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Tairus, in Novosibirsk, has produced yet another new type ofRussian 
hydrothermal synthetic emerald, now being marketed in Bangkok. 
Examination of eight fac eted samples revealed that, with the exception of 
certain characteristic inclusions, the basic gemological properties shown 
by this new synthetic are essentially the same as those encountered in other 
hydrothermally grown synthetic emeralds and some natural emeralds. If the 
characteristic inclusions are not present, distinctive spectral characteristics 
in both the mid- and near-infrared regions ofthe spectrum will serve to 
separate these synthetic emeralds from their natural counterparts. 

The first commercially successful hydrothermal 
synthesis of beryl is generally attributed to Johann 
Lechleitner who, in 1960, produced hydroth ermal 
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synthetic emerald overgrowth on pre-faceted natu­
ral beryl (Nassau, 1980 ). T od ay, gem -qua li ty 
hydrothermal synthetic emeralds are available from 
Innsbruck, Austria [Lechleitner), from th e United 
States (Regency, formerly Linde), from China, from 
Japan (fo rmerl y Biron, which originated in 
Australia), and from Russia. The focus of this article 
is a new product from Russia, specifically from the 
joint-venture company Tairus. 

The gemolo gical literature contain s useful 
in for ma tion on previous exam ina tions of 
hydrothermal synthetic emeralds from the former 
Sov ie t Union (Tak ubo, 1979; Koi vula, 1985; 
Schmetzer, 1988; Henn et al., 1988; "What to look 
for . .. ," 1989). Since late 1993, Pinky Trading Co. 
of Ban gkok, Thailand, has been m arketing a 
hydrothermally grown synthe t ic emerald wi th 
internal features th at are different from th ose of 
earlier Rus sian- grown hydrothermal syn the tic 
emeralds and other colored synthetic beryls. This 
new type of hydrothermal synthetic is being com-
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m ercially manufactured through a joint-venture 
company kn own as Tairus. The crystals are grown 
by the Laboratory for Hydrothermal Growth at the 
Institute of Geology and Geophysics in the Siberian 
Branch of the Ru ssian Academy of Sci ences in 
N ovosibir sk, Siberia . They ar e fashioned an d 
released to the market in Bangkok. Comparison of 
these hydrothermal synthetic emeralds to those pre­
viously described shows distinct differences, partic­
ularly with respect to inclusions, although they can 
still be conclusively identified as syn thetic. 

MATERIALS AND METHODS 
All the samples used for this study were obtained 
in Bangkok from the same lot . According to the 
supplier, they were m anufactured in 1993. The 
eig h t transp arent oval mixed cu ts (fig ure 1) 
weighed between 0.17 and 0.41 ct, with measure­
ments ranging from 4.87 x 2.96 x 1.99 mm to 5.72 x 
4.15 x 2.98 mm. The body color of all eight syn ­
thetic emeralds, when examined table up, was a 
very slightly bluish green of medium dark tone and 
moderate intensity. T o the unaided eye, all the 
samples appeared flawless. 

Refractive index was determined u sing a 
Duplex 11 refractometer with a polarizing filt er (to 
determine birefringence) and a sodium vapor light 
source. We es tablished spe cific grav i ty by the 
hydrost at ic m ethod, using a Mettler AM100 elec­
tronic balance. The reaction to ultraviolet radiation 
wa s observed under darkroom conditions with a 
standard UV lamp. The samples were also exam ­
ined with a Chel sea filt er an d a Hanneman­
Hodgkinson emerald filter [Hodgkinson, 1995), as 
w ell as with a standa rd pol ari scope, a ca lc i te 
dich roscope, and a Beck prism spectroscope. 

In addit ion, we subm itte d these samples to 
infrared spe ctroscopy, X-ray flu oresc en ce spec­
troscopy, and elec tron m icroscopy. Mid- infrared 
spectra we re taken using a Nicol et 510 Fourier 
transform infrar ed spe ct ro meter (FTIR ) in the 
region from 6600 to 400 cm! (1515-25,000 nm), at 
a resolution of 4 emI . Ultraviolet-visible-near 
infrared (UV-Vis-NIR) spectra were tak en with a 
Hit achi U-4001 spec tropho tomete r in the region 
250-2500 nm, with calcite polarizers used to obtain 
oriented spectra in two crystallographic directions 
for three faceted ovals-O.19, 0.21, and 0.37 ct . 

