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Mélanges occur extensively in accretionary and collisional orogenic belts around the world, and
represent disrupted and chaotic units including sedimentary, magmatic and metamorphic rocks (commonly
as exotic blocks) mixed by stratal disruption and tectonic, diapiric and/or sedimentary processes (Cowan,
1985; Festa et al., 2010; Horton and Rast, 1989; Hsü, 1968; Raymond, 1984; Silver and Beutner, 1980).
Although numerous papers and books have been published onmélanges, the definition and the geological
significance of mélanges are still a matter of debate and controversy. The mechanisms that are responsible
for the formation of mélanges may occur in a range of geological environments from the shallowest
geosphere to significant crustal depths, associated with subduction zone tectonics, en-mass sedimentary
processes, slope tectonics, in situ fluidization and mud diapirism, strike-slip tectonics, or due to the interplay
of some of these processes (Barber and Brown, 1988; Cloos and Shreve, 1988a,b; Festa, 2011; Festa et al.,
2010; Harris et al., 1998; Huang et al., 2008; Maltman and Bolton, 2003; Marroni and Pandolfi, 2001;
Meschede et al., 1999; Naylor, 1982; Osozawa et al., 2011; Pini et al., 2012; Swarbick and Naylor, 1980;
Wakabayashi and Dilek, 2011; Yamamoto et al., 2012).
Although mélanges may characterize diverse geodynamic environments of formation, they are
commonly associated with subduction of oceanic lithosphere, collisional events (arc-continent and
continentcontinent), and intra-continental deformation including rifting and passive margin evolution
(Alonso et al., 2008; Dilek, 2006; Festa et al., 2010). Hence, mélanges are cogenetic with emplacement of
ophiolites, advancement of thrust and nappe sheets, evolution of foreland basins, formation of submarine
landslides (olistostromes) and seismic events (Festa et al., 2010). Mélange formation is also involved in the
mechanical stability of accretionary and orogenic wedges, and in the redistribution of earth materials through
the processes of offscraping, underplating, mass-transport movements, subduction channel flow, and mud
diapirism (Ogawa, 1998; Shreve and Cloos, 1986; Vannucchi and Bettelli, 2002; Von Huene et al., 2004).
Therefore, mélanges and mélange-forming processes are intimately linked with tectonics and tectonically
induced geological processes in crustal evolution, and they constitute a significant component of the Earth
history. Hence, further systematic and process-oriented, inter-disciplinary studies of mélanges should
provide much-needed information about orogenic processes and crustal growth. Furthermore, the results of
thesemélange studies should also bemost insightful for the recognition of these chaotic rock bodies in the
Precambrian greenstone belts (Dilek and Ahmed, 2003; Dilek and Polat, 2008; Polat et al., 2008).
This Special Issue is a result of series of scientific sessions onmélanges that we convened at the
GSA Global Meeting, TECTONIC CROSSROADS, held in Ankara, Turkey in October 2010, the European
Geosciences Union General Assembly in Vienna, Austria in May 2010, and the American Geophysical
Union Fall Meeting in San Francisco, California, in December 2011. The papers in this Special Issue present
the most up-to-date observations and interpretations on various mélange types and mélange forming
processes from around the world. The geographic locations of the mélanges covered in this Special Issue are
shown in Fig. 1. This Special Issue makes a significant contribution to the mélange concept, streamlines the
definitions and classifications ofmélanges and broken formations, and provides a rich archive of welldocumented mélange occurrences from diverse geological environments. We have organized the papers in
this Special Issue in six sections, presenting some case studies of various mélange types and different
processes of their formation. It is important to note, however, that there are obviously some overlaps among
these sections in terms of the mélange types and the related processes described. The first part contains a lead
paper providing a new classification of mélanges and broken formations. The next section includes five
papers that document the internal structure of the Shimanto accretionary complex and different fabric
elements, physical properties and tectonic evolution of various mélange types in this classical accretionary
complex. The following part comprises five papers involving mélanges that experienced high-pressure
metamorphism and deformation in ancient subduction zones; the special focus here is placed on the
Franciscan Complex of California. The next section contains five papers that emphasize the significance of
sedimentary and diapiric processes in mélange formation.
Olistostromal mélanges and the processes involved in their formation make up the topic of Part V.
The last section contains four papers documenting different case studies of ophiolitic mélanges and the
significance of these mélanges for the tectonic construction of the orogenic belts involved.
We thank the contributors to this Special Issue for their time and effort, and express our sincere
gratitude to a large number of scientists who provided valuable and timely reviews of the papers in it. We
also extend our thanks to the Editor-in-Chief, Dr. Fabrizio Storti, for his editorial help and guidance during
the preparation of this special issue, and to the Elsevier staff in the Tectonophysics journal office.

