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A Critical Examination
of Synthetic Turquoise

J. D. WILLIAMS, Ph.D.
Mercyhurst College
Erie, PA 16501

ABSTRACT

Several synthetic and imitation tur-
quoise specimens have been examined
and compared with natural turquoise
with respect to five criteria: elemental
composition, X-ray diffraction pat-
tern, possible presence of a binder, and
conventional gemological tests.

“Gilson Created Turquoise” (P. Gil-
son S. A. Lapidaries) appears to meet
all five criteria and can therefore be
considered a “‘synthetic” .turquoise.
“Turquite” (Turquite Minerals) did
not correspond to turquoise either by
elemental composition or by X-ray
diffraction pattern. “Simulated Tur-
quoise” or “True Synthetic Turquoise™
(Syntho Gem Co.) and “Reconstituted
Turquoise” (Adco Products) had ap-
proximately the right composition,
but did not have the turquoise struc-
ture. These three products should
accordingly be designated “imitation”
or “simulated” turquoise.

Introduction
Turquoise is a hydrated copper alu-
minum hydroxy phosphate CuAlg
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By

K. NASSAU, Ph.D.
Bell Laboratories
Murray Hill, N.J. 07974

(PO4)4(OH)g-SH2O (triclinic, PT)
with a calculated composition 19.90%
Al,15.23%P,7.81% Cu and 1.97% H,
some iron is usually present, as little as
0.15% Fe in the crystalline material
from Virginia.\"/ In view of a consid-
erable demand for quality material, a
nuimber of imitations and syntheses
are commercially available and partial
descriptions have been given in various
publications.(2’3’4’5)

Many turquoise substitutes are sold
as simulations or imitations, implying
by these designations only a similarity
in appearance. Some products claim to
be “synthetic” turquoise, i.e., a man-
made exact equivalent of natural tur-
quoise, or “reconstituted” or “recon-
structed” turquoise, implying a natural
turquoise raw material source which is
processed to end up as the equivalent
of natural turquoise.

In this study the five “turquoise”
materials shown in Figure 1 were
compared. They are:
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Figure 1. Bottom row: natural turquoise (left), and Turquite (right); center: two
Gilson cabochons; top: Adco fleft) and Syntho (right).

Sample 1:

Sample 2:

Sample 3:

Sample 4:

Natural turquoise, a
nugget from Nevada;

“Gilson Created Tur-
quoise” from Pierre Gil-
son S.A. Lapidaries,
Chateau de Campagne
Les Wardrecques,
62120, Aires, France;
“Simulated Turquoise”
(advertised as “True
Synthetic Turquoise™ at
the time of this study)
from the Syntho Gem
Co., Reseda, CA 91335;
‘““Reconstituted Tur-
quoise” from Adco
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Sample 5:

Products, P.O. Box 67,
Buena Park, CA 90621
(this material was in the
form of “heishi’’ beads;
slabs for cabochons
tested as plastic with an
S.G. 1.44, RI1. 1.57);
and

“Turquite” simulated
turquoise from Tur-
quite Minerals, Deéming,
NM 88030.

Criteria of Distinction
In a recent account one of us(6) has

published a- set of criteria against
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Figure 2. Scanning Electron Microscope
elemental analysis curves {energy dispersive
mode); Syntho and Adco are similar to the
Gilson curve.

which the designation “‘synthetic”
may be judged for non-single crystal

gem materials. It is proposed that the
synthetic should duplicate the natural
at the atomic level (chemical composi-
tion, cause of color, etc.); at the X-ray
diffraction level (crystal structure); at
the electron microscope level (optical
effects, if any), and at the visual level
(appearance to the unaided eye). At
the microscopic level (100 nm to 1
nm) there may be some variability, as
there is in fact among different species
of any natural material (and hence
some variability in the many cenven-
tional gemological tests, by which
these materials are distinguished).

A scanning electron microscope,
SEM (ETEC Autoscan operated at 20
kV) was used for detailed examination
including semi-quantitative compara-
tive analysis in conjunction with an
X-ray energy spectrometer (KEVEX
model 5100C) and also for elemental
mapping.

The relevant elements not accessible
to this technique (carbon and hydro-
gen) were analyzed for separately by
combustion and gravimetry.

TABLE |
Composition of the Various Turquoise Specimens Studied
Impurity
Major Minor Elements@
Elements? Elements?d {about 1% Carbon  Hydrogen
Sample (over 10%) (10% to 1%) or less) Wt. %P Wt. %P
#1 Natural A1,P Cu Fe,Si 0.34 2.1
#2 Gilson A1,P Cu — 0.69 2.1
#3 Syntho A1,P Cu - 2.6 2.1
#4 Adco A1l,P Cu — 2.8 3.0
#5 Turquite Si,P,S Cu,A1l — 6.9 1.9
Theory© A1P Cu — — 2.0
3 by SEM

b by combustion and gravimetry.
¢ for CuA1g5(PO4)4(0H)g-5H20
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Figure 3. Powder X-ray diffraction curves;
the numbers on the Nevada curve are the
a spacing in A and the intensity in parenthe-
ses taken from the ASTM File Card 6-0214.

Pyrolysis was performed at a rate of
2°C/min in an inert atmosphere (flow-
ing nitrogen) and the products ana-
lyzed in a UTC-100 mass-spectrome-
ter. "

Gemological parameters were de-
termined by the usual\techniques(ﬂ
(RI. by the spot method; specific
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gravity by hydrostatic weighing; short
and long-wave ultra violet fluores-
cence, and examination under magnifi-
cation).

Results

Elemental compositions from the
SEM in the energy dispersive mode are
shown for three of the materials in
Figure 2. The Adco and Syntho prod-
ucts gave curves similar to the Gilson
curve of Figure 2B. It can be seen
immediately that the Turquite ma-
terial does not have the turquoise
composition, containing little, if any,
Al and much Si, S, and Ca. The
natural turquoise contains small
amounts of Fe and Si, the former as
expected,(l) the latter indicating some
trace silicate contamination. -

Table 1 contains these results to-
gether with C and H analyses. It can be
seen that the Gilson product analysis
is very close to the natural turquoise
results; the absence of significant
amounts of iron indicates it is pro-
bably made from fairly pure ingredi-
ents. The low iron content also ex-
plains why the weak iron spectrum
seen in natural turquoise is absent in
the Gilson product.

Syntho and Adco contain consider-
able excess carbon, and Turquite just
does not fit the turquoise composi-
tion.

Results of powder X-ray diffraction
add further information. Here, as
shown in Figure 3, only the Gilson
product has the same crystal structure
as natural turquoise. Syntho and Adco
are very similar to each other, with the
correct chemical composition, but not
the turquoise crystal structure. The
Turquite product also does not have
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Figure 4. Scanning Electron Microscope
view of the Syntho product; field of view is
3 mm across.

the correct crystal structure for tur-
quoise.

