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Abstract

Unpolarized, (X,Y)-mixed electronic absorption spectra were measured on (001) plates of two natural orthopyroxenes with 24 and 45 mole % ferrosilite and with Ca-content 0.07 atoms pfu, at pressures up to 10.3 and 8.83 GPa, using DAC-techniques.  Polarized spectra could not be obtained as the plane of linearly polarized light is lost due to strain-induced birefringence in the diamond anvils at pressures above 2.5 GPa.

The (X,Y)-mixed electronic spectra exhibit a slightly pressure dependent UV-edge at around 25000 cm-1. There are also two strong bands a and d at ~11000 and ~5000 cm-1, respectively, caused by spin-allowed transitions 5A15A1 and 5B1 of Fe2+ in the highly distorted (M2)O6-polyhedra with site symmetry 1 of the orthopyroxene structure. The corresponding Fe2+(M1) transitions expected to be observed in mixed spectra (Y,Z) of the (100) plates were not found due to their low intensity and smaller energy difference.

Increasing pressure induces two effects in the electronic spectra of Fe2+ in M2-sites: (i) A high energy shift of the two bands a and d, such that the mean energy, representing the crystal field parameter 10Dq, is increasing which indicates local compression of the Fe2+(M2)O6-polyhedra. The shift with pressure is +88 cm-1GPa-1 for band a in the entire pressure range and +210 cm-1GPa-1 up to ~7 GPa or +80 cm-1GPa-1 above that pressure for band d. This indicates a decrease in M2 polyhedral distortion for the Fe2+-centered M2-sites up to ~7 GPa, but nearly unchanged distortion at higher pressures. (ii) This change of distortion is accompanied by a strong reduction of the linear as well as integral intensities in the range of applied pressures, of the two Fe2+(M2) bands to about 70% of the values at ambient conditions. This effect is ascribed to a gradual reduction of the odd crystal field components of Fe2+(M2), i.e. to a gradual development of the polyhedral geometry towards a regular octahedron or – at least – a centrosymmetric one. Distinct breaks in the both dependences, (i) and (ii), at pressures of 6-7 GPa, are interpreted as a change in the compression mechanism of the orthopyroxene structure.
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Introduction

Ferromagnesian pyroxenes are major constituents of the upper Mantle. Therefore, these minerals were subject to many spectroscopic (Mao & Bell 1971; Shankland et al. 1974; Ross & Sowerby 1996, 1999; Taran & Langer 2001) as well as diffraction (Hugh-Jones et al. 1997 and relevant references therein) studies at high pressures and high temperatures. An interesting aspect of the high-pressure behavior of Mg, Fe-pyroxenes is that aside from continuous structural changes phase transitions may occur on pressure even at moderate temperatures. Thus synthetic monoclinic enstatite and ferrosilite undergo a transition P21/c C2/c on pressure (Ross & Sowerby (1999) and relevant citations within) involving a discontinuous reduction of the molar volumes of the pyroxene phases (Angel et al. 1992, Hugh-Jones et al. 1994).

