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Study area

* Focus on the southern Western Alps
Jourdan, 2012
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Les Ecrins incisés et pas le Queyras?

Elevation frequency distribution for
delimited zones

—ecrinfrequence Queyras and Ecrins geomorphological comparaison
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Thermochronological record of
exhumation : lag time
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Tectonics

Bernet, 2009



Importance des changements climatiques:

3

mantle

Principe d’équilibre isostatique:
Erosion d’'une épaisseur moyenne “h”:

- diminution de l'altitude moyenne (h/6)

- augmentation potentielle de I'altitude des
sommets (dépend de I'erosion des
sommets, max=h)

Conséqguences potentielles:

- Augmentation de la surface au dessus de
I'ELA (creation de glaciers)

- renforcement de la barriere orographique
(plus de precipitations en altitude)

- retroaction positive: augmentation de
I'érosion
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4. Une perspective alpine
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Climat, érosion et tectonigue alpine
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Effets de I’érosion

« augmentation du flux sédimentaire, redistribution des masses cm—
 changement de I’¢tat de contraintes 0 50 100
* Surrection induite par la compensation isostatique

Champagnac et al, 2007; Vernan et al.,.2013




Pourquoi les écrins incisés et pas le Queyras?

Elevation frequency distribution for
delimited zones

—ecrinfrequence Queyras and Ecrins geomorphological comparaison
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Observation geéomorphologique

sur le Queyras
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METEO FRANCE

Toujours un temps d’avance

CARTOGRAPHIE DE NORMALES AURELHY
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Depuis quand il y a des reliefs
dans les Alpes ?




Compilation of tectonic, sedimentologic,
paleomagnetic, petrologic data

Dumont et al. 2011, 2012



Alpine geodynamic framework
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Main geological units of the Western Alps:
External units

External Western
Alps units :

- External Crystalline
Massifs

T al
1 Montmaur

ﬁf basin L =
=~ 5*%13% Eas

gzg&g;ﬁr S T o | , - Subalpine chains
o :

T Barreme

Cbesin | s - Foreland basin
‘ remnants

- Andesitic volcanism
(35-30 Ma)

[_]Quaternary [0 Lower Oligocene - lower Miocene  [=L] Mesozoic cover

[__] middle Miocene - Pliocene Eocene to lower Oligocene External Crystalline Massifs % Andesitic volcanism
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Main geological units of the Western Alps:
Internal units

Internal Western Alps
units:

Non-metamorphic:
- Helminthoid flysch
- Obducted Ophiolite

Metamorphic:

- Brianconnais zone
- Piedmont zone

PN

ol 2T ‘ el - Internal Crystalline
=—adic Massifs

Il Ophiolite Internal Crystalline Massifs [ Internal Piedmont complex

Helminthoid flysch [ Brianconnais zone I External Piedmont complex = Austro-alpine zone







SITUATION ACTUELLE

Grosjean, 2012




Oligo-Miocene foreland basins
35-15 Ma

Torino hills

Jourdan, 2012



Barréme basin

Aquitanian

Clumanc

conglomerate: 218 Grés vert

3th member - -
2nd member - _ Série grise
1st member

Série saumon
Chattian

Saint Lions

conglomerate: Molasse rouge
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de Clumanc

Rupelian Grés de Ville
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Undifferentiate mesozoic

Fault

Jourdan et al., 2012




ESE Aires de sédimentations littorales sources

WNW

w Luz E

Croix Haute Dévoluy Champsaur

-------------- %) Front de chevauchement

e

Oligocene
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Grés d'Annot ¢t du
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- 34 Ma
o s [
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b)

a) Esquisse paleogéographique représentant les resédimentations carbonatées («Calcaires Nummulitiques») se mettant en place en bas de pente dans la partie sud-occidentale littorale du bassin sub-alpin Priabonien et correspondant
alarégion de Blieux (d'aprés Floquet & Léonide, 2005) ;
b) Diagramme litho-chronostratigraphique du bassin d’avant-pays alpin a I'Eocéne-Oligocéne (adapté, a partir de Gupta, 1997).