Microscopic and SEM examinations
show a very coarse structure for Tur-
quite, visible even in Figure I. Syntho
and Adco have a finer structure,
shown for Syntho in Figure 4. SEM
analysis showed the dark grain in the
lower left hand corner to have a higher
P and lower Al content than the

surrounding lighter colored area.

The Gilson product has a grain size
of about 0.04 nm (40um) and shows
some material between the grains
which has been speculated to be a
geldlike aluminum hydroxide cement
by Eppler.(3) SEM examination in the
element mapping mode shown in Fig-
ure 5 indicates that the distribution of
P, Al, and Cu is quite uniform. Grains
would be slightly less than half the
reference bars in diameter. No deple-
tion of these elements is seen in either
grain or intergrain regions; accordingly
the grains and intergrain filling all have
the same turquoise composition.

Another question that needs to be
answered is whether any of the carbon
in the Gilson product could derive
from an organic binder (plastic, poly-
mer) or is present as inorganic car-
bonate as in the natural turquoise. A
sample of 6.70 mg was heated in an
inert gas stream and the gaseous de-
composition products were analyzed.
Only Hp0 and €Oy and their decom-

- T

Figure 5. Scanning Electron Microscope views in the elemental mapping mode of Gilson
synthetic turquoise for phosphorous (P), aluminum (A1), and copper (Cu).
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position products were observed (to-
gether with a trace of SOy, probably a
contamination). Figure 6 shows the
curve at 600°C. Quite similar curves
were obtained up to 1000°C, indicat-
ing the absence of any organic binder.

We are grateful to Dr. P. K. Gallagher
for these pyrolysis results.

The infrared reflection spectra pub-
lished by Arnaud and Poirot(3) show
the spectrum of the Gilson material to
have the same peak positions as the
natural, however with much less sharp-
ness. The other products examined by
them were quite different.

The results of gemological examina-
tions are given in Table 2. These
clearly permit the imitations to be
distinguished from the natural and
synthetic materials. Examination
under magnification should permit the
distinction between natural turquoise
and the Gilson product.(2’3’4)

Summary
The “Gilson Created Turquoise” is
shown to meet all the criteria pro-
posed(6) for a synthetic non-single
crystal equivalent of a natural gem
material. It appears to be the only true
synthetic turquoise so far examined.

TABLE 2
Gemological Data for the Various Turquoise Specimens Studied

Refractive
Sample S.G. Index
Natural 2.60-2.90 1.61-1.65
(range)
Nevada 2.66 1.61
(Natural)
Gilson 2.70 1.61
{Synthetic)
Syntho’ 2.10-2.40 1.56-1.69
(Imitation)
Adco 2.20 1.68
(Imitation)
Turquite 2.26 1.56
(Imitation)
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Fluorescence under

lw uv SW uv

Greenish-Yellow Inert
to Blue

Grey Blue Inert

Grey Blue Inert

Inert Inert

Inert Inert

Patchy Yellow
Green

Patchy Yellow
Green
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Turquite was found to be a simula-
tion, as claimed by the manufacturer.
The name is true of the Syntho prod-
uct, which had previously been adver-
tised as “True Synthetic Turquoise,”
however. The Adco product does not
appear to be a ‘‘reconstituted” tur-
quoise, since it does not contain any
significant amount of iron, which is
always present in natural turquoise.
Neither does it appear to be a “‘syn-
thetic”” turquoise, since it does not
have the turquoise crystal structure.
These three products are correctly
designated “‘imitation” or “‘simulated”
turquoise.

Conventional gemological testing
appears to be adequate to distinguish
synthetic, imitation, and natural tur-
quoise.
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The Adiel Steacy Memorial

An annual scholarship is open to a
resident of the city of Brockville,
Ontario, Canada, or surrounding area
who is in need of assistance to enable
him to pursue the study of gemology.
The scholarship provides actual costs
up to a maximum of $2,500 to enable
the recipient to attend the Gemo-
logical Institute of America or any
Institute in Canada of equivalent
status.

If there is no applicant from the
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Scholarship in Gemology

city of Brockville or the surrounding
area, the scholarship may be awarded
to a person ordinarily resident in
Ontario. It is a condition of the
scholarship that the recipient must
seek employment in the jewelry in-
dustry in Canada.

Applications should be submitted
to the Assistant Registrar (Student
Awards), Queen’s University, King-
ston, Ontario, Canada prior to July 1
of the year of application.
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Developments and Highlights
at GIA’S Lab

in Santa Monica

By RICHARD T. LIDDICOAT, JR.

In the interim since the last labora-
tory report, we have seen some
interesting things.

" Laser Drilling Gone Mad
A diamond was sent to the Santa
Monica Laboratory for identification.
This pear-shaped brilliant caused some
doubts in the minds of the people who
sent it because obviously they were
not sure it was a diamond. The stone

Figure 1.
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boggled the minds of those who saw it
because they found between 25 and
30 laser drill holes in the table. Many
of these are discernible in Figure 1.
When a diamond is laser drilled
through the table, the drill holes are
much less apparent than when they are
drilled through the pavilion facet.
Pavilion drill holes appear as obvious
white lines. If the diamond is drilled
through the table, the drill holes are
much less evident to a viewer who
examines the diamond from a direc-
tion perpendicular to the table. When
this diamond was examined from the
side, the appearance seen in Figure 2
became evident. Many drill holes can
be readily seen in Figure 2.

Figure 2.
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Figure 3.

Imitation Bloodstone

Occasionally we see imitations that
have been made of relatively inexpen-
sive materials. It makes one wonder
why the imitator bothered to do the
job. We received a really beautiful
imitation of bloodstone for identifica-
tion. It was unquestionably glass but
so beautifully done that there is no
doubt but that it had been done
intentionally and seemingly at great
expense.

Figure 3 shows a view of a portion
of a carving purported to be blood-
stone. The light areas in the photo-
graph are the red spots that would
characterize a bloodstone. However,
since it was actually glass, it was
surprising that the amount of effort
that went into the making of the piece
would have been expended on such an
inexpensive item. Obviously, the pur-
pose was that the material could be
molded instead of having to be carved,
so it made more sense than it would
have had it not contained a carving.
Figure 4 shows a magnification at 63x
of one of the red spots and the pointer
shows a bubble beside a flow structure
within the red spot that makes it
clearly a glass imitation.

234

Figure 4.

Barion Cuts
Figures 5 and 6 show two Barion
cut diamonds, one a square and the
other rectangular. These were very
attractive stones that used this rela-
tively new style of cutting.

Repairs and Alterations
of Jade Carvings
We received in for identification a
two-piece carving on which damage
has been sustained on the top piece.

Figure 5.
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Figure 6.

To repair the break, plastic material
had been added, which is shown in
Figure 7. The right hand portion and
the ring surrounding the left hand
portion were of nephrite jade but the
plastic addition to replace the broken
piece is shown as the shinier left hand
top portion in Figure 7. Another

Figure 7.
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nephrite jade carving in the form of
the disc had a drill hole through it
originally to take care of a chain. The
hole had been filled in and is seen as
the gray area at the center of Figure 8.
This was very obvious to the eye in the
examining of the stone.

