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NE TUSCANY)
Siliciclastic turbidite sandstones with shaly interbeds (Oligocene?) passing downward to cherty

calcarenites and calcilutites with varicoloured shaly interbeds (Lower to Middle Eocene).

SUBLIGURIAN DOMAIN
Cervarola-Falterona Unit

TUSCAN DOMAIN

Mt. Senario Sandstone and Mi. Senario Limestone and calcarenites

Alluvial deposits (Holocene)
Colluvial deposits (Holocene)
Landslides (Holocene)

GEOLOGICAL MAP OF THE
MOGGIONA AREA

RRRE i
it Dyl x.m

uuuuu
g S i

Fig. 1 - Geological map of Moggiona and adjoining area (NE side of Casentino valley, Tuscany). Location in figs. 2 and 3.

Normal fault
Overtumed

Syncline
Anticline

Overthrust

Bedding
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FALS in Figs. 2 and 3) (Upper Oligocene - Lower Miocene).

FAL1 + FAL2 + FAL3 in Figs. 2 and 3).

Thick- to medium-bedded, coarse- to medium-grained arenaceous and arenaceous-pelitic turbidites

(FAL

Pelitic and pelitic-arenaceous lithotypes with thin-bedded volcanodastic intercalations and black-banded

Thin-bedded, fine-grained pelitic-arenaceous turbidites (ACE = FAL4 In Figs. 2 and 3); olistostrome.
cherts at the top (ACEb

Poorly siratified, bloturbated maris and calcareous marls, with basal glauconite-rich levels grains,

calcarenites and marly sandstones.
Volcanoclastic beds in the middle part (Burdigalian-Serravallian).

Vicchio Marl
Mt. Falterona Sandstone

ACEb
ACE




Perisutural siliciclastic turbidites in the Northern
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Apennines

INTRODUCTION Q, Bobbio bn
The turbidite siliciclastic successions of perisu-
tural basins are characterised by remarkable
thicknesses, monotonous lithologies and a wide
spectrum of bed thicknesses. In the Northern
Apennines, turbidite successions (SESTINI Ed.,
1970; SESTINI et alii, 1994 cum bibl.) also show
similar modal petrographical compositions and
weak biostratigraphic signals. Several problems
arise on the field and in the regional correlation
of these successions, as they are strongly invol-
ved in the tectonic structures of the chain

—
9

B

e

w
%

O BOLOGNA

Scisti Varicolori

Mt. Cervarola Line

(MARTINI & VAL 2002). These difficulties could L
. . . . 774

be overcome by integrating stratigraphic, petro- S,
graphic and statistical approaches. This report U S
summarises the resul‘ts obtained by applying ‘dif- A Co
ferent methodologies (geological mapping, T T e
deta.lled hthostrgtlgraphygal me.asurelpent gf —— CERVARGEA
sections and their correlations, biostratigraphic Miocene -FALTERONA UNIT . Mamoso-arenacea
agd petrographic analysis of the samples, stati- AT ::"5"3,,“\‘3” Fm.(Ma)
stical processing of the data) to the study of the Early oy FALS B,
Mt. Falterona Sandstone, a thick and wide out- Migeorm ss%

. . . . . e FALS £8% e gjistostromes
cropping Oligo-Miocene perisutural turbiditic = | . FAL2 28 s
unit of the Ngr‘Fhern Apennines (Fig. 1.). It is the oﬁgl-g;ine kA1 ‘:\ Man
authors' opinion that such an integrated \ 0 km 30 Trasimeno

Lake

approach could be systematically applied to the
study and mapping of the siliciclastic turbiditic
successions of other perisutural basins.

Fig. 2 - Regional distribution of the Oligocene-Miocene perisutural turbidite units of the Northern Apennines and
location of the geological maps of Figs. 1 (barred area) and 3.

TUSCAN UNITS
TUSCAN NAPPE
m Macigno (Upper Oligocene/ Lower Miocene)
Scaglia Toscana (Cretaceous-Oligocene)
Mesozoic carbonate-siliceous formations
CERVAROLA-FALTERONA UNIT

[ Vicchio Marl (Burdigalian-Serravallian)
Mt. Falterona S.

listost FAL4 and FAL5 members;
olistostromes iFALL FAL2 and FAL3 members ] (U. Oligocene-Burdigalian)
Scisti Varicolori Fm. (Eocene-Aquitanian)

| Pliocene-Quaternary deposits

URIAN AND SUB-LIGURIAN UNITS
]Morello Unit (Cretaceous-Eocene)
Canetolo Unit (Paleocene-Oligocene)

