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Abstract

Raman studies on cassiterite from the Sauberg mine near Ehrenfriedersdorf showed that besides the tetragonal rutile-type phase in the root zone of a

cassiterite vein, there is also present orthorhombic cassiterite with the CaCl, structure. According to Raman measurements, a maximal pressure of 18.9

GPa results. Such pressure implies the origin of that cassiterite from great depths, brought with supercritical fluids into the lower crustal level. The

results show a reverse transition from high-pressure to low-pressure polymorphs of SnO, in nature.
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Introduction

The naturally occurring form of cassiterite is usually tetragonal,
with the point group 4/m 2/m 2/m (point group number 128), and
crystallizes as a rutile type phase. The paper by Thomas [1] described
unusual cassiterite crystals from the tin deposit Ehrenfriedersdorf,
Erzgebirge/Germany, as orthorhombic ones.

However, in the Balakrishnan et al. [2], only the bands at 446
(444 and 448 cm™) are present for the stable SnO, polymorphs. The
data for the metastable phases are not given. All in all, the authors
mentioned 20 relatively stable polymorphs. Seven stable polymorphs
are tabulated. The band at 832 cm™ is missing for all stable newly
identified orthorhombic cassiterites. However, in the case of
Ehrenfriedersdorf, at azimuthal rotation under the Raman microscope,
some crystals show two unusual Raman bands at about 446 and 832
cm™', which are very strong at specific azimuthal positions and room
temperature and room pressure. These authors (Balakrishnan et al.,
[2] have also stated that one polymorph can easily transformed into
another by varying temperature or pressure. That must be true also
for a combination of both variables. However, the transformation
is sluggish enough to conserve precede phase states. In the case of
the specific cassiterite from Ehrenfriedersdorf, we assume that the
cassiterite came very fast from mantle deeps via supercritical fluids
indicated by minerals like diamond, graphite, moissanite, OH-rich
topaz, and the high-temperature feldspar kumdykolite [NaAlSi,O,] in
the closer paragenesis [1]. Therefore, it is quite possible that at room
temperature and pressure, “abnormal” cassiterite contains quenched
remnants of high-temperature and high-pressure indications in the
form of unusual Raman bands. This paper serves as a starting point
for more systematic studies of cassiterite as a natural pressure sensor.

Sample Material

All sample material for this study came from a specimen, about 10
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x 7 x 3 cm large, taken from the Prinzler counter vein in the Sauberg
mine near Ehrenfriedersdorf by Puffe in 1936. The main minerals are
quartz (~6 cm long), cassiterite (2 cm in diameter), and violet to green,
sometimes pink fluorite (up to 1 ¢cm in diameter). In the root zone,
there are inclusions in different minerals (topaz, quartz, muscovite),
which are generally tiny crystals of albite, kumdykolite, plagioclase,
trilithionite, calcite, colorless high-temperature fluorite, OH-rich
topaz, rynersonite, cassiterite, mangancolumbite, uraninite, monazite,
xenotime, graphite, diamond, moissanite, and Ti-carbides [1]. Figures
1-3 show the studied cassiterite crystals, which are very different in
appearance. In muscovite, there are smaller crystals beside the crystal
shown in Figure 1, which are spherical or elliptical. The cassiterite
crystal in Figure 2 is 500 um thick as the tick section is. Figure 3 is
a sizeable orthorhombic cassiterite crystal in spherical muscovite
inclusion surrounded by dark tetragonal cassiterites. All cassiterites
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Figure 1: Cassiterite crystal I with rhombohedral cross-section in muscovite. The Raman
bands of muscovite are entirely suppressed.
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Figure 2: Cassiterite (Cst) crystall (crystal-II), about 250 x 390 um large, beside tetragonal
cassiterite (black), OH-rich topaz (OH-Toz) and calcite (Cal).

Figure 3: Large orthorhombic cassiterite crystal (o-Cst) in a muscovite inclusion (white)
between normal tetragonal cassiterite (Cst). That is the sample cassiterite III.

with the untypical Raman bands at 445 and 832 cm™ are inclusion-
free, and the trace element concentration is low (about at the detection
limit of the microprobe). Tiny crystals are colorless.

