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Sammanfattning 

Submarin sluttningsinstabilitet som orsak till spridning av förorenade sediment 
i Ångermanälven 
Hannes Berg Wiklund 

Denna studie syftar till att tillhandahålla resultat och tolkningar för analys av den 
underliggande stratigrafin i Ångermanälven, som överlagrats av förorenade 
antropogena sediment. De förorenade sedimenten, vilka innehåller tungmetaller samt 
organiska föroreningar, härrör från avfallsvatten som släppts ut i älven från pappers- 
och massaindustrin. Sedimenten består av cellulosafibrer och har deponerats som 
fiberbankar eller fiberrika sediment, varav det sistnämnda består av cellulosa 
uppblandat med naturliga sediment. Eftersom fiberbankarna och de fiberrika 
sedimenten är avsatta i ett område där jordskred är vanligt förekommande, är den 
underliggande geologin som de miljöfarliga sedimenten är avsatta på av avsevärd 
betydelse. I studien ingår analys av två sedimentborrkärnor från en fiberbank i 
Ångermanälven. Syftet är att ta fram underlag för att möjliggöra riskbedömning kring 
spridning av föroreningarna som följd av potentiella jordskred, där de förorenade 
sedimenten är inblandade. Stratigrafisk korrelation med resultat från tidigare studier i 
den djupare delen av älven (International Ocean Discovery Program expedition 
#347) har uppnåtts genom jämförelse av två sedimentegenskaper: sedimentens 
respons av magnetisk susceptibilitet och densitet. Resultaten visar att silt- och 
lerlager som återfinns genom hela älven är potentiellt svaga. Vidare är geotekniska 
undersökningar nödvändiga för att bedöma risken för skred över dessa lager. Analys 
av fler fiberbankar och användning av ”vibro-corer” istället för kolvbaserad borrmetod, 
skulle möjliggöra analys av kontakten mellan fiberavsättningarna och den 
underliggande geologin, samt ytterligare tydliggöra stratigrafin i Ångermanälven. 
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Abstract 

Submarine Slope Instability as a Cause of Contaminated Sediment Dispersal in 
Ångermanälven, Sweden 
Hannes Berg Wiklund 

This study aims at providing results for the analysis of the stratigraphy underlying 
contaminated sediments in Ångermanälven. The contaminated sediments, containing 
heavy metals and persistent organic pollutants, are derived from wastewater 
discharged into Ångermanälven from nearby paper and pulp industries. These 
sediments consist of cellulose fibres deposited as fibrebanks, or as fibre-rich 
sediments in the case where fibres are mixed with natural sediments. The 
importance of the underlying geology is enhanced since the contaminated sediments 
are deposited in an area where submarine landslides and slope movements occur 
frequently. In this study two sediment cores from a fibrebank in Ångermanälven are 
analysed. This is done in order to assess the risk of contaminants being dispersed in 
the ecosystem as a result of mass movements. Stratigraphic correlation with results 
from previous sediment core analysis in the middle of the estuary (International 
Ocean Discovery Program expedition #347) is achieved through magnetic 
susceptibility and density measurements of the sediment. Results show that silt 
layers and clay units situated throughout the estuary are potentially weak and 
geotechnical investigations are necessary to assess the risk of slope movements 
over these units. With further analysis of fibrebanks and the use of a vibro-corer, the 
contact between the fibrebanks and underlying sediment could be captured and 
further correlation establishing the stratigraphy of the estuary achieved. 

Key words: Submarine landslides, contaminated sediments, weak layers, 
Ångermanälven 
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Introduction 

This study is part of an assessment of submarine mass movements that may be 
causing the dispersal of pollutants appearing in fibrebanks and fibre-rich sediments 
in Ångermanälven, which will contribute to an environmental risk assessment. 
Although mass movements are a direct threat for near shore costal activities and 
infrastructure, as well as their potential to cause tsunamis, this study concentrates 
mainly on the risk of physical mobilisation of contaminated sediments. This is one of 
several factors, of how and to what extent contaminants in fibrebanks throughout the 
Swedish Baltic sea coastline threaten the ecosystem. These factors are analysed in 
the TREASURE project, which is part of the TUFFO research program for 
contaminated areas, initiated by the Swedish geotechnical institute (SGI) and funded 
by The Swedish Research Council FORMAS. 

The contaminated deposits in Ångermanälven, which consist mainly of 
cellulose fibres, are remnants from a long history of paper and pulp manufacturing. 
The fibres were deposited on the seafloor just outside previously active factories as 
fibrebanks (100% cellulose) or fibre-rich sediments, which is a mix of cellulose and 
natural deposits that consist of mainly silt and clay with some gyttja. Previous studies 
conducted by the Geological Survey of Sweden (SGU) indicate that the fibrebanks 
and fibre–rich sediments contain heavy metals and persistent organic pollutants 
(POPs) in high concentrations (Apler et al., 2014). Therefore, an evaluation of the 
preconditions to submarine mass movements in the area is necessary in order to be 
able to assess the risk of pollutants moving to areas of bioaccumulation and entering 
the ecosystem, with a potentially significant negative effect on marine life. Hence, 
this study is important for the achievement of several of the Swedish national quality 
environmental objectives, such as a non-toxic environment and a balanced marine 
environment (Miljömålsportalen, 2015; Apler et al., 2014). 

The hypothesis that submarine mass movements contribute to the 
dispersal of contaminants is based on the fact that contaminated sediments are 
deposited in an area around Ångermanälven where there are traces of naturally 
occurring submarine landslides, proven by the presence of slide scars. 
Consequently, this study focuses on the geological setting around Ångermanälven 
and how it compares with some known submarine mass movement settings in the 
literature. In order to assess the aforementioned hypothesis, the preconditions 
causing landslides in Ångermanälven must be evaluated. Therefore, the underlying 
stratigraphy in one near shore fibrebank outside Väja in Ångermanälven is studied 
by the analysis of two sediment cores. The result is further compared to the well-
characterised stratigraphy produced during International Ocean Discovery Program 
expedition #347 for site M0062, in the middle of the estuary (Andrén et al., 2014).  

Stratigraphic correlation of the sediment sequences is achieved through 
visual description and data obtained from magnetic susceptibility and density 
measurements, which are compared with similar data produced using a Multi-Sensor 
Core Logger (MSCL). This method enables magnetic susceptibility and density 
differences in the sequence to be correlated with specific, known sedimentary units. 
Additionally, the response of these properties can be used in comparison with future 
similar analysis of additional sequences below fibrebanks in the area. This study also 
provides anisotropic magnetic susceptibility results for future interpretation and 
analysis, and summarises relevant literature related to submarine mass movements. 
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Background 

Mass and slope movement in general 

The definition of a mass movement is broad and in a geomorphological sense 
includes everything from a falling rock to the subsidence of large landmasses. In this 
study the focus is not on large areal subsidence but rather on unconsolidated 
materials that move down slope. The background to slope stability is the frictional 
forces in the material that keeps it in position until gravitational forces exceeds the 
resistance, which leads to a mass movement. The material property known as shear 
strength, which defines how well the material can resist shearing stresses, depends 
on the setting and material involved, and is often quantified in geotechnical 
investigations. Stress applied to the material can occur in a range of different ways, 
for instance through slow gradual static loading or transient stresses, the latter 
caused by earthquakes, for example. Hampton et al. (1996) lists different processes 
that can cause increased stress or reduced strength of the material, and is a 
comprehensive review. For additional information about the background to mass 
moving processes, the reader is referred to standard literature in geomorphology and 
slope stability, such as (Trenheile, 2007; Brunsden & Prior, 1984; Hugget, 2011). 

In general, slope movements can be characterized according to the type 
of material involved, for instance: rock, soil or mud, and by the type of movement, for 
instance: fall, slide or flow. Combinations of these definitions such as mudflow or 
rock-fall are the dominating way of generally describing downslope movements. 
Landslides, which will be further addressed in this survey, are indicative of coherent 
masses that slide along a planar surface. This surface, here known as a failure or 
glide plane, is often a part of the original structure in the material, for instance: a 
sedimentary layer that is mechanically relatively weak, or a crack or fracture in the 
material. Essentially, the glide plane is a plane where the shear strength of the 
material is relatively low and might not able to hold the masses above it steady when 
exposed to additional stress. Additional stress will under specific conditions give rise 
to failing of the above lying material, which starts to slide downslope on the plane, 
under the force of gravity. There are also rotational slides, which are often referred to 
as slumps; these have a curved failure surface. Retrogressive slides are chain 
reactions of the above in upslope direction; this will be exampled in the case study 
later in this section (Hampton et al. 1996).   

The factors that initiate landslides and other slope movements are often 
studied. This can be achieved by evaluating different triggering mechanisms, which 
can cause the material to fail. Examples of such mechanisms range from large-scale 
events like earthquakes and volcanic eruptions, to more gradual changes such as 
sediment loading over time and erosion, to small-scale local events such as heavy 
rainfall and construction work that can cause vibrations (Masson et al., 2006). Other 
ways of studying these types of events range from the study of slides that have 
occurred in the past, as in the case of for instance the Storegga slide that is further 
explained in following sections, to the present, which is an attempt to identify 
potential glide planes (Masson et al., 2006). 



 3 

Sediments in mass movements 

In Sweden, the Swedish Civil Contingencies Agency (MSB), the Geological Survey 
of Sweden (SGU) and the Swedish Geotechnical Institute (SGI) are working with 
issues regarding slope and mass movements on national level (MSB, 2015A). Many 
landslides in Sweden are associated with so-called ‘quick’ and ‘sensitive’ clays. In 
Scandinavia quick clay is commonly considered as marine clay that has been 
exposed to fresh water due to a change in sea level, caused, primarily, by isotactic 
uplift. Freshwater induced leaching of salts from the clay structure makes the clay 
sensitive to physical disturbance. When such conditions appear, the clay can 
become liquid (SGI, 2015B). The frequency of mass movements by area in Sweden 
presented by MSB, show that the area around Ångermanälven have medium to high 
frequency of such events, and is one of a few areas in Sweden where a high 
frequency is reported (MSB, 2015B). Examples of mass movements in Sweden are 
for instance: Getå 1918, Vagnhärad 1997 and there are several examples in the 
area around Göta älv, western Sweden (SGI, 2015A).   

Other materials, which will be discussed later in this work, are cohesive 
and non-cohesive sediments in comparison with grain sizes, and how these 
characteristics respond to stress. Generally, sand dominated deposits are non-
cohesive and frictional forces between the sand grains determine their stability. 
These deposits have high permeability and are often relatively stable. Clay 
dominated deposits, however, are mostly made up of flat lying sheet silicates, clay 
minerals, with attractive cohesive forces between the individual sheets, which results 
in properties such as low permeability, high water holding capacity and plastic 
behaviour. Clay content in soils is therefore important in material behaviour and 
stability analysis (SGI, 2015C). A study of how different grain sizes, cohesive against 
non-cohesive characteristics in sediments, and how they react to static and cyclic 
stress displayed the importance of clay content. Sediments with clay contents of less 
than 20% had significantly higher likelihood to fail when exposed to cyclic stress 
compared to static stress, while sediments with clay content over 20% showed 
similar likelihood of failure with static stress as with cyclic stress (Wiemer et al., 
2012). 

