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Part 1

The Origins of Color
In Gems and Minerals

By K. NASSAU, Ph.D.
Bell Laboratories, Murray Hill, New Jersey

Abstract

Twelve distinct causes of color in
gems and minerals are described to-
gether with brief outlines of the four
theories involved, namely crystal field
theory, molecular orbital theory, band
theory, and physical optics theory.
The organization is as follows:

PARTI

A. Introduction

B. Light, Energy, and Quantum
Considerations

C. The Color and Fluorescence of
Ruby and Emerald

D. Pleochroism

E. Specific Causes of Color

PART 2

F. Idiochromatic Transition Metal
Caused Color ’

G. Allochromatic' Transition Metal
Caused Color

H. Color Centers

Molecular Orbital Caused Color

J. Treatments that Change the
Color of Gems and Minerals

—
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PART 3
. Band Theory and Metals
Band Theory and Semiconduc-
tors
. Impurities in Semiconductors
. Color Caused by Dispersion
. Optical Effects Caused by Scat-
tering
Color Caused by Interference
. Color Caused by Diffraction
. Conclusion
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PARTI

A. Introduction

The most prominent characteristic
of the majority of gems and minerals,
the aspect most striking to the eye, is
their color. Surprisingly enough, the
cause of the color in many of these
materials is frequently either not
known or only poorly understood.
The conventional wisdom which tries
to attribute blue-green colors to cop-
per, deep blue to cobalt, red to chro-
mium, and so on, often misleads. For
example, chromium compounds can
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be red, orange, yellow, green or even
lilac! Again, for a deep blue color the
cause may be cobalt (as in spinel), iron
plus titanium (as in sapphire), or a
color center without any transition
metal impurity (as in Maxixe-type
beryl). A detailed study using a variety
of tools such as spectroscopy, chemi-
cal analysis, irradiation, and even
crystal synthesis may be required to
solve the problem. In some instances,
such as smoky quartz, the exact details
have not yet been fully established
even after more than 20 years’ work
by many investigators.

In mineralogy, color is often classi-
fied as belonging to one of three
types: idiochromatic (‘“‘self-colored”)
originating from a major ingredient,
e.g., copper in malachite, which is
Cu,(0OH),CO;; allochromatic
(“other-colored™) originating from an
impurity, e.g., chromium in ruby
which is Al,O; + Cr; and pseudo-
chromatic (“false-colored’”) originating
from physicial causes such as the dif-
fraction grating effect in opal, which is
SiO,exH,O. While useful in itself,
such a classification is much too super-
ficial to give any helpful insight into
the causes of color. In Section E
below, no less than twelve distinct
types of color-causing mechanisms will
be described, and there may well be
others! Yet this apparent complexity
should not be discouraging, since these
mechanisms have much in common
and need not be studied in full detail
to obtain a significant understanding
of the general principles.

There are in fact only four distinct
theories which cover the whole range
of colors in gems and minerals:
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i) Crystal field theory which
covers both idiochromatic and allo-
chromatic color caused by transition
metal ions as well as color centers;
examples are rhodochrosite, emerald,
and amethyst;

ii) Molecular orbital theory which
explains charge transfer colors such as
blue sapphire, magnetite and pyrite,
the color of organic dyes (organic
coloration occurs in amber, coral, etc.)
and of graphite;

iii) Band theory which explams the
color of metals (gold, copper), semi-

conductors (galena, proustite) and
doped semiconductors (blue dia-
mond);

iv) Physical optics theory Wthh
explains the color in pseudochromatic
materials such as labradorite and
moonstone.

In all but the last group it is the
behavior of unpaired electrons inter-
acting with light as controlled by
quantum theory restraints which is the
key to the understanding of color.
Before the four theories are taken up
in turn, it will be necessary to examine
a few fundamental concepts: light,
energy levels of unpaired electrons,
and quantum transitions.

Following this, the color and fluo-
rescence of ruby and emerald will be
explained in detail as examples of
crystal field theory. With this back-
ground the majority of colors in gems
and minerals as caused by transition
metals and color centers will be ex-
plained in Part 2 of this series. Next
comes a discussion of the important
charge transfer colors and brief con-
sideration of organic coloration. In the
last section of Part 2 the results of
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treatments used to change the color of
gemstones follow simply from the pre-
viously discussed concepts.

In Part 3 band theory is discussed
as it applies to the color of metals such
as copper, semiconductors such as
greenockite and proustite, and doped
semiconductors such as blue dia-
mond. Finally, a brief dip into physi-
cal optics will serve to explain the
color of materials such as opal and
moonstone.

The approach here is tutorial, and
general references only are given at the
end of each section. The specific ex-
amples given are those where the
assignment of the exact cause of color
is reasonably well established. In the
majority of the many known mineral
substances, the specific causes of color
are in fact not known (and the author
cannot answer inquiries).

B. Light, Energy, and Quantum Con-
siderations

The visually observed color of light
depends on the wavelength, e.g. 6000
Angstroms (0.6 micron) corresponds
to yellow. We can also assign an energy
to each wavelength in spectrally pure
colors, as is done in Figure 1, in terms
of “electron volts” (abbreviated eV;
yellow is about 2.15 eV).

A well-known analogy shows that
energy increases in going through the
spectrum from red to blue: when an
object is heated it becomes first “red-
hot,” then orange, yellow and, if hot
enough as in the very hot stars, it
becomes ‘“blue-hot.” At even higher
energies the ultraviolet region is
reached as shown in Figure 1.

In everyday experience we think of
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energy as being continuous; for
example, when we accelerate an
automobile there is a smooth increase
of velocity (energy) and we do not
notice any “energy gaps.” When we
look at very small particles, such as the
electrons which are involved in color-
causing ions, it is found that the quan-
tum theory permits only certain
“energy levels.”” The electron can be
“excited” from one energy level to a
higher energy level by absorbing ener-
gy, or it can relax from a higher to a
lower energy level by emitting light or
heat energy. It cannot, however, exist
at intermediate energy levels as shown
in Figure 2, where the energy of a ball
increases or decreases as it is raised up
or falls down the steps shown; in the
earth’s gravitational field this corre-
sponds to an increase or decrease in
energy. In a quantized situation it
cannot ever exist half-way between
two steps.

The exact position of the energy
levels depends on the environment:
specifically what atom, ion, or group
of atoms the electron is located on;
what other atoms or ions surround it
or are connected to it, at” what dis-
tances, and in what geometrical ar-
rangement. In addition to the limi-
tation on possible energy levels, quan-
tum theory also controls the proba-
bility of occurrence of the various
possible changes between energy levels
which can exist and thus explains the
intensity with which these changes
occur (the “selection rules™).

The result of such a quantum treat-
ment is a specification of various possi-
ble transitions between energy levels.
When such a transition is produced by
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Figure 1, The colors, wavelengths in Angstroms, and energy in electron volts (eV)} of spec-

trally pure light.

light passing through a material, this
results in absorption of that part of
the light having the energy needed to
produce the transition. The light not
absorbed passes through the crystal,
giving it color. The visyally perceived
color of the crystal is complementary
to the colors absorbed; for example,
emerald absorbs red and violet and
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therefore transmits green.

For further reading on the subjects
of this section, including crystal field
theory, see: recent inorganic texts,
such as “Advanced Inorganic Chemis-
try” by F. A. Cotton and G. Wilkin-
son, Interscience (3rd Ed. 1972).
Intermediate treatments are found in
“Geochemistry of Solids” by W. S.
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Figure 2. A ball on a set of steps, illustrating a set of *’quantized”’ energy levels.

Fyfe, McGraw Hill, 1964, and “Mod-
ern Mineralogy” by K. Frye, Prentice
Hall, 1974. Unfortunately I do not
know of any good introductory treat-
ments of these subjects.

