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abstract: The research conducted in this study is an attempt to quantitatively and qualitatively supplement the still 
insufficient knowledge on aeolian processes under polar conditions, where some of the most visible and dynamic 
climate changes are occurring. This study presents the results of rounding and matting analysis of quartz grains col-
lected from aeolian deposition traps located in the Ebba Valley, Svalbard. The results are based on four summer field 
campaigns (2015–2018). Quartz grains with a diameter of 0.8–1.0 mm were selected and subjected to further analysis 
under a microscope, which allowed them to be divided into six individual classes. The nature of the grains can largely 
indicate the environmental conditions in which the material was transported. The collected material was dominated 
by grains with a low degree of roundness, which may indicate relatively short fluvial or aeolian transport. The small 
amounts of typically matted quartz grains may indicate low environmental dynamics and short transport, as well as 
the fact that large amounts of the material are blown from the valley interior to the nearby bay and fjord. This study 
highlights the importance of a fresh sediment supply from two main sources (i.e., moraines and rivers) and their sub-
sequent aeolian redistribution, particularly in a wind-channelled valley environment. These findings underscore the 
complex interactions between aeolian processes and environmental conditions in cold regions. Climate change may 
significantly affect the magnitude of aeolian processes. Further research is needed to refine these correlations and en-
hance the understanding of sedimentary dynamics in polar settings.
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Introduction

Studying the characteristics of the environ-
ment via the rounding and matting analysis of 
quartz grains is a common research method, es-
pecially at moderate latitudes (Woronko, Bujak 

2018). A method originally proposed by Cailleux 
(1942) has been applied, especially in the con-
text of distinguishing sedimentary environments 
(Wachecka-Kotkowska 2004, 2015). With the ad-
vancement of analytical techniques, foundation-
al knowledge on sedimentary rock origins and 
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processes, as well as discussions on the petrog-
raphy and sedimentology of sand and sandstone, 
with an emphasis on quartz grains, has devel-
oped (e.g., Blatt et al. 1980, Pettijohn et al. 1987). 
Different quartz grain textures, their implications 
for sedimentary processes, and methods as well 
as various case studies for sedimentary rock and 
environmental analyses have also been present-
ed (e.g., Blott, Pye 2001, Mahaney 2002, Boggs 
2009, Lyu et al. 2019). Different environments 
(fluvial, glacial, and aeolian) contribute to varia-
tions in grain mineralogy and texture. Therefore, 
the possibility of separating grains formed in 
the aquatic environment from those shaped by 
the wind is particularly useful not only in the 
study of aeolian processes but it also allows for 
a broad analysis of the processes taking place in 
the geoecosystems (cf. Folk 1980, Pye, Tsoar 2009, 
Wachecka-Kotkowska et al. 2014, Woronko et al. 
2015, Zieliński et al. 2015).

Despite the growing interest in sedimentary 
systems in cold regions (Zhang et al. 2022), infor-
mation about aeolian processes in the Arctic and 
Antarctic regions is currently incomplete, which 
is due to the low availability of these areas and 
problems in obtaining reliable quantitative data 
under polar conditions and in various seasons 
(Müller et al. 2016). Studies have been sparsely 
distributed and have selectively covered differ-
ent aspects of aeolian activity, including erosion 
and sediment transport, deposition and land-
form development, and seasonal and climatic in-
fluences, as well as ecological and environmental 
implications (e.g., Borysiak et al. 2020). However, 
data regarding aeolian processes are crucial for 
better understanding the functioning of polar 
geoecosystems, which are important markers of 
environmental changes occurring at global and 
local scales (Beylich et al. 2016).

The current knowledge on wind activity in per-
iglacial environments was collected by Seppälä 
(2004) and Brookfield (2011). Recently, Rymer et 
al. (2022) summarised the work on aeolian pro-
cesses occurring under polar conditions in recent 
decades. Notably, in recent years, interest in aeoli-
an processes in polar environments has increased 
(see Kavan et al. 2020), as has interest in the na-
ture of transported sediments (Kalińska-Nartiša 
et al. 2017, Kalińska 2019, Kalińska et al. 2019).

Owing to the lack of detailed research on the 
aeolian activity in this part of the Arctic, this work 

was intended to further develop and interpret 
the previously obtained research material (aeo-
lian deposits collected in traps), with a particu-
lar emphasis on a detailed analysis of the nature 
and character of aeolian sediments (quartz grains 
0.8–1.0 mm in size). Therefore, a quantitative and 
qualitative analysis of quartz grains collected 
from the aeolian material deposited in traps was 
performed. The obtained data were subjected to 
further statistical analysis. This study aimed to 
determine the main source of the deposited aeo-
lian material as well as to determine the degree 
of aeolisation (acquisition of typically aeolian fea-
tures by quartz grains) of the material transported 
by wind inside a relatively small postglacial val-
ley under periglacial conditions. Additionally, the 
possible influences of meteorological variables on 
grain type distributions were investigated.

Study area

Ebba Valley (nor. Ebbadalen) is located in the 
central part of Spitsbergen, the largest island in 
the Svalbard Archipelago (Fig. 1). The central part 
of the valley with aeolian deposits is located at 
approximately 78°42' N latitude and 16°39' E lon-
gitude. This postglacial valley is flanked by steep 
mountain ranges, with prominent glacial fea-
tures etched into the landscape (Rachlewicz 2009, 
Rymer et al. 2022). Geologically, Ebbadalen fea-
tures an array of pre-Devonian metamorphic rock 
outcrops associated with overlapping sedimenta-
ry formations, primarily from the Carboniferous, 
including sequences of shale, sandstone, lime-
stone, and anhydrite layers, which record a his-
tory of ancient tropical environments, marine 
transgressions, and orogenic cycles (Harland 
1997, Dallmann et al. 2002). In many places, ge-
ological stratification is much more complicated 
because of the presence of tectonic faults in the 
area. The weathering of rock outcrops is one of 
the sources of the material supplied to the valley 
floor. However, there is no current data on the 
volume of this material supply and the impact 
of climate change on the intensification of these 
processes. The bottom of the valley is composed 
of morainic and glaciofluvial forms generated by 
the decaying Ebba and Bertram glaciers and their 
proglacial streams, eroding a series of six raised 
marine terraces in the mouth section of the valley 
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(Fig. 2). The terraces are elevated to 30 m a.s.l., 
and their thermoluminescence ages vary from 
13.3 ka to 1.3 ka (Kłysz et al. 1989, Rachlewicz 
2009, van der Meij et al. 2016). The terraces were 
also dated by AMS radiocarbon dating of Astarte 
borealis shells, and their 14C ages varied from 9.9 
to ca. 3 ka (Long et al. 2012).

