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Glacial geomorphology of the south Swedish uplands – focus on the spatial
distribution of hummock tracts
Gustaf Peterson a,b, Mark D. Johnson b and Colby A. Smith a

aDepartment of Physical Planning, Geological Survey of Sweden, Uppsala, Sweden; bDepartment of Earth Sciences, Gothenburg University,
Göteborg, Sweden

ABSTRACT
We present the first comprehensive glacial-landform map of the south Swedish uplands (SSU),
deglaciated 15–13 ka ago, using one consistent method and dataset; a Light Detection and
Ranging-derived digital elevation model. In particular, this map focuses on the spatial
distribution of hummock tracts. The distribution of hummock tracts reinforces previous thinking
of a broad lobate east–west zone of hummocks across the southern part of the SSU. But this
map also reveals a pattern of hummock tracts confined in what we call hummock corridors
that have a radial pattern sub-parallel to the overall ice-flow direction. Hummocks occur in a
wide variety of morphologies, but we also show the distribution of two distinct forms: V-shaped
hummocks and ‘ribbed moraine’. Cross-cutting relationships between hummocks and glacial
lineations indicate a more complex chronology than previously suggested. In places, lineations
are overlain by hummocks and in other places hummocks are overlain by lineations.
Additionally, directional variation of glacial lineations together with a complex end-moraine
pattern suggests a dynamic ice sheet with multiple small lobes. Finally, mapped end moraines
help to better correlate the deglacial timescales of western and eastern Sweden.
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1. Introduction

The glacial geomorphology of the south Swedish
uplands (SSU; Figure 1) has been studied for over
100 years. However, a complete glacial-landform map
has never been produced using a uniform dataset for
the entire SSU (loosely defined as the area above
250 m a.s.l. in southern Sweden). The map presented
here (Main Map) covers the SSU in the Swedish pro-
vince of Småland but also extends into lower lying
areas in the southern part of the mapped region (Figure
1). Until recently, mapping of glacial landforms has
relied on the interpretation of topographic maps, aerial
photographs or satellite images combined with field
work. In areas with dense forest, photos and satellite
images have not been optimal for creating detailed gla-
cial geomorphologic maps. The SSU is one of these
regions, and the production of a national 2-meter res-
olution elevation model (NH), based on Light Detec-
tion and Ranging (LiDAR), has revealed the
landscape at an unprecedented level of detail (Lantmä-
teriet, 2015).

This new dataset of the Swedish landscape allows
scientists to produce and provide the best geomorphic
maps and databases to date. Regional glacial geomor-
phological databases are important for both societal
and academic use:

. They provide a more detailed view of glacial land-
forms that in turn allow for a better understanding
and reconstruction of the glacial history.

. Better geomorphic maps provide a more accurate dis-
tribution of glacial features for the development of ice-
sheet computermodels, which are necessary for global
climate models (Napieralski et al., 2007; Van Taten-
hove, Van Der Meer, & Huybrechts, 1995).

. New LiDAR-based maps better reveal the landforms
resulting from subglacial meltwater drainage, and
this is crucial for the understanding of contempor-
ary ice-sheet dynamics and meltwater processes.

. They can contribute tomineral explorationbyyielding
information on ice-flow directions (Klassen, 1999).

. They provide a way to accurately delineate ground-
water recharge zones (e.g. eskers, deltas) and as
input to hydrogeological models (Klint, Nilsson,
Troldborg, & Jakobsen, 2013; Nilsson, Klint, Trold-
borg, & Jakobsen, 2011).

. These data are critical for land-use planning and as
input in slope stability and surface deposits model-
ing (Daniels & Thunholm, 2014; Tryggvason, Mel-
chiorre, & Johansson, 2014).

. Finally, these maps and databases illustrate our
natural history in the form of maps to be used in
education and for parks and reserves (Soyez, 1971).
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Finally, this map, and the data collected during this
work, acts as base data for ongoing research focused
primarily on the hummock tracts of this region and
their implication for glacial dynamics of the Fennos-
candian Ice Sheet. We refer to a ‘hummock tract’ as
a region of undulating, irregular knobby forms. The
individual hill or knob is called a ‘hummock’ and a
region characterized by many of these is called a ‘hum-
mock tract’ In that sense, the term is intended to be
parallel to terms like ‘dune field’ and ‘drumlin swarm’.

