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Iridescent arrowhead needles and thin film, a characteristic inclusion found in Mogok Burmese blue sapphires. 

Oblique illumination, field of view 1.80 mm. Photo: C. Khowpong © GIA. 
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PART I: INTRODUCTION TO MOGOK SAPPHIRES 
 
1.1 LOCATION 
 
Mogok is located in the Mandalay region in central Myanmar (Figure 1), on the western side of the 
Shan plateau to the east of the Ayeyarwady River (also spelled Irrawaddy). The rugged terrain is 
characterized by steep hills and numerous streams cutting through it. Due to high rainfall and a warm, 
temperate climate, vegetation is abundant and jungle quickly reclaims abandoned areas. In satellite 
images it is easy to spot the mining areas since they stand out as the only barren spots. The Mogok 
area is approximately 30 x 15 km and has an immense concentration of various colored stone deposits.  

 
The Mogok administrative area consists of different settlements. On Figure 2, which covers the extent 
of the Mogok township, some notable towns are indicated. The main towns are the city of Mogok and 
Kyatpin, which lie in the heart of the gemstone mining areas. According to the 2014 Myanmar 
population census, there are over 167,000 people living in the greater Mogok area. The local 
population has a variety of ethnic backgrounds including Shan, Burmese, Palaung and Lisu. 
 

 
Figure 1: Map of Myanmar, indicating the towns of Mandalay and the capitals of nearby countries. 
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The area is around 200 km north of Mandalay and can be reached by road. The journey takes around 
seven hours, and there are two access roads. One road goes through Pyin Oo Lwin and approaches 
Mogok from the south. The other route mainly follows the Irrawaddy River north from Mandalay and 
reaches Mogok from the western side. 
 
Foreigners cannot visit freely and must have permissions and be accompanied by a guide. Mogok has 
been subject to sudden closures and has always been hard to enter. As of this writing, Mogok has 
been closed to foreigners for several months again. 
 
  

 
Figure 2: Map of the Mogok township and some nearby towns. 

 
Figure 3: View of the sapphire mining areas in western Mogok 
(Yadana-Kaday-Kadar, Wet-Loo, Man Taw Pin). The photo is 
taken from the Yadana Kaday Kadar monastery, facing 
northeast. Photo: W. Vertriest © GIA. 

 
Figure 4:View from the Yadana Kaday Kadar monastery, facing 
west. Photo: W. Vertriest © GIA. 
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Mogok  
Mogok is a legendary term in gemstone circles, but the name has many different uses. It is 
important to know which “Mogok” is being referred to: 
 
Mogok city: The town of Mogok where much of the gem trading activity takes place and which is 
near many of the historical ruby mines. 
Mogok township: The administrative area comprising Mogok city, Kyatpin and other surrounding 
towns. There are over 170,000 people living in the township 
Mogok Stone Tract: The geological area around Mogok that produces gemstones. 
Mogok (metamorphic) belt: A geological unit that extends for over 1500 km from the Andaman Sea 
in the south to the edge of the Eastern Himalayas. 

 
1.2 HISTORY OF MOGOK SAPPHIRE 
 
While Mogok is commonly associated with rubies, almost every other gemstone variety is found here. 
Apart from ruby, the other main stones are spinel, sapphire and peridot. Rare collector minerals such 
as painite have been discovered there. Except for emerald and diamond, all important gemstones 
have been reported in Mogok. 
 
Burmese sapphire is now held in high esteem in the trade, but this was not always so (Hughes, 2016). 
 
At the end of the 19th century, Burmese sapphires were considered too dark (Streeter, 1892). Only in 
the middle of the 20th century did these stones get the reputation they hold today. Smith (1972) wrote 
that no other place in the world produces sapphires as superb as Burma’s. Brown and Dey (1955) took 
a more modest approach: “It has been stated that Burmese sapphires as a whole are usually too dark 
for general approval, but this is quite incorrect; next to the Kashmir sapphires they are unsurpassed.” 
 
As with all origins, only some of the stones recovered have the desired color, size and clarity, and thus 
origin is not a synonym for quality. The best Mogok sapphires have a saturated, rich, intense blue 
color, sometimes with a light violet component. Other stones can be much lighter in color. Fine star 
sapphires have also been reported from the western area, near Kin (Hughes and Win, 1995). While 
Mogok rubies are much more common, the size of Burmese sapphires is one of the reasons for their 
fame. Finished gems of 100+ carats have been documented. 
 
Sapphire dealers in Mogok pay great attention to the source of the rough. It is believed that sapphires 
from western Mogok hold their rich blue color in various orientation, while sapphires from the eastern 
parts may take a greenish tint when the c-axis is not perfectly perpendicular to the table (Hughes and 
Win, 1995). Some sapphires from Bernard-Myo have a stronger violet component, making them too 
dark, or a strong green component (Halford-Watkins, 1935). 
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Sapphires are found in various areas of Mogok: 
- Toward the east around the town of Pein Pyit and in the Chaung-Gyi Valley. 
- In the north: Around the town of Bernard-Myo and the north-south-trending valley where the 

town is located. 
- In the west: Near the towns of Kin and Kabaing.  
- The area to the west and northwest of Kyatpin, with main centers in Baw Mar and Kyauk-Sin and 

many smaller mines in the Thurein Thaung–Yadana Kaday Kadar area. 
 

 
Figure 5: Locations of the sapphire mines that produced the samples in this study (except Baw Mar). These are not the only 
sapphire-producing localities in Mogok. 
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1.3 MINING AND GEOLOGY OF THE MOGOK SAPPHIRE DEPOSITS 
 

1.3.1 GEOLOGY OF MOGOK SAPPHIRES 
 
Because of the limited access to Mogok, its complicated geological buildup, the degree of weathering 
and the thick cover of vegetation, the local geology has not been studied in-depth. Only recently have 
advanced geological studies taken place, and most of them focused on other gemstones than 
sapphires. 

 
While the rubies and spinels from Mogok formed in marbles, the sapphires have a different origin. It 
is believed that the sapphires originated from nepheline-corundum syenite intrusions, pegmatites and 
their reaction zones with the host rock.  

 
Pegmatites are very coarse-grained magmatic rocks that often contain minerals with high 
concentrations of rare chemical elements. Many of these are gem minerals (e.g., fluor in topaz, 
beryllium in beryl, or boron in tourmaline). The minerals found in these rocks are dependent on the 
pegmatite’s chemical buildup and evolution. Apart from these unusual elements, pegmatites are often 
very rich in Si and Al. The Si from the pegmatite can intrude in the host rock if the chemical gradient 
is correct, meaning that the host rock has lower Si than the pegmatite. This way the pegmatite can be 
desilicated and relatively enriched in Al, thus forming a suitable environment for corundum. This rock 
is sometimes referred to as plumasite. 
 
Nepheline syenites are a magmatic rock characterized by a very high feldspar content and the absence 
of quartz. This means that its Al/Si ratio is extremely high. The presence of nepheline, a feldspathoid 
or silica-undersaturated silicate mineral, highlights the low Si content in this rock. This makes it a very 
stable environment for corundum. 
 
New research has shown that the sapphires found in the syenite intrusions might be xenocrysts. In 
other words, they did not form in the syenitic magma but rather were picked up and entrained to the 
surface (Turnier and Harlow, 2017). 
 

 
Figure 6: A heavily weathered sapphire-bearing intrusion 
(white) in contrast with the brownish gneiss host rock. Photo: S. 
Detroyat © GIA. 

 
Figure 7: Sapphires in matrix, freshly mined in Baw Mar. 
Photo: W. Vertriest © GIA. 
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1.3.2 MINING TECHNIQUES 
 
Mogok’s sapphires are mainly mined in secondary deposits. In these deposits, crystals have been 
released from the host rock. Due to various processes, often related to transport in water, the heaviest 
minerals are concentrated This concentrate is called byon in Myanmar and contains a mixture of 
several minerals including corundum (ruby and sapphire), spinel, tourmaline, and topaz, depending 
on the location. 

 
Gemstone mining has a long tradition in Mogok, and several mining methods are used for sapphire. 
 
A first type is called Twin-lon, where a narrow shaft is sunk into the ground to reach the byon. Once 
the byon is reached, horizontal tunnels are branched out to remove as much valuable material as 
possible. This system is comparable to traditional mining in Sri Lanka, although the scale is often 
smaller. Since flooding is a serious risk, this method is often limited to the dry season. The Hmyaw-
dwin method is a form of open-pit mining in hill flanks. Water is used to loosen up and wash away 
mud and light minerals, leaving behind the heavier crystals such as corundum and spinel. This 
concentrate is then washed. Since this technique uses a lot of water, it is preferred in the wet season. 
Cave mining or Lu-dwin is also common in Mogok but is mainly used for spinel and ruby since they 
form in the marble that hosts the caves. 

 
Hard rock mining has become more common in Mogok since many of the secondary deposits are 
becoming exhausted. This method follows zones rich in gems through the rock and excavates them. 
Explosives are often required to blast through the rock, though in some cases the rock has weathered 
and is easy to remove. The removed rocks are brought to the surface and further processed to release 
the gems from their matrix. 

 
While artisanal mining is still practiced on a smaller scale, many of the larger mines have made the 
switch to more modern techniques using excavators, jigs and pumps. 
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Figure 8: View over the Baw Mar mine showing the stepwise removal of overburden. At the base of the strip wall, tunnels are dug 
to remove sapphires from the most productive zones. Photo: V. Pardieu © GIA. 
 

 
Figure 9: Mining of hill flank deposits using the Hmyaw-dwin 
technique near Bernard-Myo. Photo: W. Vertriest © GIA. 
 

 
Figure 10: Mining of secondary deposits with heavy machinery 
including jigs, pumps and excavators. Photo: W. Vertriest © GIA. 

 
Figure 11: A small-scale artisanal operation where the GIA team 
is buying some of the production. Photo: W. Vertriest © GIA. 