The high Arctic environment of Ebbadalen 
is characterised by a cold climate, with a mean 
annual temperature slightly below −6.0°C, 
positive temperatures usually occur between 
May and October and are warmest in July and 
August, when they rise to 5–6°C on a daily av-
erage (Rachlewicz, Szczuciński 2008, Rymer, 
Rachlewicz 2014). The inner-fiord location results 
in the quasi-continental individuality of the area, 
which is slightly warmer during summer and 
much drier than the southern and western parts 
of Spitsbergen, with precipitation not exceed-
ing 200 mm annually (Rachlewicz, Styszyńska 
2007, Przybylak et al. 2014). Recent studies have 

shown significant warming trends, lengthening 
melt seasons, and increasing rainfall rather than 
snowfall from spring to autumn (Førland et al. 
2011, Sobota et al. 2020). These changes and their 
consequences may be of key importance for the 
intensity of aeolian processes, but further work is 
necessary to determine the nature and direction 
of changes. Typically, thick snow cover does not 
occur there during the winter (Przybylak et al. 
2006). The wind structure is dominated by south-
ern and north-eastern directions; whereas, the 
strongest gusts are observed from the north and 
northwest and are affected by the morphology of 
the surrounding mountain chains (Rachlewicz 
2003, Przybylak et al. 2006, Małecki 2015). A typ-
ical feature of areas in the immediate vicinity of 
glacier-covered areas is the occurrence of kataba-
tic winds, which may ultimately lead to the wind 
blowing aeolian material out of valley.

Ebbadalen supports various Arctic flora adapt-
ed to extreme conditions. The sparse vegetation 

Fig. 1. Orthophotomap of the study area with nine aeolian deposition test sites (1–9) located within the Ebba 
Valley. Weather stations (E – Ebba Valley, S – Sven Glacier, and P – Pyramiden city) are marked with black 
stars. Orthophotomap source – Norwegian Polar Institute. Inner map shows the location of the study area 

(black arrows and circle) in the central Spitsbergen, High Arctic.
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includes mosses, lichens, and shrubby species 
that form a fragile tundra ecosystem, colonising 
bare surfaces uncovered by glacial retreat and 
reaching climax on terraces in the valley mouths 
(Stawska 2017). Studies leading to the determina-
tion of individual types of vegetation have been 
carried out in this area, among others, by Prach 
et al. (2012) and Johansen et al. (2012). Plant com-
munities provide a unique environment for trap-
ping aeolian sediment (Borysiak et al. 2020). The 
area’s biodiversity, although limited, is impor-
tant for understanding ecological responses to a 
changing climate (Elvebakk 2005, Buchwal et al. 
2013). The occurrence of vegetation is one of the 
important factors limiting the occurrence of aeo-
lian processes (Seppälä 2004).

Within the Ebba Valley, there are no typical 
large forms resulting from the aeolian activity 
(such as dunes, ripple marks, or eologlyptoliths). 
In the field, only one larger cover composed of 
sandy sediments with a thickness not exceeding 
approximately 60 cm can be observed. In some 
places, mainly on slopes and local depressions, 
small niveo-aeolian covers can be found (see the 
locations of the sandy surface and windward 
slope test sites in the next section).

Materials and methods

Samples of summer aeolian deposition were 
collected using plastic trays (195 mm or 210 mm 
diameter) filled with glass marbles or pre-rinsed 
local beach gravel sediments from nine test sites 
located in the Ebba Valley. Test sites were chosen 
to reflect different geomorphological and vege-
tation settings along the Ebbadalen axis (Fig. 1): 
wet (1) and dry (2) tundra sites located closest to 
the fjord with dense tundra vegetation; leeward 
slope (3), top (4), and windward slope (5) sites 
located on the highest marine terrace with less or 
sparse tundra vegetation; a sandy surface (6) site 
covered only with individual tufts of grass; and 
three test sites with almost no vegetation located 
in the central part of the valley (7), as well as the 
upper part of the valley: sandur (8) and moraine 
(9). Test sites 3–5 were located around an old ma-
rine terrace with a height of approximately 40–45 
m a.s.l., which is a minor terrain obstacle in the 
valley axis.

The measurement season for logistical and 
technical reasons usually starts in mid-July and 
ends at the beginning of September or mid-Sep-
tember. The length of the measuring season 

Fig. 2. Geomorphological sketch of the study area (Ebba Valley, Svalbard). Modified after the original figure by 
Rachlewicz (2009).
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varied across the years (from 44 days to 64 days). 
Certainly, shorter measurement seasons result-
ed in less representative data, but further work 
is necessary to assess the resulting errors (espe-
cially when comparable measurement periods 
are used, which is, however, extremely difficult 
under polar conditions).

Although the measurements of aeolian dep-
osition started in 2012, only samples from 2015 
to 2018 were selected for this analysis to ensure 
greater representativeness, which involved plac-
ing three traps at each test site (for technical rea-
sons, there were only two traps at a sandy surface 
test site in 2015 and at the central part test site in 
2016).

The traps, together with gravel or glass mar-
bles, were then washed with water to separate the 
collected material, dried, and subjected to further 
analyses. Previous studies have not shown sig-
nificant differences between the uses of different 
materials in traps (despite the greater roughness 
of the gravel material). However, the use of glass 
marbles facilitated the subsequent recovery of 
the deposited material (Rymer et al. 2022). An 
additional source of errors could be the accumu-
lation of rainwater in the traps. In future studies, 
it would be advisable to use a system that allows 
for the drainage of rainwater from traps.

The aeolian material obtained during the 
measurements was sieved to isolate grains with a 
diameter of 0.8–1.0 mm, which is typical for this 
type of analysis (Goździk 1980, 1995, Mycielska-
Dowgiałło, Woronko 1998). Only quartz grains 
were then selected for further analyses. HCl was 
not used because of the lack of grain contamina-
tion with carbonates.

The quartz grains were then classified, using 
binocular microscope, into six groups based on 
the method of rounding and matting according 
to Krumbein (1941) and the classification of the 
degree of rounding and a modified method of 
matting of the surface of the quartz grains ac-
cording to Cailleux (1942), together with modi-
fications proposed by Goździk (1980, 1995) and 
Mycielska-Dowgiałło and Woronko (1998): an-
gular (NU), matte rounded (RM), shiny rounded 
(EL), transitional matte (EM–RM), transitional 
shiny (EM–EL), and broken grains (C). The col-
lected aeolian deposition samples allowed for the 
analysis of 1974 quartz grains from 106 samples 
in terms of rounding and matting.

Spearman’s rank correlation coefficient be-
tween the characteristics of the quartz grains 
and the meteorological variables (average wind 
speed at three weather stations, average air tem-
perature, total precipitation, and average air hu-
midity during the sampling period) was estimat-
ed in the stats library using R software (Version. 
4.2; R Development Core Team). The assump-
tions were checked visually (histogram plots) 
and tested with formal methods (Shapiro–Wilk 
test). Before analysis, all the data were log-trans-
formed (ln) to approximate the data to a normal 
distribution.

