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CARMELO MONACO ET AL.

Table 1. Location of major shocks of Belice Valley earthquake sequence (from Anderson

and Jackson, 1987).

Event N. Date Hour Lat. Long. Depth M

1 14/1/1968 12h 28m 37°48'16" 13°00'43" 19 51
2 14/1/1968 13h 15m 37°40°34" 12°57'58" 1 5.0
3 14/1/1968 15h 48m 37°49'48" 12°58'59" 22 4.7
4 15/1/1968 01h 33m 37°49'01” 13°0021" 34 5.1
5 15/1/1968 02h 0Im 37°45'00” 12°58'59” 13 5.4
6 15/1/1968 03h 18m 37°47'35" 12°57'36" 23 4.6
7 16/1/1968 16h 42m 37°51'25" 12°5834" 36 5.1
8 25/1/1968 0%h 56m 37°41'13” 12°57'58" 3 5.1

lines of 50% and 15% exhibit an overall
elliptical shape with ENE-WSW major
axes having lengths of 35 and 50 km,
respectively.

The pattern of epicentral distribution
(Fig. 2) and the cumulative damages
contour map (Fig. 5), together with the
available focal mechanisms (Fig. 4),
strongly suggest that the seismogenic
zone might be orientated along an ENE-

WSW direction. Focal depth distribution
indicates a northward dip, with an
angle of about 60°, for this zone
(Fig. 3), which agrees with pure thrust
fault plane solutions.

STRUCTURAL DATA

The area shaken by the 1968 earthqua-
kes lies in the central segment of the

T T T
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Tyrrhenian Sea
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Fig. 2. The epicentral distribution and magnitude of the 1968 earthquake sequence in
western Sicily. The numbers beside the circles refer to major relocated shocks listed in Table 1
(data from De Panfilis and Marcelli, 1968; Anderson and Jackson, 1987).
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fold and thrust belt of Western Sicily, a
portion of the S-verging branch of the
Alpine orogenic belt (Fig. 1). The fold
and thrust belt developed as a result of
post-collisional NNW-directed conver-
gence between Africa and Europe from
the late Tortonian to the Present (Maz-
zoli and Helman, 1994). It involves
(Fig. 6) Mesozoic-Palaeogene carbonate
successions, representing the sedimen-
tary cover of a segment of the southem
continental palaeomargin of Neotethys
(Catalano and D’Argenio, 1978, 1982
Mascle, 1979), and Miocene terrigenous
sediments. This succession is in places
tectonically overlain by Numidian Flysch
allochtonous terranes and/or by uncon-
formable foredeep/piggy-back Upper
Miocene-Pleistocene deposits (Mascle,
1974; Vitale, 1990).

The carbonates present in the thrust
belt belong to a peritidal/pelagic carbo-
nate platform and basin system (San-
tantonio, 1994) which developed during
Mesozoic rifting and passive margin
evolution. The thrust sheets juxtapose
different portions of this carbonate
system, preserving, however, a com-
plete record of the original lithofacies
distribution, as platform, margins and
basin areas. In particular Upper Cretac-
eous calcareous megabreccias (Masdle,
1979), most probably associated to the
major basin-bounding normal fault
scarps, represent clear markers of the
margins of intra-platform Cretaceous
shallow basins (Fig. 7).

The overall geometry of the thrust
belt consists of ENE-striking frontal
ramps (Fig. 6), laterally joining NW-
trending oblique ramps characterized
by right-lateral components of motion.
Striae and calcite shear fibres on slicken-
sides surfaces from both frontal and
oblique ramps indicate an overall SSE
(N160-170°E) thrust transport direction.

The southern part of the thrust belt

- (Sciacca thrust front, Fig. 8) is character-

ized by several ENE-striking, tightly
spaced imbricate thrust sheets, mainly
involving Mesozoic to Palaeogene car-
bonate platform sediments (Catalano et
al., 1978) These form two major imbri-
cate fan systems: a southern one, in the
Monte San Calogero area and a north-
ern one, in the Rocca Ficuzza area
(Fig. 7). The main thrust fault of the
Monte San Calogero imbricate fan runs
at the base of the southern cliff of Monte

©1996 Blackwell Science Ltd, Terra Nova, 8, 372-381
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CARMELO MONACO ET AL.

