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Over the last decade, GIA has invested con-
siderable resources in determining the geo-
graphic origin of certain gemstones. The

field gemology program plays an essential role in
these studies. Its mission is to build, maintain, and
expand a reliable reference collection of scientific
samples (figure 1). These stones are used for research
by GIA’s gemologists and research scientists.

This article explains the challenges of geo-
graphic origin research, sample collection, and the
current state of GIA’s colored stone reference col-
lection. The development of gemstone deposits is
also discussed, and an overview is provided of the
most important localities for which GIA offers ori-
gin determination.

THE CRITICAL FACTOR IN 
GEOGRAPHIC ORIGIN RESEARCH
In recent years, the gem and jewelry trade has come
to place a premium on the geographic origin of high-
value gemstones. This has expanded the traditional

role of laboratories, which is mainly gem identifica-
tion and detection of treatments and synthetics, to
also include geographic origin determination of cer-
tain gem species.

Geographic origin determination of colored gem-
stones relies heavily on advanced research. In a mod-

ern gemological lab, advanced analytical techniques
and highly trained scientists are irreplaceable. But
the work of a brilliant team with the most sophisti-
cated equipment is irrelevant if the reference mate-
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rial is not reliable. Dependable research samples are
the critical factor to ensure solid research for geo-
graphic origin determination. The quality of the ref-
erence materials determines the quality of the data
produced. 

WHAT MAKES A RESEARCH COLLECTION 
RELIABLE?
Gemstones are small, high-value assets that are eas-
ily transportable but difficult to trace. This can lead
to a lack of transparency throughout the supply
chain. Procuring trustworthy samples from the trade
is challenging for research institutes, especially when
the trade places such high value on the results of
their work. Traders might try to influence research
to their own advantage by providing limited or incor-
rect samples.

A strong reference collection is the necessary
foundation of research, but what makes a collection
reliable? Naturalist and documentary filmmaker Sir
David Attenborough noted that

a research library associated with collections is almost
of greater importance than the objects themselves. Un-
less you know where it came from exactly, and when
it came from exactly, you are missing a lot of very, very
important information. And that information can not

only come from the object itself, but from the circum-
stances of documentation that should accompany
every scientifically collected specimen.

(“Sir David Attenborough…,” 2017)

Building a reliable collection requires going where
the stones are, as it is unsustainable to rely solely on
donations from traders. GIA’s field gemology depart-
ment was created to establish a reliable collection to
support origin determination by collecting the sam-
ples directly. Over the last decade, the department
has gathered gemstones on six continents through
more than 95 expeditions. 

While the ultimate goal is to collect samples in
the mines (figure 2), this is not always feasible: Some
mines are no longer active, and others are off limits
to foreigners or pose great safety risks. This means
the samples in GIA’s reference collection have vari-
ous degrees of reliability. GIA developed the follow-
ing classification scheme, which reflects the degree
of confidence for origin from high to low:

• A-type samples are mined directly by the field
gemologist (figure 3). This includes sampling
from the host rock in the mine, washing/pan-
ning an alluvial deposit, and the like. Naturally,
these have the highest degree of reliability.
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Figure 1. Aaron Palke (left) and Wim Vertriest sort through gem gravel in Mogok, Myanmar, in December 2018.
Photo by Kevin Schumacher.



• B-type samples are collected at the mine with
the field gemologist witnessing the mining
process but not actively removing the stones
from the ground (figure 4). Miners are naturally
protective of their goods—one high-value stone
that goes missing could make a huge difference
in a mining operation. In many places, visitors
are not allowed to touch mining equipment,
sorting tables, or exposed rock faces, so B-type
samples are often easier to obtain than A-type.

The most common scenario for this type of
sample is where gravels are washed and con-
centrated on a large scale. In these operations,
the washing plant is usually cleared at the end
of the day. These stones still have a clearly es-
tablished origin.

• C-type samples are collected at the mine but
without witnessing the mining process for the
specific stones (figure 5). Miners often possess
gems that were mined in previous days. Arti-
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Figure 2. During GIA
field expedition 87 to
Greenland’s ruby
mines, samples were
collected from the host
rock using a geological
hammer. The samples
are individually
bagged and associated
data, including GPS
coordinates, is imme-
diately attached on a
paper label. Photo by
Wim Vertriest.

Figure 3. A-type sam-
pling: Author AP col-
lects ruby and pink
sapphire directly from
the host rock in Aappa-
luttoq, Greenland.
Photo by Wim Vertriest.



sanal miners also change working locations reg-
ularly. In these circumstances, the origin is al-
ready less certain since parcels might easily
have been switched, added to, or mixed with
production from multiple sites. 

• D-type samples are collected from the miner but
not at the mine (figure 6). Large-scale operations
often have off-site headquarters where sorting,
grading, and other steps take place. Artisanal
miners often travel to central markets to sell

their goods. Since these samples are collected
off-site, the origin is less certain than that of
stones obtained at the mines.

• E-type samples are purchased from dealers in
the local market, often in close proximity to the
mines (figure 7). The sellers have collected the
material from the miners and often present
stones from a mix of different miners and po-
tentially sources. These are less reliable than
stones obtained directly from the miners.
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Figure 4. B-type sam-
pling: Collecting sam-
ples from gravel that is
being washed by a
Burmese miner in the
Kin area, west of
Mogok. Photo by Wim
Vertriest.

Figure 5. C-type sam-
pling: Selecting rubies
in the sorting house at
Montepuez Ruby Min-
ing’s operation in Mon-
tepuez, Mozambique.
Photo by M. Lemoux.



• F-type samples are collected in international
markets (figure 8). Gemstones are often traded in
centers with a high volume of stones, where it is
easy to obtain a variety of samples and spot goods
that are new to the trade. These sites can be tem-
porary, such as the Tucson and Hong Kong trade
shows, or fixed trading hubs like Bangkok. Ma-

terial from sources such as museum collections
is also included in this category. 

