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ABSTRACT

Microscopic techniques, such as polarising microscopy and scanning electron microscopy with energy dispersive
spectrometer (SEM/EDS), were used in combination with petrographic image analysis with the aim of a quantitative
determination of the mineral composition, rock microstructure, and degree of metamorphism of selected quartz-rich
metamorphic rock types. Sampled orthogneiss rock types are mainly composed of feldspar, quartz, biotite, and amphibole.
The grains are less isometric, elongated, having smooth boundaries, and showing a weak preferential orientation. The
deformation and recrystallization characteristics of quartz indicate high-temperature recrystallization (the grain boundary
migration recrystallization mechanism). Schist and phyllite rock types are preferentially very-fine to fine-grained, showing a
strong shape preferred orientation. Their sedimentary origin was indicated by the presence of graphite. The deformation and
recrystallization characteristics of the quartz indicate low temperature conditions of their metamorphism.

KEYWORDS: metamorphic rock, texture, structure, microscopy, kinematic indicators

INTRODUCTION

Metamorphic rock types are classified as
“...originally either igneous or sedimentary, but their

The combination of polarising microscopy along
with image analysis makes it possible to determine the
mineral composition, as well as the microstructural

character has been changed by processes operating
below the surface of the Earth. The constituent
minerals of the rocks may be changed, or the shapes,
sizes and mutual spatial relationship of the crystals
may change. There are a variety of processes
involved, and they are collectively described by the
term metamorphism.” (Mason, 1990). Metamorphic
rocks are classified according to their source rock
type, structure, microstructure and  mineral
composition (see more in the principles of the ITUGS
scheme for Classification of Igneous Rocks and the
pending IUGS classification scheme for metamorphic
rocks; Le Maitre et al, 1989; Robertson, 1999).
Mineral composition is a parameter that reflects the
proportions of the individual minerals within the rock.
Rock structure represents all of the macroscopically
visible characteristics such as foliation, lineation,
folding, and faulting (Spry, 1969; McPhie et al., 1993;
Bucher and Frey, 1994). Microstructure comprises the
geometrical parameters of rock-forming minerals such
as grain size, grain shape, and spatial arrangement of
minerals visible in micro-scale (Vernon, 2004). Most
of the parameters mentioned above are commonly
described  qualitatively, = employing  polarising
microscopy.

parameters quantitatively (e.g., Heilbronner, 2000;
Trékova et al., 2008), which increases the objectivity
and accuracy of the microscopic description. Fully-
automatic image analysis distinguishes objects from
the background according to their colour differences
(e.g., Ehrlich et al., 1991). During semi-automatic
image analysis, objects are captured by the operator
(e.g., Siegesmund et al., 1994; Ptikryl, 2006).

This paper aims to: (1) quantify the mineral
composition and microstructure (grain size, and
grain shape) of variol quartz-rich metamorphic rock
types; as well as (2) apply these parameters in the
interpretation of the tectonic history of the
investigated rocks. The metamorphic conditions of
the investigated samples were estimated based
on the mineral assemblages, quartz deformation,
and recrystallization characteristics. From the
methodological point of view, the reliability of
the application of petrographic image analysis has
been verified.

EXPERIMENTAL
SAMPLING

The samples were selected based on the
following criteria: (1) quartz represents the principal
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Fig.1 Schematic geologic map of NE part of Bohemian massif with the position of

quarries (accepted from Svoboda et al., 1964, modified). A — 15.1, B - 18.1,
C - 18.2, D - 18.3, 1-2 — Zulova complex and its surroundings, 3 — Orlica-
Snieznik dome, 4 — Staré M¢ésto belt, 5 — Velké Vrbno unit, 6 — Keprnik
dome, 7-8- Desna dome, 9 — Brann4 unit, 10 — Cervena hora unit, 11 —
Rejviz area, 12-13 HrabiSin area, 14 — Jesenik amphibolite complex, 15 —
Sobotin amphibolite complex, 16 — Andélska hora area, 17 — Zabteh area,
18 — hornomoravsky tval, 19 — Quaternary sediments.

