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W ith decades of expertise and laboratory 
locations worldwide, GIA uses more ad-
vanced instrumentation that extends far 

beyond the boundaries of standard gemological 
testing. The comprehensive analysis of gemstones 
submitted to the laboratory ensures accurate iden-
tification and grading reports. These gemstones fall 
under five different categories: natural diamonds, 
natural colored diamonds, laboratory-grown dia-
monds, colored stones, and pearls. 

GENERAL PROCEDURES 
Once a stone is submitted, client information is 
withheld from the non-client-facing staff who con-
duct the analysis. This measure helps ensure an un-

biased report. Before undergoing examination, each 
item is weighed and measured. All loose, faceted 
stones are assessed with a noncontact optical meas-
urement device (figure 1) that projects the stone’s 
shadow to obtain exact measurements of angles and 
facets. If the stone is mounted, not faceted, or ex-
ceeds the device’s capacity, it is weighed and meas-
ured by hand. 

Based on accurate measurements from the non-
contact optical measurement device, the stone’s vol-
ume can be calculated. This provides the information 
needed to calculate the specific gravity. When this 
calculation is not possible for a loose stone, GIA 
gemologists turn to hydrostatic measurement as 
needed, using the weight of the stone in air and the 

ANALYSIS OF GEMSTONES AT  
GIA LABORATORIES 
Nicole J. Ahline and Jessa Rizzo

Figure 1. A red gemstone set table-down in a noncontact optical measurement device. Photo by Annie Haynes.
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weight of the stone suspended in water. After all nec-
essary information related to weights and measure-
ments has been obtained, the item is directed to the 
next required analysis for that material.  

DIAMONDS 
Stones submitted as diamonds are examined to verify 
whether they are natural or laboratory-grown. At this 
initial stage, a stone with a specific gravity of 3.52 is 
presumed to be diamond and analyzed using the GIA 
DiamondCheck. This device, created specifically for 
the laboratory, detects the presence or absence of ni-
trogen impurities in the stone’s infrared spectrum 
(figure 2). It separates diamonds into two categories: 
“Pass” (type I diamonds) or “Refer” (type II diamonds 
and laboratory-grown diamonds) (Breeding and 
Shigley, 2009).   

Items that do not fall within the “Pass” or “Refer” 
categories are classified as “non-diamonds” and routed 
to the identification department for analysis. For ex-
ample, topaz has a specific gravity of 3.52, the same 
as diamond. If a topaz were submitted for a diamond 
report, it would not pass the DiamondCheck step, as 
it has a different intrinsic infrared spectrum. 

Referred diamonds are analyzed by senior gemol-
ogists who specialize in detecting laboratory-grown 
diamonds and potential treatments. Photolumines-
cence (PL) spectroscopy is used to assist with the 
identification of laboratory-grown diamonds manu-
factured by chemical vapor deposition (CVD) or high-
pressure, high-temperature (HPHT) methods, as well 

as the detection of post-growth treatment. PL can 
also determine whether a colorless natural diamond 
has undergone HPHT treatment (Eaton-Magaña and 
Breeding, 2016).   

Referred diamonds may also undergo Diamond-
View screening. This instrument uses ultraviolet light 
with a wavelength below 225 nm to excite lumines-
cence. The luminescence emitted by the diamonds re-
veals growth structure characteristics that distinguish 
natural growth from laboratory growth using CVD or 
HPHT methods (McGuinness et al., 2020).  

Both passed and referred diamonds are then evalu-
ated by GIA graders in controlled environments that 
are standard across every GIA location. Multiple 
graders independently examine each diamond through 
a GIA gemological microscope and a 10× loupe (figure 
3). They evaluate clarity by assessing the size, loca-
tion, and visibility of all internal and external features. 
A clarity grade is ultimately assigned based on the 
GIA Clarity Scale. During clarity examination, the 
graders also confirm the presence or absence of treat-
ments such as internal laser drilling, laser drill holes, 
and fracture filling (figure 4).  