C. The Color and Fluorescence of
Ruby and Emerald
Ruby consists of corundum (single
crystal Al, O3) which contains a small

358

amount of chromium oxide (Cr,03),
typically less than 1% to give a deep
red color. The trivalent chromium ions
replace trivalent aluminum ions in the
corundum structure.

In chromium metal each atom
has 24 electrons, six of which are not
paired off. In a trivalent chromium
compound three of these six are used
in forming chemical bonds, and the
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Figure 3. Arrangement of the 24 electrons (schematic) on a chromium atom (Cr) and the 21
electrons on a chromium ion (Cr3™ as in ruby, emerald, or alexandrite); each electron is a

unit negative charge.

other three remain unpaired and cause
the color, as shown in Figure 3. In
ruby each chromium ion is surrounded
by six oxygen ions in a distorted octa-
hedral arrangement at distances and in
a geometry dictated by the corundum
structure. This results in an electric
field, the crystal field, at the chro-
mium ion.

Whenever possible, electrons pair
off (spin pairing) and such paired elec-
trons do not absorb light in the visible
region of the optical spectrum and
therefore do not cause color. The
three electrons in the chromium ion
are unpaired and in the crystal field
environment of ruby the result is the
energy level scheme shown in Figure
4a in a simplified schematic form. This
scheme shows that, depending on the
energy available, the state of the
electrons on one of the chromium ions
in ruby can be in energy levels A, B, C,
or D as shown in Figure 4a. There are

WINTER 1974-1975

also higher levels, not relevant to the
present discussion.

When not excited, the state will be
the lowest or “ground state” A. Tran-
sition from A to B is forbidden by the
selection rules mentioned above, but C
or D can be reached from A. Since the
A to C and A to D transitions corre-
spond to the energy of green and
violet light, respectively, these two
colors are absorbed from white light
when it passes through ruby. The
remaining light is mostly red — one of
the two causes of the color of ruby.

After absorbing violet or green light
the system will now be in states C or D
as shown in Figure 4b. Since the selec-
tion rules favor the transitions from C
to Band D to B over Cto Aand D to
A, the former will dominate as shown
in Figure 4c. Relaxation from level B
to the ground state A now occurs
with the emission of red light as in
Figure 4d. This is a red fluo-
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Figure 4. Energy levels, transitions, and color absorptions in ruby (a) to (e) and in emerald
(f); (e) and (f) show the absorption bands, transmission regions, and fluorescence levels.

rescence, and occurs when ruby is illu-
minated with green light, or violet
light, or ultraviolet, etc. It is this red
daylight-caused fluorescence, added to
the inherent absorption-caused red
color, which gives ruby its excep-
tionally beautiful glowing color.

The way this energy level scheme
results in the absorption spectrum is
shown in Figure 4e. Here it can be
seen how the broad peaks -corre-
sponding to levels C and D (technically
the quartet T, and quartet T,, respec-
tively) result in the absorption of the
violet and green-yellow regions of the
visible spectrum. However, all of the
red and some blue pass through the
ruby, giving it the red color with pur-
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ple tint; there is also some red fluo-
rescence from the B level (the doublet
E).

Emerald is Be;Al;SigO,5 con-
taining a small amount of Cr, 0, (ust
as in ruby) again substituting for
Al,O5. Here also the symmetry is the
same as in ruby (Dj), but the crystal
field is somewhat weaker (1630 cm’™’
instead of 1800 cm™!). This produces a
small lowering of the C level (from
2.25 eV to 2.0 eV). The resulting
change is dramatic: essentially all of
the red light is now absorbed, but
almost all of the blue-green is trans-
mitted as shown in Figure 4f; the
result is the beautiful color of emerald.

These energy level schemes have
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been discussed by D. L. Wood,
“Spectra of Ions in Crystals,” in
“Qptical Properties of Solids,” Plenum
Press, 1969, p. 571.

D. Pleochroism

Since the environment around the
coloring ion, the crystal field, is not
necessarily spherically symmetrical,
neither is the color, thus producing
pleochroism. In the case of ruby the
symmetry of the environment pro-
duces dichroism, the color being
violet-red (ordinary ray) and orange-
red (extra-ordinary ray). In alexan-
drite the color is also caused by chro-
mium. Here the crystal field is even
less symmetrical than in ruby and the
result is trichroism (yellow, purple-
red, and blue-green). Visually the
color depends on the illumination,
being bluish green in daylight and
purplish red in incandescent light.

E. Specific Causes of Color

In Table 1 are listed twelve causes
of color in gems and minerals. These
fall into four general approaches or
theories which will be discussed in

Parts 2 and 3 of this series with exam-
ples of each type. It should be noted
that in most minerals the specific
causes of color are not known; in
many cases a plausible cause can be
suggested, but detailed, painstaking
work is needed for each individual
color in each material to confirm the
details.

Many gems and minerals occur in a
wide variety of colors. It is always nec-
essary to establish the color of the
pure substance — this is frequently the
lightest color ever observed. The streak
(color of the powdered substances)
can be a good guide. As examples,
quartz and sphalerite occur in many
colors, but the pure material is
perfectly colorless in both minerals.
On the other hand, peridot is pale green
and greenockite is yellow even when
perfectly pure, although impurities can
produce a variety of darker shades in
both materials. So both the intrinsic
color as well as the impurity-caused
colors need to be explained separately.

Part 2 will appear in the next issite.

TABLE 1

Twelve Types of Color in Gems and Minerals

Typical Materials Color Cause Theory
1. Malachite, almandite Transition metal compounds Crystal
2. Emerald, citrine, jade Transition metal impurities Field
3. Amethyst, Maxixe-beryl Color centers Theory
4. Blue sapphire, pyrite Charge transfer Molec_ular
5. Amb | bitumen Organic colorati COrbita)
. Amber, coral, bitum rganic coloration Theory
6. Copper, silver, iron Good conductors Band
7. Galena, proustite Semiconductors Theor
8. Blue and yellow diamond Doped semiconductors Y
9. “Fire” in diamond, rutile Dispersion Physical
10. Moonstone, stars and eyes  Scattering ysic
. f - Optics
11. iridescent chalcopyrite Interference Theory
12. Opal, iris agate Diffraction

WINTER 1974-1975
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Developments and Highlights
at GIA’s Lab
in New York

By ROBERT CROWNINGSHIELD

Opal, Opal

Some months ago Mr. John Slocum
of Rochester, Michigan, made a special
trip to New York to show us an
amazing selection of imitation opals
which he had manufactured. (Many
years ago he experimented with
making actual synthetic opal with very
limited success.) Numerous specimens
looked convincing, and there were
lookalikes of most opal types. Some,
however, were very fanciful with
metallic orange, bronze, and yellow
flashes. At that time he stated that
although some were set into rings and
other jewelry, he had never sold any
and had not yet decided to market the
material. When asked what name he
would suggest be used if he ever de-
cided to commercialize, he said, “Fake
opal!” At the time of his visit we were
unable to secure the properties of his
product but assumed that it is a type
of glass with colored reflecting plate-
lets to give the imitation play of color.
By coincidence, we received a visit
from Mr. Michael Costello, opal dealer
of Sydney, Australia, the day Mr.
Slocum was here so that he was really
able to see what black opals should
look like.

