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Abstract: It is assumed that close to the margins of ice-sheets, glacial, fluvial and 
aeolian processes overlap, and combined with weathering processes, produce numer-
ous sediments, in which quartz is a common mineral. Quartz grains, if available, may 
serve as a powerful tool in determining the depositional history, transportation mode 
and postdepositional processes. However, quartz grain studies in some modern glacial 
areas are still sparse. In this study, we examine for the first time quartz grains sampled 
from the modern glacial and proglacial environments of the Russell Glacier, southwest 
Greenland in binocular microscope and scanning electron microscope, to analyze their 
shape, character of surface and microtextures. We debate whether the investigated quartz 
grains reveal glacial characteristics and to what extent they carry a signal of another 
transportation and sedimentary processes. Although glacial fracturing and abrasion occur 
in grain suites, most mechanical origin features are not of a high frequency or freshness, 
potentially suggesting a reduced shear stress in the glacier from its limited thickness and 
influence of the pressurized water at the ice-bed. In contrast, the signal that originates 
from the fluvial environment is much stronger derived by numerous aqueous-induced 
features present on quartz grain surfaces. Aeolian-induced microtextures on grain sur-
faces increase among the samples the closest to the ice margin, which may be due to 
enhanced aeolian activity, but are practically absent in sediments taken from the small  
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Study area

We focus our studies on the Kangerlussuaq-Russell Glacier area, South West 
Greenland, which represents the largest ice-free area in Greenland  (Funder and 
Hansen 1996). In the Holocene, retreats of the Greenland Ice Sheet (GrIS) margin 
were interrupted by numerous re-advances, which are evident from the moraine 
ridges as Fjord, Umîvît, Keglen and Ørkendalen with established geochronology 
 ( Carrivick et al. 2016). The  Ørkendalen moraine system reflects one of the 
major glacial advance prior the Little Ice Age (LIA), which took place between 
6400 and 7030 cal. years BP according to radiocarbon datings  (Storms et al. 
2012). The other possible advance could have culminated at ~2.0 cal. years 
BP (Forman et al. 2007), but further investigations are needed to support this 
statement (Storms et al. 2012). During the past 20 years, the mass balance of 
the GrIS is negative, and recent warming in the western part of the GrIS has 
increased melt extent, surface runoff and discharge  (Van As et al. 2012). 

The Archaean ortho-gneisses comprising the southern part of the 
Nagsugtoqidian Orogen are the main bedrock constituent of the Kangerlussuaq-
Russell area  (Van Gool et al. 2002). Bedrock depressions were glacially eroded, 
forming U-shaped valleys, and subsequently partially filled, usually with sandy 
till  (Aaltonen et al. 2010). For example in the Sandflugtdalen study area (Fig. 1) 
50–80 m thick sedimentary infill exists, represented by ice-contact, deltaic and 
glaciolacustrine deposits  (Storms et al. 2012). 

Fig. 1. Location of the investigated area and sampling points.
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Our fieldwork took place in two areas. The first locates between Isunnguata 
Sermia Glacier, representing the deepest subglacial trough system  (Lindbäck et al. 
2014), and the Russell Glacier (Fig. 1). Here, several settings as a lake terrace, 
shoreline, delta, hillslope, along with ice surface and end-moraine, occur and 
these landforms were observed and sampled (see Fig. 2 for details). Wind-blown 
silt covers end moraines on some terrace-like surfaces close to the ice margin, 
and ice surface itself is very dark and covered by dust, although light-coloured 
linear and very shallow channels stretches across the ice surface suggesting 
fluvial reworking of mineral particles. 

The second area is along the Sandflugtdalen sandur (Figs. 1 and 2) that fills 
the northern branch of the valley basin, stretching a distance of 25 km between 
the terminus of the Kangerlussuaq Fjord (Søndre Strømfjord) and the GrIS margin 
 (Storms et al. 2012). This sandur is fed by the proglacial streams of the Russell 

No. Location Description

CE13 Supraglacial 
debris

Supraglacial debris 20 m away from ice margin. The Little Ice Age 
end moraine is near present ice margin. Debris is re-worked 
by small and very shallow supraglacial streams that cover 
almost all ice surface.

CE14 Lake terrace

Sample from an ice-dammed lake terrace close to the high water 
mark. Sandy and gravely sediments almost without vegetation are 
concentrated in up to 2 m wide zone near the former shorline.
Cobbles and boulders form pavement on the former lake bottom. 
The highest water level is periodically reached in jökulhlaup events. 
During jökulhlaups water is drained through subglacial tunnel and 
passageway that connects this ice-dammed lake with lake located 
at lower topographical level. Lake passageway is few tens of meters 
away from sampling site. 

D6S Aeolian cover 
on a hillslope Aeolian sands on a hillslope close to the ice-dammed lake. 

D7S Lake terrace Sands from ice-dammed lake terrace.

D8S Lake 
shoreline Sands near present shoreline of a ice-dammed lake.

D14W
Distal part 
of proglacial 
delta.