True Canary

A truly lovely square-cut canary
diamond in a turn-of-the-century plati-
num mounting was received for identi-
fication and a determination as to
whether the color was natural. It had a
beautiful orangy fluorescence to both
short-wave ‘and long-wave ultraviolet
and was totally without the usual cape
spectrum of a canary diamond. This is
what Basil Anderson, longtime direc-
tor of the London Laboratory,
referred to frequently as a true canary.
It was a very lovely stone. We do not
see these very often.

Rare and Unusual Stones

Recently, we received for identifi-
cation a 6.07 oval-mixed cut brown
stone which proved to be sinhalite. [t
showed all of the four absorption lines
we expect from this relatively rare
gemstone and was a very attractive
stone. We also received as a gift from

Figure 8,
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Figure 9.

our old friend, Edward R. Swoboda,
two crystals of a very rare gem
material — jeremejevite. One was
colorless and the other blue. Another
interesting identification was a color-

‘

Figure 10.
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less brilliant that the sender suspected
of being a new diamond imitation. The
specific gravity turned out to be 5.57,
the hardness of 6 to 6%. It was singly
refractive and inert to both short-wave
and long-wave ultraviolet. The 1.17-
carat round brilliant showed.a faint
yellow fluorescence to X-rays. We
were asked to do an X-ray diffraction
study on it, and found that it con-
formed best in structure to a
dysprosium gallium oxide. In view of
the fact that all the figures we have for
this compound give much higher speci-
fic gravity values, we doubt that this is
exactly what it is, but it is obviously a
rare earth synthetic with a garnet
structure.
A New Use of Gilson Synthetic Opal
A really spectacular black opal
triplet was received by our Laboratory
for identification. This turned out to
have a glass top and a good solid opal
back, but the black opal portion
showed the usual mosaic structure of
the Gilson synthetic opal. We learned
from our New York Laboratory that
they too had recently encountered
such a use for Gilson synthetic opal.
See Figure 9. ’

More Notes on Diamond Inclusions

Again, we encountered some very
interesting inclusions in diamond.
What appeared to be an oval bubble is
portrayed in Figure 10. This was
actually a very flat inclusion in a
cleavage plane with a separation away
from a tiny crystal inclusion. But in
this view, it does look very much like
an oval bubble. In a pink diamond sent
in for identification, a number of
needlelike inclusions were observed
and are seen in Figure 11. Such inclu-
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Figure 11.

sions are not exceedingly rare in a pink
diamond but they showed up rather
more clearly than usual in this illustra-
tion.

“Bubble” in Natural Sapphire
What appears at first glance to be a
circular bubble in a natural sapphire is
seen in Figure 12. A second look at it
from the side indicates that it is
actually flattened and that it is neither

spherical nor a bubble (Figure 13.)
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Cathodoluminescence of Gem Materials
A Short Review

BY
ROBERT A. P. GAAL, PH.D., G.G.
Research Scientist, GIA
Santa Monica, California

Abstract

Gem materials containing activator
ions or structural defects luminesce in
an electron beam and reveal features
not visible to the eye when using
ordinary light. This phenomenon
called cathodoluminescence (CL) has
been known in diamonds for nearly
100 years. The technique has only
recently been resurrected by mineral-
ogists as a fallout from the develop-
ment of the electron microprobe
analyzer. Results obtained so far pro-
mise versatile possibilities of applica-
tions to gemology and the jewelry trade,
especially when coupled to a scanning
micro-spectrophotometer. This tech-
nique can produce luminescent colors
and spectra useful in research which in
turn can be used to detect and identify
gem materials, show crystal structural
defects not observed by other means,
separate natural, synthetic, and imita-
tion gemstones, exhibit zoning, detect
certain dyes and enhancement pro-
cesses, and be used by the prospector,
miner, sorter, cutter, and gem synthe-
sizer in separations, sorting and quality
control functions. The structural and
compositional variations reveal poten-
tial genetic implications.

Introduction

Mineralogists and gemologists have
used UV excited fluorescence for iden-
tification for many years, yet little
attention has been given to the appli-
cation of electron excited lumines-
cence by microscopic examination
until recently in the study of dia-
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monds. How paradoxical this is since
diamond was one of the first crystals
in which cathodoluminescence was
observed. Crookes in- 1879 initially
reported the phenomenon of cath-
odoluminescence (CL) in gemstones.
As one of the pioneers in the use of
luminescence as a gemological tech-
nique, Crookes, along with Maskelyne,
studied the effect in diamond,
sapphire, ruby, emerald, zircon and
other minerals nearly 100 years ago.
They found that when gemstones were
subjected to the negative discharge in
vacuum, they ‘shine with a great
splendor.”

In the 1920’, H. Michel and G.
Ried! of Vienna investigated the lumi-
nescence of gemstones using cathode
rays and later B. W. St. Clair studied
cathodoluminescence of natural and
synthetic sapphires. He was able to
detect and identify . the phosphores-
cent synthetics from the natural

stones.
Although the phenomenon of CL

has been known for many ‘years, the
“modern” period of development of
luminescence microscopy perhaps only
began in the early 1960°s when J. V.
Smith (1965) at the University of
Chicago and J.V.P. Long and S.O.
Agrell (1965) of Cambridge University
published papers on the use of lumi-
nescence as a petrologic technique.

GEMS & GEMOLOGY



The renewal of the method was a
result of the development of the elec-
tron-bombardment-stimulated X-ray
microprobe analyzer (EMP) of the late
1950’s and early 1960’s, in which
cathodoluminescence was commonly
observed as a by-product of studies
undertaken for other purposes.

Some of the most recent studies with
CL involve “lunar rocks,” emeralds
from Colombia and CL scanning elec-
tron microscope studies of diamond by
the De Beers Diamond Research Lab-
oratory and various universities in
England, Germany, and Holland. See
Escobar and Mariano, 1976.

In 1965, the Nuclide Corporation
developed an inexpensive device that
could be attached to an ordinary
microscope for observing specimens
under electron bombardment having
energies of up to 20,000 volts. The
resulting instrument was called the
Luminoscope®- See Mariano, 1975.

Recently, the Gemological Institute
of - America acquired a Nuclide Lumi-
noscope® ELM-2A, a new third-
generation cathodoluminescence in-
strument for the convenient and eco-
nomical observation of specimens
under electron bombardment. This
unit is compatible with almost all
microscopes so that the CL phenome-
non can be seen at various magnifica-
tions.

Luminoscope®

What is the Luminoscope® and
what does it do that other instruments
cannot do for gemology? First, it can
be visualized as a miniature TV tube in
which the TV screen can be considered
to be the gem sample. It resembles a
horizontally mounted electron micro-
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scope in that an anode draws electrons
from a cold cathode, then passes them
along a column consisting of a metal
tube with magnetic condensor objec-
tive lenses. These lenses (magnets)
focus the electron beam onto a small
sample area. The electrons then ex-
cite the sample and cathodolumines-
cence, thermoluminescence and some
X-rays are produced.

