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The Contact Angle of Water On Gems

By K. NASSAU, Ph.D., and H. SCHONHORN, Ph.D.

Bell Laboratories
Murray Hilt, NJ 07974

The contact angle of water on
inorganic minerals and a.variety of
diamond substitutes is shown to be a
useful gemological test probe. Dia-
.mond has a contact angle quite differ-
ent from that of the various diamond
imitations. A complicating factor is
the effect of irradiation, which appears
to produce a modified surface layer
which changes the contact angle. This
can be removed by mild abrasion.
Contact angles are reported for 27 gem
and mineral substances.

Introduction

It is widely known that diamond
differs from most other minerals in
that it is hydrophobic, ie., is not
wetted by water. This property is used
in the ‘“‘grease-table” separation tech-
nique in the South African diamond
mines: when crushed rock is washed
with water over a table covered with
grease (e.g., petroleum jelly), dia-
monds will adhere to the grease while
most other minerals are washed
away.!
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With the proliferation of diamond-
look-alike synthetics, a need exists for
rapid, positive tests for the identifica-
tion of high refractive index stones,
i.e., those with refractive index
beyond the range of refractometers.
At present the only tests which can
support a loupe or microscope examin-
ation for flaws, inclusions, perfection
of finish, etc., are a specific gravity
measurement, the reflectometer type
instruments? and checking the hard-
ness, e.g., with a tungsten carbide
point®, which scratches everything ex-
cept diamond (if one has been assured
that it is indeed a diamond!). There
are drawbacks to each of these tech-
niques, and an additional test, even if
it should not be sufficient in itself, is
always useful, particularly if it is
simple and non-destructive.

Theory
When a liquid L is in contact with a
solid S in the presence of an atmos-
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Figure 1. Young’s equation for the contact angle 0 of a drop of
liguid L on a solid S in a gas V with interfacial tensions T.

phere or vapor V, the contact angle is
controlled by Young’s equation* as
given in Figure 1 where T is the
tension between any two of the three
phases and @ is the contact angle as
shown in Figure 1. This equation is in
fact only a statement that the forces
must balance in the horizontal plane at
the contact point. It is usually not
feasible to measure the individual T
values, and 0 is therefore measured
directly.

Contact angles range from 0 de-
grees, when complete spreading (wet-
ting) occurs on a clean surface of
combinations such as water on glass,
quartz, etc. to values close to 180
degrees, when a drop sits on the
surface with essentially no contact.

Much work has been done in the
contact angle field for polymers and
other organic substances and a review
has been given by Neuman.® There has
been some recent questioning of the
fundamentals behind Young’s equa-
tion®, but a new derivation appears to
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have placed it on a sound theoretical
footing.” '
The contact angle depends both on
the solid as well as on the liquid used.
Any liquid could be employed, but in
this study we have confined our atten-
tion to distilled water. Since the con-
tact angle is characterized by the
properties of the surface atomic layer,
surface contamination is the pnain
error-producing factor.

Technique
In Figure 2 a step by step descrip-
tion is given of the technique which
was used to measure contact angles on

a variety of gem and mineral materials.

Additional precautionary notes to this

figure are:

(1) If oil, grease, or soap may be
present (as in a mounted stone)
wash well in water, dry and use an
additional preliminary rinse in
trichlorethane or a similar grease
solvent.
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STEP 2

STEP 3

v

CLEAN AND DRY (1)
SWISH WELL IN CLEAN
TRICHLORETHANE

SHAKE OFF SOLVENT
OR BLOT ON CLEAN
NEW FILTER PAPER

PLACE ON SOLID
SUPPORT WITH FLAT
HORIZONTAL (2}

STEP 4

STEP 5

STEP 6

GENTLY PLACE A

CHECK THAT DROP
DROP OF CLEAN WATER (1S ROUND AND NOT
ON FLAT SURFACE(3) | TOUCHING EDGES

M 2
KX

MEASURE ANGLE
ON BOTH SIDES AT
CONTACT POINT (4)

Figure 2. Steps in measuring the contact angle. See text for

footnotes.

(2) Do not touch top surface of stone-

after cleaning. Modelling clay is a
good medium to hold stones in
place. Measure within a few
minutes of cleaning.

(3) Use clean, distilled water, free of

soap or grease. Do not drop water
from above the surface and do not
move drop or suck water back
from drop once it is in place. A
hypodermic syringe with a fine
needle, a glass medicine dropper
drawn out to a fine tip, or a
micropipette are suitable for
adding the liquid.

(4) Measure the angle within a few

minutes of forming drop, to avoid
excessive evaporation or contamin-
ation from atmospheric pollution,
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and do not shake or otherwise
cause drop to move. Make sure
angle is being measured right
where it is touching the surface.
The two measurements should not
be significantly different.

Additional cautionary points are

the following:
(5) Too high readings may result from

any grease present or from some
coatings; too low readings will
result from some coatings, from
soap or detergent, from con-
taminated water, from waiting too
long, or from angles measured
away from the contact location.
Make sure there is no coating on
the surface to be tested and that

GEMS & GEMOLOGY
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the stone is not a combination
stone (doublet, triplet, etc.). Irra-
diation appears to change the con-
tact angle; lowers a high value and
raises a very low value (see below).

(6) It is always best to check one or
two known specimens to confirm
that good technique is being fol-
lowed, as with any test.

The contact angle was measured
with a small telescope equipped with
two cross-hairs, one being fixed hori-
zontally, the other attached to a
rotating scale calibrated in degrees. In
this apparatus®, the sample to be
measured is supported on a solid metal
table which can be moved horizontally
and vertically by rack and pinion
drives to obtain an exact position in
the cross-hairs.

Results

In Table 1 and Figure 3 are
accumulated data taken by at least
two observers each on a range of gem
and mineral type of materials. In many
cases a variety of colors was included
(e.g., white, blue, brown, and orange
topaz; white, pink, ruby, orange, and
blue shades of corundum; etc.); both
natural and synthetic gems were also
tested, and neither color nor origin
appeared to introduce any differences
except in spinel and cubic zirconia,
where the composition of the syn-
thetic is known to be quite variable.

The contact angle is not signifi-
cantly affected by the quality of the
polish, and results were usually repro-
ducible +3 degrees on a given sample
and almost always within +5 degrees
over several samples (except for the
variable composition spinel and cubic
zirconia).
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TABLE 1
CONTACT ANGLES (WATER)

In descending order of the
average angle in degrees.

Zincite 94-90
Corundum 94-86
YAG 92-86
Strontium Titanate 90-80
Lanthanum Aluminate 91-85
Alexandrite 90-84
Elbaite 88-80
Grossularite 84-76
Cubic Zirconia 90-70
GGG 84-74
Beryl 89-83
Topaz 80-69
Lithium Niobate 77-71
Spinel 84-64
Wulfenite 73-69
Yttralox 71-65
Rutile 72-62
Zircon 67-60
Spessartite 67-60
Powellite 64-60
Moissanite 66-58
lolite 62-56
Scheelite 60-50
Diamond 55-47
Otigoclase 41-35
Quartz 0

Glass 0

v

To check on possible anisotropy
effects, an oriented topaz cube was
measured on all faces as follows:

a — faces: 70,74; Av. 72.0, SD 2.8

b — faces: 69,74; Av. 71.5, SD 3.5

¢ — faces: 72,80; Av. 76.0, SD 5.6

Grand average 73.2, SD 3.3
Within the standard deviation (SD)
limits the differences found were not
significant.

The Effect of Irradiation
Considerable difficulty was ex-
perienced in obtaining consistent read-
ings on several of the materials
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Figure 3. Approximate contact angles of diamond and diamond

imitations.

studied, until it was realized that they
had one thing in common: they had
been known or suspected of having
been irradiated. Some irradiation ex-
periments using a cobalt-60 gamma
cell on known unirradiated specimens
confirmed this effect.