Silt dominated deposits take an intermediate position between sands 
and clays and can show cohesive characteristics, albeit not to the same extent as 
pure clay. Silts therefore have the ability to show liquid characteristics when 
saturated (SGI, 2015B). The presence of water is generally very important in stability 
and slope movement analysis. Water in rock or soil often moves along weaknesses 
in the structure, where the material is prone to fail. High water content in sediments 
will also have an impact on the material stability characteristics (SGI, 2015C). The 
above-mentioned characteristics are often quantified in geotechnical surveys and the 
standard procedures used by the SGI are described by Larsson (2008).    

Submarine slope movements 

Improvements in underwater survey techniques during the last few decades have 
made it easier to study submarine mass movements (Locat & Lee, 2002). The most 
notable difference between submarine mass movements and terrestrial mass 
movements is that the material involved is constantly saturated with water. In 
addition, submarine movements occur on different locations compared to terrestrial 
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mass movements and include some different types of movements such as turbidity 
currents, which can be described as downslope currents consisting of material in 
suspension that move downslope due to higher density compared to underlying 
mass of water (Masson et al., 2006; Locat & Lee, 2002).   

Most of the studied cases in the submarine environment are at passive 
or active continental margins where mass movements occur down the continental 
slope or through submarine canyons. These mass movements often originate as 
slides or falls and develop into flows and eventually turbidity currents as they move 
downslope, and the whole sequence is often complex. These slides have the 
potential of triggering tsunamis and are also themselves a threat to offshore 
infrastructure. Additional common areas for submarine landslides are volcanic 
settings and fjords (Masson et al., 2006; Locat & Lee, 2002).  

One of the earliest studied cases was the Grand Banks landslide, which 
occurred in Canada 1929. An earthquake triggered the landslide and around 30 
people were killed in the tsunami that was generated by the landslide. The landslide 
developed into a turbidity current, which broke a number of telephone cables on the 
seafloor, allowing the speed of the current to be calculated by the knowledge of the 
distance between the cables and at what time they broke. The result of studies 
indicate a speed between 60-100km/h for the turbidity current (Fine, 2005), (Masson 
et al., 2006, and articles therein). 

One of the largest prehistorical landslides known is the Storegga 
landslide on the continental shelf off the shore of Norway, which occurred around 
8200 years BP. The first publications are from the 1980’s, and the case is well 
studied (Bugge et al., 1988). The slope, on which the Storegga slide occurred dipped 
less than one degrees and the glide plane was most likely a weak layer of sensitive 
quick clay (Kvalstad et al., 2005). An additional hypothesis is that solid gas hydrates 
present in solid state turned to gas due to pressure release caused by the postglacial 
isostatic uplift post the last glaciation (Bouriak et al., 2000), (Masson et al., 2006, and 
references therein). Later studies indicate that an earthquake probably related to the 
postglacial isostatic uplift, must have contributed to the previously mentioned factors 
and helped to trigger the landslide. The landslide generated a tsunami, which has 
also been geologically studied by identifying run-up sediments that have 
approximately the same age as the landslide (Bryn et al., 2005; Kvalstad et al., 2005; 
Haflidason et al., 2004).   

Case study: small submarine slope movements 

Comparative studies between three different submarine landslide areas, small costal 
to medium water depth to deep-water settings, outside Norway, were completed by 
Vanneste et al. (2012).  
Weak layers were concluded to be common to all settings; they often contain fine 
sediments and act as glide planes. Different triggers are also stated as important but 
can differ greatly in significance depending on the individual setting. On continental 
margins, earthquakes are considered important for triggering landslides, whereas 
much smaller triggers such as local human activity can be enough in a fjord setting. 
Costal environments generally have much steeper slopes in comparison with deep-
water environments, thereby, slides can in smaller settings occur in response to 
static overload without an external triggering mechanism (Vanneste et al., 2012). 
The largest landslides often found to have occurred on very low slope angles 
(Hühnerbach & Masson, 2004). Other conclusions are that submarine landslides are 
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a common process and that the local environment is important since the behaviour 
of slopes differ between areas (Vanneste et al., 2012). Other work on weak layers in 
large-scale landslides on continental margins indicates the importance of previous 
glacial presence and pressure on the material caused by a thick ice sheet, which 
influenced pore pressure. Weak layers in these settings are in cases found to consist 
of contourites ((Baeten et al., 2014) and articles therein). 

Many examples of small submarine landslides are found in different fjord 
settings, for example an event in Finneidfjord in 1996, which caused 4 casualties. 
This slide is described as a rotational slide, evolving retrogressively on land and 
destroying houses and part of the road network. A weak layer was discovered, which 
consisted of silt and clay with a thin sand lamina that caused high values in the 
magnetic susceptibility data (L’Heureux et al., 2012a; Steiner et al., 2012). The clay 
is characterized as sensitive containing gas vesicles, probably leached and 
developed into quick clay after being exposed to ground water as a result of glacial 
rebound. The slide was most likely triggered by heavy rainfall and possible human 
activity (L’Heureux et al., 2012a), (articles in Locat et al., 2003). A similar case with a 
retrogressive rotational quick clay slide is the event in Rissa 1978, which is famous 
because it was recorded on film (NGI, 2015). This slide also generated a small 
tsunami (L’Heureux et al., 2012b). Other studies on fjord settings are Isfjorden, in 
Spitsbergen Svalbard, where a wide range of mass movements occur and a 
common factor for mass movements in front of river mouths is high sediment supply 
and loading (Forwick & Vorren, 2012). Saguenay fjord in Canada is another well-
studied example (articles in Locat et al., 2003). 

The landslide destroying Nice harbour next to Nice international airport 
in 1979 is an example of a human induced landslide. Overloading of artificial fill 
material close to the shore caused increased pore pressure in underlying, natural 
sediments and probably caused the landslide. No earthquake associated with the 
event has been detected. The slide caused a tsunami and the destruction of the 
whole harbour. Sediments in the area consist of permeable sand and sensitive clay. 
Heavy rainfall would have caused increased pore pressure in the sediments also 
contributing to the event (Dan et al., 2007), (Assier-Rzadkieaicz et al., 2000; 
Loualalen et al., 2010). 

The fact that increased pore pressure is an important factor is further 
described in (Masson et al., 2006), and has been tested on different sediments 
experimentally by Egglezos & Bouckovalas (1998). High pore pressures in material 
are often a result of accumulation of sediment load or vibrations such as 
earthquakes. The increased pressure either propagates through weak layers or 
through the whole material and fine-grained sediments with low permeability are the 
most sensitive. The pressure in these sediments causes the structure to collapse 
and the shear strength of the material decreases (Masson et al., 2006). Other results 
indicate that increased pore pressure caused by earthquakes may generate creep 
movements in fine-grained sediments, in case the slope did not fail as a direct result 
of the earthquake. The creep movements can on the other hand develop into other 
mass movements at a later stage (Nadim, 2012). More comprehensive reviews in 
this topic are presented in (Masson et al., 2006; Locat & Lee, 2002; Yamada et. al., 
2011). 
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Ångermanälven site description 

Location 

The Ångermanälven estuary is located in Ångermanland, in the north eastern part of 
Sweden. It is the site for the Ångermanälven river outlet in the Gulf of Bothnia, Baltic 
Sea, as seen in the maps in figure 1. Although the whole river estuary is named 
Ångermanälven, the part from Nyland to the Gulf of Bothnia is not considered part of 
the river; it is more precisely described as a Baltic Sea inlet, with the Ångermanälven 
river mouth located just before Nyland (Kramfors Kommun, 2013). The estuary is 
one of the larger in the area and stretches from the inner parts around Bollstabruk in 
Bollstafjärden, to Kramfors, and to Härnösand at the shore of the Gulf of Bothnia. 
See the maps in figures 1, 2 and 3 for an overview of the study area.  

This study concentrate on the area outside Väja, which is located along 
the northern parts of the Ångermanälven estuary in an area called Bollstafjärden (a 
bay). The bay is located approximately between Kramfors and Bollstabruk and the 
two cores analysed in this study were taken in the area outside Väja at the 
approximate location 62°58'35. 04347"N, 17°43'5. 94200"O.    

IODP recovered drill cores from two sites in Ångermanälven as part of 
expedition #347 ‘Baltic Sea Paleoenvironment’. One site (M0062) is located north of 
Kramfors (62°57.35′ N, 17°47.70′ E). The other site (M0061) is located further out in 
the estuary, close to the Gulf of Bothnia and is not considered further in this study. 
The water depth at the M0062 site is 69.3 m and data obtained from the recovered 
sediment sequence at this site (Andrén et al., 2015b) are used for comparison in this 
study (Andrén et al., 2015ab).   

Figure 1: The Ångermanälven river mouth and estuary outlet in the Gulf of Bothnia. The 
image to the left shows the location of the study area (black square) over a map of the 
eastern parts of Sweden. Maps © Lantmäteriet (I2014/00601). 
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Geology 

The geology in the area is highly characterized by the Weichselian glaciation and the 
postglacial development of the Baltic Sea, with alternating fresh and brackish basins 
and associated sedimentary environments. The area around Kramfors was probably 
free from ice about 10 000 years BP, but was isostatically uplifted somewhat later 
(Andrén et al., 2015a). This period is known as the fresh water Ancylus stage of the 
Baltic Sea development, and the Ångermanälven estuary is famous for its 
chronology of varved clays and gyttja clays, which have been studied thoroughly 
(Cato, 1998). For a more comprehensive review of the development of the Baltic 
Sea, see the work of Svante Björck (1995) and articles therein.   

Sediments in and around the Ångermanälven estuary, as can be seen in 
figure 2a and 2b, are primarily of glacial and postglacial origin, associated with the 
presence and retreat of the Weichselian ice sheet. Recent sedimentation also occurs 
with material brought by Ångermanälven, and are seen as part of the postglacial 
deposits in Figure 2b (Apler et al., 2014). Anthropogenic impact is evidenced by the 
artificial fill material seen in Figure 2a and 2b.  

The area around Ångermanälven estuary and the adjacent parts of Gulf 
of Bothnia also belong to the area known as Höga Kusten (‘High Coast’), which 
currently has the fastest rate of measured isostatic uplift in Sweden of around 0.8cm 
per year, and this uplift dominates the local geology (Lindström et al., 2011; 
Nationalencyklopedin, 2015). Due to the isostatic uplift the highest post-glacial 
shoreline in the Höga kusten area is located 285m above the current shoreline 
(Nationalencyklopedin, 2015).   

Earthquakes occur regularly throughout the Baltic Sea region. They 
could have a variety of causes but some are probably related to the uplift and faults. 
One earthquake with a magnitude of 3.1 was recorded between Härnösand and 
Sundsvall 2005. Another earthquake in the area with a magnitude between 4 and 4.5 
was recorded in 1983. Since 1983, the biggest earthquake recorded in the whole 
Baltic Sea region was recorded in Kaliningrad and had a magnitude of 5.3. 
According to the Kramfors commune risk assessment, the risk of an earthquake 
causing damage to infrastructure, housing and businesses in the area is very low but 
could have potentially big impact (Kramfors Kommun, 2013).   

