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BLUE SAPPHIRES FROM THE
BAW MAR MINE IN MOGOK

Hpone-Phyo Kan-Nyunt, Stefanos Karampelas, Klemens Link, Kyaw Thu, Lore Kiefert, and Pierre Hardy

In the last five years, fine Burmese blue sapphires from the Baw Mar area of Mogok have reached the
market. The faceted stones typically show a strong pleochroism from greenish to violetish blue when
viewed perpendicular and parallel to the c-axis, respectively, with medium to strong saturation and
medium to dark tone. Most of the samples were relatively clean under the microscope, showing multiple
twinning with whitish needle-like inclusions (presumably boehmite) at the intersections. Often, these in-
clusions were associated with stress tension fissures. Needles, most likely rutile, were found only occa-
sionally, but small platelets and needle-like particles, probably ilmenite, appeared more frequently. Most
of the stones contained surface-reaching open and healed fissures, but crystal inclusions of K-feldspar
and mica (identified by Raman) were occasionally encountered. The sapphires also had a relatively high
iron content, low gallium, and very low titanium. Their Ga/Mg ratio varied from 0.6 to 17. Their UV-Vis-
NIR spectra displayed intense iron-related absorptions, and the FTIR absorption spectra presented mainly
boehmite- and mica-related bands. Based on careful microscopic observations, combined with spectro-
scopic and chemical analysis, the sapphire from Baw Mar can, in most cases, be distinguished from the

blue sapphire of other localities.

have been prized in the gemstone trade. Virtually

all gem-quality blue sapphires from Burma (now
Myanmar) have occurred in alluvial deposits along
the Mogok Stone Tract. The previously described sap-
phires were mostly found at the Kyat Pyin area at
Kyauk-Pyat-That, Kabaing, and Thurein-Taung (all
west of Mogok) and at Chaung Gyee in the north of
Mogok (Giibelin and Koivula, 1986; Kiefert, 1987;
Hughes, 1997; Themelis, 2008; Smith, 2010). In the
last five years, blue sapphires with properties different
from the “classic” Burmese sapphires, reportedly
from the Baw Mar area of Mogok, have reached the
market (figure 1).

The Baw Mar mining area is situated in the Kyat
Pyin area, west of Mogok township (figure 2). In the
past, the area yielded mostly low-quality sapphire from
small-scale operations. Although several joint venture
mines were reportedly operating in 1994, they did not
produce enough quality material to stay open for any

I:or several centuries, Burmese blue sapphires
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Figure 1. The sapphires in this necklace, ranging in
size from 2.4 to 6.7 ct, were reportedly produced in
Baw Mar. This is one of the pieces that recently made
its way to the Giibelin Gem Lab; some of the Baw
Mar stones studied in the lab reached sizes up to 15
ct. Photo by Beryl Huber.

length of time. Only since 2008 has the area produced
larger amounts of gem-quality blue sapphires.
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Figure 2. In this geolog-
ical map of the Mogok
Stone Tract, the black
arrow marks the loca-
tion of the Baw Mar
mine. Adapted from
Iyer (1953) and Hughes
(1997).
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In late 2012, one of the authors visited Mogok to
collect stones directly from Baw Mar and other
mines for the Giibelin Gem Lab (GGL) reference col-
lection. After the recent opening of Mogok to foreign-
ers, a larger group of GGL staff visited the area again
in July 2013 to gain a better picture of the situation

Figure 3. Leucogranite (bottom) and a granitic peg-
matite vein (coarser material in center) are seen in
contact with weathered gneiss (top right). The width
is approximately 1.2 meters. Photo by Kyaw Thu.
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and to collect additional samples directly from the
source. In August, November, and December 2013,
another author revisited Mogok and the Baw Mar
mine, and observed the rapid changes taking place.
This paper gives a brief overview of the local geology
of the Baw Mar area, describes the mining methods
currently used, and presents the microscopic, chem-
ical, and spectroscopic features of its blue sapphire.

