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INTRODUCTION

Silica, as major component of rocks and sediments
plays a crucial role in a global cycle of matter and
pedogenesis (Tréguer and Pondaven 2000, Andrews
and Schlesinger 2001). It is present in soils in biogenic
and mineral forms, which can form many crystallo-
graphic phases from relative amorphous to pure
crystalline, generating the different kind of energetic
surfaces (Goyne et al. 2002) strongly influencing
processes associated with the surface of solid phase,
like sorption. Mineral phase of silica consists of primary
and secondary minerals developed during pedogene-
sis (Monger and Kelly 2002) and quartz is mostly
widespread of them.

Microstructures of quartz grain surfaces are shaped
by a variety of physical, chemical and biochemical
processes, including mechanical breakdown, disso-
lution, translocation, crystallizing and many others
(Sommer et al. 2006). They are a product of weathering
of solid rocks and their shards. Produced in this primary
environment grains are characterized by angular shape
and the presence of sharp edges, conchoidal fractures
and shiny surfaces (Mycielska-Dowgia³³o 2007, De-
górski and Kowalkowski 2011, Woronko and Hoch
2011). During the transport they undergo rounding

and frosting. The degree of roundness and frosting,
as well as the character of microstructures observed
on grain surfaces are predominantly conditioned by
the type of transport (fluvial or aeolian) and its duration.
There are also data which confirm selection of grains
in terms of their size and roundness during this process
(Niedzia³kowska 1991). Occurring in deposits of
various origin grains can still undergo post-deposi-
tional transformations, including development of
a variety of incrustations and processes of physical and
chemical weathering. Transport and post-depositional
processes, including pedogenic ones are reflected in
surface topography, which can be identified using
scanning electron microscopy (SEM) (Whalley and
Krinsley 1974, Kowalkowski et al. 1980, Kowalkow-
ski and Brogowski 1983, Kowalkowski 1984, Black and
Dudas 1987, Helland et al. 1997, Kowalkowski and
Kocoñ 1998, Joshi 2009, Degórski and Kowalkow-
ski 2011, Degórski et al. 2013, Woronko et al. 2015).

SEM studies on quartz grains surface microstructures
were focused mainly on coarse sand granulometric
fraction (0.5–1.0 mm). Only a small part of them concerns
silt, which in some deposits and developed from them
soils constitutes important or even major fraction.
However, these studies were focused on identification
of micromorphological features in a context of origin
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and rarely chemistry of deposits and most of them
were performed in loess (Smalley and Cabrera 1970,
Ceg³a et al. 1971, Smith and Whalley 1981, Pye  1987,
Tsoar and Pye 1987, Rywocka-Kenig 1997), and only
a few in deposits of other origin (Haines and Mazullo
1988, Woronko 2007). Apart from a single cases (Jon-
czak 2015), there is no data on pedogenic transfor-
mations of micromorphological features of this fraction.

Our studies aimed to compare quartz silt surface
micromorphology in two sandy soils (Brunic Arenosol
and Gleyic Ortsteinc Podzol) occurring within the
lower supra-flood terrace of the S³upia River in young-
glacial landscape of Middle Pomerania, northern Poland.

STUDY AREA

Location of the investigated lower supra-flood terrace
of the S³upia River and the studied soils  is shown in
figure 1. This is an area characterizing by relatively
mild climatic conditions, strongly influenced by Baltic
Sea. Average annual temperatures in this area during
1950–2007 ranged from 6.0 to 9.7°C (average 7.8°C)
and annual precipitation 521.7–1260.5 mm (average

793.8 mm) (Kirschenstein and Baranowski 2008). The
terrace has been developed in Late Pleistocene as
a result of lowering of erosional base and development
of meandering river channel (Florek 1991). Recently
it is relatively plain area with irregularly distributed
small mounds and depressions, characterized by
absolute elevations between 17.5 and 20.5 m a.s.l. In
its central part occur small peaty plain and in northern
part many small terrain forms of anthropogenic origin,
like drainage ditches, banks and just almost imper-
ceptible remains of the small cemetery from the 19th

century. The terrace is built up from poorly and
moderately sorted fluvioglacial sands, which thickness
reaches four meters (Florek 1991). Intensification of
aeolian processes, which had place about 4.2±0.63–
5.1±0.77 ka BP led to the formation of the covers of
aeolian sands, which thickness rarely exceed 2 meters
(Jonczak et al. 2013). The second intensification of
aeolian processes took place about four hundred years
ago and was associated probably with local defore-
stations. It was reflected by occurrence of thin (up to
30 cm) aeolian covers.

