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ABSTRACT subduction zone between the southern margin of
The Apennines fold-thrust belt has developed over the past ~20 m.y. in response to soutteentral Europe and a remnant of probable
eastward retrograde migration of the Adriatic trench in a region of ongoing subduction but little  Neotethyan oceanic lithosphere (Fig. 1; Malin-
plate convergence. The orogenic belt is characterized by a gently sloping southwestern flank itverno and Ryan, 1986; Royden et al., 1987;
a state of regional extensional collapse, and a steeply sloping northeastern flank in regional corBoglioni et al., 1998). In the process, several
traction. In any given area in the central Apennines, the chronologies of thrusting and sub- blocks of continental crust (Sardinia, Corsica,
sequent extension provide an estimate of the time required for attainment of high elevationand Calabria) have rifted from the European
(2.5-3.0 km). The time between initial extension and eruption of local ultramafic lavas providesmargin and the Ligurian and Tyrrhenian exten-
an estimate of the time required to collapse by regional crustal thinning. These estimates suggesional oceanic basins have opened. Geophysical
that the northeastern, contractional flank of the range is rising at least twice as fast as the south{Malinverno and Ryan, 1986) and plate motion
western flank is collapsing. We propose that the bimodal state of stress in the Apennines is mainDewey et al., 1989) studies indicate that south-

tained by corner flow in the mantle wedge beneath the crest of the range. eastward migration of the subduction zone has
been driven mainly by the weight of the down-
INTRODUCTION land basin system and the numerous extensiorgaing slab (as discussed by Malinverno and Ryan,

Many of Earth’s contractional mountain beltsbasins that are superimposed on the range. \1886; Royden et al., 1987).
exhibit regional late-stage extension (Consteniujen consider the larger question of how this his- Recent deep seismic profiling across the north-

1996) and/or extension contemporaneous with reery has developed and been maintained. ern Italian peninsula shows that crustal thickness
gional contraction (Burchfiel et al., 1992). The increases from ~22—24 km beneath the western
causes of extension in fold-thrust belts are geneFECTONIC AND STRUCTURAL part of the peninsula to 35—-40 km beneath the
ally attributed to overthickening of the orogenicSETTING axis of the Apennines (Barchi et al., 1998). Deep

wedge (Burchfiel et al., 1992) or changes in plate The Apennines are a northeast-verging imbrearthquakes and seismic tomography image a
motion directions and descent angles of subdudatate fold-thrust belt that has developed since easybducting slab of Adriatic lithosphere beneath

ing slabs (Coney and Harms, 1984). These mecklocene time along the margin of the Adriaticthe axis of the fold-thrust belt, and shear-wave

anisms operate in collisional and retroarc orogenioicroplate in response to east-southeastwasgplitting analysis suggests pronounced northeast-
belts that involve converging plates (e.g., theetreat of the generally northwestward dippingouthwest anisotropy in the mantle wedge above
Himalayas and Andes; Royden, 1993). The Apen-

nines, however, are in a separate class of moun
belts because, although they have been constru
by folding and thrusting, they have developed

the absence of major plate convergence, as

subduction of Tethyan lithosphere has continu
while Africa-Eurasia convergence has decreas
(Dewey et al., 1989; Doglioni, 1991). One of th
results of this process of mountain building is th
the Apennines are collapsing nearly as rapidly
they are rising. The northeastern (Adriatic) flar
of the range is an active fold-thrust belt (Fig. 1
and the southwestern (Tyrrenian) flank is dorr
nated by Pliocene-Quaternary extension (Royd
et al., 1987; Patacca et al., 1992; Lavecchia et
1994). Ongoing extension in the Apennines cant
be ascribed to gravitational collapse of overthic
ened crust because the crust is not overly thi
(25—-30 km; Scarascia et al., 1994). Neither ¢
changes in plate vectors be called upon, beca
no such changes have occurred recently (Dew
etal., 1989; Mazzoli and Helman, 1994). What
the process by which regional extension and cc
traction are simultaneously accommodated in t
Apennines? Our approach is to synthesize t
kinematic histories of contraction and extension
recorded by development of the Apennine for
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in Figure 2.
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and west of the slab (Scarascia et al., 1994; Amatmntain small volumes of middle Pleistocene ultraregional extension has produced a network of

