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Large Cat’s-Eye AQUAMARINE
The East Coast laboratory had the
opportunity to examine an unusually
large collector-quality specimen of
cat’s-eye aquamarine. The 201.18 ct
stone, which measured 37.31 × 30.38
× 22.55 mm, was cut as a high-domed
oval cabochon and displayed a fairly
sharp, straight eye (figure 1).

Chatoyancy in beryl is usually
caused by tube-like inclusions or
growth tubes oriented parallel to the
c-axis (see, e.g., Summer 1992 Gem
News, pp. 131–132; Spring 2004 Gem
News International, pp. 66–67). How-
ever, emerald from the Coscuez mine

in Colombia has been reported to dis-
play chatoyancy caused by “hazy lin-
ear clouds” (Winter 1996 Gem News,
pp. 284–285). A case of “pseudo-
chatoyancy” in a brown beryl was ob-
served as being caused by light trans-
mission through closely spaced twin
planes (Winter 1999 Lab Notes, p.
202). Technically, this was not true
chatoyancy, which by definition is
caused by reflections from oriented
inclusions.

The cabochon we examined was a
medium greenish blue, had a spot RI
of 1.58, and displayed 427 and 537 nm
absorption lines in the desk-model

Figure 2. Growth zones parallel to
the length of the aquamarine in fig-
ure 1 contained reflective crystals
and films. Field of view 7.3 mm. 

Figure 3. At low magnification, the
reflective flat crystals and films in
the aquamarine appeared as hazy
linear clouds. Field of view 24 mm.

Figure 4. Very fine parallel
reflective needles were dispersed
throughout the large aquama-
rine, perpendicular to the growth
zones. Field of view 4.1 mm.

Figure 1. This unusually large
(201.18 ct) aquamarine displayed
a distinct chatoyant band.
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spectroscope, all of which are consis-
tent with aquamarine. It had oriented
inclusions in two directions. Parallel
to the length of the stone were regu-
larly spaced growth zones delineated
by planes of reflective flat crystals and
films (figure 2), some of which were
sufficiently fine to appear as hazy lin-
ear clouds under low magnification
(figure 3). Perpendicular to these
zones throughout the stone were very
fine reflective needles (figure 4). The
uniform distribution of these perpen-
dicular sets of inclusions resulted in
the straight and distinct chatoyant
band.

The size, color, and well-defined
chatoyancy of this cat’s-eye aquama-
rine made it a very notable gemstone.

Donna Beaton

Dyed Blue CHALCEDONY
Detected by UV-Vis-NIR
Spectroscopy 
The 25.87 ct blue bead in figure 5
was recently submitted to the West
Coast lab. Refractive indices of
1.539–1.550, a granular fracture, and
a slightly banded structure identified
the bead as chalcedony. Color con-
centrations around the drill holes
suggested the presence of dye, but
there was no evidence of the absorp-
tion lines characteristic of cobalt (at
620, 657, and 690 nm) in the hand-
held spectroscope. The other possi-
bility was the use of a copper solu-
tion to enhance the color.

Standard nondestructive gemo-
logical tests are often inadequate to
determine the presence of a copper-
based dye in blue chalcedony. To ver-
ify that the chalcedony was dyed, we

applied a technique developed by A.
Shen et al. (“Identification of dyed
chrysocolla chalcedony,” Fall 2006
Gems & Gemology, p. 140) that uses
the ultraviolet-visible-near infrared
(UV-Vis-NIR) spectrum. In accor-
dance with this technique, we calcu-
lated the ratio of the area (the inte-
grated absorbance) under the peaks
representing Cu2+ in the lattice vs.
the integrated absorbance under the
peak representing structural OH. As
reported by Shen et al. (2006), for nat-
ural blue chalcedony this ratio
ranges from 7 to 44; samples dyed

with copper solutions have a ratio
ranging from 0.5 to 3. For this sample
we calculated a ratio of 2.3, which
fell into the range for dyed material
(figure 6). 