The differentiation between tetragonal and orthorhombic
cassiterite is under the Raman microscope with a rotating stage simple.
Rutile-type cassiterite shows at room temperature only one strong
Raman band at about 633 cm™ during azimuthal rotation under the
polarized Raman light. Strong Raman bands at about 76, 448, 635,
and 834 cm™ are characteristically for orthorhombic cassiterite. The
symmetry of the CaCl,-type structure is orthorhombic and has the
space group P4 /mnm.

Microscopy and Raman Spectroscopy: Methodology

For the study of the cassiterite sample and the paragenetic minerals,
we use the Zeiss JENALAB pol as well as the Raman spectrometer
EnSpectr R532 combined with the Olympus BX43 microscope both
for transmitted and reflected light and equipped with a rotating stage.
For the identification of minerals and slight mineral inclusions, we
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used an Olympus long-distance LMPLFL100x objective lens. For the
identification of different minerals, we used the RRUFF and the Hurai
et al. [3] Raman mineral databases [3-4]. As references, we applied a
water-clear diamond crystal from Brazil and a semiconductor-grade
silicon single-crystal.

Results

In contrast to the typical tetragonal cassiterite of the Erzgebirge
with the usual bands at 474, 633, and 775 cm™ (both bands at 474
and 775 cm? are generally weak), the here-discussed cassiterite
shows additional azimuthal-depending strong bands at 446, 832 cm-
!, beside the 633 cm™ band [1]. In the compilation [2] of the Raman
modes of stable SnO, polymorphs, only the orthorhombic cassiterite
Pben (point group 2/m 2/m 2/m (number 60 in the room group list)
contains a Raman active band at about 446 cm™. The 832 cm™ band is
completely missing in the list of polymorphs. Figure 4 shows a typical
Raman spectrum of cassiterite crystal III. Conspicuous are the strong
bands at 76, 448, 635, and 834 cm™.

According to the measurements of the Raman intensity of both
bands (446 and 832 cm™), there is a good correlation shown in Figure
5. That means that both Raman bands belong together.

Because mineral inclusions in all the studied cassiterite crystals
here are missing, the Raman bands are clearly components of the
orthorhombic cassiterite, and both are strongly correlated. Also, the
other crystals show a correlation between the two bands with near
the same incline. That also will be clear from the following diagram
(Figure 6). This figure shows the intensity ratio between the 633
and 832 cm™ bands in dependence on the azimuth position. The
figure (Figure 6) shows, in principle, the results for all three studied
cassiterite crystals (I to III), which only show a peaks’ position
dependence on the crystal orientation (a synchronous shift of the
maxima to right or left).
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Figure 4: Raman spectrum (a choice of 46 spectra) of SnO, (sample III).
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Figure 5: Correlation between the Raman intensity of the 446 and 832 cm™ bands; I, cm’
1=-89.829 + 0.609 * L cm, r=0.989.
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Figure 6: Intensity ratio between the 633 and the 832 cm™ bands versus the azimuth
position for crystal I. Similar figures resulted for the cassiterite crystals IT and ITI.

Figure 7 shows the azimuthal Raman intensity distribution for the
orthorhombic cassiterite main band at 633 cm™. The position of the
points depends on the orientation of the studied sample. The points
for the 446 and 832 Raman bands lie almost perpendicular to the 150°
- 330° line. In the case of tetragonal cassiterite, the open red points
would form a circle.

