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Sammanfattning
En ny ändmorän har hittats i närheten av Floby, södra Sverige, med hjälp av en ny
höjddatabas som tillhandahölls av SGU (Sveriges geologiska undersökning). Huvudmålen
med projektet var att undersöka ändmoränen, datera den och att fastställa om det var någon
skillnad mellan ändmoränen och den underliggande moränen. För att ytterligare stödja
huvudmålet ägde några fler undersökningar rum. Metoderna som användes var: kornstorleks
analys, fabric analys, färg klassificering med hjälp av Munsells färgschema och
undersökningar av den nya höjddatabasen i ArcGIS.
Resultatet från undersökningarna indikerade att Floby moränen bildades under en lokal
avancering av isen ungefär 14 100-13 400 cal år BP. Resultaten från fabric analysen och
utgrävnings-hålet indikerade att detta antingen är en dump moraine eller en push moraine.
Undersökningar av formationer som kan hittas bakom ändmoränen är ytterligare indikationer
på att det här är en push moraine. Det var svårt att med hjälp av kornstorleks analysen
fastställa någon skillnad mellan ändmoränen och den underliggande moränen. Övergången
mellan ändmoränen och den underliggande moränen kan hittas vid ett djup av ungefär 2
meter, vilket indikeras av en färgändring.

Abstract
A new end moraine has been found in the vicinity of Floby, southern Sweden, by use of a new
elevation database provided by SGU (Geological Survey of Sweden). The main objective of
this project were to investigate the end moraine, date it and to determine if there was any
difference between the new end moraine and the underlying till. Some further investigations
took place in order to support the main objective. The methods used were: grain size
distribution analysis, fabric analysis, color classification by use of Munsells color scheme and
investigations of the new elevation database in ArcGIS.
The results from the investigations indicated that the Floby end moraine was made by a local
readvance of the ice around 14 100-13 400 cal years BP. Results from fabric analysis and
outcrop investigations indicated that it is either a dump moraine or a push moraine. Further
investigations of formations found behind the end moraine further indicate that this is a push
moraine. It was hard to determine a difference between the end moraine and the underlying
till by use of the grain size distribution. The transition between the Floby end moraine till and
the underlying till can be at a depth of about 2 meters, indicated by a gradual color shift.
Keywords: Floby, end moraine, till, push moraine, southern Sweden, geomorphology.
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1

Introduction

1.1 Objective of the project
The main objective of this project is to investigate a newly found end moraine in the Floby
area in southwestern Sweden, directly date the end moraine and to determine whether there is
any difference between the till in the new end moraine and the underlying till. This end
moraine was discovered by SGU (Geological Survey of Sweden) in use of the new national
elevation database, therefore this project took place in cooperation with SGU. Some further
investigations took place in order to support the main objective. This was done by
investigating the geomorphology of the moraine and by making a topographic profile across
the edge of the end moraine using ArcGIS. Some irregular ridges can be found behind the end
moraine and these ridges were examined to further support the main objective.
1.2 Study area
The area of investigation is situated in the vicinity of Floby southwest of Falköping, in
southern Sweden. The Floby end moraine is barely visible in field but is fairly easy to
distinguish with the images created from the national elevation database which can be seen in
Figure 3.
1.3

Background

1.3.1 General deglaciation history
During the last (Weichselian) glaciation, Sweden was covered by the Scandinavian ice sheet.
The glacial history of Sweden before the Weichselian is not well understood since there are
few deposits left from those glaciations (Lundqvist, 2004). The Weichselian ice reached its
maximum extent during marine isotope stage 2, MIS 2, around 22-18 thousand years ago
(Lundqvist, Lundqvist, Lindström, Calner, & Sivhed, 2011). The southern part of Sweden was
re-exposed first, at around 14 thousand years ago. After this time the ice receded in three
directions. The southern part of the ice-front receded towards the north, the western part of the
ice receded in a north-east direction and the eastern part receded towards the north-west
(Fredén, 1994).
The receding ice sheet deposited several end moraines along the southwestern side of
Sweden. These end moraines can be correlated to the eastern part of Sweden by correlating
them to clay varves found on the eastern side of Sweden. The dates of the end moraines are
given in calibrated years BP which means that previous radiocarbon dates have been
compared and correlated to each other and to a radiocarbon calibration curve (Figure 1)
(Lundqvist & Wolfarth, 2001).
Based on Lundqvist and Wolfarth’s (2001) dates the Halland coastal moraines (HCM) were
formed around 18 000-16 000 cal yr BP and the Gothenburg moraine was formed around
15 400-14 500 cal yr BP. The following end moraines; the Berghem Moraine and the
Trollhättan Moraine are assumed to have formed around 14 400-14 200 and 14 200-14 100
cal yr BP respectively. The formation of the Levene Moraine occurred around 13 400 cal
years BP (Lundqvist & Wolfarth, 2001). The Levene moraine was followed by the formation
of the Younger Dryas moraines around 12 800 years ago. The Younger Dryas moraines were
4