While the lab seldom uses des-
tructive testing, this client allowed us
to polish a flat on the bead to confirm
the presence of dye (figure 7). Visible
color concentrations in the drill hole
and penetrating the surface of the
stone corroborated the results of the
Shen et al. (2006) test. With this spec-
troscopic approach, we feel we now
have an acceptable nondestructive
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Figure 6. The UV-Vis-NIR spectrum of the chalcedony bead revealed a ratio
of Cu2+ to structural OH of 2.3, which indicates that the bead was dyed. 

Figure 5. This 25.87 ct blue chalcedony bead proved to be colored by a
copper-based dye. Note the subtle banding characteristic of chalcedony
and, on the right, the suggestion of dye around the drill hole.



method of establishing the presence of
a copper-based dye in blue chalcedony. 

Alethea Inns

DIAMOND

A Historic “Piggyback” Diamond
In the Winter 1985 Lab Notes section
(p. 233), John Koivula described a
“piggyback” yellow diamond: two
diamonds mounted together to create
the illusion of a larger stone. Dr. Max

Bauer referred to such stones as “gen-
uine doublets” (Precious Stones, J. B.
Lippincott Co., Philadelphia, 1904, p.
96). After more than 20 years, we
recently had a chance to examine this
same doublet again—now as part of a
unique, award-winning piece of jewel-
ry designed by Virginia jeweler
Charlie Kingrea (figure 8).

The fabrication of the jewel al-
lowed for it to be disassembled into
two separate pendants, as shown in
figure 9. These were held together by
a handmade 18K white and yellow
gold retaining assembly: The table of
the smaller diamond was centered on
the back or “culet” of the large dia-
mond, giving the illusion of a single
larger stone. As mentioned in the
1985 Lab Note, the “face-up” appear-
ance of the doublet was approximate-
ly equal to a 9–9.5 ct stone.

Although we were not able to
remove the diamonds from their
mountings, we were able to examine
them more carefully this time and,
specifically, to determine the origin of
their deep yellow color. As reported in

the 1985 Lab Note, the top diamond
weighed 4.72 ct and measured 17.50 ×
12.55 × 2.46 mm; the bottom one
weighed 2.41 ct and measured 12.50 ×
7.23 × 4.48 mm. In both states, we
observed a dull chalky green reaction to
long-wave UV radiation, with a short-
wave reaction that was similar but
weaker. The color distribution seemed
even, but due to the flat nature of the
two pieces, uneven color distribution
would have been difficult to observe.
Both stones showed a 415 nm line in
the desk-model spectroscope, with the
503 nm pair (496 and 503 nm) and a 595
nm distinct line indicating that they
had been irradiated and annealed. 

We have not examined another
“genuine doublet” in over 20 years and
welcomed the opportunity to review
this type of assemblage. In addition, we
were able to see it in a well-designed
setting that highlighted the custom-fit-
ted diamonds and also allowed us to
establish their origin of color.

Thomas Gelb and 
Thomas M. Moses

Natural Type IIb Blue DIAMOND
with Atypical Electroluminescence
In scientific terms, electrolumines-
cence is the nonthermal emission of
light caused by the application of an
electric field (H.-E. Gumlich et al.,
“Electroluminescence,” in D. R. Vij,
Ed., Luminescence of Solids, Plenum
Press, New York, 1998, p. 221). In the
case of type IIb diamonds, when boron
impurities replace carbon atoms in the
diamond lattice, they can act as elec-
tron acceptors (i.e., holes) and conduct
electricity through the absence of elec-
trons. Nearly all type IIb diamonds are
electrically conductive at room tem-
perature, which may be observed
using a simple gemological conduc-
tion meter. They also usually exhibit
blue electroluminescence, visible as
blue sparks, when an electric current
is applied in a dark environment.

In the course of standard colored
diamond testing, a natural type IIb
Fancy Light blue diamond (figure 10)
showed unusual electroluminescent
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Figure 8. Although the “center
stone” in this pendant appears to
be one large yellow diamond, it
is in fact an assemblage of two
smaller stones.