The basic instrument and its com-
ponents shown in Figure I consists of
a high voltage power supply control
unit, and vacuum specimen chamber
with attached electron gun. Figure 2
illustrates its schematic arrangement.

The control unit consists of a high
voltage power supply (0-18 keVDC)
current monitor (8uA-2mA) and
focusing controls (system). The
vacuum specimen chamber has an ob-
servation window and holds 2" x 3" x
1/2" specimens. The GIA instrument
(specimen chamber and electron gun)
is mounted on a stereomicroscope. An
internal X-Y translating stage allows
specimen positioning within the cham-
ber. A variable leak valve is attached to
the chamber to maintain a glow dis-
charge. The electron gun attached to
the vacuum specimen chamber uses a
cold cathode discharge at mechanical
pump pressures (10-25 millitorr). De-
tails of the specimen chamber and
electron gun are shown in Figure 3.
Because of the cold cathode discharge
environment, specimens do not require
a conductive coating.

Theory of Cathodoluminescence . . .

or Why Do Gem Materials Light Up
Cathodoluminescence (CL) simply
means electron stimulated lumines-
cence. Luminescence is the term used
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Figure 1. The Lum/noscope®, Model ELM 2A, with specimen chamber installed on a
Gemolite stereomicroscope, with vacuum pump, helium system, and power supply attached.

for light emission that cannot be
attributed purely to thermal origin.
When it is produced by ultraviolet or
visible light, it is called photolumines-
cence. This is the classical or common
type of optical fluorescence seen by
gemologists. If, however, the lumines-
cence or visible radiation is produced
by high speed electron bombardment,
the phenomenon is called cathodolu-
minescence.

The most familiar used of catho-

MICROSCOPE

VARIABLE

E#’_LEAK VALVE
WACLIUM SPECIMEN VACUUM
PUMP CHAMBER GAGE

ELECTRON
GLIN

CURRENT
MONITOR

HIGH VOLTAGE
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MONITOR

Figure 2. Schematic diagram of cathodo-
luminesce system.
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doluminescence is in the picture tube
of television sets. Let’s look at the
analogy of the TV picture tube as
shown in Figure 4. An electric current
flowing through the heater filament
causes the cathode, a metal cylinder,
to get hot and a continuous cloud of
electrons is “‘boiled off”” which passes
through the anode on its way to the
screen where it strikes the inside phos-
phor coating of the tube and causes it
to “light up.” The screen .of a tele-
vision picture tube consists of many
crystals of phosphor capable of pro-
ducing luminescence when bombarded
by electrons. When a fast-moving elec-
tron strikes one of the crystals, its
molecules absorb the energy of impact
and some of the electrons, bound in
the crystal, are raised to higher than
normal energy levels, As they drop
back to the unexcited or ground state,
the electrons give off visible light, with
an intensity depending upon the
energy from the impinging electrons.
Similarly, the Luminoscope® works

GEMS & GEMOLOGY



1-7/8” CLEAR DIA

VER

T
WVALVE

| HOSE

U= TOPVIEW
o L —;
i HIGH
VOLTAGE
ELECTRON GUN CABLE

CONTROLLED LEAK
VALVE

MEFLECTION
SSEMBLY

A
(PERMANENT MAGN

o

FLANGED HERE FOR INSERTION
OF FOCUSING LENS

STAGE MOTION
KNOBS

f

WINDOWS

OPTIC AXIS -.‘.- REMOVABLE 1/8"
LEAD GLASS

ELECTRON BEAM
I ——-) SIDE VIEW
h IL
g & caTHO
COLLIMATING CATHODE

ANODES

Figure 3. Luminoscope@ Model ELM-2A specimen chamber showing features {plan and
section). Courtesy of Nuclide Corporation, Acton, Mass.

in much the same way, except the gem
material lights up and becomes the
glowing screen. Instead of using a
heater to produce electrons, the
Luminoscope® uses a cold-cathode
emission technique to produce an elec-
tron beam. A high potential difference
of several thousand volts is placed
between the anode and cathode to pull
the electrons free from the cathode.
The gem material is bombarded in a
vacuum chamber to permit passage
and minimize attenuation of the elec-
tron beam.

Since the physics of CL can become
quite complex very quickly, the reader
is referred to references on color in
gem materials by Nassau in Gems and
Gemology 1975-1976, Loeffler and
Bumns (1976), and for an in-depth
presentation of the theory of lumine-
scence, see Garlick (1958), Leverenz
(1950), and Burns (1970). Numerous
other papers discussing the details
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of the electronic processes involving
transitions from excited states to
ground states, and other solid state
phenomena, are listed in the afore-
mentioned references. However, I be-
lieve that the conceptual analogy of
the TV picture tube will suffice for the
practicing gemologists.

Although the theory of CL is quite
complex, the effect is readily seen
when the electron beam current is a
few micro-amps (uA) and the high
voltage is about 5 to 18 keV. This
voltage is sufficient to accelerate the
electrons to speeds of almost a quarter
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PLATES
I VERTICAL
DEFLECTION
CATHODE PLATES /7‘\
ANDDE /
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Figure 4. Cathode ray tube.
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PLATE 1

a. Labradorite, left, calcite, right, showing
CL suppression by iron.

c. Natural ruby with disrupted structures
suggesting interrupted growth.

F,

e. Diamond with complex growth zones,
slip and dislocation bands.

g. Diamond melee of two different dia-
mond types.

b. Benitoite with characteristic intrinsic
blue CL.

d. Synthetic ruby (Kashan) with character-
istic parallel zonation in CL.

f. Natural white jadeite in CL.

h. Diamond exhibiting complex structures
and diamond type mixtures.
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PLATE 2

a. Synthetic alexandrite with growth band- b. Natural green diamond showing different
ing showing changes in composition. compositional types in CL.

\
5

!

¢. Diamond with floating disrupted struc- d. Diamonds with red and blue CL.
tures of different types.

e. Dyed green jadeite. f. Dyed lavender jadeite.

g. Natural green jadeite spot at initial CL. h. Green jadeite spot in 2-g turns red after
10 secs (thermoluminescence).
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of the speed of light. When the elec-
trons strike the gem material, they are
brought to rest and their kinetic
energy is dissipated, mostly as heat, in
the atomic structure of the bombarded
material. Depending on lattice distor-
tions, imperfections, intrinsic features,
or impurity ions, some of this energy
is radiated back as light — this is
cathodoluminescence.

Minerals owe their CL to the pres-
ence of impurity activators, structural
defect centers, or to intrinsic proper-
ties. Variations in intensity of lumin-
escence may be due to variations in
activators and/or quenching ions.
Activators are imperfections such as
impurities or defects in structures that
cause luminescence as a result of
changes in electronic states. CL
appears to be generated only in a very
thin layer in or near the surface.