Diamonds are also evaluated for their color using 
the universal grading scale developed by GIA. This is 
done under controlled lighting using master stones 
with established color grades for reference. Diamonds 
without color are compared against the master stones 
using GIA’s D-to-Z color grading scale, in which “D” 
denotes colorless, with yellow, brown, or gray color 
saturation increasing to Z. (Color grades of S to Z can 
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Figure 2. Fourier-trans-
form infrared (FTIR) 
spectra of diamonds, re-
vealing the presence or 
absence of nitrogen in 
the one-phonon region 
(1400–1000 cm–1). 
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also be graded as light yellow, light brown, or light 
gray.) Colored diamonds with a saturated hue (e.g., yel-
low, pink, blue, and green) are graded against master 
stones to analyze the tone and saturation.  

Diamonds that receive a W–Z color grade, as well 
as all colored diamonds, are examined by GIA gemol-
ogists to determine the origin of this color. Using an-
alytical techniques, they can distinguish between 
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Figure 3. A GIA gemologist examines a diamond’s internal and external clarity characteristics using a gemological 
microscope. Photo by Kevin Schumacher.

Figure 4. Examples of treatments documented in diamond. Left: Fracture filling in a feather on the table of a 
laboratory-grown diamond. Right: Reflective lighting displaying numerous laser drill holes in the table of a dia-
mond. Photo micrographs by Nicole Ahline; fields of view 3.57 mm (left) and 4.79 mm (right).



natural color and color produced by artificial irradia-
tion, HPHT treatment, or a combination of the two 
(figure 5). These techniques include ultraviolet/visi-
ble/near-infrared (UV-Vis-NIR) spectroscopy, Fourier-
transform infrared (FTIR) spectroscopy, and 
photoluminescence (PL) spectroscopy.  

UV-Vis-NIR spectroscopy measures absorption 
patterns within the ultraviolet to visible light range 
and into the near-infrared. As one of the initial tests, 
it plays a crucial role in color origin determination 
(see Jin et al., 2024, pp. 456–473 of this issue). Dia-
monds are cooled with liquid nitrogen to produce a 
clean spectrum, revealing optical defects that influ-
ence a diamond’s color (Shigley and Breeding, 2015). 
For example, a band at 550 nm is linked to plastic de-
formation, potentially causing pink or brown body-
color (Eaton-Magaña et al., 2018). “Cape” features 
(N3 defect at 415.2 nm, along with N2 at 478 nm and 
two absorption peaks at 451 and 463 nm) contribute 
to a yellow color (Breeding et al., 2020). The interpre-
tation of various optical defects, combined with 
input from other types of data, can help determine a 
diamond’s color origin. 

FTIR spectroscopy measures absorption in the in-
frared region. For diamonds, it is mainly used to clas-
sify diamond type, which corresponds to the presence 
or absence of nitrogen and boron in the crystal lattice 
(see Breeding and Ahline, 2024, pp. 474–492 of this 
issue). Certain diamond types, as well as other features 
found in an IR spectrum, are associated with specific 
diamond colors or lattice defects (Breeding and 
Shigley, 2009). For example, isolated nitrogen appears 
in the infrared as C-centers that contribute a yellow 
to orange bodycolor (Breeding et al., 2020). FTIR also 

detects the presence of defects such as H1a, H1b, and 
H1c (1450, 4935, and 5165 cm–1), which commonly 
occur in type Ia yellow diamonds that have been ex-
posed to either natural or artificial irradiation and an-
nealing (Wang et al., 2005).  

PL spectroscopy measures the fluorescence from 
a gemstone, typically when stimulated with lasers of 
various wavelengths (see Eaton-Magaña et al., 2024, 
pp. 494–517 of this issue). PL spectroscopy is a valu-
able tool for identifying certain gemstones such as 
ruby and sapphire. These have characteristic fluores-
cence spectra related to the presence of Cr3+, which 
fluoresces at a specific wavelength of 694 nm. The 
natural or laboratory-grown origin of diamonds can 
also be reliably determined using PL spectroscopy. In 
most cases, PL spectroscopy is also crucial for iden-
tifying the natural color origin of diamonds or poten-
tial treatments applied to enhance their appearance. 

GIA gemologists collect all the data provided by 
advanced gemological testing and analyze it compre-
hensively. This information, along with the dia-
mond’s suite of inclusions, enables them to reach a 
unanimous conclusion on the color origin.  