1. Part-I: new classification of mélanges and broken formations
The term mélange and the mélange concept have evolved significantly since the first use of this
term by Edmund Greenly for the Gwna Group of the Mona Complex in Anglesey in North Wales (Greenly,
1919). How mélanges form is still a lively topic of discussion. Thus, a contemporary approach, scrutinizing
the historical account of the definition of mélanges and interpreting the mélange terminology is a timely
effort. To this end, Festa et al. present a redefinition of mélanges and broken formations and discuss the main
mechanisms and processes of stratal disruption and mixing in their development. The authors argue that
structures and processes occurring during the generation of mélanges
and broken formations follow a continuum that is controlled, at shallow structural levels, by the
increase of the degree of consolidation with burial. With the downward increase of consolidation at depth,
the deformation related to tectonic forces becomes gradually more significant. Tectonic events represent the
most prominent triggering mechanism inducing, directly or indirectly, different processes of stratal
disruption and mixing that produce a broad spectrum of chaotic rock bodies. The authors show that the
superposition of different mechanisms and processes of disruption and mixing of rocks in some tectonic
settings may lead to reworking of existingmélange products and to the formation of polygenetic mélange
types.

2. Part II: Shimanto Accretionary Complex, SW Japan
The Cretaceous–Miocene Shimanto accretionary complex occurs extensively in SWand Central
Japan, extending from the Boso Peninsula in Kanto to the Nansei Islands, over 1800 km in length and 100
km in width (Underwood, 1993; Hara and Kimura, 2008). It is, therefore, a major component of the
accretionary history and crustal growth of Japan. The five papers in this section involve various aspects of
mélange forming processes during the development of the Shimanto accretionary complex in southwestern
Japan. Kimura et al. describe the internal structure of the latest Cretaceous Mugi mélange in the Shimanto
Belt that records plate-boundary processes at or near the up-dip limit of the seismogenic zone at several
kilometers depth. These authors show that the Mugi mélange initially formed at temperatures of 130–200 °C

by cataclastic deformation and tensile cracking of sandstone layers, and by plastic deformation of the
dehydrated clayey-shale matrix. Subsequent peeling off and underplating of the downgoing oceanic
basement made a pile of thrust sheets producing a tectonic mélange. A pseudotachylyte outcrop occurs along
the roof thrust of the Mugi mélange, whereas a fluidized ultracataclasite showing evidence of heating occurs
at the interface between the subducting oceanic slab and the mélange. The significance of these observations
is that the mélange itself represents a “fault rock” along a convergent plate boundary displaying a record of
various types of paleo-earthquakes in a subduction zone setting.
Kitamura and Kimura examine the internal structure of three mélange occurrences in the Shimanto
Belt and evaluate the record of their progressive deformation processes with subduction within a
seismogenic zone. The authors document the deformation structures in sandstone blocks and the strain
history of the shale matrix of these mélanges, and discuss the nature of deformation partition through space
and time in the seismogenic zone. They, then, discuss the spatiotemporal relationships between tectonic
mélange formation and interseismic processes of mega earthquake occurrences.
Tokiwa and Yamamoto report the magnetic fabrics of a tectonic mélange in the Miyama Formation
of the Shimanto Belt, and correlate the obtained data with the shear directions estimated from traditional
measurements of P–Y intersections in the mélange. The authors show that the maximum magnetic
susceptibility (Kmax) axes are commonly oriented parallel to the direction of shear on the shear planes or
parallel to the P–Y intersections, thus providing a significant tool for determining shear directions in
mélanges. In both the cases, minimum magnetic susceptibility (Kmin) axes are oriented perpendicular to
mélange foliation. This observation in turn suggests that the restored shear direction deduced from
anisotropy of magnetic susceptibility (AMS) data can be used effectively to decipher the kinematics of
ancient plate motions at convergent boundaries.
Yamamoto et al. present a series of fabric-based criteria to distinguish between tectonic and
sedimentary mélanges with examples from the Shimanto Belt exposed in the Yakushima Island, SW Japan.
They show that sedimentary mélanges are characterized by fabric elements that were a result of compaction
and diagenesis, and that the patterns of magnetic ellipsoids obtained from such mélanges represent a
cleavage/bedding-parallel magnetic foliation. The AMS data obtained from tectonic mélanges and duplex
structures show a less intense magnetic foliation compared to those from sedimentary mélanges, with the
maximum magnetic susceptibility (Kmax) axes oriented parallel to the intersection between S- and C-planes
and to the long axis of pencil cleavage. These features may provide significant tools in mélange studies and
in differentiating progressive stages of mélange formation during the overall history of sediment deposition,
burial, accretion, and uplift in accretionary complexes.
Wakita documents some of the mappable features of mélanges in the Jurassic accretionary
complexes of the Mino and Chichibu terrains in Southwest Japan, and shows that these structures formed as
a result of submarine sliding, diapirism, and tectonic shearing along decollement, offscraping, underplating,
and/or out-of-sequence thrust planes. One common aspect of the mélanges examined in this paper is that they
all consist of sandstone, conglomerate, mudstone, siliceous shale, chert, limestone and basalt that collectively
form a single lithostratigraphic succession representing an Ocean Plate Stratigraphy.