It appears that a thin film of oil,
grease, etc. is usually present on all
surfaces and when the specimen is
irradiated the surface is modified by
an adherent layer of possibly poly-
merized material tightly bonded to the
surface. Such a layer is only a few
atoms thick and therefore does not
affect the refractive index (also a
surface property, but which needs a
layer at least of the order of a
wave-length of light in thickness to
have any effect).
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Even hot chromic acid/sulphuric
acid cleaning solution did not remove
this layer, but a light -re-polishing
always did. In the case of an irradiated
blue-green diamond, a light rubbing
with Linde A abrasive (much softer
than diamond) removed the layer and
restored the contact angle reading
appropriate for diamond. A check on
natural blue and yellow diamonds
showed normal results.

Discussion

The most surprising aspect of this
study was the finding that so many
materials have contact angles even
higher than the 50 degrees of
diamond. This is particularly true of
almost all the more convincing high
refractive index diamond imitations
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TABLE 2
THE EFFECT OF IRRADIATION

ON THE
CONTACT ANGLE (WATER)
Re-polished Irradiated
or not and not
Material irradiated re-polished
Corundum 94-86 40-36
Beryl 89-83 74-43
Topaz 80-69 70-48
Diamond 52-47 17-15
Quartz 0 35-22

such as cubic zirconia, GGG, YAG,

strontium titanate, rutile, and zircon.

Diamonds smaller than one half carat

can be readily measured.

In view of the anomalous results
produced by irradiation, the contact
angle test cannot be recommended as
an unambiguous guaranteed-not-to-fail
identification test for diamond. Never-
theless it is interesting that, in the
absence of irradiation, diamond with a
contact angle of about 50 degrees is
easily distinguished from the various
diamond imitations with contact
angles in the 60 to 90 degree range as
shown in Figure 3.

The range of this study was rela-
tively limited; the values determined
need to be checked elsewhere on
different specimens and a number of
additional studies would be needed for
the full applicability of the contact
angle as a gemological testing tech-
nique. Items that need investigation
include the following:

a) Trying different solvents and clean-
ing techniques to see which pro-
duces a clean surface most easily
for various possible contaminants
(waxes, silicone, grease, soap, etc.).
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b) Trying other test liquids. Water is
most convenient and gives an ex-
cellent separation for diamond, but
it becomes contaminated very
easily; it is probably still the best
for general use.

¢) Checking in more detail for small
variations of the contact angle with
quality of polish, with composition
(including impurities, ie., color)
and with orientation. All except
major composition changes are ex-
pected to be very small effects, if at
all detectable.

d) Building up a compilation of accu-
rate contact angles for several speci-
mens each from different localities
of many gems and minerals, includ-
ing any orientation and composi-
tional variation effects.

e¢) Determining the softest abrasive
which will reliably remove the
irradiation-produced surface poly-
mer layer.
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Addendum:

A recent article by W.W. Hanneman
(Lapidary Journal 31, 2576, March
1978) and an older one by A.T.H.
Tjwan (Journal of Gemmology 11,
205, April 1969; reprinted Lapidary
Journal 23, 624, July 1969) report
some water drop results. Both authors
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appear to have used quite inadequate
cleaning: Tjwan “wiped with a clean
dry cloth” (1) and Hanneman did not
specify his technique. As one example,
neither the glass nor the quartz of the
latter should yield the drops he shows
in his figures, since the contact angle
of both these materials is zero degrees
and complete spreading is known to
occur when they are scrupulously
clean. Accordingly, the conclusions of
both of these reports cannot be
accepted as valid.
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Developments and Highlights
at GIA’s Lab

in New York

By ROBERT CROWNINGSHIELD

More on Cubic Zirconia

Since writing the Fall Column for
Gems & Gemology, the Laboratory
in New York has had the occasion to
examine quite a few of this latest dia-
mond simulant. We are proud of all
the laboratory staff — from non-
gemologist weighers and measurers
to diamond graders and colored stone
personnel who have recognized stones
surreptitiously submitted for examina-

Figure 1.
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tion. In several instances, weighers
have noted the weight versus measure-
ment differences while graders have
noted the rounded facet junctions,
polishing scratches and un-diamond-
like girdle treatment. In almost all
stones tested, the mere act of taking
the stones’ measurements chips the
culet with a resulting conchoidal frac-
ture which arouses suspicion.
Recently, a detective for the attor-
ney general’s office in a nearby county
brought in four rings each set with
cubic zirconia (Figure 1) Without
question they were the best polished
and best quality clear material we have
seen (barring the obvious hardness test
scratches made before we saw them).
The stones ranged in size from an
approximate diamond size of 1.00
carat to an emerald cut about the size
of a 5-carat diamond. The smallest
stone was set in an old platinum en-
gagement ring with two side diamonds,
but the prongs had not been repaired
to complete the deception. All but one
of the stones fluoresced orange under
long-wave ultraviolet. The remaining
stone was inert but glowed a slight
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greenish-yellow under short-wave ul-
traviolet. We were unable to unmount
the stones to determine specific gravi-
ty but have found it, too, to be incon-
sistent ranging as it does from approxi-
mately 5.40 to 6.00. All showed the
effect of great dispersion when ex-
amined culet up in the light well of the
Gemolite. When tested with a reflec-
tivity meter, the reading for all four
stones was 2.15 in good agreement
with our standardized cubic zirconia
test comparison stones.

Perhaps the most insidious request
we have received was for a report on
the color origin of a light pink round
brilliant. By chance the weighers had
just finished a colorless diamond with
almost the same measurements and
were alerted when the pink stone
weight was much greater — but not be-
fore the culet had suffered chipping
because of the measurement. This was
our first cubic zirconia in a near-fancy
color.

We feel that well-proportioned and
finished cubic zirconia is potentially a
great hazard for the jewelry trade, as
well as mélée size stones. We do not
know the story behind the four rings
submitted by the detective, but he
promised to let us know when litiga-
tion is completed. Several people are
working toward simple tests which
non-gemologists can use to detect
whether or not a stone being examined
is a diamond. Certain properties of dia-
mond not currently being exploited by
gemology may have to be used. One
can think of thermal conductivity, un-
wettability, etc. If any reader learns of
frauds committed with this material,
the writer would like to hear about the
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incident in order to alert other readers.
Meanwhile, with diamond prices still
going skyward, there may be a place
for this convincing stone.

Evidently, the very diamond-like
appearance of cubic zirconia is giving
problems to manufacturers and repair-
men. Workers forget — or do not know
— they are not working with diamond,
often with disastrous results. Figure 2
shows what remained of a 2.50-carat
round brilliant in a solitaire ring being
sized. Manufacturers have told us of
higher than average incidence of break-
age. At the moment, we do not have
enough information about the wear-
ability of the stone since we only re-
cently had one set with the request
that the owner wear it regularly.

Currently in the Laboratory, we are
working on an interesting project for a
client. With the high price of dia-
monds, he is curious to see if a master
color set of cubic zirconia might not
be feasible. To our amazement, we
have secured an “E, “G,” “I,” and a
rather too brownish “J.” We do not
know if cubic zirconia will “hold its
color” or if it will alter with exposure
to ultraviolet or with age. We do know

Figure 2.
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that the stones do not excite suspicion
on the part of the color graders as they
“look like diamonds.” With the advent
of cubic zirconia in colors perhaps we
can secure some master fancy colors at
a reasonable price to delineate such
things as the point at which a pink
may be considered fancy or fancy in-
tense pink.

