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lamp, refractometer, and the like, to further narrow
down the possibilities. It is important not to reach a
conclusion too quickly and to perform further tests
if there is any doubt. By careful process of elimina-
tion, in most cases a knowledgeable gemologist can
determine the correct identity of a gem material.
Even avoiding an unconfirmed identity by creating
a reasonable doubt can prevent a bad purchase. In
addition to using the proper portable instruments, it
is essential to maintain current and in-depth knowl-
edge of gemological properties and treatments.
Practicing with gems most often sought on buying
trips will enhance the identification skills necessary
to make quick and informed decisions.

The present article looks at each of these steps as
they are commonly performed in the field, and
briefly describes field uses for both traditional and
relatively new portable gemological instruments.
Note that while brand names are mentioned in a
number of instances (because these are instruments
the author has used), often there may be similar
instruments available from other manufacturers. 
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he use of practical gemological techniques is
essential when purchasing gems at the source,
in a dealer’s office, or at trade shows. Applying

common sense and a few simple tests often reveals
the true nature of the gem being considered, thereby
providing the buyer with important knowledge for
negotiating a purchase (see Matlins and Bonanno,
1997). The instruments required to perform these
gemological tests in the field must be portable and
easy to use (figure 1). Advances in desktop gemologi-
cal instruments over the past two decades have great-
ly influenced the evolution of portable instrumenta-
tion (Liddicoat, 1981, 1982). Smaller circuits and bat-
teries, as well as more durable lightweight materials,
have allowed for the development of more practical
and compact instruments to keep pace with today’s
well-traveled gemologists.

There are several steps that should be taken to
determine the properties of a polished gem or piece
of rough. These steps should progress in the follow-
ing order: observing transparency, color, and luster,
as well as searching for obvious surface clues that
might reveal fracture, cleavage, or hardness; louping
the stone for internal characteristics; using a dichro-
scope to determine the material’s general optic
character; and gathering the information provided
by a handheld spectroscope, polariscope, ultraviolet

T

Buying gems or jewelry can be challenging even when one has access to a fully equipped lab.
However, most purchases are actually made in environments that make it difficult to carry any-
thing more than a loupe, a flashlight, and a pair of tweezers. Practice with these and the addition-
al portable gem instruments described in this article will enable the buyer to develop the keen
senses needed to better ascertain the identity and quality of the material being considered.
Practical tips that may be applied in the field are also included in each section. Common sense
must dictate how a clue is applied, and some tests will merely help narrow down the possibilities.
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SEARCHING FOR CLUES
WITH LITTLE OR NO INSTRUMENTATION
The initial determination of basic gemological prop-
erties without the aid of instruments plays a key
role in identifying any gem material. This is also the
time to determine the quality of the gem or (in the
case of rough) potential yield and durability issues
that might arise in the cutting process (Sinkankas,
1955). Some rough (in crystalline form or on matrix)
may actually be more valuable as a specimen than a
faceted gem. Understanding crystal morphology and
associated matrix minerals is often necessary to
identify rough specimens properly. A shrewd buyer
who can quickly assess the nature of the gem mate-
rial being considered will have a great advantage
over the seller or competing buyers. However, it is
absolutely essential to go through all the critical
steps in the identification process to be sure of what
one is purchasing. Much can be ascertained by first
examining the gem without the aid of any instru-
ments and by observing its reaction to various natu-
ral and artificial lighting conditions. 

Observing the color (hue, tone, and saturation), as
well as how light travels through it (i.e., brilliance, or
degree of refraction) and is reflected off the surface
(i.e., luster) of the material in question can narrow
the field considerably. Gems with a higher refractive
index will have a higher luster and be more reflec-
tive, and gems with higher dispersion will exhibit
more colorful spectral flashes from the crown facets
(Hanneman, 2001). Benitoite, with an extremely
high dispersion of 0.046, is easily distinguished from
sapphire (0.018), but it might be confused with a
blue diamond (0.044). Further visual observations
would reveal the pleochroism and lower hardness (in

its sub-adamantine luster) characteristic of benitoite.
When possible, a clean cloth should be used to
remove any grease or dust from the gem to provide a
more accurate determination.

At the 2002 Tucson gem and mineral shows, I
showed colleagues a particularly interesting gem-
stone that was a rare color variety of one of the
most popular gems on the market today. The gem
in question (figure 2) is brownish yellow, trichroic,
and has a relatively high refractive index. Because of
its unique optical characteristics, three well-respect-
ed scientist-gemologists were able to identify the
gem in five minutes or less without any clues other
than their keen senses and practical knowledge of
how light interacts with various gem materials.
Each first noted the brilliance and dispersion, which
indicated the high R.I, and rotated the gem to reveal
its trichroic nature. Recognizing the three unique
colors was key to the identification for two of the
gemologists. The third applied the Hodgkinson
“Visual Optics” method to make his identification
(see section below on “Filters and the Hodgkinson
‘Visual Optics’ Method”).