1.1. Regional geology and long-term
geomorphic development

The bedrock in the area consists of Precambrian crys-
talline bedrock and is divided into two provinces. The
western gneiss-dominated area lies within the Sveco-
norvegian province, and the eastern granite and
porphyry-dominated area lies within the Transscandi-
navian Igneous Belt (Wik et al., 2009). The boundary
between these two provinces runs roughly north–
south passing west of Växjö.

A warm and humid climate in the Mesozoic Era
deeply weathered exposed bedrock (Elvhage & Lid-
mar-Bergström, 1987). The region was uplifted during
the late Oligocene and early Miocene epoch, and this
rise formed what is now the south Swedish Dome
(roughly coinciding with the SSU and also the area
mapped within this study) (Lidmar-Bergström &

Näslund, 2002). In Neogene time, this region was
again uplifted, tilted and eroded forming the South
Småland Peneplain (the western and southern parts
of the study area) (Olvmo, Lidmar-Bergström, Ericson,
& Bonow, 2005).

Regionally, peneplanation and deep weathering of
the Precambrian bedrock have been the main processes
developing the physiography of the SSU prior to Pleis-
tocene glaciation. Subsequently, glacial and glacioflu-
vial processes during the Pleistocene have acted
mainly as agents for removing weathered material.
Nonetheless, glacial processes have significantly
impacted the landscape, and glacial landforms are ubi-
quitous in the SSU.

During the Pleistocene, multiple ice sheets waxed
and waned over the landscape in southern Sweden.
Although records in Norway and on the continent
reveal that the SSU must have been glaciated numerous
times during the Pleistocene (Kleman, Stroeven, &
Lundqvist, 2008; Sejrup et al., 2000), much of the
record has been removed. Older till from these pre-
vious glaciations have been found in only a few places
in southern Sweden (e.g. Hillefors, 1974; Miller, 1977;
Påsse, 1998). Except for localities with till-covered stra-
tified sediments (mostly sands), most of the glacial
sediment in the SSU is from the late-Weichselian
deglaciation (Möller & Murray, 2015).

The southernmost part of the mapped area became
ice free at about 15 ka, and the SSU was completely ice
free at about 13 ka (Anjar et al., 2014; Hughes, Gyllen-
creutz, Lohne, Mangerud, & Svendsen, 2015; Stroeven
et al., 2016). In the mapped area, ice retreat took place
above the highest shoreline so the ice margin retreated
in a terrestrial environment (although there was cal-
ving in some local ice-dammed lakes (Nilsson,
1968). During deglaciation, there were several still-
stands or re-advances of the ice margin (Agrell, Fri-
berg, & Oppgården, 1976; Lundqvist & Wohlfarth,
2001); however, prominent, regional end moraines
have not been identified in the SSU, except for the
Vimmerby Moraine in the northeastern part of the
mapped area (Figures 4(A) and 8) (Agrell et al.,
1976; Johnsen, Alexanderson, Fabel, & Freeman,
2009; Stroeven et al., 2016).

1.2. Previous work

The earliest geological mapping in the region
occurred during the late nineteenth century in a series
of combined bedrock geology and surficial deposit
surveys conducted in the field by the Geological Sur-
vey of Sweden (Blomberg, 1879, 1880; Holst, 1879,
1885, 1893; Hummel, 1877a, 1877b, 1877c; Stolpe,
1892). A large portion of this region was remapped
for surficial deposits during the late twentieth and
early twenty-first centuries (Geological Survey of Swe-
den, 2016).

Figure 1. Overview map. Northeastern Europe with the
mapped area in a black dotted box. Elevation data derived
from the GEBCO dataset, GEBCO_2014 Grid, version
20150318, www.gebco.net.
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Quaternary research during the latter half of the
twentieth century in the SSU has covered a wide
range of topics. However, three themes have emerged.

