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1:5,000 geological map of the upper Cretaceous
intraplatform-basin succession in the “Gravina di Matera” canyon
(Apulia Carbonate Platform, Basilicata, southern Italy)
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ABSTRACT

Along the slopes of the “Gravina di Matera” canyon, below and
in front of the “Sassi di Matera”, i.e., the old Matera town (Basilicata,
southern Italy), an about 200 m thick succession of upper Creta-
ceous carbonates extensively crops out. These carbonates belong to
the Apulia Carbonate Platform and, in the official geological map, are
referred to the Calcare di Altamura Fm, a lithostratigraphic unit com-
posed of shallow-marine peritidal limestones.

In order to study the whole outcropping succession, a geological
survey was performed in the area and an unexpected intraplatform
shallow-basin suite of limestones has been recognized within the
Calcare di Altamura Fm. On the basis of lithologic characters, the
whole succession has been divided into informal lithostratigraph-
ic units a-g. The base of the succession (unit a) is represented by a
crudely stratified bioclastic floatstone-rudstone locally interested
by in situ brecciation, a phenomenon that often is the precursor of
deep changes in a carbonate platform. Unit a sharply passes upward
to thinly bedded and finely planar-laminated mudstone interested by
slumps (unit b), conformably covered by dolostones (unit ¢). Dolos-
tone gradually passes to cherty limestones (unit d) that in turn pass to
wackestones (unit e) covered by a megabreccia (unit f). All these units
(a-f) indicate that this area of the Apulia Platform performed a change
from “classic” platform environments to slope- and to basin-ones, be-
fore the restarting of typical facies of shallow-marine carbonate plat-
form environments (unit g).

This subdivision in units of the outcropping succession led us
to informally define a member, the Matera member (ALT,), within
the upper Cretaceous Calcare di Altamura Fm (ALT). Most iikely, the
Matera member (units a-f) represents a shallow-basin developed with-
in the Apulia Platform during Late Cretaceous, most likely related to
extensional tectonics. Other examples of slope-to-basin sedimentary
suite were previously observed within the upper Cretaceous succes-
sion of the Apulia Platform and the occurrence of another shallow-ba-
sin in the interior of the same platform opens a new and still understi-
mated regional tectonic and paleogeographic scenario.

Moreover, it should be highlighted that the study area belongs to
a Regional Natural Park since the 1990 (“Parco Archeologico Storico
Naturale delle Chiese Rupestri del Materano” also known as “Parco
della Murgia Materana”) and that Matera, besides being in the Unesco
Word Heritage list since the 1993, has been voted European Capital of
Culture 2019. Therefore, the obtained 1:5,000 geological map, apart
from documenting some lithostratigraphic evidences of the intraplat-
form basin, represents an essential tool for both (i) future studies re-
garding the upper Cretaceous tectono-stratigraphic evolution of the
Apulia Platform, and (ii) a geological base for many visitors interested
in the cultural and geological heritage of Matera and its territory.

Key worps: Apulia Carbonate Platform, intraplatform basin,
late Cretaceous, Matera, geological heritage.
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INTRODUCTION

Along the spectacular “Gravina di Matera”, a canyon
eroded by the homonymous stream (i.e., “Torrente Gravina
di Matera”), and on whose right slope lies the town of
Matera (Basilicata, southern Italy) (Fig. 1), a some hun-
dreds of meters thick succession of Cretaceous limestones,
belonging to the Apulia Platform and unconformably cov-
ered by Plio-Pleistocene deposits, crops out. In order to
investigate the Cretaceous succession we began to study
the best exposed part of it, just below and in front of
Matera town. Here, through serendipity, an unexpected
intraplatform-basin succession, vertically characterized by
several different lithostratigraphic units, has been found.
Previous geological surveys of the area have never dealt
with details of the Cretaceous succession, since either were
realized at a regional scale or mainly regarded some geo-
technical features of the upper Pliocene-lower Pleistocene
calcarenites into which the old town of Matera (a rup-
estrian village) is dug (Bognzi et alii, 1971; 1976; RADINA,
1973; Coteccuia & Grassi, 1975; MAGGIORE et alii, 1975;
BALDASSARRE, 1990; MuccIArRELLI et alii, 2002). In order to
know the lateral extension, relationship and evolution of
each Cretaceous lithostratigraphic unit exposed in the
area, a 1:5,000 geological map has been realized (see the
additional material, hereafter main map).

A wide debate deals with the possibility that Creta-
ceous sinsedimentary tectonics could have affected the
Apulia Platform and adjacent areas; the occurrence of an
intraplatform basin in a carbonate platform is an intrigu-
ing feature that often is interpreted as a signal of sindeposi-
tional tectonics. The only structural data referred to Creta-
ceous tectonics collected in Apulia carbonate successions
of the Murge area (Festa, 2003) suggest the development of
synsedimentary tensional and/or transtensional structures.
This interpretation is in accordance with the possibility to
create conditions for local increase in accommodation,
that could has been recorded either by a local thickening
of the inner-platform succession or by the development of
isolated depressions within the platform, with the occur-
rence of a shallow-basin suite of facies.

At the moment, only this last kind of sedimentary evi-
dence has been observed to trace Cetaceous sindeposition-
al tectonic deformation in the interior of the Apulia Plat-
form, and the Matera example could represents an addi-
tional element for the study of upper Cretaceous tectonics
using the sedimentary record.
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Fig. 1 - Outcrops in the Apulia Foreland (southern Italy), of the in-
ner-platform carbonate rocks belonging to the Apulia Platform
(modified after CiArRANFI ef alii, 1988, TroPEANO et alii, 1997, and
SeaLLuro et alii, 2005).