COLORED STONES 
All colored stones are routed to GIA’s identification 
department, where gemologists assess each stone’s 
identity and potential treatments. Not every colored 
stone requires advanced gemological testing, which is 
used judiciously to support standard gemological test-
ing as needed. The size and transparency of a gem-
stone will also determine which instruments are 
appropriate for its analysis. The stone must be able to 
fit within the machine and provide reliable data. 

Standard gemological testing is the foundation of 
colored stone identification, using the methods 
taught in GIA’s Graduate Colored Stones program: 
the refractometer, polariscope, dichroscope, and 
handheld spectroscope (figure 6). Not all of these 
tests are applicable for every stone. In addition, 
gemologists test the stone’s specific gravity.  

Colored stones are also assessed for their re-
sponse to UV radiation, the portion of the electro-
magnetic spectrum from 10 to 400 nm. When UV 
radiation interacts with some gemstones, it causes 
them to emit visible light in the form of fluores-
cence or phosphorescence. This effect can be linked 
to the gemstone’s chemical composition, providing 
insights into its identity and any potential treat-
ments applied. GIA uses two standardized UV 
lamps: a long-wave UV light with a wavelength of 
365 nm and a short-wave light at 254 nm. 
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Figure 5. This “umbrella effect” at the culet of a dia-
mond was created by cyclotron treatment, a type of 
artificial irradiation. Photomicrograph by Nicole 
Ahline; field of view 2.90 mm. 



Two gemstones routinely checked under UV light 
are emerald and blue sapphire. Some fillers used for 
clarity enhancement of emeralds can fluoresce bright 
yellow to blue under long-wave UV light (figure 7, 
left). This can reveal the location of the filler in emer-
alds, especially in stones that are mounted in jewelry 
and cannot be fully viewed in the microscope.  

One of the most common inclusions in corun-
dum, an aluminum oxide (Al2O3), is rutile silk, a ti-
tanium dioxide (TiO2). In natural blue sapphires 
heated above 1000°C, rutile can start to break down, 
causing Ti4+ ions to dissolve into the corundum and 

creating titanium-aluminum vacancies (Hughes and 
Perkins, 2019). These vacancies have a chalky fluo-
rescence under short-wave UV light, providing evi-
dence of heat treatment (figure 7, right). 

GIA gemologists also assign a color to the stone. 
This call is an overall impression of the stone in the 
“face-up” position, which can be challenging for col-
ored stones given the differences in cutting styles, 
the impact of pleochroism, and possible phenomenal 
optical effects (play-of-color in opal, for instance). To 
keep calls consistent, all GIA laboratories use color 
chips from the Munsell Book of Color and a standard 
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Figure 6. Clockwise 
from top left: A polar-
iscope, refractometer, 
dichroscope, and spec-
troscope are shown 
with a gem cloth and 
tweezers. Photo by 
Emily Lane.

Figure 7. Left: An emerald seen in long-wave UV, highlighting the filled fractures in the stone. Photomicrograph by 
Nicole Ahline; field of view 19.27 mm. Right: A heated natural blue sapphire emits chalky blue to green fluores-
cence in short-wave UV. Photo by Nicole Ahline and Jessa Rizzo.



light box. Master stones are also used for comparison 
of specific color calls (figure 8).  

The GIA Identification Report may also include 
color calls that align with certain color designations 
used in the trade. Corundum has two of these. “Royal 
blue” is reserved for sapphires with a highly saturated 
blue color. Rubies with a vivid red color that have low 
iron content and a strong red fluorescence under long-
wave and short-wave UV light are known in the trade 
as “pigeon’s blood” rubies. Stones with these designa-
tions must not be laboratory-grown, treated by a dif-
fusion process, dyed, or assembled.  

GIA gemologists select the appropriate analyti-
cal instrumentation for each colored stone’s iden-
tification, treatment detection, and/or geographic 
origin determination (table 1). These methods con-
sist of UV-Vis-NIR and FTIR spectroscopy (both 
presented earlier in the “Diamonds” section), 
Raman spectroscopy, energy-dispersive X-ray fluo-
rescence (EDXRF) spectroscopy, and laser ablation–
inductively coupled plasma–mass spectrometry 
(LA-ICP-MS).  