compound; (2) quartz shows different deformation
and recrystallization characteristics; (3) minerals
indicating a degree of metamorphism are included.
The rock types were sampled from quarries
located in the Czech Republic (Orlica-Snieznik dome

and Silesian domain, see Figure 1), as well as in
Sweden (Svecofennian province, see Figure 2). Only
one sample was taken from a natural outcrop (Sample
No. 15-1) previously investigated as a potential arca
for a new quarry (Puda and Urbanek, 1972).
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Fig. 2 Schematic geologic map of Northern part of Svecofennian province (Sweden) with
the position of quarries (accepted from Lundqvist, 1979; Rutland et al., 2001;
modified). A — 04-1, B—07-2, C— 11-1, 4 — Svecofennian province (= Svecokarelian
orogenic belt) including post-orogenic and anorogenic complexes, 4A — Gotaland and
Svealand, 4B — Southern Norrland, 4C — Visterbotten Country and southernmost
Norrbotten Country, 4D — Norrbotten Country, Cal. — Caledonides.

The Orlica-Snieznik dome and the Silesian
domain form the NE portion of the Bohemian Massif.
The Orlica-Snieznik dome is generally composed of
medium to high-grade gneisses (“Snieznik gneiss”),
schist, and granitoids of Cambro-Ordovician age (480
- 520 MA; Don et al., 1990; Oliver et al., 1993; in
Stipska et al., 2001). The high-grade gneisses contain
boudines of eclogites and granulites, indicating
metamorphic conditions of 18 - 25 kbar and 800 —
900 °C (Kryza and Pin, 2010). “Snieznik gneiss”

(Sample No. 15-1, sampled from natural outcrop close
to the Raci potok) could be macroscopically described
as a medium to coarse-grained, grey to red
granoblastic gneiss with a weak foliation composed of
K-feldspar, quartz, albite, apatite, titanite, and
hornblende (Ondra and Potmésil, 1965).

The Silesian domain (subdivided into the Staré
Megésto belt, Velké Vrbno unit, Desna dome, and
Keprnik dome regional geological units, see Figure 1)
is characterized by various metamorphic rocks
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Table 1 List of samples, including their geologic characterisations. (*) - rock type indicated by previous
investigation (Lundqvist et al., 197?; Sitavanc and Soucek, 1986; Novak et al., 1988; Zimak and
Novotny, 2000; Rutland et al., 2001; Stipska et al., 2001).

Sample  Quarry / . . Regional geological Geological "
No. outcrop Geological unit Area unit sub-unit Rock type (*)
15-1 Radi tdoli Bohem.lan Lugicum Orlica-Snieznik Vilémovice orthogneiss

Massif dome area
18-1 Branna Bohem} an Moravo-Silesian Silesian Branna area phyllite
Massif
Bohutin- Bohemian o L Keprnik . .
18-2 Zbové Massif Moravo-Silesian Silesian dome hybrid gneiss
18-3 Krésne u Bohem.lan Moravo-Silesian Silesian Desna dome schist
Sumperka Massif
04-1 Stoningsber Fennoscandia Svecof@nman Visterbotten orthogneiss
get (Umea) province Country
07-2 Orrberget Fennoscandia Svecofgznman Visterbotten orthogneiss
(Vannas) province Country
11-1 Getberget Fennoscandia Svecofgznman Southern Norrland schist
province

including orthogneiss, paragneiss, schist, amphibolite,
and mylonite. Its metamorphic history is
comprised of Barrovian-type metamorphism (ranging
from a chlorite zone in the east to a kyanite zone in
the west) and by later HT-LP metamorphism (Stipské
et al., 2001). The samples were taken near to villages
of Branna (Sample No. 18-1), Bohutin (Sample
No. 18-2), and Hrabé&sice (Sample No. 18-3).

The Svecofennian province comprises those
Precambrian regions in which a significant portion of
the bedrock was affected by Svecofennian folding and
metamorphism, or was formed in close association
with these orogenic events (1750 - 1900 Ma). The
region was predominantly —metamorphosed to
greenschist and amphibolite facies (Lundqvist, 1979;
Claesson and Lundqvist, 1995; Sandstrom et al.,
2009). Three selected samples were taken from
Southern Norrland (Sample No. 11-1) and
Visterbotten province (Samples No. 04-1 and 07-2,
see Table 1).

Metamorphic rocks are well known for their
variable microstructure with respect to the degree of
foliation. Two oriented samples were taken from each
quarry (or outcrop): one perpendicular to the foliation
(a), and one parallel to the foliation (b), with an aim to
better characterise the samples.

