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Granulometric properties of particles in Upper Miocene sandstones
from thin sections, Szolnok Formation, Hungary

Csitea KIRALY!, Gyorey FALUS?3, Fruzsina GRESIN A3, GERGELY JAKAB"34,
ZoLTAN SZALATY and Gyorcy VARGA'

Abstract

Particle size and shape are among the most important properties of sedimentary deposits. Objective and robust
determination of granulometric features of sediments is a challenging problem, and has been standingin the
focal point of sedimentary studies for many decades. In this study, we provide an overview of a new analytical
approach to characterize particles from thin sections of sandstones by using 2D automated optical static image
analysis. The analysed samples are originated from the turbiditic Lower Pannonian (Upper Miocene) sediments
of Szolnok Formation. Sandstone samples were analysed from 1,500 to 2,250 m depth range. According to the
previous studies: the detrital components are quartz, muscovite, dolomite, K-feldspar and plagioclase. Diagenetic
minerals are mostly carbonates (calcite, Fe-dolomite, ankerite, siderite), clay minerals (illite, kaolinite), ankerite,
siderite and kaolinite. As the discussed Szolnok Formation is considered as a potential CO, storage system
(to reduce atmospheric CO, concentration), special attention has to be paid on grain size and shape alteration
evaluation, since pore water-rock interactions affected by CO, injection may cause changes in particle properties.
The primarily aim of the present study was to develop a method for effective characterization of the particle
size and shape of sandstones from thin sections. We have applied a Malvern Morphologi G3SE-ID automated
optical static image analyser device, what is completed with a Raman spectrometer. Via the combined analysis
of granulometry and chemical characterization, it was obvious that there were specific relationships among
various grain shape parameters (e.g., circularity values correlate to width and length ratios, as well as to con-
vexity) and the results indicated that based simply on particle shapes, muscovites can be effectively separated
from other minerals. Quartz and feldspar grains showed the highest variability in shapes as these are detrital
ones, and sometimes arrived as lithic fragments from which other parts were dissolved The size and shape
of carbonate minerals depends highly on the original pore size and shape because these minerals are mainly
diagenetic. The shape of detrital dolomites depends on diagenetic ankerite, as it replaces the rim of dolomites.
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relative proportion provide the basis for the

classification of sediments (e.g., sand, aleur-
ite/silt, clay). The physical properties of sedi-

Introduction

Particle size and shape analysis of sediments is

a basic and widely applied analytical method.
Granulometric properties are among the most
important features of clastic deposits, con-
taining general information on source areas,
transport processes, depositional environment
and post-depositional alterations. The differ-
ent grain size fractions, their abundance and

ments largely depend on the mass or volumet-
ric proportion of different grain size fractions
(WentworT, C.K. 1922; Fork, L.R. 1954). Several
analytical techniques (e.g., pipette-sieve meth-
ods, laser diffraction, static and dynamic im-
age analysis) have been used and applied suc-
cessfully for particle sizing of unconsolidated,

! Geographical Institute, Research Centre for Astronomy and Earth Sciences. H-1112 Budapest, Budadrsi tit 45.
Corresponding author’s e-mail: kiraly.csilla@csfk.mta.hu

*Mining and Geological Survey of Hungary. H-1145 Budapest, Columbus u. 17-23.

*Institute of Geography and Earth Sciences, Faculty of Science, E6tvos University. H-1117 Budapest, Pazmany

Péter sétany 1/c.

* Institute of Geography and Geoinformatics, University of Miskolc. H-3515 Miskolc, Egyetemvaros.



