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The	continents	on	the	surface	of	the	Earth	have	not	always	been	
where	they	are	now.	Through	geological	time	they	have	moved	great	
distances.	At	present	the	continents	are	largely	separated	but	in	the	
past	they	have	been	joined	together	to	form	so-called	
“supercontinents”.	The	most	recent	supercontinent,	called	Pangea,	
formed	about	400	million	years	ago	and	soon	began	to	break	up	as	
the	continents	drifted	apart.	The	continents	had	moved	across	the	
surface	of	the	Earth	for	many	millions	of	years	after	break	up	of	the	
supercontinent	Rodinia	which	formed	about	1	billion	years	ago	and	
lasted	for	about	200	million	years.	Before	that	there	had	been	
supercontinents	called	Columbia	(1.8	–	1.4	billion	years)	and	
Kenorland	(2.9	–	2.4	billion	years)	(Fig.1).	

	

	
Fig.1.	Ages	and	duration	of	the	four	supercontinents	over	the	past	three	
billion	years.	

	
Magma	Geopark	and	the	Columbia	supercontinent	

The	oldest	rocks	in	Magma	Geopark	are	banded	gneisses	with	
ages	of	about	1.65	billion	years,	some	of	which	formed	as	sediments	



on	the	sea	floor	when	the	area	that	later	became	southern	Norway	
was	part	of	the	Columbia	supercontinent	(Fig.2).	These	sediments	
and	other	related	rocks	were	buried	deep	below	the	surface	and	
were	then	intruded	by	bodies	of	granite.	This	complex	of	rocks	
became	deformed	and	metamorphosed	to	become	banded	and	
granitic	gneisses.	These	old	gneisses	can	be	seen	at	many	places	in	
the	north	and	north	east	of	Magma	Geopark,	such	as	in	Lund	
municipality	and	at	Vinjakula.		

	

	
	

Fig.2.	Assembly	of	the	continents	to	form	the	Columbia	supercontinent.	
The	relative	location	of	the	continents	is	a	subject	of	debate;	this	is	one	
of	the	reconstructions.	Note	that	southern	Norway	(in	the	western	part	
of	Baltica)	is	located	in	the	southern	hemisphere	(about	35	-	40°	south)	
near	to	southern	Greenland	and	eastern	Canada.	

	
Columbia	drifting	apart	



After	the	Columbia	supercontinent	had	started	drifting	apart	the	
gneisses	were	intruded	by	more	granites	(called	charnockites	
because	they	have	a	special	mineral	composition).	These	
charnockites,	with	an	age	of	about	1.2	billion	years,	can	be	seen	at,	for	
example,	Gloppedal	and	Botnevatnet.	This	gneissic	complex	was	
intruded	by	more	granites	that	contained	large	potassium	feldspar	
crystals.		

	
Rodinia	develops	

By	this	time	the	subcontinent	of	Baltica	(including	what	became	
southern	Norway)	began	to	collide	with	Canada	and	Greenland	
(which	together	formed	Laurentia)	to	form	the	Sveconorwegian	
mountain	chain.	This	was	the	beginning	of	the	formation	of	the	
Rodinia	supercontinent	in	this	area	(Fig.3).		

	

	
	

Fig.3.	Assembly	of	the	continents	800	million	years	ago	to	form	the	
Rodinia	supercontinent.	Southern	Norway	is	located	just	south	of	the	
equator.	Greenland	is	situated	just	to	the	west	of	southern	Norway	and	
Amazonia	(now	largely	Brazil)	to	the	south.	Baltica	and	Laurentia	had	
collided	some	200	million	years	before	this	to	form	the	Sveconorwegian	
mountain	chain.	



