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GEM-QUALITY ANORTHOCLASE FELDSPAR
FROM SOUTHEAST VIETNAM
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In southeast Vietnam, gem-quality anorthoclase is found as megacrysts in Cenozoic alkali basalt. The crystals are
transparent to translucent with vitreous luster and can be near-colorless, yellow, or brownish gray. Gemological
testing confirmed this mineral is alkali feldspar, but the data cannot specify the alkali feldspar subgroup (orthoclase,
anorthoclase, microcline, or sanidine). Based on X-ray diffraction analysis and a feldspar composition ternary dia-
gram created from energy-dispersive X-ray fluorescence analysis, this material was identified as anorthoclase. En-
ergy-dispersive X-ray fluorescence determined the composition to be An, 5o g, Absg g3 51600 AN OFy; o4 56.06- The
Raman spectra displayed differences when compared to those of other alkali feldspars such as sanidine, orthoclase,
and microcline. Fourier-transform infrared spectra of this material are similar to those of anorthoclase from around
the world and lack any distinctive features that would allow for its separation. Gem-quality anorthoclase from south-
east Vietnam has commercial potential, as it is abundant and evenly distributed in the basaltic weathering products.

aluminum tectosilicates that include a wide

range of well-known gemstone varieties such as
moonstone (orthoclase), sunstone, labradorite (plagio-
clase), and amazonite (microcline) (Bonewitz, 2008).
Alkali feldspar is a subgroup that ranges between
sodium-rich feldspar (NaAlSi;Og) and potassium-rich
feldspar (KAISi,Oq) and includes the monoclinic vari-
eties sanidine and orthoclase as well as the triclinic
varieties anorthoclase, albite, and microcline (Deer et
al., 2001; Bonewitz, 2008). Variety classification is not
possible using standard gemological methods because
of overlapping properties such as specific gravity (SG),
refractive index (RI), optic figure, fluorescence reac-
tion, and absorption spectrum in the visible region.
However, each of these varieties has distinct crystal-
lographic structures, making it possible to identify
them using X-ray diffraction methods (Harlow, 1982).
Chemical composition also plays a vital role in estab-
lishing the alkali feldspar variety.

Anorthoclase, (Na,K)AISi;Oq, is an uncommon
variety of alkali feldspar that is the potassium-rich
variety of high albite, distinguished from sanidine by
its triclinic symmetry (Jones and Taylor, 1961; Bendel
and Schmidt, 2008). The entire solid solution be-

The feldspar group of minerals are rock-forming
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tween high albite and sanidine can form at high tem-
perature. The color palette ranges from near-colorless
to yellow and brownish gray (figure 1). Anorthoclase
has a Mohs hardness of 6.5 and is characterized by
albite-law twinning with perfect cleavage in two di-
rections (Anthony et al., 2001). It is rarely used in the
jewelry industry.

In Brief

¢ The feldspar species anorthoclase has been found in
southeast Vietnam, originating from Cenozoic alkali
basalt.

e The Vietnamese anorthoclase crystals studied here are
yellow, brownish gray, or near-colorless, with a trans-
parent to translucent appearance and vitreous luster,
and sometimes they display chatoyancy and asterism.

e FTIR, Raman, and XRD spectroscopy, together with
standard gemological properties, can confirm the
anorthoclase variety (potassium-rich albite).

¢ Vietnamese anorthoclase is suitable for cutting into
faceted and cabochon gems for use in jewelry.

In the Cenozoic alkali basalt of southeast Viet-
nam, anorthoclase megacrysts are enclosed in the
host rock or scattered in the soil formed from basaltic
weathering. These megacrysts are concentrated on
ancient volcanic slopes that are currently used for
farming. Previous studies have reported on the exis-
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Figure 1. Yellow, brownish gray, and near-colorless anorthoclase feldspar from southeast Vietnam. The rough
stones range from 96.5 to 144.8 ct and the cut samples from 3.64 to 11.07 ct. Photos by Le Ngoc Nang.

tence of anorthoclase in the region but with very lim-
ited descriptions, especially with regard to its gemo-
logical properties (Hoang and Flower, 1998). Earlier
authors only categorized their samples as alkali
feldspar without specifying the variety, as no struc-
tural and chemical composition analyses were per-
formed at the time.