 
Figure 12: A miner excavating sapphire-bearing rock in a tunnel. 
Depth is around 30 m. Photo: W. Vertriest © GIA. 
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PART II: MATERIALS AND METHODS 
 
2.1 SAMPLE SELECTION & FABRICATION 
 
All samples used in this study are part of GIA’s colored stone reference collection. This collection has 
been started in 2008 and is built with materials collected during field expeditions to gem mining 
areas. GIA has completed 7 expeditions to Mogok, Myanmar with the purpose of sample collecting. 
All stones used in this study were obtained: 

• Directly from the miner, at the mine while the mining was witnessed (GIA B-type) 
• Directly from the miner, at the mine without witnessing the mining (GIA C-type) 
• Directly from the miner, not at the mine, eg at a mine cmopany headquarters (GIA D-type) 
• From local dealers in the local markets (GIA E-type) 

In this work, 69 samples were fabricated in GIA’s Bangkok laboratory by Charuwan Khowpong.  
These samples, denoted as originating from four main areas in Mogok (Figure 5), were selected to 
study characteristics and properties of blue sapphires from the Mogok Stone Tract: 

i) 20 samples from the northern area of Mogok, which is the Bernard-Myo mining area, were 
fabricated for two different purposes. These consisted of 19 samples with at least one polished 
window for studying the internal features, FTIR spectroscopy and chemistry, and 1 sample with 
a set of polished windows parallel to the c-axis fabricated as a “spectra-quality sample” to study 
UV-Vis-NIR spectroscopy and chemistry (Figure 13).  

ii) 19 samples from the western area of Mogok, consisting of 7 samples from the Man Taw Pin 
mining area, 1 sample from the Thurein Thaung mining area and 11 samples from the Kyatpin 
mining area, were fabricated for documentation of their inclusions (Figure 14).  

iii) 20 samples from the eastern area of Mogok, including 15 samples from the Chaung Gyi mining 
area and 5 samples from the Pein Pyit mining area, were selected for inclusion studies (Figure 
15). 

iv) 10 samples from the northwestern area of Mogok, which is the Kyauk Sin mine in the northern 
Kyatpin mining area, were used for inclusion studies (Figure 16). 
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Figure 13: Studied samples from the northern area (N) of Mogok (20 samples). Photo: S. Engniwat © GIA. 
 

 
Figure 14: Studied samples from the western area (W) of Mogok (19 samples). Photo: S. Engniwat © GIA. 
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Figure 15: Studied samples from eastern area (E) of Mogok (20 samples). Photo: S. Engniwat © GIA. 
 

 
Figure 16: Studied samples from the northwestern area (NW) of Mogok (10 samples). Photo: S. Engniwat © GIA. 
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2.2 INSTRUMENTATION 
 

2.2.1 SAMPLE PHOTOGRAPHY 
 
A Canon EOS 5D camera, with a Canon Macro MP-E 65 mm lens adapted to a camera stand, was used 
to document the color of the samples. In order to produce consistent results for each sample, the 
photographs were taken under exactly the same lighting conditions, with the reference samples 
placed in a Logan Electric Tru-View 810 color-corrected light box (5000 K lamp). A neutral-density filter 
was used to calibrate the camera light box combination to produce a neutral gray. High-resolution 
reference photographs were then collected using transmitted light. The color of the sample with 
polarizer aligned perpendicular to the c-axis or 0° sample is the color produced by the O-ray only, 
whereas sample with polarized aligned parallel to the c-axis direction or 90° sample is the color 
produced by the O + E-ray. Photomicrographs of internal features were captured at different 
magnifications with a Nikon SMZ 18 system and a Nikon SMZ 1500 system using darkfield, brightfield, 
diffused and oblique illumination, together with a fiber-optic light source when necessary. It should 
be noted that the magnification power of the microscope was taken into consideration when 
calculating the field of view (FOV) information in the captions.  
 
 

2.2.2 UV-VIS-NIR SPECTROSCOPY 
 
Ultraviolet/visible/near-infrared (UV-Vis-NIR) spectra were collected with a Hitachi U-2910 
spectrophotometer specially modified at GIA to include a rotatable polarizer to allow the separate 
collection of both the ordinary (O) and extraordinary (E) rays. A wavelength resolution of 1.5 nm was 
used. The spectra obtained were corrected by calculating the reflection loss from the refractive index 
data, and the data was converted to show their absorption coefficients (α, cm–1) using α = 2.303Α/d, 
where A is absorbance and d is the path length in centimeters.  
 
 

2.2.3 FOURIER-TRANSFORM INFRARED ABSORPTION (FTIR) SPECTROSCOPY 
 
FTIR spectroscopy was performed using a Thermo Nicolet 6700 FTIR spectrometer equipped with an 
XT-KBr beam splitter and a mercury-cadmium-telluride (MCT) detector operating with a 4× beam 
condenser accessory. Resolution was set at 4 cm–1 with 1.928 cm–1 data spacing. The spectra obtained 
were converted to absorption coefficients (α, cm–1) using α = 2.303Α/d. 
 
 

2.2.4 RAMAN SPECTROSCOPY 
 
To identify mineral inclusions, Raman spectra were obtained using a Renishaw inVia Raman 
microscope fitted with a 514 nm argon-ion laser. The spectra were collected in the range of 100 to 
1500 cm–1. Accumulations were set at a minimum of 5 until the signal-to-noise ratio of the spectra 
was adequate. The calibration was performed using the 520.5 cm–1 line of a silicon wafer. In all cases, 
the RRUFF database was used as a reference when identifying inclusions. Spectral comparisons were 
performed using Renishaw Wire (version 3.4) and/or Thermo Galactic Spectra ID (version 3.02) 
software. 
 



 14 

© GIA http://www.gia.edu June, 2018 
 

2.2.5 LASER ABLATION–INDUCTIVELY COUPLED PLASMA–MASS SPECTROMETRY  
(LA-ICP-MS) 
 
Chemical analysis was carried out using LA-ICP-MS technology with a Thermo Fisher Scientific iCAP Q 
inductively coupled plasma–mass spectrometer (ICP-MS) coupled with a Q-switched Nd:YAG laser 
ablation (LA) device operating at a wavelength of 213 nm. Laser conditions were 55 µm diameter laser 
spots, a fluence of around 10 J/cm2, and a 15 Hz repetition rate. Twelve spots were analyzed on each 
wafer. ICP-MS was operated using the forward power at ~1350 W and the typical nebulizer gas flow 
at ~1.00 L/min. Helium was used as the carrier gas in the laser ablation unit, and the flow rate was set 
at ~0.60 L/min. The criteria for the alignment and tuning sequence were to maximize Be counts and 
to keep the ThO/Th ratio below 2%. A special set of doped synthetic corundum standards including 
Be, Mg, Ti, V, Cr, Fe, and Ga were used for quantitative analysis. All elemental measurements were 
normalized to Al as the internal elemental standard (Al=529,200 ppmw). This value approximates to 
the chemical composition of corundum. 
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PART III: RESULTS AND DISCUSSION 
 
3.1 THE INTERNAL WORLD OF BLUE SAPPHIRE FROM THE MOGOK AREA 

 
The blue samples from the Mogok area had colors ranging from blue to violetish blue. They show 
standard gemological properties that were consistent with natural blue sapphires: RI of nω = 1.769–
1.770 and nε = 1.760–1.762, birefringence of 0.008–0.009, and hydrostatic SG of 3.81–4.04. The 
samples were inert to weak red under long-wave UV and inert under short-wave UV radiation.  

 

3.1.1 SAPPHIRES FROM THE NORTHERN AREA OF MOGOK 
 

A microscopic study of internal features in a large volume of the samples reportedly from northern 
Mogok revealed many inclusions commonly seen in classic Mogok blue sapphires (Hughes et al., 2017; 
Gübelin and Koivula, 2005; Themelis, 2008), but some remarkable inclusions were also noted. Under 
the microscope, the most frequently observed inclusions in the samples were bands/groups of minute 
particles that sometimes showed a brownish color under diffuse light illumination (Figure 17Figure 
21). Some samples contained particles mixed with short needles (Figure 22 and Figure 23). The 
particles were scattered in the stones together with reflective and/or brownish irregular platelets 
(Figure 24–Figure 26) as well as needle-like thin films (Figure 27), and arrowhead needles (Figure 28) 
were occasionally observed. 
 
Twinning in either single or multiple planes (Figure 29), a typical characteristic of Burmese sapphires 
(Hughes, 1997), was also found in most samples, sometimes associated with white tube-like 
inclusions. These tube-like inclusions, most likely filled with boehmite as indicated in the FTIR spectra, 
were usually associated with small fingerprints, tiny stress fissures and irregular whitish features 
(Figure 30 and Figure 31). Like Baw Mar sapphires (Soonthorntantikul et al., 2017), irregular or spike-
shaped fluid inclusions with an interference effect (Figure 32–Figure 34) were presented in sapphires 
from northern Mogok. The samples also contained fluid fingerprints (Figure 35), natural healed 
fissures (Figure 36 and Figure 37), healed fissures with a folded fingerprint-like appearance in some 
cases (Figure 38), planes of tabular negative crystals (Figure 39 and Figure 40), epigenetic material 
along unhealed fissures (either kaolinite or boehmite features in the FTIR spectrum; see Figure 41) as 
well as a two-phase crystal (Figure 43). Microscopic examination also revealed indistinct or even blue 
zoning (Figure 42), while internal graining was not found. 
 
The samples presented a variety of mineral inclusions. The mineral crystals located near the surface 
or exposed to the surface were identified using Raman spectroscopy and matching the spectra against 
references from the RRUFF database. The most frequent mineral inclusions seen in these samples 
were muscovite mica and zircon. Mica crystals appeared as unevenly shaped colorless crystals or 
whitish crystals (Figure 44), while zircon was seen as isolated prismatic crystals (Figure 45) or a 
rounded colorless crystal surrounded by a tension crack (Figure 46). Other mineral crystals presented 
in the samples: transparent yellowish crystals of monazite with various shapes, phlogopite mica, K-
feldspar, nepheline and a prismatic apatite crystal (Figure 47–Figure 52). A few stones contained an 
opaque black crystal, dark green crystals/platelets, and transparent colorless crystals; however, they 
could not be identified by Raman spectroscopy (Figure 53–Figure 56).  
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Figure 17: In sample #080-N, angular bands of dense particles mixed with short needles are visible using fiber-optic light illumination 
(left), and the particles look brownish under diffuse light illumination (right). FOV 4.80 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 18: Bands of whitish particles in sample #088-N. Fiber-
optic light illumination, FOV 1.80 mm. Photo: C. Khowpong © GIA. 