342 Kirdly, Cs. et al. Hungarian Geographical Bulletin 68 (2019) (4) 341-353.

loose sedimentary units (e.g., Quaternary loess,
paleosols, windblown or fluvial sands).
Objective and quantitative particle size and
shape characterization of consolidated sedi-
ments (e.g., sandstones) is a complex issue,
generally, several compromises have to be
taken during particle size and shape analyses
as mineral particles and/or lithic fragments
of the deposits has to be analysed mostly in
thin sections or on disaggregated sediments
(KeLLeruALs, R. et al. 1975; Burcer, H. and
Skara, W. 1976; BArreTT, P.J. 1980; SCHAFER,
A. and TrysseN, T. 1987; MINGIREANOV FILHO,
L. et al. 2013; AsmusseN, P. et al. 2015; Jiang, F.
et al. 2018). Particles in thin sections cannot
be regarded as intact grains, cross-sections
of sliced non-spherical particles are often not
representative for the whole sample, hence,
a large number of particles has to be charac-
terized. Disaggregation of the sediments can
cause changes in general grain morphology.
The morphology of sedimentary particles de-
pends largely on the mineralogy and trans-
port processes, furthermore, the diagenetic
processes may also influence the particle
shapes as minerals dissolve and re-precipi-
tate, or form during the diagenetic process-
es (PerrITionN, F.J. 1952). These processes
depend on the detrital material, the water
chemistry and physical properties (such as
porosity, permeability, pressure and temper-
ature) (LarseN, G. and CHILINGAR, G.V. 1979)
In this study, samples from Lower Pannonian
(Upper Miocene) Szolnok Formation were in-
vestigated from Zagyvarékas. The units com-
prise fine and very fine sandstones, siltstones,
clay marls and marls, with the dominance of
sandstones, and are generally regarded as tur-
bidite clastic deposits. The mineral composi-
tion of the sedimentary rocks is known, and
easy to analyse by X-ray powder diffraction
(XRD) or optical microscopy. The main miner-
als in the sandstone samples from the Lower
Pannonian formations are quartz, feldspars,
carbonates, clay minerals (MAtvy4s, J. and
MATTER, A. 1997; JunAsz, A. et al. 2002). These
minerals are Raman active, hence mineral com-
positions can also be determined by Raman
spectrometry (Naspara, L. et al. 2004). After

the final deposition of sand grains, burial and
associated diagenesis processes have altered
the sedimentary deposits. Under these condi-
tions, the deposited detrital grains of sand have
gradually been experienced higher pressure
and temperature, while the pore water is not
in equilibrium with the detrital minerals, hence,
some minerals dissolve (e.g., feldspar) whereas
others, mainly carbonates and clay minerals,
precipitate. The interaction between pore water
and grains may cause changes in granulomet-
ric parameters of mineral particles and lithic
fragments. Furthermore, this is the most po-
tential formation for the CO, geological storage
(SzamosraLvy, A. et al. 2011). Storage of CO, in
geological formations is a possible method to
reduce the atmospheric content of this green-
house gas, and beside tillage management and
appropriate usage of soils (BrLanpzija, D. et al.
2017; ZacHARY, D. et al. 2018; ZacHARY, D. 2019),
geological sequestration provides a unique pos-
sibility to mitigate the carbon emission. Effects
of CO, on the reservoir pore water-rock system
must be well understood before industrial stor-
age projects (Bacnu, S. et al. 2007; Arrs, R. et al.
2008; KirAvy, Cs. et al. 2016) are initiated.

The main objective of the study is to present
a method, which can help to determine the
shape parameter of constituent grains of con-
solidated sandstones of Szolnok Formation
from thin sections. The applied device in this
study is a Malvern Morphologi G3SE-ID, a
2D automated optical static image analyser
equipped with Raman spectrometer, which
enables the determination of morphological
properties of grains as well as their mineral-
ogy. Additionally, the whole analytical proce-
dure was carried out in thin sections without
the necessity of disintegration of samples and
loose textural information.

Geological background and analysed
samples

Zagyvarékas is located in the centre of the Pan-
nonian Basin. Intensive sedimentation char-
acterized this area around 6-7 Ma (MAGYAR,
L. et al. 2013). Series of the sediments started
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with an abyssal deposit (Endréd Formation).
The overlying sedimentary facies is a turbid-
itic sandstone (Szolnok Formation), above the
clayey-aleurolite Algy6 Formation deposited.
These are the Lower Pannonian sediments.
The Upper Pannonian sediments consist of a
sandy unit (Ujfalu Formation) and a strongly
varying sequence with alternating sand and
clay (Zagyva Formation) (Junisz, Gy. 1992;
Junisz, Gy and Tuamo-Bozsé, E. 2006). Tur-
bidity deposits characterizing the Szolnok
Formation were deposited in a pro-delta sub-
environment (Figure 1).