To date, anorthoclase has yet to be applied in the
jewelry industry. Nang and Tien (2021) first recorded
gem-quality anorthoclase in Dong Nai Province of
southeast Vietnam. The article also reported two
translucent samples that displayed chatoyancy and
sheen effects. Although anorthoclase has received lit-
tle attention in the past, we believe there is potential
economic value in the gem-quality material from
Dong Nai. This paper aims to provide new data on
samples to identify the alkali feldspar variety and
characterize this material in order to assess its gem
quality and commercial potential.

GEOLOGICAL SETTING

Vietnam experienced two primary tectonic events.
The first was the Indosinian orogeny during the Tri-
assic (250-240 Ma). This resulted from the tectonic
collision between the Indochina Plate and the
Yangtze Plate, which lifted the northwest portion of
the Indochina block toward the adjacent continents
originating from the Gondwana supercontinent
(Carter et al., 2001; Lepvrier et al., 2008). The second
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occurred when the Indian Plate collided with the
Eurasian Plate in the Paleogene (50-55 Ma) (Clift et
al., 2002; Leech et al., 2005). The large-scale basaltic
eruptions along the eastern and southeastern coast
of Asia, including the West Pacific offshore, played a
fundamental role in regional geology (Barr and Mac-
Donald, 1981). The eruptions consisted of several
basaltic phases, later forming structures separated by
faults and developed mainly in east Indochina, in-
cluding southeast Vietnam (Rangin et al., 1995).

Southeast Vietnam has a total area of 23,000 km?,
and approximately 10,000 km? is covered by basaltic
formations with thicknesses ranging from a few me-
ters to over a hundred meters (figure 2) (Hoang and
Flower, 1998). Two periods of magmatic eruption
have been recorded in the region. The first eruption,
dating 8 Ma to the Neogene, included quartz and
olivine tholeiitic magmatic series. This was followed
by olivine tholeiite, alkali basalt, and basalt in the
second eruption, during the Quaternary (Hoang et al.,
1996; Tich et al., 2004). The quartz and olivine
tholeiitic magmatic series consists of basalt, two-py-
roxene basalt, dolerite basalt, and olivine-poor
hyalobasalt. These have massive and vesicular struc-
ture, black to gray color, and a low potassium con-
tent of <1% (Hoang et al., 1996). The series of olivine
tholeiite, alkali basalt, and basalt contains xenoliths
that may be associated with gemstones, as well as in-
dividual megacrysts such as garnet, zircon, augite,
corundum, peridot, and feldspar.
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Figure 2. Geological
map of southeast Viet-
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The anorthoclase in this study occurs as
megacrysts within the alkali basalt. Weathering of
these basaltic layers made it easier to access the
anorthoclase (figure 3; visit https://www.gia.edu/
gems-gemology/summer-2024-anorthoclase-feldspar).

MATERIALS AND METHODS

Samples. A total of 96 samples were obtained from
two locations (see figure 2) in 2020 and 2022. They
ranged from 5 to 1550 ct and consisted of 65 near-col-
orless, 17 brownish gray, and 14 yellow pieces (author
LNN collected 34 samples, and 62 were provided by
locals). Of the 96 samples, 33 were selected for
faceting and cabochon cutting. We chose 14 rough
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specimens weighing over 6 ct in all available colors
(near-colorless, brownish gray, and yellow), two trans-
parency levels (transparent and translucent, including
some chatoyant and four-rayed star samples; visit
https://www.gia.edu/gems-gemology/summer-2024-
anorthoclase-feldspar), most with good clarity. These
were used to establish gemological properties, chem-
ical composition, and spectroscopic features. The 14
samples consisted of eight faceted stones (AF1-AF8),
two cabochons (AF9-AF10), and four rough samples
(AF11-AF14) (figure 4). The faceted and cabochon
specimens were cut by Nguyen Tri Duc, an expert
cutter working in collaboration with Liu Gemological
Research and Application Center (LIULAB) in Ho Chi
Minh City. In addition, portions of samples AF12 (yel-
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Figure 3. Nodules of anorthoclase were discovered in massive basalt by the lead author in sizes up to 22 cm (A), 6
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cm in vesicular basalt (B), and 4 cm as fragments in alluvial deposits (C). Photos by Pham Minh Tien.

low), AF14 (near-colorless), and AF9 (brownish gray;
the leftover material from cutting) were ground to
powder for X-ray diffraction (XRD) analysis.