GEOLOGY AND CURRENT MINING METHODS

The Baw Mar mining site is situated in the northwest
of Kyat Pyin township, 12 miles west of Mogok, at
22°54'37.60"N, 96°24'55.02"E. Similar to the rest of the
Mogok Stone Tract, the area has a complex geology
(figure 2). It is mainly composed of high-grade region-
ally metamorphosed rocks, garnet-biotite gneiss, calc-
silicate rocks, and graphite marble (Kyaw Thu, 2007).
Non-sapphire-bearing leucogranite dikes and granitic
pegmatite veins intruded into weathered gneiss, which
can be seen at ground level in exposed rock surfaces
(figure 3). The recently mined area also shows exposed
leucogranite in contact with syenite boulders. The
high-quality blue sapphire is retrieved from this syen-
ite, which, like the pegmatite, has intruded into weath-
ered gneiss, as well as from pockets formed at the
exposed leucogranite. These last sapphires are embed-
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ded in clay lenses (feldspar altered to kaolinite) and are
surrounded by biotite mica and chlorite (figure 4).
Prospecting is done by local geologists.

The Baw Mar mine (figure 5), equipped with
heavy machinery and an in-house sorting and cutting
plant, is a more efficient producer than other private
operations within the Mogok mining area. The Baw
Mar mine combines open-pit mining, as in figure 5
(top), with tunneling. A 10-20 meter layer of over-
burden is removed by bulldozers and excavators
(figure 6, left). Laborers work the exposed gemstone-

In Brief

e Blue sapphire recently mined from the Baw Mar area
in Mogok, Myanmar, exhibited chemical composition
that differed from “classic” Burmese blue sapphire.

e Unlike traditional Burmese blue sapphire, the Baw Mar
samples were relatively free of inclusions, occasionally
displaying whitish needle-like inclusions of boehmite.

 The Baw Mar sapphire showed impurity contents
comparatively high in iron, relatively low in gallium,
very low in titanium, and wide-ranging Ga/Mg ratios
that reflect the geological conditions of the area.

bearing layer of gravel, called byone, which is about
2 to 3 meters thick. The gravel is then transported
by water to the washing plant (figure 6, right).

At the end of the tunnels, which can reach a depth
of 80 meters (figure 7), miners use a drill to bore small
holes in the rock face, and then crack the weathered

Figure 4. A sapphire-bearing clay pocket in a highly
weathered and brecciated skarn zone. The pocket is
approximately 60 cm long. Photo by Kyaw Thu.

BLUE SAPPHIRES FROM BAW MAR, MOGOK

Figure 5. Top: A panoramic view of the Baw Mar mine
in August 2013. The small huts mark the entrance to
the underground shafts. Bottom: In November 2013,
the shafts were closed and the rock largely removed
in order to reach lower sapphire-bearing levels. Photos
by Kyaw Thu.

rock in between the holes with a jackhammer to col-
lect the material. The rock is relayed in bags to other
miners. The material is hoisted to the surface, then
transported down to the washing plant. Water pumps
powered by generators simultaneously keep the tun-
nels from flooding and supply the washing operation.
At the washing plant (figure 8), the collected gem-bear-
ing gravels are packed into drums and transported to
the sorting plant, where the gem-quality sapphires are
sorted using sieves with different mesh sizes. After-
ward, cutters trim off the non-gem-quality parts. The
sapphires are then cut and polished onsite (figure 9).
The polished sapphire sizes range up to 15 carats. The
entire operation, including mining, sorting, and cut-
ting, employs about 300 miners and workers.
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TABLE 1. Weight, shape, and photos of the studied samples.?

sample Weight (ct) Shape sample Weight (ct) Shape
SABUM161 1.630 Cushion c SABUMT180 0.447 Round .
SABUM162 1.270 Oval 3 SABUMT184 0.325 Oval .
SABUM163 1.037 Cushion O SABUM191 0.306 Cushion a
SABUMT164 0.863 Oval SABUM192 0.330 Round @
SABUMT165 0.716 Oval @ SABUM194 0.288 Oval @
SABUM166 0.547 Cushion . SABUM195 0.308 Oval 8
SABUM167 0.531 Cushion g SABUM196 0.289 Oval @
SABUM168 0.565 Cushion @ SABUM197 0.257 Oval @
SABUM169 0.453 Cushion SABUM198 0.199 Oval O
SABUM170 0.443 Round ‘ SABUM200 0.305 Oval @
SABUM171 1.038 Cushion CD SABUM204 0.892 Triangular .
SABUM172 0.431 Oval @ SABUM282 7.323 Cushion, o
cabochon