And Now, Diamond

We have reported before that Type
IIb conductive diamonds are not all
blue. Most recently we mentioned the
possibility of brown stones which
seem to be laminated with brown and
blue. (I am reminded of a flat crystal
kindly lent to us for photographing by
Lazare Kaplan and Sons in which half
was blue and half was brown.) Also,
most gray to “transparent” black dia-
monds are conductive. As an experi-
ment, one friend of the Laboratory
showed us a conductive gray diamond
with the statement that he planned to
bombard it with electrons in order to
give it a blue color. This he proceeded
to do, but upon retesting for con-
ductivity it was found to be inert. If
this is, indeed, the reaction of irradia-
tion on conductive stones, it is a com-
fort to know since conductivity has al-
ways indicated natural color.

One color of diamond which we
rarely see and then mostly in mélée
sizes is a light greenish blue resembling
un-heat-treated aquamarine. Some-
times the small stones have greenish to
brown spots in naturals and some
show a cape spectrum suggesting
natural irradiation as the source of
color. Recently, we examined an ex-
quisite light greenish-blue emerald-cut
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stone weighing more than 25 carats
and which was, incidentally, internally
flawless. The stone apparently had
some history suggesting that it was in
existence as a cut stone long before
irradiation was used to alter colors. It
was inert to ultraviolet and did not
conduct. Moreover, there were no
naturals present to search for “skin.”
We were curious to determine if the
stone might not be a Type Ifa which is
highly transparent to short-wave ultra-
violet as Type IIb stones are, but are
not conductive. This stone was trans-
parent to short-wave ultraviolet (using
the “scheelite test” in a dark room).
We are eager to examine more stones
of this rare color to see if our findings
have any meaning. We are especially
interested in a pair of stones cut from
the same piece of rough which the cut-
ter said had a “skin” of brown spots.
Unfortunately, they were all cut away
so that there is no means of deter-
mining the color origin. They resemble
a light greenish-blue electron-treated
stone given to GIA some years ago by
the Diamond Research Laboratory in
Johannesburg. The two stones have
weak 4155 A. U. “Cape” lines which
the large emerald cut did not have. In-
cidentally, both they and the large
emerald-cut stone were noticeably
more transparent than most “white”
diamonds. Figure 3 depicts this un-
usual large emerald cut.

A really rare coincidence is shown
in Figure 4. 1t is a surface grain or twin
line paralleling the girdle and bisecting
it so that the stone was suspected of
being a doublet.

Those readers who use the spectro-
scope frequently for determining the
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Figure 3.

origin of color of diamonds know how
rarely a fluorescent line is seen. The
line at approximately 5700 A. U. in
treated pinks is the most frequently
observed. We were surprised to see
such a line at about 5400 A.U. in an
intense fancy yellow brown stone of
natural color.

In Figure 5, we illustrate something
that keeps us amused while grading
diamonds. For all the world, the in-
clusions in this diamond resemble
worms. It is difficult to imagine what
went on crystallographically to pro-
duce unusual features.

Another Multi-Star Quartz

Since writing the column for the
Summer 1977 Gems & Gemology,
we have not seen any more of the
multi-star quartz until recently when a
204-carat ‘stone in a diamond and
platinum cluster ring was presented for
identification (Figure 6). The stone
was light bluish-gray in color and when
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Figure 4.

viewed with the main star along the
optic axis, it resembled a star sapphire
very well. Unfortunately, the photo-
graph does not show the many other
stars which confused jewelers in this
country who were asked to evaluate
the ring. The ring was purchased in
Hong Kong by a tourist.

Imitation Tourmaline

A modest amount of publicity has
occurred to promote one of America’s

Figure 5.
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Figure 6.

few gemstones — namely, Maine tour-
malines. As we have mentioned before,
the colors from the Plumbago Mine
tend toward a rhodolite red-purple and
a pleasant bluish-green with bi-color
stones occurring occasionally. We were
surprised to have submitted for identi-
fication a pair of quartz triplets which
were dead ringers in color for Maine
bi-colors (Figure 7).

Black Cultured Pearls, Natural Color

Through the good offices of Assael
International, New York, we have had
the opportunity to examine the first
commercial offerings of Tahiti black
cultured pearls assembled in necklaces
and paired for earrings (Figure 8). The
test for untreated color is use of long-
wave ultraviolet in a dark room. Black
pearls from some sources will fluoresce
an intense red while others take on a
“furry” brown appearance. The Tahiti
cultured pearls are in the latter cate-
gory. We find it is helpful to use the
contrast goggles to see the brownish
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Figure 7.

color otherwise masked by visible ul-
traviolet reflections. It will be interest-
ing to see how well this new product
will be accepted by the trade and
public.

Synthetic Amethyst

Although we are quite sure that
synthetic amethyst particularly of
Russian manufacture has been entering
the market for some time, the Labora-
tories are seldom called upon to make
a distinction between it and natural
material. Now' that the Russians. are
seeking distribution in the United
States we have seen several large lots
and have been asked leading questions
about marketing it. As we have stated

Figure 8.
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before, if the stone being examined
has no inclusions whatsoever and no
color banding it is suspicious — but
not identifiable. We were in hopes that
a lead offered by Robert Webster who
was unacquainted with synthetic
amethyst would be helpful. In his
monumental book, he suggests that
X-ray fluorescence many times distin-
guishes synthetic rock crystal from
natural. Indeed, we found that the
paler synthetic amethyst glows a weak
greenish compared with the same color
natural — sometimes! Darker synthetic
stones in our collection are virtually
inert while a similar colored natural
stone fluoresced weakly. Parcels of-
fered recently at low prices contained
as many as 30 calibrated stones not
one of which had any inclusions, al-
though some had indistinct color
bands. It would appear that the stones
were cut from growth areas far re-
moved from the seed plate and care-
fully examined so that tell-tale bread
crumb inclusions would be absent. The
lack of flaws, of course, was sus-
picious. In color, the stones we have
seen vary from pale brownish-purple
to a deeper purple, but still brownish.
In fact, we have seen very few syn-
thetic amethysts with the exciting
red-purple of the finest natural stones.
Because amethyst is not really one of
the most popular stones, it remains to
be seen how well a synthetic counter-
part resembling less than fine quality
will be received. We have had the ex-
perience in the recent past of being of-
fered large lots of amethysts by
Brazilian dealers eager to sell at any
price in order to get the air fare home.
The prices asked for stones very simi-
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lar to the synthetics we have seen must
surely be lower than that at which the
synthetic ean be sold.

A Puzzling Natural Emerald

The difficulty one encounters in
using the loupe alone for identification
was pointed up when a natural emer-
ald was identified recently for a jewel-
er who is familiar with the so-called
“Ferrer” emerald appearance under
the loupe. This glass imitation of emer-
ald was reportedly made in the 1920’
in Barcelona by one Ferrer who man-
aged to make an excellent color and to-
introduce swirled inclusions of gas
bubbles resembling the “garden” in a
natural emerald. In Figure 9 two-phase
inclusions are swirled in a “Ferrer-
like” pattern.

Figure 9.
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Amber From the Dominican Republic

A recent issue of National Geo-
graphic reminded us that we have been
seeing quite a bit of interesting amber
from this Caribbean island. One
American dealer has been very helpful
in providing our collection with
samples of the wide range of colors
and appearances. In Figure 10 we at-
tempt to illustrate in black and white a

Figure 11.
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part of the collection. In color they
range from very pale yellow
resembling white wine to a very dark
almost black-brown. A few are highly
fluorescent and will appear blue in cer-
tain lights. A fairly large percentage of
the pieces we have seen have contained
insects or botanical specimens such as
flowers and needles. We are told that
the highly fluorescent amber never
contains insects. Figures 11 through

Figure 13.
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Figure 15.