Experimental Method

Gem materials analyzed with the
Luminoscope® included  faceted,
cabochons, crystals, and rough
materials. There is no need for coating
the samples with a conductive paint
since charge neutralization occurs
rapidly and there is very little charging
at the low pressure in the chamber.
The chamber and electron gun unit is
attached to a stereomicroscope for
viewing. CL was induced by 5 to 18
keV electrons in an irradiation cham-
ber; the specimens were examined
microscopically during irradiation and
luminescence observed visually. Ideally
these data also should be recorded
spectrophotometrically. Spectra of the
new diamond simulant cubic zirconia
quickly identify it. Zirconia has a broad
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band in CL peaking at about 475 nm
with a small satellite peak at 612 nm
which is different than diamond (per-
sonal communication, A. Mariano,
1977). Two micro-spectrophotometer
systems were tested, one of which was
computerized and data output (spec-
tra) was plotted on an X-Y recorder.

Energies used in this study cause
electron penetration depths of 1 to 2
um (Garlick, 1966). Davies (1975)
has calculated the depth of penetra-
tion in diamonds and shown it to be a
near surface effect. For 10 keV, the
depth of penetration is 1.4 um and for
50 keV about 20 um. Therefore, CL
excites a very small volume of the gem-
stone. The size of the energized vol-
ume is equal to the area of the spot
diameter, 1 cm. (104 um) for the un-
focused beam and 1 mm. for the
focused beam and depth about 10 um.

Samples are first cleaned in distilled
water where applicable and wiped dry
with a lint free absorbent tissue where-
upon they are placed in the specimen
tray and their position is plotted on a
sheet of paper so that their response to
CL can be identified and recorded.
The samples are placed in the vacuum
chamber which is pumped down to a
pressure of 15-30 mtorr in less than 3
minutes. Once this vacuum has been
reached, the cold cathode discharge
source is turned on and the beam
voltage adjusted to produce lumines-
cence. The electron beam can be
focused at a diameter from 1 mm. to 1
cm. on the desired specimen. The
response of the gem -material is re-
corded as to color, intensity, patterns,
phosphorescence or no apparent reac-
tion. See Goebel and Patzelt, 1976.
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Specimens with dimensions up to
2" x 3" x 1/2" can be placed into the
chamber and are examined at magnifi-
cation up to 90x with a stereomicro-
scope. Samples can be changed and
analyzed in less than 5 minutes once
the unit has been pumped  down
initially.

CL color data are summarized in
Table I. High concentrations of iron
or other elemental impurities tend to
suppress luminescence.

All photographs were taken on
high-speed Ektachrome (160 ASA)
with a 35-mm Nikon F2 Photomic
camera attached to an AO stereo-
microscope at magnifications of 10x
to 63x, 5-18 keV, 0.5-1ma, 40-50
mtorr, for 30 to 60 seconds. See Plates
1and 2.

Results

Preliminary study of various gem
materials indicates that several can be
rapidly identified, and suggests that
much can be learned about gemstone
treatment, crystal defects, origins, etc.,
based upon the features revealed by
CL. Structural and compositional vari-
ations may reveal potential genetic
implications. Crystal-zoning, some-
times revealed only by CL, was quite
pronounced in some crystals such as
diamonds and synthetic alexandrite
(Plates 1d, 1e and 2a). The zoning sug-
gests that the composition and environ-
ment of crystallization was changing
with time.

Most diamonds have a blue CL
color. Some specimens luminesced a
very weak blue-yellow-green (Plate 2b),
but did not show any obvious struc-
tural relationships by microscope ex-
amination. However, when the speci-
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men was photographed, excellent
structural defects become apparent.
Other diamonds which originally
luminesced various shades of blue
turned a pink color at higher beam
current densities and exhibited weak
linear zonations. Since rubies and
emeralds luminesce in the red end of
the spectrum, an interesting specula-
tion is to consider the use of IR
photography during CL. Examination
of some dyed lavender and green jade-
ite suggests another useful application
of CL. The dyed luminescing areas
seen in Plates 2e and 2f displayed by
CL appear to be discontinuous and
irregular, apparently following the
crystal boundaries and cracks.

The variety of color of some gem-
stones may be of diagnostic value
(Plate 1b).Carbonates usually show red
or orange luminescence; those that did
not apparently were iron bearing. See
Plate la. Zoning is detected -from
variations in color or intensity of lumi-
nescence, possibly indicating areas of
weakness in a stone. CL is a quick
qualitative way of revealing chemical
variations which could be especially
useful in checking the homogeneity of
synthetic or natural gem materials.
Supplemental investigation with EMP
or EDS would help confirm this inter-
pretation. Because of the heating effect
of the electron beam on (insulating
materials) the specimen, the observed
luminescence in some specimens was
seen to change with time. A spot of
green jadeite mixed in white jadeite
was observed to turn red in a matter of
a few seconds (Plates 2g and 2h). This
may be a thermoluminescent effect
due to heating.
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Table 1
Selected Gem Materials and their Cathodoluminescent colors*

HORE PR EE
GEM MATERIAL p|8|2|5|8 s[52 ag REMARKS
(0 |>|@m |0 25 |m|zg
ALEXANDRITE [ ] o DULL TO N.R.
AMBER o |o DULL YEL-GRN
AQUAMARINE [ ] s
AXINITE ee VERY DARK i
BENITOITE @ INTENSE Tw
BERYLLONITE @ LIGHT
BRAZILIANITE ®
CALCITE & INTENSE
CHRYSOBERYL (yel.) @ LIGHT
CHRYSOPRASE L] DULL PURP-RED
CORAL (pink) % DULL
DANBURITE @ PALE PINK-BLUE
DIAMOND ® e e e ol ® | INTENSE BLUE; STRUCTURES
CHROME DIOPSIDE & DULL BRN-RED
DATOLITE ® INTENSE LT. BLUE
DIOPTASE ®
EMERALD ®
GROSSULAR (green) @ INTENSE
IOLITE @ V. DULL RED
KYANITE & DULL RED
| LABRADORITE @ & BRN-LAMELLAE
LAPIS @ ® & MOTTLED
ORTHOCLASE (cat's-eye) [ ]
PEARL (Biwa; Chinese) ® FRESH WATER CULTURED
PERIDOT @
PETALITE & INTENSE
PHENAKITE ® INTENSE
PLAGIOCLASE @ PHOSPHORESCENT
RHODOCHROSITE @& DULL
RUBY @ INTENSE
SANIDINE @
SPESSARTITE i DULL
SPHALERITE ® INTENSE
SPHENE e |opuw
SPODUMENE (pink) ® INTENSE
STRONTIUM TITANATE |@
TANZANITE ® PALE
TEKTITE (moldavite) | [ ] DULL
TREMOLITE ee
WOLLASTONITE (white) @ INTENSE
| ZIRCON (green) ® E= DULL YEL & PURP BANDS
YAG (colorless) @ ®
SYN. RUBY ® KASHAN WEAK, OTHERS INT |
| 'SYN. EMERALD ® CHATHAM, LINDE INTENSE
SYN. DIAMOND e e e INTENSE

*Most commonly observed color(s).
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Diamonds proved to be one of the
most interesting materials observed in
GIA lab studies. Several CL examples
of diamonds are seen in Plates 1g and
2d. Studies by G. Davies (1975) indi-
cated that only diamonds with ‘“‘impet-
fections” can radiate visible CL.
These imperfections include impurity
ions or their aggregates and vacant
lattice sites. The particular CL colors
produced suggest the type of defect.
Note that not all defects, in diamonds,
for example N3 and ND1 centers, pro-
duce CL. The blue CL seen in type Ia
and ITb diamond may be due to donor-
acceptor spectra. Furthermore, Davies
(1975) believed that CL is a near
surface phenomenon since no lumines-
cence comes from the true surface of
the diamond and no information is
obtained below a 20 um depth of
penetration for the electrons.