Energy-dispersive X-ray fluorescence (EDXRF) 
spectros copy was performed on four faceted ovals 
[0. 19, 0 .23, 0 .3 7, and 0 .41 ct] u sing a Trac or 
Northern (Spectrace) 5000 unit with a rhodium X-

Figure 1. The eigh t Russian hydrothermal synthetic 
em eralds exam ined for this report, all oval mixed 
cuts, ranged from 0.17 to 0.41 ct. Photo by Maha 
DeMaggio. 

ray tube. Three faceted ovals (0.20, 0.23, and 0.41
 
ct ] were examined using a Cam scan Series II ana­

lytical scanning electron microscope (SEM) at th e
 
Division Analytical Facility, Division of Geological
 
an d Plan etary Sci ences, California In stitute of
 
Technology, Pasadena, operating under run condi­

tions of 15 kV excitation voltage and 100 ~A speci­

men current, with a Tracor N orthern 5500 energy­

dispersive X-ray spectrometer for elemental analy­

ses at selected points.
 

GEMOLOGICAL PROPERTIES
 
The results of the gemological testing on thi s collec­

tion of Russian hydrothermal synthe tic emeralds
 
are sum marized in table 1 and discussed below.
 

Refractive Index. We rec orded R.I. ranges of
 
1.572-1. 578 (ne) and 1.579-1. 584 (no)' with a bire-
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frin gence of 0.006-0.007 and a uniaxial negative 
optic character. These refractive indices are compa­
rable to those of previ ously examine d Ru ssian 
h ydroth ermal syn t he t ic emeral ds (see, e.g., 
Koivula, 1985; Schmetzer, 1988; Henn et a1., 1988; 
Scarratt, 1994), but they are higher than th e values 
reported for the Biron material (Kane and Liddicoat, 
1985). These valu es also overlap th ose reported for 
natural emeralds (Schrader, 1983). 

Specific Gravity. The eight samples had ave rage 
S.C. values for three tests that ranged from 2.67 to 
2.73. Although th e air weight s were consistent for 
each w eighing, the values ob ta ined in water 
immersion we re not, due to the relatively small 
size of th ese samples; this led to th e variation in 
th e final calculated S.C .'s. 

These values are comparable to those previous­
ly reported for hydr othermal synthe tic emeralds 

TABLE 1. Gemo logical properties of the new Russian 
hydrothermal synthetic emeralds. 

Properties that overlap those of 
other synthetic and natural emeralds 

Color (through tab le) 

Refractive index 

Birefringence 

Optic character 

Specific gravity (hydrostatic) 

Ultraviolet fluorescences 

Phosphorescence 

Chelsea color-filter reaction 

Pleochroism 

Optical absorption 
spect rum 

Inclusions 

Possible key 
identifying properties 

Inclusions 

Infrared spect rum 

Very slightly bluish green 

ne = 1.572- 1.578; 
no = 1.579- 1.584 

0.006-0.007 

Uniaxial negative 

2.67-2.73 

Inert to both long- and short­
wave UV 

None 

Weak red 

Moderate yellowish green and 
bluish green 

Virtually identical to the spectrum 
shown by natural and earlier 
Russian hydrothermal synthetic 
emeralds 

Opaque black hexagonal plates 
and crystals that look like 
phenakite 

Numerous tiny red-b rown and 
white nondescript particles 

Weak to moderate absorptions 
atabout 2235, 2320, and 
2440 crn' : weak, sharp peak at 
about 2358 crn' : broad shoul­
der at 4052 cm-, . 

aTesting done in total darkness (darkroom conditions). 
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(Takubo, 1979; Koivula, 1985; Kane and Liddicoat, 
1985; Schmetzer, 1988; Henn et a1., 1988; Scarratt, 
1994; "What to look for .. ," 1989). They also over­
lap those reported for natural emeralds (Schrader, 
1983; Webster, 1994). 