FTIR data can assist with natural vs. laboratory-
grown determinations for alexandrite and emerald 
and detect certain treatments such as polymer im-
pregnation and heat treatment. Colored stones that 
routinely undergo FTIR analysis include corundum, 
chrysoberyl, jade, and quartz (Breeding and Ahline, 
2024). GIA gemologists use UV-Vis-NIR data to bet-
ter understand the cause of a stone’s color (or lack of 
color). UV-Vis-NIR is routinely applied to sapphire, 

emerald, tourmaline, and cobalt spinel (see Jin et al., 
2024, pp. 456–473 of this issue). 

EDXRF and LA-ICP-MS are used to look at a 
stone’s elemental makeup. EDXRF offers nondestruc-
tive analysis, either qualitative or quantitative, of a 
stone’s chemical composition. This can aid in the 
identification of color-enhancing coatings and other 
treatments, the presence of certain elements indicat-
ing a natural or laboratory-grown origin, and geo-
graphic origin (see Sun et al., 2024, pp. 536–559 of this 
issue). Gems routinely analyzed by EDXRF include 
turquoise, tourmaline, corundum, and tanzanite. 

LA-ICP-MS is a highly sensitive instrument that 
rapidly and precisely analyzes the quantitative 
chemical composition of a gem. It is minimally de-
structive, requiring a very small sample—from a pit 
roughly 50 μm wide and 50 μm deep (the diameter 
of a human hair). This pit is not visible without the 
use of a microscope or gemological loupe. LA-ICP-
MS assists with geographic origin determination, 
the separation of natural and laboratory-grown 
gems, and detecting certain forms of treatment 
(Sun et al., 2024). Since LA-ICP-MS is capable of 
measuring more trace elements with lower detec-
tion limits than EDXRF, this data is used exten-
sively for trace element plots when making 
geographic origin determinations. The sample’s 
chemistry is compared against samples of known 
origin to narrow down the list of potential geo-
graphic origins (refer to G&G’s Winter 2019 special 
issue on geographic origin). 
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Figure 8. Left: Orangy pink to pinkish orange “padparadscha” sapphires being compared to Munsell color chips. 
Right: A gemologist comparing a ruby to “pigeon’s blood” master stones. Photos by Annie Haynes (left) and Kevin 
Schumacher (right).



Raman spectroscopy is also commonly employed 
to identify colored stones. Monochromatic light in 
the form of a laser interacts with a gemstone, creat-
ing vibrations in the atomic structure. Some of the 
laser’s energy is absorbed by the material to produce 
these vibrations, and photons are re-emitted or scat-
tered from the material with lower energies corre-
sponding to its vibrational modes. The resulting 
scattered light is plotted in a spectrum that serves as 
a fingerprint for identifying the gemstone or an in-
clusion within it (Eaton-Magaña and Breeding, 2016; 
Jin and Smith, 2024, pp. 518–535 of this issue). Note 
that the incident monochromatic light can also in-
teract with vibrations in the gem and scatter light 
with higher energy, though this higher-energy scat-
tered light is not routinely used in practice; again, see 
Jin and Smith (2024). Raman analysis is useful in 
identifying rough or aggregated material when the 
surface does not allow clean refractive index readings 
or when other standard gemological tools do not pro-
vide precise data. Many inclusions, once identified, 
can narrow down the potential geographic origins of 
a given gemstone species and, in some cases, reveal 
a natural or laboratory-grown origin. Raman data are 
collected on the same instrument that measures PL 
spectra. For colored stones, PL spectroscopy is mostly 

used for detecting heat treatment in spinel (Saeseaw 
et al., 2009). 

Beyond these techniques, a gemologist’s most valu-
able tool is the microscope. However, the micro-
scope’s effectiveness depends on the user’s 
knowledge—not just of the instrument itself, but also 
in interpreting the information they gather. Each 
gemologist builds their own “internal database,” ob-
tained through years of studying reference gemstones 
of known origin and treatment status.  

Each GIA laboratory gemologist uses a GIA gemo-
logical microscope with 50× magnification. These 
microscopes are equipped to view a stone’s internal 
and external characteristics using numerous lighting 
techniques to highlight different aspects. These tech-
niques include darkfield, brightfield, diffused, re-
flected, and polarized lighting as well as fiber-optic 
illumination (figure 9).  