Collins (1974) has studied CL in dia-
monds ‘and reported that natural type
Ia and IIb diamonds often show two
different contrasting shades of blue.
This distribution of blue color within a
specimen indicates the inhomogeneity
of natural diamonds and that they are
mixtures of type Iand II material. See
Plates 1e and 2c¢. The blue CL is due
to Band A spectrum. Blue CL can be
seen from all types of natural dia-
monds. We found that upon prolonged
excitation the color of the diamond
may change from blue to green, sug-
gesting this variation in color may be
due to changes in specimen tempera-
ture. This effect was also noted in some
other gemstones, e.g., the green areas
in natural jadeite turn red. Some type
IIb diamonds turn an intense pink.
Red CL is reported to be characteristic
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of some type II or type Ib diamonds
which have undergone radiation dam-
age (see Plate 2d) Some synthetic
diamonds CL green, others blue. Seal
(1976) has discussed the structure of
type I and II diamonds using CL and
other methods.

An excellent recent paper on CL of
synthetic diamonds by Woods and
Lang (1975) discusses growth sectors
and dislocations and their character-
istic luminescent colors and brightness
as a function of current density. They
reported that some green CL. from
cube growth sectors are linearly polar-
ized. This writer found similar effects
for certain gem materials. More re-
cently, Woods (1976) in a stimulating
paper on “‘nitrogen platelets” in dia-
monds used CL in conjunction with
other techniques. He now believes that
the so-called “platelets” are not of
nitrogen, but rather of aggregates of
interstitial carbon atoms in puckered
layers parallel to [100] planes.

The most intriguing aspect of this
writer’s study was the observation of
the complex internal structures and in-
homogeneities of the diamond types.
These features indicate interesting po-
tential genetic relationships. For ex-
ample, the complex bending and dis-
locations of parallel growth zones in
some diamonds suggest plastic de-
formation in a dynamic stress field;
the sum of the thicker multiple growth
zones followed by much thinner growth
zones of differing composition suggests
a fluctuating growth rate of relatively
long and short duration in a changing
environment; apparent  disrupted
structures of different compositions
and angular shapes suggest violent dis-
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ruptions followed by extremely rapid
growth (see Plates le, 1h, and 2c).
Summary
CL color can be used for the

detection and identification of many
gem materials, It shows variations in
trace concentrations of activator ele-
ments in zoned materials. CL can be
used in quality control in synthetic
crystal growth. By using a broad beam,
one can examine and sort parcels of
mixed stones or rough material. Also,
mounted goods can be studied.

CL may aid in the study of dyed or
even plastic enhanced materials and
reveal features not detectable by other
visible methods. It may also be seen in
gem materials in which UV produces
no effect.

Its use can be applied by the research
and practicing gemologist, gem prospec-
tor, in initial mine separation and sort-
ing, synthetic gem manufacturing in
quality control, diamond and colored
stone gem sorters and cutters, etc. See
Potosky and Kopp, 1970.

Future research will include (1)
creating defect centers within various
gemstones possibly by X-rays to
determine any measurable changes for
test purposes, (2) study of the change
in CL variations of color and intensity
with temperature and time, (3) study
emission spectra to obtain quantita-
tive spectra, (4) study suites of speci-
mens from known localities to estab-
lish a baseline for future work, (5)
study the relationships of the various
types of zonations, bands, dislocations,
and patterns to crystallographic
parameters.
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Developments and Highlights
at GIA’s Lab

in New York

By ROBERT CROWNINGSHIELD

Diamonds Toujours Diamonds
In the early days of our investiga-
tions into the problems of identifying
irradiated diamonds we had the im-
pression that definite color banding in
a fancy color diamond was an indica-

Figure 1.
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tion of its natural color. Figure I
illustrates pronounced color banding
in a natural brown diamond. Later we
read that one of the early problems in
cyclotron treatment of first, greens,
then browns and yellows was the
production of color banding when
none was visible before. This problem
must have been solved as we rarely

Figure 2
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Figure 3.

encounter strong
treated stones today.
Although the diamond illustrated in
Figure 2 is also a brown diamond, the
reason for reproducing the slide is the
unusually precise location of an in-
cluded crystal which reflects in nearly
every facet. Placed only slightly away

color zoning in

Figure 4,
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from its position the stone would be
graded fairly high — perhaps VS, . It is
a problem to grade the stone fairly but
surely SI, comes to mind.

Figure 3 shows just one of the
faults in symmetry that can occur in
the pursuit of excellence — in color
and clarity. The stone was originally
submitted for quality grading and
found to be E color, VVS, with a
weight of 2.14 carats. The flaw
accounting for the clarity grade was a
feather at the girdle. The stone was
finally completed after five examina-
tions as a Flawless, E color stone but
with symmetry noted “poor.” The
final weight was 2.01 cts! The Gem
Trade Laboratories are quite aware of
the perhaps unwitting part they play
in producing less than good make and
symmetry. The nearly oval shape of
this stone is a good example.

We are also aware over the past few
months of a growing tendency to
produce round brilliant cut diamonds
with main crown angles 30° or less. It
was about 18 months ago that we first
began to note on laboratory reports
when a stone had such a deficiency.

Figure 5.

GEMS & GEMOLOGY



Figure 6.

We have noted in this column before
that we have seen crown angles less
than 30° together with thin girdles in
at least 75% of the cases of damaged
stones which come to our attention,
usually through insurance adjusters.
The damage can occur during normal
wear or during setting as shown in
Figure 4. Although this particular
damaged stone was an old European
brilliant, the thin girdle and improper
bearing in the prongs (Figure 5) could
have been responsible for similar dam-
age in a thin crowned stone.