Two sandstone samples (Zal-10/2R and
Zal-11/2R) from the vicinity of Zagyvarékas
were studied in this paper. The samples
originated from the Szolnok Formation,
which in some cases deposited in remark-
able >1,000 m thickness in this area (JuHAsz,
Gy. 1992). The samples were studied in
the perspective of CO, geological storage
(Senpura, E. 2015). Grain size distribu-
tion, modal composition and petrography
were studied in detail also by SexpuLa,
E. (2015). The two analysed samples are
light grey, fine-grained sandstones from
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pre-Neogene in the surface
Neogene volcanics in the surface
<@ shelf-margin slope

A\ dip of slope
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8 km
depth of pre-Neogene basement

Fig. 1. Progradation of shelf-margin slopes across the Pannonian Basin during Late Miocene and Early Pliocene

times. Ribbons = width of the slope; numbers = approximate age in million years; arrows = dip directions as

appeared on 2D profiles; VB = Vienna Basin; K/DB = Kisalféld/Danube sub-basin; TR = Transdanubian Range;
red circle = study area. Source: HorvAth, F. and RoypeN, L. 1981; MAGYAR, L. et al. 2013.
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1,867-1,868.5 m and 2,056-2,061 m depth.
The sandstones are clast-supported, mid-sort-
ed, carbonate cemented materials. According
to published laser diffraction analyses, the
following grain size fractions are present in
the samples: sand [62.5< um] (59-60 v/v%),
silt [2.0-62.5 pm] (40-41 v/v%) and clay [<2
um] (0.1-0.6 v/v%). The grain size distribution
curves show two modal peaks (13.2 um and
152.5 um) (SExpULA, E. 2015).

The main minerals are quartz, dolomite
+ ankerite + siderite, illite + muscovite, cal-
cite, plagioclase, kaolinite (Table 1). The
petrographic analysis determined that de-
trital minerals are quartz (as metamorphic
rock fragments, mono- and polycrystalline
quartz), muscovite, plagioclase, dolomite as
well as in a small proportion of calcite and
illite is also detrital in origin. Microscopic
observations showed that the detrital quartz
grains are sub-rounded. According to the
300 points QFL classification, the samples
are lithic arenites (SExDuULA, E. 2015).

Muscovite flakes are oriented parallel to
the layering, and as an effect of compac-
tion, some of them were bent and broken
(Figure 2). Furthermore, in the sample origi-
nating from a greater depth, the ratio of the
line contact between grains is increased, in-
dicating stronger compaction (Av1, S.A. et al.
2010; SEnpuULA, E. 2015).

Diagenetic minerals are carbonate minerals,
clay minerals, quartz overgrowth and plagio-
clase (just in Zal-11/2R). The cement material
is a mixture of ankerite, calcite, siderite and
kaolinite. The main part of ankerite occurs as
mineral replacement of dolomite, followed by
ankerite overgrowth. The siderite is a fine-
grained pore-filling material, which may be

formed from biotite. Kaolinite is also present
between muscovite layers (SENDULA, E. 2015).

The petrography of the sandstones indi-
cates that during the diagenetic processes al-
bite formed from plagioclase. Subsequently,
one part of albite dissolved and kaolinite
replaced the albite. In the Zal-11/2R sam-
ple, authigenic plagioclase is also present.
The porosity of the samples is 8-10 per cent
(SEnpuLa, E. 2015).

The methodology of 2D image analysis

Recently, morphological characterization
of grains is also a dynamically developing
method when studying various sediments
(Moss, A.J. 1996; Rocers, C.D.F and Smat-
LEY, L]. 1993; VARrGA, Gy. et al. 2018; VARGa,
Gy. and RoerT1G, C.-B. 2018). Originally the
morphological characterization of particles
was not a mathematically grounded method,
however, recently the 2D automated optical
static image analysis enabled the solution of
this problem. Furthermore, earlier the num-
ber of analysed grains was not sufficient for
robust statistical analysis, this problem has
also been successfully overcome with au-
tomatized systems (Cox, M.R. and Bupuu, M.
2008). Using well established mathematical
toolset and considering more shape proper-
ties it seems clear that the widely used Krum-
bein-classification does not work (SocHaN,
A. et al. 2015). Earlier studies based on this
methodology have to be revised.

