
THE IDENTIFICATION OF TURQUOISE BY 
INFRARED SPECTROSCOPY AND 
X-RAY POWDER DIFFRACTION 
By Th, Lind, K. Schmetzer, and H. Bank 

A combination of infrared spectroscopy and X-ray 
powder diffraction methods is suggested for the iden- 
tification of  natural, treated, and synthetic turquoise 
as well a s  imitation turquoise. Both techniques re- 
quire powdering only a very small quantity of the 
specimen (approximately 3 ms), which means mini- 
mal damage to the piece. New experimental results 
on treated turquoise and imitation turquoise are 
given. 

Turquoise has been subjected to various meth- 
ods of treatment in order to improve its value as a 
gem material, for example, enhance color or re- 
duce porosity. In addition, a number of turquoise 
imitations are found on the gemstone market. 
Although many of these are called turquoise 
(Galia, 1977)) at present, theso-called Gilson syn- 
thetic turquoise, which contains crystalline tur- 
quoise material as a component, is the only true 
synthetic available. The separation of natural, 
untreated turquoise from its treated counterpart, 
and the unequivocal identification of imitation 
or synthetic turquoise, is difficult with the rou- 
tine gemological methods generally used. How- 
ever, by applying techniques that are commonly 
used in mineralogy, e.g., X-ray powder diffraction 
methods and infrared spectroscopy, the gemolo- 
gist can obtain the data necessary to sufficiently 
characterize the material (Banerjee, 1972, 
Arnould and Poirot, 1975; Williams and Nassau, 
1976-1977; Schmetzer and Bank, 1980, 198 1). 

MATERIALS AND METHODS 
The recognition of treated turquoise by infrared 
spectroscopy was comprehensively described by 
Banerjee (1972). Since that time, the practice of 
treating natural turquoise, especially the so- 
called stabilization techniques, has increased dra- 
matically. Consequently, more and more samples 
have been submitted for investigation to deter- 
mine whether or not the material is, indeed, natu- 
ral turquoise, and, if so, whether it has been 

treated in any manner. In an attempt to solve the 
questions posed by the gemstone industry, we 
initiated a systematic study of the turquoise and 
turquoise-like material available on the market 
in order both to develop criteria to characterize 
these products and to augment the information 
available in the literature. A summary of the vari- 
ous methods of treating natural turquoise that 
are currently used is given in table 1. Two of the 
most common methods, paraffin treatment and 
plastic impregnation, were included in this 
study. 

In addition to the 30 specimens of unknown 
composition submitted by the industry for char- 
acterization, we investigated 15 samples of natu- 
ral turquoise from the United States (Arizona, 
Nevada), Mexico, Iran, and China; 10 of plastic- 
and paraffin-impregnated turquoise; 4 of Gilson 
"synthetic turquoise"; and 5 of "reconstructed 
turquoise." Figure 1 illustrates some of the dif- 
ferent types of stones examined for this study. 

X-ray powder diffraction and infrared spec- 
troscopy were used. For the X-ray investigations, 
powder photographs were prepared using the De- 
bye-Scherrer method. The infrared spectra were 
recorded on a Perkin Elmer 180 Infrared Spec- 
trometer using the KBr pressed-pellet technique. 
Both techniques mentioned require the powder- 
ing of a very small quantity of the specimen. 
Normally, Debye-Scherrer photographs can be 
taken with less than 1 mg of powdered material; 
for the preparation of a KBr pellet for infrared 
spectroscopy, 2 mg of the sample were used. 
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RESULTS 
The results of the systematic investigations are 
summarized in table 2 and discussed in detail 
below. 