362

A few weeks ago, Mr. Slocum called
to say his home had been burglarized
and the entire collection of stones
stolen. With the exception of a few re-
jects, he had nothing left. The burglar
might be able to palm off the stones
because to the uninitiated and to those
unfamiliar with Gilson’s synthetic
opal, his product resembles opal better
than any imitation seen to date. Con-
sequently, he volunteered to send a
selection of the remaining stones to us
for study and to publish information
in order to warn the trade. At this
writing, however, the mystery may be
about to be solved. A Midwestern
jeweler was offered some suspicious
“opals™ and called opal enthusiast Dr.
William E. Kelley, who in turn called
us in New York. Meanwhile we have
had a chance to secure the properties
and some photos — although not of
the more striking examples. Figure 1
shows the range of types. The long
oval at lower left resembles some clear
Brazilian opal we have seen. The stone
next to it appears to be a fine black
opal. Figure 2 gives a vague idea of the
color patches, while Figure 3 shows
the finely divided reflective metallic (?)
inclusions under magnification. We
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Figure 1.

found the specific gravity to vary from
approximately 2.41 for the white
stones to approximately 2.50 for the
stones resembling Australian blacks.
The refractive index varied slightly
from 1.50 to 1.52. Mohs hardness
tested to be about 5.

By coincidence while studying Mr.
Slocum’s “opals” we received a wel-
come visit from Mr. Pierre Gilson, who
gave us a fine example of his latest
black synthetic opals. It was amazing
how much one of Mr. Slocum’s imita-
tions resembled the stone. Figure 4
was an attempt to show this. Under
magnification this latest Gilson
product exemplifies yet another
appearance unlike any illustrated to
date. The unusual ‘“can of worms”
appearance when a strong pinpoint
light is passed through the stone is
gone (page 343 of the Fall 1974 issue
of Gems & Gemology). Instead, very
little light passed, and the color was
mainly green with the exception of
one bright red patch. When admired
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Figure 2,

from above, this red patch was a clear
blue in most positions. Figure 5 indi-
cates a honeycomb or “chicken wire”
structure which seemed present
throughout the stone, though in cer-
tain areas the hexagons were highly
distorted.

Figure 3.

363



Figure 4.

More About Opal
We have illustrated in recent issues
a type of imitation opal consisting of
white opal top with irregular back
painted black and jointed with a thick

Figure 6,

364

Figure 5,

layer of cement to natural ironstone
matrix. The cement seems to be an
epoxy with ground-up ironstone parti-
cles. In Figure 6 gas bubbles can be
seen in the slightly darker cement
layer. In a full bezel setting, this type
of assembled stone (a quadruplet?)
could be mistaken for a Queensland
boulder opal. A similar assemblage is
pictured in Figures 7 and 8, although
here we have a carved white opal
painted black on back and a mixture
of dark particles and ground-up opal as
a backing. Figure 9 shows the backing.
In this brooch no attempt was made to
hide the joining plane (Figure 10),
although the piece had worried a pros-
pective purchaser enough to have it
tested.

Acknowledgements
We wish to express our grateful
appreciation for the following gifts:
To the firm of Fortunoff’s, West-
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Figure 7.
Figure 8.

bury, Long Island, for a wide selection
of many types of natural and synthetic
stones for use in gem identification
classes.

To Mr. Peter Blank, Henry-Blank
and Co., Newark, New Jersey, for a
nice group of early synthetic rubies of
the type that at one time were mis-
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takenly thought to be “reconstructed.”

To GIA Graduate Leon Trecker of
Laguna Hills, Calif., and host for a week
to this columnist, for specimens of
hydro-grossular ‘and idocrase which
were thought to be jadeite, a nice
intarsia from Afghanistan in which the
artist used native stones on a black

Figure 9,
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Figure 11.

slate back (Figure11), and a most
unusual slab of chert which shows
definite slippage after formation
(Figure 12) resembling crustal move-
ment associated with faults in earth-
quake zones.

To Mr. Bill Larsen of Pala Prop-
erties International, Fallbrook, Cali-
fornia, who was most gracious in
receiving the writer at his shop and
lovely home and for a selection of
rough minerals the sources of which
read like a world atlas — baryte from
South Dakota, bustamite and
rhodonite from Australia, blue zoisite
and alexandrite from Tanzania, etc.,
etc. We are most appreciative and look
forward to having time to record the
absorption spectra of some of these we
have not studied before.

To Mr. Marvin Bankoff of M.
Landis Co. of New York, Inc., for a
very well-made round brilliant of
gadolinium gallium garnet (GGG). It
will shortly be set in a ring for the
writer to test its wearability. Mr.
Bankoff states that his associates in
the manufacturing of this high specific
gravity diamond imitation (7.05 S.G.)
have succeeded in eliminating an un-
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Figure 12,

fortunate tendency to turn brownish
upon exposure to ultraviolet, including
daylight. It is our feeling that this
material comes closest to resembling a
diamond together with acceptable
hardness of any diamond simulant yet
announced. Hardness stated to be 6%.

To Mr. “Mack” McMacken of Craft-
stones, Ramona, California, for re-
ceiving the writer on an unexpected
visit to Ramona and giving specimens
of nephrite rough in which -the outer
“bark” appears to be chatoyant actin-
olite (?) gradually grading into the
central tough nephrite. “Mack”
mentioned that currently the most
popular tumbled stone of the many
manufactured by this, the largest firm
specializing in tumbled materials, is
dyed howlite imitating turquoise, The
writer hereby retracts his statement on
page 330 of the Fall 1974 issue of
Gems & Gemology in which it is
implied that turquoise-colored howlite
is not a successful material.
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Developments and Highlights
at GIA’s Lab

in Los Angeles

By RICHARD T. LIDDICOAT, JR.

In the-period since the last report
we have seen some especially inter-
esting items.

A New Synthetic Alexandrite
by the Czochralski Method

While in New York recently, I saw
an alexandrite with a very obvious
synthetic look, but without the usual
flux characteristics. Shortly thereafter,
we were sent two examples of a new
pulled synthetic alexandrite by Dr.
Kurt Nassau. This material showed a
strong color change but not much
resemblance to mnatural alexandrite.
The colors were somewhat more
reminiscent of synthetic alexan-
dritelike sapphire than of alexandrite.
The stones were exceedingly trans-
parent and in daylight the color ap-
peared bluish-green to greenish-blue,
and under incandescent light the color
was purple to almost violet. The
samples were very transparent and
slightly pale in color. Refractive in-
dices were 1.740-1.749, *.001; bire-
fringence .009. The material was
biaxial positive with a specific gravity
of 3.715 +.005. To short- and long-
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wave ultraviolet and x-ray, it showed a
strong red fluorescence. Charles Fryer
tried short-wave and long-wave ultra-
violet transparency tests on two flux-
grown synthetic alexandrites, the two
pulled synthetics and a natural alexan-
drite for two- and three-second ex-
posures. Figure 1 is a three-second
exposure to long-wave ultraviolet, the
two flux-grown synthetics on top, the
natural alexandrite in the center, and
the two pulled, or Czochralski, syn-
thetics at the bottom of the picture.
These were three-second exposures
with the tube nine inches from the
film. Figure 2 is a short-wave exposure
with otherwise the same distance and
exposure. Figure 3 is taken under
long-wave with a two-second exposure,
and Figure 4, under short-wave with a
two-second exposure.

It can be seen in all four shots that
pulled synthetics are much more trans-
parent to short-wave and long-wave
and that the flux synthetics are more
opaque, but not nearly as opaque as
the natural alexandrite. _

In each case, the flux are more
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Figure 1.

transparent to the long-wave than to
the short-wave. Figure 5 shows curved
striae in the pulled synthetic. Figure 6
shows some lath-shaped included
crystals in the new pulled synthetic

Figure 3.

368

Figure 2.

alexandrite. Figure 7 shows some
randomly oriented needlelike inclu-
sions also in the Czochralski synthetic
alexandrite. Both Figures 6 and 7 were
taken at 63x.

Figure 4.
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Figure 5.

Finally — An Example

Back in the dim dark ages, I remem-
ber when first studying the GIA
Colored Stone Course, the coral assign-
ment contained the statement that in
addition to the garden variety of coral,
there was black coral and a very rare
blue coral. In the nearly 35 years since
that reading, many types of coral have
passed through the laboratory, but in
1975 we finally have seen a blue coral.

