shaded area of this ~.
map (After Brownell and
Stevely, 1981).
Hlustration by Jan
Newell,

GULF of MEXICO

« Bermuda

poles with a hook. The fishermen usually cut the
meat out of the shell in the boat. The conch
“pearls” are often found at this stage, in a pearl sac
within the orange part of the mollusk, which
corresponds to the mantle or skirt of the conch

(preliminary observations by B. Everett, pers.
comm., 1987). They are also recovered when the
boat is being cleaned. We have not been able to find
any direct documentation on how the “pearl”
forms in the conch, but we suspect that it nucle-

Figure 5. These shells are from Strombus gigas of different ages, from the young “roller” on the left to
the oldest “sanga” on the right. Note in the two shells in the center how the lip develops and then, in
the two shells on the right, how it thickens as it is eroded over time. Photo by Robert Weldon.
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ates due to irritation from a foreign body, in much
the same* way pearl-like concretions form in other
mollusks i(Bostwick, 1936; Sweaney and Laten-
dresse, 1984).

The meat, similar to abalone, is usually eaten
locally, although during the 1970s it was frozen
and exported to the United States. The conch
industry benefited greatly from higher prices and
improved marketing during this period, but the
resulting expansion led to overfishing and the
species is now seriously endangered (Hesse and
Hesse, 1977; Brownell and Stevely, 1981; Fleming,
1982). Many governments have taken measures to
prevent the precipitous decline of S. gigas. For
example, it is now illegal to fish this mollusk off
the coast of Florida. During the period of overfish-
ing, many conch “pearls” {several hundreds, if not
thousands) were found, but the recent measures
taken to protect the mollusk are likely to reduce
this number in the coming years (figure 7). A
detailed review of the natural history of the Queen
conch and the fishery problems can be found in
Randall (1964) and Brownell and Stevely (1981).

One question often raised about conch fishing
is how often a “pearl” is found. According to Kunz
(1892), there is never more than one conch “pearl”
in a shell. This statement has been confirmed by
many modern fishermen (S. Hendrickson, pers.
comm., 1986). A commercial supplier of conch
meat in the Lesser Antilles recently stated that in
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Figure 6. Fishermen from
the Dominican Republic
and their fishing boat, here
dry-docked for mainte-
nance, typify the conditions
under which the conch
shell is fished. Photo by
Susan Hendrickson.

Figure 7. Jorge Luid, a Dominican fisherman,
displays a handful of conch “pearls” that repre-
sent several months of collecting. Photo by
Susan Hendrickson.




“approximately 54,000 conchs, only four large
(5-10 ct) and a few dozen smaller ‘pearls’ were
found” (Fryeretal., 1985, p. 235). The probability of
finding a conch “pearl” is, then, about one in a
thousand, which agrees with Strecter’s indications
in 1886. Ms. Hendrickson (pers. comm., 1986) put
the odds even lower —around one in ten thousand
to one in fifteen thousand —on the basis of per-
sonal observations and discussions with fishermen
in the Dominican Republic and the Bahamas. This
figure agrees with information provided by Bonnie
Everett, who co-owns a fishery in the Turks and
Caicos Islands (pers. comm., 1987). Ms. Everett
nevertheless points out that there is no way of
knowing if a “pearl” has been overlooked. In
addition, only about 10% of those found can be
considered gem quality. While the degree of scar-
city may vary with the fishing grounds, conch
“pearls” are, by any standards, very rare.

LA PLACE BOSTWICK AND
CONCH “PEARL” CULTURING

The only published account of the successful
culturing of conch “pearls” was written by a
biological researcher named La Place Bostwick
(1936). In 1933, Bostwick applied to the director of
the Scripps Institute of Oceanography, requesti