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Main	points	
•  Salinity	decrease	
•  Groundwater	gradients	and	flow	
•  Permeability	contrasts	and	groundwater	flow	
•  Effec2ve	stress	development	during	heavy	rain	
and	snowmelt	

•  Homogeneity/heterogeneity	of	clay	sediments?	
Weak	layers	

•  Groundwater	importance	during	slow	QC	
forma2on	versus	cri2cal	factor	during	slide	
ini2a2on	and	development	
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“….Etter leiravsettingens dannelse er saltinnholdet i leirgelene 
blitt sterkt nedsatt ved at saltes joner er difundert ut i det øvrige 
grunnvann i sand og gruslag. Dette kan skje ikke bare der hvor 
leiravsetningene heves over havnivå, men også i landnære 
undersjøiske sedimenter, idet det ferske grunnvann under og i 
en leiravsetting ikke vil bli oppblandet med havvannet selv 
forholdsvis langt fra land” 
 
Requires 
Combination of diffusive and advective transport 

Rosenqvist	(1946)		

Reduction of pore water salinity 
 

 Quick clay formation 
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Marine	clay	

Till/gravel	

Sand	layers	

Bedrock	with	some	fractures	

Dry	crust	

Composi2onal	structure	of	glaciomarine	basin	infill	

Clays	with	very	low	hydraulic	conduc2vity	(10-9	–	10-12)	m/s	
Sand	layers/coarser	regions	of	basin	infill	(10-2	–	10-6	)	m/s	
Till/gravel	layers	on	top	of	bedrock	(10-6	–	10-11)	m/s	/(10-3	–	10-1)	m/s		
Underlying	bedrock	with	a	fractures	network	(10-8	–	10-9)	m/s	
	

The	Tømte	Symposium	October	24st	2022		



Salt	diffusion	towards	regions	of	fresh	goundwater	
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Constraints on salt leaching from marine clays: 
•  The	very	low	hydraulic	conduc2vity	of	clays	means	

that	the	main	ion	transport	out	of	the	bulk	clay	is	by	
diffusion.	

•  For	diffusion	to	be	effec2ve	and	last,	concentra2on	
gradients	have	to	be	maintained.	

•  This	requires	more	permeable	regions	where	the	salt	
can	be	steadily	removed	by	freshwater	groundwater	
flow.		

•  The	combined	salt	transport	by	diffusion	and	
groundwater	flow	is	a	slow	process,	and	may	take	
thousands	of	years.	
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Some hydrodynamic characteristics of  
regions covered by marine clays. 

: •  The	large	differences	in	hydraulic	conduc2vity	for	
clays	and	adjoining	material	(sand	layers,	2ll,	gravel	
and	even	fractured	bedrock)	constrain	the		whole	
hydrodynamic	system	

•  Can	be	illustrated	by	a	few	examples:	
•  Artesian	condi2ons/upward	gradients	in	

Champlain	Sea	clays,	Eastern	Canada	
•  Landslides	along	aords	with	Reisaaorden	as	

example	
•  Weak	layers?	
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The	Champlain	clays	in	Eastern	Canada	
(Lefebvre,	2017)		18 G. Lefebvre

Fig. 2.2 Simplified statigraphy of a typical marine clay deposit of Eastern Canada