First, several studies have centered on specific land-
forms in the SSU, including hummocks, ribbed mor-
aine, glaciofluvial canyons and streamlined bedforms.
The hummocks and ribbed moraine were first dis-
cussed by Gavelin and Munthe (1907) and Stolpe
(1911). The same landforms were later described by
Bergdahl (1953) and Johnsson (1956) and mapped at
small scale by Persson (1972). These studies revealed
a broad zone of hummocks in a band primarily parallel
to the former ice front, 20 to 40 km wide in the
southern part of the SSU extending across southern
Sweden and possibly temporally and geomorphically
connected to the Göteborg Moraine (Möller, 1987;
Möller & Dowling, 2015). The ribbed moraine areas
in southern Småland were studied in great detail by
Möller (1987, 2010) who proposed them to be land-
forms resulting primarily from the melting of stagnant,
debris-rich ice stacked by thrusting within the ice due
to a frozen toe. Subsequent subglacial and supraglacial
melt-out of debris was followed by sediment gravity
flows resulting in a sequence of melt-out and flow till.

Steep-sided canyon-like valleys carved into bedrock
have been shown to have a large concentration in
three parts of Sweden, one is within the mapped area
(Olvmo, 1992) and he suggested these to be formed by
subaerial glaciofluvial processes. Streamlined bedforms
weremapped using a LiDAR-derived elevationmodel in
this area for the statistical analysis of their shape com-
pared to other regions by Dowling, Spagnolo, and Möl-
ler (2015). The results demonstrated that the southern
Swedish streamlined bedforms are similar in mor-
phology to their counterparts in the British Isles.

Second, regional stratigraphy has been a focus of
study. There are many localities where fine-grained,
sandy sediments occur below Weichselian till. Some of
these localities were first described in connection with
the early mapping activities (Fredholm, 1875; Hummel,
1877a). These sediment sequences are (1) the result of
an oscillation during the last deglaciation, as first pro-
posed by an amateur geologist named Strandmark
(Möller & Murray, 2015; and references therein), or
(2) they are older sediments overridden during the
late-Weichselian advance (Rydström, 1971). Recent
studies, using the OSL technique, show that it is likely
that these sediments are from the mid-Weichselian or
possibly deposited subglacialy during late-Weichselian
(Alexanderson, 2010; Möller & Murray, 2015). How-
ever, the data used to estimate the age are complex
and yield ambiguous age assignments (Alexanderson
& Murray, 2007, 2012). Other than these buried sand
units, there is no mention of older units due to their
apparent absence from the region.

Third, several papers have been dedicated to identi-
fying and dating ice-margin positions that were formed

during deglaciation (Anjar et al., 2014; Johnsen et al.,
2009; Lundqvist & Wohlfarth, 2001). The chronology
of deglaciation in southern Sweden has been studied
using surface exposure dating and suggests a steady
deglaciation rate, from ice-free areas in southern Swe-
den at 16.1 ± 0.9 ka, The southern part of the mapped
area was ice free at about 15 ka and the northern part
by 13.8 ± 0.8 ka (Anjar et al., 2014). Clearly defined
ice margins are barely present in the area, except for
the lobate Vimmerby Moraine in the northeast (Figure
4(A)) (Agrell et al., 1976). The Vimmerby Moraine has
been dated with surface exposure dating to 14.4 ±
0.9 ka (Johnsen et al., 2009). However, recent LiDAR
mapping of ice-marginal landforms over southern
Sweden reveals several end moraines, including a poss-
ible extension of the BerghemMoraine of western Swe-
den (Stroeven et al., 2016).

2. Data collection and methodology

For this report, landforms were mapped manually
using ESRI ArcGIS® ArcMap™ 10.2 on a LiDAR-
based digital elevation model (DEM) together with hill-
shade (45°, 310° and 270°) and slope rasters derived
from the NH. The LiDAR DEM provides a ‘bare
earth’ view of the landscape with a vertical resolution
of 0.25 m and a horizontal pixel size of 2 m (Lantmä-
teriet, 2015). Mapping was conducted on a Wacom®
CINTIQ® 27′′′′′′′′′′ digital drawing table. Every part of the
mapped area was screened twice at two different scales
(1:15,000 and 1:60,000) in order to ensure recognition
of landforms of different sizes. The digital data from
surficial geology maps (Geological Survey of Sweden,
2016) and orthorectified aerial photographs of the
area were used to assist with interpretations. Map
design was carried out in Adobe® Illustrator® CS6.