GEOLOGICAL SETTING

The study area is located on the western side of Murge,
at the boundary between the foreland (Apulia Foreland) and
the foredeep (Bradanic Trough) domains of the southern
Apennines orogenic system in Italy (Fig. 1). The Apulia
Foreland comprises three different morpho-structur-
al highs that, from NW to SE, correspond to the Garga-
no, Murge, and Salento areas (e.g. RiccHerTI et alii, 1988)
(Fig. 1). Outcropping rocks on the Apulia Foreland mainly
record the development of a Mesozoic carbonate platform
(the Apulia Platform), whose Cretaceous succession is ex-
tensively exposed in the Murge area, where two vertically
stacked formations, the Calcare di Bari Fm (below) and

the Calcare di Altamura Fm (above), basically made up of
inner platform facies, crop out (Pigr1, 1980; CiarRANFI et alii,
1988; RiccHETTI et alii, 1988) (Fig. 1).

As regards the Bradanic Trough, the same Cretaceous
limestones of Murge represent the bedrock of the Plio-
Pleistocene succession of the foredeep on its foreland side
(CiaraNFI et alii, 1979; SELLA et alii, 1988) (Fig. 2). Here,
the Bradanic Trough succession starts with upper Plio-
cene-lower Pleistocene shallow-marine coarse-grained
carbonates (the Calcarenite di Gravina Fm) (Fig. 2), whose
transgression and backstepping on the Murge high, ex-
posed since the end of the Cretaceous, record the intense
subsidence induced by the eastward Apennines migration
(TroPEANO & SaBaTO, 2000). Since, during exposure, the
Murge area was represented by a horst and graben system,
a wide archipelago developed during this relative sea-level
rise (i.e., the foreland subsidence). The progressive flood-
ing of the subsiding foreland led the arrival of lower Pleis-
tocene hemipelagic clays (the Argille subappennine Fm)
from the Apennines. These clays onlapped onto the flanks
of the islands, previously mantled by the coarse-grained
carbonates, and were successively covered by lower and
middle Pleistocene coastal to fluvial sands and gravels (re-
gressive coastal and alluvial deposits, sensu PiEr1 et alii,
1996), that almost completely hid the bedrock features.
These sands and gravels are the result of a regional uplift,
started from late early-Pleistocene times; later, erosion and
drainage network deepening, favoured by this continuous
uplift, determined the partial dismantling of the foredeep
succession and the exhumation of some morphostructur-
al features of the old archipelago (TropEANO et alii, 2002).
One of the partly exhumed paleoisland is the Matera Horst,
that corresponds to the “Murgia materana” area, about
50 km? wide and up to about 520 m high (Fig. 2), where
the study area lies. According to Boenzi et alii (1971) and
Servizio GeoLocico p'ItaLia (1971), the Cretaceous bedrock
is made up of upper Cretaceous limestones of the Calcare
di Altamura Fm, composed of inner platform limestones
rich in rudists, with interbedded bodies of dolostones or
breccia of uncertain continental origin. As occurred in
the whole Murge area, these faulted Cretaceous rocks
were exposed up to the upper Pleistocene, when the fore-
land subsidence induced a relative sea-level rise on the

succession of the eastern (outer) side of the Bradanic Trough

Apulia Platform rocks cropping out in the Apulia Foreland and
representing the bedrock of the outer Bradanic Trough succession

500 m

|:| marine and/or continental terraced deposits - early-middle Pleistocene
I:] Argille subappennine Fm - early Pleistocene
|:| Calcarenite di Gravina Fm - late Pliocene-early Pleistocene

|:| Calcare di Altamura Fm - late Cretaceous
---- trace of the cross section

Matera
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Gravina di Matera
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Fig. 2 - Geological scketch map around Matera, on the outer side of the Bradanic Trough (see Fig. 1 for the location), and cross section (vertical
exaggeration; modified after BENEDUCE et alii, 2004). The red rectangle indicates the area of the main map.
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Matera Horst also. The top of this paleoisland was never
reached by the sea. But on each side of the horst remnants
of the described foredeep succession (Plio-Pleistocene
calcarenites, clays and coarse-grained siliciclasts) may be
observed. Natural sections of both the foredeep (Bradanic
Trough) succession and its Cretaceous bedrock are today
well exposed in the Matera area. The expositionis due toboth
the regional Pleistocene uplift affecting Murge (DoGLIONI
et alii, 1994) and locally the occurrence of the “Gravi-
na di Matera” canyon. At least since about 0.75 Ma, af-
ter cutting the foredeep cover, the canyon is deepening in
the carbonate bedrock of the southwestern flank of the
paleoisland (Fig. 2) (BENEDUCE et alii, 2004).

METHODS AND MAP PRODUCTION

The topographic base used for the geological mapping
is represented by portions of the sheets n. 472123 and
n. 472124, scale 1:5,000 of the Carta Tecnica Regionale -
Regione Basilicata, available online (http:/rsdi.regione.
basilicata.it/web/guest/home) as TIFF files of maps georef-
erenced in ETRS89. By the use of Adobe® Illustrator® soft-
ware, the main map vector, the geological cross sections
and the legend were designed. Graphically, the main map
refers to the standard symbols, colors and filling defined
for the making of the in progress official 1:50,000 Geolog-
ical Map of Ttaly (ABBATE et alii, 1992; Coscrt et alii, 1996;
TaccHIA, 2007; BATTAGLINI et alii, 2009).