Mt. Sparagio thrust Mt. Grande thrust

Fiume Freddo anticline , i
Belice syncline

Vita syncline

NNW SSE |NW SE | NNW

1 7 Zne YN Iy bowp

0 R R K

N e e e NS e BT e
4

5
km

Rocca Ficuzza-Mt. S.
Calogero imbricate fan
SSE|N ] s

Fig. 7. Geological cross-section between Mt. Grande and Sciacca (location in Fig. 6). TM, peritidal-pelagic carbonate platform and basin
system deposits (Trias~-Middle Miocene); NF, Numidian Flysch Nappe (Upper Oligocene—Middle Miocene); M, marls and sandy marls
(Middle-Upper Miocene); MP, clastics, evaporites and marls (Upper Miocene—Lower Pliocene); PP, calcarenites, marls and sandstones
{Upper Pliocene-Middle Pleistocene). Dashed line indicates Middle Liassic to Lower Cretaceous condensed pelagic deposits. Shaded areas at
the top of TM indicate Upper Cretaceous calcareous megabreccias.

interpreted as representing a large fault-
propagation fold related to the upper
Pliocene blind thrust bordering the
Belice syncline to the north (Fig. 7). A
large open kink, most probably related
to back-thrusting at depth, affects the
backlimb of the Fiume Freddo anticline
where Messinian evaporites are also
involved.

The Vita syncline, a NE-trending
structure lying in the footwall of the
NE-striking Montagna Grande thrust
system (Fig. 7), is characterized by the
occurrence, within the succession ex-
posed in its fold limbs, of a clastic
wedge, about 1300 m-thick, made up
of Upper Tortonian coarse-grained ter-
rigenous deposits and Messinian clastics
and evaporites. This clastic wedge was
deposited right in front of the uplifted
active margin of a small foreland basin,
thus representing a proximal facies of a
foredeep succession. This implies that
the major activity of the Montagna
Grande thrust occurred during the Late
Miocene (= 7-5 Ma).

From Montagna Grande to the north,
the thrust sheets made up of Mesozoic
to Palaeogene carbonate sequences pas-
sively carry on top of them a previously
emplaced nappe made of Lower-Mid-
dle Miocene Numidian Flysch. The
Montagna Grande system is a complex
structure involving the whole carbonate
sequence and the tectonically overlying
Numidian Flysch nappe. Minor back
thrusts splay out from the main fault of
the system, defining a composite pop-
up structure (Fig. 7). Reimbrication
(breaching) produced local inversions

378

of the original stacking order, leading to
tectonic superimposition of the carbo-
nate sequence onto the already em-
placed Numidian Flysch nappe.

At the northern edge of the cross-
section, Upper Cretaceous calcareous
megabreccias crop out in the hanging
wall of the Monte Sparagio thrust ramp
(Fig. 7). The occurence of large volumes
of these megabreccias along the main
thrust fault of Rocca Ficuzza and in the
S-dipping monocline of Monte Sparagio
outlines the margins of a fault-bounded
basin which was later inverted during
contractional deformation. The impor-
tant role of inversion processes in the
western Sicilian fold and thrust belt is
suggested by the occurrence of facies
changes across thrust contacts and,
more generally, by the correspondence
between the main tectonic and strati-
graphic units of the area, thus produ-
cing the so-called ‘tectonostratigraphic
units’ (Catalano and D’Argenio, 1978).

DISCUSSION AND
CONCLUSIONS

The general architecture characterizing
the studied transect of western Sicily
represents the results of the evolution of
a foreland migrating ENE-WSW strik-
ing thrust system developing from the
late Miocene to the Holocene. This
feature represents, therefore, an impor-
tant geological constraint for any inter-
pretation of the seismic activity that
characterizes Western Sicily. From this
point of view, it should be stressed how
the epicentral area of the 1968 earth-

quake sequence corresponds to a
weakly deformed Neogene sedimentary
wedge located between two major
thrust ramps of the orogenic belt
(Fig. 7). This area, characterized by
large-scale open folds, does not show
any evidence of neotectonic fault struc-
tures (Fig. 6). Recent structures are
indeed clearly exposed in the southern
part of the thrust belt, along the Sciacca

‘thrust front which affects Quaternary

deposits represented by 1.0-0.7 Myr old
algal biocalcarenites (Fig. 8). They are
involved in a large ramp anticline
uplifting them to a maximum altitude
of 346 m, implying a long-term vertical
throw rate of = 0.35-0.5 mm yr™ for
this structure. Furthermore, lacustrine
satellite basins of Holocene age occur-
ring on the back of this large ramp
anticline indicates a late Quaternary
activity of the underlying thrust.