Sands from distal part of delta in proglacial lake that is dammed by 
the Little Ice Age end moraine. Present-day ice margin is close to 
the end moraine. Lake is drained by river between ice margin and 
end moraine (through incision in this end moraine). Delta is active 
and rapid streams are flowing into the lake, although water level 
is several meters below high water mark. Three terrace levels are 
recognizable.

D27W Lake 
shoreline

Sands near present shoreline in a bay of ice-dammed lake. 
Crystalline basement and till is exposed on banks. 

Table 1 continued
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and Leverett glaciers, and drained by the Watson River, in which catastrophic 
Jökulhlaup events are recorded (Russell 2007, 2009; Ľesnuleviľius et al. 2009; 
Russell et al. 201 1) with a frequency of every 2–3 years between the 1950s and 
1987 (Russell 1989). The area related with the Sandflugtdalen sandur provides 
an opportunity not only to study sand grains from different sandur zones, but 
to estimate aeolian impact, because the floodplain is characterised by enhanced 
wind activity and formation of small-scale dunes. The aeolian silt covers also 
valley slope in middle part of sandur and nearby hilltops and slopes as well, 
where crystalline bedrock (gneisses) is not exposed.

The Kangerlussuaq area, situated in the rainshadow of the Sukertoppen 
icecap, receives annual precipitation average of 150 mm/y  (Engels and Helmens 
2010). Annual mean temperature at Kangerlussuaq airport is -5.7°C as measured 
in 1973–99 period  (Cappelen et al. 2001). Since the beginning of 1990s, the air 
temperature has increased by 2–3ºC, however, the mean annual air temperature 
is still below -4ºC  (Jørgensen and Andreasen 2007). Mean wind speed at 2 m 
above ground level is 3.6 m/s (years 1985–99; Cappelen el al. 2001). Due to the 
aforementioned conditions, this area may be regarded as a polar desert. Since 
the study area is directly linked to the ice, it is probably drier and colder and 
more influenced by winds  (see also Müller et al. 2016).

The investigated area is located in the southern part of the continuous 
permafrost zone, which close to the ice margin reaches up to 350–400 m in 
thickness  (Liljedahl et al. 2016). This has resulted in numerous periglacial 
features in lowlands, such as patterned ground, hummocks and ice-wedges, 
erratics with honeycomb weathering and occurrence of loess  (Aaltonen et al. 
2010).

Methods 

Fieldwork was carried out in June and August 2016, when eighteen sediments 
samples were taken from numerous landforms (Fig. 2, Table 1). These samples 
were collected in plastic bags and further oven dried at 105°C. Around 100–150 g 
of subsamples were mechanically sieved for 15 min according to recommendation 
of  Román-Sierra et al. (2013). Two sand fractions (0.5–1.0 mm and 1.0–2.0 mm) 
were picked up, etched in HCl to remove possible carbonates and thoroughly 
washed.

To analyze both the degree of quartz grain rounding and the type of surface, 
a binocular microscope with magnification of 40x was used, and ca. 100 (the first 
method below) as well as ca. 50 quartz grains (the second method) were analysed. We 
employed two methods: (1) following  Cailleux (1942) and modified by Mycielska-
-Dowgiaġġo and Woronko (1998) for the 0.5–1.0 mm fraction, and (2) after  Velichko 
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or straight steps (Fig. 7D). Dulled surface is abundant on grains from the CE13 
sample (82%; Fig. 7E) and associated with the V-shaped percussion cracks 
(35%; Fig. 7F). In general, meandering ridges, breakage blocks, straight/curved 
grooves and crescentic marks occur sparsely, rarely or were not observed (Figs 5, 
8A, B, C, respectively). Chattermarks are also sparse (samples CE2 and CE8; 
Fig. 8D). Importantly, some of the mechanical microfeatures seem to be “old” 
and overprinted i.e. by adhering particles (Fig. 7F) and precipitation (Fig. 8E), 
which likely occurs in all depressions (Fig. 8E). Grains with solution pits and 
crevasses (Fig. 8F) reveal wide variety of occurrence (Fig. 5).

The group of mechanical microtextures of polygenetic origin dominates 
in all investigated samples and vary between 61% and 73% (Table 2). The 
second most common are percussion microtextures, whereas the high stress 
features stay in the minority (2–4%). Fluvially induced microtextures dominate 
significantly over glacially induced. This is apparent from the F/G ratio, which 
differs between 2 and 5 (Table 2).

Table 2
Selected results of the quartz grain roundness and dulness, and microtextures 

on its surface. F/G ratio refers to fluvially (F) and glacia lly (G) 
induced microtextures.

Sample no.