Mao & Bell (1971) obtained high-pressure spectra of polycrystalline orthoferrosilite FeSiO3 at P up to ~9 GPa and performed experiments on a single crystal at pressures to 2.5 GPa. Later on it was found that Pbca ( C2/c phase transition occurs in the FeSiO3 system at P(4.2 GPa (Hugh-Jones et al. 1996). Therefore, one might expect that such transformation should show up the high-pressure spectra of Mao & Bell (1971). However, at room temperature such transition is too sluggish (Hugh-Jones et al. 1996) and, hence, needs longer time than applied in usual DAC-experiments.  Shankland et al. (1974) also investigated high-pressure spectra of single-crystal orthoferrosilite in low-pressure range to ~1.1 GPa. Both Mao & Bell (1971) and Shankland et al. (1974) observed continuous shifts in band energies indicating octahedral compression and a reduction of octahedral distortions in both Fe2+(M1)O6 and Fe2+(M2)O6 octahedra. No discontinuous change on pressure was observed, that might be caused by a phase transition. These results were confirmed for pressures up to about 8 GPa in a high pressure X-ray diffraction and Raman study on natural and synthetic (Mg, Fe)SiO3 orthopyroxene (Hugh-Jones et al. 1997). However, Raman spectra show features which may point to a phase transition PbcaC2/c somewhere between 8.7 GPa and ~9.7 GPa (Hugh-Jones et al. 1997). Ross & Sowerby (1999) obtained high-P electronic absorption spectra of synthetic monoclinic ferrosilite and found continuous octahedral compression for both Fe2+(M1)O6 and Fe2+(M2)O6 up to 4.8 GPa. Other than in the results by Mao and Bell (1971) on orthoferrosilite, no significant change in polyhedral distortion was found in Fe-clinopyroxene. Also, this phase undergoes a P21/c ( C2/c phase transition at ~1.65 GPa (Ross & Sowerby, 1999).
To our knowledge, besides Mao & Bell (1971) and Shankland et al. (1974), who studied synthetic orthoferrosilite single-crystal spectra in relatively low pressure ranges, to ~ 2.5 GPa and ~1.1GPa, respectively, no other high-pressure single-crystal optical absorption spectroscopic studies of orthopyroxenes, natural or synthetic, have been accomplished so far. Energies and splitting of the spin-allowed dd bands originating from electronic 5T2g 5Eg transition of Fe2+ convey information about the dimensions and distortions of the Fe2+-bearing sites in mineral structures (e.g. Langer 1990, Burns 1993). Therefore, the investigation of the pressure dependences of two pairs of spin-allowed absorption bands, caused by Fe2+ in M1 and M2 sites of the orthopyroxene structure (e.g. Runciman et al. 1973), would be most interesting. Therefore, it would be interesting to carry out such investigations and compare the results with those obtained on synthetic ferrosilite (Mao & Bell 1971, Shankland et al. 1974), or synthetic (Mg,Fe)SiO3 clinopyroxenes (Ross & Sowerby 1996, 1999), as well as with the data from high pressure X-ray structural refinements (Hugh-Jones & Angel 1994, Hugh-Jones et al. 1997).

Experimental methods

Two orthopyroxenes were chosen for our work, OPX #1 and OPX #2 with 23 mole % and 45 mole % ferrosilite end member, respectively. Table 1 summarized sources, composition and properties of the crystals studied, as well as orientation
 and thickness of the plates prepared from them.

The orientations of the plates were checked under a polarizing microscope and found to deviate less than 5 from the ones quoted in Tab. 1.

The electronic absorption spectra were recorded by a single-beam microspectrophotometer, which consists of a SpectraPro-275 triple grating monochromator connected to a highly modified MIN-8 polarizing microscope and controlled by PC. Polarized spectra at ambient pressure were measured in the spectral range 29400-4000 cm-1. Unpolarized spectra at high pressures were measured in the range of 28600-5700 cm-1. The spectra were subject to curve fitting process using the program Peakfit 4.0 (Jandel Scientific) and assuming a Gaussian shape for the component absorption bands. The curve fitting procedure was applied for the spectral range 17500-4000 cm-1 only in order to avoid difficulties at fitting of the high-energy absorption edge of rather a complex shape (cf. Figs. 1, 2). As will be seen from Fig. 3, in the spectral range just mentioned the absorption edge can be satisfactorily fitted by a Gaussian function. The uncertainties, 1 esd, in the characteristic band properties are estimated to be (50 cm-1 in case of band positions and full width at half heights, or (5 % in case of intensities, viz. linear or integral absorption coefficient.

To obtain the high-pressure electronic absorption spectra up to 10.3 GPa or 8.83 GPa of the orthopyroxene crystals OPX#1 or OPX#2, respectively, DAC techniques were used as described elsewhere (e.g. Langer 1990). The gasket was machined from hardened steel, 300 m thick with a 300 m diameter bore. A 4:1 mixture of methanol/ethanol served as pressure-transmitting medium. The ruby fluorescence method was used for pressure calibration (Mao et al. 1979). The estimated precision of the pressure determination is (0.18 GPa (Langer et al. 1997).

Using DAC-techniques, polarized high pressure spectra can only be obtained up to about 2.5 GPa, as above such pressures strain-induced birefringence of the diamond anvils rotates the plane of polarization of the radiation (Langer 1990). Because of this, high-pressure electronic absorption spectra can be measured only with unpolarized light. Obviously, such an unpolarized spectrum is a mixture of two polarizations.

