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SCIENCE

Geo-archaeology of the Roman palaeosurface of Sena Gallica (Senigallia, Italy)
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aDepartment of History and Cultures, University of Bologna, Section of Archaeology, Ravenna, Italy; bDepartment of Earth, Life and
Environmental Sciences, University of Urbino, Urbino, PU, Italy

ABSTRACT
Sena Gallica (Senigallia), in the northern Marche region, was the first Roman colony on the
Adriatic coast founded at the beginning of the third century BC. This research adopted an
integrated approach to different information sources that combines old and new data,
archaeological excavations, topographic and geophysical surveys, and geological and
geomorphological analyses. The data are managed within a GIS and supported by 3D
modelling. One of the results of this work is a map which represents the geomorphological
setting of the Roman colony, close to the mouth of the Misa river. The settlement exploited
the top-surface of the uppermost Pleistocene–early Holocene coastal fan of the Misa river,
now only preserved at the apex sector truncated seaward by wave erosion. The top-surface
of the fan apex, in turn, was partly re-incised by stream erosion producing a series of slight
topographic mounds, which were selected for the earliest human settlement (V-IV c. BC).
Some of the mounds resulted in a protected, slightly elevated, area enclosed by the
meandering course of the Misa River and the Sant’Angelo/Penna streams, where the Romans
decided to found their colony (284 BC). The tight interaction between human activities and
the natural environment has always influenced the development of the town, from the
earliest phases to the modern age. This map focuses on the time when the Roman colony
was founded, but the combined study in progress allows understanding of the main
transformations that occurred during the following centuries.
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1. Introduction

A stratified cultural heritage spanning the last 2500
years is buried beneath the modern town of Senigallia
(the Roman Sena Gallica) close to the mouth of the
Misa river. On this site, where a Celtic population
was already living (De Donatis et al., 2012; Lepore &
Silani, 2013; Ortolani & Alfieri, 1978; Stefanini,
1991), the Romans established their first colony
exploiting a favourable topographic configuration con-
sisting of mounds surrounded by streams, the sea and
marshy depressions.

In 2010 the Senigallia Urban Archaeological Project
was born, promoting the collaboration between the
University of Bologna (DiSCi – Department of History
and Culture, Section of Archaeology), Soprintendenza
per i Beni Archeologici delle Marche, Municipality of
Senigallia and the University of Urbino (DiSTeVA –
Department of Earth, Life and Environmental
Sciences).

Within this project, new multidisciplinary archaeo-
logical and geological studies started, providing inno-
vative clues about the evolution of this area, and
highlighting strong relationships and mutual influences
between natural processes and human activity. Indeed,
the archaeological and geological data-set stresses some
features of the urban tissue of Sena Gallica both

constrained by palaeomorphology and/or partly modi-
fied by human intervention in Roman times.

In this context, our work focused on reconstructing
the natural environment when the Romans settled in
this area (284 BC). The map of the Roman palaeosoil
(Main Map) is the palaeotopographic reconstruction
of the archaeological surface dated 2300 years BP, as
attested by archaeological findings (Lepore, 2014; Sal-
vini, 2003). The map’s objective is to display, by
means of contour lines and shaded relief, the rather
irregular natural palaeomorphology of the site and
also highlight some traits of the relict hydrographic
pattern of the Misa and Sant’Angelo/Penna streams
and the position of the Roman coastline.

2. Data and methods

The construction of the geo-archaeological map
required the collation of a wide range of data sources,
through a combined archaeological–geological–geo-
morphological approach with continuous feedback
among the different data-sets (see the Data Set Map
in the upper left corner of the Main Map). These
include historical sources (written records, cartogra-
phies and maps, historical photos) as well as infor-
mation from archaeological excavations both
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unpublished and published (Lepore, 2014; Salvini,
2003), hand and mechanical probings, systematic topo-
graphic surveys and geophysical prospecting (integrat-
ing resistivity, seismic, ground penetrating radar and
electromagnetic techniques).

The probings represent important data-sets, which
significantly augmented the preliminary desk-based
assessment. As a whole, 21 hand probings, 86 mechan-
ical continuous probings and 30 standard penetration
tests have been carried out and used in the present
research. In particular, the hand probings were accom-
plished by archaeologists mainly within the cellars of
modern buildings, in order to reach greater depths
or, in some cases, to validate the results of the geophy-
sical surveys.