FIGURE 1. Location and morphology of the investigated soils
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Brunic Arenosols associated with fluvioglacial
sands and Gleyic Ortsteinic Podzols occurring within
the aeolian sands are predominant components of soil
cover of the lower supra-flood terrace. Both soil types
have developed under the influence of high ground-
water level. Nowadays, the area of terrace is almost
completely afforested with Scots pine (Pinus sylvestris
L.), in some places with admixtures of other tree species,
like oak, birch and spruce.

METHODS

The soils were described using WRB classification
system (IUSS Working Group WRB 2015). Two samples
of undisturbed structure using 100 cm3 steel rings and
one sample of disturbed structure were collected from
each horizon. Samples of organic horizons after
removing of fresh plant particles were dried in 65°C
and milled into powder. Mineral samples were dried
in 40°C and sieved through 2.0 mm sieve. The following
analyses were performed in collected samples:
– bulk density by weight method in undisturbed

samples,
– particle-size distribution by mixed sieve and

pipette methods, applying division into granulo-
metric fractions and textural groups after Polish
Soil Science Society 2008 (PTG 2009),

– pH in water and 1 mol·dm–3 solution of KCl, in
a proportion soil: water/KCl as 1:10 for organic
samples and 1:2.5 for mineral samples,

– the content of total organic carbon (TOC) by Alten’s
method in organic samples and Tiurin method in
mineral samples (Dziadowiec and Gonet 1999),

– the content of total nitrogen (TN) with Kjeldahl
method (van Reeuvijk 2002) using distilling unit
VELP UDK-127,

– the content of total iron (Fe
t
) by microwave plasma

atomic emission spectrometry (Agilent 4100
MP-AES) after samples digestion in a mixture of
40% HF and 60% HClO

4
,

– the content of “free” iron oxides (Fe
d
) by microwave

plasma atomic emission spectrometry (Agilent
4100 MP-AES) after samples extraction by Mehra
and Jackson (1960) method,
Samples preparation and analysis of quartz silt

surface micromorphology included:
– separation of <0.05 mm granulometric fraction by

dry sieving,
– purification with 10% HCl solution (10 minutes at

mild boiling temperature),
– washing five times with distilled water,
– separation of 0.05–0.02 mm fraction by sedimen-

tation,

– drying in 40°C,
– placing of randomly selected group of silt grains

on microscope stage and vapouring with gold,
– performing a series of SEM images using micro-

scope JEOL JSM-6610LV at magnifications 500x,
containing a total of at least 100 pcs. of quartz grains,

– performing of SEM images at higher magnifications
for exemplary grains for each type,

– classification of grains after Woronko (2007) into
one of the following types: fresh/angular (type A),
grains with the features of chemical weathering
(type B), grains covered by scaly-grained incru-
station (type C), grains covered by bulbous incru-
station (type D) and cracked grains (type E).

RESULTS

Properties of the soils

Morphology of the studied soils is shown in Figure 1.
The soils were characterized by the presence of mor
type of humus and well developed, deep profiles (110
cm in Brunic Arenosol and 92 cm in Gleyic Ortsteinic
Podzol). Both soils were developed from loose, medium
and coarse sands of fluvioglacial in Brunic Arenosol
and aeolian in Gleyic Orsteinic Podzol origin. The
content of silt fraction (0.05–0.02 mm) ranged from
0.5 to 6.3% and from 0.4 to 4.3% respectively.