Darkfield illumination enters a transparent stone 
from the sides, making inclusions appear bright 
against a dark background. Brightfield illumination 
shows inclusions as dark shapes against a bright back-
ground. With transmitted light, the opaque shield is 
removed to create brightfield light and the microscope 
stage is covered with a white translucent filter. This 
is ideal for observing color zoning. Reflected light 
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TABLE 1. Comparison of advanced gemological testing performed for various colored stones seen at GIA.

*For natural vs. laboratory-grown confirmation 
**Only for certain varieties within the group or species

FTIR UV-Vis-NIR Raman/PL EDXRF LA-ICP-MS

Sapphire ✓ ✓ ✓* ✓
Ruby ✓ ✓* ✓
Spinel ✓** ✓ ✓
Opal ✓ ✓
Turquoise ✓ ✓
Chrysoberyl ✓* ✓ ✓**

Emerald ✓* ✓ ✓ ✓
Rough topaz ✓ ✓
Jade ✓ ✓ ✓
Tourmaline ✓ ✓ ✓**

Feldspar ✓ ✓



comes from a light source above the stone and reflects 
off the surface, allowing easier examination of the 
stone’s external characteristics. Polarized light is pro-
duced by placing a polarizing filter on the stage in 
brightfield and an analyzer (a second polarizing filter) 
above the stage in a crossed position. Viewing through 
these crossed polarizers provides insight into optically 
aligned and unaligned features in the stone. Fiber-optic 
light is a pinpoint light source that provides illumina-
tion from any angle, making it effective and versatile 
for examining both loose and mounted gemstones 
that are transparent to opaque (Renfro, 2015). 

In performing their analyses, GIA staff use various 
light sources to examine the external and internal 
features of the gemstone, as well as the mounting if 
necessary. External features include coatings, indica-
tions of assemblage, evidence of repair or damage, 
and surface remnants from heat treatment. Inter-
nally, they examine inclusions that support a natural 
or laboratory-grown origin, evidence of clarity en-
hancement or dye, and inclusion suites that point to 
a specific geographic origin.  

Once all data is collected and documented, it 
must be evaluated together. Gemologists in the iden-
tification department are trained extensively on 
more than 60 gemstone species, their varieties, and 
the treatments associated with each. They develop 
the skill to accurately and consistently determine 
the geographic origin of natural corundum, emerald, 
Paraíba-type tourmaline, red spinel, and alexandrite. 
This expertise comes from years of training the eye, 
examining countless samples, and interpreting accu-
rate data.  

The foundation of accurate classification is a reli-
able research collection, especially when determin-
ing geographic origin. GIA’s field gemology team has 
conducted more than 100 field expeditions, collect-
ing samples at mines, trading centers, and interna-
tional trade shows. These samples undergo extensive 
analysis by GIA’s research team using all available 
standard gemological tools and analytical techniques 
(Vertriest et al., 2019). This data is shared globally 
with GIA gemologists to enhance their knowledge 
and proficiency. 
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Figure 9. Two different rubies showing features under two different light sources. Top ruby: Darkfield lighting 
displays a feather (A), and fiber-optic lighting shows fine rutile silk (B). Bottom ruby: Darkfield and fiber-optic 
lighting reveals residue from heat treatment (C), and reflective lighting displays a cavity filled with a glass 
residue (D). Photo micrographs by Nicole Ahline; fields of view 1.42 mm (A and B) and 3.57 mm (C and D).
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PEARLS 
The first step in examining pearls is surface observa-
tion, followed by various advanced testing tech-
niques (table 2) that reveal growth structures, surface 
structure, and any sign of treatment such as artificial 
color concentrations or a worked surface. Pearls can 
be classified as either whole or blister pearls based on 
their growth formation. A shell blister may resemble 
a blister pearl, but they have a different internal 
structure and can be separated using X-ray imaging 
techniques (Lawanwong et al., 2019). Since a shell 
blister is not considered a true pearl, the result issued 
on an identification report will be the same as for any 
shell material.  