POLARISING MICROSCOPY

The polarising microscopy served for the basic
description of the thin sections, including the (1)
description of the rock microstructure, and (2)

identification of the primary minerals, as well as their
alteration and deformation characteristics. A Leica
DMLP polarising microscope (Optical Laboratory of
the Institute of Geochemistry, Mineralogy, and
Mineral Resources) was employed. A series of
microphotographs were taken (using an Olympus
digital camera), which later served for the
petrographic image analysis.

SEM/EDS

Scanning electron microscopy with energy
diffraction analysis (SEM/EDS analysis) was
conducted at the Laboratory of Electron Microscopy
and Microanalysis (Laboratories of the Geological
Institutes, Faculty of Science, Charles University in
Prague). The measurements were carried out using a
Cambridge Cam Scan S4 with an energy dispersive
analytical system (Oxford Instruments LINK ISIS
300) under the following conditions: beam current of
3 nA, and an accelerating voltage of 20 kV. A 53
Minerals Standard set #02753-AB (SPI Supplies) was
used for the routine quantitative calibration. The
SEM/EDS analysis facilitated identification of the
mineral composition of very fine grained minerals.

PETROGRAPHIC IMAGE ANALYSIS

The semi-automatic image analysis consisted of
the following steps: (1) image acquisition, which
refers to the selection of a measured area within the
thin sections (the size of the analysed area is
controlled by the average grain size; at least 400



MICROSTRUCTURE OF SELECTED METAMORPHIC ROCK TYPES — APPLICATION ... 435

Table 2 Parameters measured using petrographic image analysis. Q - quartz, F - feldspar, M - mica. * -
definitions accepted from SigmaScanPro 5 software (Systat Software Inc., 2010).

* Area reports the area for the selected object.

Mineral composition reflects the proportions of individual minerals in the
rock calculated as total area of individual mineral divided by total area of
the rock (e.g., mineral composition = Q (40%), F (40%), M (20%); Q =
ZAQ/ Y Ator; F =2 Ar/Y Aror; M =Y Aw/Y Aror)).

Equivalent diameter is calculated as a diameter of circle, which has the
same area (A) as measured object - Degyiv = (4 X A/ 1)"? (Petruk, 1986)

* Major axis of the object (defined by the two most distant points on the
object) reports the length of the axis.

* Minor axis of the object (defined by the two most distant points on the
object that creates a line perpendicular to the major axis) reports the length

* Major axis slope is defined as the slope of major axis of the object
(defined by the two most distant points on the object).

* Minor axis slope is defined as the slope of minor axis of the object
(defined by the two most distant points on the object that creates a line
perpendicular to the major axis).

Shape preferred orientation of investigated samples indicates spatial
arrangement of individual grains in respect to the horizontal axes of the thin
sections. It is measured by the slope of major axis of individual grains,
which means the angle between the major axis and horizontal axis of the
digital images (e.g., Zhang et al., 2002).

* The measurement account perimeter by approximating the vertical,
horizontal and diagonal components of the object's true perimeter. The
larger the object (in pixels), the more accurate the perimeter calculation will

Grain elipticity reflects the ratio between the minor and major axis lengths.
Minor-to-major axis ratio close to 1 indicates isometric grains. Minor-to-
major axis ratio close to 0 indicates elongated grains (Ptikryl, 2006).

* Shape factor indicates circularity of investigated object (resp. grains).
Ideal circle shows a shape parameter 1, objects with elongated or irregular
shape show a shape factor close to 0 (Howarth & Rowlands, 1987). SF =4

Calculated from perimeter (P) divided by area (A) (e.g., del Amo & Perez,

Parameter Unit  Definition
ixels,
Area (A) pn);mz
Mineral composition %
Equivalent diameter pixels,
mm
Major axis length pixels,
mm
Minor axis length plrzfrlls,
of the axis.
Major axis slope -
Minor axis slope -
Shape preferred
orientation -
Perimeter (P) pixels,
mm
be.
Grain elipticity -
Shape factor (SF) -
xmxA/P.
. mm/
Specific surface m? 2001).

grains are measured); (2) image digitising, which
refers to the step in which selected area of the thin
section is photo-documented using a digital camera;
(3) image pre-processing, which includes the step in
which the images are graphically modified, with the
object to increase the contrast between the measured
objects and the background by image analysis, as well
as to prepare an accurate “map” of the minerals; (4)
image measurement, where the image analysis
software was employed and selected parameters (e.g.,

area) are measured; and (5) the data analysis. More
details connected with petrographic image analysis
can be studied elsewhere (e.g., Piikryl, 2006;
Lukschova et al., 2009).