Results

Polarized spectra with Eparallel toX (b), Y (a), Z (c) at ambient pressure, on orthopyroxene OPX#1 with 23 mole % of FeSiO3-end member, are displayed in Figure 1. Such polarized spectra correspond in all details to those in the literature (cf. Taran & Langer 2001, Langer & Khomenko 1999 and references therein). The spin-forbidden bands in the range 23000 cm-1-18000 cm-1 are clearly displayed, as is the broad Fe2+-Fe3+ charge-transfer band at 12500 cm-1 in EZ (c) (Steffen et al. 1988). The spin-allowed dd-bands of Fe2+ in M1 and M2 occur below 12000 cm-1 and are assigned as proven by Steffen et al. (1988), namely

~11000 cm-1 (XY
a. Fe(M2) 5A1 5A1

b. Fe(M1) 5B2g 5A1g

~8500 cm-1 (ZY
c. Fe(M1) 5B2g 5B1g
~5000 cm-1 (YZX
d. Fe(M2) 5A1 5B1

The low intensities of the Fe2+(M1)-bands b and c are a consequence of the preference of Fe2+ for the M2-sites and the ordering therein at low temperatures (e.g. Vigro & Hafner 1969, Saxena & Ghose 1971, Domeneghetti & Steffen 1992), as well as a much lower molar absorptivity of Fe2+(M1)-bands comparing to Fe2+(M2) (Burns 1993).

As stated in the previous section, the high pressure spectra are of mixed polarizations above about 2.5 GPa. Due to the low intensity and the polarization properties of the Fe(M1) of bands b and c (cf. Fig. 1), these bands are not discernable in unpolarized spectra measured either on (010), or (100), or (001) sections.  As expected, the two Fe2+(M2)-bands a and d, are strong in X and Y polarizations (Fig. 1). Therefore, unpolarized, mixed (X,Y)-spectra were measured at ambient and high pressures on the (001) plates of both orthopyroxenes.

Energies (() and half-widths (((1/2) of both bands, a and d, are, within the limits of error, found to be the same in both orthopyroxenes. At ambient pressure, position and half-width were evaluated by curve analysis as (=10990, ((1/2=2200 cm-1 (band a) and (=5120 cm-1, ((1/2=1770 cm-1 (band d). Due to the lower iron content of OPX#1 compared to OPX#2 (Tab. 1), the band intensities in the former are significantly smaller. Within the limits of error, the pressure induced behavior of all spectroscopic features is found to be essentially the same in both samples. Hence, Fig. 2 displays spectra at varying pressures for OPX#2 only.

Fig. 2 shows that on increasing pressure, the position of the absorption edge shifts to higher energies, less pronounced at pressures above about 3 GPa, than below ~3 GPa. Intensities and energies of the weak features in the range 23000 cm-1-18000 cm-1, which are undoubtedly caused by spin-forbidden transitions of Fe2+ (Hazen et al. 1978, Zhao et al. 1986), remain unchanged.

The two spin-allowed dd-transitions of Fe2+(M2), a and d, show two prominent changes with pressure (Fig. 2):

(i) high energy shifts and

(ii) an appreciable reduction of band intensities.

These changes are completely reversible and display no appreciable hysteresis.

Fig. 3 shows the result of curve fitting of the spectra of OPX#2 in the range 17500-4000 cm-1, measured at ambient pressure, 10-4 GPa, and 8.83 GPa. As seen from Fig. 3, there is some broadening of band a on pressure. Its half-width, (1/2, changes from ~2200 cm-1 to ~2350 cm-1. The half-width of band d remains, within the experimental error, nearly constant, ~1800 cm-1.

As Fig. 4 shows, effect (i) is linear for band a with +88 cm-1GPa-1. For band d it is also linear but with a break at about 7 GPa.  The slope is near +210 cm-1GPa-1 below and +80 cm-1GPa-1 above this pressure. In consequence, the splitting of the Fe2+(M2) upper 5Eg-state into 5A1+5A2 (see above), E, decreases with increasing pressure up to about 7 GPa, and remains nearly unchanged from about 7 to 10.3 GPa.

The intensities, in terms of linear and integral absorption coefficients, lin[cm-1] and int[cm-2], respectively, are plotted as functions of pressure in Fig. 5. This Figure shows that effect (ii) leads to a reduction in linear intensity by factor 0.74 and 0.70, of bands a and d, respectively, in the pressure range from 10-4 to 8.83 GPa, whereby, linP is higher in the range up to about 6 GPa and lower above that pressure.

Integral intensities int decrease by factors of 0.80 and 0.68, for bands a and d, respectively. Again, int/P is higher in the range up to ~6 GPa and lower above that pressure. Because of line broadening, this effect is less prominent in case of band a comparing to band d.