2.4 Valley Formation and Groundwater Regime

Landslides in sensitive clays of Eastern Canada are most generally located along
river or stream valleys. Slopes have been created by the gradual erosion of these
valleys in initially horizontal clay deposits. Stability analyses in sensitive clays
concern most generally slopes along river or stream valleys created by the erosion
of valleys through the deposit. In the Champlain sea basin, the preconsolidation
pressure is, in general in agreement with the maximum filling level of the valley
(Bouchard et al. 1983, Crawford and Eden 1965) even if secondary consolidation
(Bjerrum 1967) and structuration (Locat and Lefebvre 1986) can also play a role.
River and stream valleys can be identified today in different stages of formation as
illustrated on Fig. 2.3. The ground water regime can change drastically depending
of the stages of the valley formation through the clay deposit due to the contrast of
hydraulic conductivity at the clay boundaries. One can see that at the intermediate
stage, (Fig. 2.3b) where the river valley has not yet completely cut through the
clay deposit, the river still flowing on a clay bottom, the ground water regime is
characterized by upward hydraulic gradients (i) at the toe of the slope, creating
conditions detrimental to slope stability and prone to deep failure surface. On the
contrary, once the valley has cut completely through the clay deposit (Fig. 2.3c),
the river flowing on till or bedrock, the till layer is discharging in the valley with
a water head at equilibrium with the water level in the river. This creates a strong
underdrainage of the whole slope, a condition highly favourable to slope stability.
Once the boundary conditions are established, it is a simple matter to produce a
flow net for a given geometry since the hydraulic conductivity of the marine clays
of Eastern Canada can for practical purpose, be considered as isotropic (Tavenas
et al. 1983). Ground water flow patterns are presented on Fig. 2.4 for the geometric
conditions corresponding to the three stages of valley formation shown on Fig. 2.3
(from Lafleur and Lefebvre 1980).

General	stra2graphy	of	the	Champlain	sea	basin	in	Eastern	
Canada.		
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The	Champlain	clays	in	Eastern	Canada		
(Lefebvre,	2017),		

Lefebvre	(2017)	discussed	the	hydrodynamics	of	river	valleys	in	the	
Champlain	clays,	by	performing	sta2c	hydrogeological	modeling	
where	the	2ll	had	10	2mes	higher	permeability	than	the	bulk	clay.	He	
found	that	even	with	such	a	small	conduc2vity	contrast	between	
clays	and	underlying	2ll,	one	was	able	to	cause	artesian	condi2ons	
and	upward	hydraulic	gradient.		

20 G. Lefebvre

Fig. 2.4 Ground water regime in the vicinity of a clay slope

2.5 Examples of Ground Water Regimes from Case Records

Two examples of ground water regimes in the vicinity of a clay slope are presented,
one where the valley is at its final stage having cut completely through the clay
deposit as in Figs. 2.3c and 2.4c and the other for the critical intermediate stage
as in Figs. 2.3b and 2.4b. The first case record is on the Broadback river in the
Tyrrel sea basin in Northern Québec (Fig. 2.1). The site was well documented with
numerous borings and piezometers (Lefebvre 1986). The slope is about 25 m high
with a typical stratigraphy where a deposit of sensitive marine clay with a weathered
surficial crust rests on a layer of till. Two ground water regimes are presented for this
site on Fig. 2.5 with the stratigraphic information. In the first ground water regime,
the experimental regime, (Fig. 2.5a), the equipotential lines are based only on the
piezometer readings (November 1980). The ground water regime is characterized
by a strong underdrainage, the till layer, the pervious boundary at the lower limit
of the clay deposit, freely discharges into the river which is flowing directly on
the till strata. Under the crest of the slope, the piezometric head in the till is just
slightly higher than the water level in the river. In the surficial fissured weathered
crust, the water level however rises to ground surface during wet seasons with nearly
hydrostatic conditions inside the pervious weathered surficial crust. In the intact
clay, the pore pressure under the crest of the slope increases with depth in the upper

2SensitiveClaysofEasternCanada:FromGeologytoSlopeStability19

Fig.2.3SimplifiedmodelofavalleyformationintheclaydepositsofEasternCanada

Theseflownetshavebeendeterminednumericallyassuminganhydraulic
conductivitycontrastofonly10betweentheclaydepositandthetilllayeratthe
bottom.Thishydraulicconductivity(k)contrastofonly10ishoweversufficient
toresultinartesianconditionsandupwardgradientsinthelowerportionofthe
slopefortheintermediatestageofvalleyformation(Fig.2.4b)andinageneralized
underdrainageofthewholeslopewhenthetilllayerdischargesintotheriver.These
considerationsandanalysesallowtodistinguishintheprocessofvalleyformation
betweenacriticalintermediatephasebeforethetillfreelydischargesintotheriver
andastableorfinalphaseoncethetilllayerfreelydischargesintotheriver.