Figure 16.
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16 show them, some beautifully pre-
served. The compound eyes of some of
the flies can be seen clearly under the
microscope. In Figure 17 is seen what
appears to be an orchid flower en-
trapped in the amber. Figure 18 was
taken of a rare true green amber with-
out a hint of normal amber color. It is
unfortunately not part of the
Institute’s collection. We have not seen
any of the “sun spangled” or “stress
figured” amber such as the Baltic piece
shown in Figure 19. By coincidence,
we received for testing a pendant con-
taining a pale yellow to nearly color-
less cabochon which resembled amber.
It was identified as rock crystal with a
yellow stain in fractures. Whether the
stain as seen in Figure 20 was natural
iron oxide or an induced dye we were
unable to determine.

Figure 17.
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Some Unusual Items Recently Seen

A flexible block bracelet with alter-
nating diamonds and synthetic sap-
phires was of interest because the
synthetic sapphires seem to have been
selected with very natural appearing
fractures — perhaps quench induced.
One stone is shown in Figure 21. A
clear Mexican opal with quite definite
crystals is illustrated in Figure 22. One
of the inclusions was polished through
as seen in Figure 23 and it appears to
be empty, posing a question as to the
formation of negative crystal shapes in
an essentially amorphous mineral.

We were amused by the story of a
member of a tour visiting Russia. The
person had tried on 5 consecutive
days, without success, to enter a store
in Moscow where it was assumed one
could purchase demantoid garnets. We
have not heard of any “fresh” deman-
toids being available in more than 30

| =
Figure 19.

Figure 20. Figure 21.
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Figure 22.

years. The best source is to “mine”
auctions or antique jewelry shops. The
stones (approximately 20 carats) in
Figure 24 were all removed from a
Victorian necklace purchased at auc-
tion in Europe. Repolished, they were
as handsome a selection of these rare
green gems as we have ever seen.
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Gemological Education in Great Britain

By M. J. O'DONOGHUE MA, FGA

This topic was considered some
years ago in an article commemorating
60 years of gemology in Great Britain
(Journal of Gemmology* vol. 11., No.
3,July 1968). The article did not, how-
ever, discuss the part played by -organi-
zations and institutions outside the
Gemological Association, nor did its
terms of reference include the work of
the Precious Stone Laboratory of the
London Chamber of Commerce.
Today the intending student of gemo-
logy has a choice of learning methods,
whether or not he wishes to become
formally qualified.

The only gemological qualification
in Great Britain is.the Fellowship
Diploma of the Gemmological Associ-
ation and this may only be obtained
through success in the Preliminary and
Diploma examinations set and marked
by the Association. Study for the
examinations may be undertaken quite
on one’s own, by use of the corres-
pondence course, again set and marked
by the Association, or by attendance
at a live class. Which option is chosen
depends to a large extent on the time
an individual can devote to study and
when he can devote it; geography
plays a large part, too, since live classes
are only held in the larger towns.

*NOTE: Gemology spelled with two m’s is
British usage.
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The correspondence course is of a
high standard and marking is rigorous,
with the instructors spending a large
part of their time outlining comments
on the student’s work. Many students
find this discipline useful and develop
a relationship with the instructor lead-
ing to personal friendship — one of the
best features of this method of study.
Others who are suitably placed to do
so, find greater attraction in attending
a live class where the same oppor-
tunities for friendships are available
and where there is the constant chal-
lenge of other students. Some students
get the best of both worlds by follow-
ing the correspondence course and
attending a live class, often fot the
practical sessions only.

The live classes are conducted at a
wide variety of institutions of further
education, depending on the town
concerned. Instructors are appointed
by the local education authority and
paid by them, not by the Association,
which confines itself to the examina-
tions. The largest classes are, as one
might expect, held in London at the
City of London Polytechnic and this
institution, as far as the gemology
classes go, is a descendant of the
Chelsea Polytechnic, where the first
classes were held after the first world
war. In London student numbers
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approach 200 and are divided amongst
Preliminary and Diploma classes (the
latter being themselves divided be-
tween practical and theoretical
groups), a Post-Diploma class, run on
the lines of a group of gemological
friends meeting once a week; and a
Gem Diamond class. Students of this
class, which teaches grading as well as
some more detailed aspects of the
diamond, must be in possession of
their Diploma.

The Hatton Garden Laboratory, as
it is popularly known, was well de-
scribed by its first director, Mr. B. W.
Anderson, in an article entitled
“1925...and all that” (Journal of
Gemmology, Vol. 13, No.7,July 1973,
and continued by two further articles
in the same journal, Vol. 14, No. 3,
and Vol. 14, No. 6, July 1974 and
April 1975). The full title should be
the Laboratory of the Diamond, Pearl
and Precious Stone Section of the
London Chamber of Commerce. This
body is similar to bodies in the USA
with the same title. No teaching has

ever been carried out by the Labora-

tory, since its function is the testing of
stones; however, most of its staff have
at some time lectured to live classes in
London and have conducted the cor-
respondence courses for the Gemmo-
logical Association. Messrs. B. W. An-
derson, R. Webster, A. Farn and C. J.
Payne are well known to all gemo-
logists and all have worked at the
Laboratory, Close links are maintained
with the Gemmological Association but
the London Chamber of Commerce is
the parent body.

tn the last few years the trade news-
paper Retail Jeweller has conducted
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classes of various kinds, ranging from
those directed at students with no pre-
vious gemological knowledge to an
advanced class for those with Di-
plomas, aimed at giving them an intro-
duction to more sophisticated testing
methods and to newer synthetic
materials. Mr. Alan Hodgkinson origi-
nated these classes and conducts
them; he and 1 share the advanced
class. At present these classes are the
only residential ones in Great Britain,
lasting for two days.

The picture in this country is a
varied one but I feel that it is a
strength to have such a diversity of
approach. Historically, Great Britain
did much to introduce gemology as a
separate science and today many of
those concerned in gemological educa-
tion are interesting themselves in
geology and mineralogy as part of a
wider program of study. There are
close personal links between the wider
earth science organizations such as the
Mineralogical Society and the Geologi-
cal Society and those concerned with
gemology. The British Association for
Crystal Growth and similar organiza-
tions could also come into a close
relationship with gemologists. 1 am
myself a member of some of these
societies and am by no means the only
gemologist interested. Some gemolo-
gists take field trips to suitable areas
where gem materials (or other min-
erals) can be found; others lecture to a
wide variety of audiences. The interest
has never been greater and it is for
those concerned with education to see
that students get as wide an attractive
picture as possible of the gem world
and its relatives.
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In Memoriam

Lawrence L. Copeland

1921 -

On Thursday, December 29, 1977,
Lawrence L. Copeland, long-time Re-
search Librarian for the Gemological
Institute of America and Associate
Editor of Gems & Gemology, passed
away. After suffering a stroke in 1961,
Larry’s health never fully recovered.
Following his recuperation from the
stroke, he acquired narcolepsy which
bothered him during his remaining
years at the Institute. He retired from

WINTER 1977-1978

1977

the Gemological Institute of America
in 1970 and continued to live in West
Los Angeles.

- Larry Copeland was born in Chilli-
cothe, Missouri, on June 14, 1921. His
interest in gemology started early in
life, when as a young boy, his grand-
father interested him in lapidary and
mineral collecting. His fascination with
gems and minerals increased as he grew
older and he became an avid mineral
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collector and faceter. Following
graduation from high school, he
worked in mining, mineral explora-
tion, and metallurgy in Texas, New
Mexico, and “old” Mexico. During this
time, he also studied mineralogy at the
Colorado School of Mines.