For the characterization of the carbonate lithotypes,
some more detailed observations were carried out on sawn
slabs from rock samples.
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The lithostratigraphic criterion was adopted for the
geological mapping of the upper Cretaceous succession,
that was divided into various informal lithostratigraphic
units on the basis of the solely lithologic peculiarities (see
HEDBERG, 1976; ABBATE et alii, 1992; Sarvapor, 1994, for a
compherensive discussion on the stratigraphic classifica-
tion and terminology).

THE GEOLOGICAL MAP

The proposed 1:5,000 geological map derives from a
geological survey that concentrated on the Cretaceous car-
bonate succession cropping out along the well exposed sides
of the “Gravina di Matera” canyon, below and in front of the
old town of Matera, called “Sassi di Matera” (see the main
map for the following described litostratigraphic and struc-
tural features). The other outcropping units of the studied
area, i.e., those referred either to the Bradanic Trough cycle
or to much more recent covers, have been reported in the
main map to show their areal distibution only.

Since the early stages of the geological survey, it was
immediately clear that the outcropping Cretaceous succes-
sion was characterized by different mappable lithosomes
and affected by several faults. Since lithosomes are vertical-
ly stacked and each lithosome exhibits peculiar facies fea-
tures, the Cretaceous succession has been subdivided into
seven informal lithostratigraphic units, named from a to g,
upward (e.g. Fig. 3a,b). This subdivision has been useful to
describe the different facies characterizing the development
of the Cretaceous succession and has represented an essen-
tial tool to highlight and evaluate the faults displacements.

Fig. 3 - (a) View of the left slope of the “Gravina di Matera” canyon (the height of the slope is ca. 90-100 m) in front of S. Lucia convent (see main
map for the location of both “Gravina di Matera” canyon, eroded by the homonymous stream “Torrente Gravina di Matera”, and S. Lucia convent,
that is “Convento S. Lucia”). The black dashed lines indicate lithostratigraphic contacts between the Cretaceous informal units a-e; the continuous
white line represents the unconformity at the base of the Calcarenite di Gravina Fm. A normal fault (red dashed line), displacing the Cretaceous
bedrock not more than 10 m, can be appreciated. (b) View of the left slope of the “Gravina di Matera” canyon (the height of the slope is ca. 50 m),
near the junction with the Jesce stream (“Torrente Jesce” in the main map). The white dashed lines indicate lithostratigraphic contacts between the
Cretaceous informal units e-g; the continuous white line represents the unconformity at the base of the Calcarenite di Gravina Fm.
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LITHOSTRATIGRAPHY

According to the observed relationships and regional
considerations, the mapped units have been subdivided
into three main groups related to different paleogeograph-
ic/geodynamic steps of the evolution of the area. Their age
has been assigned following the available chronostrati-
graphic data and, from the oldest to the youngest, the three
groups belong to: i) the Apulia Carbonate Platform units,
developed during the Mesozoic in a passive margin con-
text; ii) the Bradanic Trough units, developed during the
Pliocene and early Pleistocene in the Apennines foreland
basin; iii) the Quaternary continental deposits, that are the
sediments recording the last (uplift) stage of the Apulia
Foreland evolution.

The oldest outcropping units represent the Cretaceous
succession of the Apulia Platform, formally belonging to
the Calcare di Altamura Fm. Locally this succession has
been referred to the Senonian p.p. (Boenzi et alii, 1971) and
is up to 200 m thick. Its features are described in detail in
the following sub-section.

The Calcarenite di Gravina Fm, unconformably ly-
ing on the Cretaceous succession (Fig. 3a), represents the
transgressive deposit on the foreland rocks (i.e., the Creta-
ceous limestones of the Apulia Platform) and records the
beginning of the Bradanic Trough infill succession. Local-
ly it has been referred to the late Pliocene p.p. and early
Pleistocene p.p. (TrRoPEANO et alii, 1994), and is up to sev-
eral tens of meters thick, like in the “Sassi di Matera”. In
the mapped area it is represented by coarse-grained mixed
lithoclastic-bioclastic carbonates (calclithite and grain-
stone/packstone), frequently forming clinobedded bodies
(TropEANO, 1994; PoMAR & TrROPEANO, 2001; MATEU-VICENS et
alii, 2008). Locally, an extraclastic carbonate conglomer-
ate, up to some meters thick, occurs at the base.

The Argille subappennine Fm, conformably lying on
the previous formation, locally has been referred to the
early Pleistocene p.p. (TROPEANO et alii, 1994) and is up to a
few tens of meters thick; in the area this formation records
the maximum deepening of the Bradanic Trough and is
carachterized by silty clay and, in its uppermost part, by
sandy silt.

The regressive coastal and alluvial deposits, either con-
formably lying on the Argille subappennine Fm or uncon-
formably lying on the Calcare di Altamura Fm, represent
the closure of the Bradanic Trough infill succession, and
in the area have recorded the first stages of the foreland
uplift. These deposits, up to some tens of meters thick and
made up of siliciclastic sand and gravel, have been region-
ally referred to the early Pleistocene p.p. and to the middle
Pleistocene p.p. (Piert et alii, 1996; TropPEANO et alii, 2002;
BENEDUCE et alii, 2004).