The risk of landslides causing damage to infrastructure is moderate 
(Kramfors Kommun, 2013). The Ångermanälven area show medium to high 
frequency of landslides in comparison to other areas in Sweden according to the 
Swedish Civil Contingencies Agency (MSB, 2015B). Marine landslide scars in the 
estuary have been detected in the survey conducted by the Geological survey of 
Sweden (Apler et al., 2014). The presence of landslide scars can be seen in figure 
3a. 
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Figure 2: Quaternary deposits around Kramfors (2a) and a map of the marine geology in the 
Ångermanälven estuary (2b). Generated from SGU map generator (copyright SGU, 
Geological Survey of Sweden and used with permission).  

The map Quaternary deposits 1:25,000–1:50,000 shows the coverage of the soil types in or near the 
ground surface and the occurrence of boulders in the ground surface. Surface soil layers with a 
thickness of less than between 0.5 and 1 metre are in some cases shown. Underlying quaternary 
deposits, such as glaciofluvial deposits under clay, are also shown in some cases,but no systematic 
survey of underlying quaternary deposits has been carried out. Some landforms are also displayed, 
such as, hummocky moraine, moraine ridges and sand dunes.  The soil types are divided by method 
of formation and grain size composition.

Quaternary deposits 1:25,000–1:50,000 shows information from the SGU database product 
“Quaternary deposits 1:25,000–1:100,000”.  This product includes quaternary deposit maps 
produced through various methods and adapted for various presentation scales. Brief information 
concerning the mapping method for the map section in question and the appropriate presentation 
scale in view of the accuracy of the map is given on page two of this document. Note that the 
appropriate scale may deviate from the scale of the chosen map section.

For further information concerning quaternary deposits, stratigraphy, soil depth etc., refer to 
www.sgu.se or SGU's customer service.

© Geological Survey of Sweden (SGU)

Head Office:

Box 670
SE-751 28 Uppsala, Sweden
Tel:  +46 (0) 18 17 90 00
E-mail: kundservice@sgu.se
www.sgu.se 

Agntj.

Fäbodtj.

Grössjön

Ångerm
anälven

57

Abborrtjärnarna

Nattsjön

fjärden

fjärdenSkällsj.

Kungsgårdsfjärden

Kyrkviken

Bollstafjärden

Lugnviks-

Måsjön
Lesjön

Strinne-

Ödstjärnen

Lo-Abborrtjärnen
Skottartjärnen

Ärsta

Näsön

Västhammar

Öd

Justerbacken

Bjärtrå

Vik

ön

Lo

Latberget

Ed

Näs

Bollstabruk

Hållsätter

Gärsholm

Nyhamn

flygplats

Norrland

Stavred

Nässom

Ytterlännäs

Östby

Litanön

Nyland

Säter

Kungsgården

Fröstland

Storvattnet

Bollstamo

Norum

Sörviken

Kramfors

Lockne

Geresta

Sandslån

Kramfors -Sollefteå

Hammars-

Loön

Storsvedjan

Edsbacken

Berg

Björstabodarna

Svedje

Gudmundrå

Överfälle

Marieberg

17°50'

17°50'

17°40'

17°40'

63°0'

63°0'

63
5

635

64
0

640

64
5

645
6980 6980

6985 6985

6990 6990

RAMVIK

NYLAND

KRAMFORS

BOLLSTABRUK

FRÅNÖ

SANDVIKEN

Quaternary deposits

0 1 2 3 4 5 km

Scale 1:100 000

Topographic background: GSD-Terrängkartan
©Lantmäteriet

Grid in black shows coordinates in SWEREF 99 TM.
Grid in brown indicates latitude and longitude

in the reference system SWEREF99.

Th
is

 m
ap

 i 
au

to
m

at
ic

al
ly

 g
en

er
at

ed
 f

ro
m

 S
G

U
's

 d
at

ab
as

e 
20

1
5-

05
-1

2
 w

it
h

 id
-n

r:
sI

u
pd

87
fr

f

6978717632488

Rock

Beach ridge

Highest coastline

Abandoned fluvial channel

Moraine ridge, width <30 m

Drumlin or drumlinoid, width < 30
m

Drumlin or drumlinoid, width 30--
125 m

Rock

Quarry or mine

High frequency of medium to large
surficial boulders

Thin or discontinuous cover of peat

Thin or discontinuous cover of clay
to silt

Thin or discontinuous cover of
postglacial sand to gravel

Thin or discontinuous cover of
wave-washed sediment

Thin or discontinuous cover of till

Underlying bed of clay to silt

Underlying bed of glaciofluvial
sediment

Peat

Talus (scree)

Young fluvial sediment, clay to silt

Young fluvial sediment, coarse silt
to fine sand

Young fluvial sediment, sand

Fluvial sediment, coarse silt to fine
sand

Fluvial sediment, sand

Gyttja clay (or clay gyttja)

Clay to silt

Silt

Postglacial sand

Wave-washed gravel

Glaciofluvial sediment

Glaciofluvial sand

Till

Rock

Artificial fill

The map shows the distribution of bedrock and different types of sediments in the first meter below 
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pre-determined lines, calibrated and controlled through sediment sampling and photo inspection of 

the seafloor.

The investigations are generally performed from a survey vessel, but in shallow waters a smaller 

boat is used. Different hydroacoustic measurement systems are used simultaneously. For the 

sediment sampling, the most suitable methods for each locality are chosen from the type of 

sediment to be sampled and from sampling objective. The distance between each measurement line 

is 1 km. 

In addition to what is shown on this map, more data are available in SGU’s databases, such as 

sediment sample descriptions, environmental chemical analyses of marine fine-grained sediments 
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The depth contours shown in the map are generalized from public bathymetric information and 

may be inaccurate.
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Figure 3a: Dark blue symbols indicate the presence of landslide scars on the seafloor. Light 
blue symbols indicate landslide scars in till, and purple symbols are landslide scars in fine-
grained soils. Map generated from SGU map viewer (Copyright SGU, Geological Survey of 
Sweden). 

Pollution history 

The history of paper and pulp manufacturing along the whole Swedish Gulf of 
Bothnia coastline is over 100 years long. In the Ångermanälven estuary, such 
facilities have been active in for instance Kramfors, Sandviken and Väja. Wastewater 
from these processing plants was let directly out into the estuary. This waste 
contained cellulose fibres, which deposited on the seafloor just outside the factories, 
most of which are no longer operating. Deposits are described by SGU in 
‘fiberbanksprojektet’ as fibrebanks, containing 100% cellulose fibres, or fibre-rich 
sediments, which contain a mixture of naturally occurring sediments and cellulose 
fibres. Chemicals containing heavy metals and organic and inorganic pollutants from 
the production were included in the wastewater and cellulose fibres. Analysis of 
fibrebanks and fibre-rich sediments indicates high concentrations of heavy metals 
and persistent organic pollutants (POPs) such as Polychlorinated biphenyls (PCBs) 
and dichlorodiphenyltrichloroethanes (DDTs) in addition to low oxygen levels. The 
gas content in the fibrebanks, as indicated by pockmarks seen with remotely 
operated cameras, is high and the banks are considered chemically and physically 
unstable (Apler et al., 2014). 

One paper and pulp factory and two sawmills have been active in Väja, 
the paper mill is still in operation. Offshore Väja, there are two fibrebanks present 
just outside the paper mill. Both are at least 6 m thick and they are divided by a 
landslide-scar. Fibre-rich sediments exist on the seafloor further out in Bollstafjärden 

Om kartan

SGUs kartvisare
Jordskred och raviner

Detta är en utskrift från kartvisaren 
Jordskred och raviner. Syftet med 
kartvisaren är att visa spår av 
inträffade jordskred och raviner i lösa 
jordlager. Tillsammans med jordarts-
kartor och höjddata kan informationen 
användas för en översiktlig bedömning 
av skredkänslighet och markstabilitet. 
Kartvisaren bygger på analys av 
detaljerade höjddata från Lantmäteri-
et (NNH-data) samt på SGUs 
jordartsgeologiska information. Kartan 
visar även spår av jordskred på 
havsbottnarna, identifierade vid SGUs 
maringeologiska undersökningar. Spår 
av jordras har också inkluderats i den 
mån de har gett upphov till former 
liknande jordskredsspår. Raviner med 
ett djup som understiger ca 3 m har 
normalt inte kartlagts. 

Läs mer om kartvisaren på www.sgu.se

20
15

-0
5-

13
 2

3:
44

:4
7

Ka
rta

 - 
au

to
m

at
is

kt
 g

en
er

er
ad

 v
ia

 S
G

U
s 

ka
rtv

is
ar

e 
(h

ttp
://

w
w

w
.s

gu
.s

e/
sg

u/
sv

/p
ro

du
kt

er
-tj

an
st

er
/k

ar
tv

is
ar

e/
in

de
x.

ht
m

l)

Sveriges geologiska undersökning (SGU)
Huvudkontor/Head Office:
Box 670
Besök/Visit: Villavägen 18
SE-751 28 Uppsala, Sweden
Tel:  +46(0) 18 17 90 00
Fax: +46(0) 18 17 92 10
E-post: sgu@sgu.se
www.sgu.se 

Topografiskt underlag:
Ur GSD-Vägkartan.

© Lantmäteriet.
Rutnät i svart anger

koordinater i Sweref99TMSkala 1:100000

6980

6982

6984

6986

6988

6990

6980

6982

6984

6986

6988

6990

634

636

638

640

642

644

646

648

634

636

638

640

642

644

646

648

0 1 2 3 kilometer



  10 

(figure 3b). High concentration of PCBs and DDTs are measured in samples from 
the fibrebanks, as well as for some heavy metals (Apler et al., 2014).  

The two cores analysed in this survey are taken from one of the 
fibrebanks outside Väja: FOU14-R002A was taken directly in the fibrebank and 
FOU14-R003A from the edge of the fibrebank as indicated in figure 3b. For further 
site description and for more information about the pollution caused by different 
processes in the paper production, the reader is referred to the survey by SGU 
(Apler et al., 2014), where the site is described as site R, Väja.    

Figure 3b: Illustration showing the fibrebanks outside Väja in relation to the bathymetry. The 
extent of the fibrebanks is marked with the orange line. Slide scars and deposits are inferred 
and the colour scale indicates the water depth. The approximate locations of the cores are 
also inferred in the figure. The onshore map shows the Väja Dynäs (Mondi AB) paper mill, 
as grey shading, between the shoreline and highway 90. Further inland is Väja-Dynäs 
village. Illustration published in SGU report 2014:16 and used with permission (Apler et al., 
2014). 

Material and methods 

Choice of methods 

Magnetic susceptibility is the measure of the magnetic response of a material when it 
is exposed to an external magnetic field. The property is dimensionless and 
presented in SI units. Magnetic total or bulk susceptibility, analysed in this study, can 
be used in order to correlate and separate units with different magnetic response. 
Not only ferrimagnetic and ferromagnetic minerals can contribute to the signal but 
also paramagnetic and diamagnetic minerals. However, ferrimagnetic minerals tend 
to dominate the magnetic susceptibility of clastic sediments.  

Anisotropy of magnetic susceptibility (AMS) is a measure of magnetic 
susceptibility in correlation with specific directions, and can be used to determine 
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directional dependence of the material. Examples are lineation and foliation in 
deformed rocks, the degree of roundness of mineral grains and other factors 
associated with directionality of the material. Magnetic susceptibility results are 
presented and commented in the result and interpretations section. Anisotropic 
parameters are not commented on in this work, but data are provided in Appendix. 
Further reading about magnetic properties in a geologic context, can be found in 
standard geophysics literature and in the text about anisotropic magnetic 
susceptibility in chapter 2 by Dubey (2014) and articles therein.  