1998; Ciaccio et al., 1998; Margheriti et al., 1998mafic lavas (Laurenzi et al., 1994). high-angle, generally west dipping normal faults
Mariucci et al., 1999). The transition from a and extensional basins across the southwestern
shallow to subvertically dipping slab takes plac€ HRONOLOGY OF THRUSTING AND slope of the range. Many of the normal faults join
below the transition from active compressional teXTENSION and reactivate thrust fault ramps in the subsurface,
dominantly extensional strain in the overlying Miocene through Pliocene synorogenic sediperching the previously elevated frontal parts of
fold-thrust belt. ments record the kinematic history of thrusting ithrust sheets at high elevations and dropping their

Major thrust systems in the central Apenninethe central Apennines. These deposits are maritrailing parts into the subsurface. The extensional
strike northwest-southeast and dip gently southdrbiditic and olistostromal facies in the Burdi-basins include the Campo Imperatore, Campo di
westward. These include the Lepini, Simbruinigalian through late Messinian, and shallow marin€iove, L'Aquila, Sulmona, Leonessa, Subequo,
Marsica, Morrone, and Maiella thrust systemsto nonmarine in the post-late Messinian part c€ampo Felice, Rieti, Fucino, Tiberino, Sora,
several more thrusts and related folds are cothe record (Ricci-Lucchi, 1986; Patacca et alFFormia, and Ardea basins (Fig. 1).
cealed beneath several kilometers of Pliocen&992; Cipollari and Cosentino, 1997; Cipollari Central Apennines extensional basins can be
Quaternary synorogenic sedimentary rocks to tregt al., 1997). The main phases of late Mioceneclassified into three types in an evolutionary con-
northeast of the topographic front of the rangeecent thrust-sheet emplacement migrated towatiuum on the basis of age, size, morphology,
(Fig. 2; Patacca et al., 1992; Cavinato et althe Adriatic foreland as follows: Lepini thrust, elevation, and internal lithofacies. Typical of the
1995). The Olevano-Antrodoco and Gran Sasdate Tortonian; Simbruini and Olevano-Antro-youthful stage of extensional basin evolution are
thrust systems are significant out-of-sequenadoco thrusts, early Messinian; Marsica, Morronethe Campo Imperatore and Campo Felice basins
thrusts that truncate some of the north- to nortland Gran Sasso thrusts, late Messinian—ear(ifig. 2). These basins are relatively high (>1.3
west-striking systems (Fig. 2; Cipollari andPliocene; and the Maiella thrust, late-earlkm), small (10-30 ki), and shallow (0.2-0.3
Cosentino, 1997; Ghisetti and Vezzani, 1997Pliocene (Fig. 3). The Olevano-Antrodoco andm). They are filled with coarse-grained alluvial
The exposed thrust sheets consist of Triassi&ran Sasso thrusts were reactivated during tii@n, colluvial, glaciogenic, and intermittent lacus-
middle Miocene carbonate rocks (Bally et al.late Messinian and late-early Pliocene, respetrine and braided-stream facies of middle Pleisto-
1986; Cavinato et al., 1995). The blind thrusts itively (Cipollari et al., 1997). Each of the maincene to recent age. The youthful stage basins lack
the northeastern part of the thrust belt carrhrust systems produced a large ramp anticlinarge source-area drainage basins and through-
Messinian-Quaternary clastic sediments (Patacead significant topographic relief that providedlowing river systems. Topographic relief along
etal., 1992). successive accumulations of synorogenic wedgtaeir flanks ranges from ~0.5 to 1.0 km.