Pearls come from various mollusk species, and 
the visible differences in surface structure and color 
are related mainly to their producing mollusks. 
Pearls can be classified as nacreous or non-nacreous 
depending on their surface structures. Most commer-
cially available pearls are nacreous, constructed from 
layers of stacked aragonite tablets. They often resem-
ble a fingerprint when viewed under magnification. 
Non-nacreous pearls can display a variety of surface 
structures due to the diversity of mollusk species. 
Those with a porcelain-like luster and flame struc-
ture, such as conch and melo pearls, are referred to 
as porcelaneous (figure 10) (Hänni, 2010; see also 
Zhou and Towbin, 2024, pp. 582–595 of this issue).  
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TABLE 2. Comparison of advanced gemological testing performed for different types of pearls at GIA.

RTX XRF imaging EDXRF Raman UV-Vis-NIR PL

White to cream nacreous ✓ ✓ ✓
Colored nacreous ✓ ✓ ✓ ✓ ✓ ✓
White non-nacreous ✓ ✓ ✓ ✓
Colored non-nacreous ✓ ✓ ✓ ✓ ✓
Porcelaneous ✓ ✓ ✓ ✓

Figure 10. Nacreous vs. 
non-nacreous surface 
structures seen in vari-
ous types of pearls. A: 
Platy structure patterns 
on pearls from Pinctada 
species mollusk. B: 
Patches of color and a 
botryoidal-like subsur-
face structure on the 
nacreous surface of an 
abalone pearl. C: Flame 
structures seen on a 
Queen conch pearl. D: 
Patchwork cells and 
sheen appearance of a 
scallop pearl. Photomi-
crographs by GIA staff; 
fields of view 0.83 mm 
(A), 3.9 mm (B), and 
0.72 mm (C and D).
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Digital real-time X-ray microradiography (RTX) is 
an important technique for analyzing a pearl’s inter-
nal structure and determining whether it is natural 
or cultured, which is further classified into bead cul-
tured or non-bead cultured (Sturman, 2009; Karam-
pelas et al., 2017). Interpretation of the results is 
based on GIA reference samples collected over many 
years (Homkrajae et al., 2021; see figure 11). When 
RTX analysis cannot provide sufficient details for the 
determination, X-ray computed microtomography 
(μ-CT) can be used to view the internal structure in 
greater detail through high-resolution 3D imaging. 
However, the μ-CT technique works best with loose 
pearls; those mounted in jewelry must be un-
mounted and unstrung. Furthermore, metal rem-
nants inside a drill hole may cause artifacts that 
obscure parts of the pearl’s internal structure (Karam-
pelas et al., 2010; Krzemnicki et al., 2010). 

Pearls form in either saltwater or freshwater en-
vironments, and identifying the origin environ-
ment involves two advanced techniques: EDXRF 
and X-ray fluorescence (XRF) imaging. EDXRF 
analysis is particularly useful for detecting the lev-
els of manganese and strontium within a sample. 
Manganese is generally high in freshwater pearls 
but very low or even absent in saltwater pearls. 
Saltwater pearls display higher strontium levels 
compared to freshwater pearls. LA-ICP-MS may be 
used to investigate other trace elements when 
EDXRF and X-ray fluorescence imaging cannot 
conclusively separate freshwater and saltwater 
pearls (Sturman et al., 2019; Homkrajae et al., 2019; 
Sun et al., 2024). Under X-ray fluorescence, most 
freshwater pearls exhibit moderate to strong green-
ish yellow fluorescence due to trace amounts of 
manganese, while saltwater pearls are generally 
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Figure 11. A mixed 
strand of 79 pearls rang-
ing from 11.8 to 14.8 
mm, consisting of pink 
Chinese freshwater, 
black Tahitian, golden 
Indonesian, and white 
Australian bead cul-
tured pearls. Also pic-
tured is an exceptionally 
large 20.4 mm South 
Sea bead cultured pearl 
weighing 12 g. Photo by 
Robert Weldon; courtesy 
of Yoko London.



inert (Sturman et al., 2019; Homkrajae et al., 2019). 
XRF imaging is normally done on multiple pearls in 
an item such as the pearl necklace shown in figure 12. 

