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Abstract: Since 1983, gem-quality rubies have been recovered from the Luc Yen
and Quy Chau mining areas in northern Vietnam. Since 1991, “basaltic™-type
blue-green-yellow (‘BGY") sapphires have been mined in southern Vietnam.

This article briefly reviews the history and geology of these different areas and
shows the importance of marble and basalt-type deposits. Other types of corundum
occurrences are found in amphibolite, pegmatite, gneiss and metasomatite.

The gemmological, chemical and isotopic characteristics of these different types of
corundum are described.

The most notable features of rubies contained in marbles are that many crys-
tals have blue colour zones, and inclusions of rutile, anhydrite and salts. The pri-
mary fluid inclusions are composed of carbon dioxide and hydrogen sulphide with
native sulphur and diaspore daughter minerals. Sapphires from placers in basalts
are characterized by inclusions of columbite, pyrochlore and baddeleyite. The trace
element contents of corundums allow distinction of rubies in marbles from
sapphires in basalts and metamorphic rocks. Rubies have high chromium
(0.54<CryO4<0.66 wt.%) and low iron (0.01<FeO<0.07 wt. Y% ) contents.

The geological origin of Vietnam corundums can be clearly determined from the
fsumpm composition of their structural oxygen, i.e. 6 180 = 21.0 + 0.9%o for
rubies in marbles and 8180 = 6.6 + 0.4%. for sapphires in basalts.
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Figure 1: (a) Gem-quality rubies from the Quy Chau deposit in Vietnam. The samples range from 1.36 to 6.21 ct.
(b) Two stars rubies from Tan Huong deposit (13.67 and 15.86 ct, respectively). Photographs by Pham Van Long.

Introduction

Gem corundums have been known in
Vietnam since 1983. During the last ten years,
Vietnam has become a significant ruby and
sapphire-producing country in south-east
Asia (Figure 1).

In this paper, the term ruby is used for
Cr-bearing corundum including pink and
purple coloured crystals.

Development of the gem industry is due to
the important programme of geological field
mapping maintained by the Vietnamese
government. These geological investigations
resulted in the first discovery of rubies in
marbles and in the development of
prospecting programmes leading to the
discovery of corundum-bearing placer
deposits. At the same time, thousands of local
peasants searched for ruby and sapphire and
in 1991, alluvial sapphires related to basalts
were found in Southern Vietnam. Scientific
investigations of the genesis of these deposits
led to several publications (Kane et al., 1991;
Dao et al., 1996; Dao and Delaigue 2000, 2001;
Garnier ¢f al., 2002; Pham Van, 1999, 2002)
and international workshops (Hofmeister
et al., 2001). The aim of this paper is to
present a detailed review of the main types
of gem corundum deposits in Vietnam
within their geological framework. Their
gemmological and mineralogical properties
are compared with the intention of finding
features which would allow one to identi fy
Vietnamese corundums after removal from
their geological environment.

Discovery of gem
corundum in Vietnam

Rubies and sapphires have been found and
mined in many places in Vietnam (Figure 2).
Rubies and blue sapphires are now exploited
in the northern part of the country, respectively
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Figure 3: Geological map showing the major tectonic domains of the Red River shear zone with locations of the main corundum
occurrences and deposits (adapted from Phan Trong and Hodng Quang, 1997).

in the Yen Bai province from the Luc Yen and
Yen Bai mining districts and in the Nghe An
province from the Quy Chau deposits. In
southern Vietnam, the corundums commonly
include blue-green-yellow sapphires called
‘BGY’-sapphires by Sutherland et al. (1998a),
which are now exploited in the Dak Nong
and Binh Thuan deposits in the Dak Lak and
Lam Dong provinces respectively.

In 1983, ruby was discovered by a geologist
during field mapping in the An Phu area
(Luc Yen district), 270 km north of Hanoi
(Figure 3). This corundum occurrence was
investigated in detail and mining started in
1987. In March 1988, Vinagemco

Gem corundum depasits in Vietnam

(Vietnam gemstones company) was set up by
the Vietnamese Government to control the
mining activity. In the same year, Vinagemco
and Boonsing-Hang Mining Company from
Thailand established a joint-venture with the
aim of mining the Khoan Thong placer
(Figure 3). From November 1989 to March
1990, the company recovered about 244 kg of
gem-quality corundums. Almost all the
production was cut and traded in Bangkok.

