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Preface

This deliverable is subdivided into two parts. Part 1 presents a summary of methodologies

employed in the investigation of slow active faults in the Po Plain. The methodologies are briefly de-

scribed with the support of images taken from reports and papers partially or totally developed within

SAFE. Part 2 presents a summary of results and parameters obtained for Po Plain faults/seismogenic

sources. The reader should be aware that these results are described in detail in Deliverable 8.2 “De-

tailed characterisation of individual structures” within WP8 “Modelling of topographic signal”. This is

due to the fact that the Po Plain is dominated by blind faulting and that most of the methodologies

developed to investigate this region are based on observations and analyses of the topography and

lanscape. The source parameters are described with reference to the GIS-based database of potential

earthquake sources developed within SAFE by INGV. This database, that was largely modelled and

formatted according to the criteria set forth by the EC project “Faust” (Valensise et al., 2002), is fully

described and supplied in electronic form as Deliverable 8.1 “GIS-based database of potential earth-

quake sources identified in suitable key-areas”. Finally, recall that individual seismogenic sources are

defined as in Valensise and Pantosti (2001).
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Part 1: Methodologies

This deliverable will briefly describe the methodologies used in investigating slow active

faults in the Po Plain. Given the complexity of the problem and the fact that the same issues are ad-

dressed in other parts of the project, we chose to organize this summary around 5 different themes and

18 selected images. The main goals of these methodolgies are the following:

ß First identification of previously undetected faults/potential seismogenic sources

ß Assessing the geometry and extent of identified slow blind active faults

ß Characterising in detail the identified blind active faults

The five different approaches or groups of methodologies are the following:

1) Visual and quantitative analysis of planimetric drainage anomalies

2) Visual and quantitative analysis of vertical drainage anomalies

3) Analysis of regionally reconstructed dated horizons of known geometry

4) Analysis of leveling and geophysical prospecting data

5) Analysis of historical intensity data

Although the various approaches and methods are described separately, it is implied that the

best results are obtained when different lines of evidence converge towards the same solution.

Nevertheless, it is important to stress that using different approaches to investigate the same potential

seismogenic source may lead to contrasting evidence (positive and negative) that may help making a

decision concerning the mere existence of that source and its potential. A typical case of this condition

is presented in Figures E.1-E.4.

1.1. Visual and quantitative analysis of planimetric drainage anomalies

The main piece of evidence used in this approach is the trend of individual streams or

the pattern of a drainage system on the horizontal plane. This approach is especially suitable

for the investigation of active faulting in flat or nearly flat alluvial basins, where differences

in elevation of less than 1 meter may induce river diversions or lateral shifts of several km.

The images (Figures A.1, A.2, A.3 and A.4) are constructed using available material and

following the conceptual developments summarised in Burrato et al. (2004). The expected
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trend of a river subjected to tectonic forcing was also the object of a full section of SAFE

(Analysis of landscape response to faulting within WP8: results presented as Deliverable 8.3).

1.2. Visual and quantitative analysis of vertical drainage anomalies

This approach aims at analysing the elevation trend of individual streams and of the

associated terraces (Figures B.1, B.2, B.3). It should be stressed that the analysis of the

vertical trend of a river should always be conducted jointly with the analysis of its horizontal

trend. For example a river subjected to tectonic forcing due a rising anticline may (1) cross

the area undergoing tectonic uplift along a rather rectlinear trend, or (2) avoid the obstacle by

shifting away from the anticline. Case (1) will give rise to vertical anomalies and possibily to

a limited shift, while case (2) will give rise to horizontal anomalies. In the latter case,

however, vertical anomalies could be too small to be detected or could not exist at all.

Important contributions to vertical anomalies may also be associated with ongoing regional

uplift superimposed to vertical motions due to local tectonic sources. Vertical anomalies are

also often associated with distinct changes in the sedimentological attitude of individual

rivers, for example from purely erosional to purely depositional.