3. Landform definitions and descriptions

The landform definitions used here are based on the
descriptions of the Geological Survey of Sweden’s gla-
cial geomorphologic map units (Peterson & Smith,
2013). However, some adjustments have been made,
and some landform units have been added to fit the
purpose of this map more accurately. The landforms
are presented here in order from oldest to youngest.
However, relative ages are not always constant
throughout the mapped area and many landforms
were likely made time-transgressively.

3.1. Glacial lineations

We use the term ‘glacial lineations’ to refer to subgla-
cial landforms that are elongated in the direction of ice
movement. All types of glacial lineations (e.g. drumlins,
megaflutes, megascale glacial lineations, crag-and-tails)
have been mapped and grouped together into two
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categories, drumlinoids and crag-and-tails. A crag-
and-tail is mapped based on the visible presence of
bedrock or other obstruction at the ice-proximal end
of the landform. The category drumlinoids includes
all other glacial lineations and streamlined bedforms
regardless of genesis; drumlins, megaflutes and mega-
scale glacial lineations.

3.2. Hummock tracts

Much of the SSU contains hummock tracts. Hum-
mocks, like those found in these tracts, are commonly
interpreted to have been formed by the collapse of
supraglacial debris that overlies stagnant ice. However,
similar landforms in other locations have been
suggested to have formed in a variety of ways, involving
subglacial, englacial, supraglacial and even proglacial
processes (see Johnson & Clayton, 2003). Nonetheless,
most of these hummocks have been routinely mapped
in Sweden and elsewhere as ‘stagnation moraine’ or
‘dead-ice moraine’, which implies collapse from dead
ice. But the large variation in morphology of these
hummocky landforms, in, for example, the SSU and
elsewhere, indicates that this landform class is hetero-
geneous, and this variability may indicate a variation
in genesis as well.

The vast majority of hummocks in the SSU found in
the tracts consist of disorganized irregular hills and
depressions, and it is this group of undifferentiated land-
forms thatmakes up themajority of the hummocks in the
hummock tracts (Figure 2(C)). The undifferentiated
tracts hold a large variation within the group in shape,
size and relief, but the variation is not regionally consist-
ent enough for a distinct classification without further
study. However, we distinguish two special types with a
significantly distinct morphology to map separately
from the undifferentiated hummocks (Figure 2). First,
there are semi-ordered systems of ridges transverse to
ice flow, which were referred to initially as ‘Åsnen mor-
aine’ by Möller (1987) but bear a strong morphologic
similarity to ribbed moraine described elsewhere (Dun-
lop & Clark, 2006; Hättestrand & Kleman, 1999; Lundq-
vist, 1969, 1989; Möller, 1987) (Figure 2(A)). These
‘ribbed moraine’ or ‘Åsnen’ tracts grade into more irre-
gular hummocks, and even though they are clearly more
ridge-like than irregular, we consider them to be hum-
mocks in the broad sense. We have chosen to refer to
them as ‘ribbed moraine’. However, clearly defined
ribbed moraine (i.e. Figures 2(A) and 5(C)) is rare in
relation to the vast areas of other hummocks and is com-
mon only in the southern part of the mapped area (Möl-
ler, 2010). Second, there are hummocks that have a V-
shaped appearance with apices pointed generally down-
ice. These hummocks have gentle upice and steep
down-ice slope. To our knowledge, these landforms
have never been mapped before. However, similar land-
forms have also been newly discovered in Finland and

Figure 2. Examples of the variety within the hummock tracts.
(A) Semi-ordered ridges transverse to ice flow. (B) V-shaped
hummocks. (C) Disorganized irregular hills and depressions.
Blue arrows display ice-flow direction from glacial lineations.
Background: Hillshade (illumination from 315°) image over-
lying a colored DEM; brown = low elevation, grey = intermedi-
ate, purple = high.
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reported on by Mäkinen, Kajuutti, Palmu, Ojala, and
Ahokangas (2017) (Figure 2(B)).