Figure 19: Group of dust-like particles in sample #086-N. Fiber-
optic light illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 
 

  
Figure 20: Sample #100-N showing bands of particles. Fiber-optic 
light illumination, FOV 1.07 mm. Photo: U. Atikarnsakul © GIA. 

Figure 21: Minute particles in sample #088-N. Fiber-optic light 
illumination, FOV 2.40 mm. Photo: C. Khowpong © GIA. 
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Figure 22: Bands of minute particles associated with iridescent 
short needles and scattered particles in sample #086-N. Fiber-
optic light illumination, FOV 1.44 mm. Photo: U. Atikarnsakul © 
GIA. 
 

Figure 23: Iridescent short needles mixed with particles in sample 
#080-N. Fiber-optic light illumination, FOV 1.44 mm. Photo: U. 
Atikarnsakul © GIA. 

  
Figure 24: The overview of sample #084-N showing iridescent 
irregular platelets and particles scattered throughout. Fiber-optic 
light illumination, FOV 4.80 mm. Photo: U. Atikarnsakul © GIA. 

Figure 25: Another polished window of sample 084-N also 
presenting iridescent irregular platelets mixed with particles 
scattered throughout. Fiber-optic light illumination, FOV 7.20 
mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 26: In sample #084-N, the irregular platelets (unidentified) with particles are shown in greater detail using fiber-optic light 
illumination (left). Under a different direction of illumination, the platelets appear brown (right), FOV 2.40 mm. Photo: U. Atikarnsakul 
© GIA. 
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Figure 27: Needle-like thin film in sample #098-N. Fiber-optic light 
illumination, FOV 1.20 mm. Photo: U. Atikarnsakul © GIA. 

Figure 28: Iridescent arrowhead needles and thin film in sample 
#094-N. Fiber-optic light illumination, FOV 1.80 mm. Photo: C. 
Khowpong © GIA. 
 

  
Figure 29: Lamellar twinning appeared in sample #099-N, FOV 7.20 mm (left) and #098-N, FOV 3.60 mm (right) under crossed 
polarizing filters. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 30: Whitish tube inclusion likely filled with boehmite, as 
indicated in the FTIR spectra, associated with small fingerprints 
and parallel with growth tube in sample #088-N. Fiber-optic light 
illumination, FOV 2.88 mm. Photo: C. Khowpong © GIA. 

Figure 31: Whitish tube in sample #097-N. Darkfield illumination, 
FOV 1.44 mm. Photo: C. Khowpong © GIA. 
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Figure 32: Sample #092-N showing irregularly shaped fluid inclusions using fiber-optic light illumination (left) and a thin film under a 
different direction of illumination (right), FOV 1.20 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 33: Spiky fluid inclusions in sample #097-N. Darkfield 
illumination, FOV 1.44 mm. Photo: C. Khowpong © GIA. 
 

Figure 34: Fluid inclusions with growth tubes in sample #097-N. 
Darkfield illumination, FOV 2.40 mm. Photo: C. Khowpong © GIA. 

  
Figure 35: Fluid fingerprints in sample #089-N. Fiber-optic light 
illumination, FOV 1.44 mm. Photo: U. Atikarnsakul © GIA. 

Figure 36: Natural healed fissure in sample #098-N. Fiber-optic 
light illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 
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Figure 37: Natural healed fissure in sample #098-N. Darkfield 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

Figure 38: A natural healed fissure with a folded fingerprint-like 
appearance in sample #097-N. Darkfield illumination, FOV 3.60 
mm. Photo: C. Khowpong © GIA. 
 

  
Figure 39: Plane of negative crystals in sample #089-N. Fiber-optic 
light illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © GIA. 

Figure 40: Plane of tabular negative crystals in sample #094-N. 
Diffuse light illumination, FOV 1.80 mm. Photo: C. Khowpong © 
GIA. 
 

  
Figure 41: Epigenetic inclusions (displaying a boehmite feature in 
an FTIR spectrum) along an open fissure in sample #087-N. 
Darkfield illumination, FOV 2.40 mm. Photo: C. Khowpong © GIA. 

Figure 42: Sample #092-N showing indistinct blue color banding 
crossed with lamellar twinning viewed under crossed polarizing 
filters, FOV 4.80 mm. Photo: U. Atikarnsakul © GIA. 
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Figure 43: Sample #083-N showing a two-phase inclusion 
consisting of a negative crystal with a gas bubble inside. Fiber-
optic light illumination, FOV 1.07 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 44: Muscovite mica in sample #079-N. Fiber-optic light 
illumination, FOV 1.07 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 45: Transparent colorless crystals of zircon in sample #083-
N. Darkfield and fiber-optic light illumination, FOV 1.44 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 46: Rounded colorless crystal of zircon with a surrounding 
tension fracture in sample #089-N. Fiber-optic light illumination, 
FOV 1.07 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 47: Transparent yellowish crystals of monazite containing 
negative crystals inside sample #083-N. Brightfield illumination, 
FOV 1.80 mm. Photo: U. Atikarnsakul © GIA. 

Figure 48: Transparent yellowish crystals of monazite, some 
containing negative crystal inside sample #083-N. Brightfield 
illumination, FOV 1.07 mm. Photo: U. Atikarnsakul © GIA. 
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Figure 49: Brownish crystal of phlogopite mica in sample #083-N. 
Fiber-optic light illumination, FOV 1.07 mm. Photo: U. 
Atikarnsakul © GIA. 
 

Figure 50: Rounded colorless feldspar crystal in sample #092-N. 
Darkfield illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 

  
Figure 51: Colorless cut-through crystals of nepheline associated 
with unidentified whitish material in sample #086-N. Fiber-optic 
light illumination, FOV 3.60 mm. Photo: U. Atikarnsakul © GIA. 
 

Figure 52: Transparent prismatic apatite crystal in sample #089-
N. Fiber-optic light illumination, FOV 1.44 mm. Photo: U. 
Atikarnsakul © GIA. 

  
Figure 53: An unidentified opaque black crystal in sample #083-
N. Darkfield and fiber-optic light illumination, FOV 2.40 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 54: An irregular (unidentified) dark green crystal in sample 
#095-N. Fiber-optic light illumination, FOV 2.40 mm. Photo: U. 
Atikarnsakul © GIA. 



 23 

© GIA http://www.gia.edu June, 2018 
 

  
Figure 55: Sample #095-N showing a dark green platelet under brightfield illumination (left) and a thin film appearance associated 
with reflective particles under fiber-optic light illumination (right), FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 56: Sapphire inclusion in sample #105-N. Darkfield illumination (left) and crossed polarizing filters (right), FOV 1.80 mm. Photo: 
C. Khowpong © GIA. 
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3.1.2 SAPPHIRES FROM THE WESTERN AREA OF MOGOK 
 

Even though the western area is far away from the northern area of Mogok, most of the samples 
reportedly from there revealed many inclusions similar to those of sapphires from the northern area, 
including dense/weak particle banding (Figure 57 and Figure 58), clouds of minute particles (Figure 
59), scattered particles with reflective brownish platelets (Figure 65), and arrowhead needles (Figure 
66). Nevertheless, some internal features were different. Unlike in the northern area, stringers or 
incomplete needles, iridescent long needles, variously shaped whitish thin films and groups of thin 
films were also revealed in samples from the western area (Figure 60–Figure 64 and Figure 67–Figure 
70). 
 
Apart from the repeated multiple twinning planes with growth tubes oriented along the planes (Figure 
71 and Figure 72), the western Mogok samples also contained whitish growth tubes and growth tubes 
with iron stains (Figure 73 and Figure 74). Although iridescent fluid inclusions were not found, the 
other internal features of Burmese sapphires were also observed—for example, fluid fingerprints, 
natural healed fissures, folded fingerprints, planes of tabular negative crystals, epigenetic material 
along unhealed fissures, and negative crystals surrounded by thin film (Figure 75–Figure 81). The blue 
color zoning and internal growth were not seen. 
 
Under magnification, various types of solid inclusions were observed in the blue sapphires from the 
western area. The mineral inclusions often seen in these samples were muscovite mica, zircon, and K-
feldspar. Muscovite mica crystals appeared as transparent colorless crystals forming a plane (Figure 
82), zircon as groups of small colorless crystals associated with fractures (Figure 83), and K-feldspar as 
a single irregularly shaped colorless crystal (Figure 84). In some cases, group of nepheline crystals 
(Figure 85) and unidentified opaque black crystals (Figure 86 and Figure 87) were the other solid 
inclusions.  

  
Figure 57: Sample #975-W showing bands of dense minute particles using fiber-optic light illumination (left) and a brownish color 
under diffuse light illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © GIA. 
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Figure 58: Bands of minute particles in sample #002-W. Fiber-
optic light illumination, FOV 3.60 mm. Photo: U. Atikarnsakul © 
GIA. 
 

Figure 59: Cloud of minute particles in sample #972-W. Fiber-
optic light illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 
 

  
Figure 60: Sample #976-W showing strings of particles mixed with 
reflective platelets. Fiber-optic light illumination, FOV 1.44 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 61: Stringers/incomplete needles associated with 
iridescent needles in sample #906-W. Fiber-optic light 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 62: Sample #976-W showing bands of minute particles and 
short needles. Fiber-optic light illumination, FOV 2.88 mm. Photo: 
U. Atikarnsakul © GIA. 