The stratigraphic information was entered into a
geographic information system (GIS) database linked
to the Regional Technical Map of the Marche Region
(scale 1:2,000), based upon heights above the present
sea level. The data-set analysis and interpretation
allowed identification of a stratigraphic level consisting
of homogeneous, compact and plastic clay, dark brown
in colour (with frequent coal remains) at the top, over-
lying greyish silty–clayey to sandy alluvial sediments.
This level, identified as a palaeosoil and supplemented
by archaeological findings, demonstrates the earliest
Roman presence (third century BC) on the site, and
is therefore regarded as the reference height for the
first settlement’s activities by the Roman colonists.
The same layer was further recognised and character-
ised within archaeological digs carried out between
2011 and 2014 in several areas of the modern town,
where it was also identified by geophysical prospection
(resistivity and seismic techniques).

The GIS-based analysis allowed modelling of the
Roman palaeosurface (hereafter called simply ‘palaeo-
surface)’ which has been reconstructed in terms of
morphology and altitude as a DSM (digital surface
model). Specifically, the DSM was obtained by sub-
tracting all the depths related to the first Roman period
from the ground level. Consequently, the heights of the
palaeosurface with respect to present sea level were
calculated.

The current sea level is also presented as it allows an
immediate visual comparison with the modern topo-
graphy. In this respect, it is worth emphasising that,
in the whole north-Marche area, where the study
area sets, since Roman times relative sea level (combin-
ing eustatic, isostatic, tectonic components) has experi-
enced minimal variation (Antonioli et al., 2009;
Lambeck, Antonioli, Purcell, & Silenzi, 2004) despite
a notable sedimentary seaward shifting of the shoreline.

The adopted ‘total approach’ led to the combined
use of a wide range of non-invasive geophysical survey
methods. For the ground penetrating radar (GPR)
mapping, an IDS RIS MF Hi-Mod 1 system was widely
employed, equipped with a dual frequency 600–200

MHz array antenna. The seismic prospection was car-
ried out using a SARA Electronic Instruments SR04
EDUGEO seismograph, while the resistivity surveys
were achieved with a resistivity meter with a 72
multi-electrodes. Although not entirely suitable for
urban areas, a geomagnetic technique was also tested;
a GEM Systems GSMP-35 optical potassium magnet-
ometer-gradiometer integrated, in some cases, with a
GSSI EMP-400 profiler multi-frequency electromag-
netic system was used.

Within the integrated analysis, geotechnical tests
and geophysics played a relevant role in interpreting
the archaeological deposits and natural setting on
which the town was founded. GPR has been widely
used for mapping streets, squares and buildings of
the modern town, providing information on the buried
stratigraphy and favouring the discovery of buried
structures and infrastructure (as in the case of via Bar-
occio). Resistivity and seismic systems support the
description of the natural morphology, including the
palaeomeandering of the Misa River and the detection
of the ancient coastline.

As an urban historical context, the Senigallia Urban
Archaeological Project acquires relevance from a meth-
odological perspective in terms of ‘preventive archaeol-
ogy’ in a living town. In effect, in this kind of
environment the importance of the evaluative process
is unquestionable but is more complex than in a
rural context. Urban deposits are unfortunately not
usually susceptible to geophysical or electronic surveys;
however, working in a living historic town provides
others favourable conditions not often available in
the countryside, as the existence of a collective histori-
cal memory and the work of modern contractors that
can be collated and form important contributions to
the map of underground deposits (Carver, 2009,
pp. 347–356). The operations carried on within the
presented project perfectly fit this condition and so
support the use of geophysical techniques alongside
other data sources. In our case, the preliminary geo-
physical surveys demonstrated the ‘quality’ of the
deposits, in terms of their depth and preservation,
but at the same time underlined the limits of the
non-invasive techniques for analysing a living historic
town, with complex stratification. Data interpretation
needs to be integrated with a deeper historical knowl-
edge of the urban site, which considers the most recent
urban history, possibly augmented with geotechnical
surveys and stratigraphic inspection. Among current
projects of archaeological impact assessment in urban
environments, the London Crossrail project (http://
www.crossrail.co.uk/) exemplifies this integrated
approach. In Italy, relevant experience of urban archae-
ology was demonstrated at Pavia (Hudson, 1981) and,
more recently, in Pisa (Anichini, Fabiani, Gattiglia, &
Gualandi, 2012), in both cases starting from the inte-
gration of many different data-sets.