The process of image analysis is semi-automatic.
Thus, the difference between the objects measured,
differences between objects and the background, as
well as the objects’ characterisation are controlled by
the operator. The following parameters were evaluated
using petrographic image analysis: area, major and
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Fig.3 Parameters measured by petrographic image analysis. 1 — area, 2
— perimeter, 3 — major axis length, 4 — minor axis length, 5 —
smoothless, o - major axis slope, B - minor axis slope (o + 8 =
90°).

Table 3 Mineral composition of the investigated rock types (all values in vol.%). Q - quartz, F - feldspar (° -
plagioclase > K-feldspar), M - mica (the primary mica mineral is indicated: ™ - muscovite, ™ - biotite, *
- sericite, ' - chlorite), A - amphibole, C — calcite, NI - not identified by use of polarising microscopy,
SEM/EDS - minerals analysed employing SEM/EDS method, n.a. - not analysed, b.d.l. - below
definition limit (1.0 %).

Sample Accessory m.

No, Q F M A NI (SEM/EDS) (SEM/EDS) Tot.
04-1a 37.25 38.79° 23.96" n.a. n.a. apatite, titanite 100
04-1b 38.02  38.35° 23.62" n.a. n.a. apatite, titanite 100
07-2a 2210 5833" 110" 848 n.a. ilmenite, rutile, 100

apatite, allanite
07-2b 2128  68.62° 3.82% 628 n.a. ilmenite, rutile, 100
apatite, allanite
15-1a 3212 54.48° 573 768 na. ilmenite, apatite, 100
titanite
15-1b 3454 5118 633 7.95 n.a. ilmenite, apatite, 100
titanite
titanite, Fe-
18-1a 15.63 n.a. 16.16° na. 68.21(C,Q,F, M) oxyhydroxides, 100

organic matter
titanite, Fe-
18-1b 17.45 n.a. 17.88%* na. 64.67 (C, Q,F,M) oxyhydroxides, 100
organic matter

18-2a 36.36 4247 5.56m n.a. 15.62 (Q,F,M) ilmenite, apatite, rutile 100

18-2b 37.89 4344 4.69me* n.a. 13.98 (Q,F,M) ilmenite, apatite, rutile 100

ilmenite, organic

11-la 1865 na. 14.53™°  na.  66.82(Q,F, M) o 100

11-1b 2258  na 17.90™  na.  59.52(Q,F, M) ilmenite, organic 100
matter

1832 30.19  30.10  1597™°™ na  23.73(Q,F,M) ilmenite, apatite 100

18-3b 34.14 3036 14.97™*  na. 20.53 (Q,F, M) ilmenite, apatite 100
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Table 4 Average values (Av.) and standard mean deviation (SMD) of equivalent diameter, shape factor (SF),

grain elipticity and specific surface.

Sample No. Equivalent diameter SF G. elipticity ~ Specific surface

Av. (mm) SMD Av. Av. Av. (mm/mm?)
04-1a 0.24 0.14 0.60 0.57 27.23
04-1b 0.24 0.11 0.53 0.47 29.82
07-2a 0.33 0.20 0.56 0.57 20.52
07-2b 0.39 0.24 0.55 0.56 21.63
15-1a 0.28 0.17 0.59 0.60 27.85
15-1b 0.28 0.15 0.56 0.55 28.31
18-1a 0.02 0.00 0.66 0.73 170.19
18-1b 0.02 0.00 0.61 0.65 171.79
18-2a 0.05 0.01 0.61 0.75 103.56
18-2b 0.05 0.01 0.56 0.68 106.98
11-1a 0.05 0.03 0.65 0.72 149.79
11-1b 0.07 0.03 0.64 0.61 157.79
18-3a 0.05 0.11 0.62 0.65 149.33
18-3b 0.10 0.13 0.62 0.59 152.18

minor axis lengths, major and minor axis slopes, = Three groups of samples were distinguished,

perimeter, and shape factor. The definitions of the
individual parameters are illustrated in Figure 3 and
explained in Table 2.