CASTEL GUERRINO UNIT
E554 castel Guerrino Fm. (?Upper Aquitanian-Langhian)

UMBRIAN UNITS
[7=75] Bisciaro Fm., Schlier Fm., Marnoso Arenacea Fm.
(Lower-Middle Miocene)

\Thrusts \ Normal faults

’ Studied sections

GEOLOGICAL SETTING

The Tertiary perisutural turbiditic successions of
the Northern Apennines chain are well known
examined in Ricct LuccHr' s review (1986) (Fig.
2). These successions (i.e. Macigno, Mt.
Falterona Sandstone, Marnoso arenacea) filled
syn-collisional deepening basins, tectonically
related to the shortening of the Adriatic paleo-
margin (BOCCALETTI et alii, 1985). Strongly
involved in the tectonic framework of the chain
(Figs. 2 and 3), they constitute the widest and
thickest tectonic units of the Northern
Apennines, i.e. the Tuscan Nappe and the
Cervarola Falterona Unit (ABBATE & BRUNI,
1987; BOCCALETTI et alii, 1990; CONTI &
GELMINI, 1994; BENDKIK et alii, 1994; ARUTA
et alii, 1998 and references therein). The tecto-

3.000

MOGGIONA MEMBER
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LAMA MEMBER — MEASURED SECTIONS

@ e black cherts
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Fig. 4 - Lithostratigraphy and k-bed (4-20) correlation of
the studied sections of the Mt. Falterona Sandstone in the

Fig. 3 - Geological sketch map of the area of the detailed sections and location of Figs. 4, 5, 6 and 13 (from ARUTA et

alii modified, 1998, PLEsI et alii, 2002) and studied of the geological map of Fig. 1.

Pratomagno area. The sections are aligned from left to
right following the down- current flows (from NW to SE)
of the turbidites.
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nic Cervarola Falterona Unit is made up of the
Upper Oligocene-Lower Miocene Mt. Falterona
Sandstone (MARTELLI et alii, 1994), a 2500 m-
thick terrigenous, turbiditic formation (which
includes the Cervarola Sandstone = FAL 4 and
FAL 5 Members in Figs. 2 and 3), that strati-
graphically overlies Eocene-Oligocene shales
and marls (Scisti varicolori) and is capped by
Burdigalian-Serravallian marls (Vicchio Marls)
(Fig. 1). The SE flow direction of the paleocur-
rents suggests Alpine source areas for the turbi-
ditic sediments (SESTINI et alii, 1986; ARUTA et
alii, 1998; D1 GiuLio, 1999) and the prevailing
arenaceous and arenaceous-pelitic facies in the
lower part and the pelitic facies at the top of the
Mt. Falterona Sandstone evidence a thinning-
and fining-upward trend in the succession.

METHODOLOGIES AND DATA

During the study and mapping of the Mt.
Falterona Sandstone, a large amount of data -

ARUTA et alii

pertaining to many research fields, i.e. lithostra-
tigraphy, biostratigraphy, statistical analysis and
petrography - was obtained by measuring the
sections bed by bed.

We think that certain methodologies are more
suited to favour an integrated approach to data
processing.

Therefore, it is useful to specify which metho-
dologies were adopted and provide details of the
results achieved.

PHYSICAL STRATIGRAPHY

Several bed-by-bed measuring and correlating
sections define the lithostratigraphic architectu-
re of the Mt. Falterona Sandstone (ARUTA et alii,
1998) (Fig. 4). The thickness of beds and of
Bouma' s intervals, basal grain size, lithology,
paleo-flow directions, etc. were detected.
Physical correlations of the sections were allo-
wed by turbiditic, calcareous-marly key beds
(e.g. the Arno key bed in Fig. 4). Analyses of the
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Fig. 5 - Lithostratigraphy and biostratigraphy of the Falterona Ss. In the Pratomagno (a) and
Cortona (b) areas. The two columns resume the details of the studied sections in Fig. 3. The pale
violet strips evidences Oligocene-Miocene boundary.
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Fig. 6 - Vertical variation of the pelite % of the beds, expressed by the (bed thickness - T, thickness)/bed thickness
ratio, in the Mt. Falterona Ss. in the Pratomagno () and Cortona (b) areas. In each diagram, the median value is shown
(see reference arrows). For the location of the analysed sections, see Fig. 3.

sedimentological data collected in the sections
of Pratomagno and the Cortona areas (Fig. 5)
show that different lithofacies characterize dif-
ferent portions of the succession (from base to
top): Mt. Falco Member-FAL1 (arenaceous and
arenaceous-pelitic  turbiditic  lithofacies),
Camaldoli Member-FAL2 (arenaceous-pelitic),
Montalto Member-FAL3 (alternated arena-
ceous-pelitic and pelitic-arenaceous), Lonnano
Member-FAL4 (pelitic-arenaceous), and Fosso
delle Valli Member-FALS (pelitic) (Fig. 5).
Down-current correlation of the sections shows:
a) a thinning- and fining-upward of the succes-
sion in the two investigated areas; b) a reduction
of the total thickness of the succession; and ¢) a
gradual reduction in thickness of the basal are-
naceous and arenaceous-pelitic members (FAL
1, FAL2 and FAL3) and their transition to the
pelitic-arenaceous member (Figs. 5 and 6).

