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Wood Opal—A Tridymite-like Mineral
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Abstract

Opalized fossil wood usually has a structure approaching high-tridymite. Only in rare cases
does it resemble low-cristobalite, a structure often shown by other varieties of opal. Spectro-
chemical studies show that the silica of tridymite-like opals is chemically more pure than the
silica of cristobalite-like or amorphous opals. These latter varieties usually contain more Al,

Na, B, and Zr.

Introduction

Our recent X-ray diffraction studies of opalized
fossil wood, from a variety of localities, have shown
that this material usually has a tridymite-like struc-
ture, a somewhat disordered structure approaching
orthorhombic high-tridymite (Dollase, 1967). Pre-
viously, when one of us (Mitchell, 1967) described
fossil wood from Virginia showing this structure, the
occurrence of tridymite in such material was be-
lieved to be very rare. It is obvious now that this is
not the case.

In earlier X-ray diffraction studies of various
opaline materials, Dwyer and Mellor (1932), Levin
and Ott (1933), and Taliaferro (1935) suggested
that some specimens of wood opal possess a high-
cristobalite structure. Subsequent work (Raman and
Jayaraman, 1953; Florke, 1961; Tufts, 1971) has
not supported the occurrence of high-cristobalite in
opaline materials, although low-cristobalite may
occur in precious opal, semi-opal, and some com-
mon opals (Tufts, 1971; Jones and Segnit, 1971).
We reexamined the wood opal specimens in which
Levin and Ott (1933) reported high-cristobalite
(usNM 48095 and 93818), and found they have the
typical disordered tridymite structure.

In Table 1 typical wood opal X-ray data (11.46
cm diameter cameras; CuKae radiation) are com-
pared with calculated interplanar spacings (Borg,
1973) for orthorhombic high-tridymite in which
a=874,b = 504, c = 824 A, C222, (Dollase,
1967). Our observed data also compare well with

* Present address: U. S. Geological Survey, Washington,
D. C. 20242.
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the theoretical hexagonal 2H structure of Gibbs
(1927). Every possible reflection through 1.37 A is
included in the calculations. Well crystallized tridy-
mite has some reflections—for example 202, 112
(3.00 A)—which were not observed in our data.
Apparently these are absent in wood opal, or at
least very weak and broad, due to random stacking
(disorder) in the ideal structure of high-tridymite.
Comparisons of our data with those for similar
tridymite polytypes and related structures presented
by Hill and Roy (1958), Frondel (1962), and Sato
(1963a, 1963b, 1964) gave less satisfactory cor-
relations. A more detailed consideration of these
other structures was given by one of us earlier
(Mitchell, 1967).

Experimental Methods

Thirty-two specimens from localities in eight states
and three other countries were selected for study
(Table 2). These range from soft asbestiform to
massive resinous varieties. In each case the grain
of the wood is well preserved. Limb casts were not
included in the study. No attempt was made to
identify the kind of wood. The material analyzed
was selected so as to avoid obvious impurities and
to be as homogeneous as possible. X-ray diffrac-
tion powder films (11.46 cm diameter cameras;
CuKo radiation) were made of the thirty-two speci-
mens. In each case, additional powder was heated
at 1000° C in air for 24 hours and also X rayed
when cooled. Unlike the situation observed for
amorphous and poorly crystalline cristobalite opals,
the heat treatment had little effect on the specimens.
In general the X-ray diffraction patterns were
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TaBLE 1. X-ray Powder Diffraction Data for Orthorhombic
High Tridymite and Wood Opal
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lematical. In a recent study of over 100 opaline
specimens, we (Tufts, 1971) found that tripolite,

geyserite,

precious opal,

hyalite,

semi-opal,

and

Orthorhombic tridymite Wood opal
hkl d(calec)h I(cale) d(meas)A I(obs)*
200,110 4.37 100 4.32 s
002 4.12 61 4,10 vs
201,111 3.86 Sif 3.87 mwB
202,112 3.00 16 - -—
310,020 2.52 i3 2.50 m
311,021 2.5 s - -
203,113 2,33 i 2.34 vVvw
312,022 2l 1 2.13? vvwB
401,221 2 LI 53 2.09? vvwB
004 2.06 2 2.05 wB
402,222 1.93 1 1.90? VW
204,114 1.86 2 - -
403,223 L7 3 1.73% VYW
510,420,130 1.65 2 -- -=
511,421,131 1.62 3 1.63 wB
314 1.60 o e -
20551 155 1.54 4 - -
512,422,132 3.58 2 -— -—
Loy, 224 1.50 1 JREG B vvw
600,330 1.46 1 — -
331 1.43 pL 1.44 vwB
513,423,133 1.41 2 - -—
025 1.38 0 — _—
602,006,332 1.37 1 1.37 vvwB
1.25 vvwB
1.20 vwB
%Apbreviations: s, strong: v, very; m, medium; w, weak; B, broad