JOURNAL OF MAPS 1207

http://www.crossrail.co.uk/
http://www.crossrail.co.uk/


Data analysis was performed using Esri ArcGIS 10.2.
Depth data represented by points (probings) or 3D
polylines (sections) were interpolated using the algor-
ithm ‘Topo to Raster’ within the ArcGIS toolbox.
This is an iterative interpolation technique specifically
designed for modelling the morphometry (Allen,
Green, & Zubrow, 1990).

3. Map description

The map of the palaeosurface (Main Map) shows an
irregular morphology consisting of slight mounds
and depressions confined between the two main
incisions of the Misa river (arrowed blue line) in the
northern and western sectors and by the Penna stream
(arrowed violet line) in the southeastern area. The
streams (arrowed lines) are interpreted with different
positions according to both their relative dimensions
(Misa channel diversion) and the changing mor-
phology (S. Angelo-Penna channels). The sharp dee-
pening of the palaeosurface to the northeast indicates
the Roman coastline (dotted blue line).

The irregular topography between the Misa and
Penna courses can be interpreted as the result of a
rather complex, polyphase geomorphologic evolution
starting from a former low-relief coastal fan formed
in the uppermost Pleistocene–early Holocene at the
Misa river-mouth. Nesci, Savelli, and Troiani (2008)
and Calderoni et al. (2010) highlighted the presence
of relict fans at the north-Marche river-mouths and
outlined their geomorphologic characteristics and evol-
ution. Troiani and Della Seta (2011), by means of geos-
tatistical topographic reconstructions, constrained the
former extent and relief of the same fans. According
to Nesci, Savelli, and Troiani (2012), the low-grade
convexity of the Misa fan depends on fine-grained sedi-
ment supply which, in turn, accounts for the predomi-
nance of pelitic units within the hydrographic basin.
Like other north-Marche coastal fans, the Misa fan
was largely dismantled by wave erosion during the
Holocene sea-level rise, and is today preserved at its
apex only, which roughly corresponds to the position
of the Roman settlement of Sena Gallica. The preserved
fan apex terminates seaward against fairly low wave-
cut scarps, which attest to the partial erosion of the pri-
mary fan; the low height of the scarp, in turn, directly
relates to the low relief of the Misa fan. The overall pos-
ition of the scarps is related to the Holocene maximum
marine ingression (roughly 3–5 ky BP). Minor oscil-
lations of the shoreline occurred during the relatively
long period from the maximum flooding to the
Roman settling, and most likely accounted for lesser
modifications of the scarp itself as well as the local
development of multiple seaward-facing escarpments.
Regardless of such minor remoulding, several authors
attest to the position of the ‘Roman shoreline’ based
on both geomorphological and archaeological evidence

(Coltorti, 1991, 1997; Curzi & Tonnarelli, 1991;
Dall’Aglio, 1991; Elmi, Fanucci, Nesci, Beer, &
Pignocchi, 1994; Elmi, Colantoni, Gabbianelli, &
Nesci, 2001). At present, throughout the north-Marche
area, except for two actively retreating rock cliffs
(Colantoni, Mencucci, & Nesci, 2004), a 500 to more
than 1000 m-wide sedimentary coastal plain separates
the preserved fan apex and related wave-cut scarps
from the shoreline.

The surface of the fan-apex sector, preserved by wave
erosion, has been partly dissected by both theMisa river
and otherminor channels, also favoured by the low fan-
relief. A topography characterised by mounds (pre-
served patches of the previous fan), separated by
depressions (abandoned and active channels) thus
developed behind the seaward-facing wave-cut scarps.
Specifically, such complexity is relevant for explaining
both the buried scarp shown in the Interpreted Roman
urban plan (dotted black line with triangles) and the
subsurface palaeosurface topography northeastwards
of the same scarp. Despite its low-relief, some minor
streams developed across the seaward, wave-cut margin
of the fan. According to the evolution model proposed
for the northernmost Metauro river-mouth (Nesci
et al., 2008), they lengthened upslope by headward
incision, further dissecting the fan apex to form the
paths where both natural and anthropogenic causes
will subsequently drive the S. Angelo and Penna chan-
nels. Similarly, some minor channels starting from the
Misa banks could lengthen onto the fan apex, further
contributing to shape the irregular topography beneath
and around the settlement area.

