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Quick	clay	forma8on	(Torrance	1983):	

•  Must	have	a	flocculated	structure	with	high	void	ra8o	(Rosenqvist	1977)	
•  Rapid	floccula8on	were	silt	and	clay	flocculate	together	
•  High	concentra8on	of	suspended	material	entering	the	water	body	encourage	floccula8on	
(Quigley	1980)		

•  Flocculated,	high	void	ra8o	structure	essen8al	for	later	quick	clay	behaviour	(Torrance	
1974)	

•  Quick	clay	result	from:	leaching	(Rosenqvist	1953),	dispersing	agents	(Söderblom,	1966),	
cementa8on	(Crawford	1963),	rock	flour	–	mechanical	weathering	(Smalley	1971)	

The	above	show	that	deposi8onal	processes	responsible	for	quick	clay	forma8on	was	not	discussed	in	the	quick	
clay	liUerature	at	this	8me.		
	
This	means	that	sedimentological	condi8ons	during	deposi8on	poten8ally	affec8ng	extent	and	distribu8on	of	
quick	clay	deposits	was	not	much	considered.		
	
Liquefac8on	is	recognized	in	the	liUerature	but	the	actual	mechanisms	responsible	for	quick	clay	liquefac8on	
are	not	much	discussed	



Torrance,	Sedimentology	1983	

Quick	clay	understanding/model	



Sedimentological	perspec8ve:	
	
•  Basin	configura8on,	
•  Basin	infill	dynamics,		
•  Preexis8ng	bedrock	topography	
•  Sediment	rou8ng	
•  Sediment	composi8on,	
•  Floccula8on	processes	
•  Physical	changes	during	deposi8on,	
•  Deposi8onal	processes,	
•  Deposi8onal	architecture	
•  Resul8ng	sediment	topography	
•  Sediment	texture	
•  Differen8al	compac8on	
•  Postdeposi8onal	processes	
•  Chemical	aspects	
•  Physical	aspects	

Example	-	Gardermoen	

NGU	rapport	2021	modifisert	fra	Bargel	2005	
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Sedimentological	modelling	of	Gardermoen	Delta	(TuUle	1998)	



Gardermoen	

Jørgensen	and	Østmo	1990,	TuUle	1997,	Sundal,	et	al	2019	



hUps://geo.ngu.no/kart/losmasse_mobil/	
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Lillestrøm	



Density	derived	
modes	of	flow	
	
Origin	of	hypopycnal	(a),	
homopycnal	(b)	and	
hyperpycnal	(c)	flows	as	a	
result	of	the	density	contrast	
between	river	discharge	and	
basin	waters.	Note	in	c	that	
the	excess	in	density	is	
provided	by	sediments	in	
turbulent	suspension.	
Modified	from	Zavala	and	
Pan	2018	



Hyperpycnal	flow	
	
“A	hyperpycnal	flow	forms	
when	a	rela8vely	dense	land-
derived	gravity	flow	enters	into	
a	marine	or	lacustrine	water	
reservoir.	As	a	consequence	a	
highly	dynamic	and	oken	long-
lived	dense	underflow	
develops.	Depending	on	the	
characteris8cs	of	the	parent	
flow	the	resul8ng	deposits	
(hyperpycnites)	can	be	very	
variable”.	
	
“Muddy	SLTF.	Due	to	the	excess	
of	density	provided	by	the	silt/
clay	suspension,	the	flow	will	
be	always	aUached	to	the	basin	
boUom	un8l	the	final	
deposi8on,	and	consequently	
loking	is	not	possible”.	
																																																											(Zavala	2020)	 Modified from  Zavala and Arcuri 2016	



Fine	grained	hyperpycnal	deposits:	Schieber,	Southard,	Thaisen	(2007)	Accre8on	of	
Mudstone	Beds	from	Migra8ng	Floccule	Ripples.	Science	



Schieber,	Southard,	Thaisen	(2007)	Accre8on	of	
Mudstone	Beds	from	Migra8ng	Floccule	Ripples.	Science	



Some	references/oral	communica0ons:	
“Charles	Ni6rouer,	UNIVERSITY	OF	WASHINGTON,	faculty	member	in	both	the	School	of	Oceanography	and	the	
Department	of	Earth	and	Space	Sciences,	is	a	geological	oceanographer	who	studies	the	ways	that	sediment	
behaves	in	various	marine	environments”.	

Charles	NiUrouer	(communica8ng	with	Per	Aagaard):		

“I	include	these	[references	below]	to	give	you	a	sense	of	the	type	work	we	did.		Although	interested	in	
sediment	transport	and	deposi8on,	we	never	inves8gated	the	floc	character	of	the	par8cles.		However,	in	
temperate	8de-water	systems	with	extremely	rapid	sediment	accumula8on	rates	(Alaska,	Patagonia),	the	flat	
surfaces	of	the	pord	deposits	are	likely	demonstra8on	of	hyperpycnal	flows	being	dominant”.	

“I'm	sure	you	have	seen	rapidly	accumula8ng	flat-boUomed	pords	that	I	men8oned.		As	an	example,	below	is	
some	rough	data	from	Jorge	MonU	pord	at	the	northern	end	of	the	Southern	Patagonia	ice	field.		These	
sedimentary	strata	have	accumulated	in	about	10	years,	since	the	ice	front	started	retrea8ng	past	a	choke	
point.		Sediment	accumula8on	rates	are	many	meters	per	year,	and	almost	impossible	to	be	supplied	to	the	
bed	by	pelagic	sedimenta8on	(i.e.,	seUling	from	suspension).”	
J.M.	Jaeger	and	C.A.	NiUrouer,	Sediment	deposi8on	in	an	Alaskan	pord:		controls	on	the	forma8on	and	preserva8on	of	sedimentary	structures	in	Icy	Bay,	J.	Sed.	Res.,	69,	1011-1026	
(1999).	

