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SURFACE GEOLOGY

Surface deposits in the southern portion of the
Po Plain reflect the Holocene geological history
of the Apennine rivers and, at the eastern margin
of the plain, of the Adriatic Sea. In the study
area, these deposits are entirely contained
within the Ravenna Subsynthem (14 ka BP non-
calibrated radiocarbon age to Present), and are
the result of the major transformations of the
landscape has undergone starting from the
beginning of the last deglaciation to date. The
Ravenna Subsynthem is the youngest unit of the
Upper Emilia-Romagna Synthem (with the base
estimated at 400 ka). The cartographic unit with
the lowest hierarchical ranking is the Modena
informal unit (4th - 6th century AD to the pres-
ent day), which is a high-frequency depositional
cycle that developed as a result of the climatic
crisis concomitant with the fall of the Roman
Empire. The Modena informal unit constitutes
the uppermost level of the Ravenna
Subsynthem, and is present over much of the
Emilia-Romagna alluvial plain. The overall dis-
tribution of the facies association is characteri-
zed by a clear bipartition between the western
and central sectors, that are dominated by allu-
vial plain deposits, and the eastern sector up to
the Adriatic Sea, dominated by delta front -
strandplain and prodelta - offshore transition
deposits. 

The cartographic representations of surface geo-
logical features include, in traditional fashion, a
map and several cross-sections. The map (Fig.
1) is projected to show both the stratigraphic
units and facies associations of all the geologi-
cal bodies. Such a representation is realized by
combining colour and overlays. In the Adriatic
Sea area, the depth contour lines of the sea floor
are also shown.
The vertical scales of the cross-sections (Fig. 2)
are strongly expanded (100 times the horizontal
scale) to emphasize the smoothest morphologic
features and geometric relationships between

units. They are generated by integrating surface
morphology and geognostic data (up to about 10
m below the topographic surface) to describe
the inferred geometry of geological bodies in
the subsurface.
The study of the surface terrain is based prima-
rily on an analysis of panchromatic air photos
and satellite images (Fig. 3). An analysis of the
colour tones and patterns, the drainage patterns
and soil-usage, as well as morphological analy-
ses inferred from altimetry, have enabled: 
a) a preliminary identification of the principal
geomorphic units-channels, natural levees, cre-
vasse splays, floodplains, beach-ridge, etc.; b)
an approximate evaluation of the sediment litho-
logy; and c) an approximate evaluation of the
degree of soil alteration.
The geomorphologic, lithologic and pedologic
information deduced from the air photos and
satellite images was ground-truthed by means of
a geological field survey. The rare outcrops
(scarp terraces, quarries, construction excava-
tions, etc., Fig. 4) were mapped and carefully
investigated by detailed sedimentological analy-
sis to characterize the surface lithology and
depositional ambient and to define the bounda-
ries of the stratigraphic units. These data were
implemented by the stratigraphic and sedimen-
tologic analysis of undisturbed cores from bore-
holes, used extensively for the study of the sub-
surface geology. With the exception of these few
outcrops and boreholes, the surface geological
mapping relied mostly on hand-auger drillings
pushed to a depth of 1.5 meters on the field
plain.
It was possible to greatly improve the geological
map thanks to the extensive use of soil data (i.e.
sediment grain-size, CaCO3 content, soil featu-
res and horizons definition) processed by the
Soil Data Bank of the Emilia-Romagna Region

and combined with data from the Soil Survey
Analyses and Consultancy (Fig. 5). Analyses of
the soil texture allowed the systematic lithologi-
cal verification and characterization of the mor-
phologic units recognized and mapped from the
air photos and satellite images. The degree of
soil alteration was used to estimate the mini-
mum and relative ages of the sediments. 
Sediment ages were also determined by consul-
ting bibliographies containing a comprehensive
census of archeological finds and their mapping.
Most of these date from Roman times and may
be relatively abundant in several areas of the
map. The excellent archeological site of Russi
(Fig. 6) allowed the estimation on the field of
the present depth of the Roman topographic
plain (base surface of the Modena unit).
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Fig. 4 - Excavation wall from the alluvial plain located
south-east of the geological map area (highway A14
north of Gambettola). The yellowish, channel-levee sandy
deposits of the Modena unit rest on the top of darker
greyish, floodplain clay and mud of the Ravenna
Subsynthem.

