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Pyrenean mountain buiding:
recent understandings and new questions arisen
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30+ years of the ECORS profiles across the Pyrenees

ECORS - PYRENEES

SPFT NPF NPFT N
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E Meso-cenozoic sediments

) ECORS - ARZACQ
l:] Reflective lower crust
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Late 2000°s

* Incorporation of concepts from modern continental margins

 Thermochronology

* Early big programs (Topolberia/Europe, Margins...)
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New models incorporated knowledge of continental margins:
hyperextension and mantle exhumation concepts

¢) After exhumation, Santonian

S Future Future Future Future N
South Pyrencan Zone Axial zone North Pyrencan Zone Aquitain Basin

Lower crust

Lagabrielle et al. 2010

v' Models account for Pyrenean lherzolites and HT metamorphism

e Béosciences pour une Terre durable
RgF —> Thermal isostasy must be considerered hrgm
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Contributions by low-T thermochronology

Continuously growing AFT and (A, Zr) (U-Th)/He database

(synthesis to 2015 by G. Bosch et al. 2016)
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* More field geology (Programs: RGF, Pyramid, Orogen...)
* Incorporation concepts of inheritance and salt tectonics
e Paleothermometry

* More thermochronology

* Provenance and detrital geochronology in basins

* New geophysical acquisition (passive seismics)

our une Terre durable
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Paleothermometry: Cretaceous peak T° in the Pyrenean rift axis

Paleozoic early Aptian early Albian l:l early Cenomanian Santonian N
Pau basement to Triassic late Aptian middle Albian Cenomanian
[ 1300°-400°c [ ] 400°-450°c [ 450°-550°C [ >550°C

Italic: Main North Pyrenean basins = Peridotites

~ Ballongue “Sg_

~" Pays de Sault e Ferpignan

Western domain Central domain Eastern domain Clerc et al (2015)

i B. Corre (PhD thesis, Rennes 2017)

v’ Attributed to mesozoic thinning

RgF —> role during the subsequent orogeny? @hrgm“
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Revisiting the structure of the upper Cretaceous of the Eaux Chaudes massif
(N Axial Zone): a ductile fold nappe in the alpine Pyrenees

Macro Meso Micro

Strong ductility folding

RSCM

D1-band G-band SEM: Band contrast and inverse pole figure (IPF)

D2-band
l {0001} 10 {11-20} {10-10}
Reverse ' sEo s
limb 350°C e
: S e 1
Thanks to A. Lahfid , 2

PaleoT range of 300-350°C in upper Cretaceous carbonates Strong Crystallographic preferred orientation

Norbert Caldera, PhD in progress, UAB



Revisiting the structure of the upper Cretaceous of the Eaux Chaudes massif

(N Axial Zone): a fold nappe in the Pyrenees

Macro

Strong ductility folding

RSCM
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Vacherat et al. 2014

——> Persistence of high geotherm into the convergence phase




Role of salt, beyond simply providing a décollement level

RgF ; Noguera Ribagorg¢ana valley, Southern Pyrenees Qbrgm -

s (cf. Saura et al. 2016)
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Roquiague Mauléon basin

W ! ; Salt diapirism governing early folding
and syn-migration sedimentation
1000 ————— Al . . -
I e —— during the Mesozoic rifting
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James and Canérot, 1999

Diapirs and growth synclines in the Chainons Béarnais (ZNP)

. = 1:’” .A.Ibmn N-S halokinetic overturned flap Ourdinse welded canopy
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Lourdios-Montagnon minibasin B Labaume and Teixell, 2019
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Salt tectonics in compression: the Montsec ridge (South Pyrenean Zone) as a thrusted salt wall

Sant Mamet dome

Upper Eocene-Oligacene

Autochtonous Eocene

AGER BASIN

Pasarel-la weld

TREMP BASIN N

3km

Lower Cretaceous
Montsec weld unconformity

Salt enabled rapid propagation of deformation until the present thrust front very early in the history

Early Ypresian 1

54 My
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Revisiting models of structure at the crustal scale

Questions to address:

e Where are the sutures? Can we identify the ancient continental margins?

e Balanced geological models for the rifted margins?

e How does the inherited structure condition the major steps during the Pyrenean convergence?
e It it time for reassessment of primary thrust relationships?

e How is shortening distributed vertically? What subducts (and why), and what is the backstop?

our une Terre durable
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A unigue wealth of deep seismic investigations
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e Géosciences pour une Terre durable
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New insights from PYROPE-OROGEN Receiver Function data
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- T — — - + Géosciences pour une Terre durable
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Pau-Jaca crustal section