One might expect that this one
would be somewhat similar to black
coral in being noncalcareous, but such
was not the case. This is a calcareous
type. t"had a peculiar structure with
quite a2 number of large holes with a
very conspicuous structure, plus a
myriad of tiny indentations in the sur-
face. Despite the indentations, the
overall stone took a rather high polish.

Figure 8 shows the surface under
10x, with the small indentations or
pits showing as white dots and the
gearlike larger openings, partially
filled, showing as dark spots. The dark
spots are shown under 63x in Figure 9,
where their peculiar structure becomes
apparent. There are also, as can be
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Figure 6.

Figure 7.

seen in this second shot, some holes
with light and dark rings surrounding
them.

The structure is very interesting,
and the stone was not unattractive.
Our next hope is a second example of
painite.

A Totally New Coral
While in New York at the Spring
RJA Show in February, a man from
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Figure 8.

Maui Divers in Hawaii showed me a
ring set with a coral of the black coral
family with what would best be de-
scribed as a subsurface sheen. The
bright reflection from beneath the
fairly transparent surface had a golden
color. This effect is shown in Figure
10. When magnified to 63x an unusual
knobby appearance was evident, as

Figure 10.

370

Figure 9,

shown in transmitted light in Figure
11. By reflected light the odd struc-
ture becomes more apparent and the
reflecting surfaces also are more
obvious, as seen in Figure 12.
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Book Reviews

By ROBERT GAAL, Ph.D.

THE DIAMOND MAGNATES, by
Brian Roberts. Published by Charles
Scribner’s Sons, New York, 1972. 335
pages. Hardbound. Price: $8.95

Although today the sun does set on
the British Empire, there was a time it
didn’t, when Britannia was off ex-
ploring; - civilizing, and exploiting the
far corners of the world. This book,
“The Diamond Magnates,” describes
one powerful epic struggle for British
control of the fabulous South African
diamond fields. From the very begin-
ning when the “Eureka” diamond was
found in 1867, Englishmen dominated
the diamond fields. The book is a well-
researched, people-oriented history
written in a popular style. It is cen-
tered entirely on the careers of a
colorful group of men who became
rich, their subsequent skyrocketing
rise and later demise. The list of
incredible and ruthless characters in-
cludes the famous colonizer Cecil
Rhodes, the contentious and mean J.
B. Robinson, the colorful and
money-driven Barnato brothers, and
the financial genius Alfred Beit.
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“The Diamond Magnates” is a
lively, exciting, and interesting story
of what men will do for high stakes. It
is sprinkled with rough politics, in-
trigue, scandal, sorrow, and base pas-
sions. The transformation of the quiet
shanty mining town of Kimberley into
the arena where the original giants of
the- diamnond  industry battled for
control is truly a fascinating tale. It
involved initially the merger of the
small surface diggers into companies in
order to mine - at depth, followed by
the amalgamation of these various
companies by take-overs., Eventually,
it led to the final struggle between the
two giant companies, one owned by
Rhodes, who in partnership with Beit
controlled the De Beers Company, and
their rival, Barney Barnato, who ruled
the Central Company.

Their active competition ceased in
1889, when Rhodes won the last
struggle for control of Kimberley and
these two magnates joined forces. Con-
sequently, the diamond monopoly as
we know it began, controlled by one
vast corporation, the De Beers Com-
pany. After the merger of the two
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giants, the diamond magnates, now
very rich men, turned their aspirations
elsewhere to find, surprisingly, new
battles to fight in other fields of
endeavor. Apparently only one char-
acter, Cecil Rhodes, was motivated
beyond avarice by his desire to put
wealth to the service of a grand im-
perialistic design. His story, develop-
ment, reward, and the fates of the
other characters can be found in this
thoroughly enlightening book.

The book is highly recommended
for jewelers, gemologists, and students
of history who want an authoritative,
highly readable history of the begin-
nings of the diamond industry and the
men who made it possible. A collec-
tion of little-published photographs of
the main characters further enhances
the story. “The Diamond Magnates”
will provide some new insights into an
old, but always new and intriguing
story about diamonds and the aspi-
rations of men.

GEMSTONE & MINERAL DATA
BOOK, by John Sinkankas. Published
by Collier Books, New York, 1974
346 pages. Paperback. Price: $4.95

This paperback reprint of a remark-
able compilation of varied and
valuable gemological data and informa-
tion is a must for the serious gemolo-
gist and jeweler. John Sinkankas has
written a concise, handy reference for
various kinds of gem information,
chemical data, optical and physical
properties, conversion tables on
weights and measurements, metals,
cleaning mineral specimens, etc.,
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offered for the extremely reasonable
price of $4.95.

The reader is referred to Gems &
Gemology, Summer, 1972, for a
detailed review of this book. The book
follows the same format as the earlier
hardbound edition, first published in
1972, and unfortunately still main-
tains the earlier major drawback,
namely the lack of an index. The
usefulness of the book is, nevertheless,
considerable. In the absence of an
index, the reader has to rely on the
Table of Contents, which gives a fairly
detailed breakdown of subject head-
ings and page numbers. Regardless,
this is still an excellent reference book.

“Gemstone & Mineral Data Book”
is highly recommended for anyone
who is interested in jewelry making,
lapidary, and gemology, and for those
who maintain a gem library. Very nice
at about half the price of the earlier
edition.

GEMS AND MINERALS OF
AMERICA, by Jay Ellis Ransom. Pub-
lished by Harper & Row, Publishers,
Inc., New York, 1975. 705 pages.
Hardbound. 48 color and 24 black and
white photographs, Price: $17.50

“Gems and Minerals of America” is
primarily a book for the lapidary
hobbyist. It contains a massive gazet-
teer of about 8500 gem and mineral
locations in the United States, listed
alphabetically by state. Where avail-
able, directions on how to find the
collecting sites are given which will be
of great assistance to the collector.
Although very generalized, the book
represents a respectable effort in bring-
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ing to the amateur hobbyist a reason-
ably documented guide as to where
minerals come from, how they are
used, and where to find them.

The book is divided into two major
parts, and includes appendices and
numerous tables. Part one is mostly
geological, describing minerals, rocks,
their types and associations; prepar-
ation for field collecting; geologic
maps and how to use them; care,
preservation, and organization of gem
and mineral collections; agates, opals,
and petrified wood; and cutting and
polishing of gem materials. Each of
these sections is a short elementary
introduction to the subject listed.
Although not necessarily accurate in
some geologic terminology, and
lacking in modern concepts, the book
can be used with caution by the
beginner as an introduction to the
topics.
~ The second part of the book dedi-
cates 423 pages to gem and mineral
localities. alphabetically listed and sub-
divided into counties. A major feature
of the book is a list of reference
libraries and mineral museums by
states, which might be a handy refer-
ence for the serious collector. A useful
bibliography is also a valuable attri-
bute. The book may find its greatest
use by the beginning collector, who is
just starting his travels in the hobby.

HUNTING DIAMONDS IN CALI-
FORNIA, Revised Edition by Mary
Hill, Naturegraph Publishers, Healds-
burg, California, 1972. 80 pages with
21 black-and-white maps, photographs
and illustrations. Paperback.

Price: $2.00
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“Hunting Diamonds in California™
appears to be a well-documented intro-
duction to diamonds in California. The
author, Mary Hill, stresses that one of
the best places to look for diamonds is
where they have already been found.
This is repeatedly stated to be, “ .. .in
the beds of streams that now drain the
mountain reaches of the State, or in
the beds of ancestral streams that
thousands of years ago flowed down
the mountain fronts by different
routes.” In California, no diamond has
been reported to have been found in
the rock in which it was formed. All
diamonds claimed to have been found
in California to date have been alluvial
stones.