Meteorological data (average air temperature 
and average air humidity) for the Ebba Valley 
were collected via ONSET HOBO devices, lo-
cated close to the highest marine terrace test site 
(E/4, Fig. 1). The wind speed and direction (at 
a height of 2 m) were recorded at the same lo-
cation at 15 min intervals (in 2016, 2017, and 
2018). Unfortunately, some of the recording 
devices left in the area were occasionally dam-
aged. Therefore, wind speed and direction data 
from the automatic weather station (recorded at 
one-hour intervals) located near the dry tundra 
test site (E/2, Fig. 1) were used to fill the data 
gaps for 2015. Owing to sensor failure in 2015, 
the recording of wind direction only started on 
August 17. Additionally, wind speed data from 
stations installed on Sven Glacier (S, Fig. 1; see 
Małecki 2019) and Pyramiden (P, Fig. 1) were 
also used. Both of these weather stations were 
located approximately 10 km from the centre of 
the Ebba Valley. Moreover, the total precipita-
tion data were collected from the Longyearbyen 
meteorological station, which is located approx-
imately 60 km southwest of the study area. The 
Norwegian Meteorological Institute collected 
data from the Pyramiden and Longyearbyen sta-
tions. The meteorological data were previously 
presented by Rymer et al. (2022).

Results

A full summary of the data is attached to the 
publication (Appendix 1). The greatest amounts 
of grains were recorded in 2015 and 2018 (Table 1), 
mainly because of relatively greater deposition in 
the indicated measurement seasons (according to 
Rymer et al. (2022), the mean seasonal aeolian 
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deposition was almost 7 times greater in 2015 
and more than 5 times greater in 2018 than the 
mean aeolian deposition rates measured in 2017). 
The differences in the number of quartz grains 
caught in traps between the individual seasons 
were relatively significant. The total number of 
grains in 2015 was almost 3.5 times greater than 
that in 2017. In total, the number of EL grains in 
2017 was the lowest (only eight grains). The larg-
est number of one type of grain was recorded in 
2015 (the number of EM–RM grains reached 215).

In 2016–2018, transitional shiny (EM–EL) 
grains dominated, reaching 30.2–32.4% of the 

values (Table 2 and Fig. 3). Transitional matte 
(EM–RM) grains constitute 29.2% of the total 
grains only in 2015. In total, both transitional 
classes (EM–EL and EM–RM) exceeded more 
than half of the analysed grains in all years. 
Moreover, the share of angular (NU) grains in 
2018 and shiny rounded (EL) grains in 2017 was 
the smallest, at 3.1% and 3.8%, respectively. The 
lowest percentage differences within the class 
were observed for the EM–EL class (3.5% be-
tween 2015 and 2016). On the contrary, the high-
est seasonal variability in the percentage share 
was observed for the NU class (14.3% between 
2016 and 2018). This means that the percentage of 
grains belonging to the NU class was more than 
5.6 times greater in 2016 than in 2018. In the case 
of the remaining classes, the seasonal differences 
oscillated approximately 10%.

The greatest number of quartz grains over the 
four research seasons was recorded on the sandy 
surface (645) and windward slope (530) test sites 
(Table 3). The total number of quartz grains at 
these two sites alone was almost 60% of the to-
tal grains analysed. In the case of the windward 
slope test site, the amount of deposition was ap-
proximately 2 times greater than the average. 
At both of the abovementioned test sites, transi-
tional grains were dominant. Almost 1/3 of the 
grains collected at the sandy surface test site were 
the EM–EL class. On the contrary, three test sites 
with relatively high plant coverage (wet tundra, 
dry tundra, and leeward slope) together account-
ed for only 3% of all the analysed grains. The re-
maining test sites with a significantly lower share 
of vegetation were characterized by an average 

Table 1. Total number of quartz grains collected in the 
Ebba Valley in 2015–2018 divided into grain rounding 
and matting classes according to Cailleux (1942) with 
modification by Goździk (1995) and Mycielska-Dow-

giałło and Woronko (1998).

Year
Class

C EL EM–EL RM EM–RM NU Total
2015 83 45 213 55 215 126 737
2016 55 29 125 37 73 67 386
2017 40 8 64 27 59 14 212
2018 47 88 197 110 177 20 639

Table 2. Percentage of quartz grains collected in the 
Ebba Valley in 2015–2018 divided into grain rounding 
and matting classes according to Cailleux (1942) with 
modification by Goździk (1995) and Mycielska-Dow-

giałło and Woronko (1998).

Year
Class

C EL EM–EL RM EM–RM NU
2015 11.3 6.1 28.9 7.5 29.2 17.1
2016 14.2 7.5 32.4 9.6 18.9 17.4
2017 18.9 3.8 30.2 12.7 27.8 6.6
2018 7.4 13.8 30.8 17.2 27.7 3.1

Fig. 3. Percentage of quartz grains in the Ebba 
Valley in 2015–2018 divided into grain rounding 
and matting classes according to Cailleux (1942) 

with modification by Goździk (1995) and Mycielska-
Dowgiałło and Woronko (1998).

Fig. 4. Percentage of quartz grains in the years 
2015–2018 collected in Ebba Valley divided into grain 
rounding and matting classes according to Cailleux 

(1942) with modification by Goździk (1995) and 
Mycielska-Dowgiałło and Woronko (1998) at nine test 

sites.
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number of collected quartz grains ranging from 
102 to 277 grains for the entire 4-year period.

The mentioned tundra sites were also char-
acterised by greater dominance of certain grain 
types: 50% of the grains at the dry tundra test 
site were assigned to the EM–RM class, no grains 
belonging to the EL class were found at the dry 
tundra and leeward slope test sites, and no grains 
were assigned to the NU class at the wet tundra 
test site (Table 4 and Fig. 4.). This could have 
been influenced by the greater randomness of 
grains reaching the aeolian traps, which result-
ed from the significantly lower aeolian deposi-
tion at these test sites (according to Rymer et al. 
(2022), the mean values of aeolian deposition at 
the dry and wet tundra test sites were more than 
50 times lower than the average for the entire val-
ley). Considering the remaining test sites (where 

the sample size was larger and amounted to at 
least 100 grains), there was a significant propor-
tion of grains in the EM–EL class (28.5–34.8%), 
except for the sandur test site, where the share of 
grains belonging to the EM–RM class was great-
er (27.5%) than that of the other classes. At most 
test sites, the share of grains in the EM–RM class 
was slightly lower but still higher (24.2–28.7%) 
than the share of EM–EL grains. Most often, the 
smallest proportion of grains belonged to classes 
that fully defined the depositional environment 
(i.e., EL and RM). The percentage of quartz grains 
belonging to the NU and C classes, apart from 
a few exemptions, was usually approximately a 
dozen at most test sites throughout the 4-year 
period. The relatively small (10.9%) percentage 
of typically aeolian RM quartz grains collected 
at the sandy surface test site is surprising, as the 

Table 3. Total number of quartz grains collected in the Ebba Valley in 2015–2018 divided into grain rounding 
and matting classes according to Cailleux (1942) with modification by Goździk (1995) and Mycielska-Dow-

giałło and Woronko (1998) at nine test sites.

