gems &

gemology

GIA

SUMMER 1980



|

RICHARD T. LIDDICOAT, JR.
Editor

JOHN I. KOIVULA
Associate Editor

ISSN 0016-62X

GEMS & GEMOLOGY is the quarterly journal of the Gemological Institute of America, an\/

educational institution originated by jewelers for jewelers. In harmony with its position of
maintaining an unbiased and uninfluenced position in the jewelry trade, no advertising is
accepted. Any opinions expressed in signed articles are understood to be the views of the
authors and not of the publishers. Subscription price $8.50 each four issues. Copyright 1980 by
Gemological Institute of America, 1660 Stewart Street, Santa Monica, California 90404, U.S.A.

GEMS & GEMOLOGY




Zems &
Zemology

VOLUMEXVI NUMBER 9

SUMMER 1980

IN THIS ISSUE

290 .... Citrine-Amethyst Quartz — A Gemologically New Material
By John I. Koivula

294 . ... The Elusive Nature of Graining in Gem Quality Diamonds
By Robert E. Kane

315 .... Developments and Highlights at GIA’s Lab in New York
By Robert Crowningshield

324 .... A New View of Diamond’s Beauty — The “Cone of Brilliance”
By George R. Kaplan

326 .... “Thin Films” — Elusive Beauty in the World of Inclusions
By John I. Koivula

331 .... Australia Likely To Be Major Supplier of Jade
By Jonathon Stone

332 .... Gemological Notes

334 .... Acknowledgements for Gifts Received By the Institute

335 .... Book Reviews

SUMMER 1980 289



Citrine-Amethyst Quartz —
A Gemologically New Material

By JOHN I. KOIVULA
Mineralogist-Gemologist
Gemological Institute of America
Santa Monica, California

Long known to mineralogists and
crystallographers, having been stu-
died since the early 1800’s by such
notable researchers as Sir David
Brewster, E.S. Dana, and Clifford
Frondel, sectorally color zoned quar-
tz seems to be somewhat of a mystery
to the gemological community. Now
a gemologically interesting bi-color-
ed quartz has just recently arrived on
the gem market from a somewhat
secret Brazilian locality reported to
be in the mining area of Rio Grande
Do Sul, near the Uruguayan border.
Excellent gems as in Fig. I, some
quite large, have been cut from this
material which consists of amethyst
and citrine colored quartz in single
crystal combination. When relatively
complete crystals are studied it can be
observed readily that the amethyst
and citrine colored sections are con-
fined more or less to definite zones. If
a slab is cut near the termination per-
pendicular to the C axis, forming an
optically flat section and the surfaces
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are polished, we can now look
directly down the C axis, as in Fig. 2,
and readily see the wedge shaped
arrangement of the color sections in
the crystal. Not all of these color
zoned crystals, however, exhibit as
perfect a color arrangement as is
shown in Fig. 2.

'Viewing such a crystal section
makes the gemologist begin to won-
der what mechanism or mechanisms
in nature could result in such a near
perfect distribution of color.

In trying to solve this puzzle the
gemologist must first review the
natural causes of the citrine and ame-
thyst colors in quartz. In his new
book, Gems Made By Man, Dr.
Kurt Nassau points out that traces of
ferric iron (Fe+3) are responsible for
the coloration of citrine. If the ferric
iron ions are located in the proper
lattice sites then natural irradiation
will alter the citrine to amethyst.
However, only small amounts of
natural citrine are suitable for alter-
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ation to amethyst as the iron is com-
monly not properly oriented in the
quartz lattice to produce the neces-
sary color center. These facts on the
coloration of citrine and amethyst
immediately bring up another ques-
tion, Why is the color segmentally
zoned instead of being uniform?

It has been proved by experiment
and also noted in nature that quartz
has a greater affinity for absorbing
impurities such as iron on the posi-
tive rhombohedrons of the termina-
tions than on other faces as the
crystal grows. The negative rhombo-
hedral faces may also assimilate tra-
ces of iron but to much a lesser extent
than the positive rhombohedron.
This selective absorption by the posi-
tive rhombohedron results in a much
greater concentration of iron ions on
alternate rhombohedral faces. There-
fore, there exists a much higher prob-
ability of having iron ions in the
correct sites to produce the amethyst
color center upon irradiation. Once
iron has been absorbed on the nega-
tive and to a greater extent on the
positive rhombohedral faces the re-
sult is a citrine colored quartz. If this
citrine meets with irradiation then
the segments with the highest concen-
tration of iron in the proper sites will
be changed to amethyst. The end
result would be a segmentally color
zoned crystal of citrine and amethyst
of the type illustrated in Fig. I.

It should be noted that although
the low level natural radiation in the
earth could surely produce the ame-
thyst coloration over a period of
years, the same result could be ach-
ieved by artificial sources of irradia-
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tion, and at the present time there
would be no way to tell the dif-
ference.

It has also been noted that all of
this material tested to date has been
twinned according to the Brazil law.
This kind of twinning is an inter-
growth of the two enantiomorphous
forms of quartz. That is one right-
and one left-handed individual. It
consists of laminae of one hand en-
closed and structurally ordered like
satellites in a host crystal of the
opposite hand. It is suggested that
Brazil twinning occurs in areas with-
in a host crystal where a disturbance
during growth at the surface of the
crystal nucleates an area of parallel
axis quartz growth of the opposite
hand in the host crystal. The combi-
nation of Brazil twinning and seg-
mental coloration gives rise to some
beautiful and startling optical effects
under polarized light. Figs. 3, 4 and 5
illustrate the cut crystal section
shown in Fig. 2 between crossed
polaroids. The vivid light interfer-
ence colors change dramatically as
the crystal section is rotated between
the crossed polaroids and at the same
time the separate triangular segments
also remain visible.

Using a condensing lens to con-
verge the polarized light reveals a
great deal about the structural nature
of this material. Certain sections of
the crystal where the right-handed
and left-handed quartz laminations
overlap produce equal and opposite
light retardation and therefore an
apparent non-rotatory character. This
results in the presence of a standard
uniaxial cross as shown in Fig. 6. In
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Figure 2

Figure 4.
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other areas of the crystal where we
have an isolated right- or left-handed
section of quartz we have optical
activity and rotation of the polarized
light. Those areas show the standard
quartz bull’s eye uniaxial figure as
shown in Fig. 7. At the immediate
junctions between right- and left-
handed layers the Airy’s spirals uni-
axial effect, as illustrated in Fig. 8, is
observable. As can now be seen, this
Brazil twinned, segmentally colored
quartz is surely unique in the fact that
it shows three different optic figures
in one material.

The precise relationship between
the Brazil twinning and the segmen-
tal coloration is not known at this
time. Perhaps the presence of iron
impurity produced the necessary
growth disturbance to cause the twin-
ning or possibly the presence of twin-
ning resulted in a greater absorption
of iron by the crystal as it grew. It
should also be noted that etching on
some crystals shows the existence of
dauphine twinning as well as opti-
cally detectable Brazil twinning so a
possible combination twinning may
be present in some examples. The
writer has presented a theory as to the

possible origin of this gemologically
new quartz. Any comments or
observations by the readers of this
paper are welcome.
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The Elusive Nature of Graining
In Gem Quality Diamonds

By ROBERT E. KANE
GIA Gem Trade Laboratory, Inc.
Los Angeles, California

Introduction

In clarity grading of diamonds one
of the least understood aspects is the
characteristic of graining itself. This
graining can have a number of effects.
It can affect the cutting and polishing
processes, the color, the clarity, the
overall beauty of a faceted gemstone,
and in some cases the saleability and
price of a particular diamond. This
article will be devoted entirely to the
subject of graining in gem quality
diamonds. This study will focus main-
ly on the effects of graining and how
graining directly concerns the pro-
fessional diamond grader, gemologist,
diamond merchant and jeweler. A
description of the classifications and
definitions of graining in diamonds
as they are recognized by the pro-
fessional diamond grader will be dis-
cussed in detail. A brief explanation
of the causes of graining and the
relationship between birefringence
and visible graining in diamonds will
also be discussed.