Figure 63: Iridescent long needles observed in sample #064-W. 
Fiber-optic light illumination, FOV 2.88 mm. Photo: U. 
Atikarnsakul © GIA. 
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Figure 64: Sample #906-W presenting intersecting needles with 
arrowhead needles. Fiber-optic light illumination, FOV 2.88 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 65: Irregular reflective platelets and particles scattered 
throughout the surface of sample #005-W. Fiber-optic light 
illumination, FOV 3.60 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 66: Sample #982-W showing arrowhead needles and 
iridescent platelets. Fiber-optic light illumination, FOV 1.80 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 67: Thin films with strings of particles and iridescent 
needles seen in sample #002-W. Fiber-optic light illumination, 
FOV 3.60 mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 68: Unevenly shaped whitish thin films (left) and needle-like whitish thin films (right) in sample #002-W. Fiber-optic light 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 
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Figure 69: Thin film in sample #002-W. Fiber-optic light 
illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © GIA. 

Figure 70: Group of thin films seen in sample #992-W. Fiber-optic 
light illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 71: Between crossed polarizing filters, sample #005-W 
showed repeated twinning planes, FOV 7.20 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 72: Sample #005-W showing parallel growth tubes 
oriented along twinning planes. Darkfield illumination, FOV 1.80 
mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 73: Whitish growth tubes observed in sample #065-W. 
Darkfield illumination, FOV 1.44 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 74: Growth tubes with iron stains seen in sample #005-W. 
Darkfield illumination, FOV 1.20 mm. Photo: U. Atikarnsakul © 
GIA. 
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Figure 75: Network-like fluid fingerprints in sample #065-W. Darkfield illumination (left) and fiber-optic light illumination (right), FOV 
2.40 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 76: Sample #064-W displaying an irregular healed fissure. 
Darkfield illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 77: Healed fissure with folded fingerprint-like appearance 
in sample #992-W. Fiber-optic light illumination, FOV 1.80 mm. 
Photo: U. Atikarnsakul © GIA. 

  
Figure 78: Sample #982-W showing a plane of tabular negative 
crystals. Fiber-optic light illumination, FOV 2.40 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 79: Sample #064-W showing a plane of negative crystals. 
Darkfield illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 
 



 29 

© GIA http://www.gia.edu June, 2018 
 

  
Figure 80: Sample #968-W showing epigenetic material (which 
displayed kaolinite feature in its FTIR spectrum) along an open 
fissure. Darkfield illumination, FOV 1.80 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 81: Negative crystals surrounded by thin film with 
associated bands of particles mixed with silk in sample #996-W. 
Fiber-optic light illumination, FOV 1.44 mm. Photo: U. 
Atikarnsakul © GIA. 
 

  
Figure 82: Plane of muscovite mica crystals in sample #065-W. 
Darkfield illumination, FOV 1.44 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 83: Group of zircon crystals associated with a fracture seen 
in sample #973-W. Brightfield illumination, FOV 1.80 mm. Photo: 
U. Atikarnsakul © GIA. 

  
Figure 84: A single colorless feldspar crystal seen in sample #992-
W. Darkfield illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 85: Sample #968-W showing a group of flat colorless 
crystals of nepheline. Darkfield illumination, FOV 1.44 mm. Photo: 
U. Atikarnsakul © GIA. 
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Figure 86: Unidentified opaque black crystals with transparent 
colorless feldspar crystal seen in sample #992-W. Fiber-optic light 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

Figure 87: Groups of unidentified opaque black crystals, 
associated with colorless zircon crystals seen in sample #996-W. 
Brightfield illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © 
GIA. 
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3.1.3 SAPPHIRES FROM THE EASTERN AREA OF MOGOK 
 
Microscopic examination of 20 blue sapphires from the eastern area of Mogok revealed angular bands 
and groups of minute particles often mixed with short needles (Figure 88–Figure 91), without strings 
of particles. The samples also presented other characteristic inclusions, such as thin films with various 
shapes (Figure 92 and Figure 93), lamellar twinning planes in three directions (Figure 94), natural 
healed fissures (Figure 98 and Figure 99), fluid fingerprints (Figure 100), groups of fingerprints 
associated with fractures (Figure 101), and planes or groups of negative crystals with associated 
fingerprints (Figure 102–Figure 104). In addition, irregular fluid inclusions with an interference effect 
(Figure 95–Figure 97) and negative crystals surrounded by thin film (Figure 105) were found as internal 
features similar to those of the northern area. Unlike other areas, some of the eastern Mogok samples 
displayed strong blue or purple color zoning (Figure 106 and Figure 107). 
 
Some mineral inclusions such as muscovite mica, K-feldspar, and a dark green crystal of probably 
chromite spinel (Figure 108) appeared in the blue sapphires from this area. Moreover, a few samples 
contained unidentified opaque black crystals and green platelets (Figure 109–Figure 111).  
 

  
Figure 88: Sample #042-E showing angular bands of particles. 
Fiber-optic light illumination, FOV 7.20 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 89: Sample #050-E showing bands/groups of whitish 
particles associated with needles and silk. Fiber-optic light 
illumination, FOV 7.20 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 90: Sample #050-E showing bands of particles associated 
with intersecting needles and silk. Fiber-optic light illumination, 
FOV 3.60 mm. Photo: U. Atikarnsakul © GIA. 

Figure 91: Sample #042-E showing iridescent needles mixed with 
particles and thin film. Fiber-optic light illumination, FOV 1.44 
mm. Photo: U. Atikarnsakul © GIA. 
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Figure 92: Irregularly shaped thin films appeared in sample #050-E, FOV 4.80 mm (left) and #019-E, FOV 1.20 mm (right) using fiber-
optic light illumination. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 93: Rounded thin film mixed with particles and irregular 
platelets in sample #022-E. Fiber-optic light illumination, FOV 1.07 
mm. Photo: U. Atikarnsakul © GIA. 

Figure 94: Overview of sample #000-E displaying lamellar 
twinning oriented in three directions, viewed under crossed 
polarizing filters, FOV 7.20 mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 95: Fluid inclusions with interference colors observed in 
sample #999-E. Fiber-optic light illumination, FOV 2.88 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 96: Fluid inclusions with interference colors observed in 
sample #001-E. Fiber-optic light illumination, FOV 1.80 mm. 
Photo: U. Atikarnsakul © GIA. 
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Figure 97: Tabular colorless crystal of muscovite mica, identified by Raman spectroscopy (referenced via the RRUFF database), 
presented with whitish feldspar material in sample #999-E, viewed using fiber-optic light illumination (left). Using a different direction 
of illumination, an iridescent effect was observed on the surface of the crystal (right). FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 98: Sample #037-E showing a healed fissure associated 
with fluid inclusions. Fiber-optic light illumination, FOV 3.60 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 99: Sample #042-E showing a healed fissure with particles. 
Fiber-optic light illumination, FOV 3.60 mm. Photo: U. 
Atikarnsakul © GIA. 
 

  
Figure 100: Fluid fingerprints observed in sample #050-E. 
Darkfield illumination, FOV 2.88 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 101: Group of fingerprints associated with the fracture 
noted in sample #057-E. Darkfield illumination, FOV 2.88 mm. 
Photo: U. Atikarnsakul © GIA. 
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Figure 102: Plane of negative crystals in sample #022-E. Fiber-
optic light illumination, FOV 1.44 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 103: Group of negative crystals noted in sample #057-E. 
Darkfield illumination, FOV 2.88 mm. Photo: U. Atikarnsakul © 
GIA. 

  
Figure 104: Sample #037-E showing tabular negative crystals 
associated with fingerprints. Fiber-optic light illumination, FOV 
4.80 mm. Photo: U. Atikarnsakul © GIA. 

Figure 105: Irregularly shaped negative crystal surrounded by thin 
film in sample #040-E. Fiber-optic light illumination, FOV 2.40 
mm. Photo: U. Atikarnsakul © GIA. 
 

  
Figure 106: Strong blue color zoning found in sample #019-E. 
Diffuse light illumination, FOV 7.20 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 107: In sample #024-E, strong blue and purple color zoning 
is visible using diffuse light illumination. FOV 7.20 mm. Photo: U. 
Atikarnsakul © GIA. 
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Figure 108: Sample #001-E showing a dark green crystal (probably 
chromite spinel). Darkfield and fiber-optic light illumination, FOV 
2.40 mm. Photo: U. Atikarnsakul © GIA. 

Figure 109: Sample #037-E showing unidentified opaque black 
crystals. Fiber-optic light illumination, FOV 3.60 mm. Photo: U. 
Atikarnsakul © GIA. 

  
Figure 110: Unidentified dark green platelets and crystal, found in 
sample #999-E. Brightfield illumination, FOV 2.88 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 111: Sample #019-E showing group of dark green platelets 
(unidentified). Brightfield illumination, FOV 1.80 mm. Photo: U. 
Atikarnsakul © GIA. 
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3.1.4 SAPPHIRES FROM THE NORTHWESTERN AREA OF MOGOK 
 
Under magnification, angular bands and/or narrow bands of particles frequently appeared in samples 
from the northwestern area of Mogok (Figure 112 and Figure 113). The particles might be mixed with 
needles (Figure 114) or formed as rounded platelets and planar zones (Figure 115–Figure 117). Other 
typical internal features, consisting of intersecting needles, irregular thin films or platelets, lamellar 
twinning planes with growth tubes, fluid fingerprints, natural healed fissures, and planes of negative 
crystals (Figure 118–Figure 125), were also seen.  
 
Additionally, northwestern Mogok sapphires contained a variety of mineral inclusions such as zircon, 
K-feldspar, biotite mica, apatite, diaspore needles in negative crystals as well as a fibrous-like inclusion 
of diaspore (Figure 126–Figure 130).  
 

  
Figure 112: Sample #959-NW presenting angular bands of particles with brownish color viewed under different illuminations. Fiber-
optic light (left) and diffuse light (right) illumination, FOV 2.88 mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 113: Narrow bands of minute particles observed in sample 
#950-NW. Fiber-optic light illumination, FOV 2.88 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 114: Iridescent short needles mixed with minute particles 
in sample #950-NW. Fiber-optic light illumination, FOV 1.44 mm. 
Photo: U. Atikarnsakul © GIA. 
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Figure 115: Cloud of tiny particle groups in sample #950-NW. 
Fiber-optic light illumination, FOV 1.07 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 116: Minute particles forming as rounded platelets in 
sample #959-NW. Fiber-optic light illumination, FOV 1.20 mm. 
Photo: U. Atikarnsakul © GIA. 
 