Reaction to Ultraviolet Radiation. As with natural 
emeralds and other hydrotherm al synthe tic emer­
alds reported in the literature, all of the samples 
were inert to long-wave (365 nm) and short-wave 
(254 nm)UV radiati on. 

Color-Filter Reactions. When placed on th e tip of a 
fiber-optic illuminator and observed through the 
Chelsea color filt er at a low angle to the directi on 
of illumination, all eight samples revealed a weak 
red glow. These stones also showed a very weak red 
transmission luminescence in white light when no 
filt er was used. (The angle of observation is impor­
tant, and th e only visible light source in the room 
should be th e fiber-optic illuminator.) Similar reac­
tions have been observed in both natural and syn­
th etic emeralds. Like natural eme rald, th ese syn­
thet ics showed no reaction to the Hanneman­
Hodgkinson emerald filter. 

Polariscope Reaction. Each stone exhibited typical 
double refract ion and standard uniaxial optic fig­
ures. Because of facet in te rfere nce, we had to 
im merse the three smalles t stones in methylene 
iodide to observe their optic figures. 

Dichroism. All eight specimens showe d distinct 
dichroism of yellowish green (perpendicular to the 
optic axis) and bluish green (parallel to the optic 
axis), as is typical of many natural and synthe tic 
emeralds. No specific optic orienta tion was noted 
in th e eight samples. 

Spectroscopy. Using both tran smitted and internal­
ly reflect ed light, we observed a relatively weak 
absorption spectrum in all eight stones, but it was 
typical of emerald (Liddicoat, 1987). The features 
noted were located in the red at approximately 652 
(weak), 632 (moderate), and 606 (moderate) nm. In 
additi on, there was a weak , "s mudged" band of 
general absorption in th e orange-red between 584 
and 603 nm, and a cu toff in the red starti ng at 
about 660 nm. 

Internal Characteristics. The most obvious charac­
teristic seen with the microscope (with any illumi-
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Figure 2. Clouds of tin y red-brown particles, like 
those shown here, were seen in all eigh t of the new 
Russian hydrotherm al synthetic emeralds exam­
ined. They have not been reported before in natural 
or other hydrothermal synthe tic em eralds. 
Photomicrograph by John I. Koivula , magnified sax. 

nation technique, in all eight samples)was the lack of 
the distinctive and highly developed chevron- or V­
shaped growth zoning that is typical of all other 
Russian hydrothermal syn the ti c beryls (Takubo, 
1979; Koivula, 1985; Giibelin and Koivula, 1986; 
Schmetzer, 1988; Henn et al., 1988). Also, the internal 
motif observed in these new hydrothermal synthetics 
does not resemble the suite of characteristic inclu­
sions recognized so far in natural emeralds (Giibelin 
and Koivula, 1986; Schwarz, 1987). These unusual 
internal characteristics serve to identify th em as a 
new type of Russian hydrothermal synthetic. 

Specifically, all eight stones contained numer­
ous tiny red-brown particl es (visible even at l Ox in 
some cases), which were so small that they could 
not be resolved microscopically into any recogniz­
able crystal habit (even at 120x). These particles usu­
ally were arranged in dense clouds wi th no particular 
orientation or form [figure 2); in one instance, they 
appeared in a linear arrangement (figure 3). 

With fiber-optic illumination and 30x magnifi­
cation, we also saw clouds and layers of tiny, ran­
domly orien ted, white -appea ring part icl es in all 
eight of the synthetic emeralds. These inclus ions 
were extremely dense (figure 4) and easily observed 
in four of the eight samples, but they were very dif­
ficult to detect in the other four, even with strong 
pinpoint fiber-optic illumination. As with th e red­
brown inclusions, th ese whit e-appearing particles 
were too small to be resolved completely wi th a 
standard gemological microscope. Because of their 
small size, th eir whi te appearance may be due in 

Figure 3. In one of the Russian synthetics, the tiny 
red-brown particles appeared in a linear arrangement. 
Photomicrograph by John 1. Koivula, magnified sax. 

part to light reflection and scatte ring rather than to 
their true color. 