Remember always to check if a gem exhibits
change-of-color or even a shift in color. These excel-
lent clues to a gem’s identification are often over-
looked. I have seen numerous color-change sapphires
that were sold as blue sapphires because the sellers
had no incandescent light source to view the change.
I now regularly bring flashlights as gifts when travel-
ing in remote gem-producing countries because I
want the miners to know what to look for and to let
me know when they find something unusual.
Sharing information with your suppliers will create
an atmosphere of trust that will often result in seeing
special or unusual gems that other buyers may not be

Figure 1. Shown here
buying gems in a
Mogok, Myanmar
(Burma) gem market,
the author uses a 10×
darkfield loupe to
view the interior of a
red spinel crystal
being offered for sale.
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given the privilege of viewing. An astute gemologist
does not even have to travel far to uncover a rare trea-
sure. Gemologists have been known to find
chameleon diamonds in estate mountings because
the seller had not bothered to check or had no knowl-
edge of color-change diamonds.

When examining a piece of rough, it is important

to notice any silky or cloudy areas that may indicate
chatoyancy or asterism, thereby narrowing down the
possibilities while also providing a better knowledge
of the potential value of the finished gemstone. A
cat’s-eye chrysoberyl or star sapphire typically will
not look very attractive in the rough, but examina-
tion of the material with a simple pocket flashlight

Figure 3. This chrysoberyl preform shows a silky area (left) that may produce a cat’s-eye effect on pol-
ishing. A drop of safflower oil (center) reveals the potential cat’s-eye, which proved to be very sharp in
the polished 13.68 ct stone (right). Photos by Maha Tannous.

Figure 2. This 16.90 ct triangular cut
zoisite has been cleverly faceted so
that the three optical directions are
parallel to the table and perfectly ori-
ented down the three points. While it
shows a brownish yellow face-up
color, when viewed through the
crown down each optical direction it
reveals the pinkish blue, green, and
yellow pleochroism that helps identi-
fy this rare color variety of zoisite.
Photos by Maha Tannous.
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can reveal the stone’s true potential. The application
of a drop of water or vegetable oil on the surface of a
rough gem will often help reveal these optical phe-
nomena (figure 3).

Other initial observations that may be made
using only the gemologist’s powers of visual exami-
nation and knowledge of gem properties include
cleavage, fracture, relative hardness, and relative
density. Cleavage and fracture are fairly straightfor-
ward, but they require practice to discern. Studying
the various types of fracture (e.g., conchoidal, step-
like, granular) and the directions of cleavage by
actually breaking or chipping rough will provide
excellent hands-on experience that may then be
applied in the field.

Relative hardness and density are much more dif-
ficult to master, but they can be very important
when searching for initial clues for eventual identifi-
cation. Although portable hardness kits are available
for rough gem materials (see “The Last Resort. . .”
section), polish, luster, and the sharpness of facet
junctions are important indicators for cut stones.
Abrasions or scratches, along with rounded or worn
facet junctions, usually indicate a softer stone.
However, in the case of estate jewelry, it may mere-
ly indicate a gem that has been subjected to greater
wear and tear. Common sense must dictate how a
clue is applied in the identification process (figure 4).
Judging relative hardness is a subjective matter,
which requires practice and experience through prac-
tical application.

The relative density of a gemstone or piece of
rough may be measured by its heft or weight in one’s
hand as compared to other gem materials of similar
size. Although this determination is also very sub-
jective and difficult to master, it may be useful for
identifying gems that have very high or very low
densities, such as zircon versus sapphire, or glass
versus plastic. With its higher specific gravity, zircon

will have a greater heft than a sapphire of equal size.
Likewise, glass will have a greater heft than an
equal-size piece of plastic. With extensive practice, it
is possible to distinguish density even between such
similar materials as aquamarine (S.G. 2.65–2.75) and
topaz (S.G. 3.50–3.60). 

Upon examining what had been represented as
an important piece of tsavorite in Tanzania, I held it
in my hand and noticed that it was appreciably
heavier than what I expected, given the size of the
rough. Further testing, which included the use of a
Chelsea filter (figure 5), revealed that it was a piece
of YAG (yttrium aluminum garnet, much denser
than natural grossular garnet) that had been “fash-
ioned” to look like it was fresh from the mine. 