	
During	formation	of	the	Sveconorwegian	mountain	chain	the	

banded	and	granitic	gneisses	became	even	further	deformed	and	
metamorphosed	and	the	large	potassium	feldspar	granites	developed	
into	augen	gneisses.	Augen	means	“eye”	and	refers	to	the	fact	that	the	
large	rectangular	potassium	feldspar	crystals	became	deformed	into	
“eye-shaped”	crystals.	These	augen	gneisses	are	exposed	in	the	
eastern	part	of	Magma	Geopark,	particularly	in	Flekkefjord	
municipality.	This	gneissic	complex,	consisting	of	banded,	granitic	
and	augen	gneisses,	was	located	in	the	root	zone	of	the	
Sveconorwegian	mountain	chain	about	1	billion	years	ago.	For	a	long	
period	of	time	when	the	Rodinia	supercontinent	was	stable	there	was	
a	great	amount	of	igneous	activity	in	the	Magma	Geopark	area.	

	
Igneous	activity	while	Rodinia	persists	

When	continents	collide	the	surface	expression	is	a	mountain	
chain	that	consists	of	material	pushed	up	as	a	result	of	the	impact.	
Much	material	is,	however,	pushed	downwards	to	form	a	root	to	the	
mountain	chain.	This	root	can	be	several	tens	of	kilometres	deep.	At	
this	enormous	depth	the	pressure	at	temperature	are	very	high	and	
rocks	can	begin	to	melt.	In	the	Magma	Geopark	area	the	mantle	
beneath	the	mountain	chain	started	to	melt	to	give	rise	to	a	huge	
volume	of	basalt.	This	basaltic	magma	pooled	at	the	crust-mantle	
boundary	in	a	vast	magma	chamber.		

	
Anorthosites	in	Magma	Geopark	

This	magma	started	to	crystallize,	initially	to	produce	the	
minerals	olivine	and	pyroxene,	both	rich	in	magnesium	and	iron.	
These	heavy	minerals	sank	to	the	floor	of	the	magma	chamber	and	
accumulated	to	form	dark,	heavy	rocks	(peridotites).	As	the	magma	
continued	to	cool	a	new	mineral	started	to	crystallize	–	plagioclase	
feldspar.	This	is	rich	in	calcium,	sodium	and	aluminium	and	floated	to	
the	top	of	the	magma	chamber	where	it	formed	a	rock	consisting	
almost	entirely	of	plagioclase	feldspar;	this	rock	is	called	
anorthosite.	The	deep	crustal	rocks	above	the	chamber	were	
extremely	hot	and	some	of	them	melted	to	form	granitic	rocks	
(charnockites).	The	deep	crustal	rocks	were	so	hot	that	they	behaved	
in	a	plastic	manner	and	light	bodies	of	anorthosite	started	to	rise	
from	the	deep	magma	chamber	and	force	their	way	up	through	the	
crust.	When	they	had	reached	a	depth	of	about	20	km	they	stagnated	
and	solidified	to	form	the	Rogaland	Anorthosite	Province	that	



forms	the	core	of	Magma	Geopark.	These	anorthosites	solidified	
about	930	million	years	ago.		

	
Anorthosites	are	superbly	exposed	at	many	places	in	the	SW	

part	of	the	geopark.	One	of	the	most	accessible	locations	is	Egersund	
Lighthouse,	and	one	of	the	smaller	bodies	of	anorthosite	can	be	seen	
on	the	island	of	Hidra.		