Methods. Standard Gemological Testing. Standard
gemological testing was performed at LIULAB. The
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physical appearance of the samples was observed
under a 60W GLS LED daylight bulb with a light tem-
perature of approximately 5000-6000K. The SG of all
14 samples was measured using the hydrostatic
method. A refractometer with a sodium light source
and an optical coupling liquid of methylene iodide and
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Figure 4. Anorthoclase samples from this study consisted of eight faceted stones, two cabochons,
and four rough samples within three color groups: near-colorless, brownish gray, and yellow. Pho-
tos by Le Ngoc Nang.
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tetraiodoethylene (RI of 1.81) was employed to meas-
ure the refractive index of the cut stones (AF1-AF10).
Optical properties and pleochroism of high-trans-
parency gems were observed using a polariscope and
a dichroscope, respectively. All samples were exposed
to ultraviolet light to determine their fluorescence re-
action to long-wave (365 nm) and short-wave (254 nm)
UV. A scratch test was performed to determine Mohs
hardness. A Carton SPZV50 gemological microscope
was used to view the internal features of the cut sam-
ples (AF1-AF10), with a magnification of 7x to 50x.

X-Ray Diffraction (XRD). Samples AF9, AF12, and
AF14 were exposed to incident X-ray radiation to de-
termine their crystallographic structures, which de-
fines the variety of feldspar for each. The technique
was performed using a Bruker D2 Phaser benchtop X-
ray powder diffractometer, with Cu Ka radiation in
the range of 5-75° 20 with a scan speed of 0.02°/s, at
40 kV and 30 mA. The analyzed data were interpreted
using X’Pert Highscore Plus software, which com-
pared the analyzed results to the standard data in the
Inorganic Crystal Structure Database (ICSD; Levin,
2018). XRD was conducted on near-colorless, yellow,
and brownish gray powdered samples, with an aver-
age particle size of about 0.05 mm. These were
processed and analyzed at the Institute of Chemical
Technology, Vietnam Academy of Science and Tech-
nology in Ho Chi Minh City.

Energy-Dispersive X-Ray Fluorescence (EDXRF). We
analyzed 14 samples (AF1-AF14) using a Shimadzu
EDX-8100 operated with a voltage of 30 kV and a cur-
rent of 10 mA. The reference standards for Al,Q,,
Si0,, TiO,, MgO, MnO, FeO, Na,O, Ca0, K,O, and
Cr,0, were corundum, quartz, titanium dioxide, per-
iclase, manganosite, fayalite, jadeite, wollastonite,
potassium titanium phosphate, and eskolaite, respec-
tively. The detection limits were calculated based on
the system of Glascock (2020): 0.02 wt.% for Al,O,
and SiO,; 0.01 wt.% for MgO and Na,O; and 0.0002
wt.% for TiO,, MnO, FeO, CaO, K,O, and Cr,0,.
EDXRF was conducted at the Center of Analytical
Services and Experimentation in Ho Chi Minh City.

Raman Spectroscopy. A Horiba Xplora One was em-
ployed to obtain the Raman spectra in the 0-3750
cm! range for samples AF1, AF3, and AF7. Measure-
ments were performed at a laser excitation wave-
length of 532 nm, laser mode power at 50%, and 900
lines/mm diffraction grating, with a spectral resolu-
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tion of 5 cm™. The objective selected was of 50x mag-
nification. Raman spectra were collected over 15 s
with two signal accumulations. The analysis was
conducted at the Institute of Chemical Technology,
Vietnam Academy of Science and Technology.

Fourier-Transform Infrared (FTIR) Spectroscopy. A
Cary 630 FTIR instrument with attenuated total re-
flection (ATR) was used to efficiently collect the
FTIR spectra of samples AF1, AF2, and AF7. Meas-
urements were obtained in a spectral range of 4000
400 cm™ with a resolution of <2 cm™ and a scanning
time of 3 s. The analysis was performed at LIULAB.