From 1990 to 1994, thousands of
independent miners swarmed over the area
and some new gem-quality corundum
occurrences were found in places such as
Minh Tien, Nuoc Ngap, Hin Om, Khau



Figure 4: (a) Tan Huong ruby rough and one cabochon cut
from ruby found in the Tan Huong placer located on the
Day Nui Con Voi metamorphic range (northern Vietnami),
(b) Ruby boulder from Tan Huong placer mine.
Photographed i 1998 by Gaston Giulimil.

Nghiem, Vang Sao, May Thuong and May Ha

(Figure 3). At the same time rubies, sapphires
and other minerals already sorted in placers
were found, and with corundum crystals
from the marbles, were brought to the
gemstone market in Luc Yen.

Between 1994 and 1995, rubies were
discovered in the Tan Huong and Truc Lau
areas (Figure 3). These two mines are now
directly managed by the Yen Bai Gem and
Gold Company. Boulders of corundum up
to 1 kg with zones of gem quality ruby are
common in these placers (Figure 4a, b).

In April 1997, two huge ruby crystals were
found in the placer of Tan Huong with
weights respectively of 2.58 and 1.96 kg.
These two stones of very high quality have
been declared State treasure and can be

displayed but not sold.

The Quy Chau mining district is located
about 120 km north-west of the city of Vinh
(Nghe An Province), about 300 km south of
Hanoi (Figure 2). In 1988, rubies and blue
sapphires were discovered in concentrates
from alluvial deposits. Between 1989 and 1990,
10,000 miners migrated to the region from all
over Vietnam. The illegal mining activities
were outside the control of the Nghe An
People’s Committee and hundreds of people
died when, in July 1990, there was a collapse
in the Ho Ty mine (Billion hill mine, Figure 5a).

In addition to the monthly auctions of the
rubies held by the provincial government,
thousands of carats of rough rubies of high
gem-quality have been sold to Thai traders.
In an auction in 1996, a 56 ct rough ruby
was sold for US $562,000. In 1996, the
management of the Quy Chau deposits was
taken over by the Nghe An Gem and Gold
Company. Since then, hundreds of kg of rubies
have been recovered. Production was first
displayed for auction on September 15, 2001,
and since July 2002, weekly auctions have
been held at the head office in Hanoi of the
Vietnam National Gem and Gold Corporation
(which organized the sale of gems mined by
the Nghe An Gem and Gold Company).

Since 1991, ‘BGY’ sapphires have been
found in many places in southern Vietnam.
The first discovery occurred in Dak Nong
(Dak Lak province) and the second in Di Linh
(Lam Dong province). Very dark blue
sapphires have been found also in Ham Thuan
(Binh Thuan province). These sapphires range
from transparent to translucent or Opaque, but
the percentage of transparent gem quality
material has been very low. From 1992 to 1995,
the mine was exploited by local peasants and
hundreds of kg of sapphires were illegally
mined and sold. In 1996, the Tay Nguyen Gem
and Gold Company was created to manage
the mining of the deposits. The company
carried out a detailed investigation and the
mine opened in 1997. Although thousands of
kilograms of sapphires were mined, they were
mostly of very low gem quality and the
mining activities in Tay Nguyen ceased tinally
i1 2000.
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Figure 5: The Quy Chau
mining area. (a) View of
the famous Billion hill
wine which became a
lake after the end of its
exploitation in July
1990. (b) The Doi San
placer in 1998. (c) View
of the new dressing plant
in October 2001. (d) The
ruby-free skarn in Quy
Chau consisting of
alternating bands of
green calc-silicates and
brown to black phlogopite
in marble.

Materials and methods

The corundums used for this study were
purchased by the authors during different field
seasons at the mine sites and consist of faceted
and rough rubies and sapphires. Optical
properties of the samples were obtained by
standard gemmological methods. Internal
features were examined with a gemmological
microscope, a Hitachi 2500 scanning electron
microprobe (SEM) and the inclusion
compositions obtained by energy-dispersive
spectrometry (EDS). Rubies and sapphires from
different geological environments and covering
the full colour range of the samples were
analysed by a CAMECA Camebax 5X 50
electron microprobe with wavelength-dispersive
spectrometers (WDS). The operating conditions
of the electron microprobe were: an accelerating
voltage of 10 kV, beam current of 10 nA,
collection time of 10 s for major elements, and
20 kV, 100 nA, 30 s respectively for trace
elements. The ‘BCY’ sapphires were also
analysed by a semi-quantitative EDXRF method
using a spectrace 5000 EDXRF system (Stern,
1984). The compositions of selected fluid
inclusions and solid inclusions were obtaincd
using a Labram Jobin-Yvon Raman micro-
spectrometer. The excitation radiation was the
514.5 nm line of an Ar-ion laser (2020 Spectra-
physics) that delivered 10-20 mW at the sam ple
surface. The oxygen isotopic composition of
rubics and sapphires was analysed following o
modification of the laser-fluorination
?m_‘ln‘.iquv described by Sharp (1990).

crnmdum deposits i Yistnam




Gem corundum deposits

Two main types of gem-corundum
deposits are found in Vietnam: rubies and
sapphires in metamorphic rocks (northern
Vietnam) and ‘BGY’-sapphires in basalts
(southern Vietnam).