Finally, the Quaternary continental deposits record
the uplift of the area accompained by the deep incision of
the drainage network. They are basically made up of car-
bonate gravel, no more than about 10 m in thickness, and
are represented by: i) late Pleistocene terraced alluvial de-
posits, ii) late Pleistocene-Holocene talus deposit, iii) late
Pleistocene-Holocene alluvial deposit.

The Cretaceous succession

The seven vertically stacked informal lithostratigraphic
units a-g, distinguished within the outcropping Cretaceous

succession on the basis of the observed lithologic and sed-
imentologic peculiarities, will be described from the bot-
tom upward. Due both to the pre-Pliocene morphology and
structural setting of the Matera Horst, the units c-g can be
unconformably covered by Plio-Quaternary deposits (see
the main map).

Unit a

The unit a is made up of a bioclastic floatstone-rudstone
characterized by cm-large bivalvs. This unit locally shows
a matrix- to clast-supported breccia texture, with irregular
and mainly subangular clasts, up to 5-6 cm in size (Fig. 4a).
Breccia texture is highlighted by a widespread network of
cm-spaced and disorganized open fractures filled by fine
sediment (mudstone). The layering is not always evident;
locally, massive layers up to 1 m thick can be observed
(Fig. 4b). The thickness of the unit a, whose base is not ex-
hibited, is about 25 m. The unit a conformably passes up-
ward to the unit b through a sharp contact (Fig. 4b).

Unit b

The unit b is represented by a thinly bedded and finely
planar-laminated mudstone, with some set of laminae ref-
erable to flat to pseudocolumnar stromatolites (Fig. 5a,b).
In the lower part of the unit, complex folds can be locally
observed. These folds are interpreted as slump structures
(e.g. Fig. 5¢,d) being represented by deformed horizons, up
to 2 m thick, sandwiched between undeformed facies of
the same unit. An alternation of meter-thick horizons of
laminated mudstone and dolostones indicates the passage
between the unit b, that shows a maximum thickness of
about 30 m, and the overlying unit ¢ (Fig. 5e).

Unit c

The unit ¢ is basically composed of dark greyish do-
lostone (e.g. Fig. 5f), often carious, organized in bad de-
fined massive layers up to 1 m thick in alternance with
well-stratified centimeters to decimeters thick dolomitic
limestones. The unit ¢, often showing karst dissolution
features, exhibits a thickness of about 25 m. The unit ¢
conformably passes upward to the unit d through a sharp
stratigraphic contact.

Unitd

The unit d consists of a well-stratified cherty limestone
succession. It is made up of brownish laminated marly
mudstones and dolomitic limestones including dark grey-
ish, dark brownish or whitish chert organized in nodules
or gently undulated layers; both size of nodules and thick-
ness of layers reach ca. 15 cm (Fig. 6a,b). Although the
marly mudstone and the dolomitic limestone are general-
ly more abundant of the chert, a 1:1 ratio between these
carbonate and siliceous lithotypes can be locally observed
(Fig. 6b). The unit shows a thickness of about 12 m. The
upward abrupt missing of chert marks the transition to the
overlying unit e.

Unite

The unit e is dominated by well-stratified ligth greyish/
whitish wackestone. The strata show a thickness on aver-
age of 20-30 cm and a lobate shape; the stratal surfaces are
often characterized by stylolites (Fig. 7a). The unit, show-
ing a thickness of about 30 m, conformably passes upward
to the unit f through a sharp stratigraphic contact (Fig. 7b).
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Fig. 4 - (a) Brecciated bioclastic-floatstone-rudstone of unit a; the arrows indicate some of the many bioclasts; scanning of slabs of rock samples
are represented in the upper right and lower left (the arrows on the rock slabs indicate the top of the samples); irregular and subangular clasts
can be appreciated in both slabs; matrix-supported texture is shown in the upper right slab, while clast-supported texture in the lower left one.
(b) View of the outcrop of the unit a crossed by the pathway connecting S. Lucia convent (i.e., “Convento S. Lucia” in the main map) to the
“Gravina di Matera” stream (i.e., “Torrente Gravina di Matera” in the main map), on the right slope of the “Gravina di Matera” canyon; the sharp
contact with the conformably overlying unit b is pointed by the arrows.

dolostone

Fig. 5 - (a) Finely planar-laminated mudstone of unit b, characterized by flat to pseudocolumnar stromatolites laminae. (b) Stratal surface
showing sub-circular, concentric geometries (some of which pointed by arrows) given by pseudocolumnar stromatolites laminae within the unit
b. (¢, d) Examples of slump-type deformations involving thinly bedded mudstone in the lower part of the unit b. (e¢) Alternation of meter-thick
horizons of dolostone and laminated mudstone, in the lower part of the unit c. (f) Detail of the dolostone belonging to the unit c.
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Fig. 6 - (a) Nodules of chert included in marly mudstone of unit d; the brownish color of the marly mudstone is shown in the scanning of slab
of rock sample in the upper right. (b) Gently undulated cherty layers, some of which pointed by arrows, in unit d; a 1:1 ratio among chert and

marly mudstone can be appreciated.