Density is a method that is simple and effective for correlating units of 
similar density or dividing units where the density differs. It is also effective in 
comparison with other data, such as magnetic susceptibility, were the density and 
magnetic susceptibility response of certain layers can be compared. In seafloor core 
studies were the sediments are water saturated, density can be measured as wet 
density or dry density, which would produce different results. In this study only wet 
density is measured. In that case one factor of the result is the water holding 
capacity of the material, which generally is high for cohesive sediments such as clay, 
as described in previous sections.  

A Multi-sensor core logger (MSCL) can be used to log different physical 
parameters of ideally whole, round cores, sometimes directly at the drilling site. The 
method is often used to correlate unopened cores with each other, or as a basis for 
identifying sections of sediment for geotechnical tests. As in this case, the 
TREASURE project always collects at least two cores at each site for the purpose 
that one should remain unopened for geotechnical tests. MSCL is then used to 
identify the content of the unopened core, which is compared to the opened and 
described core, and in comparison to other cores.     

Core collection and logging 

The two sediment cores were taken by SGU using their survey vessel S/V Ocean 
Surveyor. The coring was accomplished during the summer 2014 using a Kullenberg 
piston corer that recovers cores in plastic liners that are 6 m long with an internal 
diameter of 70 mm. Two cores from Väja were collected: FOU14-R002A containing 4 
m and FOU14-R003A containing 3.5 m of sediment, both cut in 1 m sections. The 
cores were initially transported to the Department of Geological Sciences, University 
of Stockholm and stored horizontally in a controlled cold room. Logging of P-wave 
velocity, density and magnetic susceptibility were conducted in December 2014 
using a Geotek MSCL.  

The sealed cores were opened in March 2015 and split lengthwise into 
two ’D’ sections using a Geotek core splitter. One half was photographed with the 
MSCL linescan camera and archived. The other ‘working halves’ were used in this 
study. The working core halves were transferred to the Department of Earth 
Sciences, Uppsala University, where visual description, sampling and further 
measurements were conducted. Samples were taken every 5 cm, using 7 cm3 
internal volume sampling cubes. The top section of FOU14-R002A, section 4, and 
parts of section 3 were not sampled due to heavy disturbance in the sediment that 
was considered to have been caused by the presence of large objects (possible 
wood pieces) that might have been pushed through the top sediments by the core 
barrel until it moved aside.  
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Magnetic susceptibility and density 

The weights of each sample were recorded and the weight of one sampling cube 
was subtracted from the sample weight in order to calculate the weight of wet 
sediment. Weights of several empty sampling cubes were measured and the mean 
weight was used in the subtraction. The density of the sediment in each sample was 
calculated using the sediment weight and a fixed internal cube or sediment volume 
of 7 cm3.  

Apart from sediment density, total magnetic susceptibility and anisotropy 
of magnetic susceptibility for each sample were measured using the AGICO MFK1-
FA Kappabridge interfaced to a PC and running the AGICO software program 
SAFYR. After initial calibration, the instrument measured each specimen four times: 
one for total susceptibility and three times with the specimen rotating in different 
directions all perpendicular to each other, to evaluate the magnetic anisotropy of the 
specimen. In total, 121 specimens from the two cores were measured during two 
sessions, the instrument were calibrated before each session.  

Calibration and measurements were completed using the AGICO 
software SAFYR. After the completion of measurements, data in “ran” and “asc” file 
format were imported into the software AGICO Anisoft 4.2 for observation. All data to 
be used in the analysis were compiled and exported as text files for each section. 
The text files were imported to Microsoft Office Excel and different diagrams were 
made for each core. The imported data consisted of different parameters: Total 
susceptibility, inclination and declination 1, 2 and 3, one for each measurement 
direction. Additional parameters consist of combinations of the above and includes 
for instance: Prolongation, Pj, Lineation, and Foliation. Total susceptibility was in 
addition to density data and core descriptions used for analysis in this study. All data 
are presented in tables in Appendices 3 and 4. Diagrams of density and total 
magnetic susceptibility along with core photographs and descriptions are presented 
in results and interpretation section later in the text.  

Site M0062 result summary 

Data from IODP expedition 347 site M0062 were used for comparison in this study 
(see results in Appendices 1 and 2). These data were measured on the same 
measuring unit using the same method as above. Additionally, core photographs and 
core descriptions were downloaded from the Pangea database (Expedition 347 
Scientists, 2014A; 2014C; 2014D) and summarised in Table 1, found in Appendix 1. 
Magnetic susceptibility and density MSCL data from the IODP expedition and the 
previous measurements were compiled into diagrams similarly as for the Väja cores. 
The IODP M0062 site consists of three holes: M0062A, M0062C and M0062D, from 
which several 3 m cores were recovered and split into sections approximately 1.5 m 
long. Depth comparison and correlation for the holes and the core sections in each 
hole have previously been constructed by Andrén et al. (2014a) and depths are 
presented as meters composite depth (MCD). A composite depth scale infers that 
cores have been correlated with the MCSL data, primarily density and magnetic 
susceptibility. This correlation is done to take into account core breaks and core 
section breaks, where material might have been lost during core recovery and when 
cores were cut into shorter sections. The physical properties of the sediment were 
compared to correlate depths of different sections with each other to be able to plot 



  13 

several cores and holes with similar stratigraphy on the same graph. Diagrams of 
total magnetic susceptibility and density were plotted against MCD, and against each 
other in order to evaluate if and how total magnetic susceptibility and density of 
sediments are related. Diagrams for the IODP data are presented in Appendices 1 
and 2. 

Results and interpretation 

In this section, descriptions, photographs and figures showing data from 
measurements of magnetic total or bulk susceptibility along with density data from 
the FOU14-R002A and FOU14-R003A sediment cores are presented. Results for 
IODP expedition 347, site M0062 are presented in Appendices 1 and 2. The 
anisotropic parameters for FOU14-R002A, FOU14-R003A and IODP site M0062 are 
presented in Appendices 3 and 4. 

The density is calculated based on weights of sediment samples and a 
fixed internal cube (sediment) volume of 7 cm3. MSCL density and susceptibility data 
for FOU14-R002A and FOU14-R003A are plotted for comparison along with the 
measured discrete sample density and susceptibility data in figures 5 and 8 below. 
Also featured in this section under own heading is an interpretation of the 
stratigraphy in the estuary. This interpretation is based on the results presented in 
this section in along with the summarised results from IODP site M0062 (Appendices 
1 and 2) and the maps featured in the site description.   
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Core FOU14-R002A 

Figure 4: FOU14-R002A descriptions in columns. Top of the core is found at 0 cm in section 
#4. Section #1 at 100 cm is equivalent to the bottom of the core and section #2 follow above 
section #1. Descriptions by: Ian Snowball, Anna Apler and Hannes Berg Wiklund. Image 
credit: Matt O’Regan.  
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Figure 5: FOU14-R002A sediment core. Discrete sample bulk susceptibility and wet bulk 
density (red symbols) and the equivalent MSCL magnetic susceptibility and density 
measurements (blue symbols) plotted against the sediment depth. Core ends are present 
every 100 cm from 0 cm.    

The FOU14-R002A sediment core, taken in the fibrebank outside Väja in 
Bollstafjärden, consists of four 1-meter long sections, which are shown in figure 4. 
Figure 4 is read in columns in the order: #4 (top), #3, #2, #1 (bottom), and feature 
photographs and descriptions of the whole core. As indicated by the figure the core 
only contains natural clays, with no visual traces of cellulose or anthropogenic 
activity. 

Figure 5 shows measured magnetic susceptibility and density through 
the core, with the top of the core at 0 cm. Core ends are present every 100 cm from 
the top, which should be noted when viewing the data in figure 5 since core ends 
effects produce anomalies in the MSCL data. It should also be noted that the top 
section #4 and the upper 40 cm of section #3 were disturbed during coring. Samples 
and data therefore start from section #3 with sparse sampling in the top 40 cm as 
can be seen in figure 5, which lack blue symbols in the upper section. The MSCL 
density and susceptibility data, however, span all core sections in as seen in figure 5. 
Furthermore, the part between 0.5 m and 0.9 m was a mixture of disturbed sediment 
and water, which causes the anomaly in the MSCL density dataset, where the 
density varies around 1 g/cm3. 
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Figure 6: Wet density versus magnetic susceptibility with a linear regression line and 
coefficient of determination (r2) for FOU14-R002A. 

Core FOU14-R003A 

The FOU14-R003A sediment core was taken adjacent to FOU14-R002A on the 
distal edge of the Väja fibrebank in Bollstafjärden. The core consists of three 1-meter 
long sections (#2, #3, #4) and one of 0.5 m (#1). The sediment sequences contain 
mostly pre-industrial sediments, with no visible traces of human impact, except from 
a wood chip in the top section, which might represent the onset of industrial activity. 
The sediments in the lower part of section #2 between 2-2.6 m contain evidence of 
gas release, which are considered to cause anomalies in the bulk density compared 
to the MSCL density, seen between 2 m and 2.6 m in figure 8.  

One sediment unit in section #3 between 76-82 cm, described in figure 7 as 
Greenish grey silt, exhibited liquefaction when the core is exposed to light movement 
side to side. Other parts are stiff and move along with the core liner wall when 
exposed to slight side-to-side movement. Figure 7 is in a similar way as figure 5 read 
in columns in the order: #4 (top), #3, #2, #1 (bottom), and the figure feature 
photographs and descriptions of the whole core. It should be noted that there is no 
gap between the shorter section #1 and section #2; hence the sediment in section #2 
follows directly after the sediment in section #1. Figure 8 shows density and 
magnetic susceptibility data for FOU14-R003A. The top of the core is located at 0 
cm. Core ends, which might have influence on the MSCL data, are found at 50 cm 
and every 100 cm from 50 cm downwards.  

y	  =	  840,68x	  -‐	  1078,7	  
R²	  =	  0,563	  

0	  

100	  

200	  

300	  

400	  

500	  

600	  

700	  

800	  

0	   0,5	   1	   1,5	   2	   2,5	  

M
ag
ne

'c
	  su

sc
ep

'b
ili
ty
	  (1

0-‐
6 S
I	  u

ni
ts
)	  

Wet	  density	  (g/cm3)	  



  17 

Figure 7: FOU14-R003A descriptions in columns. Top of the core is found at 0 cm in section 
#4. Section #1 at 100 cm is equivalent with the bottom of the core and section #2 follows 
above section #1. Descriptions by: Ian Snowball, Anna Apler and Hannes Berg Wiklund. 
Image credit: Matt O’Regan.  
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Figure 8: FOU14-R003A sediment core. Discrete sample bulk susceptibility and wet bulk 
density (red symbols) and the equivalent MSCL magnetic susceptibility and density 
measurements (blue symbols) plotted against the sediment depth. Top section is 50 cm long 
and core ends are every 100 cm from 50 cm.    
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Figure 9: Wet density versus magnetic susceptibility and the linear regression line and 
coefficient of determination (r2) for FOU14-R003A. 

