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INTRODUCTION

Hydrous SiO2 phases are widespread in volcanogenic-
sedimentary rocks associated with post-volcanic hydrothermal 
activity, devitriÞ cation, and diagenetic alteration. Opals are 
micro- and non-crystalline forms of hydrated silica with a high 
degree of structural disorder, and the structural state of these 
hydrous silica phases is still not entirely understood. Several 
authors have shown that precise structural analysis of opals in 
siliceous rocks can be important for genetic reconstructions. 
Based on powder X-ray diffraction (XRD) data, Jones and 
Segnit (1971) distinguished three hydrous silica phases at low 
temperatures: amorphous opal (opal-A); disordered cristobalite 
with signiÞ cant tridymitic stacking (opal-CT); and more ordered 
cristobalite with minor tridymitic stacking (opal-C). Opal-CT 
and opal-C are considered as microcrystalline varieties of hy-
drous silica (Flörke et al. 1991). Opal-C exhibits an XRD pat-
tern strongly resembling that of α-cristobalite. The differences 
between α-cristobalite and opal-C consist of slight broadening 
of the Bragg reß ections, a slight shift to larger d-spacings and a 
weak extra peak near 4.30 Å for the latter, all of which are due 
to the presence of tridymite-type layers within the cristobalite 
structure (Elzea et al. 1994). The main criteria to distinguish 
opal-CT from opal-C are the position and the width of the most 
intense Bragg reß ection (Flörke et al. 1991; Elzea et al. 1994). 
For opal-C the d-spacing is closer to the position of the strongest 
reß ection of α-cristobalite, whereas for opal-CT it is closer to 

the position of the second most intense peak of tridymite and 
may reach 4.13 Å. Opal-CT exhibits broader Bragg reß ections 
and the full width at half maximum (FWHM) of the major peak 
in 2θ units is >5.6°. In addition, the peak near 4.30 Å and the 
shoulder near 3.87 Å, which correspond to Bragg reß ections of 
tridymite, are more pronounced for opal-CT. 

Flörke et al. (1991) proposed that opal-CT has a unidimen-
sionally disordered three-layered structure of low cristobalite 
with tridymite-type stacking faults in the [111] direction. Mod-
eling of the XRD patterns has conÞ rmed that the structure of 
opal-CT consists of an interstratiÞ cation of cristobalite-like and 
tridymite-like layers with a variable probability of tridymitic 
stacking of ~50% (Graetsch et al. 1994; Guthrie et al. 1995). 
The small crystallite size and the abundance of stacking faults 
hamper the unambiguous determination of the predominant 
structural species in opal-CT using only XRD data, and it is 
particularly difÞ cult to determine Þ ne-scale structural informa-
tion using XRD. 

Using transmission electron microscopy (TEM) and infrared 
spectroscopy, Wilson et al. (1974) concluded that the dominant 
phase in the opal-CT samples was essentially α-tridymite with a 
high degree of stacking disorder. Later, using electron diffraction 
analysis Akizuki and Shimada (1979, according to Iijima 1988) 
revealed the absence of cristobalite domains in some opaline 
silica samples with XRD patterns typical of opal-CT. The au-
thors proposed that this material be designated as opal-T, but its 
place in the nomenclature of the microcrystalline silicas has not 
been discussed further. On the other hand, high-resolution TEM 
on volcanic opaline samples suggested that low cristobalite is 
the fundamental structural component of opal-CT (Nagase and * E-mail: mi0a007@uni-hamburg.de
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ABSTRACT

The structure of natural hydrous silica is complex and its study requires the complementary ap-
plication of several methods. To elucidate the structural state of opaline silica of different geneses, 
microcrystalline opals from siliceous rocks, geodes, and bentonite clays from East Rhodopes, Bulgaria, 
were analyzed by Raman spectroscopy, X-ray powder diffraction, electron microscopy, and thermo-
gravimetric and differential thermal analysis. Comparison of X-ray diffraction and spectroscopic 
data for a series of microcrystalline opals showed that the fraction of tridymite-like structural units 
can be estimated using the relative intensity of the Raman scattering near 350 cm�1. Opals displaying 
an intense, poorly resolved Raman band centered near 330�360 cm�1 contain a larger proportion of 
nanosized spatial regions with tridymite-type atomic arrangements as opposed to cristobalite-type 
arrangements. The results demonstrate the ability of Raman spectroscopy to characterize the Þ ne-
scale structure of opal and to better distinguish opals showing similar XRD patterns. The application 
of Raman micro-spectroscopy showed that on intermediate-range scale the atomic structure of opal 
lepispheres is closer to the framework topology of tridymite than to that of cristobalite.
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