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DistribuDon	of	salt	to	aIendees	of	a	funeral,	Rima	Valsesia,	Italy	
6	
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LABYRINTH	
salt	

3.2	x	11m		
Reliefs	

FondaDon	Espace	
Ecureuil		

Jan	-	Feb,	2011	

Motoi	Yamamoto	

LABYRINTH	
salt	
5	x	14m		
Making	Mends	
Bellevue	Arts	Museum	
March	-	May,	2012	
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Salt	originates	from	
evaporaBon	of	seawater:	
	
1)  natural	evaporaDon	
>>>>>	rock	salt	
	
	
2)	arDficial	evaporaDon	
>>>>>marine	salt	

8	



CA15103		

UN	COVERING	THE	MEDITERRANEAN	
SALT	GIANT	

GIFT	–	Geosciences	InformaBon	For	Teachers	
Vienna,	25	April	2017	

Cl-	
							Na+	
																Mg-2	
	 	 	 	 														SO4

-2 		
																																				Ca-2			
																																															K+		

6	major	ions	in	seawater	
Their	concentraDon	follows	the	Marcet’s	Principle:	
The	relaDve	amounts	of	these	ions	in	seawater	is	fixed,	
no	maIer	what	the	salinity	is.	
	
Salinity	in	the	global	ocean:	30	–	40	per	mil	in	weight	
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CaCO3	&	CaMg(CO3)2 	 	 		
	 	 	 		

																CaSO4 		2H20								 		
					
																																							NaCl					
	
																																																				KCl	

1)	

2)	

3)	

4)	

Calcite	and	dolomite	

Gypsum	

Halite	

Potash	-salts	

Sequence	of	salt	precipitaBon	by	evaporaBon	of	seawater		
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RIFT	
VALLEY	
	Lake	Tanganika	

NASA	

EvaporaDon	of	an	
ocean	occurs	
during	the	birth	
and	death	of	
oceanic	basins	
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NASA	

Torsvik T H et al. Geophys. J. Int. 2009;177:1315-1333 
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NASA	
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NASA	
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SALT	GIANTS	IN	THE	WORLD	

Camerlenghi	et	al.,	IODP	Drilling	proposal	Uncovering	a	Salt	Giant	

THE	GLOBAL	IMPORTANCE	OF	SALT	GIANTS	

•  sedimentary	expression	of	extreme	environmental	events	of	global	relevance;	

•  impact	the	structural,	chemical	and	biological	evoluDon	of	sedimentary	basins;	
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10.	PresentaDon	and	discussion	of	the	AcDon	
a.  PresentaDon	of	the	AcDon	
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NASA	
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18 

Salt glaciers 
http://geology.com/stories/13/salt-glacier/ 
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NASA	
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Algero-Balearic	Basin	
Mediterranean	Sea	
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Surface 	2,500,000	km2	
Average	depth 	1,500	m	
Maximum	depth 	5,267	m	
Volume 	3,750,000	km3	

Salinity 	38‰	
	
If	we	evaporate	the	Mediterranean	today:	
1500	m3		≅	1500000	kg		≅		1500	x	38	=	57000	kg	of	
salt	per	m2	
Density	of	halite:	2200	kg	m-3	

	
57000	kg	m-2	/	2200	kg	m-3	=			26	m	of	salt!	
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Adapted after Lofi et al., 2011 

THE	MEDITERRANEAN	SALT	GIANT	

Extreme,	but	geologically	brief	event	(640	ka,	5.97	–	5.33	Ma),	that	changed	the	chemistry	
of	the	global	ocean	and	impacted	both	the	terrestrial	and	marine	ecosystems;		
	
More	than	106	km3	of	salt	(6%	of	the	dissolved	oceanic	salt)	accumulated;		
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FormaDon	Gessoso-solfifera’	in	
The	Northern	Apennines	
	
In	1960	Raimondo	Selli	invented		the	term	
Messinian	Salinity	Crisis	to	explain	the	
deposiDon	of		gypsums	of	the	Messinian	Stage	
of	the	Miocene.	

	
SELLI	R.	(1960)	-	Il	Messiniano	Mayer-Eymar	1867.	Proposta	di	un	neostratoDpo.	
Giornale	di	Geologia,	28,	Bologna	

SALINITY	CRISIS	IN	THE	
MEDITERRANEAN	
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24	Drilling	Ship	Glomar	Challenger,	Deep	Sea	Drilling	Project	

TURNING	POINT:	
THE	DEEP	SEA	DRILLING	PROJECT	(DSDP)	
MEDITERRANEAN	EXPEDITION	IN	1970	
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Courtesy:	Bill	Ryan,	presentazione	Magellan	Workshop	2013,	
Brisighella	

Algal	stromatolites	

Nesterof,	Wetzel,	Pautot,	DSDP	Leg	13	
ScienDfic	Report,	1973	

Shallow	water	deposiDon	of	teh	Messinain	
evaporites:	nodular	shape	of	anhydrite	and	
"chicken-wire”	stromatoliDc	laminaDoin	
A	petrographic	study	of	the	evaporite	rocks	in	cores	obtained	from	Sites	124,	132,	and	134	
suggests	that	these	rocks	originated	in	a	subaerial	sabkha	environment	(Friedman,	DSDP	
Leg	13		IniEal	Reports,	22,	1973)	