Some gemologists and gem dealers have devel-
oped a keen sense of heft by placing the gem in
question on their tongue. Since many native miners
and dealers carry the gems they find or trade in their
mouth for security purposes, they often become

Figure 4. Surface abrasions
can be a key indicator of
hardness, but they do not
always represent a soft
stone. For example, the sap-
phire on the left shows a
significant amount of sur-
face abrasion, like the
(much softer) zircon on the
right. Abrasion and scratch-
es are related to the amount
of wear and tear, as well as
to a stone’s hardness.
Photos by Nicholas DelRe
(left) and Tino Hammid
(right); © GIA.

Figure 5. Green YAG (yttrium aluminum garnet;
here, 3.65 ct) will appear red through the Chelsea
filter. Photo by Maha Tannous.



acutely aware of the subtle differences in relative
heft. Some diamond dealers have been known to
estimate the weight of a diamond to within points
by this method.

The feel or even smell of a gem material also
may provide essential clues. For example, the warm
soft feel of amber or glass contradicts the cool hard
feel of quartz or tourmaline. The resinous, burnt-
hair smell of amber when touched with the point of

a hot sewing needle is noticeably different from the
acrid smell of plastic.

PORTABLE INSTRUMENTS 
FOR FIELD IDENTIFICATION
The most important portable instrument is the
loupe; when it is used with a good light source and a
pair of tweezers, an experienced gemologist can dis-
cern many key characteristics. Other useful portable
instruments include a dichroscope, polariscope,
spectroscope, refractometer, UV lamp, immersion
cell, and hardness testers. Some gem instrument
manufacturers provide a kit with miniature versions
of the standard gemological instruments, such as the
GIA Gem Instruments PocketLab and the
Gemological Products PortaPac (figure 6). 

Loupe. There are several types of loupes being
employed by gemologists and gem dealers around the
world (figure 7). The hand loupe is the most versatile
and most commonly used. A corrected loupe (e.g.,
triplet) is best, since it minimizes distortion around
the edges of the viewing area. Darkfield (surrounding
indirect diffused) or oblique (side) illumination pro-
vides the best view of the interior of the stone in
question. Many gemologists and dealers use the 10×
loupe attached to the end of a small flashlight to pro-
vide oblique illumination. However, in this author’s
opinion, a darkfield loupe most closely approximates
a microscope for the examination of loose stones up
to 20 ct (figures 8 and 9). When a darkfield loupe is
not available, place the gemstone on its side directly
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Figure 6. These two practical and very portable labs—the PortaPac and the PocketLab—provide most of the
instruments needed to make proper identifications in the field or at trade shows. Courtesy of Gemological
Products (left) and GIA Gem Instruments (right).

Figure 7. The loupe is a gemologist’s most useful and
portable tool. Shown here are a GIA Gem

Instruments 20.5 mm, 10× triplet corrected loupe
and a 10-20-28× corrected loupe from A. Krüss

Optronic (Hamburg, Germany). Photo by Maha
Tannous; the pink spinel trilliant weighs 4.95 ct.



on top of the light source and then cover the upper
portion with a finger while viewing the gem through
its table with a standard loupe. By directing light
obliquely through the pavilion, the gemologist will
be better able to examine the interior of the gem (fig-
ure 8 inset). The loupe also should be used to confirm
observations of surface characteristics previously
made with the unaided eye. 

A keen understanding of inclusions and other
internal characteristics is essential when viewing
the interior of a stone. Several inclusion reference
books (see, e.g., Gübelin and Koivula, 1986; De
Goutière, 1996; Shida, 1996, 1999; Koivula, 2000)
should be reviewed when preparing for a buying trip.
If you are looking for rubies and sapphires, for exam-
ple, it may be prudent to color-photocopy the rele-
vant sections from your favorite inclusion text to
take along into the field. It is essential to practice
identifying inclusions using a loupe. While still in
the office or lab, after observing an inclusion scene
with the microscope, practice viewing the same
scene with a loupe. John Koivula, GIA’s senior
research gemologist, uses only his 10× loupe to
locate the unusual inclusions he discovers every
year at the Tucson shows. 

It is important to recognize the entire inclusion
scene as well as individual inclusions or features.
For example, partially exsolved (dissolved) rutile
needles alone suggest heat treatment, but when
they are combined with altered crystals and tension
halos, the entire inclusion scene provides definitive
proof of a heat-treated stone.