1.3. Analysis of regionally reconstructed dated horizons of known geometry

Many alluvial basins that host a large population or large concentartions of industries
afford the possibility of exploring the presence and activity of potential seismogenic sources

using recent geologic markers that are known with confidence over large areas. Figures C.1,

C.2 and C.3 show how a recent compilation of dated time-lines made available by Regione
Emilia-Romagna (Regione Emilia-Romagna-ENI-AGIP, 1998) can be used to constrain the

location, history and current silp rate of the large fault that drives the Mirandola Anticline.
Since the deformation pattern associated with a growing anticline has a distinct shape and

size, the availability of extensive youthful horizons is crucial also for providing negative

evidence for the existence of a fault/anticline.
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1.4. Analysis of leveling and geophysical prospecting data

A typical tool for assessing the existence of an active fault and constraining its slip rate is the analysis of

elevation changes measured along leveling lines. The Po Plain is crossed by a few first order leveling lines and

by several secondary (lower order) lines. Figures D.1 and D.2 show how the recorded elevation changes were

used to confirm the existence and geometry of a growing anticline and to constrain the rate of its deformation.

A standard approach for investigating active faults involves the analysis of
geophysical prospecting data at different scales and based on different physical principles.

Due to the extensive oil exploration that took place in the region after WW2 and up to the
1980s, the Po Plain is criss-crossed by a large number of seismic reflection lines that supply a

comprehensive portrait of the region’s subsurface. Figures D.3 and D.4 show the

reinterpretation of a major transect that crosses the Po Plain from the foothils of the
Apennines to the Alpine piedmont.

1.5. Analysis of historical intensity data

Intensity data can be used to infer an approximate location and size of a seismogenic

fault. Figures E.1 through E.4 describe the identification of the causative fault of the 1802

Soncino earthquake (Mw ~ 5.7) based on a comparison between the historical, geomorphic
and geological evidence. A tentative source was initially located to the south of the intensity-

based source on the grounds that the Oglio River makes a sharp turn where it crosses a major
known anticline. The availabilty of subsurface data later showed that this anticline has been

stable during the past 0.8 My, but also that there is an active anticline closer to the epicentral

region of the 1802 earthquake. The Oglio River does not exhibit any obvious horizontal
anomaly as it crosses this anticline, but more detailed investigations might show that tectonic

uplift is recorded as a vertical anomaly in the longitudinal trend of the river and/or in the
distribution of its deposits.
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Part 2: Results and Source Parameters

2.1. Preface

This deliverable describes the potential earthquake sources that were identified in the Po Plain

(northern Italy) and that were included in the GIS-based database described in Deliverable 8.1. All

sources were identified through the analysis of selected landscape features combined with several

other lines of geological and geophysical evidence.

2.2. GIS database software and structure

The database (Figure F.1) uses the commercial software MapInfo ProViewer 6.5©, or higher, that

is a free software distributed by the MapInfo® Corporation through the Internet via the web site

www.mapinfo.com. Each record of the database has a file of explanatory notes attached to it. These

files were saved in the "PDF" format, thus, to visualise the content of such files the user has to have a

copy of the free software AcrobatReader©, by Adobe® (available from the web site www.adobe.com),

installed on his/her own computer.

The database has a simple, although effective, two-layer structure (Figure F.2). The first layer

contains basic geographic information whereas the second contains data about the seismogenic

sources.

The first layer is organised in four tables: (1) background topographic data; (2) outline of State

boundaries; (3) geographic frame; and (4) set of labels and text.

The background topographic data is a subset of the GTOPO30 Digital Elevation Model (U.S.

Geological Survey's EROS Data Center (EDC), 1996), converted into MapInfo table formats. The

original data were also re-projected from their WGS84 native projection into a customized Lambert

conformal conic, standard parallels 45° and 49°, central meridian 8°, that satisfies the following re-

quirements: 1) conformity prevents vector symbols, such as the rectangle that represents the seis-

mogenic source ideal fault plane, to be distorted, that is to say that it will always show with all sides at

right angles; 2) standard parallels provide enough accuracy for distances in the area of interest.

State boundaries, map frame, labels and text are all mapped as graphic objects. The map of State

boundaries has also the following attributes attached to each record: (1) name of the state; (2) name of

the State's Capital; and (3) name of the continent. All fields are stored as character strings.

The second layer is organised in a single table containing data about the potential earthquake

sources identified, revised, or updated within the framework of the project. It contains the graphic
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objects that represent the seismogenic sources prepared using the FaultStudio software (Basili, 2003).

This software allows the user to manipulate the many parameters of a fault through a friendly Graphic

User Interface (GUI) in a GIS environment. The software also checks the fault parameters against

well-known empirical and analytical relationships between fault geometry and earthquake size (Ka-

namori and Anderson, 1975; Wells and Coppersmith, 1994). The GUI prompts the user with a sum-

mary of all parameters and shows the resulting fault plane in a map. An export function also facilitates

the conversion between the FaultStudio internal format and the format of the records of this database.