	
The	Bjerkreim-Sokndal	layered	intrusion	

Shortly	after	the	anorthosites	had	solidified	and	while	Rodinia	
remained	as	a	stable	supercontinent,	huge	volumes	of	a	different	sort	
of	magma	were	intruded	in	the	Rogaland	Anorthosite	Province.	This	
magma	(with	a	jotunitic	composition)	was	parental	to	a	so-called	
layered	intrusion	that	extends	about	40	from	Bjerkreim	in	the	north	
west	to	Sokndal	in	the	south;	it	is	up	to	15	km	wide	and	covers	an	
area	of	230	km2.	Bjerkreim-Sokndal	is	the	largest	layered	
intrusion	in	western	Europe.	It	was	formed	by	several	large	influxes	
of	magma	and	reached	a	thickness	of	about	7	km.	It	contains	a	very	
wide	variety	of	rock	types	that	consist	of	an	increasing	number	of	
minerals,	from	anorthosite	at	the	base	(with	one	mineral,	plagioclase	
feldspar)	to	charnockite	at	the	top	(with	ten	minerals	including	
plagioclase	feldspar,	potassium	feldspar	and	quartz).	A	layered	
intrusion	it	characterised	by	an	alternating	series	of	layers	of	dark	
and	light	rocks	that	commonly	grade	into	each	other.	These	layers	
formed	on	the	near-horizontal	floor	of	the	magma	chamber	as	it	
crystallized.	The	presence	of	the	layering	allows	thicknesses	to	be	
calculated	and	lateral	correlations	to	be	made.	

	
Superb	layering	can	be	seen	at	many	places,	such	as	at	

Teksetjørni	and	Storeknuten.	The	exposures	at	Storeknuten	are	
particularly	illustrative.	The	layering	here	shows	a	characteristic	
grading	that	allows	“way	up”	to	be	determined,	and	there	are	several	
gneissic	inclusions	enclosed	by	the	layered	rocks.	These	gneissic	
xenoliths	(fragments	of	“foreign”	rocks)	represent	pieces	of	the	roof	
of	the	magma	chamber	that	became	detached	and	sank	several	
kilometres	through	the	magma	until	they	impacted	on	the	magma	
chamber	floor.	Another	locality	at	Storeknuten	shows	the	boundary	
where	new	magma	entered	the	chamber.	The	lower	rocks	are	easily	
weathered	and	fertile	because	they	contain	large	concentrations	of	
dark	minerals	and	apatite	that	provides	phosphorus,	which	is	used	in	
fertilizer.	These	layered	rocks	are	covered	with	moss	and	lichen.	
These	fertile	rocks	have	an	abrupt	contact	with	anorthosite	that	is	



very	infertile,	containing	no	dark	minerals	and	no	apatite.	This	
anorthosite	crystallized	when	a	large	influx	of	new	magma	entered	
the	chamber.	This	was	in	fact	the	final	influx	into	the	Bjrekreim-
Sokndal	layered	intrusion	magma	chamber.	Good	exposures	
illustrating	a	large	influx	of	magma	into	a	crystallizing	magma	
chamber	are	rare	on	a	global	scale,	making	Storeknuten	a	very	
special	place.	

	
Ilmenite	

Igneous	activity	continued	while	Rodinia	remained	stable	with	
formation	of	a	series	of	jotunitic	intrusions.	This	magma	was	very	
rich	in	titanium	and	huge	amounts	of	the	mineral	ilmenite	(iron	
titanium	oxide)	crystallized	in	a	series	of	dykes	and	other	minor	
intrusive	bodies.	This	ilmenite	has	been	mined	in	the	Magma	
Geopark	area	since	1785.	The	earliest	mines	were	in	the	Koldal	and	
Ankershus	area	near	Egersund.	The	old	ilmenite	mine	at	Ankershus	
is	located	near	Lake	Kydlevatnet.	Recent	mapping	here	has	shown	
that	the	ilmenite	ore	occurs	in	a	dyke	(in	a	rock	type	called	norite)	
that	was	intruded	into	gneisses	that	are	squeezed	between	two	large	
bodies	of	anorthosite.	So	much	ilmenite	was	extracted	from	Koldal	
and	nearby	mines	that	a	railway	was	built	to	transport	the	ore	to	the	
coast.	Large	stretches	of	the	course	of	this	old	railway	are	
wonderfully	preserved	between	Koldal	and	the	sea	some	7	km	away.	
The	only	remaining	active	ilmenite	mine	is	the	huge	operation	at	
Tellnes.	