Identification of treatments continues to be one
of the most difficult challenges for today’s gemolo-
gist. A loupe, combined with a strong light source,
can also be of great assistance in this regard. Note
that treatments are as important a concern when
judging rough as they are with faceted stones, since
they may hide flaws or the true color of the rough
gem material. An unsuspecting buyer would be very
surprised to cut into a fracture-filled emerald crystal
or a dyed ruby crystal, or to discover that a piece of
“aquamarine” rough was actually just a chunk of
greenish blue glass. Strong back lighting or the use
of a more powerful flashlight will help the gemolo-
gist view the interior of the rough in question (fig-
ure 10). Dyes, altered inclusions, glass fillings, and
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Figure 8. It is the author’s opinion that the darkfield
loupe, with the standard flashlight attachment, is
the single most significant development in portable
gemological instruments for the serious gemologist.
Inset: In the absence of a darkfield loupe, the effect
may be approximated with an oblique illumination
technique that simply requires placing the gem
material in question on the glass of the light source
and covering the exposed portion with a finger to
create a shadow effect while simultaneously secur-
ing the gem in place. Photo by Maha Tannous; inset
by Jason Stephenson.

Figure 9. Proper use of the darkfield loupe (here, by
GIA Gem Instruments) requires practice holding
the gem in one hand and the loupe and flashlight
together in the other at a distance of about one to
two inches (3–5 cm) from the eye. In the inset, a
typical inclusion scene of negative crystals is readi-
ly visible with a darkfield loupe in this 4.95 ct
lavender spinel from Sri Lanka. Photo by Maha
Tannous; inset by Edward W. Boehm.



even the flash effect characteristic of fracture-filled
diamonds may be easily seen with a darkfield loupe.

Likewise, the identification of many synthetics
(e.g., curved striae or flux in some synthetic corun-
dums, and metallic inclusions in some synthetic
diamonds) can be made with a simple loupe. Also,
the doubling of back facets in doubly refractive syn-
thetic moissanite will easily separate this imitation
from singly refractive diamond. 

Lighting. Often overlooked, lighting conditions must
always be observed and often manipulated to pro-
vide proper viewing of external and internal charac-
teristics. Be aware of natural or extraneous lighting
conditions. Various parts of the world have natural
and artificial lighting that will make the gem look
different there than at home. Natural lighting in
northern hemispheres tends to favor the blue end of
the spectrum, while natural lighting in southern
hemispheres makes red, orange, and yellow stones
look more attractive. Carrying a daylight-equivalent
light source combined with a set of reference stones
will minimize error. Many corundum dealers carry
small samples of the colors they prefer. 

Most third-world countries use fluorescent light-
ing that is either too blue or flickers due to inconsis-
tent power supply. This can present disastrous
results if one is not prepared. Trade shows, typically
in large convention halls not designed for displaying
gems, can be just as challenging. Again, being aware
of the conditions and insisting on viewing a gem in

daylight or controlled light may prevent a disap-
pointing purchase.

Buyers of gem rough require much stronger
portable lights than are needed for examining
faceted gems. While the Sure Fire light (again, see
figure 10) is one of the better flashlights available,
even stronger illumination is sometimes needed for
darker or larger rough. Welch Allyn, of Skan Falls,
New York, produces a number of high-powered
rechargeable lights with focus adjustments or fiber-
optic attachments (initially developed for the medi-
cal industry) that are very useful for viewing rough
gem materials. 
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Figure 10. The gas bubbles in this glass imitation
of aquamarine (4.0 × 4.0 cm) are easily visible
with the aid of a 10× loupe and a powerful
portable light source such as the Sure Fire light by
Laser Products of Fountain Valley, California.
Photo by Maha Tannous.

Figure 11. The most portable and lightweight
lights currently available are manufactured by
LRI Photon Micro-Lights, Blachly, Oregon. The
output of each consists of (from left to right)
6500K white light, 372 nm long-wave ultraviolet
blue light, and 584–592 nm monochromatic yel-
low light. Photo by Maha Tannous.

Figure 12. The lipstick-size (5.5 × 1.5 cm) long-wave
portable ultraviolet lamp from Nebula, Redwood
City, California, is one of the most durable UV
lamps introduced in the last few years. Inset:
Natural amber generally fluoresces blue under long-
wave UV fluorescence. Photos by Maha Tannous.



Among the most convenient new portable
instruments are the Photon Micro-Lights, which are
sold individually or as a set. The three most useful
(figure 11) are the blue YAG phosphor diode lamp
that provides long-wave UV radiation at 372 nm, a
yellow lamp at 584–592 nm, and a white-light lamp
with an ideal daylight color temperature of approxi-
mately 6500 K (D. Allen, pers. comm., 2002). Each
unit requires only two 3-volt lithium coin cells,
which makes them light and compact (with an
active “life” of approximately 1,000 hours). The
white light is useful to view gems such as alexan-
drite and diamond, which require daylight to make
a proper assessment of quality and value. The
monochromatic yellow light is the perfect compli-
ment to a portable refractometer and even works
well with the desktop version.