Test site name
Class

C EL EM–EL RM EM–RM NU Total
The mouth of the valley with dense vegetation

1. Wet tundra 4 2 4 6 8 0 24
2. Dry tundra 2 0 2 1 7 2 14

The middle part of the valley floor with little or no vegetation
3. Leeward slope 9 0 11 3 7 4 34
4. Highest marine terrace top 12 8 31 16 26 11 104
5. Windward slope 38 66 151 82 139 54 530
6. Sandy surface 66 55 202 70 172 80 645
7. Central part of the valley 47 26 90 21 67 26 277

The upper part of the valley without vegetation cover
8. Sandur 12 5 23 20 28 14 102
9. Moraine 35 8 85 10 70 36 244

Table 4. Percentage of quartz grains collected in the Ebba Valley in 2015–2018 divided into grain rounding and 
matting classes according to Cailleux (1942) with modification by Goździk (1995) and Mycielska-Dowgiałło 

and Woronko (1998) at nine test sites.

Test site name
Class

C EL EM–EL RM EM–RM NU
The mouth of the valley with dense vegetation

1. Wet tundra 16.7 8.3 16.7 25.0 33.3 0.0
2. Dry tundra 14.3 0.0 14.3 7.1 50.0 14.3

The middle part of the valley floor with little or no vegetation
3. Leeward slope 26.5 0.0 32.4 8.8 20.6 11.8
4. Highest marine terrace top 11.5 7.7 29.8 15.4 25.0 10.6
5. Windward slope 7.2 12.5 28.5 15.5 26.2 10.2
6. Sandy surface 10.2 8.5 31.3 10.9 26.7 12.4
7. Central part of the valley 17.0 9.4 32.5 7.6 24.2 9.4

The upper part of the valley without vegetation cover
8. Sandur 11.8 4.9 22.5 19.6 27.5 13.7
9. Moraine 14.3 3.3 34.8 4.1 28.7 14.8
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expected values were higher for this type of sur-
face and local landform, assuming a mainly local 
nature of aeolian transport in this area.

Discussion

Owing to the unique nature of the obtained 
data, it is extremely difficult to find compara-
tive studies, especially in polar areas. In most 
cases, the analysis of quartz grains is carried out 
based on the samples collected from sediments 
and concerns to ancient aeolian and fluviogla-
cial palaeoenvironments. The samples collected 
from these sediments cover a longer period of 
time than just a few months of the year. There 
have been many studies on the ‘European Sand 
Belt’, that is, the area of Europe where periglacial 
conditions were present in the past (see Kalińska 
2019, Kalińska et al. 2019, Łopuch, Jary 2023, 
Łopuch et al. 2023). Kalińska and Nartišs (2014) 
observed similar percentages of RM and EM–RM 
quartz grains in many profiles located in central 
Poland, Latvia, Estonia, and Finland compared 
with those collected in traps at test sites located 
in the Ebba Valley. However, the share of EL and 
EM–EL grains was significantly lower in those 
palaeoenvironments than in the current perigla-
cial conditions observed on Spitsbergen.

For the weathered sediments of north-west-
ern Spitsbergen, Kowalkowski and Kocoń (1991) 
observed a small number of quartz grains, ex-
hibiting features acquired through transport 
in an aeolian environment. In the modern gla-
cial and proglacial environments of southwest-
ern Greenland, Kalińska-Nartiša et al. (2017) 

estimated the share of non-abraded fresh grains 
with sharp edges and shiny surfaces to be 78% 
of the sample collected from aeolian cover on a 
hillslope. Interestingly, samples collected close to 
the glacial margin presented greater numbers of 
moderately rounded grains with both shiny and 
matte surfaces (up to 27%). The proportions of 
moderately rounded grains were even greater in 
the part of the area farther from the glacier. The 
percentage of moderately rounded grains with 
shiny surfaces reached 34–37% at some locations, 
and the percentage of moderately rounded grains 
with matte surfaces was even greater (up to 46%). 
A comparison of the results obtained in this 
study with the modern example from Greenland 
may therefore indicate that the occurrence of in-
completely rounded grains is typical for contem-
porary periglacial environments (such as small 
postglacial valleys). The decrease in the degree of 
grain rounding in contemporary environments 
compared with the Last Glacial Maximum pe-
riod was also noted by Warrier et al. (2016) for 
East Antarctica. Owing to the formation process 
(mutual impact while suspended in the air), RM 
grains require high transport dynamics over a 
longer time to fully form.

The statistically significant Spearman’s rank 
correlation coefficient (rs) results between the 
number of quartz grains in different classes and 
the meteorological variables were relatively low 
(rs up to 0.49). This was possibly due to the small 
amount of data associated with only four meas-
urement seasons. However, on this basis, certain 
conclusions can be drawn regarding the regular-
ities concerning the sources of the material and 
the influence of meteorological conditions on 

Table 5. Spearman’s rank correlation coefficient between different quartz grain types collected in the Ebba 
Valley and different meteorological variables. The red colour indicates a positive correlation. The blue colour 