Corunduim in northern Vietham
The Yen Bai and Luc Yen mining districts

1. The primary corundum occurrences of
Yen Bai occur within the high-grade
metamorphic gneisses forming the Day
Nui Con Voi range (Figure 3), which
extends to the southeast from the Ailao
Shan in Yunnan (China). This range is
bounded by lateral strike-slip faults
forming the major Cenozoic geological
discontinuity in East Asia known as the
Ailao Shan-Red River shear zone.

The Day Nui Con Voi range is composed
of high-grade metamorphic rocks with
sillimanite-biotite-garnet gneisses, mica
schists with local successions of marbles
and amphibolites. The deformation
occurred under amphibolite facies
conditions (pressure = 4-6.5 kbar and
temperature = 600-750°C, Phan Trong et al.,
1998; Leloup ef al., 2001). Corundum occurs
(A) as grey to blue sapphires in garnet-
sillimanite-mica schists and gneisses
containing leucosome and leucocratic
granitoid dykes (Truc Lau gneisses and
Khe Nhan metapegmatite); (B) in
amphibolites transformed by metasomatism
into biotite schists with some layers
containing centimetre-sized grey to dark-
grey sapphires (north of Tan Huong mine,
Km 15 occurrence; Figure 3); (C) as rubies
in large marble boudins intergrown with

Figure 6: (a) Partial view of the Khoan Thong placer worked from 1989 to 1996 in the Luc Yen area. In the middle distayice are
karst hills showing the classical karst erosion patterns of marbles. (b) Part of the washing plant at the Taw Huong mine. (¢) The
primary Bai Da Lan riby deposit hosted in marbles viewed fron Hie Thae Ba dam. (d) Typical fresh section of banded marbles

churacterized by alternating bawds of white and dark niarble consisting of carbonates, phlogopite and wraphite. All photographs
by G Gindiani in 1998,

. Gemin., 2004, 29, 3, 129 147
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gneiss, mica schist and amphib()le (Tan
Huong drill cores). These marbles represent
previous limestones interleaved with
mudstones, which were sheared and
metamorphosed during the tectonic

activity along the Red River shear zone.

The gems occur in placer deposits along
the shear zone such as at Tan Huong
(Figure 6b) and Truc Lau. The paleoplacer
of Truc Lau consists of 10 m of sediments
overlying bedrock. The rubies and blue
sapphires are contained in a gravel layer,
5 m thick, overlain by 3.5 m of Quaternary
sediments and 1-1.5 m of soil. In 2002, up
to two boulders (1-2 kg) of ruby were
recovered every month in the paleoplacer.
In the Tan Dong placer, assemblages of
blue sapphire-margarite-plagioclase are the
remnants of metasomatized pegnwtitcs.
Blue trapiche-like sappl'lirurs are found
together with rubies and grey to pale blue
sapphires in the placers of the Yen Bai area.

['he ruby and sapphire deposits of Luc Yen
accur in nwdemle—i(,\—high temperature
recrvstallized marble units or Upoer

Proterozoic-lLower Cambrian age in the

Qrure gy depiosits o o

castern side of the Red River shear zone:

the Lo Gam zone (Figure 3). Primary ruby
occurs (A) as crystals disseminated within
marbles (Figure 7c) with phlogopite
(Figurf' 7a), dravite, margarite, pyrite,
rutile, spinel, edenite, pargasite (Figure 7d)
and graphite (Bai Da Lan, An Phu, Minh
Tien, Nuoc Ngap, Luc Yen and Khoan
Thong mines); (B) in veinlets associated
with calcite, dravite, pyrite margarite and
phlogopite (An Phu mine); (C) in fissures
with graphite, pyrite, ph]ogop1te and
margarite (Bai Da Lan mine, Figure 6¢;
Minh Tien region, Figure 6d). Gravels form
placer deposits in karst topography
(Figure 6a) and in alluvial fans in the Luc
Yen valleys with blue, pale yellow and
colourless sa pphires, rubies and trapiche
rubies (Figure 7b), and bipyramidal grey to

brown sapphires (Figure 7¢).

