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OPAL— 8i0,:nH,0

Crystallography. Generally amorphous. Massive; often
botryoidal, stalactidc. Although X-ray studies indicate that
much opal is essentially amorphous, it contains silica spheres
in an ordered packing (see Structure, below).

Physical Properties. Fracure conchoidal. H 5-6,
G 2.0-2.25. Luster vitreous; often somewhat resinous. Color
colorless, white, pale shades of yellow, red, brown, green,
gray, and blue. The darker colors result from impurites.
QOften has a milky or “opalescent” effect and may show a
fine play of colors. Transparent to translucent. Some opal,
especiaily byalite, shows a greenish-yellow fluorescence in
ultraviolet light. Optics: Refractive index 1.44-1.46.

Composition and Stracture. 5i0,7H,0. The water
content, usually between 4% and 9%, may be as high as 20%.
The specific gravity and refractive index decrease with in-
creasing water content. '

Although opal is essentally amorphous; it has been
shown to have an ordered structure. It is not a crystal struc-
ture with atoms in a regular three-dimensional array but is
made up of closely packed spheres of silica in hexagonal
and/or cubic closest packing, Air or water -occupies the
voids between the spheres. In common opal the domains
of equal-size spheres with uniform packing are small or non-
existent, but in precious opal, large domains are made up of
regularly packed spheres of the same size. The sphere dia-
meters vary from one opal to another and range from 1500
A t0 3000 A. When white light passes through the essentially
colorless opal and strikes planes of voids between spheres,
certain wavelengths are diffracted and flash out of the
stone as nearly pure spectral colors. This phenomenon
has been described as analogous to the diffraction of X-rays
by crystals. In X-ray diffraction the interplanar spacings (d)

are of the same order of mag_m'tude as the wavelengths of

X-rays. In precious opal the spacings, determined by sphere
diameters, are far greater but so are the wavelengths of visible
light (4,000-7,000 A). The different wavelengths that satisfy
the Bragg equation are diffracted with change in the angle of
incidene light (8). Because light is refracted when it enters
precious opal, the equation must include the refractive index,
i (= 1.45), and the equation is written #\ = p.Zd sin 0,
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Diagnostic Features. Distinguished from microcrys-
talline varieties of quartz by lesser hardness and specific grav-
ity and by the presence of water.

Varieties. Preciousopaiis characterized by a brilliant in-

ternal play of colors that may be red, orange, green, or blue,

The body color is white, milky-blue, yellow, or black
(black opat). Fire opalis a vanety with intense orange to red
reflectins.

Common Opal Mlk-whlte, yellow, grccn, red, etc., with-

out internal reflections.

Hyalite. Clear and colorless opal with a globular or

botryoidal surface.

Geyserite or Siliceous Sinter. Opal deposited by hot
springs and geysers. Found about the geysers in Yellowstone
National Park, Wyoming.’

Waod Opal. Fossil wood with opal as the petrifying
material.

Diatomite. Fine-grained deposits, resembling chalk in
appearance. Formed by sinking from near the surface and the
accumulation on the sea floor of the siliceous tests of diatoms.
Also kitown as diatomaceous earth or infuserial earth.

Occurrence. Opal may be deposited by hot springs at

shallow depths, by meteoric waters, or by low—temperamre :
- hypogene solutions, It is found lining and filling cavities in

rocks and may replace wood buried in volcanic tuff. The

largest accumulations of opal dre as snhceous tests of silica-

secreting organisms.
Precious opals are found at Caemomm, Hungary; in

Quersétaro, Mexico; Queensland and New South Wales, Aus- - -
tralia; and Brazil. Black opal has been found in the United -~

States in Virgin Valley, Nevada. Diatomite is mined in several
western states, principally at Lompac, California.

Synthesis. Pierre Gilson in Switzerland has synthe-
sized precious opal that is identical to natural material in
chemical and physical properties, including a beautiful play
of colors.

Use. Asz gem. Opal is usually cut in round shapes, en
cabochon. Stones of large size and exceptional quality are very
highly prized. Diatomite is used extensively as an abrasive,
filler, filtradon powder, and in insulation products.

Name. The name opal originated in the Sanskrit, #pala,

meaning stone or precious stone.
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TABLE 1 |
Average chemical compositions (wi%) of common igneous rock types

Component A B C D E ) F G
$i0z 7204 6680 05858 5749 6L05 5106 5006
TiO, 030 054 096 082 063 117 187
Al;05 1442 1599 1698 1723 2657 1691 1594
FeyOs 122 162 2556 306 089 3810 390
FeO 168 287 613 822 207 77 760
MnO 005 008 012 018 006 012 020 _
Mg0 0.71 180 373 184 214 768 698 - -
Ca0 182 392 666 354 1276 . 988 970 : :
Na,0 360 377 360 548 318 248 204
Kz0 . 412 279 181 503 062 086 108 |
P05 012 018 ‘029 020 068 024 034
No. of ]
analyses 2485 885 8™ 517 14 1451 3796
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(1) Petrography
- (2) Lithification
(3) Metamorphism
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