This format was adapted from that of DISS 2.0, the Italian database of seismogenic sources, and is

described in detail by Valensise and Pantosti (2001).

Each record of the Database includes 29 attributes as described by the following table.

Attribute name Variable type Description

IDSource Char(8)
Identification code of the seismogenic source according to
the following rule: abbreviation of the Country's name,
dash, ordinal number

SourceName Char(32) Name of a city, village or any significant locale that re-
minds the reader of the place where the source is located.

Strike_deg Smallint Orientation of the fault, in degrees, following the right-
hand rule, clockwise from North.

Dip_deg Smallint Inclination of the fault with respect to the ground surface,
in degrees.

Rake_deg Smallint Sense of movement of the fault, in degrees, in the range 0-
360°.

Length_km Decimal(5, 1) Size of the fault along strike in kilometres.

Width_km Decimal(5, 1) Size of the fault down dip in kilometres.

MinDepth_km Decimal(5, 1) Vertical separation between the ground surface and the
upper edge of the fault, in kilometres.

MaxDepth_km Decimal(5, 1) Vertical separation between the ground surface and the
bottom edge of the fault, in kilometres.

LastEarthquake Char(32) Date of the latest earthquake caused by the fault, if known.

PrevMaxEarthquake Char(32) Date of the penultimate earthquake caused by the fault, if
known.

RecurrenceInterval Char(32) Average time elapsing between two successive events of
slip caused by the fault, in years.

ElapsedTime Char(32) Time passed since the latest earthquake caused by the fault,
in years with reference to the year 2003.
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SlipRate Char(32) Displacement versus time ratio of the fault movements, in
millimetres per year.

AverageDisplacement Char(32) Amount of movements between the two sides of the fault
during a single event of slip, in metres.

ExpectedMaxMagnitude Char(32)
Maximum magnitude of an earthquake that can be caused
by the fault, usually expressed as moment magnitude
(Mw).

LonA Decimal(8, 3) Longitude, in decimal degrees, of one end point of the cut-
off line of the fault.

LatA Decimal(8, 3) Latitude, in decimal degrees, of one end point of the cut-
off line of the fault.

LonB Decimal(8, 3) Longitude, in decimal degrees, of one end point of the cut-
off line of the fault.

LatB Decimal(8, 3) Latitude, in decimal degrees, of one end point of the cut-
off line of the fault.

Lon1 Decimal(8, 3) Longitude, in decimal degrees, of one upper corner of the
rectangular surface of the fault.

Lat1 Decimal(8, 3) Latitude, in decimal degrees, of one upper corner of the
rectangular surface of the fault.

Lon2 Decimal(8, 3) Longitude, in decimal degrees, of one upper corner of the
rectangular surface of the fault.

Lat2 Decimal(8, 3) Latitude, in decimal degrees, of one upper corner of the
rectangular surface of the fault.

Lon3 Decimal(8, 3) Longitude, in decimal degrees, of one lower corner of the
rectangular surface of the fault.

Lat3 Decimal(8, 3) Latitude, in decimal degrees, of one lower corner of the
rectangular surface of the fault.

Lon4 Decimal(8, 3) Longitude, in decimal degrees, of one lower corner of the
rectangular surface of the fault.

Lat4 Decimal(8, 3) Latitude, in decimal degrees, of one lower corner of the
rectangular surface of the fault.

Notes Char(64)
Name of the file that contains text and figures describing
the seismogenic source, significant previous study about it,
and main issues on its identification.

Legend: Char(n) is a n-byte-long string of text; Decimal(n,m) is a fixed-point real number of n-

digit-long total length (including the decimal point) and m-digit-long decimals; Smallint is a two-byte-

long integer.
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The attributes attached to the records of the database can be retrieved interactively from the map

the map window using the MapInfo "info" tool (Figure F.3). This command causes a the info window

to pop up, on top of the map window, and show the full list of attributes. The last field of this list,

named "Notes", contains the name of the "PDF" file that describes the seismogenic source in detail.

This field is associated with the MapInfo "hot-link" tool. This tool allows the user to open with a sin-

gle mouse click the linked file (figure 4), including launching the AcrobatReader software. The con-

tent of these files includes summaries of previous work done on the source, comments of the compiler

of the record, open questions, digital reproduction of published figures, and an extended list of refer-

ences.

