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Abstract: Since the origin of the carbonate platform concept, the reconstruction of the geometry
and the evolution of the margin has been an intriguing topic. The Latium-Abruzzi platform is
one of the largest shallow water domains of the Central Apennines, however, the reconstruction
of the geometry and evolution of its margin has been classically problematic because the latter
has been erased by the out-of-sequence Olevano-Antrodoco thrust system. The investigated area
is placed in the Prenestini Mountains, the southernmost portion of the Sabina Domain, where a
Cretaceous to Neogene carbonate succession, ascribed the Latium-Abruzzi platform margin, crops out.
Stratigraphic and facies analyses showed a Late Cretaceous extensional stage that produced two main
fault-block platforms, respectively, South Eastern Prenestini and South Western Prenestini platforms,
developed westward of the large Latium-Abruzzi Platform domain. In these platforms, during the
Paleocene–Eocene interval, pelagite deposition coincides with the main relative sea-level rise. Instead,
during the following falling stage, the seafloor, consisting of the Cretaceous carbonate, was in the
wave abrasion zone and the pelagic carbonate mud was swept away or trapped in local depressions
or fractures (neptunian dykes), whereas the coarse sediment produced by the erosion of indented
and fractured substrate formed polygenic conglomerate accumulation on the Cretaceuos carbonate
platform substrate. Successively, an isolated homoclinal ramp, the Guadagnolo Fm, Aquitanian
to Serravallian in age, developed on the drowned fault-block platforms, suggesting that during
Neogene the articulation of the substrate of the two fault-block platforms had to be limited to host
the bioclastic sedimentation of the Guadagnolo Fm and to allow the development of a carbonate
ramp depositional profile.

Keywords: carbonate factory; stratigraphy; facies analysis; platform drowning; neptunian dykes

1. Introduction

The sediment production and accumulation processes occurring in carbonate systems
are very sensitive to a multiplicity of processes such as tectonic subsidence, eustatic oscilla-
tion, seawater chemistry, climate and biota evolution [1–6]. The light, and consequently
bathymetric, dependence of many carbonate biota, especially autotrophic and mixotrophic
organisms, provides a much more accurate record of sea-level changes and overall permits
distinguishing in situ versus ex situ components, as well as the identification of the different
carbonate factories existing in the carbonate platform [7].

The ability of skeletal carbonate sediments to accumulate in place or to be transported
elsewhere depends on the bottom topography, the strengths of waves and currents, the
wave-base depth and the capacity of the benthic community to attenuate transport or trap
sediment [8,9].
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The presented example encompasses the Cretaceous–Miocene interval. Different styles
of carbonate production, accumulation, and diagenesis characterize the Mesozoic and the
Cenozoic carbonate platforms. According to Pomar and Hallock [6], Lower and Upper Cre-
taceous are characterized by a high content of muddy matrix even in relatively high-energy
zones, above the wave base, thanks to sediment-stabilization mechanisms due to microbial
mats, calcimicrobe bafflers, binders and micrite producers, or even automicrite production,
promoting the stabilization of sediment and early diagenesis. In contrast, the Cenozoic
carbonate platforms are dominated by skeletal carbonate production. After the Cretaceous–
Paleocene mass extinction, the carbonate platforms were originally dominated by red algae,
bryozoans [10], and subordinately by corals [11]. Since the middle Paleocene, larger benthic
foraminifera (LBF) became one of the main components of the photic carbonate factory until
the late Eocene. The subsequent cooling trend, that began in the late Eocene, continued
through the Oligocene and the Miocene, stimulating the diversification and expansion of
different LBF assemblages in which lepidocyclinids, miogypsinids, amphisteginids and
heterosteginids were dominant. However, these LBF assemblages did not produce massive
accumulation of monospecific tests characteristic of Eocene facies [11,12]. During this time
interval, seagrasses expanded in the shallow, euphotic inner ramps [13–20]. Furthermore,
with the Oligocene and the Miocene stepwise cooling, coralline algae became a main
component of the meso- and oligophotic carbonate factory [21–23]. From a mineralogic
point of view, the Cenozoic skeletal assemblage is dominated by calcite mineralogy with
the only exception of aragonitic corals and green algae [24]. Because of the early loss of
metastable aragonite and high-Mg calcite, modification of the depositional components in
the marine and meteoric realms are expected to be relatively unimportant, when compared
with Mesozoic counterpart [25,26]. Seafloor marine cements are absent or rare in seafloors
dominated by calcitic skeletal assemblages; consequently, the carbonate sediments are
easily eroded from the platform and shed into the basin [27].

This work focuses on the southwestern area of the Latium-Abruzzi carbonate platform
(LACP), where the marginal area is exposed along the Prenestini Mountains (Figure 1). The
LACP, one of the Tethyan platforms outcropping in the central Apennine chain, records
the sedimentary evolution of the Triassic to the Late Miocene interval [28,29]. The adja-
cent pelagic domain of the northwestern sectors is represented by the Sabina succession
consisting of Lower Jurassic to Paleogene pelagites and hemipelagites, alternating with
resedimented material derived from the nearby LACP [27,30]. From the late Messinian
to the early Pliocene, the Sabina Domain overrode the LACP domain along the out-of-
sequence Olevano-Antrodoco thrust system [31–33]. As consequence, the reconstruction of
the geometry and evolution of the margin of the LACP remains poorly understood. The
investigated area falls in the Prenestini Mountains, where the transition from the LACP
deposits to the pelagic carbonates of the Sabina Domain is partially preserved [28,31]. This
succession confirmed the occurrence of repetitive development of shallow-water carbonate
production alternating with erosive phases and condensed pelagic sedimentation in a
tectonically controlled marginal area [28,30].

The Prenestini sedimentary succession offers the possibility to reconstruct the deposi-
tional history of the marginal area of the LACP domain between the end of the Cretaceous
and the Middle Miocene, and to analyze the interplay of different factors that controlled
the succession of different carbonate factory settlement, erosion, and drowning.
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Figure 1. Geological map of the investigated area. (A) Basinal and carbonate platform domain of
central Apennines modified from [34]; (B) geological map of Southern Prenestini and location of
investigated outcrops modified from [35].

2. Geological Setting

The Apennine orogeny is the product of the west-directed subduction associated with
the inversion of the Alpine-Betic subduction after the late Eocene [36–38]. The Apennine
formed mostly between Oligocene and the Quaternary, with the east-directed migration of
the accretionary wedge and front, and the contemporary extension in the western back-arc
area [39].
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The central Apennines are characterized by a sedimentary succession comprising
two carbonate platforms and basinal domains, respectively, the LACP and the Apulian
Platform, and the Monte Genzana-Molisano Basin that separated the platforms and passed
to the Umbria-Marche Basin northward (Figure 1) [29,40]. From Triassic to Late Cretaceous,
the LACP was a flat-topped open-shelf platform. The Mesozoic succession was then
interrupted by a long-lasting hiatus. The sedimentation restarted during the Early Miocene
when a carbonate ramp system developed, represented by the Lithothamnion and Bryozoan
Limestones Fm [27,41,42]. This Paleogene hiatus reaches its maximum duration within the
inner Mesozoic platform, while in the marginal areas condensed or discontinuous Cenozoic
deposits occur [27,43].