Discussion

The results (Figs. 4, 5) show that there are two different stages of development of the pressure-induced effects obvious from the orthopyroxene spectra: the first stage takes place at pressures below ca. 7 GPa, where both effects are strong, and the second stage at pressures above 7 GPa, where the effects are significantly weaker. We should notice that this is quite an unusual observation since the electronic spectra of minerals containing transition metal ions usually display smooth monotonic dependencies on pressure unless they are disturbed by pressure-induced phase transitions like that in clinoferrosilite at ~1.65 GPa as found by Ross & Sowerby (1996, 1999).  No phase transition was discovered so far in synthetic or natural intermediate (Fe, Mg)-orthopyroxenes at pressures up to ~9 GPa by XRD (Hugh-Jones et al. 1997) or by Raman spectroscopy (Hugh-Jones et al. 1997, Chopelas 1999). Therefore, the breaks obvious from Figures 4 and 5 are likely caused by some other factor(s) than phase transitions.

As follows from the theory, 5T2g5Eg electronic transition of Fe2+ in crystal field of Oh-symmetry corresponds to the crystal field parameter 10Dq of Fe2+ in the respective structure (e.g. Burns 1993). This quantity strongly depends on the mean Fe2+-ligand distance, viz 10Dq~R-5 (Dunn et al. 1965, cf. Langer 2001). Considering these facts, we conclude that the high energy shift of both bands a and d originating from the spin-allowed dd-transition of Fe2+(M2), is the result of appreciable compression of the Fe2+-centered, strongly distorted polyhedron M2. The energy splitting, E, of the upper 5Eg-state of octahedral Fe2+ is related to the degree of distortion from regular octahedral field (e.g. Burns 1993). For instance, this is the reason of much smaller splitting,   E2360 cm-1, between bands b and c, originating from Fe2+ in slightly distorted (M1)O6, as compared to E5640 cm-1 between bands a and d, originating from Fe2+ in strongly distorted (M2)O6 at ambient pressure. The distinct change in slope of ν=f(P)-dependence for band d at ~7 GPa (Fig. 4), indicates that at the first stage (P<7 GPa) the distortion of the Fe2+-centered (M2)O6-polyhedra decreases, while at the second stage of compression (P>7 GPa) it remains nearly unchanged.

Unfortunately, the pressure dependence of the low symmetry splitting of the Fe2+ states originating from the ground state in regular field, 5T2g, is not known. Hence, the exact local Fe2+(M2)O6-compressibility can not be determined from the observed blue shifts, as it could be done for octahedra, centered by Cr3+ with non-degenerated ground state, in various oxygen-based structures (Langer et al. 1997). However, it can be approximately evaluated from barycenters of bands a and d, ignoring the splitting of the ground 5T2g-state. This yields a local octahedral modulus of k(M2)loc= 98±12 GPa and 209±89 GPa at a compressing from 10-4 to 6.81 GPa and from 6.81 to 10.3 GPa, respectively. Note, that the former value, k(M2)loc=98±12 GPa, is consistent with that of 9015 GPa, calculated from appropriate data of X-ray high-pressure structural refinement on synthetic (En60)-orthopyroxene, obtained at pressures of 10-4 GPa and 7.5 GPa (Hugh-Jones et al., 1997, Tab. 3a).