Graining Classifications

The diamond grader recognizes
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two major categories of graining in
diamonds, surface and internal.
These two types of graining may be
seen together as one characteristic or
they may be present as two unrelated
features in one stone. For example, a
diamond may have internal graining
extending into the stone directly from
the surface graining. A diamond
might also have internal graining in
one part of the stone and surface
graining may be present in an entirely
different area.

It must be emphasized that inter-
nal graining is not always easily
classified. A particular diamond may
have a mixture of different internal
graining types. In a situation where
there is a mixture, the diamond
grader will usually note the type that
is the most prominent or important
to the clarity grade. An excellent
example of a diamond containing a
mixture of graining types is shown in
Figs. 50 through 53. This fancy violet
diamond had numerous surface grain
lines, violet graining, and reflective
graining all associated together as
one characteristic.

GEMS & GEMOLOGY



The following is a breakdown of
graining classifications:
I.  Surface graining is divided into
two categories:
(1) surface grain lines (singular
and plural)
(2) surface graining (irregular
graining of various shapes)
II. Internal graining is divided into
four main categories:
(1) “phantom” graining
(2) colored graining
(3) whitish graining
(4) reflective graining

Anomalous Birefringence
In Diamond

One of diamond’s many intriguing
properties is the presence of bire-
fringence. Even though diamond cry-
stallizes in the isometric system it
invariably exhibits some degree of
birefringence or, as it is often called
in gem identification, anomalous
double refraction. This birefringence
is directly related to and is sometimes
seen in the form of visible internal
graining. Another way this birefrin-
gence is exhibited is in the form of a
variety of patterns displayed by inter-
ference colors. when examining a
diamond under polarized light. The
great variety of patterns is explained
by the several different causes of this
birefringence.

Professor Tolansky (1966) examin-
ed 3000 wellformed micro-diamonds
(diamonds with a diameter less than
0.2 mm.) under polarized light and
found that all showed some degree of
birefringence. Earlier researchers
(notably Brewster and Friedel) had
found birefringence, which they attri-
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buted to strain. Friedel (1924) con-
sidered its cause to be plastic defor-
mation. Plastic deformation is a
permanent change in shape of a solid
that does not involve failure by rup-
ture. In the narrowest sense, the
change i1s accomplished largely by
gliding within restricted zones within
the crystal; but it also involves rota-
tion of these zones. In a broader
sense, it includes deformation that is
related to recrystallization. Lang
(1967) described several causes of
birefringence in diamonds; disloca-
tions, lattice parameter variations,
inclusions, fractures, and plastic de-
formation.

In another study conducted by
Tolansky, 2000 gem quality dia-
monds were utilized. Two hundred
of the crystals were of the dode-
cahedral habit weighing approxima-
tely one-half carat each; the remaining
were crystals of various habits,
weighing approximately one carat
each. When examined under crossed
polaroids, all of these diamonds
showed some degree of birefringence.
Only twenty of the crystals had local
birefringence associated with inclu-
sions. In 1966, Richard T. Liddicoat,
Jr., and H. Lawrence McKague,
Ph.D., studied a collection of dia-
mond crystals given to the G.L.A.
from DeBeers Consolidated Mines,
Ltd. and found some birefringence in
all of the crystals.

The author has studied a large
number of faceted diamonds and
found some birefringence in each one
of them. With this information and
the many studies that have been con-
ducted by various researchers, the
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conclusion that most, if not all dia-
monds, will exhibit some birefrin-
gence has been well documented. All
visible internal graining invariably
exhibits some birefringence, but not
all birefringence is associated with
visible internal graining. Figs. I and 3
show internal graining seen under
normal diamond grading conditions.
Figs. 2 and 4 are the same diamonds
viewed under polarized light. The
birefringence associated with the
graining is displayed in the form of the
interference colors seen in Figs. 2 and
4.

Surface Graining

Of the two major categories of
graining, we will begin with surface
graining. Surface graining is the
external feature as seen on a polished
surface, associated with a distur-
bance in the lattice that gives rise to
any graining in a diamond. Surface
graining may occur in the form of a
single line, several parallel lines,
intersecting lines, slightly raised
areas of various shapes, or any
combination of these. Surface grain-
ing may occur on any facet and inany
number. It may be seen confined to a
single facet, end at a facet junction, or
more commonly, be seen running
across facet junctions.

Diamond is commonly twinned,
that is, different portions of the
crystal have a different yet definite
crystallographic relationship, one
portion to the other. In consequence,
a facet surface can have a change in
directional hardness, due to the
change in lattice direction between
the portions of the twinned material.
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This change in directional hardness
can result in visible surface graining
and the inability of the diamond
polisher to achieve a good polish on
one or the other side of the surface
graining (Figs. 5 and 6).

Surface graining is often seen very
easily when looking through the
diamond to the opposite surface. Fig.
7 shows a round brilliant being
viewed from the crown; numerous
surface grain lines are seen wrapping
around the pavilion. Surface grain-
ing may also be seen when directly
viewing the facet in question (Fig. 8).
To further examine a particular
facet, the reflected light technique is
used. The object of this technique is
to get a facet in total reflection, so
that only the surface of the facet is
being observed (Fig. 9). This can be
done by using a microscope in
conjunction with an overhead light
source, such as the Coaxial Illumi-
nator System shown in Fig. 10. This
particular system utilizes colored
filters over the light source, which
sometimes makes examining surface
characteristics easier than using
“white” light. Another successful
technique is to use a small incan-
descent lamp positioned at the side of
the microscope as shown in Fig. 11.
Figs. 12 and 14 show surface graining
on the table being viewed from the
pavilion. Figs. 13 and 15 show the
tables of the same diamonds being
viewed in reflected light. Figs. 16
through 19 show various types of
surface graining and grain lines
viewed in reflected light.

Surface graining, in most situa-
tions, is easily distinguished from
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Figure 1 Figure 2.

Flgure 3 Figure 4.

Flgure 5 Figure 6

Figure 7.
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polishing lines. Polishing lines vary
in direction from facet to facet, as is
shown in Fig. 20. Whereas surface
graining is slightly raised and is not
usually parallel to polishing lines on
any given facet, it also will often cross
from facet to facet, changing direc-
tion only slightly (Fig. 7). A type of
polish that is sometimes confused
with surface graining is “lizard skin”
polish (Fig. 21). This type of polish is
also referred to as “step-like” polish
by some diamond cutters. “Lizard
skin” polish occurs when a particular
facet closely parallels an octahedal
face and is caused by the extreme
directional hardness of the octa-
hedral face. “Lizard skin™ polish is
easily distinguished from graining
by its characteristic appearance; it
also does not cross facet junctions as
does some surface graining.

Surface graining can have a variety
of appearances; the common types
which are somewhat comparable to
each other and others which are very
distinctive and unusual in appear-
ance. An example of a very unusual
type of graining is shown in Figs. 22
and 23. This unusual surface graining
crossed facet junctions and was
randomly oriented over the entire
polished surface of the diamond.
This graining had a very similar
appearance in different regions, but
did not appear to have a uniform
repetitious pattern. We have seen this
type of surface graining on a few
occasions, but it is still somewhat
rare. Figs. 24 and 25 show an unusual
and distinctive association of well
formed needles touching a facet in
alignment with numerous inter-
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secting surface grain lines. These
needles extended into the diamond
off of the surface grain lines in
definite planes that followed the
graining planes. Fig. 25 shows how
these needles appeared when viewed
from the pavilion. Fig. 26 shows one
facet in reflected light.

In many cases, the underlying
cause of surface grain lines is directly
related to cause of coloration in
violet diamonds of natural color.
This is discussed in detail in the
colored graining section.

Internal Graining

Internal graining is the second
major category of graining in dia-
mond. The diamond grader charac-
terizes internal graining as being
more of an optical flaw than a
physical flaw, such as a feather oran
included crystal. Some graining does
have physical flaws associated with
it. Most internal graining has a very
elusive nature. When a faceted
diamond is viewed at specific angles,
this graining may be very evident. At
other angles, it may totally dis-
appear. Internal graining is very
often seen only through the pavilion
at specific angles and not through the
crown at all, or vice versa. It is
because of this elusive nature that
internal graining is not considered a
flaw of the same type as a feather or
an included crystal.

Internal graining is located during
the clarity grading process when the
diamond grader is looking for
inclusions in the diamond. If internal
graining is present, the grader will see
it when holding the diamond in one
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Figure 9.