After serving in the U.S. Air Force
in World War II, Larry returned to
continue his studies of geology at the
University of New Mexico. He soon
became associated with a retail jewelry
store and gained over-the-counter ex-
perience, both in Albuquerque and
Denver, Colorado. Recognizing a need
for gemological knowledge in the
trade, Larry enrolled in the GIA
Correspondence Courses. In May of
1948, after completion of his studies,
he joined the GIA staff in Los Angeles
as an instructor, but soon his skill in
writing and knowledge were recog-
nized and put to other important use.
Until his retirement, he wore many
hats and contributed greatly to the
Institute and the courses as we know

them now. For many years, Larry was
charged with the responsibility of
keeping the GIA Home-Study Courses
up-to-date, as well as working on Gems
& Gemology. He also compiled many
glossaries for GIA, and did much on
the early compilation work for the
Diamond Dictionary. Larry was the
author of Diamonds — Famous, No-
table and Unique which is the standard
in the trade for information on famous
diamonds, and co-author with others
on the Jewelers’ Manual, the Diamond
Dictionary, and many of GIA’s shorter
publications.

Even with his many duties, Larry
found time to help the many students
who visited him during their studies at
the Institute. He was fond of classical
music and reading, especially the his-
tory of the old American Southwest
and philosophy and spent many of his
free hours pursuing these interests.
Larry will be missed by all who knew
him.
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Developments and Highlights at GIA’s Lab
in Los Angeles and Santa Monica, by
Richard T. Liddicoat, Jr.:

Number 1:

Strange Opal, 26; Damage 'to a2 Montana
Sapphire, 27; Attractive Rock, 27; Some
Notable Occurrences, 27; Large Montana
Sapphire, 27; Jadeite Spectrum, 27; Odd
Fluorescence, 28; Interesting Ruby in
Zoisite Carvings, 28; Emerald Inclusions,
28; Variscite, 29; Oddity in Diamond
Inclusion Reflection, 29

Number 2:

An Interesting Corundum Received for
Identification, 44; Scrim Shaw on Whale
Teeth, 44; Unusual Polish on Twinned
Diamond, 46; Large Inclusion in Spinel,
46; A Large New Synthetic Pink
Sapphire, 46; Black Diamond, 47; Horn-
bill Snuff Bottle, 48

Number 3:

An Unusual Cyclotron-Treated Dia-
mond, 72; Color Zoning in An Emerald,
73; Topaz Inclusions, 73; Semitrans-
parent Jadeite, 73; Marble Sword, 74;
Moldavite, 75; Inclusions in Amethyst,
75; Treated Green Diamond, 76; An
Interesting Inclusion in a Colorless Dia-
mond, 76; Limonite, 77

Number 4:

Tesserae Mask, 113; Interesting Inclu-
sions in Diamonds and Resulting Appear-
ances, 114; More Diamond Inclusions,
114; Other Odd Diamond Inclusions,
114; Horsey Inclusion, 115; Opal
Fakery, 115; Nephrite Horses, 115

Number 5:

Rarely Used Gem Materials Seen Re-
cently, 138; Another Synthetic Emerald,
138, 139; Unusual Turquoise Treatment,
139; Trapiche Beryl, 140; Plugged Hole,
140, 141; Blue Sapphire Cluster, 141

Number 6:

One of the Rarer, 170; Inclusions in
Natural Ruby, 170, 171; A Novel Cut,
171; Unusual Inclusions in Flame-Fusion
Synthetic, 171; Cyclotron-Treated Dia-
mond, 171, 172; A Rhodolite Pink
Diamond, 172; Negative and Positive
Crystals, 172, 173; Incredible Cutting on
a Diamond, 173; Cicada in Amber? No!,
173; Odd Diamond Natural, 173; A
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Mabe with an Unusual Center, 174;
Rutile in Emerald, 174; Interesting
Crystals in Opal, 174; Flux Synthetic
Ruby on a Flame-Fusion Synthetic Seed,
174,175

Number 7:
Assembled Hornbill, 210, 211; Rare
Spodumene Cat’s-Eye, 211; African

Alexandrites?, 211; Interesting Quartz?
Inclusion in Emerald, 213; A Knotty
Problem in a Diamond, 213; Botryoidal
Opal, 213; Unknown Inclusion in
Synthetic Emerald, 214; Deritrifying
Glass, 214, 215

Number 8:
Laser Drilling Gone Made, 233; Imita-
tion Bloodstone, 234; Barion Cuts, 234;
Repairs and Alterations of Jade Carvings,
234, 235; True Canary, 235; Rare and
Unusual Stones, 235, 236; A New Use of
Gilson Synthetic Opal, 236; More Notes
on Diamond Inclusions, 236, 237;
“Bubble” in Natural Sapphire, 237

Number 9:
None.

Number 10:
Diamond Items of Interest, 296, 297,
298

Number 11:
Exceptional Crystal, 328; Zoned Emer-
ald, 328; A Lovely Amethyst, 329;
Green Cuvette, 329; “Horsetail” Inclu-
sions, 329; Diamond Substitutes, 329;
An Early Flame-Fusion Synthetic, 330;
Interesting Green Stone, 330; Amethyst-
Colored Spodumene, 331; The New
“Radiant Cut,” 332

Number 12;
None

Developments and Highlights at GIA’s Lab
in New York, by Robert Crowning-
shield:

Number 1:
Heavy Carving, 12; Selective Dyeing of
Calcite, 12; Organics, 12; Damage of
Shattering Experiences, 14; Forgotten
But Not Gone — and Damaged Too, 15;
A Gem Rarity, 16; Imposturing Three-
some, 16; A Real Diamond Rarity, 17;
Flux-Grown Synthetic Rubies, 17

Number 2:
Canasite, 57; Diamonds, 57; G.G.G. —
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An Interim Report in Durability, 59;
Mood Stones, 59; Imori Stone or Meta
Jade, 61

Number 3:
Synthetic Rubies, 89, 90; Natural
Sapphire Fooler, 90; Black is Popular,
90; More Corundum, 91, 92; “Emerald,”
92: YAG in Color, 92; Kornerupine, 92;
Prosopite, 93, 94; An Imitation Zincite
or Cuprite, 94

Number 4:
More Diamond Inclusions, 123; A
Painted Blue Diamond, 124, 125;

