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Introduction: At the southern part of the Matra

Mts. (Hungary), in the neighborhood of Gydngydstar-
jan and Gyongyosoroszi area, variable cryptocrystal-
line silica varieties occur en masse in the fractures and
cavities of the andesite host rock near the surface [1].
The great variety of colour and morphology is caused
by the different genetic and morphological features of
variable microbial (bacterial and microcolonial fungi
type) activity and interaction with inorganic hydro-
thermal vent system, which have embedded in crypto-
crystalline silica matrix. The aim of this research is the
characterisation of cathodoluminescent features of
biomineralization products occurring in the samples,
and the determination of the form of 1-3 wt. % carbon
content, giving further evidences of microbial contri-
bution.
Samples and methods: 150 polished surfaces and 83
thin sections were investigated by rock and optical
microscopy (reflected and transmitted, Nikon Eclipse
600 microscope), and selected samples by
cathodoluminescence  (Reliotron  cold  cathod),
fluorescence (Leica DM-RX research microscope),
methods. X-ray powder diffraction measurements were
carried out on 10 selected samples for determination of
mineralogical composition (Philips PW 1710).
Electron-microprobe analyses were made to determine
element distribution and textural features on 8 thin
sections (Nikon Eclipse 600 Hitachi S4300-CFE SEM
with Bruker Quantax, XFlash 4010 detector).
Additionally, the structural properties of the selected
minerals were determined by a Renishaw-1000 Raman
spectrometer, the laser wavelenght was 785 nm, with
focused energy of 8 mW. The maximal focus was
driven to 1 pm spot in diameter. The thin sections
were mounted in epoxy material, and the sample
thickness is 30 pm.

Results: Detailed determination and description of
textural features of the samples showed signs of com-
plex microbial and inorganic interactions. The micro-

bially mediated way of explanation for the studied
Miocene hydrothermal vent formation was raised and
proved for the first time. The signs of microbial activ-
ity are supported by the weathering formation of the
host andesite, the variable and numerous rock var-
nishes on their surface, microbial forms (filamentous,
coccoid and microcolonial fungi type), and the textural
features of the silica matrix, which genetic processes
were modelling. The small and uniform grain size
(phase dimension), the chemically poor occurrence
also support the biogenic origin as well as the often
occurring curved morphology and variable ,,large for-
mats” built up from the same small units.

The fluorescence study showed the remnants of or-
ganic matter in the samples occurring by greenish yel-
low colour (Fig. 1).

The electron-microprobe analyses determined 1-3
wt. % C content in the silica matrix and in mineralized
forms (Fig. 2). In a selected sample the inner mineral-
ized filamentous microbial part is composed of 47.8
wt. % Si, 2.1 wt. % Fe, 0.6 wt. % Al, 0.2 wt. % Mg,
0.5 wt. % K, 0.2 wt. % Ca and 1.6 wt.% C on average
(selected elements). The content of the supposed min-
eralized extracellular polymeric substance around the
filamentous forms is 37.9 wt. % Si, 8.1 wt. % Fe, 0.8
wt. % Al, 2.6 wt. % K, 0.4 wt. % Ca, 0.7 wt. % Mg,
0.1 wt. % Na and 1.5 wt. % C. The silica matrix is
composed of 45.7 wt. % Si, 0.3 wt. % Al and 2.4 wt.
% C.

Deep purple, red dull cathodoluminescence of the
microbial textures were often observed in the thin sec-
tions (Fig. 3). According to electron microprobe meas-
urements these phases are Fe and Si rich.

Spectroscopic characterisation of the cathodolumi-
nescence of biomineralization products is in progress.
Cathodoluminescence results also showed the forma-
tion of silica phases on different temperature condi-
tions, which was probably caused by the oscillating
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temperature geyser and vent activity in the surrounding
environment.
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Fig. 1. Thin section (a, 1N) and fluorescence photo
(b) of biomineralization products
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Fig. 2. BEI of mineralized filamentous bacterial
forms (light phase) in cryptocrystalline silica matrix.

XRD mineralogy of the samples consists of opal
CT, quartz, goethite, hematite, nontronite, and cela-
donite.

Raman spectroscopy was also used to study the
products of biomineralization. Characteristic peaks of
calcite (at 1085 cm™), hematite (at 226 and 608 cm™),
goethite (at 298, 385, 438 and 548 cm™), a-quartz (at
261, 353, 393, 462, 463 and 801 cm'l), moganite (at
501 cm™) and different carbonaceous materials (at
1340, 1380, 1548 and 1572 cm™) were found in the

spectra (Fig. 4) [2]. The broad bands of the latter phase
indicate amorphous carbon phases.

Fig. 3. Cathodoluminescence of mineralized fila-
mentous microbial forms
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Fig. 4. Typical Raman spectra measured in the area of
mineralized filamentous microbial forms.

Conclusion: Dull purple red cathodoluminescence
and greenish yellow fluorescence of variable biomin-
eralization products embedded in cryptocrystalline
silica matrix were observed. Electron microprobe ele-
ment measurements showed Fe-rich silica phases, with
1-3 wt. % C, and in most cases less that 1 wt.% trace
element contents (Al, Ca, Mg, K) for the samples. The
occurrence of amorphous carbon phases in the samples
can be further evidences of microbial origin, and/or
might be connected with hydrothermal contamination
processes, which could serve as organic nutrients for
heterotroph microbes in the system. This is also sup-
ported by the presence of moganite, which was found
to form in the surrounding of organic carbonaceous
phases [3]. Spectral characterisation of cathodolumin-
scence is proceeded.
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