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In a critical locality for the correlations between the Ainsa and Jaca basins, Clark et al. (2017) propose that the carbonate MTD/MTC towards the top of the Morillo System in the Rio Sieste (Fig. S5.1A, B) is MT-4 in the Jaca Basin, and correlate this with the MTD/MTC around the village of Castellazo (Fig. S5.2). The east-facing carbonate-dominated slopes (present co-ordinates) of the Eocene Guara carbonate platform contain abundant carbonate-clast rich cohesive-flow deposits and sediment slides (MTDs) onlapping the carbonate environments on what was the growing Boltaña Anticline. Seismic from many continental margins where cohesive-flow deposits and sediment slides (MTDs) are common show discrete offset stacked deposits that in the rock record can easily be [mis]interpreted as a single event (e.g., figs 1b and 2 in Elverhøi et al. 1997). Given the spatial complexity, and lateral thickness variations of MTDs, and the inherent problems of correlation in the locally tectonically highly deformed Jaca Basin, we remain skeptical that these are reliable correlative horizons over many tens of km.

The Castellazo MTDs (Fig. S5.2), although below the Guaso System, may have been deposited several million years earlier, and be stratigraphically equivalent to much older sandy systems in both the Ainsa and Jaca basins. It seems likely that the MTDs on the submarine flanks of the growing Boltaña Anticline not only represent multiple redeposition events, but also underwent repeated episodes of failure so that they record considerable time periods.

Without very detailed biostratigraphy (that to the best of our knowledge has not been undertaken), some of the very thin-bedded silty mudstones and mudstones/marlstones may have accumulated on the growing anticline at times equivalent to any of the pre-Guaso sandy systems, e.g., earlier than the Morillo System.

We believe that the presence of many MTDs/MTCs in the Ainsa Basin, including those characterised by carbonate clasts, make correlations across the Boltaña Anticline difficult.
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Figure S5.1 (A) General view (with ~35 cm high rucksack), and (B) close-up (with ~ 10 cm long compass-clinometer) of MTD comprising exclusively redeposited carbonate clasts in a carbonate matrix from the youngest part the Morillo System, Rio Sieste. Clark et al. (2017) propose that this MTD is stratigraphically equivalent to MT4 in the Jaca Basin. These cohesive-flow deposits may have accumulated from several discrete failure events on the eastern flanks of the growing Boltaña Anticline. See figs 5 and 17 in Bayliss and Pickering (2015b) for sedimentary log through this ~10.5 m thick carbonate MTD in the Morillo III Fan, and the interpreted source as directly off the flanks of the growing Boltaña Anticline.
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Figure S5.2 Middle Eocene submarine slope deposits on the eastern side of the Boltaña Anticline. These outcrops show multiple carbonate cohesive-flow deposits and sediment slides (MTDs) with onlapping relationships onto the carbonate environments of the growing Boltaña Anticline (to left and behind the field of view). Some of these deposits are shown labelled "MTD". Note that these MTDs range from chaotic with large limestone blocks (cohesive-flow deposits such as debrites), whilst others are quasi-continuous layers of partially disrupted beds, interpreted as sediment slides. The age dating of these deposits within the Lutetian remains unresolved.