Along the transition between the LACP and the pelagic domain, the stratigraphic
hiatus decreases and Paleocene to Oligocene deposits, up to 500 m-thick, are represented by
pelagic deposits alternating with larger benthic foraminiferal-rich intercalations (debritic
Scaglia) [30,44,45]. The Chattian to Serravallian sedimentation is represented by the
Guadagnolo Fm. Three main lithozones have been recognized in this formation [46,47].
The lower lithozone is Chattian to early Burdigalian in age, and consists of alternating
larger benthic foraminiferal rudstone, packstone to grainstone, and planktonic wackestone
with cherty nodules. The coarse bioclastic beds represent turbidites and other gravity-flow
deposits containing lithic and bioclastic sand and gravel transported downslope from the
shelf [46,48]. This lithozone reaches a thickness of 100 m. The second lithozone, known
as the spongolitic unit, Burdigalian to Langhian in age, is made of a 600 m-thick alter-
nation of marls, calcareous marls, and bioclastic calcarenites with abundant planktonic
foraminifera, sponge spicules, echinoids, and bryozoans [46,47,49]. The upper lithozone
is Serravallian-Tortonian in age and consists of coarse bryozoan-rich cross-bedded bio-
clastic floatstones to grainstones that unconformably overly the spongolitic unit. The
Upper Miocene shallow-water carbonate sedimentation in the LACP and transitional zone
terminated due to an upwelling event that promoted the development of a phosphatic
hardground. Tortonian to lower Messinian hemipelagic marls lie above the phosphatic
hardground and are overlain by siliciclastic turbidites that denote the development of the
Apennine foredeep system [43,50].

In the Prenestini Mountains, the Meso-Cenozoic carbonate succession of the transition
zone from the Latium-Abruzzi platform domain to the Sabina Basin crops out (Figure 1A,B).
Two main sectors can be recognized. The Southern Prenestini area has been interpreted as
a persistent structural high affected by tensional tectonics. Aptian to Santonian platform
carbonates, ranging from inner to marginal shoals, crop out in the Rocca di Cave sector.
This structural high was uplifted and emerged during the late Cenomanian-Turonian [51].
Successively, the platform carbonates were paraconformably overlain by a few centimeters
to a few meters thick, laterally discontinuous, Campanian-to-Bartonian condensed pelagites
alternating with calcarenites of Scaglia Fm, infilling cavities and neptunian dykes [52–54].
In the northern Prenestini Mountains, the Guadagnolo Fm lies on Turonian-to-Bartonian
debritic Scaglia Fm up to 450 m thick [30]. The succession ends with few meters of
spongolitc marls followed by the calcarenite of the upper member of the Guadagnolo Fm.

The Prenestini Mountains have been subdivided by Bollati et al. [55] in two main
tectonic units: (i) the western unit (unit 4A of [55]), characterized by east-verging packed
asymmetrical tectonic units and (ii) the eastern unit (unit 4B of [55]) characterized by a
wide symmetrical anticline in the western portion (Figure 1B).

According to Tavani et al. [56], the eastern unit of the Rocca di Cave fault system
subdivides the Eastern Prenestini (unit 4B [55]) into the northern and the southern portions.
In the southern, the Late Cretaceous (Campanian) transition from rudist-dominated car-
bonate platform to a pelagic environment (i.e., Scaglia Formation) was predated by normal
faulting and erosion. According to these authors [56], the Scaglia Formation rests on top
of progressively younger carbonate platform deposits toward the east, from Turonian-to-
Santonian in the eastern sector, Cenomanian in the central area, to Aptian-to-Albian in the
western sector. The eastward rejuvenation of the substratum takes place across east dipping
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normal faults whose activity predated the uplift and erosion of the Cretaceous carbonate
platform. These N-S faults display a polyphasic activity documented by displacement of
the entire Campanian-to-Miocene succession. In the northern block of this fault system, the
Guadagnolo Fm lies directly on Cenozoic pelagic deposits of the Sabina succession. Tavani
et al. [56] interpreted the Rocca di Cave Fault System as a longitudinal and transverse
extensional fault produced by the development of the Apennine forebulge that predated
the Tortonian-to-Quaternary Central Apennine structuration.

3. Methods

Nine outcrops located in the southern sectors of Prenestini Mountains were inves-
tigated (Figure 1B). The structural subdivision of Prenestini Mountains proposed by
Bollati et al. [55] was used in this work. Five outcrops are in the Western Prenestini and four
outcrops in the Eastern Prenestini. The field observations were integrated with microfacies
analysis of 75 thin sections, providing data on texture and carbonate grains.

The age of investigated outcrops is based on Danese and Mattei [57]. Biostratigraphic
data were integrated with calcareous nannofossil biostratigraphy.

Calcareous nannofossil assemblages were analyzed on 15 smear-slides belonging
to different marly interlayers of the Cenozoic stratigraphic interval. Smear-slides were
prepared from unprocessed material following the standard techniques suggested for
simple smear slide preparation by Bown and Young [58].

Test shape variation (T/D) of the larger benthic foraminifer (LBF) Amphistegina was
used to constrain bathymetry of the depositional setting, according to the model proposed
by Mateu-Vicens et al. [59]. The preservation levels of large benthic foraminiferal tests
were used to determine taphonomic processes related to sediment transport. The latter is
based on Beavington-Penney’s [60] studies on abrasion of macrospheric Nummulites as an
indicator of transport processes. Assessments were provided using the Beavington-Penney
Taphonomic Scale (i.e., BPTS).

4. Results

The analyzed outcrops include the Cretaceous–Miocene sedimentary interval.
The pre-Miocene substrate in the investigated area appears to be differentially articu-

lated in the two investigated areas: South Western and South Eastern Prenestini.
In the South Western Prenestini, the Cretaceous substrate consists of Cenomanian

carbonate platform lithofacies, represented by horizontally bedded, bioclastic packstone-
grainstone to rudstone with rudist fragments and orbitolinids. This lithofacies is overlain
by rudist-rich packstone to rudstone and floatstone, late Campanian to Maastrichtian in
age. The Cretaceous substrate is unconformably overlain by lenses of conglomerates, up
to 4 m thick, containing clasts of Upper Cretaceous platform limestones, clasts of marly
limestones with planktonic foraminifera referable to the middle Eocene Scaglia Fm, and
clasts of limestones with larger benthic foraminifera (Figure 2A). Above, the conglomerates
rest up to 50 m of medium-to-thick-bedded bioclastic calcarenites and calcirudites rich in
larger foraminifera interbedded with planktonic foraminiferal mudstones to wackestones
(Figures 2B and 3A). Typically, sets of planar laminae occur within the beds, although
occasionally low-angle cross lamination may also be recognized. These beds show a fining
upward trend. Within the lower beds of this unit, Amphistegina T/D values range between
0.42 and 0.7 (mean 0.60, median 0.65), LBF tests yield BPTS abrasion values between 1
and 3 (mean 2.1, median 2). In the upper beds, Amphistegina values are between 0.46 and
0.7 (mean 0.53, median 0.5), LBF tests show BPTS abrasion values between 1 and 3 (mean
1.7, median 2) and the skeletal fraction is characterized by frequent epiphytic foraminifers.
This portion is covered with spongolitic marls and bioclastic calcarenites referable to the
Miocene Guadagnolo Fm.
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Figure 2. (A) Lenses of conglomerates with clasts of Upper Cretaceous platform limestones, clasts of
Eocene Scaglia Fm, and clasts of limestones with larger foraminifera lie above the Upper Cretaceous
substrate of Southern Western Prenestini (SWP) (Palestrina Castel S. Pietro outcrop); (B) in the western
portion of the SWP, the Chattian interval is represented by bioclastic calcarenites and calcirudites,
rich in larger foraminifera, produced by gravity flows (Palestrina outcrop).