RESULTS
MINERAL COMPOSITION

Feldspar (mainly Na-rich plagioclase and K-
feldspar), quartz, and mica (muscovite, biotite,
muscovite, and chlorite) are the most common
minerals in the samples investigated. Amphibole was
observed in only two samples (Samples No. 07-2 and
15-1). Minerals forming very small grains were not
quantitatively distinguished, due to the restricted
magnification and resolution of the polarising
microscope (see column “NI” in Table 3). These
minerals, analysed only qualitatively utilizing
SEM/EDS, were mostly composed of quartz, feldspar
(K-feldspar > plagioclase), and mica (muscovite,
biotite, sericite, chlorite). Very fine grained calcite
was observed only in sample No. 18-1.

The accessory minerals (< 1.0 vol. %) were
investigated employing both polarising microscopy
and the SEM/EDS method. The most common were
apatite, titanite, ilmenite, rutile, and Fe-oxyhydroxides
(forming very small grains (inclusions) of < 0.05 um
diameter). Graphite was observed only in one sample
(Sample No. 18-1) dispersed in a fine-grained matrix.

GRAIN SIZE

The average values of equivalent diameter
(Dequiv) vary between 0.02 and 0.39 mm (Table 4).

according to the diameter (classification of grain size
accepted from Robertson, 1999):

e very fine-grained samples - grain sizes less than
0.032 (Sample No. 18-1);

e fine-grained samples - grain sizes between 0.032
and 0.25 (Samples No. 18-2, 18-3,
11-1, and 04-1);

e medium-grained samples - grain sizes greater
than 0.25 (Samples No. 07-2 and 15-1).

The grain size variability (resp. standard mean
deviation of equivalent diameter, SMD) enables one
to distinguish even-grained samples from uneven-
grained ones. Samples with SMD=~0 (Samples No. 18-
1, 18-2, and 11-1) are classified as even-grained.
Another five samples indicating a high SMD were
classified as uneven-grained (Table 4).

GRAIN SHAPE PARAMETERS

A grain shape was characterised by shape factor
(SF) and by grain elipticity (Table 4). The samples
show small difference in SF. The SF of most of the
samples varies between 0.5 and 0.6. The highest shape
factor was found in connection with samples No. 18-
1, 18-2, 18-3 and 11-1 (SF > 0.6).

The average values of grain elipticity vary
between 0.47 - 0.60. Average values reaching 0.7 are
less common typical of samples with more elongated
grains (e.g. Samples No. 18-1, 18-2 and 11-1).

Different values of SF and grain elipticity were
found between samples parallel and perpendicular to
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Fig. 4 Rose diagrams indicating shape preferred orientation.

(b)

Fig. 5 Fabric elements that define foliations. In each case the foliation is parallel to the top of the block. (a)
compositional banding; (b) parallel discontinuities; (c) elongate mineral grains; (d) inequant mineral
grains (accepted from Twiss and Moores, 1992, modified).

the foliation. It is suggested dependence between
existence of foliation and mineral arrangement within
the rock. Elongated grains are arranged by their longer
axis in the same direction which creates rock structure
macroscopically observed as foliation (see Figure 5,
Part c¢; Twiss and Moores 1992). Samples (thin
sections, t.s.”b” in Figure 5) parallel to foliation
contain more irregular (resp. more elongated) grains.
Samples (thin sections, t.s.”a” in Figure 5)
perpendicular to foliation contain more circle-like
grains.

SHAPE PREFERRED ORIENTATION

The shape preferred orientation was calculated
from the major axis slope, and graphically illustrated
using rose diagrams (see Figure 4). Samples No. 18-1,
18-2, 18-3, 11-1, and partially Sample No. 04-1 (“b”
samples - parallel to foliation) showed the most
intensive shape preferred orientation in the
subhorizontal direction of rose diagrams (paralell to
the foliation). The shape preferred orientation of the
other three samples is less obvious. The strongest
shape preferred orientation is obvious with mica
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Table 5 Deformation-recrystallization characteristics (DRC) of quartz. Q-pe - quartz with patchy extinction, Q-
ue - quartz with undulose extinction, Q-sb - quartz with serrated boundaries, Q-BLG - quartz with
bulging recrystallization, Q-SGR - quartz with subgrain rotation recrystallization, Q-GBM - quartz with

grain boundary migration recrystallization.