Sinclair, 1994




Torino hills

Quaternary cover

10SJTO54 ) . Late Miocene
105JT053 e Y
14,7 Ma

105JT002 258 Langhian Formazione di Baldissero

16,4 Ma

/ ; Formazione di Termofoura
10SJTOS2 g Burdigalian ormazione di Termofou

: _205Ma |
TO rno 10SJTO03

4% -
‘ s Aquitanian
oy
° 4; ¢ /

Formazione di Antognola

Chattian

23,8 Ma

Formazione di Cardona

Rupelian

33,7 Ma
Marne di Monte Piano
Priabonian

Faults

Conglomerate

* Torino hills sedimentary record from the Eocene to the Quaternary
* The Cardona Formation (Rupelian) begins to record erosion of the

Western Alps Jourdan et al., 2012
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Discriminating the
nature of the
serpentinites in the
Internal Alps

Schwartz et al., 2013




Pebble origin in the Oligocene-Miocene
sediments : Serpentinites, Radiolarites, Basalts
TR YT T ST S

ST .. T ' B <, '
s > N :

1%

. 2012



Serpentinite types in the Internal
Western Alps

LIZARDITE | ANTIGORITE

Pennic Front
. | NE
nanconnais reyras . . s
Embrunais and lower Ubaye \ (upper%urance) Schi tesy Justrés | Monvise  Dora-Maira  Po plain

Schwartz et al. 2012, 2013

* Antigorite occurs in the eastern part and antigorite + lizardite in the
western part of the Internal Western Alps



Serpentinite evolution through
stratigraphic record

Barreme basin Torino hills

Antigorite + Lizardite
Antigorite

Antigorite + Lizardite
Antigorite + Lizardite

No serpentinite Antigorite + Lizardite

Antigorite  Antigorite
No serpentinite

 Antigorite = high-grade metamorphic serpentinite
* Lizarditite = low-grade metamorphic serpentinite

Schwartz et al. 2012 (Barréme) Jourdan et al. 2012 (Torino hills)



Oligocene pro-side foreland basin

« Matériel exotique » = ophiolites/blueschists
Termier 1895 in Chauveau and Lemoine 1961

. N ) - 2
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<y “" 3 b : ,‘%\:f‘ ' \ .
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Paleocurrent: S— N
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— Joseph and Lomas 2004
. w oudingue

d'Argens

» At 30 Ma deposition of pebbles from the Internal Alps

 Significant change 1n paleocurrent directions
Jourdan et al., 2012



Geochemical analyses
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Major and trace element
analyses for basalt
pebble characterization
for provenance analysis

Jourdan et al., 2012



Geochemistry of basalt pebbles in the
foreland basin

e © Before such pebbles were
sl dcscribed only as andesites

A 7061D1 = 7057G1

¢ 6012C1 ¢ 7057H1

? 6012A1 Clumanc

SRl ¢ Major element analyses show

0 601201

o that non-metamorphic basalts from
the 30 Ma Barréme basin and
Montmaur conglomerates are:

- Basaltic trachy-andesitic

- Trachy basalt

- Basalt

[+
¢ ALKALIC BASALTS
ALKALIC BASALTS

and fall mainly into the alkalic

.
SUB-ALKALIC BASALTS
a

| SU-B—ALKALICBASALTS : i X s basalt or IOW_K Sub—alkalic basalt

. 4 o &LOW-KSAB.

46 48 50 52 a4 46 48 50 52 54 56
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Jourdan et al. Journal of Geology, Chicago, 2012



Geochemistry of basalt pebbles in the
foreland basin

- Clumanc
+=LP081

Andesitique

basalt

=TV38
V43
ME31

1+ . :
CsRhbBaTh UNbhTalaCePrNd SmiZr Hf Eu GATo Dy Ho Y Li Er Yb Lu

Jourdan et al. Journal of Geology, 2012

* The basalt pebble A from the
Clumanc conglomerate is similar to
andesitic basalt from the
Taveyannaz and Champsaur units

(Boyet et al. 2001)



Geochemistry of basalt pebbles in the
foreland basin

Saint Lions
6012A1
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Montmaur
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1—% . "
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1000

Saint Lions
Group C “=6012F1

7061D1

—-
o
1=

Montmaur
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7057H1

Chenaillet

ppm / Primitive Mantle

= Average

All Chenaillet
values

Cs RﬁaTh UNbTalaCePrNd SmZr Hf Eu Gd Tb Dy Ho Y Li Er Yb Lu

* Group B and C have patterns
somewhat similar to basalt from the
obducted Chenaillet ophiolite unit