G.G.G., 125; Synthetic Opal, 126; Flux-
Grown Synthetic Rubies, 126, 127
Number §:
A New Diamond Imitation, 154; Opal
Like Glass, 155; Puzzling Sapphire, 155;
Jade-like Quartz, 155, 156
Number 6:
Some Diamond Inclusions, 181; Rarely
Seen Matched Spinels, 182; Lapidary Art
Rescues an Indifferent Emerald, 182;
G.G.G. in The News, 182; A Diamond
Color Mystery, 182, 183; Follow-Up on
a Blue-Gray Diamond, 183; Diamond
Inclusion Oddities, 183; Diamond
Shapes, 183, 184; True Antiques and
Reproductions, 184; What Did 1t?, 185;
How Did He Do It?, 185; Imitation
Opal, 185, 186; Dyed Quartzite, 186;
Unusual Diamonds, 186, 187, 188, 189
Number 7:
Diamonds, Diamonds, Diamonds, 218;
Unusual “Fish Skeleton” Cleavage, 219;
A Simple Test, 219, 220; Emeralds,
Emeralds, Emeralds, 220, 221; Odd Dia-
mond Inclusions, 221; Zirconium Oxide,
221, 222; Some Foolers, 222, 223
Number 8:
Diamonds Toujours Diamonds, 245;
Tricky Rubies and a Synthetic Emerald,
249; Insects in?, 251
Number 9:
None.
Number 10:
Notes on Fancy Colored Diamond, 306,
307; “Insect” in Diamond?, 307, 308;
“QOpal-Essence”, 308; Staff Meeting Re-
port, 308; A Real Fooler, 308, 309;
Phase Contrast Photography, 309; More
Diamond Inclusions, 309, 310; Beryl
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Oddities, 310; Quartz — Natural and
Synthetic, 310; A New Jewelry Item,
312; More About Quartz, 312
Number 11:
Cubic Zirconia, 345; Diamond Observa-
tions, 346; Cultured Pearls, 347;
Another Arkansas Diamond Find, 349
Number 12:
Cubic Zirconia Continued, 361; And
Now, Diamond, 363; Another Multi-Star
Quartz, 364, Imitation Tourmaline, 364,
Black Cultured Pearls, Natural Color,
365; Synthetic Amethyst, 366; A Puz-
zling Natural Emerald, 366; Amber from
the Dominican Republic, 367
Device for Obtaining Interference Figures in
Gemstones, A, by C. S. Hurlbut, Jr.,
Ph.D., 66
Diamond, 8, 11, 14, 16, 17, 29, 34, 35, 36,
37, 38, 39, 46, 47, 57, 58, 72,73, 76,
91, 95, 114, 115, 123, 124, 171, 172,
173, 182, 183, 185, 186, 187, 188, 189,
213, 218, 219, 235, 236, 238, 239,
.240B, 240C, 240D, 241, 242, 243, 244,
245, 246, 247, 248, 296, 297, 306, 307,
308, 309, 310, 322, 323, 324, 325, 326,
327, 329, 330, 332,337, 338, 339, 346,
347, 349, 352, 363
Diamonds:
Developments and Highlights at the
GIA’s Labs — 16, 17,29,46,47,57, 58,
72, 73, 76, 114, 115, 123, 124, 171,
172,173, 182, 183, 185, 186, 187, 188,
189, 213, 218, 219, 235, 236, 245, 246,
247, 248, 296, 297, 306, 307, 308, 309,
310, 346, 347, 349, 363, 369
Diamond Coating, 124, 125, 182, 183, 248
Diamond Production, World, 1974, Re-
printed from Mineral Trade Notes U.S.
Department of the Interior, 95
Diamond Substitutes, Testing, 219, 240D,
242
Diamond, Treated Color (Pink), 172
Dietrich, R.V., Official State Gems, 352
Diffraction, 38,41, 42
Dioptase (Green), 3
Dispersion, 38, 39
Dispersion, in Diamond, 98, 99, 101, 105,
106,107,110, 111,112
Djevalite, 144
“Donor” in: Natural Diamond, 37, 243,
Synthetic Diamonds, 37
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Ducat Cut, 188

Duc de Chaulnes’ Method of Refractive
Index Measurement, 178,179

Dunn, Pete J., M.A., F.G.A,, On Gem
Orthopyroxenes: Enstatite’and Bronzite,
118

Dunn, Pete J., M.A., F.G.A., Gem Notes,
199

Dunn, Pete J., M.A., F.G.A., Observations
on the Slocum Stone, 252

Dunton Mine, Maine, 19, 21, 24

Dunton Mine Tourmaline: An Analysis, by
C. R. Beesley, 19

Dysprosium Gallium Oxide, 236

E

Eclogite, 323, 324, 326

Ekanite, 295

Electrons in Gem Materials, 2, 4, 5, 6, 8, 9,
10, 34, 35, 36, 37, 38

Emerald, 73, 182, 220, 328, 329, 334, 335,
336, 337, 366

“Emerald Nova,” 313

Emerald Substitutes, 92, 220, 221, 312,
313, 328

Energy Levels in Gem Materials, 5, 6, 7, 8

Enstatite, 118, 119, 120,121

Eosphorite, 138

Euclase, 170

Eulitz, Werner R., Ph.D., The Variable
Effects of Faceted Gemstones, 98 \

F

Faceting Charts, 79, 80, 81, 82, 83, 85, 86

Faceting Limits, by Bruce L. Harding, 78

Fake “Emerald” Crystal in Matrix, 220, 221

Faustite, 315, 318

“F-Center”, 4, 5

Fermi Surface, 35, 36

“Fingerprint” Diamonds, 247

Flame-Fusion Synthetic Ruby, 90, 171, 330

Flash Back, by Dr. E. Gubelin, C.G., F.G.A.,
314

Fluorescence, 4, 5, 8, 22, 23, 38, 58, 59,
238, 240, 241, 291, 292, 293, 294

Fluorescence in: Cerium-bearing fluorite, 4;
Diamond, 38, 58, 172, 235; Emerald, 4;
Fluorite, 4; Gadolinium gallium garnet,
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59; Natural Blue Sapphire, 27; Natural
Ruby, 4; Nephrite, 28; Synthetic Flux
Emerald, 139; Tourmaline, 22, 23; Tur-
quoise, 231

Fluorite, 4, 5, 6, 200, 201, 290, 291, 292,
293,294

Flux-Grown Synthetic Emerald, 138, 139

Flux-Grown Synthetic Ruby, 17, 18, 89,
90,126, 127,250

Flux _Synthetic Ruby on A Flame-Fusion
Synthetic Seed, 174, 175

Flux-Grown Synthetic Sapphires, 155

Fossilized Ammonite, 312

Fuentes, J.C., Dr., Contribution to The
Gemological Analyses of Argentine
Fluorite, 290

G
5

Gaal, Robert, A.P., Ph.D., G.G., Book Re-
views, 31, 32, 63, 64

Gaal, Robert, A.P. Ph.D., G.G., Cathodo-
luminescence of Gem Materials, A Short
Review, 238-244

Gadolinium Gallium Garnet, (GGG), 5, 9,
59,125,182, 329, 345, 346

Garnet, 324, 325

Garnet, Hessonite (Ceylon), 177, 184

Gamma-Ray Irradiation, 350, 351

Gamma Rays, 5, 8,11

Gem Line, The, 30

Gemmological Education in Great Britain,
by M.J. O’'Donoghue, 371

Gem Notes, by Pete J. Dunn, M.A,,F.G.A,,
199

Gemology, 164

Gemology — Now You See It, Now You
Don’t, by Mabel Sterns, 169

Gill, Joseph O., An Easy Method of Measur-
ing The Depth of A Mounted Trans-
parent Stone in A Closed-Back Setting,
178

Gilson Created Turquoise, 197, 225, 226,
227,228,229, 230, 231

Gilson Created Opal, 197, 236; Created
Turquoise, 197; Imitation Lapis, 196,
197,198

Gilson Synthetic Emerald, 250

Giuliano, Carlo, Jewelry, by: 50, 51,52, 53,
54
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Glass, 155, 185, 186, 214, 215, 234, 252,
253, 254, 255, 256, 329

Grain in Diamond, 248, 249, 296, 297

Granite, Dyed, 157

Ground State, 7, 8

Gubelin, Edward, Ph.D., C.G., F.G.A,,
Alexandrite From Lake Manyara, Tan-
zania, 203

Gubelin, Edward, Ph.D., C.G., F.G.A,,
Analytical Results of Poly-Mineralic Sul-
fide Inclusions in Diamond, 322

Giibelin, Edward, Ph.D.,C.G., F.G.A., Flash-
back, 314

Giibelin, Edward, Ph.D., C.G., F.G.A.,
Scorodite — A New Gemstone from
Tsumeb, South-West Africa, 130

H

Hambergite, 199, 200

Hammond, Ben R., Jr., The Hixon Collec-
tion, 288

Hanneman, W.W., Ph.D., A New Gemologi-
cal Property, 302

Harding, Bruce L., Faceting Limits, 78

Heat Treatment, 350

Hessonite Garnet, Ceylion, 177

Historical Notes on South American Gem-
stones, by John Sinkankas, 334

Hixon Collection, 257

“Hole,” in Color Center, 4,5, 6

Holmes, Ralph J., Professor, In Memoriam,
301

Hololith, 12,13, 75, 223

Hope Diamond, 38

Horn, Buffalo, 14

Hommbill Ivory, 48, 210, 211

Howlite, 156, 157

How to Define Non-Single-Crystal Syn-
thetics, by K. Nassau, Ph.D., 194

Hurlbut, C.S., Jr., Ph.D.,, A Device for
Obtaining Interference Figures for Gem-
stones, 66

