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A	 new type ofRussian hydrothermal synthetic emerald isproduced by 
seededgrowth in steel autoclaveswithout noble-metal inserts; the seed 
sliceshave been cut parallel to a face ofthe second-order hexagonal 
dipyramid s (1121 j. This seed orientation avoids the easily recog nizable 
growth pattern seen in earlier Russian production. How ever) character
isticgrowth planesofa different nature-that is) parallel to s and form 
ing a 45° angle with the optic axis-are present in the new material. 

H ydrothermally grown synthe tic em eralds from 
Russia have been discussed in the gemological lit
erature since 1983 . Gemological, chemical, and 
spectros copic properties of these synthe tic emer
alds were comprehensively described by Schmetzer 
in 1988. Production methods we re also detailed. 
The most noteworthy features of this older manu
factured material are: 

•	 N ormal ch rom ium, high iron, and (unlike 
other syn the ti c or natural emeralds) measur
able amounts of nickel and copper. 

•	 Absorption bands of Cr3+, Fe3+, Ni3+, and Cu2+ 

in the visible and near-infrared, with chromi
um and nickel as dominant color-causing trace 
elements. 
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•	 Absorption bands of type I and type II water 
molecules in the infrared. 

•	 Series of parallel growth lines with a step-like 
microstructure, which are occasionally con
nected to color zoning [figure 1), revealing an 
inclination of 30°_32° vis avis the optic axis of 
the samples. 
Details of the production technique explain 

why these properties were un ique for commercially 
produced syn thetic emerald. Specifically, seed 
slices oriented parallel to a second-order hexagonal 
dipyramid (5 5 TO6) or it s symmetric equivalent 
are placed in steel autoclaves without noble-metal 
insert s. With this seed orientation (for that of other 
commercial producers, see Kiefert and Schmetzer, 
1991), ext rem ely fast gro w th can be obtained 
(Klyakhin et al., 1981; Lebedev and Askhabov, 
1984; Lebedev et al., 1986). 

The cr ystal form 15 5 10 6) has n ot been 
observed in natural beryl (see Goldschmidt, 1897), 
because crys ta l faces generally correspond to the 
directions of slow growth. As a consequence of the 
rapid growth of the early Russian hydrotherm al 
synthetics, however, a distinct step-like micro 
struc ture is produced parallel to the seed surface, 
and subindividuals of synthetic emerald are found 
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Figure 1. The earlier produ ction of Russian 
hydroth ermal syn thetic emerald shows step-like 
growth lines and color zoning, as well as irregu
larly changing subgrain boundaries between 
subindividuals that are almost perpendicular to 
the color zoning. Crossed polatizers, im m ersion, 
m agni fied 45x. 

with a preferred orientation oblique to the seed 
plate [figure 1). The boundaries between these 
subindividuals are characterized by angular growth 
patterns (figure 2), which are also easily recogniz
able with a microscope. 

Because of these characteristic growth features, 
such Russian hydrothermally grown synthetic 
emeralds can be distinguished easily from their 
natural counterparts by microscopic examination. 
Additional techniques, such as spectroscopy or x
ray fluorescence, are rarely necessary. 

An apparently new type of Russian hydrother
mally grown synthetic emerald was fir st men
tioned by Scarratt (1994) and is comprehensively 
described by Koivula et al. in this issue (1996). This 
new material does not show the distinct growth 
pattern of the previous material, although the 
gemological, spectroscopic, and chemical proper
ties were similar to that of the older type. This arti
cle describes the unusual growth pattern of this 
newer material and suggests the changes in growth 
technique that have caused it . 

MATERIALS AND METHODS 
In November 1995, the author purchased eight 
"rough" samples of this new type of Russian syn
thetic emerald in Bangkok, where they were offered 
as a new type of internally"clean" synthetic emer
ald. All samples were fragments or slices of what 
were originally larger synthetic emerald crystals. 
Two contained residual portions of colorless (figure 
3) or slightly greenish seeds. One of the samples 

Figure 2. Also in the earlier production of 
Russian hydrotherm al emerald, boundaries 
between subindividuals appear as an angular 
growt h patt ern. Immersion, magnifi ed 45x. 

had small external crystal faces, which were identi
fied as prisms \10101 and \11201 in combination 
with a face of the hexagonal dipyramid s \11211. 

Four additional faceted samples were made 
available by colleagues from GIA, part of the sample 
described in Koivula et al. (1996). Because the gemo
logical properties of the eight rough samples were 
consistent with the material described in the Koivula 
et al. article, the reader is referred to that comprehen
sive description for additional information. 

