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How	and	when	were	these	orogens	formed?	

Alpine	chain	around	the	Mediterranean	



Swiss	sismological	service	

Very	recent	and	very	ac;ve	tectonic	



What	is	the	role	of	rota)ons	around	
ver)cal	axis	in	the	construc)on	of	
orogens?	
	
	
Unique	tool	=	Paleomagne)sm	

WHY?	



Paleomagne)sm	–	origin	of	the	Earth	magne)c	field	
	
	

Generated	in	the	center	
of	the	earth	

Very	simplified	
expression	at	the	
surface	…….	



Earth	magne)c	field:	present	dipole	

Axis	of	rota)on																	
Geomagne)c	Axis:	
I	=	±	90°	

+	non	dipolar	components	
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Paleomagne)sm:	
	
On	the	long	term:	geomagne)c	axis	=	rota)on	axis	
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The	Earth	magne)c	field	is	fixed	in	the	rock	during	emplacement	(cooling	or	deposi)on)	

Rota)on	(45°	clockwise)	

How	to	be	sure	that	the	measured	magne)za)on	is	that	acquired	during	deposi)on	or	cooling?	
	
How	to	assign	an	age	to	the	rota)on?	

deposi)on	 result	

=>	Several	«	field	tests	»….		

45°	

N	



The	Earth	magne)c	field	is	fixed	in	the	rock	during	emplacement	(cooling	or	deposi)on)	

Rota)on	(45°	clockwise)	

How	to	be	sure	that	the	measured	magne)za)on	is	that	acquired	during	deposi)on	or	cooling?	

1)	Reversal	test	

Normal	and	reverse	direc)ons	well	opposed	
=	posi)ve	reversal	test	

N	



The	Earth	magne)c	field	is	fixed	in	the	rock	during	emplacement	(cooling	or	deposi)on)	

Rota)on	(45°	clockwise)	

How	to	be	sure	that	the	measured	magne)za)on	is	that	acquired	during	deposi)on	or	cooling?	

1)	Reversal	test	

Normal	and	reverse	direc)ons	well	opposed	
=	posi)ve	reversal	test	

Normal	and	reverse	direc)ons	non	opposed	
=	remagne)za)on	

+	viscous	remag.	 N	



The	Earth	magne)c	field	is	fixed	in	the	rock	during	emplacement	(cooling	or	deposi)on)	

Folding	 Unfolding	

How	to	assign	an	age	to	the	rota)on?	

1)	Fold	test	

⇒ Beher	groupment	aier	unfolding	=>	magne)za)on	pre-dates	the	folding	



Requisite	in	the	field	=	sta)s)cal	aspect	
	
1)  Outcrops	with	regional	trend		

2)  Large	distribu)on	of	cores	in	the	site/outcrop	(average	short	)me	constant	of	the	
earth	magne)c	field)	

3)  Large	number	of	sites	of	the	same	age	in	the	same	structure	

Requisites	in	the	laboratory	
	
-  Stable	magne)za)on	during	the	treatment	(by	appying	external	fields	or	by	hea)ng)	

	=>	direc)on	well	defined	at	the	sample/core	scale	
	
-  Magne)za)on	established	as	primary	one	(field	and	reversal	test)	

	Fold	test:	valid	if	folding	soon	aier	deposi)on	
	Reversal	test	

-  Sta)s)cal	direc)on	well	defined	at	the	scale	of	the	structure/region	

	



Large-scale	rota;ons	

Catherine	



How	and	when	were	these	orogens	formed?	

Role	of	rota;ons	in	the	acquisi;on	of	the	curvatures?	



Cas	de		l’Egée	
	
Carte	avec	zones	externes	–	zones	internes	
	
Etude	pionnière	à	l’époque	car	commençant	par	le	récent	=	
stratégie	de	reconstruc)on	temporelle	des	rota)ons	
	
Pour	cela,	échan)llonnage	marnes	(pas	trop	réalisé	à	l’époque	
sui	se	focalisait	sur	calcaires)	

30°	CCW	

Post-Cretaceous	

Strategy:	going	back	in	;me	

Role	of	rota;ons	in	the	acquisi;on	of	the	curvatures?	



738	sites	(10240	cores)	from	Pliocene	to	Maestrich)an	

Role	of	rota;ons	in	the	acquisi;on	of	the	curvatures?	



Period	Plio-quaternary	to	Eocene	in	the	external	zones	of	the	orogens	
15	years	long	project!	

Role	of	rota;ons	in	the	acquisi;on	of	the	curvatures?	