Lakora f ) ,
Ssw ; AXIAL ZONE  thrust CHAINONS BEARNAIS K NNE
kY k) A " Sarrance  Mail Arrouy
EBRO BASIN SPTF JACA BASIN % LAT P lherzolites IherzolitesNPTF i AQUITAINE BASIN
0 T Nt RN ~_— Gavamie t =\ S
T \ ) /{ — E o \ P
= u A =Grand Rieu \
ridge \
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U. Oligocene-Miocene molasse S Upper Cretaceous I:I Upper Triassic in Keuper facies

Continental basement + Lower-Middle Triassic
(upper crust)

- | U. Eocene-L. Oligocene molasse - Lower Cretaceous

; Eocene flysch and limestone |:] Jurassic E Lower crust Teixell, Labaume and Lagabrielle 2016

e Suture at crustal ramp of NPFT. Iberian plate thrust system must root into suture

RgF * Lower crust subducts to a depth of ca. 60 km, identified by recent receiver-functions Qhrgm
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The plate configuration varies laterally

a) West-central Pyrenees (this study)
North Pyrenean
basement

North Pyrenean
basement

Teixell et al., 2016




Models for paleomargin structure

Tilted blocks (Masini et al. 2014)

S South Mauléon North Mauléon
basin basin

Arzacq basin

v'Large-scale simple shear, margin asymmetry

v'Tilted fault-blocks, rollovers

v'No continuity of Triassic salt layer

Smoothly boudinaged (“hot”)
(Clerc et al. 2015, Teixell et al. 2016, Corre, 2017)

Boucheville basin Bas Agly syncline

North Pyrenean
massif

S Chainons Béarnais basin N
Calcaires des Canyons shelf — Mail Arrouy Ar;:i(r;lq . .
platform \\»K-fdge Ihemo_liles vx,lhelzoliles e b; / Sy m m et rl c m a rg I n S’ S m Oot h to ps
voimmmargn 2 SIS L v'Detached sedimentary lid and diapiric system

v No rollovers, no rafts

‘:| Upper Cretaceous I:l Triassic Keuper
- Albian-Cenomanian [:l uopr;’henregluasl‘l):asement + Lower-Middle Triassic

I:l Jurassic to Aptian carbonates I:' Lower crust

* Do these differences express real structural variation along the ancient continental margins?
R * Are they controlled by the thermal state of the lithosphere? (hot vs. cold paleomargins)
gFEESESE.”Ja% * Need to map tectonic style laterally
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Models for paleomargin structure

Tilted blocks (Masini et al. 2014)

S South Mauléon North Mauléon
basin basin

crustal neck/

Arzacq basin

v'Large-scale simple shear, margin asymmetry

v'Tilted fault-blocks, rollovers

v'No continuity of Triassic salt layer

Smoothly boudinaged (“hot”)
(Clerc et al. 2015, Teixell et al. 2016, Corre, 2017)

Boucheville basin Bas Agly syncline

v Symmetric margins, smooth tops
v'Detached sedimentary lid and diapiric system

v No rollovers, no rafts

ke

Corre, PhD thesis (2017)

CROUTE CONTINENTALE AMINCIE

* Do these differences express real structural variation along the ancient continental margins?
R * Are they controlled by the thermal state of the lithosphere? (hot vs. cold paleomargins)
gF * Need to map tectonic style laterally
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a. Mid Santonian- preorogenic

Steps in the kinematic

evolution of orogeny

(Pau-Chainons Béarnais-Jaca transect)

b. Early Paleogene- peridotite domain subducted
ﬁ early orogenic record in Cretaceous basin
S5 LE = I

* Two stages of Pyrenean building:

- Basin inversion —not much structural relief, faint
thermochron signal (crust recovers thickness,
cover pop-up thrusted)

c. Mid Eocene- crust recovers thickness (protocollision)
orogenic flysch (underfilled basin)

+54 km

- Basement stacking (full “collision”)

e Watch out for:

- Polarity of thrusting (European margin overriding
and Iberian lower crust subduction)

- Upper/lower crustal balance during orogeny —role
of inherited differential stretched structure

d. Early Oligocene- accretion of Iberian plate, crustal wedging (full collision)

molasse basins

+30 km
—_— >

e. Present-day section

114 km

GEOLOGIQUH
DE LA FRAN

R gl_— Teixell, Labaume and Lagabrielle, 2016

: Jurassic to Aptian

Albian to N
Upper Cretaceous [:] Triassic Keuper 9_.__,30 km

!
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Comparison: style of early inversion of rift axis

Chainons Béarnais basin

S N
thin basement shortcut
/ Arzacq

, = T ' in
Axial Zone \ . )
e Grand Rieu ¥

ridge

0 20 km
V=H
Central Pyrenees basin (ECORS transect)
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I———— —— - — ’/‘/ _
| i | _ S 3S/Ar|ze '
Rialp Orri Gavarnie 15km /

50km Alpine thrusts
inverting the basin
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The (outcropping) Axial Zone as an alpine tectonic unit?

