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Abstract To understand basal-accretion dynamics in subduction zones and forearc crustal
response, it is crucial to constrain the timing of slicing events forming high pressure-low temperature
accretionary duplexes. This, the second of two companion papers in this issue of Tektonika,
investigates the pressure-temperature-time history of tectono-metamorphic units in the paleo-duplex
of western Crete, accreted along the Hellenic subduction zone during the late Oligocene-Miocene.
Petrological characterization, thermodynamic modeling and a data review reveal peak metamorphic
conditions evolving from 17-18 kbar and 410-430 °C to 7-8.5 kbar and 310-360 °C from top to base of
the nappe stack. These results suggest a decrease in basal-accretion depth from 55-60 km to 25-30 km,
likely linked to an increase in the subduction-related geothermal gradient. New Rb/Sr multi-mineral
ages show a consistent decrease toward the base of the duplex, except for the lowermost Plattenkalk
Unit. These ages, along with the down-stepping of peak conditions, reveal two slicing episodes
between ~26 Ma and ~15 Ma, and likely three additional events from the late Oligocene to middle
Miocene. (U-Th-Sm)/He thermochronology on zircon indicates rapid exhumation during the middle
Miocene, with rates of ~3-11 mm/yr, decreasing to ~2-4 mm/yr at shallow levels. These successive
accretion-then-exhumation episodes were driven by the accelerating southward retreat of the Hellenic
subduction, enhanced by slab tearing from ~15 Ma, contributing to the geothermal gradient increase.
This study further suggests a sequence of ~2-3-Myr-long deep slicing events, providing a critical
timescale for monitoring the tectonic and topographic signatures of deep mass fluxes along active
margins worldwide. It also supports ongoing basal-accretion events beneath Crete, contributing to
the island’s emergence.

1 Introduction light on the spatial extent and the recurrence time of
these mass fluxes and therefore on their tectonic and
Geometry and deformation monitored along active topographic signature in the overriding forearc crust.

forearc margins are significantly controlled by tectonic ) ) )
mass transfers that occur at >20-km depth along In two companion papers published together in
subduction interfaces (von Huene and Scholl, 1991; this Tektonika issue, we report a multi-disciplinary

Gutscher et al., 1996; Clift and Vannucchi, 2004; study to unravel the tectono-metamorphic evolution

Noda, 2016; Menant et al., 2020). Key insights on of the paleo-accretionary duplex exposed in western
Crete (Greece; Figure 1) (Creutzburg and Seidel,

1975; Seidel et al., 1982; Fuassoulas et al., 1994;
Jolivet et al., 1994, 1996; Papanikolaou and Vassilakis,
2010). In the first contribution (Menant et al.,
2026, this issue), we discussed the 3D crustal-scale
geometry and thermal architecture of the high
pressure-low temperature (HP-LT) metamorphic stack
based on new field observations, structural analysis

the dynamics of these deep processes, and notably
on basal-accretion events suspected along many active
subduction zones worldwide (Scholl, 2021), can be
obtained by studying the pressure-temperature-time
(P-T-t) history of now-exhumed accretionary duplexes in
which each coherent tectono-metamorphic unit witnesses
a distinct slicing event. Such investigations may shed
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Figure 1 — (0) Geological and petrological map of western Crete compiled from 0000000000 OO0 000001 (1975), 000000000
00 010 (2013), 00000 00 00 (2018) and this study. Location of HO-LO index minerals is based on macroscopic and microscopic
observations. () Compilation of O-00 paths for the Phyllite-Quartzite 001l Unit in Crete and south Peloponnese (OI007 00 000,

1992; 00000 00 001, 1996, 2010; OOO0O0 OO0 01, 2025).

and Raman spectrometry on carbonaceous material
(RSCM) geothermometry. Five tectono-metamorphic
units bounded by major shear zones and characterized
by a distinct thermal signature have thus been identified.
The units form a dome-like structure topped by several
low-angle normal fault zones (i.e., the detachments),
with a dominant top-to-the-north kinematics, that
accommodated a N-S-directed bivergent extension later
evolving in an E-W-directed trench-parallel extension.

This second contribution provides new petrological
observations, thermodynamic modeling results, Rb/Sr
multi-mineral — geochronology and  (U-Th-Sm)/He
thermochronology on zircon in order to reconstruct
the journeys of several metamorphic units from the
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subduction interface to the shallow forearc crust.
Distinct ages for the HP-LT peak metamorphic event
and the subsequent retrogression stage for several
accreted units show that slicing episodes along the
Hellenic subduction zone were separated by a few Myr
during the late Oligocene to middle Miocene, before
the whole nappe stack was rapidly exhumed to the
surface. These results (i) demonstrate the high rate of
syn-orogenic exhumation during fast slab roll-back and
(ii) provide important time constraints regarding the
recurrence interval of basal-accretion events and the
associated tectonic and topographic signals that can be
monitored at active margins worldwide.
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