SABUM173 0.332 Oval @ SABUM284 1.294 Cushion ‘
SABUM174 0.708 Oval 3 SABUM285 0.897 Cushion O
SABUM175 0.448 Oval @ SABUM286_1 0.162 Rough w
SABUM176 0.480 Oval ' SABUM286_2 0.240 Rough .
SABUM177 0.314 Oval @ SABUM286_3 0.403 Rough @
SABUM178 0.321 Oval @ SABUM287 0.847 Rough '
SABUM179 0.452 Oval a

A“SABUM” is the Giibelin Gem Lab’s acronym for “SApphire BUrma Mogok.”
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MATERIALS AND METHODS

For the initial study, 30 unheated and faceted blue
sapphires, ranging in size from 0.20 to 1.63 ct, were
analyzed (table 1). One of the authors obtained the
faceted samples directly from the miners at the source.
Additional samples, including two faceted sapphires
(SABUM284 and SABUM285), a 7.32 ct cabochon
(SABUM282), and a rough sapphire lot, were collected
from the mining operation for confirmation of the ini-
tial data. The rough material was gathered directly

BLUE SAPPHIRES FROM BAW MAR, MOGOK

Figure 6. Left: Miners
use excavators to re-
move gem-bearing over-
burden gravels. Right:
The gravels are trans-
ported downstream to
the washing plant using
water supplied by the
pipes. Photos by Hpone-
Phyo Kan-Nyunt.

from the washing plant by the authors. Four rough
sapphires were ultimately used in this study, ranging
in size from 0.16 to 0.84 ct (SABUM286_1,
SABUM286_2, SABUM286_3, and SABUM287).
Standard gemological instruments were used to ob-
serve the samples’ long- and short-wave UV fluores-
cence reactions (6W lamps emitting at 365 and 254
nm, respectively) and to measure their refractive index,
birefringence, and pleochroism. Specific gravity was
determined hydrostatically with an electronic balance.

Figure 7. These photos
show part of the shaft
system of the Baw Mar
mine (left) and horizon-
tal development of the
tunnel (right). Photos
by Hpone-Phyo Kan-
Nyunt.
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Figure 8. In this washing plant, gem gravel is concen-
trated and placed in drums. Photo by Daniel Nyfeler.

Internal features were examined using various gemo-
logical microscopes.

Energy-dispersive X-ray fluorescence (EDXRF)
analyses were carried out at GGL with a Thermo
Scientific ARL Quant’X. Sample holders with an aper-
ture of 5 mm diameter were used, and specific sets of
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parameters were optimized for the most accurate
analysis of corundum. Various conditions were used
for filters and voltage (no filter/4 kV, cellulose/8kYV,
aluminum/12kV, thin palladium/16 kV, medium pal-
ladium/20kV, thick palladium/28kV, and thick cop-
per/50kV), with an acquisition time of about 40
minutes for each sample. Twelve samples were ana-
lyzed by laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICP-MS). All analyses were
performed on a Perkin Elmer ELAN DRC-¢ single col-
lector quadrupole mass spectrometer combined with
a 193 nm ESI Excimer gas laser ablation system. A set
of three single-spot analyses (120 pm diameter] was
collected on each sample using a laser frequency of 10
Hz and an ablation time of 50 seconds at a laser energy
of 6.2 J/cm?. The mass spectrometer performance was
optimized to maximum intensities at U/Th ratios of
~1 and ThO/Th < 0.3 using 16.25 liters per minute
(L/min) Ar plasma gas, 0.88 L/min argon as nebulizer
gas and 1 L/min helium as sample gas. Multi-element
NIST610 was the glass standard used for external cal-
ibration; internal calibration was done by normalizing
to 100% cations of stoichiometric corundum. The
data reduction was carried out using an in-house
spreadsheet following Longerich et al. (1996).

