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Abstract
Eighty-two samples of untreated Inverell sapphire ranged from 0.4 and 20.0 cts had been
randomly selected from a parcel of almost 600 stones for this study. The single-crystal roughs appeared
as tabular, elongated hexagonal prismatic, rhombohedral prismatic habits with fusion crusts surface. The
samples were semi-transparent to semi-translucent, medium-dark blue with a slightly green and purple
hue. Their typical gemological characteristics were strong color zoning with very fine dust-like cloud,
fluid inclusions and mineral inclusions of zircon, feldspar and columbite-tantalite with kaolinite and
boehmite(?) (as indicated by Mid-IR spectra). The UV-Vis-NIR spectra of the stones, their relatively high
iron contents and the inclusion assemblage did point to a magmatic origin of the Inverell sapphires
similar to those found in sapphires from Thailand, Lao, North Madagascar.
Introduction
Australia is an important source of sapphire, colored diamond and other varieties of gemstones,
including emerald, pearl, opal, chrysoprase, nephrite, topaz etc. Gem corundum in Australia is found in
many alluvial deposits. Several articles also presented its properties such as (Coldham, 1985, 2003;
Coenraads et al., 1991, 1994; Graham et al., 1998, 2008; Oakes et al., 1996; Sutherland et al., 1996,
2001, 2002). The two major commercial deposits, Central Queensland and New England region of New
South Wales, were mined in about 1880 and 1920, respectively (Nunan, 1989).
Ruby and sapphire deposits within the eastern Australian occur in Late Mesozoic-Cenozoic)
intraplate basalt fields (Oakes et al., 1996; Sutherland, 1996), (Figure 1). Eastern Australia is known to
carry corundum as xenocrysts (Coenraads, 1992), and the corundums show fusion crusts that indicate
reaction temperatures around 1000 °C (Sutherland and Coenraads, 1996). Inverell sapphire field has been
one of the productive and the finest blue sapphire in NSW. These iron-rich alkali basalt-derived
corundum deposits are similar to other deposits found in Thailand, China, Cambodia, South Vietnam and
Nigeria.

Figure 1: This map illustrates corundum deposits and occurrences of eastern Australia. (Images modified
from Graham et al., 2008; Abduriyim et al., 2012)
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In December 2015, the Gem and Jewelry Institute of Thailand’s Gem Testing Laboratory (GITGTL) received a parcel of almost 600 pcs of Inverell sapphire samples (Figure 2) from Mt Rosey mining
company. This recent discovery of the Inverell sapphire deposit is not the much-talked-about material
reported in the past. The sapphires from this deposit are non-gem to gem-quality single crystals that
appear to be semi-transparent to semi-translucent, medium blue with a slightly green and purple hue. In
this article, we will report the characteristics of 82 untreated samples selected from that parcel.

Figure 2: These crystal fragments of magmatic sapphires from Inverell gemfield, northern New South
Wales, Australia show a medium blue to dark blue color with various degrees of slightly green
and purple hue.Photo by S. Promwongnan
Material and Methods
The weight of those 82 samples range from 0. 4 to 20. 0 cts. Most stones appear as tabular,
elongated hexagonal prismatic, rhombohedral prismatic habits that are slightly rounded with fusion crusts
surface. They show semi-transparent to semi-translucent, medium-dark blue with a slightly green and
purple hue. All samples were open-cut two parallel window perpendicular to c-axis and then cleaned with
10% hydrochloric acid before studying.
Basic gemological properties, such as Refractive Indices (RI), Specific Gravity (SG), Pleochroic
color, long-wave and short-wave ultraviolet fluorescence effect, were recorded using standard
gemological equipment. The external and internal features were observed under a gemological
microscope. All photomicrographs were taken by using a gem microscope with Canon EOS 7D camera
attached. Fluorescence reactions were observed using a gemological ultraviolet lamp in both long-wave
( 365 nm) and short-wave ( 254 nm) ultraviolet light. Spectroscopic characteristic analyses were used a
Thermo Nicolet 6700 Fourier-transform infrared ( FTIR) spectrometer to recorded IR transmittance
spectra in the Mid-IR range (4000-400 cm-1) with a resolution of 4.0 cm-1 and 128 scans. UV-Vis-NIR
absorption spectra of samples were taken with a PerkinElmer Lambda 950 spectrophotometer in the
range 300-800 nm with a sampling interval of 3.0 nm and scan speed of 441 nm per minute. A Ranishaw
inVia Raman spectroscopy with a green laser 532 nm excitation was used to identify inclusions in those
samples. The chemical analysis was carried out by an Energy-dispersive X-ray Fluorescence ( EDXRF)
spectroscopy of Eagle III system.
Gemological Properties
The gemological properties of Inverell’s sapphires were double refractive with RI of 1.760-1.778,
Birefringence of 0.005-0.01, SG from 3.751-3.989. The stones often displayed strong dichroism from
blue to greenish blue when viewing through a dichroscope and no reaction to both long-wave and shortwave ultraviolet radiation.
Microscopic Features
Microscopic evidence of all samples showed no indications of heating.
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Color zoning
The most common internal feature found in those stones was strong color zoning (Figure 3a) and
fine- graining parallel to the prism faces (Figure 3b).