Fig. 7 - (a) Detail of the greyish/whitish wackestone belonging to unit e; the arrows point to some stylolitc surfaces. (b) View of an outcrop
of unit e, covered by unit f, near the pathway connecting Madonna delle Vergini rupestrian church to the “Gravina di Matera” stream (i.e.,
“Torrente Gravina di Matera”; see main map for the location); the sharp stratigraphic contact between these two units is indicated by the
dashed line.

Unit f

The unit f is represented by a carbonate breccia
(megabreccia) with re-sedimented limestone clasts hav-
ing variable shape and size; diameter of clasts reaches
50 cm and some extrasized clasts are also present. The

texture is generally clast supported, and occasionally
matrix supported (Fig. 8a). Sometimes this disorgan-
ized breccia shows weak signs of stratification (Fig. 8b),
and, at the base of the unit, dismembered and folded
strata having texture features similar to those charac-
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Fig. 8 - (a) Detalil of the megabreccia of unit f; variable shape and size of limestone clasts and the clast supported texture can be appreciated.
(b) Very weak stratification (dashed lines) within the megabreccia of unit f. (¢) Folded layer (a dashed line have been traced in the middle of the
layer) at the base of the unit f; a dismembered portion of an original layer within the unit f is pointed by the arrow. (d) Alternation of decime-
ter-thick breccia layers with gently undulated layers of mudstone (more protruding) in the upper part of unit f.

terizing the unit e, can be found embedded in the brec-
cia (Fig. 8c). Toward the top of the unit, decimeter-thick
carbonate breccia layers alternate to gently undulated
mudstone layers, that characterize the overlying unit
g (Fig. 8d). The unit f exhibits a thickness of about 20
m and the upward missing of breccia layers marks the
transition to the unit g.

Unit g

The unit g, which represents the top of the Cretaceous
succession in the mapped area, is dominated by tabular
well-stratified ligth brown mudstone and very fine-grained
packstone/grainstone in its lower part (Fig. 9a), and by
rudists floatstone in its upper part (Fig. 9b). The strata
thickness is variable from 20 to 40 cm, and the stratal sur-
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Fig. 9 - (a) Well-stratified mudstone and very fine-grained packstone/grainstone in the lower part of the unit g; the ligth brown color of the mud-
stone, and the stylolites characterizing some stratal surfaces can be appreciated in the lower left picture magnification. (b) Rudists floatstone

in the upper part the unit g.

faces are often characterized by stylolites (Fig. 9a). The
unit shows a thickness of about 60 m, and it is widespread
exposed along the upper part of the slopes of the “Gravina
di Matera” canyon and on the top of this investigated part
of the Matera Horst.

MAIN STRUCTURAL FEATURES

The Cretaceous succession is moderately tilted main-
ly to the northeast, southwest and northwest, owing to
normal faults, to which, moreover, are locally associated
gentle to open synclines and anticlines. The succession is

widespread jointed along stratal surfaces and fractured,
with an increasing of high-angle fracturing typically ap-
proaching the faults. Two main normal faults, with throw
exceeding ca. 20 m, have been observed. They are repre-
sented by two roughly opposite (diverging) northeast- and
southwest-dipping faults (Fig. 10a,b), located towards the
northeast and the southwest corners of the main map,
respectively. Synthetic and antithetic faults can be found
associated to these two main faults (e.g. Fig. 10b and geo-
logical section C-C’ in the main map).

The main northeast dipping normal fault strikes from
Murgecchia locality (to the northwest) to Jesce stream
(i.e., “Torrente Jesce”, to the southeast), and plunges of ca.

ite. di Gravina Fm

Gravina di Matera
NCEN]

e

Fig. 10 - (a) Main northeast-dipping normal fault, pointed by the black arrows, on the right slope of the valley eroded by the Jesce stream (i.e.,
“Torrente Jesce” in the main map; the height of the slope is ca. 15 m), near the junction with the “Gravina di Matera” stream (i.e., “Torrente
Gravina di Matera” in the main map); an intensely fractured zone, affecting the Cretaceous carbonate rocks, can be appreciated in the footwall
of the fault. (b) Main southwest-dipping normal fault (dashed red line) on the left slope of the “Gravina di Matera” canyon (the height of the
slope is ca. 80 m), displacing of few meters the Calcarenite di Gravina Fm; an intensely fractured zone, affecting the Cretaceous carbonate rocks,
can be appreciated in the footwall of the fault.
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50-60° (Fig. 10a). It displaces towards northeast the Cre-
taceous units, with a throw of ca. 20 m, and it is bordered
by an intensely fractured zone and tectonic breccia (Fig.
10a). Its lateral continuation is hidden by the Calcarenite
di Gravina Fm, which, however, exhibits a some intensify-
ing of fracturing along the southeastern lateral continua-
tion of the fault.

The main southwest dipping normal fault strikes from
the surroundings of San Pietro Caveoso church (to the
northwest) to Casalnuovo locality (to the southeast). It
plunges ca. 70°, and displaces towards southwest the Cre-
taceous units, with a throw of ca. 40 m. The fault zone is
characterized by intensely fractured limestones and tecton-
ic breccia (Fig. 10b). Along this fault, a small displacement
of a few meters affecting also the Calcarenite di Gravina
Fm can be appreciated on the left slope of the “Gravina di
Matera” canyon (Fig. 10b). In addition, on the right slope
of the canyon, an intensifying of fracturing deforming the
Calcarenite di Gravina Fm can be locally noticed towards
the lateral continuations of the fault.