Fluorescence. In addition to the Photon Micro-Light
blue YAG phosphor diode lamp noted above, a num-
ber of long-wave (approximately 370 nm) ultraviolet
lights are now available to gemologists (see, e.g., fig-
ure 12). A gem’s response to UV radiation must be
used only as an indicator, not as proof, but it can pro-
vide useful information. In locality determinations,
for example, a fluorescent (chromium-rich, iron-
poor) ruby may come from Myanmar or Vietnam,
while a nonfluorescent (iron-rich) ruby may origi-
nate from Thailand or East Africa. Strong red fluores-
cence should always be cause for extra scrutiny,
since almost all synthetic rubies exhibit this proper-
ty. Amber generally fluoresces yellowish green (see
figure 12, inset), while plastic rarely does. Heat-treat-
ed sapphires often show orange fluorescence in
zones previously occupied by rutile needles. Glass
fillings in ruby can be detected when they fluoresce
differently from their host. Many of the adhesives
used to assemble crystals fluoresce green or yellow
when exposed to long- or short-wave UV radiation.

Dichroscope. One gemological instrument that is
portable, easy to use, and informative is the dichro-
scope (figure 13). If optic character is not readily
apparent, the dichroscope should always be the sec-
ond instrument used in the field. A dichroscope can
readily distinguish between natural and imitation
tanzanite or aquamarine (figure 14). This small, sim-
ple instrument often proves indispensable when
judging tumbled rough that offers no clear view into
its core. A dichroscope also helps the buyer deter-
mine the pleochroic colors that must be taken into
consideration when the rough is to be fashioned.

The directions of these colors relative to the shape of
the rough are critical in the placement of the table,
thereby dictating the yield and ultimate value of the
finished gem. 

The dichroscope made by Orwin Products Ltd.,
England (OPL) is excellent for viewing fashioned
gems smaller than 10 ct. The new London
Dichroscope, in the familiar “Chelsea” filter casing,
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Figure 14. Natural aquamarine (left), glass imitation
aquamarine (middle), and glass imitation tanzanite
(right, 4 × 3 cm) are all easily separated by a dichro-
scope. Aquamarine, like tanzanite, will show the
characteristic pleochroism of the natural gem, while
the glass imitations will show no pleochroism.
Photo by Maha Tannous.

Figure 13. The OPL (Orwin Products, Ltd.) calcite
dichroscope (left, 4.0 × 1.4 cm) is one of the small-
est dichroscopes on the market. It is most useful
with faceted gems under 10 ct. The OPL diffraction
grating spectroscope (right, 5.5 × 1.3 cm) is the
smallest and most portable spectroscope on the
market. Mastering this instrument takes practice,
but it can be one of the most important tools for
the traveling gemologist. Photo by Maha Tannous.



uses crossed polarizers to provide a larger field of
vision, making it more useful with rough and larger
gems (figure 15). The Grieder dichroscope, available
through Eichhorst Gem Instruments (Hamburg,
Germany), uses the same technology to provide a
similar field of vision. What is most important is to
use the instrument that you are most familiar with
and that gives you the best results.

Polariscope and Polarizing Filters. A polariscope
attachment for a Mini Maglite or even just the lens-
es in a pair of polarized sunglasses can be used in
place of a dichroscope or when more detailed infor-
mation on optic character is needed (figure 16). For
example, amethyst and scapolite have almost iden-

tical properties with the exception of their optic
sign and scapolite’s two directions of cleavage (typi-
cally evident only when viewing rough). Since
amethyst is uniaxial positive (U+) and scapolite is
uniaxial negative (U-), a polariscope combined with
a condensing sphere and a magenta Polaroid filter
may be used to differentiate them (figure 17). 

Polarizing filters are useful for spotting the “tata-
mi” or “tabby extinction” pattern in synthetic
spinels, which are used to imitate many gems such as
aquamarine (see, e.g., Gübelin and Koivula, 1986, p.
515). Such internal irregularities often may be seen
only with crossed polarizers, and may also aid in judg-
ing the potential instability of highly strained rough
as is often encountered in tourmaline and diamonds.