slightly enhanced and impurity reflections sometimes
appeared—for example, hematite reflections oc-
curred if the wood opal was very ferruginous. In
some cases two samples were taken from the same
specimen, one from the resinous interior and the
other from the dull exterior. These samples disclosed
that impurities were more abundant in the exterior
portion. X-ray reflections from impurity phases ap-
peared in each case after the exterior portions were
heat treated, while the heat treatment of interior
portions yielded only pure tridymite. The impurities
probably were adsorbed during alteration subsequent
to the formation of the wood opal.

Results

The major phase in all except two specimens was
disordered tridymite, either alone or with quartz
(rarely the presence of one or more additional weak
X-ray reflections suggested calcite, cristobalite, or
unknown substances). The two exceptions (UVA
4649b; usNM B5632) consisted -of low-cristobalite
opal instead of high-tridymite opal. In these two
specimens the X-ray reflections for untreated sam-
ples were very weak and diffused; however, when
heat treated the cristobalite reflections were en-
hanced.

The reason some opaline materials are tridymite-
like while others are cristobalite-like is prob-

TaBLE 2. Description and Composition of Wood Opal
Specimens

No. # Locality Description Composition +
USNM California Resinous, compact, dark T
81883-1 yellowlsh orange
USNM Californila Resinous, compact, T+Q+c?
81883-2 grayish orange
USNM California (i)” Resinous, compact, white T
16058-2a to dark gray bands
USNM California (e)# Chalky resinous, compact, T+Q
16058-2b light gray
USNM California Chalky reslnous, compact, T
118571 Sonoma Co. light tan
USNM Colorado Resinous, compact, T+g
13539 yellowish brown
USNM Colorado Resinous, compact, T+q
B5630 gray white
USNM Colorado Bright resinous, compact, T+Q
75588 Divide white to brownish
USNM Idaho # Resinous, compact, yellow T
53091a Lincoln Co. (1) brown
USNM Idaho # Dull chalky, porous, T
53091b Lincoln Co. (e) pale yellow
USNM Idaho, Blanche Bright resinous, compact, T
R1708-2 yellow-brown
UWa Idaho Resinous, compact, T+u
2690 Clover Creek (?) graylsh orange
USNM Montana, Logan Dull resinous, compact, T+Q
75536-1 Gallatin Co. plnkish gray
USNM Montana, Logan Bright resinous, compact, T+u
75536-2 Gallatin Co. dark yellow-orange
USNM Montana Vitreous, compact, very T+g
48095 Gallatin Co. light gray

near Three Forks
USNM Montana Dull resinous, compact, T
h6946-1 Gallatin Co, pale brown and white

Madison River
USNM Montana i Bright resinous, compact, (54}
LE9L6-2a Gallatin Co. (1) brownish black

Madison River
USNM Montana @ Dull earthy, asbestiform, T
46946-2b Gallatin Co. (e) very pale orange

Madlson River
USNM Nevada Dull earthy, asbestiform, T+Q
93818 Esmeralda Co. light gray

Redlich
Uva Nevada Bright resinous, compact, T
2684 Humboldt Co. dark brownish-black

Virgin Valley
Uva Nevada Dull resinous, compact, T+Q
7588 Humboldt Co. light grayish-white

Virgin Valley
USNM Nevada Dull resinous, compact, T+Q
8997 Columbia district pale yellowlsh-brown
UvVa Nevada (?) Bright resinous, compact, T4eal(?)
43177 light yellow to tan
USNM New Mexico Resinous, compact, white T+q
106147 near Lamar
UVa Utah Resinous, compact, Lo
2686 Millard Co. pinkish gray
UvVa Virginia Dull earthy, asbestiform, T+q
V4168 Fredericksburg light brownish-gray
Uva Australia Dull resinous, compact, g
4649p Queensland dark brown

Barcoo River
USNM Hungary, Libethen Bright resinous, compact, t
R1707 dark reddish brown
USNM Hungary, Erdo Benya, Reslnous, compact, dark o
B5632 Zempliner Comitat yellowish orange and tan
USNM Hungary Bright resinous, compact, o
C1341 brown
USNM Japan, Itabashl Mura,Resinous, compact, light T
47165 Iwakl brownish-gray
USNM Japan, Buzen Resinous, compact, reddilsh- T
B5633 brown

# USNM = U.S. National Museum; UVa = Lewls Brooks Museum, University
of Virginila
+ T,t = tridymite; Q,q = quartz; ¢ = cristobalite-like; u = unidenti-

fied; cal = calcite. Major components are indicated by capltal
letters, minor components, lower case.