Case	at	Intermediate	stage	
of		river	valley	forma2on	

Modeling	



Saint-Jude	landslide,	Québec,	Canada	
(Locat	et	al	2012)	22 G. Lefebvre

Fig. 2.6 Example of ground water regime for a slope in a valley at intermediate stage (Locat et al.
2012b)

The site of the Saint-Jude May 2010 landslide is one of the best documented in
Eastern Canada (Locat et al. 2012a, b). The geometry and the stratigraphy before
the landslide as well as the piezometric readings of November 2010 are reproduced
on Fig. 2.6. The piezometric readings have been obtained in piezometers installed
in intact ground at 100 to 200 m from the landslide crater. The piezometric readings
presented on Fig. 2.6 were confirmed by numerical analyses based on stratigraphy
and hydraulic conductivity. Unit R on Fig. 2.6 is the bedrock while unit E is the
till. The till is more than a thousand time more pervious than the clay, unit B.
While units C and D are slightly different than unit B in term of general properties,
the hydraulic conductivity appears fairly similar based on a limited number of
laboratory permeability tests. The slope is 22 m high above the river bottom. The
layer of clay between the till and the river bottom is about 16 m thick restricting
the discharge of the pervious till strata into the river. This is evidenced by the water
head in the till strata who decreases very slowly from the piezometer behind the
crest to the one near the river, resulting in a high artesian condition in the lower part
of the slope. The extrapolation of the piezometric level in the till would indicate
in the center of the valley a water head rising about 10 m above the river bottom,
creating a situation prone to bottom heave and to the development of a deep failure
surface.

The piezometric measurements as well as the numerical analysis of the ground
water regime at this Saint-Jude site fully support the considerations and analyses
presented on Figs. 2.3b and 2.4b.

Hydraulic	head	measurements	demonstrated	artesian	condi2ons	
and	upward	gradient	in	the	river	slope	at	Saint-Jude	

Unit	B,C,D:		
Marine	clays	
Unit	E:	Till	
Unit	R:		
Bedrock	basement	
	
KB≈KC≈KD=KClay	
KE≈1000KClay	
	
	
	Field	mesurements	
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Nearshore	landslides	along	Reisaaorden	

62 
 

3.6 Sammendrag fra Sørkjosen, 10.05.2015 

 

Figur 64 Satellittbilde (http://www.norgeibilder.no) 

Sørkjosen er en liten bygd 2 km sør for Indre Sokkelvik. Her gikk det, den 10. mai 2015, et 

undersjøisk skred som tok med seg en nylig utlagt molo og deler av massene som lå ved 

strandsonen.  

I februar 2016 kom en rapport (Nordal et al., 2016) som konkluderte med at 

utfyllingen av moloen var årsaken til skredet. Utbyggingen gjorde stabiliteten i område så lav 

at utglidning oppsto på grunn av den ekstra belastningen av intenst nedbør før skredet. 

Skredet oppsto i etterkant av lavvann, det var ikke uvanlig lavt tidevann. Det første skredet 

oppsto ved moloen og tok foten av massene langs sideveggene utover mot Jubelen. Det totale 

skredvolumet var 1,1-1,4 millioner m3.   

Moloen i Sørkjosen ble bygd i 1977 og videre utfylt på 90-tallet. Leira som ligger 

under denne mololasten antas å ha vært fullt konsolidert og har økt litt i styrke. Den siste 

moloen-utfyllingen ble lagt 6 måneder før skredet gikk. Leira som ligger under her anses å ha 

opplevd en liten grad av konsolidering. (Skotheim, 2015)  

Grunnundersøkelser fra området har vist et poreovertrykk i sandlag og i leirlag på ca 

10 kPa. Effekten av dette poreovertrykket ble funnet til å være liten. Stabilitetsberegningene 

ble derfor gjort med hydrostatisk poretrykksfordeling.  