The first diamond discovered in
California was in 1853 in Butte
County. In 1868, the largest stone
reportedly ever found in California
was from the Cherokee pit, Butte
County, and weighed about 6 carats.
Since then, numerous small diamonds
have been found, all of which are
associated with placer gold deposits.
Nine counties in California have pro-
duced at least one or a few minute
diamonds each. )

The first part of the book describes
the properties of diamonds, discusses
the term ‘“carat,” the prices of dia-
monds in general (which are very
much outdated), and covers simulants
and synthetic diamonds. Following the
first part is a chapter on where to look
for diamonds and several sections on
California placer diamond locations
with much historical retrospect. Each
major - diamond-producing county in
California is listed and pertinent in-
formation given. The book then turns
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to the subject of California diamonds
in lode and the association of dia-
monds with kimberlite. Two short
chapters on how to prospect and file a
claim for diamonds conclude the
book. An excellent bibliography pro-
vides valuable references for those
wishing to delve deeper into the
subject of diamonds in California.

Some inconsistencies which need
mention occur in the revised edition.
As stated on page 8, diamonds are not
“chipped” into light-refracting facets,
but rather, they are polished. Louis de
Berquem is again incorrectly credited
with placing the first symmetrical
facet arrangement on diamonds on
page 8.

Other very important diamond sub-
stitutes not listed under “may be con-
fused with” on page 11 are strontium
titanite, natural and synthetic sap-
phire, and synthetic spinel. The pricing
information listed on page 17 is De
Beers” 1959 guide for diamond prices.
In today’s market, the information is
incredibly out of date. The listing of
calcite as a diamond substitute,
appearing on page 22, is indicative of
the quality of the revision. On page
23, “the synthetic stone titania™ is not
a variety of the mineral titanite
(sphene) as listed, but rather is syn-

thetic rutile.
Everyone who has an interest in

diamonds in California should find this
non-technical book an interesting read-
ing experience, if they disregard the
portions that attempt to impart a
general knowledge of diamond.
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GEMS AND MINERALS IN COLOR,
by Rudolph Metz. English translation
of “Edle Steine.” Published by Hippo-
crene Books, Inc., 1974, with numer-
ous illustrations by A. E. Franck. 255
pages. Hardbound. Price: $6.95

“Gems and Minerals in Color” is a
richly-illustrated and relatively infor-
mative introduction to minerals and
gem materials. It was translated from
the German by G. A. Wells and con-
tains over 100 pages of superb color
photographs. Besides the dramatic
color illustrations, other features such
as the relatively accurate text, pocket-
book size, and reasonable price make
this a very attractive handbook for
amateurs and collectors. :

The book is divided into two parts,
including a section on gem materials in
which the important gemstones are
discussed and rough materials are
illustrated in color. The first part of
the book covers mineral character-
istics, properties, and distribution in
general. Where minerals are formed is
the major topic of the second part of
the book. The minerals illustrated in
the colored plates are grouped accord-
ing to their place of natural occurrence
in the major realms of mineral forma-
tion, that is, in the magmatic, sedi-
mentary, and metamorphic environ-
ments. This freshly-written
environmental approach can be a
stimulating way to arouse young
people and novices to take an interest
in science. This book stands in con-
trast to the stodgy, pedantic, classical
approach of most mineralogical text-
books which use chemical composition
and molecular structure to classify
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minerals. However, to fully understand
the text, a preliminary knowledge of
mineralogy and geology is required
which, in itself, does not detract from
the wealth of information that can be
obtained from the book.

The book deserves to be read care-
fully by students seriously interested
in the hobby of collecting minerals
and gemstones. The color plates alone
make the book worth the $6.95 and
the text is just topping on the cake.

PEBBLE COLLECTING AND
POLISHING, by Edward Fletcher.
Published by Sterling Publishing Co.,
New York, 1973. 70 black and white
illustrations and 20 color photographs.
96 pages. Hardbound. Price: $3.95

Although originally written for a
British following, Joe Rothstein has
done a quality job of editing and
adapting this book for an American
audience. “Pebble Collecting And
Polishing” by Edward Fletcher is a
fascinating new book on what you
have always wanted to know about
pebbles, tumbling and tumbled stones
and were afraid to ask. The author
explains the how-to and what-to-do
with pebbles with step-by-step instruc-
tions. The reader is led through six

well-written chapters which include
where pebbles are found, their collec-
tion and selection for tumbling, and an
excellent explanation of the tumbling
machine and how it works. A com-
plete chapter has been devoted to
“perfect polishing,” which carefully
explains the basic tools and supplies
needed to achieve a peifect polish on
your specimens. After you have pre-
pared your polished “gem,” the author
gingerly guides you through a chapter
on jewelry making in order to make
the end product an original piece of
Baroque style jewelry. Once you have
learned to collect, polish, and create a
piece of original jewelry, the final
chapter of the book orients you on the
many phases of the hobby and where
you go from there. A short list of
accessible collecting areas, lapidary
supplies, publications, and how to plan
a trip concludes this delightful new
book on tumbling. '

“Pebble Collecting And Polishing”
is written in a refreshing style and is a
basic educational book from which
anyone can learn. The full-color
photographs and other excellent black
and white illustrations greatly enhance
the learning situation. The book is
highly recommended for the beginner
in lapidary and anyone interested in
the tumbling hobby.
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INDEX TO GEMS & GEMOLOGY
VOLUME XIV

Spring, 1972 Winter, 1974

Absorption Spectra:

Actinolite (translucent green), 113.
Apatite (rare earth spectra), 101; (dark

Apatite, 101; 114.

Arizona opal, 91.

Argentine rhodochrosite, 141.
Asteriated ruby, 254.
Asteriated quartz, 89.

blue), 235.
Beryl (dark blue Maxixe), 111; (blue and
green) 130-133.
Diamond (natural brown), 26.
Jadeite (dyed lavender), 215.
Kyanite (deep blue), 254.
Nephrite (brownish), 83.
Parisite, 148.
Quartzite (green), 52.
Sapphire (blue), 92.
Serpentine (yellow green), 178.
Spinel (red), 100; (dark green), 43.
Synthetic spinel (green), 26.
Topaz (red-orange), 236.
Tremolite (blue-gray), 92.
Zircon, 98.
Zoisite (white), 24.
Actinolite, chatoyant, 113; 175; 366.
Agate, 138;177.
Alexander, Dr. A, E., Reviews The Tiffany
Touch, 14.
Alexandrite glass, 203.
Alexandritelike sapphire, 43.
Amber, 93;116;199;251.
Anderson, Basil W., Spectroscope: An Indi-
cator of Variation, 98.
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Barite, 183.
Beryl, 54; 203; 241.

Aquamarine, 24;111.

Emerald, 10;18;19;34;,52;77;93;139;
147;148; 149; 185;186;253;254;300;
331, 343; 360.

Maxixe-type, 111; 130; 139; 172; 333.

Book Reviews:

Antique Jade, by Oscar Luzzatto-Bilitz,
reviewed, 96.

Australian Precious Opal, by Archie
Kalokerinos, reviewed, 30.

Colorful Mineral Identifiers, by Anthony
C. Tennissen, reviewed, 60.

Comment Acheter Ses Bijoux, by Pierre
Paquet, reviewed, 286.

Descriptions of Gem Materials, by Glenn
and Martha Vargas, reviewed, 128.
Diamond Magnates, The, by Brian
Roberts, reviewed, 372

Diamonds, by Sara Hannum Chase, re-
viewed, 31.
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Essay - About the Origine and Virtues of
Gems, An, by Robert Boyle, reviewed,
9s.

From the World of Gemstones, by Her-
mann Bank, reviewed, 152.