Our data indicate that at the first stage of the compression, at P<7 GPa, two effects occur on pressure: shortening of Fe-O bonds and decrease of distortion of the Fe2+(M2)O6-octahedra. The latter gives additional contribution to the decrease of the mean octahedral Fe-O bond length due to stronger compression of M2-O3 distances which are exceptionally long at ambient pressure (Hugh-Jones et al. 1997). At the second stage (P(7 GPa), the mechanism of the structure compression is somewhat different: there is further shortening of Fe-O bonds but the distortion of the Fe2+(M2)O6-octahedra changes much less than before. Therefore, as evident from our data, at ~7 GPa the compression mechanism of orthopyroxene changes. These deductions are in a good consistency with results of high-pressure X-ray diffraction structural refinements of orthopyroxenes. Indeed, a distinct discontinuity in volume vs. pressure dependence, found by Angel & Hugh-Jones (1994) and Hugh-Jones & Angel (1994) in synthetic orthoenstatite at ~4 GPa, demonstrates that orthoenstatite does undergo a change of compression mechanism around this pressure. Chai et al. (1997) also found slight discontinuities in elastic constants vs. pressure between 4 and 6 GPa in natural orthopyroxene, which provide support to the above mentioned data of Angel & Hugh-Jones (1994) and Hugh-Jones & Angel (1994). Hugh-Jones et al. (1997) and Chopelas (1999) found a change in the pressure dependence of the frequencies, ((/((, of most of the bands in the Raman spectra of synthetic orthoenstatite MgSiO3 between 3.5 and 6 GPa, also indicating that the compression mechanism changes in this pressure range. Hugh-Jones & Angel (1994) found that at low pressures the bulk compression is caused by increasing tilting of the essentially rigid interconnected SiO4 tetrahedra. This change in tilting is related to compression of the M2 and M1 octahedra, which are shared with the apical O1-atoms of the tetrahedra. At high pressures, the compression of SiO4-tetrahedra becomes significant while their shape remains almost unchanged. Note that the effect of pressure on the M2-O bond is stronger with higher Fe-contents on M2 (Hugh-Jones et al. 1997). Strange enough, these authors did not find pressure effects comparable to those observed here in the natural orthopyroxene. They explain this by the presence of Ca2+ (0.006 apfu) and Al3+ (0.03 apfu) in the sample studied. However, in the two natural orthopyroxenes investigated in the present study, Al and Ca contents (Tab. 1) are comparable with those in the sample of Hugh-Jones et al. (1997). Nevertheless, the high-pressure electronic spectra prove that in our pyroxenes both a considerable compression and a decrease of distortion of the Fe2+(M2)-octahedra are distinct.

The observed effect (ii), i. e. the weakening of a and d band with pressure is another confirmation of significant decrease of distortion of Fe2+(M2)O6-octahedra under hydrostatic compression. Note that the intensity of spin-allowed single-ion dd-bands of 3dN-ions usually does not significantly change with pressure. For instance, Langer et al. (1997) and Taran & Langer (2000) did not find noticeable pressure-induced changes in intensity of spin-allowed of octahedral Cr3+ as well as spin-forbidden dd-bands of Fe3+ in a number of oxygen-based minerals. Such changes were so far only found in the case of exchange-coupled Fe2+Fe3+ pairs (Taran et al. 1996) and in the case of spin-allowed bands of eight-coordinated Co2+ in synthetic garnets (Taran et al. 2002). In this latter case, intensities increase with pressure, which was explained as the result of increasing spin-orbit coupling on pressure in the heavier 3dN-ions.

In case of orthopyroxene we can regard the decrease of the band intensities as a result of decrease in distortion of Fe2+(M2)O6 polyhedra on pressure, which diminishes the odd components of the crystal field of Fe2+(M2) (cf. Taran et al. 1994). The change of the polyhedral shape should be regarded in this case as a gradual approach of the geometry of the M2-polyhedron to a regular octahedron in which the Laporte selection rule of dd-transitions is not symmetry relaxed and, therefore, related band intensities become much weaker than in non-centrosymmetric field. We should emphasize that this is the first case where a strong intensity decrease of spin-allowed transitions caused by decreasing distortion on pressure, is evident. The effect needs broader and more detailed study as well as quantification. This is not easy, as the change in geometry must be known locally, i.e. for 3dN-ion centered polyhedra themselves (cf. e.g. Langer 2001).

Two-stage development of the pressure induced weakening of a and d bands, strong at the first stage (P<~6 GPa), where the change of distortion is especially profound (see above), and much smaller at the second stage (P>6 GPa), where distortion of Fe2+(M2)O6-octahedra changes much less, confirms the idea of changing compression mechanism in orthopyroxene.

In the end we would like to emphasize that Hugh-Jones & Angel (1994) found “…somewhat surprising that … compression of the Mg octahedra occurs in a continuous manner, with no apparent discontinuity in either the rate of bond shortening or polyhedral compression…”. Our results on high-pressure electronic absorption spectroscopy show a distinct break in rate of bond shortening and polyhedral compression of Fe2+-bearing M2 octahedra. Even more, we also see a profound change in the distortion dependence on pressure of the Fe2+(M2)O6-octahedra, as expected from the proposed model.  Our results suggest that the addition of Ca to the orthopyroxene structure does not suppress the change in compression mechanism, but merely increases the pressure at which this occurs from 4GPa observed in synthetic Ca-free samples (Hugh-Jones et al. 1997) to about 6 GPa in the samples studied here.
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Figure Captions.