Figure 11

Figure 14.
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Figure 10

Figure 12

Figure 13

Figure 15
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positien, and may see it disappear
when the stone is tilted a little. Fig. 40
shows internal graining in the outer
edges of the crown of a round
brilliant diamond, Fig. 38 shows the
same stone 1o exactly the same arca
of the crown, but with the crown
tilted a lirtle; the graining has totally
disappeared from view. 1o Fig. 27, A
indicates the direction of view, B and
C indicate the ditections in which the
diamond is tilted a httle in order to
locate graining and inclusions. The
same procedure 15 used when examin-
ing the pavilion of a diamond

In many situations the type of
graining shown in Fig. 40 is not
visible when viewing a diamond in
the face-up position, by reason of the
specific viewing angle that is some-

times mecessary to locate this parti-
cular type of internal graining.

“Phantom™ Graining

It would appear that mest internal
graining is the type that is sometimes
referred to by dinmond graders as
“phantom” graining. This includes
any internal graining other than color-
ed, whitish or reflective. “Phantom™
graining can display many different
patterns, such as some of the bire-
mngence patterns discussed in detail
by Otlov including: banding radial
and polyponal, radiating, stellate,
eruciform and patterns in the shape
of isoclines. "Phantom™ graiming is
usually not important to the elarity
grade, so the diamond grader does
not go into such extensive detail as to

Figure 16.

Ftgure 18.
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Figure 17

Figure 19
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Figure 20. The actual polishing directions
of a four point diamond. Figure 21.

Figure 22 Figure 23

Figure 24 Figure 25.

Figure 26. Figure 27.
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Figure 28. The crystallographic relation-  Figure 29. The stratified structure of grain-

ship of the octahedron and the cube. ing parallel to octahedral faces. It shows
itself as cubic when viewed from the table
of a four-point round brilliant.

Figure 30. An octahedron with a portion
sawed away in preparation for the cutting
of a four-point round brilliant.

Figure 31. The relationship between a
round brilliant diamond and an octahe-
dron. Comparing this diagram to Figures
29 and 30, it becomes readily apparent that
the octahedral graining would manifest
itself in a square outline in the table
direction of a round brilliant.
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the classifications of the types.

Type I diamonds frequently show
easily visible graining in the form of
linear stratification on octahedral
planes, sometimes referred to as
“cubic” graining (more properly
called octahedral graining). Since
this stratified structure is usually
parallel to octahedral faces, and a
good majority of round brilliant cut
diamonds are fashioned with the
table parallel to a possible cube face
(four-point diamond), this stratified
structure of Type 1 diamonds is
frequently seen as a banded effect in
four sets around the outer edges of
the crown of a round brilliant cut
diamond (Figs. 28 through 31). Fig.
32 shows this stratified graining.in
one direction, in the outer edges of
the crown of a round brilliant
diamond. Fig. 33 also shows “cubic”
graining being viewed from the
pavilion.

These bands, which can vary in
thickness, can either be relatively
faint in appearance or very distinct
and easy to see, depending upon the
amount of birefringence present and
the differing strengths of this bire-
fringence. Fig. 34 shows a round
brilliant diamond with well formed
“cubic” graining. The interesting fea-
ture about this particular stone was
the fluorescent reaction under long
wave ultraviolet light. There were
different intensities of fluorescence
between the bands of the stratified
structure (Fig. 35).

The amount and the degree or
strength of “phantom” graining may
be classified as slight, moderate or
significant. Of these three, slight
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graining is most frequently observed.
Slight graining is commonly seen as
the stratified structure often seen in
Type I diamonds, and referred to as
“cubic” or banded graining.

Slight graining is also seen in an
irregular swirled pattern. This pat-
tern is well illustrated by comparing
its appearance to the effect seen when
liquor is added to water, often refer-
red to as the “scotch and water
effect.” This swirled pattern is often
associated with an inclusion of some
type. Whether the inclusion be a
pinpoint, cloud or crystal, this type of
graining is usually an indication that
the structure of the diamond is under
internal strain in that particular area.
However, it is rare for this internal
strainto threaten the durability of the
diamond.

Slight graining is often seen
around an included crystal or group
of crystals. Fig. 36, however, shows
slight graining in a rarely seen con-
figuration. This graining was found
to outline the outer edges of a dense
cloud, indicated by the arrows in Fig.
36. When this diamond was exam-
ined under polarized light, vivid
interference colors were seen at the
area of the graining and only on the
left of the cloud, not at all within the
area of the cloud. This indicated
stress and a possible change in direc-
tion of the crystallographic growth of
the diamond. When this diamond
was examined under normal dia-
mond grading conditions, the stone
was tilted and the intensity of the
graining changed dramatically until
at one specific angle it disappeared.
This is the expected reaction for most
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“phantom” graining.

“Phantom” graining with a swirled
pattern is also seen totally unrelated
to visible inclusions; however, the
possibility of submicroscopic inclu-
sions being present should not be
ruled out. Fig. 37 shows a round
brilliant diamond with pronounced
graining. This extreme amount of
graining‘ greatly decreased the trans-
parency of the stone. Even to the
unaided eye, this diamond had a very
“foggy” appearance. It is uncommon
for this amount of graining to be
seen, but in this case it lowered the
clarity approximately two grades.

Type 1I diamonds do not exhibit
stratifications on octahedral planes.
Therefore, they do not exhibit
“cubic” graining. This is not to say
that Type 11 diamonds do not have
internal graining but it is of a dif-
ferent nature than the banded or
“cubic” type seen in some Type I
diamonds. Some Type 1l diamonds
exhibit a characteristic graining and
birefringence pattern that is similar
to the cross-hatching of the micro-
cline lattice. This is sometimes refer-
red to as the ‘“tatami” type of
birefringence pattern, after the ap-
pearance of the Japanese woven
straw mat of the same name. Lang
(1967) offers the theory that this type
of birefringence pattern is caused by
plastic deformation. He has shown
that the bands of “tatami” patterns
cross growth layers and coincide in
direction with the glide lines. The
author has observed that this “ta-
tami” pattern often occurs in dia-
monds that are free from visible
inclusions. These diamonds would
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normally be graded internally flaw-
less if not for the sometimes whitish
appearance of this graining.

Colored Graining

One intriguing aspect of internal
graining in diamonds is colored
graining. This type is often refer-
red to as graining that draws color.
The most commonly seen colors are
brown, green and violet although
any spectral color could be seen.
Colored graining, like most internal
graining, has a very elusive nature.
When viewed at specific angles, the
color is very evident while at other
angles in the same stone, the graining
may still be visible but it no longer
“draws” color or as much color.

This is well illustrated by the series
of photomicrographs (Figs. 38
through 40) of “cubic” graining view-
ed at different angles. Fig. 3§ showsa
section of a round brilliant diamond
where no graining is visible. Fig. 39
shows the same stone in exactly the
same area, but it has been tilted
slightly. Graining is now visible’and
is “drawing” some color. In Fig. 40,
the diamond has been tilted a little
more, and is now “drawing” much
more color. The brown grain lines in
Fig. 41 also show this elusive nature.
Note that the grain line marked A is
more intense in color than the lines
marked B. All of these grain lines
changed dramatically in intensity
when movement of the stone was
observed. Fig. 42 shows an excellent
example of this type of brown grain-
ing in a light brown diamond. Fig. 43
shows a very angular type of “phan-
tom” graining. When this diamond
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was tilted and viewed at a different
angle, the graining exhibited a very
intense color (Fig. 44).

Colored graining is commonly seen
in straight parallel lines (Fig. 45).
These lines can be found almost
anywhere in the stone. The green
graining shown in Fig. 45 is in a near
colorless diamond. If enough grain-
ing of this type is present, it could
impart a green color to a diamond as
seen in Fig. 46. Fig. 47 is a photo-
micrograph of green graining in a
slightly greenish orange-brown dia-
mond. Some orange-brown dia-
monds transmit green to fluorescent
light. In some cases, this green trans-
mission combined with a significant
amount of green graining can cause
the diamond to have a greenish cast
when observed in fluorescent or in-
candescent lighting.