Spectroscope. Although the hand-held spectro-
scope is one of the most difficult portable gemo-
logical instruments to master, it also can be one of
the most powerful in the field instrument arsenal.
The prism and the diffraction-grating spectro-
scopes are the two types available. The diffraction-
grating spectroscope (again, see figure 13) is small-
er, more portable, and offers an even distribution
of the visible color range, which makes it easier to
see absorption lines in the red region. On the other
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Figure 17. This illustration shows an optic axis figure
as it would appear through a portable polariscope
attachment using a glass condensing sphere and a
magenta Polaroid filter to distinguish between uni-
axial positive (U+) or uniaxial negative gems (U-). If
the optic figure of the gem in question advances to a
blue color in the 1st and 3rd quadrants (parallel to
the direction of the filter), as is the case with scapo-
lite, then it is U-. A yellow color in the 1st and 3rd
quadrants indicates a U+ gem such as quartz.Figure 16. Attaching a polariscope to the end of a

Mini Maglite provides an excellent portable tool
for determining pleochroism and optic character.
Photo by Maha Tannous.

Figure 15. The new London Dichroscope, distribut-
ed by the Gemmological Association of Great
Britain, has an expanded field of vision that makes
it ideal for viewing larger gems or rough, such as
this tanzanite (left, 2.57 grams) and pink zoisite
(right, 2.9 grams). Stones courtesy of H. Krupp;
photo by Maha Tannous.



hand, there are more published spectra available
for the prism spectroscope. Again, take the instru-
ment with which you have the most experience. It
is very useful to take high-quality drawings or pho-
tos of spectra for reference in the field. In addition,
a strong light source is essential to see the subtle
spectral characteristics for most stones.

As with the loupe, a great deal of practice is
required to master the spectroscope. And, as with
inclusion scenes, key spectral patterns must be
committed to memory before this instrument can
provide its full potential. However, a knowledgeable
gemologist can readily identify rough or polished
zircon by virtue of its unique “organ pipe” pattern.
Sometimes only one absorption line is needed to
tell the buyer to beware of a dye, as with green jade
(figure 18). Ruby and red spinel are easily distin-
guished by their characteristic spectra (figure 19).

Note, however, that some features may weaken
or disappear when the gem is heated by the light
source, as is the case with yellow diamonds that
have been irradiated and annealed. (This also is true
for some naturally occurring spectral features, such
as “Cape lines.”) Therefore, it is important to recog-
nize the telltale characteristics as quickly as possi-
ble (see, e.g., Günther, 1988; Anderson, 1990).
Placing a yellow diamond on a cube of ice will delay
the warming effect of the incandescent light.

Refractometer. Although a portable refractometer
can be indispensable in certain situations, carrying

R.I. fluid and finding the time and a place to use this
instrument can pose problems in a field setting.
There are a few miniature refractometers on the mar-
ket (such as the GIA Gem Instruments Duplex III
pocket refractometer and the Gemological Products
GemPro portable refractometer), and some fortunate
gemologists still own the early-model GIA Gem
Instruments refractometer designed by Robert
Shipley Jr. and introduced in 1949 (figure 20; Shipley
Jr. and Alton, 1949). Again, it is important to practice
using this instrument and to note the subtle differ-
ences when monochromatic light is not available
(Mappin, 1945). The perfect compliment to a field
refractometer is the new yellow Photon Micro-Light
shown in figure 11. 
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Figure 20. Among the portable refractometers current-
ly available is the GIA Gem Instruments Duplex III
(shown with a 4.95 ct spinel). The inset shows the
GIA Gem Instruments refractometer designed by
Robert Shipley Jr. that was introduced in 1949. At 5.2
× 4.8 cm, it is still considered one of the most durable
and portable refractometers ever made (E. Gübelin,
pers. comm., 2002). Photos by Maha Tannous.

Figure 18. A spectroscope can readily separate nat-
ural-color jadeite (top) from typical dyed jadeite
(bottom).

Figure 19. Also easily separated on the basis of their
spectra are red spinel (top) and ruby (bottom). Spectra
adapted with permission from Günther (1988). 



Filters and the Hodgkinson “Visual Optics”
Method. The versatile Chelsea filter (again, see fig-
ure 5) and the numerous filters invented by Dr. W.
Hanneman and Alan Hodgkinson are among the
many filters that are valuable when used properly. 

Some filters target specific gems (e.g., ruby, tan-
zanite, and aquamarine). The Hanneman Ruby
Filter is quite useful in distinguishing between ruby

and other red gems (figure 21, left and center). The
Synthetic Emerald Filter, invented by Alan
Hodgkinson, can separate a synthetic from a natural
emerald even through a glass window or showcase
(Hodgkinson, 1995a). If the total body color of the
emerald appears pink through the filter, then it
could be a synthetic emerald or perhaps a YAG (A.
Hodgkinson, pers. comm., 2002; figure 21, right). In
contrast, natural emerald appears greenish or loses
its body color. Dr. Hanneman recently developed a
filter for distinguishing tanzanite from its two most
common imitations, glass and synthetic forsterite
(Hodgkinson, 2001). 