RESULTS AND DISCUSSION

Appearance. From the total of 96 samples collected
during field trips, three colors were noted: near-col-
orless, brownish gray, and yellow (figures 1 and 4).
Near-colorless samples were most common, fol-
lowed by brownish gray, while yellow was compara-
tively rare. The majority of the gems collected were
transparent to semitransparent; a few were translu-
cent, and opaque samples were also found but rarely
used because of their poor quality (figures 1 and 4;
table 1). These materials were subhedral and an-
hedral fragments with good cleavage and conchoidal
fracture. Some specimens bore etch marks on the
surface due to surface corrosion. The samples
showed vitreous luster. The yellow and brownish
gray samples accounted for 5% and 7% of all of the
collected samples, respectively. They had better clar-
ity and transparency than the near-colorless samples,
with few feathers along the cleavage. However, the
brownish gray samples had lower clarity (i.e., a more
cloudy appearance) than the yellow samples. The yel-
low and brownish gray stones were easier to cut than
the near-colorless samples, which often developed
deep cracks along the cleavage. Among the translu-
cent samples, we encountered an anorthoclase with
a cat’s-eye effect (Nang and Tien, 2021).

Gemological Properties. The refractive indices meas-
ured on eight faceted stones (AF1-AF8) were n, =
1.518-1.523 and n, = 1.526-1.531, with a birefrin-
gence of 0.007-0.008. The specific gravity of 14 sam-
ples determined by the hydrostatic method ranged
from 2.59 to 2.62 (table 1). The Mohs hardness of the
rough anorthoclase was 6.0-6.5. These properties
were consistent with alkali feldspar (Bonewitz, 2008)
but cannot help distinguish between orthoclase, mi-
crocline, sanidine, albite, and anorthoclase.
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TABLE 1. Gemological properties of anorthoclase from Dong Nai, Vietnam.

Weight RI .
Sample no. Color Form  Transparency (t SG (birefringence) Fluorescence reaction
i 1.520-1.528 Long-wave: Inert
AF1 L'ﬁht Facﬁ?‘ed Transparent  25.99  2.61 = ,
yellow cushion (0.008) Short-wave: Weak pink
1.518-1.525 =
AF2 Yellow Faceted oval Transparent — 12.24 2.59 Inert to long-wave and
(0.007) short-wave
i 1.520-1.528 _
AF3 Brownish  Faceted Transparent  10.95 261 Inert to long-wave and
gray octagon (0.008) short-wave
1.518-1.526 _
AF4 Yellow Faceted Transparent 3.81 2.60 Inert to long-wave and
rectangle (0.008) short-wave
1.520-1.528 o
AF5 Yellow Faceted oval Transparent — 11.07 2.61 lnsiiie leagnae sl
(0.008) short-wave
i 1.517-1.525 =
AF6 Light Faceted Transparent 4.67 2.60 Inert to long-wave and
yellow lozenge (0.007) short-wave
- 1.523-1.531 2
AF7 Near. Faceted Transparent 364 .62 Inert to long-wave and
colorless  round (0.008) short-wave
- 1.520-1.527 _
AF8 Near: Faceted Transparent 148 261 Inert to long-wave and
colorless trilliant (0.007) short-wave
AF9 Brownish ~ Round Translucent 327 261 1500 Inert to long-wave and
gray cabochon short-wave
AF10 Brownish Oval Translucent 750 2,60 150 Inert to long-wave and
gray cabochon short-wave
AFT1 Gyl Rough Transparent  144.80  2.60 n/a IS |Tageena el
yellow short-wave
AF12 Grayish Rough Transparent ~ 54.90 2.60 n/a Inert to long-wave and
yellow short-wave
AF13 Verylight o gh  Transparent 37.28  2.69 n/a lnsidiie leageae sl
yellow short-wave
- Long-wave: Inert
AF14 Near Rough Transparent ~ 52.60 2.59 n/a &
colorless