formed by a larger readvance of the ice (Lundqvist, Lundqvist, Lindström, Calner, & Sivhed,
2011). Dating of the deglaciation north of the Younger Dryas Moraines is only possible in the
areas that were covered by marine waters. The dating here is based on glacial clay varve
chronology. The deglaciation proceeded evenly without any breaks or readvances after 12 800
years ago (Lundqvist, 2004).

Figure 1. The end moraines in southwestern Sweden and their correlations to the east side of Sweden. (Lundqvist &
Wolfarth, 2001).
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1.3.2 The marine limit
Both the sea level and the level of the land surface were affected by the presence of the ice
sheet. The earth’s crust was pushed down by the weight of the ice at the same time as an
immense amount of water was stored in the ice. This resulted in a relative lowering of the sea
surface. As soon as the ice sheet started to melt the land began to rise to its former position
which is called an isostatic process. The increasing amount of meltwater was at the same time
raising the global sea level, which is called the eustatic process. At the start of deglaciation,
the isostatic effect had a greater effect than the eustatic one. In other words, the land rose
faster than the sea level rose. As the ice melted away, parts of the land surface were well
below sea level due to isostatic depression. The marine limit (ML) marks the level of the
highest relative sea level (Figure 2) (Lundqvist, Lundqvist, Lindström, Calner, & Sivhed,
2011).

Figure 2. The marine limit (ML) in Sweden (Högsta kustlinjen i Sverige, n.d).

1.3.3 Till deposition
The four different processes for depositing till on land are by: lodgement, meltout,
sublimation and subglacial deformation. Lodgement occurs when a clast gets lodged between
the base of the glacier and the glacier bed because the frictional resistance is too high. Meltout
occurs when the debris gets released directly by melting of the ice. Sublimation occurs when
the ice vaporizes, causing the direct release of debris. This process is rather uncommon and
occurs only in extremely cold environments. The process of subglacial deformation is when a
layer of sediment beneath a glacier is deforming. These depositional processes are helpful
when distinguishing different types of tills; lodgement till, subglacial meltout till, deformation
till and supraglacial meltout & flow till (Bennett & Glasser, 2009).
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1.3.4 Ice-marginal moraines
Ice-marginal moraines, like the Floby moraine, are produced directly by a glacier. They are
produced by four main processes; by ice-marginal or submarginal glaciotectonics, by icemarginal dumping of debris, ice surface/marginal meltout, and meltout and subglacial
transport of debris. To make things simpler these can be divided into three broad categories;
glaciotectonic moraines, dump moraines and ablation moraines (Bennett & Glasser, 2009).
Glaciotectonic moraines or push moraines are formed when ice-marginal sediments get
pushed in front of an advancing glacier. When there is an overall retreat of the glacier icemarginal sediment might get pushed in front of the glacier during winter readvances, and
thereby represent annual glaciotectonic push moraines. The second form of ice-marginal
moraines is formed when debris accumulated at the surface of the glacier gets dumped in front
of it as the glacier is receding. These dump moraines will form where the margin of the
glacier remains stationary for a longer period of time. If the glacier readvances after
deposition, the dump moraine will get bulldozed into a push moraine (Benn & Evans, 2010).
Ablation moraines form when sediment accumulated on the surface of the glacier margin
increases the rate of melting because of the sediments higher absorbance of the solar
radiation. The glacier margin can get detached from the rest of the glacier if the sediment
cover is thick enough to make the ice become stationary. This can result in an ice-cored
moraine or ablation moraine (Bennett & Glasser, 2009).
Another way for material to get relocated by a glacier, besides by pushing, is by squeezing.
Previously deposited sediment that is saturated can get relocated by squeezing during periods
of ice-margin standstill or retreat. The process of squeezing is common during the ablation
season which saturates the sediments underneath the ice. The saturated sediment gets
relocated due to the static loading of the ice. The material can get both squeezed up where
there are voids or crevasses in the basal ice and also be squeezed out in front of the icemargin. This process can form so called squeeze ridges. Combinations of pushing and
squeezing are common since some forward motion is going on during the ablation season
(Benn & Evans, 2010).
1.4 Geomorphology of the area
The Floby end moraine is situated between the Trollhättan moraine and the Levene moraine
(Figure 1). The marine limit in this part of Sweden lies around 100 meters above sea level
(Figure 2). The Floby moraine is situated around 150 meters above sea level according to the
terrain-map of the area i.e. above the marine limit. The direction of the advancing ice sheet
can be seen in the lower left corner of Figure 3. There is a NE-SW trending megaflute,in the
lower left corner of the figure, that clearly shows the ice direction. The megaflute is draped by
the Floby moraine. Some small irregular, slightly sinuous, ridges can be seen in the same
figure behind the end moraine.
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Figure 3. The light area shows the region covered by the tongue of ice that formed the Floby moraine. Some small irregular
ridges can be seen behind the end moraine ridge, inside the square. The direction of the flowing ice sheet can be seen in the
lower left corner of the image. The large linear ridge seen in the lower left of the image, inside the circle, is interpreted as a
megaflute and it can be traced to the north where it is draped by the Folby moraine.
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2