We rarely see a green diamond that
we feel sure is of natural color. Cer-
tainly, in the past 25 years we can
recall only one or two dark tourmaline
green stones whose history . could es-
tablish the natural color. Also, each
such stone had dark brown to
greenish-brown naturals. We have seen
several very light almost aquamarine
color bluish-green diamonds which we
feel are natural in color by virtue of
the presence of brown ‘stains” in
naturals. Figure 6 illustrates this. On at
least two occasions cutters who know
that these important clues may be cut
away in polishing have shown us rough
crystals which have a brownish-green
skin but are very transparent and a

WINTER 1976-1977

most attractive color even before cut-

ting.
Over the years there have been
several photographic techniques

developed for the purpose of “finger-
printing” diamonds. The most recent
has been reported to make use of a
simple laser beam. The resulting pat-
tern when reflected from the facets of
a polished diamond is unique to that
stone and supposedly provides a
means of identification. The twofold
problem still remains, however; in
recall, how does one catalog the mil-
lions of smaller diamonds that may
one day be photographed and what
means does the device have to detect
that a stone has been recut — a
favorite method employed in disposing
of stolen stones? One suggested means
of truly capturing a significant identi-
fying characteristic of important
diamonds is to photograph the strain
patterns under polarized light. Almost
all diamonds have strain when seen
under crossed polarizers though not
usually as distinct and attractive as
that shown in Figure 7. The photo-
graph does not indicate the beautiful
blue and red colors present nor the

Figure 7.
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Figure 8

fact that a small pinpoint inclusion is
present in the center. Of interest to
cutters, is the fact that sawing through
such a strain center may cause frac-
tures to develop and many use a
polariscope to avoid doing so.

We show Figure 8 only to remind
our readers that coated diamonds are
still around though certainly in the
New York Laboratory we have not
seen many in the past few years. The
coating on the diamond in this photo-
graph was quite resistant and appeared
as tiny bluish spots all across the
pavilion.

It would be difficult to disguise the

Figure 9.
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identifying characteristics of the
orange-brown natural color diamond
shown in Figure 9. The cottony cloud
is characteristic of many of these
lovely stones, though usually not so
pronounced. In the last issue we did
show a similar diamond, though very
much smaller, with a similar central
cloud. The last issue also showed the
picture of a diamond with an unusual
spiral scratch. Reader Eugene S. Love,
Newport News, Virgina, offers the sug-
gestion that it could have occurred if
the stone were in a spinning device
such as a Flexshaft hand tool while
being polished on the diamond scaife.
This is a technique the writer has seen
used with star sapphires but was un-
aware of its use with diamond.
Diamonds with no other fault than
surface grain lines may be graded
“Internally Flawless.” However, there
has to be a limit to the visibility of this
characteristic. When they are numer-
ous and reflect in the opposite facets
of a round brilliant, the trade generally
will not accept such a stone as flaw-
less. In Figure 10 the arrow points to

Figure 10.
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Figure 11.

surface grain lines which in the photo
appear white and reflect in the
opposite facets. This stone was graded
VVS, — certainly the grain lines were
much more obvious and detracting
than a minute pinpoint inclusion.

Tricky Rubies and a
Synthetic Emerald
Figure 11 illustrates a three stone
antique ring with two rubies flanking a
diamond. With the loupe, one of the
rubies appears immediately to be
synthetic since it has the typical strain
cracks at facet junctions and even
across whole facets due to rapid
polishing (Figure 12). In fact, it is a
natural ruby and of the two stones has
much the better color but much the
poorer make and polish.
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Figure 12.

Another natural ruby is shown in
Figure 13. Here one would swear he is
looking at gas bubbles. However, the
stone shows no fluorescence under
ultra-violet and under high magnifica-
tion the bubbles are seen to have a

Figure 13.
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Figure 14

“halo” (Figure 14). The black crystals
in the ruby shown in Figure 15 appear to
be natural but are in reality metallic
inclusions in a flux synthetic — of
which we are seeing many more in
recent months. The stones shown in
Figure 16 appear to be carved with the
typical motifs used to enhance opaque
Mysore ruby. They are, in fact, dyed
quartz.

|]-1 f 1[
Figure 16
250

Figure 15

Occasionally we see very pro-
nounced banding in Gilson’s synthetic
emeralds and have referred to them as
“Venetian blinds.” The photograph
(Figure 17) caught this effect better
than any we have yet seen. This type
of banding has also been noted in the
synthetic alexandrite made by the flux
method by David Patterson in Cali-
fornia.

Figure 17
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Figure 18.

Insects In?

We have had a flurry of inquiries
about insect-bearing amber and have
had occasion to identify several speci-
mens. In Figure 18 the insect is quite
distinct and has extremely long legs,
well preserved. The ungainly insect
shown in Figure 19 surrounded by
distinct gas bubbles met its fate only
recently in a very good plastic imita-
tion of amber.
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Observations on the Slocum Stone

By PETE J. DUNN, M.A., F.G.A.
Department of Mineral Sciences
Smithsonian Institution
Washington, D.C. 20560

Introduction

During the last two years, a new
imitation opal gem material has ap-
peared on the gem market in the
U.S.A. This material is an opal simu-
lant which is a sodium calcium mag-
nesium silicate glass. When viewed
from a distance of three feet, the
material has a striking similarity to
gem opal. This material is called THE
SLOCUM STONE after its creator,
J.L. Slocum. This imitation opal is
sold by MDI Corporation, 3417
Rochester Road, Royal Oak, Michigan
48073, U.S.A. It is manufactured in at
least five colors which are termed
“white, crystal, amber, semi-black, and
black™ according to a brochure from
the manufacturer. An initial report on
the material was published by Crown-
ingshield (1974).

Physical Description
The author examined two of the
simulated gems; one with black body
color and one with no body color. The
clear material is the one described
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herein. It is quite attractive and might
pass for opal in the eye of an un-
trained casual observer.

The material is quite transparent in
transmitted light and one could easily
read this printed page through the
gemstone, were it not for the opal-
escent effect which returns much light
to the eye and cuts down the effective
transparency. To an experienced gem-
ologist, some of the Slocum stones,
particularly the black colored material,
exhibit a vague resemblance to
crinkled cellophane under crown-glass.
However, a careful observation indi-
cates that the color-causing medium is
indeed distributed through the ma-
terial in a rather uniform manner.

The opal simulant studied herein
was about 20 x 12 mm and cut en
cabochon. Upon examining the imita-
tion opal from directly above the
crown, one sees an “‘opalescence” of
violetish blue, orangish red, and
yellowish green. As the stone is
moved, the character of the light
changes in a manner similar to opal,
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and the individual color-spots, sheets,
and veils change from one color to
another and back again. There are no
localized color-concentrations or
patchy effects.

Two salient features aid the gem-
ologist in visually recognizing the
Slocum stone. First, there is a pre-
ferred orientation for the ‘“opal-
escence’” and when the stone is viewed
from the side, there is a marked
reduction in the opalescent effect. The
second noteworthy feature is that
when the material is viewed with
transmitted light passing normal to the
plane” of the orientation, a patchwork
of very small green splotches is very
obvious. The splotches do change
color upon tilting the stone, but in a
peculiar manner not identical to the
effect seen under reflected illumina-
tion. This effect, quite unlike opal, is
rather peculiar.