indicates a negative correlation.
Parameter C EL EM–EL RM EM–RM NU

Average wind speed Ebba Valley −0.01
p = 0.92

−0.02
p = 0.87

−0.03
p = 0.75

−0,14
p = 0.19

−0.05
p = 0.63

0.49
p < 0.01

Average wind speed Pyramiden 0.08
p = 0.43

−0.31
p < 0.01

−0.22
p = 0.04

−0.08
p = 0.47

0
p = 0.99

−0.01
p = 0.92

Average wind speed Sven Glacier −0.04
p = 0.71

−0.1
p = 0.34

0.04
p = 0.73

−0.18
p = 0.08

−0.13
p = 0.23

0.45
p < 0.01

Average temperature Ebba Valley −0.07
p = 0.52

0.31
p < 0.01

0.21
p = 0.05

0.03
p = 0.76

0.01
p = 0.91

0.23
p = 0.03

Total precipitation Longyearbyen −0.08
p = 0.43

0.31
p < 0.01

0.22
p = 0.04

0.08
p = 0.47

0
p = 0.99

0.01
p = 0.92

Average air humidity Ebba Valley −0.08
p = 0.46

0.08
p = 0.47

0.11
p = 0.3

0.05
p = 0.66

−0.07
p = 0.5

−0.26
p = 0.01
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the functioning of aeolian processes in the Ebba 
Valley (Table 5). The strongest positive relation-
ships (rs = 0.49–0.45) were observed between 
the occurrence of NU grains and average wind 
speed in the Ebba Valley and on the Sven Glacier. 
These grains are commonly associated with frost 
weathering and are most often found in moraine 
deposits (Mycielska-Dowgiałło, Woronko 1998). 
Considering the dominant directions of the 
strongest winds (especially in the Ebba Valley), 
this may mean that stronger winds from the north 
and east (i.e., along the valley axis) influence the 
appearance of a greater amount of the fresh ma-
terial of the glacial origin (NU grains). Therefore, 
the moraine areas (and possibly weathered mate-
rial on the slopes) were the first significant source 
of the material transported by wind within the 
valley. On the contrary, stronger winds from 
the south and west (typical for the Pyramiden 
station) were negatively related to the supply of 
EL and EM–EL grains, which are usually related 
to aquatic transport. Most likely, the occurrence 
of these winds limited the delivery and trans-
port of the material brought to the valley by the 
river. The importance of the river as one of the 
main sources of the material available for wind 
transport was also evidenced by the occurrence 
of positive relationships between the presence of 
EL and EM–EL grains and the average air tem-
perature and total precipitation. Both of these 
variables significantly influence river discharge 
(Rachlewicz 2009) and, consequently, the amount 
of the material carried by it and delivered to the 
valley. Interestingly, a positive correlation was 
also detected between the average air tempera-
ture and the appearance of NU grains. Perhaps in 
the warmest periods, the water flow in the river 
was so intense that there was greater erosion of 
moraine zones, and fresh NU grains were thus 
transported short distances across the river (so 
that they had no opportunity to acquire the char-
acteristics of the aquatic environment). However, 
sediments carried by rivers usually become 
available for aeolian transport only at the end of 
the summer season when the water level decreas-
es and the sediments dry out (Rasmussen et al. 
2023). Moreover, there was a noticeable negative 
relationship between the occurrence of fresh an-
gular NU grains and the average air humidity. 
Higher air humidity may result in greater wind 
transport capabilities and, consequently, greater 

intensity of processing of the material carried by 
the wind (Csavina et al. 2014). This issue, howev-
er, certainly requires further analysis and broad-
er research.

Conclusions

On the basis of new data, it was possible to 
establish certain relationships between the occur-
rence of grains belonging to certain classes and 
other environmental variables (meteorological 
and geomorphological). It is therefore important 
to carry out further analyses, especially in years 
when the aeolian deposition values are the high-
est, as well as to conduct measurements in simi-
lar time periods.

Two main sources of origin for the aeolian 
material deposited in the traps were identified. 
One was the fresh angular material (NU grains) 
derived from moraines, where there is strong 
crumbling of the material. This non-abraded ma-
terial is distributed over short distances within 
the valley by the wind (in line with the valley 
axis) and possibly processed into other types of 
transitional grains, the percentage of which was 
usually the highest. The second was the fluviogla-
cial material (EL and EM–EL grains) originating 
from river alluvia. The amount of this material 
supply is most often dependent on the river level 
and therefore on the amount of carried sediment. 
This level, in turn, depends on the temperature 
and amount of precipitation in a given year. This 
material supply can be limited by stronger winds 
that are off-axis with the valley axis. Both aeolian 
and fluvial transports are usually not long, which 
translates into the largest share of grains belong-
ing to the EM–EL and EM–RM classes. These 
grains may also have their features acquired in 
the original sedimentary environments – glacial 
and fluvioglacial.

The relatively small number of grains belong-
ing to the RM class, that is, those with typical 
aeolian characteristics, may indicate very short 
transport or low environmental dynamics in this 
type of periglacial valley. Most of the material 
(grains) before reaching its final form is possibly 
blown away and deposited in nearby bay and 
fjord. This may be confirmed by the relatively 
high share of RM grains near the bay at the dry 
tundra site. The second reason for such a small 
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aeolisation is the short period of study for the 
abrasion of the material in the valley. The sum-
mer season is too short for the surface of a sin-
gle grain to be sufficiently rounded and matted 
and for its classification as an RM grain. In this 
case, there is no question of accidental addition 
of grains that are already matted. To prove great-
er aeolisation, studies should be performed over 
longer periods, especially concerning autumn.

Owing to its orientation and morphology (the 
valley floor is surrounded by high formations in 
close proximity to a glacier), Ebba Valley acts as 
a wind tunnel where newly deposited sediments 
under periglacial conditions undergo the initial 
phase of aeolisation.

Under climate change conditions, the dynam-
ics of the environment may change significant-
ly. The proportions of the supply of the aeolian 
material from moraines and weathering to those 
supplied by the river may also change. The sec-
ond material source may gain importance be-
cause of the increasing rainfall and temperatures 
in the Arctic. These changes may significantly af-
fect the functioning of periglacial geoecosystems 
at both local and regional scales.

Acknowledgments

The study was conducted at Adam Mickiewicz 
Polar Station ‘Petuniabukta’ (AMUPS) and was 
funded by the National Science Centre (Grant 
No. 2014/15/N/ST10/00825). We would like 
to thank Alfred Stach, Michał Rybak, and Agata 
Buchwał for their help with statistical analysis, 
as well as Grzegorz Rachlewicz for his valua-
ble comments on the manuscript, and Tomasz 
Kurczaba for the help in fieldwork. We are par-
ticularly grateful to Jakub Małecki for sharing his 
meteorological data from Sven glacier (Project 
funded by the National Science Centre, Grant 
No. N N306 062940). We also gratefully thank 
four anonymous reviewers for their valuable 
comments.

Author’s contribution

KGR: conceptualization, formal analysis, 
funding acquisition, investigation, methodology, 
writing – original draft, writing – review & edit-
ing, visualization. LW-K: formal analysis, investi-
gation, writing – review & editing, visualization.

References

Beylich A.A., Dickson J.C., Zwolinski Z., 2016. Source-to-sink 
fluxes in undisturbed cold environments. Cambridge Uni-
versity Press, Cambridge.

Blatt H., Middleton G., Murray R., 1980. Origin of sedimentary 
rocks. Prentice-Hall, Englewood Cliffs.

Blott S.J., Pye K., 2001. Grain size distribution and statistics 
of unconsolidated sediments. Earth Surface Processes and 
Landforms 26: 1237–1248. DOI 10.1002/esp.261.

Boggs S., 2009. Petrology of sedimentary rocks. Cam-
bridge University Press, Cambridge. DOI 10.1017/
CBO9780511626487.

Borysiak J., Pleskot K., Rachlewicz G., 2020. Dryas aeolian 
landforms in Arctic deflationary tundra, central Spits-
bergen. Polish Polar Research 41(1): 41–68. DOI 10.24425/
ppr.2020.132569.

Brookfield M.E., 2011. Aeolian processes and features in cool 
climates, In: Martini I.P., French H.M., Pérez Alberti A. 
(eds), Ice-marginal and periglacial processes and sediments. 
Geological Society, London: 241–258. DOI 10.1144/
SP354.16.

Buchwal A., Rachlewicz G., Fonti P., Cherubini P., Gaertner 
H., 2013. Temperature modulates intra-plant growth of 
Salix Polaris from a high Arctic site (Svalbard). Polar Bi-
ology 36(9): 1305–1318. DOI 10.1007/s00300-013-1349-x.

Cailleux A., 1942. Les action eoliennes periglaciaires en Eu-
rope. Mémoires de la Société géologique de France 41: 1–176.