Figure 9. When the pendant is dis-
assembled, it becomes apparent
that the “center stone” consists of
two diamonds set in an unusual
“piggyback” configuration.

Figure 7. A polished flat on the
bead in figure 5 clearly shows
distinct concentrations of color
around the drill hole and on the
surface of the stone, confirming
the presence of dye. Field of
view 11.8 mm. 
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properties. Instead of the typical blue
sparks, this diamond produced a fire-
works-like display of both blue and
intense orange-to-red electrolumines-
cence during conductivity testing (fig-
ure 11). Photoluminescence (PL) analy-
sis of the stone revealed an extremely
large 575 nm peak (figure 12); we are
unaware of any prior report of this
intense feature in a type IIb diamond.
In nitrogen-bearing diamonds, the 575

nm peak is attributed to the neutral
nitrogen-vacancy center [N-V]0. This
defect has been well documented as a
cause of orange fluorescence (P. M.
Martineau et al., “Identification of syn-
thetic diamond grown using chemical
vapor deposition [CVD],” Spring 2004
Gems & Gemology, pp. 2–25), and we
postulate that it might also be the

cause of the orange-red electrolumi-
nescence. However, additional work is
required to precisely determine the
source of the orange-red sparks.
Orange and orangy red phosphores-
cence have been observed in both syn-
thetic and natural type IIb diamonds
(K. Watanabe et al. “Phosphorescence
in high-pressure synthetic diamond,”
Diamond and Related Materials, Vol.
6, No. 1, 1997, pp. 99–106; S. Eaton-
Magaña et al. “Luminescence of the
Hope diamond and other blue dia-
monds,” Fall 2006 Gems & Gem-
ology, pp. 95–96), but we do not
believe that the mechanisms ascribed
by those authors apply to this unusual
diamond.

DiamondView images showed
mottled areas of orange-red fluores-
cence (figure 13), likewise suggesting
localized concentrations of [N-V]0

defects. The surrounding blue lumi-
nescence is typical of type II dia-
monds. Strong, uniform blue phospho-
rescence was also observed using the
DiamondView, although no phospho-
rescence was seen with long- or short-
wave UV excitation. Zoned fluores-
cence and electroluminescence sug-
gest the presence of both nitrogen and
boron-related defects in significant
concentrations. Although no nitrogen
was detected in the diamond’s FTIR
spectra, the occurrence of nitrogen-

Figure 10. This 0.41 ct type IIb
Fancy Light blue diamond
proved to have some unusual
characteristics. 

Figure 11. Orange-red sparks
(electroluminescence) were obvi-
ous when the blue diamond was
tested using a standard gemologi-
cal conduction meter. 

Figure 12. The photoluminescence spectrum of the diamond in figure 10
had an extremely large 575 nm peak, which previously has not been
reported in the spectra of type IIb diamonds. The orange-red electrolumi-
nescence is most likely due to the [N-V]0 center and related side bands.
Laser excitation was 514.5 nm.

Figure 13. DiamondView imaging
of the 0.41 ct blue diamond
revealed mottled areas of orange-
red fluorescence (top left) that are
likely due to localized concentra-
tions of [N-V]0 defects. 



related features in the PL spectra clear-
ly indicate its presence, but probably
at concentrations below the level of
detection that may be achieved in
FTIR spectroscopy. Consequently, this
diamond likely formed in a geologic
environment that was atypical for
most type I and type II diamonds.

It is a gemological treat to see a
seemingly normal type IIb blue dia-
mond, such as this one, unveil an
extraordinary fireworks display of blue
and orange electroluminescent sparks
when tested with a conduction meter.

Alethea S. Inns 
and Christopher M. Breeding

An Unsuccessful Attempt at
Diamond Deception 
The gem and jewelry industry is
unfortunately and inevitably subject
to a certain amount of fraud. One
such case was revealed recently when
the West Coast laboratory received a
“D color, IF clarity” diamond for an
update service along with a photo-
copy of what appeared to be its previ-
ous GIA report. The submitted stone
matched the accompanying report in
most respects, including color, shape,
table and depth percentages, lack of
fluorescence, and weight (reported to
two decimal places), so at first glance
nothing seemed out of the ordinary. 