High-angle normal faults and extensionatop and foredeep sediments. Intermediate-stage extensional basins in the
basins of generally post-Messinian age are wide- The extensional history of the central Apeneentral Apennines are represented by the Leo-
spread in the central Apennines (Keller et alnines is directly correlated with opening of thenessa, Sulmona, L'Aquila, Subequo, and Tirino
1994; Lavecchia et al., 1994), and the present Tyfyrrhenian basin since late Tortonian timebasins (Fig. 2). These basins occupy elevations
renian margin is extensional (Fig. 1). The most imkavecchia et al. (1994) showed that the timing afanging from ~0.4 to ~0.8 km, have areas of
portant extensional basins are the Campo Impemxtensional deformation migrated eastwar80-120 krf, and are filled by lower-upper Pleisto-
tore, L'Aquila, Sulmona, Fucino, Rieti, Tiberino, ~2 m.y. after and 75—100 km behind the compresene alluvial, fluvial, and lacustrine deposits.
and Ardea basins (Fig. 2). Several of these basis®nal front (Fig. 3). In the central ApenninesModerate-sized rivers flow through the L'Aquila,
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shallow-marine environments through time. Wk
suggest that basin evolution was strongly cor

trolled by decreasing elevation and ongoing e>  Figure 3. Time-space migration of thrusting and subsequent development of extensional
tensional subsidence. basins across central Apennines, after Patacca et al. (1992), Cipollari and Cosentino
(1997), and Cipollari et al. (1997).

Thrusting Timing

DISCUSSION

Modeling and geophysical studies indicate
that the mantle wedge above a subducting slde upper part of the mantle wedge (Fig. 4). In thend carried up to maximum elevations, then the
should contain a corner-flow cell in which mantleApennines, the southwestern boundary of thiag can be used to estimate the rate of rock up-
material is viscously coupled with the subductingorner-flow cell is predicted to be approximatelyift in the contractional part of the Apennines.
slab (Forsyth and Uyeda, 1975; Turcotte antdeneath the topographic crest of the range, desozoic rocks currently exposed at the highest
Schubert, 1982; Royden, 1993; Fig. 4). In theonfirmed by deep earthquakes and seismaevations (2.7—-3.0 km) in the range were incor-
upper limb of the corner-flow cell, material istomography (Ciaccio et al., 1998). The northeasporated into the orogenic wedge from depths of
pulled toward the trench, setting up a significansouthwest anisotropy in the mantle wedge bene&h6 km beneath the Adriatic Sea (Argnani and
trenchward stress at the base of the overlyirthe Apennines is also consistent with northeasrugoni, 1997). This yields a range of rock up-
lithosphere (Chapple and Tullis, 1977). Thisvard flow in the upper limb of the corner-flow lift rates of 1.2—4.5 mm/yr, the upper end of
stress maintains a local contractional envirorecell (Margheriti et al., 1998). which is approximately half the maximum rates
ment in the frontal part of the overlying fold- If the 2—4 m.y. lag time between the onset off rock uplift in the most rapidly rising moun-
thrust belt or accretionary prism. Where the ratdrusting and initial extension at any givertain belts on Earth. Thick foredeep and wedge-
of slab subduction (i.e., the rate of underthrustecality in the central Apennines (Fig. 3) repreiop sediments in the Adriatic foreland basin sys-
ing) exceeds the rate of convergence of the twgents the amount of time required for rocks to biem indicate that large amounts of erosion have
plates involved, the trench will migrate towardinitially incorporated into the orogenic wedgetaken place since the late Miocene, which sug-
the subducting plate and the interior of the over-
riding plate will thin and extend as relatively hc

mantle wells upward to replace material that sSw Extension Contraction NE
dragged trenchward (Royden, 1993; Waschbus T )

’ yrrhenian Adriatic
and Beaumont, 1996). Thus, in zones of subdt Margin . Margin

tion-zone retreat, such as the Apennines, it
expected that the front of the orogenic belt will k
contractional (due to trenchward flow in th
mantle wedge) while its trailing part will be in ¢
state of regional extensional collapse (due
crustal thinning). The zone of transition betwee qu“fSﬁﬂS
contractional and extensional strain might ma

the lateral limit of significant trenchward flow in

Figure 4. Schematic cross section of
central Apennines showing subducting

Adriatic slab, hypothetical corner-flow
Setrograde cellin mantle wedge, and distribution of
contraction and extension.

Adriatic Plate
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