THE	OBSERVATION:	



CA15103		

UN	COVERING	THE	MEDITERRANEAN	
SALT	GIANT	

GIFT	–	Geosciences	InformaBon	For	Teachers	
Vienna,	25	April	2017	

From	salinity	crisis	to	
desiccaBon	theory	for	the	
Mediterranean	Sea,	1973	
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hIp://www.wired.com/wiredscience/2009/12/mediterranean-flood		

SPAIN	

FRANCE	
ALPS	 ITALY	

NORTH	AFRICA	

FLUX:	108	m3	s-1	VELOCITY	40	m	s-1	
Time	to	re-fill	the	Mediterranea	Sea:	about	1	year	
Garcia-Castellanos	et	al.,	Nature,	2009	
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A	DESERT	1500	m	below	sea	level	
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Urgeles	et	al.,	2010	

DEEP	SUBAERIAL		EROSIONAL	CANYONS	
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©1986	Guy	Billout,	first	published	in	The	AtlanDc	Monthly	

The	Gibraltar	water	falls	in	
the	arEst`s	vew	
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Thanks	to:	Daniel	Garcia	Catellanos,	CSIC	Barcelona	



CA15103		

UN	COVERING	THE	MEDITERRANEAN	
SALT	GIANT	

GIFT	–	Geosciences	InformaBon	For	Teachers	
Vienna,	25	April	2017	

The	enduring	controversy:	

Did	the	Mediterranean	dry-out	or	not	during	the	
Messinian	Salinity	Crisis?	
•  Some	scienDsts	believe	the	Mediterranean	sea	level	decreased	

by	1500-2000	m	(note:	his	would	leave	a	salty	pond	possibly	
1000	m	deep	or	more	

•  Others	think	the	decrease	was	nearly	negligible	
•  Disagreement	is	on	when	how	long	the	sea	level	draw	down	

lasted	
•  Disagreement	is	also	on	the	way	the	Mediterranean	returned	to	

normal	condiDons	

	
	

33	



CA15103		

UN	COVERING	THE	MEDITERRANEAN	
SALT	GIANT	

GIFT	–	Geosciences	InformaBon	For	Teachers	
Vienna,	25	April	2017	

34	

COST	AcDon	CA15103	
UNCOVERING	THE	MEDITERRANEAN	

SALT	GIANT	(MEDSALT)	
Chair:	Angelo	Camerlenghi,	OGS,	Trieste	

Co-Chair:	Johanna	Lofi,	University	of	Montpellier	
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COST Actions tools 

37	
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Research	Vessel	OGS	Explora	
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Profili	sismici	
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Lo	spessore	dei	sali	Messiniani	
sul	fondo	del	Mediterraneo	
supera	3	km	
	
Il	volume	è	circa	1	milione	di	km3	
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COMMON	BELIEF:	
	

DRILLING	THE	MEDITERRANEAN	SALT	GIANT	REPRESENTS	
A	UNIQUE	OPPORTUNITY	

	

•  To	understand	the	genesis,	sedimentary	and	structural	evoluBon,	
the	biosphere	and	fluid	dynamics	of	a	salt	giant	in	a	state	close	to	
its	original	deposiDonal	configuraDon,	and	

•  to	understand	the	responsiveness	of	a	land-locked	oceanic	basin	to	
planetary	dynamics.	

	
The	Mediterranean	salt	giant	will	be	used		as	a	reference	for	older	salt	
giants.	
	 43	
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OVERARCHING	SCIENTIFIC	QUESTIONS	

1.  What	are	the	causes,	Dming	and	emplacement	
mechanisms	of	the	Mediterranean	salt	giant?	

2.  What	are	the	factors	responsible	for	and	the	socio-
economic	consequences	of	early	salt	deformaDon	and	
fluid	flow	across	and	out	of	the	halite	layer?		

3.  Do	salt	giants	promote	the	development	of	a	
phylogeneDcally	diverse	and	excepDonally	acDve	deep	
biosphere?	

4.  What	are	the	mechanisms	underlying	the	spectacular	
verDcal	moDons	inside	basins	and	their	margins?		



CA15103		

UN	COVERING	THE	MEDITERRANEAN	
SALT	GIANT	

GIFT	–	Geosciences	InformaBon	For	Teachers	
Vienna,	25	April	2017	

Proposed	sites	for	scienBfic	drilling	on	the	Balearic	Promontory	

SPAIN	
VALENCIA	
BASIN	

ALGERIAN	BASIN	

COST-ANR MEDSALT SYMPOSIUM Palermo, 24-26 Octobre 2016 

BAL-07	
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hIp://www.cost.eu/COST_AcDons/ca/CA15103	

hgp://www.cost.eu/COST_AcBons/ca/CA15103	
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hgp://www.cost.eu/COST_AcBons/ca/CA15103	

Year	2020?	

DREAM	
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1944	Charles	Sidney	Burwell,	cardiologist,	Dean	of	
the	Harvard	Medical	School	from	1935	to	1949.	
	
In	an	address	to	students	at	the	Medical	School,	
he	said:	

"Half	of	what	we	are	going	to	teach	you	is	wrong,	
and	half	of	it	is	right.	Our	problem	is	that	we	don't	
know	which	half	is	which."	
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Thank	you!	

acamerlenghi@inogs.it	