As briefly discussed in the surface
graining section, the cause of color-
ation in most violet diamonds of
natural origin can be directly related
to surface grain lines present on the
stone. Orlov (1973) states that re-
gardless of locality origin, all mauve
or violet diamonds of natural color
show signs of intensive plastic de-
formation. He also states that thereis
no justification for the theory that the
definitive cause of coloration in
mauve diamonds is iron (Fe) or man-
ganese (Mn) as previously held by
earlier researchers. There is very strong
evidence . that violet coloration in
diamonds is epigenetic (a change that
takes place in the diamond after the
crystal stops growing) and only in-
directly due if at all to the presence or
absence of any minor element. Orlov
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states that “all mauve diamond cry-
stals, without exception, display
glide lines on the {1 l\sl} planes and on
combination surfaces formed by edges
of stacked octahedral layers and also
on the curve-faced surfaces develop-
ed in place of combination surfaces
or octahedral edges.” This usually
results in numerous, easily visible
surface grain lines wrapping around
a faceted violet diamond. Fig. 48
shows a fancy light violet diamond
with numerous parallel surface grain
lines continuously wrapping around
the stone from pavilion to crown. In
Fig. 49 a view of the same diamond in
reflected light is shown. The slightly
raised nature of the grain lines be-
comes very apparent when this tech-
nique is used. Also note the polishing
lines that are running at an angle to
the grain lines. Seen in Fig. 50 is a
fancy violet diamond with the typical
numerous surface grain lines present.
Slight movement of the diamond,
keeping the facet in view, displayed
clearly defined violet bands extend-
ing into the stone in definite planes
contiguous with the glide lines and
alternating with near colorless sec-
tions (Figs. 51 through 53).

Thus it is evident that most if not
all of the violet coloration appears
only at glide planes; this is sub-
stantiated by diamonds that show
development of one or two glide
lines. An example of this develop-
ment is well illustrated by the violet
coloration at the glide lines in the
diamond shown in Fig. 54. This
diamond was near colorless and con-
tained only a few violet bands which
were not enough to impart even a
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Figure 50 Figure 51

_—
Figure 52. Figure 53

|

Figure 54. Flgure 55.
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Figure 56

Figure 57.

Figure 58

very faint violet body color. There-
fore, it séems that most | not all
natural violel diamond coloration is
associdted with usually visthle grain-
ing and with defects at ghde plancs,
formed after crystallization, as a re-
sult of plastic delormation.

Diamonds containing only a small
degree of violet coloration, such as
violetish-brown and wvioletish-pink
stoncs, will sometimes display the
NUCTOUuS Surface gram lines thatare
typrcal of most violet diamonds, buat
rarely to the extent that they are
chsplayed by maost violel stones

Fig. 55 15 a photomicrograph of a
fancy intense vellow diamond of nat-
ural origin. This slone was unusual in
the fact that it had a large amoun! of
color zonimg inirregular patchy areas
througheut the diamond. The overall
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Figure 60

body color of the diamond was yel-
low with areas of near colorless zon-
ing. There was a significant amount
of graining in the yellow arcas. The
appearance of this graining could be
compared 1o yellow cellophane in
irregular patterns. The arrow in Fig.
35 ndicates one area of this “cello-
phane-like™ appearance. This graining
fully allustrates the fact that not all
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Figure 61.

graining is easily classified into pre-
determined categories.

Whitish Graining

Whitish graining is a type of grain-
ing that has a whitish appearance
when viewed at specific angles and
under certain lighting conditions.
Whitish graining, even more than the
other types of internal graining, has a
very elusive nature. It is not only
associated with a whitish appear-
ance, but has a misty or cloudy
appearance which often greatly de-
creases the transparency of a dia-
mond. In larger stones (over a few
carats) with significant graining, the
misty or cloudy appearance is often
visible to the unaided eye.

The decreased transparency of a
diamond containing whitish graining
is associated with submicroscopic de-
fects. The whitish appearance is an
optical effect that is probably caused
by-a large number of scattering cen-
ters present. These defects cause the
light to scatter in various directions,
thus giving the stone a whitish and
foggy appearance. This effect is some-
what similar to the effect of a drop of
milk in a glass of water.
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Figure 62.

Whitish graining can take on a
variety of appearances. Figs. 56
through 60 show some of the types of
whitish graining that may be seen.
Like most internal graining, whitish
is not always easily defined and can
mix with other types of graining.
Figs. 56 and 57 show whitish graining
in association with “phantom” grain-
ing. Whitish graining seems to be
often associated with Type 1IB dia-
monds. Most commonly we have
seen whitish graining in high colored
diamonds (D, E and F) and in dia-
monds with brown, pink and blue
coloration. However, whitish grain-
ing may be seen in diamonds of other
coloration.

Reflective Graining

The last type of internal graining
we will look at is reflective graining.
This graining is most commonly seen
as a “reflective” plane extending into
the diamond from a surface grain
line. It is also seen in the form of
“fingers” radiating into the stone and
totally unrelated to surface graining.
Reflective graining can have a variety
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Figure 63,

Figure 65,

of appearancesas itlustrated by Figx
63 through 75.

D). Vincent Manson, Ph.D., Direc-
tor of the Research Department at
the Cemological Tnstitute of America,
studied a number of diamonds that
contained reflective graining. Dr.
Manson analveed two of these dia-
monds using a Scanning Electron
Microscope and an Electron Micro
probe. In preparation for analysis, he
burned the diamonds in air leayving
only the refractory material that was
belicved to be responsible for the
“reflecting” planes. Under magnifica-
tion he then proceeded to carcfully
prepare the specimens {or the SEM.
Fig. 64 15 a photomicrograph of this
material magnified 1o 1 370X direct.
Fig. 12 is the same matenal photo-
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Figure €4.

Figure 66.

praphed at 6,8300% direct. The mat-
ertal was found to be a phase rich in
5i0:. ALO; and K:0O. Because the
phase was extremely thin, inhomo-
genous and volatilized rapidly under
the electron microscope beam, it was
difficult to analyze. The approximate
composition was determined to be
S510., 670, TiD., 2.5%; AlLOs, 14-
170 FeD, 2-3%:; Mg0, 1%: Na,O,
(0.265; K,0O, 8.5-100,

The phase appears to be at least
partly crystalline, but little is yet
known about its formation.

Reflective graining, like most in-
ternal graining, exhibits the same
elusive nature. Since most reflective
graining s associated with surface
graining it 15 usually casily located.
The diamond grader finds reflective
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Flgure 67.

Figure 63,

graining by logking from the surface
grain lines into the diamond while
slightly moving the stone. I reflective
graining is present and associated
with surface grain lines, it will usually
appear very prominent b one angle
and disappear from view a1 another
Shown in Fig. 63 is a surface grain
line with a reflective graining plane
that extends into the stone.

If reflective graining s not assoc-
wted with surface graining it s
located by using the same procedure
that is used for other types of internal
graining. This wype of rellective
graining is shown in Fig. 64. In this
particular diamond it was displayed
in the form of "linpers” radiating into
the stone. This type of rellective
graining is also seen in associalion
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Figure BB

with inclusions. such as pinpoinis
and crystals. When reflective grain-
ing that is totally internal is present, it
is sometimes referred to as a “grain
center,™

Figs, 63 through 67 {ully illustrate
how dramatically gmining can chanpe
its appearance upon a slight move-
ment of & diamond. In Fig 65, grain-
ing with a very strong violet color is
The diamond 15 tlted just
slightly, and now reflective graining
15 visible (indicated by the arrow
labeled “B™ in Fig. a6), At this par-
ticufar viewing angle, the very slight
difference in angle between facet “A™
and facet* B changes the appearance
of this graining. Fig. 67 is the same
diamond at a higher magmification
and another viewing angle. In this
view we can see how the reflective
sraining continues into the diamond
in & plane and has an overall faint
violet color. Upon close examina-
tion, when moving the stone very
slightly. all of the spectral colors
could be seen in very small particles.

Reflective graining secms Lo be
found in most types and colors of
diamonds. Violel diamonds ol natur-
al color that have numerous, easily

RCEDN.
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Figure 70.