Brunic Arenosol was rich in TOC, which content
in A1 horizon was 10.35 g·kg–1 and 7.29 g·kg–1 in A2
horizon. The content of TN was 0.70 g·kg-1 and 0.51
g·kg–1 respectively. A horizon gradually passed into
Bv horizon of intense rusty color (table 1). The soil
was strongly acidic (table 2), however pH increased
with depth as a result of the influence of groundwater.
Bulk density of the soil was typical for sandy soils
and varied within the profile from 1.36 to 1.66 g·cm–3.
Mineral substrates were strongly weathered, which
is reflected in high values of Fed/Fet ratio, reaching
the highest values in Bv and A2 horizons.

The second profile represented the polycyclic
pedocomplex of Gleyic Ortsteinic Podzol developed
from aeolian sands and Podzol in initial stage of
development associated with about 20 cm thick layer
of aeolian sand covering the older soil. The soils were
rich in TOC (23.46 g·kg–1 in AE horizon and 35.15
g·kg–1 in 2AE horizon) and relatively rich in nitrogen
(1.40 g·kg–1 in AE horizon and 1.03 g·kg–1 in 2AE
horizon). They were characterized by strongly acidic
pH, which slightly increases with depth (table 2). Free
iron oxides showed vertical displacement typical for
podzolization. Bulk density varied from 1.26 to 1.55
g·cm–3.
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Micromorphology of quartz silt surface

The content of various types of quartz silt grains
in parent materials of the investigated soils did not
differ significantly. Grains covered by scaly-grained
incrustations with considerable content of chemically
weathered and small amounts of fresh ones (Table 3)
predominated in both soils. A considerable differences
were observed in solums of the soils. In Brunic Arenosol,
grains type C predominated, constituting from 63%
in A horizon to 89% in Bv horizon. Fresh type grains
constituted 7–24% and grains with the features of

TABLE 1. Physical properties of the soils studied
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TABLE 2. Chemical properties of the soils studied
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chemical weathering 2–12%. Type D grains were not
observed and type E grains occurred in small amounts
only in topsoil. Contribution of different grain types
strongly varied among the profile of Gleyic Ortsteinic
Podzol. The differences between the individual hori-
zons involved mainly grains type B and C. In A and E
horizons, chemically weathered grains predominated,
whereas in B horizons grains covered with scaly-grained
incrustations. This tendency was noticed both in Gleyic
Ortsteinic Podzol and in the younger initial podzolic
soil.
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DISCUSSION

Quartz silt is a product of physical weathering of
rocks and coarser granulometric fractions. Glacial and
periglacial environments are the most effective in its
production, where intense processes of frost weathering
are running (Konishev 1982, Jefferson et al. 1997,
Wright et al. 1998, Wright 2000). However, substantial
amounts of silt grains can also be produced in aeolian
(Krinsley and McCoy 1978, Bullard et al. 2004, Costa
et al. 2013) and fluvial environments (Moss 1972,
Moss and Green 1972, Moss et al. 1973). Newly
produced grains (fresh or type A) are characterized
by the presence of sharp edges, conchoidal fractures,
microstairs and fracture faces, which microrelief is
imperceptible even at high magnifications (figure 2).
The contribution of this grain type in the studied soils

ranged from 4 to 24%, reaching the largest amounts
in parent materials and topsoil.

The remaining grain types are product of transfor-
mation of fresh ones, which can undergo destruction
due to physical and chemical weathering or covering
with crusts. Grains with the features of chemical
weathering (type B) are characterized by the presence
of numerous channel and point–negative forms of
various sizes (figure 3). Chemical etching of quartz
is accelerated by pH >9.0 and <3.5 (Dove and Rimstidt
1994), humic substances and base cations (Dove 1999,
Schulz and Whrite 1999). Moreover, temperature
(Drees et al. 1989), living organisms (Leyval and
Berthelin 1991) as well as mineralogy, which determines
susceptibility to dissolution of different phases of silica
play important role in etching. Higher solubility is
typical for amorphous or biogenic silica as compared
to crystalline SiO2 (Bartoli 1985, Drees et al. 1989).
On the other hand, Gerard et al. (2002) reported that
the highest amount of dissolved silica is produced in
parent materials. Dissolved silica is adsorbed by many
soil components, including carbonates, hydroxides of
Al and oxides of Fe (Sommer et al. 2006). Its seconda-
ry crystallization on mineral surfaces leads to forma-
tion of amorphous shells and covers (Figure 4), which
may take various forms, depending on conditions of
crystallization and concentration of silica in solution.
Particles of minerals, iron oxides and other soil com-
ponents, including microorganisms (Bullard et al.
2004) are sometimes built-in in these crusts. Woronko
(2007) distinguishes silt grains covered by scaly-grained
(type C) and bulbous (type D) incrustations. The first
type develop mainly in periglacial, not aggressive and
abundant in fine mineral particles environments as
a result of soil drying, which is associated with incre-
asing concentration of solution and changes in pH