Gem Kingdom, The, by Paul E.
Desautels, reviewed, 30.

Gems and Minerals in Color, by
Rudolph Metz, reviewed, 375,

"Gems and Minerals of America,
Ellis Ransom, reviewed, 373,
Gemstone & Mineral Data Book, by
John Sinkankas, reviewed, 58. paperback
reviewed, 375.

Gemstones, by G.F. Herbert Smith,
revised by F. Coles Phillips, 14th Ed.,
reviewed, 153.

Great Treasures of the Kremlin, by
David Douglas Duncan, reviewed, 59.
Hunting Diamonds in California, e —

by Jay

vised edition by Mary Hill, reviewed, 374,

" Hlustrated Dictionary of Jewellery, An,
by Anita Mason and Diane Packer, re-
viewed, 285.

Indian Gemmology, by Raj Roop Tank,
reviewed, 61.

Internal World of Gemstones, The, by E.
J. Giibelin, reviewed, 317.

International Diamonds/Number Two,
edited by A. N. Wilson, reviewed, 151.
Man-Made Crystals, by Joel E. Arem,
reviewed, 218.

Minerals and Gemstones of Nebraska, by

~Roger K. Pabian, reviewed, 31.

Minerals of Brazil, Rui Ribeiro Franco
and others, reviewed, 217.

Pebble Collecting and Polishing, by
Edward Fletcher, reviewed,376.

Pierres Precieuses dans le Monde, by
Henri-Jean Schubnel, reviewed, 151.

Practical Gemstone Craft, by Helen
Hutton, reviewed, 60.

Studio Handbook of Minerals, The, by
Hellmuth Boegel, edited and revised by
John Sinkankas, reviewed, 59.

Synthetic Gem and Allied Crystal Manu-
facture, by Daniel Maclnnes, reviewed,
152.

Tiffany Touch, The, by Joseph Purtell,
reviewed by Dr. A. E. Alexander, 14.
Treasure from Land, Sea & Lab, Jew-
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elers’ Circular-Keystone Yearly Supple-
ment, reviewed, 127.

World’s Finest Minerals and Crystals,
The, by Peter Bancroft, reviewed, 319.

Borax, 342.

Botswana’s Revenue-Earner, Diamonds Oust
Beef as, reprinted from The Diamond
News & S.A. Jeweller, 109.

Bridges, Campbell R., Green Grossularite
Garnets (“Tsavorites”) in East Africa,
290.

Brilliance, in diamonds, 259;271; 273.

Burned diamonds, 89; 334,

Burridge, A. D., A Quarter Century of Dia-
mond Research, 66.

Calao, 208.

Calcite, 88.

Cameos, 202;203; 312.

Carvings, identification of, 237.

Chalcedony, 182; 243,

Chang, Felix S.Y., A Memorial Tribute to,
49.

Chatoyant actinolite, 113, 175; apatite,
114; chrysoberyl, 113; glass, 108;
jadeite, 93; kornerupine, 299; zircon,
299.

Chert, 366.

Chrysoberyl, 113; 241.

Alexandrite, 102; 367.

Clinozoisite, 20.

Color in Gems and Minerals, The Origins of,
Part I, by K. Nassau, 354,

Composition of Green Garnet from Tan-
zania and Kenya, by George S. Switzer,
296.

Conch pearl, 235.

Contest, Winner Selected in Jewelry Design,
256.

Copeland, L. L., The Derivation of Gem
Names, Part I, 118; Part II, 154.

Coral, black, 196, 222, 369; blue, 369;
silicified, 181, 205.

Corundum, 104;149;241; 342,

Ruby, 12; 26; 38; 55; 115; 146; 186;
254; 313; 354; 358.

Sapphire, 11; 12; 39;43;92; 162; 205;
236;253;299;310;314;343;347.
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Crowningshield, Robert:
Developments and Highlights at the Gem
Trade Lab in New York; 8-13, 50-57,
82-86, 111-117, 134-140, 172-179,
212-215. 230-240. 298-305, 327-336,
362-366.

Crystal Balling Future Synthetic Gemstones,
by T. H. Mariner, 241,

D

Damage to gems, 230; 234; 333; 344,

Degenhard, Werner E., The Measurement of
Brilliance of Diamonds, 259.

Della Sala, J., and others, Contribution to
the Knowledge of the Argentine
Rhodochrosite, 141.

Demantoid garnet, 150.

Derivation of Gem Names, The, by L. L.
Copeland, Part I, 118; Part II, 154.

Design Contest, Winner Selected in Jewelry,
256. .

Developments and Highlights at GIAs Lab in
.Los Angeles, by Richard T. Liddicoat,
Jr.: '

Number 1:

Synthetic Opal, 18; Noteworthy Inclu-
sions in Natural Emeralds, 18;
Unusual Inclusions in Synthetic
Emeralds, 19; Transparent Paki-
stani Diopside, 20; Sugar-Treated
Black Opal, 21; Pearl Wear, 21;
Laser Drilling, 21; Table Reflec-
tion, 22; Grain- and Growth-Lines
in Diamonds, 22; Emeraldlike-
Inclusions in Glass, 23; More on
Glass Imitations, 23; Serpentine
Disc, 23; Another Serpentine, 23;
A Peculiar Aquamarine, 24; In-
genuity in Testing By A Graduate,
24; New Form of Turquoise
Treatment, 25; Synthetic Ruby,
26; Synthetic Green Spinel, 26;
An Interesting Brown Diamond of
Natural Color, 26.

Number 2:

A Very Unusual Ruby, 38; A New
Synthetic, 39; Rhodolite Vari-
ations, 40; Unusual Opal, 40; A
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Blue #abe, 41; A Large Black
Diamond, 41 ; Interesting Growth
Marks, 42; An Incomplete Opal,
43; Huge Vase, 43; Alexandrite-
like Sapphire, 43; Jade Substitute,
44; Not A Doublet, 45.

Number 3:

Turquoise and Matrix, 86; Imitation of
An Imitation, 87; Inclusions in
Quartz, 87; Black Opal, 88; A
Classic Fingerprint, 88; Asteriated
Quartz, 89; Diamond Pyromania,
89; Additional Comments on
Laser Drilling of Diamonds, 89;
New Opal Source, 91; Blue Jade-
like Material, 91; An Unusual
Blue Sapphire, 92; Diamond-
Shaped Crystals in Three-Phase
Inclusions in Colombian Emerald,
93; Cats’ Eye Jadeite, 93; A Plane
of Inclusions in a Natural Em-
erald, 93; Insects in Amber, 93.

Number 4:

Synthetic Alexandrite Finally Reaches
the Market, 102; Color Nomen-
clature, 104; Umba River Again?,
105; Banded Diamond, 106; Dia-
mond Doublets, 107; Glass Cat’s-
Eye, 108.

Number 5:

Laser Drilling, 144; Faustite, 144;

“Meta-jade”, 146; An Interesting
Synthetic Ruby, 146; Synthetic
emerald, 147; Parisite, 148;
Trapiche Emeralds, 148; More on
Emeralds, 149; Percussion Marks,
149; More on Umba River Corun-
dum, 149; Typical Inclusions,
150; Transient Bubbles, 150.
Number 6:

Unusual Cuts and Settings, 180; Organic
Materials, 180; Twinned Star,
183; Magnificent Gemmy Barite
Crystals, 183; An Unusual Opal,
183; One of the Great Rarities,
184; An Interesting Imitation,
185; An Unusual Emerald, 186;
Crackled Synthetic Ruby, 186;
Diamonds and Diamond Inclu-
sions, 186; Surface Alteration,
187; New Treatment for Tur-
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quoise?, 188; Diamond Prices,
188; Canned Oysters, 188.
Number 7:

Unusual Ultraviolet Reaction, 200; Inter-
esting Emerald Cuts, 200; A
Natural at the Culet, 201 ; Ghostly
Cross, 201; A Kaleidoscopic
Mirror, 201; Interesting Cameo,
202; Lovely Stone Cameo, 203;
Alexandrite Glass, 203; Venetian
Blinds in a Natural Sapphire, 205;
Another Case of Silicification,
205; Attractive Combination,
206.