Scattered mound bodies may overlie the Cretaceous substrate (Figure 4). These
mounds do not show internal structures, bedding is very obscure and only identified by
subtle changes in the rock texture. The mounds are up to 5 m thick and up to 20 m wide.
Between the corals, the matrix consists of poorly sorted packstone to wackestone and in
some cases grainstone. The main components of the matrix are miliolids, green algae
(dasycladaleans and halimedaceans), molluscs, encrusting foraminifers, represented by
acervulinids (Gypsina), that encrusted peyssonnelliacean red algae (Figure 5A–D). Coralline
algae mostly correspond to fragments of crusts and nodules of non-articulated taxa (includ-
ing mastophoroids and melobesioids). Rare fragments of articulated forms also occur. The
mounds are onlapped by planktonic and spiculitic wackestone of detritic Scaglia (Figure 4).
Calcareous nannofossil biostratigraphy indicates a Rupelian-Chattian age (CNO4).

In the easternmost outcrop of South Western Prenestini (Figure 1B), the Mesozoic
substrate can be observed in the Monte Pompeo area. Here, a paleostructure consisting
of a footwall block bounded by paloescarpments can be observed. The paleostructure
is represented by tabular beds of obitolinids-rich grainstones with cortoids and small
oncoids. These lithofacies are dated from the late Albian to the early Cenomanian [57]
(Figures 3C and 6). Above the Cretaceous unconformity, marked by chert nodules and
irregular crusts, breccias and red soil infilling fractures can be observed (Figure 7A). The
Cretaceous substrate is characterized by cavities and neptunian dykes, up to 80 cm wide,
filled with condensed pelagic sediments of different ages (Figure 3D), ranging from the
middle Paleocene (Selandian) to middle Eocene (Lutezian) [57]. In this outcrop, at the
base of the paleostructure, Miocene carbonates lie in onlap on the Cretaceous substrate
and consist of marly limestones passing upward into marly limestones interbedded with
laminated calcarenites represented by skeletal packstone to grainstone rich in echinoids
and bryozoan fragments (Figure 6). A characteristic feature of this portion is the occurrence
of conglomeratic levels, with a thickness ranging between 20 and 80 cm, mostly lenticular
in shape, containing lithoclasts of the Cretaceous platform, larger benthic foraminifera
calcarenites, and glauconitized pelagites (Figure 3E). At the top of the paleostructure, the
Miocene carbonates lie paraconformably on the Cretaceous substrate and consist of cross-
bedded skeletal grainstones dominated by bryozoans, echinoids, small benthic foraminifers
(Elphidium), and rare amphisteginids (Figure 3F).
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Figure 3. (A) The larger benthic foraminiferal assemblages of Chattian deposits of South Western
Prenestini comprises Amphistegina (A), Miogypsinoides (M), and Cicloclypeous (C), other common
components are coralline algae (Ca) and echinoid plates; (B) calcirudites dominated by Eulepidina
(E) and Nephrolepidina form beds alternating with planktonic foraminiferal mudstones to wackestones.
(C) The Cretaceous substrate of SWP in the Colle Pompepo outcrop is represented by bioclas-
tic grainstone with Orbitolinids (O), rudist fragments (R), and cortoids (C); (D) neptunian dykes
filled by condensed Scaglia pelagites; (E) the Lower Miocene deposits in the Colle Pompeo outcrop
consist of packstone to grainstone rich bryozoan fragments, Miogypsina (M) and containing glauconitized
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pelagites; (F) the uppermost Miocene carbonate of the Colle Pompeo outcrop is represented by cross-
bedded skeletal grainstones dominated by bryozoans, echinoids, and small benthic foraminifers, in
particular Elphidium (E) and amphisteginids (A); (G) Globutruncana in the pelagites of South Eastern
Prenestini (Campanian) (Rocca di Cave Sud outcrop); (H) the planktonic assemblages of upper
Paleocene Scaglia are dominated by Morozovella, Acarinina, and globigerinid specimens (Rocca di
Cave nord outcrop).
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characterize the coral mound, between these encrusting foraminifers (Gypsina) (G) formed a hooked
form developing on peyssonnelliaceans (P).
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Figure 7. (A) The Cretaceous unconformity in the eastern sectors of South Western Prenestini
(Colle Pompeo outcrop) shows karst features represented by breccias and red soil infilling fractures;
(B) detail of pelagites infilling fractures developed on the Cretaceous platform substrate in the South
Eastern Prenestini.

In the South Eastern Prenestini sector (Figure 1B), carbonate platform sedimentation
is represented by skeletal orbitolinid grainstones alternating with skeletal wackestones,
and in the easternmost area of this sector, with rudist and coral rudstones. Pelagites
with ages ranging between Campanian to Rupelian rest paraconformably on top of the
Cretaceous carbonate platform limestones [57] and occur also in cavities and fractures
(Figure 3G,H, Figures 7B and 8). The age of the Cretaceous platform substrate is progres-
sively younger moving toward the east: Turonian-to-Santonian in the eastern sector, Ceno-
manian in the central area, and Aptian-to-Albian in the western sector (Figure 1B). In the
southernmost sector of this area, breccia intervals, with clasts of the Cretaceous platform
limestone and of the Scaglia Fms, up to 3 m thick, are overlain by spongolitic marls and
marly limestones of the Miocene Guadagnolo Fm. The Guadagnolo Fm is here represented
by a 20 m-thick interval of alternating greenish to reddish marly limestones (bioclastic
wackestones), conglomerate beds and cross-bedded bioclastic calcarenites (packstones).
Sponge spicules and planktonic foraminifers are the main components of the bioclas-
tic wackestone. The lithoclasts of the conglomerates are represented by glauconitized
pelagites and Cretaceous carbonate platform limestones. The bioclastic calcarenites are dom-
inated by a skeletal debris where larger benthic foraminifers (Nephrolepidina, Miogypsina,
Amphistegina), echinoids, molluscs, and bryozoans are recognizable. The following 90 m
are represented by cross-bedded calcarenites. From a textural point of view, they can be
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defined as packstones to grainstones, with a skeletal assemblage dominated by bryozoans,
echinoids, mollusc fragments, and small benthic foraminifers.
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Lastly, in the North Eastern Prenestini, the Guadagnolo Fm lies on the Cenozoic
pelagic deposits represented by the detritic Scaglia.

5. Discussion

The Latium-Abruzzi marginal domain in the Southern Prenestini appears to be dif-
ferentially articulated in two main sectors, respectively, South Western and South Eastern
Prenestini, delimited by roughly N–S oriented striking faults, as already presented by
Bollati et al. [55], and characterized by different ages of the pre-Miocene substrate and by a
general stratigraphic architecture. The two sectors can be considered as two main fault-
block platforms developed towards the basin, west of the large Latium-Abruzzi Platform
domain. The fault-block platform concept is strictly connected to extensional basins [4,61]
where shallow carbonate deposition commonly starts when fault-generated topography
and eustatic sea-level changes begin to control sedimentation [4]. Tilt-block carbonate
platforms have been described in the Miocene extensional setting of the Red Sea, e.g., [62],
SE Asia, e.g., [63], Sardinia [64,65], in the Jurassic and Cretaceous deposits of Spain and
Italy [66–68], and in the Triassic of Dolomites [69]. In contrast, the main mechanisms
causing the drowning and demise of carbonate platforms are sea-level rises [70], tectonic
processes [4,66,67,71–74], environmental deterioration connected with upwelling currents
or nutrients input [75–78].