• Z-type samples are those that have no origin in-
formation. These can still be useful in some
cases. For example, a recent study of the effect
of heating on basalt-related sapphires did not re-
quire stones from specific locations. So we de-
cided to spare the samples with known origin
and use Z-type samples. Stones are also catego-
rized as Z-type when the initial collection data
are suspected to be inaccurate (everyone who
buys in the field makes mistakes). On one occa-
sion, we found a synthetic and two heat-treated
stones in a C-type parcel of 90 stones. Because
of this discovery, the whole parcel lost credibil-
ity and was reclassified as Z-type.

Material gathered by all of these means is valu-
able for research, as long as the collection circum-
stances are known. That is why GIA also includes
other information with its samples. Every sample
has GPS coordinates from the acquisition site at-
tached to it, and the mine coordinates are added
when available. Other information includes species
and variety, sample price, seller identity, locality de-
tails, and the possibility of treatment (again, see fig-
ure 2). If this information is not available, valuable
data are missing. Careful and precise logging of this
information is critical, especially if the collection
will have multiple users over time.
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Figure 6. D-type sampling: The GIA team purchased
samples from this artisanal miner along the road in
Mogok, Myanmar. Every day he drives his motorbike
into the mountains to work a small ruby deposit.
Photo by Wim Vertriest.

Figure 8. F-type sampling: Inspecting Madagascar sap-
phires in an office in Beruwala, Sri Lanka. Photo by
Vincent Pardieu.

Figure 7. E-type sampling: Author WV checks blue
spinel at the morning market in Luc Yen, Vietnam.
Photo by Vincent Pardieu.



GIA’S RESEARCH COLLECTION IN 
THE REAL WORLD
In an ideal world, GIA’s collection would consist of
only A-type stones mined by GIA field gemologists,
but unfortunately gem-quality material found in
these conditions is very rare. To best support origin
determination services, we still collect samples in all
other circumstances (figure 9). This is a common
practice when new deposits are discovered. First the
material becomes available in an international mar-
ket, where some samples (F-type) are obtained by
GIA for initial analysis. Visiting a new mining loca-
tion usually involves substantial preparation and
planning, so a few months could pass before sample
collection at the mine (A- to C-type) occurs. In the
meantime, stones from these new mines could be-
come available in the market and be submitted to
GIA’s laboratories.

This is why we rely heavily on stones with differ-
ent classification codes. Even if their reliability is

lower than A-type, they allow us to conduct prelim-
inary research, to later be supported with data from
more reliable samples.

Field gemology supports the research on geo-
graphic origin at GIA laboratories. Traditionally, ori-
gin determination was only requested for the three
most important colored stones: ruby, sapphire, and
emerald. These have been the focus of the field
gemology program’s sampling expeditions for the
first decade. Because gem corundum is also the sub-
ject of many treatment experiments, a significant
part of the collection consists of ruby, sapphire, and
fancy sapphire (figure 10).

With increasing demand for geographic origin de-
termination for a wider variety of gemstones, GIA’s
colored stone reference collection needs to be diver-
sified. In the last two years, significant efforts have
been made to collect alexandrite, cuprian tourma-
line, and other gemstones. Many of the samples used
in origin determination research of cuprian tourma-
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Figure 10. The number of
samples of each gem-
stone variety in GIA’s ref-
erence collection. Fancy
sapphire includes yellow,
green, purple, and color-
change corundum as well
as pink sapphires, which
are used to complement
ruby studies. The others
are mainly rock samples
but include alexandrite,
tourmaline (cuprian and
non-cuprian), garnet, tan-
zanite, and other gem
minerals.
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Figure 9. The number of
samples of each type in
GIA’s reference collection.
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line and alexandrite are still acquired in the trade (E-
and F-type), but GIA is actively working on visiting
the mining sites and collecting samples there.

Sample collecting is only the first step in the life
of a research sample. Once the material is acquired
by GIA field gemologists and shipped back to the lab,
it needs to be added to a database that provides an
overview for the entire collection. A GIA stone librar-
ian enters all the available data in a digital database
that is accessible to GIA colored stone identification
staff around the world (figure 11). The data are ac-
companied by a color-calibrated photo of the rough
piece. Documenting all pieces in exactly the same
lighting conditions allows a preliminary color com-
parison of different samples based on digital images.
All of the accompanying field data is printed on a la-
beled cassette in which the stone is stored in the
physical library.

The majority of stones collected in the field are
rough pebbles. This means they have some form of
skin and are not fully transparent and thus need to be
prepared for analytical procedures. In order to observe
inclusions and obtain high-quality spectroscopic data,
it is critical that windows with an excellent polish be
faceted on the stones. This is done with traditional
lapidary techniques using precision cutting machines
to guarantee large, flat surfaces (figure 12).

However, for research samples, especially when
looking at spectroscopy, orientation of the
windows/facets is very important. The majority of
stones in the research collection are dichroic (corun-
dum and beryl), which means their optical properties

vary depending on the direction in which they are
observed. To make sure we compare every sample in
the proper direction, for samples chosen for spec-
troscopy we align the c-axis parallel or perpendicular
to the polished windows. By using a custom-made
instrument that allows us to locate the c-axis posi-
tion within one degree (Thomas et al., 2014), we
know that all spectra collected on our stones are
comparable (figure 13). For inclusion observation it
is also important to have varying window orienta-
tions since some two-dimensional internal features
(e.g., needles and platelets) are associated with the
crystal structure and thus nearly invisible from cer-
tain angles. A variety of orientations allows more
possibilities to explore the inclusion scene in a gem.