Other normal faults of minor importance, in terms of
throw, dissect, together with their associated synthetic and
antithetic faults, the Cretaceous succession. Similarly to
the main faults, the mapped minor faults strike ca. north-
west-southeast. However, they show higher plunge values
of ca. 80°, and throws between 5 m and 10 m (e.g. Fig. 3a).
Other minor faults are widespread in the Cretaceous suc-
cession, however not mapped since their exiguous throw,
less than 5 m.

DISCUSSION

ENVIRONMENTAL CONSIDERATIONS

The lithofacies observations regarding the Cretaceous
units were useful not only for proposing stratigraphic sub-
division, but also to express some considerations about the
development of the Cretaceous succession.

Local features of the unit a resemble those of an inter-
nal breccia (sensu FucHTBAUER & RiIcHTER, 1983), that rep-
resents the product of an in situ fragmentation of shallow
marine deposits induced by flexure-like deformations. At
the outcrop scale, flexure and fragmentation can be in-
duced either by large-scale slumps or by small fold prop-
agation faults (WINTERER et alii, 1991). The diffused slump
structures in the unit b are the typical sedimentary prod-
ucts of unstable margins, even if slumps may produce in
peritidal sediments due to very limited movements along a
gentle slope (SpaLLuto et alii, 2007). Dolostone of the unit ¢
shows a crystalline texture and so it is difficult to identify
its original environment, also because dolomite may form
in many different diagenetic environments. It is possible to
assume that the original sediment developed in a relative
deep marine environment since it lies between the unit b,
that records slump processes typical of slope environmen-
ts, and the unit d, that contains cherty limestones, typi-
cally considered as basinal rocks in the Cretaceous carbo-
nate succession of the Apulia Foreland (MarTinis & Pavan,
1967). Anyway, we underline that, according to PETTIOHN
(1975), a shallow marine or an hypersaline lacustrine ori-
gin can not be excluded for the chert. Unit e is sandwiched
between the underlying basinal unit d and the overlying
cahotic breccia characterizing the unit f. Since the latter is

a debris deposit that tipically accumulates along and at the
base of a steep slope and is produced by repeated collapses
of a prograding platform margin (VERWER et alii, 2013), it
results that the unit e also deposited in relatively deep en-
vironment. Finally, unit g shows in its upper part subtidal
and peritidal cycles that are features of sediments devel-
oped in a shallow marine carbonate platform, and that can
be compared to those features regionally described for the
upper Cretaceous succession of the whole Murge area.

LITHOSTRATIGRAPHIC IMPLICATIONS: THE MATERA MEMBER

One of the main must of the geological cartography
is to adopt a stratigraphic subdivision/hierachy that takes
into account both previous formal choice of the official
cartography and international rules about stratigraphy. On
very-large-scale geological-maps, like that one proposed
in this work, facies features or other lithostratigraphic at-
tributes are used to identify different informal units within
official formations. In a first step of our survey this was the
goal of the work. Soon it was clear that most of the Creta-
ceous facies cropping out in the Matera area show litho-
logical and sedimentological features that strongly differ
from those that define in origin the Calcare di Altamura
Fm, excluding limestones of the unit g.

The Calcare di Altamura Fm, whose age regionally
spans from the late Turonian (dubitative) to the Maas-
tricthian p.p., was formally introduced during the 1:100,000
geological survey of the Murge area, where it crops out
diffusely (Fig. 1) and reaches 1 km in thickness (AzzaroLi
et alii, 1968). Basically it is characterized by shallowing
upward cycles with rudists facies and developed in inner
carbonate-platform environments (CiaranFI et alii, 1988).
Despite this regional description, the Calcare di Altamura
Fm in some localities shows facies that differ from inner
platform ones, like in the vicinity of Ostuni (east Murge;
Fig. 1), where a tectonic retreat of the eastern margin of
the platform is recorded by slope to basin deposits devel-
oped onto inner platform ones (Borcomano & PuiLip, 1987;
Pier1 & LaviaNo, 1989; BorgoMaNo, 2000). In this area has
been suggested to introduce new formational units (still
not adopted) in order to better highlight these lithostrati-
graphic features and, in particular, the differences with
respect to the lithofacies that define and characterize the
Calcare di Altamura Fm (LuPeErro SINNI & BORGOMANO,
1989). In other two localities of the Apulia Foreland,
away from the Murge area, namely in the vicinity of
Apricena (west Gargano; MorsiLLi et alii, 2002; Fig. 1) and at
Porto Selvaggio (west Salento; Mastrociacomo et alii, 2012;
Fig. 1), upper Cretaceous slope to basin facies replace in-
ner platform ones. In the first locality, the new Geological
map of Italy at the scale 1:50,000 (Sheet 396 “San Severo”;
Servizio GEoLocGico D'ItaLia, 2011a) ascribed the slope to ba-
sin succession to the Calcari di Monte Acuto Fm, lying on
the Calcare di Altamura Fm (MorerT1 et alii, 2011).