Stratigraphic interpretation 

With the presented results consisting of cores taken close to the shore, and cores 
taken from the middle of the estuary (IODP site M0062), along with previous 
knowledge about Ångermanälven, it is possible to evaluate the sediment stratigraphy 
in the estuary. As can be seen in figures 2, glacial till is, in a similar way as many 
postglacial settings, deposited directly on bedrock. In figure 2b, it can also be seen 
that glaciofluvial sediment, in the shape of an esker, is deposited on the bedrock in 
the middle of the estuary. Past glaciofluvial activity is consistent with the sands and 
silts that are found in the bottom of both the cores at site M0062, where it is named 
unit 2 and is found between 17.9-35.9 m (Andrén et al., 2014b), and an equivalent 
unit is identified in FOU14-R2A, between 3.8-4 m. Suspended sediments such as 
glacial and postglacial clay were subsequently deposited on the till and the 
glaciofluvial sediments, which can be seen in figure 2, and correlate with the 
stratigraphy at site M0062 (unit 1) and FOU14-R2A, above 3.8 m. This is visualised 
in the section log constructed by IODP and shown in figure 10.  

The dominating deposits on the seafloor consist of different clays, 
described in the IODP expedition as unit 1, which is subdivided in two subunits 
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(Andrén et al., 2014b). A grey glacial varved clay with silt and clay couplets are 
found in the bottom of both of the near shore cores (1,5-3,5 m in FOU14-R3A and 
1,5-3,8 m in FOU14-R2A) and in site M0062 (unit 1b, 10,72-17,09 m) where it 
follows on top of the sand-silt deposits (Andrén et al., 2014b). This subunit is 
interpreted as a fresh water lake clay deposit (Andrén et al., 2014b). Stratigraphically 
higher sits dark clay with black bands and spots, indicative of higher organic content 
and iron sulphide precipitates. A sharp boundary divides the darker clay from a 
greenish grey fine laminated clay, which is found on top in FOU14-R3A (0-1.3 m) 
and at site M0062 (0-10.72 m), both belonging to unit 1a in the IODP 347 expedition 
and this boundary is interpreted as a transition from a freshwater to brackish 
sedimentary environment (Andrén et al., 2014b). The dark black-banded clay 
appears at site M0062 to occur interbedded in patches with sharp boundaries to 
adjacent units (Table 1). The total magnetic susceptibility and density show only 
slight changes between the clay units, the varved clay in the bottom having higher 
density and magnetic susceptibility compared to the laminated grey clay on top. The 
dark black-banded clay is not outstanding in these data, although there is a narrow 
zone of high values in a high-resolution dataset where iron sulphide is present, as 
might be the case for the anomaly around 5 m in figure 11.  

The main anomaly in figure 8, seen as a peak in density and magnetic 
susceptibility between 1.3 and 1.4 m, coincides with a layer of homogenous silt, 
which is interbedded between clay units. A similar but not as clear pattern can be 
observed between 1.2-1.3 m in FOU14-R002A, which also corresponds with a 
homogenous interbedded silt layer, figure 4. The high-density values in the silt 
compared to the surrounding clay are probably a result of high water content in the 
clay. 

 At least one similar silt dominated layer is observed in the site M0062 
description as shown in data at around 12.5 m, and is observed in figure 11, 12 and 
Table 1 as a peak in density and magnetic susceptibility along with core description 
correlation. Another potential silt dominated layer might be present in the peak in 
magnetic susceptibility and density seen around 10 m, but core disturbance makes it 
hard to judge. Silt patches in lower parts are interpreted as part of the relatively thick 
sequence of glaciofluvial deposits. The homogeneous silt layers can be identified by 
high magnetic total susceptibility and density values in comparison with adjacent 
values of clay. The silt layers are not present in the initial IODP interpretation (figure 
10). 
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Figure 10: A section log from site M0062 constructed by IODP. Source:  Andrén T., et al. 
2015B, Site M0062, Proc. IODP, 347: College Station, TX (Integrated Ocean Drilling 
Program).  

The total magnetic susceptibility response and density of the material for 
all cores measured show a linear tendency in all cases, figure 6, 9 and 14. In figure 6 
and 9 the data could be interpreted as forming clusters from low to high susceptibility 
and density, representing the different sedimentary units. The first unit is the upper 
brackish clay, which is indicative of low density (less than 1.7 g/cm3) and low 
susceptibility values (generally below 300x10-6SI). This unit shows a slight increasing 
tendency through the figures. The second unit is the lower varved clay with slightly 
higher density (1.7-1.85 g/cm3) and higher susceptibility (270-450x10-6SI). This unit 
also shows an increasing tendency, which coincides with higher values down core. 
The silt layers can be seen as peaking values in the figures with susceptibility values 
around 700-800x10-6SI and density just below 2 g/cm3. Peaks in susceptibility with 
lower density correlation can be samples containing both clay and silt. There are 
also exceptions with high susceptibility and low-density values, which probably are 
caused by layers with relatively high concentrations of ferrimagnetic iron sulphides, 
which also were encountered in the IODP study (Andrén et al., 2014b)  

Discussion and conclusions 

The implementation of sampling and measuring were completed without issues. In 
Figures 5 and 8, the measured data share the approximate shape of the MSCL data, 
indicating reliable values. Exceptions are that the measured magnetic susceptibility 
in figure 5 shows a slight deviation from the MSCL data, which has not been 
explained. Results in figure 5 will also be less reliable in the upper sections as a 
result of the heavy disturbance. Figure 8, however, show good correlation between 
MSCL and measured data. The deviation in density between 2-2.7 m can be 
explained by the presence of gas in the sediment, which would have caused 
expansion of the sediment during core splitting, and reduce the bulk density before 
discrete samples were taken. Both figures 5 and 8 show hints of aliasing in the 
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measured data, indicating that smaller sampling cubes and denser sampling would 
have been preferable. Moreover, that would have increased the resolution, making 
interpretations more detailed. Aliasing is more present in the site M0062 figures, see 
Appendix 1, where changes are significantly easier to distinguish in figure 12 
compared to figure 11, the lack in resolution in figure 11 is due to coarse sampling, 
which also as stated previously is true for the anisotropic parameters of M0062 in 
figure 15. 

The lack of recovery of fibre was surprising, but one explanation is that 
the Kullenberg corer trigger weight was too heavy and sunk through the soft 
fibrebank at Väja until it rested on the underlying post-glacial clays. Another 
explanation is that the fibrebank contains large objects (e.g. pieces of logs) that were 
pushed down by the core barrel until they moved aside and sediments entered the 
liner. The use of a vibro-corer for core recovery instead of piston corer might improve 
results (1), without the soft sediments being lost due to the reasons outlined above. 
Capturing the contact between the fibrous sediments and the natural sediments 
would be significant in the analysis of what the fibrebanks are deposited on top of, 
and be important in stability analysis if the absolute level of this contact is 
established.      

The occurrence of landslide scars in the fibrebanks at Väja indicates that 
landslides have occurred recently in the area. The area has a comparatively high 
frequency of landslides as stated by MSB (2015B) and landslide scars have been 
mapped in the estuary, figure 3a. One question to be answered is therefore if the 
fibrebanks have failed internally, possibly due to sensitive structure and high gas 
content (Apler et al., 2014), or if the landslides have started beneath the fibrebanks 
in the natural sediments. This is important for the knowledge about the stability of the 
fibrebanks and the choice of remediation methods that might be applied to prevent 
contaminants from spreading and affecting the ecosystem, such as dredging or 
capping. More information on such methods can be found in (Ebrahimi et al., 2014).   

According to the core analysis and comparison with IODP site M0062, 
similar or identical stratigraphic units that exist in the deeper parts of the estuary are 
also found beneath the fibrebanks at Väja (2). The major difference, however, is that 
the thickness of the units decreases close to the shore. These units were deposited 
when the relative sea level was significantly higher and the depositional environment 
was probably very similar at the present coast as the deeper areas. The most 
plausible explanation for the thinner equivalent units is the loss of material due to 
subsequent uplift and erosion, probably including slope movements in the natural 
sediments. The presence of sharp boundaries (unconformities) also indicates that 
material has been transported downslope after deposition.   

Assessing the risk of future landslides in the natural sediments in 
Ångermanälven requires evaluation of the factors mentioned and exampled in the 
background section. Weak layers are stated as an important factor for the 
occurrence of submarine landslides. In this study, the silt dominated layers showed 
liquefaction when exposed to movement. Work by Luleå geotechnical institute 
focussed on iron sulphide in soils and studied a site near Väja-Dynäs. One core was 
taken 6 meters above sea level and it contained 2 m of silt directly on bedrock 
followed by 12 m of fine-grained sediment on top of the silt. According to experiment 
the fine-grained material contained around 40% clay and the organic content was 2-
4%. The fine-grained material was described as clay with iron sulphide bands. The 
water content in the clay was 60% in the upper part, increasing to 75% in the lower. 
A basic geotechnical analysis was made and parts of the clay were judged as 
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sensitive. Moreover, the groundwater pressure in the lower silt was considered to be 
artesian (Larsson et al., 2007).  

Both the silt layers and the clay, which can be identified using magnetic 
susceptibility and the density of the units (3), can therefore be assessed as potential 
weak layers and glide planes for future submarine mass movements in the estuary, 
and their shear resistance and stability must be evaluated in future geotechnical 
tests (4). The large distribution of these layers and units is also a factor to consider 
regarding the retrogressive character of rotational slides, in the presence of weak 
units. As exampled in previous sections, this was the case in Rissa and Finneidfjord, 
where the submarine slide retrogressed upslope and damaged constructions on 
land. An additional comment on these settings is that they prove that even landslides 
considered small can generate tsunami waves (L’Heureux et al., 2012a; 2012b). 

Earthquakes in the Ångermanälven area are today considered rare, but 
could be a potential landslide trigger in combination with the presence of silts that 
are prone to liquefaction. Another factor associated with the glacial rebound is that 
erosion and the relative decrease in water level could cause gases in the sediment 
to expand as a result of pressure release. The expansion of gas would cause 
increased pore pressure in the sediment and should be evaluated since the varved 
clay did show evidence of gas. The slopes in the estuary, as can be seen in figure 
3b, are relatively steep. Landslides in the area have therefore probably occurred 
without or with just a small trigger, for instance human activity causing vibrations, as 
also seen in Norwegian fjord settings (Vanneste et al., 2012). Gradual static loading 
is another factor that affects pore pressure in sediments. In this case it would be due 
to either artificial fill, the fibrous deposits generating increased pressure, or by the 
natural sedimentation rate, in this case probably associated with suspended material 
transported by Ångermanälven. The natural sedimentation rate, however, is slow in 
comparison with erosion and is not considered a factor in this case. High 
groundwater pressure in permeable sediments was indicated by Larsson et al. 
(2007) and might also, as in the case in Nice 1979, have an increasing effect on the 
pore pressure in nearby low permeable sensitive sediments. Lastly, further analysis, 
tests and investigations are necessary in order to fully be able to assess the risk of 
submarine landslides causing the dispersal of contaminated sediments in 
Ångermanälven. 

Summary of conclusions 

1. The use of a suspended vibro-corer would improve the recovery of cores,
making it easier to recover soft cellulose rich sediments, and potentially the
boundary between the fibrebanks and the underlying natural (pre-industrial)
sediments.