The Prenestini fault-block platforms show a different stratigraphic architecture and tec-
tonic arrangement. The southwestern platform developed on a tilted fault-block. Laterally
extensive outcrops reveal tectono-sedimentary features distinctive of block-tilting in the
different margins of the fault-block. In this fault-block platform, the age of the Cretaceous
carbonate platform deposits is younger moving westward, passing from Cenomanian in
the east to Maastrichtian in the west. Phases of shallow water sedimentation occurred
also during Paleocene and middle Eocene in the western outcrops producing the mound-
shaped coral units. This stratigraphic relationship evidences a general westward tilting not
appreciable at the outcrop scale. This tilting produced additional accommodation space for
the accumulation of the Paleogene conglomerates and of the Chattian to Aquitanian larger
benthic foraminiferal calcarenites representing redeposited sediment through gravity flow.
These deposits are absent in the eastern portion of the southwestern platform. Furthermore,
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in the east, the change in Miocene strata termination from onlap to paraconformity, at the
top of Colle Pompeo structure, evidences a preserved portion of paleoescarpment. In the
South East Prenestini platform, the Paleogene interval is represented mainly by pelagites
and the Neogene deposits of the Guadagnolo Fm. lie paraconfomably above the Cretaceous
substrate (Figure 8). In this platform, the Cretaceous substrate is progressively younger
moving toward the east. Tavani et al. [56] proposed a tectonostratigraphic evolution of this
platform. After deposition of shallow water carbonates during the Santonian, N–S striking,
east dipping faults developed in response to regional E–W oriented stretching, followed
by subaerial exposure of the carbonate platform and then by pelagic sedimentation from
Campanian until the end of Eocene. A subsequent Eocene-to-Early Miocene erosion phase
occurred as indicated by the fact that this pelagic formation remains preserved only in small,
topographically depressed areas or in karst cavities, and the overlying units frequently
directly rest on top of carbonate platform sediments. The age of the two platforms substrate
indicates the presence of a Cretaceous extensional stage that produced the two fault-block
platforms. The existence of a middle-to-late Cretaceous extensional stage in the Apennines
was proposed long time ago, e.g., [52,79,80] and now definitely recognized [51,56,57,81–83].
More recently, a prolonged extensional phase occurring between the Albian and Eocene,
associated also with anorogenic magmatism in the southern Adria domain, has been pro-
posed by Vitale et al. [84]. According to these authors, this extensional tectonic is the result
of a rifting episode starting in the Albian and reaching its climax in the Eocene times.
The extensional tectonic extended toward the south of Adria Domain, from the southern
margin of the Ligurian Ocean to the Hyblean, Pelagian, and Sirte Basin Province Rift. This
tectonic activity could have a control on the evolution of the Latium-Abruzzi platform
margin. The stratigraphic reconstruction testifies that the younger Cretaceous deposits
characterize the west portion of South Western Prenestini platform (toward the basinal
area) and the eastern part of South Eastern Prenestini platform (toward the LA platform
domain). Consequently, the Cretaceous extensional tectonic produced the detachment of
the two fault-block platforms from the LA platform marginal domain. The two platforms
underwent a general fate, the drowning at the end of the Cretaceous, as testified by the
Campanian pelagites, until the Aquitanian, when spongolitic marls of the Guadagnolo
Fm were deposited (Figure 9). However, the sedimentary record of South Eastern Pren-
estini contains more phases. The presence of karst features on the Cenomanian interval
in the eastern portion of South Western Prenestini indicates a phase of emersion before
the Campanian drowning, while in the western portion the shallow water sedimentation
continued until the end of the Cretaceous and recovered partially also in the Paleogene,
producing the bioclastic mounds (Figure 10). These are overlaid by spongolitic marls of
the Guadagnolo Fm, while in the east the bioclastic calcarenite of this formation directly
onlapped the Cretaceous paleoescarpment and lies paraconformably on its top.
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a homoclinal ramp [54,85]. This reconstruction has two implications. At the end of the 
Oligocene, the Guadagnolo ramp development suggests that the indent and articulation 
of the substrate in the two fault-block platforms had to be limited to host the skeletal 
carbonate production and accumulation, to allow the development of a ramp profile. The 
second implication is that the Guadagnolo Fm represents an isolated ramp, detached from 

Figure 10. (A) Schematic reconstruction of the South Western Prenestini fault-block platform. After
a phase of subaerial exposure, the eastern-most sector of the fault-block platform was a shaved
platform exposed to the wave action. (B,D) The sedimentation on the platform took place during
transgressive and sea-level highstand phases, (C,E) whereas in the following lowstand, sediment
was eroded as the seafloor came into the zone of wave abrasion. These sediments were shed into the
western side of the fault block platform to form detrital intercalations.

In this paleogeographic context, the Guadagnolo Fm represents the recovery of car-
bonate sedimentation on the drowned fault-block platforms, and the development of a
homoclinal ramp [54,85]. This reconstruction has two implications. At the end of the
Oligocene, the Guadagnolo ramp development suggests that the indent and articulation of
the substrate in the two fault-block platforms had to be limited to host the skeletal carbonate
production and accumulation, to allow the development of a ramp profile. The second
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implication is that the Guadagnolo Fm represents an isolated ramp, detached from the
large Latium-Abruzzi platform domain where the coeval Miocene carbonate sedimentation
is represented by the Bryozoan and Lithothamnion Limestone Fm [34,85].

However, before the instauration of the Guadagnolo Fm, the evolution of the Prenestini
fault-block platforms, the carbonate production, and sedimentation took place in very
different sedimentary conditions ranging from pelagic to continental settings (Figure 10).
Evidence of exposure of the platforms ended during the Cretaceous (Figure 10A) and the
definitive drowning of Cretaceous platform occurred in the Campanian. The pelagites
infilling the ponds, cavities, fractures and, more in general, forming the neptyunian dykes,
obviously accumulated during main relative sea level rise that created pelagic conditions
from Maastrichtian to the Rupelian (Figure 10B). Evidence of the paleokarst is limited to
breccias and red sediment, representing an epikarst, while evidence of vadose or phreatic
zones are not recorded in the area as well as in all the Latium-Abruzzi platform domain [27].
In general, these neptunian dykes developed on fractures, implying a repeated extensional
brittle fracturing of lithified Cretaceous platform carbonates, c.f., [86]. From the Paleocene to
the Eocene, during lowstand phases, the seafloor, represented by the Cretaceous carbonates,
falls within the zone of wave abrasion (Figure 10C). The sediment produced in such settings
is either swept away or is lodged in local depressions like in Rocca di Cave outcrop of the
South Eastern Prenestini platform or in the fractures forming the neptunian dykes or, more
typically, is moved seaward to accumulate in the depressions. The erosion of the fractured
substrate can also produce the conglomerate deposits characterized by the coexistence of
lithoclasts made up of pelagites and Cretaceous carbonate platform limestone. The middle
Eocene mounds represent the remainder of episodes of shallow carbonate production.
These mounds deposited in a low-energy environment. This facies contains green algae
and seagrass-related bioclasts placing the site in meso-euphotic conditions at a relatively
shallow depth, but below the base of wave action. Additionally, the Chattian to Aquitanian
bioclastic deposits dominated by LBF started with epiphytic elements, suggesting the
episodic instauration of a shallow-water carbonate factory followed by a lowstand stage,
during which the seafloor came in the wave base zone and the bioclastic accumulation
interrupted and the previously accumulated sediment was reworked in the depressed
zones (Figure 10E).