Figure 72

—

-

Figure 74

visible surface grain lines almost al-
ways exhibit reflective graining along
ghde planes when viewed at specilic
angles. Another diamond with violet
refllective graining is shown in Fie
s,

Reflective graining is seen in Fie.
69, The faint white hines directly

above and below this are surface
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Figure 71

| =
Figure 73

Figure 75

grain lines. Uponslight movement of
the stone, all three lines take on a
brown color: the center one heing the
most intense (Fig. 70), Figs, 70 and 72
show a [ancy hrownish-pink dia-
mond of natural ongin with reflective
graiming: this 15 indicuted by the
arrows. Rellective graiming 15 maost
commonly seen as planes runnming in
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one direction. It is sometimes seen
running in two directions that inter-
sect each other as shown in Fig. 73.
Figs. 74 and 75 show some more
types of reflective graining that may
be seen.

In conclusion, if internal graining
appears colorless (“phantom”), it is
most often not considered a charac-
teristic which lowers the clarity
grade. However, if internal graining
is colored, whitish or reflective, it is
considered a characteristic which may
affect the clarity grade. A diamond
which contains this type of graining
easily seen at 10X magnification with
no other visible imperfections or in-
clusions would not be considered a
flawless stone but rather would fall
into the VVS categories. It should be
noted, however, that a signficant
amount of these various types of
graining could lower the clarity grade
even below the VVS clarities.

Surface graining is a characteristic
which always keeps a diamond from
being assigned a Flawless grade if
present at 10X magnification. A small
amount of surface graining with no
other imperfections at 10X would be
assigned the grade of Internally Flaw-
less. A significant amount of surface
graining could affect the clarity by
several grades if easily visible through
the crown at 10X.

When judging the effects of grain-
ing on the clarity grade every dia-
mond should be considered in-
dividually. Due to the remarkable
nature and classifications of grain-
ing, this optical flaw has been the
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subject of much interest. How to deal
with graining has beenin the pastand
will be in the future, an area of inter-
pretive changes, but the various types
of graining also point out the fascina-
tion and individuality all gem dia-
monds possess. |

The author invites comments from
readers of this article and would ap-
preciate hearing of any other theories
or observations concerning graining
in gem diamonds.
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Developments and Highlights
At GIA’s Lab
In New York

By ROBERT CROWNINGSHIELD

Corundum Observations
and Problems

In the last column we mentioned a
beautiful red-orange natural corun-
dum but did not have colored slides
to illustrate these unusual “overlay-
ered stones.” Since that time we have
seen several more of these stones and
had a chance to take photos. Fig. |
shows one of the stones in ultra-
violet illustrating the fact that where
the facets have been polished to
expose the natural sapphire the un-
natural bluish fluorescence can be
seen. The red-orange “over-layer”
does not fluoresce. Fig. 2 shows one
stone in which the “over-layer” is
present on the table but has been
polished off most of the crown. The
refractive index on the table gave un-
expected readings — 1.765-1.800. It
may be an anomalous effect, but does
make one wish there were time to do
an exhaustive test.

Another sapphire oddity came to
our attention when a manufacturer
sent us several large and handsome
stones to test. Five of them were
natural blue sapphires, although pro-

SUMMER 1980

bably heat treated. One was clearly a
synthetic stone though the color
looked less “watery™ than most Ver-
neuil stones. However, the final stone
was a real puzzle. Concentrated near
the culet, but present elsewhere in the
stone were fingerprint inclusions re-
miniscent of Ceylon sapphires (Fig.
3). Under immersion, curved color
bands could be seen clearly (Fig. 4).
The stone fluoresced a typical chalky
green and showed no iron line in the
hand spectroscope. We had ample
time to study the stone as it was
returned a few days later by an
importer. A short time after we iden-
tified this unusual synthetic, Paul
Holt, Education Supervisor, receiv-
ed a visit from a student now living in
Bangkok and the gift of two cru-
cibles, fragments of others and a
bottle of red liquid all of which are
said to be used in heat treating sap-
phires. He mentioned that there i1s a
new process whereby fingerprint in-
clusions are introduced into Verneuil
synthetic stones. He also mentioned
that boules are being cut into natural
appearing bi-pyramids, treated to
introduced fingerprints then cut by
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Figure 1

Figure 3.

imnacent lapidaries. The Verpeuil
synthetic ruby shown m Figs 3 illus-
trates these induced lmgerprings. We
hope lo analvee the lgud and lind
out how it s used, The visitor men-
tivped red-orange sapphires but did
nat know much ahout what is done
Lo produce them, One of the crucibles
is shown in Figs, 6 and 7

A client asked if we could venture
an opinion as to the origin of a
large, fine color but slhightly sleepy
ruby, We do not identify country of
prigin of stones on reports bot will
often discuss it among ourselves
Usoally the opimion s based heavily
on “The Internal Warld of Gem-
stones.” Dr. Edward Glibelm™s miis-
terpiece. This ruby had inclusions
unlike any we hiad ever seen. | here

316

Figure 2

' b

h

Flgure 4

woere needles in three directions, but
the necdles were stubby and brown-
sl inocolor. unlike the bright very
slender needles i Burmi stones. We
told the elient that we could not place
the stone, but ventured that el
be Africa - specifically Irom Kenva
We were informed later by an im-
porter that wewere not to be blamed
ferr heimg puzzled. The stone Timer-
by was o Burma star ruby, 10hid been
heut treated o dimimish the silk and
in the process they had changed
radically in appearance

Most troubling of all our observa-
tions lately; however, is of & parcel ol
blue "natural™ sapphires which have
their color concentrated near the
surface just like the orange stonos
noted above, Figo 8 15 &n attempt to
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show this. The stone photographed
lacks color on the table and one star
facet as well as one-half the pavilion.
[t can only be seen in immersion and
even then a competent gemologist
could miss it. In a mounting we fear
these stones will be passed as natural
sapphires (which they are). Recutting
a damaged stone could radically
change its appearance. Hence, this
particular product, we feel, must be
disclosed to the client.

Figs. 9 and 10 illustrate a most
puzzling blue sapphire. Color was
concentrated in a pattern unlike any
we had ever seen. In one direction, it
is distinctly curved while in others it
1s straight. Throughout the stone, but
more prevalent at one edge of the
table were curving wisps that at first
resembled needles. We thought back
to the star ruby mentioned above
which had been heated in order to
dissipate the silk. The individual
needles were not entirely absorbed
leaving the stubby needles noted as
well as wisps similar to those seen in
this stone. By coincidence, while we
had this large stone in the Lab,
another smaller stone less inky in
appearance was in and it too showed
these wisps in one direction. Could
these have been the remainder of
rutile needles?

It is interesting that at this date we
have yet to read a detailed eye-
witness account of the heat treating
process in use in Thailand.

We have been told that the raw
material for the heat treating is a
cloudy nondescript colored rough
from Sri Lanka. Until recently, the
price of this formerly worthless sap-
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phire (it won’t even produce a star)
(Fig. 11) was increasing steadily as
Thai visitors to Colombo sought it
out. We have been informed that the
Sri Lankan government has finally
come to the conclusion that this
precious resource should stay home
and be heated.

In Bangkok, we've been told, the
rough to be heated is sealed in the
clay and porcelain crucibles which
are then placed in 55-gallon drums
packed in charcoal. One man told us
that when the charcoal is burning
flames shoot out 10 feet from the
drum. The temperature must be
somewhat uncontrolled, hence stor-
ies of failure abound.

The rough material presumably
owes its cloudiness to unoriented
titania which, in the reducing at-
mosphere in the crucibles, is absorb-
ed by the heated crystal. The titania
enters the structure in a form that
provides the blue color. Two goals
are realized if all goes well — the
rough becomes clear and provides its
own coloring agent for the blue
color.

It has been reported that very dark
Australian material has been success-
fully lightened in color but the strong
green dichroic direction remains.
One story has it that success is by no
means certain. A dealer is said to
have invested his entire fortune in
dark Australian rough only to have it
ruined in the heating process. He
reportedly committed suicide.

With the touting of colored stones
for investment it behooves gemolo-
gists to review possible substitutes. In
addition to the stones discussed
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Figure 5

Figure 7 Figure 8

Figure 8.