One 0.20 ct stone had a small fingerprint-like 
accumulation of white particles under the table 
facet that resembled a parti ally healed fracture (fig­
ure 5). This was th e only evidence of fracturing or 
fracture healing noted. 

Only two samples contained inclusions large 
enough to be identified as crys ta ls . One 0.37 ct 
sample co n ta ined a 0.2-mm-Iong, birefr ingent, 
euhe dral crys ta l that had the habit of ph en akite 
(figure 6). The 0.23 ct sample contained two opaque 
black hexagonal plates that showed a silvery gray 
m etallic luster in refl ected li ght . One of these 

Figure 4. Dense concen trations of extremely fine, 
white-appearing particles are another distin ctive 
internal feature noted in the new Russian 
hydrothermal synthetic em eralds. Photomicrograph 
by John 1. Koivula, magnified 30x. 
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Figure 5. Only one fingerprint-like pattern was 
observed in any of the eigh t sam ples of Russian 
syn the tic emeralds. Photomicrograph by John I. 
Koivula, magnified 35x. 

hexagonal plates (figure 7) caused growth blockage 
in the form of two conical growth zones extending 
away from one flat surface, which was visible in 
shadowed transmitted light. 

ADVANCED TESTING 
Infrared Spectroscop y. Features due to water and 
hydroxides are easily seen in th e infrared spectra of 
emeralds and other beryls, and are useful in differ­
entiating natural stones from their synthetic coun­
terparts (Wood and N assau, 1968; Schmetzer and 
Kiefert, 1990). Absorp tion features fro m other 
chemical groups (such as CO 2) are also present. 

The mid-infrared spectra of our eight samples 
are similar in overall appearance to those of natural 

Figure 6. This 0.2-mm-long crystal, seen in the 0.37 
ct Russian hydrotherm al syn the tic em erald, looks 
like phenakite. Photomicrograph by John I. Koivula. 

emeralds and other Russian hydrothermal emeralds, 
but they differ significan tly from those of both flux 
and other (non -Ru ssian ) hydrothermal synthe tic 
emeralds (figure 8). Other hydrothermal synthe tic 
emeralds have high water contents and, thus, very 
strong absorptions in the region around 3600 crrr! as 
well as strong absorptions between 3000 and 2000 
cml. However, these Russian hydrothermal syn­
thetic emeralds have only moderate to strong water­
related peaks at 3600 crrr! and are quite transparent 
at 3000 cml. Nevertheless, such a spectrum still 
contrasts sharply with that of a flux-grown synthetic 
emerald, which is essentially free of water. 

Wood and Nassau (1968) described two posi­
tions that wa ter molecules can occupy within the 
channels in a beryl 's structure. The different orien­
tations of these "type I and type II water" molecules 
are clearly reflected in the positions of their absorp­
tion peaks in th e ordinary- versus extraordinary-ray 
spectra. Both types of wa ter cau se several sharp 
absorption peaks betw een 35 10 and 3825 cm-1; 

however, only type II wa ter causes absorptions at 
about 3910 cm! and 3230 cml. Wood and Nassau 
fo und that all n atural emeralds and Linde 
hydrothermal synthetic emeralds contained type I 
water, but that only natural emeralds showed type 
II water, alt hough in grea tly varying amounts. In 
1990, however, Schme tzer and Kiefert reported type 
II wa ter bands in Lechlei tner and some Russian 
hydrothermal syn thetic emeralds as well. 

Because of the difficulties inherent in taking the 
spectra of faceted gems, we could only obtain unori­
ented mi d-infrared spectra for our samples, which 
made the interpretation of mid-infrared water bands 
more difficult. Weak type II peaks can be seen in the 
spectra of both the natural emerald and the represen­
tative Russian hydrothermal synthetic emerald from 
our study sample, as shown in figure 8. 