It is important to recognize that filters can assist
in the identification process, but they are not to be
used for definitive determinations. Nonetheless, they
are valuable aids to identification and can save time.
In practiced hands, these filters allow for instanta-
neous, inexpensive screening of entire parcels.

Hodgkinson (1995b) also has developed an overall
optical system of gem identification, which he
named “Visual Optics.” By holding the table facet of
a gem (loose or mounted) close to the eye and look-
ing at a distant bright light source, the gemologist
can observe and estimate refraction, dispersion, and
birefringence. In some cases—as with ruby, dia-
mond, darker tourmalines, and lead glass—recogni-
tion may be instantaneous. Any gemologist who has
taken the time to train his or her eye to this method
may also quickly eliminate other possibilities. 

A pinhole instrument has been developed that,
used in conjunction with standard focused illumina-
tion, permits side-by-side demonstration of the
Hodgkinson method (A. Hodgkinson, pers. comm.,
2002). This instrument is especially useful to sepa-
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Figure 21. In the photo on the left, a faceted red spinel and a red spinel crystal both appear dark gray through the
Hanneman Ruby Filter, whereas a faceted ruby and a ruby crystal on calcite matrix both appear blue through the
same filter. In the center photo, a large red beryl crystal and faceted red beryl both appear grayish through the
Hanneman Ruby Filter. On the far right, a faceted green YAG and a Chatham synthetic emerald crystal both
appear pink when viewed through a Hanneman-Hodgkinson Synthetic Emerald filter. Photos by Maha Tannous.

Figure 22. The narrow white flares from a faceted dia-
mond (left) readily separate it from the broad spectral

flashes of a faceted synthetic moissanite (right)—
illustrating the differences in dispersion—when the

two round brilliants are submerged in water and illu-
minated from above through a pinhole with a

focused light source. This concept of optical disper-
sion is the essence of the Hodgkinson “Visual
Optics” method. Photo by Alan Hodgkinson.



rate diamond from its closest imitation, synthetic
moissanite (figure 22). The synthetic moissanite dis-
perses light into broad spectral flashes, whereas the
diamond disperses narrower white flashes (A.
Hodgkinson, pers. comm., 2002). It is essential to
notice the relative angle and spread of the spectral
colors as light passes through the sample. In essence,
since light travels slower in highly refractive gems
such as a diamond or cubic zirconia, the spectral
clusters will be more spread out. In contrast, gems
with lower refractive indices, such as quartz or peri-
dot, will not spread light as much and thus will
exhibit a tighter grouping of spectral clusters. This
test is only useful for faceted gems and requires con-
siderable practice, but it can provide a quick clue to
a stone’s refractive properties.

Diffusion Detectors. Several practical containers—
“immersion cells”—that are useful for viewing
potential diffusion-treated sapphires or rubies were
introduced a number of years ago. The stone is
placed in the upper compartment containing a liquid
to reduce reflection. Methylene iodide (di-
iodomethane) is most useful because its refractive
index of 1.74 is so close to that of corundum and
other gem materials. However, even water
(R.I.=1.33) or olive oil (R.I.=1.47), which are less toxic
and easier to come by in the field, may be used.
These diffusion detectors can reveal concentrations
of color along pavilion facet junctions (in the case of
blue diffusion-treated sapphires) or surface layers of

color (in the case of the new orangy pink to orange
treated sapphires), as illustrated in figure 23.
Immersion also may help expose curved striae in
flame-fusion synthetic rubies that have been tum-
bled to resemble waterworn rough crystals (Koivula
et al., 1992). Such rough corundum imitations are
sometimes offered at the source to either deceive or
test the buyer. Usually, if a buyer can show gemo-
logical expertise, fewer and fewer synthetics and
imitations will be included in the goods offered. 

Two well-known immersion instruments are
the GIA Gem Instruments diffusion detector with a
self-contained light source (again, see figure 23) and
the ROS/Gem Optics diffusion detector with the
smallest of the Maglites, the Solitaire. The latter is
somewhat more portable because of the external
light source.

