Supplementary Figure 1 — Location of geophysical data. a) Seismic reflection profiles used for
structural interpretation; b) Location of seismic reflection profiles shown in Supplementary
information.
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Supplementary Figure 2 — Migrated multichannel seismic line ETNASEIS6. This line is shown in the

manuscript in Fig. 3a. Un-interpreted seismic line (above) and its line drawing (below). Seismic line
location in Fig. 1. Yellow/brown pattern: diapiric features.
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Supplementary Figure 3 — Migrated multichannel seismic line CA-A. This line is shown in the
manuscript in Fig. 3b. Un-interpreted seismic line (above) and its line drawing (below). Seismic line
location in Fig. 1. Yellow/brown pattern: diapiric features.
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Supplementary Figure 4 — Migrated multichannel seismic line MS-26. This line is shown in the
manuscript in Fig. 3c. Un-interpreted seismic line (above) and its line drawing (below). Seismic line

location in Fig. 1. Yellow/brown pattern: diapiric features.
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Supplementary Figure 5 — Seismic reflection lines in area 1. a: Migrated MCS line MS-27. b: Sparker
line J-01. Seismic line location in Fig. 1. Yellow/brown pattern: diapiric features.
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Supplementary Figure 6 - Seismic reflection lines in area 3. a: Migrated MCS line CALA-02. b: Migrated
MCS line CA-B. Seismic lines location in Fig. 1.
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Supplementary Figure 7 - Migrated multichannel seismic line CA-C in area 4. Un-interpreted seismic
line (above) and its line drawing (below). The line drawing below 7 sec TWT was drawn thanks to
correlation with other deep penetration seismic lines. The inset highlights the geometry of the fault-
controlled diapiric feature. Seismic line location in Fig. 1. Yellow/brown pattern: diapiric features.
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Supplementary Figure 8. Gravity and magnetic models with different diapirs lithologies. a) Mud diapir (0.0
Sl and 2.2 gcm™@). Modelled gravity profile does not match the observed signal with a maximum misfit error of
about 47.1 mGal. If we assume a lower density of 1.75 to 1.92 g cm™ as in mud volcanoes of the Mediterranean
ridge ! the misfit error of the modelled gravity anomaly increases; b) Gabbroic cumulates with susceptibility
values taken from 2 (red line) and ® (blue line). The density of gabbros is well constrained in the range of 2.9 g
cm3 4 up to 2.98 g cm™ ©. Such high density values for the intrusive body in our modelling results in a gravity
anomaly not fitting the acquired data, producing a maximum discrepancy larger than 15 mGal, suggesting that
the hypothesis of an intrusive gabbroid nature is unlikely for the lonian Sea diapirs. c) Basaltic dykes: we used a
classic sequence of oceanic crust in a typical low spreading center’® where low serpentinized mantle peridotites
(0.001 Sl and 3.0 g/cm?®) are covered by gabbros (0.0017 Sl and 2.95 g cm) and basaltic dikes swarm (0.005 S|
and 2.85 g cm3). Both magnetic and gravity calculated profiles differ from those observed with a maximum misfit

error of 9.8 mGal and 98 nT, respectively. The hypothesis of an intrusive ensemble made of gabbro and basaltic
dikes appears to be unlikely.
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Supplementary Figure 9 - Location of sediment cores. Core GH15-03 was collected on top of the diapir in
area 2, while core CQ14-02 in a region not affected by diapirism (see red squares in the multibeam map with
superposed magnetic gravity anomalies). The 5.5 m long sediment core GH15-3 (core b in the manuscript), was
recovered at about 2916 m water depth. The coring station is located on top of a structural high, identified by
seismic reflection data. The top of this diapiric structure is close to but does not reach the seafloor. a) and b)
Chirp profiles collected during coring operations within the rough seafloor morphology corresponding to the
Area 2 described in the manuscript. Chirp lines location in the multibeam map.
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Supplementary Figure 10 — Sediment core GH15-03. Left side: core photograph and overprinted
magnetic susceptibility in yellow. White boxes represent PW samples described in the manuscript.
Right side: zoom of core sections. The recentmost core sections (a, b, c) show undeformed, parallel-
layered sediment beds. The lower sections exhibit strong sediment reworking and disturbances, layer
discontinuity, patchy cloudy and consolidated facies®, and indications for vertical fluid conduits and
mud injections (d, e, f).
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Supplementary Figure 11 - X-ray diffraction analysis of core GH15-03. Bulk sediment sample Al has
been subsampled at the base of core GH15-03 (core photography in Supplementary Figure 10) between
529 and 530 cm. Main components are smectite (17 %), illite (24 %), chlorite (29 %), quartz (9 %),
feldspar (10 %) and calcite (11 %). Comparison of glycolized and non-glycolized diffraction patterns
confirms the occurrence of smectite and possibly of a mixed illite/smectite layer phase 1°. Interestingly
a chlorite, i.e. the Mg-rich clinochlore, was identified as the main component with (up to 29 wt.%) in
sample Al. Chlorite is often associated with serpentine and even builds mixed-layered
serpentine/chlorites'®. However, serpentine minerals (lizardite, chrisotile, antigorite) were not clearly
identified in Al diffraction pattern when using procedures described by*°. Identified chlorites could be
formed by sub-sedimentary metamorphic rock alteration and uplifted by diapiric transport or formed
by authigenic precipitation e.g. at subsea hydrothermal vent areas!!. Moreover, considering large
terrestrial metamorphic rock and serpentine deposits in the region (e.g.1>!3) a detrital source of these
clay minerals cannot be excluded.
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Supplementary Figure 12 — Comparison between sediments above the diapir (core b in the
manuscript) and a reference core in a region not affected by diapirism (core d in the manuscript). a)
The reference core CQ14-02 is characterized by alternation of pelagic sediments and turbidite beds.
Sediment layers appear to be undisturbed and continuous (insets 2, 3, 4) and the uppermost muddy
units of the turbidites show evidence of undisturbed planar millimetric laminations not affected by
sediment disruption (inset 1). b) Core GH15-03, collected in the diapiric field of area 2, shows clear

evidence of sediment layering disruption increasing towards the base of the core (Supplementary Fig.
10).
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Supplementary Figure 13 - Gravity data and OCT geometry. Distribution of Vertical Gravity Gradient
derived from satellite free air gravity data obtained during the recent CryoSat-2 and Jason-1 altimeter mission
(ver. 23.11%). VGG map in the lonian Sea shows clearly the western boundary of the subducting plate marked by
a set of vertical displacements along the Malta escarpment. Very peculiar low amplitude VGG variations not
correlated with seafloor morphology are also observed within the basin recalling the transition between oceanic
and continental domains as observed in the westernmost Herodotus basin'>. Gravity map was generated using
the GMT software .
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