Sokkelvik	slide	(May	7th	1959)		
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Sokkelvik	slide	(May	7th	1959)		

396 J.-S. L’Heureux et al.

submarine/subaerial landslide mechanism is reconstructed and factors that might
have undermined slope stability over time in the bay of Sokkelvik are discussed.

The motivation for revisiting the 1959 Sokkelvik landslide came after a new
landslide in May 2015 in Sørkjosen 3 km south of Sokkelvik (Nordal et al. 2016).
The 2015 landslide involved more than 1 mill m3 of soils under water, closed the
main road, E6, and destroyed a breakwater. During the 2015 investigations simi-
larities between the two landslides were identified. Further studies later confirmed
similarities in soil conditions, destabilizing factors and potential causes of the two
slides.

35.2 Review of the 1959 Landslide at Sokkelvik

The bay of Sokkelvik is located in the county of Troms in Northern Norway. The
bay faces east onto Reisafjord. Before 1959 Sokkelvik consisted of a hamlet with
5 farms and c. 70 acres of farmlands (Fig. 35.1). From the high-water mark at the
shoreline the terrain rose by 4–5ı in the first 50 m, then at 15ı up to the forest edge
about 25 m above the shoreline. Further backwards there was a steep forest hill up to

Fig. 35.1 Overview of the bay of Sokkelvik showing the location of the shoreline before 1959 and
the resulting landslide scar. See text for details

398 J.-S. L’Heureux et al.

35.3 Site Characterization and Geotechnical Properties

Site surveys and some geotechnical soundings were performed in the aftermath of
the 1959 landslide by the NGI (1959). A study of the fresh landslide escarpment
showed that an up to 3 m thick layer of sand and gravel lay upon the clay. Shallow
samples taken within and outside the landslide area showed clay material with an
undrained shear strength of 10–20 kPa (from fall cone tests) and a sensitivity of
about 100. The water content (w) in the clay was measured to about 40%, the liquid
limit (wL) at 35% and plastic limit (wP) at 20%. The NGI performed further ground
investigations in 1960 in the neighbouring bay called Outer Sokkelvik where similar
and representative ground conditions are found (NGI 1960). Results showed a 0.5 m
thick layer of sand and gravel on top a sensitive silty clay (Fig. 35.3). Thin layers of
sand and gravel were also documented in the clay. From 2 to 12 m depth the water
content slightly decreases in the clay from 52% to 40%. The water content was
generally 12% above the liquid limit and the plasticity index more or less constant
at approximately 9%. The salinity of the pore fluid in the clay was less than 1 g/l.

Fig. 35.3 Geotechnical borehole from Ytre Sokkelvik (Modified from NGI 1960)

404 J.-S. L’Heureux et al.

Fig. 35.9 (Upper panel) Geometry and layers used in the Plaxis numerical model. (Lower panel)
Results from Plaxix simulation showing the most likely failure mechanism for a drained situation.
See text for further details

35.6 Summary and Conclusions

The combined results of morphological analysis, stability analyses and eye witness
testimony show that the Sokkelvik landslide initiated north in the bay where a large
embankment fill had been placed 6 months earlier. The Sokkelvik landslide was
most likely triggered by intense rainfall and snowmelt in on May 7th 1959, but the
main cause of the landslide is associated to the load of the embankment fill that was
recently placed at the shoreline. Neither rainfall, snowmelt, tidewater variation nor
coastal erosion would have triggered such a landslide if the embankment have had
sufficient stability.

The Sokkelvik landslide has since 1959 often been referred to as a catastrophic
event with no clear cause leading to failure. This has created an uncertainty and
raised questions like which village will randomly be hit next time? The new
investigations herein removes a lot of the uncertainty by clarifying the extent of
the road construction and identifying the most probable triggers for the slide.