Method

2.1 Preparations
Before the fieldwork was carried out some preparations had to be done. First some maps
showing elevation data over the area were printed. A short reconnoiter in the field was carried
out in order to investigate if the end moraine could be spotted in the field and if a possible
excavation-site could be found. After this, the landowner was contacted for permissions and
an excavator was hired for the excavation that had to be done. Permission to dig in the field
location was also obtained by the cable company.
2.2

Field methods

2.2.1 Area investigation and sampling
One day was spent on of reconnaissance mapping and taking surface samples with the help of
a hand auger. Some of the sample sites were chosen based on an old version of the Quaternary
map over the area (Munthe, 1906) and some were chosen randomly. Three samples were taken
in front of the end moraine and were assumed to belong to the underlying till. These samples
were taken at a depth of 1 meter. All sample sites can be seen in Figure 4.
2.2.2 Excavation
The site was dug up with a backhoe. The excavation site can be seen in Figure 4. Samples
were retrieved at depths of 1, 2 and around 3 to 3, 5 meters. A picture of the excavation pit
can be seen in Figure 5. In total five samples were taken from the excavation pit. The three
last samples were taken directly from the scoops that were brought up to the surface.
At a depth of 1, 6 meters a picture was taken of the outcrop and a sketch was drawn of the
same outcrop for later interpretation.

Figure 4. Sample site locations and excavation site location.

9

Figure 5. The excavation pit with a depth of around 3-3, 5 meters (ruler in the image is 2 meters long).

2.2.3 Fabric analysis
Fabric analysis can give the directional properties of sediment. The sediment fabric can give
valuable information about former depositional environments and processes, such as flow
directions of glacier ice (Evans & Benn, 2004). The clast fabric of a till can be defined by two
properties: by measuring the compass direction of elongated particles and by measuring the
dip or inclination of those particles. This information is mostly portrayed either on a
stereograph or on a rose diagram. (Bennett & Glasser, 2009).
A fabric analysis was performed on 2 meters depth in the excavation pit facing south. The
equipment used was knitting needles, a notebook and a compass-clinometer. Pebbles were
randomly selected and carefully removed. A knitting needle was carefully placed parallel with
the pebbles longest axis. With this as a guide the gradient of the pebble relative to the
horizontal (plunge) and the orientation the dip is towards (trend) was measured. The trend and
plunge was measured on 25 pebbles.
2.3

Lab methods

2.3.1 Color and fabric analysis
A color classification of the samples was made by comparing the moist samples to a Munsell
color book. The Munsell color scheme is described in three dimensions; by its hue, value and
chroma. The hue represents the separations between the colors red, yellow, green, blue and
purple. The value represents the brightness of the color and the chroma represents how strong
or weak a color is (Cleland, 1880-1964).
The statistical distribution of the samples can be analyzed by the use of eigenvalues. The
method of eigenvalues defines the mean orientation of the particles in three-dimensional
space and how much it varies around its mean. Three eigenvalues and three eigenvectors
describe how much clustering there is around the three eigenvectors. There are different ways
for portraying this clustering in diagrams (Figure 6) (Bennett & Glasser, 2009).

