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It 15 commonly said that opal is amorp-
hous, but this general statement is, perhaps,
not strictly correct. There are so many varte-
ties that they cannot rcasonably be put all
under one heading. It is true that common
opal may be amorphous, but X-ray investi-
gation shows that this mineral has normally
some regular internal structure, (References
6 et sequi).

Precious opal must not be confused with
common opal, particularly as it obviously
rontains areas with definite formation.
Casual examination will show, in any piece
of precious opal, the presence of bright cul-
ared patches. With a small loupe these are
seen to be composed of numbers of approxi-
mately parallel threads Iving side by side in
each area. Under the microscope {using obli-
que lighting, not substage illumination}, the
structure 1$ quite cbvious and bears a distinct

resemblance to asbestos, crocidolite and cha-
toyant or cat's eye quartz. The fibres form
small sheets, not necessarily flat, and the
edges of the sheets are often rectilinear,
which implies crystallization, in contrast to
the curves seen on the edges of fractures.

It is frequently said that the color is pro-
duced by interference caused by cracks, but
the patches which show the colors are not
similar to the typical fracture of opal, and
in nearly all cases the colors are nat inter-
ference colors (which are necessarily poly-
chromatic), but are pure prismatic mon-
ochromatic hues, (See note A). Further, if
these are cracks which have been invaded by
a secondary incursion, why, it may reason-
ably be asked, do we never see any larger
cracks? Then 2gain no air is found trapped,
liquids are enclosed, sometimes with large
air bubbles, but in opal no patches of
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color have air adjacent to them, as are to be
seen, for instance, in iris quartz. Tt shoold
not be difficult to cbtain a piece of opal
{cither precious or ¢common) which is ob-
viously cracked, so that a comparison may he
made between the actual crack and the hypo-
thetical, It will be seen that there is great
disstmilarity not only in {a) the oudines,
and in {h} the contours of the arcas, the
one being almost flat, the other ncarly con-
chotdal, but also {c) the internal surfaces of
true cracks are not fbrous or stristed and
{d) the quality of the color genetated 1s
guite different, as different as ol vn water
is from a rainbow.

Some of the earlier writers (Hauy, Bch-
rens, Brewster, Butschli, Reference 1-4)
suggest that the cracks are regularly striated,
if so, would that not prove that the opal is
not completely amorphous? The areas are
certainly striated, being formed of parallel
fibers—layers of silica threads—but they do
not appear 10 be fracture sarfaces.

Sosman (Reference 5) has described the
precristobalite state of quartz as consisting
of silica threads which he says may com-
mence to form at high temperatures while
the silica is still gaseous. In the liquid state
the simple tetrzhedra will have linked up
inter fragile chains of colloidal dimensions,
free to move and orient themselves as the
teraperature slowly decreases until cristo-
halite in the solid state is formed. When
Si0y tetrahedra are generated in water, sumi-
lar chains will be built up by simple poly-
merization, forming a colloidal hydrosol.
I this gels rapidly, troly amorphoos com-
mon opal will be produced, but, as stated
previously some structure (believed to be
cristobalite) 1s usually present, and when
a considerable degree of orientation is pos-
sible, due to very slow gelalion, precious
opal will normally resolt.

In order that brilliant colors may be em-
itted 1t is necessary that, aparl from the
development of the chaing and sheet struc-
ture, the inter-ionic spacing must be such
that the space laltice constant in any given
direction will be a near harmonic of the
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wave-length of the color of the beam seen
from tha* direction, a5 is the case in X-ray
diffraction work.

Specimens have been obtained showing
definite formation en fractured surfaces of
precious epal, 1o the form of strizred blogs.

Many picees of opal {probally over 2000)
Rave been critically examined and indica-
tinns of a "flm-pack’ structure are clear. Tt
apprars probable that the silica threads in
the sol link up into sheet structure (of
cristobalite rather than of quartz) and that
in good specimens several sheets develop
nne hehind the other like cards in a deck.
Where the optical cffects are mast strong
it 15 suggested that the spacing between the
sheets ar films is acourately related o the
wave-length of a specihic color, so that rays
entering laterally between the flms will be
reflected and transmitted frontally in mont-
tored rhythm, each film receiving colored
veflections from the one behind and passing
these forward in beat with the others, Thus
the unusual brilliancy of precious opal—a
heilliancy only equalled by that of total
reflection — is accounted  {or, the
changes of color are explained and also the
purity of hue.