From	Schmid	et	al.,	ETH	



From	Nirta	et	al.,	2016	

External	zones:	
	
Preapulian	
	
Ionian	

120°	

150°	



Requisite	in	the	field	=	sta)s)cal	aspect	
	
1)  Outcrops	with	regional	trend		

2)  Large	distribu)on	of	cores	in	the	site/outcrop	(average	short	)me	constant	of	the	
earth	magne)c	field)	

3)  Large	number	of	sites	of	the	same	age	in	the	same	structure	



Pioneer	study:	star)ng	from	the	most	recent	
forma)ons,	not	always	easy	to	perform		
	



Pioneer	study:	star)ng	from	the	most	recent	
forma)ons,	not	always	easy	to	perform		
	









Requisite	in	the	field	=	sta)s)cal	aspect	
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	Reversal	test	

-  Sta)s)cal	direc)on	well	defined	at	the	scale	of	the	structure/region	

	



Requisite	in	the	field	=	sta)s)cal	aspect	
	
1)  Outcrops	with	regional	trend		
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3)  Large	number	of	sites	of	the	same	age	in	the	same	structure	

Requisites	in	the	laboratory	
	
-  Stable	magne)za)on	during	the	treatment	(by	appying	external	fields	or	by	hea)ng)	
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Period	Plio-quaternary	to	Eocene	in	the	external	zones	of	the	orogens	
15	years	long	project!	



Laj	et	al.	(1982)	



Ionian	Islands	

ZA	7968	

N	

Upper	
Miocene		

25°	

CE	80	127	

N	

Pliocene	

10°	
Site	scale	



40°	

30°	

10°	

0°	

20°	

Age	(Ma)	Pliocene	
0	 5	 10	 15	

25°	CW	

Laj	et	al.	(1982)	Upper	
Miocene	



Laj	et	al.	(1982)	
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Speranza	et	al.	(1995)	

Up.	Miocene	
to	Pliocene	
forma)ons	



Speranza	et	al.	(1995)	

Upper	Miocene	–		
Pliocene	forma)ons	
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Laj	et	al.	(1982)	
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Kissel	et	al.	(1995)	



ZA	7968	

CE	80	127	

N	

Dinarides	(Yougo)	

Upper		
Miocene	

Mio-Pliocene	

Lower	
Pliocene	

Upper	
Miocene		

Pliocene	

N	 N	

N	

N	

Ionian	Islands	 Albania	
Site	scale	 Regional	scale	 Regional	scale	



40°	

30°	

10°	

0°	

20°	

Age	(Ma)	Pliocene	
0	 5	 10	 15	

25°	CW	

?	

Lower	Pliocene	tectonic	phase	

Laj	et	al.	(1982)	
Speranza	et	al.	(1995)	
Kissel	et	al.	(1995)	



Albania	

Corinth	Gulf	

Eocene	–	Oligocene	forma)ons	
(=	50	to	24	Ma)	



Eocene	–	Oligocene	forma)ons	
(=	50	to	24	Ma)	



Center	and	Northern	Albania	

Southern	Albania	
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Middle-Upper	Eocene	sites	
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Eocene	forma)ons	



Eocene	forma)ons	



Present-day	

~150°	

~60°	

Scutari-Peç	
Transverse	zone	

Kissel	and	Laj,	1988	
Kissel	et	al.,	1995	



Present-day	

Plio-Quaternary	rota)on	

Upper	Miocene	
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Kissel	and	Laj,	1988	
Kissel	et	al.,	1995	



Present-day	

~25°	Plio-Quaternary	rota)on	(5°/Ma)	

Upper	Miocene	

Paleocene	to	lower	Miocene	

~25°	Middle	(?)	Miocene	rota)on	~95°	

~60°	

~120°	

~60°	

~150°	

~60°	
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Kissel	and	Laj,	1988	
Kissel	et	al.,	1995	



Present-day	

Upper	Miocene	

Paleocene	to	lower	Miocene	

Scutari-Peç	
Transverse	zone	

~300	km	 ~20	mm/yr	

Kissel	and	Laj,	1988	
Kissel	et	al.,	1995	



Eastern	extremity	of	the	Aegean	Arc	



30°	
0°	

Post	Eo-Oligocene	 Since	mid-Miocene	



Paleocene	to	
Middle	Miocene	
(70	to	15	Ma)	

Upper	Miocene	
(12	to	5	Ma)	
Present	

Kissel	and	Laj,	1988	



Merci	

Δοδονι	(Ηπειροσ)	

Thank	you	

εφγαριστο	

…	Massimo	…	