Thin sections of the two sandstone sam-
ples in blue-coloured epoxy resin were
measured by Malvern Morphologi G3 SE-ID
instrument in the Laboratory for Sediment

Table 1. Modal composition, porosity and grain fractions of the studied samples

Dolomite Tlite + Sand ‘ Silt ‘ Clay
Quartz | + ankerite it Calcite | Plagioclase | Kaolinite | Porosity .
Samples + siderite | Tuscovite fractions
m/m% v/v%
Zal-10/2R | 49 21 11 9 4 6 10.33 | 58.84 | 40.50 | 0.62
Zal-112R | 50 14 15 10 7 4 8.33 |60.03|39.80 | 0.15

Source: SENDULA, E. 2015.
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Fig. 2. Scanning electron images from Zal-10/2R and Zal-11/2R samples. A = a secondary electron image,

where quartz overgrowth can be observed with diagenetic calcite. B = a backscattered electron image where

ankerite cement precipitated around dolomite, the morphology of ankerite depends on the quartz (arrow).

The muscovite crystals are broken in this sample. C = a backscattered electron image showing that albite dis-

solved from albite-quartz rock fragment, furthermore kaolinite precipitated from albite. D = also a backscattered

electron image, where different morphological properties of dolomite-ankerite assemblage can be observed,
which show dependence on a thin clay layer around the carbonates (SExpuLa, E. 2015).

and Soil Analysis (Geographical Institute,
Research Centre for Astronomy and Earth
Sciences). Contrary to widely used laser
diffraction measurements, image analysis
provides direct observational data of parti-
cle size, and due to the automatic measure-
ment technique, a large number of particles
are characterized allowing us a more robust
and objective granulometric description of
particles compared to manual microscopic
approaches (VARraGa, Gy. et al. 2018).

55 mm? areas of the thin sections were
scanned by using the 2.5x and 5x objective

lenses of the built-in Nikon eclipse micro-
scope and CCD camera, providing 1.2 and 0.3
pum?/pixel resolution, respectively (Figure 3).
The focus was manually determined, and we
did not use Z stacking (no additional vertical
focal planes were used). The applied grey-
scale intensity threshold was 0—45 in case of
2.5x objective, and 0-57 in case of 5x objective.
All of the scanned grains are stored as sepa-
rate greyscale images and several size and
shape parameters are determined automati-
cally (Table 2). After the measurement, the
program saves a high-resolution image from
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Za1-10/2R

5

Za1-11/2R

Fig. 3. Scanned thin section images

Table 2. Mathematical background of the different morphological parameters

Parameter Equation Description
Area (pixel) Particle area in pixels (pixel size
is dependent on resolution)
Area (um?) [A] Particle area in um?
Aspect ratio [AR] W/L Particle width and length ratio
Circle equivalent diameter [CED] D=A Diameter of a circle with the

Centre X position (um)
Centre Y position (um)
Circularity [C]

Convexity [K]
Spherical equivalent volume (um?)

Width (um) [W]
Elongation [E]
High sensitivity circularity [HS C]

Intensity mean [Ia]
Intensity standard deviation

Length (um) [L]
Major axis (°)

Max distance (um)

Perimeter (um) [P]
Solidity

(2x 795 — A%3)/P = (CED x m1)/P

P_ /P, whereP_  is the perimeter
of convex hull

(r x CED)Y/6

1-W/L=1-AR
C2=((2 x 7 - A%)/P)? = (CED x m)/Py?

EE N
((Ta* - (1a3/N)/N)*

A/P

conv

same area as the particle
Particle location coordinate
Particle location coordinate

Proportional relationship
between the circumference of a
circle equal to the object’s pro-
jected area and perimeter

Ratio of perimeter of the convex
hull to the particle perimeter

Volume of a sphere with CED of
the particle

Particle width
1 minus AR

Ratio of the object’s projected area
to the square of the perimeter of
the object

Mean value of particle intensities

Standard deviation of particle
intensities

Particle length

Angle of the Major Axis from a
horizontal line

Furthest distance between any
two points of the particle

Particle perimeter

Ratio of the particle and convex
hull areas
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the scan area, which can be used for further
analyses of the sample.