Interpretation

The Raman bands at 446, 633, and 832 cm™ are strongly polarized,
and the bands at 446 and 832 have a different symmetry - they are
almost perpendicular to the 633 cm™ band. The explanation is not
simple. Have we, in this case, a different polymorph phase of SnO,
not described in Balakrishnan et al., [2]? Or are the unusual Raman
bands of SnO, frozen high-temperature and high-pressure remnants
of the rutile-type, orthorhombic, or the CaCl2 phase of cassiterite?.
Note that in Figure 8, the points for the 832 cm™ Raman band show
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a twisted form. From 38 measurements of the 832 cm™ band on the
cassiterite crystal-III, we obtain a mean of 833.9 + 0.4 cm™. This value
corresponds to Hellwig et al. [5] for the B, mode to a pressure of 10.5
GPa and falls into the rutile-type cassiterite. According to Girao [6],
we can assume that the high-temperature and high-pressure cassiterite
are well-crystallized (indicated by the intense and sharp Raman
bands), are nano-particles in high concentrations, or contain larger
domains. According to Girao [6] [Table 4, p.105], it results from the
mean of 833.9 cm™, a pressure of about 15 GPa. This pressure marks
the rutile- to CaCl,-type transition. The rutile polymorph of SnO,
underwent a phase transition to a CaCl, polymorph at 11.8 GPa under
hydrostatic conditions [2]. Sometimes, we observe on the 833.9 band
a shoulder at 849.7 + 1.1 cm™ (n = 10). Using Table 4 in Girao [6],
it results in a pressure of 18.9 GPa and is, obviously, a high-pressure
remnant of the CaCl,-type cassiterite.

Generally, besides the 633 cm™ prominent bands, small bands at
695.9 £ 2.1 cm! are present. After Figure 7 and Table 4 in Hellwig
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Figure 7: Cassiterite, crystal-III: Raman intensity distribution for the 633 cm™ band in
dependence on the azimuth position of the crystal. The numbers on the left are intensities.
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Figure 8: Cassiterite, crystal-IIl: Raman intensity distribution for the 633 cm™ (red) and
the 832 cm™ (green) bands in dependence on the azimuth position of the crystal. The other
orientation of the 832 cm™ band is good to see. The measured intensities are the numbers
on the right side of the diagram.



Rainer Thomas (2023) The CaCl,-to-Rutile Phase Transition in SnO, from High to Low Pressure in Nature

et al. [5], results for this A]g mode band a pressure of 12.2 GPa and,
according to Girao [6] [Figure 54 and Table 4], a pressure of 13.7 GPa.
For the cassiterite crystal-IIT, we could also determine for the Blg mode
amean of 76.1 + 0.5 cm™ (n = 46). The intensity of this Raman band
is very high. Using Figure 8 in Hellwig et al. [5] results in a pressure
of 10.8 GPa. By some uncertainties (strong asymmetry of this band)
of the soft mode in the CaCl, phase [5], the 76.1 cm™ band can also
represent the CaCl,-type phase. The symmetry is similar to the 446
and 832 cm™ bands.

The band at 448.2 + 0.4 cm™ strongly correlated with the 833 cm!
band (n = 38) (see Figure 5), resulting after Girao [6] only a pressure
of 5.7 GPa. That means the freezing behavior for the different Raman
bands of different SnO, polytypes is not regular.

Discussion

The exceptional Raman band at 832 cm, shown at first by Thomas
[1], can explained, according to Hellwig et al. [5] and Girao [6], as
frozen remnants of high-pressure phases of rutile- and CaCl,-type
cassiterite structures.

Because together with the orthorhombic cassiterite at room
temperature, there are also present high-pressure and high-temperature
indicator minerals, like diamond, moissanite, Ti-carbides, and
kumdykolite [1], the interpretation of the extreme Raman bands
finds his explanation. That means that a part of the cassiterite of the
Ehrenfriedersdorf Sauberg mine comes directly from the mantle
regions. Schiitze et al., [7] came after careful studies to the result that
the Ehrenfriedersdorf granite presents the differentiation products of
subducted altered ocean crust. The proof of high-pressure cassiterite
(with signs up to 18.9 GPa) underlines this interpretation. After a couple
of studies (for example, Thomas and Rericha, 2023) [8], the transport
of high-pressure cassiterite (suspended as solid phases) happens via
supercritical fluids from mantle regions to the crust. We have not
considered the influence of the temperature on the band shift [9].

We found many deposits in the Erzgebirge (Germany) and
the Slavkovsky les (Czech Republic), which prove the presence of
orthorhombic cassiterites. More sophisticated studies on the natural
cassiterite samples are necessary.
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