Raman photoluminescence spectroscopy is used 
to identify the calcium carbonate (CaCO3) poly-
morphs forming the pearls and determine the color 
origin (Karampelas et al., 2020; Eaton-Magaña et al., 
2021). Most pearls available in the market are com-

posed of aragonite. However, some non-nacreous va-
rieties form from calcite, such as scallop pearls (Pec-
tinidae family) and pen pearls (Pinnidae family). 
UV-Vis-NIR reflectance spectroscopy is another es-
sential technique for color origin determination (Iwa-
hashi and Akamatsu, 1994; Elen, 2001; Karampelas 
et al., 2011). Some white and lighter-colored pearls 
have been chemically processed to whiten or brighten 
their surface appearance. This treatment can be de-
tected using long-wave UV (385 nm) or short-wave 
UV (275 nm) fluorescence spectroscopy (Zhou et al., 
2020; Tsai and Zhou, 2020; Zhou and Towbin, 2024).  

CONCLUSIONS  
The rigorous testing and analysis conducted by 
gemological laboratories play a crucial role in ensur-
ing the authenticity and quality of gemstones. 
Through advanced gemological technologies and ex-
pert evaluation, GIA’s laboratory provides accurate 
assessments of diamonds, colored stones, and pearls 
that contribute to the integrity of the gemstone mar-
ket by offering consumers and professionals confi-
dence in their purchases and appraisals. The work 
done in the laboratory not only reinforces trust but 
also advances the science of gemology. 

For this reason, GIA offers an array of reports for 
colored stones, pearls, and diamonds intended to pro-
tect consumers of fine jewelry and enhance trust in the 
market for gemstone dealers. The case studies at the 
end of this article show examples of the grading 
methodologies used. More details of reports offered by 
GIA can be found online at www.gia.edu/gem-lab. 

As the gem and jewelry industry continues to 
evolve, so does GIA’s laboratory, adapting to meet the 
industry’s ever-changing needs. Through continuous 
research and the use of advanced gemological testing, 
GIA maintains a high degree of accuracy that defines 
its grading and identification reports. 
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Figure 12. A and B: Pearl necklace being tested by X-
ray fluorescence. C: Most of the pearls in the neck-
lace are saltwater in origin and therefore inert when 
exposed to X-rays. The three pearls that show a mod-
erate greenish yellow reaction are freshwater pearls. 
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1. Item Description 

Transparent cushion mixed cut weighing 3.00 ct. 
Red color confirmed with Munsell chips. 

CASE STUDY: RUBY

2. Standard Gemological Testing 

• Specific gravity of 4.00 
• Diagnostic ruby spectrum in the handheld  

spectroscope 
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Raman spectrum of an inclusion consistent with 
mica, commonly documented in Mozambique rubies.
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3. Analytical Testing 

FTIR spectra taken in three different orientations 
showing no indications of treatment, given the ab-
sence of a 3232 cm–1 peak. Spectra offset for clarity.
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LA-ICP-MS trace  
element chemistry 
consistent with a 
Mozambique origin.
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4. Microscopic Examination

5. Report Preview

RUBY ORIGIN REPORT
GIA REPORT 0123456789

DETAILS   RESULTS

Shape........................................................................................ Cushion

Cutting Style: Crown ....................................................... Brilliant Cut

Cutting Style: Pavilion ...........................................................Step Cut

Transparency ................................................................. Transparent

Color................................................................................................. Red

Species.................................................................. Natural Corundum

Variety............................................................................. Natural Ruby

Geographic Origin ..........................................................Mozambique

TREATMENT 

No Indications of Heating

Item Description: One loose stone

Weight: 3.00 carats

Measurements: 8.43 x 7.57 x 5.31 mm

Comments: Any statement on geographic origin is an expert opinion based on a collection of observations and analytical 

data.

Angular particle clouds 
associated with white 
hexagonal mica crystals 
and amphiboles; field of 
view 1.42 mm.
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CASE STUDY: EMERALD

1. Item Description 

Transparent octagonal step cut weighing 5.00 ct. 
Green color confirmed with Munsell chips.