Figure 3: Magnification revealing the color zoning (a) and fine graining (b) parallel to the prism face
that are very common in Inverell sapphire. Viewed using darkfield illumination. Field of view
2.0 mm (no.160012) and 2.9 mm (no.160007), respectively. Photomicrographs by S.
Promwongnan.
Minute particle
A fiber-optic illuminator revealed minute particles often appeared as very fine dusts-like cloud
(Figure 4a-b) that can also be seen well under reflected light (Figure 4c-d).

Figure 4: Observation using fiber-optic illumination, strong hexagonal zoning with minute particles are
commonly seen on basal pinacoid ( a and b) , which can also be observed clearly under
reflected light (c and d). Field of view 5.3 mm (no.160039), 5.3 mm (no.160021), 2.5 mm
(no.160065), and 1.6 mm (no.160065), respectively. Photomicrographs by S. Promwongnan
Silk, needle-like inclusions
Oblique fiber-optic illumination also revealed others groups of parallel tubes under high
magnification (Figure 5a). When examined with surface-reflected light, golden-brown reflective silk-like
inclusions which concentrated in angular bands (Figure 5b) and needle-like inclusions (Figure 5c) were
also found.

Figure 5: When illuminated through the side with a fiber-optic light, a group of parallel tubes (a).
Examination with surface-reflected light, the sample showed angular band containing golden
brown silk (b), and needle–like inclusion (c). Field of view 2.7 mm (no.160051), 2.9 mm
(no.160035), and 1.3 mm (no.160012), respectively. Photomicrographs by S. Promwongnan.
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Fluid inclusions and healing fissures
Fluid inclusions were also quite common ( Figure 6a) including healing fissures, which showed
thermally altered textures by magmatic process (Figure 6b).

Figure 6: Fluid inclusions ( a) and healing fissures ( b) are visible with darkfield illumination. Field of
view 1. 2 mm ( no. 160001) and 2. 0 mm ( no. 160080) , respectively. Photomicrographs by S.
Promwongnan
Solid inclusions
Various shapes of isolated colorless solid inclusions were found (Figure 7a-b). Some crystals
were accompanying by small liquid feathers (Figure 7c-d).

Figure 7: Using a combination of brightfield and fiber-optic illumination; a number of colorless
inclusions showed high relief ( a and b) . Some crystals are accompanying by small liquid
feathers ( c and d) . Field of view 1. 1 mm ( no. 160006) , 1. 1 mm ( no. 160032) , 1. 3 mm
(no.160047), and 1.1 mm (no.160047), respectively. Photomicrographs by S. Promwongnan
Some colorless inclusions exposed on the cut surface were identified by Raman spectroscopy to
be the cluster of zircon (Figure 8a-b) and feldspar (Figure 9a-b). A number of exposed inclusions were
single and aggregate sub-metallic, black, opaque, irregular to orthorhombic and high relief crystals were
identified as columbite-tantalite (Figure 10a-b).

Figure 8: These clusters of slightly rounded crystals ( a and b) were identified as zircon by Raman
spectroscopy. Brightfield illumination; field of view 1. 3 mm ( no. 160039) , and 1. 7 mm
(no.160008), respectively. Photomicrographs by S. Promwongnan.
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Figure 9: These white and colorless solid inclusions were determined as feldspar by Raman spectroscope
( a and b) . Fiber-optic illumination, field of view 1. 1 mm ( no. 160032) and 1. 2 mm
(no.160032), respectively. Photomicrographs by S. Promwongnan.

Figure 10: These clusters of black inclusions ( a and b) and isolated black crystals ( c and d) were
confirmed as Columbite-tantalite by Raman spectroscope. Fiber-optic illumination (a and b);
field of view 3.2 mm (no.160053) and 1.3 mm (no.160030). Reflected light (c and d); field of
view 1.1 mm (no.160010), and 1.7 mm (no.160009), respectively. Photomicrographs by S.
Promwongnan.
Spectroscopic Features
The Mid-Infrared absorption spectra of this untreated basalt related sapphire revealed peak at
3309 cm-1 which indicated -Ti-OH (Phlayrahan et al., 2014). Besides over 94% of all studied samples
showed a series of absorption peaks related to aluminum hydroxyl bonding of kaolinite (Figure 11, left),
And a few samples showed a very weak broadband of boehmite(?))(Figure 11, right).