Fig. 6 - Archaeological site of the Roman country house
of Russi (Ravenna). After the II century AD, the house
floor mosaics were buried by 10 m of alluvial sediment. 

Fig. 5 - Map distribution of the pedological data used for the geological map.

Fig. 3 -  Satellite image of the
study area. The picture was taken
by the Landsat 5 satellite on
October 12, 1986, using a
Thematic Mapper (TM) sensor
and bandwidths 4, 5, and 3;
viewing angle corrections and
colour adjustments have been
made to the original image.
Copyright ESA 1986, distributed
by Eurimage, Telespazio for Italy.
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Subsurface geological map between Forlì and Cervia (Southeastern Po Plain)

Fig. 7 - Subsurface
Geological Map: top
of alluvial gravels
and of deltaic and lit-
toral deposits - the
Ravenna (AES8) and
the Villa Verucchio
(AES7) Subsynthems.
Geological survey:
Working Groups of
the Servizio Geo-
logico, Sismico e dei
Suoli (Regione Emi-
lia-Romagna) and
ISMAR-Istituto di
Scienze Marine
(CNR, Bologna).

Fig. 8 - Shallow geological cross-section C-C’ of the
subsurface geological map (vertical expansion 50x).
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SUBSURFACE GEOLOGY

The reconstruction of the Subsurface Geological
Map is based on actual data points: the spatial
relationships between various sedimentary
bodies is based upon a number of interpolation
processes (Figs. 7, 8 and 9). A clear delineation
of the subsurface’s stratigraphical setting is of
fundamental importance towards the study of
practical problems. Scientific knowledge of the
subsurface setting is critical for studies related
to subsidence, soil conservation, water resour-
ces, etc.
The stratigraphic setting of reference for the
area studied is shown in the deep geological
cross-section (which also has information that
relates to areas adjacent to this map, Fig. 9).
This cross-section illustrates the Upper Emilia-
Romagna Synthem’s (AES) internal characteri-
stics, as well as its relationship with adjacent

units. The Emilia-Romagna Synthem is a refe-
rence unit for most of the fluvio-deltaic deposits
that are either exposed or buried in the upper
layers from ten to hundreds of meters in depth
of the Emilia-Romagna plain.
In valleys, the Emilia-Romagna Synthem has
been subdivided into subsynthems (AES4-8)
corresponding to the deposits that outcrop as
several different fluvial terraces or sets of terra-
ces. Beneath the plain’s surface, the AES
subsynthems are correlated to thickening and
coarsening upward cycles characterised by their
fluctuation between fine-grained sediments
(dominated by fluvial overbanks) and coarse-
grained sediments (dominated by fluvial chan-
nel fillings). At the base of every cycle, over-
banks (including organic-rich swamp deposits)
transition toward the northeast into deltaic and
littoral sediments. Based on their physical corre-
lation to the coast areas, these cycles can be