Lastly, the transgressive Guadagnolo Fm roughly smoothed the antecedent articulated
palaetopography. The Miocene transgression is almost always marked by detrital glauconite
grains probably deriving from hardgrounds developed due to very low sedimentation
rates during the Chattian-Aquitanian sea level rise.

6. Conclusions

The Late Cretaceous extensional stage in the Apennines had a clear control on the evo-
lution of the Latium-Abruzzi platform margin. In the southern Sabina domain, two main
sectors are represented by two main fault-block platforms, respectively, South Eastern Pren-
estini and South Western Prenestini, developed to the West of the large Latium-Abruzzi
Platform domain.

The South Western Prenestini platform is characterized by a westward tilting and,
in the west Upper Cretaceous platform, carbonates are overlain by Paleogene conglom-
erates and Chattian to Aquitanian larger benthic foraminiferal calcarenites, followed by
Lower Miocene deposits of the Guadagnolo Fm. Conversely, in the eastern sector, these
deposits unconformably lie directly on Cenomanian platform carbonates, characterized by
Maastrichtian to upper Eocene pelagites ponds and neptunian dykes.

In the South Eastern Prenestini these pelagites and the Neogene deposits of the
Guadagnolo Fm lie paraconformably above the Cretaceous carbonate platform substrate,
that is affected by N–S striking east dipping faults developed in response to regional E–W
oriented Late Cretaceous extensional tectonics.

The Cretaceous extensional tectonic produced the detachment of the two fault-block
platforms from the Latium-Abruzzi platform marginal domain. In these platforms, from the



Geosciences 2022, 12, 348 14 of 17

Paleocene to the Eocene, the pelagites deposited during main relative sea level rise, whereas
during phases of lowstand the seafloor, consisting of the Cretaceous carbonates, was in the
wave abrasion zone. The pelagic sediment produced in such setting was swept away and
lodged in local depressions or fractures, while the coarse sediment produced by the erosion
of fractured substrate accumulated as polygenic conglomerates on the Cretaceuos carbonate
platform substrate. Lastly, the Chattian to Aquitanian Larger Benthic foraminiferal-rich
carbonates suggest phases of shallow water carbonate factory activity followed by erosion
during subsequent lowstands.

During the Early Miocene, an isolated homoclinal ramp, represented by the Guadag-
nolo Fm, developed on the drowned fault-block platforms, suggesting that the indented
substrate of the two fault-block platforms had to be limited to host the skeletal carbonate
production and accumulation to allow the development of a ramp profile.

Author Contributions: Conceptualization, M.B.; Data curation, R.C.; Investigation, M.B. and R.C.;
Writing—original draft, M.B. and I.C.; Writing—review & editing, I.C. and R.C. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Ateneo Sapienza (M.B).

Acknowledgments: Useful discussions through the years with Giacomo Civitelli in the field and in
the department allowed to develop the ideas presented here. Goffredo Mariotti, Laura Corda, and
Sergio Madonna are thanked for stimulant discussion, despite our profoundly different opinions.
Thanks are due to Laura Tomassetti for help and discussion in the field. Funding from Ateneo
Sapienza (M.B) is acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tucker, M.E.; Wright, V.P. Carbonate Sedimentology; Blackwells Scientific: Hoboken, NJ, USA, 1990.
2. Handford, C.R.; Loucks, R.G. Carbonate depositional sequences and systems tracts—Responses of carbonate platforms to relative

sea-level changes: Chapter 1. In Carbonate Sequence Stratigraphy: Recent Developments and Applications; AAPG Special Volume;
American Association of Petroleum Geologists: Tulsa, OK, USA, 1993; pp. 3–41.

3. Pomar, L. Types of carbonate platforms: A genetic approach. Basin Res. 2001, 13, 313–334. [CrossRef]
4. Bosence, D. A genetic classification of carbonate platforms based on their basinal and tectonic settings in the Cenozoic. Sediment.

Geol. 2005, 175, 49–72. [CrossRef]
5. Schlager, W. Benthic carbonate factories of the Phanerozoic. Int. J. Earth Sci. 2003, 92, 445–464. [CrossRef]
6. Pomar, L.; Hallock, P. Carbonate factories: A conundrum in sedimentary geology. Earth-Sci. Rev. 2008, 87, 134–169. [CrossRef]
7. Pomar, L. Carbonate systems. In Regional Geology and Tectonics, 2nd ed.; Scarselli, N., Adam, J., Chiarella, D., Roberts, D.G., Bally,

A.W., Eds.; Elsevier: Amsterdam, The Netherlands, 2020; pp. 235–311.
8. Schlager, W. Carbonate sedimentology and sequence stratigraphy. In Concept for Sedimentology and Paleontology; Corsey, L.J., Ed.;

SEPM (Society for Sedimentary Geology) Special Publications: Tulsa, OK, USA, 2005; Volume 8.
9. Hallock, P. Changing influences between life and limestones in earth history. In Coral Reefs in the Anthropocene; Springer: Dordrecht,

The Netherlands, 2015; pp. 17–42.
10. Adams, C.G.; Lee, D.E.; Rosen, B.R. Conflicting isotopic and biotic evidence for tropical sea-surface temperatures during the

Tertiary. Palaeogeogr. Palaeoclimatol. Palaeoecol. 1990, 77, 289–313. [CrossRef]
11. Pomar, L.; Baceta, J.I.; Hallock, P.; Mateu-Vicens, G.; Basso, D. Reef building and carbonate production modes in the west-central

Tethys during the Cenozoic. Mar. Pet. Geol. 2017, 83, 261–304. [CrossRef]
12. Hallock, P.; Seddighi, M. Why did some larger benthic foraminifera become so large and flat? Sedimentology 2022, 69, 74–87.