Taking into account that the dip angles
of the ramp segments of the Sciacca
thrust front have values of about 60°, a
uniform Quaternary slip rate of about
0.5 + 0.1 mm yr" may be inferred
(Avouac et al., 1993). This value may
be also assumed as a minimum estimate
for the flat from which the ramps of the
Sciacca thrust front splay out.

Both the epicentral distribution
(Fig. 2) and the cumulative damage
contour pattern (Fig. 5) show an overall
ENE-WSW trend, roughly parallel to
the structures of the thrust and fold
belt. Furthermore, ENE-WSW striking
planes represent the only common
solutions (Fig. 4) to the focal mechan-
isms proposed by different authors

©1996 Blackwell Science Ltd, Terra Nova, 8, 372-381
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CARMELO MONACO ET AL.

1000 m
1 ]

Mt. S. Calogero

¢ Sciacca Well
" {projected)

!

Cianciana Well
{projected)

Fig. 9. Geological profile of Mt. San Calogero thrust fault (location in Fig. 8). TL, Triassic to Lower Liassic carbonate platform deposits; [C,
Middle Liassic to Lower Cretaceous condensed pelagic deposits; CM, Upper Cretaceous to Middle Miocene carbonate sediments; M, Upper
Miocene terrigenous deposits; LP, Lower Pliocene marly limestones; P, Upper Pliocene~Lower Pleistocene marly clays; II, Upper Pleistocene
marine terrace. Triangles (Q) indicate Lower Pleistocene shallow-water algal limestones.

minor ramps, until they reach the sur-
face in the Sciacca thrust front about
20 km away from the main crustal
ramp. Considering the epicentral dis-
tribution, cumulative damage contours
and size of surface structures, such as
large folds (Belice syncline, Fiume Fred-
do anticline) and imbricate thrust fans
(Rocca Ficuzza imbricate fan, Monte San
Calogero imbricate fan), would suggest
a possible width of about 40 km for the
buried active structure. Such a crustal

ramp might represent an original steep
segment of a Mesozoic normal fault
inverted during Neogene contractional
deformation as a consequence of con-
tinental collision induced by the NNW
directed African~European convergence.

The serious damage in the epicentral
area would thus be related to the
shaking associated to the deep shocks,
without any occurrence of nearby sur-
face breaks. Slip along the crustal ramp
is therefore transferred to the complex

NNW

Late Miocene

5

SSE

Pliocene Quaternary
3

Fig. 10. Interpreted section across active structures of southwestern Sicily. The shaded areas
correspond to the rupture zone of major events (M > 5) of the 1968 earthquake sequence.

380

flat-ramp system located at shallow
depth to the foreland (Fig. 10). Along
this path, crustal shortening tends to be
absorbed by folding and flexural slip
within surface layers. According to
Avouac et al. (1993), about two thirds
of the total slip at depth are distributed

- into diffuse strain and folding accom-

modation processes. As displacement
for earthquakes with M < 5.5 is of the
order of a few centimetres (Lyon-Caen
et al, 1988), the slip dispersion at
shallow levels as described above re-
duces the surface displacement to un-
detectable values. The fact that the 1968
earthquake sequence, characterized by
events with M <54, did not produce
any surface break, is also in perfect
agreement with the observation that
thrust earthquakes with M < 6.5 rarely
break the surface (Avouac et al., 1993).

The 1968 earthquake sequence was
most probably the result of multiple
small ruptures of the thrust plane rather
than the consequence of a single rupture
over the entire fault. According to this
hypothesis, the shallowest shocks (num-
bered 2 and 8 in Table 1) can be
explained by slip along a near surface
blind thrust splay and associated flex-
ural slip folding (Fig. 10).

Due to the extremely limited amounts
of surface deformation associated with
deep muiltiple shocks with M < 5.5, this
mode of rupture is unlikely to explain
the surface vertical throw observed in
the Sciacca thrust ramp anticline at the

©1996 Blackwell Science Ltd, Terra Nova, 8, 372-381
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