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Carbonate diagenesis involves a number of important processes that affect porosity and
permeability and thus modify reservoir characteristics (Moore, 2001). Moreover, structural
deformation, fracturing and associated fluid flow are equally important for carbonate reservoir
quality. Therefore, fluid flow and its physico-chemical conditions are reconstructed through time
for the purpose of hydrocarbon and ore exploration in complex geological settings such as fold
and thrust belts (e.g. Roure et a., 2005). Relative time relations between the different diagenetic
products are deduced by field and petrographic work, based on field observations of crosscutting
relations. Geochemical analyses alow constraining the origin of fluids and the temperature at
which precipitation took place. Finaly, temperature conditions during precipitation can also be
derived from microthermometric analyses. Fluid flow through time is coupled with the kinematic
and structural evolution of the study area since most late diagenetic products are found in
syntectonic veins. In the framework of this Ph.D, the reconstruction of fluid flow in the Sicilian
fold and thrust belt is considered. 4 important stages are recognized in the structural and
kinematic evolution since the Permian (e.g. Nigro & Renda, 2002).

1) Jurassic extension and collapse of the Triassic platform carbonates during opening of the
Tethys.

2) Cretaceous inversion and uplift associated with Alpine compression.

3) Mio-Pliocene compression and formation of the Sicilian fold and thrust belt.

4) Pliocene-Recent transtension associated with opening of the Tyrrhenian Sea.

Five representative study areas were chosen where at least two of the 4 stages left traces of
structural deformation and associated fluid flow. In this way, changing tectonic regimes and fluid
flow are linked over the wider area of the Sicilian fold and thrust belt.
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Sr-isotope geochemistry is basically used for two purposes in carbonate (diagenetic) research:

1) Dating of marine carbonates and diagenetic cements precipitated from marine fluids using the
Sr-isotope variation in seawater throughout the Phanerozoic

2) Determination of the source/origin of fluids that precipitated certain diagenetic cements (X in
PVTXt-model)

8Rb is generally absent in carbonates and its radiogenic decay does not lead to enrichment of
87Sr with time. Therefore, marine carbonates rocks and cements retain their original % Sr/%°Sr over
time if not affected by recrystallization. In view of the variations of ¥Sr/%°Sr in seawater, the
87Sr/%sr provides a means to relatively date carbonates (Burke, 1982; Veizer et a., 1999;
McArthur et al., 2001).



Diagenetic cements could be derived from meteoric or marine fluids or from buria brines whose
geochemical compositions changed with time due to water-rock interactions. Sr-isotope
geochemistry is often used to constrain the origin of fluids that were involved in carbonate
diagenesis, in combination with stable isotopes. Contrary to carbon and oxygen isotopes, the
isotopic fractionation in natural processes is negligible for Sr-isotopes (Banner, 1995).
Interpretation of geochemical data to constrain the origin of fluids should always take into
account the possibility that the original geochemical signal is reset during later water-rock
interactions. Sr-isotopes are especially vauable to check if fluids have interacted with clay units.
Claysarerichin ®Rb and consequently also in ®’Sr.
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The IAS grant was used for analyses of ®Sr/®°Sr ratio of different diagenetic calcite phases from
2 different study areas in the Sicilian fold and thrust belt. Analyses were performed at the
Scottish Universities Environmental Research Center (SUERC) in East-Kilbride (UK). Main
purpose of the analyses was to better constrain the origin of fluids in the two study areas (ludica-
Scapello area and Cefau-Castelbuono). Stable oxygen and carbon isotope data already
suggested interaction with clay rock lithologies and the ®'Sr/%°Sr data allow to fully proof this
model. Finally, three samples were analysed for dating purposes.

S HXAOVIWRP , XGHD 6 FDBHMIR

In the front of the Sicilian wedge, the ludica-Scalpello unit with basinal sediments of Permian to
Pliocene age overthrust the Pliocene foredeep and the Hyblean foreland which constitutes an
important exploration region in Italy (figure 1). The structural geometry is comparable to recent
submerged accretionary wedges (e.g. Roure et a., 1990). Consequently, the ludica-Scalpello
units represent an ideal outcrop analogue to study fluid flow patterns in accretionary wedges. Up
to now, knowledge was limited to data from ODP boreholes which indicate the presence of
overpressured hot fluids that migrate along major décollement zones (Vrolijk et al., 1988).
However, cores give limited information to study fluid flow and diagenesis in over- and
underlying thrust units adequately. The ludica-Scalpello area is perfect to study the relations
between fluid flow along the décollement and the associated thrust sheets.
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Sampling and field work focused on the basal d collement and a cherty limestone unit of Triassic
age that is heavily fractured and that outcrops in both the foot- and the hanging wall of major
thrust. The tectonic m lange consists of clay with blocks-in-matrix texture. The blocks are
heavily hydrofractured. High fluid pressures are confirmed by the presence of mud vol canoes on-
and offshore in the thrust front. Finally, a number of NS-oriented strike dlip faults which are
heavily calcite mineralized cut through the study area. The faults probably accommodated the
southward migration of the sheet during thrusting and acted as main fluid conduits for the escape
of overpressured fluids from the underlying d collement.