2. Equivalent stratigraphic units are found close to the shore and in the middle,
deeper parts of the estuary.

3. Homogenous silt layers and clay units in Ångermanälven can be identified
using magnetic susceptibility and density data.

4. Silt layers and clay units are potentially physically weak and must be
evaluated by geotechnical investigations.
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Appendix 

Appendix 1: Magnetic susceptibility and density results: site M0062 

Figure 11: Magnetic susceptibility results, measured using same method as described in 
material and methods section, previous to this study. Measured samples from cores 
associated with IODP expedition 347 site M0062.  
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Figure 12: Magnetic total susceptibility MSCL results from IODP 347, data from 
IODP expedition 347 site M0062.  
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Figure 13: MSCL density data from site M0062, IODP expedition 347. 
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Figure 14: Wet density versus magnetic susceptibility and linear regression lines and 
coefficients of determination (r2) for M0062. 

Table 1. A summary of core descriptions and core photographs from Hole 62A, 62C and 
62D at site M0062.  

Sources: Expedition 347 Scientists, 2014, Visual core description and core images IODP 
Hole 347-M0062A. doi:10.1594/PANGAEA.837853, Expedition 347 Scientists, 2014, Visual 
core description and core images IODP Hole 347-M0062C. doi:10.1594/PANGAEA.837855, 
and Expedition 347 Scientists, 2014, Visual core description and core images IODP Hole 
347-M0062D. doi:10.1594/PANGAEA.837856 
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Appendix 2: Anisotropic parameters of site M0062 
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Appendix 3: Anisotropic parameters of FOU14-R002A 
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Figure 17: Data from measurements as described in material and methods section for 
FOU14-R002A. Data used in diagrams featured in this work and also made available for 
future analysis.   

Name Field Freq. Km L F P Pj T U K1dec K1inc K2dec K2inc K3dec K3inc K11 K22 K33 K12 K23 K13 Wet9density Meters9from9top9of9core
R2A1B95 200 F1 400,0599 1,048 1,022 1,071 1,072 B0,362 B0,377 12,6 74,1 117,4 4,2 208,5 15,4 0,97943 0,98702 1,03355 B0,00757 0,00532 0,01698 1,67 3,95
R2A1B90 200 F1 415,0335 1,036 1,018 1,055 1,056 B0,33 B0,341 24,7 68,8 294,2 0,2 204,1 21,2 0,98504 0,99216 1,0228 B0,00393 0,0075 0,01644 1,705714286 3,9
R2A1B85 200 F1 490,7447 1,021 1,018 1,04 1,04 B0,062 B0,072 338,4 26,1 75,7 14,6 191,9 59,6 1,00921 1,00117 0,98962 B0,00673 B0,00142 0,01544 1,822857143 3,75
R2A1B80 200 F1 514,765 1,008 1,026 1,034 1,036 0,535 0,529 345,2 22,9 76,6 3,2 174,2 66,9 1,00827 1,00631 0,98542 B0,00126 B0,00166 0,01195 1,87 3,7
R2A1B75 200 F1 480,3807 1,021 1,03 1,051 1,051 0,179 0,167 310,6 24,1 45,2 10,1 156,3 63,6 1,00522 1,0117 0,98307 B0,00636 B0,01046 0,01554 1,878571429 3,65
R2A1B70 200 F1 420,5414 1,001 1,034 1,035 1,04 0,916 0,915 112,7 4,7 20,4 25,8 212,4 63,7 1,00608 1,00986 0,98406 B0,00344 0,0071 0,01099 1,76 3,6
R2A1B65 200 F1 516,0048 1,017 1,029 1,047 1,047 0,25 0,239 301,7 10,9 33,8 10,6 166,9 74,7 1,00636 1,01557 0,97807 B0,00702 B0,00436 0,00869 1,905714286 3,55
R2A1B60 200 F1 480,3916 1,021 1,019 1,041 1,041 B0,028 B0,038 287,8 7,6 22 28,8 184,5 60 0,99664 1,01783 0,98553 B0,00627 B0,00192 0,00907 1,822857143 3,5
R2A1B55 200 F1 462,1945 1,024 1,019 1,043 1,043 B0,116 B0,126 298,3 11,9 33,2 21,8 181,8 64,9 1,00003 1,01583 0,98414 B0,00959 B0,00398 0,00934 1,775714286 3,45
R2A1B50 200 F1 450,9711 1,014 1,033 1,047 1,048 0,396 0,386 310,5 17,4 47,1 20,1 182,8 62,9 1,00475 1,01333 0,98192 B0,00668 B0,00243 0,01554 1,761428571 3,4
R2A1B45 200 F1 466,456 1,01 1,042 1,053 1,056 0,606 0,598 330,7 9,4 61,4 4 174 79,8 1,01651 1,01254 0,97095 B0,00413 B0,00154 0,0085 1,728571429 3,35
R2A1B40 200 F1 474,8404 1,021 1,036 1,057 1,058 0,269 0,256 319,4 11 50,6 5,9 168,5 77,4 1,01461 1,01306 0,97233 B0,00948 B0,004 0,01018 1,802857143 3,3
R2A1B35 200 F1 475,8105 1,037 1,03 1,068 1,068 B0,104 B0,12 326,2 10,8 235,9 1,6 137,4 79,1 1,02127 1,00782 0,9709 B0,01583 B0,00739 0,00957 1,838571429 3,25
R2A1B30 200 F1 454,2408 1,039 1,027 1,067 1,068 B0,191 B0,206 329,3 0,8 239,2 9,9 63,9 80,1 1,02445 1,00513 0,97043 B0,01754 B0,0042 B0,00146 1,767142857 3,2
R2A1B25 200 F1 417,0431 1,028 1,032 1,061 1,061 0,055 0,041 316,1 5,1 225,6 5,3 89,7 82,6 1,01533 1,01375 0,97092 B0,01399 B0,00566 0,00179 1,758571429 3,15
R2A1B20 200 F1 411,7356 1,018 1,043 1,062 1,064 0,392 0,38 137,5 4,2 228,3 11,2 27,4 78 1,01625 1,01566 0,96809 B0,00995 B0,00295 B0,00847 1,711428571 3,1
R2A1B15 200 F1 424,9633 1,025 1,033 1,058 1,058 0,135 0,122 139,7 0,6 229,8 6,2 44,6 83,8 1,01653 1,01246 0,97102 B0,01241 B0,00223 B0,0026 1,76 3,05
R2A1B10 200 F1 421,3615 1,028 1,037 1,066 1,066 0,143 0,128 315,9 5,2 225,1 7,7 79,5 80,7 1,01686 1,01515 0,96799 B0,01393 B0,00741 0,00076 1,768571429 2,95
R2A1B5 200 F1 426,2289 1,026 1,057 1,084 1,086 0,366 0,349 134,6 0,4 224,6 5 40,5 85 1,02194 1,0224 0,95566 B0,01326 B0,00295 B0,0037 1,797142857 2,9
R2A2B95 200 F1 424,4237 1,014 1,059 1,074 1,078 0,614 0,603 290,1 5,6 199,8 3,7 76 83,3 1,01578 1,0257 0,95852 B0,00467 B0,00764 B0,00112 1,785714286 2,85
R2A2B90 200 F1 425,5075 1,004 1,067 1,072 1,08 0,873 0,869 254,8 3,6 345 3,6 119,6 84,9 1,01998 1,02358 0,95644 0,00135 B0,00516 0,0027 1,791428571 2,8
R2A2B85 200 F1 414,7182 1,008 1,066 1,075 1,082 0,783 0,776 291,7 1,9 201,5 4,4 44,9 85,2 1,01929 1,02507 0,95565 B0,00295 B0,00394 B0,00361 1,722857143 2,75
R2A2B80 200 F1 381,022 1,005 1,067 1,072 1,081 0,861 0,856 267,6 1,7 357,7 1,3 125,7 87,8 1,01973 1,02464 0,95563 0,00025 B0,00211 0,0014 1,711428571 2,7
R2A2B75 200 F1 365,5123 1,009 1,044 1,054 1,058 0,651 0,644 189,6 5,9 99,3 2,8 343,7 83,5 1,01965 1,01143 0,96892 0,00167 0,0012 B0,00559 1,744285714 2,65
R2A2B70 200 F1 340,799 1,011 1,044 1,055 1,058 0,6 0,592 7,1 3,1 97,1 0,1 189,3 86,9 1,02102 1,01065 0,96833 0,00131 0,00044 0,00284 1,722857143 2,6
R2A2B65 200 F1 328,4467 1,004 1,049 1,053 1,059 0,839 0,835 173,8 3,1 263,8 0,3 359,5 86,9 1,01834 1,01435 0,96731 B0,00045 0,00005 B0,00274 1,664285714 2,55
R2A2B60 200 F1 340,9261 1,007 1,044 1,051 1,055 0,723 0,717 335,7 0,8 65,7 3,8 234,2 86,1 1,01757 1,01289 0,96954 B0,00272 0,0023 0,00177 1,744285714 2,5
R2A2B55 200 F1 342,6961 1,006 1,04 1,046 1,05 0,751 0,746 324,9 3,8 54,9 0,2 148 86,2 1,01467 1,01284 0,9725 B0,00257 B0,00157 0,00248 1,768571429 2,45
R2A2B50 200 F1 322,5743 1,004 1,041 1,046 1,05 0,799 0,795 3 9,4 93,3 2,1 196,1 80,4 1,01511 1,01166 0,97323 B0,00007 0,00185 0,00702 1,741428571 2,4
R2A2B45 200 F1 317,5381 1,005 1,033 1,038 1,042 0,723 0,719 324,1 8,6 55,9 11,6 198,4 75,6 1,01052 1,01052 0,97896 B0,00304 0,00199 0,00799 1,73 2,35
R2A2B40 200 F1 325,2463 1,017 1,026 1,043 1,043 0,201 0,191 315,2 9,2 47,9 16,1 196,6 71,4 1,00868 1,0107 0,98062 B0,00899 0,00029 0,00916 1,757142857 2,3
R2A2B35 200 F1 320,6583 1,014 1,031 1,046 1,047 0,371 0,362 306,6 11,4 41,6 23,4 192,6 63,6 1,00456 1,01399 0,98144 B0,00787 0,00043 0,01352 1,747142857 2,25
R2A2B30 200 F1 355,9922 1,017 1,022 1,04 1,04 0,121 0,111 302 14,9 38,5 23,1 181,9 62 1,00122 1,01304 0,98574 B0,0074 B0,00333 0,0112 1,795714286 2,2
R2A2B25 200 F1 332,2004 1,011 1,02 1,032 1,032 0,277 0,269 290,4 9,6 26,9 33,5 186,5 54,7 0,99765 1,01236 0,98999 B0,00434 B0,0007 0,00987 1,695714286 2,15
R2A2B20 200 F1 311,4016 1,015 1,018 1,033 1,033 0,106 0,098 310,6 7,8 42,7 14,9 193,8 73,1 1,00573 1,00925 0,98501 B0,00745 B0,00031 0,0061 1,707142857 2,1
R2A2B15 200 F1 312,605 1,013 1,021 1,034 1,034 0,236 0,228 311,9 10,5 45,7 19,8 195,4 67,4 1,00524 1,00916 0,98559 B0,00692 0,00021 0,00848 1,68 2,05
R2A2B10 200 F1 311,1628 1,015 1,023 1,039 1,039 0,206 0,196 313,4 9,5 46,8 19,4 198,6 68,2 1,00674 1,01009 0,98317 B0,00843 0,00069 0,00922 1,727142857 1,95
R2A2B5 200 F1 297,7051 1,015 1,023 1,038 1,039 0,186 0,177 107,1 3,6 16,5 8,9 219,2 80,4 1,00318 1,01608 0,98074 B0,00464 0,00325 0,00254 1,722857143 1,9
R2A3B95 200 F1 293,3981 1,011 1,025 1,036 1,037 0,37 0,363 147,8 9,2 239,8 12,4 22,3 74,5 1,01067 1,00715 0,98218 B0,00556 B0,00141 B0,00726 1,728571429 1,85
R2A3B90 200 F1 255,8047 1,014 1,021 1,036 1,036 0,206 0,197 159 11,5 251,1 10,1 21,3 74,6 1,01275 1,00383 0,98342 B0,005 B0,00097 B0,00756 1,635714286 1,8
R2A3B85 200 F1 275,7411 1,013 1,019 1,032 1,032 0,2 0,193 172,6 17,4 82,2 1,4 347,8 72,6 1,01168 1,00212 0,9862 B0,00112 0,00159 B0,00875 1,725714286 1,75
R2A3B80 200 F1 281,2495 1,008 1,01 1,018 1,018 0,141 0,136 157 10,2 248 5,4 5,4 78,4 1,00656 1,0019 0,99154 B0,00266 0,00033 B0,00314 1,68 1,7
R2A3B75 200 F1 279,8952 1,012 1,01 1,022 1,022 B0,093 B0,098 173,3 19,9 272,9 24,7 49 57,4 1,00844 0,99782 0,99374 B0,00261 B0,0029 B0,00667 1,677142857 1,65
R2A3B70 200 F1 258,1339 1,009 1,01 1,019 1,019 0,039 0,034 274,9 16,6 173,9 32,6 27,6 52,4 0,99737 1,0079 0,99473 B0,00224 B0,00476 B0,00405 1,55 1,6
R2A3B65 200 F1 284,3506 1,011 1,013 1,023 1,023 0,085 0,08 155,9 12,5 251,9 25,1 41,8 61,6 1,00745 1,00104 0,99151 B0,00515 B0,00255 B0,00591 1,704285714 1,55
R2A3B60 200 F1 259,0218 1,008 1,011 1,019 1,019 0,17 0,166 177,3 20,5 282,3 34,6 62,6 48,2 1,00683 0,99722 0,99594 B0,0023 B0,00469 B0,00506 1,652857143 1,5
R2A3B55 200 F1 266,3239 1,005 1,029 1,034 1,037 0,709 0,705 174 14,1 265,3 5,2 15 74,9 1,01069 1,00781 0,98149 B0,00097 B0,00174 B0,00812 1,672857143 1,45
R2A3B50 200 F1 274,3701 1,006 1,04 1,046 1,05 0,727 0,722 168,2 8,2 258,8 4,2 15,5 80,8 1,01578 1,01102 0,97319 B0,00149 B0,00146 B0,00678 1,647142857 1,4
R2A3B45 200 F1 290,8846 1,01 1,019 1,029 1,03 0,303 0,297 174,8 17,1 268,5 12 32 68,8 1,01031 1,00225 0,98744 B0,00194 B0,00308 B0,0082 1,651428571 1,35
R2A3B40 200 F1 539,1844 1,008 1,046 1,055 1,059 0,691 0,684 247,6 27,2 147 19,7 25,7 55,4 1,00138 1,015 0,98362 B0,00328 B0,01216 B0,02003 1,795714286 1,3
R2A3B35 200 F1 281,2411 1,011 1,049 1,06 1,064 0,619 0,61 162,7 1,2 252,9 9,5 65,6 80,4 1,02199 1,01177 0,96623 B0,00371 B0,00693 B0,0034 1,635714286 1,25
R2A3B30 200 F1 296,2894 1,013 1,051 1,065 1,068 0,594 0,584 337,2 3,3 67,5 4 207,5 84,8 1,02275 1,01395 0,96329 B0,00477 0,00176 0,00465 1,591428571 1,2
R2A3B25 200 F1 699,5265 1,036 1,069 1,108 1,11 0,306 0,283 233,6 15,4 140 13 11,5 69,6 1,01396 1,03133 0,9547 0,01468 B0,0118 B0,02647 1,927142857 1,15
R2A3B10 200 F1 385,0309 1,014 1,035 1,049 1,05 0,433 0,424 271 0,6 1,7 45,4 180,4 44,6 0,9896 1,02033 0,99008 B0,00036 B0,00003 0,01686 1,571428571 1,1
R2A3B5 200 F1 349,805 1,009 1,037 1,046 1,049 0,615 0,607 62,6 6,8 325,9 44,8 159,3 44,4 0,99481 1,01365 0,99154 0,00963 B0,00545 0,01735 1,532857143 1,05
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Appendix 4: Anisotropic parameters of FOU14-R003A 
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Figure 19: Data from measurements as described in material and methods section for FOU14-
R003A. Data used in diagrams featured in this work and also made available for future analysis. 