The diamond was found to be type
IIa and was sent for advanced testing,
which revealed that it had been treated
by high pressure and high temperature
(HPHT) to change its color. However,
the report copy submitted with the
stone did not indicate the presence of
any treatment; at that point, we under-
took a detailed investigation. 

Preliminary examination with a
microscope showed that the diamond
was inscribed with a number corre-
sponding to the GIA report, but the
inscription was of poor quality and
lacked the distinguishing letters
“GIA” as well as a cut-brand inscrip-
tion that was documented in the
report. A trained eye confirmed that
the inscription was not the work of
GIA. Further observation revealed the

presence of whitish internal graining
(figure 14), which was not mentioned
on the report and would have preclud-
ed a clarity grade of Internally Flawless
(see J. M. King et al., “The impact of
internal whitish and reflective graining
on the clarity grading of D-to-Z color
diamonds at the GIA Laboratory,”
Winter 2006 Gems & Gemology, pp.
206–220). While in some circum-
stances we might have suspected that
the stone had been treated since the
report was issued, it did not make
sense that anyone would subject a dia-
mond that was already top color to
HPHT treatment.

In addition to the problems with
the inscription and the internal grain-
ing, there was also a discrepancy in dia-
mond type: The submitted stone was
type IIa, and our records indicated that
the stone for which the report had
been issued was type I. Closer exami-
nation of the dimensions revealed that
while the length, width, and depth
measurements of the submitted stone
were extremely close to what was stat-
ed on the report, its weight was 0.0028
carats more than the weight of the dia-

mond for which the original report had
been issued, according to the laborato-
ry’s internal database. If the stone had
been repolished (e.g., to remove part of
the inscription) since the report was
issued, the process should have
removed weight—and certainly would
not have added any. It was clear that
an HPHT-treated stone had been pur-
posely cut and inscribed to match the
GIA report of a diamond with a natu-
ral origin of color. 

We do not know who performed
this fraudulent act, or when and where
it occurred; we only know that a decep-
tion was attempted. The stone eventu-
ally left the West Coast laboratory with
a new report listing a clarity grade of
VVS1 (based on its whitish internal
graining) and the inscription “HPHT
PROCESSED,” in keeping with GIA
policy for these treated-color diamonds.

Laura L. Dale 
and Christopher M. Breeding

KYANITE Resembling 
Blue Sapphire
The West Coast laboratory recently
received an 8.54 ct dark blue oval gem
(figure 15) for a corundum report. The
stone had a striking visual resemblance
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Figure 15. This 8.54 ct kyanite was
initially mistaken for sapphire
because of its intense blue color
and internal features that resem-
bled those seen in corundum. 

Figure 14. The strong whitish
internal graining in this purport-
edly IF stone raised suspicions as
to its true identity. Such graining
is commonly observed in HPHT-
treated diamonds. Field of view
is 2.6 mm across. 
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to blue sapphire and some features that
supported this initial impression, such
as its inclusions and visible spectrum.
However, RI values of 1.710–1.730 and
an SG of 3.68 ruled out corundum and
instead indicated kyanite. 

The inclusion scene contained
several elements that are commonly
present in blue sapphire, such as clus-
ters of zircon crystals (figure 16) and
rutile (both identified using Raman
spectroscopy). A large transparent
quartz crystal (again, see figure 16) was
the only inclusion that would be
uncharacteristic for blue sapphire.
Growth tubes resembled those seen in
corundum; however, these could be
distinguished by their intersection
angles. Corundum growth tubes inter-
sect at 60°/120°; in kyanite, they inter-
sect at 90° (figure 17). Angular blue
zoning confined above a colorless zone
in the bottom half of the pavilion also
resembled that seen in sapphire, but it
did not show corundum’s characteris-
tic hexagonal growth features.