The Ba Be sapphire occurrence

The Ba Be sapphire occurrence is located in
the Bac Kan province, 320 km north of Hanoi
(Flgure .
and the g;llﬁl"ru—m:m,/

3). It is close to the granite of Nui Chua
onite of Hloang Tri. The
colourless to pale blue sapphire occurs in a
pegmatite composed of quartz, K-feldspar and

muscovite which intrudes schists and marbles.




The Quy Chau mining district

In this area, located 200 km south of the
Red River shear zone, the Bu Khang dome
(Figure 8) consists of a broad antiform of
Paleozoic and Mesozoic sedimentary and
meta-sedimentary rocks overlying a core of
mica schists, granitoid rocks, paragneisses
and orthogneisses (Jolivet et al., 1999). The
north-eastern part of the dome is limited by
the major extensional Cenozoic shear zone
of Quy Chau where the corundum deposits
are located.

Rubies and blue sapphires have been
mined since 1987 in the placer deposits of Doi
Ty, Doi San, Mo Coi and Quy Hop (Figure 8).
The corundums occur mainly in the Quy
Chau area (A) as very rare (and non-economic)
rubies disseminated in marbles associated
with pyrite and graphite, and (B) in placers
which form the economic deposits (Figures 5a,
b, ¢). In the Doi San and Doi Ty area, granitic
intrusions linked with the injection of

103 119
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pegmatites are responsible for calcium-
magnesium-rich skarns in the surrounding
marbles, amphibolites, gneisses and mica
schists (Figure 5d). Ruby has not been found
in either the skarn or the pegmatite and its
genesis remains unclear. Blue sapphire is
very rare.

Corundum in southern Vietnam

In the Dak Nong area, sapphires are found
in weathered residual soils lying above alkali
basalt flows and also in placer deposits in the
river and stream fans (Figure 9a). Generally,
the alluvial corundums resemble megacrysts
found in situ in the basalts, but in Dak Nong,
‘BGY’-sapphires have not been found in the
host rocks. Their colours range from dark
blue, through blue, green to yellow and some
are colourless. The crystals occur as broken
fragments but remains of the original habits
are often present. Prisms and bipyramidal
crystals may be up to 15 mm long and
2-4 mm wide.

OQuuternary lonnations

Prie X Formation : arenite, shale. cuil

Dong Traw Formation. Lower  membey

conglomerate, arenite. sand. felsies

Bac Son Formation:  limestone,  dalomitic
limestane, siliceous limestone

far Khe Formation: guartzite. shale, schists,
Timestone, arenite
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Figure 8: Geological map of the Bu Khang dome showing the location of the ruby aind sapphire deposits of tie Quy Chare aind
Quey Hop mining districts Gnap modified after Jolivet et al., 1999).
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[n the Binh Thuan area, the sapphires
have barrel-shaped habits (Figures 9b, d),
and are blue to very dark blue. Some
crystals show rounded glassy-looking
margins indicating high-temperature
corrosion, indirect evidence of transport
in a magma (Figure 9¢). In the Da Ban
arca (Binh Thuan province) megacrysts of
dark-blue sapphires are sometimes found
within alkali-basalts.

Gemmoilogical properties
: ‘3:."‘|' ical charqcteristics

Colowr: Corundums from the Quy Chau
deposits range from moderate to high
saturations of purplish red to purplish pink
for ruby to blue for sapphire. In contrast, the
corundums from the Yen Bai and Luc Yen
deposits show all tones from red to pink
fruby), and grey to blue and colourless to
pale vellow sapphire. The rubies from Luc

Veo are usuatly less saturated than thoso

Figure 9: The 'BGY -sapphire deposits
related to basalts in southern Vietnam.
(a) View in 2001 of the Dak Nong placer
deposit located in alluvial fans.

(b) Corundum crystal found in alluvial
soils above a basalt. (c) Alluvial corun-
dum from the Bin Thuan area showing
reflective surface attributed to high
temperature corrosion which is indirect
evidence of magma transport (small
dots on the crystal surface). (d) Barrel-
shaped habit of a deep-blue sapphire
originating from the Binh Thuan areq.
Phatographs by G. Giuliani.

Corundum from southern Vietnam is

commonly dark blue or greenish-blue and less
commonly yellowish-blue. A small proportion
of the corundums from the Binh Thuan deposit
possess a very dark tone and yield deep blue
cut stones.

