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Context	
Characterisation	of	 the	 terrestrial	 sources	and	 fate	of	OC	delivered	 to	coastal	oceans	are	essential	 to	describe	
how	land/sea	interface	is	connected	with	the	global	carbon	cycle.	We	have	pointed	to	the	petrogenic	OC	(pPOC),	
released	by	sedimentary	rocks,	which	is	a	misunderstanding	part	of	this	terrestrial	OC	sink	in	marine	sediments.		

Objectives	/	scientific	questions	
Issues	were	(i)	to	define	the	continental	hotspot	of	the	pPOC	delivered	to	the	Mediterranean	Sea,	(ii)	to	assess	its	
fate	 in	 the	 land	 to	 sea	 continuum,	 (iii)	 to	estimate	 the	POC	and	pPOC	 fluxes	of	 the	main	 tributaries	 and	 their	
contribution	to	the	Rhône	River	and	(iv)	to	assess	whether	pPOC	is	suitable	to	track	the	continental	erosion.	

Material	&	Methods	
Time	series	from	observatories	(INSU-INEE),	over	a	hundred	of	source	and	riverine	samples	and	the	first	3	m	of	
the	 core	RHS-KS57	 (RHOSOS	 campaign,	n=50),	were	examined.	Methods	used	encompass	 geochemistry	 (REEs,	
ICP-MS,	CEFREM),	sedimentology	(grain	size),	spectroscopy	(hyperspectral	imaging,	M2C),	and	organic	/	isotopic	
geochemistry	 (Rock-Eval	 6	 pyrolysis,	 C,	 N,	 13C,	 14C,	 15N,	 ISTO,	 CEFREM,	 Artemis).	 Additional	 14C	measurements	
were	made	on	some	isolated	marine	ostracods	by	using	the	ECHoMICADAS	mass	spectrometer	(LSCE).	

Year	1:	continental	surfaces	
REEs	distribution	cannot	discriminate	the	contribution	of	the	tributaries	to	the	SPM	fluxes	of	the	Rhône	River.	At	
the	 flood	event	 scale	 (e.g.	2011	nov.),	Pb,	Zn,	Ba	and	Sr	could	be	 suitable	 to	highlight	 the	continental	 sources	
(cevenol	 vs	 alpine	 rivers).	 These	 two	end-members	were	 also	 identified	with	 bulk	 organic	 geochemistry	 (TOC,	
OM	quality).	SPM	from	the	Lower	Rhône	River	better	fit	with	the	geochemical	fingerprinting	of	alpine	tributaries	
(Isère,	Durance).	The	lower	TOC	content	of	the	SPM	from	these	two	latter	rivers	are	closed	to	that	of	the	Jurassic	
marls,	 forming	 badlands	 outcropping	 along	 the	 alpine	 arc.	 14C	 analyses	 with	 the	 development	 of	 a	 forward	
modelling	reinforce	these	findings	(Copard	et	al.,	2018).	As	seen	in	the	fig	1,	the	pPOC	(0.31	wt.%)	contributes	to	
26%	of	the	POC	flux	(145	Gg	yr-1)	discharged	into	the	Mediterranean	Sea.	Despite	their	low	contributive	surface	
area	(0.2%),	badlands	provide	respectively,	12,	3.5	and	14%	of	the	pPOC,	POC	and	sediment	fluxes	to	the	Rhône	
River.	Hence,	these	rocks	can	be	considered	as	a	major	source	of	pPOC	and	sediments	for	the	NW	Mediterranean	
Sea	and	potentially	for	worldwide	oceans.	
Year	2:	deltaic	sediments		
REEs	are	no	longer	exploited	in	the	core	as	the	absence	of	pertinence	of	results	to	track	the	continental	sources.	
One	of	the	main	strategies	advanced	in	this	project	is	to	use	the	results	from	the	twin	core	RHS-KS58	(Fanget	et	
al.,	2013)	for	which	an	age	model	was	established	with	the	identification	of	several	flood	events.	However,	our	
results	 show	 that	 (i),	 the	previous	 age	model	 is	 not	 in	 agreement	with	ours	 for	 the	 last	 70	 years	 (14C,	 Cs,	Am	
signals),	(ii)	with	the	exception	of	3	flood	events	(D50=	40	µm	at	47,	185	and	273	cm	depth),	neither	grain	size	
nor	hyperspectral	 imaging	are	 able	 to	 characterise	 such	episodes.	 In	 addition,	 the	 corresponding	age	of	 these	
events,	notably	at	47	cm	depth,	is	rightly	questionable.	This	core	exhibits	a	homogeneous	grain	size	distribution	
(D50	around	10	µm)	and	the	sedimentary	sorting	would	be	occur	prior	the	deposition.	Results	from	bulk	organic	
geochemistry	mostly	point	 to	a	 terrestrial	origin	of	 the	OM	and	the	same	3	 flood	events	were	also	evidenced.	
Two	of	 them	 (47,	185	cm	depth)	are	 characterised	by	a	better	preservation	of	OM	while	 the	deepest	exhibits	
lower	 TOC	 and	 hydrogen	 content.	 As	 most	 of	 the	 marine	 OC	 is	 rapidly	 consumed,	 one	 of	 the	 hypothesis	 to	
explain	 this	 better	OM	preservation	 during	 these	 floods	 is	 that	 the	 higher	 terrestrial	 OM	 amount	 brought	 by	
these	events,	 the	more	recalcitrance	of	OC	toward	processes	occur.	Below	1	m	depth	and	by	using	14C	activity	