The entire database is distributed as a MapInfo workspace that includes the files listed in the fol-

lowing table. For distribution purposes all files are stored in the "SAFEDB.zip" compressed archive.

File Name Description

SAFEDB.WOR File that contains the opening commands and visualising preferences
of the database workspace.

BackgroundGTOPO30.TAB

(.TIF)
Two-file suite that contains the topographic data (colour shaded relief
map) shown in the map window as background raster image.

StatesOutline.TAB

(.MAP; .ID; .DAT)
Four-file suite that contains the graphic objects outlining the bounda-
ries of the European States included in the map frame.

BorderMap.TAB

(.MAP; .ID; .DAT)
Four-file suite that contains the graphic objects forming the geo-
graphic frame in the map window.

BorderTXT.TAB

(.MAP; .ID; .DAT)
Four-file suite that contains labels and text appearing outside the
geographic frame in the map window.

SourceData.TAB

(.MAP; .ID; .DAT)

Four-file suite that contains all the records of the database, i.e. the
graphic objects shown in the map window and their associated attrib-
utes.

SSS-###_Name.pdf

Set of ten files in "PDF" format that contain explanatory notes on the
seismogenic source. The file names are coded as follows. SSS: two-
or three-character-long string that identifies the Country where the
source is located; ###: three-digit-long ordinal number of the source,
including leading zeros; Name: text string that identifies the name of
the source.
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2.3. Records of the database for the Po Plain

The content of the database includes eight seismogenic sources distributed over the Po Plain. The

main characteristics of the identified seismogenic sources will be briefly summarised in the following

list:

1) The Bagnacavallo source (ITA-100) was identified in the key-area of the Southern Po

Plain, Italy. It is thought to be the source of the Romagna earthquake of 11 April, 1688

(Me 5.7). Although this earthquake is not a large one it testifies the proneness of the north-

ern Apennines piedmont to destructive earthquakes.

2) The Mantova source (ITA-103) was identified in the key-area of the Northern Po Plain, It-

aly. It is thought to be a silent source that has not released any earthquake in historical

time. Given the controversial interpretation of the data available as of today, the main issue

with this source concerns its mere existence.

3) The Adige Plain source (ITA-105) was identified in the key-area of the Northern Po Plain,

Italy. It is thought to be a silent source that has not released any earthquake in historical

time. One important question that remains still open with this source is about its possible

association with the large Verona earthquake of 3 January 1117 (Me 6.6).

4) The Mirandola source (ITA-107) was identified in the key-area of the Southern Po Plain,

Italy. It is thought to be a silent source that has not released any earthquake in historical

time. This source corresponds with a major active buried reverse fault that has a large slip

rate. The main open question concerns how much of this strain is spent in seismic release.

5) The Orzinuovi source (ITA-104) was identified in the key-area of the Northern Po Plain,

Italy. It is thought to be the source of the Valle dell'Oglio earthquake of 12 May 1802 (Me

5.6). This earthquake marks the westernmost end of the region affected by significant his-

torical seismicity in the southern Alps.

6) The Senigallia source (ITA-030) was identified in the key-area of the coastal Marche, It-

aly. It is thought to be the source of the Senigallia earthquake of 30 October 1930 (Me

5.9). This is the largest earthquake of the Adriatic coast in central-northern Italy.

7) The Fano Ardizio source (ITA-031) was identified in the key-area of the coastal Marche,

Italy. It is thought to be a silent source that has not released any earthquake in historical

time. This source could represent a seismic gap in the Adriatic coastal belt framed between

the Senigallia earthquake of 1930 to the south and the earthquakes of the Rimini area

(1786, 1875, and 1916) to the north.
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8) The Pesaro San Bartolo source (ITA-032) was identified in the key-area of the coastal

Marche, Italy. It is thought to be a silent source that has not released any earthquake in

historical time. This source could represent a seismic gap in the Adriatic coastal belt

framed between the Senigallia earthquake of 1930 to the south and the earthquakes of the

Rimini area (1786, 1875, and 1916) to the north.

The content of the database is shown below in tabular form.