1

Idiochromatic Color, 2, 3

Idiochromatic Colored Gem Materials; Al-
mandite, 3; Azurite, 3; Chrysocolla, 3;
Dioptase, 3; Lazulite, 3; Peridot, 3;
Rhodochrosite, 3; Rhodonite, 3; Spes-
sartite, 3; Turquoise, 3; Uvarovite, 3;
Vivianite, 3
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Imori Stone, 28, 61, 62

Impurities in Semiconductors, 37, 38, 39;in
Diamond, 37; in Type Ib, 37; in Type
ilb, 38

Inclusions in: Alexandrite, 208B, 209, 211,
212; Amber, 251; Amethyst, 75, 76;
Andalusite, 201, 202; Corundum, 44,
170, 171; Cubic Zirconia, 143, 144, 221;
Ekanite, 295, 296; Emerald, 28, 174,
213, 220, 221; Glass, 155, 234; Imita-
tion Opal, 186; Labradorite, 165, 166;
Moldavite, 75; Phenakite, 139; Ruby,
170, 171, 249; Sapphire, 90, 155, 237,
Spinel, 46; Synthetic Emerald, 214;
Synthetic Opal, 236; Synthetic Quartz,
311, 312; Synthetic Ruby, 171, 174,
175, 250, 330; Synthetic Sapphire, 171;
Synthetic Spinel, 308, 309; Topaz, 73

Inclusicn, Artificial, 185

Inclusions in Diamond, 114, 115,123,124,
181, 183, 218, 219, 221, 297, 298, 299,
307, 309, 310, 311, 322, 323, 324, 325,
326, 327

Inside and Outside of GIA’s New Head-
quarters in Santa Monica, 216, 217

Interference, 38, 40, 41

Interference Figures, 66, 67, 68, 69, 70, 71

Internally Flawless, 248

Irradiation: Cyclotron, 72, 73, 171, 172;
Gamma Ray, 5, 6, 8, 11, 350, 351;
Neutron, 5; Radium, 346, 347; Ultra-
violet, 4, 8; X-Rays, 5

Irradiation Colors in Topaz, Quartz and
Beryl, by K. Nassau, Ph.D., 350

Ivory, 44, 45, 48

)

Jade - China’s Contribution to the Fine
Arts, by A. E. Alexander, Ph.D., 145
Jadeite, 73, 145, 147, 148, 149, 150, 151,
152, 223, 2408, 240C, 241, 243

Jeremejevite, 130, 131, 138, 236

Jeweler’s Eye®, The, 302, 303

Jewels of Fortunato Pio Castellani and Carlo
Giuliano, The, by Dr. A. E. Alexander,
50

K

Kanasite, 57
Kenya Ruby, 18

WINTER 1977-1978

Kimberlite, 322

Kircher, Michael A., A Pleochroic Variety of
Gem Labradorite from the Rabbit Hills
Area, Lake County, Oregon, 162

Knots, 213

Kornerupine, 92, 93

L

Labradorite, 162, 163, 164, 165, 166, 167

Lake Manyara Gem Deposit (Emerald), 203,
204, 205, 207, 208D

Laser Drill Holes, 218, 219, 233

Lazulite (Blue), 3, 10, 16

Lazurite, 10

Ly. 302, 303, 304, 305

Ly — A New Gemological Property, by W.
W. Hanneman, Ph.D., 302

Lherzolite, 323, 324

Liddicoat, R.T., Jr., Comments on the
Hixon Collection, Front Flyleaf, Volume
XV, No. 9

Liddicoat, R. T., Jr., Developments and
Highlights at GIA’s Lab in Los Angeles
and Santa Monica, 26-30; 44-49; 72-77;
113-117; 138-144; 170-177; 210-215;
233-237;295-301; 328-333

Limonite, 77

Liquid Crystals, 61

Louisiana, 201; Sandstone, Opalescent, 201

Luminescence, 7, 8, 39, 208D, 238, 239
240A, 240D, 241, 243

Luminiscope®, 211, 239, 240, 240D, 241
242

Luster in Gem Materials, 302, 304, 305

Lustermeter®, 302, 303, 304, 305

Mabe Pearl, 174

Maine, 19, 20, 21, 24

Manganese, 3, 4

Mansfieldite, 131, 133

Man-Made Crystals, 168

Manutchehr - Danai, Mohsen, On the Tur-
quoise Deposits of Nishabur (N.E. Iran)

Marble, 74, 75

Maw-Sit-Sit, 152

Maxixe Beryl, 351

Maxixe-Type Beryl, 6, 8, 11, 351
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Measuring The Depth of a Mounted Trans-
parent Stone in A Closed-Back Setting,
An Easy Method, by Joseph O. Gill,
C.G.,F.G.A,178

Meta-Jade, 28, 61, 62

Mexican Opal, 26

Moldavite, 75

Molecular Orbital Type Coloration: Amber,
9; Benitoite, 9; Coal, 9; Coral, 9; Dyed
Materials, 9; Graphite, 9; Ivory, 9; Lapis
Lazuli, 9; Pyrite, 9; Pearl, 9; Rutile, 9;
Sapphire, 9; Tortoise Shell, 9

Montana Sapphire, 27

Mood Stones, 59, 60, 61

Mtorolite, 155,156

Murfreesboro, Arkansas, 349

N

Nassau, K., Ph.D., and H. Schonhorn, The
Contact Angle of Water on Gems, 354
Nassau, K., Ph.D., A Critical Examination of
Synthetic Turquoise, 226

Nassau, K., Ph.D., A New Diamond Imita-
tion: Cubic Zirconia, 143

Nassau, K., Ph.D., The Origins of Color in
Gems and Minerals, Part 2, 2; Part 3, 34

Nassau, K., Ph.D., How to Define Non-
Single-Crystal Synthetics, 194

Nassau, K., Ph.D., Irradiation Colors in
Topaz, Quartz and Beryl, 350

Nassau, K., Ph.D., On the Naming of New
Man-Made Crystals, 168

Nephrite, 12, 28, 115, 116, 145, 147, 148,
149,150, 151, 234, 235

New Diamond Imitation: Cubic Zirconia, A,
by K. Nassau, Ph.D., 143

New Hampshire, 200, 201; Fluorite, 200,
201

Newry Mountain, Maine, 19, 20, 21, 22, 23,
24

Nishabur, Iran (Persian) Turquoise Deposit,
315, 316, 317

Nitrogen in Diamond (Yellow), 17, 34, 37,
243

“Nitrogen Platelets,” 243

0

Observations on the Slocum Stone, by Pete
J. Dunn, M.A.,F.G.A., 252

382

O’Donoghue, M.J., Gemmological Educa-
tion in Great Britain, 371

Official State Gems, by R. V. Dietrich, 352

Olivine in Diamond, 323, 324

On the Naming of New Man-Made Crystals,
by K. Nassau, Ph.D_, 168

On the Turquoise Deposits of Nishabur
(N.E. Iran), by Mohsen Manutchehr-
Danai, 315

Opal, 26,42,43,115, 174, 213, 214 369

Opalescence, 308

Opal Imitation, 185, 186, 252, 253 254,
255, 256

Optical Effects Caused by Scattering, 38,
39, 40; in Aventurine Albite, 38; in
Aventurine Quartz, 38; in Garnet, 38;in
Milky Opal, 38; in Moonstone, 38; in
Quartz, 38; in Star Corundum, 38; in
Sunstone, 38