Refractive index (R1): The Rls of rubies and
sapphires were obtained in the Centre for Gem
and Gold Research and Identification (VCCC)
using a Gem Duplex I instrument and all
results woere in the ra nge 1.762 to 1.770, bire-

fringence 0.008, which are normal for corundum




Specific gravity (SG): SGs were determined
by the hydrostatic weighing method. The
samples from Quy Chau (faceted and rough
stones) gave values between 3.94 and 4.05;
those from Luc Yen have values between 3.92
and 4.01. In both deposits, the SGs of the blue
sapphires tend to be higher than those of red
and pink rubies. Compared to the rubies and
sapphires from Luc Yen and Quy Chau, most
‘BGY’-sapphires from southern Vietnam gave
SG values between 3.97 and 4.00 but some
had SGs up to 4.08, which are exceptionally
high for corundum.

UV luminescence: All the red and pink
samples from Quy Chau and Luc Yen
appeared red when exposed both to long-
wave (366 nm) and short-wave (254 nm)
ultraviolet radiation. The Quy Chau crystals
tended to show stronger fluorescence than
those from Luc Yen. Interestingly, some blue
sapphires from Luc Yen (Khoan Thong area)
also appeared red under both long- and
short-wave ultraviolet radiation.

Internal characteristics

Tewinning: The samples from Quy Chau and
Luc Yen commonly show both lamellar and
polysynthetic twinning,

Growth features: Straight and angular
parallel growth features are quite common in
rubies and sapphires from Luc Yen and Quy
Chau. Other investigations (Kane et al., 1991)
have described a swirl-like growth effect that
is common in Burmese rubies and coloured
sapphires from Vietnam.

Colour zoning: Some samples in this study
show colour zoning. The colour zones range
in size from narrow to broad arcas generally
parallel to the largest flat face of the sample.
[n many samples, dot-like and band-like
colour zones are present. These are casily seen
by immersion in methylene iodide, and even
a blue zone can be distinguished against a
background of red and pink zones.

The sapphires from southern Vietnam
usually show alternation of colour bands
indicating consecutive growth layers of
light blue, colourless, grecnish-biue or

vellowish-blue.

Solid inclusions: The different solid inclusions
identified in Viethamese corundums are listed
in Table I. The most common mineral inclusions
found in the Luc Yen and Quy Chau rubies are
calcite, dolomite, rutile, diaspore and
phlogopite. These minerals are also found in
the marbles. SEM studies also confirmed the
common occurrences of crystals of anhydrite
and other salts (of Na-Cl; Ca-Cl; K-CI).

In contrast to the sapphires originating from
basalts, rubies do not contain any columbite,
ilmenite, pyrochlore or baddeleyite inclusions.
In rubies, rutile is characteristically present as
short needles and also as twinned plate-like
crystals; less commonly, it appears as
transparent orange brown or opaque crystals
trapped along the growth zones. Zircons are
found in corundums from both types of
deposit and they have allowed indirect dating
by the U/Pb method. The calculated ages of
corundum formation are between 38 and 34
Ma for the Luc Yen and 34 to 27 Ma for the
Quy Chau ruby deposits (Garnier et al., 2002),
and 6 to 1 Ma for the Dak Nong sapphires
(Garnier et al., 2004).

Fluid inclusions: Three main types of fluid
inclusions were recognized in the rubies from
lLuc Yen and Quy Chau on the basis of their
relative chronology (Hoang Quang et al., 1999;
Giuliani et al., 2003 a, b).

1. Type A fluid inclusions (primary) are 20 to
200 um long and occur as isolated or oriented
clusters from the core to the rim of the crys-
tals (Figures 10a, b); they are best observed
in longitudinal sections. Type A inclusions
are commonly two-phase fluids (liquid and
vapour carbon dioxide phases) but some are
associated in a single growth zone with sin-
gle phase carbon dioxide-rich inclusions.
The volumetric fraction of the carbon diox-
ide-rich liquid in the carbon dioxide-rich
phase shows degrees of filling (Flc) ranging
between 60 and 100%, (Table [1)

These inclusions display two Kinds of
morphology: (i) cuhedral negative crystals
with polygonal or square outlines found in
planes parallel to the basal pinacoid ¢ (00G1);
(ii) flat or broad tubes, some with a cap of a
mineral inclusion. Diaspore is found either

Gemn, 2004, 2% 4 0290 4y



Table I: Solid inclusions identified in Luc Yen and Quy Chau rubies from marbles and in sapphires from basaltic deposits.

