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This study investigates the relationship between late Holocene landscape development and early human interac-
tion by means of geomorphological and sedimentological analyses supported by GIS modeling operations. The
selected geoarchives are sedimentary valley fills of two subwatersheds located in the upper Turano River drain-
age basin (60 km northeast of Rome, Italy), where humans settled at least since the earliest classic period. First
the alluvial plains were identified and mapped through multiple GIS operations. Thereafter, 12 cores were
taken from the alluvial plains, collecting in total 68 m of alluvial profiles. By sedimentological analyses
(i.e., grain size, carbon determination) together with 36 AMS-radiocarbon dates, we identified phases when
changes in the geomorphological evolution of the study area occurred. Starting around 4200 cal BP, eight distinct
clusters of increased cumulated probability density functions of the 14C dates were observed, representing
enhanced alluvial deposition and/or fluvial activity. The shift from a phase of prevailing biostasy to a period of
anthropic rhexistasy occurred after 4200 cal BP in the Rio di Riccetto and around 2200 cal BP in the more remote
Ovito watersheds. Dividing the alluvial sediment volumes by the potential erosion areas and assuming a sedi-
ment delivery ratio (SDR) between 0.21 and 0.46, we obtained an average late Holocene surface lowering of
370 to 540 mm in the Rio di Riccetto and 400 to 510 mm in the Ovito watersheds. Our results show that notable
land reshaping occurred in the vicinity of the city of Rome, which can be attributed to human-induced land cover
changes.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Several studies spread across Europe have already shown a close
correlation between increased soil erosion rates and human-induced
land use changes (e.g., Lüning, 1996; Mäckel et al., 2002; Rommens
et al., 2005; Lang and Bork, 2006). Higher soil erosion rates and sedi-
ment deposits are the natural response to new and more invasive
forms of land exploitation (Lang and Bork, 2006). It is well known
that — on a European scale — soil erosion had a weak influence during
the Neolithic period, when natural vegetation dominated the landscape
(Bradshaw, 2004; Kaplan et al., 2009). During Roman and Medieval pe-
riods, the influence became more severe and widespread (Lang and
Bork, 2006; Dotterweich, 2008), owing to the rising population and
the development of technological equipment (Mäckel et al., 2003;
Zolitschka et al., 2003) as well as massive land cover changes

(Dotterweich, 2008), including forest clearance activities (Williams,
2000). Such human-induced geomorphological processes are assumed
to have also occurred near the city of Rome, since it was the head of
one of the most powerful and advanced empires in Europe for several
centuries (Whittaker, 2002). More precisely, the poorly permeable
pedolithological areas of the central Apennines (Cavinato and De
Celles, 1999), originally covered by dense forest (Corona et al., 2004;
Kaplan et al., 2009), may represent an optimal location to find evidence
of past human impacts. Geoarchives (e.g., floodplains, fluvial terraces,
colluvial or paleolake deposits, and paleosols) are numerous in this re-
gion, which is described by Bono and Capelli (1994) as particularly sus-
ceptible to soil erosion by water.

During the early stage of their empire, the Romans extended their
boundaries toward the central Apennines, conquering already inhabited
territories (Strabo, Book V). Afterward, as stated by several historical
sources — among others, Lucretius (first Century B.C.) cited in
Williams (2000); Livy (59 B.C.–A.D. 17) cited in Hughes and Thirgood
(1982); Strabo (63 B.C.–A.D. 21) cited in Hughes and Thirgood
(1982)— the Romans undertook extensive forest logging in the vicinity
of their capital and in the conquered areas in theApennines, whichwere
the primary sources of wood and goods for the city. This huge and
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human-induced land-use change could significantly perturbate the nat-
ural balance of the area, triggering intense colluviation and flooding
processes (cf. APAT, 2009). In this regard, the study of alluvial deposits
can be significantly useful for reconstructing paleoenvironmental
changes and quantifying the human impact on the landscape during
the Holocene (Taylor et al., 2000; Hoffmann et al., 2007; Piccarreta
et al., 2011). Alluvial deposits are mainly the result of the variation of
specific environmental conditions. Although the occurrence and dy-
namics of alluvial processes are controlled by the physiographic setting
of a watershed, they are primarily moderated by two factors: climate
and land cover change.

Our research presents the preliminary outcome of the geomorpho-
logical–sedimentological investigation of late-Holocene landscape
development in the central Apennines. The study focuses on the
intramountain basin of Oricola–Carsoli, a wide depression of tectonic
origin within the upper Turano River watershed (60 km northeast of
Rome). The Oricola–Carsoli basin is filled with a thick continental sedi-
mentary succession. During the past decades, various studies have
targeted these alluvial deposits to investigate the Quaternary evolution
of the area (Colica et al., 1995; Barbieri et al., 1997, 1998; D'Orefice and
Graciotti, 2005; D'Orefice et al., 2010). Recently, the Quaternary dynam-
ics of the basin have been accurately and comprehensively reconstruct-
ed by D'Orefice et al. (2010). Following the inputs derived from earlier
studies, we decided to focus on the landscape evolution of the upstream
area (i.e., the Tortonian–Messinian siliciclastic turbidites sector). This
lithological sector, poorly resistant to exogenous agents (Agostini,
1994) and with an evident propensity to generate runoff (Bono and

Capelli, 1994), represents anoptimal location to study the paleoecological
and geomorphological response to natural (climate change) as well as
human-induced environmental changes (land use). Thus, two tributaries
of the TuranoRiverwithwatershed sizes of 30.7 km2 (Rio di Riccetto) and
6.7 km2 (Ovito) were investigated in detail.

2. Study area

2.1. The investigated sector of the Apennines

The study area is located in the upper Turano River watershed,
60 km northeast of Rome in central Italy (Fig. 1A), covering an area of
about 466.7 km2 between 41°55′20″ to 42°14′60′ N. and 12°53′36′ to
13°20′20″ W. (WGS-84). It is a tributary of the Velino River, which in
turn is themajor subtributary of the Tiber River. Elongated and irregular
in shape, the watershed stretches 47.3 km in a northwest/southeast di-
rection across the Latium–Abruzzi border.

The climate is temperate subcontinental (Köppen and Geiger, 1936)
with an annual average precipitation of 1205 mm (1961–1990) show-
ing a slightly bimodal distribution: highmonthly rainfalls are registered
from October to December, with maximum values in November; mini-
mum values are measured in July. The mean annual temperature is
around 10.2 °C, ranging from 5.8 °C in the mountainous areas to
12.6 °C in the valleys.

At present, the Turano watershed is mainly covered by forest
(e.g., Quercus cerris, Ostrya carpinifolia, and Quercus pubescens and,
to a lesser extent, Castanea sativa). The forest covers about 289 km2

Fig. 1. Study area. (A) Relief of Turano drainage basin in the central Apennine region, Italy (data base: 1:25,000 topographicmaps, ItalianMilitary Geographic Institute— IGM, 1994, 2005),
(B) detailed lithological map of the Turano River watershed (source: CARG 1:50,000 geological maps, sheets 357, 358, 366, 367, and 376, 2010).
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