3. Part III: mélanges with high pressure overprint
Mélanges containing high-pressure (an in some cases ultra highpressure) rocks and occurring in
accretionary complexes provide significant information about the mechanisms of these rocks and their PTt
paths in subduction channels (Cloos, 1982; Federico et al., 2007; Gerya et al., 2002; Hermann et al., 2000).
This section includes five papers involving mélanges displaying structural and petrological evidence for
high-pressure metamorphism and deformation in ancient subduction zones. A particular emphasize is given
to the Franciscan Complex of California as an archetype accretionary complex in the world. Grigull et al. in
the first paper evaluate the effect of block volume fraction and block size frequency on the bulk rheology of
a block-in-matrix structure in high-pressure/low-temperature mélange types, specifically the Franciscan
Complex (California), the Rio San Juan Complex (Dominican Republic), and the Diahot Unit
(NewCaledonia). The authors use microscopic observations to show that dissolution–precipitation creep is
the predominant deformation mechanism in the HP–LT matrix rocks, and they infer that the matrix can be
approached as a linear viscous Newtonian fluid. Their modeling suggests that deformation may be entirely
taken up by the matrix while blocks remain floating without significant further deformation, likely to be
reminiscent of –as a first approximation–the interior of a subduction channel at depth.

Malatesta et al. report that the Voltri Massif in the Ligurian–Piemontese Units of the Western Alps,
Italy, contains serpentinites and metasedimentary rocks enclosing variably deformed lenses of metagabbro,
metabasite and peridotite rocks. All these mafic–ultramafic rocks display mineral and textural evidence for
heterogeneousmetamorphic peak conditions, ranging fromeclogite to blueschist facies, characteristic of
different depths during the Alpine subduction. The authors show that there exists a strong strain partitioning
between the highly deformed matrix (serpentinite and metasedimentary rocks) and the more competent
blocks of varying sizes (e.g. metagabbro and metaperidotite), suggesting that the Voltri Massif rocks were
probably exhumed inside a serpentinite-subduction channel. Serpentinites might have enhanced the
exhumation of HP-rocks by lowering the bulk density of subducted material and by establishing a lowviscosity channel between the lower and upper plates.
Hitz and Wakabayashi document the occurrence of an unmetamorphosed sedimentary mélange
developed in a nascent forearc basin setting in the San Francisco Bay region of coastal California. They
demonstrate that the mélange contains blocks of high-pressure metamorphic rocks derived from the
Franciscan subduction complex as well as blocks of the Great Valley Group forearc basin strata and the
Coast Range Ophiolite in a matrix composed of foliated shale and serpentinite. They argue that the
exhumation and deposition of Franciscan blocks in the nascent forearcmélange predates the accretion of
similar materials in the adjacent Franciscan Complex by at least 30 m.y., suggesting subduction erosion of
the previously accreted material, or exhumation of the blocks in forearc serpentinite–shale diapirs.
Wassmann and Stöckhert examine the microstructural record of a highly deformed, schistose and