Polishing windows also removes the stone’s outer
layer, which might be encrusted with mud, host
rock, or other material. By analyzing the trace ele-
ment chemistry on a freshly polished surface, con-
tamination by surface features such as iron staining
is avoided. It also allows us to target specific zones
within the crystal more precisely. This is often the
case with blue sapphire, where color zoning is ex-
tremely common and the internal trace element con-
centration can vary considerably. 

The majority of research stones go through the
same analytical procedures as gems submitted by
clients. Documenting inclusions with photomicrog-
raphy is the first step. If the stone is extremely clean,
it can be used for color analysis. In these high-quality
wafers, there are no discernible internal features that
can disturb light traveling through them. This allows
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Figure 11. Stone librarians enter field data and color-
calibrated photos into the digital database, which is
accessible by gemologists in all GIA laboratories.
Photo by Nuttapol Kitdee.

Figure 12. Before a sample can be analyzed, it must
be prepared. This preparation involves polishing large,
flat windows on the stone with a minimum of polish
lines. This can be achieved using precision cutting
machines. Photo by Nuttapol Kitdee.



for precise analysis of the absorption spectrum in the
ultraviolet, visible, and near-infrared light range,
which is used to identify the causes of color in the
material.

FTIR spectroscopy and trace element chemistry
data are also collected. All of the data associated
with a research sample, ranging from refractive
index to trace element concentrations, are available
to GIA gemologists worldwide through the digital
database.

To explore new techniques, a portion of the re-
search samples are also used for analysis that is not
routinely conducted on colored stones in gemologi-
cal laboratories. In recent years, stones have been
used for destructive analysis to measure rare earth
element concentrations and isotope ratios as well as
studies on various luminescence techniques.

Ultimately, the samples are stored in the GIA col-
ored stone reference collection in Bangkok (figure
14). This library consists of four subsections:

• Premium gems: These stones are readily usable
for routine gemological analysis. These samples
are sufficiently large and free of fractures, com-
bined with a desirable color.

• Treated gems: The GIA colored stone reference
collection includes numerous stones that are
known to have been subjected to treatment.
Some were acquired as treated, but the majority
are the result of GIA’s internal treatment exper-
iments, focused mainly on heating of rubies and
blue sapphires.

• Matrix material: While visiting mines, GIA field
gemologists document the host rock and collect
associated minerals. This section of the collec-
tion, though currently underutilized, offers sig-
nificant potential for future studies on the
geology of gem deposits.

• Basic gems: Much of the material that is col-
lected is not readily usable for routine gemologi-
cal analysis due to lower quality (e.g., abundant
fractures and small sizes). These samples are still
valuable for studies that require destructive tech-
niques or treatment procedures. Gem species
other than the ones for which GIA offers origin
determination are also included in this section.

Apart from the main library in Bangkok, there are
satellite collections of most of the major gemstones
in GIA’s colored stone laboratories in Carlsbad, Hong
Kong, New York, and Tokyo.

THE EVOLUTION OF GEMSTONE DEPOSITS
Active sources of gemstones are constantly shifting.
The life of a gemstone deposit is often highly erratic
and unpredictable. Some deposits, such as Ratnapura
in Sri Lanka, have steadily produced high-quality ma-
terial for centuries, while others have existed for only
brief periods. One of the best examples is Winza,
Tanzania, which produced fine rubies beginning in
2007 but was almost completely abandoned by 2010.
Although deposits are routinely depleted, the mate-
rial mined from them has the potential to circulate
in the trade for generations. 
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Figure 13. Selected samples with very high clarity are
often aligned to the c-axis using this custom-built in-
strument. Aligning all samples allows for a precise
characterization of the wavelength absorption in cer-
tain directions and guarantees that different samples
can be compared. Photo by Nuttapol Kitdee.

Figure 14. GIA’s colored stone reference collection is
managed by the Bangkok lab, where the majority of
samples are kept in the field gemology department.
Photo by Nuttapol Kitdee.



Understanding the evolution of a gemstone de-
posit is critical for a field gemologist. GIA’s field
gemologists aim to stay aware of new developments
in sourcing and treatments because they can have a

sudden impact on the global gem trade. The field
gemology program allows GIA to adapt its proce-
dures as quickly as possible to account for emerging
sources and treatments.
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Figure A-1 shows the shift of ruby mining areas on the
East African mainland over the past century. The earliest
ruby discovery in East Africa was near Longido, Tanza-
nia, where ruby was found around the time of World War
I. This hard-rock primary deposit is famous for speci-
mens of ruby-in-zoisite. Mining these gemstones re-
quires blasting and deep tunneling, making it a very
expensive affair. While the material’s color is good, its
clarity is lacking, with most being opaque and of carving
quality (Dirlam et al., 1992).

In the 1970s, ruby was discovered in the Mangare area
in Kenya by John Saul. The gems are found in a primary
deposit, but the ruby-hosting rock is quite weathered in
the upper levels, making it fairly easy to mine. The color
of this ruby was considered highly desirable, and the name
“John Saul color” is sometimes used as a trade name for
it. The material often lacks clarity, and the majority are
cut into translucent cabochons. Most of it requires heat
treatment to improve the clarity (Bridges, 1982).

In the following decades, rubies were discovered at
several places in central Tanzania. However, none of
those had the volume or quality to threaten Mangare’s
position as supreme producer on the African continent.

In 2007, fine rubies were discovered in a primary and
nearby secondary deposit at Winza, Tanzania. The finest
material had excellent clarity and fabulous color, but the
lower-grade material could not be optimized by treat-
ment, rendering much of the production useless as gem-
stones (Schwarz et al., 2008). Although there was initial
optimism, the deposit was quickly abandoned. The ma-
jority of miners and buyers moved south across the bor-
der to Mozambique.