As regards the surveyed area of Matera, facies features
described for the units below the unit g cannot be simply
ascribed to the Calcare di Altamura Fm. The whole studied
succession starts with facies (unit a) that even if can be
ascribed to shallow marine environments, promptly were
interested by in situ brecciation, a phenomenon that often
is the precursor of deep changes in a carbonate platform.
These facies progressively pass upward to slope and ba-
sin ones (units b-f), before the restarting of typical facies
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of shallow-marine carbonate platform environments (unit
g). To avoid confusion with the official cartography of the
area, namely the 1:100,000 Sheet 189 “Altamura” (SErvizio
GeoLrocico D'ItaLia, 1968) and Sheet 201 “Matera” (SERvIZIO
Georocico p'ItaLia, 1971), after the subdivision in informal
units for so many lithosomes, the adopted solution was to
informally define a member, the Matera member, within
the Calcare di Altamura Fm. So, the Matera member, that
shows a suite of facies belonging to environments referable
either to unstable margins or to slopes or to a shallow ba-
sin, remains part of the Calcare di Altamura Fm and may
have an own cartographic identity. Besides representing
the base for the large-scale survey of the present main map,
this adopted solution will be useful for small scale maps,
when the area will be interested by the new official geolog-
ical survey. Since ALT is the unequivocal official acronym
for the Calcare di Altamura Fm, the acronym ALT, has
been here adopted for the Matera member, in accordance
with the rules enacted by the International Stratigraphic
Commission (HEDBERG, 1976). In the study area six lithofa-
cies or lithosomes have been recognized within the Matera
member, corresponding to the mapped units from a to f.
In accordance with the quoted rules, ALT, , ALT , ALT ,
ALT,, ALT, , and ALT,; are the adopted acronym for these
units. Finally, for all practical purpose, the unit g does not
belong to the Matera member but is part of the “classic”
Calcare di Altamura Fm (ALT in the main map).

REGIONAL CONSIDERATIONS

The development of slope to basin facies in the Apulia
Platform is recorded in a few localities; it has been hy-
pothesized to being induced by upper Cretaceous tec-
tonics, with the retreat of the eastern platform margin
at Ostuni (Pier1 & Laviano, 1989) (Fig. 1), or with the cre-
ation of an intraplatform basin at Apricena (MORSILLI et
alii, 2002) (Fig. 1) and at Porto Selvaggio (MASTROGIACOMO
et alii, 2012) (Fig. 1). Furthermore, subsurface evidenc-
es within the Apulia Platform of upper Cretaceous in-
traplatform basins (i.e., Rosaria Mare, east of Brindisi,
and Casalbordino Corridor, north of Gargano), which
formed as a result of extensional tectonics, have been
found in the Adriatic offshore thanks to deep wells logs
and seismic lines interpretation (Nicorar & GamBini, 2007;
SANTANTONIO et alii, 2013).

In the Murge area, upper Cretaceous extensional tec-
tonics was hypothesized by Piert (1980) on the basis of re-
gional stratigraphic considerations and, later, constrained
by Festa (2003), on the basis of analyses of tectonic defor-
mations involving inner platform facies. SpaLLuTo et alii
(2007) assumed upper Cretaceous tectonics to play a role
for slumps involving peritidal limestones, observed south
of Ostuni (Fig. 1). This tectonics may have promoted the
development of intraplatform basins, as supported by local
stratigraphic evidences. Laviano et alii (1998) hypothesized
the development of a shallow intraplatform-basin to justify
the progradation toward west of clinobedded rudist litho-
somes, locally observed just below the Calcare di Altamu-
ra Fm, in the late Cenomanian part of the Calcare di Bari
Fm (Fig. 1). More recently, and in the same portion of this
latter formation, the development of a shallow basin was
invoked also by Pieri et alii (2011) for the deposition of
marginal shoal, and shallow basin limestones (Sheet 438
“Bari”; SErvizio GEoLoGIcO D'ITaLIA, 2011D).

The geological survey performed along the “Gravina
di Matera” canyon indicates the presence of another up-
per Cretaceous intraplatform-basin located about 100 km
landward with respect to the eastern margin of the Apulia
Platform (see Riccuerti, 1980, for the Cretaceous margin
position). The moderate thickness of the basin-related suc-
cession (i.e. the about 150 m of the Matera member) sug-
gests that the basin never hosted deep water settings, and,
tentatively, the succession could be related to a ramp sys-
tem developed along a margin of an extensional or craton-
ic-interior shallow-basin, where, according to BURCHETTE &
WRIGHT (1992), “the identification of truly basinal deposits is
a persistent problem”.

In Italy, the presence of intraplatform basins has been
recognized in the Southern Alps, where extensional/tran-
stentional tectonics affected the Dolomia Principale during
the Norian (JapouL et alii,, 1992; TROMBETTA, 1992; BERRA et
alii, 2010), in Campania, within the Cretaceous units of the
Matese area (CARANNANTE et alii, 2009), and in Sicily, within
the upper Jurassic-lower Cretaceous units of the Panor-
mide area (BASILONE et alii, 2016).

In the quoted examples of Southern Alps, margin-
al faults and/or platform to basin facies transitions both
crop out and have been well documented (TROMBETTA &
Botroni, 1993; Berra & Jabout, 1996). Coeval and equiva-
lent intraplatform basin facies were also found in central
and southern Apennines, most likely linked to tectonics
affecting platforms but without the possibility to demon-
strate the presence of marginal faults (CiriLL1, 1993; CLiMACO
et alii, 1997).

Unfortunately, also the fault or faults responsible for
the formation of the basin cannot be documented in the
mapped area and they should be sought elsewhere; never-
theless, upper Cretaceous tectonics is indirectly recorded
in the Matera area both by the creation of an isolated and
relative deeper setting within a shallow-marine realm and
by the instability of basin margins, testified by slumps and
debris deposits.

