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Mass-transport deposits (MTDs), olistostromes and related soft-
sediment deformation structures represent significant components of
the geological architecture of both modern and ancient continental
margins, including active, passive and hybrid margin types (Dilek and
Rowland, 1993; Stoker et al., 1998; Dilek and Robinson, 2003;
Lamarche et al., 2008; Madon, 2010; Ratzov et al., 2010; Anma et al.,
2011; Pini et al., 2012; Festa et al., 2013), and are commonly associated
with earthquakes and tsunamis (e.g., Tappin et al., 2008). These tsuna-
mic events adversely affected the human populations, engineering in-
frastructures and global economy, and inflicted severe and locally
irrecoverable damages on the coastal ecosystems (e.g., Yamada et al.,
2012 and references therein).

Improving our understanding of the mechanisms and processes of
slope failure andMTDdevelopment, their spatial and temporal relation-
ships with seismic events, and the dynamic equilibrium of active, pas-
sive and hybrid continental margins is one of the most urgent and
challenging tasks faced by modern Earth science. To that end, a key ap-
proach to increase our scientific knowledge on these topics of both great
scientific and societal importance is a comparative analysis of modern
and ancient examples of MTDs, chaotic rock bodies and olistostromes
(sensu Flores, 1955 or “sedimentary mélanges” sensu Bettelli and
Panini, 1985; Festa et al., 2012), and the processes of their formation.

Interdisciplinary investigations in the last 30 years of modern pas-
sive and active continental margins through 3D-seismic reflection,
multibeam sonar and submersible studies (including drilling, coring
and in situ sampling) and analogue modeling played a major role in
our comprehension of the mode, nature and scale of the formation of
modern submarine MTDs with respect to their causative events. On
the other hand, on-land studies of exhumed, ancient MTDs (or
olistostromes) have provided useful information on their internal struc-
ture and stratigraphy at scales (meters to hundreds of meter) that are
commonly difficult to obtain through marine studies mainly because
of poor acoustic transparency below the standard seismic resolution.
Hence, studies of modern and ancient MTDs/olistostromes are highly
complementary and essential.

Olistostromes represent, in fact, excellent fossil examples of modern
submarine MTDs (see Pini et al., 2012), produced by different types of
gravity–mass movements, such-as block slides, debris avalanches and
debris flow, and hyperconcentrated flows (Lucente and Pini, 2008). Re-
cent studies of some large-scale chaotic bodies exposed on land that
originated by en-mass gravitational processes, including olistostromes
and sedimentary mélanges (see, e.g., Alonso et al., 2006; Callot et al.,
2008; Burg et al., 2008; Lucente and Pini, 2008; Camerlenghi and Pini,
2009; Festa et al., 2010, 2012; Remitti et al., 2011; Wakabayashi and
Dilek, 2011; Codegone et al., 2012a, 2012b; Dilek et al., 2012; Pini
et al., 2012), have shown that these fossil MTDs are comparable in size
and style to some of the largest modern submarine landslides docu-
mented in the literature. Comparison of modern (offshore) and ancient
(on-land) examples of MTDs is thus fundamental not only to better un-
derstand their formation, but also to develop more effective counter-
measures to mitigate their tremendous humanitarian and economic
impact.

This Special Issue has emanated from two successful scientific ses-
sions on the occurrence of modern and ancient MTDs, olistostromes
and mélange formation, and related natural hazards that we convened
at the American Geophysical Union Fall Meeting in San Francisco, Cali-
fornia, in December 2011, and at the International Association of Sedi-
mentologists (IAS) meeting in Schladming (Austria), in September
2012. The papers in this Special Issue present the most up-to-date ob-
servations and interpretations from a series of case studies on MTDs,
olistostromes and related soft-sediment deformation structures. The
geographic distribution of these examples is shown in Fig. 1. The papers
include field-based structural, sedimentological, geophysical, deep-
ocean drilling, and submersible studies of different modern and ancient
continental margins. We thankMarine Geology for relaxing their policy
on not publishing papers on rocks outcropping on land, so that this Spe-
cial Issue can examine the relationship between the terrestrial and ma-
rine examples.

We have organized the papers in this Special Issue in two sections on
modern (offshore) and ancient (on-land) MTDs and different processes
of their formation. The first part includes four papers documenting
some modern examples of MTDs, their internal structures, processes
and mechanisms of their emplacement, and their role in triggering tsu-
nami. The second part includes five case studies of ancient, on-land ex-
amples of MTDs (or olistostromes), which are closely comparable in

Marine Geology 356 (2014) 1–4

E-mail addresses: andrea.festa@unito.it (A. Festa), dileky@miamioh.edu (Y. Dilek),
Hans-Juergen.Gawlick@unileoben.ac.at (H.-J. Gawlick), sigrid.missoni@unileoben.ac.at
(S. Missoni).

http://dx.doi.org/10.1016/j.margeo.2014.09.001
0025-3227/© 2014 Published by Elsevier B.V.