10

Figure 6. A) Plotting of eigenvalues in order to distinguish different types of till. B) Portrayal of clustering by use of a
ternary plot (Dowdeswell & Sharp (1986); Benn (1994)).

The values from the fabric analysis were entered into the program Stereonet 7 where a rosediagram and scatter diagram were made and compared to the main till types mentioned
before.
2.3.2 Grain-size analysis
First the sample was divided so that around 1/4th of the original sample was used. In order to
avoid lumping of the fine sediments, a wet sieving method was executed where sieves from 8
mm to 0,063 mm were used. The finer sediment (<0, 063 mm) was collected underneath the
sieves in a beaker. After sieving, the beakers were placed in a drying cabinet in order to get
rid of excess water. When the sieves were dry, the amount of material left on each sieve was
measured.
When all the water had evaporated the beaker was weighed and the amount of fine sediments
was calculated for the sample. The < 0, 063 mm sediment was divided and again weighed.
This part of the sample was added into a settling column after dispersion. The sample was
heavily stirred and a hydrometer was lowered into the fluid and values were obtained at given
intervals. The hydrometer recorded density changes in the suspension. The sieving and
measurements were carried out at the Department of Earth Sciences, Gothenburg University.
2.4 Topographic profiles
Some irregular ridges can be found on the back of the end moraine and these were
investigated in ArcGIS in order to find out how extensive they are and how large the
topographic difference is between the ridges and the surrounding surface. A topographic
profile was also made across the edge of the end moraine by using ArcGIS.
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3

Results

3.1 Field observations
A ridge containing glaciofluvial sediment should according to the old Quaternary map run
straight through Floby community (Figure 3). Some glaciofluvial sediments were found in
this particular area during auger investigations. A ridge was observed in the area and it
appears to be a continuation of the Floby moraine ridge. It was however hard to define where
the transition between the till in the Floby moraine and the glaciofluvial sediments were.
The Floby end moraine is barely visible in the field, however some locations where the
topographic difference is visible were found based on maps from the elevation database
(Figure 3). One of those locations can be seen in Figure 7. This picture was taken at the
western parts of the end moraine, in the same location that sample 2BA was taken (Figure 4).

Figure 7. Topographic differences seen at the western parts of the end moraine. The person is standing on the ridge, and the
slope to the right is down the distal side of the moraine.

3.2 The Backhoe Excavation
The back-hoe excavation was made in the broad crest of the Floby moraine at a location to the
east of the trace of the prominent megaflute (Figure 4).The pit was excavated to 3,5 m and till
was encountered throughout, although the character of the till changes. The upper till is 2 m
thick and predominantly reddish. The underlying till is orange and gray, and it is believed to
represent the pre-Floby advance surface till (Figure 8).
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Figure 8. The excavation pit, where a gradual color shift from red to orange and gray can be seen at a depth of around 2
meters.

The upper till is red and complex in that it contains irregular lenses and zones of sand and silt,
as shown by the circle in Figure 9. The upper till can be divided into three sections where
different features and properties have been observed. The top section has some small sandy
areas indicated with a circle. These sandy areas are also visible in the other sections as well.
The middle section is more compact and has more large clasts in comparison to the top
section. The bottom section is more clay rich in comparison to the above areas. The upper till
is in other words showing a variety of features throughout the outcrop that could be called a
chaotic pattern.

Figure 3. An image showing a part of the upper till. The upper section shows areas of sand, the middle section is more
compact and contains more large clasts, and the lower section is more clay rich. The top of the image lies around 60
centimeters below the surface. 1 meter of the ruler is visible in the image.
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3.3 Fabric analysis
Plot of trend and plunge of the particle fabrics, taken at a depth of around 2 meters in the
excavation pit facing south, in the upper till, which can be seen in Figure 11. The mean trend
is 325 º and the mean plunge is 83º. This till does not have a particularly strong particle
orientation as shown by the S1 eigenvalue of 0, 55. Both trends and plunges show a great
variety.

Figure 40. Trend and plunge of pebbles in outcrop, shown as scatter plot and rose-diagram.