Circle-equivalent (CE) diameter is regarded
as the most important size parameter of im-
age analytical sizing techniques of the non-
spherical, irregular-shaped particles. It is
calculated as the diameter of a circle with the
same area as the projected two-dimensional
particle image. To transform number-based
distributions into volume-based distributions
sphere-equivalent (SE) diameter is used as a
weighting factor. The volume of a given size
bin is specified by weighting with the total SE
volume of particles classed into this size range.

Length and width are estimated from ma-
jor and minor axes of the particles (Malvern
Instruments Ltd. 2015). All perimeter points
of the object are projected onto the major axis
(minor axis), and the longest distance between
the points is the length (width) of the particle as
shown in Figure 4. Other simple grain size pa-
rameters as particle area or perimeter can easily
be determined using the acquired images.

Aspect ratio is the ratio of width and length,
while elongation is calculated as 1-aspect ra-
tio. The circularity parameter of a particle de-
scribes the proportional relationship between
the circumference of a circle equal to the ob-
ject’s projected area and perimeter, while
High Sensitivity (HS) circularity is the ratio
of the object’s projected area to the square of
the perimeter of the object. Convexity and so-
lidity are determined using the convex hull
(theoretical rubber band wrapped around the
particle — indicated as grey area on Figure 4) of
the two-dimensional images. Convexity is the
ratio of the perimeter of the convex hull to the

particle perimeter, while solidity is the ratio
of the particle and convex hull areas; these
are parameters of the particle edge roughness.
Relation between the particle shape parameter
were described with correlation analyses and
f-test in Microsoft Excel.

Simultaneously, the mean greyscale inten-
sity and standard deviation of particles were
also measured from the images. White light
intensity of each pixel of particles is recorded
on an 8-bit (2%) scale from 0 to 255, where the
intensity value of zero is white, 255 is black.

Phase analysis was performed using the
built-in Raman spectrometer of the Malvern
Morphologi G3 SE-ID. The laser of Raman
spectroscope was operating with the follow-
ing parameters: wavelength: 785 nm, energy:
<500 mW, measurement time: 5 sec. Spectra
were acquired from several hundreds of
targeted individual particles. These spectra
were compared with library spectra (BioRad-
KnowltAll Informatics System 2017, Raman
ID Expert) and correlation calculations were
performed to determine the mineralogy of
the targeted sedimentary grains.

Image analysis-based measurements were
organized into a number-based database.
All of the particles have their own identity
number (ID) being the primary key in the
data matrix. Each row represents one parti-
cle, while the columns are various size and
shape parameters, completed with light
transmissivity data and Raman correlation
scores. Large numbers of measured particles
ensure a statistically robust and objective in-
sight into the granulometric characteristics
of the investigated samples.

Aspect Ratio: 0.621

CE Diameter: 59.89 ym

Circularity: 0.667

Ny Convexity: 0.752
Elongation: 0.379
SE Volume: 112467.58 um’
Solidity: 0.922

Fig. 4. Schematic illustration of major grain size and shape parameters of irregular mineral particles (grey areas
represent the convex hull — modified after Varca, Gy. et al. 2018)
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Results and discussion