The gross spectral similarities in the mid-infrared 
between these Russian hydroth ermal emeralds and 
natural emeralds do not extend to the finer structure 
seen in the region aro und 2300 crn! (figure 9A). 
Natural emeralds have a moderate to strong, sharp 
absorption at 2358 crrr l, much stronger in the ordi­
nary-ray spectrum, which Wood and Nassau assign 
to CO2 oriented within the beryl structure. Stockton 
(1987) describes a distinct peak at 2290 crrr! and a 
peak or shoulder at about 2340 cm-1, in addition to 
the peak at 2358 crrr! (which she asserts is always 
stronger than the 2340 crrr ! in natural emera lds), but 
she does not identify the causes of these absorptions. 
All three features also have been observed in the 
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Figure 7. One of the samples contained two black 
opaque hexagonal plates lik e this one, here multi­
ply reflected by facets. Photomicrograph by John 1. 
Koivula, m agnified SOx. ' 

spectra of 67 natural emeralds identified by standard 
gemolog ica l t echniques in the GIA Gem Trade 
Laboratory over the last four years. Although these 
peaks vary considerably in magnitude from one spec­
trum to another, probably due in part to the fact that 
these are unoriented spe ctra, ou r dat a suppo rt 
Stock to n's s ta temen t regarding thei r re la t ive 
strengths in natural emeralds. 

In this region around 2300 crrr J, however, our 
eigh t Ru ssian hydrothermal syn the tic emeralds 
showed a structure very different from that seen for 
natural emeralds. These synthe tics have wea k to 
moderat e, somewhat broad abso rptions at about 
2235,2320, and 2440 cm-l , and a weak, sharp peak at 
about 2358 cml . They show no peak at 2290 cml . 
Accepting Stockton's assertion that the "2340 crrr!" 
band may be found as far away as 2310 crrr! in syn­
thetic emeralds , we see that in these Russian 
hydrothermal synthetics, too, the "2340" peak (actu ­
ally at 2320 crrr ! for our samples)is stronger than the 
absorption at 2358 crrrJ . 

St ockton' s exam inat io n of three Russian 
hydrothermal emeralds available at that time also 
revealed weak features at 4375 crrr ! and 4052 crrrJ , 
which had not been seen in natural emeralds. The 
spectra of the Russian synthetic emeralds examined 
for this study have no features at 4375 cml, but all 
show a broad shoulder at 4052 crrr! (figure 9B). 

Water in beryl also absorbs in the near-infrared 
at about 1400 and 1900 nm, and in these regions we 
were able to obtain oriented spectra for three sam­
ples. The extraordinary-ray near-infrared spectra (fig­
ure lOA) of a natural emerald and all three synthet­

ics showed strong water-related peaks at about 1896 
nm and 1400 nm, a moderate peak around 1464 nm, 
and weak peaks at 1149 nm and 2145 nm. In the 
ordinary-ray spec tr a (figure lOB), there are three 
strong peaks at 1950, 1895, and 1830 nm, and two 
moderat e peaks aro und 1400 nm. Compariso n of 
these results with Wood and Nassau's figure 4 con­
firms that both the natural emera ld used for reference 
and these Russian hydroth ermal synthetic emeralds 
contain sma ll amounts of type II water, similar to 
Schmetzer and Kiefert 's "group II" emeralds. 

Figure 8. Representative mid-infrared spectra of a 
natura l emerald, a "traditional" hydrothermal syn­
thetic em erald, a flux synthetic emerald, and one of 
the new Russian hydrothermal synthe tic emeralds 
are shown here for comparison. Note that the spec­
trum of the Russian hydrothermal synthetic is 
more like that of the natural emerald than lik e that 
of either the typical hydroth ermal synthe tic or the 
flux synthetic. 
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Figure 9. (A) The fine structure of their spectra around 2300 cm! (mid-infrared) reveals marked differences 
between natura l em erald (green curve) and the Russian h ydroth ermal synthetic emeralds tested for this 
study (blue curve). (B) In the region around 4200 curl , these synthetics display one of the features reported 
by Stockton (1987) for other Russian hydrothermal synthe tics, at 4052 cm :l, Such a shoulder has not been 
seen in natural emeralds. 