Short-wave: Weak pink

Measured using a spot reading method

Twelve of the 14 samples were inert under UV
light, while the other two (AF1 and AF14) emitted
weak pink fluorescence under short-wave UV light.
This differs from some alkali feldspars such as pla-
gioclase and orthoclase, which fluoresce red or pink
to long-wave UV (Morrison and Cox, 2014). Trans-
parent samples displayed a biaxial pattern under the
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polariscope and did not show pleochroism. These fea-
tures have been observed in more than one variety of
alkali feldspar, with no clearly defined boundaries to
distinguish them based on gemological properties.
Hence, the samples’ appearance and gemological
properties confirmed these were all alkali feldspars
but could not differentiate which varieties they were.
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Internal Features. Examining the cut gems, we de-
tected fluid inclusions, healed fractures, cleavage
planes, and twinning planes (twinning and cleavage
planes were distinguished with a polariscope) (figure
5). Tiny fluid inclusions formed incomplete reflective
and flat thin films that were directionally distributed
in most near-colorless and brownish gray samples (fig-
ure 5A, sample AF9). Worm-like fluid inclusions were
found in two samples (e.g., figure 5B, sample AF7), and
these grew along the plane identified as albite-law
twinning using a polariscope. Healing of fractures,
which formed during rapid cooling from high temper-
ature (Giibelin and Koivula, 2005), was observed in
samples AF1-AF7, developing along the cleavages of
the feldspar host (figure 5C, sample AF5). Character-
istic perfect cleavage was observed in most of the sam-
ples along with the albite-law twin planes, as seen in
figure 5D (sample AF4). Unfortunately, we could not
determine the fluid inclusions by Raman analysis.

X-Ray Diffraction. While standard gemological test-
ing methods are not effective for distinguishing alkali

VIETNAMESE ANORTHOCLASE

.| Figure 5. Inclusions in
" anorthoclase from south-
| east Vietnam. A: A myr-
" iad of incomplete thin,
flat fluid inclusions re-
flecting interference col-
ors (sample AF9).
B: Wormv-like fluid inclu-
sions (sample AF7).
C: Colorless healed frac-
tures along the cleavage
(sample AF5). D: Cleav-
age planes accompanied
by albite-law twinning,
identified using a polar-
iscope (sample AF4).
Photomicrographs by Le
Ngoc Nang; fields of
view 1.8 mm (A) and 2.5
mm (B-D).

Twinning

feldspar varieties, XRD can separate them based on
their different crystal structures. Our XRD analyses
for three samples (near-colorless, yellow, and brown-
ish gray) from southeast Vietnam were consistent
with the anorthoclase sample 01-075-1630 from the
ICSD database (Levin, 2018) (figure 6). This result
helped us confirm that the samples in all three colors
were anorthoclase.

Chemical Composition. The chemical composition
of 14 anorthoclase specimens determined with
EDXREF is shown in table 2, in which Al,O; ranges
from 17.82 to 25.94 wt.%, SiO, from 60.10 to 67.12
wt.%, CaO from 0.64 to 1.51 wt.%, Na,O from 5.90
to 9.52 wt.%, and K,O from 2.15 to 6.13 wt.%. The
concentration of main oxides, especially sodium and
potassium, varied from sample to sample. In all
measured samples, the sodium concentrations were
higher than those for potassium. The transition
from anorthoclase to sanidine occurs during the re-
placement of sodium by potassium, accompanied by
increasing structural disorder. The K/(K+Na) in our
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X-RAY DIFFRACTION PATTERNS

INTENSITY —>

—— Near-colorless AF14

Grayish yellow AF12

—— Brownish gray AF9
— Sample 01-075-1630

Figure 6. X-ray diffrac-
tion patterns of anortho-
clase samples from
southeast Vietnam and
an ICSD reference sam-
ple included for compatr-
ison. Spectra are offset
vertically for clarity.