	
Minor	intrusions	

After	intrusion	of	a	further	series	of	jotunite	bodies	(not	rich	in	
ilmenite)	in	the	Magma	Geopark	area	about	900	million	years	ago	
and	formation	of	the	Hunnedal	dyke	swarm	in	the	NE	part	of	the	
geopark	some	50	million	years	later	there	was	no	geological	activity	
in	the	area,	apart	from	uplift	and	erosion.	The	Rodinia	
supercontinent	continued	to	drift,	largely	in	the	southern	
hemisphere,	and	remained	essentially	united	until	about	600	million	
years	ago	(Figs.4	&	5).		

	



	
Fig.4.	Location	of	the	continents	650	million	years	ago.	Southern	
Norway	is	situated	adjacent	to	Greenland	at	about	60°	south.	Note	that	
Australia	(beige,	extreme	left)	is	situated	entirely	within	the	northern	
hemisphere.		

	
Rodinia	starts	to	drift	apart	

About	616	million	years	ago	a	swarm	of	basaltic	dykes	was	
intruded	in	the	Magma	Geopark	area;	the	Egersund	basaltic	dyke	
swarm.	There	are	11	of	these	dykes	that	are	all	close	to	vertical	and	
strike	east	south	east	–	west	north	west.	The	largest	one	can	be	
followed	for	about	60	km	and	is	up	to	30	m	wide.	One	is	well	exposed	
in	the	ilmenite	open	cast	mine	at	Tellnes,	and	another	at	a	recent	
road	cut	near	Tengs.	The	orientation	of	the	dyke	swarm	is	shown	in	
Figs.	5	and	6.	They	have	changed	their	strike	since	they	were	formed	
since	southern	Norway,	as	part	of	Baltica,	has	moved	and	rotated	
during	the	past	600	million	years.	The	older	geological	features	in	
Magma	Geopark	formed	deep	below	the	surface,	whereas	by	the	time	
the	Egersund	dykes	were	intruded	the	area	had	cooled	down	and	
been	uplifted	so	that	the	rocks	could	fracture	and	allow	the	intrusion	
of	fine	grained	dykes.	The	dilation	involved	with	formation	of	the	
Egersund	dyke	swarm	was	a	precursor	to	the	drifting	apart	of	
Laurentia	and	Baltica	to	form	the	Iapetus	ocean	(Fig.6).	

	



	
Fig.	5.	600	million	years	ago	Rodinia	was	still	largely	united	with	most	
of	the	continents	located	in	the	southern	hemisphere.	Southern	Norway	
was	still	situated	next	to	Greenland,	but	they	had	now	drifted	to	a	
situation	near	the	south-pole.	Australia	straddles	the	equator.	The	
orientation	of	the	Egersund	dyke	swarm	is	shown	with	a	black	line.	

	

	
Fig.6.	540	million	years	ago	Rodinia	had	begun	to	drift	apart,	but	most	
of	the	continents	were	still	located	in	the	southern	hemisphere.	
Southern	Norway,	as	part	of	Baltica,	is	separated	from	Greenland	by	a	
new	ocean	–	the	Iapetus	ocean.	The	yellow	fragment	of	a	continent	



north	of	Baltica	became	Mongolia.	The	orientation	of	the	Egersund	
dyke	swarm	is	shown	with	a	black	line.	It	is	noteworthy	that	this	is	
essentially	parallel	with	the	north-south	axis	of	the	Iapetus	ocean.	

	
When	the	Egersund	dyke	swarm	developed	616	million	years	

ago,	southern	Norway	was	located	at	about	80°	south	(Fig.5).	This	is	
about	11.500	km	from	the	present	location	of	Egersund.	To	drift	a	
distance	of	11.500	km	over	616	million	years	requires	an	average	
rate	of	motion	of	about	1	cm	per	530	years.	This	average	speed	is	
only	relevant	if	drifting	took	place	in	a	straight	line	–	which	it	
certainly	did	not!	During	its	travel,	Baltica	drifted	northwest	to	the	
present	position	of	Brazil	about	440	million	years	ago	(early	Silurian)	
and	then	followed	a	circuitous	route	through	the	northern	
hemisphere	until	it	reached	its	present	location.		