In 2009, facet-grade ruby was discovered near Mon-
tepuez, Mozambique. This material quickly became
available in large volumes, various sizes, and a range of
color intensities. Additionally, the material reacts well
to treatments to optimize both color and clarity (Vertri-
est and Saeseaw, 2019). The wide availability of this ma-
terial has had a dramatic impact on other ruby mining
areas, which have been completely overshadowed by the
giant deposit in Montepuez.

In 2017, many unlicensed buyers were expelled from
Mozambique. These buyers, an important link in the
supply chain, searched elsewhere in East Africa for a
ruby source that met their needs. Around the same time,
facet-grade rubies were discovered in Longido, the mine
originally known for its carving-grade material. This new

material from an old mine has highly desirable colors but
is only available in smaller sizes (Pardieu, 2019). While
the renewed interest has not made it a serious competi-
tor to Montepuez in Mozambique, it has certainly re-
vived the ruby trade in northern Tanzania and provided
rough ruby buyers with an alternative source for melee
and small calibrated stones.

While the deposits might have unstable histories, the
gems themselves are durable and here to stay, whether a
deposit produces for centuries or only a few months. A
complete and reliable reference collection contains
stones from all of these deposits.

BOX A: SURVIVAL OF THE FITTEST

Figure A-1. This map shows the locations of the
mines that dominated ruby production on the East
African mainland in the last century. The Longido
and Mangare mines were famous for their fine-color
but low-clarity stones. Several deposits produced
smaller volumes of goods but were never competi-
tors. Winza generated some excitement by producing
fine faceted rubies, but its life span was rather short.
The Montepuez deposit in Mozambique has over-
shadowed all the other deposits, but internal turmoil
has forced traders to revisit old deposits such as
Longido, where new types of ruby are being mined.
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The Life of a Gemstone Deposit.Many gemstone de-
posits have been established for several decades or
even centuries, so their early histories are often un-
known. In the last decades, many new sources have
emerged, and GIA has been fortunate to witness their
development. 

Most new deposits share a similar story: It starts
with an accidental discovery, usually by people who
travel extensively through unexplored lands, such as
gold panners, lumberjacks, or nomadic tribes. They
find a beautiful rock but are unaware of its value.
Eventually, someone discovers the value of these
crystals. This often triggers a rush of small-scale min-
ers, who begin a frenzied search for more of the ma-
terial or anything that looks like it. 

A nearby group of buyers is critical to sustain a
young deposit. Production will halt quickly if no
buyers are on hand to trade the stones for cash. Often
these are local traders, but sometimes international
buyers are also present from the start. Regardless,
this all takes place close to the mines. The local buy-
ers will provide this material to the global market,
where international gem traders and wholesalers be-
come aware of it. Sometimes this process takes a few
years, but it could happen in just a few weeks. In re-
cent years, mobile phones and social media have be-
come popular in mining areas. This has increased the
speed of information and changed the way it spreads
through the trade, even though the development of
a deposit is essentially still the same.

The process of gem discovery is not always con-
stant—there are many external forces involved. A gem

mining rush in a remote area is often closely related
to local socioeconomic challenges, some of which can
severely disrupt mining. In many cases these finds are
in tropical countries with strong seasonal changes that
prevent mining part of the year, which can limit the
mining season to a couple of months. In some cases,
mining does not resume when the weather clears. A
range of situations can cause newly discovered mining
areas to be abandoned.

The most serious threat to the development of
gemstone deposits is probably the emergence of other
deposits. Here the Darwinian principle “survival of
the fittest” applies. A new deposit that is easier to
work, faster to reach, delivers higher volumes, or pro-
duces more marketable stones that react better to
treatments will cause others to be ruthlessly aban-
doned by miners and/or local buyers (see box A). 

Keeping track of these developments is a critical
aspect of the field gemologist’s job, since deposits can
show up and disappear in the most unexpected ways.
This might present only a brief window to collect re-
liable samples, but one that is enough to produce a
huge volume of gems that will influence the market
and be submitted to labs for decades to come.

Overview of Important Gemstone Deposits.The use
of gems in early civilizations and empires is well
known: Cleopatra’s emeralds, Sri Lankan sapphires
in Roman signet rings, Central Asian spinels and ru-
bies in European royal treasuries, and Colombian
emeralds in Indian Mughal jewelry. Such examples
show that gems traveled the planet even in times
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Figure 15. Map of clas-
sical ruby, sapphire,
and emerald deposits
that were highly influ-
ential before the rise of
the modern gem trade.
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when the concept of global mobility was unheard of.
Back then, a single locality could have an outsized
impact on the international trade. 

The following is a brief overview of deposits that
can be considered classical (figure 15). Gems from
these areas heavily influenced the world trade before
the rise of modern gemology and gem trading,
roughly during the 1960s and 1970s. In the case of
gem sources, classical does not necessarily mean ex-
hausted. Many of these locations are still relevant
gem mining regions. Most of this information is dis-

tilled from Ruby & Sapphire: A Gemologist’s Guide
(Hughes et al., 2017), supplemented with GIA’s field
gemology observations during expeditions in the last
decade.

Ruby
 • Mogok, Myanmar, is the world’s most revered

ruby locality. Ruby is an integral part of the
local culture, and the Mogok Valley is some-
times referred to as “Ruby Land” (figure 16).

 • Afghanistan’s ruby mines delivered many of
the rubies and pink sapphires for the treasur-
ies of Indian rulers. For centuries, artisanal
miners have extracted rubies from these hard
rock mines in the marble hills just east of
Kabul, although production is very limited
nowadays.

 • The border area between Thailand and Cam-
bodia began supplying rubies around 200
years ago and peaked in the 1970s and ’80s.
By the 2000s, production had virtually halted.
Rubies have been found here in alluvial de-
posits related to the weathering of corundum-
bearing alkali basalts.