“It	is	concluded	that	the	Sokkelvik	landslide	compares	well	to	many	other	cases	of	
nearshore	landslides	triggered	by	a	combina2on	human	ac2vi2es	and	intense	rainfall	
events.	…It	is	therefore	vital	to	assess	the	impact	of	exterme	intense	rainfall	events,	
snow	melt	and	regional	groundwater	flow	when	planning	construc2on	work	in	
nearshore	areas”.		
Jean-Sébas5en	L’Heureux,	Steinar	Nordal,	and	Synnøve	W.	AusteCord	(2017)		

9	
deaths	
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It	resulted	in	nine	casual2es,	in	the	destruc2on	of	many	farms	and	
offshore	structures,	and	in	the	ini2a2on	of	a	tsunami	wave.		
	
NGI	employes	visited	the	site	and	carried	out	geological	and	
geotechnical	field	work	as	soon	as	they	could,	and	gave	
recommenda2on	to	secure	the	area.	
	
Jørstad	came	2	days	aner	the	slide,	so	his	report	is	important.		
He	reported	that	a	fishing	net	had	moved	about	3.5	km	away,	
making	the	slide	run-out	distance	more	than	5	km		
	
Rosenqvist	also	visited	Sokkelvik	one	month	later.	

Sokkelvik	slide	(May	7th	1959)		
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Figur 1 Skredområdet er mellom tunnelpåhugget ved Jubelen og en molo nord for Sørkjosen sentrum. 
Strandlinja langs E6 er berørt i en lengde av ca. 1000 meter. (Kart er hentet fra reguleringsplan av 2012 
for E6 Sørkjosenfjellet og fra finn.no/kart). 

2.1 Skredforløp basert på observasjoner 
Nils Peder Isaksen Gaup, kjørte E6 fra Sørkjosen mot Jubelen natt til søndag 10. mai 2015 ca. kl. 02.35 uten 
å legge merke til noe spesielt.  
 
Kyrre Viking, kjørte E6 i motsatt retning og stoppet langsmed veien, trolig ved moloen og gikk ut av bilen. 
Han forteller: «klokken hadde passert 2.30… I samme stund som jeg satte begge føtter på bakken kjente jeg 
en ubehagelig bevegelse i bakken og en rommende lyd. Instinktivt kom jeg til å tenke på jordskjelv, noe som 
fikk meg til nærmest å hoppe inn i bilen og kjøre så fort som mulig ut av området.» Han så senere 
helikopteropptak fra stedet på TV og merket seg at den plassen han hadde stått på var borte. 
    
Martin Jensen og hans bror kjørte samme strekningen litt senere og kan ha vært de første som observerte 
skredet. De forteller at den indre delen av moloen var borte da de passerte landfestet til denne, mens vannet 
«kokte» der den hadde vært. De kjørte ca. 700 meter videre mot Jubelen og tok et bilde kl. 02.46 av Johs H. 
Giæver-brygga, (også kalt Missing Link) flytende ute i fjorden, Figur 2.  
  

Skredområde  
10 mai 2015 

Skredområde  
10 mai 2015 

Jubelen 
Johs H Gjæver Brygga (Missing Link) 

Molo 

Skredområde  
10 mai 2015 

                                                                                                 

PROSJEKTNR 
102011823 

 

RAPPORTNR 
SBF20160043 

VERSJON 
01 

7 av 34 

 

 

 

Figur 1 Skredområdet er mellom tunnelpåhugget ved Jubelen og en molo nord for Sørkjosen sentrum. 
Strandlinja langs E6 er berørt i en lengde av ca. 1000 meter. (Kart er hentet fra reguleringsplan av 2012 
for E6 Sørkjosenfjellet og fra finn.no/kart). 

2.1 Skredforløp basert på observasjoner 
Nils Peder Isaksen Gaup, kjørte E6 fra Sørkjosen mot Jubelen natt til søndag 10. mai 2015 ca. kl. 02.35 uten 
å legge merke til noe spesielt.  
 