Figure 11 Figure 12
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above, we have encountered our old
fricnds synthetic back-natural top
sapphire and ruby doublets (Fig. [2),

Also, it s imperative for gemolo-
gists to review the identilication ol
flux grown synthetics which must
have recognizable flux *fingerprints™
but some lack these and must be
identified by their high Nuorescence
and inclusions which we have char-
acterized asrain” (Fig. [3). We have
been seeing an increasing number of
these slones both Chatham and
Kashan, but it should be noted that
not all Kashan Rubies show the high
fluorescence commonly associated
with other synthetic rubies,

Natural Corundum Oddities

Ihe cabochon shown in Fig. 4isa

Figure 13

Figure 15
SUMMER 1980

rarity — hall white sapphire and half
ruby, Uhe ruby portion showed an in-
distinct star

The natural purple sapphire
shown in Fig. 15 had very coarse
needles unhike those usually seen in
corundum. They were quite recogniz-
able with the unaided eye

A type of phenomenon (not well
lustrated in Fig M6) which we have
rarely seen consists of three bands
which cross, forming a flat “star™ina
sapphire. The bands i this 60-carat
yellow sapphire tablet consist of par-
allel fibers running the length of each
band so that a chatovant effect high-
lights the "star™ as the stone s turned.
Cutting such o stone with a domed or
cabochon surface diminished  the

effect rather than making 11 more

Figure 14.

Figure 16.
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pronounced ‘as the owner, student
Nick Angialo, discovered.

Since béginning this column we
have had @ lot of three more orangy-
vellow sapphirds to test and they
have proved to be very confusing
I'he amber-like color wus that which
ane associates with stomes from T hai-

a2

Figure 17

land in which a strong iron band s
seen in the spectroscope and no ultri-
vinder fluorescence s present. These
three stones showed noiron hines but
did have a [Muorescent chromium line
at 6900 ALl
we have taught proves: svnlhetic
Fwea of the stones fluoreseed reddish,

g combination which

one was inert, Two had  peculiar
[ingerprint inclusions (Fig, [7)which
reached the surface. All three had
cither parallel bands ol fine silky
inclusions (Fie. &) or angular
growth lines and all had & positive
Plato test
polish certainly suggested synthetic
arigin (Fig, 190 With all the treating
of corundum being dong, we have
become “gun shy™ with this material

[he color and the poor

Flgure 18

Figure 20
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Figure 19.

Figure 21
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A Giant Chrysoberyl Crystal

Figs. 200 and 21 show a crystal of
this relatively rare pem material
which weighed more than I8 pounds.
The fact that 1t was in this country
(originunknown) suggests that it was
not cuttable. Here and there were
areas which might have produced a
twao- or three-carat green or brown
stone, We searched for silky areas
but felt the rough had no cat’s-eye
potential. We upsually confine our
gem identification to polished gems
rather than rough. The fact that this
crystal had transparent areas and
chrysaberyl has & very diagnostic
spectrum prompted us to accept L
Some years ago we accepted a 45-
pound specimen because itappeared
to be a chatovant material. Again, it
was identifiable by the absorption

spectrum but in this case it proved (o
be the greenish-brown apatite and
the source of many cat’s-eve apatites
which masqueraded as chrisoberyl.
Fig, 22 shows a 207-ct. cat’s-eye
apatite submitted as this is being
writter.

Black Rose Cut Diamonds

Figs. 23 and 24 show a pair of
black rose cut diamonds using trans-
mitted light. They weighed more
than a carat each and must have been
cut from the same rough since the
lron cross inclusions appeared the
same n each.

Blue-Green Beryl + Emerald?

A handsome and very clean pear
shape blue-green beryl was in for
testing. It had prominent chromium

Figure 23

Figure 24,
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Figure 25
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Imes as well as a distinet ron ling in
the blue. The most unusual feature

of the stone was the dichromsm

strong pure blue and vellow green.
The stone was the closest to an aqua-

xlure we have

ever seen. With the chromunzwe felt

marime-emerald 1

i had to be constdered emerald.
A Well-Made Pear Shape Diamond

We are aware of the préat tempta-
tion on the part of cutiers Lo relain s
mueh weight from the rough as pos-
sible especially with rough at an all
time high in price. 1t is therelore a jov
tor see i beautifully proportioned and
shaped laney cut diamond. Fig, 25
shows such a pear shape.in which the
bow tie effect 1s a4t a mimmum

Figure 26

Figure 28
322

Honey Comb Effect in Opal
ig. 28 what al

appeared to be the typical

illustrates first

nicken-

wire or honey comb structure ol

synthetic opal, Close exumination
showed that it was natural opal with

a network of potch imclusions.

Red Cat's-Exe Chrysoberyl
We mentioned o faceted chrome
rich red chrysaberv] ina recent issue.
We have now tested p dork red ¢at’s-
eye chrysoberyl which refuses to turn
ricen and is therelore notalexandrite

?7), Thestoneis twinned so that

the blue dichroie direction appears at
the ends of the stone when a polaroid

late is rotated over the stone {Figs.
248 and 29

Figure 27

Figure 29
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igure 30.

More on Diamond Inclusions

Ihe discussion of diamond 1nclu-
sions it the Eall 1979 1ssue of Gems
and Gemology brought several
favorable comments. Al the recent
AGS Conclave in Dallas, graduate
Bob Limon showed a simall diamioned
with a “bunny rabbit™ Inclusion. He
sold it on sight toa customer he knew
liked rabbits, Another diamond seen
York had an identifiable
parnet inclusion. The dealer’s cus-
tomer wanted the fact noted in the
grading repart.

Fig, 30 illustrates o reddish inclu-
sion which appears to be a surfacing
red seal. In Fip. 37 we see o rec-
tangular space station and shuottle

in New

peculiar flat black inclusions we've
never seen before.

We wish Lo express our SIneere
thanks for the following gifts and
COUTLES1es:

fo' Mr. Rabert Sandler ol Hous-
ton, Texas, Tora polished plate of
charoite, the opayue purple-minerml
wheh he acquired during a recent trip
to Russia.

Toe My

Bill Larsen, Fallhrook,

SUMMER 1980

Figure 31.

Figure 32

California, for three round brilliant
cul “Malava™ garnets, These hand-
some stones vary in color [rom in-
lense-orange-red to brownish-
orange. Fig. 32 shows a particubirly
pleasing |8-carat stane.

To Leon Trecker, Laguna Hills,
California, for some treated brown
Mexican topaz crystals, The color is
not particularly attractive, but sam-
ples left in a sunny window for
several weeks have not faded. Per-
haps with a bit of heat, the stones
would fade.

To Edhward F. Borgarta ol Rupert.
Vermont, forafine selection of judes,
amethysts, pgrossularites and
turquoise which will be wuseful in
student test sets.
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A New View of Diamond’s Beauty —
The ‘Cone of Brilliance’

By GEORGE R. KAPLAN
Lazare Kaplan and Sons, Inc.
New York, New York

Much has been written and said
recently about what is the most desir-
able cut and what are the most
desirable proportions for diamonds.

There are no set rules for cutting
diamonds to get high yield; each
diamond represents a compromise
between the conflicting aims of size
and beauty, with beauty often com-
ing in a distant second.

However, if beauty is the goal,
certain principles are agreed. Pavi-
lion angles should be very close to
41°, polish and symmetry should be
impeccable, and bezel angles run
close to 34°. Lately, differences of
opinion have arisen about table per-
centages. It is agreed that the bril-
liance perceived through the table is
very important, and also that the fire
and scintillation viewed through the
bezel angles are very important; the
debate centers on what is the “ideal”
combination of these two diamond
phenomena.

While there is certainly room for
difference of opinion on the relative
importance of brilliance versus fire,
there can be no defense of a dull area
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which must be detrimental to the
diamond’s beauty. ‘

In order to test this, we prepared
two diamonds, both with 41° pavi-
lions, one with a 55% table and one
with a 65% table. We viewed the
stones while progressively tipping the
tables away from the perpendicular.
At 10° from the perpendicular, the
65% table edge began to show dull
reflections of the girdle; none at all
on the 55% table (Fig. 1).