On contrast, the mapped faults mainly record a
post-Cretaceous to pre-upper Pliocene activity. However,
some more recent activity for these faults is testified, along
them, by brittle structures locally involving the Calcarenite
di Gravina Fm. Furthermore, the parallelism between the
neighboring normal faults dissecting the outer ramp of the
foreland basin (TropeaNO et alii, 1994; Pier1 et alii, 1997;
TroOPEANO et alii, 1997) and the mapped faults does not ex-
clude an extensional upper Pliocene — lower Pleistocene
tectonics which affected the Matera area as well.

MATERA: A GEOTOURISTIC DESTINATION AND A TRAINING GROUND
FOR GEOLOGY

On 17 October 2014 Matera, a small town in Southern
Italy already recognized World Heritage Site by UNESCO
since 1993, was voted European Capital of Culture 2019.
Therefore Matera, devoted to cultural tourism and possess-
ing this 2019 international appeal, can represent a good
opportunity to disseminate geological culture too (SaBaro
et alii, 2018).

The “Sassi di Matera”, originated from a prehistoric
troglodyte settlement, is represented by dwellings in part
derived from the excavation of caves. The latter are well
shaped on the side of the “Gravina di Matera” canyon and
partially closed towards the outside by simple coverings
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Fig. 11 - Group of undergraduate and Ph.D. students in Geosciences
on the brochure of one of the international courses leaded by Bilal
Hagq (in the center-right of the group) in the Matera area.

or by more complex building works made up of ashlars
derived from rocks of the same type as those excavated.
The element of great impact, in addition to the “Sassi di
Matera”, is really represented by the “Gravina di Matera”
canyon, that cut the spur of the Murgia Materana (see the
map location in Fig. 2), a Regional Natural Park since the
1990 (“Parco Archeologico Storico Naturale delle Chiese
Rupestri del Materano”, also known as a “Parco della Mur-
gia Materana” - http://www.parcomurgia.it/).

The “Sassi di Matera” developed inside the Calcarenite
di Gravina Fm, and this Quaternary limestones have been
and are a training ground for sequence stratigraphy since
about 20 years (TroPEANO et alii, 2009). Several field trips
and courses performed in the Murgia Materana were dedi-
cated to this topic (TRoPEANO & SaBaTo 2006; SaBATO & TRO-
PEANO, 2008), with a lot of participants coming from all the
world that moved along the upper part of the flanks of the
“Gravina di Matera” canyon trying to solve field exercises
(Fig. 11). Authors of the present paper also accompained
on the same sites many groups of schoolchildrens and pro-
posed simplified keys to geological reading the rocks and
the landscape (SaBaro et alii, 2016; TRoPEANO et alii, 2016).

Now, with the present study, also the lower part of the
canyon and the outcropping Cretaceous succession can rep-
resent an useful tool to disseminate the geological knowl-
edge to undergraduate or Ph.D. students in Geosciences,
as well as geo-tourists. In fact, the proposed map could be
further simplified, realizing an explanatory note for not-ge-
ologists. As an instance, the map and all geo-touristic in-
formation could be accessible in a dedicated website by a
QR (Quick Response) code added on outdoor panel, and
used for smartphone or tablet applications.

At the moment, in order to facilitate the use of the
main map to do-it-yourself visitors, the most known path-

ways starting from the “Sassi di Matera” or from the top of
the left side of the “Gravina di Matera” canyon have been
traced (see main map).

CONCLUDING REMARKS

The detailed geological survey of the “Gravina di
Matera” canyon along the stretch of “Sassi di Matera”, car-
ried out at the scale 1:5,000, allowed us to find an example
of upper Cretaceous intraplatform-basin within the wide
Apulia Platform. Among other features, slumps, cherty
limestones, and a megabreccia horizon are not those ones
typical of shallow-marine environments of the interior of a
carbonate platform, to which the outcropping succession
was previously referred. Since the succession referred to
this intraplatform-basin is no more than 150 m in thick-
ness, reached water depths of the basin were relatively
shallow, even if, in absence of other diagnostic criteria, it
is difficult to constrain facies to bathymetry.

The presence of a succession with facies referred to
relatively deeper environments showing considerable lith-
ological differences from those ones reported in the official
geological maps has also implied the necessity to upgrade
the formal lithostratigraphic subdivision of the Cretaceous
carbonate succession cropping out in the Matera area. The
most easy and conservative cartographic solution has been
to suggest the institution of a member (the Matera mem-
ber) within the official formation (the Calcare di Altamura
Fm) to which the whole succession belongs.

The new survey and the related map responded to a
second, but not secondary, goal. It should be noted that the
mapped area: 1) lies in the “Murgia materana”, that since
the 1990 has been recognized and protected as a regional
park for its historical, archeological, and natural features;
2) includes the “Sassi di Matera” districts, that is in the
Unesco Word Heritage list since the 1993; 3) may be easi-
ly reached by walk from Matera, designated as European
Capital of Culture 2019. Therefore, the obtained main map
represents not only an essential tool for future studies re-
garding the evolution of a Cretaceous small basin within the
Apulia Platform, but also a guide for those visitors, whose
number is exponentially growing, interested to observe the
geology exposed along the “Gravina di Matera” canyon. At
the moment, in order to facilitate the use of the main map to
visitors, the most known pathways starting from the “Sassi
di Matera” or from the top of the left side of the canyon have
been traced.
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