Grain size results of image analysis based
onn,  oo.= 26,501 andn, R 34,362 indi-
vidual particles indicates the high volumetric
proportion of fine sand-sized fractions in the
samples. Mean (D[4,3]) diameters of the sam-
ples are 75.8 um and 76.2 um, respectively.
The unimodal volumetric grain size distri-
bution curves have their maxima in the fine
sand fraction, while the modal values of num-
ber-based distributions are located around
3 um (Figure 5). Volumetric size fractional
proportions are the followings: Za-1-10/2R:
clay: 0.04 per cent; silt: 61.36 per cent; sand:
38.6 per cent; Za-1-11-10/2R: clay: 0.019 per
cent; silt: 54.43 per cent; sand: 45.56 per cent.
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Intensity curves indicate a more homoge-
neous grayscale patter of Zal-11/2R sample
and the presence of some scarce but rather
large outlying dark particles in Zal-10/2R
sample (also visible in Figure 3). The shape
parameters show similarly the higher volu-
metric proportion of more irregularly shaped
particles (lower nominal values of volumetric
curves) in Za-1-10/2R sample. It is worth not-
ing, that in all cases, the number-based shape
distribution curves incline into the direction
of more spherical general shape-character as
a result of a high number of very fine par-
ticles with quite low-resolution (resulting
blurred edges) at the applied magnifications.

Analyses of Raman spectra of selected
n =70 particles from the coarse silt-fine sand
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Fig. 5. Number- (n [red]) and volume- (V [blue]) based distribution curves of selected granulometric and
optical parameters of bulk samples



Kirdly, Cs. et al. Hungarian Geographical Bulletin 68 (2019) (4) 341-353.

349

fractions Zal-11/2R show that the main
minerals in the studied fractions are quartz
(75%), feldspar (11%), carbonates (9%) and
mica (3%). The studied fractions show dif-
ferences in Zal-10/2R (n = 90), where the
carbonate (21%), feldspar (18%) and mica
(6%) is higher and amount of quartz is sig-
nificantly lower (56%).

The results of the shape analysis show
that the quartz and feldspar particles have
the most diverse appearance. Mica morpho-
logical parameters show minor variation,
while shape parameters of carbonates are
more diverse, but not as much as the quartz
or feldspars (Table 3).

Volumetric grain size distributions were
calculated from the number-based size distri-
butions by weighting with SE diameter (raw
number-based size distribution show rather
different curves, but this cannot be compared
to results of previous volumetric laser dif-
fraction results by Sexpura, E. 2015). The
volumetric grain size results of image analy-
sis, however, showed a completely different
picture from the laser diffraction. This is logi-
cal consequence of the different approaches.
The indirect estimations of laser devices are
always dependent on several unknown fac-
tors (e.g., representative complex refractive
index of the polymineral sample) beside the
composition of the real particles (VarGa,
Gy. et al. 2019). Another, explanation of this
discrepancy could be that the selected objec-
tives are ideal for detailed characterization
of particles larger than 6.5 um in diameter,
on the other hand, significant size polydis-

persity of the samples (particle sizes rang-
ing from clay to sand fractions) is a known
issue of image analysis-based sizing. Very
few amount of large particles have a remark-
able effect on size distribution curve if the
number of scanned particles is not sufficient
(depending on the polydispersity, sufficient
number could be several tens or hundreds of
thousands of particles), indicating the una-
voidable necessity of usage of automated ap-
proaches. Consequently, the whole range of
sample grain size distribution in a relatively
small (1x1) thin section cannot be determined
without compromises, for instance, large
grains (>200 um) are visible with objective
2.5x, the other grains can be analysed by ob-
jective 5%, and clay patches may be studied
by using the 20x magnification lens provid-
ing a resolution of 0.019 pm?*pixel.

The correlation analysis of various shape
parameters shows that there is a strong cor-
relation between HS circularity and convex-
ity (r = 0.75, p <0.001) and between HS cir-
cularity and aspect ratio (r = 0.60, p <0.001)
(Figure 6). However, we have to note, that
the shape parameters of muscovite depend
on the kaolinite between the muscovite lay-
ers (SEnpULA, E. 2015), which led to misin-
terpretations. Consequently, if muscovite is
excluded from the analysis, the correlation
becomes stronger.