Kyrre Viking, kjørte E6 i motsatt retning og stoppet langsmed veien, trolig ved moloen og gikk ut av bilen. 
Han forteller: «klokken hadde passert 2.30… I samme stund som jeg satte begge føtter på bakken kjente jeg 
en ubehagelig bevegelse i bakken og en rommende lyd. Instinktivt kom jeg til å tenke på jordskjelv, noe som 
fikk meg til nærmest å hoppe inn i bilen og kjøre så fort som mulig ut av området.» Han så senere 
helikopteropptak fra stedet på TV og merket seg at den plassen han hadde stått på var borte. 
    
Martin Jensen og hans bror kjørte samme strekningen litt senere og kan ha vært de første som observerte 
skredet. De forteller at den indre delen av moloen var borte da de passerte landfestet til denne, mens vannet 
«kokte» der den hadde vært. De kjørte ca. 700 meter videre mot Jubelen og tok et bilde kl. 02.46 av Johs H. 
Giæver-brygga, (også kalt Missing Link) flytende ute i fjorden, Figur 2.  
  

Skredområde  
10 mai 2015 

Skredområde  
10 mai 2015 

Jubelen 
Johs H Gjæver Brygga (Missing Link) 

Molo 

Skredområde  
10 mai 2015 

                                                                                                 

PROSJEKTNR 
102011823 

 

RAPPORTNR 
SBF20160043 

VERSJON 
01 14 av 34 

 

 

Figur 8 Batymetri etter skred med tolkning av sekundærskred. 

 

Sørkjosen	(May	10th	2015	
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poretrykksfordeling i dybden selv om det er målt et moderat poreovertrykk i sanda og leira i dype lag. 
Poreovertrykk over hydrostatisk reduserer stabiliteten ytterligere.  
 
Figur 19 viser et eksempel på kritiske skjærflate i profil 31 med GeoSuite.  Resultatene fra stabilitetsanalyser 
er vist i Figur 20. Figuren viser utvikling av beregnet sikkerhetsfaktor mot år og hvordan stabiliteten ble 
forverret gjennom oppfyllingen rundt år 2006 og at den så ble kritisk etter oppfyllingen i 2014. Det er gjort 
en parametrisk studie for å se på effekten av å variere tyngdetetthet og styrke innen rimelig intervaller. Alle 
beregningene viser i at stabiliteten var kritisk lav etter oppfyllingen i 2014 med beregningsmessig 
sikkerhetsfaktor tett ned mot 1,0 eller lavere. Det fremgår av beregningene som undersøkelsesgruppa har 
gjennomført at dybden til og utbredelsen av leirlaget er avgjørende for stabiliteten.  
 

 
Figur 17 Profil 31 for stabilitetsberegning ved moloen. 

 

 
Figur 18 Profil 31 med last og lagdeling for situasjonen i 1994, 2006 og 2015. 
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204

Also	here	a	combina2onof		human	ac2vi2es	
and	intense	rainfall	events.		
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Precipita2on	and	snow	melts	–	triggering	event?	

“Undersøkelsesgruppa	konkluderer	med	at	den	utløsende	årsak	2l	
skredet	i	Sokkelvik	den	7.	mai	1959	sannsynligvis	var	ekstrem	nedbør	
kombinert	med	snøsmel2ng.	Depe	kan	ha	vært	nok	2l	å	øke	poretrykket	i	
de	grove	massene	i	strandsonen	og	i	grovere	lag	i	leira	slik	at	stabiliteten	
ble	yperligere	redusert	og	skredet	utløst.”		

•  Groundwater	response?		
•  Increased	load	of	upper	water	water	saturated	material?	

	
•  Is	there	communica2on	and	a	rapid	increase	in	pore	

pressures	in	
	 	=>	coarser	layers	in	the	clay?	

=>	Fracture	network	in	bedrock?	

Sokkelvik	1959	(Nordal	2016):	
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Homogeneity/heterogeneity	of	clay	sediments?		
Weak	layers?	