The Last Resort: Hardness Testers. Hardness may be
detected visually by rounding of facet junctions and
scratches on stones, as described earlier, and provides
helpful clues in narrowing the field of possibilities.
As a last resort, when judging rough, a portable hard-
ness kit can also be quite useful (figure 24). Local
crystals of known hardness may be just as effective as
a hardness kit. Faceted gems should never be subject-
ed to scratch testing; there are so many other (nonde-
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Figure 24. As a last resort, a portable hardness testing
kit (here, 6.5 × 4.0 cm) can aid in identifying rough
when visual testing is reduced due to a rough surface
or natural tumbling. Hardness testing should not be
done on fashioned gems. Photo by Maha Tannous.

Figure 23. Diffusion detectors can be very useful for
detecting surface-diffused gems, even when water or
oil is used as the immersion medium rather than
methylene iodide. Surface-diffused sapphires (here,
a blue sapphire on the left showing blue color con-
centrations along the facet junctions, next to an
orangy pink sapphire with a distinctive rim of sur-
face color) continue to pose identification challenges
for gemologists. Photo by Maha Tannous.



structive) ways to identify them. As with heft, judg-
ing the relative hardness of a gem requires practice at
home that could be applied in the field.

Recent Additions. Among the newest instruments to
enter the field arsenal is the SSEF Diamond Spotter
(figure 25)—which is a useful first step in identifying
HPHT-treated diamonds. This practical instrument,
developed by the SSEF Swiss Gemmological Institute
in Basel, Switzerland, in collaboration with Dr.
Emmanuel Fritsch at the University of Nantes in
France, may be used to distinguish type IIa (those
that may undergo or have already undergone HPHT
treatment) and type IIb diamonds, both of which
transmit short-wave ultraviolet radiation, from their
more common type I counterparts (J-P. Chalain, pers.
comm., 2002). The diamond is secured with BluTack
over the opening on the cylinder and then exposed to
short-wave UV. If the diamond transmits short-wave
UV, then the UV-sensitive area will fluoresce green.
If the diamond absorbs short-wave UV, then the UV-
sensitive area will remain white. Ideally, the dia-
mond should be positioned so the incident UV light
is perpendicular to the crown, pavilion, or girdle,
allowing the light to travel directly through the stone
with minimal reflection.

Although extremely rare, type IaB diamonds also
transmit short-wave UV; however, thus far no
HPHT treatment has been described in the gemo-
logical literature as being applied to natural type IaB

diamonds. This instrument also may be used to sep-
arate natural colorless corundum, which absorbs
short-wave UV, from Verneuil synthetic corundum,
which transmits short-wave UV. Cubic zirconia and
synthetic moissanite both absorb short-wave UV
(Hänni and Chalain, 2002).

Important References. While suitable portable
instruments are essential, a reference manual also
may save time and money. There are numerous
books that can assist in honing your field gemology
skills, such as Liddicoat (1989), Anderson (1990),
Hurlbut and Kammerling (1991), Webster (1994),
GIA’s Gem Reference Guide (1995), and (the most
compact) Schumann (1997). 

The single most important reference items are
gemological property charts, such as the “A” and
“B” charts published by GIA. High-quality drawings
of gem spectra and inclusions also are very useful.

CONCLUSION
The use of portable instruments and field methods
requires time and patience to master. Yet some of
the most significant developments in gemology,
such as the darkfield loupe, have occurred while try-
ing out new testing techniques when standard lab
equipment was not available. As with all identifica-
tions, it is essential to follow four basic steps, in the
following order: 
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Figure 25. The SSEF Diamond Spotter (left, 4.0 × 2.8
cm diameter) is one of the newer instruments invent-

ed to help gemologists deal with some of the latest
identification challenges. Even with the table down,

the green fluorescence visible on the screen below
the 1.08 ct diamond on the SSEF Diamond Spotter

(right) indicates that the diamond is type IIa or IIb.
Photos by Maha Tannous. 



1. Search for obvious surface clues.
2. Loupe the stone for internal characteristics.
3. Determine the material’s general optic character.
4. Gather additional information with a handheld

spectroscope, polariscope, ultraviolet lamp,
refractometer, and the like, to further narrow
down the possibilities.

A portable laboratory, such as the MaxiLab or
PortaLab (figure 26), can be indispensable when mak-
ing purchases in the field or at trade shows. However,
it usually is not practical to carry an entire kit on
every buying trip. Thus, skill in using pocket-sized
portable instruments is essential. Practicing the use of
these portable instruments long before you plan a
gem-buying trip will greatly heighten the skills and
senses needed to make the quick decisions in the field
that could save you time and money. 
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Figure 26. Prominent gemologist Dr. Edward
Gübelin is shown here using a Portalab inYangon,
Myanmar (Rangoon, Burma) at the 30th Myanma
Gems, Jade, & Pearl Emporium in 1993. Photo by
Edward W. Boehm.
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