foliated, compositionally heterogeneous jadeite blueschist, belonging to the Franciscan Complex exposed on
Angel Island. They argue that this rock provides significant insights into the mechanisms of deformation
localized in thematrix of a tectonic mélange, specifically the contribution of crystalline plasticity versus
dissolution and precipitation on grain scale, and the role of fracturing and vein formation. Because the jadeite
blueschist was exhumed from depths of >30–45 km without any subsequent deformation overprint, the
authors infer that the block-in-matrix structure in the mélange of the Franciscan Complex may reflect the
properties and processes in a deep subduction channel, allowing us to estimate the flow stress and
rheological behavior along the plate interface at depth.
Ukar presents a tectonic model for the origin, metamorphism, and exhumation of high-P rocks as
blocks in a shale matrix in the Central Belt of the Franciscan Complex. She suggests that the blocks
embedded in the shale-matrix were once part of a coherent terrane accreted at the base of the North
American plate. During the initial stages of Franciscan subduction, part of the volcanic sequence and
overlying sediments were under-plated at the bottom of the overriding plate and were metamorphosed under
high-P conditions. Shallowing of the subducting Farallon plate around 80 Ma resulted in the exhumation of
the HP rocks and in the extensional thinning of the leading edge of the hangingwall. Blocks of blueschist
rockswere then plucked fromthe bottomof the overriding plate and incorporated into the subduction channel
shear zone, in which they were extended, boudinaged, metasomatically altered, and cataclastically deformed
during their uplift to the surface. Ukar proposes that this exhumation process was facilitated by gravitydriven, seaward-oriented extensional thinning of the forearc prism, caused by a decrease in the dip angle of
the subducting slab that began ~80 Ma.

4. Part IV: sedimentary and diapiric processes in mélange formation
Chaotic tectonostratigraphic units in some orogenic wedges containrock blocks of various size,
origin, age, and lithology commonly embedded in a sedimentary matrix by sedimentary and/or diapiric
processes. These deposits undergo continuous deformation during the wedge growth and hence keep an
intact structural record of the dynamic evolution of a wedge. This section includes five papers on different
examples of sedimentary and diapiric mélanges and related processes involved in their formation in
accretionary wedges. In the first paper, Codegone et al. report on the occurrence of small-scale polygenetic
mélanges in the Ligurian accretionary complex in the Northern Apennines of Italy, and discuss the role of
shale diapirism in superposed mélange evolution in orogenic belts. They show, based on detailed, thematic
mapping of the stratigraphy and structures, that the Argillevaricolori (Varicolored scaly clays) of the
External Ligurian Units contain diverse types of small-scale mélanges forming a composite chaotic unit, in
which the complex interplay of tectonic, sedimentary and diapiric processes produced polygenetic mélanges.
The internal structure and spatial-temporal relationships of these mélanges display a record of the
progressive evolution of the Ligurian accretionary wedge from subduction to collision and intra-continental
deformation.