Such geomorphological change, achieved in the
uppermost Pleistocene–early Holocene, necessarily
influenced the human settlement choices both for the
former pre-Roman occupation and, then, for the
Roman colony (Silani, 2015). In fact, the site was natu-
rally defended by stream channels, close to the seashore
and was also suitable as a harbour as the Misa river-
mouth was likely open seawards and relatively deep
(Coltorti, 1991, 1997).

The interpreted Roman urban plan, see the Main
Map (lower left corner), blending the archaeological
data with geomorphological insights, presents a sche-
matic reconstruction of the first planning layout of
the Roman colony of Sena Gallica. The recent archae-
ological discovery of a pre-Roman domestic building
(V-IV c. BC) in Via Cavallotti, which attests a hitherto
unknown human occupation which pre-dates the foun-
dation of the Roman colony, appears perfectly coherent
with the palaeosurface topography displayed by the
map. Indeed, it is placed on a slight mound of the
coastal fan facing to the west on the external bank of
a Misa river meander and protected against modifi-
cation of the shoreline (Lepore, Ciuccarelli, et al., 2012).

Similarly, the earliest Roman occupation (beginning
of the third century BC, prior to the colony foundation)
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attested by the new archaeological digs in Via Baroccio,
opted for a former low-relief mound in the southwes-
tern part of the dissected fan, within an area not settled
before. This first occupation took the shape of a sub-
divo sanctuary, which was intentionally based on a
strategic position, not only for its height, but also
because this point was the only one accessible by
land, probably exploiting a pre-existing road axis
(Lepore, de Marinis, Belfiori, Boschi, & Silani, 2012).

Also the urban walls, built by the Romans when the
colony was founded (284 BC) and attested by the
archaeological excavation in via Baroccio, fit with the
geomorphological reconstruction of the area, exploit-
ing a defensive element of the Misa river or, as in the
case of the Penna stream, partially modifying the natu-
ral hydrographic pattern. During this first phase, the
eastern side of the colony was probably naturally forti-
fied by the sea (Lepore, 2012).

The former irregular morphology was progressively
flattened and adapted to the needs of an earlier urban
plan, as revealed by the land reclamation works attested

by the investigationunder the theatre ‘LaFenice’ (Figure
1) (Lepore, Mandolini, Silani, Belfiori, & Galazzi, 2014).

The buried scarp (dotted black line with triangles in
the Interpreted Roman urban plan) see the Main Map,
lower left corner, reconstructed by geomorphological
and geophysical surveys (Figure 2), allows us to hypoth-
esise that, in the earliest phase of the colony, the urban
layout extended up to this natural boundary. Today
this scarp is roughly retraced by the main street of the
modern city, Corso 2 Giugno. Further confirmation is
the relative lack of archaeological evidence dating
between the third and second centuries BC, over which,
instead, the early medieval and medieval city was settled.
The discovery of an in situ boundary stone/altar under
the sixteenth-century Rocca Roveresca represents an
important sacred sign of the boundary between urba-
nised and natural space and that presumably matched
the seaward termination of the coastal hinterland at
that time. Moreover, the irregular morphology displayed
by the map permits us to recognise the possible location
of the Roman port, which, most likely, exploited the

Figure 2. Geophysical survey in Corso 2 Giugno. (a) Map and profiles location; (b) Interpreted seismic section; (c) Ground Penetrat-
ing Radar profile. Both systems show a sharp deepening of the Roman palaeosoil in correspondence of the actual main street of the
town, interpreted as a buried ancient scarp.

Figure 1. Archaeological excavations under the Theatre ‘La Fenice’. (a) Map and location of the section (red line); (b) The section
shows several levels of reclaim, achieved to prepare the area for building; (c) facies of reclaim.
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outlet of an ancient diversion of the Misa channel within
a small cove adjacent to the Misa river-mouth.

The close connection between human activity and
geomorphology is also confirmed by evidence from
the Middle Ages, when the dismantlement of the
Roman circuit walls that bordered the Misa river
caused subsequent floods within the urban area, as
widely attested by the archaeological excavation in
Via Baroccio (Figure 3).

4. Conclusions

The coupling of subsurface geological and geognostic
data with evidence from archaeological excavations at
Sena Gallica allowed both a detailed reconstruction of
the Roman palaeosoil and the production of profiles
(Sections Main Map. The position of the reconstructed
sections is indicated on the Data Set Map.) displaying
the vertical arrangement and distribution of post-
Roman deposits.