In the visible spectrum, the kyan-
ite displayed red transmission and
corresponding lines in the desk-model
spectroscope due to Cr content,

which can also appear in Cr-bearing
blue sapphires. The 450, 460, and 470
nm iron lines that are occasionally
present in blue sapphire were absent,
but weak 430 and 445 nm lines
caused by Fe3+ substituting for Al3+

(see Spring 2002 Lab Notes, pp.
96–97) could have been mistaken for
corundum iron lines. The chemical
formulas of kyanite (Al2SiO5) and
corundum (Al2O3) are similar.

Further testing using UV-Vis-NIR
spectrophotometry also highlighted
the similarities between blue sapphire
and kyanite spectra (figure 18). Note
the 380–385 nm and 430–450 nm
regions, corresponding to Fe3+ substitu-
tion for Al3+, as well as the broad band
at ~610 nm, which is responsible for
the blue color and caused by the Fe2+-
Fe3+ charge transfer in kyanite. The
broad band in blue sapphire is caused
by a combination of Fe2+-Fe3+ and Fe2+-
Ti4+ charge-transfer mechanisms.

The many similarities had led the
client to believe the stone was a blue
sapphire. However, the RI, SG, and
closer examination of the inclusions
provided a correct identification as
kyanite. 

Alethea Inns

Figure 16. The cluster of zircon
crystals at the top of this inclu-
sion scene in the kyanite can
appear with similar morphology
in metamorphic blue sapphires.
The quartz crystal on the bottom
would be uncharacteristic for
corundum. Width of view 1.2 mm. 

Figure 17. Unlike corundum
growth tubes, which intersect at
60°/120°, growth tubes in kyan-
ite intersect at 90°. Width of
view 1.2 mm. 

Figure 18. The UV-Vis-NIR spectrum of the kyanite showed similarities
with that of metamorphic blue sapphire, particularly in the 380–385
and 430–450 nm regions (where Fe3+ substitutes for Al3+). The broad
bands centered at ~610 nm in both kyanite and sapphire are caused by
charge-transfer mechanisms.



PHENAKITE as a 
Rough Diamond Imitation
The GIA Laboratory regularly receives
near-colorless transparent crystals,
pieces of rough, or fragments for iden-
tification, often because they were
sold as, or are hoped to be, diamond.
Such was the case with a 67.94 ct
near-colorless transparent crystal (fig-
ure 19) that was recently submitted to
the East Coast laboratory. 

The specimen was similar enough
to a (water-worn) dodecahedron-like
diamond crystal to prompt submis-
sion to the laboratory. It showed
abundant dissolution features, paral-
lel growth striations (figure 20),
trigon-like features (figure 21), and an
orangy red included crystal. However,
initial physical indications, such as a
lack of either adamantine luster or
dispersion (both of which could have
been obscured by the irregular sur-
face) and a low “heft,” suggested that
it was not diamond. In addition, dur-
ing spectroscopic testing the sample
was placed on a block cooled by liquid
nitrogen. When it was removed, the
crystal did not feel cool to the touch
as a diamond should have, indicating
low thermal conductivity.

Further testing revealed that the
specimen was doubly refractive and
uniaxial, with a spot RI of approxi-

mately 1.65 and a hydrostatic specific
gravity of 2.96. These properties ruled
out glass, cubic zirconia, and dia-
mond. The crystal had a weak pinkish
violet reaction to short-wave UV radi-
ation, revealed no absorption lines in
the spectroscope, and had no trans-
mission luminescence. Step-like stri-
ations were evident, but the trigon-
like features were raised (again, see
figure 21), not depressed as usually
seen in natural diamond.

Raman spectroscopy confirmed
that the specimen was phenakite,
Be2SiO4, which has a trigonal rhombo-
hedral structure with one cleavage
direction, and is often confused with
quartz. It has a specific gravity that is
lower than diamond, but the rough
exhibits features that could be mistak-
en for those of natural diamond.
Interestingly, its etymology comes
from the Greek word phenakos,
meaning “to deceive.”