TABLE 3. The content of quartz silt grains of various surface
microstructure
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FIGURE 2. SEM images of exemplary quartz silt grains type A: A – triangular prism shape grain with conchoidal breakages on edges
(Gleyic Ortsteinic Podzol, AE horizon); B – scaly grain with microstairs on fracture faces (Gleyic Ortsteinic Podzol, 2AE horizon)

A B
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A B

C D
FIGURE 3. SEM images of exemplary quartz silt grains type B: A – group of grains with the features of chemical weathering (Gleyic
Ortsteinic Podzol, 2AE horizon); B – strongly etched surface of the grain from photo A indicated by the arrow at higher magnification;
C – deep linear fissures of chemical weathering (Gleyic Ortsteinic Podzol, 2AE horizon); D – grain completely covered with the
forms of chemical etching (Gleyic Ortsteinic Podzol, 2E horizon)

(Dietzel 2005). Bulbous incrustations develop in
warm and dry climate zones as a result of etching of
mineral surfaces by highly concentrated, strongly
alkaline salt solutions and precipitation of dissolved
silica in the periods of drought (Krinsley and McCoy
1978, Mycielska-Dowgia³³o 1988).

Parent materials of the investigated soils, despite
different origin, did not differ significantly in terms
of percentage of various types of silt quartz grains.
In both soils, grains covered by usually massive, sca-
ly-grained incrustations with considerable content of
chemically weathered and fresh ones (Table 3)
predominated. The presence of grains with morpho-
logical features developed by chemical weathering
in parent materials can be conditioned by the influence
of enriched in labile fractions of soil organic matter
(mainly fulvic acids) percolating rain waters or/and
ground waters. The role of humic substances in quartz
weathering is confirmed by results of the studies of
Dove (1999) and Schulz and Whrite (1999).

A considerable differences in terms of percentage
of different grain types were noted in horizons trans-
formed in pedogenic processes (table 3). Predominan-
ce of grains with chemically weathered surfaces we
noticed in AE, 2AE and 2E horizons of Gleyic Ortsteinic
Podzol, whereas in A1 and A2 horizons of Brunic
Arenosols their contribution ranged just from 9 to 12%.
The observed differenced cannot be explained by diffe-
rences in pH, which is only slightly lower in Podzol
as compared to Arenosol. It might be an effect of diffe-
rences in quantitative and qualitative features of soil
organic matter, which occurs in higher amounts in
Podzol. Humic substances in this soil can also be more
aggressive. An interesting observation was that in
topsoil of both soils were noted the highest
contents of fresh grains. It can suggest supplying with
fresh materials of aeolic origin in modern times.
B horizons both in Gleyic Ortsteinic Podzol and Bru-
nic Arenosol were dominated by grains of type C.
Grain surfaces in these horizons were covered with mas-
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A B

C D
FIGURE 4. SEM images of exemplary quartz silt grains type C: A – grain almost completely covered by relatively homogenous
scaly-grained incrustation (Brunic Arenosol, A2 horizon); B – grain completely covered by thick, massive scaly-grained incrustation
(Gleyic Ortsteinic Podzol, 3Cg horizon); C – grain completely covered by massive scaly-grained incrustation with built in it mineral
particles and microorganisms (Gleyic Ortsteinic Podzol, Bhs horizon); D – a fragment of grain from photo C at higher magnification