ID Source Source Name
Strike

deg

Dip

deg

Rake

deg

Length

km

Width

km

Min

Depth

km

Max

Depth

km

ITA-100 Bagnacavallo 119 30 90 10.0 6.0 3.0 6.0

ITA-103 Mantova 262 30 90 10.0 6.0 3.0 6.0

ITA-105 Adige Plain 255 30 90 15.0 8.5 3.0 7.3

ITA-107 Mirandola 100 25 90 18.0 14.0 6.1 12.0

ITA-104 Orzinuovi 280 25 90 8.7 5.8 1.5 4.0

ITA-030 Senigallia 132 30 90 12.0 6.0 3.0 6.0

ITA-031 Fano Ardizio 132 30 90 12.0 8.0 3.0 7.0

ITA-032 Pesaro San Bartolo 122 30 90 8.0 6.0 3.0 6.0

Last

Earthquake

Previous

Max

Earthquake

Recurrence

Interval
Elapsed Time Slip Rate

11 Apr 1688 Unknown 700-3000 y* 315 Unknown (0.1-1.0 mm/y*)

Unknown Unknown 700-5000 y* Unknown Unknown (0.1-1.0 mm/y*)

Unknown Unknown 700-6000 y* Unknown Unknown (0.1-1.0 mm/y*)

Unknown Unknown 700-5000 y* Unknown Unknown (0.1-1.0 mm/y*)

12 May 1802 Unknown 700-3000 y* 201 Unknown (0.1-1.0 mm/y*)

30 Oct 1930 Unknown 700-4000 y* 70 Unknown (0.1-1.0 mm/y*)

Unknown Unknown 700-6000 y* Unknown Unknown (0.1-1.0 mm/y*)

Unknown Unknown 700-4000 y* Unknown Unknown (0.1-1.0 mm/y*)
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Average

Displacement

Expected

Max

Magnitude

LonA LatA LonB LatB Lon1

0.3 m* 5.7 (Me); 5.8 (Mw) 11.959 44.461 12.069 44.417 11.927

0.5 m* 5.9 (Mw) 10.808 45.085 10.682 45.073 10.799

0.6 m* 6.2 (Mw) 11.279 45.263 11.094 45.228 11.262

0.5 m* 6.3 (Mw) 11.003 45.027 11.229 44.999 10.974

0.3 m* 5.7 (Mw); 5.6 (Me) 9.783 45.442 9.893 45.428 9.790

0.4 m* 5.9 (Me) 13.165 43.787 13.276 43.715 13.122

0.6 m* 6.1 (Mw) 12.940 43.917 13.051 43.845 12.897

0.4 m* 5.8 (Mw) 12.829 43.998 12.914 43.960 12.795

Lat1 Lon2 Lat2 Lon3 Lat3 Lon4 Lat4 Notes

44.420 12.038 44.377 12.006 44.336 11.896 44.379 ITA-100_Bagnacavallo. pdf

45.131 10.673 45.119 10.663 45.165 10.790 45.178 ITA-103_Mantova. pdf

45.308 11.077 45.273 11.052 45.337 11.237 45.372 ITA-105_AdigePlain. pdf

44.911 11.200 44.883 11.172 44.771 10.946 44.799 ITA-107_Mirandola. pdf

45.470 9.900 45.457 9.912 45.503 9.802 45.517 ITA-104_Orzinuovi. pdf

43.752 13.233 43.680 13.190 43.645 13.078 43.718 ITA-030_Senigallia. pdf

43.882 13.008 43.810 12.950 43.764 12.839 43.836 ITA-031_FanoArdizio. pdf

43.958 12.879 43.920 12.845 43.881 12.760 43.919 ITA-032_PesaroSanBartolo.pdf

The data in the above table can be used also to re-create the database within any other GIS soft-

ware environment or hardware platform. The fields named Lon# and Lat# can be used to draw the

graphical objects that represent the seismogenic sources in any GIS or mapping tool. Any entire record

can also be used for modelling purposes such as coseismic/interseismic displacement, stress/strain

change, or peak ground acceleration. Notice that " * " indicates that the so marked value was estimated

using general considerations or the compiler judgment. Some slip rates were assumed on the basis of

geodynamic constraints whereas recurrence intervals could have been inferred from slip rate and aver-

age displacement and so on. However, the user is cautioned in using these data for seismic hazard

estimates or urban/facility planning that go beyond demonstration purposes. In fact, the database was

not devised for such usage and its content admittedly lacks completeness, which is a very crucial fac-

tor in seismic hazard assessment and related estimates.
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Figure captions

Figure A.1. Schematic representation in 3D (left) and map view (right) of the effects that slip on a
generic blind, low-angle thrust fault may have on drainage and on geomorphic/sedimentary
processes. The vertical component of the expected deformation is related to the fault geometry
and kinematics through the elastic dislocation theory. The evolution of sedimentation and drain-
age pattern over a wide area is controlled by the growth of the anticline/syncline pair, which
produces tilting of the ground surface.