Figure 11: Representative Mid-IR spectra of the Inverell sapphires revealing absorption peaks related to
AlO-OH bonding of kaolinite (left) and very weak AlO-OH broadband of boehmite(?))(right).
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The UV-Vis-NIR spectra of Inverell’s blue, bluish green and bluish purple stones showed typical
patterns of magmatic sapphire (Figure 12). The spectra of blue sapphire exhibited Fe3+-related absorption
peaks at ~375, 387 and 450 nm, as well as Fe2+/Ti4+ and Fe2+/Fe3+ Intervalent Charge Transfer (IVCT)
bands (see Figure 12A). The spectra of the bluish green sapphire show relatively strong Fe3+-related
peaks at ~ 375, 387 and 450 nm but more subdue Fe2+/Ti4+ and Fe2+/Fe3+ IVCT bands (Figure 12B). For
the bluish purple sapphire, beside those weak Fe3+-related peaks, and very weak Fe2+/Ti4+ and Fe2+/Fe3+
IVCT bands, additional Cr-related bands were also detected (Figure 12C). These absorption peaks and
bands are usually expected to occur for blue, bluish green and bluish purple stones of basaltic origin.

Figure 12: These absorption spectra in the 300-800 nm range cover the entire range of color seen in
Australian sapphires.
Furthermore, chemical compositions of the three-color varieties of Inverell’s sapphire were
analyzed by EDXRF (Table 1). Trace elements in those three-color varieties gave overlapping chemical
composition; e.g., rather high contents of iron (0.29-1.82 wt%Fe2O3) in which, as expected, the green
variety seemed to be somewhat the highest), traces of titanium (0.01- 0.16 wt%TiO2), vanadium (bdl-0.04
wt%V2O5), chromium (bdl-0.07 wt%Cr2O3) in which, as predicted, the purple variety seemed to be the
highest and gallium (0.02-0.05 wt%Ga2O3).
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Table 1: Chemical compositions, given in weight percentages, of sapphires from Inverell gemfield,
northern New South Wales, Australia
Color
Element
Oxides (wt.%)

Blue
(58 samples)

Bluish green to
Greenish blue
(17 samples)

Violetish blue

Bluish purple

(6 samples)

(1 sample)

TiO2

0.01 – 0.16

0.01 – 0.05

0.01 – 0.10

0.01

V 2O 5

bdl – 0.04

bdl – 0.02

bdl – 0.02

0.02

Cr2O3

bdl – 0.03

bdl – 0.02

bdl – 0.05

0.07

Fe2O3

0.31 – 1.63

0.46 – 1.82

0.29 – 1.24

0.29

Ga2O3

0.02 – 0.05

0.02 – 0.04

0.02 – 0.04

0.03

Al2O3

97.60 – 99.65

98.10 – 99.46

98.61 – 99.61

99.56

bdl = below detection limit

Discussion and Conclusion
Majority of sapphire from Australia has long been known for their typically inky blue color.
Recently the productivity of Australia sapphire has decreased due to many factors but varying quantity
and quality are still being supplied to the gem market. Inverell deposit which mined in the New England
Gem Fields has supplied beauty stones to the market until recent. Based on our study, all Inverell
sapphire samples are unheated and exhibits colors ranging from blue to bluish purple. Most of the
samples showed strong dichroic from saturated blue to greenish blue. The iron-rich sapphires from this
deposit pointed to a magmatic-related origin. The samples displayed specific features, such as strong
hexagonal zoning with dust-like clouds on basal pinacoid while other inclusions were minute particles,
parallel tubes, sometime showed golden-brown silks (probably rutile), needle-like inclusions (probably
boehmite(?)) and reflective minute particles. zircon, feldspar and columbite-tantalite crystals were
identified as dominate solid inclusions which also suggested the magmatic origin. The Mid-IR spectrum
of most stones revealed absorption peaks related to kaolinite and some samples gave a broadband related
to boehmite(?)). Their UV-Vis-NIR absorption spectra displayed typical basaltic pattern with strong Fe3+related peaks as well as Fe2+/Ti4+ and Fe2+/Fe3+ -related bands. The bluish-green-to-greenish-blue variety
seemed to contain somewhat higher contents of iron than other varieties. By contrast, violetish-blue-tobluish-purple variety contained relatively high contents of chromium.
Even though the gemological properties of Inverell sapphires are relatively broad, their chemical
and spectroscopic characteristics as well as some internal features are similar to those of sapphires from
Thailand, Lao, North Madagascar.
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