Metamorphic Sapphire
 • The most famous historical sapphire source

is Sri Lanka, formerly Ceylon, which still
produces large volumes of high-quality
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Figure 17. Sapphire
mining in Sri Lanka is
still dominated by arti-
sanal, man-powered
techniques to this day.
They have not changed
in centuries, and large-
scale mining is limited.
Photo by Wim Vertriest.

Figure 16. Mogok, Myanmar, is the most famous of
all ruby sources. Its mining history stretches over
centuries, and its close connection with the red gem-
stone is the reason for its nickname “Ruby Land.”
Photo by Wim Vertriest.



stones (figure 17). New discoveries are still
being made—for example, a large rush oc-
curred in 2012 at a new deposit near
Kataragama when a large concentration of
high-value sapphires was found in an area
not previously known to contain such qual-
ity material (Pardieu et al., 2012; Zoysa and
Rahuman, 2012).

 • Along with ruby, Mogok supplies a variety of
high-quality gems, including fine blue sap-
phires and star sapphires. Some of these rough
sapphires can reach enormous sizes, although
these Burmese giants usually have limited
clarity and unattractive color.

 • The disputed region of Kashmir produced the
world’s most coveted sapphires for a brief
time in the late 1800s. Even today, sapphires
from the original discovery are perceived as
legendary. Recent output from this area is of
lower quality.

 • The Umba Valley in Tanzania yielded a variety
of sapphires, mainly fancy-color, from World
War II until the mid-1970s. A few artisanal
miners are still working in the Umba River.

Igneous-Related Sapphire
 • Sapphires from Pailin, Cambodia, were dis-

covered and reached their height around the
time when Kashmir sapphires were at peak
production. Pailin sapphire is very limited
now and consists mainly of smaller sizes.

 • Australia is estimated to be one of the largest
sapphire mining nations by volume. The
mines have produced for over 100 years, but
output peaked in the 1960s and 1970s. During
this period, Australia was the main source of
blue sapphire for the international trade, with
large mines and many foreign buyers operat-
ing there.

 • Chanthaburi, Thailand, is known as a trading
and treatment center, but it was once the cen-
ter of a flourishing sapphire mining commu-
nity. Several hills around the city are ancient
basalt volcanoes that brought dark blue and
fancy sapphires to the surface. The mines
near Chanthaburi are well known for their
fine black star sapphires and dark yellow
“Mekong whiskey” stones. 

 • In the United States, Montana saw millions
of carats of sapphire mined from the late
1800s to early 1900s, mostly for use in the
watch industry but with many entering the
gem market (figure 18). The finest blue sap-
phires from Montana were produced in the
Yogo Gulch deposit (Renfro et al., 2018). In re-
cent years, some of the state’s mining opera-
tions have been revived (Hsu et al., 2017).

Emerald
 • Colombia is the world’s most prized locality

for emeralds because of their long history and
fine quality. Pre-Columbian civilizations al-
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Figure 18. Sapphires are
still being mined in the
rugged mountains of
Montana by the
Spokane Bar Sapphire
Mine. A handful of
companies run mecha-
nized and efficient
mining operations to
retrieve rough gems
during the summer
months. Photo by
Nathan Renfro.



ready held the gem in high esteem (figure 19).
After their discovery by Spanish conquista-
dors, emeralds were brought to Europe and
the rest of the world where they were highly
treasured in the European royal courts as well
as the Mughal palaces of India.

 • Mines in southern Egypt are the presumed
source of the Egyptian and Roman empires’
emeralds. These mines were abandoned after
their peak, and when emeralds from the New
World started entering the old continent in
the 1500s, the Egyptian mines were all but
forgotten. In the 1800s they were rediscov-
ered by French colonial explorers, who tried
unsuccessfully to reopen them (Jennings et
al., 1993; Johnson and Koivula, 1997).

 • Russian emeralds have been mined near the
town of Malysheva in the Ural Mountains
since the 1830s (Schmetzer et al., 1991). For
much of the twentieth century, the mine’s
emphasis was on beryllium metal for strate-
gic and industrial applications. In 2018, the
new management significantly increased pro-
duction of emeralds, parallel to the mining of
other minerals for beryllium extraction
(Burlakov and Burlakov, 2018).

Red and Pink Spinel
 • For centuries, the Central Asian region of

Badakhshan, straddling the borders of Tajik-
istan, Afghanistan, and China, has produced
magnificent spinels. They were often mis-
taken for rubies in medieval times and were
well known by the term “Balas ruby.” One of
the most famous colored stones in the world,
the Black Prince’s “Ruby” in the United
Kingdom’s Imperial State Crown, is actually
a Badakhshan spinel. The Kuh-i-Lal area in
Tajikistan is considered the most important
source of fine red spinel in the region (Pardieu
and Farkhodova, 2019).

 • Although Myanmar holds incredible volumes
of spinel in the Mogok and Namya areas, it has
always been in the shadow of the ruby and sap-
phire that are also found there. In the last 20
years, the mines in Man Sin (Mogok) and
Namya (Hpakant) have become famous for the
so-called Jedi spinel, characterized by an in-
tense color and fluorescence (Pardieu, 2014).

 Alexandrite
 • Alexandrite was first documented in the Ural

Mountains of Russia. The greens and reds of
this newly discovered color-change chryso -
beryl variety matched the Russian imperial
colors, and thus the stone was named after
the future Czar Alexander II. Its occurrence is
closely associated with emerald. Fine Russian
alexandrite is still considered the standard by
which all color-change gems are measured
(Schmetzer, 2010).