It was necessary to continue the
tipping until we reached 18° (Fig. 2)
before any dull girdle reflections
were visible on the 55% table. This
means that in the area of vision
between 10° and 18° the smaller
table showed uniform brilliancy and
the larger table did not; in other
words, the “cone of brilliance” of a
559% table is 36° (2 x 18°) while the
65% table has a “cone of brilliance”
of only 20° (2 X 10°) (Fig. 3). Thisis
a qualitative as well as quantitative
difference; the larger table shows
definite and increasing dull areas, the
smaller table shows none.

As one continues to tip the dia-
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Figure 1 10°

Figure 2, 18°

Figure 3. 20° and 38" "cones of brilliance”

mond from the perpendicular. both
stones show increasingly lnrger areas
of dull givdle reflections, bot the 65%
tahle’s dull areas are always far more
extensive (Fig. 4.

We consider the “cone of bril-
liance™ concept particularly mpor-
tant since most of the time diamonds

Figure 4. 257

are viewed obliquely rather thanona
perpendicular, Therelore, most of
the time, stones with smaller tables
will show more uniform brilliancy
than stones with larger tables. Of
course, the smaller table always ex-
hibits more “fire”,

=980
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‘Thin Films’ —

Elusive Beauty in the World of Inclusions

BY JOHN |

FOMLILA

Mineralogist - Gemologist
Gemological Institute of Amearica
Santa Menica, California

Figure 1. The commanast of thin films, a
brilliantly colored iridescent fracture radi-
ating from a spessariing garmet included
In a rock crystal guartz, BOX,

Dark{ield illumination s without a
doubt the single most useful lighting
technique for the general observation
and study of gemstones through the
microscope. For this reason gemalo-
pists through the years have come to
use the darkficld method almost ex-
clusively when performing micro-
SCOPIC eXAMINAlONs on ransparent
EEMSIONES.

Vertical illumination (lighting
[rom above) is seldom, if ever, em-
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ployed except when examining
opayue miterls

Ax a result much of the hidden
beauty of the inclusion kingdom, in
the form of ultra-thin films, com-
manlky 100 nanometers or less in
thickness, of solids, liquids and’ or
pascs goes unohserved and therefore
unappreciated by a great number of
the world's gemologists, Even af ver-
tical ilfumination wereemploved, the
gemolegist would necd a gencral
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understanding of thin films, how to
recognize .them and how light be-
haves at the thin film-host border.
The angle at which the incident light
strikes the thin film is so critical that
unless the gemologist was in fact
studying thin films the proper angle
would probably be missed and the
potential effects would pass unob-
served.

. As an observer, in the course of
study, first encounters a complex
looking, brightly colored, thin film,
the thought might occur that as an
inclusion it is an extreme rarity and
will probably never be encountered
again. Thin films however are some-
what common. Most gemologists,
even if they did not recognize it as
such, have undoubtedly seen the
commonest of thin films, the iride-
scent fracture. See Fig. I.

When the proper illumination is
applied it is, however, very fine, lacy-
looking liquid, and liquid and gas
fingerprint-like, partially healed
fractures and layers of ultra-thin
transparent included crystals that
make the most intriguing thin films.

Within the natural, brightly-color-
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ed artistry of these inclusions lies a
wealth of gemological information
that would normally remain hidden
to the gemologist. Vertical illumina-
tion brings out in strikingly vivid
detail, areas of partial healing, layers
of separation and growth details on
the surface of included crystals that
would normally be very difficult, if
not impossible, to resolve.

To understand the source of inter-
ference colors in thin films, we must
study what happens to light as it
encounters the gem-thin film border
(see Fig. 2). ldeally, as white light
(WL), containing all the rainbow
colors of the visible spectrum, strikes
the gem-thin film boundary (A), part
is reflected (RF), and part is refracted
(RR) into the film which has a differ-
ent refractive index than the host
gem. The portion of white light that
was refracted (RR) into the film
travels in the thin film substance until
it again encounters the thin film-gem
interface (B). At this point part is
reflected (RF1) back up through film
and part is refracted (RR1) through
the interface and into the gem. The
portion that is reflected (RF1) back
up through the film.again encounters
the boundary (A). Part is reflected
(RF2) and part is refracted (RR1).
The portion of the white light that is
reflected (RF2) back into the film
will again repeat the process of reflec-
tion and refraction as described
above. The portion that was refract-
ed (RR2) out into the gem changes
direction to parallel the original re-
flected (RF) portion of the white
light. The portion of the white light
(RR2) that has emergéd from the
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Flgure 3.

Figura &

thin film to parallel the ongmal re-
flected beam (RF) has obyiously fol-
lawed a path that s longer than the
original reflected beam (RF). Since
the refractive index of the thin film
materal s different [tom the gem,
light in the film travels at a different
speed than it does in the gem, This
fact, coupled with the greater dis-
tance traveled by one portion of the
light over the other. produces light
with some wavelengths in-phascand
intensified and some owt-of-phase
and cancelled. The resulting color of
the light returned to the eyve is the
sum of the intensified wavelengths
minus those wavelengths that have
met with destructive interference and
cancellation, The thickness of the
thin film conlributes directly to the
difference in distances traveled by the
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Figure 4.

Figure:&

ravs, The refractive mdex of the thin
film medium also speeds or slows the
light to further change the phase
relationships between wavelengths in
{RF) and (RR2), The thicker paor-
tions of these films tend to produce
red and orange colors and the thinner
partions show violet and blue hues.

Figs. 3 through 12 show five pairs
of photographs illustrating thin film
effecis in various matertls,
showing the difference between these
inclusions under darkfield or trans-
mitted light and vertical illumina-
tion
pad”™ lhguid layer in peridot taken
under darkfield conditions at 50X,
Fig. 4 a1 50X shows the correspond-
ing thin film clfect using only vertical
iHumination. Fig. 3 shows a liguid
fingerprint in peridot at 60X, Fiz. 6

gem

Fig, 3 shows a commaon iy
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Figure & Figure 10

Figure 11 Figure 12

Figure 13 Figure 14
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shows the intricate detail of the same
fingerprint under thin film condi-
tions. Fig. 7 shows a yellow beryl at
20X under darkfield illumination.
Note that the fine layer of two phase
liquid and gas inclusions is almost
invisible. Under vertical lighting
these same inclusions glow with vivid
interference colors in Fig. 8. The
iolite at 40X in Fig. 9 contains several
parallel layers of ultra-thin hematite.
The color of the hematite is a striking
red orange under transmitted light.
Using vertical illumination the same
inclusions stand out in much greater
detail in Fig. 10 although their true
body color is masked by the inter-
ference colors. Fig. 1] shows an al-
most invisible partially healed frac-
ture in a pale blue sapphire taken
using darkfield at 25X. Fig. /2 shows
the same inclusion under vertical
lighting. The extent of healing be-
comes obvious to the observer.

As the photographs above have

shown, vertical illumination can be a
useful tool to the gemologist when
examining transparent materials. The
extent of damage of fractures and
cleavages or of healing in partially
healed fractures as well as the recog-
nition of nearly invisible inclusions
may all be possible using only a
simple light from above.

In closing I would like to refer to
the sapphire illustrated in Figs. 13
and 14 taken at 20X. Now youseeit -
now you don’t.
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Australia Likely To Be
Major Supplier of Jade

By JONATHON STONE
Australian Information Service
New York, New York

ADELAIDE, Australia

Australia is expected soon to
become a major world supplier of
jade.

On Eyre Peninsula, South Aus-
tralia, where nephrite jade has been
mined for several years, geologists
have confirmed deposits signifi-
cantly greater than earlier estimates,
with large blocks of high-quality
jade.

A form of jade combined with
marble also has been found. This
combination is suitable for domestic
tiles or carving and can stand hard
wear.

South Australia’s Minister of
Mines and Energy, Roger Golds-
worthy, said .the State already was
supplying about one-quarter of the
annual world jade demand of about
700 tonnes at between about $AS and
$AB0 a kg (about $2.50 to $40 a
pound), depending on quality.

The Eyre Peninsula deposits,
mined by Cowell Jade Proprietary
Limited, are the best quality in
Australia -and at present the only
commercial source of true jade.

The managing director of Cowell
Jade. Graham Robertson, said the
company had arranged an overseas
share placement to London and
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Hong Kong interests to allow the
company to upgrade and enlarge its
operation.

He said that a group of Chinese
geologists had wvisited both the
Cowell deposits and workshops in
several countries and had been im-
pressed with the quality of the
finished product. He believed the
Chinese market would prove very
valuable.