•  Clays	are	never	homogeneous		
•  They	may	have	coarser	layers	corresponding	to	a.o.	to	

slides/release	of	unstable	sediments	on	delta	front	or	
delta	slope?		

•  The	material	could	both	be	sand	or	re-sedimented	clays	
with	different	structure:	
	

•  Weak	layer	term	(Gaper	et	al	(2021),	Locat	et	al	(2014),	
L’Heureux	et	al	(2012))	

Effects:	
•  Coarser	layer	will	have	higher	hydraulic	conduc2vity	
•  Clay	layers	more	unstable	structure?	
•  Will	act	as	a	gliding	plane	
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Marine	clay	

Till/gravel	

Sand	layers	

Bedrock	with	some	fractures	

Dry	crust	

Poten2al	permeability	contrasts	

Clays	with	very	low	hydraulic	conduc2vity	(10-9	–	10-12)	m/s	
Sand	layers/coarser	regions	of	basin	infill	(10-2	–	10-6	)	m/s	
Till/gravel	layers	on	top	of	bedrock	(10-6	–	10-11)	m/s	/(10-3	–	10-1)	m/s		
Underlying	bedrock	with	a	fractures	network	(10-8	–	10-9)	m/s	
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Permeability/	hydraulic	conduc2vity	
(Freeze	&	Cherry,	1979)	

Material	 Permeability	
m2	

Hydraulic	conducity	
m/s	

Gravel	 10-7	 10-10	 1	 10-3	

Sand	 10-9	 10-13	 10-2	 10-6	

Silty	sand	 10-10	 10-14	 10-3	 10-7	

Silt/loess	 10-12	 10-16	 10-5	 10-9	

Till	 10-13	 10-19	 10-6	 10-12	

Clay	 10-16	 10-19	 10-9	 10-12	

Schist	 10-16	 10-20	 10-9	 10-13	

Metamorhites/plutonite	
(unfractured)	

10-17	 10-20	 10-10	 10-13	

Metamorhites/plutonite	
(fractured)	

10-11	 10-15	 10-4	 10-8	
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Tor	Løken	proposed	in	1983	how	bedrock	topography	could	lead	
to	localized	forma5on	of	quick	clays.		

Tor	Løken	(1983)		The	Tømte	Symposium	October	24st	2022		



Quaternary	deposits	in	the	Romerike	area	

The	Ask	quick-clay	landslide	of	the	30	December	2020	

Could	long-term	groundwater	leaching	be	of	importance		
for	the	Ask	quick-clay	landslide?	

The	Tømte	Symposium	October	24st	2022		



57 
 

 
Figure 38. Distribution of data points used to reconstruct the bedrock surface.  

Data	base	
Bedrock	

topography		
	

NGU	Report	
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Figure 40. (A) Isopach map showing the contour lines of depth to bedrock (sediment thicknesses). (B) 
Isopach map with the contour lines corresponding to depth to bedrock in the area of the 2020 landslide. 
 

 
Figure 41. The Cloud Compare model of the bedrock topography. Areas below the Marine limit are 
covered by marine sediments. 

NGU	Report	2021.023	

Sediment	thickness	and	depth	to	bedrock	
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Figure 41. The Cloud Compare model of the bedrock topography. Areas below the Marine limit are 
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Figure 42. Map of reconstructed bedrock and a topographic profile. The red line represents the 
topography after the 30 December quick-clay landslide. 
 
 

NGU	Report	
2021.023	

Cross	sec2on	
at	Ask	

“Below	Ask	centre	
there	is	a	north-south	
lying	ridge”	
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Final	points	

•  Groundwater	flow	combined	with	diffusion	is	
needed	to	form	quick	clay	

•  Even	small	permeability	contrast	may	be	
essen2al	for	long	term	leaching.		

•  Heavy	rain	and	snowmelt	may	infiltrate	rather	
fast	leading	to	increased	pore	pressure	and	
reduced	stability,	being	cri2cal	for	slide	
ini2a2on.	
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