Figure 9. Top left: The
sapphires from Baw Mar
are sorted into different
sizes and qualities.
Some of the larger
pieces can reach over 20
cm in length. Top right:
The non-gem-quality
portion of the rough is
clipped off. Bottom left:
After clipping, stones
like the one here are left
for faceting. Bottom
right: Preforming sap-
phire from Baw Mar.
Photos by Lore Kiefert
(top Ieft), Daniel Nyfeler
(bottom lIeft), and
Hpone-Phyo Kan-Nyunt
(top and bottom right).
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Polarized absorption spectra in the 200-1500 nm
range were recorded using a Cary 5000 ultraviolet/vis-
ible/near-infrared (UV-Vis-NIR) spectrometer with
diffraction grating polarizers. The data sampling in-
terval and spectral bandwidth of each measurement
were set at 0.5 nm and a scan rate of 150 nm/min.
FTIR absorption spectra were acquired between 6000
and 400 cm™!, using a Varian 640 FTIR spectrometer
with 4 cm™ resolution and 64 scans (background spec-
tra were collected using the same parameters). A Ren-
ishaw Raman System 1000 spectrometer, coupled
with a Leica DMLM optical microscope, was used to
characterize accessible inclusions. Unpolarized and
unoriented spectra were recorded using 514 nm argon
ion laser excitation at 10 mW in standard mode (with
20x magnification), from 200 to 2000 cm™! (three cy-
cles with an acquisition time of 30 seconds) at approx-
imately 1.5 cm™ resolution. Rayleigh scattering was
blocked by a holographic notch filter; the backscat-
tered light was dispersed on an 1800 groove/mm holo-
graphic grating with the slit width set at 50 pm.

RESULTS AND DISCUSSION

Most of the samples were pleochroic, from greenish to
violetish blue, with medium to strong saturation and
medium to dark tone. With the exception of the less
saturated sapphires, the samples exhibited their deeper
blue pleochroic color parallel to the c-axis (o-ray). Con-
sistent gemological properties included RI (n,=1.760—
1.764, n,=1.768-1.772), birefringence (0.008), and SG
(3.96-4.01). All samples were inert to long- and short-
wave UV radiation.

Figure 10. Strong polysynthetic twinning in SABUM 163,
causing color zoning. Photomicrograph by Hpone-Phyo
Kan-Nyunt; magnified 30x.

Figure 11. Needles, presumably of boehmite, associ-
ated with stressed tension fissures at the intersection
of twin planes in SABUM163. Photomicrograph by
Hpone-Phyo Kan-Nyunt; magnified 25x.

Microscopic observation demonstrated that the
samples were relatively free of inclusions, occasion-
ally showing strong polysynthetic twinning (as in fig-
ure 10), in two or three directions parallel to the
rhombohedral face r {1011}. The twinning is associated
with parallel “needle-like” deposits, presumably of
boehmite, at the intersections of two sets of twin
planes, or in three directions nearly perpendicular to
each other when three sets of twin planes were pres-
ent, often associated with small fissures along these
“needles” (figure 11). Also observed were even color
zoning; healed fissures consisting of fine negative crys-
tals that can be seen in figure 12; fine reflective
platelets (figure 13); brownish irregular needles, as in
figures 14 and 15, that are presumably ilmenite; and
only rarely a few short needles, exhibited in figure 15,

Figure 12. Healed fissure consisting of negative crys-
tals in SABUM169. Photomicrograph by Hpone-Phyo
Kan-Nyunt; magnified 25x.

BLUE SAPPHIRES FROM BAW MAR, MOGOK
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Figure 13. Reflective minute particles and platelets in
SABUM161. Photomicrograph by Pierre Hardy; magni-
fied 120x.

that are most likely rutile. Seldom were crystal inclu-
sions observed; sample SABUM285, shown in figure
16, is such an example. The samples often showed re-
flective open fissures as well as open fissures with epi-
genetic material, as seen in figure 17. Unlike Mogok
sapphires described in the past, where rutile needles
and crystal inclusions such as zircons, apatite, plagio-
clase, and phlogopite mica are often encountered (Gii-
belin and Koivula, 1986; Kiefert, 1987; Hughes, 1997;
Themelis, 2008; Smith, 2010), only a few samples
from Baw Mar contained short rutile needles and crys-
tal inclusions. Using Raman spectroscopy, these in-
clusions were identified as mica and K-feldspar (see
Tlili et al., 1989 and Freeman et al., 2008, respec-
tively).