The examined Slocum Stone has a
density of 2.47 g/fem® (+0.03) com-
pared with the manufacturer’s range of
241 — 2.50. The refractive index is
nD = 1.514 (£0.003) compared with
the range of 1.49 — 1.51 offered by
the manufacturer. The material is iso-
tropic and the effect seen in crossed
polars is kaleidoscopic. It is not fluor-
escent in either long- or short-wave
length ultraviolet radiation. The
material does not diffract X-rays co-
herently, is amorphous, and is not
affected by heating to 200°F. The
Slocum Stone is a glass.

A notable feature of this material
among other simulants is its extreme
toughness. Its resistance to chipping
and breaking is quite high. The author
spent about 15 minutes bouncing this
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imitation gem on floors with no effect
to the stone whatsoever. It might be
added in passing that this very tena-
cious material has a rather lively
bounce; greater than that of normal
glass gems. Breaking the material for
analysis using a device comprised of
opposing chisels was quite difficult
and confirmed the toughness of the
material.

The Mohs hardness is about 5-5%.
Several measurements were made with
a Vickers micro-hardness tester. Eight
impressions with a 100-gram load gave
an average hardness number of 509
(£38). Five impressions made with a
50-gram load gave an average hardness
number of 465 (£50). This Vickers
hardness confirms the Mohs hardness
value. The observed variation in micro-
hardness of the material (not of con-
cern in evaluating its gem potential) is
also seen as a differential resistance to
polishing. A careful examination of a
polished surface (Figure 1) reveals a
subtle, irregular, ‘“‘suturing” between
adjacent grains of the glass. The

presence of these grains suggests a
gross granular or lamellar texture with

Figure 1. lIrregular suturing between grains
of the Slocum stone. (Photo taken with
Nomarski phase-contrast technique at 44x.)
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Figure 2. Lenticular-aggregate texture of
the Slocum stone. (Photo taken with
Nomarski phase-contrast technique at 44x.)

a grain size varying up to 1.5 mm. The
highly polished surface of a thin
section of the material was coated
with carbon and then coated with
platinum and photographed in re-
flected light. Photographs of this sec-
tion are shown in Figure 2. The
section is cut normal to the base of the
cabochon and shows the irregularity
of the texture very well. The preferred
orientation of the grains is obvious and
the grains are lying with their tabular
direction parallel to the normal line of
sight of the viewer, assuming the stone

Figure 3. Photograph showing the irregular
fracture of the Slocum stone. (Photo taken
with the Scanning Electron Microscope
(SEM) at 130x.)

was cut in the manner suggested by
the manufacturer’s pre-orienting of the
material. This irregularity of the grains
is also likely the cause of the extreme
toughness of this material. The frac-
ture of the glass is irregular and
random (Figure 3), with no diagnostic
features.
High Magnification
Observations

In an effort to attempt to explain

the “opalescent” effect seen in the

Figure 4. Photograph of a large fracture
surface of the Slocum stone. (Photo taken

with the Scanning Electron Microscope
(SEM) at 53x.)

254

Figure 5. High magnification photo of the
lenticular texture of the Slocum stone.
{Photo taken with the Scanning Electron
Microscope (SEM) at 680x.}
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Figure 6. High magnification photograph of
the border between the two different tex-
tures in the Slocum stone. (Photo taken

with the Scanning Electron Microscope
(SEM) at 10,500x.)

material, small fragments were exam-
ined by means of a Scanning Electron
Microscope (SEM). It was thought that
the effect might be due to a thin film
of organic material lying between the
individual lamellae. No film was ob-
served, however, even at magnifica-
tions of 10,500x, nor was any other
intergranular material noted.

Figure 4 illustrates a very small
section of a fractured surface mag-
nified 53 times. Scattered bits of
particulate matter are dust and glass
fragments and should be ignored. A
small portion of Figure 4 (designated
by arrow 5) was examined at 680
magnifications and is shown as Figure
5. The lamellar texture seen in Figure
2 is also quite obvious here, although
here it is seen on a very small scale. In
this photograph the material is seen to
consist’ of two separate textures; one
extremely fine-grained, and the other
of a micro-granular nature. It is pos-
sible that the “opalescent’ effect is
generated at the juncture of these two
texturally inhomogeneous materials,
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Figure 7. High magnification photograph of
the border between two grains of similar
smooth texture. (Photo taken with the
Scanning Electron Microscope (SEM) at
10,500x.)

Two small sections of Figure 5 (desig-
nated by arrows 6 and 7) were photo-
graphed at a magnification of 10,500 x
to generate Figures 6 and 7. Tt is
readily apparent from Figure 6 that
there is quite a variation in the texture
of individual lamellae in the material.
Here the border between the truly
homogeneous glassy and micro-
granular portions is clearly seen. This
textural difference is also likely re-
sponsible for the differential micro-
hardness of the Slocum stone, as noted
earlier in this paper. Figure 7 is a
photograph (at 10,500x) of the
“sutured” junctures where two glassy
portions appear (see Figure 1) to join
without any intervening lamellae of
the coarser-grained material. Here a
chevron-like banding occurs which
may be due to a compositional varia-
tion below the limits of detection of
the microprobe or, more likely, due to
a gradual change in grain size between
the two textures. This banded effect is
also seen in Figure 6, but is less
pronounced.
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TABLE |

Microprobe analyses of the Slocum
Stone

#1 #2
Si0, 71.85 73.20
TiO, 0.00 0.00
AlLO, 1.95 0.07
FeO 0.00 0.00
MgO 4.37 428
MnO 0.00 0.00
Ca0 7.59 8.98
K,0 0.60 0.02
Na, O 13.22 14.08
TOTAL 99.58* 100.63*

accuracy of data + 2% relative
* plus 0.29 % H, O by the Penfield method.

Chemistry

This imitation opal material is a
sodium calcium magnesium potassium
aluminum silicate glass. The manufac-
turer states that it is composed of
“Si0,, Al,05;, and alkalies, and is
anhydrous.”

The sample was analyzed with an
ARL-SEMQ electron microprobe using
an operating voltage of 15 kV and a
beam current of 0.15 uA. Standards
used were SiQ, for silicon, hornblende
for aluminum, iron, calcium, potas-
sium, magnesium, and titanium. Man-
ganite was used for manganese and
anorthoclase for sodium. Separate
analyses with different standards have
verified the composition. A micro-
probe scan indicated the absence of
other elements. The data were cor-
rected by computer using Bence-Albee
correction factors.

Two analyses of the material are
presented in Table I. Analysis #1 is
representative of the bulk of the glass
examined. The material is very rich in
siticon, sodium, calcium, and mag-
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nesium. During the course of analyzing
the material, it was noted that the base
of the imitation opal was deficient in
aluminum and enriched in calcium and
sodium relative to the bulk of the
material. Analysis #2 is representative
of the composition of the base. Water
was determined by the Penfield
method and found to be a miniscule
0.29% by weight. When compared to
the water content of gem opal, this
water is negligible. The Slocum stone
is also, aside from the aluminum-
deficient base noted above, quite
homogeneous in composition.

In summary, the Slocum stone is a
sodium calcium magnesium glass of
extremely high tenacity. The cause of
the “opalescence” is not known with
certainty since the observations herein
are subject to several interpretations.
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