North Pyrenean

fault
®) N \ Gavarni/e .
| // / Nogueres
g Sl gt e S
o 47 i( ‘l A F socr 1
l

”

[ Post-Variscan rocks / ~ // y e

Silurian to Carboniferous l 7/ Infrastructure =™,
”
/ /

Cambrian to Ordovician & ~

Cochelin et al. (2017)




Root zone of the South Pyrenean upper thrust sheets in the North Pyrenean fault

' Pyrénées Orientales (Laumonier 2015)

Zone ! b?.;'““
3 P - i&re
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(Cadi4) SERRAT

FNP Nestes-Cinca transect (Espurt et al. 2019)

Beyréde

Montillet

Baronnies

ECORS-Pyrenees transect (Teixell et al. 2018)
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/ 2 3
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le long du profil ECORS selon Laumonier (2015)
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Interpretations of thrust relationships at the ECORS-Pyrenees transect

(Roure et al. 1989)

S Axial Zone N
XNy NPF NPFT  Aquitaine

upper mantle (Mufioz 1 992)_

_,-//f,,
- Ebro - 2 \ NPF NPFT  Aquitaine
Z V/4 basin

! Meso-Cenozoic sediments

Continental basement
(upper and middle crust)

(Teixell et al. 2018)

s W4 i - Lower crust

Eurasian plate




A recent controversy: has the exhumed mantle persisted until today?
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| I | I
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Western Pyrenees

Aldudes Massif

Mauléon-Arzacq basin
NPFT

2 -
-------------

[] Folded sedimentary cover (Meso-Cenozoic)

Crystalline basement (Paleozoic-Precambrian)
Wang et al. 2016
150 200

50 100
Distance (km)

Basque-Cantabrian Pyrenees

Bilbao anticline Landes platform

Garcia-Senz et al. 2018




Depth (km)

But...

Velocity models from wide-angle data

Labourd

Basque-Cantabrian Basin Cinco Villas Massif Massif Mauleon Basin Aquitaine Basin

_(Mesozoic-Tertiary) (Paleozoic) _ (PC)_  (Cretaceous) (Tertiary)
Shot |

I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
-10
-20
-30
'4° @ ECORS-Arzacq

= Reflection Moho
50 Refraction Moho Refraction Moho [Daigniéres et al., 1994;
E‘EK [Gallart et al., 1981]f[Daigniéres et al., 1981] Teixell, 1998]

-60 :

0 20 40 60 80 100 120 140 160 180 200

Distance (km) H=

2,0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

Velocity (km/s) .
Pedreira et al. 2003
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Deep reflections in vertical-incidence profiles

ECORS-Arzacq South (unmigrated)

SSW-NNE

Mendibelza Arbailles Col d'Osquiche MAULEON BASIN Espiute
200 30]0 400 SCIO 600 7|00
1 |

“heattop-orbaseme

TWT (s) 10 km

Teixell 1998
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The Cantabrians: persistent thickened structure

10°W

Cantabrian mts

Diaz et al. (2016)

Moho depth (km)

5 10 15 20 25 30 35 40 45 50 55
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Sections for Cantabrian mountains and margin
(Teixell et al., Tectonophysics 2018)

A E Asturias
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[ [ |
S N
Southern C 2
Duero antabrian Northern
4 thrust front i i i
basin Mountains Cazst ling Asturian basin Le Danoie, thrust front Bay of Biscay

. bank
Tertiary

0 = T

Uppermost Cretaceous . Upper Miocene to recent

—to Mid-v
oceanic crust

continental
(upper crust)

lower crust

B Galicia

1AM-12
[ 1
S ESCIN 3-2 N
Northern
Coast line o Ortegal spur thrust front
fault Mesozoic to recent |
@i \’-Tb | Cretaceous-Eocene _Miocene to recent
. i : = =7 oceanic crust
Continental Moho in R ;

Fomandez Vl@jo et al (1998) Reflegtion Moho in ESCIN 3-2
. and Diaz et .

j Géosciences pour une Terre durable
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(including oceanic subduction, cf. Boillot 70’s)