Name Field Freq. Km L F P Pj T U K1dec K1inc K2dec K2inc K3dec K3inc K11 K22 K33 K12 K23 K13Wet9density9(g/cm3) Meters9from9top9of9core
R3A1F95 200 F1 462,4264 1,015 1,055 1,071 1,075 0,561 0,549 262,8 3,9 356,1 40 168,2 49,7 0,99158 1,02659 0,98183 0,00632 F0,00637 0,02535 1,851428571 3,45
R3A1F90 200 F1 445,0298 1,029 1,024 1,054 1,054 F0,078 F0,092 292 4,8 25 32,4 194,4 57,1 0,99579 1,02241 0,98181 F0,01155 0,00048 0,01142 1,777142857 3,4
R3A1F85 200 F1 445,8686 1,024 1,031 1,056 1,056 0,12 0,106 286,5 0,9 16,9 25,8 194,5 64,2 0,99853 1,02397 0,97751 F0,00802 0,00259 0,01156 1,795714286 3,35
R3A1F80 200 F1 455,1708 1,031 1,03 1,062 1,062 F0,01 F0,025 290,4 7,9 25,5 32,6 188,4 56,3 0,99432 1,02586 0,97982 F0,01117 F0,00197 0,01486 1,791428571 3,3
R3A1F75 200 F1 413,1154 1,026 1,033 1,061 1,061 0,112 0,097 311,8 17,8 55,3 36 200,6 48,5 1,00017 1,01349 0,98634 F0,01659 F0,00014 0,0201 1,708571429 3,25
R3A1F70 200 F1 408,3868 1,031 1,028 1,06 1,06 F0,041 F0,055 311,1 9,9 48,7 37,2 208,7 51,1 1,00347 1,01325 0,98328 F0,01924 0,00255 0,01511 1,73 3,2
R3A1F65 200 F1 399,6983 1,024 1,028 1,053 1,053 0,084 0,072 307 10,2 44 33,9 202,6 54,2 1,00159 1,0146 0,98381 F0,01449 0,0017 0,01461 1,762857143 3,15
R3A1F60 200 F1 429,3817 1,016 1,03 1,046 1,047 0,294 0,283 304,9 8,3 39,6 29,2 200,7 59,4 1,00289 1,014 0,98311 F0,00993 0,0026 0,0132 1,768571429 3,1
R3A1F55 200 F1 404,4594 1,018 1,02 1,038 1,038 0,063 0,054 103,2 2,6 12,4 17,8 201,3 72 0,99997 1,01701 0,98302 F0,00452 0,00285 0,00516 1,708571429 3,05
R3A1F50 200 F1 413,3648 1,015 1,03 1,046 1,047 0,327 0,317 291,9 7,1 26,6 33,6 191,5 55,5 0,99773 1,01735 0,98492 F0,00709 0,00103 0,01421 1,755714286 2,95
R3A1F45 200 F1 405,8974 1,024 1,021 1,046 1,046 F0,068 F0,079 301,3 2,8 32,5 23,2 204,7 66,6 1,00267 1,01597 0,98136 F0,01202 0,00214 0,00749 1,722857143 2,9
R3A1F40 200 F1 420,8911 1,024 1,031 1,055 1,056 0,136 0,122 296,7 4,4 28,1 17,4 193,2 72 1,00422 1,02081 0,97497 F0,01008 0,00042 0,00945 1,711428571 2,85
R3A1F35 200 F1 398,4303 1,02 1,028 1,048 1,049 0,178 0,167 291,2 3,3 22,2 16,1 189,8 73,5 1,00303 1,01954 0,97743 F0,00696 0,00021 0,00777 1,74 2,8
R3A1F30 200 F1 394,2177 1,018 1,029 1,047 1,047 0,231 0,22 286 3,7 17,7 24,3 187,8 65,4 0,99995 1,01963 0,98042 F0,00534 0,00032 0,01076 1,76 2,75
R3A1F25 200 F1 377,56 1,014 1,045 1,059 1,062 0,532 0,521 191,3 3,6 281,7 6,2 71,5 82,8 1,02311 1,0099 0,967 0,00242 F0,00531 F0,00256 1,758571429 2,7
R3A1F20 200 F1 354,964 1,015 1,045 1,061 1,063 0,485 0,474 11,9 1 281,8 7 109,9 82,9 1,02388 1,00931 0,96681 0,00331 F0,0049 0,00206 1,74 2,65
R3A1F15 200 F1 325,493 1,016 1,045 1,061 1,064 0,469 0,458 11,6 5,3 280,7 9,5 130,4 79,1 1,02369 1,00879 0,96753 0,00391 F0,00582 0,00666 1,614285714 2,6
R3A1F10 200 F1 301,8403 1,013 1,039 1,053 1,055 0,493 0,483 217,4 70,8 84,1 13,4 350,8 13,4 0,97417 1,00785 1,01798 0,00635 F0,00112 F0,01171 1,484285714 2,55
R3A1F5 200 F1 354,0407 1,006 1,037 1,044 1,047 0,707 0,702 193,9 2,5 283,9 1,2 40,4 87,2 1,01592 1,01031 0,97377 0,00144 F0,0012 F0,00159 1,794285714 2,5
R3A2F95 200 F1 288,7401 1,019 1,026 1,045 1,045 0,16 0,149 209 2,1 299 1 54,8 87,6 1,0164 1,00652 0,97708 0,00786 F0,00119 F0,00121 1,551428571 2,45
R3A2F90 200 F1 314,7223 1,011 1,03 1,042 1,043 0,452 0,444 4 9,1 273,6 3 165,6 80,4 1,01623 1,00603 0,97775 0,00097 F0,00108 0,00644 1,748571429 2,4
R3A2F85 200 F1 283,0907 1,014 1,029 1,044 1,045 0,354 0,345 350,9 12,8 82,6 7,6 202,6 75,1 1,0162 1,00495 0,97885 F0,00275 0,00225 0,00955 1,542857143 2,35
R3A2F80 200 F1 312,5977 1,015 1,03 1,046 1,047 0,335 0,325 5,6 10,9 275,6 0,3 184,1 79,1 1,01813 1,00495 0,97692 0,00134 0,00067 0,00823 1,732857143 2,3
R3A2F75 200 F1 336,3579 1,012 1,027 1,039 1,04 0,39 0,382 357,6 21,4 88,8 3,2 186,9 68,3 1,01159 1,00486 0,98355 F0,00087 0,00093 0,0131 1,688571429 2,25
R3A2F70 200 F1 343,1343 1,009 1,029 1,038 1,04 0,528 0,521 17,8 17,8 285,7 6,6 176,1 71 1,01085 1,00724 0,98191 0,00257 0,00021 0,01123 1,751428571 2,2
R3A2F65 200 F1 329,6564 1,015 1,03 1,046 1,047 0,332 0,322 358,6 6,1 88,9 2,7 203 83,3 1,01953 1,00477 0,9757 F0,00051 0,0013 0,00477 1,785714286 2,15
R3A2F60 200 F1 296,5788 1,011 1,029 1,041 1,042 0,439 0,431 16,9 17,2 285,7 4 182,9 72,3 1,01264 1,00663 0,98072 0,00277 0,00136 0,01137 1,575714286 2,1
R3A2F55 200 F1 290,4655 1,009 1,035 1,044 1,047 0,587 0,58 346,6 7,8 256,3 2,5 148,5 81,8 1,01619 1,0086 0,97521 F0,00168 F0,00278 0,00526 1,652857143 2,05
R3A2F50 200 F1 301,8804 1,009 1,035 1,045 1,047 0,572 0,565 341,4 2,6 71,5 1,6 193,3 87 1,0166 1,00915 0,97425 F0,00287 0,00028 0,00216 1,787142857 1,95
R3A2F45 200 F1 291,8023 1,011 1,033 1,044 1,046 0,512 0,504 352,4 1,8 262,3 4,1 106,5 85,5 1,01774 1,00725 0,97501 F0,00134 F0,00247 0,00106 1,777142857 1,9
R3A2F40 200 F1 269,2527 1,017 1,035 1,053 1,054 0,33 0,318 4,6 1,7 274,4 8 106,6 81,8 1,02279 1,00494 0,97227 0,00159 F0,00452 0,00188 1,67 1,85
R3A2F35 200 F1 240,5894 1,017 1,023 1,04 1,04 0,148 0,139 4,7 5,6 274,2 4,9 143,1 82,6 1,01814 1,00179 0,98007 0,00155 F0,00158 0,0039 1,58 1,8
R3A2F30 200 F1 266,9127 1,008 1,02 1,028 1,029 0,428 0,423 357,4 28,7 264,3 5,6 164,2 60,6 1,00566 1,00357 0,99076 0,00097 F0,00245 0,01149 1,671428571 1,75