2. Standard Gemological Testing 

• Specific gravity of 2.72 
• Refractive index of 1.579−1.589 
• Chromium-related features in the handheld   

spectroscope  
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3. Analytical Testing 

LA-ICP-MS trace element chemistry consistent with a 
Zambian origin.
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EMERALD ORIGIN: LA-ICP-MS

UV-Vis-NIR spectrum indicating a higher-iron 
geographic origin.
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4. Microscopic Examination

A suite of mica platelets 
(left) and blocky multi-
phase inclusions (right), 
consistently found in 
higher-iron emerald 
sources; fields of view 
1.58 and 1.76 mm.

5. Report Preview

EMERALD ORIGIN REPORT
GIA REPORT 0123456789 

DETAILS   RESULTS

Shape.................................................................................... Octagonal

Cutting Style ........................................................................... Step Cut

Transparency ................................................................. Transparent

Color............................................................................................. Green

Species............................................................................Natural Beryl

Variety...................................................................................... Emerald

Geographic Origin ................................................................... Zambia

TREATMENT (Scan QR code for more information)

Clarity Enhanced (F2)

Item Description: One loose stone

Weight: 5.00 carats

Measurements: 10.15 x 9.50 x 7.18 mm

Comments: Any statement on geographic origin is an expert opinion based on a collection of observations and analytical 

data. Due to their growth conditions in nature and recovery methods, most emeralds contain surface 

reaching features. For this reason, clarity enhancement is a common trade practice.

Flash effect seen in feathers, providing evidence 
of clarity enhancement; field of view 2.90 mm.
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CASE STUDY: COLORED DIAMOND

1. Item Description 

Transparent round brilliant weighing 
0.50 ct. GIA color grade of Fancy 
Deep yellow-orange on GIA’s colored 
diamond scale.

2. Analytical Testing 

Light
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Dark

Fancy Deep
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UV-Vis-NIR spectrum with a 637 nm peak (NV–), 
indicating type Ib diamond.
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FTIR spectrum of type Ib diamond colored by iso-
lated nitrogen.

DiamondView image 
showing the natural 
growth structure of type 
Ib diamond.
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Wispy clouds found in 
type Ib diamond; field 
of view 7.19 mm.

3. Microscopic Examination

4. Report Preview

Report Type ....................  Identification and Origin Report

GIA Report Number .........................................  0123456789

Shape and Cutting Style ............................  Round Brilliant 

Measurements ................................  4.81 - 4.84 x 3.35 mm

Carat Weight .........................................................  0.50 carat

Color Grade ............................  Fancy Deep Yellow-Orange

Color Origin ...............................................................   Natural

Color Distribution ..........................................................   Even
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CASE STUDY: CULTURED PEARL

1. Item Description 

Undrilled round measuring 9.81 mm with 
a strong orangy yellow bodycolor assigned 
with pearl masters.

Bodycolor is the dominant overall color of a pearl. It 
consists of hue, tone, and saturation. 

Overtone is a noticeable translucent single color that 
appears to overlie the bodycolor. Orient is a combina-

tion of colors shimmering on or just below a pearl’s  
surface. 
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2. Analytical Testing 

A: UV-Vis-NIR spectrum indicating natural body-
color of a golden South Sea pearl. B: Raman spec-
trum confirming the presence of aragonite. C: 514 
PL spectrum consistent with a brownish color 
modifier due to porphyrin protein.
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2. Analytical Testing (continued) 

EDXRF chemistry plots identifying a saltwater origin.

RTX image indicating a bead  
cultured pearl.

4. Report Preview

PEARL IDENTIFICATION REPORT
GIA REPORT 0123456789

DETAILS

Shape .......................................................................................... Round

Bodycolor ........................................Strong Orangy Yellow, Natural

Overtone ....................................................................................... None

RESULTS

Identification ..................................................... Bead cultured pearl

Environment........................................................................ Saltwater

Mollusk ....................Pinctada maxima (gold-lipped pearl oyster)

TREATMENT 

No indications of treatment

Item Description: One (1) loose undrilled pearl.

Weight: 6.72 carats

Measurements: 9.81 mm

Comments: This pearl is often referred to as a "South Sea" cultured pearl in the trade, and it falls into the select color 

range that is known as "golden".

Mollusk identification is an expert opinion based on a collection of observations and analytical data.

3. Microscopic Examination
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SALTWATER VS. FRESHWATER PEARLS: EDXRF

Surface of a Pinctada maxima pearl; 
field of view 4.79 mm.