  
Figure 117: Planar zones of minute particles and short needles in 
sample #959-NW. Fiber-optic light illumination, FOV 1.20 mm. 
Photo: U. Atikarnsakul © GIA. 

Figure 118: Sample #954-NW presenting intersecting needles and 
arrowhead needles. Fiber-optic light illumination, FOV 2.88 mm. 
Photo: U. Atikarnsakul © GIA. 

  
Figure 119: Sample #969-NW revealing small reflective platelets 
mixed with particles and needles. Fiber-optic light illumination, 
FOV 1.44 mm. Photo: U. Atikarnsakul © GIA. 

Figure 120: Reflective platelets and particles revealed in sample 
#961-NW. Fiber-optic light illumination, FOV 1.07 mm. Photo: U. 
Atikarnsakul © GIA. 
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Figure 121: Lamellar twinning in sample #967-NW viewed under 
crossed polarizing filters, FOV 4.80 mm. Photo: U. Atikarnsakul © 
GIA. 

Figure 122: Intersecting growth tubes in three directions found in 
sample #964-NW. Fiber-optic light illumination, FOV 1.20 mm. 
Photo: U. Atikarnsakul © GIA. 
 

  
Figure 123: Fluid fingerprint in sample #950-NW. Fiber-optic light 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

Figure 124: Natural healed fissure in sample #964-NW. Fiber-optic 
light illumination, FOV 1.80 mm. Photo: U. Atikarnsakul © GIA. 

  
Figure 125: Sample #954-NW containing planes of negative 
crystals. Brightfield illumination, FOV 2.40 mm. Photo: U. 
Atikarnsakul © GIA. 

Figure 126: Sample #959-NW showing colorless crystals of 
feldspar associated with a cluster of colorless zircon crystals. 
Darkfield and fiber-optic light illumination, FOV 1.80 mm. Photo: 
U. Atikarnsakul © GIA. 
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Figure 127: Sample #959-NW showing brownish crystals of biotite 
mica and groups of zircon crystals. Darkfield illumination, FOV 
1.44 mm. Photo: U. Atikarnsakul © GIA. 

Figure 128: Sample #956-NW showing an irregularly shaped 
colorless crystal attached with spiky crystal, identified as apatite 
by Raman spectroscopy, containing negative crystals inside. 
Darkfield illumination, FOV 1.07 mm. Photo: U. Atikarnsakul © 
GIA. 
 

  
Figure 129: Negative crystals containing diaspore needles inside, 
and associated with healed fissure in sample #964-NW. Darkfield 
illumination, FOV 2.40 mm. Photo: U. Atikarnsakul © GIA. 

Figure 130: Fibrous-like inclusion, identified as diaspore by Raman 
spectroscopy in sample #964-NW. Darkfield illumination, FOV 1.07 
mm. Photo: U. Atikarnsakul © GIA. 
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3.2 SPECTROSCOPY AND CHEMISTRY OF BLUE SAPPHIRES FROM THE MOGOK AREA 
 

3.2.1 UV-VIS-NIR SPECTROSCOPY 
 
In UV-Vis-NIR spectra, both the O-ray and the E-ray were collected on a clear blue area of sample 
#106-N (Figure 131). The spectra exhibited a very strong Fe3+ absorption and Fe2+-Ti4+ charge transfer 
features. The shoulder peak at approximately 330 nm with higher O-ray than E-ray is attributed to an 
Fe3+ absorption feature. The peaks at 377 and 450 nm are associated with Fe3+-Fe3+ pairs, while the 
peak at 388 nm is due to a single Fe3+ ion absorption (Ferguson and Fielding, 1971, 1972; Krebs and 
Maisch, 1971). A slightly different peak height between 377 nm and 388 nm was observed in the O-
ray and the E-ray directions, with the peak at 388 nm indistinctly higher than that of the 377 nm in the 
O-ray, whereas the absorption peak at 377 nm is significantly higher than that of the 388 nm in the E-
ray. The broad bands centered at 580 nm in the O-ray and at 700 nm in the E-ray are assigned to 
intervalence charge transfer absorption by an Fe2+-Ti4+ pair that results in the blue color of the 
sapphire.  
 
In order to study the correlation between color, UV-Vis-NIR and chemistry, LA-ICP-MS was performed 
on each side of the wafer and the laser spots were positioned in the same areas where the UV-Vis-NIR 
and FTIR spectra were collected. Four spots were analyzed on each side of the sample, eight spots in 
total (Figure 132). It should be noted that the LA-ICP-MS technique only analyzes the components 
within micron-sized spots, whereas UV-Vis-NIR and FTIR techniques analyze the whole volume of the 
wafer within the beam path. The homogeneity of the samples should also be taken into consideration 
when comparing the results between these techniques. Table 1 shows chemical data derived from LA-
ICP-MS for sample #106-N from northern Mogok. The concentrations of the trace elements were 
found to be relatively consistent within the eight spots. The data also revealed obviously high content 
of Fe and small amounts of Mg, Ti, V, Cr and Ga. The Mg level is less than that of Ti, and therefore a 
Ti4+ charge compensates for Mg2+, leaving some Ti4+ to be formed with Fe2+ via a charge transfer 
interaction to create blue color in the sample (Emmett et al., 2003). The color seen in this sample 
corresponds with the results obtained from the UV-Vis spectra and chemical analysis by LA-ICP-MS.  
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Figure 131: UV-Vis-NIR spectra of sample #106-N. The inset shows color-calibrated polarized photos of the beam path area 
for the O- and E-rays. Optical path length: 1.059 mm. Weight: 0.209 ct. Color: Even blue. 

 

  
Figure 132: Sample #106-N showing the location of the eight spots where LA-ICP-MS analysis was conducted on each side of 
the wafer for this study. Photo: S. Engniwat © GIA. 
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Table 1: LA-ICP-MS results in parts per million atomic (ppma) units for GIA reference sample #106-N. All spots were 
conducted on a blue area in the beam part. “BDL” refers to “below detection limit” and “BQL” to “below quantification limit.” 
 
Spots 1–8: Non-included blue area 

Sample #106-N 
Spot number 

concentration in ppma 

9Be 24Mg 47Ti 51V 53Cr 57Fe 69Ga 90Zr 93Nb 120Sn 178Hf 181Ta 182W 232Th 

SP1 (clean, blue) BDL 28 41 10 13 1431 10 BDL BDL BDL BDL BDL BDL BQL 

SP2 (clean, blue) BDL 28 52 10 12 1450 10 BQL BDL BDL BDL BDL BQL BDL 

SP3 (clean, blue) BDL 29 42 11 9 1450 10 BQL BQL BDL BDL BDL BDL 0.00 

SP4 (clean, blue) BDL 29 42 10 8 1468 11 BQL BDL BDL BDL BDL BDL BDL 

SP5 (clean, blue) BDL 30 41 10 8 1420 10 BQL BQL BDL BDL BDL BDL BQL 

SP6 (clean, blue) BDL 30 41 10 8 1420 10 BQL BQL BDL BDL BDL BQL BQL 

SP7 (clean, blue) BDL 21 36 11 12 1497 11 BDL BQL BDL BDL BQL BDL BQL 

SP8 (clean, blue) BDL 22 39 11 12 1519 10 BQL BDL BDL BDL BDL BDL BQL 

Average - 27 41.6 10.1 10.3 1457 10.2 - - - - - - - 

Standard Deviation - 3.6 4.7 0.4 2.1 35.9 0.3 - - - - - - - 

Detection Limits 0.23 0.11 0.56 0.05 0.52 1.46 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
3.2.2 COMPARISON OF CHEMISTRY BETWEEN BLUE SAPPHIRES FROM MOGOK AND 
OTHER METAMORPHIC SOURCES 
 
Table 2 compares the chemistry within inclusion-free zones of blue samples from the four areas in 
Mogok, presented as a range of minimum to maximum, together with average and standard deviation 
in parentheses. Even though large amounts of Fe are commonly shown in samples from all four areas, 
the concentration is almost two times lower in western Mogok samples than in other areas. Significant 
concentrations of Mg, Ti and V were detected. Mg and Ti contents were higher in the sapphires from 
the northern and northwestern areas than those from the western and eastern parts, while the 
concentration of V was lower in the eastern area than the other areas. Ga levels were comparable 
between the four areas. The Cr content in the Burmese sapphires was usually below detection limits; 
however, it could be detected in measurable amounts in violetish blue samples. In addition, the 
element Be was rarely seen in clean areas of the stones, while the various high-field-strength 
elements, including Zr, Nb, Sn, Hf, Ta, W and Th, were usually below detection limits or at insignificant 
concentrations. 
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Table 2: Chemical data in ppma of blue sapphires from four areas of Mogok within non-included zones using LA-ICP-MS. Data 
reported in minimum to maximum values, with average and standard deviation in parentheses. “BDL” refers to “below 
detection limit,” and “BQL” refers to “below quantification limit.” 
 

