
ABSTRACT

The study sets out to determine the
stratigraphic architecture of the coastal aquifers of
Emilia-Romagna Region, in particular in the area of
the Ferrara Province’s and defins the distribution
and the physical buondaries of groundwater
reservoirs (composed of sand bodies), the associated
permeability barriers and the interface between
fresh water and brackish water. The huge quantity
of data available, together with teorical progress in
the last few years in stratigraphical field that have
permitted new possibilities of correlation and 3D
reconstruction of sedimentary deposits. The genetic
interpretation of the stratigraphic architecture of
coastal aquifers should represent the basis of all
specialist examinations, in particularly in monitoring
and in the prevention of internal saline water
intrusion.
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INTRODUCTION
The study sets out to determine the

stratigraphic architecture of the coastal aquifers of
Emilia-Romagna Region, in particular in the area of
the Ferrara Province’s (figure 1). Both in view of
future hydrogeologic studies and an optimum
managment of groundwater resources, the study
aims at defining the distribution and the physical
buondaries of groundwater reservoirs (composed of
sand bodies), the associated permeability barriers
and the interface between fresh water and brackish
water. The subject of the study is represented by

the middle-upper Pleistocene sediments that
constitute the more recent portion of the Peri-
Sutural Padan Basin’s filling (Bally & Snelson, 1980);
the sediments were produced by the depositional
activity of fluvial deltaic systems which were both
axially-fed, verging towards the East (paleo-Po river),
and transversally-fed (Appenninic provenance).

METHODOLOGY AND DATA
The followed methodology is based on the recogni-

tion of stratigraphic units belonging to the Deposition-
al Sequences category, sensu Mitchum et. al. (1977).
From a hydrogeologic point of view, Depositional
Sequences may be grouped into distinctive hydrogeo-
logic units, whose main feature is that they are inclusive
of an areally extensive, scarcely permeable or imperme-
able bottom layer, that hinders the possibility of water
exchanges between aquifers belonging to superposed
units; these hydrogeologic units have been informally
named “Hydrostratigraphic-Sequential Units” (HSU)
(AGIP-RER, 1998). The HSUs have a stratigraphic mean-
ing, since, by definition, they are bounded by disconti-
nuity surfaces and related conformity surfaces of basi-
nal extension. In order to identify and map the Hydros-
tratigraphic-Sequential Units, several geologic cross
sections, at the 1:2000 vertical and 1:50.000 horizon-
tal scale, were performed and interpreted, on the basis
of the following data:

– Reflexion seismics for hydrocarbons exploration,
aimed at determining the structure of the basin,
and tracing the main stratigraphic surface lying at
the bottom of the analysed deposits;

– AGIP wells for hydrocarbons exploration,
equipped with electric logs, such as the sponta-
neous potential which was used as an indicator
of the sand/clay ratio, and resistivity, that gives an
indication of the porosity and the eventual pres-
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ence of fresh, brackish or salty waters within the
sediments;

– Water wells derived from the Regional Geognos-
tic Database;

– Deep drillings with continuous coring, whose sed-
iments have been described in terms of facies and
interpreted in terms of depositional environ-
ments.

The geologic cross sections have been partly graph-
ically rendered by highlighting the stratigrafic architec-
ture of the depositional systems as well as hydrogeo-
logic features such as the extension of groundwater
reservoirs (figure 2, figure 3), permeability barriers and
the interface between freshwater and brackish water.

Lastly, structural maps at the 1:50.000 scale have
been elaborated, whose aim is to show, by means of
isolines, the cumulative thickness of single reservoir
(figure 4), as well as the depth of the roof of every sin-
gle stratigraphic unit (figure 5).

HYDROSTRATIGRAPHIC SEQUENTIAL UNIT
(HSU)

The natural processes controlling the sedimentary
development of the HSUs, as well as the formation of
the surfaces bounding them, are:

• Paroxistic tectonic events at the basin scale, sep-
arated by time periods characterized by strong subsi-
dence; these tectonic events caused the formation of
discontinuity surfaces (and related conformity surfaces)
which are recognizable by means of seismic and field
surveys;

• High-frequency climatic/eustatic oscillations
(Petit et al., 1999) which seem to be responsible for the
alternation between high and low-energy sedimentary
phases respectively due to the activation and disactiva-
tion of fluvial-deltaic depositional systems. These oscil-
lations cause the formation of discontinuity surfaces,
that is HSUs, of lower hierarchical ranking than the ones
described above.

In this work, 5 HSUs of lower hierarchical ranking
have been defined with an average thickness of 50-
55m, and have been grouped into a higher-ranking
HSU informally called Acquifer Group A (AGIP-
RER,1998), with an average thickness of 240-250m.

Data correlation, carried out with a stratigraphic-
sequential approach, has enabled:

• to recognize, within every single Hydrostrati-
graphic-Sequential Unit, fine grained, transgres-
sive deposits coarsening upward to regressive
deposit;
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Figure1 Area of study, regional geologic cross sections and main databank locations



• to find out that the transgressive deposits pass
from lagoonal or shoreface deposits, within the
basal HSUs, to coastal plain or lower delta plain
deposits, within the upper HSUs; in the same way,
the regressive deposits pass from shoreface or
delta front sediments, to continental, delta and
alluvial plain deposits;

• to recognize that the coarse regressive deposits
make great aquifers, separated by thick and are-
ally extensive permeability barriers, composed of
the fine transgressive deposits.