The eigenvalues in Table 1 is plotted in the diagram in Figure 6A, in the area of both
glacigenic sediment-flows and deformed lodgement till.
Table 1. Resulting eigenvalues from fabric analysis.

Axis
1.
2.
3.

Eigenvalue
0,5459
0,3185
0,1356

Trend
267,7
006,3
096,5

Plunge ±min
±max
80,6
13,7
35,1
1,4
9,2
14,3
35,5

3.4 Samples
In total nine samples were taken (Figure 4). Sample 1AA, 1AB, 1AC, 2AD, 2AE and 2AF
were known or interpreted to belong to the older, pre-Floby advance surface till. Sample 2BA,
2BB and 2BC, collected from the back-hoe excavation and from another sample site, belongs
to the till in the end moraine.
3.5 Color
As mentioned before here was a shift in colors at a depth of around 2 meters (Figure 8) and
closer investigations of the colors of the samples were performed. This was done using
Munsells color scheme and the results can be seen in Table 2. The first seven samples all
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looked to have a reddish-brownish color and the two last samples, 2AE and 2AF had a greyish
color. 2AE and 2AF were retrieved below the color shift in the excavation pit.
Table 2. Color classifications of moist samples by comparison to the Munsell color scheme.

Sample
1AA
1AB
1AC
2BA
2BB
2BC
2AD
2AE
2AF

hue
10 YR
7,5 YR
10 YR
7,5 YR
7,5 YR
7,5 YR
10 YR
2,5 Y
2,5 Y

value/chroma
4/4
3/4
4/6
3/4
3/4
4/6
4/4
4/4
3/2

color
dark yellowish brown
dark brown
dark yellowish brown
dark brown
dark brown
strong brown
dark yellowish brown
olive brown
very dark grayish brown
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Till unit
Older (surface sample)
Older (surface sample)
Older (surface sample)
Younger (surface sample)
Younger (Backhoe)
Younger (Backhoe)
Older (Backhoe)
Older (Backhoe)
Older (Backhoe)

3.6 Grain size distribution
All samples have been plotted into the same grain size distribution curve in Figure 11. The
separate results from the individual samples can be found in Appendix 1. The samples having
the most divergent patterns are sample 1AA and 2AF with their odd transitions from sand to
silt, seen as dark blue lines in Figure 11.
The samples that were assumed to belong to the lower till are not that similar in the diagram.
They are not clustered tightly together as could be expected if they were all from the same till
(Figure 11). The same could be said about the samples that were known or interpreted to
belong to the till in the end moraine. There is not a notable similarity between the samples.
These samples, from the till in the end moraine, show a particular variance in the course grain
sizes, red colored lines in Figure 11.

All samples
Clay

Silt

Gravel

Sand

100

Weight percent of sample (%)

90
80

1AA

70

1AB
1AC

60

2BA
50

2BB

40

2BC

30

2AD

20

2AE
2AF

10
0
16

8

4

2

1

0,5

0,25

0,125

0,0625

0,03125

0,015625

0,0078125

0,0039063

0,0019531

0,0009766

-10

Grain size (mm)

Figure 5. All samples in the same grain size distribution curve. The samples that were assumed to belong to the underlying
till are shown in blue colors. Samples taken from the end moraine are red. Sample 1AA and sample 2AF are shown in dark
blue colors.

To further display the differences in the grain size distribution of the upper, end moraine, till and the
lower pre-Floby till they can be plotted in a triangular diagram (Figure 12). By plotting it in this way it
seems that there is a difference in some of the samples originating from the pre-Floby till in
comparison to the till originating from the end moraine. These samples seem to have more clay in
them in compared to the other samples.
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 Floby end moraine
 Underlying till

Figure 6. A triangular diagram showing the grain size distribution of all samples.

If two of the samples, 1AA and 2AF, is excluded the result looks different (Figure 13). These specific
two samples are excluded because of their divergent patterns. When 1AA and 2AF is excluded, a
difference between the pre-Floby till and the till in the end moraine can no longer be seen.
 Floby end moraine
 Underlying till

Figure 7. A triangular diagram showing the grain size distribution of all the samples but 1AA and 2AF.