* Positive anomalies are caused by
hyrdothermal alteration 1n the
source and/or weathering in the
sedimentary system

Jourdan et al. Journal of Geology, Chicago, 2012



Pebble origin in the Oligocene-Miocene
sediments : Serpentinites, Radiolarites, Basalts
TR YT T ST S
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. 2012
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Pebble population evolution

Torino hills

cclogie * Proportion of serpentinite
A Dcbblcs strongly increases from

—
w

Carbonate

1 b LUC L the Late Oligocene in the Torino
, I serpentinite .
Burdigalian h 11
3 o I Ophiolite, Basalt 111S
' B Dolomite, Quartzite
Aquitanian
2 Montmaur Barréme

| ' * The presence of basalt pebbles

Miocene

n=259

in all Oligocene foreland basin

“ -l cmnants hints at a wide
Rupelian

distribution of obducted ophiolites
il I in the Western Alps at that time

n= 149
Saint Lions,
Cimetére
member

Oligocene

Polino et al. 1991 (Torino hills) and Jourdan et al. Journal of Geology 2012



Sediment provenance

Early Oligocene

-

-=~" Apulian
late 2
P IVrea’zone  pjate

European

Jourdan et al., 201:

Torino hills: Granodiorite pebbles derived from the Ivrea
zone and serpentinite pebbles from the Piedmont zone
Barréme basin: Basalt pebbles from Chenaillet or similar
ophiolites. Zircons from the Internal Alps
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Thermochronological record of
exhumation : lag time

Bernet 2009

* With depth temperature increase depending thermal gradient

* Exhumational cooling of rocks

* The time of cooling below the closure temperature is recorded in
apatites and zircons



/ZFT and U-Pb double dating results in the
pro-side foreland basin
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* A strong Alpine cooling signal in spite of the presence
of Oligocene volcanic zircons

Jourdan et al. Lithosphere,2013



/ZFT and U-Pb double dating results in the

pro-side foreland basin

Probability-Density Plot with Best-Fit Peaks Probability-Density Plot with Best-Fit Peaks
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St. Lions Conglomerate, Barréme basin

e Removal of volcanic zircons from the dataset to obtain a

pure exhumation signal

Jourdan et al. Lithosphere,2013



ZFT-U/Pb double dating results
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* Granodiorite signal : U/Pb age of about 290 Ma
* Alpine ZFT signal 1s less developed than in the pro-
side foreland basin deposits

* No Oligocene volcanic zircons
Jourdan et al. Lithosphere, 2013



Pro-side foreland P1 zircon fission-
track signal

Barréme basin Exhumation rate 0.4 km/Myr
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* Brief period of fast exhumation at ~1.5 to 2 km/Myr
* Arrival of pebbles from Internal Alps 1s contemporaneous

with this brief pulse of rapid erosional exhumation
Jourdan et al. Lithosphere 2013



SITUATION ACTUELLE
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Drainage divide evolution

b) Late Oligocene

(Barréme: Molasse rouge, série saumon, série grise, Torino: Antognola)

Exhumation rate 1.5 to 2 km/Myr

Jourdan et al Journal of Geology , 2012

* Pebble lithologies in foreland basins on both sides of the Alps allow
tracing the drainage divide evolution
* Large pebbles in the Torino hills show the proximity of steep relief



DRAINAGE MIOCENE

Grosjean, 2012



Drainage divide evolution

¢) Lower Miocene
(Barréme: grés vert, Torino: late Antognola, Termofoura, Baldisero)

Exhumation rate 0.4 km/Myr

Jourdan et al Journal of Geology , 2012

* Pebble lithologies in foreland basins on both sides of the Alps allow
tracing the drainage divide evolution
* Large pebbles in the Torino hills show the proximity of steep relief









Conclusion : Reliefs des Alpes

Les reliefs récents a actuels (< 5 Ma) sont formés par incision
glaciaire

Les reliefs dans les Alpes existent depuis environ 30 Ma
(probablement plus mous qu’actuellement)

Les altitudes > 3000 metres existent depuis 30 Ma
Les altitudes > 4000 metres plus récentes (< 5 Ma)

La ligne de partage des eaux a peu changée