# The intericr of a specimen 1s designated by (1), while the exterior
of the same speeimen 1s designated by (e).
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certain common opals are amorphous or cristobalite-
like before heat treatment. Furthermore, the amor-
phous specimens became cristobalite-like after heat-
treatment (1000°C, 24 hours in air). On the other
hand most wood opals and many common opals are
tridymite-like before and after heat treatment. Semi-
quantitative spectrographic analyses were made of
twenty-nine representative specimens of various
opaline types (including eight wood opals) to see
if chemical differences could account for the differ-
ent structures. Contrary to our predictions the cristo-
balite-like opals are less pure chemically than the
tridymite-like opals. This fact is difficult to reconcile
with the general argument of some investigators
(Florke, 1955; Eitel, 1957) who maintain that cris-
tobalite is a pure crystalline phase of SiO, while
foreign ions are necessary to the formation of the
tridymite phase. However, in this instance we are
dealing with substances of a much different origin
from SiO, polymorphs formed at high temperatures.

The following generalizations can be drawn from
a study of our twenty-nine analyses (eighteen cristo-
balite-like types, eleven tridymite-like types). Im-
purity elements which show a definite preference for
cristobalite-like opals are Al, Na, B, and Zr. Alumi-
num was found in all specimens studied. Only two
of the cristobalite opals had Al,O; less than 0.25
percent (range 0.12 to 3.5 percent) whereas only
one of the tridymite opals had Al,O; greater than
0.25 percent (range 0.008 to 1.5 percent). Sato
(1963a) showed that 2 percent Al,Oj; is sufficiently
effective for the formation of synthetic cristobalite
from silica gel, while tridymite forms with lesser
amounts. Twelve cristobalite opals contained appre-
ciable Na,O (range 0.1 to 2.5 percent) but only one
tridymite opal (0.1 percent). Sixteen cristobalite
opals contained appreciable B,O; (range 0.01 to
0.35 percent) but only two tridymite opals (0.01
percent). Eleven cristobalite opals had ZrO, (range
0.002 to 0.08 percent) but only two tridymite opals
(range 0.003 to 0.01 percent). The elements Mn,
Fe, and Ca also seem to prefer cristobalite opals
although the correlation is not as spectacular. Six-
teen cristobalite opals had MnO (range 0.001 to
0.02 percent) but only four tridymite opals (range
0.001 to 0.007 percent). Iron was present in all
opals studied (range 0.005 to 2.25 percent) without
a definite differentiation between structural types,
except values of 1 percent and greater were more
frequently found in cristobalite types. Calcium was
reported for all the opals analyzed (range 0.005 to

0.4 percent); values greater than 0.1 percent were
more common in cristobalite types. Other common
constituents in the opaline materials, which show no
special affinity for type of opal structure, are: MgO
(0.002 to 1.5 percent), BaO (0 to 0.12 percent),
and TiO, (O to 0.5 percent).

The semiquantitative spectrographic analyses of
eight wood opals used in this study show that the
unique cristobalite-like wood opal (UsSNM B5632)
from Hungary contained slightly more Al, B, Zr,
Mn, Fe, and Ca than the others, following the trends
just outlined. An earthy asbestiform wood opal from
Virginia (Uva V4168) possessed a tridymite-like
structure, and contained more Al, Fe, and other less
important trace elements than expected; however,
we believe it to have been contaminated by adsorp-
tion of foreign cations from ground-water after its
initial formation.

Studies of other data failed to show important
differences between tridymite-like and cristobalite-
like opals. The water content of the wood opals
ranged from less than 2 percent to nearly 7 percent.
Water percentages for cristobalite-like varieties often
fall within this range, but higher values are also
common. The index of refraction for the wood opal
studied varied from n = 1.410 to 1.453, values com-
monly observed for other opal varieties. The specific
gravity for the wood opal varied from 1.91 to 2.09,
but here again no important difference was found
between these values and those for other opal struc-
tural types.

In addition to its common occurrence in wood
opal, the disordered high-tridymite structure also
has been observed in other varieties of opaline ma-
terials, especially the common types including cal-
careous opal, jasper opal, milk opal, moss opal, and
wax opal. Tridymite has also been observed in
opaline materials by Sato (1962) and Sun (1962).
Sun’s data are essentially the same as those in Table
1. Other writers, including Raman and Jayaraman
(1953), Eitel (1957), Franks and Swineford
(1959), and Jones and Segnit (1971), suggest the
possible occurrence of tridymite in opaline materials
in combination with cristobalite.
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