20 (°)

samples ranged between 0.12 and 0.38, correspon-
ding to anorthoclase rather than sanidine (Bendel
and Schmidt, 2008). In addition, we noted a low cal-
cium content (0.031-0.073) that corresponded with
potassium-rich albite instead of calcium-potassium-
rich albite (where the albite is more enriched in cal-
cium than potassium). Meanwhile, we also
determined there were very minor amounts of the

Anorthite

High bytownite

High labradorite
Two feldspars

High andesine K-andesine

High oligoclase

: ‘«x‘C.a—K—aIbite

e

(Na)-high albite

45 55

trace elements iron, magnesium, titanium, and
manganese. We calculated the following ratios:
anorthite (An) 3.50-8.02%, albite (Ab) 58.83-
81.69%, and orthoclase (Or) 11.94-36.96%. In all, 13
of the 14 samples fell within the anorthoclase
(potassium-rich albite) region, and one sample (AF6)
belonged to the albite field on the plotted An-Ab-Or
system (figure 7).

Figure 7. In the An-Ab-
Or (anorthite-albite-or-
thoclase) composition
diagram, all but one of
the samples are concen-
trated in the range of
anorthoclase (potas-
sium-rich albite) (Smith
and Brown, 1988). Note
that the green dot corre-
sponds to sample AF6.

Ab K-high albite (Anorthoclase) Na-sanidine
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|
K-sanidine  Or
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TABLE 2. Chemical composition of anorthoclase from Dong Nai, Vietnam, obtained by EDXRF.

AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14
Oxide (wt.%)
SiO, 63.96 63.57 65.54 66.14 61.13 67.12 60.10 63.45 62.78 6655 65.05 6435 66.01 67.10
TiO, 0.01 bdl® bdl 0.01 0.02 bdl 0.01 bdl bdl bdl bdl bdl bdl bdl
AlLO, 2290 23.01 20.54 19.04 2594 1894 2574 2370 2280 19.19 20.89 2147 20.12 17.82
FeO? 0.77 0.61 0.56 0.46 0.557 0.46 0.65 0.65 0.81 0.32 0.03 0.39 0.47 0.55
MnO bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl bdl
MgO 0.12 0.50 0.39 0.46 0.60 0.35 0.50 0.32 0.72 0.41 0.22 0.40 0.53 0.42
CaO 0.76 0.83 1.09 1.19 0.91 1.34 0.64 0.97 1.51 0.73 0.77 0.83 1.06 1.10
Na,O 8.35 8.03 8.03 6.83 7.65 9.52 5.90 8.20 6.99 8.11 7.01 6.42 7.92 7.90
K,O 3.02 3.10 3.84 5.81 2.82 2.15 5.51 2.43 3.92 4.57 5.44 6.13 3.83 4.83
Atoms per formula unit, 8 O (charge balance)
Si 2.839 2828 2916 2964 2719 2973 2706 2.821 2813 2962 2915 2.879 2.939 3.000
Al 1.198 1.207 1.077 1.005 1359 0988 1375 1.242 1.204 1.007 1.103 1.133 1.056 0.939
FeZ* 0.022 0.020 0.020 0.017 — 0.012 0.021 0.024 0.030 0.080 0.011 — 0.018 0.021
Fe3+ 0.006  0.003 — — 0.021  0.005 0.004 — — 0.004 — 0.013 — —
Mg 0.008 0.033 0.026 0.031 0.039 0.023 0.034 0.021 0.048 0.027 0.015 0.027 0.035 0.028
Ca 0.036 0.040 0.052 0.057 0.043 0.064 0.031 0.046 0.073 0.035 0.037 0.040 0.051 0.053
Na 0.718 0.693 0.692 0.593 0.659 0.815 0.515 0.707 0.607 0.700 0.609 0.557 0.684 0.685
K 0.171 0.177 0.216 0.332 0.159 0.119 0.316 0.138 0.224 0.258 0311 0350 0.218 0.275
FK/+Na) 0.192 0.203 0.238 0.360 0.194 0.127 0380 0.163 0.270 0.269 0338 0386 0.242 0.286
Ternary system of anorthite-albite-orthoclase
An 3.91 4.35 5.41 5.81 5.028 6.37 3.58 5.19 8.02 3.50 3.86 4.20 5.31 5.20
Ab 77.62 7622 72.09 6039 7649 81.69 59.72 7934 67.19 70.52 63.64 58.83 71.83 67.60
Or 18.47 19.43 2250 33.80 18.49 1194 36.69 1547 2479 2597 3249 36.96 2286 27.19
2FeO = total iron
bbdl = below detection limit. Detection limits = SiO, and Al,O,: 0.002; TiO,, FeO, MnO, and CaO: 0.0002; MgO and Na,O: 0.01; and K,O: 0.001.
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Raman Spectroscopy. Raman and FTIR spectra were
measured on three faceted anorthoclase samples with
different colors: light yellow (AF1), brownish gray
(AF3), and near-colorless (AF7). In the 100-600 cm™!
range, the samples displayed four strong peaks at 165,
283, 476, and 510 cm™ (figure 8). These peaks are typ-
ical of tectosilicate structure (Freeman et al., 2008) and
matched with those of Mexican and Chinese alkali
feldspar specimens. However, the 455 cm™ peak that
appeared in orthoclase and microcline (Freeman et al.,
2008 was absent in the Vietnamese anorthoclase. Ac-
cording to Bendel and Schmidt (2008), the increase in
peak intensities at 165 and 474 cm™ coupled with the
decrease at 120 and 450 cm™ corresponds to the tran-
sition from sanidine to anorthoclase. In addition to