3.7 Topographic profiles
The results from the GIS analysis can be seen in Figure 14. Profile 1 is drawn over the edge of
the end moraine in the vicinity of the excavation site. The height difference between the end
moraine and the underlying grounds is not that extensive. It starts at a level of 190, 5 meters
17

a.sl. and it ends at a level of 189, 5 meters a.sl. It reaches a level of 191, 5 meters a.sl. at its
highest and around 189 meters a.sl. at its lowest point. Profile 2 is drawn across one of the
small ridges found behind the edge of the end moraine (Figure 14). It starts at a level of
around 190, 6 meters a.sl. and ends at about the same level. It reaches a level of 191, 4 meters
a.sl. at its highest point.

Figure 8. Topographic profiles at the edge of the end moraine and over one small ridge that can be found behind the edge of
the end moraine.
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4

Discussion

4.1 The difference between the Floby moraine till and the underlying till
The main approach in determining the difference between the two tills is by doing a grain size
analysis. The resulting grain size curves from all samples have been entered into Figure 11 for
simplifying a comparison of the samples. The samples that diverge from the others the most
are sample 1AA and 2AF. These samples should probably be discarded from the result since
there must have been some errors in the lab procedure.
Sample 1AA was the first sample to be investigated and since the lab procedure was still
being elaborated at this time there might have been some errors for that reason. One major
error that occurred with this sample was that the smallest sieve had a hole in it and therefore
the sample had to be sieved again after drying. When the sample was dried there might have
been some lumping of the finer grain sizes which resulted in an inaccurate result. The errors
in the results of sample 2AF might have eventuated from misreading the hydrometer or there
might be something wrong with the hydrometer itself.
When sample 1AA and sample 2AF have been discarded it is much easier to see a more
distinct pattern (Figure 11). The grain size curves of the different samples are all very similar
and it is hard to separate samples that are supposed to belong to the end moraine from the
samples belonging to the underlying till. There is a small difference between sample 2AD and
2BB to the remaining samples. The difference can be seen in the coarser grain sizes, above
0, 25 mm, where they have lower values compared to the rest of the samples. It is hard to tell
the difference between the end moraine and the underlying till since their grain size
distribution is notably similar in all the samples.
If the grain size distribution is displayed in a triangular diagram, the differences between the
end moraine till and the pre-Floby till can be distinguished (Figure 12). If samples 1AA and
2AF gets discarded, with reasons mentioned before, there is no visible difference between the
grain size distribution of the two tills (Figure 13).
Another way of separating the end moraine from the underlying till is by looking at their
color, see Table 2. There was a distinct color change at about 2 meters depth in the excavation
pit, see Figure 8. The till in the end moraine had a red-brownish appearance while what was
believed to belong to the underlying till had a greyish color. Some other samples that were
taken in front of the end moraine, assumed to belong to the underlying till, had the same redbrownish appearance as the samples taken from the end moraine during the excavation. As
mentioned in the results, some auger investigations took place in front of the end moraine
without revealing any greyish material.
The reason for the different coloring in the excavation pit could be due to the groundwater
changing the sediments colors by oxidization. The sediment on top could be affected by the
high amount of oxygen and therefore have more of a reddish appearance. The sediment below
this could be affected by the fact that there is a low amount of oxygen, redox conditions, and
therefore have a different greyish appearance. The distinct change in coloring could indicate
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the boundary between the end moraine and the underlying till, but this is not certain since it
could depend on different oxygen levels in the groundwater as mentioned above.
4.2 The Floby end moraine
It appears that during the ongoing recession of the ice sheet there was a short readvance of the
ice that deposited the Floby end moraine. This is indicated by the fact that the end moraine
lies on top of previously deposited material. When looking at Figure 3, it is visible that the
end moraine is lying on top of the megaflute. The ice must have retreated north of the
megaflute and then readvanced to achieve the geometry seen.
Since the Floby moraine is situated in between the Trollhättan moraine (14 200-14 100 cal yr
BP) (Figure 1; Lundqvist and Wohlfarth, 2001) and the Levene moraine (13 400 cal years BP)
it must have been formed sometime between 14 100-13 400 cal years BP.
The end moraine markes the edge of a lobate shaped form (Figure 3) which indicates that this
was a local, not regional, readvance of the ice sheet. If it would have been a regional
readvance one would expect the end moraine to have a linear shape and for it to be found in
surrounding areas. The end moraines found on the southwestern side of Sweden are
considered regional since they are widespread and they can even be correlated to the eastern