BIOSTRATIGRAPHY

A very low content of calcareous microfossils
(nanno and forams) in the pelitic portion of sili-
ciclastic beds usually means that a great number
of samples are required in order to carry out reli-
able biostratigraphic analyses. We would rather
suggest that the calcareous turbiditic key beds in
the uppermost part of the nannofossils-rich,
marly interval must be sampled. In this way it is
possible to obtain good biostratigraphic data
with a low number of samples. As described by
FORNACIARI & RI0 (1996), two methods of cal-
careous nannofossil counting were performed:
1) counting index species versus total assem-
blages (300 specimens) and 2) abundance pat-
terns of index sphenoliths (100 sphenoliths).
The results of the biostratigraphic analyses indi-
cate a Chattian to Aquitanian time interval for
the studied successions. We identified a
MNN1la-¢ Zone, which includes the Oli-
gocene/Miocene boundary, close to key bed
number 9 (Polvano key bed in Figs. 4 and 5)
(see also PLESI et alii, 2002 for the Cortona
area).

STATISTICAL ANALYSES

The creation of a large data-base allowed: a) the
application of statistical data processing in real
time; b) the characterisation and comparison of
the measured bed-by-bed sections by numerical
parameters (average, mode, median); and c) the
detection of the presence of cycles and trends of
bed thickness and lithologies in the successions.
The pelite percentage of the beds, expressed by
the (bed thickness - T, thickness)/bed thickness
ratio, helps to define trends and lithostratigraph-
ic subdivisions in the successions already
defined on the basis of field investigation only
(Fig. 6). The vertical variation of the (bed thick-
ness - T, thickness)/ bed thickness ratio for the
Pratomagno and Cortona successions is shown
in Fig. 6. An overall upward increase of the
pelitic fraction of the bed is clearly recognisable
in both successions (see the vertical variation of
the median values in Fig. 6).

PETROGRAPHY

Modal petrographic analysis proved to be a
valid tool for the comparison of turbiditic units
and the reconstruction of their lithostratigraphic
and tectonic setting. Samples were collected
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according to their stratigraphic position. The We would rather recommend the use of CONCLUSIONS

numerous petrographic parameters obtained
from microscope analyses of framework and
matrix of medium-grained sandstones (see also
DI GiuLio & VALLONI, 1992 and references

therein) are listed in the tables of Fig. 7.

Data plotting suggests that the Mt. Falterona
Sandstone is not distinguishable from the other
perisutural siliciclastic turbidites of the Tuscan
Domain (i.e. the Macigno of the Tuscan Nappe)

in the QFL+C diagram (Fig. 8).

L+C

Fig. 8 - QFL+C diagram of the siliciclastic
turbidite units of the Tuscan Domain.
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the sandstones

such as:

1) Lm-Lv-Ls+C diagrams (Fig. 9);
2) monocrystalline quartz without ondulatory

secondary parameters for the characterisation of

extinction (<5°) / total monocrystalline quartz

ratio (Fig. 10); the two examples of the
ondulatory extinction measurement in quartz
grains are shown in Figs. 11 and 12);
3) the variation of petrographic parameters

along the stratigraphic sequence (see Fig. 13).
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Fig. 9 - Lm-Lv-Ls+C diagrams of the siliciclastic turbidite

units of the Tuscan

Domain.
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The new data, obtained by integrating different
methodologies, enable:
i) the identification of the Oligocene/Miocene
boundary and the peculiar petrographic parameters

in the Falterona Sandstone;

ii) the resolution of the difficulties encountered in
the geological mapping of perisutural turbidite
successions of the Northern Apennines, improving
stratigraphic and tectonic knowledge their.
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Fig. 10 - Standard deviation of the monocrystalline quartz
without ondulatory extinction (<5°) / total monocrystalli-
ne quartz ratio in the siliciclastic turbidite units of the

Tuscan Domain.