Treated Turquoise. When plastic impregnation 
was first used, in the late 1960s) the so-called 
stabilized turquoises that resulted (which have 
nothing to do with the reconstructed turquoises 

Figure 1 ,  Samples o f  the dif- 
ferent types of  turquoise- 
natural, treated, synthetic, 
and imitation-studied by 
the authors. T h e  center, 
heart-shaped cabochon is a 
Gilson synthetic, 2.10 ct. 
Clockwise, starting with the 
small stone to the le f t  o f  the 
center specimen, the others 
are: paraffin impregnated, 
from Iran (1.38 ct); Gilson 
synthetic (4.91 ct); plastic 
impregnated, from Arizona 
(2.03 ct); natural, from Iran 
(2.79 ct); natural, from Ari- 
zona (4.50 ct); paraffin im- 
pregnated, from Arizona 
(1.79 ct); plastic-impreg- 
natedgibbsite (2.68 ct), 
Photo by Mike Havstad. 

described later io this article) were considered to 
be of relatively poor quality. At that time, pri- 
marily turquoise too porous for cutting was plas- 
tic-impregnated to improve the hardness of the 
specimen (see Banerjee, 19 72; Galia, 19 7 7) .  Cur- 
rently, good-quality turquoise is also treated by 
plastic impregnation in order to improve the 
durability of the material, since natural turquoise 
isvery sensitive to chemicals and has been known 

TABLE 1. Treatment procedures used on natural turquoise." 

Procedure 
Treatment Other purposes Advantages / 
substance Color change of treatment Penetration disadvantages 

Dyeing, 
varnishing 

Paraffin 
treatment 

Stabilization 
treatment 
(hardening 
by plastic 
impregnation) 

Stabilization 
treatment 
(hardening by 
use of inorganic 
mineral salts) 

Colored organic or inorganic Light colors 
compounds, mixed with become darker 
epoxy or other resin 
Paraffin of different melting Light colors 
points become darker 

Plastics (colorless or blue- Light colors 
dyed) with a polyester or become darker 
polyacryl base 

Inorganic mineral salts, e.g., 
colloidal silica 

Impregnation 

a For further delails see Galla ( 1  9771 and Guhelin tl981l 

Surface 

1-2 mm Very uniform colors 

Impregnation, restora- >4  mm Colors vary; enables 
lion of natural colors, cutting of weath- 
improvement of dura- ered and porous 
bility for material of all material (chalk) 
qualities 
Same as for stabiliza- 
tion treatment by 
plastic 
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to suffer damage from simple perspiration, At 
present, plastic impregnation (stabilization) is 
thought to be the best method of treating 
turquoise. 

The X-ray powder diffraction of stabilized 
turquoise shows additional diffraction lines 
which do not belong to turquoise. These addi- 
tional lines are also observed in the diffraction 
pattern of some specimens of Gilson synthetic 
turquoise. The d-values of these lines are identi- 
cal to those of the strongest lines of the mineral 
berlinite, the chemical formula of which is A1PO4 
(ASTM 10-423). When we took several X-ray 
powder diffraction photographs of material from 
different areas of a single sample of stabilized 
turquoise, we observed that the intensity ratios 
of the berlinite lines varied compared with the 
intensities of the turquoise lines. In some cases, 
areas with great percentages of berlinite adjoined 
areas in which no berlinite was observed by the 
X-ray diffraction method. 

The formation of an A1P04 phase with cristo- 
balite structure after an exothermic reaction pro- 
duced by heating turquoise to 840Â° was 
described by Manly (1950). The substance inves- 
tigated also showed some relicts of an earlier ber- 
Unite structure. Banerjee (1972) described the 
formation of an amorphous phase in turquoise 
after heating it to 400Â°C With further heating (to 
between 740' and 775'C), an exothermic reac- 
tion identical to that described by Manly (1 950), 
in which the A1PO4 phase with cristobalite struc- 
ture is formed, was observed. To clarify whether 
the A1PO4 phase causing the additional X-ray 
lines found in the diffraction pattern of plastic- 
impregnated turquoise might be formed by the 
stabilization procedure, we conducted heating 
experiments on natural, untreated turquoise 
(1 80Â° for24 hours and 250Â° for 24 hours]. The 
X-ray powder photographs of every area investi- 
gated in the treated samples showed the strongest 
diffraction lines of berlinite in addition to the 
turquoise lines. It appears from these experi- 
ments that the A1PO4 phase with berlinite struc- 
ture forms at lower temperatures than those pre- 
viously described in the literature; that is, 
berlinite can also be formed in the stabilization 
treatment. The fact that lower temperatures and 
shorter heating periods are usually used in the 
plastic-impregnation procedure explains why 
berlinite forms in some areas of the stabilized 
turquoise and not in others. 