Collectively, hummock tracts are mapped regardless
of genesis and are used as a group name for any area
that contains any type of non-bedrock hillock or
mound with a round to elongate form in a chaotic to
semi-ordered pattern. However, areas that specifically
hold an abundance of ribbed moraine or V-shaped
landforms are indicated on the map. The possible mul-
tiple origins of the various types of hummocks in the
hummock tracts is the focus of ongoing field work
and will be reported on in future papers.

3.3. Corridor margins

The category ‘corridor margins’ is used to define areas
of hummock tracts that are observed in distinct radial
zones or corridors, which we refer to as ‘hummock cor-
ridors’ (Figure 3). The majority of these areas are
approximately parallel to the former ice-flow direction.

In places, the hummock corridors occur as valleys in
the landscape (Figure 3(A)). Elsewhere, they form lin-
ear zones of hummocks and other landforms with posi-
tive relief (Figure 3(B)). In a few localities, these
corridors can be traced by merely scattered hummocks
in areas with extensive bedrock outcrops (Figure 3(C)).

3.4. Eskers

Eskers are formed subglacially in tunnels and consist
mainly of sorted sand and gravel. They often appear
as sinuous ridges and on the map area they have dis-
continuous lengths of up to hundreds of kilometers
and heights of tens of meters.

3.5. End moraines

End moraines are ridges formed at the terminus of the
ice sheet and demarcate a former stillstand or re-
advance. Most moraines in the study area are distinct

Figure 3. Examples of hummock tracts in corridors with cross profiles A–C and long profiles a–c. (A) Corridor incised into the sur-
rounding streamlined surface. (B) Corridor with a generally positive relief. (C) Corridor marked by scattered hummocks and bedrock
topography. Blue arrows display ice-flow direction from glacial lineations. Background: Hillshade image (illumination from 315° on
(A) and (B), 90° on (C)) overlying a colored DEM; brown = low elevation, grey = intermediate, purple = high.
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and stand out clearly from the surrounding terrain
(Figure 4(A)). However, in areas dominated by hum-
mock tracts, moraines are generally not as distinct as
elsewhere. Rather, they are sub-continuous ridges
appearing amongst the surrounding hummocks
(Figure 4(B)).

3.6. Glaciofluvial deltas

Glaciofluvial deltas are landforms composed of sand
and gravel that have been transported by glacial melt-
water and deposited in standing water. Subsequent to
deglaciation, the landforms have been separated from
the original body of water by land uplift and/or lake-
level lowering. Glaciofluvial deltas with distinct deltaic
morphology and flat surfaces are mapped.

3.7. Glaciofluvial canyons

Steep-sided canyon-like valleys were interpreted by
Olvmo (1992) to be of glaciofluvial origin due to
their connection to glaciofluvial deposits. Olvmo
(1992) referred to these as ‘glaciofluvial canyons’,
and we have placed the canyons he mapped on our
map.

3.8. Proglacial and marginal meltwater
channels

When glacial meltwater flows along the ice margin, it
may erode channels into the substrate, we call these
‘marginal meltwater channels’ and they indicate ice-
margin positions. ‘Proglacial meltwater channels’

form in front of any glacier where meltwater has
enough discharge to erode into the substrate. Within
the mapped area, there are outwash surfaces with pro-
glacial, braided channels. However, these are not
included on the map and only prominent proglacial
meltwater channels are mapped. Some of these chan-
nels may have been created by jökhulhlaups or out-
burst floods from ice-dammed lakes. For design
purposes, these two landforms have been grouped on
the map into the category ‘Proglacial and marginal
meltwater channels’. In contrast to glaciofluvial can-
yons that are incised in bedrock, the proglacial and
marginal meltwater channels are cut in sediment.

4. Results and discussion

More than 20,000 features were mapped in this study.
Of this total, more than 17,800 ice-flow indicators were
mapped as drumlinoids and crag-and-tails (Table 1).
Furthermore, 1481 km of eskers and 310 km of end
moraines (457 individual segments) were mapped.
This provides a new glacial geomorphological map of
the SSU based on a homogenous dataset and method-
ology (Main Map).