Sample No. DRC of quartz Sample No. DRC of quartz
04-1a Q-pe, Q-GBM 18-2a Q-BLG, Q-SGR
04-1b Q-pe, Q-GBM 18-2b Q-BLG, Q-SGR
07-2a Q-ue, Q-GBM 11-1a Q-pe, Q-sb
07-2b Q-ue, Q-GBM 11-1b Q-pe, Q-sb
15-1a Q-GBM, Q-sb 18-3a Q-BLG, Q-SGR
15-1b Q-GBM, Q-sb 18-3b Q-BLG, Q-SGR
18-1a Q-sb, Q-BLG
18-1b Q-sb, Q-BLG

grains, due to their flaky habitus. Less visible is the
shape preferred orientation of quartz and feldspar,
which is mainly caused by an allotriomorphic habitus
(in the case of quartz), and alteration (sericitisation of
feldspars).

SPECIFIC SURFACE

A high specific surface indicates a high number
of boundaries between the individual grains. The
highest specific surface values were calculated for
Samples No. 18-1, 18-2, 18-3, and 11-1 (see Table 4).
These samples are characterised by very small grain
size (equivalent diameter varying between 0.01 and
0.05 mm), which essentially increases the specific
surface. The second group of samples (Samples No.
04-1, 07-2, and 15-1) show a specific surface three to
five times lower (mainly affected by increasing grain
sizes from 0.24 to 0.39 mm).

STRUCTURAL AND MINERAL INHOMOGENEITIES

Veins and porphyric clasts are very rare
components, representing structural and mineral
inhomogeneities in the investigated samples. The
veins (see Figure 6, Part A, B) were observed cutting
some gneiss samples (Samples No. 15-1, and 18-2) in
a direction perpendicular (or almost perpendicular) to
the rock foliation. They are, at maximum, 50 to 100
pm wide and mainly composed of calcite and chlorite.
Some calcite veins were found to be surrounded by
rims rich in Fe-oxyhydroxides and sericite.

Porphyric clasts, observed in phyllite (Sample
No. 18-1) and gneiss (Sample No. 18-2), are mainly
composed of quartz (resp. quartz-feldspar) aggregate
(see Figure 6, Part C, D). The equivalent diameter of
the porphyric clasts exceeds 20x to 100x the average
diameter of the samples. The shape preferred

orientation of the porphyric clasts does not correlate
with the foliation or the shape preferred orientation of
the complete sample.

DEFORMATION AND RECRYSTALLIZATION
CHARACTERISTICS OF QUARTZ

Special attention was paid to the deformation
and recrystallization characteristics (DRC) of quartz
in the investigated samples. The DRC were classified
according to Drury and Urai (1990), Hirth and Tullis
(1992), and Stipp et al. (2002).

Six different types of quartz were distinguished
in the aggregates with respect to their microstructure,
deformation, and recrystallization: quartz with
undulose extinction (Q-ue), quartz with patchy
extinction (Q-pe), quartz with serrated boundaries (Q-
sb), quartz with bulging recrystallization (Q-BLG),
quartz with subgrain rotation recrystallization (Q-
SGR), and quartz with grain boundary
recrystallization (Q-GBM) (see Table 5 and Figure 7).
Quartz with patchy extinction, serrated boundaries,
and/or quartz recrystallized by the bulging
recrystallization mechanism are typical of low-
temperature conditions. Quartz recrystallized by the
subgrain rotation mechanism is typical of medium
temperature conditions, and quartz recrystallized by
the grain boundary migration mechanism is typical of
high temperature conditions (Stipp et al., 2002).

DISCUSSION

PETROGRAPHIC CHARACTERIZATION OF ROCK
TYPES

Based on the mineral composition and
microstructure, the samples were classified as phyllite,
orthogneiss, or schist. Phyllite (Sample No. 18-1) was
distinguished consistent with very small grain size,
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regular (resp. circle-like) grain shape, and significant
shape preferred orientation. Graphite indicate its
sedimentary origin. The sample can be classified as
calcite-rich phyllite based on the high content of
calcite in fine-grained matrix. Schists (Samples No.
11-1 and 18-3) are strongly foliated, fine grained,
containing weakly elongated grains. Low to medium
temperature conditions of metamorphism are indicated
by the deformation and  recrystallization
characteristics of quartz, and by significant amounts
of sericite, muscovite, and/or biotite. The sedimentary
origin and later metamorphism of both phyllite and
schists samples has been confirmed by previous
structural and tectonic studies (e.g., Sitavanc and
Soucek, 1986; Novak et al., 1988).