Figure 8. Raman spectra of anorthoclase samples from
southeast Vietnam include peaks at 165, 283, 476,
and 510 cm™ corresponding to alkali feldspar (Free-
man et al., 2008). The absence of the 450 cm™ peak
with the mole percent K/(Na+K) ranging between 0.11
and 0.38 indicates the anorthoclase variety.

RAMAN SPECTRA

— Light yellow AF1
—— Brownish gray AF3
510  —— Near-colorless AF7

165

INTENSITY —>

476

283

T
100 300 500 700 900 1100
RAMAN SHIFT (cm™)
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Figure 9. FTIR spectra of anorthoclase samples from
southeast Vietnam indicate feldspar but cannot clas-
sify the anorthoclase variety. Note that transmittance
mode was used due to the high scattering of samples.

these features, the mole percent K/(Na+K) of alkali
feldspar ranged between 0.11 and 0.38, representing a
shift from monoclinic to triclinic crystal structure and
thus indicating anorthoclase rather than sanidine. The
510 cm™ band was attributed to a mixed Si-O-Si (or Si-
O-Al) bending/stretching mode (Mernagh, 1991). The
absence of the 450 cm™ peak points to anorthoclase
rather than microcline and orthoclase, in which the
peak is present (Mernagh, 1991).

Infrared Spectroscopy. The FTIR spectra of samples
AF1, AF3, and AF7 (figure 9) showed relatively similar
absorption bands in the 1200400 cm™ range, includ-
ing 1132, 1021, 779, 728, 638, 586, 547, and 432 cm".
The 432 cm™ peak was related to Si-O-Si deformation.
The 547 cm™ peak was associated with O-Si-O bend-
ing and M-O stretching (where M is the metal iron,
magnesium, or manganese substituting for silicon).
Peaks at 586 and 638 cm™! were attributed to O-Si(Al)-
O bending. Meanwhile, the 728 cm™ peak corre-
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Figure 10. A large anorthoclase mass (7.1 x 6 9 x 3.0 cm) weighing 1550 ct was cut in half, and the two pieces are
shown in these photos. The opaque section on the left is suitable for a cabochon, while the more transparent
section on the right could be used for faceting. Photos by Le Ngoc Nang.

sponded to Si-Al(Si) stretching and the 779 cm™ peak
to Si-Si stretching. Peaks at 1021 and 1132 cm™ indi-
cated Si-O stretching and Si(Al)-O stretching, respec-
tively (Zhang et al., 1996). Hence, the infrared spectra
of feldspar from southeast Vietnam are also typical of
both sodium-rich and potassium-rich feldspars (Bosch-
Reig et al., 2017), and therefore they are not useful for
distinguishing anorthoclase from other feldspars.