Trace 
elements 

Concentrations in ppma 

Samples from northern area 
(14 samples, 73 spots) 

Samples from western area 
(13 samples, 65 spots) 

Samples from eastern area 
(17 samples, 100 spots) 

Samples from northwestern area 
(7 samples, 35 spots) 

9Be BDL–1.6 BDL–BQL BDL–0.7 BDL–0.6 

24Mg 7–122 
(40 ± 31) 

1–68 
(25 ± 19) 

5–83 
(26.6 ± 19.0) 

5–85 
(35 ± 24) 

47Ti 12–130 
(44 ± 31) 

7–75 
(30 ± 19) 

6–71 
(28 ± 17) 

15–92 
(42 ± 23) 

51V 0.3–64 
(9 ± 12) 

1–20 
(7 ± 5) 

0.15–6 
(2.2 ± 1.7) 

0.54–44 
(8 ± 15) 

53Cr BDL–204 BDL–143 BDL–19 BDL–153 

57Fe 217–2315 
(1044 ± 530) 

221–1037 
(522 ± 226) 

599–1840 
(1204 ± 336) 

398–2194 
(1016 ± 602) 

69Ga 8–41 
(23 ± 10) 

10–31 
(20 ± 6) 

8–51 
(26 ± 12) 

7–80 
(29 ± 21) 

90Zr BDL–0.004 BDL–0.01 BDL–0.05 BDL–BQL 

93Nb BDL–0.31 BDL–0.04 BDL–0.01 BDL–0.002 

120Sn BDL–BQL BDL BDL–BQL BDL–BQL 

178Hf BDL–0.002 BDL–0.001 BDL–0.004 BDL–BQL 

181Ta BDL–0.01 BDL–0.004 BDL–0.14 BDL–BQL 

182W BDL–0.002 BDL–BQL BDL–0.04 BDL–BQL 

232Th BDL–0.004 BDL–0.001 BDL–0.01 BDL–BQL 

 
In cases where there are no inclusions in the sample that indicate origin, the relationship between 
trace elements may be used as supporting information to identify Burmese blue sapphires and to 
distinguish them from other metamorphic sapphires, such as those from Sri Lanka and Madagascar, 
that have similar characteristics. Although the Fe vs. V plot and Fe vs. V vs. Mg ternary plot provided 
good separation between the northern and southern parts of the Baw Mar mines, and distinguished 
them from other metamorphic origins (Soonthorntantikul et al., 2017), the ternary plot was not useful 
in separating chemistry within the four areas of Mogok in this work. Therefore, the Fe vs. V plotting 
(Figure 133) was performed as a helpful tool to partially separate the chemistry within the Mogok 
mines and distinguish them from the other metamorphic sapphires. The data showed that the 
chemistry of most blue sapphires from the northern, eastern and northwestern areas are scattered 
and overlap with data from the northern part of the Baw Mar mines, whereas the chemistry from the 
western part of Mogok is mostly consistent with Sri Lanka and Madagascar; however, the plot has the 
potential to roughly separate Mogok Burmese blue sapphires from the other metamorphic deposits 
due to their higher Fe contents. Consequently, we suggest using their chemistry as a supporting tool 
for origin determination, together with other observations such as FTIR spectra, UV-Vis spectra and 
inclusions. 
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Figure 133: Fe vs. V plot of blue sapphires from the northern, western, eastern, and northwestern areas of Mogok, compared 
to the southern and northern areas of Baw Mar from Soonthorntantikul et al. (2017) and data from other metamorphic blue 
sapphires mined in Sri Lanka and Madagascar. Note: The Baw Mar mine is one of the main mining centers in the northwestern 
area of Mogok. 
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3.2.3 CHEMICAL ANALYSIS OF DIFFERENT SAMPLE AREAS USING LA-ICP-MS 
 
Chemical analysis of the 69 Burmese sapphires from the four areas of Mogok was carried out by LA-
ICP-MS. The samples occasionally contained various interesting features, such as scattered and 
densely packed whitish and brownish particles, dense needles and a visually inclusion-free or non-
included area. Therefore, LA-ICP-MS analysis revealed different elements and/or different amounts of 
those elements in the separated areas. The trace element comparison of three different areas is 
discussed below.  
 
3.2.3.1 CHEMISTRY OF VISUALLY INCLUSION-FREE AREAS AND THOSE CONTAINING 
DENSE NEEDLES 
 
GIA Reference Sample #080-N 
Sample #080-N from northern Mogok exhibited an area of dense needles and a non-included blue 
area, both of which were analyzed using LA-ICP-MS (Figure 134). When the results from both areas 
were compared, the area with dense needles (spots 1–5) presented twice the amounts of Mg and Ti 
as the clean area, and slightly higher contents of Fe, V and some high-field-strength elements such as 
Hf, Ta, W and Th (spots 6–10), whereas Ga contents were comparable. Other trace elements, including 
Be, Cr, Nb and Sn, were generally below the detection limits in both areas. The data in Table 3 indicates 
that Mg and Ti are the main elements within the whitish needles. 

   
Figure 134: Sample #080-N showing the location of the 10 spots where LA-ICP-MS analysis was performed. FOV 1.30 mm. 
Photo: U. Atikarnsakul © GIA. 
 
Table 3: LA-ICP-MS results in ppma on GIA reference sample #080-N.  
 
Spots 1–5: Dense needles area 

Sample #080-N 
Spot number 

concentration in ppma 

9Be 24Mg 47Ti 51V 53Cr 57Fe 69Ga 90Zr 93Nb 120Sn 178Hf 181Ta 182W 232Th 

SP1 (dense needles) BDL 128 163 4 BQL 394 20 0.08 BDL BDL 0.01 0.10 0.00 0.15 

SP2 (dense needles) BQL 129 142 4 BQL 413 19 0.06 BDL BDL 0.01 0.07 0.01 0.21 

SP3 (dense needles) BQL 135 136 4 BDL 416 19 0.04 BDL BDL 0.00 0.06 0.01 0.24 

SP4 (dense needles) 0.4 138 156 5 BQL 431 20 0.11 BDL BDL 0.01 0.18 0.00 0.24 

SP5 (dense needles) BDL 136 132 4 BDL 391 19 0.04 BDL BDL 0.00 0.08 0.01 0.23 

Average 0.4 133 146 4.4 - 409 19.4 0.07 - - 0.01 0.10 0.01 0.21 

Standard Deviation - 4.6 13.0 0.2 - 16.5 0.1 0.03 - - 0.00 0.05 0.00 0.04 
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Spots 6–10: Visually inclusion-free area (blue) 

SP6 (clean, blue) BDL 73 67 4 1.76 369 19 BDL BDL BDL BDL BDL BDL 0.00 

SP7 (clean, blue) BDL 74 72 4 BQL 376 19 BDL BDL BDL 0.00 BQL BDL 0.00 

SP8 (clean, blue) BDL 76 74 4 BQL 380 20 0.00 BDL BDL 0.00 0.00 BQL 0.00 

SP9 (clean, blue) BDL 91 85 4 BQL 380 20 BQL BDL BDL 0.00 BDL BDL 0.00 

SP10 (clean, blue) BQL 89 81 4 BQL 391 20 BDL BDL BDL BDL BDL BDL 0.00 

Average - 81 76 3.8 1.8 379 19.5 - - - - - - - 

Standard Deviation - 8.6 6.9 0.2 - 7.9 0.7 - - - - - - - 

 

Detection limit 0.11 0.04 0.34 0.03 0.57 2.11 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

3.2.3.2 CHEMISTRY OF VISUALLY INCLUSION-FREE AREAS AND THOSE CONTAINING 
WHITISH AND/OR BROWNISH PARTICLES  
 
GIA Reference Sample #066-W 
The chemistry on a clear blue area (spots 1–5) and on brownish particulate cloud areas (spots 6–10) 
in sample #066-W from western Mogok is displayed in Table 4. Since this sample has a violetish blue 
color, measurable amounts of Cr were detected. The Ti concentrations are much higher in the 
particulate area than in the clear area, which conformed to the rutile components. The particle zone 
also revealed higher Mg, V, Cr and Fe contents than the clean areas, while Ga levels were comparable. 
Additionally, the amounts of Be and all high-field-strength elements, including Zr, Nb, Sn, Hf, Ta, W 
and Th, were lower than the detection limits in both areas.  

 

   
Figure 135: Sample #066-W showing the location of the 10 spots where LA-ICP-MS analysis was performed. FOV 1.30 mm. 
Photo: U. Atikarnsakul © GIA. 
 
Table 4: LA-ICP-MS results in ppma on GIA reference sample #066-W.  
 
Spots 1–5: Visually inclusion-free area (pale blue) 

Sample #066-W 
Spot number 

concentration in ppma 

9Be 24Mg 47Ti 51V 53Cr 57Fe 69Ga 90Zr 93Nb 120Sn 178Hf 181Ta 182W 232Th 

SP1 (clean, pale blue) BDL 11 14 11 12 416 27 BDL BDL BDL BDL BDL BDL BQL 

SP2 (clean, pale blue) BDL 10 13 11 11 409 27 BDL BQL BDL BDL BQL BQL BQL 

SP3 (clean, pale blue) BDL 11 17 11 8 402 26 BQL BDL BDL BQL BQL BDL BQL 

SP4 (clean, pale blue) BDL 11 17 12 9 402 27 BDL BDL BDL BDL BDL BDL BDL 

SP5 (clean, pale blue) BDL 14 19 12 15 416 26 BDL BDL BDL BDL BQL BDL BQL 

Average - 11.2 16.1 11.5 11.0 409 26.7 - - - - - - - 
Standard Deviation - 1.4 2.4 0.5 3.0 7.3 0.4 - - - - - - - 
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Spots 6–10: Brownish particulate cloud area 
SP6 (particulate cloud) BDL 17 90 15 34 511 27 BDL BDL BDL BQL BQL BDL BQL 

SP7 (particulate cloud) BDL 17 45 15 36 504 30 BDL BDL BDL BDL BDL BDL BQL 

SP8 (particulate cloud) BDL 15 61 17 48 508 27 BDL BQL BDL BDL BQL 0.00 BDL 

SP9 (particulate cloud) BDL 14 95 13 61 482 26 BDL BDL BDL BDL BQL BDL BQL 

SP10 (particulate cloud) BDL 14 55 13 67 486 26 BDL BDL BDL BQL 0.00 BDL BQL 

Average - 15.2 69.8 14.6 49.2 498 27.1 - - - - - - - 

Standard Deviation - 1.6 21.6 1.5 14.6 13.3 1.4 - - - - - - - 
 

Detection limit 0.10 0.05 0.51 0.04 0.66 1.27 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 

GIA Reference Sample #970-NW 
Sample #970-NW from northwestern Mogok contains brownish needle areas (spots 1–5) and a non-
included blue zone (spots 6–10) together with brownish particulate clouds (spots 11–15) within one 
stone. Consequently, the trace element comparison between the three areas was taken into 
consideration in this study. The three areas in this sample revealed a tendency similar to that of the 
other samples, as seen in Table 5. Ti varied greatly between these areas; it was highest in the brownish 
needle area, which is consistent with the rutile needle identity, and higher than in the brownish 
particulate cloud area and the non-included area. The other important elements, including Mg, V, Fe 
and Ga, were constant or not varied between those areas. In addition, Be, Cr and high-field-strength 
elements were below detection limits, similar to the other samples.  
 

