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Extension of a lower plate passive margin coeval with subduction of the adjacent slab:
The Western Alps and Maghrebides cases
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Our motivation:

Why: We seek to decipher what happened to the Alpine Tethys between 80
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Fig. 1 . The Alpine belts of Western Europe and North-Africa

Brianconnais, Maghrebides (Al-Ka-Pe terranes and associated units) and Mediterranean

SB Sirte Basin,; Si Sicily;
TB Tyrrhenian Basin.

with location of the

the Rif belt (Fallot, 1937).
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- The Alpine-type subduction was active along North-Africa between 85-60 Ma (Fig. 16A): During Late
Cretaceous-Paleocene times, the Tethyan slab would subduct beneath Africa (“Alpine subduction”); continental
allochthons could have been included in the slab (e.g., Ketama unit of central Rif??7?).
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- Brianconnais was the distal European paleomargin during the Mesozoic.
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The determining role of the slab retreat process in the opening of the
Mediterranean basins from the Late Eocene onward was recognized by
Rehault et al. (1984).

A) Rehault et al. (1984)(Fig. 15A) considered that the European crust and
adjacent oceanic lithosphere were subducting eastward during the Late
Cretaceous, and then they assumed a “flip” in subduction polarity
operated before the onset of the west-dipping, southeast retreating
Eocene-Miocene subduction.

B) Vignaroli et al., 2008 and others proposed that a northwest-dipping
subduction existed along southeast lberia as early as the Late
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- The Brianconnais included the “Prepiemonte” units mainly consist of Mesozoic-Early Cenozoic series, with Carboniferous and
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K: - This implies that a SPR occurred at some time between the Paleocene and the middle-late Eocene inception of

the new Apennine-type subduction in between lberia and North-Africa (Fig. 16B): After the middle-late Eocene
Subduction Polarity Reversal, the “Apenninic subduction”is going on beneath the Alkapeca orogenic arc, which rift
off Iberia and thus allows the Mediterranean basin to open.

Permian clastic and volcanic rocks at their base (Fig. 3A). These stratigraphic series record: Upper Triassic-Lower Jurassic rifting; EUROPE

44

Middle Jurassic-Lower Cretaceous thermal subsidence; Upper Cretaceous-Paleocene renewed extension (Fig. 3B).
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Fig. 2. Structural map of the Western Alps, after Michard et |- Briangonnais = tectonic wedge of (U)HP-LT metamorphic nappes (Figs. 2 et 4).

al. (2022a).

- SPR due to collision of continental allochthons against Africa?? ? Rather by age of slab greater to the North. or
related to the collision in the Alpine Mountain belts (Jolivet and Faccenna (2000) and Jolivet et al. (2008)).

- Brianconnais units are overlain by the ophiolitic Schistes Lustrés and by the Sesia-Dent Blanche units = former Adria (African

THE STRIKING LINK BETWEEN EXTENSION AND microplate) extensional allochthon (Fig. 4)

A Late Cretaceous-Paleocene (~85-60 Ma)

SUBDUCTION IN THE BRIANCONNAIS MARGIN Cretaceous (Fig. 15B), which nourished a still vivid controversy. Wi NE"  Betic Malaguides- Doreale units over N eny otam Nt Ao o
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subducting beneath Adria( Fig. 5). This tectonic process occurred from ~84 Ma to 35 Ma (Handy et al., A . arscnst yse between Iberia and Alkapeca, and Eocene-Oligocene “Apenninic T iz - Asthenospheric mantie Farah et al, 2021 EZ
2010). ShamRnls Plmong, subduction”along the opposite border of Alkapeca. {70V skt D~25 e km ook .

: : . : : : 4 D) Michard et al. submitted; (Fig. 15D): Late Cretaceous-Paleocene ' arrow head 0 Ma Paleocene
- The onset of the southeast-ward subduction of the Piemonte-Liguria slab (“Alpine subduction”) is ) N : -Oli ~35- i
J Alp ) B —km_ C  (SL:Schistes Lustrés) subduction of the Ligurian-Maghrebian slab located along the nw B Late Eocene-Oligocene (~36-33 Ma) NorthAfrican pper riassic.
Iberia Orogenic arc Dorsale

Mediterranean basin

FPermian-Middle
Triassic

Cambrian-Lower
Carboniferous

84 Ma

EuraSia at rrjflrgi

o0
10

North-African margin, then Eocene Subduction Polarity Reversal (SPR)
accompanied by a shift of the subduction zone to the southeastern
border of Alkapeca.

correlated with the abrupt change in the displacement of Africa vs. fixed
(Rosenbaum et al., 2002) (Fig. 5C).

- The Late Cretaceous extension occurred when the Brianconnais was approaching the subduction

Fig. 5 . Restoring the location of the Brianconnais with respect to the Alpine subduction
zone at three particular times (2D cartoons, starting from the youngest episodes).
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. . . o . _ . . o . Sesia? o ) ) : , : Subduction Polarity Reversal (SPR) Ghomarides
zone (Fig. 5C). This extensional tectonic event could originate from the extrados of the bending zone in Brianconnais (Bellahsen 0 Helminthoid flysch Chenaillet =~ Polarity Reve.rsal (SPR) during Afrlca—EuraS|a. convergence in the Westgrn N at ~40-30 Ma, recorded by early Asc Alpujarides-

| | | o —~— Alps-Maghrebides area. A) SPR occurred along time, at about 35 Ma; B)opposite at 55 Ma after_pda i metamorphic events in Alkapeca e Nevado-
et al., 2005) or an increase of slab pull caused by avalanching of the slab into the lower mantle (Capitanio et al., 2009) and stress Cagoe S S S = polarities occurred contemporaneously along the plate boundary. €) Molli (2008); D) Africa ) Schr2n0ic117et al i S LTS, Filabrides

Michard et al. submitted, background map after Schmid et al. (2017), modified.

lvrea mantle

Molli, 2008 (modifieqd) Schmid et al., 2017 (modified)

in western Alps curvature of the subduction zone (Fig. 6)
- The Brianconnais was totally subducted between 40-35 Ma (Bonnet et al., 2022) (Fig. 5A and 7).
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Fig. 6 . Possible origin of extensional stress: ) I
1. the extrados of the bending zone in "

1) In the Western Alps transect, the Briangconnais European margin kept extending from the initial rifting until it encroached the Alpine
subduction (Early Eocene).
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2) The extensional regime is also recorded in the “Dorsale calcaire” units which originate from the northwest margin of the Maghrebian Tethys for the Late Cretaceous-Paleocene times.

Asthenosphere

3) An Alpine subduction must be also considered for the Maghrebides transects during the Late Cretaceous-Paleocene.
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Brianconnais. 2. An increase of slab pull and
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Fig. 7 . End of Brianconnais subduction and ongoing
exhumation processes.

4) Subduction Polarity Reversal operated along the Adria and North Africa passive margin from the Western Alps-Apennines connection to Sicily, Kabylias and the westernmost Maghrebides
(Rif-Betic orogen) during the Middle-Late Eocene times, with a shift of the subduction zone from the southern margin to the northern margin of the Ligurian-Maghrebian Tethys.
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