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Abstract
Brecciated fabrics extensively affect the carbonate units developed during the Messinian Salinity Crisis (MSC) of the Mediterranean Sea. In
our study - a combined sedimentological, textural, and geochemical approach - we investigated the Messinian brecciated bodies in association
with some key sections, representative of different geodynamic contexts. The study areas, cropping out in the Italian Peninsula, are located: in
the Maiella foreland basin (Central Italy); in the Rossano and Crotone forearc basins (Calabrian Arc); and in the Caltanissetta foredeep basin
(Sicily). Brecciation mainly affects microbial mudstones at different stratigraphic levels and always associated with
the Messinian Erosional Surface (MES), and gypsum units to a minor extent.
From a sedimentological point of view, breccias variously consist of: patchy concretions, massive buildups and stratified thick bodies. They
consist of fabric-retentive mud breccias, devoid of gravity segregation and any preferential distribution. From a textural point of view, they
show scale- and lithology-independent patterns. Interestingly, the brecciated bodies are accompanied by fluid migration pathways occurring at
various scales of observation. These characteristics clearly point to in situ brecciation phenomena, where hydrofracturing is held responsible
for the widespread brecciation. The fluid-driven hypothesis was eventually endorsed by the 13C-depleted values (down to -43.7‰ PDB )
yielded by the carbonates, pointing to the occurrence of hydrocarbon-enriched fluids involved in authigenesis, at least to a certain extent.
In view of that, there is no evidence to consider the upper Messinian breccias as a stratigraphic unit. Because the brecciated lithofacies are
sealed by Lago-Mare deposits (late post-evaporitic), the age of this process is constrained to the early post-evaporitic phase.
By considering the different geodynamic settings of the investigated basins, we rule out a common tectonic trigger. Conversely, we suggest the
major drawdown of the Mediterranean Sea recorded by the MES as the primary trigger for fluid migration: the high depressurization
experienced by the sedimentary column after the removal of at least 1 km of water column, likely favored a catastrophic migration of

overpressured fluids from below. Similar data and interpretations, already suggested in the Tertiary Piedmont Basin, SE Spain and Northern
Morocco, point to a regional extent of the event, that conceivably occurred throughout the Western Mediterranean margins in Messinian times.
Selected References
Bertoni, C., J. Cartwright, and C. Hermanrud, 2013, Evidence for large-scale methane venting due to rapid drawdown of sea level during the
Messinian salinity crisis: Geology, v. 41, p. 371-374.
Butler, R.W.H., W. H. Lickorish, M. Grasso, H.M. Pedley, and L. Ramberti, 1995, Tectonics and sequence stratigraphy in Messinian basins,
Sicily; constraints on the initiation and termination of the Mediterranean salinity crisis: GSA Bulletin, v. 107/4, p. 425-439.
Clari, P., F. Dela Pierre, L. Martire, and S. Cavagna, 2009, The Cenozoic CH 4-derived carbonates of Monferrato (NW Italy); a solid evidence
of fluid circulation in the sedimentary column: Marine Geology, v. 265/3-4, p. 167-184.
Cosentino, D., R. Buchwaldt, G. Sampalmieri, A. Iadanza, P. Cipollari, T.F. Schildgen, L.A. Hinnov, J. Ramezani, and S.A. Bowring, 2013,
Refining the Mediterranean “Messinian gap” with high-precision U-Pb zircon geochronology, central and nothern Italy: Geology, v. 41, p. 323326.
Decima, A., J.A. McKenzie, and B.C. Schreiber, 1988, The origin of "evaporitive" limestone; an example from the Messinian of Sicity (Italy) :
Journal of Sedimentary Petrology, v. 58/2, p. 256-272.
Dela Pierre, F., L. Martire, M. Natalicchio, P. Clari, and C. Petrea, 2010, Authigenic carbonates in upper Miocene sedients of the Tertiary
Piedmont Basin (NW Italy); vestiages of an ancient gas hydrate stability zone?: GSA Bulletin, v. 122/7-8, p. 994-1010.
Guido, A., J. Jacob, P. Gautret, F. Laggoun-Defarge, A. Mastandrea, and F. Russo, 2007, Molecular fossils and other organic markers as
palaeoenvironmental indicators of the Messinian Calcare di Base Formation; normal versus stressed marine deposition (Rossano Basin,
northern Calabria, Italy): Palaeogeography Palaeoclimatology Palaeoecology, v. 255/3-4, p. 265-283.
Klapp, S.A., HG. Klein, and W.F. Kuhs, 2009, Gas hydrate crystallite size investigations with high-energy synchrotron radiation, in D. Long,
M.A. Lovell, J.G. Rees, and C.A. Rochelle, (eds.), Sediment-hosted gas hydrates ; new insights on natural and synthetic systems : Geological
Society Special Publications, v. 319, p. 161-170.
Martire, L., M. Natalicchio, C. Catalin, S. Cavagna, P. Clari, and F. Dela Pierre, 2010, Petrographic evidence of the past occurrence of gas
hydrates in the Tertiary Piedmont Basin (NW Italy), in G. Bohrmann, and B.B. Jorgensen, (eds.), Proceedings of the 9th international
conference on Gas in marine sediments : GeoMarine Letters, v. 30/3-4, p. 461-476.