The map of the Roman palaeosoil, besides stressing
an irregular morphology, slightly undulating and dis-
sected by relict channels, underscores the following
important topics:

(1) The reconstructed Roman planned layout strictly
depends on the palaeogeomorphology of the site.

(2) Important drainage modifications exploit pre-
existing natural features (e.g. slight topographic
depressions), in order to improve the defensive
system of the urban area.

(3) The present main street (Corso 2 giugno) matches
a buried scarp which represents the maximum
expansion of the inhabited area when the colony
was founded.

(4) Since the dismantling of the Roman walls in the
Middle Ages left a large part of the urban territory
defenceless against floods, post-Roman overflow
events and related deposits combined with con-
tinuous human intervention caused the raising of
the soil, thus leading to the present topography
of the urban area (palaeosoil surfaces in Sections).

Given the wide range of information provided by
the map, it can be used not only as a reference for

further archaeological studies but also for detailed geo-
logical forward modelling (i.e. seismic microzoning).
Moreover, in sites like Senigallia where natural hazards
(e.g. floods and earthquakes) are high, information
derived from this kind of map is of the utmost impor-
tance for land-use planning and risk assessment.

Software

The map was produced using Esri ArcGIS 10.2.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Allen, K. M. S., Green, S. W., & Zubrow, E. B. W. (1990).
Interpreting space: GIS and archaeology. London: Taylor
& Francis.

Anichini, F., Fabiani, F., Gattiglia, G., & Gualandi, M. L.
(2012). MAPPA. Methodology applied archaeological
potential predictivity. Roma: Edizioni Nuova Cultura.

Antonioli, F., Ferranti, L., Fontana, A., Amorosi, A.,
Bondesan, A., Braitenberg, C.,… Stocchi, P. (2009).
Holocene relative sea-level changes and vertical move-
ments along the Italian and Istrian coastlines.
Quaternary International, 206(1–2), 102–133.

Calderoni, G., Della Seta, M., Fredi, P., Palmieri, E. L., Nesci,
O., Savelli, D., & Troiani, F. (2010). Late quaternary geo-
morphologic evolution of the Adriatic coast reach encom-
passing the Metauro, Cesano and Misa river mouths
(Northern Marche, Italy). GeoActa, 3, 49–64.

Carver,M.O.H. (2009).Archaeological investigation. London:
Routledge.

Colantoni, P., Mencucci, D., & Nesci, O. (2004). Coastal pro-
cesses and cliff recession between Gabicce and Pesaro
(northern Adriatic Sea): A case history. Geomorphology,
62(3–4), 257–268.

Coltorti, M. (1991). Modificazioni morfologiche oloceniche
nelle piane alluvionali marchigiane: alcuni esempi nei
fiumi Misa, Cesano e Musone. Geografia Fisica e
Dinamica Quaternaria, 1, 73–86.

Coltorti, M. (1997). Human impact in the Holocene fluvial
and coastal evolution of the Marche region, Central
Italy. Catena, 30(4), 311–335.

Curzi, P., & Tonnarelli, D. (1991). I litorali marchigiani. In
A. Minetti, T. Nanni, F. Perilli, L. Polonara, & M.
Principi (Eds.), L’ambiente fisico delle Marche (pp. 213–

Figure 3. Archaeological dig at via Baroccio (north section). The Roman palaeosoil is clearly recognisable. It is also possible to dis-
tinguish the cut for the foundation of the walls of the colony, the relative ramparts and the alluvial deposits of the Misa river follow-
ing the spoliation of the circuit wall.

1210 M. SILANI ET AL.

http://dx.doi.org/10.1080/17445647.2016.1152916


226). Firenze: Regione Marche, Giunta Regionale,
Assessorato Urbanistica e Ambiente, S.E.L.C.A.

Dall’Aglio, P.L. (1991). La viabilità di età romana. In P.L.
Dall’Aglio, S. De Maria, & A. Mariotti (Eds.),
Archeologia delle Valli Marchigiane. Misa, Nevola e
Cesano (pp. 12–23).