R3A2F25 200 F1 269,0037 1,015 1,018 1,033 1,033 0,094 0,086 194 2,7 284,4 7,7 85,1 81,8 1,01466 1,00142 0,98392 0,00339 F0,00261 F0,00087 1,627142857 1,7
R3A2F20 200 F1 270,1537 1,011 1,015 1,026 1,026 0,125 0,118 2,6 16,8 269,3 10,9 147,9 69,8 1,01015 1,00055 0,9893 0,00124 F0,00233 0,00707 1,634285714 1,65
R3A2F15 200 F1 275,3958 1,009 1,015 1,024 1,025 0,244 0,238 7,8 10,5 273,3 22,6 120,9 64,8 1,00993 1,00009 0,98998 0,00238 F0,00471 0,00458 1,674285714 1,6
R3A2F10 200 F1 277,3029 1,004 1,024 1,029 1,031 0,711 0,707 351 5,7 260,5 5,1 129 82,3 1,01046 1,00648 0,98306 F0,00042 F0,00255 0,00241 1,711428571 1,55
R3A2F5 200 F1 258,3274 1,002 1,036 1,039 1,044 0,885 0,883 344,7 6 74,9 1,8 181,2 83,8 1,01273 1,01126 0,97601 F0,00057 0,00002 0,00406 1,625714286 1,5
R3A3F95 200 F1 275,0627 1,003 1,087 1,09 1,102 0,935 0,932 193,8 0,3 283,8 3,2 98,7 86,8 1,029 1,02622 0,94478 0,0007 F0,00447 0,00067 1,578571429 1,45
R3A3F90 200 F1 461,0996 1,011 1,069 1,08 1,087 0,721 0,712 171,2 14 79,2 8,1 319,9 73,7 1,02522 1,01623 0,95856 0,00097 0,01173 F0,01599 1,658571429 1,4
R3A3F85 200 F1 805,3725 1,029 1,11 1,142 1,15 0,572 0,549 183,2 15,9 90,5 9,3 331,3 71,5 1,04317 1,02164 0,93519 0,00583 0,0142 F0,03451 1,925714286 1,35
R3A3F80 200 F1 546,0125 1,01 1,082 1,092 1,102 0,779 0,771 182,3 14,4 272,7 1,3 7,6 75,6 1,02707 1,02234 0,95058 F0,00025 F0,00258 F0,02087 1,698571429 1,3
R3A3F75 200 F1 317,2715 1,015 1,044 1,06 1,062 0,473 0,461 170,4 8,3 79,7 4,4 321,9 80,6 1,02294 1,00886 0,9682 F0,00196 0,00456 F0,00751 1,577142857 1,25
R3A3F70 200 F1 405,594 1,01 1,05 1,061 1,065 0,647 0,639 168,4 3 78 7,1 280,9 82,3 1,0225 1,01203 0,96547 F0,00191 0,00636 F0,00174 1,64 1,2
R3A3F65 200 F1 354,5319 1,01 1,059 1,069 1,075 0,701 0,693 178,7 3,7 88,4 4,2 310,5 84,4 1,02534 1,01508 0,95959 0,00003 0,00419 F0,00423 1,565714286 1,15
R3A3F60 200 F1 320,4833 1,009 1,051 1,06 1,065 0,684 0,676 177,8 6,7 87,8 0,5 353,7 83,3 1,02173 1,01311 0,96516 F0,00028 0,00067 F0,0067 1,522857143 1,1
R3A3F55 200 F1 325,109 1,008 1,045 1,052 1,057 0,704 0,697 178,6 6 88 5,5 316,2 81,8 1,01896 1,0114 0,96964 0,00025 0,00422 F0,00518 1,472857143 1,05
R3A3F50 200 F1 311,5082 1,009 1,055 1,065 1,07 0,7 0,692 176,9 6,1 86,4 4,8 318,3 82,2 1,02331 1,01399 0,9627 F0,00003 0,00479 F0,00635 1,477142857 0,95
R3A3F45 200 F1 253,5702 1,011 1,058 1,07 1,075 0,667 0,657 174,9 5,7 84,6 3,9 320,3 83,1 1,02542 1,01441 0,96017 F0,0006 0,00434 F0,00622 1,432857143 0,9
R3A3F40 200 F1 513,6743 1,003 1,028 1,032 1,035 0,795 0,792 183,3 2,5 273,6 5,4 69 84 1,01137 1,00795 0,98068 0,00009 F0,0027 F0,00117 1,43 0,85
R3A3F35 200 F1 205,6035 1,01 1,064 1,074 1,081 0,73 0,722 179 3,1 269 1,5 24,7 86,6 1,02677 1,01707 0,95617 F0,00026 F0,0015 F0,00381 1,41 0,8
R3A3F30 200 F1 197,5353 1,011 1,069 1,081 1,088 0,721 0,712 182,9 4,2 273 0,6 10,6 85,8 1,02891 1,01827 0,95282 0,0005 F0,00093 F0,00554 1,454285714 0,75
R3A3F25 200 F1 152,647 1,009 1,053 1,063 1,068 0,695 0,687 179,9 3,7 89,9 0 359,8 86,3 1,02313 1,01389 0,96297 F0,00001 0,00001 F0,00392 1,417142857 0,7
R3A3F20 200 F1 136,4806 1,009 1,072 1,082 1,09 0,772 0,764 194,9 8,5 104,3 4,1 349 80,6 1,02654 1,02043 0,95303 0,00258 0,00177 F0,01224 1,421428571 0,65
R3A3F15 200 F1 125,3748 1,006 1,055 1,061 1,067 0,794 0,788 185,9 2,9 95,7 3,9 312 85,1 1,02146 1,01533 0,96321 0,00082 0,00327 F0,00328 1,425714286 0,6
R3A3F10 200 F1 83,75905 1,005 1,05 1,055 1,061 0,811 0,806 188,5 2,4 98,3 4,1 308,3 85,2 1,01916 1,01418 0,96667 0,00091 0,00309 F0,00268 1,28 0,55
R3A3F5 200 F1 96,68399 1,005 1,052 1,057 1,063 0,832 0,828 173,1 1 83,1 2,4 284,4 87,4 1,0197 1,01505 0,96525 F0,00053 0,00222 F0,00064 1,374285714 0,5
R3A4F45 200 F1 312,5784 1,001 1,025 1,026 1,029 0,931 0,93 138,3 2,4 228,3 0,4 327,1 87,6 1,00826 1,00818 0,98356 F0,00042 0,00058 F0,00089 1,475714286 0,45
R3A4F40 200 F1 160,8471 1,007 1,032 1,039 1,042 0,64 0,634 161,1 0,3 71,1 0,6 281,8 89,3 1,01426 1,00877 0,97697 F0,00214 0,00037 F0,00011 1,435714286 0,4
R3A4F35 200 F1 107,1593 1,003 1,06 1,064 1,072 0,893 0,89 0,8 1,2 270,8 0,8 145,2 88,6 1,02142 1,01808 0,96049 0,00007 F0,00083 0,00126 1,427142857 0,35
R3A4F30 200 F1 121,7355 1,002 1,037 1,039 1,044 0,902 0,9 0,4 3 270,3 2,8 137,5 86 1,0133 1,0114 0,9753 0,0001 F0,00173 0,00199 1,39 0,3
R3A4F25 200 F1 175,5166 1,001 1,02 1,021 1,024 0,874 0,873 0,8 1,4 270,7 3,5 112,1 86,3 1,0074 1,00601 0,98659 0,00005 F0,00118 0,00051 1,327142857 0,25
R3A4F20 200 F1 165,8155 1,002 1,022 1,024 1,027 0,869 0,867 211 0 301 2,6 120,1 87,4 1,00792 1,00717 0,98491 0,00071 F0,00085 0,00049 1,368571429 0,2
R3A4F15 200 F1 137,6181 1,002 1,032 1,035 1,039 0,854 0,852 359 2,2 268,9 4 117,5 85,4 1,01212 1,0095 0,97838 0,00004 F0,00223 0,00126 1,397142857 0,15
R3A4F10 200 F1 151,0346 1,001 1,026 1,027 1,031 0,922 0,921 351,4 5,6 261,3 1,2 159 84,2 1,00907 1,00826 0,98267 F0,00007 F0,00094 0,00251 1,375714286 0,1
R3A4F5 200 F1 267,9447 1,037 1,02 1,057 1,058 F0,301 F0,313 269 85,6 147,9 2,3 57,7 3,8 0,9888 0,98085 1,03034 F0,00856 F0,00385 F0,00072 1,335714286 0,05
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