[CrossRef]
13. Brasier, M.D. An outline history of seagrass communities. Palaeontology 1975, 18, 681–702.
14. Ivany, L.C.; Portell, R.W.; Jones, D.S. Animal-plant relationships and paleobiogeography of an Eocene seagrass community from

Florida. Palaios 1990, 3, 244–258. [CrossRef]
15. Ćosović, V.; Drobne, K.; Moro, A. Paleoenvironmental model for Eocene foraminiferal limestones of the Adriatic carbonate

platform (Istrian Peninsula). Facies 2004, 50, 61–75. [CrossRef]
16. Mateu-Vicens, G.; Pomar, L.; Tropeano, M. Architectural complexity of a carbonate transgressive systems tract induced by

basement physiography. Sedimentology 2008, 55, 1815–1848. [CrossRef]
17. Brandano, M.; Frezza, V.; Tomassetti, L.; Pedley, M.; Matteucci, R. Facies analysis and palaeoenvironmental interpretation of the

late Oligocene Attard Member (lower Coralline Limestone Formation), Malta. Sedimentology 2009, 56, 1138–1158. [CrossRef]

http://doi.org/10.1046/j.0950-091x.2001.00152.x
http://doi.org/10.1016/j.sedgeo.2004.12.030
http://doi.org/10.1007/s00531-003-0327-x
http://doi.org/10.1016/j.earscirev.2007.12.002
http://doi.org/10.1016/0031-0182(90)90182-7
http://doi.org/10.1016/j.marpetgeo.2017.03.015
http://doi.org/10.1111/sed.12837
http://doi.org/10.2307/3514943
http://doi.org/10.1007/s10347-004-0006-9
http://doi.org/10.1111/j.1365-3091.2008.00968.x
http://doi.org/10.1111/j.1365-3091.2008.01023.x


Geosciences 2022, 12, 348 15 of 17

18. Brandano, M.; Pomar, L.; Mateu-Vicens, G.; Cuffaro, M.; Gaglianone, G.; Petricca, P.; Stagno, V. Response: Commentary:
Evaluating the role of seagrass in Cenozoic CO2 variations. Front. Environ. Sci. 2017, 5, 74. [CrossRef]

19. Brandano, M.; Tomassetti, L.; Mateu-Vicens, G.; Gaglianone, G. The seagrass skeletal assemblage from modern to fossil and from
tropical to temperate: Insight from Maldivian and Mediterranean examples. Sedimentology 2019, 66, 2268–2296. [CrossRef]

20. Riordan, N.K.; James, N.P.; Bone, Y. Oligo–Miocene seagrass-influenced carbonate sedimentation along a temperate marine
palaeoarchipelago, Padthaway Ridge, South Australia. Sedimentology 2012, 59, 393–418. [CrossRef]

21. Braga, J.C.; Martín, J.M.; Aguirre, J.; Baird, C.D.; Grunnaleite, I.; Jensen, N.B.; Puga-Bernabéu, A.; Saelen, G.; Talbot, M.R.
Middle-Miocene (Serravallian) temperate carbonates in a seaway connecting the Atlantic Ocean and the Mediterranean Sea
(North Betic Strait, S Spain). Sediment. Geol. 2010, 225, 19–33. [CrossRef]

22. Braga, J.C. Neogene rhodoliths in the Mediterranean basins. In Rhodolith/Maërl Beds: A Global Perspective; Springer: Cham,
Switzerland, 2017; pp. 169–193.

23. Brandano, M. Oligocene Rhodolith beds in the Central Mediterranean area. In Rhodolith/Maërl Beds: A Global Perspective; Springer:
Cham, Switzerland, 2017; pp. 195–219.

24. Bathurst, R.G.C. Carbonate Sediments and their Diagenesis, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 1975.
25. James, N.P.; Bone, Y.; Von Der Broch, C.C.; Gostin, V.A. Modern carbonate and terrigenous clastic sediments on a cool water, high

energy, mid-latitude shelf: Lacepede, southern Australia. Sedimentology 1992, 39, 877–903. [CrossRef]
26. Mutti, M.; Bernoulli, D.; Eberli, G.P.; Vecsei, A. Depositional geometries and facies associations in an Upper Cretaceous prograding

carbonate platform margin (Orfento Supersequence, Maiella, Italy). J. Sediment. Res. 1996, 66, 749–765.
27. Brandano, M. Unravelling the origin of a Paleogene unconformity in the Latium-Abruzzi carbonate succession: A shaved

platform. Palaeogeogr. Palaeoclimatol. Palaeoecol. 2017, 485, 687–696. [CrossRef]
28. Parotto, M.; Praturlon, A. Structural Model of Italy: Geological summary of the central Appennines. CNR Quad. De La Ric. Sci.

1975, 90, 257–331.
29. Bernoulli, D. Mesozoic-Tertiary carbonate platforms, slopes and basins of the external Apennines and Sicily. In Anatomy of an

Orogen: The Apennines and Adjacent Mediterranean Basins; Springer: Dordrecht, Switzerland, 2001; pp. 307–325.
30. Civitelli, G.; Corda, L.; Mariotti, G. Il Bacino Sabino: 3 Evoluzione sedimentaria ed inquadramento regionale dall’Oligocene al

Serravalliano. Mem. Soc. Geol. Ital. 1986, 35, 399–406.
31. Cosentino, D.; Parotto, M. Assetto strutturale dei Monti Lucretili settentrionali (Sabina): Nuovi dati e schema tettonico preliminare.

Geol. Romana 1986, 25, 73–90.
32. Corrado, S. Nuovi vincoli geometrico-cinematici all’evoluzione neogenica del tratto meridionale della linea Olevano-Antrodoco.

Boll. Della Soc. Geol. Ital. 1995, 114, 245–276.
33. Bollati, A.; Corrado, S.; Marino, M. Inheritance of Jurassic rifted margin architecture into the Apennines Neogene mountain

building: A case history from the Lucretili Mts (Latium, Central Italy). Int. J. Earth Sci. 2012, 101, 1011–1031. [CrossRef]
34. Civitelli, G.; Brandano, M. Atlante delle litofacies e modello deposizionale dei Calcari a Briozoi e Litotamni nella Piattaforma

carbonatica laziale-abruzzese. Boll. Soc. Geol. Ital. 2005, 124, 611–643.
35. Giordano, G.; Mattei, M.; Funiciello, R. Geological map of the Colli Albani Volcano 1:50,000. In The Colli Albani Volcano; Funiciello,

R., Giordano, G., Eds.; Special publication of IAVCEI 2010; The Geological Society of London: London, UK, 2010.
36. Doglioni, C. A proposal for the kinematic modelling of W-dipping subductions; possible applications to the Tyrrhenian-Apennines

system. Terra Nova 1991, 3, 423–434. [CrossRef]
37. Lustrino, M.; Morra, V.; Fedele, L.; Franciosi, L. Beginning of the Apennine subduction system in central western Mediterranean:

Constraints from Cenozoic “orogenic” magmatic activity of Sardinia, Italy. Tectonics 2009, 28, 18762. [CrossRef]
38. Carminati, E.; Lustrino, M.; Cuffaro, M.; Doglioni, C. Tectonics, magmatism and geodynamics of Italy: What we know and what

we imagine. J. Virtual Explor. 2010, 36, 10–3809. [CrossRef]
39. Gueguen, E.; Doglioni, C.; Fernandez, M. On the post-25 Ma geodynamic evolution of the western Mediterranean. Tectonophysics

1998, 298, 259–269. [CrossRef]
40. Parotto, M.; Praturlon, A. The southern Apennine arc. In Special Volume of the Italian Geological Society for the IGC 32 Florence-2004;

Società Geologica Italiana: Roma, Italy, 2004; Volume 32, pp. 33–58.
41. Accordi, B.; Devoto, G.; La Monica, G.B.; Praturlon, A.; Sirna, G.; Zalaffi, M. Il Neogene nell’Appennino laziale-abruzzese.