Orthogneisses (Samples No. 04-1, 07-2, and
15-1) show fine to medium grain sizes, with more
elongated shapes of the individual grains. The shape
preferred orientation is less visible. Plagioclase is
more common than K-feldspar. Medium to high
temperature conditions affecting orthogneisses are
indicated by grain boundary migration
recrystallization, visible in quartz grains and by the
presence of biotite and/or amphibole. The origin of
orthogneisses was explained by the metamorphism of
granitic rock types (e.g., Puda and Urbanek, 1972;
Lundqvist, 1979).

More complicated is the characterisation of the
last sample (Sample No. 18-2, indicated in the
literature as “hybrid gneiss”, Zimak and Novotny,
2000). Some modern studies explain the rock as
orthogneiss derived from plutonic rock types (Zimak
and Novotny, 2000). In contrast, a possible
sedimentary source of the rock has been confirmed by
geochemical studies (Novak et al., 1988). Based on its
microscopic characterisation, the sample shows
parameters similar to those of schists or phyllite: fine
grained, foliated with more isometric grain shape,
containing muscovite, sericite biotite, as well as
quartz; indicating a low to medium recrystallization
mechanism.

POSSIBLE APPLICATION OF ROCK
MICROSTRUCTURE PARAMETERS

The occurrence, degree, and mean direction of a
shape preferred orientation of elongated particles
(“shape-fabric”) has been accepted to be a primary
indicator of the paleocurrents and flow rheology
assessments (Capaccioni et al, 1997). Quartz
microstructures indicate the thermal history of rocks
(e.g., Stipp et al. 2002). Porphyric clasts and their
spatial relationship with the surrounded rock are
important kinematic indicators in fine grained
metamorphic rocks (e.g., Passchier and Speck, 1994).
Microcracks and veins indicate young tectonic
movements of the rocks, as well as the circulation of
fluids (e.g., Kreuzer, 2004; Caine et al., 2010).

Structural and mineral inhomogeneities indicate
possible tectonic movements in the Silesian domain
(Samples No. 15-1, 18-1, 18-2 and 18-3). In the same

area, the indicators of tectonic movements were found
by GPS epoch measurements (Schenk et al., 2003,
2010a, 2010Db). Final application of both structural and
mineral inhomogeneities in the interpretation of the
kinematic history of the Silesian domain have not yet
been completed, due to the restricted number of
sampling points and low number of investigated
samples. Suggested further research includes: (1)
selection of new sampling points indicating the
kinematic history on the macro scale; (2) selection of
more sampling points situated closer to each other;
and (3) the sampling of a higher number of samples
for investigation from each point.

CONCLUSIONS

Orthogneiss, schists, and phyllite were
distinguished according to their mineral composition
and microstructure parameters. Orthogneisses are
coarser, with weaker foliation and an irregular grain
shape. Schists are fine grained, with strong foliation
and a circle-like grain shape. The igneous (resp.
sedimentary) origin of orthogneisses (resp. schists)
was verified from a study of the literature. Schists
were found to be affected by low to medium
metamorphic conditions, based on the mineral
assemblages and microscopic characteristics of the
quartz. In contrast, the othogneisses investigated were
mostly affected by a medium to high degree of
metamorphism. Those samples designated as “hybrid
gneiss” in the literature showed microstructure
parameters similar to schists. The application of
petrographic image analysis enabled us to quantify
such parameters as mineral composition, shape
preferred orientation, grain size, and grain shape.
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sample No 15-1), “hybrid” gneiss (parts b, ¢, sample No. 18-2) and phyllite (part d, sample No. 18-1).
Polarising microscope, crossed nicols.

Fig.7 Deformation and recrystallization characteristics of quartz-rich aggregates — quartz with patchy
extinction and grain boundary migration recrystallization (a), quartz with grain boundary migration
recrystallization (b), quartz with bulging-to-subgrain rotation recrystallization mechanism (c), quartz
with serrated boundaries and bulging recrystallization mechanism (d, e), and quartz with grain boundary
migration recrystallization and serrated boundaries (f). Polarising microscope, crossed nicols. Samples
No. 04-1a (a), 07-2a (b), 11-1a (c), 18-2a (d), 18-3b (e) and 15-1a (f).
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