Csavina J., Field J., Félix O., Corral-Avitia A.Y., Sáez A.E., 
Betterton E.A., 2014. Effect of wind speed and relative 
humidity on atmospheric dust concentrations in semi-ar-
id climates. Science of the Total Environment 487: 82–90. 
DOI 10.1016/j.scitotenv.2014.03.138.

Dallmann W.K., Hjelle A., Ohta Y., Salvigsen O., Balashov 
Y.A., Maher H.D. Jr., 2002. Geological map of Svalbard 1: 
100,000, sheet B9G Adventdalen. Norwegian Polar Insti-
tute.

Elvebakk A., 2005. A vegetation map of Svalbard on the 
scale 1: 3.5 million. Phytocoenologia 35(4): 951–967. DOI 
10.1127/0340-269X/2005/0035-0951.

Folk R.L., 1980. Petrology of sedimentary rocks. Hemphill Pub-
lishing Company, Austin.

Førland E.J., Benestad R., Hanssen-Bauer I., Haugen J.E., 
Skaugen T.E., 2011. Temperature and precipitation de-
velopment at Svalbard 1900-2100. Advances in Meteorolo-
gy 2011(893790): 14. DOI 10.1155/2011/893790.

Goździk J., 1980. Zastosowanie morfoskopii i graniformame-
trii do badań osadów w kopalni węgla brunatnego “Beł-
chatów”. Studia Regionalne IV(IX): 101–104.

Goździk J.S., 1995. Wybrane metody kształtu ziarn piasków 
do celów paleogeograficznych i stratygraficznych, In: 
Mycielska-Dowgiałło E., Rutkowski J. (eds), Badania osa-
dów czwartorzędowych. Wybrane metody i interpretacja wy-
ników. WGiSR, UW, Warszawa: 115–132.

Harland W.B., 1997. The geology of Svalbard. Geological Socie-
ty of London, London.

Johansen B.E., Karlsen S.R., Tømmervik H., 2012. Veg-
etation mapping of Svalbard utilising Landsat TM/
ETM+ data. Polar Record 48(1): 47–63. DOI 10.1017/
S0032247411000647.

Kalińska E., 2019. Understanding a continuous inland ae-
olian deposition: a closer look into a chronological and 
sedimentary record of the north-eastern European Sand 
Belt. Bulletin of Geography. Physical Geography Series 16(1): 
31−43. DOI 10.2478/bgeo-2019-0003.

https://doi.org/10.1002/esp.261
https://doi.org/10.1017/CBO9780511626487
https://doi.org/10.1017/CBO9780511626487
https://doi.org/10.24425/ppr.2020.132569
https://doi.org/10.24425/ppr.2020.132569
https://doi.org/10.1144/SP354.16
https://doi.org/10.1144/SP354.16
https://doi.org/10.1007/s00300-013-1349-x
https://doi.org/10.1016/j.scitotenv.2014.03.138
https://doi.org/10.1127/0340-269X/2005/0035-0951
https://doi.org/10.1155/2011/893790
https://doi.org/10.1017/S0032247411000647
https://doi.org/10.1017/S0032247411000647
https://doi.org/10.2478/bgeo-2019-0003


 SOURCES OF THE AEOLIAN MATERIAL IN PERIGLACIAL CONDITIONS BASED ON QUARTZ GRAIN ANALYSIS... 189

Kalińska E., Hang T., Jõeleht A., Olo S., Nartišs M., Adamiec 
G., 2019. Macro- and micro-scale study and chronology of 
Late Weichselian aeolian sediment in Estonia, north-east-
ern European Sand Belt. International Journal of Earth Sci-
ence 108(6): 2021–2035. DOI 10.1007/s00531-019-01746-2.

Kalińska E., Nartišs M., 2014. Pleistocene and Holocene ae-
olian sediments of different location and geological his-
tory: a new insight from rounding and frosting of quartz 
grains. Quaternary International 328-329: 311–322. DOI 
10.1016/j.quaint.2013.08.038.

Kalińska-Nartiša E., Lamsters K., Karušs J., Krievans M., Rečs 
A., Meija R., 2017. Quartz grain features in modern glacial 
and proglacial environments: a microscopic study from 
the Russell Glacier, southwest Greenland. Polish Polar 
Research 38(3): 265–289. DOI 10.1515/popore-2017-0018.

Kavan J., Laska K., Nawrot A., Wawrzyniak T., 2020. High 
latitude dust transport altitude pattern revealed from 
deposition on snow, Svalbard. Atmosphere 11: 1318. DOI 
10.3390/atmos11121318.

Kłysz P., Lindner L., Marks L., Wysokiński L., 1989. Late 
Pleistocene and Holocene relief remodeling in the 
Ebbadalen-Nordenskiöldbreen region in Olav V Land, 
central Spitsbergen. Polish Polar Research 10(3): 277–301.

Kowalkowski A., Kocoń J., 1991. Procesy wietrzenia na Spits-
bergenie na podstawie badań w skaningowym mikro-
skopie elektronowym, In: Kostrzewski A. (ed), Geneza, 
litologia i stratygrafia utworów czwartorzędowych. Geografia 
50. Wydawnictwo Naukowe Uniwersytetu im. Adama 
Mickiewicza, Poznań: 77–104.

Krumbein W.C., 1941. Measurement and geological signifi-
cance of shape and roundness of sedimentary particles. 
Journal of Sedimentary Petrology 11(2): 64–72. DOI 10.1306/
D42690F3-2B26-11D7-8648000102C1865D.

Long A.J., Strzelecki M.C., Lloyd J.M., Bryant C.L., 2012. 
Dating High Arctic Holocene relative sea level changes 
using juvenile articulated marine shells in raised beach-
es. Quaternary Science Reviews 48: 61–66. DOI 10.1016/j.
quascirev.2012.06.009.

Łopuch M., Jary Z., 2023. Sand sources and migration of the 
dune fields in the central European Sand Belt – a pat-
tern analysis approach. Geomorphology 439: 108856. DOI 
10.1016/j.geomorph.2023.108856.

Łopuch M., Sokołowski R.J., Jary Z., 2023. Factors controlling 
the development of cold-climate dune fields within the 
central part of the European Sand Belt – insights from 
morphometry. Geomorphology 420: 108514. DOI 10.1016/j.
geomorph.2022.108514.

Lyu Q., Shunshe L., Yulong G., Jinhua F., Xiaobing N., 
Shengbin F., Shixiang L., 2019. A new method of litholog-
ic identification and distribution characteristics of fine – 
grained sediments: a case study in southwest of Ordos 
Basin, China. Open Geosciences 11: 17–28. DOI 10.1515/
geo-2019-0002.

Mahaney W.C., 2002. Atlas of sand grain surface textures and 
applications. Oxford University Press, Oxford.

Małecki J., 2015. Glacio–meteorology of Ebbabreen, Dick-
son Land, central Svalbard, during 2008–2010 melt sea-
sons. Polish Polar Research 36: 145–161. DOI 10.1515/
popore-2015-0010.