Commitee Mediterranean Neogene Stratigraphy, Proc. IV Session, Bologna. Giorn. Geol. 1967, 35, 235–268.
42. Damiani, A.V.; Molinari, V.; Pichezzi, R.M.; Panseri, C.; Giovagnoli, M.C. Il passaggio Cretaceo-Terziario nei sedimenti carbonatici

di piattaforma dei Monti Affilani (Lazio). Mem. Descr. Carta Geol. It. 1990, 38, 21–37.
43. Cipollari, P.; Cosentino, D. Miocene unconformities in the Central Apennines: Geodynamic significance and sedimentary basin

evolution. Tectonophysics 1995, 252, 375–389. [CrossRef]
44. Carboni, M.G.; Civitelli, G.; Corda, L.; Esu, D.; Matteucci, R.; Pallini, G. Sedimenti spongolitici del Miocene inferiore e medio

dell’Appennino centrale—Un inquadramento preliminare. Geol. Romana 1982, 21, 529–544.
45. Brandano, M.; Lustrino, M.; Cornacchia, I.; Sprovieri, M. Global and regional factors responsible for the drowning of the Central

Apennine Chattian carbonate platforms. Geol. J. 2015, 50, 575–591. [CrossRef]
46. Civitelli, G.; Corda, L.; Mariotti, G. Il Bacino Sabino: 2 Sedimentologia e stratigrafia della serie calcarea e marnoso-spongolitica

(Paleogene-Miocene). Mem. Soc. Geol. Ital. 1986, 35, 33–47.

http://doi.org/10.3389/fenvs.2017.00074
http://doi.org/10.1111/sed.12589
http://doi.org/10.1111/j.1365-3091.2011.01257.x
http://doi.org/10.1016/j.sedgeo.2010.01.003
http://doi.org/10.1111/j.1365-3091.1992.tb02158.x
http://doi.org/10.1016/j.palaeo.2017.07.025
http://doi.org/10.1007/s00531-011-0694-7
http://doi.org/10.1111/j.1365-3121.1991.tb00172.x
http://doi.org/10.1029/2008TC002419
http://doi.org/10.3809/jvirtex.2010.00226
http://doi.org/10.1016/S0040-1951(98)00189-9
http://doi.org/10.1016/0040-1951(95)00088-7
http://doi.org/10.1002/gj.2575


Geosciences 2022, 12, 348 16 of 17

47. Brandano, M.; Cornacchia, I.; Catanzariti, R.; Tomassetti, L. The Monterey Event in the Mediterranean platform to basin transition:
The Guadagnolo Formation (Miocene, Prenestini Mountains, Central Apennines). Palaeogeogr. Palaeoclimatol. Palaeoecol. 2021, 564,
110177. [CrossRef]

48. Brandano, M.; Corda, L.; Mariotti, G. Orbital forcing recorded in subtidal cycles from a Lower Miocene siliciclastic–carbonate
ramp system (Central Italy). Terra Nova 2005, 17, 434–441. [CrossRef]

49. Carboni, M.G.; Di Bella, L.; Matteucci, R.; Palagi, I.M. La Serra—La successione spongolitica (Burdigaliano-Langhiano). In
Proceedings of the Fifth Symposium on Ecology and Paleoecology of Benthic Communities, Paleobenthos V, Rome, Italy,
28–30 September 1992; pp. 46–50.

50. Cipollari, P.; Cosentino, D. La linea Olevano-Antrodoco: Contributo della biostratigrafia alla sua caratterizzazione cinematica.
Studi Geol. Camerti 1991, 4, 143–149.

51. Praturlon, A.; Madonna, S. Mesozoic-Tertiary platforms in marginal areas (Mts Prenestini, Central Apennines). In Mapping
Geology in Italy; Pasquarè, G., Venturini, C., Eds.; APAT: Avila Beach, CA, USA, 2004; pp. 167–176.

52. Carbone, F.; Praturlon, A.; Sirna, G. The Cenomanian shelf-edge facies of Rocca di Cave (Prenestini Mts, Latium). Geol. Romana
1971, 10, 131–198.

53. Carbone, F.; Sirna, G. Upper Cretaceous reef models from Rocca di Cave and adjacent areas in Latium Central Italy. In European
Fossil Reef Models; Toomey, D.F., Ed.; SEPM Special Pubblication: Tulsa, OK, USA, 1981; Volume 30, pp. 427–445.

54. Corda, L.; Madonna, S.; Mariotti, G. Late Cretaceous to early Miocene evolution of the Southern Prenestini Mountains (Central
Apennines): From fault-block platforms to carbonate ramp. J. Mediterr. Earth Sci. 2020, 12, 15–31.

55. Bollati, A.; Corrado, S.; Cosentino, D.; Marino, M.; Mattei, M.; Parotto, M. Assetto strutturale della catena a pieghe e sovrascorri-
menti Umbro-Sabina (Italia Centrale) derivato dal rilevamento dei fogli 366 “Palombara Sabina” e 375 ”Tivoli” (Progetto CARG).
Rend. Online Della Soc. Geol. Ital. 2011, 14, 37–61.

56. Tavani, S.; Vignaroli, G.; Parente, M. Transverse versus longitudinal extension in the foredeep-peripheral bulge system: Role of
Cretaceous structural inheritances during early Miocene extensional faulting in inner central Apennines belt. Tectonics 2015, 34,
1412–1430. [CrossRef]

57. Danese, E.; Mattei, M. Sheet n. 375 “Tivoli” of the Geological Map of Italy to the 1:50,000 scale with Explanatory Notes (Foglio
n. 385 “Albano Laziale” della Carta Geologica d’Italia alla scale 1:50,000 scale con note illustrative), ISPRA—Italian Geological
Survey. In Calcareous Nannofossil Biostratigraphy; Bown, P.R., Ed.; British Micropalaeontology Society Publication Series; Kluwer
Academic Publishers: Dordrecht, Switzerland, 1998; pp. 16–28.

58. Mateu-Vicens, G.; Hallock, P.; Brandano, M.; Demchuk, T.; Gary, A. Test shape variability of Amphistegina d’Orbigny 1826 as a
paleobathymetric proxy: Application to two Miocene examples. Geologic problems solving with microfossils. SEPM Spec. Publ.
2009, 93, 67–82.

59. Beavington-Penney, S.J. Analysis of the effects of abrasion on the test of Palaeonummulites venosus: Implications for the origin of
nummulithoclastic sediments. Palaios 1994, 19, 143–155. [CrossRef]

60. Burchette, T.P.; Wright, V.P. Carbonate ramp depositional systems. Sediment. Geol. 1998, 79, 3–57. [CrossRef]
61. Bosence, D.; Cross, N.; Hardy, S. Architecture and depositional sequences of Tertiary fault-block carbonate platforms; an analysis

from outcrop (Miocene, Gulf of Suez) and computer modelling. Mar. Pet. Geol. 1998, 15, 203–221. [CrossRef]
62. Wilson, M.E.; Bosence, D.W.; Limbong, A. Tertiary syntectonic carbonate platform development in Indonesia. Sedimentology 2000,

47, 395–419. [CrossRef]
63. Sowerbutts, A. Sedimentation and volcanism linked to multiphase rifting in an Oligo-Miocene intra-arc basin, Anglona, Sardinia.

Geol. Mag. 2000, 137, 395–418. [CrossRef]
64. Benisek, M.F.; Marcano, G.; Betzler, C.; Mutti, M. Facies and stratigraphic architecture of a Miocene warm-temperate to tropical

fault-block carbonate platform, Sardinia (Central Mediterranean Sea). Carbonate Systems During the Oligocene-Miocene Climatic
Transition. Int. Assoc. Sedimentol. Spec. Publ. 2010, 42, 129–148.