K.V.	Boldt,	C.A.	NiUrouer,	B.	Hallet,	M.N.	Koppes,	B.K.	Forrest,	J.S.	Wellner,	and	J.B.	Anderson,	Modern	rates	of	glacial	sediment	accumula8on	along	a	15o	S-N	transect:	in	pords	of	the	
Antarc8c	Peninsula	and	southern	Chile,	Jour.	Geophys.	Res.	Earth	Surface,	118,	2072-2088,	doi:10.1002/jgrf.20145	(2013).	

E.F.Eidam,	C.A.	NiUrouer,	Ø.	Lundesgaard,	K.K.	Homolka,	and	C.R.	Smith,	Variability	of	sediment	accumula8on	rates	in	an	Antarc8c	pord.	Geophys.	Res.	LeUs.,	46,	13271-13280,	doi.org/
10.1029/2019GL084499	<hUps://doi.org/10.1029/2019GL084499>		(2019).		



O'BRIEN, N. R., NAKAZAWA*, K. E. I. J. I., & TOKUHASHI*, S. H. U. I. C. H. I. (1980). Use of clay 
fabric to distinguish turbiditic and hemipelagic siltstones and silts. Sedimentology, 27(1), 47-61. 
	
“…	Clay	fabric	differences	are	pronounced.	Random	clay	flake	orienta8on	prevails	in	the	turbidi8c	interval	while	the	
hemipelagic	unit	has	more	preferred	orienta8on.	The	fabric	reflects	different	condi8ons	of	sedimenta8on.	The	turbidi8c	
clay	was	deposited	more	rapidly	in	the	flocculated	state	while	the	interturbidite	hemipelagic	clay	may	have	formed	from	
more	slowly	sedimented	dominantly	dispersed	clay.	Results	suggest	that	clay	fabric	may	be	useful	in	combina8on	with	
other	sedimentary	features	in	the	study	of	mud-turbidite	sedimenta8on.”	
	
O’Brien, N. R. (1971). Fabric of kaolinite and illite floccules. Clays and Clay Minerals, 19(6), 353-359. 
 
“Clays	were	flocculated	in	the	laboratory	in	both	dis8lled	water	and	slightly	saline	(1	g/l.	NaCl)	water	using	various	clay	
concentra8ons.”		
 
“Illite	floccules	in	dis8lled	water	also	consist	of	abundant	face-face	oriented	overlapping	flakes.	However,	in	salt	water	
there	is	a	more	even	mixture	of	fabrics-edge-to-face	floccula8on	of	individual	platelets	and	also	stepped	clusters	of	face-
to-face	oriented	flakes,	the	laUer	being	more	abundant.”	
 
“It	is	suggested	that	under	the	experimental	condi8ons	the	double	layer	of	each	clay	par8cle	is	compressed	resul8ng	in	an	
increase	in	the	importance	of	van	der	Waals	forces	of	aUrac8on.	As	a	result	flakes	approach	each	other	and	rotate	into	a	
parallel	or	subparallel	posi8on.	The	resultant	dominant	fabric	is	that	of	a	stepped	cluster	of	overlapping	flakes.”	 



Texture,	mineralogy	

Gylland	et	al	(2013)	



Compaction alignment in clay – silt aggregates from uniaxial compaction experiments: 
 

a) Degree of alignment (DOA) of quartz, mica/illite and kaolinite plotted against clay content in silt-clay mixture. It is 
evident that addition of clay content in a silt-clay mixture generally increases degree of mineral alignment. Mica/
illite fabric alignment is systematically higher than that of kaolinite. b) Porosity change in silt-clay mixtures as a 
function of vertical stress 

Fawad	et	al	2010	



Possible	implica8ons	(prac8cal	and	academic)	of	beUer	understanding	of	
quick	clay	deposi8onal	processes	

•  Architecture	of	possible	quick	clay	deposit	(3D)	

•  BeUer	control	on	hydrogeology/permeability	contrasts/leaching	

•  The	importance	of	floccula8on,	mineralogy,	grain	size	distribu8on,	grain	
types,	grain	frac8ons,	grain	packing	and	texture	(resul8ng	in	an	interlocked	
clay-silt	structure	–	preven8ng	compac8on	–	essen8al	for	quick	clay	
forma8on?)	

•  Possible	natural	stabilizing	mechanisms	(amount	and	depth	of	shearing	
during	differen8al	compac8on,	effect	of	ravine	forma8on)	

•  Quick	clay	fluidiza8on/liquefac8on	process	–	why	are	some	layers	more	
“quick”	than	others		



Flooding	Drammenselva	2013	
Bilde	taU	fra	NASAs	satelliU	Terra	på	formiddagen	søndag	26.	mai	2013.	(Foto:	(NASA	Terra	MODIS))	

Way	forward?	Some	geology	related	
quick	clay	issues:	

	
•  Is	delinea8ng	quick	clay	architecture	
feasible?	

•  BeUer	understanding	of	textural	
prerequisits	and	prac8cal	detec8on	of	
quick	clay?	

•  Rock	physics	template	development	for	
reliable	quick	clay	detec8on	(density-
resis8vity)?	

•  Role	of	hydrogeology	