Ogata et al. report on case studies of mass transport-related disruption processes and their artifacts
within sedimentary mélanges from the early Oligocene wedge-top deposits in the northern Apennines (Italy)
and the Eocene foredeep carbonate megabreccias from the southcentral Pyrenees (Spain). These mass
transport deposits have an unsorted, strongly mixed, and relatively fine-grained clastic matrix, infilling the
space between large clasts and blocks. The matrix displays either simple shear related structures or a
massive, homogeneous fabric, both likely related to liquefaction/fluidization processes. The down-slope
movement during mass transport is accompanied by the development of ductile, overpressured shear zones,
both internally and along the basal decollement. This matrix signature hence represents a significant feature
to distinguish sedimentary and tectonic mélanges within accretionary complexes.
Perotti et al. present a case study of an Eocene sedimentary mélange occurring in the Provençal
Dauphinois Domain in the Western Ligurian Alps. The mélange consists of debris flow paraconglomerates,
breccias, and up to km-size megablocks that are interbedded with fine-grained turbiditic rocks. The authors
argue that extensive, syn-depositional transcurrent faulting during the late Eocene and early Oligocene in the
Dauphinois domain of the Alpine foreland basin was responsible for triggering mass gravity flows as well as
exposing/exhuming older rocks around and across the basin. Fluid expulsion, mass wasting, and burial
compaction were other significant processes that controlled the sedimentary mélange formation in the area.
Codegone et al. document that the Hamburg Klippe exposed in the Central Appalachian orogenic
belt in eastern Pennsylvania displays a complex record of poly-phase mélange and broken formation
development in a convergent margin setting. The mélanges they have differentiated display a complete
record of subduction to collision tectonics, and the main processes that strongly controlled their formation
include the degree of consolidation of the layered strata and their rheological differences, the structural level
of mélange formation within an accretionary wedge, and the kinematics of deformational processes.
Wakabayashi presents a complex record of burial-exhumation cycles of sedimentary serpentinite
mélanges from the Franciscan Complex in California and reports exhumation rates ranging from 1.2 mm/yr
to 10 mm/yr. The oldest Franciscan serpentinite mélanges appear to be ~35 m.y. younger than sedimentary
serpentinites of the overlying Great Valley Group (GVG) forearc basin deposits. Subduction erosion may
have facilitated reworking of forearc sedimentary serpentinite deposits into the trench. The occurrence of
multiple burial exhumation cycles in the Franciscan Complex indicates the significance of reworking of
subduction complex material at convergent margins.

5. Part V: olistostromal mélanges
The term olistostrome describes a sedimentary deposit comprised of a chaotic mass of rock blocks
and mud, put together by gravity mass flows of unconsolidated sediments in submarine environments
(Abbate et al., 1981; Lucente and Pini, 2003). These deposits accumulate in a semifluid condition and hence
generally lack bedding structures. Olistostromes and olistostromal mélanges generally form in seismically
active geological settings where the formation of submarine slides, rock falls, debris flows and in situ
liquefaction is common (Brandon, 1989). Pervasive stratal disruption, layer-parallel fragmentation and
intermixing of olistostromes in these types of mélanges are not tectonic in origin but owe their formation
mainly to gravitational and sedimentary processes. This section includes five papers on olistostromal
mélange occurrences in different orogenic belts, discussing their internal structure and evolution.
The paper by Cieszkowski et al. reports the olistostrome formations as sub-marine debris flow and
avalanche deposits during the evolution of the proto-Silesian and Silesian basins in the Outer West
Carpathians. Olistostrome formation here spanned multiple phases with different tectonic processes,
including an extensional tectonic regime during the late Cretaceous, a contractional regime during the late
Cretaceous through the Paleocene, and the accretionary wedge evolution during the Eocene and early
Oligocene. The authors argue that the lithological compositions and structures of olistostromal deposits can
provide significant clues about the basin margins, which may have been destroyed by subsequent orogenic
events.
Huerta et al. document, based on the results of an extensive 50,000 scale mapping project, the
distribution of mélanges and olistostromes in the Puerto Plata area in northern Dominican Republic. They
discuss the formation of these mélanges as a result of mostly sedimentary processes in subduction zone
settings and of the collisional processes between the Caribbean and North American plates during the late
Cretaceous to early Paleogene. Significant strike-slip deformation due to the ongoing oblique collision since
the early Paleogene has modified and/or obliterated the original stratigraphic and structural relationships in
the area, and hence it is difficult to reconstruct the precise tectonic history of the mélange formations.