65. Rosales, I. Controls on carbonate-platform evolution on active fault blocks; the Lower Cretaceous Castro Urdiales Platform
(Aptian-Albian, northern Spain). J. Sediment. Res. 1999, 69, 447–465. [CrossRef]

66. Navarro, V.; Ruiz-Ortiz, P.A.; Molina, J.M. Birth and demise of a Middle Jurassic isolated shallow-marine carbonate platform on a
tilted fault block: Example from the Southern Iberian continental palaeomargin. Sediment. Geol. 2012, 269, 37–57. [CrossRef]

67. Basilone, L. Mesozoic tectono-sedimentary evolution of the Trapanese Southern Tethyan margin (NW Sicily) integrating facies
and stratigraphic analysis with subsidence history. Ital. J. Geosci. 2020, 139, 54–75. [CrossRef]

68. Preto, N.; Franceschi, M.; Gattolin, G.; Massironi, M.; Riva, A.; Gramigna, P.; Bertoldi, L.; Nardon, S. The Latemar: A Middle
Triassic polygonal fault-block platform controlled by synsedimentary tectonics. Sediment. Geol. 2011, 234, 1–18. [CrossRef]

69. Schlager, W. The paradox of drowned reefs and carbonate platforms. Geol. Soc. Am. Bull. 1981, 92, 197–211. [CrossRef]
70. Basilone, L.; Perri, F.; Sulli, A.; Critelli, S. Paleoclimate and extensional tectonics of short-lived lacustrine environments. Lower

Cretaceous of the Panormide Southern Tethyan carbonate platform (NW Sicily). Mar. Pet. Geol. 2017, 88, 428–439. [CrossRef]
71. Bernoulli, D.; Jenkyns, H.C. Alpine Mediterranean and Central Atlantic Mesozoic Facies in Relation to the Early Evolution of the Tethys;

SEPM Special Pubblication: Tulsa, OK, USA, 1974; Volume 2, pp. 129–160.
72. Bosellini, A. Dynamics of Tethyan carbonate platforms. In Controls on Carbonate Platforms and Basin Development; SEPM Special

Pubblication: Tulsa, OK, USA, 1989; Volume 44.

http://doi.org/10.1016/j.palaeo.2020.110177
http://doi.org/10.1111/j.1365-3121.2005.00630.x
http://doi.org/10.1002/2015TC003836
http://doi.org/10.1669/0883-1351(2004)019&lt;0143:AOTEOA&gt;2.0.CO;2
http://doi.org/10.1016/0037-0738(92)90003-A
http://doi.org/10.1016/S0264-8172(98)00016-6
http://doi.org/10.1046/j.1365-3091.2000.00299.x
http://doi.org/10.1017/S0016756800004246
http://doi.org/10.2110/jsr.69.447
http://doi.org/10.1016/j.sedgeo.2012.05.017
http://doi.org/10.3301/IJG.2019.19
http://doi.org/10.1016/j.sedgeo.2010.10.010
http://doi.org/10.1130/0016-7606(1981)92&lt;197:TPODRA&gt;2.0.CO;2
http://doi.org/10.1016/j.marpetgeo.2017.08.041


Geosciences 2022, 12, 348 17 of 17

73. Ruiz-Ortiz, P.A.; Bosence, D.W.J.; Rey, J.; Nieto, L.M.; Castro, J.M.; Molina, J.M. Tectonic control of facies architecture, sequence
stratigraphy and drowning of a Liassic carbonate platform (Betic Cordillera, Southern Spain). Basin Res. 2004, 16, 235–257.
[CrossRef]

74. Hallock, P.; Schlager, W. Nutrient excess and the demise of coral reefs and carbonate platforms. Palaios 1986, 5, 389–398. [CrossRef]
75. Erlich, R.N.; Barrett, S.F.; Ju, G.B. Seismic and geologic characteristics of drowning events on carbonate platforms. AAPG Bull.

1990, 74, 1523–1537.
76. Ruiz-Ortiz, P.A.; Castro, J.M. Carbonate depositional sequences in shallow to hemipelagic platform deposits; Aptian, Prebetic of

Alicante (SE Spain). Bull. Société Géologique Fr. 1998, 169, 21–33.
77. Wilson, P.A.; Jenkyns, H.C.; Elderfield, H.; Larson, R.L. The paradox of drowned carbonate platforms and the origin of Cretaceous

Pacific guyots. Nature 1998, 392, 889–894. [CrossRef]
78. Praturlon, A.; Sirna, G. Ulteriori dati sul margine Cenomaniano della piattaforma carbonatica laziale abruzzese. Geol. Romana

1976, 15, 83–111.
79. Mariotti, G. Alcune facies a Rudiste dei Monti Carseolani: Descrizione e correlazione dal bordo occidentale all’interno della

piattaforma laziale-abruzzese. Geol. Romana 1982, 21, 885–902.
80. Shiner, P.; Beccacini, A.; Mazzoli, S. Thin-skinned versus thick-skinned structural models for Apulian carbonate reservoirs:

Constraints from the Val d’Agri Fields, S Apennines, Italy. Mar. Pet. Geol. 2004, 21, 805–827. [CrossRef]
81. Carminati, E.; Corda, L.; Mariotti, G.; Scifoni, A.; Trippetta, F. Mesozoic syn-and postrifting evolution of the central Apennines,

Italy: The role of triassic evaporites. J. Geol. 2013, 121, 327–354. [CrossRef]
82. Tavani, S.; Iannace, A.; Mazzoli, S.; Vitale, S.; Parente, M. Late Cretaceous extensional tectonics in Adria: Insights from soft-

sediment deformation in the Sorrento Peninsula (southern Apennines). J. Geodyn. 2013, 68, 49–59. [CrossRef]
83. Vitale, S.; Amore, O.F.; Ciarcia, S.; Fedele, L.; Grifa, C.; Prinzi, E.P.; Tavani, S.; Tramparulo, F.D.A. Structural, stratigraphic, and

petrological clues for a Cretaceous–Paleogene abortive rift in the southern Adria domain (southern Apennines, Italy). Geol. J.
2018, 53, 660–681. [CrossRef]

84. Barbieri, M.; Castorina, F.; Civitelli, G.; Corda, L.; Madonna, S.; Mariotti, G.; Milli, S. La sedimentazione di rampa carbonatica dei
Monti Prenestini Miocene inferiore, Appennino centrale: Sedimentologia, stratigrafia sequenziale e stratigrafia degli isotopi dello
stronzio. Geol. Romana 2003, 37, 79–96.

85. Brandano, M.; Corda, L. Nutrients, sea level and tectonics: Constrains for the facies architecture of a Miocene carbonate ramp in
central Italy. Terra Nova 2002, 14, 257–262. [CrossRef]

86. Lehner, B.L. Neptunian dykes along a drowned carbonate platform margin: An indication for recurrent extensional tectonic
activity? Terra Nova 1991, 3, 593–602. [CrossRef]

http://doi.org/10.1111/j.1365-2117.2004.00231.x
http://doi.org/10.2307/3514476
http://doi.org/10.1038/31865
http://doi.org/10.1016/j.marpetgeo.2003.11.020
http://doi.org/10.1086/670730
http://doi.org/10.1016/j.jog.2013.03.005
http://doi.org/10.1002/gj.2919
http://doi.org/10.1046/j.1365-3121.2000.00419.x
http://doi.org/10.1111/j.1365-3121.1991.tb00201.x

	Introduction 
	Geological Setting 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