Figure 14. Irregular needle-like particles in
SABUMZ284, probably ilmenite. Photomicrograph by
Pierre Hardy; magnified 60x.
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Figure 15. Short needles, probably rutile, and some irreg-
ular needles, most likely ilmenite, in SABUM 166. Pho-
tomicrograph by Pierre Hardy; field of view: 2 mm.

EDXRF chemical analysis of the major and minor
elements of 30 samples revealed Fe between 1000 and
6800 ppmw, with an average of 4400 ppmw. Ga ranged
between 45 and 180 ppmw, with an average of 110
ppmw. The Ti values were relatively low, from below
EDXRF’s detection limit (in nine samples) to 140
ppmw, with an average of 30 ppmw. All other meas-
ured elements (V, Cr, Mg, Mn, Nb, Zr, Sn, and Pb)
were below detection limit (bdl). LA-ICP-MS analysis
of 12 samples revealed Fe from 900 to 4500 ppmw,
"1Ga from 35to 115 ppmw, “Ti from 15 to 115 ppmw,
Mg from 5 to 80 ppmw, and >'V from 0.5 to 50 ppmw.
All the other measured elements ("Li, ®Be, #Ca, **Sc,
%Co, ®Ni, $Cu, %Zn, Ge, $Rb, #Sr, ¥Y, ©Zr, Nb,
118Gn 13Cs, 137Ba, 13La, 149Ce, 1Ta, 182W, 1%Pt, and

Figure 16. K-feldspar crystal in SABUMZ285 identified
by Raman spectroscopy. Photomicrograph by Pierre
Hardy; magnified 100x.
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Figure 17. Epigenetic material on an open fissure in
SABUM179. Photomicrograph by Pierre Hardy; mag-
nified 60x.

22Th) were bdl. The >*Cr, ®>Mn, »Na, and 2**Pb levels
were also generally bdl and rarely slightly above. The
Ga/Mg ratio was used to differentiate blue sapphires
of different geological origin. For example, Ga/Mg>10
suggests “magmatic” origin, whereas Ga/Mg<10 sug-
gests “metamorphic” origin (Peucat et al., 2007).
Within the studied samples, the Ga/Mg ratio varied
from 0.6 to 17; this further confirms the complicated
geological origin of the blue sapphires from this area.
Slight differences between the element concentrations
measured with EDXRF and LA-ICP-MS are probably
due to different measurement areas (smaller for LA-
ICP-MS), different detection limits (much lower de-
tection limit for LA-ICP-MS), as well as some
inclusion effects.

Figure 18 shows polarized UV-Vis-NIR spectra in
the 250-1000 nm range for sample SABUM282.. Most
other samples presented very similar spectra. We ob-
served the Fe’*-related series of bands in the violet and
blue areas of the spectrum, between 370 and 490 nm,
which had relatively high intensity (Ferguson and
Fielding, 1971; Eigenmann et al., 1972; Schmetzer,
1987). A cutoff above 300 nm and an intense shoulder
in the UV region at around 340 nm were also ob-
served. The larger samples showed a cutoff at around
340 nm, because the iron-related feature there satu-
rated the spectrophotometer detector due to the
longer beam path. The large bands absorbing from
green to the near-infrared were due to Fe?*-Ti* and
Fe?*-Fe* pairs (Ferguson and Fielding, 1971; Schmet-
zer, 1987). All the samples showed similar spectra.
Unlike classic Burmese sapphires, the samples from
Baw Mar contain high Fe** UV-Vis absorption peaks
in the violet and blue; most also show an intense
shoulder in the UV region at ~340 nm, as seen in fig-
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Figure 18. The polarized UV-Vis-NIR spectra from 250 to
1000 nm of sample SABUMZ282 show pronounced bands
related to Fe (in the violet and blue) and a Fe*?/Fe*® pair
(in the near infrared), as well as less-intense bands (in
the green) due to Fe?/Ti* pairs. The spectra are normal-
ized to a millimeter thickness. The top spectrum (o-ray)
is offset by 0.1 absorbance units for clarity.

ure 19 (Hinni, 1994). The intensity of Fe**/Fe* bands
situated in the near-infrared area varies greatly, and
can in some cases be mistaken for the spectra of
basaltic sapphires (Kiefert, 1987).