Mr. Robertson said the inferred
reserves by the Department of Mines
and Energy were 49,000 tonnes of
jade at the Eyre Peninsula sites.

Cowell Jade’s mineral leases
covered more than 90 per cent of
these reserves, which gave it access to
about 45,000 tonnes of top-quality
jade. .

Mr. Robertson said the jade

industry had developed steadily since’

the department had mapped and
identified deposits at Cowell in 1974
and 1975. The department had also
helped the industry determine more
efficient and less destructive mining
methods.

Production had totalled 470
tonnes since 1974, with a peak of 210
tonnes in 1978. The company’s major
market was New Zealand. but it also
sold to India and the United States.
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GEMOLOGICAL NOTES

Gemological notes s a new column
that will appear on a regular basis in
each issue of Gems and Gemology, It
is intended 1o bring new information
of pemalogival interest (o our sub-
seribers. Readers are tnvited 1o suh-
it short ariicles of only a few para-
graphs ar lesy briefly describing thelr
diseoveries and observarions. All shori
articles wsed in the column will be
duly acknowledged.

Diopside As An
Inclusion in Peridot

By JOHN I, KQIVLUILA
With analyses By CHUCK FRYERand
CAROL M. STOCKTCN
Gemological Institute of Amarica
Santa Monica, California

For many vears | have had several
specimens of gem pendot from the
San Carlos Indian Reservation, Gila
County. Arizona testing in my col-
lection. These specimens all contain

Figure 2
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Figure 1.

rather nondeéscript protogenetic
emerald green graing that are very
rounded and almost invisible due Lo
their near refractive index with their
host peridol. Having dismissed these
for years as possthle ghost-like areas
ol colar concentralion, my interest
was again aroused when | received a
gift from & gemologst triend, Frank
C. Bonham, of a peridot that clearly
showed one of these inclusions as a
separate included crvstal (Fig. £ My
curiosity up, | croshed two al my
own samples.

Sure enough, the ghost-like green
inclusions could be separated {rom
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their host. Having extracted some of
thise tiny melusions from: their ol-
ving prisons, | gave one to Chuck
Fryer [or X-rav ditfraction and onc
to Carol M, Stockton of GIA'S
Research  Department  for  micro
chemical analysis. Chuck Fryver
found 1he diffraction
Fig. ) ol these inclusions matched
our diopside stundard, Carol Stock-
Found all ol the

pattern (see

ton
elements present for diopside, mig

NMECCAEAry

nesivm, caloium, and silicon as well
as minor traces ol oiherclements Like
iran

Although the color, as can be seen
i Fig. [, suggests chrome diopside,
no chromium was detected.

Negative Crystals?
In Synthetic

Verneuil Spinel

By JOHN | KOIVULA
Gemological Institute of America
Santa Monica; California

When present, pas bubbles are one
of the charactemistics that aid the
gemologist in the dentification of
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<
>

Lre 3

i
[F=]

synthetic Verneuil ({lame fusion)
products

It is not hard to imagine a novice at
gem identilication starting 1o doubt
the refractometer reading or the

poliuriscope  reaction of the blue
spanel contaming the hubble shown
n Fip.3

taken on g modilied cobo-ootahedral

Fhe bubble scems to have

habir complete with growth steps

Such madification of & gas bubble
is perhaps the result ol very slow
coaling of the boule allowing the host
synthetic spinel an opportunity 1o
mmpart s anternal ervstal symmetry
on the surtace of the buhble

Any other theories!
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BOOK REVIEWS

DESCRIPTIONS OF GEM MAT-
ERIALS by Glenn and Martha Var-
gas. Published by the Authors.
Second Edition, 1979. $10.00. Avail-
able through the GIA Bookstore.

The well organized First Edition of
Descriptions of Gem Materials
contained information on over 200
gem materials; the new Second Edi-
tion is equally well organized and
contains more listings. The introduc-
tion contains a brief explanation of
terms that is easily understood even
for the beginner. The first section of
the book contains a very complete
alphabetical listing of the rare and
unusual collector’s gem materials, as
well as the more traditional of the
naturally occurring gem materials.
For each of the listed gem materials
all of the basic gemological proper-
ties are given. The Second Edition
also contains an alphabetized listing
of man-made gem materials. The
basic properties and much useful in-
formation are given for the materials
in this section. An added bonus is a
cross-reference to the synthetic’s
natural counterpart when appro-
priate. Sections 3 through 7 contain
useful property tables, an index of
alternate varietal and incorrect
names, and a reference list. The for-
mat of the second edition has
changed as well as the print size. So,
even though there are 15 fewer pages
in this new edition, it still contains
information on approximately 50
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gem materials not included in the
first edition.

This book is easy to use and ac-
curate in its content. The Second
Edition of Descriptions of Gem
Materials by Glenn and Martha
Vargas is recommended to the prac-
ticing jeweler-gemologist and hob-
byist alike.

John I. Koivula

THE GEM COLLECTION by Paul
E. Desautels, Photography by Dane
Penland, Smithsonian Institution
Press, Washington, D.C., 1979,
812.50 hardcover, $6.95 paper
through the GIA Bookstore.

The revised guide to the gem
collection of the Smithsonian Insti-
tution will certainly please visitors to
our national eollection. Dane
Penland’s exciting photography
really brings these jewels to life. His
careful lighting techniques display
the entire pavilion and keep color
distortion to a minimum. Although
the information on the specific gems
is standard, it provides a thorough
introduction for the interested
tourist. Unfortunately, all three
editions of this catalogue describe
the outdated endoscope as a useful
method for testing pearls. Since x-
ray testing is the most reliable and
most widely used method, why isn’t
this procedure explained in detail?
Despite this, the stunning treasures
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in the Smithsonian can be appreciat-
ed best through the photographs in
this guide. A valued customer or un-
trained sales staff would find this a
valuable introduction to these spec-
tacular gems.

Betsy Barker

SYNTHETIC GEMS PRODUC-
TION TECHNIQUES, CHEMI—
CAL TECHNOLOGY REVIEW
NO. 149, Edited by L.H. Yaver-
baum. Hardbound, 352 pages, Illus-
trated in Black and White. Noyes
Data Corporation, Publishers, Park
Ridge, New Jersey. Available
through the GIA Bookstore, $39.00.

These troubled times of sapphire
and ruby enhancement have gemolo-
gists wondering how corundums are
being treated, if in fact they are. Now,
his new book, Synthetic Gems Pro-
duction Techniques is a veritable
light at the end of the tunnel. Comple-
menting Dr. Kurt Nassaus new
book, “Gems Made By Man,” as a
back-up text, this work describes
patented techniques that can be used
to alter the color of corundums,
changing pale pink stones into rubies
and pale blue sapphires into deep
blue gems.

It also explains a process for put-
ting hard corundum coatings on soft-
er gems.

In addition, this book describes
production techniques for all of the
other major synthetics and substi-
tutes including opal and the latest
data on diamond synthesis.

In a sense it is a second edition of
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“Synthetic Gem and Allied Crystal
Manufacture” by Daniel Maclnnes,
but it contains a great deal of new
information and should be consider-
ed a welcome text to add to any
gemological library.

John I. Koivula

WHO'’S WHO IN THE JEWELRY
INDUSTRY. $54.95 plus applicable
tax through Jewelers’ Circular/
Keystone, Chilton Way, Radnor,
PA 19089.

Who was the speaker at your last
state jewelers association meeting?
Who is the voice that takes your
order for diamonds on memo? Who
has the experience to help with your
special retail or wholesale problems?
All of these questions and more can
be answered by using JCK’s latest
publication. Write to the speaker for
more information, or ask your
wholesaler about his hobbies — it
will help your business! Check the
listings by state to see who in your
area has the experience to help you
solve irksome business troubles. But
the 3,000 profiles can only hint at the
reasons for recognizing these indus-
try professionals. The years of hard
work and dedication are only out-
lined by membership in industry
organizations or directing charity
fundraisers. We can all learn from
the experience of those in the fore-
front of our industry. Using the
examples of these jewelers, we can all
work together to raise the standards
of professionalism in our jewelry
industry.

Betsy Barker
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