Małecki J., 2019. Meteorology and summer net radiation of 
an Arctic alpine glacier: Svenbreen, Svalbard. Internation-
al Journal of Meteorology 39(10): 4107–4124. DOI 10.1002/
joc.6062.

Müller M., Thiel C., Kühn P., 2016. Holocene palaeosols 
and aeolian activities in the Umimmalissuaq valley, 

West Greenland. The Holocene 26(7): 1149–1161. DOI 
10.1177/0959683616632885.

Mycielska-Dowgiałło E., Woronko B., 1998. Analiza obtocze-
nia i zmatowienia powierzchni ziarn kwarcowych frakcji 
piaszczystej i jej wartość interpretacyjna. Przegląd Geolo-
giczny 46(12): 1275–1281.

Pettijohn F.J., Potter P.E., Siever R., 1987. Sand and Sandstone. 
Springer-Verlag, New York.

Prach K., Klimešová J., Košnar J., Redčenko O., Hais M., 
2012. Variability of contemporary vegetation around 
Petuniabukta, central Spitsbergen. Polish Polar Research 
33(4): 383–394. DOI 10.2478/v10183-012-0026-z.

Przybylak R., Araźny A., Gluza A., Hojan M., Migała K., Si-
kora S., Siwek K., Zwoliński Z., 2006. Porównanie wa-
runków meteorologicznych na zachodnim wybrzeżu 
Spitsbergenu w sezonie letnim 2005 r. Problemy Klimato-
logii Polarnej 16: 125–138.

Przybylak R., Araźny A., Nordli Ø, Finkelnburg R., Kejna 
M., Budzik T., Migała K., Sikora S., Puczko D., Rymer K., 
Rachlewicz G., 2014. Spatial distribution of air tempera-
ture on Svalbard during 1 year with campaign measure-
ments. International Journal of Climatology 34: 3702–3719. 
DOI 10.1002/joc.3937.

Pye K., Tsoar H., 2009. Aeolian Sand and Sand Dunes. Springer, 
Berlin.

Rachlewicz G., 2003. Warunki meteorologiczne w Zatoce Pe-
tunia (Spitsbergen środkowy) w sezonach letnich 2000 
i 2001. Problemy Klimatologii Polarnej 13: 127–138.

Rachlewicz G., 2009. Contemporary sediment fluxes and relief 
changes in high Arctic glacierized valley systems (Billefjorden, 
Central Spitsbergen). Wydawnictwo Naukowe UAM, 
Poznań.

Rachlewicz G., Styszyńska A., 2007. Porównanie przebiegu 
temperatury powietrza w Petuniabukta i Svalbard-Lu-
fthavn (Isfjord, Spitsbergen) w latach 2001-2003. Problemy 
Klimatologii Polarnej 17: 121–134.

Rachlewicz G., Szczuciński W., 2008. Changes in thermal 
structure of permafrost active layer in a dry polar cli-
mate, Petuniabukta, Svalbard. Polish Polar Research 29: 
261–278.

Rasmussen C.F., Christiansen H.H., Buylaert J.-P., Cunning-
ham A., Schneider R., Knudsen M.F., Stevens T., 2023. 
High-resolution OSL dating of loess in Adventdalen, 
Svalbard: Late Holocene dust activity and permafrost de-
velopment. Quaternary Science Reviews 310: 108137. DOI 
10.1016/j.quascirev.2023.108137.

Rymer K., Rachlewicz G., 2014. Thermal dynamics of the per-
mafrost active layer in Ebba valley (Central Spitsbergen) 
in the years 2009–2012. International Journal of Applied and 
Natural Sciences 3: 79–86.

Rymer K.G., Rachlewicz G., Buchwal A., Temme A.J.A.M., 
Reimann T., van der Meij W.M., 2022. Contemporary and 
past aeolian deposition rates in periglacial conditions 
(Ebba Valley, central Spitsbergen). CATENA 211: 105974. 
DOI 10.1016/j.catena.2021.105974.

Seppälä M., 2004. Wind as a geomorphic agent in cold climates. 
Cambridge University Press, Cambridge.

Sobota I., Weckwerth P., Grajewski T., 2020. Rain-on-snow 
(ROS) events and their relation to snowpack and ice lay-
er changes on small glaciers in Svalbard, the high Arc-
tic. Journal of Hydrology 590: 125279. DOI 10.1016/j.jhy-
drol.2020.125279.

Stawska M., 2017. Impacts of geomorphic disturbances on 
plant colonization in Ebba Valley, central Spitsbergen, 

https://doi.org/10.1007/s00531-019-01746-2
https://doi.org/10.1016/j.quaint.2013.08.038
https://doi.org/10.1515/popore-2017-0018
https://doi.org/10.3390/atmos11121318
https://doi.org/10.1306/D42690F3-2B26-11D7-8648000102C1865D
https://doi.org/10.1306/D42690F3-2B26-11D7-8648000102C1865D
https://doi.org/10.1016/j.quascirev.2012.06.009
https://doi.org/10.1016/j.quascirev.2012.06.009
https://doi.org/10.1016/j.geomorph.2023.108856
https://doi.org/10.1016/j.geomorph.2022.108514
https://doi.org/10.1016/j.geomorph.2022.108514
https://doi.org/10.1515/geo-2019-0002
https://doi.org/10.1515/geo-2019-0002
https://doi.org/10.1515/popore-2015-0010
https://doi.org/10.1515/popore-2015-0010
https://doi.org/10.1002/joc.6062
https://doi.org/10.1002/joc.6062
https://doi.org/10.1177/0959683616632885
https://doi.org/10.2478/v10183-012-0026-z
https://doi.org/10.1002/joc.3937
https://doi.org/10.1016/j.quascirev.2023.108137
https://doi.org/10.1016/j.catena.2021.105974
https://doi.org/10.1016/j.jhydrol.2020.125279
https://doi.org/10.1016/j.jhydrol.2020.125279


190 KRZYSZTOF GRZEGORZ RYMER, LUCYNA WACHECKA-KOTKOWSKA

Svalbard. Quaestiones Geographicae 36(1): 51–64. DOI 
10.1515/quageo-2017-0004.

van der Meij W.M., Temme A.J.A.M., de Kleijn C.M.F.J.J., Re-
imann T., Heuvelink G.B.M., Zwoliński Z., Rachlewicz 
G., Rymer K., Sommer M., 2016. Arctic soil development 
on a series of marine terraces on Central Spitsbergen, 
Svalbard: a combined geochronology, fieldwork and 
modelling approach. SOIL 2: 221–240. DOI 10.5194/soil-
2-221-2016.

Wachecka-Kotkowska L., 2004. Ewolucja doliny Luciąży – 
uwarunkowania klimatyczne a lokalne (in Polish, sum-
mary in English: evolution of the Luciąża River valley – 
local and climatic conditions). Acta Geographica Lodziensia 
86: 161.