Number 8:

Synthetic Turquoise Under Magnifi-
cation, 248; An Unusual Ring,
249; A Worm’s-Eye View, 250;
Irregular Gas Vesicles, 250; Un-
usual Amber, 251; Strange Glass
Beads, 253; Unusual Inclusion
Patterns, 254; Emeralds or
Synthetic Emeralds, 254; An Un-
usual Star Ruby, 254; Rich Blue
Kyanite, 254.

Number 9: None.
Number 10:

Synthetic Opal, 309; A New Synthetic
White Star Sapphire, 310; Some
Interesting Carved Stones, 312;
Incredible Inclusions in a Ruby,
313; Size, 314; Unusual Spinel,
314,

Number 11:

A Natural in the Table of a Diamond,
340; Naillike Inclusion in Dia-
mond, 340; Diamond Reflection
Pattern, 340; Another Diamond
of Interest, 341; An “Insect™ in
Diamond, 342; More Diamonds,
342; The Effect of the Use of
Borax in Repairs on Corundum
Jewelry, 342; Synthetic Opal,
343; The Conqueror, 343;
Deceptive Inclusion, 343; Damage
in the Repair of Jewelry Set with
Garnet-and-Glass Doublet, 344;
Transparent Sodalite, 345; Black
Spinel, 345; Cemented Crystals,
346; Tortoise Shell, 346; Crystals
and Glass, 346; Concentric
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Growth Lines, 347; Interesting
Diamonds, 347; Odd Glass, 348;
Light Blue Synthetic Spinel, 349;

Unusual Inclusions, 349; Un-
evenly Dyed Jadeite, 350.
Number 12:

A New Synthetic Alexandrite by the
Czochralski Method, 367; Finally
— An Example, 369; A Totally
New Coral, 369.

Developments and Highlights at GIA’s Lab
in New York, by Robert Crowningshield:
Number 1:
Synthetic Quartz, 8; Piggy-Back Setting,
9; Rare Natural, 10; Non-fluo-
rescent Synthetic Emerald, 10;
Three-Phase Inclusions, 11; Two-
Toned Diamond Crystal, 11; Sur-
face Graining, 11; More on
Deceiving Doublets, 12.
Number 2:
Jadelike Minerals, 50; Recent Emerald
Find, 52; Diamond in Diamond,
53; Emerald-Green YAG, 353;
Coated Beryl, 54; Unusual Dia-
monds, 54; Another Flux-Grown
Synthetic Ruby, 55; Laser-Drilled
Diamonds, 56.
Number 3:
Radium-treated Diamond, 82; More on
Treated Diamonds, 82; An Age-
Old Problem, 83; Paraffin . . . Its
Pros and Cons, 84; A Spinel
Oddity, 85; Smoky Quartz, 85;
An Unusual Inclusion in Dia-
mond, 86.
Number 4:
Dark-Blue Aquamarine, 111; Carvings,
112; Chrysoberyl Cat’s-Eye, 113;
Apatite Cat’s-Eye, 114; Deep
Laser Hole, 114; Botryoidal Dia-
mond, 115; Fingerprint Inclusions
in Synthetic Ruby, 115; Hardness
of Strontium Titanate, 115.
Number §:
Glass, 134; Fine Jade, 135; Glass Again,
136; More Glass-Imitation Cat’s-
Eyes, 136; An Unusual Agate,
138; Diamond Finish, 138;
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Nature’s Crazy Laser?, 139;
Synthetic Emeralds, 139.
Number 6:

Maxixe-type Beryl, 172; Gamma Radi-
ation of Gemstones, 173; Wear-
ability of Jadeite Versus Nephrite,
175; Gilson Synthetic Opal, 175;
Fire Agate, 177; Glass, 177;
Unusual Serpentine, 178; Dia-
mond Damage, 178.

Number 7:

Fade Tests on Gamma Irradiated Topaz
and Quartz, 212; Southwest
Indian Jewelry, 213; More About
Lavender Jadeite, 214.

Number 8:

Diamonds, Diamonds, 230; A New Opal
Doublet, 233; An Unknown Opal,
233; Temperature Effects, 234; A
Real Reflector, 235; A Real
Rarity, 235; Greenish-Yellow
“Citrine,” 236; Unusual Diamond
Imitations, 237; Carvings,
Carvings, Carvings, 237.

Number 9: None,
Number 10:

Another Taaffeite Record, 298; Other
Rarities, 299; Synthetic Dark
Green and Yellow Sapphires, 299;
Emerald Imitations, 300; Beau-
tiful Emerald Substitutes, 303;
Unusual Jades Identified, 303;
Maine Tourmaline Mine Visited,
303; The Uncle Sam Diamond,
304.

Number 11:

Imitation Lapis-Lazuli, 327; Surface
Stained and Plastic Coated Tur-
quoise, 330; Imitation Opal on
Matrix, 331; An Identifiable
Natural Emerald, 331; Inside and
Qutside  Diamonds, 331; More
Preventable Damage (or a Dia-
mond Wears a Star), 333; “Blue
Morganite”: Again, 333; More
Preventable Damage, 334; A First
Look at Rubies from Kenya, 334.

Number 12:
Opal, Opal, 362; More About Opal, 364.
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Diamonds:
Developments and Highlights at the
GIA’s Labs — 9; 10; 113 21; 22;
26; 41, 53; 54; 56, 82; 86; 89;

106; 107; 114; 115; 138; 139;
140; 144; 149; 178; 180; 186;
188: 200; 201; 230; 231; 241;
250; 304; 331; 333; 334; 340;
341; 342; 347.

Diamond Prices: An Interesting Feed-
back, by L. C. Kislus, 29.

Diamond Research, A Quarter Century
of, by A. D. Burridge, 66.

Diamonds Oust Beef as Botswana’s
Revenue-Eamer, reprinted from The Dia-
mond News & S.A. Jeweller, 109.

Israel Diamond Polishing Industry, The,
by Michael Szenberg, 2.

Largest Russian Diamond Found in
Siberia, The, The Gem Line, 221.
Measurement of Brilliance of Diamonds,
The, by Werner E. Degenhard, 259.
Optical Quality of Two Different Brilliant
Cut Diamonds, by Werner R. Eulitz,
273.

Resistance of Diamond and Other Gem-
stones to Abrasion, The, by E. M. Wilks,
162.

World Diamond Production — 1972,
216.

World Diamond Production — 1973,
284. .

Diopside, 20; 183.

Doublets, 12;24;45, 233;344.

Dunn, Pete, J., Inclusion of Albite and
Phenakite in Gem Topaz From The
Tarryall Mountains, Colorado, 337.

E

Ehrmann, Martin L., A Memorial Tribute to,
47.

Eilat-stone, 227.

Emerald-cut diamonds, 200.

Enstatite, 188.

Epoxy, 38;43.

Eppler, W. F., Natural and Synthetic Tur-
quoise, 226.
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Eulitz, Werner R., The Optical Quality of
Two Different Brilliant Cut Diamonds —
A Comparative Investigation, 273.

Examination of Maxixe-type Blue and
Green Beryl, by K. Nassau and D. L.
Wood, 130.

Faustite, 146.

Feldspar, 247.

Fire agate, 177.

Fluorescence in: natural blue sapphire, 92;
oiled natural sapphire, 236; synthetic
light-blue spinel, 349.

Fluorite, 11; 303.