  

  
Figure 136: Sample #970-NW showing the location of the 15 spots where LA-ICP-MS analysis was performed. FOV 1.10 mm. 
Photo: U. Atikarnsakul © GIA. 
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Table 5: LA-ICP-MS results in ppma on GIA reference sample #970-NW.  
 
Spots 1–5: Brownish needles area  

Sample #970-NW 
Spot number 

concentration in ppma 

9Be 24Mg 47Ti 51V 53Cr 57Fe 69Ga 90Zr 93Nb 120Sn 178Hf 181Ta 182W 232Th 

SP1 (brown needles) BDL 8 37 2 BDL 1052 30 BDL BDL BDL BDL BQL BDL BDL 

SP2 (brown needles) BDL 7 63 2 BDL 1114 31 BDL BDL BDL BDL BDL 0.08 BQL 

SP3 (brown needles) BDL 7 66 2 BDL 1300 31 BDL BDL BDL BDL BQL BDL BQL 

SP4 (brown needles) BQL 7 58 2 BDL 1066 29 BDL BDL BDL BDL BQL BDL 0.00 

SP5 (brown needles) BDL 7 89 2 BDL 1154 30 BDL BDL BDL BDL BQL BDL 0.00 

Average - 7.3 62.7 2.1 - 1137 30.3 - - - - - - - 

Standard Deviation - 0.2 18.7 0.09 - 99.6 0.8 - - - - - - - 

 

Spots 6–10: Visually inclusion-free area (blue) 
SP6 (clean, blue) BDL 8. 20 2 BQL 938 27 BDL BDL BDL BDL BQL BDL BDL 

SP7 (clean, blue) BDL 8 20 2 BDL 953 28 BDL BDL BDL BDL BDL BDL BDL 

SP8 (clean, blue) BDL 9 21 2 BDL 982 36 BDL BDL BDL BDL BQL BDL BDL 

SP9 (clean, blue) BDL 9 22 2 BQL 968 28 BDL BDL BDL BDL BQL BDL BQL 

SP10 (clean, blue) BDL 9 22 2 BDL 1048 28 BDL BDL BDL BDL BQL BDL BDL 

Average - 8.5 20.9 1.9 - 978 29.4 - - - - - - - 

Standard Deviation - 0.3 1.3 0.1 - 42.5 3.6 - - - - - - - 

 

Spots 11–15: Brownish particulate cloud area 
SP11 (particulate cloud) BDL 9. 32 3 BQL 1099 29 BDL 0.02 BDL BDL 0.00 BDL BDL 

SP12 (particulate cloud) BDL 8 51 2 BDL 1245 28 BDL BDL BDL BDL 0.00 BDL 0.00 

SP13 (particulate cloud) BDL 9 57 3 BQL 1205 30 BDL BQL BDL BDL 0.00 BDL 0.00 

SP14 (particulate cloud) BDL 8 30 3 BQL 1110 28 BDL BDL BDL BQL 0.00 BDL BDL 

SP15 (particulate cloud) BQL 8 37 3 BQL 1128 30 BDL BQL BDL BDL BQL BDL 0.00 

Average - 8.7 41.3 2.6 - 1157 29.1 - - - - - - - 

Standard Deviation - 0.6 12.0 0.08 - 64.1 1.3 - - - - - - - 

 

Detection limit 0.16 0.09 0.60 0.04 0.70 4.29 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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3.2.3.3 CHEMISTRY COMPARISON OF THE SCATTERED PARTICLE AREA AND THE ONE 
CONTAINING DENSELY PACKED BROWNISH PARTICLES 
 
GIA Reference Sample #996-W 
compares the trace element chemistry between the scattered particle area and the densely packed 
brownish particle area in sample #996-W from the western zone. Spots 1–5 in the scattered particle 
area presented significantly lower amounts of Mg and Ti than spots 6–10 within densely packed 
particle zones due to the lower density of particles. The scattered particle area also showed slightly 
lower amounts of Ga but higher concentrations of V and Fe. In addition, some natural Be associated 
with high-field-strength elements such as Ta and Th (Shen et al., 2007; Lu and Shen, 2011) was 
observed in the area of the sample with densely packed particles. 
 

   
Figure 137: Sample #996-W showing the location of the 10 spots where LA-ICP-MS analysis was performed. FOV 1.30 mm. 
Photo: U. Atikarnsakul © GIA. 
 
Table 6: LA-ICP-MS results in ppma on GIA reference sample #996-W.  
 
Spots 1–5: Weak particle area 

Sample #996-W 
Spot number 

concentration in ppma 

9Be 24Mg 47Ti 51V 53Cr 57Fe 69Ga 90Zr 93Nb 120Sn 178Hf 181Ta 182W 232Th 

SP1 (fine grained cloud) BDL 95 104 24 BDL 701 27 BQL BDL BDL BDL 0.01 BDL 0.00 

SP2 (fine grained cloud) BDL 93 95 24 BQL 712 27 BDL BDL BDL BDL 0.00 0.04 0.00 

SP3 (fine grained cloud) BDL 93 100 25 BQL 748 27 0.00 BDL BDL BDL BQL BDL BQL 

SP4 (fine grained cloud) BDL 86 98 24 BQL 767 26 BDL BDL BDL BDL BQL BDL BQL 

SP5 (fine grained cloud) BDL 95 111 25 BQL 770 28 BDL BDL BDL BDL BQL BDL 0.00 

Average - 92.4 101 24.4 - 740 27.1 - - - - - - - 

Standard Deviation - 3.5 6.2 0.5 - 31.7 0.7 - - - - - - - 

 

Spots 6–10: Dense particle area 
SP6 (particulate cloud) BDL 145 171 21 BDL 464 31 0.00 BQL BDL BDL 0.00 BDL BQL 

SP7 (particulate cloud) 0.34 146 170 20 BDL 445 30 0.00 BQL BDL BDL 0.03 BDL 0.02 

SP8 (particulate cloud) 0.32 148 190 19 BDL 493 31 BDL BDL BDL BDL 0.01 BDL 0.00 

SP9 (particulate cloud) 0.54 150 227 18 BDL 511 32 0.01 BDL BDL BDL 0.01 BDL BQL 

SP10 (particulate cloud) 0.57 140 169 16 BDL 489 29 BQL BQL BDL BDL 0.00 BDL 0.00 

Average 0.44 146 185 18.8 - 480 30.5 - - - - 0.01 - - 

Standard Deviation 0.1 3.8 25.0 1.7 - 25.9 1.2 - - - - 0.01 - - 

 

Detection limit 0.10 0.05 0.51 0.04 0.66 1.27 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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For further analysis, the areas with and without particles in blue sapphires from the north, west, east 
and northwest Mogok from this study were compared to those in samples from the Baw Mar mine in 
Mogok and other metamorphic deposits, including Ilakaka in Madagascar and the Elahera, Ratnapura 
and Kataragama areas in Sri Lanka, as shown in Table 7. When the chemistry of particulate cloud areas 
was compared, Sri Lankan and Madagascan samples generally contained higher amounts of Mg and 
Ti than the Burmese samples; however, the concentrations of these two elements also depend on the 
density of the particles in the area analyzed. The Mogok blue sapphires (four areas of Mogok and the 
Baw Mar mines) possessed higher Fe levels than Sri Lankan and Madagascan sapphires, both in clean 
and particle areas. Moreover, trace amounts of high-field-strength elements (such as Zr, Nb, Sn, Hf, 
Ta, W and Th) were occasionally observed in Mogok and Sri Lankan stones, while significant amounts 
of them were commonly detected in Madagascan samples. Apart from the high-field-strength 
elements, small amounts of Be were shown within particulate areas of Madagascan and Sri Lankan 
stones, whereas Be was generally below the detection limits or insignificantly measured in Mogok 
blue sapphires.
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Table 7: Chemical data in ppma of metamorphic blue sapphires from four areas of Mogok, compared with the Baw Mar mines in Mogok, Ilakaka in Madagascar, and the three areas in Sri Lanka, 
within non-included zones and particle zones, using LA-ICP-MS. Data reported in minimum to maximum values, with average and standard deviation in parentheses. “BDL” refers to “below 
detection limit” and “BQL” refers to “below quantification limit.” 
 

Trace 
elements 

Concentrations in ppma 
Northern Mogok 

(1 sample) 
Western Mogok 

(6 samples) 
Eastern Mogok 

(7 samples) 
Northwestern Mogok 

(4 samples) 
Baw Mar North in Mogoka 

(1 sample) 
Baw Mar South in Mogoka 

(3 samples) 

Clean Particles Clean Particles Clean Particles Clean Particles Clean Particles Clean Particles 

9Be BDL BDL BDL-BQL BDL–0.6 BDL–0.7 BDL–0.4 BDL–0.6 BDL–0.8 BDL–BQL BDL BDL–0.3 BDL–0.2 

24Mg 13–15 
(14 ± 0.6) 

10–11 
(11 ± 0.5) 

10–95 
(41 ± 29) 

9–150 
(51 ± 46) 

6–57 
(26 ± 15) 

7–81 
(37 ± 23) 

5–47 
(21 ± 16) 

6–101 
(40 ± 37) 

6.5–7.5 
(7 ± 0.5) 

9.0–10.7 
(10 ± 0.9) 

28–98 
(44 ± 19) 

44–216 
(92 ± 48) 

47Ti 14–16 
(14 ± 0.6) 

14–62 
(39 ± 20) 

13–111 
(46 ± 30) 

27–227 
(86 ± 51) 

7–70 
(30 ± 17) 

11–87 
(48 ± 23) 

15–55 
(31 ± 14) 

15–395 
(105 ± 123) 

18–22 
(20 ± 1) 

53–77 
(64 ± 12) 

15–55 
(36 ± 16) 

44–439 
(154 ± 113) 

51V 0.3–0.4 
(0.4 ± 0.1) 

0.3–0.4 
(0.4 ± 0.1) 

2–25 
(9 ± 7) 