	
The	Caledonian	mountain	chain	and	Pangea	

On	its	way	towards	its	present	position,	Baltica	collided	once	
again	with	Laurentia	(consisting	essentially	of	Canada	and	
Greenland)	about	415	million	years	ago	(at	about	the	
Silurian/Devonian	boundary)	and	the	Caledonian	mountain	chain	
was	formed.	The	Iapetus	ocean	had	become	filled	with	sediments	
during	Cambrian,	Ordovician	and	Silurian	times	and	when	the	
continents	on	either	side	drifted	together	these	sediments	became	
squashed	to	form	the	Caledonian	mountains.	The	eastern	flank	of	this	
mountain	chain	extends	from	northern	Norway	to	Stavanger	and	
continues	south	into	the	southern	parts	of	Scotland	and	Ireland.	The	
Caledonides	are	exposed	about	30	km	west	of	Magma	Geopark.	
Regional	metamorphism	during	the	mountain	building	phase	extends	
into	the	extreme	west	of	the	geopark	but	this	is	not	evident	in	
outcrop.		

	
The	drifting	together	of	Baltica	and	Laurentia	was	an	early	phase	

during	assembly	of	all	the	continents	to	form	Pangea,	the	most	
recent	supercontinent	(Fig.1).	The	north	Atlantic	ocean	started	to	
develop	as	Pangea	began	to	break	up	when	Laurentia	drifted	apart	
from	NW	Africa	about	170	million	years	ago.	This	ocean	gradually	
extended	northwards	and	Greenland	started	to	drift	away	from	
Norway	about	65	million	years	ago	to	begin	to	form	the	Norwegian	
Sea.	

	
	
	



Well-travelled	rocks!	
It	is	remarkable	to	realize	that	the	rocks	that	you	stand	on	

anywhere	in	Magma	Geopark	are	not	only	very	ancient,	they	have	
also	travelled	enormous	distances	as	part	of	the	drifting	subcontinent	
of	Baltica.	They	have	crossed	the	equator	and	been	near	the	south-
pole	on	their	journey!	

	
	
	
	
	
	
(list	of	potential	localities	below	on	a	new	page)	

	 	



	
Potential	localities.	

	
Old	banded	gneisses	in	Lund	municipality.	Some	of	these	were	

originally	formed	as	sediments	when	the	Columbia	supercontinent	
existed.	

	
Old	granitic	gneisses	at	Vinjakula.	Formed	when	the	Columbia	

supercontinent	was	drifting	apart.	
	
Slightly	younger	charnockites	at	Gloppedal	and	Botnevatnet.	

Formed	when	the	Columbia	supercontinent	was	drifting	apart.	
	
Augen	gneisses	in	Flekkefjord	municipality.	Formed	in	the	root	

zone	of	the	Sveconorwegian	mountain	chain	when	the	continents	
drifted	together	to	form	the	Rodinia	supercontinent.	

	
Anorthosite	at	Egersund	lighthouse	and	on	Hidra.	Formed	in	

the	root	zone	beneath	the	Sveconorwegian	mountain	chain	when	the	
Rodinia	supercontinent	was	stable.		
	

Bjerkreim-Sokndal	layered	intrusion	at	Storeknuten	and	
Teksetjørni.	Formed	in	the	root	zone	beneath	the	Sveconorwegian	
mountain	chain	when	the	Rodinia	supercontinent	remained	stable.		

	
Old	ilmenite	mines	at	Ankershus	and	Koldal.	Formed	in	the	

root	zone	beneath	the	Sveconorwegian	mountain	chain	when	the	
Rodinia	supercontinent	was	still	stable.		

	
Egersund	basaltic	dyke	swarm	at	Tellnes	and	Tengs.	Formed	

when	the	Rodinia	supercontinent	started	to	drift	apart.	