Fig. 1. Polarized spectra of natural orthopyroxene OPX#1 at ambient pressure measured on plates (010) for E||Y and ||Z, and on (100) for E||X.

Fig. 2. Unpolarized spectra of orthopyroxene OPX#2, plate (001) at four different pressures. The thickness of the sample slice is ~30 m.

Fig. 3. Results of the curve fitting of the electronic spectra of pyroxene OPX#2, measured (a) at ambient pressure, 10-4 GPa, and (b) at 8.83 GPa. The shape of the background and bands a and d are modeled as Gaussians.

Fig. 4. Energies of the 5A1 5A1 and 5A1 5B1 transitions of Fe2+(M2) as a function of pressure. These transitions originate from splitting of the excited 5Eg-state under regular octahedral crystal field at the low symmetry high distortion of Opx M(2). Data from (X,Y) high-pressure spectra recorded on the (001) plate of OPX#1.

Fig. 5. Intensities of the 5A1 5A1 and 5A1 5B1 bands of Fe2+(M2) as a function of pressure. The intensities are given in terms of linear or integral absorption coefficients, lin [cm-1] in part a and int [cm-2] in part b, respectively.

Table 1. Orthopyroxene crystals studied

	Crystal
	OPX#1
	OPX#2

	
Source

Appearance
	Volcanic tuffs of Trans-Carpathian area, Ukraine1

Prismatic crystal, ca. 2 mm long and 1mm thick, optically clean, no cracks or inclusions
	Orthopyroxene concentrate 5-70 from charnocite, Ukrainian shield2
Prismatic fragment, ca. 0.5 mm long, optically clean, no cracks or inclusions

	Chemical composition

[atoms pfu]
	Si1.97
Al0.03


	the total 2.00[4]
	Si1.93
Al0.07
	the total 2.00[4]


	
	Ti0.01
Al0.03
Fe3+0.01
Fe2+0.46
Mn2+0.01

Mg1.41
Ca0.07
	the total 1.98[6]
	Ti0.01
Al0.03
Fe3+0.05
Fe2+0.89
Mn2+0.01

Mg1.00
Ca0.01
	the total 2.00[6]

	Orientations and thickness of plates prepared
	1. ||(010), 150 m

2. ||(100), 150 m

3. ||(001), 50 m
	1. ||(001), 30 m



1Kvasnytsya & Krochuk (1992). 2V. Kurepin (personal communication).  The crystallochemical formulae were obtained by these authors from their wet chemical analyses.
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Fig. 1. Polarized spectra of natural orthopyroxene OPX#1 at ambient pressure measured on plates (010) for E||Y and ||Z, and on (100) for E||X.
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Fig. 2. Unpolarized spectra of orthopyroxene OPX#2, plate (001) at four different pressures. The thickness of the sample slice is ~30 m.
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Fig. 3. Results of the curve fitting of the electronic spectra of pyroxene OPX#2, measured (a) at ambient pressure, 10-4 GPa, and (b) at 8.83 GPa. The shape of the background and bands a and d are modeled as Gaussians.
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Fig. 4. Energies of the 5A1 5A1 and 5A1 5B1 transitions of Fe2+(M2) as a function of pressure. These transitions originate from splitting of the excited 5Eg-state under regular octahedral crystal field at the low symmetry high distortion of Opx M(2). Data from (X,Y) high-pressure spectra recorded on the (001) plate of OPX#1.
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Fig. 5. Intensities of the 5A1 5A1 and 5A1 5B1 bands of Fe2+(M2) as a function of pressure. The intensities are given in terms of linear or integral absorption coefficients, lin [cm-1] in part a and int [cm-2] in part b, respectively.

� Published polarized spectra of Mg, Fe2+-orthopyroxenes (e.g. Runciman et al. 1973, Khomenko & Langer 1999, Taran & Langer 2000) show the ab-plane to be the highly preferable orientation for recording the two spin-allowed bands of Fe2+(M2) in unpolarized light used at high-pressure spectroscopic measurements. However, because of the good cleavage |(210) it is difficult to prepare polished self-supporting ab-sections of orthopyroxene, thin enough  for the high-pressure experiments (0.03-0-05 mm). By many attempts, using hardened epoxy resin as a fixing material and diamond pastes of various granularities for polishing, two self-supporting ab-plates of rhombic shape of ca. 0.1×0.1 mm size could be prepared by grinding and polishing crystals and crystal fragments oriented with respect of their morphology, considering and using the preferential cleavage || (100) (Tab. 1).
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