Solid Inclusions Luc Yen rubies Quy Chau rubies Basaltic sapphires
Anatase 2 2
Andalusite 1
Anhydrite 8 8
Anorthite 1
Apatite 6 6 1
Baddeleyite 1
Boehmite 6
Brookite
Calcite
Columbite 5
Corundum 2 2
Diaspore
Dolomite 4
Goethite 5
Graphite 2 2
Halite 8 8
Hematite 2
Hercynite 2
[Imenite 5
Lil;ﬂ()ﬂil&‘ _. 7 7
| Margarite _ 4 4 - 5
M{)na_zite '7
Muscovite 2 2
Nepheline 7 7
i lNustrandite 6
I’hloéopite 6 ™
Plagioclase 5
Pyrite 4 4
Pyrochlore 5
j’yrrhoti‘te 6
Rutile 6 8
; 'l"itanié 7 i 7
_N a, Ca, K-Cl salts 8
Spi_nel 1 T
" Tourmaline 9 a 7
. Zircon 2 2 N I
Zoisite N o J .

1

i this study; 2: Pham Van (1999 3 Pham Van (2002); 4 Hoang Quang ¢f al. (1999); 5: Smith ef al. (1995);
L"i Kane ¢t al, (19910 7: Dao of al. (1996); Dao and Delaigue (2000, 2000); 8: ¢ duliant ef al., (2000 a, b)
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2. Type B fluid inclusions (pseudo-
secondary). These appear as small clusters
or isolated in crystals and are mainly
related to small intra-granular fractures.
Planes of fluid inclusions are related to
micro-cracks and subsequent fractures
healed during crystal growth. At room
temperature, Type B inclusions are single
or two-phase (liquid and vapour carbon
dioxide phases) with degree of filling (Flc)
between 40 and 100%. Inclusions may
range in size from 20 to 125 um and
display various shapes resembling negative
crystals. Some of the negative crystals are
capped by mineral inclusions (mainly
calcite) at one end and contain calcite,
rutile and daughter crystals of diaspore
and native sulphur - all identified using
Raman spectrometry.

3. Type C fluid inclusions (secondary). These
occur along healed fracture planes which
cross-cut several growth zones and show
an elongated (Figure 10a) or rounded-
morphology. Some inclusions are irregularly
or crescent-shaped and they are interpreted
as products of textural equilibration.

Figure 10: Photomicrograpls of finid inclusions in ruby from the Luc Yen area. (a) [solated primary fluid inclusion (Inbelled 1),
100 um long, containing a liquid phase composed of CO.,, H,S and COS. Trail of secondary inclusions (labelled 11} crosscutting
the ruby crystal. (b) Primary two-phase fluid carbonic inclusion containing a liquid (L) and vapour (V). The size of the inclusion
is 80) wm long. Crossed nicols. Photographs by G. Guuliani.

as very rare solid inclusions present in
fractures or as isolated prismatic crystals
with a length up to 15 um. Also, diaspore
occurs in the fluid inclusion cavities as an
invisible film, 2-3 um thick, coating the
wall of the whole inclusion cavity. The film
was identified from its Raman lines at 331
and 448 cm!, respectively (Figure 11).
Native h‘lliph ur is present at room
temperature, as very rare vitreous globules
in the inclusions but it is commonly
nucleated from an invisible thin layer
during laser irradiation. S was identitied
from its characteristic Raman peaks at 220
and 462 cmt (Fieure 111,
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Table II: Microthermometric and Raman data for fluid inclusions in rubies from Luc Yen and Quy Chau.

Inclusion Sample Microthermometry Raman data
type number
Fle TmCOy ThCO, [ COp HpS COS native  diaspore rutile dolomite calcite
sulphur
Luc Yen ruby mines
A V5.1 100 -61.3 16.5L 879 121 + +
A V511 100 -61.8 15.1L 904 9.6 + +
C V.52 100 -61.0 13.9L 912 8.8 + +
A V.11 100 -60.1 2241 93.8 6.2 + + .
& V.12 75 -59.7 29.3L 920 8.0 3 +
A V.14 90 -60.2 23.5L 933 67 + +
A V21 65 -62.0 33.9L 86.5 135 + 1 +
B V.32 100 -57.8 22.8L + +
B Vil 40 -62.6 28.8V + + + +
A LY399B-10 40 -64.3 36.4L 76.86 232 + + + 4
A LY399A2 80 -63.7 26.7L 84.7 153 - + +
A LY399B-1 90 -65.0 31.8L 87.0 13.0 + + + +
An Phu ruby mine
€ V.6.2 85 -59.9 28.5L 9.1 39 + + +
Knoan Thong ruby mine
A K.1.1 90 -59.9 30.9L 96.7 33 +
Quy Chau ruby mine
A QCRAl6a 70 -64.7 30.5L 88,5 115 t + +
A QCR2A-11a 60 -65.2 20.8L 85,5 14.5 + + +
A QCR2A-11b 60 -63.7 34.0L 90.9 9.1 4
A QCRB-2.1 80  -66.7 3491 9208 9.2 % I +
NB: fnclusion types A, Band C see text. Microthermometry Fle: volumetric fraction of CO, rich liquid in carbon
dioxide-rich phase. TmCO,: melting temperature of CO, in “CL ThTCO,: homogenization temperature of COy:
V vapour, L liquid.
Raman data compositions of CO, and HyS in mol.%; + means presence detected. The mole fraction of each gas
was calculated from the formula given by Dhamelincourt et al. (1979); the relative cross sections of Raman scatter-
ing are those given by Schrétter and Klockner (1979), i.e. CO, = 1.5 and Hy5 = 6.4,