In the infrared spectrum of the six plastic-im- 
pregnated turquoises investigated in this study, a 
strong infrared absorption band at 1725 cm-1 
was observed in addition to the characteristic 
absorption bands of turquoise in the area of the 
vibrations of the hydroxyl and phosphate groups. 
The absorption band between 1450 and 1500 
c m l ,  described by Banerjee (1972) in stabilized 
turquoise, was not found during our investiga- 
tions. The infrared spectrum of one sample of the 
plastic used for the stabilization procedure, 
which was made available to us, showed a very 
strong absorption band at 1725 c m l .  Additional 
strong absorption bands of the plastic are found 
in the spectral area of the turquoise bands; that is, 
in the infrared spectrum of treated turquoise a 
superposition of turquoise and the plastic ab- 
sorption bands is found. Only in the spectral area 
at 1725 c m l ,  in which no turquoise absorption 
band is observed, is the absorption of the plastic 
distinctly separated from the absorption of the 
turquoise. The absorption spectrum of the plastic 
used for the impregnation procedure is not iden- 
tical to the spectra reported by Banerjee (1972). 
The strongest absorption band in our plastic was 
found at 1725 cm-l, but no absorption band was 
observed between 1450 and 1500 c m  . Our in- 
dustry sources have advised us that in the more 
than 10 years since Banerjee's article was pub- 
lished, new types of plastic have been adopted for 
the stabilization of turquoise.* 

In the X-ray powder diffraction pattern of 
turquoise that has been paraffin impregnated (see 
table 11, the additional lines due to berlinite 
found in plastic-impregnated samples were also 
observed incidentally. Additional absorption 
bands in the infrared spectrum were not found 
when the KBr pressed-pellet method was used. 
This method of treatment is not limited to high- 
quality turquoise specimens as described by 
Galia (19771. Unfortunately, the use of this pro- 
cedure is not always identified when the material 
is sold. 

Synthetic Turquoise. At present, Gilson's syn- 
thetic turquoise is the only synthetic product 
found on the market in which the powder pattern 

'The  kind of plastic investigated in this study, which is com- 
monly used for the stabilization o f  turquoise, is known to 
the authors. W e  respect, however, our source's request that 
we keep this information confidential. 
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of crystalline turquoise is observed by X-ray in- 
vestigations (Williams and Nassau, 1976- 1977; 
Schmetzer and Bank, 1980,1981). In comparison 
to the turquoise pattern, however, in all of the 
samples of Gilson's synthetic product that we 
investigated, we observed additional X-ray dif- 
fraction lines caused by one or more additional 
crystalline phases. In two of the samples, the 
diffraction lines of berlinite were also found. 
When the specimens were examined using spec- 
troscopy, we observed an absorption band at 
1725 c m l  in two of them as well, in addition to 
the absorption bands characteristic for turquoise. 
This band indicates that the synthetic material 
has also been treated. 

Reconstructed and Imitation Turquoise. In addi- 
tion to systematic experiments with natural, 
treated, and synthetic turquoise, we also investi- 
gated imitation turquoises. We used samples sub- 
mitted to us by the trade to determine the compo- 
sition of the specimens (compare Banerjee, 1972, 
Williams and Nassau, 1976-1977; Galia, 1977; 
Gubelin,, ,198 1 ) .  

Dyed magnesite has been known for some 
years to be used as a turquoise substitute. Dyed 
calcite and dolomite were also observed recently. 
All three were found among the imitations exam- 
ined [interestingly, dyed howlite, another com- 
mon imitation, was not present among the sam- 
ples studied). X-ray diffraction investigations 
revealed that most of the specimens called "re- 
constructed turquoise" in the trade were free of 
any turquoise component. y-Al(OHja (as a min- 
eral, gibbsite) was the only crystalline phase 

found in these samples. In the infrared spectrum, 
the absorption at 1725 cm-I, known already 
from the plastic component of stabilized 
turquoise, was observed. According to Galia 
(1 97 7),  true reconstructed turquoise is produced 
from finely powdered and cleaned turquoise and 
has crystalline turquoise as the main component. 
The "reconstructed turquoise" investigated in 
our laboratory, however, contained no turquoise; 
therefore, "reconstructed turquoise" is thought ' 

to be a misnomer for gibbsite that has been dyed 
and plastic-impregnated. 