GEM QUALITY AND POTENTIAL JEWELRY
APPLICATION

Gem and non-gem anorthoclase have been reported
from several locations, including Australia (Bahat,
1979), Portugal (Zanon et al., 2013), Antarctica (Sun
and Hanson, 1976), the United States (Irving and
Frey, 1984), and Cuba (Yin and Dai, 2021). It has not
traditionally been used in jewelry because of its low
transparency and easily split cleavages. Anorthoclase
is rarely mentioned as a gem material, partly because
it is mistaken for other alkali feldspars such as ortho-
clase or sanidine due to their similar appearance and
gemological properties. This confusion could con-
tribute to its unfamiliarity among many gem dealers.

Nang and Tien (2021) previously evaluated
anorthoclase from southeast Vietnam for its color,
transparency, stability to cutting and polishing, and
chatoyant phenomenon. All three hues were appropri-
ate for jewelry making, but yellow is traditionally a fa-
vorite color in the gem markets of Ho Chi Minh City
(the same is true for other gem species such as sapphire

VIETNAMESE ANORTHOCLASE

and quartz). Some 70% of the anorthoclase collected
was transparent. We also obtained several semitrans-
parent samples, while the rest were translucent to
opaque. The sizes were relatively large, usually around
15 ct up to more than 1500 ct (10-50 mm in size).
High-quality anorthoclase is suitable for faceting into
gems (again, see figures 1-4 and figure 11), while less-
transparent material is more suitable for cutting into
cabochons. Only 8% of the samples could be faceted
to produce stones larger than 1 ct. More than 30% of
the samples, which included the largest crystal at a
weight of 1550 ct (figure 10), were suitable for cabo-
chons. In the study group, the largest facet-quality rough
anorthoclase was 144.80 ct (AF11), and the largest
faceted stone to date was sample AF1, which weighed
25.99 ct and was mounted as a pendant (figure 11).

The samples had a Mohs hardness of 6.0-6.5, indi-
cating moderate durability. However, perfect cleavage
and multiple albite-law twinning planes in anortho-
clase make gem manufacturing difficult and require
extra care during use.

Low-quality feldspar can be treated to enhance its
color, durability, and clarity. Examples include impreg-
nating moonstone and amazonite with plastic to im-
prove transparency (Jianjun et al., 2013; Sun and Renfro,
2017) and diffusing copper to create red labradorite im-
itations of andesine (Zhou et al., 2022). Anorthoclase
from Dong Nai is still too novel for any known treat-
ment practices. But it is a promising candidate for treat-
ment, given the abundance of samples in the area.
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The anorthoclase-bearing basalt and its weather-
ing products cover approximately 1000 km? in
southeast Vietnam, with depths of 30 to 100 m (Tich
et al., 2004). Its weathering products, which range
from 1 to 3 m in thickness, are a rich source of
anorthoclase. On average, a cubic meter of basaltic
material might contain three to five anorthoclase
crystals, while the concentration is higher in weath-
ering products because the gems are released from
the bedrock by erosion and accumulated along the
hill slopes. In Dong Nai, the weathering products are
easily accessible by dirt roads surrounded by arable
lands.

The gem quality, distribution, and mining feasi-
bility of anorthoclase from southeast Vietnam sug-
gests a potentially valuable deposit. In addition, the
locality could become a geotourism attraction with
basalt-related gemstones across the region.

206 VIETNAMESE ANORTHOCLASE

Figure 11. This 25.99 ct
light yellow anortho-
clase (sample AF1) is
set in a 14K gold pen-
dant. Photo by Le Ngoc
Nang.

CONCLUSIONS

Anorthoclase from Dong Nai Province in southeast
Vietnam presents as transparent to translucent crystals
that are brownish gray, yellow, and near-colorless. It is
not practical to distinguish feldspar varieties using only
standard gemological methods. The composition deter-
mined for the samples was Ang < g0y, Absggs 160, and
Ory; 04 3606, Which falls within the anorthoclase field on
the An—Ab-Or ternary diagram. Interpretation of XRD
results firmly concluded the anorthoclase variety. The
Raman and FTIR spectra of anorthoclase from south-
east Vietnam are similar to those from other regions in
the world. Vietnamese anorthoclase has commercial
potential, as there are significant amounts of gem-qual-
ity material suitable for faceting and cutting into cabo-
chons. Lastly, these materials have a widespread
distribution across the region, with a high concentra-
tion in the basaltic weathering products.
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