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        Structural map (A) and cross-section (B) of the Northern Rif Internal zones (Alboran Domain) from Tetouan to Jebha, modified after Suter (1980) and Chalouan et al. (2008). The shear zones on both sides of the kinzigites granulitic unit are distinguished here for the first time and labeled KPSZ and FBBSZ, respectively (see A for explanation of acronyms).

      

    

  
    
      Fig. 5 
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        Map of northwestern marble outcrops, ∼7 km SW of Amter-village (see Fig. 4 for location), with sample locations. 1a–1c: Amter road outcrops (from SW to NE). 2a–2b: Inoualine outcrops. The Filali-Beni Bousera Shear Zone (FBBSZ) has not been mapped west of 1a–1c.

      

    

  
    
      Fig. 7 
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        Structure of marble lenses (see location in Fig. 5, except for G and H, located in Fig. 4). Sm: main foliation, which corresponds to bedding S0 transposed in the mylonitic foliation S1. A: Lower boundary of marble lens 2a. B: Upper boundary of marble lens 1c. C: Early isoclinal folds in the lower part of the 1c lens. Compare with the late folds exposed in a neighboring outcrop (Fig. 6B). D: Northwest verging asymmetric fold in the mylonitic zone on top of the marble lens 1c; the fold deforms boudinaged silica-rich beds (white) interleaved in the carbonate matrix. E: Boudinage and flattening of a silica-rich bed in the marble lens 1b. Notice the late crenulation and minor fault structures. F: Late normal-sinistral fault crosscutting the marble lens 2a and the overlying kinzigite horse. The fault dips ∼40° to the N. G: Ductile, multiple folding and brecciation of the JN marbles about 50 meters to the north of outcrop (Fig. 6E). The dark sheets and shreds are composed of kinzigite-like material, the white sheets and the breccia matrix correspond to calc-mylonite. H: Detail of the calc-mylonitic meta-breccia in the core of the major isoclinal fold shown in (G), a few meters to the north.

      

    

  
    
      Fig. 10 
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        Overview of a thin section across one of the flattened pebbles (sample MTS5) of the bed shown in Figure 6D. Sm: regional foliation molded on the pebble in the pressure shadow. The matrix is calcite-rich, whereas the pebble shows a feldspar-rich brownish part and a quartz-rich, lighter layer. The dark, foliated aureole (rim) around the pebble mainly consists of quartz–calcite intergrowths.

      

    

  
    
      Fig. 11 
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        Micrographs of some BBMs samples. For location of the corresponding outcrops, see Figure 4 (JN) and Figure 5 (other samples). Crossed nicols except (C), plane-polarized light, and (G), backscattered-electron image. Sm: main foliation. A: Metadetrital, pebbly marble from the Amter road (outcrop 1a), ∼1 m above the unconformity (Fig. 6C). B: Magnesian marble from the same road-cut, ∼50 m above (A) (marble lens 1b). C: Metadetrital banded marbles of Oued Jnane Nich lens (JN, Fig. 4); the dashed line marks the limit between two elementary layers, calcite-rich and clastic-free, respectively, interpreted as S0. D: Same outcrop, calc-mylonite facies. E: Calc-silicate bed, likely clastic and including minute pebbles (left area); same location as (B). F: Meta-argillite layer interbedded with banded marbles (lens 1c). G: Dolomite-rich calc-silicate bed (Oued Ljouj lens). The aggregates of calcite + serpentinized forsterite in dolomite matrix are interpreted as calcite + forsterite pseudomorphs after diopside. H: Banded phyllitic marble, same outcrop as (F); talc and muscovite are retrograde.
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        CL images of selected zircons from samples MTS-5, MTS-6 and MTS-18.

      

    

  
    
      Fig. 13 
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        Density distribution and Wetherill Concordia diagrams for U-Th-Pb dated zircons from samples MTS5, MTS6 and MTS18. A1, B1 and C1 are kernel density plots. A2 shows the Concordia of the whole dataset for sample MTS5 and A3 shows only the younger population with the weighted mean 206Pb/238U age calculation. B2 contains a Concordia between 150 and 500 Ma to show only the main age groups in sample MTS6. B3 shows the Permian-Triassic population and the age calculation in the same sample. C2 contains a Concordia up to 1000 Ma to show the main age groups in sample MTS18, and C3 shows the Permo-Triassic population with age calculation.
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        Alternative models (A/B) accounting for the occurrence of the BBMs between the Filali and Beni Bousera units. A: Triassic unconformable sedimentation onto the exhumed kinzigites (lower crust). B: Triassic-Early Jurassic extensional allochthons (rafts) emplaced onto the exhumed kinzigites.

      

    

  
    
      Fig. 15 
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        The hyperextended margin of the Alboran Domain during the Late Jurassic-Early Cretaceous, modified after Michard et al. (2021). A: Location of the Alboran Domain (southern part of Alkapeca) to the north of the Maghrebian Tethys; background map after Angrand et al. (2020), slightly modified. B: Tentative restoration of the Alboran Domain margin whose distal part corresponds to the Alpujarrides-Sebtides crustal units overlain by the Dorsalian pre- and syn-rift sediments. Crust and mantle signatures as Figure 14.

      

    

  
    
      Fig. 16 
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        Sketch map of the Western Betics (see Fig. 1 for location) simplified after Balanyá et al. (1997), Sanz de Galdeano et al. (1999) and Mazzoli et al. (2013). White fill: Pliocene-Quaternary deposits.
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