clearly interpreted as being transgressive-
regressive in nature, and are considered to be a
result of the basic Quaternary climatic-eustatic
cycles that have an approximately 100,000-year
periodicity.
The shallow geological cross-section (Fig. 8)
shows the presence of sediments of the Po Plain
up to 50-60 m below the plain’s surface. These
units belong to the Ravenna (AES8) and the
Villa Verucchio (AES7) Subsynthems.
The characteristics that are essential towards depic-
ting stratigraphical relationships and the geo-
metry of the main lithologies of these subsyn-
thems are shown.
In the Subsurface Geological Map (Fig. 7), we
have concentrated on mapping those lithologic
bodies that may be especially relevant in terms
of stratigraphic, paleogeographic, and applica-
tion-oriented studies, that is:
(1) the principal fluvial gravel deposits of the
uppermost sediments (maximum depth of inve-
stigation is about 40 m below sea level), which
are assigned to AES7 and AES8;
(2) the deposits composed primarily of organic-
rich clay and mud within a swamp-lagoon (delta
to back-barrier depositional environment),
which belong to AES8;
(3) beach-ridge sand and gravel deposits, which
belong to AES8;
The study of the subsurface began with the crea-
tion of a geognostic data base (Fig. 10) that
required:
1) the acquisition of paper copies of the bore-
holes, cone penetration tests and water-well
stratigraphies, retrieved from private and public
sources;
2) the location of the geognostic data on the
technical regional maps at a 1:10,000 scale,
along with their georeferencing, followed by the
loading into computer databases of the available
stratigraphic and hydrologic information and
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Water-well
Continuous borehole
Cone penetration test

Fig. 9 - Deep geological cross-section D-D’ of the
Subsurface geological map along the Montone-
Ronco Rivers (vertical expansion 25x).

Fig. 10 - Location of the geognostic investigations contained in the data base of the Geological Survey of the Emilia-
Romagna Region and used for the subsurface geologic map.



data checks using automatic self-tests.
3) re-organization of the stored data using data
processing software, and development of speci-
fic software needed to ease the analysis of key
stratigraphic data.
The mean density of the geognostic data availa-
ble in the study area is 6.3 data points per km2,
displaying greater density near urban areas and
lower density in the surrounding agricultural

areas.
Studies based upon boreholes continue to com-
prise a unique means of directly observing  sub-
surface deposits, and are therefore of fundamen-
tal importance for their characterization (Fig.
11). The cores that are retrieved from the bore-
holes are analysed in great detail (at the centi-
metre scale - Figs. 12 and 13) using established
sedimentologic-stratigraphic methods that allow
the characterisation of facies, facies associations
and their implied depositional environments,
and even the definition or recognition of speci-
fic stratigraphic units. 
The cores may also be sampled for specific
analyses (radiocarbon dating, paleontological,
palynological, and petrographic analyses, etc.)
which provide indispensable information when
verifying the proposed stratigraphic correla-
tions. 
This is why, for the purposes of this work, it was
decided to realize and study fourteen boreholes
of depths varying between 40 and 170 meters.
Additional observations and analyses were car-
ried out on those cores provided to the project
by other public and private sources. 
Amongst the new geognostic investigations rea-
lized for the project are also 172 cone penetra-
tion tests, almost all of which were carried out
with pore-pressure measurements (piezocone
tests or CPTU), reaching maximum depths of 36
meters. The cost of CPTU tests is significantly
lower than that for continuous core boreholes,
therefore these penetrometer studies were used
extensively to obtain greater amounts of geo-
gnostic information, especially in regions for
which little data is available. 
CPTU data, calibrated in part with the informa-
tion from nearby continuous boreholes, were
used to detect the lithologies in the study area,
contributing significantly to the 3D reconstruc-
tion of the subsurface deposits.

67

Fig. 11 - Location of the geognostic investigations conducted by the Emilia-Romagna Geological Survey, as well as of
borehole data, which was directly examined by the survey team and collected from public and private sources. Some
schematic outlines of subsurface geologic cross-sections and other borehole data from the immediately surrounding
map sheets are also shown.

Fig. 12 - The surveying crew of the subsurface geological
map conduct high-resolution sedimentary and
stratigraphic analyses on core sediments retrieved from
borehole 240-S2 (to a depth of 170 m), in order to
reconstruct the stratigraphic and paleoenvironmental
evolution of the Forlì plain over the last 400-500
thousands of years.

Fig. 13 -
Stratigraphy from
borehole 240-S8,
including downcore
grain-size analyses,
sedimentary struc-
tures and radiocar-
bon dates. On the
sides the associated
facies and strati-
graphyc units are
shown.
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