Furbish, William J., Unusual Quartz Inclu-
sions in North Carolina Emerald, 34.

G

Gadolinium Gallium Gamet (GGG) 237;
366.

Gamma radiation, 173;212.

Garnet, 40; 50; 150; 206; 234; 241; 290;
296.

Garnet-and-glass doublet, 344.

Gem Line, The:

Dr. Giibelin Honored, 220.

New Magazine from India, 220.

2nd Gemmological Symposium in Aus-
tralia Announced, 221.

:Largest Russian Diamond Found in
Siberia, 221.

GIA Receives Important Gifts, 171.

Glass, 23;44; 87;108; 134; 136; 146;177;
203;250;253;346; 348.

Green Grossularite Garnets (“Tsavor-
ites””) in East Africa, by Campbell R.
Bridges, 290.

Grossularite garnet, 206;290;296;314.

Giibelin, Dr., Honored, The Gem Line, 220.

Hematite, 87.
Hessonite garnet, 312; 349,
Horn, 198; 210.
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Hornbill — Ho-Ting, by Argimiro Santos
Munsuri, 208.
Howlite, 330; 366.

Idocrase, S0.

Imitation: gems, 325; crystal clusters, 346;
emerald in matrix, 300; glass, 23; lapis-
lazuli, 327; opal on matrix, 331; opal,
362.

Insects in amber, 93.

Interesting Feedback, An, by I. C. Kislus,
29.

Israel Diamond Polishing Industry, The, by
Michael Szenberg, 2.

Jade, 83;84;244.

Jadeite, 84; 93; 135; 175; 214; 251; 303;
350.

Jeremejevite, 184.

Kenya ruby, 334.

Kislus, I. C., An Interesting Feedback, 29.

Kornerupine, 299.

Kraus, Edward H., A Memorial Tribute,
126. .

Kyanite, 254.

Lapis-Lazuli, 327.

Laser drilling, 21; 56; 89; 114; 139; 144;
347.

Liddicoat, Richard T., Jr:
Developments and Highlights at GIA’s
Lab in Los Angeles: 18-28;3846; 86-94;
102-108; 144-151; 180-190; 200-207;
248-255;309-316;340-351; 367-371.
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Mabe pearl, 41.

Magazine, New, from India, The Gem Line,
220.

Malachite, 227.

Mariner, T. H., Crystal Balling Future
Synthetic Gemstones, 241.

Martin, Jeanne G. M., In Memorian, 287.

Material in Rebuttal to the Degenhard
Report, 271.

Maxixe-type beryl, 111;130;139;172; 333,

Measurement of Brilliance of Diamonds, by

" Werner E. Degenhard, 259.

“Metajade”, 134;146.

Muzo Emerald Mine: A Visit, by Joseph W.
Tenhagen, 77.

N

Names, The Derivation of Gem, by L. L.
Copeland, Part I, 118; Part 11, 154.

Nassau, Kurt, Natural, Treated, Synthetic
and Imitation Gems, 322.

Nassau, Kurt, The Origins of Color in Gems
and Minerals, Part I, 354.

Nassau, K., and D. L. Wood, Examination of
Maxixe-type Blue and Green Beryl, 130.

Natural and Synthetic Turquoise, by W. F.
Eppler, 226.

Natural, Treated, Synthetic and Imitation
Gems, by Kurt Nassau, 322.

Nephrite, 83;92;112;175; 206; 303; 366.

0

Opal, 18; 21; 24; 40; 43; 45; 88; 91; 117;
175;182; 183; 233;241;306; 309; 331;
343;362;364.

Optical Quality of Two Different Brilliant
Cut Diamonds, The — A Comparative
Investigation, by Werner R. Eulitz, 273.

Orapa Mine, 109.

Origins of Color in Gems and Minerals, The,
Part 1, by Kurt Nassau, 354.

WINTER 1974-1975

Palm, petrified, 182.
Paraffin treating, 84.
Parisite, 148.

Parsons, Charles Jay, In Memoriam, 192.
Pearl, 21;41;174; 188;235.
Peridot, 234;246.
Piggy-back settings, 9.
Plastic, 86;251; 301.
Pleochroism, 361.

Porcelain, 196.

Prices, diamond, 188.
Pyrite, 86; 93;253.

Q

Quarter Century of Diamond Research, A,
by A. D. Burridge, 66.

Quartz, 8; 34; 43; 85; 87; :89; 138; 150;
174;206;212;234;236; 241; 312.

Quartz Inclusions, Unusual, in North
Carolina Emerald, by William'J. Furbish,
34. R

Quartzite, 52.

R

Radiation, 82, 236.
Refractive index determinations on carvings,
237. :
Resistance of Diamond and Other Gem-
stones to Abrasion, The, by E. M. Wilks,
162.

Rhodochrosite, 141.

Rhodolite garnet, 350.

Rose, W. A., Treating Matrix Opal, 306.

Russian Diamond Found in Siberia, Largest,
The Gem Line, 221.

S

Santos Munsuri, Argimiro, Hornbill — Ho-
Ting, 208.

Seed pods, 198.

Serpentine, 23;51;178.

Shaping Black Coral Bracelets, by Capt.
Girvin B. Wait, 222,

Shell, 195; 202; 346.

383



Shipley, Beatrice W., In Memoriam, 191.

Silicified coral, 205.

Sodalite, 345.

Some Interesting Aspects of Gem Testing,
by Robert Webster, 194.

Spectroscope: An Indicator of Variation, by
B. W. Anderson, 98.

Sphalerite, 86.

Spinel, 26; 42; 85; 88; 100; 241; 314; 345;
349.

Spodumene, 175; 245.

Strontium Titanite, 115;162.

Switzer, George S., Composition of Green
Garnet from Tanzania and Kenya, 296.

Synthetic alexandrite, 102;367.

Synthetic emerald, 10;19; 139; 147.

Synthetic gems, 241, 323.

Synthetic Gemstones, Crystal Balling
Future, by T. H. Mariner, 241.

Synthetic opal, 18;175; 241; 309; 343; 363.

Synthetic quartz, 8; 241.

Synthetic ruby, 26; 55;115;146; 186;323.

Synthetic sapphire, 39; 162; 253; 299; 310;
347,

Synthetic spinel, 26; 162;241; 324.

Synthetic turquoise, 226;241; 248.

Szenberg, Michael, The Israel Diamond
Polishing Industry, 2.

Taafeite, 298.

Tenhagen, Joseph W., Muzo Emerald Mine:
A Visit, 77.

Testing, Some Interesting Aspects of, by
Robert Webster, 194.

Topaz, 174;212;236;241;337.

Tortoise shell, 346.

Tourmaline, 246;303.

Treated gems, 322.

Treating Matrix Opal, by W. A. Rose, 306.

Tremolite, 91.
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Tsavorite, 290.
Turquoise, 25; 86;188;213;226;241,;248;
330.

U

Umba River corundum, 105; 149.

Uncle Sam Diamond, 304.

Unusual Quartz Inclusions in North Carolina
Emerald, by William J. Furbish, 34.

v

Vanadian grossular, 296.

w

Wait, Capt. Girvin B., Shaping Black Coral
Bracelets, 222.

Webster, Robert, Some Interesting Aspects
of Gem Testing, 194.

Why of This Issue, The, 258.

Wilks, E. M., The Resistance of Diamond
and Other Gemstones to Abrasion, 162.

Winner Selected in Jewelry Design Contest,
256.

Wood, D. L. and K. Nassau, Examination of
Mazxixe-type Blue and Green Beryl, 130.

World Diamond Production — 1972, 216.

World Diamond Production — 1973, 284.

Y
YAG, 53;115;162;237; 324,

Yttrium aluminate, 117.

4

Zircon, 98;299; 241.
Zoisite, 24; 51.
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