Field and petrographic work allowed the reconstruction of the relative time relations
(paragenesis). Stable oxygen and carbon isotope data indicated that syntectonic fluids were rather
different in the tectonic m lange and the thrust sheet. Fluids in the tectonic m lange were hot and
probably derived from three sources. fluids expelled from diagenetic clay reactions, hot
metamorphic fluids and interstitial water (Larroque et al., 1996; Dewever et a., 2006). The
volumetrically most important cement type occurs late in the paragenesis. It is limited to the
hanging wall and NS faults. Vein characteristics and cement textures indicate advective fluid
flow and relatively high fluid pressures. Figure 2 shows a G20 - #'Sr/%°Sr ratio cross plot for the
different structural features in the study area. Footwall veins cluster together whereas hanging
wall veins show a spread out trend between the footwall signature and the signature from cement
in large NS faults. The G°C signatures indicate that fluids that precipitated calcite cement in the
veins of the Triassic limestone were strongly host-rock buffered.
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The fluid flow model shown in figure 3 agrees with al of the observations. Fluids in the tectonic
m lange were derived from clay diagenetic reactions. They were probably mixed with hot
metamorphic fluids and possibly also with marine interstitial fluids. During incipient stages of



deformation (e.g. folding), fluids in the Triassic rocks were host-rock buffered and probably at
dlightly elevated temperatures. Fluid flow conditions were closed at that time. During consequent
thrusting and breakthrough of the duplex anticline, overpressured fluid from the m lange
migrated upward in the hanging wall of the thrust. Flow of overpressured m lange fluids was
focused along main structural lineaments. Overpressure conditions caused hydrofracturing of
overlying rocks in the hanging wall of the thrust and fluids mixed with local host-rock buffered
fluids.
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The second study area is located in Central northern Sicily where the Panormide domain is
thrusted over the Imerese domain (Catalano et a., 1996). In Cefalu and Castelbuono, Upper
Cretaceous rudist limestones crop out and are conformably covered by thick series of Late
Oligocene Numidian flysch (up to 3 km thick). The limestones are characterized by an extensive
karst network that is partly filled with different diagenetic phases. On top of that, bitumen is
present which is indicative for hydrocarbon migration along the porous and permeable karst
network. In order to constrain the timing of oil migration and to get an idea of the hydrocarbon
source rock, late diagenetic fluid flow is reconstructed.

The Cretaceous rocks show ample evidence for Miocene to Recent faulting, both during Miocene
compressional and Pliocene transtensional tectonics. Fault breccias give evidence of different
fluid flow events during both tectonic regimes. Diagenetic phases and fault breccia cements and
clasts were sampled for 3'Sr/%Sr analyses.

The results are shown in a G0 - ¥Sr/%°Sr cross plot (figure 4). Fault related calcite cements and
dolomitized breccia clasts clearly have highly elevated 'Sr/®Sr ratios. One diagenetic cement
from the karst cavities shows equally high 8'Sr/®Sr ratios. The latter diagenetic phase is clearly
associated with oil migration since primary hydrocarbon inclusions co-occur with agueous
inclusions in the crystals. The elevated 8'Sr/®Sr ratios indicate interaction with clay bearing
lithologies.

Results are preliminary and interpretation will only be possible after microthermometric data
become available. Nevertheless, the results allow ascertaining open fluid flow conditions during
oil migration. Fluids probably interacted with siliciclastic Numidian flysch deposits. Most likely,



hydrocarbons also originated from black shales that occur in the Numidian flysch. To further
constrain hydrocarbon origin, rock-eval and other chemical anayses will be carried out to
ascertain the origin of the hydrocarbons. The cross-plot further indicates that similar fluids
migrated along faults during Miocene and Pliocene tectonics. Hydrocarbon migration thus
probably occurred during tectonic activity in the region. However, more structural and
geochemical data are needed to further develop this history.
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