Figure 19. The polarized UV-Vis-NIR spectra from 250 to
1000 nm of a “classic” Burmese blue sapphire are differ-
ent from those of Baw Mar blue sapphire. The spectra are
normalized to a millimeter thickness. The top spectrum
(o-ray) is offset of 0.1 absorbance unit for clarity.
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Unpolarized FTIR spectra of some samples present
multiple series of bands above 3000 cm™, probably due
to hydrous mineral inclusions such as mica and
boehmite (Smith, 1995; Beran and Rossman, 2006).
Many of the samples we studied did not show bands
in this region, however. Raman spectra of the few rare
crystal inclusions observed were consistent with mica
and K-feldspar.

CONCLUSION

Blue sapphires collected from the Baw Mar mine in
Mogok showed properties distinctly different from
those associated with “classic” Mogok blue sapphires.
The Baw Mar samples, which are formed in syenite
which intruded into weathered gneiss, as well as from
pockets formed at the exposed leucogranite, typically
exhibit greenish to violetish blue colors. They are often
free of inclusions, sometimes with twinning in multi-
ple directions and needles (most likely boehmite) at
the intersections of the twin planes. They also exhibit
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firmed by FTIR. Additional research is underway on
the Baw Mar sapphire geological formation, as well as
on classic Burmese blue sapphires and similar-looking
material from other mines worldwide. This research
will shed further light on the positive identification of
samples from this mine, as well as increase under-
standing of the differences observed in blue sapphire
from other localities.

ACKNOWLEDGMENTS

We would like to express our deep gratitude to the people of
Mogok for their guidance and constructive criticism in the field. In
particular, the authors are grateful to Mr. Kyaw Swar from AGGL
Gem Lab in Yangon for his assistance and sharing insightful knowi-
edge during the field trip, as well as to the local contact, Mr. Yae
Myo Aung, for his support and arrangements throughout the visit.

Heidelberg, 203 pp.

Kyaw Thu (2007) The igneous rocks of the Mogok Stone Tract:
Their distribution, petrography, petrochemistry, sequence,
geochronology and economic geology. Ph.D. thesis, Yangon
University, Yangon, Myanmar, 139 pp.

Longerich PH., Jackson E.S., Giinther D. (1996) Inter-laboratory note.
Laser ablation inductively coupled plasma mass spectrometric
transient signal data acquisition and analyte concentration cal-
culation. Journal of Analytical Atomic Spectrometry, Vol. 11,
No. 9, pp. 899-904, http://dx.doi.org/10.1039/ja9961100899.

Peucat J.-J., Ruffault P, Fritsch E., Simonet C., Lasnier B. (2007)
Ga/Mg ratio as a new geochemical tool to differentiate magmatic
from metamorphic blue sapphires. Lithos, Vol. 98, No. 1-4, pp.
261-274, http://dx.doi.org/10.1016/j.1ithos.2007.05.001.

Schmetzer K. (1987) Zur Deutung der Farbursache blauer Saphire-
eine Diskussion. Neues Jahrbuch fur Mineralogie, Monatshefte,
Vol. 8, pp. 337-343.

Smith C.P. (1995) A contribution to understanding the infrared
spectra of rubies from Mong Hsu Myanmar. Journal of Gem-
mology, Vol. 24, No. 5, pp. 321-335.

(2010) Inside sapphires. Rapaport Diamond Report, pp.
123-132.

Tlili A., Smith D.C., Beny J.M., Boyer H. (1989) A Raman micro-
probe study of natural micas. Mineralogical Magazine, Vol. 53,
No. 2, pp. 165-179, http://dx.doi.org/10.1180/minmag.1989.
053.370.04

Themelis T. (2008) Gem and Mine. A&T Publications, 352 pp.

Gems & GEMOLOGY WINTER 2013


https://053.370.04
http://dx.doi.org/10.1180/minmag.1989
http://dx.doi.org/10.1016/j.lithos.2007.05.001
http://dx.doi.org/10.1039/ja9961100899
http://dx.doi.org/10.3749/canmin.46.6.1477
http://dx.doi.org/10.1016/0009
http://dx.doi.org/10.1016/0009-2614(72)80041-1
http://dx.doi.org/10.1127/0935-1221/2006/0018-0441
mailto:fanos.karampelas@gubelingemlab.com
mailto:hpone.phyo@gubelingemlab.com