The most important aquifers are sheet sandbodies
(figure 2, figure 3) with an average thickness of 25-30m
and are areally very extensive ; usually these sediments
are unconsolidated, well-sorted, and consist of very
fine-medium and coarse sand. In these deposits there is
no break between sandy shoreface/delta-front (marine-
seaward) sediments and sandy delta-plain/delta-lobe
(alluvial-inland) sediments. Muddy and silty units with-
in the sandbodies are commonly restricted in extent.

In bibliography we find trasmissivity values relative
to the two upper confined aquifers (A1 e A2-I) that usu-
ally vary from 10-4m2/s to 10-2m2/s.

The permeability barriers consist of unconsolidated
silts and clays, with an average thickness of 10-15 m
and are areally very extensive. In bibliography we find K
values relative to the permeability barrier of HSU1 that
usually vary from 1. 10-10 to 5. 10-9m/s.

The position of aquifers is strongly conditioned by
structural elements existing in the Peri-Sutural Padan
Basin’s; these structural elements usually dip east-
nord/eastward.

In the area of study only the upper confining
aquifer A1 is directly recharged by the Po river even if
the surface area where recharging takes
place is small in relation to the exten-
sion of the aquifer; the other deep con-
fining aquifers have a remote recharge
that arises from the Alps, infact their
sediments were produced by the depo-
sitional activity of fluvial deltaic systems
which were axially-fed (Paleo-Po river)
and these acquifers are not connected
to the aquifers of Appenninic prove-
nance.

In bibliography we find that the
flowpath of aquifer A1 is usually sea-
ward (eastward) and the natural
hydraulic gradient is about 0.00035 or
less (velocities of flow are about of 0.3
cm/h). In the area of study the regional
hydraulic gradient of the other deep
confining aquifers, that is to say A2-
I/A2-II/A3/A4, is similar to or less than

the aquifer A1 and probably, in many areas of study, the
groundwater is stagnant.

Because of the precarious equilibrium of these
aquifers, the natural hydraulic gradient can be easily
reversed by concentrated withdrawals of ground water.

EVOLUTION OF FRESH WATER/SALINE
WATER BOUNDARY IN HSU

The deposits that make up great aquifers are fre-
quently shoreface or delta-front sediments, thus pore
water was originally saline; at present fresh water occu-
pies many areas of these acquifers. The depositional
cycle of HSUs has been strongly conditioned by high-
frequency climatic/eustatic oscillations. The explanation
herein suggested is based on the concept that during
the progressive drop of sea-level, the connate saline
water was simultaneously flushed, following the sea-
level drop, from the deltaic and shoreface sediments,
porous and permeable, just deposited. The following
sea-level rising, which is very fast, cause the sedimen-
tation of transgressive lagoonal or shoreface deposits,
mainly fine grained, that seal the deltaic reservoir
(aquifer) saturated with fresh water during the previous
drop in the sea level.

SALINE-WATER INTRUSION
The most characteristic type of water-quality degra-

dation in coastal plain aquifers of Emilia-Romagna
Region is saline water intrusion. In the 50s and 60s the
methane-producing well-fields and then heavy industri-
al pumpage have produced an active saline water
encroachment.

In the aquifers A1 (figure 4) and A2-I the conse-
quences of the saline-water encroachment are consid-
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Figure 2 Section 1



erably severe. In particular the concentrated withdraw-
al of ground water near Ferrara city has created a deep
cone of depression (Provincia di Ferrara-RER,1987-
1990) and the natural hydraulic gradient, already very
weak, has been reversed; this has caused connate
saline ground water, in particular in the acquifer A2-I, to

move inland (westward) towards the well-fields for sig-
nificant distances (50-60 km). Analyzing the available
data it is possible to see that because of the high
trasmissivity of the aquifers A2-I, saline water occupied
many areas in only a few years. The deep confined
aquifers A2-II, A3 and A4 have been less exploited than
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Figure 3 Section 2

Figure 4 Isopach map of Aquifer Complex A1
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Figure 5 Isobath map of Aquifer complex A2-

the aquifers A1 e A2-I but they have nevertheless had
an active saline water encroachment even if in small
areas. As the HSUs are hydraulically unconnected the
saline water intrusion has resulted different both in
space and in time.

CONCLUSION
The huge quantity of data available, together with

teorical progress in the last few years in stratigraphical
field that have permitted new possibilities of correlation
and 3D reconstruction of sedimentary deposits, have
brought about new knowlwdge on the coastal aquifers
relationship of Emilia-Romagna Region. The most
important aspect is that every single aquifer is within
distinctive hydrogeologic units, whose main feature is
that they are inclusive of an areally extensive, scarcely
permeable or impermeable bottom layer, that hinders
the possibility of water exchange between acquifers
belonging to superposed units.

These knowledge demostrates the unsuitability of
monoaquifer model, used in most of the Padan Plain,
bringing about a new scenario in the groundwater

development, managment and hydrogeological protec-
tion.

The genetic interpretation of the stratigraphic
architecture of coastal aquifers should represent the
basis of all specialist examinations, in particularly in
monitoring and in the prevention of internal saline
water intrusion.
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