Wachecka-Kotkowska L., 2015. Rozwój rzeźby obszaru 
między Piotrkowem Trybunalskim, Radomskiem a 
Przedborzem w czwartorzędzie (in Polish, summary 
in English: Relief development of the area between Pi-
otrków Trybunalski, Radomsko and Przedbórz in the 
Quaternary). Wydawnictwo Uniwersytetu Łódzkiego, 
Łódź. 126.

Wachecka-Kotkowska L., Krzyszkowski D., Król E., Klaczak 
K., 2014. Middle Weichselian Pleniglacial fluvial ero-
sion and sedimentation in the Krasówka river valley, 
Szczerców field, Bełchatów open cast mine, central Po-
land. Annales Societatis Geologorum Poloniae 84(4): 323–
340.

Warrier A.K., Pednekar H., Mahesh B.S., Mohan R., Gazi S., 
2016. Sediment grain size and surface textural observa-
tions of quartz grains in late quaternary lacustrine sedi-
ments from Schirmacher Oasis, East Antarctica: Paleoen-
vironmental significance. Polar Science 10(1): 89–100. DOI 
10.1016/j.polar.2015.12.005.

Woronko B., Bujak Ł, 2018. Quaternary aeolian activity of 
Eastern Europe (a Poland case study). Quaternary Inter-
national 478: 75–96. DOI 10.1016/j.quaint.2017.03.058.

Woronko B., Zieliński P., Sokołowski R.J., 2015. Climate 
evolution during the Pleniglacial and Late Glacial as re-
corded in quartz grain morphoscopy of fluvial to aeolian 
successions of the European Sand Belt. Geologos 21(2): 
89–103. DOI 10.1515/logos-2015-0005.

Zhang T., Li D., East A.E., Walling D.E., Lane S., Overeem I., 
Beylich A.A., Koppes M., Lu X., 2022. Warming-driven 
erosion and sediment transport in cold regions. Nature 
Reviews Earth & Environment 3: 832–851. DOI 10.1038/
s43017-022-00362-0.

Zieliński P., Sokołowski R.J., Woronko B., Jankowski M., Fe-
dorowicz S., 2015. The depositional conditions of the flu-
vio-aeolian succession during the last climate minimum 
based on the examples from Poland and NW Ukraine. 
Quaternary International 386: 30–41. DOI 10.1016/j.
quaint.2014.08.013.

https://doi.org/10.1515/quageo-2017-0004
https://doi.org/10.5194/soil-2-221-2016
https://doi.org/10.5194/soil-2-221-2016
https://doi.org/10.1016/j.polar.2015.12.005
https://doi.org/10.1016/j.quaint.2017.03.058
https://doi.org/10.1515/logos-2015-0005
https://doi.org/10.1038/s43017-022-00362-0
https://doi.org/10.1038/s43017-022-00362-0
https://doi.org/10.1016/j.quaint.2014.08.013
https://doi.org/10.1016/j.quaint.2014.08.013


 SOURCES OF THE AEOLIAN MATERIAL IN PERIGLACIAL CONDITIONS BASED ON QUARTZ GRAIN ANALYSIS... 191

Appendix 1. Full summary of quartz grains numbers collected in the Ebba Valley in 2015-2018 divided into 
grain rounding and matting classes according to Cailleux (1942) with modification by Goździk (1995) and My-

cielska-Dowgiałło and Woronko (1998) at nine test.

2015

Trap 1 Trap 2 Trap 3

C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U

Wet tundra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dry tundra 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Leeward slope 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Highest marine terrace top 1 1 6 4 4 3 2 0 2 3 5 1 3 1 5 1 3 0
Windward slope 3 10 13 21 30 7 2 9 8 5 15 5 5 0 7 0 6 5
Sandy surface 26 0 68 5 65 57 9 2 13 0 10 4
Central part 10 3 30 3 27 3 2 8 10 3 6 5 3 4 7 3 5 4
Sandur 3 2 4 2 4 2 1 2 5 1 4 4 0 0 3 2 0 1
Moraine 10 1 18 1 21 13 3 2 6 0 8 9 0 0 8 0 2 3

2016

Trap 1 Trap 2 Trap 3

C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U

Wet tundra 2 0 3 2 2 0 0 0 0 0 1 0 0 0 0 0 0 0
Dry tundra 0 0 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0
Leeward slope 4 0 4 0 2 3 0 0 0 0 1 1 1 0 0 0 0 0
Highest marine terrace top 0 1 0 1 0 0 0 0 1 1 2 0 0 0 4 3 1 0
Windward slope 7 6 21 9 13 6 7 3 11 0 6 11 4 1 22 0 5 15
Sandy surface 1 3 3 2 3 1 6 4 10 7 8 6 4 9 19 10 12 3
Central part 6 0 7 2 5 8 5 2 5 0 3 0
Sandur 1 0 1 0 0 1 0 0 0 0 0 0 0 0 1 0 0 1
Moraine 0 0 0 0 1 3 5 0 7 0 3 5 2 0 4 0 4 2

2017

Trap 1 Trap 2 Trap 3

C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U

Wet tundra 1 0 0 0 2 0 0 0 0 1 0 0 0 0 0 0 1 0
Dry tundra 0 0 0 0 2 1 2 0 0 1 2 0 0 0 0 0 1 0
Leeward slope 2 0 1 1 1 0 0 0 0 1 0 0 2 0 1 0 0 0
Highest marine terrace top 0 0 1 0 2 3 1 1 3 0 1 0 1 0 0 0 3 0
Windward slope 1 1 3 2 2 0 1 2 7 3 6 2 1 0 11 4 4 0
Sandy surface 2 0 1 1 1 0 0 1 0 1 0 0 5 0 4 2 2 2
Central part 4 1 7 0 2 1 5 0 3 1 3 0 3 0 5 2 4 0
Sandur 1 0 1 0 2 2 1 1 2 3 2 1 0 0 1 1 4 1
Moraine 3 0 5 0 5 0 0 1 6 1 5 1 4 0 2 2 2 0

2018

Trap 1 Trap 2 Trap 3

C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U C EL

EM
-E

L

RM

EM
-R

M

N
U

Wet tundra 1 0 1 0 0 0 0 0 0 0 0 0 0 2 0 3 2 0
Dry tundra 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Leeward slope 0 0 0 0 0 0 0 0 1 0 0 0 0 0 4 0 3 0
Highest marine terrace top 2 3 5 2 4 4 1 0 1 0 0 0 1 1 3 1 1 0
Windward slope 2 14 14 4 10 0 1 11 16 10 8 1 4 9 18 24 34 2
Sandy surface 3 12 32 5 22 1 5 18 41 10 16 4 5 6 11 27 33 2
Central part 2 3 3 2 4 1 3 3 4 3 4 4 4 2 9 2 4 0
Sandur 3 0 1 2 3 0 1 0 2 4 4 1 1 0 2 5 5 0
Moraine 2 0 8 1 6 0 3 4 6 2 7 0 3 0 15 3 6 0