Figure A.2. Summary of the Late Holocene evolution of the Secchia and Panaro rivers. Notice the
consistent shift of river channels away from the region of the Mirandola Anticline (upper central
portion of the figure) and towards the associated syncline (middle of the figure).

Figure A.3. Outline of the method used to detect drainage anomalies in the Po Plain. The figure shows
an area located south of the Po River, between the Secchia, Panaro and Reno rivers. Straight-
line segments at contour line intervals of 5 m were constructed from the Map of Relief and Ver-
tical Movements of the Po Plain (M.U.R.S.T., 1997). Red arrows and blue arrows show topog-
raphic gradients and actual average drainage directions, respectively. A drainage anomaly is de-
fined as a ≥15˚ divergence between the two vectors.

Figure A.4. Model devised to explore how efficiently the ground surface warping due to fault dis-
placement affects the course of a stream in presence/absence of tectonic regional uplift or subsi-
dence. This is a very simple experiment which incorporates tectonic regional uplift, fault dis-
placement and drainage routing. It does not take into account any contribution of landscape de-
velopment from erosion/deposition processes. The area covered is 50 x 50 km. The three upper
diagrams show how the stream courses are progressively diverged toward the lowermost point
of the depression developed on the backlimb of a growing anticline. The lower three diagrams
show how the presence of tectonic regional tilting prevents the formation of the syncline and the
stream courses are progressively shifted away from the anticline. Contour interval is 0.2 m and
is the same in all diagrams. The image is taken from Deliverable 8.3 of SAFE.

Figure B.1. Profiles of the inner edge elevation of fluvial terraces of the Foglia River, northern
Marche, compared with a restored and balanced cross section from De Donatis et al. (1998).
Notice the convergent pattern of river terraces, suggesting that regional uplift plays a major role
in the construction of the landscape of this region. Also notice that two anticlinal culminations
appear to coincide with bumps in the elevation trend of the river terraces.

Figure B.2. Elastic dislocation modelling of the expected geomorphic and sedimentological response
to progressive growth of the coastal anticline along the Foglia River, northern Marche. This an-
ticline is assumed to be the result of the activity of the Pesaro-San Bartolo Source. Modelling
assumes unitary slip on a blind thrust fault embedded in an elastic half-space. Contours of ex-
pected vertical displacement (expressed as a fraction of slip) highlight the zone of maximum
uplift and subsidence. Notice that the river discharges most of its sediment load in the area of
maximum subsidence. It then continues its run toward the sea and crosses the anticline with a
renewed power wearing down the alluvial plain.

Figure B.3. Comprehensive model of active tectonics in the Apennines frontal prism in the region that
falls between the northern Marche coastline and the Apennines watershed (approximate scale).
Rates of regional uplift and tilting are those inferred from the downstream convergence of flu-
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vial terrace treads. Fault slip rate was derived through elastic dislocation modelling from the es-
timated age (125 Ky) and extent of warping (5-10 m) of the second order terrace.

Figure C.1. (left) Front page of a recent compilation on groundwater resources of the Regione Emilia
Romagna (northern Italy). (right) Identification of three fundamental time-lines within the sub-
surface of the Emilia-Romagna portion of the Po Plain, taken from the compilation made avail-
able by the Regione Emilia Romagna. The maps accompanying the compilation show the 3D
trend of these time-lines over the entire study area.

Figure C.2. The time-lines shown in Fig, C.1. can be digitized and manipulated in 3D to explore their
mutual spatial and deformational relationships. A section drawn across the Mirandola Anticline
shows that the three time-lines (Horizons A, B, C) are deformed consistently and in a fashion
that is similar to the vertical displacement that is expected to be produced by the Mirandola An-
ticline. This similarity allows the calculation of a ~1.7 mm/y cumulative slip rate for the fault
driving this anticline.

Figure C.3. A 3D analysis of the time-lines shown in Fig. C.1 also suggests that the geometry of the
Mirandola Anticline has evolved over time. In particular, the deepest part of the syncline asso-
ciated with activity of this tectonic structure migrated progressively towards the NW. Its present
position cannot be inferred from geological data but is clearly indicated by the attraction of the
Secchia and Panaro rivers towards a common point.