Qm = monocrystalline quartz, Q = total quartz, Q ( <5°)
= monocrystalline quartz without ondulatory extinction.
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Fig. 11 - Example of ondulatory extintion
in a monocrystalline quartz grain (stage
rotation=8°).

Fig. 12 - Example of ondulatory extin-
tion in a quartz monocrystal within a
polycrystalline quartz grain (stage
rotation=16°).

REFERENCES

ARUTA G. & PaNDELI E. (1995) - Lithostratigraphy of the
M.Cervarola-M.Falterona Unit between Arezzo and
Trasimeno Lake (Tuscany-Umbria, Northern Apennines,
Italy). Giorn. Geol., 57: 131-157.

ARUTA G, BRuUNI P., CiPRIANI N. & PANDELI E. (1998) -
The siliciclastic turbidite sequences of the Tuscan
Domain in the Val di Chiana-Val Tiberina area (eastern
Tuscany and north-western Umbria). Mem. Soc. Geol. It.,
52: 579-593.

BENDKIK A., BocCALETTI M., BoNINI M., PocclanTi C. &
SANI F. (1994) - Structural evolution of the outer
Apennine chain (Firenzuola-Citta di Castello sector and
Montefeltro area, Tuscan-Romagnan and Umbro-
Marchean Apennine). Mem. Soc. Geol. It., 48: 515-522.

BoccALETTI M., CALAMITA F., DEIANA G, GELATI R.,
MassARrl F., MoratTI G. & Riccl LuccHl F. (1990) -
Migrating foredeep-thrust belt system in the Northern
Apennines and Southern Alps. Palaeogeography,
Palaeoclimatology, Palaeoecology, 77: 3-14.

ConTl S. & GELMINI R. (1994) - Miocene-Pliocene

ARUTA et alii

3000 1

Key Beds Petrographic Parameters

Fal 5

2500

Fal 4

2000

S ANDSTONE

1500 4

<
4
[}
1000 =1 m
=
=
[
] ' o ! 00 02 0.4' 06 08 1
- 22 = ome
= iP5 x  Qm,/Qm
Om H ° ° K/F

Scisti i
Varicolori

Fig. 13 - Vertical variation of the petrographic parame-
ters in the Mt. Falterona Ss. in the Pratomagno area.

tectonic phases and migration of foredeep-thrust belt
system in the Northern Apennines. Mem. Soc. Geol. It.,
48: 261-274.

D1 Giurio A. (1999) - Mass transfer from the Alps to the
Apennines: volumetric constraints in the provenante study
of the Macigno-Modino source-basin system, Chattian-
Aquitanian, north-western Italy. Sedim. Geol., 124: 69-
80.

Di GiuLio A. & VALLONI R. (1992) - Analisi microscopica
delle areniti terrigene: parametri metrologici e
composizioni modali. Acta Ateneo Parmense, 28: 51-55.
FORNACIARI E. & Rio D. (1996) - Latest Oligocene to
Early-Middle  Miocene quantitative  calcareous
nannofossil biostratigraphy in the Mediterranean region.
Micropal., 42: 1-36.

MARTELLI L. (a cura di) (1994) - La geologia del Foglio
265 - S. Piero in Bagno (Appennino Settentrionale).
Regione Emilia-Romagna - Servizio Cartografico - Ufficio
Geologico. S.EL.CA., 117 pp., Firenze.

PLesi G., LucHeTTI L., BoscHerINI A., BotTl F,

BrozzeTTI F., BUCEFALO PALLIANI R., DANIELE G., MOTTI
A., NoccHl M. & ReTTORI R. (2002) - The Tuscan
successions of the high Tiber Valley (Foglio 289 - Citta
di Castello): biostratigraphic, petrographic and
structural features, regional correlations. Boll. Soc.
Geol. It., Vol Spec. 1: 425-436.

Ricci LuccHl F. (1986) - The Oligocene to Recent
foreland basins of the Northern Apennines. Spec. Publs.
Int. Ass. Sediment., 8: 105-139.

SesTiNI G. (Ed.) (1970) - Development of the Northern
Apennines geosyncline. Sedim. Geol., 4 (3/4): 203-647.
SESTINI G., BRUNI P. & SAGRI M. (1986) - The Flysch
basins of the Northern Apennines: a review of facies and
of Cretaceous-Neogene evolution. Mem. Soc. Geol. It.,
31: 87-106.

VAl G. B. & MarTINI |.P. (Eds) (2001) - Anatomy of an
Orogen: the Apennines and Adjacent Mediterranean
Basins. Kluwer Academic Publishers, 632 pp, Dordrecht.



	pag214.eps
	pag215.eps
	pag216.eps
	Pagina  217.eps
	Pagina  218.eps