2–21 
(9 ± 6) 

0.2–6 
(3 ± 2) 

0.2–5 
(3 ± 1) 

0.6–44 
(12 ± 18) 

0.9–48 
(13 ± 20) 

0.27–0.34 
(0.3 ± 0.03) 

0.36–0.40 
(0.4 ± 0.02) 

0.8–1.2 
(1.0 ± 0.1) 

0.8–2.1 
(1.4 ± 0.4) 

53Cr BDL–BQL BDL–BQL BDL–62 BDL–67 BDL–19 BDL–BQL BDL–153 BDL–172 BDL–BQL BDL BDL–BQL BDL–BQL 

57Fe 927–1026 
(976 ± 43) 

847–898 
(876 ± 20) 

346–1037 
(599 ± 222) 

380–1081 
(580 ± 219) 

599–1607 
(1182 ± 309) 

909–1709 
(1375 ± 228) 

398–1048 
(628 ± 230) 

508–1245 
(739 ± 258) 

1745–1855 
(1788 ± 44) 

1851–1979 
(1930 ± 69) 

402–1030 
(611 ± 286) 

383–1179 
(686 ± 347) 

69Ga 18–21 
(19 ± 1) 

16.8–17.5 
(17 ± 0.3) 

12–28 
(23 ± 5) 

12–33 
(25 ± 7) 

8–51 
(29 ± 14) 

12–44 
(27 ± 11) 

24–80 
(40 ± 23) 

23–82 
(41 ± 23) 

21–22 
(21.5 ± 0.4) 

17.4–18.2 
(17.9 ± 0.4) 

18–27 
(23 ± 4) 

17–28 
(24 ± 4) 

90Zr BDL BDL–0.003 BDL–0.01 BDL–0.01 BDL–0.004 BDL–0.08 BDL–BQL BDL–0.02 BDL–0.00 BDL–0.00 BDL–0.01 0.00–0.8 
(0.2 ± 0.3) 

93Nb BDL BDL BDL–0.04 BDL–0.04 BDL–0.01 BDL–0.02 BDL–BQL BDL–0.10 BDL–BQL BDL BDL BDL–5 

120Sn BDL BDL BDL BDL BDL–BQL BDL–BQL BDL–BQL BDL–BQL BDL BDL–BQL BDL BDL–0.09 

178Hf BDL BDL BDL–0.001 BDL–0.001 BDL–BQL BDL–0.01 BDL–BQL BDL–BQL BDL BDL BDL BDL–0.02 

181Ta BDL BDL BDL–0.01 BDL–0.03 BDL–0.003 BDL–0.43 BDL–BQL BDL–0.14 BDL–0.00 BDL BDL BDL–3 

182W BDL BDL BDL–0.04 BDL–0.01 BDL–0.04 BDL–0.02 BDL–BQL BDL–0.01 BDL BDL BDL–0.001 BDL–27 

232Th BDL–BQL BDL–BQL BDL–0.001 BDL–0.02 BDL–0.01 BDL–0.03 BDL–BQL BDL–0.002 BDL BDL BDL–0.001 BDL–0.3 
 

aData from Soonthorntantikul et al. (2017) 
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Trace 
elements 

Concentrations in ppma 
Ilakaka, Madagascarb 

(26 samples) 
Elahera, Sri Lankac 

(44 samples) 
Ratnapura, Sri Lankad 

(4 samples) 
Kataragama, Sri Lankad 

(3 samples) 

Clean Particles Clean Particles Clean Particles Clean Particles 

9Be BDL–0.7 0.01–18 BDL–0.6 BDL–3.53 BDL–0.5 BDL–0.9 BDL–0.2 BDL–0.1 

24Mg 19–196 33–245 16–162 28–169 14–86  
(49 ± 26) 

19–88 
(51 ± 20) 

2–24 
(10 ± 5) BDL–18 

47Ti 19–690 73–2577 15–112 20–1393 12–92 
(51 ± 30) 

14–120 
(64 ± 30) 

5–28 
(13 ± 6) 

9–252 
(62 ± 69) 

51V 3–18 1–22 2–54 0.9–22 BDL–11 BDL–13 4–7 
(5 ± 1) 

4–6 
(5 ± 1) 

53Cr 5–10 2–14 BDL–51 BDL–14 BDL–9 BDL–12 BDL–BQL BDL–BQL 

57Fe 73–719 81–876 53–716 42–643 109–259 
(182 ± 49) 

118–286 
(214 ± 58) 

588–738 
(651 ± 35) 

268–712 
(541 ± 175) 

69Ga 9–37 8–42 4–42 5.5–25 13–28 
(22 ± 4) 

13–28 
(22 ± 5) 

12–15 
(13 ± 1) 

12–23 
(16 ± 4) 

90Zr 0.001–0.04 0.003–1.44 BDL–0.07 BDL–0.19 BDL–0.19 BDL–0.19 BDL–0.004 BDL–0.04 

93Nb 0.001–0.05 0.001–6.85 BDL–0.04 BDL–0.13 BDL–0.05 BDL–0.01 BDL BDL–0.1 

120Sn 0.17–0.26 0.11–20 BDL BDL–0.7 BDL–0.36 BDL–0.53 BDL–BQL BDL–BQL 

178Hf 0.001–0.01 0.001–0.07 BDL–0.01 BDL–0.03 BDL–0.04 BDL–0.04 BDL BDL–0.004 

181Ta 0.001–0.27 0.001–4.4 BDL–0.08 BDL–0.24 BDL–0.08 BDL–0.03 BDL BDL–BQL 

182W 0.001–0.8 0.001–1.2 BDL–0.15 BDL–0.48 BDL–0.01 BDL–0.003 BDL–0.002 BDL–0.004 

232Th 0.001–0.08 0.001–8.2 BDL–0.93 BDL–2.4 BDL–0.10 BDL–0.06 BDL–0.001 BDL–0.002 

 
bData from Saeseaw et al. (2016)  

cData from Suthiyuth et al. (2016) 

dData analyzed in GIA’s Bangkok laboratory 
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3.2.4 FOURIER-TRANSFORM INFRARED SPECTROSCOPY (FTIR) 
 
FTIR spectra of 69 blue sapphires from Mogok typically showed diagnostic features. The spectra 
collected from the samples indicated the presence of various mineral features including boehmite (52 
samples), kaolinite (30 samples) and gibbsite (7 samples). Half of them (35 samples) contained a single 
very weak peak at 3309 cm–1 (“very weak” refers to a peak with an absorption coefficient less than 
0.03 cm–1), whereas the 3309 series (consisting of peaks at 3309, 3232 and 3185 cm–1) was not 
observed. Only two samples revealed no diagnostic features.  
 
Three FTIR spectra from three representative samples showed features commonly found in Mogok 
blue sapphires (Figure 138). The mineral kaolinite, consisting of a group of peaks at 3697, 3669, 3652 
and 3620 cm–1 (Hughes et al., 2017) together with a single very weak peak at 3309 cm–1, was found in 
sample #094-N; the kaolinite feature associated with the boehmite feature (peak positions at 3320, 
3085, 2100 and 1980 cm–1) was observed in sample #005-W. Sample #096-N also displayed the mineral 
gibbsite (dominant peaks at 3622 and 3528, with subordinate peaks at 3566, 3487, 3399 and 3379 cm–

1) in the FTIR. An identifying feature is that the FTIR spectra of Burmese blue sapphires usually 
presented various mineral features and sometimes associated with a very weak peak at 3309 cm–1. 
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Figure 138: Unoriented FTIR spectra of GIA reference sample: a) #094-N; b) #005-W and c) #096-N reported from the Mogok 
mine examined in this study. Optical path length: (a) 2.02 mm, (b) 1.23 mm and (c) 1.93 mm. 
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PART IV: SUMMARY 
 
Burma is one of the most important deposits for blue sapphires. In this work, 69 samples from the 
northern, western, eastern and northwestern areas of Mogok, with colors ranging from blue to 
violetish blue, were investigated. The sapphires possessed a variety of internal characteristics and 
chemistry features that may overlap with other countries of origin.  
 
Apart from the noticeable inclusions found in classic Burmese blue sapphires, the samples in this study 
also showed clouds of tiny particle groups (northern, western and northwestern areas of Mogok) as 
well as irregularly shaped fluid inclusions with an iridescent effect (northern and eastern areas) like 
those seen in Baw Mar sapphires. Mineral crystals such as transparent yellowish crystals of monazite, 
some containing negative crystals inside, and colorless crystals of nepheline, found in metamorphic 
blue sapphires from other sources such as Sri Lanka or Madagascar, were also observed in certain 
samples from northern and western Mogok.  
 
UV-Vis-NIR spectra of the samples revealed features commonly seen in blue sapphires deposited in 
metamorphic host rock, including Fe3+ and Fe2+-Ti4+ pairs. There was no rise in NIR at 880 nm. Their 
FTIR spectra frequently displayed various mineral features, such as boehmite, kaolinite and gibbsite, 
with or without a single very weak peak at 3309 cm–1. 
 
Chemical analysis by LA-ICP-MS showed slightly different concentrations of some trace elements, 
especially Fe, between four areas of Mogok and between countries of origin as described in the 
chemistry section above. In this study, Fe concentration ranges of 220–2300 ppma, 220–1000 ppma, 
600–1800 ppma and 400–2200 ppma were detected within the non-included area of samples from 
northern, western, eastern and northwestern Mogok, respectively, which is higher than the ranges 
for Sri Lanka (50–700 ppma) and Madagascar (70–900 ppma). Moreover, the relative plot between Fe 
and V might be an additional tool to separate Mogok sapphires from those of other metamorphic 
origins.  
 
The study concluded that a combination of various techniques and data should be considered to 
confirm origin for Burmese blue sapphires. The characteristics and chemistry of blue sapphires—for 
example, showing mineral features in FTIR with or without a single 3309 cm–1, presenting lamellar 
twinning, silk, iridescent fluid inclusions and varieties of mineral crystals (such as zircon, feldspar, mica, 
green chromite, nepheline, etc.) as well as higher Fe contents than in other metamorphic sources—
may support their identification as Burmese. 
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