In recent decades, many new sources have come
into the gem trade (see figure 20). There is no strict
guideline for when a modern source becomes classi-
cal. As a rule of thumb, modern sources are consid-
ered to be deposits that began producing after the rise
of modern gemology and whose discoveries have
been well documented.
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Figure 19. The statue on Chivor’s main square, in the
heart of the Colombian emerald mining region, serves
as a reminder of the gem’s long history there. Emer-
alds have been important in the region for centuries
and were already greatly revered by pre-Columbian
civilizations. Photo by Robert Weldon/GIA.



The vast majority of modern deposits are in East
Africa, a gemstone-rich area that did not historically
have a strong cultural connection to gemstones, un-
like the Asian countries of Sri Lanka or Myanmar.
The increasing knowledge about gemstones and in-
ternational travel by dealers provided an opportunity
for these deposits to be discovered and establish a
presence on the world market.

Ruby
 • In 1973, John Saul and his team discovered

ruby in the Mangare area of Kenya. This ma-
terial has fine color but requires heat treat-
ment to heal the abundant fractures. Most of
the gems from this deposit were cut as cabo-
chons. Initially production was considerable,
but it has diminished greatly in the last 20
years (Bridges, 1982; Emmett, 1999).

 • During the late Soviet period (1979), geolo-
gists discovered the Snezhnoe (“Snowy”) ruby
mine near Murghab, Tajikistan, at an altitude
of 4,000 meters. Artisanal mining is restricted
to the summer months, when small crews of
workers break rubies out of the hard marbles.
Tajik rubies are typically pinkish to purplish
red but have strong fluorescence (Smith,
1998).

 • In 1983, rubies were first reported near the
village of An Phu in the Luc Yen District of
Vietnam. In the following years, corundum
was found in neighboring valleys, and in 1987
the first larger-scale operation began. These
industrial operations were only profitable for

a few years, and since the 1990s only artisanal
miners have been able to work these deposits
in the remote jungle mountains of northern
Vietnam (Pardieu and Long, 2010; Trivier,
2018).

 • Ruby in Mong Hsu, Myanmar, was discov-
ered in the early 1990s. Many miners began
working here and sold the material to Thai
buyers across the border. Almost 100 percent
of the material is heat treated to remove a
dark blue core in the center of the crystals
(Koivula et al., 1993; Peretti et al., 1995).

 • In 2007, a Tanzanian farmer found some ru-
bies in a river near his farm. A few months
later, a massive gem rush occurred at the de-
posit now known as Winza. For a few short
years, fabulous rubies emerged from these
mines. Many have blue color zones, some-
times resulting in bicolor ruby-sapphires.
They react poorly to treatment, rendering
most of the low-grade material useless
(Schwarz et al., 2008).

 • The jungles of northeastern Madagascar have
provided fine rubies for more than 20 years.
However, production has not been steady, and
most stones reach the market in waves due
to rushes by artisanal miners. The main
rushes took place at Vatomandry in the early
2000s (Schwarz and Schmetzer, 2001), Mora-
manga in 2004 (Hughes et al., 2006), Didy in
2012 (Pardieu and Rakotosaona, 2012), and
Zahamena in 2014 (Pardieu et al., 2015).
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Figure 20. Map of ruby,
sapphire, and emerald
deposits that have
emerged in recent
decades. 
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 • The most recent ruby discovery is the most
important one. Since 2009, a variety of sizes
and qualities have been mined near Mon-
tepuez, Mozambique (figure 21). In less than
a decade, Mozambican rubies have conquered
the trade and become widely available in
every price range (Pardieu et al., 2009; Vertri-
est and Saeseaw, 2019). 

 • The newest large-scale ruby source is also the
world’s oldest deposit. Greenland’s rubies and
pink sapphires formed billions of years ago but
have only become available to the public in
the last several years. The rubies were already
described by geologists in the 1960s. However,
they were probably known by the local people
long before, since the area is named Aappalut-
toq, the Greenlandic word for “red.” 

Metamorphic Sapphire

 • The southern Tanzanian deposits near Tun-
duru and Songea have produced sapphire and
other gemstones such as garnets, alexan-
drites, and tourmalines since the early 1990s.
Despite Tunduru’s potential, it was never
fully developed because of its remoteness and
competition from other deposits. Sapphires
from Songea span a full range of colors, but
the majority were not seen as highly desirable
due to strong modifying colors. Mining activ-
ity increased again in the early 2000s when
the fancy sapphires reacted well to Be-diffu-
sion treatment (Hughes and Pardieu, 2011).

 • One of the first modern discoveries of high-
quality sapphire in Madagascar was in the

southeastern part of the island. Andranon-
dambo became famous for its blue sapphires,
which were initially confused with Kashmir
sapphires. Some attempts to set up large-scale
mining operations were quickly abandoned
(Kiefert et al., 1996; Schwarz et al., 1996). In
2016, a new find near the town of Vohitany
brought fresh production to the market for a
few months (Pardieu et al., 2016).

 • One of the most important modern colored
stone discoveries took place in another part
of Madagascar, near the quiet town of
Ilakaka in the southwest part of the island
(figure 22). In 1996, large volumes of sap-
phire, fancy sapphire, and other gemstones
were found in extensive riverbeds and asso-
ciated paleo channels. The sapphires resem-
ble Ceylon sapphires and react similarly to
treatment, and thus the area attracts many
buyers from Sri Lanka.

 • Along with rubies, blue sapphires are found
in the hilly jungles of northeastern Madagas-
car. Several rushes took place, bringing large
volumes of sapphire to the market in a very
short time. The first deposit that produced
blue sapphire was Andrebabe in 2002, but it
stayed largely under the radar. It was Didy
that put this area of Madagascar on the sap-
phire map when large, high-quality material
was found alongside the rubies during a rush
in 2012 (Pardieu and Rakotosaona, 2012). In
2016, the Bemainty deposits produced pad-
paradscha sapphires in addition to fine blue
sapphires that were initially confused with
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Figure 21. Currently the
majority of Mozambi-
can ruby is mined from
mechanized, large-scale
mining operations.
Small-scale mining
plays an important
role, but less so year
after year. Photo by
Wim Vertriest.