Determination of roundness (described in
detail by Krumsein, W.C. 1941; KRUMBEIN,
W.C. and Sross, L.L. 1951) was carried out
on quartz particles. This quite widely used
parameter is not defined mathematically

Table 3. Results of shape analyses of selected particles

Sample Mineral Number HS circularity ‘ Aspfct ratio Convexity
min-max

quartz 38 0.19-0.85 0.15-0.97 0.81-0.99

feldspar 12 0.31-0.73 0.32-0.81 0.91-0.98

Zal-10/2R | bonates 14 0.40-0.75 0.34-0.80 0.81-0.98
mica 4 0.15-0.24 0.15-0.36 0.81-0.91

quartz 86 0.19-0.82 0.21-0.99 0.76-0.99

feldspar 12 0.40-0.91 0.43-0.91 0.79-1.00

Zal-12R 1 bonates 10 0.45-0.72 0.46-0.81 0.84-0.94
mica 6 0.10-0.40 0.15-0.32 0.82-0.93
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and is regarded as a semi-quantitative ap-
proach (Kim, Y. ef al. 2019), it depends on
the convexity and HS circularity (X1a, W.
2017). According to SENDuLA, E. (2015) these
samples are sub-rounded, however, the
morphological parameters of quartz show
that HS circularity (0.19-0.85) and convexity
(0.76-0.99) are very diverse. The convexity in
natural grains is generally >0.7, for this rea-
son, the clumped or aggregated grains were
filtered by using proper thresholds of con-
vexity (0.75, which was checked according to
the deleted grains). For this reason, the clas-
sification of roundness cannot be determined
based on the results of 2D image analyses.
This is in harmony with SocHaN, A. et al.
(2015), who demonstrated that Krumbein-
Sloss classification is not working in case of
2D image analysis.

The effect of fluid-rock interaction is expect-
ed to influence the morphological properties
of certain grains. Consequently, complex in-
terpretation of shape analysis is necessary to
understand what reactions could have taken
place in the system. Quartz is mainly a detrital
mineral which deposited as rock fragments,
polycrystalline and monocrystalline quartz.
In the rock fragments, different minerals are
present (feldspar, mica, carbonate), which
may have dissolved during the diagenesis.
Furthermore, during the diagenetic processes
quartz overgrowth occurred, which also af-
fected the particle shapes. These phenomena
contribute to the varying appearance of quartz.
The feldspar is also mainly a detrital mineral,
which is partly dissolved during the diage-
netic processes. The dissolution of feldspar can
cause lower convexity and HS circularity val-
ues. The carbonates are present both as detri-
tal and diagenetic minerals. According to the
petrography, ankerite precipitated around do-
lomite, which may change the morphological
properties of these complex carbonate grains.
Part of calcite is detrital, which may easily de-
form during the compaction. This effect also
influenced the shape parameters. Therefore,
morphological parameters of carbonates de-
pend largely on the free pore space, and from
clay coatings (see also in Figure 2). As a re-

sult of sheet-like shape, muscovite is depos-
ited with its flat surface parallel to sedimen-
tary layering. Subsequently, the muscovite is
slightly deformed as a result of compaction
and kaolinite precipitated between its layers.
These effects caused the low convexity and HS
circularity values in mica crystals.

The automated identification of minerals
of the investigated thin section, the modal
composition of samples can be determined
precisely in a faster and more exact way com-
pared to the widely used 300-poins analysis.
However, due to the inaccurate determina-
tion of the proportion of lithic fragments, the
Q-F-L classification cannot be done without
manual control.

Conclusions

It was demonstrated that Malvern Mor-
phologi G3 SE-ID system is capable to de-
termine various size and shape parameters
and mineral composition of a large number
of particles from thin sections of sandstone
samples. The results show that the particle
shapes of minerals were amended during the
diagenetic processes. The most useful param-
eters to characterize the particle shapes in
sandstones are HS circularity, convexity and
aspect ratio, which may describe the round-
ness of the particles. The advantages of the
method are the following: (1) high resolu-
tion/high-quality image from the scanned
area; (2) mineral composition of grain size
fractions can be clearly and easily defined; (3)
particle shape analysis of particles from thin
sections; (4) particle size and shape distribu-
tions in selected size-fraction; and (5) the thin
section and its high resolution scanned im-
age is available for further analysis.

With further studies, the clarification of
how diagenetic processes affect the morphol-
ogy of particles and pores can be achieved.
However, we notice disadvantages of the
methods: (1) the important grain size frac-
tions have to be chosen; (2) clay fraction can-
not be examined; and (3) QFL diagram can
only be done with manual control.
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