Examination of a speaimen of precious
opal will show that it consists of colored
patches with clear opaline material between
them, This is clearly visible in water opal
and in some Mexican opal, where careful
inspection will show that the arcas emitting
color are actually individual ¢rystalline de-
velopments, In high quality germ material the
Farge number of film-packs is confusing, but
in Tess colorful specimens the shupe and for-
mation of individial discrele lattices may
be studied, and the strength of the evidence
appreciated.

Details of the geological conditions neces-
sary for the production of opal need not be
given here, bur the results of Jdetailed work
indicate two major points. First, that the
impervious layer of sandstone over the beds
— the duri-crust — is essenfin] to the forma-
tion of procious opal as it permits very
little evaporation below it, s¢ that the sol
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takes many years to gel. Secandly, many con-
ditions have to be fulfilled before precious
opal, naturz]l silica gel, can bhe deposed,
{Sce note BY. OFf +hese the amonnt of silica
15 important, as an excess of this results in
the opagque common opal known as potch.
However, if the excess s only slight the
silica may show as small discrete particles
suspended in the gel which give the appear-
ance of an indefinite hlue mist, while a litle
more silica will appear as stronger blue
clouds having definite outlines. Further in-
creases cause more cloudiness and pale blue,
grey or milky potch forms, according to
the size and quantity of the silica particles to
{Reference 17),

The production of color may be illus-
trated by hand specimens or micro-slides
showing five nominal stages. First, the in-
definite blue misty patches and, second, the
dehnite blue clouds already mentioned. The
third stage is best scen in clear water-apal
or fire-opal—individual sheets or films, vari-
colored, tenuous and evanescent, approxi-
mately planar, with rectilincar cdges.

With further crystal development we get
obviaus fibers — the main body of the stone
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is partially amorphous, but in it are areas
where the silica threads have had time to
arient themselves into bands, regular and
faiely bright, cach built up of many molecu-
lar lavers, suitably spaced in the fattice and
sov reflecting defnite wave-lengths, The fifth
stage shows the Lnal, vel still incipient, crys-
tallization in the gel. The fibers have linked
up laterally to form sheets and these are
fonrd to be in blecs or film-packs which con-
tral the light so that in any specilic direction
a monochromatic beam is transmitted, other
wave-lengths being damped out.

Successive films act in support of each
uther, after the manngr of resonators, and
thus 2 much greater proportion of the light
is emitted than would be reflected from a
single unsupported hlm. (See note C).

In conclusion we may summarize hy say-
ing that the colors are not cavsed by rehlled
cracks (which would prove a cause of weak-
ness, See reference 13), but apparently by
incipient structural development of a crys-
talline nature whose lattice constants are
in mathematical harmony with the wave-
lengths of the rays emitted.
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Note A: The colors of thin plates are
produced by the cancellation of certain wave-
lengths, leaving all the othets operative —
thus if yeilow were obliterated we should
see a mixture of those remaining — red,
orange, green, blue and wviclet — a rather
unpleasant tone, far from monochromatic
and defictent in brightness, since all the yel-
low is missing; these peculiar shades are
typical of interference colors, but are never
seen in precious opal. Here the white light
15 analysed by refraction and becomes pris-
matic. Its monochromatic nature can be dem-
onstrated experimentally, with the sodium,
strontium or other flames.

Note B: In order for precious opal to
form, the following conditions appear
necessary: —

1. The ground waters must have lost all
their soluble salts (NcCl1, CaS0, etc.).

2. The ground waters must contain soluble
silicates, NaaSi0g (colloidal).

3. I'he surface waters must contribute an
acid radicle, precipitating silica.

4, Concentration of the solutions must be
sufficient to devclop a light mobile gel
yet not so high as to produce excess
silica (potch).

5. The pH wvalue of the initial sol must
be: suitable (pHS — pH7).

6, Temperature must be satisfactory. (40°
— 60°F).

7. Gelation must be extremely slow, im-
plying impervious strata above.

8. The development of the structure must
accord with a suitable wave-length.

Nete C: Assuming that each film normally
reflects to the front only 20% of the total
light falling on it laterally, then we shauld
get a nominal brilliance of 20%. But one
film in support will increase this by a further
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169 (i.e 20% of the 80% transmitted by
the Arst) ; another film as an resonator will
add a further 13%% und a third a further
10%:

throe times as beight as the original 209%.

makmg a total of 59%% reflected —

b
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