occurrences are shown in Table 111. The
correlation diagram of (Cr,O5/Ga,05)
vs (Fe,0,/TiO,) for corundums from the
primary deposits from northern Vietnam

Their size ranges from 10 to 100 pm.

At room temperature, 'thcy contain one or
two-phases and the volumetric fraction of
the carbon dioxide-rich liquid in the carbon
dioxide-rich phase is between 35 and 100%.  is shown in Figure 12, This shows a clear
) . separation of rubies in marbles from the
Raman analyses of the three types ot . i S
o o coloured sapphires in gneiss, amphibolite
fluid inclusion revealed that the carbon ) )

s : : . and (meta-) pegmatite, with the one
dioxide phase is always composed of major
CO,, with smaller amounts of H,5 and COS
(Figure 11, Table 11).

exception of the sapphires from the Khe
Nhan pegmatite which fall within the field
of the ruby-hosted marbles.

5 et R G R 3 T Corundums from the secondary deposits
Geochemical properties ceondaty o¢|
' ' (placers) have clear chemical signatures.

RemmCol Corposition

All the rubies and “trapiche” rubies found in

Chemical-analyses of 128 corundums

from Vietnamese primary and secondary

placers from northern Vietnam fall within the
population ficld defined by marble-hosted

| Geinm., 2004, 29, 3, 129147



ruby. All the ‘BGY” and colourless sapphires
originating from Southern Vietnam and
linked to placers in basalts define another
distinct population (basaltic field) which is
characterized by its very low chromium and
gallium and high iron contents.

Chemical analyses obtained by the EDXRF
method show that Dak Nong sapphires have
higher gallium contents (0.03 to 0.045 wt%)
and a wider range of Fe,O5 (0.65 to 2.4 wt%)
than the other types of sapphire from basaltic
areas in southern Vietnam, especially from Lam
Dong Province (Figure 13). The chemical ratio
Cr,04/GayOs vs Fe,O4/ TiO; of the sapphires

match values recorded for ‘basaltic’ corundums
by Sutherland ef al. (1998a). Nevertheless, the
wide variation of gallium content in the Dak

Nong sapphires results in a correspondingly

wide geochemical field (Figure 12).

The blue and colourless sapphires from Luc
Yen and the blue (including the trapiche-like)
sapphires from Yen Bai occupy a common

field which partly overlaps the marble
domain. Their field is defined by an
Fe,05/TiO, ratio around 1 and low

concentrations of Cr,O5 and Ga,O4. Although

these sapphires were not observed in their
parental rocks, they do not appear to originate

Table I11: Electron microprobe analyses of rubies and sapphires from Vietnam.

zﬂ

one standard deviction; no= number of analy=es.

PNB Zine was also sought but below detection exceplt for 002% ZnO in ruby from Lue Yen marble