Contents lists available at ScienceDirect

Marine Geology

j ourna l homepage: www.e lsev ie r .com/ locate /margeo

http://crossmark.crossref.org/dialog/?doi=10.1016/j.margeo.2014.09.001&domain=pdf
http://dx.doi.org/10.1016/j.margeo.2014.09.001
mailto:andrea.festa@unito.it
mailto:dileky@miamioh.edu
mailto:Hans-Juergen.Gawlick@unileoben.ac.at
mailto:sigrid.missoni@unileoben.ac.at
http://dx.doi.org/10.1016/j.margeo.2014.09.001
http://www.sciencedirect.com/science/journal/00253227
www.elsevier.com/locate/margeo


terms of size, mechanisms of formation, and spatial and temporal rela-
tionships with the local tectonics, to those described in the first part.

Part I: modern (offshore) examples of MTDs and associated natural
hazards

The four papers in this section provide excellent examples of MTD
studies in different tectonic settings, and show the important role
played by tectonics in triggering modern MTDs and tsunami.

Alves et al. (2014-this volume) describe a submarine channel system
and basal ramps of a Quaternary mass-transport deposit (MTD) in the
Nankai accretionary wedge and document the role played by thrust
faulting in its formation. They show that the geometrical character of
the MTD contrasts with that commonly documented from frontally-
emerged submarine landslides. Oblique basal ramps form significant
boundaries betweenMTDs that developed channel systems, controlling
the transport direction of the studied MTD. This direction deviates 30°–
45° from the general attitude of the fault scarps and ramps and the asso-
ciated folds. The channel systems can erode the upper continental slope
and carry significant volumes of sediments to distal parts of the accre-
tionary wedge in periods of more intense thrust-wedge deformation
with respect to those predicted by models.

Novak et al. (2014-this volume) report the magnetic fabric analyses
(i.e., anisotropy of magnetic susceptibility— AMS) of sub-units of MTDs
in the same section of the Nankai accretionary wedge described by
Alves et al. (2014-this volume) They provide new insight into the
paleoccurent direction and depositional processes, showing that the
magnetic fabric analyses are useful in identifying sediment disturbance
and direction ofmovement at the time of emplacement. They show that
sedimentary deposits that are unaffected by MTDs record episodic
changes in paleocurrent direction and different types of sedimentologi-
cal processes (i.e., slope gravity, viscous suspension, grain collision, etc.).

Rovere et al. (2014-this volume) describe the geomorphometry of a
submarine mass-transport complex and its relationships with active
faults in a rapidly uplifting margin in the Gioia Basin area facing the
Costanea Ridge (NE Sicily, Italy). They document, through new high-
resolution swath bathymetry and seismic data, the headwall areas of
the frontally-confined Villafranca slide and its debris flow lobes, and
the presence of seafloor fluid escapes (pockmarks) in the Acquarone
Ridge. They show the rectilinear trend of the main headwall scarps
exploiting the pre-existing normal faults during the episodes of acceler-
ated uplift.

Kawamura et al. (2014-this volume) discuss and review some case
studies of modern and historical submarine landslides in active conti-
nental margins that may have played a major role in tsunami genera-
tion. They argue that the triggering mechanism of these landslides
appears to be related to the nature and location of the active faults
and related seismic events, and to the properties of sediments prior to
slope failure. They show that large tsunamigenic submarine landslides
commonly occur on non-accretionary continental margins, and outline
the possible implications of their results for the existing tsunami warn-
ing system in Japan.

Part II: ancient (exhumed) examples of MTDs, olistostromes and
soft-sediment deformation

Thefive papers in this section document different examples of basin-
wide MTDs, involving the entire spectra of mass-transport processes
(e.g., sliding, slumping, debris flow and avalanches) and various types
of soft-sediment deformation structures extending over large regions
(up to 9000 km2).

Ogata et al. (2012, 2014-this volume-a, this volume-b) present an in-
tegrated outcrop-geophysical study of two comparable examples of
MTDs, the exhumed Specchio unit in the Northern Apennines (Italy)
and the Holocene Poverty unit in the Hikurangi margin (New

Fig. 1.World map showing the lithospheric plates, their boundaries, and the case studies of mass-transport deposits (MTDs) covered by the papers in this Special Issue.
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