Kashmir sapphires. Laboratories made con-
certed efforts to correctly identify the origin
of these stones, but it took several months to
acquire reliable samples to study and make
the distinction (Pardieu et al., 2017). 

Igneous-Related Sapphire
 • Kanchanaburi, Thailand, produced huge

volumes of blue sapphire in the 1980s and
early 1990s. Production continues but at
much lower levels. Most of it consists of
blue sapphire, but black spinel (pleonaste)
is found as a byproduct (Gunawardene and
Chawla, 1984; Koivula and Kammerling,
1990).

 • Sapphire can also be found in the far north of
Madagascar, in the area around Ambon-
dromifehy, also known as Diego-Suarez.
Since 1995, basalt-related sapphires have been
recovered by artisanal miners. The blue
stones are often heat treated to optimize their
colors. Fine yellow and green stones are also
found (Schwarz et al., 2000).

 • The West African countries of Nigeria and
Cameroon hold substantial reserves of sap-
phires. They were largely under the radar
until the discovery of fine goods on the Mam-
billa Plateau in 2014 (Pardieu et al., 2014).
High-quality sapphires are available in
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Figure 22. The quiet
town of Ilakaka was
transformed in the late
1990s by the discovery
of huge sapphire de-
posits. It has quickly
become one of the
world’s most important
gem localities. Photo
by Vincent Pardieu.

Figure 23. Ethiopian
sapphire miners have
been working in a re-
mote part of the desert
straddling the border
with Eritrea since 2017.
Photo by Wim Vertriest.



smaller volumes from other deposits in the
eastern and northern parts of the country.

 • The most recent discovery of good-quality
basalt-related sapphire was in the northern
Tigray Province of Ethiopia (2017) (figure 23).
Artisanal miners work remote deposits in the
desert straddling the border with Eritrea (Ver-
triest et al., 2017).

Emerald
 • Central Asia has produced fine emeralds in

the Panjshir (Afghanistan) and Swat (Pak-
istan) valleys since the 1970s and 1960s, re-
spectively (Gübelin, 1982; Bowersox et al.,
1991). Extraction methods are quite basic be-
cause the difficult working conditions pre-
vent large-scale operations. Both areas
produce fine quality, with the Panjshir Valley
delivering well-formed crystals. The Swat
Valley is mostly known for its smaller but
deeply saturated clean emeralds that are in
high demand in the watch industry.

 • Zambian emeralds were first documented by
colonial exploration geologists. It wasn’t until
the 1970s that gemstone mining began in the
Kafubu area, which is still the world’s leading
emerald producer by volume. Several indus-
trial operations are active, representing some
of the largest colored stone mines in the
world (figure 24) (Zwaan et al., 2005).

 • Brazil has been a consistent supplier of emer-
ald for the international market since its dis-
covery in the 1970s. Capoeirana and Belmont
in Minas Gerais State are the most important
producers, with the latter being one of the
world’s largest and most advanced emerald
mining operations. Mines in Bahia State and
Santa Terezinha de Goiás are currently less
important (Lucas, 2012).

 • Emeralds were discovered in eastern Mada-
gascar around the same time as in Brazil, but
mining operations and production have re-
mained limited. Nevertheless, some fine ma-
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Figure 24. Zambian emeralds are mined from massive open pits that are among the largest colored stone opera-
tions in the world. Photo by Robert Weldon/GIA.



terial has been produced in the past decades
(Pardieu, 2018).

 • The most recent emerald source is Ethiopia,
where high-quality emeralds were discovered
in 2016. The mines are in the southern part
of the country, 70 km from the trading town
of Shakiso. In its first years, Ethiopia made a
strong impression on the market, but time
will tell whether it can maintain its status as
an important producer (Renfro et al., 2017).

Paraíba Tourmaline

 • The original discovery of Paraíba tourmaline
was in Paraíba State in Brazil. The first de-
posit was found in 1987 at Mina da Batalha.
A few years later, similar material was found
in two mines in Rio Grande do Norte State
(Koivula and Kammerling, 1989).

 • Since 2001, copper-bearing tourmaline from
western Nigeria, very similar to the Brazilian
material, has been available in the market.
Production is scarce, and only small volumes
currently reach the market (Abduriyim et al.,
2006).

 • Copper-bearing tourmaline was originally
discovered in Mozambique in 1991 but only
became widely known in 2005. Most of the
production comes from secondary deposits,
resulting in tumbled rough (Laurs et al.,
2008). Mining was initially limited to arti-
sanal miners, but larger operations were set
up with variable degrees of success. 

Red and Pink Spinel

 • Red spinel was found alongside ruby in Luc
Yen, Vietnam, in the 1980s. Large crystals are
found in secondary gravels mined from small
streams and under rice fields, as well as in pri-
mary hard rock mines, where the crystals are
mined directly from the white marbles (Par-
dieu and Long, 2010).

 • Mahenge, Tanzania, became the first widely
known spinel deposit outside Asia. In the
spring of 2007, four enormous spinel crystals
(ranging from 5.7 to 52 kg) were discovered in
the Ipanko Valley, which produced many
clean faceted stones in the double-digit range.
Ever since there have been struggles over the
mining licenses. Most of the production
comes from small-scale operations (Hughes
and Pardieu, 2011).

Alexandrite

 • In the 1980s, alexandrites were found in
Hematita, Minas Gerais, Brazil. This is the
only modern location that has produced con-
siderable volumes and qualities to date. After
an artisanal miner rush, a larger-scale opera-
tion was developed, although this mine is
small compared to some other colored stone
mines (e.g., emerald mines). Other alexan-
drite deposits have been found in Brazil but
are not as significant (Proctor, 1988).