side of Sweden. By looking at the elevation database it was established that the end moraine
could not be found anywhere else in the surrounding areas. The explanation to why there was
a local readvance in this particular area remains to investigate. When looking at the
topography of the surrounding areas, both in field and using the elevation database, there is
nothing indicating that the topography of the surrounding areas had any effect on the shape of
the Floby end moraine. There was in other words nothing that prevented the ice sheet to
readvance over a larger area.
The Floby lobe is not a very extensive feature. It is around 4 kilometers wide which can be
seen in Figure 3. It is not highly elevated above to the surrounding areas (Figure 14). Its edge
has been observed both from the elevation database and in the field (Figure 7). The end
moraine appears to consist of some glaciofluvial material in the area of Floby community,
found in the north-western part of Figure 3. The boundary between the glaciofluvial material
and the Floby till was hard to uncover especially because it is hard to know how much
reconstruction has taken place in Floby community.
The main types of till can be expected to have a certain type of particle fabric. Lodgement tills
are thought to have strong particle orientations. Strong particle fabric is also expected in
meltout tills (Benn & Evans, 2010). Deformation till may also possess well-developed particle
fabric usually in the same direction as the ice flow. Supraglacial meltout till and flow till does
however not have consistent particle fabrics. There is too much overlap in the main types of
tills to use only particle fabrics as a method of distinguishing the type of till (Bennett &
Glasser, 2009).
The weak particle fabric of the end moraine suggests that the till is either a supraglacial
meltout till or a flow till since they in general have weak particle fabrics. When the
eigenvalues are entered into the diagram in Figure 6A they indicate the following till types;
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glacigenic sediment-flows (flow till) and deformed lodgement till. The plunges are however
very steep compared to what they normally are. Therefore it is hard to determine what type of
till the end moraine is comprised of.
The steepness of the fabrics can however reveal something about what type of marginal
moraine it is. The material could have been bulldozed by the ice which shoved the pebbles
into their current position, hence a push moraine. The other option is that the material was
dumped in front of the ice and the pebbles simply landed in this steep orientation, hence a
dump moraine. In other words the till fabric in the Floby end moraine is a structurally
deformation fabric and not a sedimentological depositional one.
Something else that might affect the reason for these steep orientations of the pebbles is the
fact that the excavation was made near the edge of the end moraine. The look of the particle
fabric might vary in different parts of the end moraine. The possibilities for making more than
one fabric analysis were sparse since there was only one exposure available that was dug up
by the excavator.
There is a large variety in the sediment in the outcrop seen in Figure 9. There are areas of both
sand and clay found intermixed with the till. It is a very chaotic mixture of different sediments
and thus it indicates a chaotic depositional process. The compactness varies throughout the
outcrop. One theory is that the sediment has been bulldozed into its current position, creating
this chaotic mixture of sediments. In other words the end moraine could be interpreted as a
push moraine.
The small irregular ridges found on the back of the Floby end moraine are about 1 meter high
(Figure 15). Something worth noting is the fact that there are many of these ridges found
behind the end moraine. The ridges could be interpreted as squeeze ridges. If they are
interpreted as squeeze ridges, one would assume that the glacier had lots of crevasses or
cavities in the basal ice. The squeeze ridges further support the interpretation of the end
moraine being a push moraine since squeezing and pushing often coexists (Benn & Evans,
2010).
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Conclusions

The Floby end moraine was formed during a local readvance of the ice Weichselian ice sheet
and it has a relative age of of 14 100-13 400 cal years BP.
It is hard to establish what type of till the end moraine is comprised of since the particle
fabrics are so steep. The steepness of the fabric indicates that it is either a dump moraine or a
push moraine.
The chaotic mixture of sediments found in the outcrop indicates that the sediment was
bulldozed into its current position, hence a push moraine.
The small irregular ridges found on the back of the end moraine could be interpreted as
squeeze ridges. This further supports the interpretation that this is a push moraine since
pushing often coexists with squeezing.
It is hard to tell the difference between the end moraine and the underlying till since their
grain size distribution is notably similar in all the samples.
There is a color change at about 2 meters depth in the excavation pit. The distinct change in
coloring could indicate the boundary between the end moraine and the underlying till, but this
is not certain since it could depend on different oxygen levels in the groundwater.
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Appendix
Appendix 1. Grain size distribution curves.
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