Okay et al. present an olistostromal mélange occurrence in western Turkey that consists mainly of
gravity mass flow deposits. Significantly affected by transcurrent faulting during its formation, this mélange,
the Bornova Flysch Zone, received ophiolitic and accretionary prism material from an active collision zone
to the ESE.
Prohoroff et al. report that sandstone matrix olistostromes and sedimentary mélanges may
constitute a larger part of the Franciscan Complex than previously recognized, and that the introduction of
Franciscan exotic blocks and development of Franciscan block-in-matrix fabrics may have largely occurred
through sedimentary sliding. Their age data show that the bulk of the detrital material comprising the
olistostromal units was derived by exposure and sedimentary recycling of significantly older, previously
accreted sediments.
Ślączka et al. present a comparative study of sedimentary basin and olistolith formation in the
Polish Carpathians (late Jurassic to early Miocene) and in the Apenninic–Maghrebian mountain chain of
Sicily (Triassic–Miocene). The sedimentary basin evolution in these two regions shares a common
geological background: both basins initially developed as a result of extensional tectonics and associated
rifting of carbonate platforms. Olistolith blocks and olistostromes were derived from the rift shoulders in the
beginning and then from the intrabasinal tectonic ridges in the advanced stages of basin evolution. Basin
inversion due to compressional tectonics at the latest stage was also important in both regions for
olistostrome development.

6. Part VI: ophiolitic mélanges
Ophiolitic mélanges are spatially and temporally associated with ophiolite nappes in orogenic belts
(Dilek and Furnes, 2011; Gansser, 1974; Altunkaynak and Dilek, 2006), and may display a complex record
of the rift-drift, seafloor spreading and subduction zone tectonic evolution of the associated ophiolites (Dilek
et al., 1999, 2005, 2007; Dilek and Robinson, 2003; Dilek and Furnes, 2009). They may occur as subophiolitic or supra-ophiolitic (overlying the ophioltes) in origin, and their matrix may range in composition
from serpentinite, serpentinite mud, greywacke, turbiditic rocks, and mud-shale (Dilek and Thy, 2006;
Furnes et al., 2012; Phipps, 1984; Saleeby, 1984; Shervais et al., 2011). The final configuration and
development of the structural architecture of ophiolitic mélanges are strongly controlled by ophiolite
emplacement and collisional (arc–continent, continent–continent) processes (Dilek, 2006; Dilek and Furnes,
2011; Flower and Dilek, 2003; Furnes et al., 2012; Robertson et al., 2009). This section contains four papers
involving a wide range of age and geographic location regarding the ophiolitic mélange occurrences around
the world.
Tortorici et al. discuss the internal structure and tectonic significance of an ophiolitic mélange in
Crete as an accretionarywedge complex. The Cretan ophiolitic mélange consists of three structural units with
different metamorphic overprint: a lower unit of weakly metamorphosed rocks, a middle unit of greenschist
to HP greenschist metamorphic rocks, and an upper unit of blueschist facies metamorphic rocks. All three
units include both oceanic and continentally-derived rocks. The final stacking of these tectonic units and the
structural architecture of the Cretan mélange were strongly affected by the collision tectonics that started in
the early Middle Eocene.
Elitok examines the internal structure and geochemistry of allochthonous rock units in the Antalya
Complex exposed within the northern apex of the Isparta Angle in SW Turkey. These units include slope
basin deposits associated with the Upper Triassic alkali basalt and trachyandesite volcanic rocks, Upper
Jurassic-Lower Cretaceous tholeiitic volcanic rocks, olistostromal and sub-ophiolitic mélanges, and
peridotite slabs that are intruded by doleritic dike swarms. These rocks collectively record a rift-drift,
seafloor spreading and subduction zone tectonics of a narrow Tethyan ocean basin that opened up from south
to north, and the mélange units were stacked up during the closure of this basin and ophiolite emplacement.
El Bahariya documents different occurrences of Neoproterozoic ophiolitic mélanges in the Central
Eastern Desert of Egypt. Based on structural field observations, geochemical data, and regional tectonic
constraints, he concludes that ophiolitic rocks in these mélanges represent fragments of oceanic lithosphere
that formed in a back-arc/arc environment. These oceanic fragments were incorporated into the mélanges
through tectonic and sedimentary processes.
Zagorevski et al. present a comprehensive study of the Dunnage Mélange along the main Iapetus
suture in the Newfoundland Appalachians, and conclude that tectonic deformationwas a major component in
its genesis. The Dunnage Mélange includes a chaotic, heterogeneous assemblage of unsorted blocks
embedded in a fine-grained matrix. The authors interpret that this mélange originally formed on the

Victoria–Penobscot arc crystalline forearc basement, rather than in an arctrench gap or in a backarc setting as
previously suggested.
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