sive silicate incrustations of porous structure with par-
ticles of clay minerals, fine silt and sometimes mi-
croorganisms built in incrustations. Vertical distribu-
tion of quartz silt grain types within the profile of
Gleyic Ortsteinic Podzol suggests that pedogenic
transformation of their surface micromorphology can
be done in relatively short time, which is confirmed
by earlier studies of the present author (Jonczak 2015).
The problem of pedogenic transformation of quartz
silt surface microrelief, including directions and
intensity of the process requires broader studies, both
in laboratory experiments and field studies on different
soil types of particular climatic zones and developed
from parent materials of different origin. Results of
these studies would specify usefulness of silt quartz
micromorphological features as indicators of pedogenic
processes and introduce new information for inter-
pretation of some soils physical and chemical properties,
particularly specific surface area and cation exchange

capacity. Interrelationships between micromorpholo-
gical features of the surface of soil mineral components
and properties mentioned above are obvious, however
they are not identified quantitatively.

CONCLUSIONS

Foregoing preliminary studies prove importance
of soil-forming processes on quartz silt surface
microstructure. In the investigated Brunic Arenosol
and Gleyic Ortsteinic Podzol, which were characterized
by similar pH (3.99–5.02 and 3.80–4.95 respectively)
and significantly differed in the content of soil organic
matter, the differences concerned mainly contribution
of the grains with features of chemical weathering
and covered with scaly-grained incrustations. Grains
covered with incrustations predominated in whole
profile of Brunic Arenosol at variable contribution of
fresh and chemically weathered ones. A similar



138 JERZY JONCZAK, MAREK DEGÓRSKI, BOGUS£AWA KRUCZKOWSKA

regularities were noticed in B horizons of Gleyic
Ortsteinic Podzol. In A and E horizons of that soil,
grains with chemically weathered surfaces predominated.
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Porównanie cech ultramorfoskopowych powierzchni
ziaren py³u kwarcowego w dwóch glebach piaszczystych

w m³odoglacjalnym krajobrazie Polski pó³nocnej

Streszczenie: Badania mia³y na celu porównanie cech ultramorfoskopowych powierzchni ziaren py³u kwarcowego w glebach
rdzawych i glejobielicowych orsztynowych, stanowi¹cych dominuj¹ce sk³adniki pokrywy glebowej ni¿szej terasy nadzalewowej
rzeki S³upi na po³udnie od S³upska. Gleby rdzawe zwi¹zane s¹ z pokrywami grubo- i œrednioziarnistych piasków fluwioglacjalnych,
zaœ gleby glejobielicowe orsztynowe z wystêpuj¹cymi w postaci niewielkich p³atów pokrywami piasków eolicznych wieku œrodko-
wo-holoceñskiego, miejscami przykrytymi m³odszymi osadami o tej samej genezie. Cechy ultramorfoskopowe badano z zastosowa-
niem skaningowej mikroskopii elektronowej (SEM) dla co najmniej 100 losowo wybranych ziaren py³u w ka¿dym wydzielonym
poziomie genetycznym. Na podstawie dominuj¹cych cech, ziarna klasyfikowano do jednej z piêciu grup: œwie¿e (typ A), z cechami
wietrzenia chemicznego (typ B), pokryte skorup¹ ³uskowo-ziarnist¹ (typ C), pokryte skorup¹ bulwiast¹ (typ D) oraz prze³amane (typ
E). Materia³y macierzyste badanych gleb nie ró¿ni³y siê znacz¹co pod wzglêdem udzia³u poszczególnych typów ziaren. W obydwu
glebach zdecydowanie dominowa³y ziarna typu C. Istotne ró¿nice stwierdzono natomiast w solum gleb. W glebach rdzawych domi-
nowa³y ziarna pokryte skorup¹ ³uskowo-ziarnist¹, których udzia³ w zale¿noœci od poziomu wynosi³ 62–89%. W poziomach AE i E
gleby glejobielicowej orsztynowej dominowa³y ziarna typu B (65–82%), zaœ w pozosta³ych poziomach typu C (54–77%).

S³owa kluczowe: cechy ultramorfoskopowe, py³, SEM, gleby glejobielicowe, gleby rdzawe