Corundum Northern Vietnam Southern Vietnam
from placers
Quy Chau Luc Yen Dak Nong Binh Thuan
Wt ruby 5] ruby ¢ colourless G blue G green G black o
(n=40) (n=4) sapphires (n=16)| sapphire (n=14)sapphire (n=11)|sapphire (n=6)
TiOy 0.03  0.03 0.01  0.00 013 0.17 0.04 0.05 0.02 0.01 0.04  0.04
AlyO5 9928 072 | 99.76  0.84 99.81 0.46 99.14 0.74 99.11 0.47 98.14  0.24
058 05 | 0564 045 002 001 0.00 0.00 001 001 0.00 000
a7 007 | 00 000 015 016 135 0.3 119 0.39 Le6 019
o 002 005 | 007 001 001 000 0.00 0.0 000 000|000 000
Gar0g 0.01  0.00 001 0.02 0.01 0.00 0.03 0.01 0.03 0.00 0.03  0.00
MgO 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01  0.01
l'otal 9999 056 (10040  0.63 100.13 (.41 100.56 0.74 100.36 0.47 100.08  0.11
Corundum Luc Yen Yen Bai Ba Be
from primary
deposits Luc Yen Tan Dong Tan Hung Truc Lau Ba Be
marble metapegmatite | amphibolite pegmatite pegmatite
Wt % ruby 5] blue o blue © blue o blue 9
(n=29)| sapphire (n=8)| sapphire (n-7)| sapphire  (n=8) | sapphire (n=4)
110, (.02 0.01 0.19 0.18 0.00 0.00 0.01 0.00 0.00  0.00
Al5O4 9942 (.64 9931 071 |  99.04 .48 99.19 043 99.90  0.27
CrryQg 0.37 058 | 0.00  0.00 I 0.01  0.00 0.00 0.00 0.00  0.00
fegOq 0.02  0.01 0.67 0.15 0.94 0.07 [.31 0.06 0.44  0.01
VaOg 0.01 0.01 0.00  0.00 0.00  0.00 0.00 (.00 0.00  0.00
B GagOg 0.01 0.01 0.03  0.00 0.01  0.00 0.02 0.00 0.02  0.00
Mg 0.02  0.01 0.01  0.00 (.00 0.00 0.00 (.00 (.00 0.00
‘Ik_'n_!_(_‘l[ B 499.87 0.40 100.21  0.72 100,01 0.47 100.53 .46 100.36 0.27
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from marbles, gneiss, amphibolite or pegmatite.
Their origin is unclear but the presence of the
primary Tan Dong blue sapphire in the same
field could indicate that some of these blue
sapphires could be related to metasomatic
alteration of pegmatites or other metamorphic
rocks (hydrothermal field?).

The Tran Yen rubies originated probably
from marbles; but different Quy Hop sapphires
from placers in the Bu Khang dome plot in
the basaltic, gneiss, amphibolite and
metapegmatite fields and could come from
a range of sources.

Oxygen isotope geochemistry

The rubies from Luc Yen have oxygen
isotopic compositions (8180, in % versus
SMOW) between 19.3 and 22.4% (average
5180 = 21.0 + 0.9%u, 8 samples) and are in the
same range as those from Quy Chau (average
8180 = 22.2 + 0.05%0, 3 samples). The oxygen
values of the rubies fall within the oxygen
isotopic range defined for marbles from
Luc Yen and Quy Chau. Thus, the isotopic
composition of ruby is apparently buffered by

the host rock (Giuliani et al., 2003b). In contrast,
the oxygen isotopic compositions of the Dak
Nong sapphires are quite different from the
rubies whatever their colour may be (Figure 13).
The oxygen isotopic compositions are between
6 and 6.9% (average 8180 = 6.6 + 0.4%0, n=5)
and are outside the range of the associated
alkali basalts (4.9 < §'80 < 5.7%u0), but within
the range of syenitic rocks (Garnier et al., 2004).

Conclusions

Corundum is found in Vietnam in a
number of different geological environments;
these include amphibolite, gneiss, marble,
basalt, pegmatite and metasomatized
pegmatite. Of these, only two types of
deposits are economically viable for gem
production: marbles mined since 1983 in the
Luc Yen, Yen Bai and Quy Chau districts, and
basalts mined since 1991 in the Dak Lak,
Lam Dong and Binh Thuan provinces. The
appearance and characteristic features of the
rubies and coloured sapphires from the
Vietnamese gem deposits are generally related
to their respective geological environments.
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Figure 14: Oxygen isotopic composition of rubies from the Quy Chau and Luc Yen deposits versus ‘BGY ~sapphires from Dak
Long. The isotopic values of associated marbles and a range of basalts, sedimentary rocks and metamorphic rocks are shown for

comparison (Hoefs, 1987).

Corundums exhibit consistent trace
element variations which underline the
diversity of their host-rocks. The Cry0,/Gay0s5
versus Fe,04/TiO, geochemical diagram
divides the corundums into three main fields
which are discrete or partly overlapping:
sapphires hosted by amphibolite,
metapegmatite and gneiss, basalts, and rubies
in marbles. A fourth domain contains blue
and colourless sapphires found in the Yen Bai
and Luc Yen placers and these have an
unknown origin. Oxygen isotopic
composition studies which clearly separate
rubies in marble from sapphires in basalt
will, with the use of classical gemmological
techniques, probably help in deciphering the
origin of these sapphires. Rubies in marbles
commonly have distinctive fluid composition
signatures, and studies of their inclusions and
oxygen isotopic compositions could be used
in the future for ‘fingerprinting” and
determining the origin of rubies found
in placers.
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