with	a	linear	modelling,	the	ratio	pPOC/	TOC	remains	high	(around	0.50),	while	over	than	300	cm	depth,	the	TOC	
is	similar	to	that	of	the	badlands	(around	0.50	wt.	%).	As	a	consequence:	 (i)	half	of	 long-term	storage	of	OC	 in	
deltaic	sediments	has	a	petrogenic	origin,	(ii)	40%	of	the	global	continental	POC	in	marine	sediments	would	have	
this	fossil	origin	and	(iii)	the	terrestrial	and	biospheric	OM	would	be	more	reactive	than	it	is	expected.	
	

reférence	citée:	Fanget	AS,	Bassetti	MA,	Arnaud	M,	et	al	2013.	Mar.	Geol.,	345,	375-391.	
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fig	1	 (from	Copard	et	al.,	2018):	Contribution	and	values	of	various	parameters	 (surface,	SPM	and	(p)POC)	and	
fluxes	of	Durance	River	and	badlands	to	those	of	the	Rhône	River.	(A)	surface;	(B)	SPM	flux;	(C)	POC	flux;	(D)	POC	
flux	 with	 the	 pPOC	 contribution	 from	 the	 three	 sources,	 percentages	 given	 in	 bold	 italic	 correspond	 to	 the	
contribution	of	the	Durance	without	badlands	and	badlands	from	Durance	to	the	pPOC	flux	(rPOC	=	recent	POC	
meaning	from	the	modern	biosphere).	
Future	of	the	project	
Beyond	further	publication	in	peer	review	journal	on	the	results	got	during	the	year	2,	some	connexions	will	be	
developed	with	the	"DELTA-RHONE"	project	(EC2CO,	C.	Rabouille).	In	order	to	validate	the	strong	contribution	of	
pPOC	to	the	long-term	storage	of	OC	in	marine	sediments,	it	will	be	fruitful	to	compare	our	findings	with	other	
river	 systems.	 In	 this	 respect,	 collaborations	 are	 foreseen	 with	 other	 labs	 (Asian	 Sedimentary	 Continuum	
workshop,	 Xiamen	 in	 2019	 October).	 To	 a	 local	 scale,	 it	 would	 be	 interesting	 to	 refine	 the	 age	model	 of	 the	
studied	core,	in	particular	for	the	last	70	years.	
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