The internal growth structures of these sam
ples were characterized by means of a Schneider 
horizontal (immersion) microscope with a specially 
designed sample holder and with specially designed 

Figure 3. In this sample of the new type of 
Russian hydrothermal emerald, we can see a 
colorless seed plate and growth zoning parallel 
to th e seed/syn the tic emerald boundary at a 45· 
angle to th e c-axis . Crossed polarizers, imm er
sion, magnified 16x. 
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Figure 4. A pattern of growth planes parallel to 
th e hexagonal dipyramid s can be seen inter
secting the c-axis at an angle of 45° in this new 
type of Russian hydrotherm al emerald. 
Im m ersion, magnified 25x. 

(to m easure angles ) eyepieces. For m ore on the 
techniques used to determine grow th struc tures, 
refer to Box A of Peretti et al. (1995, p. 8). 

RESULTS 
Energy-dispersive X-ray fluorescence (EDXRF) anal
ysis and absorption spectroscopy revealed the pres
ence of chromium, iron, nickel, and copper as trace 
elements, which is consistent wi th known data on 
the earlier material; the infrared spectra were also 
similar to those seen for the earlier product (see, 
e.g., Schmetzer, 1988). All of th ese properties indi
cate that the new material is still produced by seed
ed growth in steel autoclaves without noble-metal 
liners. That is, the copper and nickel (and high iron) 
originate at least partly from the walls of the auto
clave, and would not be eviden t if a noble-metal 
liner (a more expensive technique)were used. 

The two samples that ret ain ed see d residue 
revealed distinct growth zoning consisting of one 
series of planar growt h faces par all el t o the 
see d/syn theti c emerald boundary (figure 3). All 
other rough and faceted samples showed a similar 
series of parallel growth planes (figure 4). In all 12 
samples exa m ine d, these dominant growth pat
terns formed an approximately 45° angle with the 
optic axes of th e emerald crystals. Th ese measure
ments indi cate an orientation of the seeds parallel 
to a face of the second-order hexagonal dipyramid 8 

11121j. In addition to the dist inctive growth pattern 
parallel to 8, the rough sample with prism faces 
showed small areas with subordinate growth zon
ing parallel to both prisms 11010j and (1120j. One 
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faceted sample had growth zoning parallel to one 
prism face in a small growth area, too. These two 
samples probably came from the growth area of a 
syn thetic crystal that was confined to the upper or 
lower end of the respective seed. No growth pattern 
similar to that of the older material was observed. 

Hydrotherm ally grown synthe tic emeralds of 
othe r producers, in general, also reveal only one 
dominant orientation of growth planes relative to 
the respective seed, th e angles of which are sum 
marized in table 1. Note th e significantly greater 
angle for the new Russian material. By comparison, 
natural emeralds typically show more than one ori
enta tion of grow th planes, and th ey are different 
from th ose seen in these hydrothermal synthetics. 
In part icular, 8 faces in natural emeralds will nor
mally occur in combina tion with prism faces, with 
a basal pinacoid, and wi th other hexagonal dipyra
mids, but not as a single and dom inant growth 
plane (see Kiefert and Schmetzer, 1991). 

DISCUSSION 
Experiments with hydrothermal emerald syn thesis 
have shown that growth rates perpendicul ar to 8 

11 i211are somewhat slower than growth rates per
pendicular to 15 5 10 6j. By using seed slices cut par
allel to 8, however, good growth rates can still be 
obtained (Klyakh in et al., 1981; Leb ed ev and 
Askhabov, 1984; see also Flanigen, 1971; Flanigen 
and Mumbach, 1971J, and the result ing mat erial 
lacks th e easily recognizable growth pattern of the 
older material. 

TABLE 1. Orientation of seeds and dominant growth 
planes in hydroth ermally grown synthetic eme ralds .a 

Producer or Inclination of seed and/or growth planes 
trade name versus the optic axis 

Linde 36°- 38° 
Regency 38° 
Lechleitner 32°- 40° 
Biron 22°- 23° 
Pool 22°-24° 

AGEE 190- 21° 
Swarovski 0° 
Russian (old) 30°-32° 
Russian (new) 43°-4JO 

"From Kiefert and Schmetzer, 1991, and author 's files (based on examina
tion of at least 10 samples for each product). Note that each producer nor
mally used only one specific orientation. Even hydrothermal synthetic 
emeralds distributed under different names (e.g., Linde and Regency) can 
be shown from the orientation of their seeds, vis Ii vis the c-axis of the 
beryl crystals, to be products of the same manufacturing technique. 

GEMS & GEMOLOGY Spring 1996 42 



The recognition of one dominant growth pat absorption spectroscopy and/or EDXRFj should be 
tern parallel to s in an emerald of doubtful origin is used to confirm or disprove such a preliminary 
of diagnostic value as an indication that it may be result. This is due to the possible presence of s 
synthetic . Further diagnostic techniques (e .g., faces in natural emerald. 
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