Figure D.1. (left) Sketch showing how to calculate the slip rate for a blind thrust fault. The topog-
raphic profile shown in green is the actual profile drawn across the drainage anomaly of the
Mincio River and the presumed Mantova Anticline. (right) comparison of elevation changes
(above) and topographic trend (below) along a leveling line running from Parma to Verona and
crossing the presumed Mantova Anticline. The leveling data show a distinct bump as the line
crosses the Mantova structure. A larger wavelength bump (outlined by a red circle) is seen at the
left (southern) end of the line, corresponding with the northwestern limb of the Mirandola Anti-
cline (see Figure D.2).

Figure D.2. Expected vertical displacement of the Mirandola Source compared with the drainage pat-
tern evolution. The fault (shown in dark red) is a blind, N-verging thrust that induces uplift of a
wide area. The Secchia and Panaro rivers are first attracted towards the syncline, then down-
stream of it they cross the anticline. Uplift of the anticline forces the Secchia R. to shift its
course northwestward. To the north the Po River exhibits a wide concavity that mimicks the
contour of the area undergoing uplift. The dotted line indicates the leveling route already shown
in Figure D.1. The line intercepts the northwestern edge of the borad deformation pattern caused
by growth of the Mirandola Anticline and can therefore be used to constrain its uplift rate.

Figure D.3. Sketch of the Emilia folds from available subsurface data and seismic reflection lines.
Notice (1) the clear involvement of Pleistocene deposits throughout the entire section and (2)
the presence of thrusts verging in opposite directions at the northern end of the section (Alpine
thrusts verging south and Apennines thrusts verging north).

Figure D.4. A closer inspection of the subsurface evidence shown in Figure D.3 suggests that defor-
mation occurs at two distinct wavelengths: a 20-30 km scale related to deeper thrusts and a ~10
km scale related to structures originating from detachments at 5-8 km depth. It is commonly as-
sumed that the seismicity of the Po Plain originates from these shallower structures.
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Figure E.1. Schematic representation of the source of the 1802 Soncino earthquake obtained using the
Fortran code “Boxer” (Gasperini et al., 1999) with three slightly modified datasets. The earth-
quake occurred in the central-northern portion of the Po Plain not far from Cremona. The source
obtained from Boxer is compared with the source proposed on geological grounds in the Data-
base of Italy’s Seismogenic Sources (DISS 2.0: Valensise and Pantosti, 2001).

Figure E.2. Map showing the principal buried structures reported by current tectonic maps for the
epicentral region of the 1802 earthquake. The source solution proposed in DISS 2.0 (Valensise
and Pantosti, 2001) suggests that the 1802 earthquake was caused by the reactivation of the
Bordolano Anticline.

Figure E.3. Section showing the trend of four distinct time-lines in the region of the 1802 earthquake.
The section suggests that the Bordolano Anticline is indeed a distinct subsurface feature but also
that it that does not affect the most recent deposits of the region. Conversely, the Orzivecchi
Anticline exhibits a more limited long-term signature but clearly affects all deposits younger
than 1 My.

Figure E.4. Summary from the comparison of the three previous figures, showing a revised mixed
historical-geological source for the 1802 earthquake. Notice that, even though the Orzivecchi
source is certainly active, it has no discernible effect on the map trend of the Oglio River. Con-
versely, the same river appear to make a sharp eastward turn as it crosses the presumably inac-
tive Bordolano Anticline. This suggest that any geomorphological evidence for river diversions
should always be verified against geological and subsurface data.

Figure F.1. The MapInfo ProViewer program window with the database open in a map child-window
and the "About" dialog displaying on the right-hand side.

Figure F.2. The two layer structure of the database open in a map child-window and the "About" dia-
log displaying on the right-hand side.

Figure F.3. A sample record of the database. The attributes of the ITA-032, Pesaro San Bartolo seis-
mogenic source (see also Figure B.2), are displayed in a child-window as they are retrieved us-
ing the MapInfo "Info" tool.

Figure F.4. A sample record of the database. The file that contains the explanatory notes linked to the
ITA-032, Pesaro San Bartolo seismogenic source, is shown open in the AcrobatReader program
window. The file appears as it is retrieved by using the MapInfo "Hot Link" tool.
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