There are, however, some dramatic differences 
in the near-infrared spectra of these Russian (manu­
factured by Tairus ) synthetic emeralds as compared 
to th ose of natural stones. The synthetic emeralds 
produced two broad absorptio ns in th e extraordi­
nary-ray spectrum (figure lOA), one centered around 
1500 nm and the other at about 900 nm, and one in 
the ordinary -ray spectrum (figure lOB) at about 1180 
nm, none of these features has been reported in nat­
ural emeralds. 

Thus, in both th e mid- and near-infrared, even 
for unoriented spectra, th ese Russian hydrothermal 
synthetic emeralds display diagnostic features that 
distinguish th em from all natural emeralds. 

VI traviolet-Vi sible Spectroscopy. The VV-Vis 
absorption spectra of all eight Russian hydrother­
mal synthe tic emeralds studied showed compara­
ble features, which are similar to th ose published 
by Schmetzer (1988) for Russian hydrotherm al syn­

Figure 10. These near-infrared extraordinary-ray (A) and ordinary-ray (B) spectra of a natural emerald (green 
curve) and a sample new Russian hydrothermal synthetic emerald (blue curve) show that both contain 
sm all amounts of type II wat er, which was once believed to occur only in natural emeralds. Not e, however, 
the broad absorption peaks in the synthe tic that are not seen in the natural stone. 
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thetic emeralds. The green color is due to a trans­
mission window around 500 nm, surrounded by 
two broad absorptions centered at about 435 and 
600 nm. These measurem ents are in partial dis­
agreement with handheld spectroscope observa­
tions. For example, th e lines observed at 632 and 
652 nm with the spectroscope are probab ly those 
noted at 637 and 661 nm with the spectrometer. 

Chemical Analysis. EDXRF. Four of the synthetic 
em eralds were selected for EDXRF analysis. Only 
som e of the elem en ts present in em erald are 
detectable by X-ray fluorescence; oxygen, hydrogen, 
and beryllium are not. In addi tion to aluminum 
and silicon, a minor amount of iron and traces of 
chromium, potassium, calcium, titanium, nickel, 
and copper were detected in the four faceted stones. 
Unlike some other (non-Russian ) hydrothermal 
synthetic emeralds (see, e.g., Hanni and Kiefert, 
1994), our samples did not show any chlorine. 

SEM-EDS. In an effort to identify the minute white 
and red-brown particles in these synthetic emer­
alds, we submitted three samples to SEM-EDS 
ana lysis. Only one white-appearing inclusion, in a 
0.20 ct sample, reached the surface. Within this 
inclusion, we found a micron-sized calcium- and 
sulfur-bearing grain- poss ibly syn thetic gypsum . 

Traces of sodium, potassium, titanium, iron, and 
chlorine-found in the dark pit on the emerald's 
surface-may be the evaporated residue of the 
hydrothermal solu tion in which the emerald grew, 
or may represent residue from the polishing com­
pound. 

CONCLUSI ON 
These eight Russian synthetic emeralds represent a 
new type of hydrothermal product. Their standard 
gemological properties, such as R.I. and S.C., over­
lap those of both natural and other hydrothermal 
synthetic emeralds. However, microscopy and 
spectroscopy provide information useful for gemo­
logical identification. 

Although the roiled, chevron-shaped growth 
zoning that is generally considered to be character­
istic of Russian synthetic beryls was absent in thi s 
new product, other internal characteristics, if pre­
sent, would readily identify this material as syn­
thetic. In particular, the tiny red-brown particles (of 
undetermined nature) observed in all eight faceted 
ovals have not been previously noted in natural 
emeralds or in the "traditional" Russian hydrother­
mal product. In the absence of such particles, 
advanced test ing by such technique s as infrared 
spectroscopy or EDXRF analysis may be needed to 
identify this material conclusively as a synthetic. 
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