Binocular SEM
Roundness
coefficient 

(Q)

Mattness
coefficient 

(Fm)

Polygenic 
features [%]

Percussion 
features [%]

High-stress 
features [%]

F/G 
ratio

CE1 15 17 66 21 14 2
CE2 28 19 76 22 2 9
CE3 12 10 – – – –
CE4 25 24 – – – –
CE5 18 9 – – – –
CE6 12 2 – – – –
CE7 18 8 – – – –
CE8 11 2 73 16 11 2
CE9 18 19 – – – –
CE11 14 26 – – – –
CE12 13 12 75 20 5 4
CE13 16 21 60 36 4 8
CE14 16 18 – – – –
D6S 13 20 – – – –
D7S 20 29 – – – –
D8S 24 35 – – – –
D14W 14 9 – – – –
D27W 18 15 – – – –

– not analysed
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Fig. 9. Sedimentary environments contributing in deposition at the Russell Glacier as obtained 
from the quartz grain shape, character of its surface and micromorphology.

in the proglacial realm were also raised by Clarhäll (2011), who concluded that 
sediment dynamics is rather governed by non-glacial processes, predominantly 
fluvial and aeolian. In this study, most high stress origin features on quartz grain 
surfaces are not well-expressed, which points at reduced shear stress in the glacier. 
This agrees with observations of Mahaney (200 2), who stated that smaller glaciers 
and ice caps transport sediments in a lower stress regime as opposed to large ice 
sheets which transport grains with higher stress. If so, at least ca. 500 m thick 
ice is needed to produce the most recognisable glacial high-pressure fracturing 
(Mahaney et al. 199 6). Therefore, only minor fracturing and abrading might be 
subjected, for example, to alpine glaciers with an estimated ice thickness of less 
than 200 m (Mahaney 199 5), to the Saalian and late Weichselian tills in Poland 
(Woronko 2016; KaliŶska-Nartiša et al. 201 7), modern sea-ice rafted sediments 
(St. John et al. 201 5) and even to the surge glacier (MuziŶska 201 5). Certainly, 
studied grains underwent only a limited resurfacing in the marginal part of the 
glacier, thus its impact was not strong enough to produce a set of high stress 
microfeatures. Another explanation may be due to a presence of pressurized 
subglacial water (Aaltonen et al. 2010), which reduces inter-granular contact 
within the sediment, and/or extreme jökulhlaup events (see Aqueous signal?).

Nevertheless, ice conditions may have contributed to the development of 
chemically induced and combined microtextures indicated by abundance of 
adhering particles (Fig. 5), and precipitation either in depressions or occasionally 
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proximal and distal part of the sandur, this may be an evidence for fluvial 
overprint by the meltwater, which has not been recorded by expected increase 
of grains with shiny surface. 

Aeolian signal. — Close to the ice margin strong katabatic winds combined 
with steep pressure gradients may develop  (Brookfield 2011), thus increasing 
wind speed  (Dijkmans and Törnqvist 1991) and enhancing aeolian activity 
 (Müller et al. 2016). It is supported by results from samples taken near the 
ice margin. For example, among sediments representing lake shorelines and 
supraglacial debris, aeolian-induced grains of different rounding occur in both 
investigated fractions (Fig. 6E). Also landform record, seen as a presence of 
low-relief embryonic dunes, shapeless coversands and small-scale aeolian features 
(Engels and Helmens 2010), supports aeolian activity  (Willemse et al. 2003). In 
this study, the embryonic dunes and coversands are particularly widespread in the 
distal part of the sandur plains, although aeolian cover is found in other locations 
as well. However, the overall grain outline in sediments of the embryonic dune 
does not reveal an aeolian signal in the 0.5–1.0 mm fraction, and only 4% 
of grains has matt surface. Subsequently, sediments taken from the rest of 
aeolian landforms carry more aeolian-induced grains, but only as high as 17% 
(in the echo dune). Such suites prove valuable for assessing as observed in 
many aeolian palaeoenvironments  (Mycielska-Dowgiaġġo 1993; Narayana et al. 
2010; KaliŶska-Nartiša et al. 2016). In this study, sandur floodplains, ice surface 
and marginal moraines offer a potential source for aeolian processes. Therefore, 
a lack of aeolian signal in the embryonic dune can be explained by the general 
statement that aeolian sands derived from glacial-like source are more immature 
and have less rounded grains than warmer climate aeolian sands, where sand is 
often transported for much longer distances  (Brookfield 2011). In contrast, in 
the Russell Glacier and proglacial area, a considerable transport distance during 
aerial suspension is valid for the finer sediment particles such as silt (Clarhäll 
2011). Thin cover of silty aeolian deposits seems common in the Sandflughtdalen, 
and the high influx was periodically present in the Holocene  (Willemse et al. 
2003). Aeolian samples in this paper are much sandier with silt fraction up to 
4% (unpublished data), and, therefore, aerial suspension appears not relevant.

Apparently, aeolian-induced grains significantly increase in the 1.0–2.0 mm 
fraction (Fig. 4). For example, rounded grains (the third and fourth classes) 
with matt surface have been found in the supraglacial debris and lake shoreline 
settings. These grains were likely rounded in aquatic environment and further 
their surface became matt due pushing and rolling by strong wind. Consequently, 
more aeolian-induced grains occur in the 1.0–2.0 mm in the sediments of the 
embryonic and echo dunes, which gained the strongest aeolian abrasion, possibly 
due to changes in transportation, as observed in some aeolian palaeoenvironments 
 (Dzierwa and Mycielska-Dowgiaġġo 2003; Mycielska-Dowgiaġġo and Woronko 
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