De Donatis, M., Lepore, G., Susini, S., Silani, M., Boschi, F., &
Savelli, D. (2012). Sistemi Informativi Geografici e
Modellazione Tridimensionale per la Geo-Archeologia a
Senigallia: nuove scoperte e nuove ipotesi. Rendiconti
Online Societa Geologica Italiana, 19, 16–19.

Elmi, C., Colantoni, P., Gabbianelli, G., & Nesci, O. (2001).
Holocene shorelines along the central Adriatic coast
(Italy). GeoActa, 1, 27–36.

Elmi, C., Fanucci, F., Nesci, O., Beer, G., & Pignocchi, A.
(1994). Evoluzione olocenica della linea di riva adriatica
dal F. Reno al F. Potenza (Italia centrale). Il Quaternario,
7, 305–310.

Hudson, P. (1981). Archeologia urbana e programmazione
della ricerca, l’esempio di Pavia. Firenze: All’Insegna del
Giglio.

Lambeck, K., Antonioli, F., Purcell, A., & Silenzi, S. (2004). Sea-
level change along the Italian coast for the past 10,000 yr.
Quaternary Science Reviews, 23(14–15), 1567–1598.

Lepore, G. (2012). Il santuario dei primi coloni di Sena
Gallica? Picus, XXXII, 103–132.

Lepore, G. (2014). L’origine della colonia di Sena Gallica.
In Atti del Convegno Epigrafia e Archeologia romana
nel territorio marchigiano (Macerata 22–23 novembre
2013).

Lepore, G., Ciuccarelli, M. R., Assenti, G., Belfiori, F., Boschi,
F., Carra, M.,…Visani, F. (2012). Progetto Archeologia
Urbana a Senigallia I: le ricerche di Via Cavallotti. The
Journal of Fasti on Line, 248, 1–19.

Lepore, G., Mandolini, E., Silani, M., Belfiori, F., & Galazzi, F.
(2014). Archeologia urbana a Senigallia III: i nuovi dati
dall’area archeologica “La Fenice”. The Journal of Fasti
on Line, 308, 1–32.

Lepore, G., de Marinis, G., Belfiori, F., Boschi, F., & Silani, M.
(2012). Progetto Archeologia Urbana a Senigallia II: le
ricerche di Via Baroccio e di Via Gherardi. The Journal
of Fasti on Line, 256, 1–39.

Lepore, G., & Silani, M. (2013). Senigallia urban archaeologi-
cal project: New strategies of research and urban planning.
In Proceedings of the 17th international conference on
cultural heritage and new technologies 2012 (CHNT 17,
2012) (pp. 1–15).

Nesci, O., Savelli, D., & Troiani, F. (2008). Evoluzione tardo-
Quaternaria dell’area di foce del Metauro (Marche setten-
trionali). In Atti del Convegno “Coste. Prevenire,
Programmare, Pianificare” (Maratea 15–17 maggio
2008) (pp. 443–451).

Nesci, O., Savelli, D., & Troiani, F. (2012). Types and devel-
opment of stream terraces in the Marche Apennines (cen-
tral Italy): A review and remarks on recent appraisals.
Géomorphologie, 36, 215–238.

Ortolani, M., & Alfieri, N. (1978). “Sena Gallica”. In
S. Anselmi (Ed.), Una città adriatica. Insediamenti,
forme urbane, economia, società nella storia di
Senigallia, Jesi, 21–70.

Salvini, M. (2003). Area Archeologica e Museo La Fenice.
Guida: Senigallia.

Silani, M. (2015). Sena Gallica: dall’abitato indigeno alla fon-
dazione della colonia romana. In Actas del XVIII
Congreso Internacional de Arqueologìa Clàsica, Centro
y periferia en el mundo clàsico (13–17 maggio 2013,
Merida).

Stefanini, S. (1991). La città romana di Sena Gallica. In
P. L. Dall’Aglio, S. De Maria, & A. Mariotti (Eds.),
Archeologia delle Valli Marchigiane. Misa, Nevola e
Cesano (pp. 141–159).

Troiani, F., & Della Seta, M. (2011). Geomorphological
response of fluvial and coastal terraces to Quaternary tec-
tonics and climate as revealed by geostatistical topo-
graphic analysis. Earth Surface Processes and Landforms,
36(9), 1193–1208.

JOURNAL OF MAPS 1211


	Abstract
	1. Introduction
	2. Data and methods
	3. Map description
	4. Conclusions
	Software
	Disclosure statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