Mastalerz, V., G.J. de Lange, A. Daehlmann, and T. Feseker, 2007, Active venting at the Isis mud volcano, offshore Egypt ; origin and
migration of hydrocarbons : Chemical Geology, v. 246/1-2, p. 87-106.
Mazzini, A., D. Duranti, R. Jonk, J. Parnell, B.T. Cronin, A. Hurst, and M. Quine, 2003, Paleo-carbonate seep structures above an oil reservoir,
Gryphon Field, Tertiary, North Sea, in J.M. Woodise, R.E. Garrison, J.C. Moore, and K.A. Kvenvolden, (eds.), Contributions from the
combined 7th international conference on Gas in marine sediments and the NATO advanced research workshop on Seafloor hydrocarbon
seeps: GeoMarine Letters, v. 23/3-4, p. 323-339.
Mazzini, A., R. Jonk, D. Duranti, J. Parnell, B. Cronin, and A. Hurst, 2003, Fluid escape from reservoirs; implications from cold seeps,
fractures and injected snads; Part 1, The fluid flow system, in J.M. Verweij, H. Doust, C.J. Peach, C.J. Spiers, and R.A.J. Swennen, (eds.),
Proceedings of Geofluids IV: Journal of Geochemical Exploration, v. 78-79, p. 293-296.
Pedley, H.M., and M. Grasso, 1993, Controls on faunal and sediment cyclicity within the Tripoli and Calcare di Base basins (late Miocene) of
central Sicily: Palaeogeography Palaeoclimatology Palaeoecology, v. 105/3-4, p. 337-360.
Pierre, C., and J-M. Rouchy, 2004, Isotopic compositions of diagenetic dolomites in the Tortonian marls of the western Mediterranean margins;
evidence of past gas hydrate formation and dissociation, in C.L. Zhang, and B. Lanoil, (eds.), Geomicrobiology and biogeochemistry of gas
hydrates and hydrocarbon seeps : Chemical Geology, v. 205/3-4, p. 469-484.
Roberts, H.H., 2001, Gas hydrates in a complex geologic province; northern Gulf of Mexico continental slope, in D. Vigil, (ed.), Proceedings;
Twentieth annual Gulf of Mexico information transfer meeting: OCS Report #MMS 2001-082, p. 67-81.
Rouchy, J.M., and A. Caruso, 2006, The Messinian salinity crisis in the Mediterranean basin; a reassessment of the data and an integrated
scenario, in J.M. Rouchy, J-P. Suc, J. Ferrandini, and M. Ferrandini, (eds.), The Messinian salinity crisis revisited: Sedimentary Geology, v.
188-189, p. 35-67.
Talukder, A.R., 2012, Review of submarine cold seep plumbing systems; leakage to seepage and venting: Terra Nova, v. 24/4, p. 255-272.
Tansi, C., F.Muto, S. Critelli, and G. Iovine, 2007, Neogene-Quaternary strike-slip tectonics in the central Calabrian Arc (southern Italy):
Journal of Geodynamics, v. 43/3, p. 393-414.
Website
CIESM News, 2008, New consensus on Messinain Salinity Crisis: CIESM Workshop 33. Website accessed August 9, 2013.
http://www.ciesm.org/news/ciesm/p200208.htm