CONCLUSION 
This investigation of natural and treated 
turquoise, of Gilson synthetic turquoise, and of 
various imitation turquoises suggests that most 
"turquoise" products found on the market can be 
identified by a combination of X-ray powder 
diffraction and infrared spectroscopy. Only 
paraffin-impregnated turquoise could not be pos- 
itively identified by the two methods in all in- 
stances. Both methods require only very small 
amounts of powdered substance, which normally 
can be obtained from cut specimens without 
causing undue damage. We believe that, for the 
purpose of gemological nomenclature, the min- 
eral name turquoise should be restricted to natu- 
ral and synthetic turquoise only. In samples with- 
out a component of crystalline turquoise, the use 
of the name turquoise without the supplement 
'imitation" or "simulantl' is misleading. In our 
opinion, the fact that a specimen of natural 
turquoise has been treated, regardless of the 
method used, should be disclosed in the trade. 

-- 

TABLE 2. Results of X-ray powder diffraction and infrared spectroscopy tests on natural (untreated), treated, synthetic, and 
imitation turquoise. 

Sample X-ray powder diffraction pattern Infrared spectrum 

Turquoise, untreated 
Turquoise, plastic impregnated 
Turquoise, paraffin impregnated 
Gilson "synthetic turquoise" 

Some "reconstructed turquoise" 
specimens from the trade 

Different imitation turquoisesa of 
the trade 

Turquoise 
Turquoise or turquoise + berlinite 

Turquoise 
Turquoise + absorption band at 1725 cm ' l  

Turquoise or turquoise + berlinite Turquoise 
Turquoise + several diffraction lines of an un- Turquoise or turquoise + absorption band at 
known phase or turquoise + several diffraction 1725 cm'  
lines of an unknown phase + berlinite 

Gibbsite Gibbsite + absorption band at 1725 cm 

Magnesite, calcite, or dolomite Not investigated 

' The X-ray powder dillraction patterns of other imitation turquoises were published by Williams and Nassau (1976-1977). 
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1982 Volume of Gems & Gemology Now Available 

The highlights of gemology in 1982-in over 250 
beautifully illustrated pages. 

The complete set of all four 1982 issues of GEMS 
& GEMOLOGY touches on virtually every major issue 
in gemology today. The identification of jade 
simulants . . . the identification of artificial color in 
diamonds. The heat treatment of corundum: rubies 
and blue sapphires in Bangkok, "golden" yellow 
sapphires in Chanthaburi. Major gem localities, old 
and new: Sri Lanka, Thailand, Pakistan. New 
synthetics, new microscope techniques, new methods 
for cutting diamonds, new information on color- 
change stones. And much, much more. 

The comprehensive index at the end of the 
volume leads you quickly and easily both to sought- 
after articles and to the dozens of items carried in the 
much-acclaimed Lab Notes section. 

And what we don't cover in our features, we tell 
you about in the Gemological Abstracts, Book 
Reviews, and Gem News sections of every issue. 

Whether you're a hobbyist or a professional, we 
think you'll find the information indispensable and the 
full-color photography unequalled. Send $19.50 
today ($22.50 outside the U.S., surface mail), and we 
will ship your set immediately. The GIA Alumni 
Association discount will be honored. Also, a 10% 
discount will be given for orders of three or more 
sets sent to a single address, 

Already a subscriber? Chances are some of your 
issues have had a lot of wear. Why not order a brand 
new, carefully wrapped set for your bookshelf? Or for 
a friend? To order your sets, please contact: 

Sally Thomas, 
GEMS & GEMOLOGY, 
1660 Stewart Street, 
Santa Monica, CA 90404. 
Tel. (21 3) 829-2991, x 251. 

Please allow 4 to 6 weeks for delivery in the U.S., 
Canada, and Mexico; 8 to 10 weeks for delivery 
elsewhere. 

168 Notes and New Techniques GEMS 8l GEMOLOGY Fall 1983 


	Introduction
	Materials and Methods
	Results
	Conclusion
	References