Optic Sign, 70, 71

Organics, 12, 14, 44, 48,91, 210, 211

Orthopyroxenes: Enstatite and Bronzite, On
Gem, by Pete J. Dunn, M.A., F.GA,,
118

Pectolite, 138

Pentlandite in Diamond, 323, 324, 327

Perceptiveness of Dispersion, 107, 108,110

Peridot (Green), 3, 14

Petalite, 170

Phenakite, 139

Phianite, 144

Phosgenite, 295

Phosphorescence, 7, 8, 38, 59, 242, 291,
292,293

Phosphorescence  in: Calcite, 8; Color
Centers, 7; Diamond, 8, 38, 58; Fluorite,
8 Plagioclase, 1242

Photoluminescence, 240

Photography, Phase Contrast, 309

Pinite, 44

Plastic, Amber Imitation, 173

Plastic, Ivory Imitation, 222, 223

Plastic, Turquoise Imitation, 113,114

Pleochroic Variety of Gem Labradorite
from the Rabbit Hills Area, Lake
County, Oregon, A, by Ernest H. Carl-
son, and Michael A. Kircher,

Plumbago Mining Company, Maine, 19, 24
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Polish on Diamond, 46

Prinz Cut, 188

Prosopite, 93

Pyroxene in Diamond, 323, 324
Pyrrhotite in Diamond, 323, 326, 327

Q

Quartz, 6, 7, 155, 156, 185, 186, 213, 310,
311, 314, 350

Quartz, Smoky, 5,6, 7,10

Quartzite, Dyed, 186, 312, 313

R

Rabbit Hills Labradorite, 162, 163, 164,
165,166,167

“Radiant-Cut,” 332, 333

Radium Treatment of Diamond, 346, 347

Reconstituted Turquoise (Adco), 226, 227,
228,229,230, 231,232

Reflection, in Diamond, 103, 104, 105,
107,111

Reflectivity, in Diamond, 98, 107, 108,
109, 110

Refraction, in Diamond, 99, 100, 101

Repairs and Alterations of Jade Carvings,
234,235

Rhodochrosite, 3, 152

Rhodonite (Pink), 3

Robert Webster, A Memorial Tribute, by B.
W. Anderson, 158

Ruby, 27, 28, 170, 240B, 242, 249; Kenya,
18

Rutile Inclusions in Emerald, 174

S

Sandstone, Opalescent, 201

Sapphire, 16, 90, 155, 237; Ceylon, 92;
Montana, 27; Fluorescent Natural Blue,
27; Yogo Gulch, Montana, 27, 200

Scholarship in Gemology, The Adiel Steacy
Memorial, 232

Schuetz Design Contest Winner Announced,
1975, 25 ’

Schuetz Design Contest Winner Announced,
1976, 137

WINTER 1977-1978

Schuetz Design Contest Winner Announced,
1977, 320

Scorodite, Analyses of, from: Durango, 132,
134; Idaho, 132, 134; India, 132, 133,
134; Oregon, 132, 134; Tsumeb, 132,
133, 134

Scorodite, 130, 131, 132, 133, 134, 135,
136

Scorodite -~ A New Gemstone from
Tsumeb, South-West Africa, by Dr. Ed-
ward Giibelin, 130

Scrimshaw on Whale Teeth, 44

Semiconductors, 35, 36, 37

Sinhalite, 235

Sinkankas, John, Historical Notes on South
American Gemstones, 334

Slocum Stone, 185, 186, 252, 253, 254,
255,256,308

Spessartite (Orange), 3

Spinel, 46, 182

Spodumene, 211, 331, 332, 341

Spodumene, Cat’s-Eye, 211

Star Chrysoberyl, 170

“Star Fells,” 311

Star, Quartz, 310, 311

Sterns, Mabel, Gemology -~ Now You See
It, Now You Don’t, 171

Strain in Diamonds, 247, 248

Sulfide Inclusions in Diamond, 322, 323,
324, 325, 326, 327

Synthetic Alexandrite, 208B, 240C, 241,
250 4

Synthetic Emerald, 138, 139, 214, 250

Synthetic, Non-Single-Crystal, How to De-
fine, by K. Nassau, Ph.D., 194

Synthetic Opal, 126, 197, 214, 236

Synthetic Opal, Doublet, 236

Synthetic Quartz, 310, 311

Synthetic Ruby, 16, 17, 18, 89, 90, 171,
240B, 249, 250, 330

Synthetic Rutile, 15, 16

Synthetic Sapphire, 46, 47, 91, 141, 155,
171,184

Synthetic Sapphire Cluster, 141

Synthetic Scheelite, 138

Synthetic Spinel, 308, 309, 329

Synthetic Turquoise, 194, 197, 226, 227,
228, 229, 230, 231,232

Synthetics, How to Define Non-Single-
Crystal, 193, 194

Syntho Turquoise, 197, 226, 227,228, 229
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Table Gauge, 179, 180

Tanzanite, 14, 131, 133

Tarmish on Emerald, 310

Thermoluminescence, 7, 8, 239, 240C, 241

Tilttest, 219

Topaz, 73, 350

Total Reflectivity, 107, 108, 109, 110

Tourmaline, 331, 340, 341, 364

Tourmaline, 19, 27, 330, 331; R.I., Newry
Mountain, 21; Fluorescence, 22; Inclu-
sions, 23

Transition Metals As Cause of Color, 2, 3, 4,
5

Trapiche Beryl, 140, 220

“Trap,” in Color Center, 4,6, 7, 8, 11

Treated Gems; Beryl, 351; Diamond, 346,
347; Quartz, 350, 351; Spodumene, 331,
332; Topaz, 350

Trezftment, Dye; Diamond (with Ink on
Girdle), 297; Dyed Calcite, 12, 223;
Dyed Jadeite, 223, 240C, 241; Granite
(Dyed Blue), 157; Howtlite (Dyed Blue),
157; Quartzite (Dyed Green), 312, 313;
Trapiche Beryl, 140, 185, 186

Treatment, Heating, 6, 7, 8, 10, 11, 133,
331, 332, 350, 351

Treatment, Irradiation, 5, 6, 7, 8, 11, 38,
72,73,76,155,171,172,297, 347

Treatment, Paraffin, 139, 140

Treatment, Radium, 347

Trilliumite, 62

“True Synthetic Turquoise” (Simulated
Turquoise), 226, 227, 228, 229, 230,
231, 232

Tsumeb, South-West Africa, 130, 132, 134,
135, 136

Tuccillo, Lic. R., Contribution to the Gemo-
logical Analysis of Argentine Fluorite,
290

“Turquite,” 226, 227, 228,229, 231

Turquoise, 315, 316, 317, 318, 319

Turquoise Imitation, 113, 114, 226, 227,
228,229,231, 232

Turquoise (Blue), 3, 16, 226, 227, 228, 229,
231

384

Turquoise, Treated, 139, 140
Type Ia Diamond, 323
Type IIb Diamond, 58, 59

R
United States Official State Gems (listed),
352
Ustan Synthetic Emerald, 138, 139
Uvarovite, 3

v

Valence Band, 36, 37, 38

Variable Effects of Faceted Gemstones,
The, by Werner R. Eulitz, Ph.D., 98

Variscite, 29

Venezuelan Diamonds, 337, 338

Verneuil Synthetic Ruby, 90,171, 330

Vivianite, 3

w

“Water Drop Test™, 354

Williams, J.D., Ph.D., A Critical Examina-
tion of Synthetic Turquoise, 226

Wollastonite, 296

( )

X
X-Rays, 5, 208B, 229, 244
X-Ray Fluorescence, 318, 319
Y

YAG, 92, 221
Yogo Gulch, Montana, 27, 200

Z

Zirconium Oxide, 143, 144, 154, 155, 221,
222, 240D, 329, 345, 346
Zoisite, 14, 28
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