Hydrocarbon-seep scenarios
in the Western Mediterranean Margin
during the Messinian Salinity Crisis:
onland case studies from the Italian Peninsula
A. Iadanza 1*, G. Sampalmieri 1, P. Cipollari1,2, D. Cosentino1,2 and Marco Mola2

1
2

Dipartimento di Scienze, Università degli Studi Roma Tre, Rome, Italy

Istituto di Geologia Ambientale e Geoingegneria, IGAG-CNR, Rome, Italy
*annalisa.iadanza@uniroma3.it

Paleo HC seeps
Submarine cold seeps refer to the seepage and venting of
fluids involving gas, water and sediments (Taludaker, 2012)
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Breccias and basal limestones
The origin of the Brecciated Limestones is controversial; they are interpreted as:
A. An autobrecciated lithofacies of the Basal Limestone, that is composed of
stromatolitic carbonates marking the onset of the crisis (McKenzie, 1985; Decima
et al., 1988; Pedley & Grasso, 1993; Guido et al., 2007)

B. Resedimented breccias related to mass-wasting processes developed in the
early post-evaporitic environment (CIESM 2008; Manzi et al., 2010)

Proposed triggers for brecciation in the Basal Limestone formation
A. doline collapse of lime mudstones during exposure to meteoric waters by dissolution of
evaporitic minerals (Pedley & Grasso, 1993 and ref. therein; Rouchy & Caruso, 2006)
IN SITU BRECCIATION

B. early erosion and sedimentation processes  mass-flow deposits (Manzi et al., 2010)
SECONDARY BRECCIATION

C. fluid-assisted brecciation (Ryan, 2009; this study)
IN SITU BRECCIATION

Sedimentological, textural and
geochemical approach (δ13C, δ18O)

 Do the Brecciated Limestones
represent the record of HC seepage?
 Trigger?
 An outcrop perspective in the study
of cold seeps

Case studies

Different geodynamic settings in Messinian times
• Maiella Basin: marginal and shallow basin belonging to the Apulian foreland domain
• Calabrian Arc : forearc basins, that experienced a middle Miocene to middle Pleistocene regional NWSE left-lateral strike-slip tectonic event (Tansi et al., 2007)
• Caltanissetta Basin: thrust-related synclines separated sub-basins of the main foredeep (Butler et al.,
1995)
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• Major brecciated buildups: beddingretentive breccias, devoid of gravity
segregation
and
any
preferential
orientation
• Minor patchy breccias and concretions
(pc) embedded in fossil barren marlypelitic host sediment (hs)

Iadanza et al., submitted
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HC-seep?

• The studied Messinian key sections in Italy show attributes of past cold
seeps: autobreccias, authigenic limestones , chimney- and pipe-like
structures, together with traces of fluid migration at different scales of
observations, are interpreted to represent the vestiges of plumbing system
and seeping features.
• The Messinian Brecciated Limestones do represent a record of seepage,
though fluids were not everywhere HC-charged (uncertainties about source).

Trigger?

Concluding Remarks (1)

• The Messinian Brecciated Limestones occur in correspondence to different
phases of the MSC  there is no evidence to consider the Messinian
breccias as a stratigraphic unit (post-depositional brecciation).
• Conversely, the age of the brecciation event is constrained to the early postevaporitic phase (Maiella area), following the major drawdown of the
Mediterranean Sea responsible for the development of the MES.
• The high depressurization experienced by the sedimentary column after the
removal of at least 1 km of water column likely favored a “sudden”
migration of overpressured fluids from below.
• Site-specific tectonic settings may have locally enhanced the process, but it
is not suggested to have acted as the main trigger.

Concluding Remarks (2)

Regional context

Bertoni et al., 2013

•

•

Fluid and gas expulsion was an important process affecting the
Mediterranean Basin during the Messinian Salinity Crisis, though with
site-specific attributes and fluid-migration focus areas being
separated by considerable distances.
In this context, it has been also suggested that gas hydrates
dissociation may have played a critical role (Pierre & Rouchy, 2004; Dela
Pierre et al., 2010; Martire et al., 2010; Lazar et al., 2012; Bertoni et al., 2013)