Donna Beaton, Joshua Sheby, 
and Riccardo Befi

Glass-Filled SYNTHETIC RUBY
Recently, the East Coast laboratory
was asked to identify the 12.84 ct red
oval mixed cut in figure 22. Standard
gemological testing produced results
consistent with the published values
for ruby. 

However, examination with mag-
nification and immersion in methyl-
ene iodide revealed that the specimen
was heavily fractured in an unnatural
honeycomb pattern (figure 23), simi-
lar to what is typically seen as a
result of quench crackling. It fluo-
resced strong red to long-wave—and
moderate red to short-wave—UV
radiation, with an orangy yellow
reaction in the fractures that indicat-
ed a foreign material was present. At
higher magnification, the fractures
appeared reflective and showed a blue
flash effect, a common feature in
glass- or resin-filled materials. Laser
ablation–inductively coupled plas-
ma–mass spectroscopy (LA-ICP-MS)
analysis revealed a significant amount
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Figure 19. This crystal (27.30 ×
21.10 × 19.10 mm), originally
thought to be a diamond, proved
to be phenakite. 

Figure 21. Trigon-like features
were also present in the crystal
featured in figure 19, but unlike
those seen in diamond they were
raised rather than indented.
Width of view 7.5 mm.

Figure 20. The crystal showed
parallel, step-like growth stria-
tions, similar to what is seen on
some rough diamonds. Width of
view 8.9 mm.
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of lead (Pb) in the filler material, con-
firming that the specimen was lead-
glass filled. No other inclusions were
seen. When the sample was immersed
in methylene iodide and examined
with a horizontally configured micro-
scope, we observed subtle curved stri-
ae through a few upper girdle facets,
conclusive proof of its synthetic origin
(figure 24).

It is becoming more common to
see lead-glass filling in low-quality
natural rubies (see, e.g., S. F. McClure
et al., “Identification and durability of
lead glass–filled rubies,” Spring 2006
Gems & Gemology, pp. 22–34). The
laboratory still sees melt-grown syn-
thetic corundum, often in an altered
form, but it is unusual to see a syn-
thetic ruby that has been subjected to
two treatments: quench crackling to

imitate natural fractures, and lead-
glass filling to minimize the visibility
of the fractures. 

On several occasions over the
years, the GIA Laboratory has report-
ed on treated synthetic corundum.
The most dramatic examples were in
flame-fusion synthetic corundum dur-
ing the early 1980s (see J. I. Koivula,
“Induced fingerprints,” Winter 1983
Gems & Gemology, pp. 220–227).
Other related instances were a glass
filling in a flame-fusion synthetic ruby
(Winter 1990 Lab Notes, p. 298) and a
quench-crackled synthetic that had
been “oiled” to conceal the fractures
(Fall 1992 Gem News, pp. 208–209).
We can only hypothesize that our
12.84 ct sample was yet another

instance in which significant steps
were taken to mimic the natural
material.

HyeJin Jang-Green 
and Riccardo Befi

PHOTO CREDITS
Jian Xin (Jae) Liao—1, 8, 9, 19, and 22;
Donna Beaton—2–4, 20, and 21; C. D.
Mengason—5; Alethea Inns—7, 16, and 17;
Robison McMurtry—10 and 15; Robison
McMurtry and C. D. Mengason—11;
Christopher M. Breeding—13; John I.
Koivula—14; HyeJin Jang-Green—23;
HyeJin Jang-Green and Riccardo Befi—24.

Figure 22. This 12.84 ct specimen
(15.95 × 10.80 × 7.74 mm) proved
to be a quench-crackled, glass-
filled synthetic ruby.

Figure 23. When viewed at 7.5×
magnification while immersed in
methylene iodide, the synthetic
ruby showed a honeycomb frac-
ture pattern typical of quench
crackling in corundum. 

Figure 24. Curved striae were also
observed when the quench-crack-
led synthetic ruby was viewed at
12× magnification while immersed
in methylene iodide. 

www.gia.edu/gemsandgemology
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