The overall picture of the mapped glacial lineations
displays a radial pattern throughout the area. Glacial
lineations occur in three distinct geomorphic settings
within the studied area. First, most glacial lineations
form broad streamlined till-covered uplands where
they provide a clear contrast to areas of bedrock or
hummock tracts (Figure 5(A)). In places these surfaces
are bordered and even cut by hummock corridors indi-
cating that the broad streamlined surfaces predate

Figure 4. Example of moraines within the mapped area. (A) Part of the Vimmerby Moraine with a N–S direction. Note the different
directions and cross-cutting relationships of glacial lineations outside and inside the moraine. (B) Sub-continuous moraine with a
lobate shape in an E–W direction. Orange arrows mark moraines. Blue arrows display ice-flow direction from glacial lineations. Back-
ground: Hillshade image (illumination from 45°) overlying a colored DEM; brown = low elevation, grey = intermediate, purple =
high.
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some hummock tracts. Second, streamlined lineations
occur within hummock tracts, in some places overlain
by hummock deposits (Figure 5(B)) implying a similar
age relationship as above. Third, in a few places, faint
glacial lineations are superposed on ribbed moraine,
indicating that at least part of the ribbed moraine
within was overridden by active ice (Figure 5(C)). For
this paper, we are not able to firmly conclude the gen-
esis of the ribbed moraine in the SSU. Utilizing
thorough stratigraphic investigations of the landforms
depicted (Figure 5(C)), Möller (Möller, 1987, 2010)
proposed a formation by melting of stagnant, debris-
rich ice, stacked by thrusting due to a frozen toe.
However, ribbed moraine mapped elsewhere, morpho-
logically similar to the ribbed moraine in the SSU, is
commonly considered to have been formed subgla-
cially, and it may be that these features in the SSU

were made in the same way (Dunlop & Clark, 2006;
Hättestrand & Kleman, 1999; Lundqvist, 1969, 1989).

Glacial lineations trend toward the southwest in the
western part of the mapped area and toward the south-
east in the eastern part of the mapped area. Within this
regional pattern, there are variations, often associated
with moraines (Figure 6(A)). In places, there are smal-
ler sets of lineations in a radial pattern, for example, the
glacial lineations behind the Vimmerby Moraine
(Figure 2(A)). However, a radial pattern is also appar-
ent south of lake Vättern on the highlands to the east.
Variations in direction of glacial lineations suggest a
dynamically active ice sheet with multiple minor lobate
ice-sheet margins. Further, glacial lineations display a
range of lengths and features of similar dimensions
occur in clusters (Figure 6(B)), which have been
suggested to indicate variations in ice-flow velocity at
the glacier bed (Stokes & Clark, 2002). This suggests
that basal ice-flow velocity was highest in the central
parts of the mapped area (Figure 6(B)).

Hummock tracts cover 6438 km2, approximately 30%
of the mapped area, making it a typical landscape within
the area, especially in the south. The areas of hummock
tracts display an interesting pattern (Figure 7). First,
there is the broad zoneofhummock tracts in the southern
part with an arcuate shape perpendicular to the former
ice flow, and it is within this zone that ribbed moraine
are present (Lundqvist & Wohlfarth, 2001; Möller,
2010; Persson, 1972). In places within this zone, ribbed
moraines occur in ribbons and narrow tracts (Dunlop
& Clark, 2006). Second, there are hummock tracts that
are parallel to the overall ice flow, forming a radial pattern

Table 1. More than 20,000 features where mapped. The sum
and individual count of all mapped landforms are presented
in this table.

Features (n) Length (km) Area (km2)

Progl. and marginal meltwater ch. 552 – –
Moraines 457 310 –
Glacifluvial deltas 305 – –
Eskers 3532 1481 –
Hummock tracts 213 – 6438
Hummock tracts, ribbed moraine 23 – 372
Corridor sides 260 – –
Glacial lineations
Large crag-and-tails 3729 – –
Small crag-and-tails 3185 – –
Large drumlins/drumlinoids 3936 – –
Small drumlins/drumlinoids 6995 – –
Total 23,187

Figure 5. Examples of landscape position of glacial lineations. (A) Glacially streamlined surface. (B) Streamlined landform overlain
by hummocks. (C) Subtle streamlined landforms superposed on hummocks. Blue arrows display ice-flow direction from glacial linea-
tions. Background: Hillshade image (illumination from 45° on (A), 315° on (B), 90° on (C)) overlying a colored DEM; brown = low
elevation, grey = intermediate, purple = high.
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of elongate zones. It is these zones we refer to as hum-
mock corridors. This radial pattern has never before
been recognized on previous maps. Hummocks within
these corridors generally canbedescribed as disorganized
irregular hills and depressions.