 • Indian alexandrite has been known since the
1980s (Bank, 1987; Durlabhji, 1999; Panjikar
and Ramchandran, 1997). Only since 2000
has production become substantial at a few
deposits. Mining is artisanal and often hin-
dered by natural conditions, such as the in-
tense rainy season or flooding due to the 2004
Indian Ocean tsunami. 

 • In recent decades, increased gemological
knowledge and the discovery of large second-
ary deposits has led to alexandrites being rec-
ognized at several other important localities.
They are occasionally found in Tunduru (Tan-
zania), Mogok (Myanmar), Sri Lanka, and
Ilakaka (Madagascar). Anecdotal occurrences
associated with emerald mineralization have
been documented in Tanzania (Bank and Gü-
belin, 1976; Schmetzer and Malsy, 2011),
Zimbabwe (Bank, 1964; Schmetzer et al.,
2011), and Zambia.

FIELD GEMOLOGY CASE STUDIES
Working with Different Degrees of Reliability: Ethi -
opian Emeralds. In December 2016, the first high-
quality Ethiopian emeralds began circulating in the
Bangkok market. Some parcels were also available
in California. GIA was able to analyze some of these
goods (F-type samples) to obtain preliminary data
such as inclusion photomicrographs and trace ele-
ment chemistry. When we analyzed the research
samples, we found that their characteristics were
identical to two client-submitted stones that did
not match our known emerald data from other lo-
cations.

In the following months, more Ethiopian samples
from other independent traders were acquired, and
in March 2018 GIA visited the mining area and col-
lected emeralds under the most reliable conditions
(A- to D-type). The data from these samples were
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compared with our preliminary data, and the data
sets have been combined. The data collected on the
new A- to D-type samples were also consistent with
the first samples we studied, confirming the reliabil-
ity of those F-type samples.

The Importance of Revisiting Old Sources: Kan-
chanaburi Sapphires. For years GIA analyzed mag-
matic sapphires with chemistry unlike any of the
reference collection’s magmatic sapphire stones.
These unusual stones had much lower Ga content
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Figure 25. Trace ele-
ment data of an un-
known client stone
compared to reference
data in an Fe vs. Ga
plot. Before the Kan-
chanaburi reference
stones were analyzed,
this stone did not
match anything in
GIA’s database (top).
However, a Thai origin
determination was sup-
ported once the Kan-
chanaburi data were
added (bottom). 
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and could have been mistaken for metamorphic-type
sapphires based only on chemistry. In 2017, GIA’s
field gemology team visited the old mines near Kan-
chanaburi in western Thailand. According to all pub-
lished reports, they had been closed since the late
1990s, but the field visit found them still producing
sapphires. The team had never visited this mine be-
cause it was considered exhausted long before GIA’s
field gemology department came into existence.
When we eventually tested these sapphires, many of
them matched the mystery stones with low Ga con-
tent that were coming through the lab (figure 25).
GIA can now confidently issue origin determinations
on such stones rather than an “inconclusive” origin
on laboratory reports.

Future Projects: Unknown Paraíba Tourmaline.
GIA’s identification laboratories sometimes analyze
Paraíba tourmalines with a chemical composition
that does not match any of our reference data. We have
not yet succeeded in matching them to any reliable
reference stones. We have, however, invested signifi-
cant resources in obtaining reference samples from
known sources that will match these mystery stones.
One of the major goals of the field gemology program
is to return to the different Paraíba tourmaline mining
areas in Brazil and Africa in order to identify the mine
that produced these unknown stones.

VALUE OF THE COLLECTION FOR THE FUTURE
GIA’s colored stone reference collection has been
built with an eye on origin determination, which

means that the highest priority is certainty of prove-
nance. Knowing the stones’ enhancement history (if
any) also makes them valuable for treatment experi-
ments such as spectroscopic evaluation of blue sap-
phire before and after heat treatment.

The focus is currently on ruby, sapphire (figure
26), and emerald, as these are the most important
stones we see in the lab. But other associated miner-
als are also collected. Most of these other materials
have not been a focus of our research until now, but
they might prove valuable in the future as localities
become inaccessible or exhausted. Many of the min-
ing sites we visit for ruby, sapphire, and emerald also
produce other gem species, and to not collect these
materials would be a wasted opportunity. For exam-
ple, the Russian demantoid deposits and emerald de-
posits are both located near Ekaterinburg, making it
convenient to visit both sites in a single field expe-
dition. As another example, the Longido ruby mines
and the Merelani tanzanite mines are both less than
half a day from Arusha, so it would be logical to visit
them both during an expedition to Tanzania. 

Many deposits often produce more than one va-
riety, such as Mogok, which supplies more red
spinel than blue sapphire and ruby combined. Look-
ing ahead to the future, gemstone varieties other
than the big three should be collected for future
projects involving origin determination, treatments,
and so on.

During our expeditions, we collect detailed infor-
mation about the source. Natural conditions, cul-
tural customs, socioeconomic situations, challenges,
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Figure 26. Shane Mc-
Clure (right) and miner
Russ Thompson exam-
ine sapphire samples
from the Eldorado Bar
of the Missouri River in
Helena, Montana. Photo
by Nathan Renfro.



mining conditions, and the like are all observed and
documented with photos, videos, and interviews.
This information is valuable not only for education
but also to provide context about the gemstones for
the trade and the public.

Other laboratories agree that a reliable origin col-
lection is the only way to deliver high-quality re-

search on origin determination (Gübelin Gem  mo -
 logical Laboratory, 2006). GIA’s field gemology col-
lection is one of the largest and most complete
collections designed with origin determination in
mind. Its value for gemological research and educa-
tion cannot be underestimated and makes field
gemology a truly remarkable part of GIA.
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