In places, hummock corridors have vague lateral
boundaries, but elsewhere they are quite distinct from
the surrounding glacially streamlined surfaces. The
width of these distinct corridors ranges from about 1
to 3 km. Some of them are clearly incised into the sur-
rounding till surface and others are made up of positive
forms (Figure 2).

The hummock corridors are often found in connec-
tion with eskers. The eskers that are mapped primarily
follow the large corridors but also other valleys that
trend from north to south. In other areas outside the

valleys and corridors, eskers are small but can often
be followed for long distances. A large number of the
eskers in this region have been mined for sand and
gravel and are more easily mapped on the LiDAR
DEM as excavated hollows than ridge crests.

Until recently, only one significant moraine, the
Vimmerby Moraine, has been reported in the SSU
(Agrell et al., 1976). However, mapping on detailed
DEMs has revealed many more moraines within the
study area, and this has made it possible to connect
the Vimmerby Moraine morphologically with the

Figure 6. Visualization of glacial lineation. (A) Glacial lineations colored by direction; green = westerly ice flow, yellow = southerly
ice flow, red = easterly ice flow. (B) Glacial lineations colored by length; blue = short lineations, yellow = intermediate, red = long
lineations.

Figure 7. The mapped extent of hummock tracts display
(undifferentiated = yellow, ribbed moraine = brown) a radial
pattern parallel to the overall ice-flow direction.

Figure 8. End moraines (blue) and deltas (green) reflect former
ice margins. Trollhättan Moraine (T) can be connected with a
series of lobate moraines in its continuation. A connection
between the Berghem Moraine (B) and Vimmerby Moraine
(V) is noticeable. The Göteborg Moraine (G) can be extended
to moraine fragments to the east. H = Halland coastal
Moraines.
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Berghem Moraine that enters the mapped area in the
western part (Stroeven et al., 2016). Stroeven et al.
(2016) reported that apart from a possible correlation
of the Trollhättan Moraine with lobate moraines
below and southeast of lake Vättern, no clear corre-
lations between the southernmost west-coast moraines
(i.e. Halland costal and Göteborg Moraines) are appar-
ent. Their mapping efforts of moraines in the area
show the absence of moraines within the central and
southern part of the study area (Stroeven et al.,
2016). Contrary to the findings of Stroeven et al.
(2016), we present a series of end moraines within
the central and southern parts of the mapped area,
most of which appear within the hummock tracts.
First, we find a continuation of the Gothenburg Mor-
aine to the east of Lake Bolmen. Further to the east,
short end-moraine fragments may also indicate other
ridges formed at this time. Second, within the hum-
mock tracts, we map a lobate moraine in the southeast-
ern part of the study area. This ice margin becomes
more pronounced if connected with glaciofluvial deltas
and the abrupt end of several eskers (Figure 8). Third,
we map a series of small moraines within the hummock
tracts in the southwestern part of the mapped area.

5. Conclusions
. This map is the first comprehensive inventory of

glacial geomorphology, based on one method and
one dataset, for this part of southern Sweden.

. The extent of hummock tracts in this region is not
only, as previously shown, in the shape of a broad
east–west zone in the southern part of the area,
but also as hummocky corridors, which have a radial
pattern, sub-parallel to the overall ice-flow direction
in the area.

. Age relationships between hummocks and glacial
lineations indicate both hummocks overlying glacial
lineations and glacial lineations overlying hum-
mocks. The latter indicates that some hummocks
were either formed or overridden by active ice.

. The variation in the directions of ice-flow indicators
and the shape of the end-moraine, suggests a dynamic
ice sheet with multiple smaller lobate portions.

. Mapped end moraines yield more information
about the connection of the eastern and western
deglaciation timescale. Also, end moraines, inter-
preted as smaller ice lobe advances, are present
north of the Vimmerby Moraine.

Software

ESRI ArcGIS® ArcMap™ 10.2 was used for mapping
and Adobe® Illustrator® CS6 was used for map design.
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